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Preface

Diabetes mellitus (diabetes) is a disease of worldwide significance and increasing prevalence. Plant
materials have played an important role in the traditional treatment of diabetes, particularly the
type II (non-insulin-dependent) form. In many regions of the world, herbal remedies continue to
be more accessible and affordable than conventional drugs and represent the first line of treatment
available to a diabetes patient. Concurrently, within societies with well-developed, modern health
care systems, demand is growing for herbal remedies to complement prescribed, modern therapies
for many diseases, including diabetes.

This volume is the first detailed compilation of information from across the world on plants
used traditionally to treat diabetes and the scientific methods by which they can be and have been
investigated. The book is divided into three main themes. It begins with an introduction to diabetes
mellitus by a consultant physician and a major updated review and discussion of scientific infor-
mation pertaining to traditional antidiabetic plants compiled by authors from the Royal Botanic
Gardens, Kew, London. For those interested in performing research in this field, the next chapters
provide an outline of clinical, in vivo, and in vitro methods for assessing antidiabetic activity of
plant materials. Then follows a set of chapters by an international group of authors that describe
traditional plant remedies used in Asia, the Americas, Africa, Europe, and Australia. The final
chapters emphasize the role of particular phytochemical groups in the treatment of diabetes.

The potential role of plants in treating or preventing the complications of diabetes, is mentioned
in the chapters on Chinese and Kampo medicines, a Western herbalist’s perspective, and flavonoids,
xanthones, and other antioxidant polyphenols. This latter chapter and that on plant polysaccharides
highlight the important role of dietary plant materials in the prevention and control of diabetes.
Indeed, it is believed that changes in diet from traditional plant foodstuffs containing beneficial
components to richer, more processed and “junk” food is responsible for the increasing prevalence
of diabetes worldwide.

A number of important points emerge from this volume. It is apparent that diversity as well as
similarity can be found in the use of plants across the world. Understandably, each region of the
world has developed a materia medica of antidiabetic remedies based on the local flora. However,
the use of certain plants such as Momordica charantia L. (bitter melon) and Trigonella foenum-
graecum L. (fenugreek) appears in more than one region. Climatic factors and cross-cultural
communication play a role here. Generally, the use of a particular plant in a number of regions is
strong evidence for its effectiveness. Diversity is also seen in the range of plant families and types
of phytochemicals associated with antidiabetic activity. At the same time, certain groups, such as
alkaloids, saponins, xanthones and flavonoids, and nonstarch polysaccharides appear to have effects
of particular significance in diabetes treatment.

The extent to which various antidiabetic plants have been studied differs widely. For some
(e.g., fenugreek, bitter melon, or gymnema [Gymnema sylvestre R. Br.]), detailed studies in humans,
animals, and in vitro have resulted in the isolation of active compounds with recognizable modes
of action. An interesting finding is that plants typically have more than one active component, often
associated with more than one mode of action. Additive or synergistic effects between components
undoubtedly occur, conforming to the view of traditional herbalists that the activity of a medicinal
plant cannot be reproduced by the isolation of a single active component. Nevertheless, identification
of actives and modes of action are important for drug development, and for the validation, stan-
dardization, and rational use of traditional herbal remedies.



To what extent has knowledge of traditional antidiabetic plants influenced the development of
new antidiabetic drugs? Apart from the conventional drug metformin, which is based on the structure
of galegine (a component of the European antidiabetic herb Galega officinalis L.), no new antidi-
abetic drugs derived from higher plants have been introduced into the market. This is rather
surprising, given the large number of antidiabetic plants available and the wealth of documented
information about them. One factor may be that research in the pharmaceutical industry has lately
been heavily based on high-throughput in vitro screening programs. The capacity of these systems
to handle large numbers of samples has led to random screening rather than selection from
ethnobotanical materials. Complex extracts of natural products are, understandably, less attractive
to the industry than screening single compounds from synthetic libraries because a “hit” would
need to be followed up by isolation and identification of the active compound within the extract.

Legal access to plant material from other countries and conservation issues as covered by the
Convention on Biodiversity and other international agreements are additional limiting factors. As
a result, natural products derived from microbial sources have featured much more extensively in
screening programs than have higher plants, let alone traditional plant remedies. A final factor is
that high-throughput assays tend to be highly focused in their target mechanism and that, although
effective in diabetes, the plant material may not work in that particular way. An alternate, more
successful approach (pioneered by a smaller company) was to test ethnobotanically selected plants
in vivo in experimental diabetic animals for initial determination of activity. This was followed by
in vivo and in vitro testing to guide further fractionation. This approach has led to the identification
of a number of active compounds as candidates for drug development. New investigational drugs
must pass many hurdles relating to efficacy and toxicity issues before they are approved for use in
the clinic; this, too, is a confounding factor in the introduction of new antidiabetic drugs from plant
sources.

Much research on antidiabetic plants has been undertaken in academia. Indeed, the majority
of the data described in this volume on activity and active components of these plants is from this
source. This situation is likely to continue and, hopefully, increase in response to the growing
prevalence of diabetes worldwide. Academia has traditionally been more inclined to follow ethno-
botanical leads, but much of the early research led to publications rather than patents. A greater
awareness of intellectual property issues coupled with greater synergy with the pharmaceutical
industry may well lead to the development of new drugs from this route.

If not conventional drugs — what about herbal remedies for diabetes? Plant remedies have
been and are being used by diabetic patients throughout the world. Research suggests that using
an antidiabetic plant in whole form or as complex extracts may offer many benefits due to the
presence of multiple active components. Of considerable benefit would be well researched herbal
products based on traditional preparation methods and standardized to contain effective levels of
the most important components for activity. Given the limited resources of most of the companies
producing herbal products, research into these agents is, again, most likely to take place in an
academic setting or by government-sponsored agencies as in many developing countries. It is also
necessary for medicine’s regulatory authorities to develop special criteria for the evaluation and
licensing of herbal antidiabetic products. Finally, patients and health care providers need to be
educated in the use of these products as sole or complementary treatments for diabetes in order to
ensure their safe and effective use.

It is the hope of the editor that this volume will be of value to all those with an interest in
antidiabetic plants and that it will facilitate the application of traditional knowledge to treatment
of diabetes in modern and future times.

All the authors who contributed to this volume are very gratefully acknowledged.
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1 Introduction to Diabetes
Mellitus

Kevin C.R. Baynes
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WHAT IS DIABETES?

Diabetes mellitus is a metabolic disorder characterized by a predisposition to developing signifi-
cantly raised blood glucose. The first recorded description of diabetes mellitus dates back to the
Ebers papyrus in Egypt around 1500 B.c.! Diabetes mellitus has been noted in almost all ancient
cultures with a tradition of written language such as Vedic, Chinese, Arabic, and Mediterranean
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cultures. Diabetes is a major public health problem because it affects a significant minority of all
populations and people with diabetes suffer more ill health and die younger.

Symptoms of diabetes mellitus include increased thirst as well as increased frequency and
volume of urine production. These classical symptoms led to its naming from the Greek word for
“a passing through,” duafntmo (duo — through or by; fatvey — a passing). Diabetes mellitus
may lead to death if left untreated due to acute metabolic decompensation producing dehydration
and acidosis. Even with treatment, over a period of years, elevated blood glucose levels result in
damage to a number of organs, including the eyes, kidneys, nervous system, and blood vessels.

In normal individuals, glucose concentrations are tightly regulated by a number of hormonal
factors. The disordered regulation of glucose metabolism that results in diabetes is usually due to
a deficiency of insulin release from the pancreas and/or a reduced response to insulin.

PHYSIOLOGICAL ACTIONS OF INSULIN
INSULIN AcTION ON GLUCOSE METABOLISM

Insulin is the major regulator of blood glucose concentrations and has multiple actions on different
tissues of the body. After an overnight fast, insulin levels are low and blood glucose concentrations
are maintained by the supply of glucose from the liver. After complex carbohydrates are eaten, the
intestine digests the food and the glucose produced is absorbed from the gut, causing an increase
in blood glucose concentration. Release of insulin by pancreatic B-cells is stimulated by this rise
in blood glucose concentration (Figure 1.1). Insulin reduces blood glucose mainly by reducing the
supply of glucose from the liver, as well as by increasing the uptake of glucose by organs such as
muscle and fat tissue. The concentration of insulin required to reduce glucose supply by the liver
is probably lower than that needed to increase the uptake of glucose by muscle and fat. Once the
blood glucose concentration starts to fall, the release of insulin is inhibited in a classical homeostatic
negative feedback loop.

INSULIN AcTION ON FAT METABOLISM

Energy is stored in fat tissue as droplets of triglycerides (fats) within cells. Triglycerides are formed
biochemically by the combination of fatty acids with glycerol by enzymes found within fat cells.
Breakdown of triglycerides stored in fat cells (lipolysis) by the enzyme hormone-sensitive lipase
results in the appearance of fatty acids and glycerol in the bloodstream. Insulin, at relatively low
concentrations, inhibits hormone-sensitive lipase, thus decreasing the release of fatty acids from
fat tissue.? During fasting, fatty acids released from adipose tissue may be used by skeletal muscle

Liver /\

Glucose

Insulin

Glucagon i > \\—: -

Pancreas

FIGURE 1.1 Actions of insulin and glucagon on hepatic glucose output.
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and liver as a fuel source, thus reserving the supply of glucose as a fuel for other tissues, e.g.,
brain. During prolonged fasting, fatty acids may also be metabolized by the liver to form ketone
bodies. Although the liver cannot use ketone bodies as a fuel source, other tissues are able to utilize
them and they may become a major source of fuel in prolonged starvation.

INSULIN ACTION ON PROTEIN METABOLISM

Average protein turnover in a well-fed man is estimated to be 250 to 300 g daily — much greater
than the average intake of protein of 75 to 100 g — so turnover of endogenous proteins accounts
for the majority of daily protein turnover. Overall insulin has an anabolic action on protein turnover.
In vivo studies suggest that the main effect of insulin appears to be a reduction in protein breakdown
(proteolysis) in muscle and liver rather than a stimulation of protein synthesis.>* In the insulin
deficiency of diabetes, lack of insulin action on protein degradation contributes to weight loss by
catabolism of lean tissue.

PHYSIOLOGICAL ACTIONS OF GLUCAGON

Although insulin is the main glucose-lowering hormone, a number of humoral factors may increase
blood glucose concentrations, including glucagon, catecholamines, cortisol, and growth hormone.
Glucagon is a peptide hormone released by a-cells of the pancreas in response to drops in blood
glucose concentration. In vivo experiments in dogs have shown that glucagon secretion increases
twofold in response to a fall in glucose from 100 mg/dl (5.6 mmol/l) to 80 mg/dl (4.5 mmol/l).> The
principal target organ of glucagon action is the liver, in which it increases glycogenolysis and
gluconeogenesis and inhibits glycogenesis and glycolysis.* Glucagon acts via hepatic cell surface G-
protein-coupled receptors by a number of intracellular mechanisms whose net result is that hepatic
glucose production increases and blood glucose rises. Increasing evidence suggests that, in type 2
diabetes, hyperglucagonemia and/or an imbalance between the glucagon:insulin ratio is present.®

MOLECULAR MECHANISMS OF INSULIN ACTION

Insulin exerts its effects on target organs (liver, muscle, fat) by binding to a cell surface receptor
and activating a number of intracellular signaling cascades.”® This is an area of intense scientific
scrutiny because it is hoped that understanding the mechanism of action of insulin will reveal new
drug targets that may be amenable to manipulation by small, nonpeptide agonists. The intracellular
signaling cascades activated are, to some extent, tissue specific — one mechanism whereby insulin
can have different effects on different organs. Even though a tissue may not possess many insulin
receptors, it must also be remembered that insulin can exert an indirect effect by altering the flux
of metabolites (e.g., fatty acids) delivered to or extracted from that tissue.>!

Insulin binds reversibly to cell surface transmembrane receptors that are found in highest
concentrations in insulin-sensitive tissues (Figure 1.2). The intracellular region of the insulin
receptor possesses tyrosine kinase activity (enzymatic activity adding phosphate groups to tyrosine
residues in proteins). Binding of insulin to its receptor is thought to induce a conformational change
in the insulin receptor molecule; this increases its tyrosine kinase activity, which then autophos-
phorylates multiple tyrosine residues within its intracellular portion.? Phosphorylated tyrosine
residues on the insulin receptor create binding sites for a number of soluble intracellular proteins
that attach to the insulin receptor and are phosphorylated by the insulin receptor tyrosine kinase.!!
This initial event precipitates the activation of a number of diverging intracellular signaling cascades

* Glycogenolysis is the breakdown of glycogen into glucose; glycogenesis is the formation of glycogen from glucose
precursors; gluconeogenesis is the formation of new glucose molecules from substrates such as lactate and amino acids;
and glycolysis is the conversion of glucose into other molecules to release energy.
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FIGURE 1.2 Simplified schematic of molecular effectors of insulin action. (IRS — insulin receptor substrate;
PI3K — PI-3 kinase; PKC — protein kinase C; PKB — protein kinase B; GLUT4 — insulin-sensitive glucose
transporter; GSK3 — glycogen synthase kinase-3; GSynthase — glycogen synthase; P — phosphate groups)

involving other tyrosine kinases, serine kinases, and lipid kinases. The principal molecules involved
include the lipid kinase PI 3-kinase, protein kinase B, glycogen synthase kinase-3, and certain
isoforms of protein kinase C (Figure 1.2).12

Two major endpoints of insulin action are stimulation of glucose uptake into skeletal muscle
and adipose tissue, and stimulation of glycogen storage in the liver. Insulin stimulates the translo-
cation of the glucose transporter GLUT4 from an intracellular location up to the plasma membrane
in insulin-sensitive tissues, allowing glucose to enter cells down its concentration gradient.'>!# This
effect of insulin on cellular glucose uptake depends on the upstream signaling molecules PI 3-
kinase and protein kinase C.'? The effect of insulin on glycogen synthesis is partly due to PI 3-
kinase-dependent inhibition of glycogen synthase kinase-3 (Figure 1.2).1

CLASSIFICATION OF DIABETES

Diabetes mellitus is not a single disorder, but a collection of conditions with a common end result of
raised blood glucose. Two main types of diabetes account for more than 95% of all cases of diabetes;
a minority of cases are due to various specific metabolic or genetic causes. Type 1 diabetes is a condition
due to absolute insulin deficiency secondary to autoimmune destruction of the insulin-containing f3-
cells of the pancreas gland. Type 2 diabetes is a condition due to relative insulin deficiency and/or
impaired biological response to insulin (“insulin resistance”).'> Type 1 diabetes probably represents 5
to 10% of all cases of diabetes, and type 2 diabetes accounts for 85% of all cases. Other forms of
diabetes may be secondary to other metabolic disorders, such as the endocrine disorder acromegaly in
which excessive production of growth hormone inhibits the action of insulin or due to pancreatic
problems (e.g., after surgical removal of pancreas) (Table 1.1). Individuals are usually classified as
having type 1 or 2 diabetes based on their presentation, age, and other clinical features.

DISEASE MECHANISMS IN DIABETES
Type 1 DIABETES

Immunology. Type 1 diabetes is almost always the result of an autoimmune disease process, which
selectively destroys the insulin-producing f-cells of the pancreas. Histological examination of the
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TABLE 1.1
Classification of Diabetes Mellitus

Type 1 diabetes mellitus
Type 2 diabetes mellitus
Gestational diabetes
Other forms:
Pancreatic disease: fibrocalculous pancreatopathy, chronic pancreatitis, pancreatectomy, cystic
fibrosis, haemochromatosis, pancreatic carcinoma
Endocrine: Cushing’s syndrome, acromegaly, thyrotoxicosis, phaeochromocytoma
Drug induced: corticosteroids, thiazide diuretics
Conditions with specific genetic causes: e.g., maturity-onset diabetes of the young

pancreas of subjects with type 1 diabetes shows infiltration of the islets of Langerhans with
inflammatory white blood cells. Blood from subjects with type 1 diabetes has been found to contain
a number of autoantibodies to components of the pancreas, including islet cell antibodies (ICA),
insulin autoantibodies (IAA), and antibodies against glutamic acid decarboxylase (GAD) and
insulinoma-associated autoantigen-2 (IA-2) (proteins found in pancreatic f-cells).' Family studies
have shown that these antibodies may be found in a proportion of first-degree relatives of patients
with type 1 diabetes, some of whom later develop diabetes.

Genetics. A number of lines of evidence suggest a genetic predisposition to developing type 1
diabetes. The lifetime risk of type 1 diabetes is 0.4% in white populations and rises to 5 to 6% if
a first-degree relative is affected. Concordance rates for monozygotic (identical) twins are approx-
imately 50%, but only 6% for dizygotic (nonidentical) twins.!” Genome-wide screens for suscep-
tibility genes for type 1 diabetes have identified more than ten chromosomal loci.!®-2! The two loci
that contribute most to the risk of type 1 diabetes are the HLA region (tissue compatibility genes)
and the insulin gene locus. Detailed analysis of the HLA region on chromosome 6 has shown that
HLA DR3 and DR4 haplotypes increase and HLA DR2 haplotype decreases the risk of type 1
diabetes. Because HLA cell surface molecules are involved in activating T-cell immune responses,
it is hypothesized that the DR3 and DR4 forms somehow induce an aberrant immune response,
perhaps secondary to a viral infection.

Typre 2 DIABETES

Type 2 diabetes is a more heterogeneous disease compared to type 1 diabetes. Most subjects with
type 2 diabetes have a condition called insulin resistance. This is a state in which more than normal
amounts of insulin are needed to produce a normal metabolic response to insulin.?? Insulin resistance
is asymptomatic and may be found in subjects years before they develop type 2 diabetes.?>?* As
long as the pancreas is able to secrete increased amounts of insulin to counter the reduced response
to insulin, blood glucose levels stay within the normal range in individuals with insulin resistance.
If the pancreas is unable to keep up with the demand for higher insulin secretion rates, blood
glucose concentrations start to rise and diabetes may ensue. Biochemical investigation has shown
that insulin concentrations are higher than normal in subjects with insulin resistance and are
“normal” in patients with type 2 diabetes of short duration.”> Thus, patients with type 2 diabetes
have relative insulin deficiency.

Pancreatic defects. In vitro experiments show that insulin release by pancreatic -cells has an
initial first phase lasting about 10 minutes, followed by a more long lasting second phase of
gradually increasing insulin release over 2 to 3 hours. The first phase corresponds to release of
insulin granules near the plasma membrane and the second to increased synthesis of insulin and
transport from storage granules to plasma membrane granules. Both phases of insulin release are
blunted in individuals with type 2 diabetes and impaired glucose tolerance (a condition in which
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blood glucose concentrations rise above normal, but not into the diabetic range).?*?” It has been
calculated that B-cell function is impaired by approximately 50% by the time diabetes occurs.?®
Dose-response experiments suggest that the defect in insulin secretion is due to a reduced capacity
to secrete insulin rather than insensitivity to glucose as a stimulus for insulin secretion. This is
partially, but not wholly, explained by the estimated 30% loss of B-cell mass found in type 2
diabetes. First-phase insulin release is also blunted in individuals with a family history of diabetes
but normal glucose tolerance, suggesting a genetic contribution to $-cell function.?

Histological examination of pancreatic tissue from subjects with type 2 diabetes shows accu-
mulation of fibrils of amyloid protein, but no inflammatory infiltrate. It is not clear whether the
amyloid fibrils play a role in causing pancreatic damage or are a secondary phenomenon.

Genetics. Twin studies show a higher concordance rate for type 2 diabetes for monozygotic
compared to dizygotic twins. A number of monogenic causes of apparent type 2 diabetes have been
established, such as maturity onset diabetes of the young (MODY), an autosomal dominant form
of diabetes affecting adults under the age of 25 years.**-33 These monogenic forms of type 2 diabetes
probably represent less than 5% of those with type 2 diabetes. Genome-wide scans for type 2
diabetes susceptibility genes have produced less uniform results compared to studies of type 1
diabetes. One locus on chromosome 2, originally identified as NIDDM 1, has been shown to contain
a protease (calpain-10) that appears to have a role in pancreatic function.’® Overall, type 2 diabetes
is thought to be a polygenic disorder with many genes contributing small effects to lifetime risk
of diabetes combined with environmental factors. The difficulty in identifying these genes lies
partly with the need for very large-scale studies to exclude the possibility of false positive results.

Insulin resistance. The most common associations with insulin resistance are obesity and lack
of physical fitness. A wide range of other conditions is associated with insulin resistance (see Table
1.2) and many also increase the risk of developing diabetes. In prospective studies, obesity is the
strongest modifiable risk factor that predicts future risk of diabetes in nondiabetic populations.’’
Body fat distribution is important also; visceral (abdominal) obesity, as measured by the waist:hip
ratio, is a stronger predictor than body mass index.®® It is thought that the increased fat mass in
obese individuals augments insulin resistance by a number of different mechanisms, including
increased release of free fatty acids and a number of adipocytokines including tumor necrosis
factor-a, leptin, resistin, and interleukin-6. Some workers have also proposed, in the “lipotoxicity
theory” that obesity not only affects insulin sensitivity, but also pancreatic function, with excess
fatty acids inhibiting insulin release.*

Fetal nutrition. Epidemiological studies initiated by Barker and coworkers have suggested a
novel theory of pathogenesis for type 2 diabetes.**#! Prevalence of type 2 diabetes has been shown
to be higher in low-birth-weight babies compared to high-birth-weight babies. It has been suggested

TABLE 1.2
Factors Associated with Insulin Resistance

Obesity

Lack of physical fitness

First degree relative with type 2 diabetes

Essential hypertension

Coronary artery disease

Pregnancy

Polycystic ovary syndrome

Endocrine disorders — e.g., acromegaly, Cushing’s syndrome
Drug therapies — e.g., protease inhibitors, corticosteroids, thiazide diuretics
Longstanding hyperglycemia

Elevated free fatty acids
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that fetal undernutrition during pregnancy results in defective pancreatic organogenesis and a
pancreas at risk of failure in later life, perhaps due to induction of longstanding “programmed”
changes in metabolic function.*?

CLINICAL PRESENTATION OF DIABETES
Tyre 1 DIABETES

Type 1 diabetes usually presents in children or young adults with acute symptoms of diabetes
(thirst, increased urination, tiredness, blurred vision) associated with weight loss. Peak incidence
is between 11 and 13 years, although it may present at any age. The incidence of type 1 diabetes
appears to be increasing, especially in the under age 5 age group.** Sex distribution is roughly
equal.*

Biochemical investigation of patients with type 1 diabetes shows that they have absolute insulin
deficiency. Hyperglycemia occurs due to a lack of the effect of insulin to inhibit production of
glucose by the liver, which continues unopposed. In the absence of insulin, fat stores are broken
down (lipolysis) and increased amounts of free fatty acids reach the liver. Once at the liver, the
fatty acids are further metabolized into ketone bodies that circulate in the bloodstream and, once
present in excess, produce an acidosis of the bloodstream. Weight loss occurs in type 1 diabetes
due to a combination of breakdown of fat and lean tissue and dehydration. Uncontrolled type 1
diabetes with high blood glucose, excess ketone bodies, and acidosis (diabetic ketoacidosis) is a
medical emergency requiring hospital admission. Patients with type 1 diabetes have absolute insulin
deficiency and require long-term insulin therapy for continued well-being.

Type 2 DIABETES

Type 2 diabetes usually presents in adults over the age of 30 with symptoms of diabetes or a
complication related to diabetes or as a chance finding in an asymptomatic individual. The com-
bination of insulin resistance and relative insulin deficiency contributes to the development of
hyperglycemia in type 2 diabetes.® Lack of insulin action at the liver results in overproduction of
glucose by the liver, especially in the fasting state; lack of insulin action in fat and skeletal muscle
reduces the uptake of glucose by these tissues after food intake. Subjects with type 2 diabetes have
a low risk for developing ketoacidosis because lipolysis is inhibited by the modest concentration
of circulating insulin. Because overweight and obesity are major risk factors for type 2 diabetes,
the majority of subjects are obese at presentation. Sex distribution is roughly equal, but with a
slight preponderance in men in some studies (e.g., men 61%, women 39% in the UKPDS study).*®

The prevalence of type 2 diabetes increases with age in all populations studied; for example,
in the U.S., 6.8% of men aged 40 to 49 had diabetes compared to 21.1% of men aged over 75
years, according to NHANES III, 1994 (Figure 1.3).#” Possible explanations for this phenomenon
are the increase in body fat and reduction in lean body tissue with ageing, reduction in pancreatic
capacity due to loss of B-cells by apoptosis, reduction in physical activity, and increased likelihood
to be prescribed diabetogenic drugs.

Patients with type 2 diabetes may be managed by dietary change, exercise prescription, oral
drug therapy, or insulin therapy. Despite treatment, the natural history of most subjects with type
2 diabetes is that increasing amounts of oral drugs are required to produce adequate glucose
concentrations. Many patients need to transfer to treatment with insulin with the inconvenience of
self-injection, requirement to monitor blood glucose levels, and increased risk of hypoglycemia
(e.g., 38% of patients in the intensive glucose control group of the UKPDS study eventually received
insulin).*¢
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FIGURE 1.3 Effect of age on prevalence of diabetes in U.S. men and women in NHANES III (Third National
Health and Nutrition Examination Survey), 1988-1994. (Reproduced from Harris, M.I. et al., Diabetes Care
21, 518-524, 1998. With permission.)

LONG-TERM COMPLICATIONS OF DIABETES

Diabetes mellitus is a long-term disorder associated with a number of clinical problems causing
ill health and death. Disease affecting the small blood vessels in the retina, kidney, and peripheral
nerves appears to be most directly related to the duration and severity of the raised blood glucose
(hyperglycemia). These complications are termed “microvascular” and may result in blindness,
chronic renal failure requiring dialysis, and nerve damage to the feet contributing to the formation
of foot deformity and ulceration. Large blood vessels are also affected (“macrovascular” disease)
in the heart, brain, and peripheral circulation. People with diabetes have higher rates of coronary
heart disease,*®* stroke,® and peripheral vascular disease® compared to similar subjects of the
same age and sex. This contributes significantly to the higher rates of ill health and early death in
people with diabetes.

GLOBAL BURDEN OF DIABETES AND ETHNICITY

Diabetes mellitus is a worldwide disorder, but the incidence (number of new cases per year per
unit of population) and prevalence (number of known cases per unit of population) vary significantly
with geographical location. Type 1 diabetes has high prevalence in Scandinavian countries and
Malta and low prevalence in Japan (Figure 1.4a). Type 2 diabetes has very high prevalence in Pima
Indians (who originate from Arizona in the U.S.) and Pacific Islanders (e.g., Nauru) and high
prevalence in South Asians, Hispanics, and Africans (Figure 1.4b). Relative risk of developing
diabetes is approximately fourfold in South Asians from the Indian subcontinent and twofold in
African—Caribbean people compared to white Caucasians from the same geographical area. Migra-
tion studies in a number of different populations have shown that the prevalence of type 2 diabetes
increases with increasing “Westernization” of migrant populations. This is probably due to a mix
of factors, such as reduction in physical activity level, increase in food availability, change in dietary
patterns away from healthier traditional foodstuffs, and an increase in obesity.

Recent trends in diabetes prevalence over the last few decades have suggested significant
increases in prevalence in most countries studied.”>> The total number of people with diabetes was
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FIGURE 1.4a Estimated prevalence of Type I diabetes in different countries in 1995. Countries selected to
display high to low range of prevalence. (Figure prepared with data from Amos, A.F. et al., Diabetic Med.
14, S7-S85, 1997.)

estimated to be 171 million in 2000 and is projected to be 366 million by 2030 (Figure 1.5).>* The
most dramatic increases have been recorded in developing countries such as India and China —
almost all accounted for by cases of type 2 diabetes. This is due partly to an increase in longevity in
these populations and partly to increasing prevalence of obesity. In developed countries, the increase
in diabetes prevalence is mostly accounted for by the increasing prevalence of obesity.
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FIGURE 1.4b Estimated prevalence of Type II diabetes in different countries in 1995. Countries selected to
display high to low range of prevalence. (Figure prepared with data from Amos, A.F. et al., Diabetic Med.
14, S7-S85, 1997.)
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FIGURE 1.5 Estimated cases of diabetes (millions) in 13 countries in 2000 and projected to 2030. (Figure
prepared with data from Wild, S. et al., Diabetes Care 27, 1047-1053, 2004.

DIABETES TREATMENT OPTIONS

Diabetes physicians have traditionally focused on treatments to reduce hyperglycemia. Good evi-
dence from randomized, controlled trials now indicates that reducing hyperglycemia reduces the
risk of microvascular complications of diabetes.*>> Subjects with diabetes also carry at least a
doubling of risk of cardiovascular disease.’® Whether lowering glucose improves cardiovascular
risk is currently uncertain, but the effect, if present, is likely to be modest.*%*¢->° Potential treatments
for lowering glucose in diabetes mellitus will be considered here in a rather theoretical way because
this may illuminate the mechanisms by which some of the evaluated plant treatments have an effect
(Table 1.3).

TABLE 1.3
General Mechanisms for Potential Diabetes Treatments
Mechanism Example
Delay gastric emptying GLP-1
Reduce absorption of dietary carbohydrate  Acarbose, guar gum
Increase pancreatic insulin secretion Sulfonylureas, glitinides, GLP-1, liraglutide, exendin-4
Insulin replacement Insulin injection, pancreas transplant
Insulinomimetic agents
Reduce hepatic glucose output Metformin, insulin, glucagon antagonists
Increase insulin sensitivity Metformin, thiazolidinediones

Weight loss and exercise
Alter renal glucose handling
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DeLAy GAsTRIC EMPTYING

Reducing gastric motility will result in a slower delivery of carbohydrate-containing foods to the
small intestine and may also increase gastric distension, resulting in a smaller volume of food being
consumed. It has been suggested that part of the efficacy of the gut peptide glucagon-like peptide
1 (GLP-1) in type 2 diabetes is by decreasing gastric motility.®® Cholecystokinin (CCK) has also
been investigated as a peptide agent to reduce gastric emptying.’! Reduction in food intake due to
gastric distension does not necessarily reduce total calorie intake because the time gap between
meals may be reduced in compensation. Any treatments that act primarily by slowing gastric motility
are likely to have nausea and vomiting as adverse effects, thus limiting their acceptability as long-
term treatments.

Rebuce ABSORPTION OF CARBOHYDRATE

Restriction of carbohydrate-containing foods is an obvious method of reducing alimentary absorp-
tion of carbohydrate. Foods that are high in soluble fiber (e.g., pulses) also slow absorption of
carbohydrate (low glycemic index foods). Guar gum is a plant extract high in soluble fiber that has
modest effects on glycemia in type 2 diabetes.®> Complex carbohydrates need to be digested by
intestinal enzymes — e.g., amylase — to monosaccharide subunits before absorption by the
intestinal brush border. Inhibition of certain disaccharidase enzymes found at the intestinal epithe-
lium is the basis of the a;-glucosidase group of drugs, e.g., acarbose.® Absorption of glucose from
the intestinal lumen occurs by an active process by sodium-linked glucose transporters, which are
also a potential drug target.

INCREASE PANCREATIC INSULIN SECRETION

Hyperglycemia occurs in type 2 diabetes due to impaired insulin secretion, often in the face of
increased requirement for insulin due to insulin resistance. The sulfonylurea class of drugs increases
insulin secretion by closing the ATP-sensitive potassium channel (K,;p) on B-cells responsible for
stimulus-response coupling of insulin secretion.** The more recently developed class of insulin
secretagogues, the glitinides, also act by binding to the K, channel, but with differing binding
characteristics. Both these groups of drugs result in enhanced release of insulin from pancreatic
islets and have the potential to cause hypoglycemia because insulin release is decoupled from
prevailing glucose concentrations. The efficacy of sulfonylurea drugs is limited by progressive loss
of B-cell reserve over time; after 10 years of use, they are often unable to stimulate sufficient insulin
release to have a clinical effect. This “secondary sulfonylurea failure” is a major limitation to the
treatment of type 2 diabetes.

Physiological release of insulin is also modulated by humoral factors secreted by the gut in
response to food ingestion, including GLP-1 and GIP (gastric inhibitory peptide). These peptides
enhance release of insulin stimulated by physiological triggers such as rise in blood glucose. One
attraction of GLP-1 is that, because it enhances glucose-dependent insulin release, it is unlikely to
cause hypoglycemia.%> One problem with GLP-1 as a clinical treatment is that it has a short plasma
half-life due to digestion by circulating proteases. This has led to the development of protease-
resistant analogues such as liraglutide®®%” and exendin 4 (a peptide found in the saliva of the Gila
monster [a type of reptile]).

Insulin Replacement

Insulin deficiency is logically treated by replacing the absent insulin peptide. This is the mainstay
of treatment for patients with the absolute insulin deficiency found in type 1 diabetes and is
frequently necessary for many patients with type 2 diabetes when they fail to respond to oral drug
therapy. Exogenous insulin therapy, given by subcutaneous injection, does not closely match
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physiological release of insulin. Hypoglycemia may occur when a mismatch occurs between
carbohydrate intake and circulating insulin concentrations. Insulin-treated patients have the highest
risk of severe hypoglycemia and the risk increases when lower glucose levels are pursued. Fear of
hypoglycemia and dislike of injections are major obstacles to uptake of insulin therapy. Insulin
analogues with different pharmacokinetic profiles that are less likely to cause hypoglycemia when
used appropriately have been developed; however, cost currently restricts their use in developing
countries.® At the present time, insulin replacement by pancreatic transplantation or islet cell
transplantation are treatment options for only a minority of patients with type 1 diabetes in developed
countries.®7

Insulinomimetic Agents

The need to inject insulin to bypass digestion of the peptide by gastrointestinal enzymes and increase
its bioavailability is a major drawback to its acceptability. The insulin receptor is a cell surface
protein, so it is theoretically possible that compounds will be discovered that are absorbed orally
and can bind and activate the insulin receptor.”! This might be by binding to the insulin-binding
sites on the extracellular domain of the insulin receptor or by activating its intracellular domain
tyrosine kinase activity by another mechanism. Alternatively, given the large number of protein
kinases involved in insulin signaling to metabolic endpoints of insulin action, small molecules may
potentially activate downstream intracellular second messengers of insulin action.

Repuce HepaTic GLucose OuTpPuT

Fasting hyperglycemia in type 2 diabetes is mainly determined by unrestrained hepatic glucose
output (HGO); thus, any treatments that reduce HGO will lower glucose levels. This is one major
mechanism whereby metformin seems to have its antidiabetic activity, although the molecular/phar-
macological mechanism by which it is achieved is debated. One of the main actions of insulin in
lowering blood glucose concentrations is by a reduction in HGO. Because one of the main effects
of glucagon is to increase HGO, any method to impair glucagon’s action will also tend to reduce
blood glucose.® The antidiabetic activity of GLP-1 in type 2 diabetes has been partially attributed
to lowering of glucagon concentrations® and glucagon receptor antagonists are in development.®
Alternatively, inhibiting the hepatic enzymes involved in glycogenolysis or hepatic gluconeogenesis
would be expected to reduce HGO.”?

INCREASE INSULIN SENSITIVITY

Insulin resistance (the reduced biological effectiveness of the same quantity of insulin) is a patho-
physiological hallmark of type 2 diabetes. Lifestyle changes and pharmacological methods to increase
insulin sensitivity have been pursued as logical treatments for this condition. Metformin has long
been known to increase insulin sensitivity. More recently, the thizolidinedione class of drugs —
agonists of a nuclear hormone receptor PPAR-y (peroxisome proliferator activated receptor y) — have
been introduced into clinical practice as a treatment for type 2 diabetes.”>’* One mechanism by which
PPAR-y agonists increase insulin sensitivity is by increasing the transcription of certain insulin-
sensitive genes. Other drugs that stimulate the transcription of insulin-sensitive genes via activation
of other transcription factors are under consideration by pharmaceutical companies.”

WEIGHT Loss AND EXERCISE

Weight loss, especially loss of visceral (abdominal) fat tissue, is an effective treatment for type 2
diabetes. This is due partly to restriction of calorie and carbohydrate intake, but weight loss also
improves insulin sensitivity so that glucose levels remain lower even if calorie intake is temporarily
increased. High plasma fatty acid concentrations found in obesity have been hypothesized to
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increase hepatic glucose output and inhibit insulin signaling in skeletal muscle.!®7¢ Weight loss
results in a lower total fat mass available to release fatty acids into the bloodstream so that plasma
fatty acid levels fall.

Exercise improves insulin sensitivity by a number of mechanisms’” and lowers glucose con-
centrations in type 2 diabetes. Long-term exercise reduces the amount of visceral fat’® and also
increases glucose disposal into skeletal muscle in the postprandial period. One mechanism by which
acute exercise increases glucose disposal is to activate AMP kinase in skeletal muscle, which
stimulates translocation of GLUT4 glucose transporters to the cell surface.” This effect is inde-
pendent of insulin, making it an attractive potential drug target. Long-term exercise results in an
increase in skeletal muscle content of GLUT4 glucose transporters®® and increased use of fatty
acids by skeletal muscle as a metabolic fuel.

Lifestyle change with increased exercise and weight loss has been shown to prevent the
development of type 2 diabetes in those at high risk — indeed, lifestyle change is more effective
than metformin alone in the same setting.®!-#* Promoting exercise and maintenance of a healthy
weight is a major public health challenge for governments attempting to turn the tide of the
increasing prevalence of type 2 diabetes.

ALTER RENAL GLucose HANDLING

Loss of glucose in the urine (glycosuria) usually occurs at a variable threshold when arterial glucose
rises over 200 mg/dl (11 mmol/l) due to the limited capacity of glucose transporters in the renal
tubules to reabsorb all the filtered load of glucose. Inhibition of these renal glucose transporters
will theoretically result in glycosuria at lower arterial glucose concentrations, limiting the rise in
blood glucose. The kidney also makes a 10% contribution to gluconeogenesis in the fasting state,
so suppression of renal gluconeogenesis may hypothetically have a small effect on fasting hyper-
glycemia.

UNMET NEEDS

Treatment of diabetes mellitus poses a number of problems for the individual with the condition:

* Diabetes management requires input from health professionals to achieve optimum
management over a lifetime.

e Often, in middle-aged individuals with longstanding habitually poor diet and exercise
regimens, changes in diet and lifestyle are difficult to implement and maintain.

e Oral drug treatment often requires combinations of drugs with an increased potential for
adverse effects.

e Oral drug treatments often fail to control hyperglycemia due to progressive loss of
pancreatic -cell function and insulin treatment is required.

e Insulin treatment is unpopular due to fear of injections (“needle phobia™), fear of stig-
matization, fear of hypoglycemia, lack of money, or for reasons related to family stories.

The rising incidence and prevalence of diabetes, especially in developing countries, means that
governments and individuals will be faced with challenges. People without access to modern
medicines, as well as those in developed countries looking to avoid drug use, will look to use
naturally occurring, botanically based therapies. Plant treatments may be more culturally acceptable
for some people and exploiting foodstuffs as diabetes treatments may be easier to incorporate into
a lifestyle than taking a tablet or injections. Using plant treatments on a daily basis, however, may
not be possible for many because of seasonal availability of fresh produce or their unpalatability.

Many of the currently available treatments for type 2 diabetes aim to reduce hyperglycemia,
but none have so far convincingly demonstrated that they can significantly alter the natural history
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of the progressive loss of pancreatic insulin secretion that results in the need for insulin injection
therapy. Treatments that preserve or, indeed, increase (3-cell mass would be a major advance.

Current treatments to reduce the risk of diabetic microvascular complications concentrate on
limiting hyperglycemia and meticulous control of blood pressure. It has been postulated that the
cellular toxin is not glucose itself, but rather a metabolite of glucose such as methylglyoxal. 38
Theoretically, agents that reduce the accumulation of toxic metabolites of glucose may prevent
diabetic complications without affecting glucose levels. This would be an advance because diabetes
management would then be able to concentrate on preventing toxin accumulation rather than on
glucose exposure alone. A treatment protocol combining moderate glucose lowering (and thus
minimal risk of hypoglycemic events) with reduction in toxic glucose metabolites might be superior
to intensive glucose lowering in preventing diabetic complications.

The predicted continuing surge in prevalence of diabetes mellitus worldwide will demand new
solutions to be found for treatment and prevention. Because humanity does not appear inclined to
take more exercise or avoid corpulence, the emphasis over the next few decades is likely to be on
treating diabetes and perhaps screening for asymptomatic individuals. Despite major advances in
knowledge about whole-body physiology and the molecular mechanisms involved in glucose
homeostasis, this has not been translated into an armamentarium of new drug treatments for diabetes.
Discovery of compounds with antidiabetic activity in traditional plant remedies remains a medically
legitimate and potentially commercially rewarding activity.
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BACKGROUND

The Ebers Papyrus written in approximately 1550 B.c. provides the earliest documentation about
the use of plants in the treatment of conditions associated with diabetes (Bailey and Day, 1989).
In India, the early Ayurvedic texts such as the Sushruta Samhita and the Charaka Samhita written
in the 4th to 5th century B.c. describe the use of about 760 and 500 species of medicinal plants,
respectively, including those prescribed for conditions such as glycosuria, polyphagia, and polyuria
associated with diabetes (Nagarajan et al., 1982). In China, Ben Jing, written in about 104 B.c.,
contains detailed descriptions of 252 species with reference to those used to treat diabetes. It is
easier to track the traditional and modern uses of species in the treatment of diabetes in cultures
with a strong written culture like those in India, China, and the Middle East than it is in South
America and Africa, where much less documentation is available to the researcher.

Despite their long tradition of use in most parts of the world, very few of these species have
been exposed to modern, large-scale, clinical-type trials to test their efficacy. Some species used
in the ancient civilizations of India and China have been used for hundreds of years and some
people would suggest this indicates that they are effective. However, it is clear that more research
needs to be undertaken on these species because, in most cases, the active compounds and their
mode of action still remain unclear. For example, hundreds of species are used in Chinese medicine
for treating diabetes, but only seven multiple-species antidiabetic products have been approved for
clinical use in China (Shang, 2000).

Currently, many countries face large increases in the number of people suffering from diabetes.
The World Health Organization estimated that about 30 million people suffered from diabetes in
1985 and the number increased to more than 171 million in 2000 (www.who.int/diabetes/facts/
world-figures). Wild et al. (2004) estimate the number will increase to over 366 million by 2030
and that large increases will occur in developing countries, especially in people aged between 45
and 64 years. This is in contrast to the developed world in which most people diagnosed with
diabetes are over 64 (Wild et al., 2004). Despite the lack of robust scientific data to support the
efficacy of many species of plants, they remain the main source of medication for patients with
diabetes in many parts of the world and are sometimes taken in preference to other treatments. If
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the species were all effective, many communities still using the plants would be able to treat
diabetes. However, this is not the case.

Plants thought to play a role in the treatment of diabetes are taken as food or as medication.
Marles and Farnsworth (1995) provided an overview of the species of plants reported to be used
to treat diabetes. Their review remains a classic reference work for those involved in using ethno-
botanical data to study the potential use of plants in the treatment of diabetes. It was based on a
search of information about antidiabetic plants up to the year 1994 available in the computer
database NAPRALERT at the College of Pharmacy, University of Illinois, Chicago. In their review,
they identified about 1200 species of plants from 725 genera representing 183 families. A later
review by Perez et al. (1998a) identified about 800 species.

In the 10 years since Marles and Farnsworth (1995) completed their review, knowledge about
the potential uses and chemistry of the plants that they listed has increased. This review provides
an update. We have looked at the literature since 1994 using a range of different databases, including
the IST Web of Knowledge (www.isiknowledge.com), CABI International (www.cabdirect.org), and
SEPASAL (www.rbgkew.org.uk/ceb/sepasal). We also include references to some of the earlier
work on species that have been used and, in some cases, species currently used to treat diabetes
but poorly studied. The results of this review are outlined in Table 2.1.

SELECTION OF SPECIES

It is clear that a case can be made for further research on these potentially antidiabetic species.
However, how should the plants to study be selected? Marles and Farnsworth (1995) suggested
that to “accelerate” research on the antidiabetic activity of plants, five criteria could be used to
prioritize the selection of species:

e Traditional use in one or more countries

e Experimentally determined hypoglycemic activity

e Lack of detailed information on hypoglycemic constituents
e Experimental evidence for low toxicity

* Botanical abundance

These criteria are useful but depend on whether the aim of the research project is to find novel
leads or increase the use of a proven species. In fact, the five criteria focus on the search for new
leads rather than the development of existing leads.

The first criterion cited by Marles and Farnsworth (1995) highlights the selection of species in
parts of the world with a tradition of documenting the uses of their plants. This gives a bias to
India and China. The information in Table 2.1 shows that a high proportion of species come from
India and other parts of Asia, including China. However, as more research is done on medicinal
plants in other parts of the world, better understanding of the range of species used to treat diabetes
will ensue. In some cases, related species with similar types of chemistry are used in different
geographical areas. For example, species that belong to the Lamiales often contain flavonoids,
terpenoids, and polysaccharides that have activity in the treatment of diabetes or related conditions.
Representatives from this group of species are used in most countries.

Currently, because of the lack of ethnobotanical information, especially from parts of Africa,
it is difficult to establish how widely some of these species are used. Plectranthus barbatus (known
previously as Coleus forskohlii) contains the diterpene, forskolin, a compound that activates ade-
nylate cyclase and stimulates the biosynthesis of intracellular cAMP (Kuznetsova et al., 2004). The
release of cCAMP results in an increase in cholecystokinin- and glucose-stimulated release of insulin.
Thus, species that contain this compound could have a use in the treatment of diabetes. However,
there is very little documentation about the traditional use of P. barbatus in the treatment of diabetes,
although it is sold at village markets in Ghana and Uganda for this use.
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TABLE 2.1

Species of Plants Reported to Be Used Traditionally to Treat Diabetes

Order/Family

Filicopsida
Oleandraceae

Gnetopsida
Ephedraceae

Gymnospermae
Cupressaceae

Pinaceae

Pinaceae

Pinaceae
Taxaceae
Angiospermae
Primitive
Angiosperms
Nymphaeceae
Nymphaeceae
Magnoliids

Magnoliales
Annonaceae

Magnoliaceae
Magnoliaceae
Magnoliaceae

Laurales
Lauraceae

Species

Oleandra pistillaris (Sw.)

C. Chr.

Ephedra distachya L.

Juniperus communis

Thunb.

Abies pindrow Spach.

Pinus densiflora Siebold &

Zucc.

Pinus roxburghii Sarg.

Taxus cuspidata Siebold

and Zucc.

Nymphaea lotus L.

Nymphaea nouchali

Burm.f.

Annona squamosa L.

Michelia champaca L.

Schisandra chinensis

(Turcz.) Baill

Talauma ovata A. St. Hil.

Actinodaphne hookeri

Meisn.

Distribution
and Area
Traditionally
Used

India

E. Asia

Europe, India

India

Japan

Africa, India

India

India

India, Africa,

Tropics

India
Asia

C. America

India

Part Used

All

All

Fruit

Aerial parts

Bark, leaf

Bark, root

Bark, leaf

Root

Root

Leaf

Bark

Fruit

Leaf

Comments about Activity

Shows hypoglycemic activity in rats
(Abraham et al., 1986)

Glycan ephedrans A, B, C, D, and
E and L-ephredrine have
antihyperglycemic activity;
regenerate atrophied pancreatic
islets and restore secretion of
insulin (Xiu et al., 2001)

Extracts decrease blood glucose
(Gallagher et al., 2003)

Ethanol extracts increase insulin
release from INS-1 cells (Hussain
et al., 2004)

Ethanol extracts inhibit
carbohydrate-hydrolysing
enzymes (Kim et al., 2004)

Used to treat diabetes (Marles and
Farnsworth, 1995)

Used to treat diabetes (Lewis, 1977)

Used to treat diabetes (Marles and
Farnsworth, 1995)

Used to treat diabetes (Marles and
Farnsworth, 1995)

Extracts modulate levels of glucose,
insulin, and lipids in STZ-treated
rats. The aqueous extract was as
active as glibenclamide
(Shirwaikar et al., 2004)

Used to treat diabetes (Marles and
Farnsworth, 1995)

Lignans are reported to inhibit
aldose reductase (Li et al., 2004)

Used to treat diabetes (Marles and
Farnsworth, 1995)

Used to treat diabetes (Marles and
Farnsworth, 1995)
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TABLE 2.1 (CONTINUED)
Species of Plants Reported to Be Used Traditionally to Treat Diabetes

Order/Family

Lauraceae

Lauraceae

Lauraceae
Lauraceae
Lauraceae
Lauraceae
Lauraceae

Piperales
Piperaceae

Piperaceae
Piperaceae
Monocots

Alismatales
Araceae

Araceae

Araceae

Potamogetonaceae

Dioscoreales
Dioscoreaceae

Dioscoreaceae

Dioscoreaceae

Species

Cinnamomum cassia D.
Don.

Cinnamomum tamala T.
Nees & Eberm.

Cinnamomum zeylanicum
Blume

Laurus nobilis L.

Persea americana Mill.

Persea gratissima Gaertn.

Phoebe wightii Meisn.

Piper cubeba Bojer
Piper longum Blume

Piper nigrum L.

Amorphophallus konjac K.
Kock

Pinellia ternata (Thunb.)
Breit.

Scindapsus officinalis
Schott Melet

Potamogeton crispus L.

Dioscorea asclepiadea
Prain & Burkill

Dioscorea batatas Decne.

Dioscorea bulbifera L.

Distribution
and Area
Traditionally
Used

Africa, Asia,
India

Tropics

Europe

Africa
Canaries

India

E. Asia, Europe,
India
India, S.E. Asia

Africa,

S.E. Asia, India

E. Asia

Asia

India

E. Asia

E. Asia

Asia

Part Used

Leaf, bark

Bark

Bark

Leaf

Leaf

Seed, bark

Aerial parts

All

All

All

Rhizome

Rhizome

Fruit

All

Bulb

Tuber

Bulb

Comments about Activity

Cinnamaldehyde isolated from bark
inhibits aldose reductase (Lee,
2002)

Extracts decrease blood glucose in
alloxan-treated rats (Kar et al.,
2003)

Antinociceptive in vivo (Atta and
Alkofahi, 1998)

Used to treat diabetes (Marles and
Farnsworth, 1995)

Extracts could decrease absorption
of glucose (Gallagher et al., 2003)

Extract used to treat diabetes
(Marles and Farnsworth, 1995)

Shows hypoglycemic activity in rats
(Abraham et al., 1986)

Used to treat diabetes (Marles and
Farnsworth, 1995)

Used to treat diabetes (Marles and
Farnsworth, 1995)

Used to treat diabetes (Marles and
Farnsworth, 1995)

Used as health food for weight loss
because it lowers blood glucose.
Active compounds are konjak
oligosaccharides and
galactomannan (Yang et al., 2001)

Flavone-C-glycosides have
antidiabetic activity (Nishimura et
al., 1992)

Fruit reported to have antidiabetic
activity (Marles and Farnsworth,
1995)

Used to treat diabetes (Dhawan et
al., 1980)

Used to treat diabetes (Marles and
Farnsworth, 1995)

Extract lowers blood glucose
(Marles and Farnsworth, 1995)
Used to treat diabetes (Marles and

Farnsworth, 1995)



Plants Used in the Treatment of Diabetes 23

TABLE 2.1 (CONTINUED)
Species of Plants Reported to Be Used Traditionally to Treat Diabetes

Distribution
and Area
Traditionally
Order/Family Species Used Part Used Comments about Activity

Dioscoreaceae Dioscorea dumetorum Pax. Africa Tuber Reduces glucose in alloxan-treated
rabbits (Ivorra et al., 1989)

Dioscoreaceae Dioscorea gracillima Miq. E. Asia Bulb Used to treat diabetes (Marles and
Farnsworth, 1995)

Dioscoreaceae Dioscorea japonica Herb.  E. Asia Tuber Dioscorans A to F have

Madr. ex. Wall. hypoglycemic activity (Hikino et

al., 1986)

Liliales

Liliaceae Lilium auratum Lindl. Japan Bulb Used to treat diabetes (Marles and
Farnsworth, 1995)

Liliaceae Lilium speciosum Andrews Japan Bulb Used to treat diabetes (Marles and
Farnsworth, 1995)

Smilacaceae Smilax canariensis Willd. ~ Canaries Aerial parts Used to treat diabetes (Darias et al.,
1989)

Asparagales

Agavaceae Anemarrhena E. Asia Rhizome Polysaccharides anemarans A, B, C

asphodeloides Bunge and D lower levels of blood sugar

(Wang et al., 2000)

Alliaceae Allium cepa L. Universal Bulb Improves metabolic status in

diabetic condition and lowers
blood cholesterol. Active
compounds allyl propyldisulfide
and S-methylcysteine sulfoxide
(Kumari et al., 1995)

Alliaceae Allium sativum L. Universal Bulb Lowers blood sugar at a level
comparable to tolbutamide. Allicin
and S-allyl cysteine sulfoxide are
the active compounds. Stimulates
insulin secretion from B-cells,
improves glucose tolerance and
increases liver glycogen synthesis
(Li et al., 2004)

Amaryllidaceae Lycoris radiata Herb. Asia Bulb Glucomannans show hypoglycemic
activity in mice (Tomoda et al.,
1987)
Amaryllidaceae Lycoris squamigera Asia Bulb Lycoris-S-glucomannan has
Maxim. antidiabetic activity, although the

plant is toxic (Marles and
Farnsworth, 1995)

Amaryllidaceae Narcissus tazetta L. Asia, Europe Bulb Glucomannans have antidiabetic
activity (Marles and Farnsworth,
1995)
Asparagaceae Asparagus gonocladus India Bulb Extract used to treat diabetes
Baker (Marles and Farnsworth, 1995)
Asparagaceae Convallaria majalis L. Asia Bulb Used to treat diabetes (Marles and

Farnsworth, 1995)
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TABLE 2.1 (CONTINUED)
Species of Plants Reported to Be Used Traditionally to Treat Diabetes

Distribution
and Area
Traditionally
Order/Family Species Used Part Used Comments about Activity
Asparagaceae Polygonatum odoratum China Rhizome Steroidal glycosides decrease blood
subsp. glaberrimum (K. (bulb) glucose and stimulate glycogen
Koch) Elenevsky & A.S. synthase. Promotes peripheral
Zernov sensitivity to insulin rather than
altering secretion of insulin (Choi
and Park, 2002)
Asparagaceae Polygonatum officinale All. Europe, Asia Rhizome Extracts lower blood glucose and
(bulb) increase sensitivity to insulin
(Miura and Kato, 1995)
Asphodelaceae Aloe arborescens Mill. E. Asia Leaf Variety natalensis: protects
pancreatic islet 3-cells from toxins
by acting as a radical scavenger
(Beppu et al., 2003);
antihyperglycemic in STZ-treated
mice (Beppu et al., 1993)
Asphodelaceae Aloe vera (L.) Burm. f. India, W. Indies, Leaf Maintains glucose homeostasis in
E. Asia vivo (Rajasekaran et al., 2004)
Hyacinthaceae Scilla sibirica Andrews Bulb Contains polyhydroxyalkaloids that
have antidiabetic properties
(Yamashita et al., 2002)
Hyacinthaceae Urginea indica Kunth. India Bulb Hypoglycemic activity in rats (Dhar
et al., 1968)
Orchidaceae Dendrobium chrysanthum  China Stem Reported to have
Wall.ex. Lindl. antihyperglycemic activity (Li et
al., 2004)
Orchidaceae Dendrobium loddigesii China Stem Reported to have
Rolfe antihyperglycemic activity (Li et
al., 2004)
Orchidaceae Dendrobium nobile Lindl. ~ China Stem Reported to have
antihyperglycemic activity (Li et
al., 2004)
Orchidaceae Orchis latifolia L. India Root Used to treat diabetes (Marles and
Farnsworth, 1995)
Orchidaceae Orchis mascula Crantz. Europe, India, Root Used to treat diabetes (Marles and
Middle East Farnsworth, 1995)
Commelinids
Poales
Bromeliaceae Tillandsia usneoides L. N. America All Extracts from whole plant have
antidiabetic activity in rats (Ivorra
et al., 1989)
Cyperaceae Cyperus iria L. Root Used to treat diabetes (Marles and
Farnsworth, 1995)
Cyperaceae Kyllinga triceps Thunb. India Root Used to treat diabetes (Marles and
Farnsworth, 1995)
Poaceae Andropogon citratus Hort ~ Asia Aerial parts Lowers blood glucose in rabbits

ex. DC (Garcia, 1944)
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TABLE 2.1 (CONTINUED)
Species of Plants Reported to Be Used Traditionally to Treat Diabetes

Order/Family

Poaceae

Poaceae

Poaceae

Poaceae

Poaceae

Poaceae

Poaceae

Poaceae
Poaceae

Poaceae

Poaceae

Commelinales

Arecaceae

Arecaceae

Arecaceae
Zingiberales
Costaceae

Musaceae

Species

Avena sativa L.

Bambusa arundinacea
Willd.

Bambusa nutans Wall. ex.
Munro
Coix lachryma-jobi L.

Eragrostis bipinnata
Schum. in Engl.
Hordeum vulgare L.

Oryza sativa L.

Panicum miliaceum L.
Poa pratensis Pollich

Saccharum officinarum L.

Zea mays L.

Acrocomia mexicana Karw.

ex. Mart.
Cocos nucifera L.

Serenoa serrulata Hook. f.

Costus schlechteri H.
Winkler

Ensete superbum (Roxb.)
Cheesman

Distribution
and Area
Traditionally
Used

Temperate

India

India

E. Asia

Universal

Subtropics

India

India

Africa, C.and S.

America

Universal

C. America

Universal

Europe

Africa

India

Part Used

All

Aerial parts

Aerial parts

Seed

Root, seed

Root, seed

All

All

Juice

Styles, seed

Root

Fruit

Comments about Activity

Lowers blood glucose (Marles and
Farnsworth, 1995)

Some oat bran concentrate bread
products improve glycemic,
insulinemic, and lipidemic
responses in NIDDM patients
(Pick et al., 1996)

Used to treat diabetes (Marles and
Farnsworth, 1995)

Coixans A, B, and C
(polysaccharides) reduce blood
glucose in alloxan-treated mice
(Takahashi et al., 1986)

Used to treat diabetes (Marles and
Farnsworth, 1995)

May stimulate mobilization of
insulin in NIDDM (Shukla et al.,
1991)

Contains oryzabrans with
antidiabetic activity (Hikino et al.,
1988)

Used to treat diabetes (Marles and
Farnsworth, 1995)

Used to treat diabetes (Marles and
Farnsworth, 1995)

Contains saccharans with
hypoglycemic activity (Takahashi
et al., 1985)

Contains “resistant starch” thought
to have antidiabetic properties
(Morell et al., 2004)

Methanol extract decreases blood
glucose in mice (Perez et al., 1992)

Coconut flour added to bakery
products could decrease blood
glucose due to its high dietary fibre
content (Trinidad et al., 2003)

Used to treat diabetes (Lust, 1986)

Lowers blood glucose (Marles and
Farnsworth, 1995)

Used to treat diabetes (Marles and
Farnsworth, 1995)
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TABLE 2.1 (CONTINUED)
Species of Plants Reported to Be Used Traditionally to Treat Diabetes

Distribution
and Area
Traditionally
Order/Family Species Used Part Used Comments about Activity

Musaceae Musa paradisiaca L. India, tropics Flower, root Chloroform extract of flowers
reduces blood glucose in alloxan-
treated rats (Pari and
Umamaheswari, 2000)

Strelitziaceae Ravenala Africa Used to treat diabetes (Sussman,

madagascariensis J.F. 1980)
Gmel.

Zingiberaceae Alpinia galanga Willd. India Rhizome Reduces blood glucose in rabbits
(Akhtar et al., 2002)

Zingiberaceae Amomum aromaticum India Root Extracts have hypoglycemic

Roxb. activity (Marles and Farnsworth,
1995)

Zingiberaceae Amomum subulatum Roxb. India Root Extracts have hypoglycemic
activity (Marles and Farnsworth,
1995)

Zingiberaceae Curcuma longa L. India Root Forms part of a mixture,
“hyponidd,” that reduces blood
glucose in STZ-treated rats (Babu
and Prince, 2004)

Zingiberaceae Hedychium gardnerianum  India Leaf Shows hypoglycemic activity in rats

Wall. ex. Spreng. (Abraham et al., 1986)

Zingiberaceae Hedychium spicatum Lodd. India Rhizome Extracts have hypoglycemic
activity (Marles and Farnsworth,
1995)

Zingiberaceae Zingiber officinale Rosc. Tropics, India All Ethanol extract reduces blood
glucose in alloxan-treated rats
(Kar et al., 2003)

Zingiberaceae Zingiber zerumbet Rosc. India Leaf Although used traditionally to treat

ex. Sm diabetes, an aqueous extract did
not decrease blood glucose in
STZ-treated rats (Husen et al.,
2004)

Eudicots

Ranunculales

Berberidaceae Berberis aristata DC India Root Contains berberine (Soffar et al.,
2001), which reduces levels of
fasting blood glucose,
triglycerides, and total cholesterol
(Leng et al., 2004) and decreases
glucose absorption (Pan et al.,
2003)

Berberidaceae Berberis vulgaris Vell. India, Africa, Root Berberine administration to

Europe impaired glucose tolerance rats
reduces levels of fasting blood
glucose, triglycerides and total
cholesterol (Leng et al., 2004)
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TABLE 2.1 (CONTINUED)
Species of Plants Reported to Be Used Traditionally to Treat Diabetes

Order/Family

Berberidaceae
Berberidaceae
Menispermaceae
Menispermaceae
Menispermaceae
Menispermaceae

Menispermaceae

Menispermaceae
Papaveraceae

Papaveraceae

Papaveraceae

Papaveraceae

Ranunculaceae

Ranunculaceae
Ranunculaceae
Ranunculaceae
Ranunculaceae

Ranunculaceae

Species

Epimedium brevicornum
Maxim.

Epimedium sagittatum
(Sieb. et Zucc.) Maxim

Cocculus cordifolius Miers

Fibraurea chloroleuca
Miers

Stephania glabra Miers

Stephania tetradra S.

Moore
Tinospora cordifolia Miers

Tinospora crispa Miers
Chelidonium majus L.

Fumaria parviflora Lam.

Glaucium flavum Crantz.

Papaver somniferum L.

Aconitum carmichaelii
Debeaux

Aconitum moschatum Stapf

Aconitum violaceum
Jacquem. ex. Stapf
Cimicifuga racemosa
(L.) Nutt.
Clematis armandii Franch

Clematis chinensis
Osbeck

Distribution
and Area
Traditionally
Used

China
China
India
S.E. Asia
India
Asia

India

Asia
Europe

India

Universal

E. Asia

India

India

E. Asia

China

Part Used

All
All

All

Root
Root

All

Stem

Aerial parts

Leaf

Fruit

Root

Root

Root

Root

Comments about Activity

Used as a tonic (Li et al., 2004)
Used as a tonic (Li et al., 2004)

Used to treat diabetes (Marles and
Farnsworth, 1995)

Used to treat diabetes (Marles and
Farnsworth, 1995)

Used to treat diabetes (Marles and
Farnsworth, 1995)

Protects -cells of pancreatic islets
(You and Wang, 2000)

Extracts from stems, leaves, and
roots have antidiabetic properties.
In alloxan-treated rats, the root
extract reduces blood glucose and
lipids and prevents weight loss
(Stanely Mainzen Prince and
Menon, 2003)

Reduces blood glucose in alloxan-
treated rats (Noor et al., 1989)

Used to treat diabetes (Marles and
Farnsworth, 1995)

Extracts have hypoglycemic
activity in alloxan-treated rabbits
(Akhtar et al., 1984)

Extract used to treat diabetes
(Marles and Farnsworth, 1995)

Alkaloids have hypoglycemic
activity (Marles and Farnsworth,
1995)

Care needs to be taken in
preparation of the roots. Aconitans
A, B, C, and D lower blood
glucose (Konno et al., 1985a)

Used to treat diabetes (Marles and
Farnsworth, 1995)

Used to treat diabetes (Marles and
Farnsworth, 1995)

Used to treat diabetes (Marles and
Farnsworth, 1995)

Used to treat diabetes (Marles and
Farnsworth, 1995)

Used to treat diabetes complications
(Li et al., 2004)
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TABLE 2.1 (CONTINUED)
Species of Plants Reported to Be Used Traditionally to Treat Diabetes

Distribution
and Area
Traditionally
Order/Family Species Used Part Used Comments about Activity

Ranunculaceae Coptis chinensis Franch. E. Asia Root, aerial Decreases serum glucose, berberine
parts has hypoglycemic activity (Chen

and Xie, 1986)
Ranunculaceae Coptis deltoidea C.Y. Asia Root Decreases serum glucose, berberine
Cheng et Hsiao has hypoglycemic activity (Chen

and Xie, 1986)

Ranunculaceae Coptis teeta Wall. India Rhizome Used to treat diabetes (Marles and
Farnsworth, 1995)

Ranunculaceae Hydrastis canadensis L. Universal Used to treat diabetes (Lewis, 1977)

Ranunculaceae Nigella sativa L. Brunei Volatile oil from seeds can reduce
blood glucose via a mechanism
that does not involve insulin. Also
has antioxidant properties and
decreases levels of lipid
peroxidases (Ali and Blunden,
2003)

Proteales

Nelumbonaceae Nelumbo nucifera Gaertn.  India Flower Methanol extracts decrease blood
glucose in STZ-treated rats
(Mukherjee et al., 1995);
tryptophan is an active compound
and a protein fraction also shows
activity (Ibrahim and El-Eraqy,
1996)

Core Eudicots

Caryophyllales

Amaranthaceae Achyranthes aspera L. Africa, India, All Lowers blood glucose levels in

Australia alloxan-treated rabbits (Akhtar
and Igbal, 1991)

Amaranthaceae Aerva sanguinolenta Blume S.E. Asia All Reported to have antidiabetic
activity (Marles and Farnsworth,
1995)

Amaranthaceae Atriplex halimus L. Middle East Leaf Extract is reported to have an
insulin-potentiating effect (Shani
et al., 1972)

Amaranthaceae Beta vulgaris L. International Root, leaf Betavulgarosides II and IV and
oleanane triterpenoid saponins
have hypoglycemic activity
(Murakami et al., 1999)

Extracts reduce serum lipids, sialic,
and uric acid, glucose, and lipid
peroxidation in rats. The extracts
protect the liver (Ozsoy—Sacan et
al., 2004)

Amaranthaceae Chenopodium India Used to treat diabetes (Neame and

ambrosioides L. Pillay, 1964)
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TABLE 2.1 (CONTINUED)
Species of Plants Reported to Be Used Traditionally to Treat Diabetes

Order/Family

Amaranthaceae
Amaranthaceae

Cactaceae

Cactaceae

Cactaceae

Cactaceae
Cactaceae

Nyctaginaceae

Nyctaginaceae

Nyctaginaceae

Polygalaceae

Polygonaceae

Polygonaceae

Polygonaceae

Polygonaceae

Polygonaceae

Species

Hammada salicornica R.
Br.
Spinacia oleracea L.

Lophophora williamsii
(Salm-Dyck) J.M. Coult.

Opuntia ficus-indica (L.)
Mill.

Opuntia lindheimeri
Englem.

Opuntia streptacantha
Lemair

Opuntia vulgaris Mill.

Boerhavia diffusa L.

Bougainvillea spectabilis
Willd.

Salpianthus arenarius

Humb. & Bonpl.
Polygala senega L.

Polygonum aviculare L.

Polygonum cuspidatum
Sieb et Zucc.

Polygonum multiflorum
Thunb.

Rheum officinale Baill.

Rheum palmatum L.

Distribution
and Area
Traditionally
Used

Arabia

Africa, Europe,
India

Africa, Europe,
America

C. America
Africa

India

India

C. America

Asia

Europe, Africa,
India
Asia

Asia

China

China

Part Used

Aerial parts

Aerial parts

Aerial parts

Aerial parts

Aerial parts

Leaf

Leaf

Flower

Root

Root

Rhizome

Aerial parts

Root

Root

Comments about Activity

Reduces blood glucose in alloxan-
treated dogs (Handa et al., 1989)

Extracts have antidiabetic activity
(Marles and Farnsworth, 1995)

Extracts have antidiabetic activity,
but plant is toxic (Marles and
Farnsworth, 1995)

Aqueous extract lowers blood
glucose level in STZ-treated rats
(Enigbokan et al., 1996)

Aqueous extract lowers blood
glucose level in STZ-treated pigs
(Laurenz et al., 2003)

Reduces blood glucose (Handa et
al., 1989)

Extracts used to treat diabetes
(Marles and Farnsworth, 1995)

Extracts of leaves lower blood
glucose in alloxan-treated rats
(Pari and Satheesh, 2004)

Leaves contain pinitol, a compound
with antidiabetic activity
(Narayanan et al., 1987)

Used to treat diabetes (Marles and
Farnsworth, 1995)

Variety latifolia: triterpenoid
glycosides, senegins II and III
reduce blood glucose in mice
(Kako et al., 1997)

Used to treat diabetes (Marles and
Farnsworth, 1995)

Antidiabetic activity could be
because it improves blood
circulation (You and Wang, 2000)

Aqueous extracts form part of a
preparation sold as “Slimax” that
regulates glucose utilization and
lipid metabolism (Wijaya et al.,
1995)

Polysaccharides could be active
compounds for treating diabetic
nephropathy (Li et al., 2004)

Polysaccharides could be active
compounds for treating diabetic
nephropathy (Li et al., 2004)
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TABLE 2.1 (CONTINUED)
Species of Plants Reported to Be Used Traditionally to Treat Diabetes

Order/family

Polygonaceae

Polygonaceae
Portulacaceae
Portulacaceae

Santalales
Loranthaceae

Loranthaceae

Loranthaceae
Santalaceae

Saxifragales
Paconiaceae

Paconiaceae

Paconiaceae

Paeoniaceae

Saxifragaceae
Rosids
Crossosomatales

Geraniaceae

Stachyuraceae

Species

Rheum tanguticum Maxim.
ex. Balf

Rumex abyssinicus Jacq.
Portulaca oleracea L.

Talinum portulacifolium
Aschers. ex. Schweinf.

Loranthus curviflorus
Benth.

Loranthus micranthus
Hook, f.

Psittacanthus calyculatus

G. Don
Viscum album L.

Paeonia emodi Royal

Paeonia lactiflora Pall.

Paeonia moutan Sims

Paeonia veitchii Lynch

Bergenia stracheyi Stein

Geranium maculatum L.

Stachyurus himalaicus C.Y.
Wu

Distribution
and Area
Traditionally
Used

China
Africa
Africa, India,

Europe
India

Middle East

New Zealand

C. America

Asia, Europe,
India

Asia

China

China

China

India

Europe

China

Part Used

Root

Root

Leaf

Aerial parts

Aerial parts

All

Root

All

Root

Root

Root

Comments about Activity

Polysaccharides could be active
compounds for treating diabetic
nephropathy (Li et al., 2004)

Used to treat diabetes (Abdulkadir,
1985)

Used to treat diabetes (Marles and
Farnsworth, 1995)

Used to treat diabetes (Marles and
Farnsworth, 1995)

Used to treat diabetes (Marles and
Farnsworth, 1995)

Methanolic extract lowers blood
glucose in alloxan-treated rats
(Osadebe et al., 2004)

Used to treat diabetes (Marles and
Farnsworth, 1995)

Extracts inhibit a-glucosidase
(Onal et al., 2005)

Pinane monoterpenoids
paeoniflorin and 8-
debenzoylpaeoniflorin lower
blood glucose and increase
glucose utilization in STZ-treated
rats (Hsu et al., 1997)

Paeoniflorin and 8-
debenzoylpaeoniflorin lower
blood sugar (Hsu et al., 1997)

A pentagalloylglucose, 090002,
inhibits squalene synthase and is
hypocholesterolemic in vivo (Park
et al., 2002)

Tetra and penta-O-galloyl-f-D-
glucose inhibit aldose reductase
(Aida et al., 1989)

Used to treat diabetes (Marles and
Farnsworth, 1995)

Used to treat diabetes (Marles and
Farnsworth, 1995)

Extracts have hypoglycemic
activity (Marles and Farnsworth,
1995)
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TABLE 2.1 (CONTINUED)
Species of Plants Reported to Be Used Traditionally to Treat Diabetes

Order/Family

Myrtales
Combretaceae

Combretaceae

Combretaceae

Lythraceae
Lythraceae
Lythraceae

Lythraceae

Melastomataceae

Myrtaceae
Myrtaceae

Myrtaceae

Myrtaceae

Myrtaceae

Myrtaceae
Myrtaceae

Myrtaceae

Species

Terminalia bellirica
(Gaertn) Roxb.

Terminalia catappa L.

Terminalia chebula Retz.

Lagerstroemia parviflora
Roxb.

Lagerstroemia speciosa
(L.) Pers

Lythrum salicaria L.

Punica granatum L.

Memecylon umbellatum
Blume

Eucalyptus citriodora Hook

Eucalyptus globulus Labill.

Eugenia jambolana Lam.

Hexachlamys edulis (O.
Berg) Kausel & D.
Legrand

Mpyrcia uniflora Bard. Robr.

Myrtus communis L.

Pimenta officinalis Lindl.

Psidium guajava L.

Distribution
and Area
Traditionally
Used

India, S.E. Asia

Africa

India, S.E. Asia

Asia, India,
Australia
S.E. Asia

Mediterranean

India

India

Africa, India
Africa, America

Africa

S. America

Africa
America

Africa, E. Asia,
India

Part Used

Fruit

Fruit

Fruit

Aerial parts
Leaf, bark,
root, seed

Stem, flower

Fruit

Leaf

Leaf

Leaf

Seed, bark

Leaf, stem

Leaf, fruit

Leaf

Comments about Activity

Hypoglycemic effect of fruit pulp
in alloxan-treated rats (Kar et al.,
2003)

Extracts from fruits reduce blood
glucose in alloxan-treated rats
(Nagappa et al., 2003)

Decreases blood glucose in alloxan-
treated rats (Sabu and Kuttan,
2002)

Used to treat diabetes (Marles and
Farnsworth, 1995)

Reduces blood glucose (Ivorra et
al., 1989)

Reduces blood glucose (Ivorra et
al., 1989)

Methanol seed extract reduces
glucose levels in STZ-treated rats
(Das et al., 2001)

Alcoholic extract lowers blood
glucose in alloxan-treated mice
(Amalraj and Ignacimuthu, 1998)

Myrtillin has hypoglycemic activity
(Marles and Farnsworth, 1995)

Extracts decrease blood glucose
(Gallagher et al., 2003)

Extract lowers blood glucose, urea,
and urine sugar in STZ-treated rats
(Ravi et al., 2003)

Reduces blood glucose in alloxan-
treated rats without signs of
toxicity (Rodriguez et al., 1992)

Extracts decrease blood glucose in
diabetes patients (Russo et al.,
1990)

Reduces blood glucose (Ivorra et
al., 1989)

Used to treat diabetes (Marles and
Farnsworth, 1995)

Lowers blood glucose.
Glycoprotein with molecular
weight of 50,000-100,000 has
activity (Basnet et al., 1995)
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TABLE 2.1 (CONTINUED)
Species of Plants Reported to Be Used Traditionally to Treat Diabetes

Order/Family

Myrtaceae

Myrtaceae

Myrtaceae

Onagraceae
Onagraceae
Onagraceae
Eurosid 1

Celastrales
Celastraceae

Celastraceae
Celastraceae

Celastraceae

Celastraceae

Malpighiales

Euphorbiaceae

Euphorbiaceae

Euphorbiaceae

Euphorbiaceae

Species

Syzygium alternifolium
Walp.

Syzygium cerasoides
(Roxb.) Raiz.

Syzygium cumini (L.)
Skeels

Epilobium hirsutum L.
Epilobium royleanum

Hausskn.
Oenothera biennis L.

Catha edulis Forssk.

Euonyrnus alatus (Thunb.)
Sieb.

Maytenus senegalensis
(Lam.) Exell

Salacia macrosperma
Wight

Salacia reticulata Wight

Aporosa lindleyana Baill.

Bridelia ferruginea Benth.

Clutia richardiana L.

Cnidoscolus aconitifolius
(Mill.) .M. Johnst.

Distribution
and Area
Traditionally
Used

India

India

India

Canaries
India

Europe

Africa

Asia
Africa, India

India

India

Tropics

Africa

Middle East

C. America

Part Used

Seed

Aerial parts

Fruit, bark

Aerial parts

Whole plant

Seed

Leaf

Whole plant

Leaf

Leaf, root

Root bark

All

Leaf

Leaf

Young leaf,
shoot

Comments about Activity

Aqueous extracts lower blood
glucose in alloxan-treated rats
(Rao and Rao, 2001)

Used to treat diabetes (Marles and
Farnsworth, 1995)

Jambosine associated with
hypoglycemic activity (Rajan et
al., 2002)

Used to treat diabetes (Darias et al.,
1989)

Shows hypoglycemic activity inrats
(Aswal et al., 1984)

Proanthocyanidins are associated
with hypoglycemic activity
(Aitani et al., 2003)

Khat chewing increases levels of
serum glucose and C-peptides in
diabetic patients (Saif—Ali et al.,
2003)

Lowers blood glucose and lipids
(Yao et al., 2000)

Used to treat diabetes (Bever, 1980)

Methanol extract has antidiabetic
activity in rats (Venkateswarlu et
al., 1993)

Extract reduces glucose and insulin
and increases breath hydrogen.
These features are similar to o-
glucosidase inhibitors (Heacock et
al., 2005)

Reduces blood glucose in alloxan-
treated rats (Jayakar and Suresh,
2003)

Reduces blood glucose (Ivorra et
al., 1989)

Labdane-type diterpenes
(richardianidin-1, richardianidin-
2, saudin) have hypoglycemic
activity. Compounds present in hot
infusions of leaves (Mossa et al.,
1988)

Shows hypoglycemic activity
(Grubben and Denton, 2004)
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TABLE 2.1 (CONTINUED)

Species of Plants Reported to Be Used Traditionally to Treat Diabetes

Order/Family Species
Euphorbiaceae Croton cajucara Benth.
Euphorbiaceae Croton niveus Billb. ex.

Beurl.

Euphorbiaceae Euphorbia hirta L.

Euphorbiaceae Euphorbia pilulifera L.

Euphorbiaceae Euphorbia prostrata Ait.
Euphorbiaceae Glochidion hohenackeri
(Miill. Arg.) Bedd
Euphorbiaceae Mallotus philippinensis
Miill. Arg.
Euphorbiaceae Manihot esculenta Crantz
Euphorbiaceae Phyllanthus amarus

Schumach. & Thonn.

Euphorbiaceae Phyllanthus emblica L.

Euphorbiaceae Phyllanthus niruri L.

Euphorbiaceae Phyllanthus sellowianus
Miill. Arg.

Euphorbiaceae Ricinus communis L.

Passifloraceae Fassiflora quadrangularis
L.

Rhizophoraceae Kandelia rheedii Wight &
Arn.

Rhizophoraceae Rhizophora mangle Roxb.

Distribution
and Area
Traditionally
Used

S. America

S. America
Australia, India
India

India

India

India, E. Asia,
Australia

India

India

India, Africa

India, S.
America

Universal

Tropical
America

India

India

Part Used

All

Aerial parts

Aerial parts

Fruit

All

Seed

All

All

All

Fruit, leaf

Bark

Bark, root

Comments about Activity

Trans-dehydrocrotonin, a
diperpene, lowers blood glucose in
STZ-treated rats (Silva et al.,
2001)

Used to treat diabetes (Marles and
Farnsworth, 1995)

Used to treat diabetes (Marles and
Farnsworth, 1995)

Used to treat diabetes (Marles and
Farnsworth, 1995)

Reduces blood glucose in rabbits
(Handa et al., 1989)

Used to treat diabetes (Marles and
Farnsworth, 1995)

Used to treat diabetes (Marles and
Farnsworth, 1995)

Results in high levels of glucose
released into the blood (Ramdath
et al., 2004)

Aqueous extract of aerial parts used
traditionally to treat diabetes.
However, no evidence of
hypoglycemic activity in NIDDM
patients (Moshi et al., 2001). Plant
contains oleanolic acid

Used to treat diabetes (Marles and
Farnsworth, 1995)

Although used traditionally to treat
diabetes, an aqueous extract did
not decrease blood glucose in
STZ-treated rats (Husen et al.,
2004)

Flavonoids such as rutin and
isoquercitrin lower blood glucose
in STZ-treated mice (Hnatyszyn et
al., 2002)

Has proven hypoglcemic activity
(Moshi and Mbwambo, 2002)

Used to treat diabetes (Marles and
Farnsworth, 1995)

Used to treat diabetes (Marles and
Farnsworth, 1995)

Reduces blood glucose in
hyperglycemic rabbits
(Alarcon Aguilar et al., 1998)
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TABLE 2.1 (CONTINUED)
Species of Plants Reported to Be Used Traditionally to Treat Diabetes

Order/Family

Rhizophoraceae
Salicaceae
Salicaceae

Turneraceae

Oxalidales
Elaeocarpaceae

Oxalidaceae

Oxalidaceae

Oxalidaceae

Rosales

Moraceae

Moraceae

Moraceae

Moraceae

Moraceae

Moraceae

Moraceae

Species

Rhizophora mucronata
Lam.
Casearia glauca Lam.

Casearia esculenta Roxb.

Turnera diffusa Willd.

Elaeocarpus ganitrus
Roxb. & G. Don
Averrhoa bilimbi L.

Biophytum sensitivum (L.)
DC

Xanthoxalis corniculata
(L.) Small

Artocarpus altilis
(Parkinson) Fosberg
Ficus benghalensis L.

Ficus carica L.

Ficus glomerata Roxb.

Ficus racemosa L.

Ficus religiosa L.

Morus alba L.

Distribution
and Area
Traditionally
Used

Tropics, India
India
India

C. America

India

Tropics

S.E. Asia

India

S.E. Asia

Europe,
Australia, Asia

India

Tropics, India

India, S.E. Asia

India, E. Asia,
Africa

Part Used

Aerial parts

Bark

Root

All

Bark

Leaf

All

Leaf

Bark

Leaf, bark

Bark, fruit,
sap

Bark

Bark, root
bark

Leaf, root
bark

Comments about Activity

Used to treat diabetes (Marles and
Farnsworth, 1995)

Used to treat diabetes (Marles and
Farnsworth, 1995)

Root extract is antioxidant in STZ-
treated rats (Prakasam et al., 2003)

Recent research showed that water-
ethanol extracts did not reduce
blood glucose (Alarcon—Aguilar et
al., 2002)

Used to treat diabetes (Marles and
Farnsworth, 1995)

Extracts decrease blood glucose and
increase release of insulin from
pancreatic islets (Latha et al.,
2004)

Leaf extracts are hypoglycemic
(Puri, 2001) and
hypocholesterolemic (Puri, 2003)
in vivo

Used to treat diabetes (Marles and
Farnsworth, 1995)

Used to treat diabetes (Marles and
Farnsworth, 1995)

Used traditionally in Ayurveda for
the treatment of diabetes (Elder,
2004)

Reduces levels of blood lipids in
STZ-treated rats (Perez et al.,
1999)

Ethanolic extracts show
hypoglycemic activity in alloxan-
treated rats (Kar et al., 2003)

Methanol extract lowers blood
glucose in alloxan-treated rats.
The extract was as active as
glibenclamide (Rao et al., 2002)

Used to treat diabetes (Marles and
Farnsworth, 1995)

The glycoprotein moran A lowers
blood glucose (Hikino et al.,
1985); phenolics kaempferol and
quercetin glycosides, and ursolic
acid could be important (Basnet et
al., 1993)
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TABLE 2.1 (CONTINUED)
Species of Plants Reported to Be Used Traditionally to Treat Diabetes

Order/Family

Moraceae

Moraceae

Rhamnaceae

Rhamnaceae

Rhamnaceae

Rhamnaceae
Rosaceae
Rosaceae
Rosaceae
Rosaceae

Rosaceae

Rosaceae

Rosaceae

Rosaceae
Rosaceae
Rosaceae
Rosaceae

Rosaceae

Species
Morus australis (T. Hotta)
S. Kitamura
Morus nigra L.

Rhamnus purshiana DC.

Ziziphus mauritiana Lam.

Ziziphus rugosa Lam.

Ziziphus sativa Gaertn
Agrimonia eupatoria L.
Agrimonia pilosa Ledeb.

Alchemilla vulgaris Wight

Cotoneaster aitchisoni C.K.

Schneid.
Eriobotrya japonica
(Thunb.) Lindl.

Poterium ancistroides Guir.
ex. Nym.

Poterium spinosum L.

Prunus amygdalus Stokes

Prunus persica (L.) Batsch

Pyrus communis L.

Rosa brunonii Lindl.

Rosa canina L.

Distribution
and Area
Traditionally
Used

E. Asia

India, Asia,
Europe

C. America

Tropics

India

Asia
Europe
China
Europe
India

India

Europe

Middle East

Universal
S.E. Asia, India
Asia, Europe,

India

Europe

Part Used

Root

Leaf

Bark

Leaf

Bark

Leaf

Leaf

Aerial parts

Leaf

Aerial parts

Stem, root

Seed

Leaf

Aerial parts

Fruit

Comments about Activity

Used to treat diabetes (Marles and
Farnsworth, 1995)

Used in herbal mixtures to lower
blood glucose (Petlevski et al.,
2001)

Used to treat diabetes (Winkelman,
1989)

Aqueous extracts reduce blood
glucose in rabbits (Diallo et al.,
2004)

Quercetin-3-O-rhamnoside and
myricetin-3-O-rhamnoside
associated with hypoglycemic
activity (Marles and Farnsworth,
1995)

Reduces glucose levels (Anand et
al., 1989)

Used to treat diabetes (Marles and
Farnsworth, 1995)

Lower blood glucose (Li et al.,
2002)

Used to treat diabetes (Marles and
Farnsworth, 1995)

Hypoglycemic activity in rats
(Abraham et al., 1986)

Sesquiterpene glycosides and
polyhydroxylated triterpenoids are
the active compounds thought to
promote insulin release (De
Tommasi et al., 1991)

Tormentic acid influences insulin
secretion in rats (Ivorra et al.,
1989b)

Aqueous extract has hypoglycemic
activity in rabbits (Mishkinsky et
al., 1966)

Used to treat diabetes (Marles and
Farnsworth, 1995)

Used to treat diabetes (Marles and
Farnsworth, 1995)

Used to treat diabetes (Marles and
Farnsworth, 1995)

Shows hypoglycemic activity inrats
(Dhawan et al., 1980)

Used to treat diabetes (Marles and
Farnsworth, 1995)
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TABLE 2.1 (CONTINUED)
Species of Plants Reported to Be Used Traditionally to Treat Diabetes

Distribution
and Area
Traditionally
Order/Family Species Used Part Used Comments about Activity

Rosaceae Rubus fruticosus L. Europe Leaf Reduces blood glucose (Ivorra et
al., 1989)

Rosaceae Rubus strigosus Michx. Europe Leaf Used to treat diabetes (Lust, 1986)

Rosaceae Rubus ulmifolius Schott. C. America Leaf Reduces blood glucose level in
blood of alloxan-treated rats
(Lemus et al., 1999)

Rosaceae Sanguisorba minor Scop. Contains triterpenes with
hypoglycemic activity (Reher et
al., 1991)

Rosaceae Sanguisorba officinalis L. Contains triterpenes with
hypoglycemic activity (Reher et
al., 1991)

Rosaceae Sarcopoterium spinosum Middle East Root Reduces blood glucose (Handa et

Spach al., 1989)

Urticaceae Cecropia obtusifolia Bertol C. America Leaf, stem Extracts reduce blood glucose,
cholesterol and triglycerides in
patients with type 2 diabetes that
did not respond to conventional
treatments (Herrera—Arellano et
al., 2004)

Urticaceae Cecropia peltata L. C. America Leaf, stem Used to treat diabetes (Winkelman,
1989)

Urticaceae Myrianthus arboreus Africa Bark Used to treat diabetes (Abbiw,

Beauv. 1990)
Urticaceae Urtica dioica L. Temperate All Extracts inhibit a-glucosidase
zones (Onal et al., 2005)

Urticaceae Urtica urens L. Europe All Extracts have hypoglycemic
activity (Marles and Farnsworth,
1995)

Fabales

Fabaceae Abrus precatorius L. India Leaf Precatorine shown to have
hypoglycemic activity (Marles and
Farnsworth, 1995)

Fabaceae Acacia arabica Willd. India Bark Reduces glucose levels (Handa et
al., 1989)

Fabaceae Acacia benthami Rochbr. Africa Seed, bark Used to treat diabetes (Marles and
Farnsworth, 1995)

Fabaceae Acacia catechu Brandis India, S.E. Asia  Stem Extracts reported to have
hypoglycemic activity (Singh et
al., 1976)

Fabaceae Acacia melanoxylon R. Br.  Africa, India, Seed Used to treat diabetes (Marles and

Australia Farnsworth, 1995)

Fabaceae Acacia modesta Wall India Seed Reduces glucose levels (Handa et
al., 1989)

Fabaceae Acacia nilotica Delile India Seed Used to treat diabetes (Marles and

Farnsworth, 1995)
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TABLE 2.1 (CONTINUED)
Species of Plants Reported to Be Used Traditionally to Treat Diabetes

Distribution
and Area
Traditionally
Order/Family Species Used Part Used Comments about Activity
Fabaceae Acacia suma Buch.-Ham. Africa, India Seed Extracts reported to have
ex. Voigt hypoglycemic activity (Singh et
al., 1976)
Fabaceae Albizia lebbek Benth. Africa, India, Bark, seed Used to treat diabetes (Marles and
Asia pod Farnsworth, 1995)
Fabaceae Albizia moluccana Miq. India Seed Used to treat diabetes (Marles and
Farnsworth, 1995)
Fabaceae Albizia procera Benth. Africa, India, Aerial parts Used to treat diabetes (Marles and
Australia Farnsworth, 1995)
Fabaceae Alhagi maurorum Medik. Africa, All Used to treat diabetes (Marles and
S.W. Asia Farnsworth, 1995)
Fabaceae Arachis hypogaea L. Asia, America Nut Used to treat diabetes (Marles and
Farnsworth, 1995)
Fabaceae Astragalus membranaceus — Asia Root Polysaccharides can regulate blood
(Fisch.) Bunge glucose level (Zhang et al., 2001);
has activity on diabetic
complications, inhibits lipid
peroxidation (Chen et al., 2001)
Fabaceae Bauhinia candicans Benth  C. America, Decreases blood glucose in alloxan-
S.E. Asia, treated rats (Lemus et al., 1999)
Australia Extracts increase the peripheral
metabolism of glucose (Fuentes et
al., 2004)
Fabaceae Bauhiniaforficata Benth. Brazil, Leaf Leaves contain kaempferitrin that
S. America lowers blood glucose and
stimulates glucose uptake by
muscles (Jorge et al., 2004)
Fabaceae Bauhinia purpurea Wall. Africa Leaf Used to treat diabetes (Marles and
Farnsworth, 1995)
Fabaceae Bauhinia retusa Roxb. India Seed Reported to be hypoglycemic in
vivo (Singh and Chandra, 1977)
Fabaceae Bauhinia variegata L. Tropics Flower, leaf Extracts stimulate the release of
insulin (Hussain et al., 2004)
Fabaceae Butea monosperma (Lam.) India Leaf Used to treat diabetes (Marles and
Taub. Farnsworth, 1995)
Fabaceae Caesalpinia bounducella India Caesalpin, bonducellin, and amino
Flem. acids associated with
hypoplycemic activity (Rajan et
al., 2002)
Fabaceae Caesalpinia digyna Rottl. India Root Used to treat diabetes (Marles and
Farnsworth, 1995)
Fabaceae Caesalpinia sappan L. Asia Leaf, root Caesalpin P, sappanchalcone, 3-

deoxysappanone, brazilin and
protosappanin A inhibit aldose
reductase (Morota et al., 1990)
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Species of Plants Reported to Be Used Traditionally to Treat Diabetes

Order/Family

Fabaceae

Fabaceae

Fabaceae

Fabaceae

Fabaceae

Fabaceae
Fabaceae
Fabaceae

Fabaceae

Fabaceae

Fabaceae

Fabaceae

Fabaceae
Fabaceae
Fabaceae

Fabaceae

Species

Cajanus cajan (L.) Millsp

Caragana brevispina
Benth.
Cassia alata L.

Cassia auriculata L.

Cassia fistula L.

Cassia occidentalis L.

Cassia sophera L.

Ceratonia siliqua L.

Cyamopsis tetragonolobus
Taub

Dolichos biflorus L.

Dolichos lablab L.

Erythrina indica Lam

Erythrina suberosa Roxb.

Eysenhardtia polystachya
Sarg.

Galega officinalis L.

Glycine max Merrill.

Distribution
and Area
Traditionally
Used

Africa, India

India

Asia

Africa, India

Tropics, India

India

India

Middle East

Arabia, India, S.
America

India

India

India

India
C. America
Europe, India

Universal

Part Used

Seed

Aerial parts

Leaf

Seed, leaf,
flower

Bark

Leaf, flower
Bark, leaf,
seed

Seed

Seed

Seed

Seed

Root, stem
bark

Bark

All

Leaf, seed

Seed

Comments about Activity

Frequently used to treat patients
with diabetes, especially in India
(Grover, 2002)

Used to treat diabetes (Marles and
Farnsworth, 1995)

Extracts reported to have
antidiabetic activity (Palanichamy
et al., 1988)

Part of an ayurvedic formula
“hyponida” that has
antihyperglycemic and antioxidant
activity (Babu and Prince, 2004)

Reported to have antidiabetic
activity but Hussain et al. (2004)
showed it did not stimulate insulin
secretion

Used to treat diabetes (Marles and
Farnsworth, 1995)

Used to treat diabetes (Marles and
Farnsworth, 1995)

Used traditionally to treat diabetes
in Israel (Yaniv et al., 1987)

Gum extracts have a short-term
influence on the lowering of blood
glucose (Frias and Sgarbieri,
1998)

Used to treat diabetes (Marles and
Farnsworth, 1995)

Protein concentrates from seeds are
hypocholesterolemic in vivo
(Chau et al., 1998)

Oleanolic acid from stem bark
(Nkengfack et al., 2001) lowers
blood glucose in normal and
diabetic mice (Perez et al., 1998b)
and inhibits a-amylase (Ali et al.,
2002)

Used to treat diabetes (Marles and
Farnsworth, 1995)

Used to treat diabetes (Marles and
Farnsworth, 1995)

Reduces blood glucose in alloxan-
treated rats (Lemus et al., 1999)
D-pinitol lowers blood glucose and
is a major component in soya

leaves (Streeter, 2001)
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TABLE 2.1 (CONTINUED)
Species of Plants Reported to Be Used Traditionally to Treat Diabetes

Order/Family

Fabaceae

Fabaceae

Fabaceae
Fabaceae

Fabaceae

Fabaceae
Fabaceae
Fabaceae

Fabaceae

Fabaceae

Fabaceae

Fabaceae

Fabaceae

Fabaceae

Species

Glycyrrhiza glabra L.

Indigofera arrecta Hochst.

Indigofera tinctoria L.

Lablab purpureus (L.)
Sweet

Lathyrus japonicus Fernald

Lathyrus palustris S.
Watson

Leucaena glauca Benth.

Leucaena leucocephala

(Lam.) de Wit
Lupinus albus L.

Lupinus hirsutus L.

Lupinus termis Forssk.

Medicago sativa L.

Millettia cinerra Benth.

Mimosa pudica Mill.

Distribution
and Area
Traditionally
Used

Universal

Africa

Tropics

Africa, India

America

India

S. America, S.E.

Asia, India

India,

Mediterranean

Mediterranean

N. Africa

Africa

Burma

Part Used

Root

Leaf

Aerial parts
Leaf

Seed

Seed
Seed
Leaf, seed

Seed

Seed

Seed

Aerial parts

Comments about Activity

Hydrophobic flavonoids in licorice
decrease blood glucose and
abdominal fat. These effects may
be mediated via peroxisome
proliferator-activated receptor-y
(Nakagawa et al., 2004)

Traditionally used to treat diabetes
in Ghana but extracts did not have
hypoglycemic activity in
nondiabetic humans and showed
some overt toxicity by lowering
the immune status (Sittie and
Nyarko, 1998)

Used to treat diabetes (Marles and
Farnsworth, 1995)

Used to treat diabetes (Grubben and
Denton, 2004)

Active compounds are lathyrine, L-
glutamyl-L-lathyrine (Marles and
Farnsworth, 1995)

Used to treat diabetes (Marles and
Farnsworth, 1995)

Used to treat diabetes (Marles and
Farnsworth, 1995)

Reduces glucose levels (Ivorra et
al., 1989)

Extracts lower blood glucose in
alloxan-treated rats but also
decrease activity of cytochrome
P450 and other enzymes in the
liver that detoxify metabolites
(Sheweita et al., 2002)

Active compounds lupanine,
coumarin, and sparteine are toxic
(Marles and Farnsworth, 1995)

Extracts decrease blood levels of
glucose, urea, creatinine, and
bilirubin in alloxan-treated rats
(Mansour et al., 2002)

Decreases levels of blood glucose
(Gallagher et al., 2003)

Used to treat diabetes (Marles and
Farnsworth, 1995)

Extracts with mimosine cited as
having hypoglycemic activity
(Rajan et al., 2002)
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Species of Plants Reported to Be Used Traditionally to Treat Diabetes

Order/Family

Fabaceae

Fabaceae

Fabaceae

Fabaceae

Fabaceae

Fabaceae

Fabaceae

Fabaceae

Fabaceae
Fabaceae
Fabaceae

Fabaceae

Fabaceae

Fabaceae

Fabaceae

Species

Mucuna pruriens DC

Mucuna prurita Hook

Parkia speciosa Hassk.

Phaseolus coccineus L.

Phaseolus multiflorus
Willd.
Phaseolus mungo L.

Phaseolus vulgaris L.

Pisum sativum L.

Pithecellobium dulce
(Roxb.) Benth.

Pongamia pinnata (L.)
Pierre

Prosopis farcta Macbride

Pterocarpus marsupium
Roxb.

Pterocarpus santalinus
Blanco

Pueraria lobata (Willd.)
Ohwi.

Pueraria thunbergiana
Benth.

Distribution
and Area
Traditionally
Used

Africa, E. Asia,
India

India

Africa, India

Europe, India,
America

India

India

Africa, Europe,
India

Universal

India

India

Middle East

Africa, India, S.
America

India

China

China

Part Used

Fruit

Fruit

Seed

Seed

Seed

Seed

Seed

Leaf

Flower

Root

‘Wood, bark

Seed, wood

Root

Flower

Comments about Activity

Extracts decrease glucose level in
blood. Increase in peripheral
utilization of glucose and release
of insulin in a way that differs
from insulin (Rathi et al., 2002)

Extracts decrease blood glucose
level in alloxan-treated rats (Kar et
al., 2003)

Stigmast-4-en-3-one from pods
lowers blood glucose in alloxan-
treated rats (Jamaluddin et al.,
1995)

Active compound gluckinin
(Marles and Farnsworth, 1995);
glycoprotein (MAI-2) from seeds
inhibits a-amylase (Sawada et al.,
2002)

Inhibits a-amylase (Labbé, 1936)

Addition of blackgram fibre to a rat
diet decreases blood glucose level
(Boby and Leelamma, 2003)

Inhibitor of a-amylase from kidney
beans reduces blood glucose in
rats (Tormo et al., 2004)

Saponins decrease blood glucose
level but can be lost during food
processing (Shi et al., 2004)

Lowers blood glucose (Garcia,
1944)

Used to treat diabetes (Marles and
Farnsworth, 1995)

Used to treat diabetes (Marles and
Farnsworth, 1995)

Extracts with kinotanic acid
associated with antidiabetic
activity (Rajan et al., 2002)

Epicatechin and pterostilbene have
antidiabetic activity (Marles and
Farnsworth, 1995)

Puerarin, an isoflavone, has been
associated with lowering of blood
glucose (Shen and Xie, 1985)

Tectorigenin and kaikasaponin IIT
alleviate STZ-induced toxicity and
have hypoglycemic activity (Lee
et al., 2000)
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TABLE 2.1 (CONTINUED)
Species of Plants Reported to Be Used Traditionally to Treat Diabetes

Order/Family

Fabaceae

Fabaceae

Fabaceae

Fabaceae

Fabaceae

Fabaceae

Fabaceae

Fabaceae

Fabaceae

Fabaceae

Fagales
Betulaceae

Fagaceae

Fagaceae

Fagaceae

Species

Saraca indica L.

Securigera securidaca L.

Spartium junceum L.

Tamarindus indica L.

Tephrosia purpurea (L.)
Pers

Tephrosia villosa (L.) Pers

Teramnus labialis (L.f.)
Spreng.

Tetrapleura tetraptera

(Taub)

Trifolium alexandrinum L.

Trigonella foenum-
graecum L.

Alnus nepalensis D. Don

Quercus infectoria Oliv.

Quercus lamellosa Sm.

Quercus lanceaefolia Roxb.

Distribution

and Area

Traditionally

Used

India

India, Middle
East

Canaries

Universal

India

India

India

Africa

India, Middle

East

Africa, India,
Middle East

India

India

India

India

Part Used

Flower, bulb

Seed

Aerial parts

Seed

Root, seed

Leaf

All

Fruit

Flower, seed

Seed, leaf

Bark

Gall, fruit

Bark

Bark

Comments about Activity

Used to treat diabetes (Marles and
Farnsworth, 1995)

Aqueous extracts of seeds reduce
blood glucose level. Extract
containing flavonoids is active in
alloxan-treated mice by a
mechanism different from the
sulphonylurea glibenclamide
(Hosseinzadeh et al., 2002)

Used to treat diabetes (Marles and
Farnsworth, 1995)

Aqueous extracts of seeds decrease
blood glucose in STZ-treated rats
(Maiti et al., 2004)

Lupeol has antidiabetic activity
(Marles and Farnsworth, 1995)
Used to treat diabetes (Marles and

Farnsworth, 1995)

Mixture of coumarins including
fraxidin, isolated from aerial
material show hypoglycemic
activity (Fort et al., 2000)

Decreases blood glucose in STZ-
treated rats (Ojewole and
Adewunmi, 2004)

Extracts alleviate hyperglycemia in
STZ-diabetic rats (Amer et al.,
2004)

Saponins, a high fibre content and
the amino acid 4-
hydroxyisoleucine have been
associated with antidiabetic
effects (Al-Habori and Raman,
1998; Sauvaire et al., 1998)

Extracts show antidiabetic activity
but plant is toxic (Marles and
Farnsworth, 1995)

Hexagalloylglucose from galls
inhibits a-glycosidases such as
sucrase, maltase, and isomaltase
(Hwang et al., 2000)

Used to treat diabetes (Marles and
Farnsworth, 1995)

Used to treat diabetes (Marles and
Farnsworth, 1995)
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Species of Plants Reported to Be Used Traditionally to Treat Diabetes

Order/Family

Fagaceae

Fagaceae

Fagaceae
Juglandaceae

Juglandaceae

Cucurbitales
Cucurbitaceae

Cucurbitaceae

Cucurbitaceae

Cucurbitaceae

Cucurbitaceae

Cucurbitaceae

Cucurbitaceae

Cucurbitaceae

Cucurbitaceae

Cucurbitaceae

Species

Quercus lineata Miq.

Quercus robur Pall.

Quercus spicata Sm.
Juglans mandshurica

Maxim.
Juglans regia L.

Benincasa hispida (Thunb.)
Cogn.
Bryonia alba Bull.

Bryonia cretica L.

Bryonia epigaea Blume

Citrullus colocynthis
Schrad.

Citrullus lanatus (Thunb.)
Mansf.
Coccinia grandis (L.) Voigt

Coccinia indica W. & A.

Coccinia indica Wight et
Arn.

Cogniauxia podoleana
Baillon

Distribution
and Area
Traditionally
Used

India

India
E. Asia

Africa, Asia,

Europe

India, S.E. Asia

Asia, Europe,
Africa

Europe

India

Middle East

Tropics,
subtropics
Africa, India

India

India

Part Used

Bark

Gall

Bark

Leaf

Fruit

All

Aerial parts

Aerial parts

All

Fruit

Root

All

Leaf

Comments about Activity

Used to treat diabetes (Marles and
Farnsworth, 1995)

Grandinin reduces blood glucose in
STZ-treated mice (Moharram et
al., 2003)

Used to treat diabetes (Marles and
Farnsworth, 1995)

Used to treat diabetes (Moskalenko,
1987)

A tetralone derivative has
antidiabetic activity by inhibiting
protein tyrosine phosphatase (An
et al., 2003)

Extracts lower blood glucose
(Marles and Farnsworth, 1995)
Reduces glucose level in alloxan-
treated rats (Ivorra et al., 1989)

Trihydroxyoctadecadienoic acid
reported to be an active compound
(Marles and Farnsworth, 1995)

Extract used to treat diabetes
(Marles and Farnsworth, 1995)

Aqueous extracts of seeds reduce
aspartate aminotranferase and
lactic dehydrogenase in STZ-
treated rats, thus could treat some
symptoms of diabetes (Al-Ghaithi
et al., 2004)

Used to treat diabetes (Marles and
Farnsworth, 1995)

Used to treat diabetes (Grubben and
Denton, 2004)

Ethanolic extracts of leaves used in
Ayurvedic medicine to treat
diabetes. Depress the activity of
glucose 6-phosphatase and
stimulate insulin release
(Venkateswaran and Pari, 2002)

A review of 108 different trials
showed good evidence for the
antidiabetic activity (Yeh et al.,
2003)

Non-flavonoid compounds lower
blood glucose in alloxan-treated
rats (Diatewa et al., 2004)
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TABLE 2.1 (CONTINUED)
Species of Plants Reported to Be Used Traditionally to Treat Diabetes

Order/Family

Cucurbitaceae

Cucurbitaceae

Cucurbitaceae
Cucurbitaceae
Cucurbitaceae
Cucurbitaceae
Cucurbitaceae

Cucurbitaceae

Cucurbitaceae

Cucurbitaceae
Cucurbitaceae
Cucurbitaceae
Cucurbitaceae
Not yet placed in
an order
Krameriaceae

Zygophyllaceae

Zygophyllaceae

Zygophyllaceae

Species
Cyclanthera pedata (L.)
Schrad
Gynostemma pentaphyllum
(Thunb.) Mak
Lagenaria vulgaris Ser.
Luffa acutangula (L.) Roxb.
Luffa aegayptiac Mill.
Luffa echinata Roxb.

Momordica balsamina L.

Momordica charantia L.

Momordica
cochinchinensis (Lour.)
Spreng.

Momordica foetida Schum.

Trichosanthes bracteata
Voight.

Trichosanthes dioica Wall.

Trichosanthes kirilowii
Maxim.

Krameria triandra Ruiz &
Pav.
Balanites aegyptiaca Delile

Larrea tridentata Coville

Peganum harmala L.

Distribution
and Area
Traditionally
Used

S. America,
E. Africa

India

India

India

C. America

Africa, India, C.

America,
Australia,
Middle East

India

Africa

India

India

India, E. Asia

Africa

C. America,
Laminaria
Ocean

Africa, Europe,
Asia, India

Part Used

Shoot, leaf

Stem, leaf

Fruit

Aerial parts

Aerial parts

Aerial parts

Root

Fruit, leaf

Aerial parts

Aerial parts

Aerial parts

Aerial parts

Aerial parts

Root

Fruit

Root, stem,
bark, leaf

Seed

Comments about Activity

Has hypoglycemic activity
(Grubben and Denton, 2004)

Saponins decrease blood glucose
(Jang et al., 2001); phanoside
stimulates insulin release
(Norberg et al., 2004)

Used to treat diabetes (Marles and
Farnsworth, 1995)

Used to treat diabetes (Marles and
Farnsworth, 1995)

Reduces blood glucose in STZ-
treated rats (El-Fiky et al., 1996)

Used to treat diabetes (Marles and
Farnsworth, 1995)

Extract used to treat diabetes
(Marles and Farnsworth, 1995)
Widespread use for the treatment of
diabetes; polypeptide (p-insulin)
and a mixture of sterols have been
identified as the active compounds

(Li et al., 2004)
Used to treat diabetes (Marles and
Farnsworth, 1995)

Extracts and foetidin lower blood
glucose (Marquis et al., 1977)

Used to treat diabetes (Marles and
Farnsworth, 1995)

Lowers blood glucose (Marles and
Farnsworth, 1995)

Five glycans, trichosans A, B, C, D,
and E show hypoglycemic activity
(Hikino et al., 1989)

Used to treat diabetes (Marles and
Farnsworth, 1995)

Used to treat diabetes (Elsaadany et
al., 1986)

Extracts have hypoglycemic
activity (Marles and Farnsworth,
1995)

Extracts have hypoglycemic
activity (Marles and Farnsworth,
1995)
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Species of Plants Reported to Be Used Traditionally to Treat Diabetes

Order/Family

Zygophyllaceae

Zygophyllaceae

Eurosid 1T
Brassicales
Brassicaceae
Brassicaceae

Brassicaceae

Brassicaceae

Brassicaceae

Brassicaceae
Brassicaceae
Brassicaceae
Brassicaceae
Brassicaceae

Caricaceae

Species

Tribuluks terrestris L.

Zygophyllum cornutum
Coss

Brassica napiformis (Paill.
& Bois) L.H. Bailey
Brassica oleracea L.

Brassica rapa L.

Capparis spinosa L.

Cleome droserifolia Delile

Descurainia sophia (L.)
Webb ex. Prantl.
Lepidium ruderale L.

Megacarpaea polyandra
Benth.
Nasturtium officinale R. Br.

Raphanus sativus L.

Carica papaya L.

Distribution
and Area
Traditionally
Used

Asia

N. Africa

E. Asia
Europe, India
Europe

Middle East

Middle East

India
Asia
India
Canaries, India
India

India, Africa

Part Used

Stem, leaf

All

Root

Fruit

Leaf

All

Aerial parts

All

Aerial parts

All

Fruit

Comments about Activity

Decreases blood glucose and
improves glucose tolerance (You
and Wang, 2000)

Extracts have hypoglycemic
activity (Marles and Farnsworth,
1995)

Used to treat diabetes (Marles and
Farnsworth, 1995)

Used to treat diabetes (Marles and
Farnsworth, 1995)

Reported to lower blood glucose
(Marles and Farnsworth, 1995)

Polar extract of fruit decreases
blood glucose in STZ-treated rats
but does not change insulin levels.
Antidiabetic activity is
independent of insulin release
(Eddouks et al., 2004)

Extract suppresses the rise in
peripheral blood glucose, in the
fasting state and after glucose
intake, and is reported to be
hypocholesterolemic (Nicola et
al., 1996)

Used to treat diabetes (Marles and
Farnsworth, 1995)

Reduces blood glucose in alloxan-
treated rats (Handa et al., 1989)
Used to treat diabetes (Marles and

Farnsworth, 1995)

Extracts used to treat diabetes
(Marles and Farnsworth, 1995)
Used to treat diabetes (Marles and

Farnsworth, 1995)

Extracts used to treat diabetes

(Marles and Farnsworth, 1995)
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TABLE 2.1 (CONTINUED)
Species of Plants Reported to Be Used Traditionally to Treat Diabetes

Order/Family

Moringaceae

Moringaceae

Salvadoraceae

Sapindales
Anacardiaceae

Anacardiaceae

Anacardiaceae

Anacardiaceae

Anacardiaceae

Anacardiaceae

Anacardiaceae

Anacardiaceae

Anacardiaceae

Species

Moringa oleifera Lam.

Moringa pterygosperma
(L.) Gaertn.
Salvadora persica L.

Anacardium occidentale L.

Mangifera indica L.

Poupartia birrea (Hochst.)
Aubrév.
Rhus chinensis Mill.

Rhus coriaria L.

Rhus glabra L.

Rhus succedanea L.

Rhus typhina L.

Sclerocarya birrea (A.
Rich.) Hochst.

Distribution
and Area
Traditionally
Used

Middle East

India

Middle East

Tropics, Europe

India

Africa

E. Asia, India,

N. America

Asia

Europe

India

N. America

Africa

Part Used

Fruit

Flower, bark

Aerial parts

Stem, leaf

Leaf

Leaf

Aerial parts

Fruit

Bark, leaf,
fruit

Aerial parts

Leaf

Leaf

Comments about Activity

Niazicin, 1-O-phenyl-o-L-
rhamnopyranoside, 4-[(3-D-
glucopyranosyl)-(1>3)-a-L-
rhamnopyranosyl]phenylace-
tonitrile, methyl N-{4-[(a-L-
rhamnopyranosyl)benzyl] }carbam
ate and methyl N-[4-[{4'-O-
acetyl-o-L-rhamnopyranosyl)
benzyl]} carbamate stimulate
insulin release (Francis et al.,
2004)

Used to treat diabetes (Marles and
Farnsworth, 1995)

Extracts reduce blood glucose and
increase insulin release in rats
(Trovato et al., 1998)

Regulates glucose level in blood of
STZ-treated rats (Kamtchouing et
al., 1998)

Regulates glucose level in blood of
STZ-treated rats (Sharma et al.,
1997)

Extracts inhibit aldose reductase
(Laurens et al., 1985)

Extracts contain compounds that
inhibit a-glucosidase, thus
decreasing glucose level in the
blood (Shim et al., 2003)

Extracts from fruits have potent
antioxidant activity against lipid
peroxidation (Candan and
Sokman, 2004)

Extracts inhibit lipid peroxidation
and as antioxidants these could
relate to the antidiabetic uses of
the plant (Candan and Sokmen,
2004)

Ethanolic extracts have antidiabetic
activity (Marles and Farnsworth,
1995)

Extracts have hypoglycemic
activity (Lewis, 1977)

Lowers blood glucose in STZ-
treated rats (Ojewole, 2003)
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TABLE 2.1 (CONTINUED)
Species of Plants Reported to Be Used Traditionally to Treat Diabetes

Order/Family

Anacardiaceae

Burseraceae
Meliaceae
Meliaceae

Rutaceae

Rutaceae
Rutaceae
Rutaceae

Rutaceae

Rutaceae

Rutaceae

Rutaceae

Rutaceae

Rutaceae

Rutaceae
Rutaceae
Rutaceae

Rutaceae

Species

Semecarpus anacardium
Lt

Commiphora molmol Engl.
ex. Tschirch
Amoora wallichi Bulm. F.

Azadirachta indica A. Juss

Aegle marmelos Correa

Atalantia racemosa Wight
et Arn

Boenninghausenia
albiflora Rchb.

Citrus aurantium L.

Citrus bergamia Risso

Feronia limonia Swingle

Murraya koenigii L.

Paramignya monophylla
Wight

Phellodendron amurense

Rupr.

Phellodendron chinensis
Schneid

Ruta chalepensis L.

Toddalia asiatica Lam.

Zanthoxylum alatum Roxb.

Zanthoxylum armatum DC.

Distribution
and Area
Traditionally
Used

India

Middle East

India, E. Asia,
America,
India

India
India
Subtropics

Europe, India

India

Africa, India

India

India, China

Asia

Africa
India
Africa, India, E.

Asia
India

Part Used

Fruit

Stem
Leaf, seed,
flower

Leaf, root,
fruit

Aerial parts

All

Fruit

Fruit

Fruit

Leaf

Aerial parts

Bark

Bark

Leaf

Aerial parts

Stem

Stem

Comments about Activity

Modulates glucose metabolism by
decreasing activity of glycolytic
enzymes and increasing
gluconeogenic enzymes
(Premalatha et al., 1997)

Extracts used to treat diabetes
(Marles and Farnsworth, 1995)

Used to treat diabetes (Marles and
Farnsworth, 1995)

Reduces blood glucose (Handa et
al., 1989)

Aqueous extract reduces blood
glucose and has antioxidant
activity in STZ-treated rats
(Kamalakkannan and Prince,
2004)

Shows hypoglycemic activity inrats
(Bhakuni et al., 1988)

Used to treat diabetes (Marles and
Farnsworth, 1995)

Used to treat diabetes (Marles and
Farnsworth, 1995)

Diphenylamine could be associated
with antidiabetic activity (Marles
and Farnsworth, 1995)

Used to treat diabetes (Marles and
Farnsworth, 1995)

Extract is reported to have
hypoglycemic activity (Kesari et
al., 2005)

Shows hypoglycemic activity in rats
(Bhakuni et al., 1988)

Reduces lipid peroxidation and
protein carbonylation (Lee et al.,
2000)

Reduces lipid peroxidation and
protein carbonylation (Lee et al.,
2000)

Used to treat diabetes (Abdulkadir,
1985)

Used to treat diabetes (Marles and
Farnsworth, 1995)

Used to treat diabetes (Marles and
Farnsworth, 1995)

Shows hypoglycemic activity in rats
(Dhar et al., 1968)
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TABLE 2.1 (CONTINUED)
Species of Plants Reported to Be Used Traditionally to Treat Diabetes

Order/Family

Sapindaceae

Sapindaceae
Simaroubaceae

Simaroubaceae

Malvales
Bixaceae

Malvaceae

Malvaceae

Malvaceae

Malvaceae

Malvaceae

Malvaceae

Malvaceae

Malvaceae

Malvaceae

Malvaceae

Malvaceae

Species

Blighia sapida Kon

Dodonaea viscosa Jacq.
Ailanthus altissima Swingle

Eurycoma longifolia Jack

Bixa orellana L.

Abelmoschus manihot (L.)
Medik.

Althaea officinalis L.

Ceiba pentandra (L.)
Gaertn.

Decaschistia crotonifolia
Wight et Arn

Gossypium herbaceum L.

Hibiscus rosa-sinensis L.

Hibiscus syriacus L.

Hibiscus tiliaceus L.

Malva verticillata L.

Salmalia malabarica Schott
& Endl.

Sida cordifolia Forssk.

Distribution

and Area

Traditionally

Used

Africa, C.
America,
Tahiti

India

India

Africa

C. America

India

Europe, Asia

Tropics

India
Africa, India

India

Asia

Tropics,
subtropics
E. Asia

India, E. Asia,
Australia

India

Part Used

Fruit

Aerial parts

Bark

Seed

Root

Root, leaf

Bark

All

Leaf

Flower

Leaf

Aerial parts

Seed

Bark

Aerial parts,
root

Comments about Activity

Used to treat diabetes (Marles and
Farnsworth, 1995)

Used to treat diabetes (Marles and
Farnsworth, 1995)

Used to treat diabetes (Marles and
Farnsworth, 1995)

Aqueous extract decreases blood
glucose in STZ-treated rats (Husen
et al., 2004)

Extracts from seeds have
antidiabetic activity in dogs
(Ivorra et al., 1989)

Mucilage has hypoglycemic
activity (Marles and Farnsworth,
1995)

Mucilage (O and OL) has
hypoglycemic activity (Marles and
Farnsworth, 1995)

Polar extracts of bark decrease
blood glucose in STZ-treated rats
(Ladeji et al., 2003)

Used to treat diabetes (Marles and
Farnsworth, 1995)

Used to treat diabetes (Marles and
Farnsworth, 1995)

Hypoglycemic effect in STZ-
treated rats is not mediated
through insulin release (Sachdewa
and Khemani, 2003)

Mucilage has hypoglycemic
activity (Marles and Farnsworth,
1995)

Used to treat diabetes (Marles and
Farnsworth, 1995)

Glycan polysaccharides could have
hypoglycemic activity (Tomoda et
al., 1990)

Extracts shown to have antidiabetic
activity (Marles and Farnsworth,
1995)

Methanol extract of root is
hypoglycemic (Kanth and Diwan,
1999)
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TABLE 2.1 (CONTINUED)
Species of Plants Reported to Be Used Traditionally to Treat Diabetes

Order/Family

Sterculiaceae

Sterculiaceae

Sterculiaceae

Sterculiaceae

Tiliaceae

Tiliaceae

Not yet placed in
an order

Vitaceae

Vitaceae

Asterids

Cornales

Cornaceae

Hydrangeaceae

Hydrangeaceae

Ericales
Ebenaceae

Ericaceae

Ericaceae

Ericaceae

Ericaceae

Species

Abroma augusta L£.

Helicteres isora L.

Heritiera minor Lam.

Sterculia guttata Roxb.

Corchorus olitorius L.

Grewia asiatica L.

Leea crispa M. Laws

Leea indica Merr.

Cornus officinalis Sieb. et
Zucc.

Hydrangea paniculata Sieb

Hydrolea zeylanica (L.) J.
Vahl

Diospyros peregrina Giirke

Agapetes sikkimensis Airy
Shaw

Agarista mexicana (Hemsl)
Judd

Arctostaphylos uva-ursi
(L.) Spreng.

Vaccinium leschenaultii
Wight

Distribution
and Area
Traditionally
Used

India

S.E. Asia,
Australia,
India

Indonesia

India

India

India

India

Asia

Tropics, India

India
India

C. America

C. America

India

Part Used

Seed, bark,
root juice

Aerial parts

Leaf

Leaf

Bark

Aerial parts

Leaf

Fruit, seed

Bark

All

Bark

Aerial parts

Aerial parts

Fruit

Aerial parts

Comments about Activity

Extracts have hypoglycemic
activity (Marles and Farnsworth,
1995)

Extracts reduce blood glucose in
rats (Venkatesh et al., 2004)

Extracts have hypoglycemic
activity (Marles and Farnsworth,
1995)

Shows hypoglycemic activity in rats
(Bhakuni et al., 1988)

Extracts have hypoglycemic
activity (Marles and Farnsworth,
1995)

Reduces blood glucose (Handa et
al., 1989)

Used to treat diabetes (Marles and
Farnsworth, 1995)

Used to treat diabetes (Marles and
Farnsworth, 1995)

Ursolic acid and oleanolic acid
reduce blood glucose in STZ-
treated rats (Yamahara et al., 1981)

Hypoglycemic activity in mice
(Tomoda et al., 1987)

Hypoglycemic activity in rats (Dhar
et al., 1968)

Used to treat diabetes (Marles and
Farnsworth, 1995)

Used to treat diabetes (Marles and
Farnsworth, 1995)

Water extract used to treat diabetes.
Triterpene compound 12-ursene
isolated from chloroform extract
reduces blood glucose in alloxan-
treated mice. As active as
tolbutamide (Perez and Vargas,
2002)

Used to treat diabetes (Marles and
Farnsworth, 1995)

Used to treat diabetes (Marles and
Farnsworth, 1995)



Plants Used in the Treatment of Diabetes

49

TABLE 2.1 (CONTINUED)
Species of Plants Reported to Be Used Traditionally to Treat Diabetes

Order/Family

Ericaceae
Ericaceae
Ericaceae

Lecythidaceae

Sapotaceae
Sapotaceae
Sapotaceae

Styracaceae

Theaceae

Euasterid I
Lamiales
Acanthaceae

Acanthaceae

Acanthaceae
Acanthaceae
Acanthaceae
Acanthaceae
Acanthaceae
Acanthaceae

Acanthaceae

Species

Vaccinium myrtillus L.
Vaccinium oxycoccus L.
Vaccinium vitis-idaea L.

Barringtonia acutangula
(L.) Gaertn.

Madhuca longifolia
Macbride
Mimusops elengi L.

Pouteria tomentosa (Roxb.)
Baehni

Symplocos theaefolia D.
Don

Camellia sinensis Kuntze

Adhatoda vasica Nees

Andrographis paniculata
Nees

Asteracantha longifolia
Nees
Barleria cristata L.

Barleria noctiflora L.f.
Barleria prionotis L.

Dipteracanthus prostratus
Nees

Jacobinia suberecta E.
Andre

Strobilanthes crispus
Blume

Distribution
and Area
Traditionally
Used

Europe, Africa,
Asia
Europe, N. Asia

S.E. Asia,
Australia

India
India
India

India

India

India

Asia

India, Africa
India
India
Africa, India
India

S. America

Part Used

Leaf
Leaf
Leaf

Root

Bark
Leaf
Aerial parts

Root, leaf

Leaf

Leaf, root

All

All

All

All

Bark, leaf,
root

All

All

Comments about Activity

Reduces blood glucose (Handa et
al., 1989)

Used to treat diabetes (Marles and
Farnsworth, 1995)

Used to treat diabetes (Marles and
Farnsworth, 1995)

Used to treat diabetes (Marles and
Farnsworth, 1995)

Used to treat diabetes (Marles and
Farnsworth, 1995)

Used to treat diabetes (Marles and
Farnsworth, 1995)

Used to treat diabetes (Marles and
Farnsworth, 1995)

Extracts have hypoglycemic
activity (Marles and Farnsworth,
1995)

Theophylline, diphenylamine,
epicatechin, epigallocatechin, and
caffeine associated with
antidiabetic activity.
Epigallocatechin represses hepatic
glucose production (Waltner—Law
et al., 2002)

Shows hypoglycemic activity in rats
(Dhar et al., 1968)

Aqueous extract decreases blood
glucose in STZ-treated rats (Husen
et al., 2004)

Used to treat diabetes (Bever, 1980)

Used to treat diabetes (Dhar et al.,
1968)

Used to treat diabetes (Marles and
Farnsworth, 1995)

Used to treat diabetes (Marles and
Farnsworth, 1995)

Used to treat diabetes (Rastogi and
Dhawan, 1982)

Used to treat diabetes (Marles and
Farnsworth, 1995)

Used to treat diabetes (Marles and
Farnsworth, 1995)
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TABLE 2.1 (CONTINUED)
Species of Plants Reported to Be Used Traditionally to Treat Diabetes

Distribution
and Area
Traditionally
Order/Family Species Used Part Used Comments about Activity
Bignoniaceae Heterophragma Indonesia Aerial parts Extracts have antidiabetic activity
quadriloculare K. Schum (Marles and Farnsworth, 1995)
Bignoniaceae Spathodea campanulata Asia Polar extracts from the bark show
Buch.-Ham. ex. DC. antidiabetic activity in mice
(Niyonzima et al., 1999)
Bignoniaceae Stereospermum suaveolens  India Root Extracts have antidiabetic activity
DC. (Marles and Farnsworth, 1995)
Bignoniaceae Tecoma mollis HB K. Africa, India All Extracts used to treat diabetes
(Marles and Farnsworth, 1995)
Bignoniaceae Tecoma stans H.B. et K. India, All Extracts from leaves have
C. America antidiabetic activity (Shapiro and
Gong, 2002)
Lamiaceae Ajuga bracteosa Benth. India All Used to treat diabetes (Marles and
Farnsworth, 1995)
Lamiaceae Ajuga iva Schreb. Canaries Aerial parts Decreases blood glucose in STZ-
treated rats (El Hilaly and Lyoussi,
2002)
Lamiaceae Ajuga remota Benth. Africa Leaf Used to treat diabetes (Abdulkadir,
1985)
Lamiaceae Calamintha macrostema C. America Root, stem Used to treat diabetes (Marles and
Benth. Farnsworth, 1995)
Lamiaceae Calamintha officinalis Morocco Aerial parts Hypoglycemic effect in normal and
Moench STZ-treated rats (Lemhadri et al.,
2004a)
Lamiaceae Calamintha umbrosa Rchb. India All Hypoglycemic activity in rats (Dhar
et al., 1968)
Lamiaceae Cedronella canariensis Canaries Aerial parts Extracts have hypoglycemic
Webb & Berthel. activity (Lopez Garcia et al., 1996)
Lamiaceae Clerodendranthus spicatus ~ Brunei Triterpenoids ursolic and oleanolic
(Thunb.) C.Y. Wu acids (Yoshimura et al., 2003)
could explain antidiabetic activity
of plant
Lamiaceae Clerodendron phlomoides  India All Extracts have hypoglycemic
L.f. activity (Marles and Farnsworth,
1995)
Lamiaceae Hyptis suaveolens Poit. India Aerial parts Used to treat diabetes (Marles and
Farnsworth, 1995)
Lamiaceae Lavandula multifida Burm. Flower Extracts reported to have
f. hypoglycemic activity (Gamez et
al., 1987)
Lamiaceae Lavandula stoechas L. Europe Leaf, flower Extracts reported to have
hypoglycemic activity (Gamez et
al., 1987)
Lamiaceae Leonotis leonurus (L.) R. Africa Used to treat diabetes (Marles and
Br. Farnsworth, 1995)
Lamiaceae Lycopus virginicus L. Used to treat diabetes (Marles and

Farnsworth, 1995)
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TABLE 2.1 (CONTINUED)
Species of Plants Reported to Be Used Traditionally to Treat Diabetes

Order/Family

Lamiaceae
Lamiaceae
Lamiaceae

Lamiaceae

Lamiaceae
Lamiaceae

Lamiaceae

Lamiaceae

Lamiaceae

Lamiaceae

Lamiaceae
Lamiaceae
Lamiaceae

Lamiaceae

Lamiaceae

Lamiaceae

Lamiaceae

Lamiaceae

Species

Mentha longifolia Huds.
Nepeta ciliaris
Ocimum americanum Sims

Ocimum gratissimum
Forssk.

Ocimum tenuiflorum L.
Origanum syriacum L.

Origanum vulgare L.

Orthosiphon aristatus Miq.

Orthosiphon spiralis Merr.

Orthosiphon stamineus
Benth.

Prunella vulgaris L.

Salvia lavandulifolia Vahl.

Salvia canariensis L.

Salvia fruticosa Mill.

Salvia miltiorrhiza Bunge.

Salvia officinalis L.

Solenostemon rotundifolius
(Poir.) J.K. Morton

Teucrium oliverianum R.
Br.

Distribution
and Area
Traditionally
Used

India
India
S.E. Asia

Africa

India

Middle East

S.E. Asia

India

Worldwide
Europe, C.
America

Canaries

Mediterranean

China

Europe

Africa

Middle East

Part Used

All

All

Seed

Leaf

All

Leaf

Leaf

Leaf

Leaf

Whole plant

Flower

Aerial parts

Leaf

Root

Leaf

Tuber

Aerial parts

Comments about Activity

Used to treat diabetes (Aswal et al.,
1984)

Shows hypoglycemic activity in rats
(Abraham et al., 1986)

Reduces blood glucose (Ivorra et
al., 1989)

Extracts lower blood glucose in
alloxan-treated rats (Aguiyi et al.,
2000)

Extracts used traditionally to treat
diabetes (Rajan et al., 2002)

Used traditionally to treat diabetes
in Israel (Yaniv et al., 1987)

Aqueous extract decreases blood
glucose in STZ-treated rats.
Insulin secretion was not affected
(Lembhadri et al., 2004b)

Presence of ursolic and oleanolic
acids (Yoshimura et al., 2003)
could explain antidiabetic use

Used to treat diabetes (Marles and
Farnsworth, 1995)

Contains oleanolic acid and ursolic
acid (Tezuka et al., 2000), which
lower blood glucose in normal and
diabetic mice (Perez et al., 1998b)

Reported to be antihyperglycemic
(Li et al., 2004)

Reduces blood glucose in alloxan-
treated rats (Ivorra et al., 1989)
Used to treat diabetes (Marles and

Farnsworth, 1995)

Extracts reduce blood glucose by
reducing absorption of glucose in
intestines (Perfumi et al., 1991)

Reported to treat diabetic
nephropathy (Li et al., 2004)

Extracts decrease blood glucose
level in alloxan-treated mice
(Alarcon—Aguilar et al., 2002)

Used to treat diabetes (Abbiw,
1990)

Reduces blood glucose (Ivorra et
al., 1989)
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TABLE 2.1 (CONTINUED)
Species of Plants Reported to Be Used Traditionally to Treat Diabetes

Order/Family

Lamiaceae

Lamiaceae

Oleaceae

Oleaceae

Oleaceae

Pedaliaceae

Plantaginaceae

Plantaginaceae

Scrophulariaceae
Scrophulariaceae
Scrophulariaceae
Scrophulariaceae
Scrophulariaceae
Scrophulariaceae
Scrophulariaceae

Scrophulariaceae

Species

Teucrium polium L.

Teucrium royleanum Wall.

Ligustrum lucidum Ait.

Olea europaea L.

Syringa vulgaris L.

Sesamum indicum L.

Plantago himalaica Pilg.
Plantago ovata Phil
Capraria biflora L.
Cistanche tubulosa Wight

Cymbalaria muralis
Gaertn.
Isoplexis canariensis Steud

Isoplexis isabelliana (Webb
& Berthel.) Morris

Kickxia ramosissima
(Wall.) Janchen

Mazus surculosus D. Don

Pedicularis rhinanthoides
Larranaga

Distribution
and Area
Traditionally
Used

India, Middle
East
India

China

Universal

E. Asia

India

India

Chile

C. America

Africa, India,
Asia

India

Canaries

Canaries

India

India

India

Part Used

Leaf

All

Fruit

Leaf

Bud

Seed

All

Leaf

All

All

Leaf

Leaf

Aerial parts

All

All

Comments about Activity

Aqueous extracts lower blood
glucose and enhance insulin
secretion in STZ-treated rats
(Esmaeili and Yazdanparast, 2004)

Used to treat diabetes (Marles and
Farnsworth, 1995)

Lowers blood glucose levels;
oleanolic acid an active compound
(Hao et al., 1992)

Extract of leaves contains luteolin
and oleanolic acid, which are
antihyperglycemic; oleanolic acid
also inhibits a-amylase (Komaki
et al., 2003)

Used to treat diabetes (Moskalenko,
1987)

Hot water and methanol extracts fed
to mice reduce blood glucose
associated with a delay in glucose
absorption (Takeuchi et al., 2001)

Used to treat diabetes (Marles and
Farnsworth, 1995)

Used to treat diabetes (Marles and
Farnsworth, 1995)

Used to treat diabetes (Marles and
Farnsworth, 1995)

Shows hypoglycemic activity in rats
(Dhawan et al., 1980)

Used to treat diabetes (Marles and
Farnsworth, 1995)

Used to treat diabetes (Marles and
Farnsworth, 1995)

Used to treat diabetes (Marles and
Farnsworth, 1995)

Used to treat diabetes (Marles and
Farnsworth, 1995)

Used to treat diabetes (Marles and
Farnsworth, 1995)

Used to treat diabetes (Marles and
Farnsworth, 1995)



Plants Used in the Treatment of Diabetes 53

TABLE 2.1 (CONTINUED)
Species of Plants Reported to Be Used Traditionally to Treat Diabetes

Distribution
and Area
Traditionally
Order/Family Species Used Part Used Comments about Activity
Scrophulariaceae ~ Rehmannia glutinosa China Root Oligosaccharide exhibits
Libosch hypoglycemic activity by
stimulating release of insulin
(Zhang et al., 2004) Iridoid
glycosides, rehmanniosides A, B,
C, and D (Oshio and Inouye,
1982), and phenethyl alcohol
derivatives, leucosceptoside A and
purpureaside C (Nishimura et al.,
1990a, b) have antidiabetic
activity.
Scrophulariaceae ~ Rehmannia lutea Maxim. All Used to treat diabetes (Marles and
Farnsworth, 1995)
Scrophulariaceae Scoparia dulcis L. India, Africa Leaf, stem Extracts from fresh leaves lower
blood glucose level in alloxan-
treated rats (Pari and
Venkateswaran, 2002)
Scrophulariaceae  Scrophularia buergeriana ~ China Root Used to treat diabetes (Marles and
Mig. Farnsworth, 1995)
Scrophulariaceae  Scrophularia ningpoensis China Root Used to treat diabetes (Marles and
Hemsl. Farnsworth, 1995)
Scrophulariaceae  Striga gesnerioides Vatke India All Used to treat diabetes (Marles and
ex. Engl. Farnsworth, 1995)
Scrophulariaceae  Torenia asiatica Herb. India All Used to treat diabetes (Marles and
Madr. ex. Wall. Farnsworth, 1995)
Verbenaceae Gmelina arborea Roxb. India Wood, bark Extracts have hypoglycemic
activity (Marles and Farnsworth,
1995)
Verbenaceae Premna integrifolia L. India Root, bark Ethanol extract reduces blood
glucose in alloxan-treated rats
(Kar et al., 2003)
Verbenaceae Premna latifolia Thwaites  India Leaf, bark Extracts have hypoglycemic
activity (Marles and Farnsworth,
1995)
Verbenaceae Premna obtusifolia R. Br. Root Extracts have hypoglycemic
activity (Marles and Farnsworth,
1995)
Verbenaceae Verbena bonariensis L. Africa, All Extracts have hypoglycemic
S. America, activity (Marles and Farnsworth,
India 1995)
Solanales
Convolvulaceae Argyreia cuneata Ker. Africa Leaf Used to treat diabetes (Marles and
Gawl. Farnsworth, 1995)
Convolvulaceae Argyreia nervosa Bojer India Leaf Used to treat diabetes (Marles and
Farnsworth, 1995)
Convolvulaceae Calystegia japonica Choisy E. Asia Flower Used to treat diabetes (Marles and

Farnsworth, 1995)



54 Traditional Medicines for Modern Times: Antidiabetic Plants

TABLE 2.1 (CONTINUED)
Species of Plants Reported to Be Used Traditionally to Treat Diabetes

Distribution
and Area
Traditionally
Order/Family Species Used Part Used Comments about Activity
Convolvulaceae Convolvulus microphyllus  India Used to treat diabetes (Marles and
Sieber. ex. Spreng. Farnsworth, 1995)
Convolvulaceae Ipomoea aquatica Forssk. ~ America, E. Leaf Aqueous extract of leaves is as
Asia, India effective as tolbutamide at
reducing blood glucose level in
Wistar rats (Malalavidhane et al.,
2001)
Convolvulaceae Ipomoea batatas (L.) Lam. America, Leaf Decreases blood glucose in patients
tropics with type 2 diabetes (Ludvik et al.,
2004)
Convolvulaceae Ipomoea nil (L.) Roth America, E. Leaf Extracts used to treat diabetes
Asia, India (Marles and Farnsworth, 1995)

Convolvulaceae Rivea ornata Choisy India Juice Used to treat diabetes (Marles and
Farnsworth, 1995)

Solanaceae Anisodus tanguticus China Tuber Lowers blood glucose (Li et al.,

Pascher 2004)

Solanaceae Atropa belladonna L. India Leaf Used to treat diabetes (Marles and
Farnsworth, 1995)

Solanaceae Capsicum annuum L. Tropics Fruit Capsaicin has hypoglycemic
activity (Marles and Farnsworth,
1995)

Solanaceae Capsicum frutescens L. India Fruit Capsaicin decreases blood glucose
level and increases insulin
secretion in dogs (Tolan et al.,
2001)

Solanaceae Datura quercifolia HB. & N. America, All Extract used to treat diabetes

K. India (Marles and Farnsworth, 1995)

Solanaceae Lycium barbatum L. Africa, China Fruit, root Lowers serum glucose;

cortex polysaccharides active compounds
(Wang et al., 1999)
Solanaceae Lycopersicon esculentum Universal Used to treat diabetes (Marles and
Mill. Farnsworth, 1995)

Solanaceae Nicotiana tabacum L. America Leaf Used to treat diabetes (Marles and
Farnsworth, 1995)

Solanaceae Solanum lycocarpum StHil ~ S. America Fruit Polysaccharides slow gastric
emptying, lower blood glucose,
and decrease cholesterol
(Dall’ Agnol and von Poser, 2000)

Solanaceae Solanum melongena L. Middle East, Fruit Used to treat diabetes (Grubben and

Africa Denton, 2004)
Solanaceae Solanum sanitwongsei S.E. Asia Fruit Lupeol has hypoglycemic activity
Craib. (Marles and Farnsworth, 1995)

Solanaceae Solanum torvum Sw. India Fruit Lupeol has hypoglycemic activity
(Marles and Farnsworth, 1995)

Solanaceae Solanum tuberosum L. C. America Lupeol has hypoglycemic activity

(Marles and Farnsworth, 1995)
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TABLE 2.1 (CONTINUED)
Species of Plants Reported to Be Used Traditionally to Treat Diabetes

Order/Family

Gentianales
Apocynaceae

Apocynaceae

Apocynaceae

Apocynaceae

Apocynaceae

Apocynaceae

Apocynaceae

Apocynaceae

Apocynaceae
Apocynaceae
Apocynaceae
Apocynaceae

Apocynaceae

Apocynaceae

Apocynaceae

Species

Alstonia macrophylla Wall.
& G. Don

Alstonia scholaris (L.) R.
Br.

Carissa edulis Vahl.

Catharanthus roseus (L.) G.
Don

Cryptostegia grandiflora R.
Br.

Decalepis hamiltonii Wight
et Arn
Gymnema sylvestre (Retz.)

Holarrhena
antidysenterica
Wall ex. A. DC.

Holostemma annularis
Schum

Hoodia currorii (Hook.)
Decne.

Ichnocarpus frutescens (L.)
R. Br.

Periploca laevigata Bal ex.
Boiss

Plumeria rubra L.

Rauwolfia serpentina
Benth. ex. Kurz
Rhazya stricta Decne.

Distribution
and Area
Traditionally
Used

S.E. Asia

Africa, India,
S.E. Asia

India

Tropics

Africa, India

India

Tropics

Tropics, India

India
Central Africa

India

Africa, C.
America, India

Tropics

Middle East

Part Used

All

All

Leaf

All

Tuber

All

Fruit

Root

Stem

Leaf

Stem

All

Leaf

Comments about Activity

Extracts from the whole plants have
antidiabetic activity (Marles and
Farnsworth, 1995)

Extracts from the whole plants have
antidiabetic activity (Marles and
Farnsworth, 1995)

Leaf extracts lower glucose level in
STZ-treated rats (El-Fiky et al.,
1996)

Lowers blood glucose, active
compounds include vindoline,
vindolinine, and leurosine (Li et
al., 2004)

Rhodexin B and gitoxigenin
associated with hypoglycemic
activity (Rajan et al., 2002)

Extracts used to treat diabetes
(Marles and Farnsworth, 1995)

Gymnemic acids III, IV, V, VII, and
gymnemoside B tested for
antidiabetic activity (Yoshikawa et
al., 1997a, b); A polyol conduritol
A suppresses cataracts (Miyatake
et al., 1994)

Extracts from fruits have
antidiabetic activity (Handa et al.,
1989)

Extract used to treat diabetes
(Marles and Farnsworth, 1995)
Used to treat diabetes (Grubben and

Denton, 2004)

Used to treat diabetes (Nagaraja and
Rao, 1989)

Extract used to treat diabetes
(Marles and Farnsworth, 1995)
Extracts from the whole plants have
antidiabetic activity (Marles and

Farnsworth, 1995)

Antidiabetic activity in cats (Handa
et al., 1989)

Reduces blood glucose and
increases insulin release in rats;
could adversely interfere with
glycemic control if used with
glibenclamide (Ali, 1997)
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TABLE 2.1 (CONTINUED)
Species of Plants Reported to Be Used Traditionally to Treat Diabetes

Order/Family

Apocynaceae

Apocynaceae

Gentianaceae

Gentianaceae
Gentianaceae
Gentianaceae
Loganiaceae
Loganiaceae

Loganiaceae

Loganiaceae
Loganiaceae
Loganiaceae
Rubiaceae
Rubiaceae

Rubiaceae

Rubiaceae

Rubiaceae

Rubiaceae

Species

Vinca erecta Regel &
Schmalh.

Vinca minor L.

Canscora decussata
(Roxb.) Roem. & Schult.

Enicostema hyssopifolium
(Willd.) Verdoorn
Enicostema litoralis Blume

Swertia chirata Buch. Ham
Anthocleista nobilis G. Don

Anthocleista
rhizophoroides Baker
Anthocleista vogelii Planch.

Gelsemium sempervirens
(L.) J. St.-Hil.
Strychnos nux-vomica L.

Strychnos potatorum L.£.

Anthocephalus indicus A.
Rich.

Cephalanthus glabratus K.
Schum

Coffea arabica L.

Coutarea hexandra
K. Schum

Coutarea latiflora (Sessé &
Moc.) ex. DC.

Hamiltonia suaveolens D.
Don

Distribution
and Area
Traditionally
Used

Asia

Africa, Europe,
Middle East

India

Africa, India
India

Africa, India
Africa
Madagascar

Africa

India, S.E. Asia
India

India

S. America

Asia

S. America

C., S. America

India

Part Used

All

All

All

All

Bark

Bark

Root

Fruit

Fruit

Bark

Wood

Seed

All

Root

Comments about Activity

Vinca alkaloids have been reported
to have antidiabetic activity.
Extracts from the whole plants
have antidiabetic activity (Marles
and Farnsworth, 1995)

Range of alkaloids including
isoreserpiline and reserpiline have
antidiabetic activity (Marles and
Farnsworth, 1995)

Contains mangiferin (Chaudhuri
and Ghosal, 1971), which reduces
the blood glucose level in diabetic
mice (Ichiki et al., 1998; Miura et
al., 2001)

Used to treat diabetes (Marles and
Farnsworth, 1995)

Reduces blood glucose (Maroo et
al., 2002)

Swerchirin reduces blood glucose
(Asthana et al., 1991)

Used to treat diabetes (Marles and
Farnsworth, 1995)

Used to treat diabetes (Marles and
Farnsworth, 1995)

Extracts shown to have
hypoglycemic activity (Abuh et
al., 1990)

Used to treat diabetes (Marles and
Farnsworth, 1995)

Used to treat diabetes (Marles and
Farnsworth, 1995)

Extract has hypoglycemic activity
in rabbits (Mathuram et al., 1981)

Used to treat diabetes (Marles and
Farnsworth, 1995)

Used to treat diabetes (Marles and
Farnsworth, 1995)

Extracts reported to have
hypoglycemic activity (Rajan et
al., 2002)

Used to treat diabetes (Marles and
Farnsworth, 1995)

Geniposide have hypoglycemic
activity (Marles and Farnsworth,
1995)

Used to treat diabetes (Marles and
Farnsworth, 1995)
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TABLE 2.1 (CONTINUED)
Species of Plants Reported to Be Used Traditionally to Treat Diabetes

Distribution
and Area
Traditionally
Order/Family Species Used Part Used Comments about Activity
Rubiaceae Hedyotis biflora (L.) Lam. India All Reduces blood glucose in alloxan-
treated rabbits (Ivorra et al., 1989)
Rubiaceae Hintonia latiflora Bullock  C. America Bark Neoflavonoid, coutareagenin
reduces blood glucose in STZ-
treated rats (Korec et al., 2000)
Rubiaceae Morinda citrifolia L. S.E. Asia Leaf Used to treat diabetes (Marles and
Farnsworth, 1995)
Rubiaceae Morinda lucida Benth. Africa Leaf Methanol extract reduces blood
glucose in STZ-treated rats
(Olajide et al., 1999)
Rubiaceae Randia dumetorum Lam. India Bark, fruit Used to treat diabetes (Marles and
Farnsworth, 1995)
Rubiaceae Rubia cordifolia Hochst. Africa, India Aerial parts Used to treat diabetes (Marles and
ex. A. Rich. Farnsworth, 1995)
Not yet placed in
an order
Boraginaceae Heliotropium subulatum India All Extracts have antidiabetic activity
Hoclist. ex. DC. but plant is toxic (Marles and
Farnsworth, 1995)
Boraginaceae Lithospermum China Root Glycans lithospermans A, B, and C
erythrorhizon Sieb. & lower blood glucose (Konno et al.,
Zucc. 1985b)
Boraginaceae Symphytum officinale L. Asia, Europe Extracts used to treat diabetes but
plant is toxic (Marles and
Farnsworth, 1995)
Euasterid 11
Aquifoliales
Aquifoliaceae llex guayusa Loes Europe Aerial parts Guanidine thought to be the main
active component when tested
(Marles and Farnsworth, 1995)
Apiales
Apiaceae Ammi visnaga (L.) Lam. Middle East Seed Dihydrosamidin associated with
antidiabetic activity (Marles and
Farnsworth, 1995)
Apiaceae Anethum graveolens L. N. America, Fruit Extracts have hypoglycemic
Asia, India activity (Marles and Farnsworth,
1995)
Apiaceae Apium graveolens L. Europe Extracts have hypoglycemic
activity (Marles and Farnsworth,
1995)
Apiaceae Arracacia brandegei J. M. C. America Root Extracts have hypoglycemic
Coult. & Rose activity (Marles and Farnsworth,
1995)
Apiaceae Coriandrum sativum L. Middle East, Seed Extracts reduce blood glucose in
Africa, Asia alloxan-treated rats (Sabu and

Kuttan, 2003)
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TABLE 2.1 (CONTINUED)
Species of Plants Reported to Be Used Traditionally to Treat Diabetes

Order/Family

Apiaceae

Apiaceae

Apiaceae

Apiaceae
Araliaceae
Araliaceae

Araliaceae

Araliaceae

Araliaceae

Araliaceae

Araliaceae

Araliaceae

Species

Daucus carota L.

Eryngium creticum Jan ex.
Guss.

Ferula assa-foetida L.

Petroselinum crispum
(Mill) Nyman

Acanthopanax senticosus
(Rupr. et Maxim) Harms.

Acanthopanax sessiliflorum
Seem

Aralia chinensis Blume

Aralia decaisneana Hance.

Aralia elata (Miq.) Seem

Eleutherococcus senticosus
Maxim

Panax ginseng C.A. Mey

Panax notoginseng (Burk.)
FH. Chen

Distribution
and Area
Traditionally
Used

Europe, India

Middle East

Asia, India

Asia
E. Asia
Asia

E. Asia

Asia

E. Asia

America,
Siberia

America, E.
Asia

Asia

Part Used

Root

Leaf

Leaf

Bark

Bark

All

Branch bark,
root bark

Bark

Root

Root

Root

Comments about Activity

Extracts have hypoglycemic
activity (Marles and Farnsworth,
1995)

Extracts have hypoglycemic
activity (Marles and Farnsworth,
1995)

Extracts have hypoglycemic
activity (Marles and Farnsworth,
1995)

Reduces blood glucose in STZ-
treated rats (Tunali et al., 1999)
Senticoside A lowers blood glucose

(Sui et al., 1994)

Extracts lower blood glucose
(Marles and Farnsworth, 1995)
Contains oleanolic acid (Wang et
al., 1998), which lowers blood
glucose in normal and diabetic
mice (Perez et al., 1998b) and
inhibits a-amylase (Ali et al.,

2002)

Triterpenoids (oleanolic acid and
ursolic acid) and their glycosides
are active compounds (Lin et al.,
2000) and lower blood glucose and
cholesterol

Decreases levels of cholesterol in
rats (Chung and Jung, 2003)

Polysaccharides, eleutherans F and
G, lower blood sugar level (Wang
et al., 2000)

Many antidiabetic properties.
Saponin ginsenosides Rbl, Rgl
(Leeetal., 1998), Re (Attele et al.,
2002), Rg3 (Li et al., 2004), Rb2,
(Kitamura et al., 1997) regulate
enzymes associated with glucose
metabolism. Panaxans and
polypeptides also active (Li et al.,
2004)

Ginsenoside Rgl lowers plasma
glucose (Gong et al., 1991); used
to treat diabetic nephropathy
(Lang et al., 1998)
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TABLE 2.1 (CONTINUED)
Species of Plants Reported to Be Used Traditionally to Treat Diabetes

Order/Family

Araliaceae

Araliaceae

Asterales
Asteraceae

Asteraceae

Asteraceae
Asteraceae
Asteraceae
Asteraceae

Asteraceae

Asteraceae

Asteraceae

Asteraceae

Asteraceae

Asteraceae

Asteraceae

Asteraceae

Asteraceae

Species

Panax quinquefolium L.

Tetrapanax papyrifer K.
Kock

Achillea fragrantissima
Sch. Bip.
Achillea millefolium L.

Ainsliaea latifolia (D. Don)
Sch. Bip.
Arctium lappa L.

Artemisia abyssinica Sch.
Bip.
Artemisia afra Jacq.

Artemisia capillaris Thunb.

Artemisia dracunculus L.

Artemisia herba-alba Asso.

Artemisia vulgaris L.

Atractylodes japonica

Kiodz.

Atractylodes lancea
(Thunb.) DC.

Atractylodes macrocephala
Koidz.

Atractylodes ovata DC.

Atracylodes chinensis
(DC.) Koidz.

Distribution
and Area
Traditionally
Used

N. America, E.
Asia

Asia

Middle East
Europe
India

Africa, Asia,

India, Europe
Arabia

Africa

India

N. America

Middle East

India

E. Asia

China

China

China

China

Part Used

Root

Root

All

Leaf

All

Fruit, root,
leaf
All

All

Leaf, flower
bud

Leaf

Aerial parts

All

Rhizome

Rhizome

Aerial parts

Rhizome

Rhizome

Comments about Activity

Saponins (Li et al., 2004), and
polysaccharides, quinquefolans A,
B, and C (Oshima et al., 1987),
have antidiabetic activity

Extracts used to treat diabetes
(Marles and Farnsworth, 1995)

Used traditionally to treat diabetes
in Israel (Yaniv et al., 1987)

Reduces blood glucose in alloxan-
treated mice (Petlevski et al.,
2001)

Extracts show antidiabetic activity
(Marles and Farnsworth, 1995)
Shows antihyperglycemic activity

(You and Wang, 2000)

Extract used to treat diabetes
(Marles and Farnsworth, 1995)

Extract used to treat diabetes
(Marles and Farnsworth, 1995)

Inhibits hyperglycemia and
hypocholesterolemia in vivo
(Pan et al., 1998)

Reduces the hyperphagia and
polydipsia associated with STZ-
diabetes in mice (Swanston—Flatt
et al., 1989)

Extract from stems and leaves has
antidiabetic activity in humans
(Ivorra et al., 1989)

Extract lowers blood glucose but
plant is toxic (Marles and
Farnsworth, 1995)

Atractans A, B, and C have
hypoglycemic activity (Konno et
al., 1985¢)

Atractans A, B, and C have
antidiabetic activity (Konno et al.,
1985c¢)

Atractans A, B, and C have
antidiabetic activity (Konno et al.,
1985c¢)

Used to treat diabetes (Marles and
Farnsworth, 1995)

Atractans A, B, and C have
antidiabetic activity (Konno et al.,
1985c¢)
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TABLE 2.1 (CONTINUED)
Species of Plants Reported to Be Used Traditionally to Treat Diabetes

Distribution
and Area
Traditionally
Order/Family Species Used Part Used Comments about Activity
Asteraceae Bidens leucantha Willd. C. America All Extracts lower blood glucose
(Marles and Farnsworth, 1995)
Asteraceae Bidens pilosa L. C. America All Reduces glucose levels in blood of
alloxan-treated mice
(Alarcon—Aguilar et al., 2002)
Asteraceae Brachylaena elliptica Less ~ Africa Extracts lower blood glucose
(Marles and Farnsworth, 1995)
Asteraceae Cacalia decomposita A. C. America Root, stem Extracts lower blood glucose
Gray (Marles and Farnsworth, 1995)
Asteraceae Calea zacatechichi C. America Aerial parts Decreases hyperglycemia in vivo
Schlecht (Roman Ramos et al., 1992)
Asteraceae Centaurea aspera L. Europe Aerial parts Reported to be hypoglycemic
(Masso and Adzet, 1976)
Asteraceae Centaurea calcitrapa L. Africa, Europe, Aerial parts Chnicin lowers blood glucose
India (Marles and Farnsworth, 1995)
Asteraceae Centaurea corcubionensis Europe Leaf, flower Extracts from leaves and flowers
Lainz lower blood glucose in rats (Ivorra
et al., 1989)
Asteraceae Centaurea melitensis L. Canaries, Aerial parts Extracts lower blood glucose
Europe (Marles and Farnsworth, 1995)
Asteraceae Centaurea salmantica L. Europe, Africa  All Extract lowers blood glucose
(Marles and Farnsworth, 1995)
Asteraceae Centaurea seridis L. Europe Flower Extracts from flowers lower glucose
in glucose induced rats (Handa et
al., 1989)
Asteraceae Centaurea solstitialis L. Africa, Europe  Aerial parts Extracts lower blood glucose
(Marles and Farnsworth, 1995)
Asteraceae Cheirolophus arbutifolius ~ Canaries Leaf Extract lowers blood glucose
(Svent) G. Kundel (Marles and Farnsworth, 1995)
Asteraceae Cheirolophus canariensis ~ Canaries Aerial parts Used to treat diabetes (Marles and
(Willd.) Holub Farnsworth, 1995)
Asteraceae Cichorium endivia L. Asia, Europe, Leaf, root Used to treat diabetes (Marles and
India, Africa Farnsworth, 1995)
Asteraceae Cichorium intybus L. Africa, India, Leaf, root, Chicory contains carbohydrates
Europe flower called fructans that modulate
levels of insulin and glucagon,
thus regulating metabolism of
blood glucose. Inulin can be used
to make fructose syrups (Kaur and
Gupta, 2002)
Asteraceae Cirsium dipsacolips America Root Used to treat diabetes (Marles and
Matsum Farnsworth, 1995)
Asteraceae Cirsium ochrocentrum A. C. America Root Used to treat diabetes (Marles and

Gray

Farnsworth, 1995)
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TABLE 2.1 (CONTINUED)
Species of Plants Reported to Be Used Traditionally to Treat Diabetes

Order/Family

Asteraceae

Asteraceae
Asteraceae
Asteraceae
Asteraceae
Asteraceae
Asteraceae
Asteraceae

Asteraceae

Asteraceae

Asteraceae

Asteraceae
Asteraceae
Asteraceae
Asteraceae
Asteraceae

Asteraceae

Asteraceae

Species

Cirsium pascuarense
(H.B.K.) Spreng.

Dahlia pinnata Cav.

Elytropappus rhinocerotis
Less

Erigeron annuus Pers

Erigeron canadensis L.

Eupatorium purpureum L.

Helianthus annuus L.

Helianthus tuberosus L.

Inula britannica L.

Inula helenium L.

Inula racemosa Hook f.

Inula viscosa (Dryand.)
Lactuca sativa L.

Launaea nudicaulis Hook f.
Matricaria aurea Sch. Bip.
Neurolaena lobata R. Br.

Psacalium decompositum
H.B.K. (Cass)

Siegesbeckia orientalis L.

Distribution
and Area
Traditionally
Used

C. America

India

Africa

Europe
N. America
N. America,

Europe, India
Asia

Europe

C. America,
India
Middle East
Europe
Asia
Middle East
C. America
C. America

Asia, India,
Africa

Part Used

Leaf

Aerial parts

Root

Leaf, stem

Root, flower

Flower

Root

Root

Leaf

Leaf

Leaf

Leaf

Leaf

Root

All

Comments about Activity

Water extract of fresh leaves used
locally to treat diabetes. Hexane
extract decreases blood glucose
level in alloxan-treated rats;
activity similar to tolbutamide
(Perez et al., 2001)

Antidiabetic activity could be
related to fructans

Used to treat diabetes (Marles and
Farnsworth, 1995)

Used to treat diabetes (Marles and
Farnsworth, 1995)

Extracts lower blood glucose
(Marles and Farnsworth, 1995)

Extracts lower blood glucose
(Marles and Farnsworth, 1995)

Extract lowers blood glucose
(Marles and Farnsworth, 1995)

Antidiabetic activity could be
associated with fructans

Aqueous extract of flowers has a
preventative effect on autoimmune
diabetes by regulation of cytokine
production (Kobayashi et al.,
2002)

Alantolactone reported to lower
blood glucose (Marles and
Farnsworth, 1995)

Hypoglycemic activity could be via
regulation of corticosteroid
concentration (Gholap and Kar,
2004)

Extract lowers blood glucose
(Marles and Farnsworth, 1995)

Extracts lower blood glucose
(Marles and Farnsworth, 1995)

Reduces glucose in alloxan-treated
rats (Handa et al., 1989)

Used to treat diabetes (Marles and
Farnsworth, 1995)

Extract lowers blood sugars (Gupta
et al., 1984)

Extracts decrease blood glucose
levels in alloxan-treated mice
(Alarcon—Aguilar et al., 2002)

Used to treat diabetes (Marles and
Farnsworth, 1995)
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TABLE 2.1 (CONTINUED)
Species of Plants Reported to Be Used Traditionally to Treat Diabetes

Order/Family

Asteraceae

Asteraceae

Asteraceae
Asteraceae

Asteraceae

Asteraceae

Asteraceae

Asteraceae

Asteraceae

Campanulaceae

Dipsacales
Caprifoliaceae

Caprifoliaceae

Valerianaceae

Valerianaceae

Valerianaceae

Species

Sphaeranthus indicus L.

Stevia rebaudiana (Bert.)
Hemsl.

Taraxacum officinale F.H.
Wigg
Trixis radialis (L.) Kuntze

Verbesina crocata Less.

Verbesina encelioides
(Cav.) A. Gray
Verbesina persicifolia DC.

Vittadinia australis A. Rich.

Xanthium strumarium Patr.

Platycodon grandiflorum

(Jacq.) A. DC.

Lonicera japonica Wall

Sambucus nigra L.

Valeriana edulis Nutt

Valeriana mexicana DC.

Valeriana officinalis L.

Distribution
and Area
Traditionally
Used

India

Indonesia

Europe, India,
Africa

C. America

C. America

America

C. America

India

Africa, India,

Europe

China

Europe

C. America

C. America

C. America

Part Used
Leaf
All
Leaf, flower

Flower, root

Leaf, flower

All

Fruit, root,
seed

Root

Root

Root

Root

Comments about Activity

Used to treat diabetes (Marles and
Farnsworth, 1995)

Sweetener stevioside stimulates
insulin release by action on p-cells
(Jeppesen et al., 2002)

Extracts stimulate release of insulin
(Hussain et al., 2004)

Used to treat diabetes (Marles and
Farnsworth, 1995)

Daucosterol, galegine, lupeol, and
lupeol acetate decrease blood
glucose (Marles and Farnsworth,
1995)

Used to treat diabetes (Marles and
Farnsworth, 1995)

Extracts decrease blood glucose in
alloxan-treated mice and rats
(Perez et al., 1996)

Extracts decrease blood glucose
(Marles and Farnsworth, 1995)

Lowers blood sugar, similar
mechanism to phenethyl
biguanide (You and Wang, 2000)

Decreases blood lipids and
cholesterol (Kim et al., 2000)

Extract dose dependently inhibits
a-amylase, sucrase and
isomaltase, and improves the
glucose tolerance in genetically
diabetic mice (Kwon et al., 2004)

Extract shows an insulin-releasing
effect in vitro (Gray et al., 2000)

Extracts have hypoglycemic
activity (Marles and Farnsworth,
1995)

Extracts have hypoglycemic
activity (Marles and Farnsworth,
1995)

Extracts have hypoglycemic
activity (Marles and Farnsworth,
1995)

Notes: Plants are listed according to their phylogenetic relationships based on DNA data (Figure 2.1; Chase, 2005).
Abbreviations: NIDDM = non-insulin dependent-diabetes mellitus; STZ = streptozotocin.
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Also, ethical issues surround the use of traditional information in what is described as bio-
prospecting. Some parts of the world fear that commercial companies could exploit ethnobotanical
information about biologically active plants. One way around this issue is for the traditional uses
to be well documented and in the public domain so that, if they are used, acknowledgment could
be given to the traditional users. Many biodiversity-rich countries now want the use of traditional
knowledge to be recognized in drug discovery programs so that a patent would cite what information
had been used. This opens up a complex series of questions about ownership and benefit sharing
if products are going to be developed commercially, especially if the “inventors” have used tradi-
tional knowledge in the selection of the species.

The second selection criterion cited by Marles and Farnsworth (1995) requires experimental
evidence of hypoglycemic activity. Although a high proportion of the species in Table 2.1 have
been subject to some form of experimentation, in most cases the only parameter monitored was
the influence of taking an extract on the level of blood glucose. This parameter is important, but
it is not a robust selection character for assessing activity in a species because it is known that
many species not used traditionally to treat diabetes also lower blood glucose. Thus, further
experimentation is required on a high proportion of species listed in Table 2.1.

The third criterion proposed by Marles and Farnsworth (1995) places weight on the selection
of species in which the active ingredients have not been identified. A comparison of the data in
Table 2.1 with those in the list provided by Marles and Farnsworth shows that, since 1995,
knowledge about the diversity of active compounds in the antidiabetic species and, in some cases,
their mode of action has increased. Marles and Farnsworth (1995) suggest that priority should be
given to species about which this information is lacking. Nevertheless, a strong case can be made
for further research into species that contain compounds with proven efficacy to enable them to be
developed as treatments. Such knowledge could not only validate the traditional use but also enable
more people to benefit from the existing “leads.” It would greatly assist the case for supporting
plant-based research on antidiabetic plants if more examples of treatments for diabetes could be
established.

Most natural product and pharmacology groups still tend to search for new actives in poorly
studied species instead of undertaking further research on species with proven activity. This could
be due in part to researchers finding it difficult to find funds to support work on plants with proven
activity and commercial companies not wanting to invest funds into developing a product in which
they will not be able to protect the intellectual property. These reasons are justified, but more
research needs to be undertaken on species containing compounds with proven activity in order to
turn a “potential” into an “actual” lead. Very few examples of plant-based leads, such as metformin,
a biguanide derived from two linked guanidine units (guanidine derivatives are reported to be the
active constituents of Galega officinalis [Fabaceae]), are currently prescribed in mainstream Western
medicine (Hundal and Inzucchi, 2003). The challenge will be to see whether any of these species
or the active compounds in the species progress through the validation system. This is unlikely
unless they attract financial resources.

In the last 5 years, the species that received the most citations for their antidiabetic activity
include species of Panax and Phyllanthus, Momordica charantia, Allium cepa, and A. sativum. A
growing body of evidence indicates that the traditional uses of these species can be supported by
scientific evidence. Many of the active compounds in these species have been identified (Table
2.1), but more research needs to be completed if products are going to be developed from these
species. Currently, Panax ginseng is included in some of the products currently prescribed in China
for treating diabetes and the same is true in India for the use of products containing Momordica
charantia.

Knowledge about the toxicity of the species is an important criterion for selection. For example,
species of plants used as vegetables that have been shown to have hypoglycemic activity could be
of high priority. Onion and garlic meet this criterion; they have been well studied and contain
compounds that modulate biochemical processes involved in diabetes. Allicin and S-allylcysteine
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sulfoxide, from Allium sativum bulbs, are reported to be the active constituents associated with
prevention of diabetic cardiovascular complications (Patumraj et al., 2000). Administration of S-
methylcysteine sulfoxide and S-allylcysteine sulfoxide, from Allium species, to alloxan-diabetic
rats ameliorated glucose intolerance, weight loss, and depletion of liver glycogen; however, they
were not as effective as glibenclamide and insulin in relation to glucose utilization (Sheela et al.,
1995).

To dismiss a plant because it contains toxic compounds could result in dropping species with
potent antidiabetic leads, such as the vinca alkaloids. The alkaloids vindoline, vindolinine, and
leurosine isolated from the leaves of Catharanthus roseus are reported to be antidiabetic (Li et al.,
2004). Conophylline, a vinca alkaloid from Ervatamia microphylla leaves, induced insulin expres-
sion in pancreatic cells in vitro (Takatsuna and Umezawa, 2004; Umezawa et al., 2003) and induced
differentiation of pancreatic precursor cells (Ogata et al., 2004). However, because neuropathy is
associated with the use of vinca alkaloids, their clinical potential in the management of diabetes
is limited.

Another group of alkaloids, the polyhydroxylated piperidines, pyrrolidines indolizidines, pyr-
rolizidines, and nortropanes have potential in the management of a range of different diseases
(Simmonds et al., 1999) including diabetes. These compounds are found in species used to treat
diabetes, such as 1-deoxynojirimycin (DNJ). DNJ is a piperidine alkaloid (also known as moran-
oline) from roots of Morus alba that inhibits a-glucosidase activity in vitro; however, its efficacy
in vivo has not been quite as promising (Asano et al., 2000). Other polyhydroxyalkaloids have been
isolated from species known to be toxic. For example, the 7-O-B-D-glucoside of the piperidine
alkaloid a-homonojirimycin from Aglaonema treubii plants and Hyacinthus orientalis bulbs has
been investigated as a potential antidiabetic drug.

Several nitrogen-containing compounds isolated from Xanthocercis zambesiaca root and leaves
have been evaluated for potential antihyperglycemic effects in vivo. An aqueous methanol extract
and the isolated compounds fagomine, 4-O-3-D-glucopyranosylfagomine, (2R, 5R)-dihydroxyme-
thyl-(3R, 4R)-dihydroxypyrrolidine (DMDP), and castanospermine reduced blood glucose level in
streptozotocin diabetic mice; fagomine was also shown to increase the plasma insulin level (Nojima
et al., 1998). Isolated from the pods and bark of Angylocalyx pynaertii, 2, 5-imino-1, 2, 5-trideoxy-
L-glucitol, B-homofuconojirimycin, and 2, 5-dideoxy-2, 5-imino-D-fucitol were identified as spe-
cific inhibitors of a-L-fucosidase (Yasuda et al., 2002).

Toxicity is a relative term and will vary on the part of the plant being extracted or eaten and
the amounts taken. However, it is critical that the crude extract and individual compounds are tested
for toxicity, although most tests currently only measure acute toxicity. These tests do not provide
information about adverse responses that might result from long-term exposure to the species.
Knowledge about whether compounds taken in low amounts over time could result in the accumu-
lation of a toxic dose is important because diabetes is a chronic condition and a patient might need
to take a daily supply of a medication over a long period.

Thus, it is very important to gather data on the profile of compounds in a proposed antidiabetic
plant to see whether they have been shown to cause any adverse responses. For example, ephedrine,
from Ephedra species, is reported to suppress hyperglycemia in diabetic mice (induced by strep-
tozotocin) and to promote the regeneration of pancreas islets following atrophy induced by strep-
tozotocin (Xiu et al., 2001). Ephedrine is also reported to improve microcirculation in the diabetic
neuropathic foot (Wollersheim et al., 1989). However, in view of the adverse effects associated
with administration of ephedrine, such as hypertension, it should be used with caution in those
with cardiovascular disease and diabetes.

The availability of a species is another important selection criterion. Publicizing the medicinal
properties of a species is always a concern because this may result in overharvesting unless the
species is already commercially produced. Thus, as part of a research project on a species with
relatively restricted geographical distribution, procedures need to be considered at an early stage
to establish their sustainable production.
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Overall, many challenges face researchers interested in furthering understanding of the value
of plants in the control of diabetes. These include not only the criteria used to select the plants,
the selection of appropriate bioassays, and the isolation of the active compounds but also issues
associated with ownership of the plant material being studied. The implementation of the Conven-
tion on Biodiversity (CBD) (www.biodiv.org) by different countries has resulted in a complex array
of procedures that need to be in place to enable scientists to gain access to plant material. All
scientists involved in plant-based research, especially those involved in research that might result
in the discovery of a lead molecule, need to keep copies of the appropriate paperwork to enable
them to trace the source of their plant material and any knowledge they used to assist their research.
Readers are referred to the CBD Website to obtain information about how different countries
implement the CBD and which authorities need to be contacted in these countries to obtain “prior
informed consent” before collecting genetic resources.

WHERE DO WE GO NEXT?

When prioritizing species that need further study, the criteria used by Marles and Farnsworth (1995)
can still apply, but more use should be made of taxonomic information about the relationship among
plants’ families and genera. Molecular data have enabled significant advances to be made in
understanding of the phylogenetic relationships among different plant families (Chase, 2005).
Species used to treat diabetes can be found distributed throughout the plant kingdom (Figure 2.1).
However, some trends justify further study.

Of the 656 species of flowering plants identified in this study, a high proportion of the 437
genera, representing 111 families, come from the rosids and asteroids (Table 2.1; Figure 2.1).
However, there are representatives with potent activity in the magnoliids and monocots (Table 2.1).
Within the Ranunculales, alkaloids with potential antidiabetic activity have been isolated from the
Berberidaceae, Menispermaceae, Papaveraceae, and Ranunculaceae. The best studied example is
berberine from rhizomes of Coptis chinensis (Ranunculaceae). It is reported to be hypoglycemic
in normal and in diabetic mice (Chen and Xie, 1986). Treating impaired glucose tolerance rats with
berberine resulted in a reduction in levels of fasting blood glucose, triglycerides, and total choles-
terol (Leng et al., 2004). Berberine also aided insulin secretion of HIT-TIS cells and murine
pancreatic islets in a dose-dependent manner in vitro (Leng et al., 2004). It has been shown that
oral administration of berberine to hypercholesterolemic patients reduced serum cholesterol, tri-
glycerides, and low-density lipoprotein (LDL) cholesterol; in vitro, berberine elevated LDL receptor
expression through a post-transcriptional mechanism that stabilizes mRNA (Kong et al., 2004).

Other studies suggest that berberine may mediate antihyperglycemic effects by inhibiting o-
glucosidase and decreasing glucose transport through the intestinal epithelium (Pan et al., 2003).
Some in vitro investigations suggest that berberine exerts a glucose-lowering effect in hepatocytes
that is insulin independent and similar to the action of metformin, but has no effect on insulin
secretion (Yin et al., 2002). Other alkaloids with potential use in the treatment of diabetes from
this group of plants include dehydrocorydaline from Corydalis turtschaninovii (Papaveraceae) tuber
(Kubo et al., 1994) and tetrandrine from Stephania tetrandra (Menispermaceae) root (Liang et al.,
2002; Lieberman et al., 1992). Polysaccharides from this group of plants also justify further study
including aconitans A, B, C, and D from the roots of Aconitum carmichaelii (Ranunculaceae),
which lower blood glucose in normal and diabetic mice (Konno et al., 1985c).

The diversity of active compounds increases within the rosids, including examples of alkaloids,
flavonoids, and terpenoids. The legume family (Fabaceae) contains a large number of species, of
which 81 are identified as having hypoglycemic activity (Table 2.1). For example, (—)-multiflorine
was isolated from seeds of species of Lupinus (Fabaceae) (Abdel-Halim et al., 1999). It produced
a hypoglycemic effect when administered to mice with streptozotocin-induced diabetes; in addition,
synthetic compounds also containing the quinolizidin-2-one ring system were active in vivo (Kubo
et al., 2000). Some other quinolozidine alkaloids, lupanine, 13-a-hydroxylupanine, and
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FIGURE 2.1 Phylogenetic distribution of species of plants used traditionally to treat diabetes. The phylogeny
of the flowering plants is based on molecular data (Chase, 2005). Arrows indicate groups (clades) of families
that contain species with antidiabetic activity. Solid arrows point to clades that contain more species than unfilled
arrows with the greatest number of species occurring in the euasterid I clade. Species are listed in Table 2.1.

17-oxolupanine isolated from Lupinus species, enhance insulin secretion in vitro, an effect that
could be explained by blocking [-cell K p-sensitive channels (Garcia Lépez et al., 2004).
Flavonoids that ameliorate the condition of patients with diabetes occur in many plant families
and have been well studied in members of the Fabales. Quercetin dose dependently decreased the
plasma glucose level in streptozotocin-induced diabetic rats, which may be related to an increase
in the number of pancreatic islets (Vessal et al., 2003). Quercetin may also be of value in diabetic
nephropathy because treatment of diabetic rats with quercetin attenuated renal dysfunction and
oxidative stress (Anjaneyulu and Chopra, 2004). Diabetic neuropathy may also be attenuated by
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treatment with quercetin because antinociceptive activity has been associated with quercetin in a
mouse model of diabetic neuropathic pain (Anjaneyulu and Chopra, 2003). Quercetin-3-O-methyl
ether may have some potential in treating diabetic complications (Enomoto et al., 2004).

Isorhamnetin-3, 7-di-O-f-D-glucopyranoside isolated from Brassica juncea (Brassicaceae) leaf
appears to be metabolized to isorhamnetin in vivo, and intraperitoneal (ip) administration of
isorhamnetin reduced serum glucose in diabetic rats (Yokozawa et al., 2002). Kaempferitrin isolated
from Bauhinia forficata (Fabaceae) leaves lowered blood glucose in diabetic rats (Jorge et al.,
2004). Administration of naringin to hyperglycemic rats dose dependently decreased the blood
glucose level, increased insulin level, and increased the total antioxidant status (Ali and Abd El
Kader, 2004).

The possible mechanisms to explain the hypoglycemic effect of brazilin from Caesalpinia
sappan (Fabaceae) wood have been investigated and some studies suggest an association with
insulin action. It has been shown that brazilin increases the rate of glucose oxidation and lipogenesis
in the presence of insulin and that it may regulate the enzymatic processes involved in glucose
metabolism (Moon et al., 1993). The hypoglycemic effect of brazilin may be associated with
enhancement of insulin receptor function by a decrease in serine phosphorylation (Kim et al., 1998).
Other studies show that brazilin stimulates glucose transport in vitro (Kim et al., 1995) and decreases
gluconeogenesis in hepatocytes isolated from diabetic rats (Won et al., 2004). Brazilin is also
reported to inhibit aldose reductase activity (Moon et al., 1985).

Hypoglycemic and hypolipidemic effects were observed when streptozotocin-induced diabetic
rats were treated with tectorigenin, an isoflavone isolated from the flowers of Pueraria thunbergiana
(Fabaceae); these effects were proposed to be associated with the antioxidant effects of tectorigenin
(Lee et al., 2000). Oral administration of tectorigenin, an aldose reductase inhibitor isolated from
Belamcanda chinensis (Iridaceae) rhizomes, to streptozotocin-induced diabetic rats caused a sig-
nificant inhibition of sorbitol accumulation in tissues such as lens, sciatic nerves, and red blood
cells, thus indicating the potential of tectorigenin in the prevention or treatment of some diabetic
complications (Jung et al., 2002). It has been proposed that 6”-O-xylosyltectoridin and tectoridin
isolated from the flowers of Pueraria thunbergiana act as prodrugs because they are metabolized
to tectorigenin by human intestinal bacteria; tectorigenin showed more potent hypoglycemic activity
than 6”-O-xylosyltectoridin and tectoridin (Bae et al., 1999).

Puerarin isolated from the roots of Pueraria lobata increased glucose utilization and lowered
plasma glucose in diabetic rats lacking insulin (Hsu et al., 2003). Daidzein is reported to inhibit
the activities of a-amylase and a-glucosidase (Kim et al., 2000). Daidzein and genistein occur in
many species of legumes and they have been associated with a reduction in glucose toxicity-induced
cardiac mechanical dysfunction and thus may be beneficial against diabetes-associated cardiac
defects (Hintz and Ren, 2004). Long-term (6 months) oral administration of genistein to strepto-
zotocin-induced diabetic rats inhibited retinal vascular leakage, which may have some clinical
relevance (Nakajima et al., 2001).

An oleanane triterpenoid, kaikasaponin III (KS III), isolated from the flowers of Pueraria
thunbergiana, also showed hypoglycemic and hypolipidemic effects when given to streptozotocin-
induced diabetic rats. These effects were proposed to be associated with the antioxidant effect of
KS IIT (Lee et al., 2000). More recent studies show that KS-IIT may exhibit its hypoglycemic and
hypolipidemic effects by up-regulating or down-regulating antioxidant mechanisms via the changes
in phase I and II enzyme (e.g., superoxide dismutase [SOD], glutathione peroxidase and catalase)
activities (Choi et al., 2004).

Another taxonomic clade that contains many active species is euasterid I (Figure 2.1). This
clade contains families with numerous species that, in traditional practices of medicine, have been
reputed to possess antidiabetic activity. Many of these species contain oleanolic and ursolic acids,
which have been isolated from the dried stem of Bouvardia ternifolia (Rubiaceae) and have lowered
blood sugar levels in normal and alloxan-diabetic mice (Perez et al., 1998b).
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Another study identified oleanolic acid as an anti-o-amylase compound from Olea europaea
leaves; it inhibited postprandial hyperglycemia in diabetic rats (Komaki et al., 2003). The mecha-
nism of action of oleanolic acid glycosides and some other triterpenoids has been investigated. It
has been proposed that oral administration of oleanolic acid 3-O-glucuronide, momordin Ic, escins
Ia and IIa, and E, Z-senegin II do not initiate insulin-like activity or promote insulin release;
however, they may exert their hypoglycemic activity by suppressing the transfer of glucose from
the stomach to the small intestine and by inhibiting glucose transport at the brush border of the
small intestine (Matsuda et al., 1998a, b). In contrast, an in vitro study has suggested that oleanolic
acid may act via a different mechanism. Using an INS-1 cell assay, oleanolic acid and oleanolic
aldehyde isolated from grape skin were shown to stimulate insulin production dose dependently
(Zhang et al., 2004). Oleanolic acid is also reported to inhibit a-glucosidase (Ali et al., 2002).

Some oleanolic acid 3-O-monodesmosides (oleanolic acid 3-O-glucuronide, momordin Ic,
momordin I and 28-0O-deglucosyl-chikusetsusaponins IV and V) have been associated with inhibi-
tion of gastric emptying in mice, but oleanolic acid 3, and 28-O-bisdesmosides (momordin Ilc,
chikusetsusaponins IV and V, oleanolic acid 28-O-monodesmoside) and their aglycone oleanolic
acid were not associated with this activity (Matsuda et al., 1999). It has been proposed that the 3-
O-monodesmoside structure and 28-carboxyl group were important for such activity, and that the
28-ester glucoside moiety and 2'-O-pB-D-glucopyranoside moiety reduced the activity (Matsuda et
al., 1999).

Luteolin-7-O-B-glucoside and luteolin-4'-O-B-glucoside were identified as anti-a-amylase com-
pounds from Olea europaea (Oleaceae) leaves, and luteolin inhibited postprandial hyperglycemia
in diabetic rats (Komaki et al., 2003). Luteolin, amentoflavone, and luteolin-7-O-glucoside are
reported to inhibit the activities of a-amylase and a-glucosidase (Kim et al., 2000). However, other
studies indicate that, when administered orally to rats treated with maltose or sucrose, luteolin does
not suppress the glucose production from carbohydrates through the inhibition of a-glucosidase
action in the gut (Matsui et al., 2002).

Epicatechin protected pancreatic B-cells against IL-1f3-induced toxicity in vitro (Kim et al.,
2004). From Apocynum venetum (Apocynaceae) leaves, (+)-gallocatechin, (—)-epigallocatechin, (+)-
catechin, (-)-epicatechin, epicatechin-(4f-8)-gallocatechin, epigallocatechin-(43-8)-epicatechin,
and procyanidin B, were isolated and shown to inhibit the formation of advanced glycation
endproducts, which have been implicated in the pathogenesis of atherosclerosis (Yokozawa and
Nakagawa, 2004). Polysaccharides from Lycium barbarum fruit are associated with antihypergly-
cemic effects in vivo (Luo et al., 1997). An extract from L. barbarum was purified and fractionated
to yield polysaccharide fractions that were associated with hypoglycemic and hypolipidemic effects
in vivo (Luo et al., 2004).

When ethnobotanical information about the uses of plants in diabetes is superimposed onto a
phylogeny of the angiosperms, it is clear that clusters of related species of plants are reported to
have activity. Within the asterids, the clade that contains the Lamiales, Solanales, and Gentianales
has 134 species of plants used traditionally to treat diabetes. This represents 20% of the species
covered in this review. Whether the activity could be explained by a similar group of compounds
seems highly unlikely because the families in these orders contain a high diversity of compounds
— many with a diverse range of biological properties.

Thus, the combination of ethnobotanical and phylogenetic information can be used to assist
target plant selection. If, after further research, similar types of compounds were identified, the
phylogenies could be used for dereplication because species from related families often contain
similar types of compounds. It is hoped researchers will be stimulated to increase the number of
species studied for their antidiabetic properties not only to validate the ethnobotanical uses but also
to increase understanding of the different types of plant-derived compounds that can be used to
treat diabetes and diabetes-related conditions.
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INTRODUCTION

More than 1000 plants have been described as efficacious in the treatment of diabetes mellitus
(Bailey & Day 1989; Day 1998, 2000; Swanston—Flatt et al. 1990a, b). However, many of these
descriptions are anecdotal accounts of traditional usage, and fewer than half of these plants or plant
extracts have received a thorough medical or scientific evaluation of their purported benefits. This
chapter reviews the preclinical in vivo methods and clinical procedures used to investigate the
antidiabetic activity of plants and plant-derived extracts, including a consideration of the ethical
issues affecting use of traditional plant treatments for diabetes.

ANIMAL MODELS

Animal models have been used extensively to investigate the in vivo efficacy, mode of action and
side effects of antidiabetic plants and their active principles. Due to the heterogeneity of diabetic
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conditions in man, no single animal model is entirely representative of a particular type of human
diabetes. Thus, many different animal models have been used, each displaying a different selection
of features seen in human diabetic states (Bailey & Flatt 2003). Normal nondiabetic animals and
animals with impaired glucose tolerance and insulin resistance (but not overt diabetes) have also
been used to demonstrate hypoglycemic activity and to investigate the mode of action of antidiabetic
plant materials (Bailey & Flatt 1990).

It is noteworthy that agents that show a blood glucose-lowering effect in animals are not
necessarily effective in man and vice-versa. This may be due at least in part to differences in hepatic
metabolism, where the metabolites are the active compounds. Considerable variations in sensitivity
to the same agent can also occur between species due to different rates of absorption, metabolism,
and elimination. The most widely used animal models are small rodents, which are less expensive
to maintain than larger animals and generally show a more rapid onset of their diabetic condition
consistent with their short lifespan. Moreover, a greater variety of mutations leading to diabetes
has been observed in rodents, and these have been characterized in more detail than those in other
animal groups (Bailey & Flatt 2003).

INSULIN-DEPENDENT MODELS

To date, no evidence that any natural plant material can serve as a complete substitute for insulin
has been validated. Several plant products have been reported to mimic the effects of insulin partially
or enhance the effects of very low endogenous insulin concentrations, but none has sustained life
in the total absence of insulin. Nevertheless, animal models of insulin-dependent diabetes provide
a valuable insight into the efficacy of potential adjuncts to insulin therapy in severely hypoinsuline-
mic states. The main insulin-dependent models are:

* Spontaneous syndromes (e.g., BB rat, NOD mouse, LEW.1AR1/Ztm-iddm rat)
e Experimentally induced (e.g., chemically, with alloxan or streptozotocin or surgically by
near-total pancreatectomy)

These incur extensive or complete loss of pancreatic f3-cells, and the consequent lack of insulin
causes extreme hyperglycemia with glycosuria, polyuria, polydipsia, hyperphagia, and weight loss.
If untreated, these forms of diabetes culminate in fatal hyperosmolar ketoacidosis.

SPONTANEOUS AND TRANSGENIC MODELS

The three established spontaneous rodent syndromes of insulin-dependent diabetes are: the bio-
breeding (BB) rat, the LEW.1AR1/Ztm-iddm rat, and the nonobese diabetic (NOD) mouse. These
syndromes show many similarities with the autoimmune development of human type 1 diabetes.
Each model carries an inherited susceptibility to diabetes involving defects of the immune system
associated with several genes of the major histocompatibility complex (MHC) and probably other
genes that are not linked to the MHC (Lally & Bone 2003; Lenzen et al. 2001). Unidentified events
trigger abnormal activity of cellular and humoral components of the immune system causing
insulitis, B-cell destruction, and a dependence on exogenous insulin to sustain life.

Although insulin-dependent diabetes is well recognized in many other animals, such as ham-
sters, guinea pigs, dogs, cats, and monkeys, these animals have received less attention as models
for the testing of potential new therapies. Models of transgenic overexpression of cytokines and
viral antigens that cause insulitis and insulin-dependent diabetes have also received little use in the
testing of new therapies (Lally & Bone 2003). Other transgenics such as knockouts of the genes
for glucokinase and the insulin receptor produce fatal diabetic ketoacidosis in early neonatal life
(Patti & Kahn 1997) and are unsuitable for testing new therapies.
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EXPERIMENTALLY INDUCED MODELS

The most common experimentally induced models of insulin-dependent diabetes involve adminis-
tration of chemicals that selectively destroy pancreatic f3-cells — notably, alloxan and streptozotocin
(Cooperstein & Watkins 1981; Bailey & Flatt 1990). A single large dose of alloxan (e.g., =40 mg/kg
intravenously to a fasted adult rat, or a higher dose to a fed rat or by the intraperitoneal route)
usually produces a severe insulinopenic diabetes, although partial recovery may gradually occur
thereafter. A single large dose of streptozotocin (e.g., =35 mg/kg intravenously to a fasted adult rat
or =65 mg/kg to a fed rat or by the intraperitoneal route) also produces a severe insulinopenic
diabetes that is generally more permanent than that produced by alloxan. It is emphasized that
some studies have employed dosages of these agents that do not achieve or maintain a completely
insulin-dependent diabetic state.

Thus, interventions that might superficially appear to replace insulin may only partially mimic
or enhance insulin action (Bailey & Flatt 1990). Indeed, regeneration of islet tissue can occur
naturally in the long term, and this could be erroneously attributed to administration of a test
substance if the experiments are not adequately controlled. Surgical pancreatectomy, which is rarely
total, is open to the same problems.

Streptozotocin (STZ) produces a more specific and controllable destruction of islet 3-cells than
alloxan and is now the most widely used model of insulin-dependent diabetes for testing new
therapies. STZ-induced diabetes in rodents has been used to investigate the properties of many
traditional antidiabetic plants and their active principles; several of these have been shown to delay
the onset or reduce the severity of the diabetic condition (Swanston—Flatt et al. 1990a, b).

NON-INSULIN-DEPENDENT MODELS

An extensive range of spontaneous and experimentally induced non-insulin-dependent animal
models of diabetes has been described in the literature (Bailey & Flatt 2003). These models vary
greatly in their etiology, pathogenesis, and natural history. Some animals may progress to a state
of severe hyperglycemia, which can eventually deteriorate into an insulin-requiring state, although
these animals do not require insulin for most of their lifespan. The majority of models that do not
require insulin exhibit the moderate hyperglycemia frequently associated with overweight or obesity
and insulin resistance.

SPONTANEOUS AND TRANSGENIC MODELS

The genetic defects responsible for some spontaneous non-insulin-dependent diabetic models have
recently been identified, and environmental factors contributing to these diabetic syndromes are
now established. Table 3.1 and Table 3.2 list the main spontaneous non-insulin-dependent models
and summarize their key features. Table 3.3 lists spontaneous models of impaired glucose tolerance
that do not usually develop overt diabetes. Detailed descriptions of these and other models are
available elsewhere (Bailey & Flatt 1990, 2003; Shafrir 1992; Brindley & Russell 2002); here, the
focus will be on the models that have been used in studies of antidiabetic plants and their principles.

The diabetic C57BL/KsJ db/db mouse provides many similarities with the natural history of
human type 2 diabetes. An initial period of hyperphagia, obesity, and hyperinsulinemia gives rise
to insulin resistance and hyperglycemia. Beta-cell hyperplasia facilitates greater compensatory
hyperinsulinemia until the capacity for continued {3-cell division is “exhausted.” Thereafter, gradual
B-cell degeneration leads to a decline in insulin concentrations and a marked escalation of the
hyperglycemia, which may eventually result in an insulin-requiring diabetic state.

The db/db syndrome is brought about by a mutation of the leptin receptor. (Leptin is a peptide
hormone derived from adipose tissue. It acts centrally to induce satiety and promote thermogenesis).
Although hyperphagia due to a leptin receptor mutation is rarely the cause of human type 2 diabetes,
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TABLE 3.1
Animal Models of Severely Hyperglycemic Non-Insulin-Dependent Diabetes
Environmental Body Food Insulin ~ B-Cell
Animal Inheritance Influence ~ Weight Intake Glycemia Insulinemia Action Population

Chinese hamster, P ? +P/N +b +/+ + +b/N/—2e N/- +b/—
Cricetulus griseus

Diabetes mouse (db) AR ? + + ++ + + + +%/N - +/—¢
C57BL/KsJ

Djungarian hamster, P HED/RE N/+ N/+ +/+ + ++ + - +
Phodopus sungorus

Egyptian sand rat, ? HED/RE + + ++ + +/N-4 - N/+
Psammomys obesus

New Zealand white ? ? N N/+ ++ —/- - ? N
rabbit (NZW)

South African P ? N + ++ + ? ? -

hamster, Mystromys
albicaudatus
Spiny mouse, ? HED/RE + + N/+/+ + +°/N/=¢ - +

Acomys cahirinus

Notes: + + = severe increase; + = moderate increase; N = normal; — = moderate decrease; — — = severe decrease; ? =
uncertain or not reported; AR = autosomal recessive; P = polygenic; HED = high-energy diet; RE = reduced exercise.

2 Some aging animals may require insulin.
® QOccurs during early development.

¢ Occurs in some aging animals.

4 In severely diabetic animals.

the rapid progression of obesity and insulin resistance to hyperinsulinemic diabetes and then to
hypoinsulinemic diabetes renders the db/db mouse one of the most representative and convenient
models available.

Another valuable spontaneous syndrome is that of the sand rat (Psammomys obesus). In the
wild, these animals actively forage for a meager diet. Constrained under laboratory conditions with
free access to an energy-rich diet, they become hyperphagic, obese, and hyperinsulinemic and
develop insulin resistance and hyperglycemia. In later life, some of these animals incur 3-cell failure
with severe hyperglycemia. Rhesus monkeys (Macaca mulatta) maintained in captivity with limited
space and unrestricted availability to an energy-rich diet are also prone to become obese and develop
diabetes. Although this closely reflects human type 2 diabetes, primate models have received very
limited use due to expense and the relatively long time period for their diabetes to develop.

The ob/ob mouse lacks biologically active leptin due to a mutation in the leptin gene. This
model develops severe insulin resistance and marked hyperinsulinemia with gross obesity, extensive
B-cell hyperplasia, and mild to moderate hyperglycemia. The ob/ob mouse provides an especially
challenging test for any potential treatment against insulin resistance. The Zucker fatty (fa/fa) rat,
which results from a mutation in the leptin receptor, is also used as a model of insulin resistance.
However, the fa/fa rat is more likely to exhibit impaired glucose tolerance than overt diabetes.
Cross-breeding of rats carrying the fa mutation has produced other insulin-resistant models that
develop overt diabetes, such as the Zucker diabetic fatty (ZDF) rat and the Wistar Kyoto (WKY)
fatty rat.

In recent years, diabetic transgenic mice have been produced by overexpression or knockout
of selected genes affecting B-cell function and insulin action (Patti & Kahn 1997; Bailey & Flatt
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TABLE 3.2
Animal Models of Moderately Hyperglycemic Non-Insulin-Dependent Diabetes
Environmental Body Food Insulin  B-Cell
Animal Inheritance Influence ~ Weight Intake Glycemia Insulinemia Action Population

Goto—Kakizaki rat ? ? N ? + N/— ? N/~
(GK)

Japanese KK mouse P? HED +°© +¢ +e +¢ —e

Male Wistar Kyoto ? HCD + ? + + - ?
fatty rat (WKY)

Male Zucker diabetic =~ AR(LRM) ? + + +/+ + +/N/— —/—— ?
fatty rat (ZDF)

New Zealand obese P ? ++ +b + +e _ + 4+
mouse (NZO)

Obese mouse (0b), AR(LM) ? +4¢ + 4P +¢ + +¢ - ++
C57BL/6], V stock,
Aston

Paul Bailey black P? ? + + + + + =? +?
mouse (PBB/Ld)

Rhesus monkey, ? ? + + + +/—2ed -2 ?
Macaca malatta

Selectively inbred ? HCD N N? + +b/N/—¢ - ?
Cohen diabetic rat

Spontaneous AR(LRM) ? ++ + + ++ - N/+
hypertensive/NIH
corpulent rat
(SHR/N-cp)

Wellesley hybrid P? ? + + + ++ -— ++
mouse

Yellow obese mouse AD(APM) ? + + + N/+ + - +
(AY, A, AV)

Notes: + + = severe increase; + = moderate increase; N = normal; — = moderate decrease; — — = severe decrease; ? =

uncertain or not reported; AR = autosomal recessive; AD = autosomal dominant; P = polygenic; HED = high-energy diet;
RE = reduced exercise; HCD = high-carbohydrate diet; LRM = leptin receptor mutation; LM = leptin mutation; APM =
agouti protein mutation.

2 Some aging animals may require insulin.

® Occurs during early development.

¢ Occurs in some aging animals.

4 In severely diabetic animals.

¢ Regresses toward normal in aging animals.

2003). Those showing a sustained period of non-insulin-dependent diabetes are listed in Table 3.4,
but none has yet been used to investigate traditional antidiabetic plants.

EXPERIMENTALLY INDUCED MODELS

Non-insulin-dependent forms of diabetes are produced by low-dose or neonatal administration of
alloxan or STZ (Bailey & Flatt 2002). For example, a single intravenous or intraperitoneal injection
of STZ at a dose of 25 to 30 mg/kg to a fasted adult rat will usually produce a sustained mild to
moderate state of hyperglycemia. A single intravenous or intraperitoneal injection of STZ at a dose
of 50 to 100 mg/kg to a nonfasted rat during the first week of life produces a transient hyperglycemia
in the neonate. This is followed by several weeks of normoglycemia that give way to a sustained
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TABLE 3.3
Animal Models of Impaired Glucose Tolerance and Borderline Non-Insulin-Dependent
Diabetes

Environmental Body Food Insulin  B-Cell
Animal Inheritance  Influence =~ Weight Intake Glycemia Insulinemia Action Population
Aging laboratory rats ? THED/RE N/+ N Ne N/+ - N/+
and mice
Bureau of Home ? HSD + N N2 + - ?
Economics (BHE)
rat
Fatty Zucker rat (fa) ~ AR(LRM) ? ++ + N ++ + —/- - ++ +
Nonobese, non- ? ? N ? Na/+ - ? ?
insulin-dependent
diabetic mouse
(NON)
Yucatan miniature ? ? N ? N#/+ N/+ N/- N
swine
Notes: + + = severe increase; + = moderate increase; N = normal; — = moderate decrease; — — = severe decrease; ? =

uncertain or not reported; AR = autosomal recessive; AD = autosomal dominant; P = polygenic; HED = high-energy diet;
RE = reduced exercise; HSD = high-sucrose diet; LRM = leptin receptor mutation.

2 Basal glycemia may be within the normal range but glucose tolerance is impaired.

TABLE 3.4
Transgenic Mice that Show a Sustained Period of Non-Insulin-
Dependent Diabetes

Primary alteration of a-cell function

HNF-lo —/— Hepatic nuclear factor —1 knockout
Kir6.2—/- B-cell Kir6.2 channel knockout in f3-cell
IR—/— B-cell Insulin receptor knockout in f-cell

Primary alteration of insulin action

IR—/- liver Insulin receptor knockout in liver
IRS-2—/- Insulin receptor substrate —2 knockout
GLUT—4+/— Glucose transporter—4 heterozygous knockout

mild to moderate hyperglycemia in later life. Sub-total (>95%) pancreatectomy and surgical or
chemical lesioning of the hypothalamus also produce non-insulin-dependent diabetes but are not
routinely used to test new therapies. Diets massively enriched with fats or fructose and the admin-
istration of glucocorticoids are often used to produce non-insulin-dependent diabetes, although
these have not generally been used to investigate antidiabetic plants.

MODELS OF DIABETIC COMPLICATIONS

Microvascular (retinopathy and nephropathy) and neuropathic disorders that typically develop with
chronic diabetic hyperglycemia in human diabetes are uncommon in rodent models of diabetes
(Bailey & Flatt 2003). This probably reflects the relatively short life span of rodents compared
with the protracted period of hyperglycemia required for development of these complications.
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FIGURE 3.1 A schematic representation of the insulin resistance syndrome (also termed metabolic syndrome,
dysmetabolic syndrome, Reaven’s syndrome, or syndrome X). Insulin resistance with or without compensatory
hyperinsulinemia is associated with a clustering of risk factors for premature coronary heart disease.

Nevertheless, ageing diabetic rodents, particularly those with severe hyperglycemia, sometimes
exhibit thickening of glomerular capillary basement membranes and increased loss of urinary
albumin. Cataracts and impaired conduction by peripheral nerves are also evident in some models,
but classical proliferative retinopathy and autonomic neuropathy have not been observed (Bailey
& Flatt 2003).

Macrovascular complications are particularly prevalent in human type 2 diabetes, forming an
inevitable consequence of the so-called insulin resistance syndrome (also termed metabolic syn-
drome or syndrome X). The syndrome represents a clustering of cardiovascular risk factors; each
factor is associated to some extent with insulin resistance or compensatory hyperinsulinemia (Figure
3.1). In addition to hyperglycemia, non-insulin-dependent diabetes is often associated with over-
weight or obesity. Many patients with the syndrome also have one or more of raised blood pressure,
dyslipidemia (raised triglyceride and low-density lipoprotein cholesterol, and decreased high-
density lipoprotein cholesterol), increased risk factors for coagulation, inflammatory markers, and
evidence of atherosclerosis (Isoma et al. 2001).

A useful model of the insulin-resistance syndrome is the spontaneously hypertensive rat (SHR).
This carries the cp (corpulent) mutation of the leptin receptor and, in conjunction with a genetic
susceptibility for hypertension, produces a syndrome of obesity and insulin resistance. Some strains
also develop hyperlipidemia, non-insulin-dependent diabetes, atherosclerosis, and ischaemic heart
disease (Brindley & Russell 2002).

SELECTING AN APPROPRIATE MODEL TO TEST PLANT MATERIALS

The guidelines that apply to preclinical testing of a new chemical entity (NCE) do not necessarily
apply to a traditional plant treatment. For example, the plant may be a normal dietary ingredient
traditionally taken as a raw or cooked part of the whole plant (e.g., leaf or root) or as an unrefined
extract (e.g., simple decoction or infusion). If the purpose of testing is to assess claimed antidiabetic
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efficacy of the plant as a normal dietary adjunct, a comprehensive program of tests designed for
an NCE would not be appropriate. If it is proposed to consume inordinately large quantities of an
unrefined extract, chronic toxicity assessments are indicated. Standard preclinical tests should be
anticipated for a highly refined extract or novel isolated principle if this is proposed for clinical
investigation and possible therapeutic use as a conventional medicine. Although toxicity tests are
customarily undertaken in normal, nondiabetic animals, efficacy studies are most usefully under-
taken in models that most closely represent the clinical target population.

The heterogeneity of human types of diabetes and the lack of exact replicas among nonprimate
animals often require efficacy studies in more than one model, especially to investigate mode of
action. Accounts of the traditional use of an antidiabetic plant in type 1 or type 2 diabetic patients
provide an indication of the type of model (e.g., insulin dependent or non-insulin dependent) that
might be suitable for initial investigation of hypoglycemic activity. As noted previously, experi-
mentally induced models of insulin-dependent diabetes are often not completely devoid of endo-
genous insulin. This is an important consideration when claims of an insulin substitute are being
investigated.

To test the efficacy of antidiabetic plants using STZ-induced or alloxan-induced diabetes in
rodents, a convenient procedure is to commence plant therapy within a few days of STZ/alloxan
administration before hyperglycemia becomes severe. Efficacy can then be judged by a slower
progression and less severe hyperglycemia. If the study is continued until a parallel placebo
(untreated) group develops ketoacidosis and requires insulin, this suggests antidiabetic activity in
an insulin-dependent state. However, it is possible that the therapeutic intervention has prevented
complete B-cell destruction. This can be seen if insulin concentrations are measured and animals
survive when the intervention is discontinued. Because some natural regeneration of islets can
occur from islet remnants, long-term survival cannot be exclusively attributed to the therapeutic
intervention.

An alternative protocol to test efficacy in an insulin-dependent state is to introduce plant therapy
to spontaneously or experimentally induced models that have already developed severe hypergly-
cemia and are controlled by exogenous insulin injections. When plant treatment is introduced and
the dosage titrated up, evidence of reduced hyperglycemia or a reduction of insulin dosage without
deterioration of glycemic control can be used as indices of efficacy.

The selection of non-insulin-dependent models to assess efficacy of antidiabetic plants can also
provide important information about mechanism of action. Human type 2 diabetes arises through
the combined impact of insulin resistance and [-cell dysfunction, and it is advantageous if a model
designed to test efficacy exhibits both of these pathogenic features. Therapies that ameliorate obesity
and dyslipidemia offer secondary benefits to improve glycemic control; therefore, models that
incorporate these features can often yield additional relevant information. Thus, the diabetic db/db
mouse and male ZDF rat provide very useful models. It is noteworthy that a plant treatment may
have no efficacy if the model in which it is tested lacks the particular pathogenic feature (e.g.,
insulin resistance, 3-cell dysfunction, obesity, dyslipidemia) against which the treatment exerts its
main effect. Consequently, it may be necessary to conduct studies in several animal models to
establish efficacy as well as to determine mode of action.

TESTS FOR ANTIDIABETIC ACTIVITY

For initial efficacy testing of antidiabetic activity, it is advisable to replicate the traditional method
of preparation of the plant closely because activity may be altered by minor deviations. Most
traditional antidiabetic plant materials are taken orally, so initial tests with unrefined plant materials
or plant extracts usually involve oral administration in the diet. Oral gavage may be necessary if
the smell or taste of the plant creates an aversion to feeding or drinking. Monitoring of feeding,
drinking, general behavior, and standard parameters of glucose homeostasis (detailed later) in as
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much detail as possible is recommended. Isolation of active hypoglycemic fractions and principles
and their effects in animal models of diabetes are reviewed in detail in other chapters of this volume.

It is generally inappropriate to administer a crude plant extract by a parenteral route due to the
risk of a local adverse reaction or more disseminated toxicity from a high concentration of the
antidiabetic principle or other components of the extract. Even highly purified extracts may have
adverse effects if administered intravenously, but adverse effects may not occur after oral admin-
istration. Thus, the enteral route of administration provides a natural barrier against unnecessary
toxicity and facilitates initial dose-ranging studies. Some plant extracts may be modified chemically
as they pass along the alimentary tract; thus, enteral and parenteral administration may give rise
to a different profile of effects.

With this caution in mind, it can still be useful to compare the pharmacodynamic effects of
purified extracts administered by different routes. For example, comparing the effects of enteral
vs. parenteral administration in the fed and fasted state might indicate the importance of the intestine
as a site of action of an isolated principle to inhibit intestinal digestion and/or nutrient absorption.
Comparing different intravenous administration sites, such as peripheral vs. hepatic portal injection,
could indicate the relative importance of the liver as a site of action.

The efficacy of antidiabetic plant materials can vary with time; this is customarily investigated
through a sequence of acute, subchronic, and chronic studies. The typical measures of glucose
homeostasis to be undertaken usually include basal (fasting) or random blood/plasma glucose and
insulin concentrations and oral (or intravenous or intraperitoneal) glucose tolerance tests. Although
experimental protocols to investigate mode of action are beyond the scope of this chapter, it is
relevant to note that measures of -cell function (e.g., insulin secretion in response to a range of
secretagogues), insulin action (e.g., whole-body glucose disposal), glucose handling by key gluco-
regulatory tissues (e.g., muscle and liver), and intestinal glucose absorption are likely to yield
valuable information.

An appreciation of the mode of action of an antidiabetic plant material indicates the types of
diabetes against which the material is most likely to be effective. For example, plant materials that
slow intestinal glucose absorption are most effective in the prandial and early postprandial periods
and can be used as dietary adjuncts to all types of diabetes. Knowledge of the mode of action also
indicates the risk of “over-lowering” blood glucose. Substances that stimulate insulin secretion at
low glucose concentrations, strongly inhibit hepatic glucose output, or block counter-regulatory
mechanisms to raise blood glucose can induce overt hypoglycemia and are often referred to as
“hypoglycemic.” Substances that enhance or partially mimic insulin action or reduce intestinal
glucose absorption are not likely to lower glucose to the extent of hypoglycemia and are considered
to be “antihyperglycemic.” Indicators of long-term glycemic control such as glycated hemoglobin
and fructosamine have received relatively little use during chronic studies in animal models. Most
studies of antidiabetic plants have preceded the availability of these assays for small sample
volumes, and further standardization of the assays may be required for application to blood samples
from animals.

CLINICAL EVALUATION OF ANTIDIABETIC PLANTS

Unlike conventional medicines, traditional plant therapies do not have an established procedure for
clinical evaluation of efficacy and safety. Conventional agents follow a sequential process, starting
with a new chemical entity (NCE) (Table 3.5). Preclinical stages involve animal studies to charac-
terize biological properties and clinical potential. Application is then made for clinical testing as
an investigational new drug (IND). Chemical tests start cautiously in healthy volunteers (phase 1),
followed by small trials in patients (phase 2). If an agent is appropriately efficacious and uncom-
plicated, extensive trials are performed in larger groups of patients (phase 3). With satisfactory
indices of efficacy and safety, a new drug application (NDA) is made to market the agent as a drug.
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TABLE 3.5
Stages in the Development of a New Drug

Preclinical Stages
New chemical entity (NCE)
* Identification, extraction/synthesis, and patenting of compounds
* Screening for biological activity in vitro and in vivo in animals
* Preclinical development
* Pharmacology, mode of action, pharmacodynamics (activity, safety, tolerance), pharmacokinetics (bioavailability,
distribution, metabolism, elimination), and toxicity in animals

Clinical Stages

Investigational new drug (IND) application: permission to begin clinical studies

Phase 1:

¢ First administration to small numbers of healthy human volunteers. Dose ranging, pharmacodynamics,
pharmacokinetics and drug interactions

Phase 2:

* First trials in small numbers of patients. Dose ranging, efficacy, further pharmacodynamics and pharmacokinetics

Phase 3:

e Trials in larger numbers of patients. Multicenter trials, comparative trials with other treatments, efficacy, further
pharmacodynamics

New drug application (NDA): permission to market as a drug

Phase 4:

* Use in medical practice. Further evaluation similar to phase 3, postmarketing surveillance, adverse drug reactions, use
in special subgroups (e.g., elderly people)

Note: Bold type indicates the approval stages required by the U.S. Food and Drug Administration (FDA).

Data from all studies are critically assessed by the sponsor and regulatory authority; if approved
for marketing, further studies and a period of extended scrutiny usually follow (phase 4).

If a discrete compound is isolated from a traditional plant treatment, it enters the conventional
testing process described previously. However, unrefined extracts and whole-plant therapies that
are already in use have seldom received detailed phase 1 through 4 clinical trials because their use
predates current legislation. Many commercial antidiabetic plant therapies are made available as
dietary adjuncts, supplements, or other “over the counter” (OTC) categories that do not carry specific
medicinal claims. Herbal preparations can also be made privately by practitioners and patients
outside conventional pharmaceutical legislation.

The requirements for evaluation of conventional medicines are described in detail by regulatory
agencies such as the American Food and Drug Administration (FDA) (https://www.fda.gov) and
the European Agency for the Evaluation of Medicinal Products (EMEA) (http://www.endora.org/
emea.html). However, it is not entirely clear how to interpret these requirements for herbal prepa-
rations, although in principle all medicines should conform to the same general standards. In this
regard, substantial variability exists between countries, and the EMEA is reviewing procedures for
herbal medicinal products. New EMEA regulations for herbal medicinal products are scheduled
for introduction in October 2005.

Most of the published clinical studies into the efficacy of antidiabetic plant materials have not
been undertaken to comply with licensing requirements for registration purposes. They commonly
involve unblinded protocols with small numbers of patients; the diabetic status is often poorly
defined and many studies last for less than 6 months. The endpoints of these studies are typically
standard measures of glycemic control, notably basal or random plasma glucose concentrations
and an oral glucose tolerance test. The majority of studies predate the availability of glycated
hemoglobin (HbAlc) or fructosamine as longer term indices of glycemic control. Relatively few
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studies with plant extracts have measured insulin concentrations, and complex procedures to
investigate mode of action such as the euglycemic—hyperinsulinemic clamp technique and the
minimal-model intravenous glucose tolerance test have rarely been undertaken (Bergman et al.
1979; Ferrannini & DeFronzo 1997).

PHASE 1 TrIAL DESIGNS

Current concepts for the design and conduct of phase 1 and 2 studies of antidiabetic therapies are
concisely explained by Bratty and Kelly (1997). Most clinical studies to assess the efficacy of
traditional antidiabetic plants will not, by nature of their previous use, constitute first exposure in
humans (equivalent to phase 1). However, newly isolated principles that have shown antidiabetic
activity in preclinical studies and been granted IND status will be treated as first exposure in humans.

An initial dose-ranging study is required, probably using an acute single-dose design starting
at about 1/100 of the no-effect dose in the most sensitive animal species studied during preclinical
experimentation. The duration of repeat-dose studies with slowly acting agents and the parameters
to be monitored are subject to clinical discretion, but blood glucose will be closely followed,
together with vital signs and standard blood chemistry. Stepwise dose escalation studies are then
undertaken, and it is often practical to measure pharmacokinetics at the same time. It must be
appreciated that antidiabetic principles do not necessarily show basal blood glucose-lowering
activity in normal (nondiabetic) individuals and may not show a significant effect on a glucose
tolerance test or meal tolerance test. Therefore, higher doses are best examined on one or two
patients before proceeding to larger groups, and other pharmacodynamic parameters may be more
instructive for determination of the upper dose level.

PHASE 2 TRIAL DESIGNS

Small studies to test and quantify efficacy (similar to phase 2) are preferably double blinded or at
least single blinded, provided a dose range has been established. It is often difficult to blind the
use of materials with a distinctive taste or smell, and patients who participate in studies with raw
plants and unrefined extracts are often already familiar with the material under investigation.
Recruitment to initial trials of this nature is customarily restricted to type 2 patients, although
adjunctive (but not alternative) therapy with insulin can be studied in adults using different protocols.
Diet-treated type 2 patients with unsatisfactory but stable glycemic control (e.g., HbAlc in the
range 7.5 to 10%; fasting plasma glucose in the range 7.5 to 13 mmol/L) are usually included if
they have no complications or other medical conditions. Normal liver, kidney, and heart function
are important. When patients have previously received antidiabetic drug therapy, a short (e.g., 2
weeks) washout period may suffice, but this can create interpretation difficulties for chronic studies
using HbAlc as an endpoint.

After a brief baseline (pretreatment) period, a randomized, blinded, placebo-controlled design
is usually acceptable for acute and short-term studies. However, chronic studies may now be
encouraged to adopt an active treatment arm as control using a recognized conventional agent
because an extended period of poor control without active treatment is not considered acceptable.
If possible, at least two doses of the test agent are included in the design (Figure 3.2). In chronic
studies, the daily dosage will be titrated up at weekly (or, exceptionally, monthly) intervals in
accordance with the level of glycemic control. This can be based on fasting plasma glucose and
patient self-monitoring of blood glucose until a preset level of control (e.g., fasting plasma glucose
< 6 mmol/L) is achieved.

In chronic studies, HbAlc is now the preferred endpoint measure of efficacy, although a
selection of other indices of metabolic control can be included as endpoints, and endpoints other
than HbA 1c will be required for short-term studies. The most common parameters selected are 24-
h glucose profile and tests of insulin secretion, insulin sensitivity, and glucose handling by muscle,
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liver, and fat. A comprehensive review of these procedures is beyond the scope of this chapter, so
the reader is directed to other sources (Bratty & Kelly 1997; Ferranniini & DeFronzo 1997; Walker
et al. 1997; Bergman et al. 1979).

Safety monitoring throughout all studies should be as thorough as possible. With plant materials
and many plant chemicals (e.g., alkaloids, flavonoids, and glucosides) that feature frequently as
putative antidiabetic agents, it is important to exclude adverse effects by measuring standard indices
of liver and renal function (Longmore et al. 2001).

PHASE 3 TrRiAL DESIGNS

Extensive trials equivalent to phase 3 regulatory trials have not been reported for raw antidiabetic
plant materials or unrefined extracts. Isolated and chemically characterized compounds from plants
and synthetic analogues investigated as potential new antidiabetic therapies would be expected to
require the same phase 3 evaluation as that for conventional medicinal agents. However, in several
situations, the design and management of large-scale trials would differ for individual natural
chemicals, mixtures of these chemicals, or unrefined plant materials.

One such situation would be that in which the proposed usage is not primarily based on a
medicinal claim and use will be recommended in quantities that are not exceptionally beyond those
anticipated during normal dietary consumption of the material. Here, the requirements for OTC
products are applicable, and definitive evidence of medicinal benefit is not necessarily required.
Dietary supplement status would be a potential positioning of such material. Nevertheless, some
evidence of efficacy commensurate with the claims made on the packaging should be incumbent
upon the sponsor, and satisfactory evidence of safety should be established. Large-scale trials to
provide this information are difficult to organize in a blinded manner with unrefined materials, as
discussed for phase 2 trials. The boundaries between a natural health product and a medicine are
often unclear. Categorization is somewhat arbitrary and may reflect the claims made on the pack-
aging and the recommended dosage rather than the testing procedure and the evidence base.

For compounds evaluated in phase 3 trials, the sponsors and the recruited patients should
comply with revised versions of the 1964 Declaration of Helsinki or appropriate alternatives
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(Stockhausen 2000). All trials should also comply with local ethical committee requirements and
other criteria defined by regulatory agencies (see http://www.fda.gov and http://www.endora.org/
emea.html). The preferred design and organization of trials for regulatory purposes can vary between
agencies, and consultation with the agency is always advisable. The principles underlying phase 3
trials are essentially the same as those for phase 2, but involve larger numbers of patients to reflect
the target populations for the agent and the manner in which it would be used for normal medicinal
purposes.

For antidiabetic agents, trials are likely to last 4 to 12 months (6 months is frequently chosen)
and power calculations will be used to determine numbers required based on the predefined
endpoints. Type 2 diabetic patients recruited for these trials are customarily inadequately controlled
by diet alone and without significant complications. Subgroups comprising patients with particular
characteristics (e.g., young or elderly patients and patients with clearly defined accompanying
conditions such as hepatic or renal insufficiency) may be included with appropriate clinical discre-
tion. Thorough baseline evaluation is essential. A typical trial will be fully randomized, double
blinded, and placebo controlled, or it will include arms with conventional comparator agents (the
latter is increasingly preferred given the known risks of poor glycemic control).

Most large trials are multicenter and often multinational and therefore dictate a detailed
unambiguous protocol with predetermined instructions for all reasonably anticipated events.
Independent safety monitoring is usually included in these trials. It is usually cost effective to
include more than one dosage form of the test agent, although most designs will titrate up the
dosage until a particular level of glycemic control is achieved (e.g., fasting plasma glucose < 6
mmol/L). Because diabetic patients are often receiving other medications, it is important to
minimize and keep full account of changes to any medications and intercurrent conditions that
could influence diabetic control.

Frequent monitoring of glycemic control and other indices of metabolic status (e.g., plasma
lipids) and standard clinical parameters are customarily incorporated into phase 3 trials. Patient
self-monitoring of blood glucose is valuable for drug titration, and laboratory measurements of
fasting plasma glucose and HbA lc are used for main assessments. The primary endpoint is usually
based on HbAlc, with supplementary information from a glucose tolerance test or meal tolerance
test. Secondary endpoints will include other metabolic indices and standard clinical parameters,
many of which are routinely required by the regulatory agencies. Comprehensive recordings of
adverse events will include symptoms of hypoglycemia.

To finalize the labeling and gain approval for marketing, the risk—benefit analysis must be
favorable for the patient groups involved. This is interpreted in somewhat different ways by different
agencies, but the underlying principles are consistent. For an antidiabetic agent in which long-term
use is envisaged, safety is paramount. Efficacy of the new agent is preferably better than or
comparable to existing agents. If a new agent offers a novel mode of action or other benefits that
can be used to advantage when existing agents are contraindicated or no longer effective, efficacy
may be interpreted more liberally. Likewise, it is advantageous if a new agent can be used in an
additive capacity with existing agents.

Trials that recruit patients already receiving active oral therapy may incorporate a prior washout
period, although this creates the same problems of interpretation discussed for phase 2 trials.
Alternatively, patients can be switched to the test agent and/or receive the test agent as additive
therapy while the placebo arm continues to receive the original therapy alone. Trials with insulin-
treated patients raise special difficulties. Very rigorous glucose monitoring is essential. Introduction
and titration of the test agent may require adjustment to the insulin dosage, which can be used as
a measure of efficacy. More detailed consideration of these types of trials is beyond the scope of
this chapter.
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ETHICAL ISSUES

Recent decades have seen a resurgence of interest in traditional plant treatments in general and an
obsession with so-called evidence-based medicine. Applying the latter to the former creates some
interesting potential ethical controversies. By custom and practice, traditional herbal medicines
have not received the same rigorous scrutiny for efficacy and safety demanded of conventional
medicines. Moreover, in most countries, traditional practitioners receive training and carry respon-
sibilities different from those for practitioners of conventional medicine, and restrictions on the
availability of herbal and conventional medicinal products are different (Watt & Wood 1988).

Most conventional medicines have a recognized literature of scientific and clinical studies, a
national or international approvals procedure for registration and accepted prescribing indication,
quality control over the formulation, and a system for safety monitoring. In contrast, the use of
traditional plant treatments relies strongly on anecdotal and folklore accounts, few such treatments
are officially approved or registered, prescribing indications are often highly subjective, product
quality is difficult to substantiate, and ad hoc unsupervised use can compromise safety awareness.
Despite these limitations, the accumulated wisdom and experience gained from centuries of use
have refined the preparation and application of many traditional plant medicines and identified
clinical signs and symptoms for indication and safety precautions to be respected (British Herbal
Medicine Association, 1979).

Deprived settlements, particularly in rural communities of many developing countries, rely on
traditional herbal medicines as the main (and sometimes the only) source of medication, and
humanitarian issues take precedence (Ajgaonkar 1979; Farnsworth & Segelman 1971). Indeed,
about half of the world’s population uses mainly traditional medicines. When traditional and
conventional medicines coexist, and can be afforded by the patient, the type of practitioner selected
will largely determine the type of medicine. Whether traditional plant treatments of unproven
efficacy should be used in preference to conventional treatments of known efficacy remains a
dilemma for the patient. In principle, it should be incumbent upon the practitioner to give adequate
and balanced information, although it is doubtful whether either type of practitioner would have a
sufficiently diverse knowledge base (Watt & Wood, 1988).

Inevitably, some patients will consult with conventional and “alternative” practitioners and may
take conventional and traditional medicines at the same time. Moreover, because traditional med-
icines are often taken without consultation, it should be appreciated that interactions between these
medicines can occur. For example, the blood glucose-lowering effects of Momordica charantia
(karela) are additive to that of sulphonylureas (Aslam & Stockley 1979) and can precipitate episodes
of hypoglycemia. Some plants still carry a mystique that may owe more to reputation and placebo
effect than medicinal benefit. Thus, practitioners must take care to avoid patient preference over-
riding clinical judgment. When a patient is severely hyperglycemic and unresponsive to any single
or combined oral therapies — conventional or traditional — the probable need for insulin therapy
should not be overlooked or avoided. Poor glycemic control hastens the onset and aggravates the
severity of diabetic complications (Stratton et al. 2000).

Detailed evaluation of the effectiveness and mode of action of antidiabetic plant therapies is
given in other chapters. Direct clinical comparisons (head-to-head trials) of conventional and
traditional antidiabetic therapies have not been reported, leaving comparative estimates of efficacy
tentative and open to conjecture (Bailey & Day 1989; Day 1998). In addition to their use in the
treatment of diabetes, herbal therapies may also be used as adjuncts to conventional therapy to
relieve ancillary symptoms; for example, the calming reputation of chamomile tea might assist an
anxious patient (Konig et al. 1998).

Because some herbal practitioners do not reveal the components of their medicines, it is not
possible to make an objective assessment of potential safety hazards. Fungi such as Amanita
phalloides are hepatoxic (Kronberger 1964) and aqueous extracts of some antidiabetic Momordica
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species have been reported to cause hepatic portal inflammation and testicular lesions (Dixit et al.
1978).

With regard to intellectual property rights, it could be argued that herbal medical information,
whether derived from native peoples or herbal practitioners, could be worthy of patentable status
if it can be justified by appropriate criteria. Usage of rare traditional plants might create ecological
problems and encourage use of already endangered species. Indeed, as natural habitats disappear
and communities adopt new ways of life, knowledge of traditional medicines is more likely to be
lost (Day & Bailey 1988).

CONCLUSION

At present, the rigorous procedures for evaluation of conventional antidiabetic medicines have
rarely been applied to the testing of raw plant materials and the unrefined principles used as
traditional treatments for diabetes. The same general preclinical and clinical approaches have been
applied to the investigation of antidiabetic plant materials, but the less intensive evaluation of
plant medicines precludes accurate comparison between conventional and traditional antidiabetic
therapies.
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INTRODUCTION

Antidiabetic effects of plants can be assessed clinically in humans, in vivo using animal models or
in vitro using a variety of test systems. Each level of testing has its advantages and limitations.
Human studies are ultimately necessary because the product is tested by the intended route in the
eventual beneficiary of an effective treatment. However, in many cases it is neither feasible nor
ethical to conduct initial trials in humans because little is known about the safety or efficacy of the
herb or even of a suitable dose or method of preparation. It is therefore appropriate to conduct
studies in animals prior to administering the herb to humans.

Preliminary testing of a herb in an animal model can give valuable information on the type of
extract to be made, a suitable dose, likely toxic effects, and, of course, efficacy. This information
can then be translated to human studies, although species differences and ethical considerations
may be limiting factors. Animal and human studies are essential to determine the ultimate safety
and efficacy of a herb or its components when used clinically. However, they provide limited
information on the mechanism of action of a particular therapeutic agent. Methods for studying
antidiabetic herbs in clinical and preclinical animal models are described in Chapter 3 of this book.

In vitro tests can play an important role in the evaluation of antidiabetic or other medicinal
plants, as initial screening tools or as follow-up to human or animal studies. Biological material
used in these includes, in increasing order of simplicity, perfused whole organs, isolated tissues,
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cells in primary or immortal culture, subcellular membranes or purified receptors, and enzymes.
In vitro assays are typically based on a specific biological process relevant to the disease and its
treatment. The advantages of in vifro assays in ethnobotanical research and general drug discovery
programs are as follows:

* Mechanism of action — in vitro models are based on a fairly specific process — e.g.,
activity of a particular enzyme, binding to a particular receptor, or effects on a particular
metabolic reaction within a given cell type or organ. They are of considerable value in
identifying the mechanism of action of a therapeutic agent.

e Amount of material needed — in vitro tests require far less test material than clinical
and animal studies do. This is of particular relevance to natural products, which may be
hard to obtain for reasons of conservation or low abundance.

* Lower cost — in the vast majority of cases, in vitro assays are more economical (per
sample tested) than tests using animals or humans as subjects.

* Reduced use of animals — in vitro tests provide an alternative to animal testing for many
aspects of an investigation. Organs or tissues derived from one or a few animals can be
used to test many replicates or many samples, whereas for in vivo studies, several
individual animals would be required per sample or dose. Immortalized cell lines,
although originally derived from animals or humans, do away completely with the
repeated need for animal tissue in assays.

* Reduced variability — cells from a single cell line or tissues derived from one animal
have the advantage of genetic homogeneity, resulting in minimum inherent variability.
Thus, comparison of data between treatments or with control conditions is less complex
than using animal or human subjects in which genotypic or phenotypic variations between
individuals can complicate the interpretation of results and increase the number of
replicates required.

e Automation and fast throughput — in vitro assays can be adapted to rapid or high-
throughput formats using automation for liquid handling and end-point measurements.
This makes them essential to high-throughput screening programs such as those
employed by drug discovery programs in the pharmaceutical industry and academia.

* Bioassay-guided fractionation of plant extracts — there is a dearth of information on the
active components of many plant materials known to be useful for diabetes. This is
largely due to practical difficulties and high cost of coupling the fractionation of an active
extract to biological testing using an animal model — often the first model in which
activity was seen. In vitro assays, by virtue of their more rapid output, lower cost, and
need for less material, are an ideal means of following the active components during a
fractionation process. The end result is one or more components with defined biological
activity. These components may then be isolated in larger quantities and tested in vivo
to confirm their effects.

In vitro tests do, however, have several limitations that must be considered when interpreting
data. These issues are particularly important in the context of their use with plant extracts, which
are complex mixtures of chemicals:

e Narrow mechanism — mechanism-based in vitro tests can be useful when screening
samples to detect agents with a specific biological activity. However, they are less useful
when trying to determine whether a particular plant extract is useful for a certain disease.
The plant may be an effective treatment, but work by a different mechanism from that
represented in the assay; an antidiabetic plant could work by one of a number of useful
mechanisms (see later). Indeed, the heterogeneous nature of plant material may result
in a variety of effects relevant to the disease as observed for fenugreek (Al-Habori and
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Raman, 1998) and Momordica charantia (Raman and Lau, 1996). This would be missed
using a bioassay based on a single mechanism. A plant’s efficacy in diabetes, or lack of
it, cannot therefore be determined by a single in vitro assay.

* Bioavailability — in vitro tests take no account of the bioavailability of the test materials.
A substance may have an effect when added directly to the in vitro test system, but if
given orally to humans or animals, it may not be absorbed into the blood stream or it
may be rapidly degraded by first-pass hepatic metabolism. There is also no guarantee
that it will reach its ultimate site of action in the cell at an effective concentration. An
in vitro “hit” may therefore be irrelevant in vivo.

e Metabolism — samples used in in vitro tests do not undergo any metabolism (unless
metabolized by the test tissue), whereas the components of a herbal remedy may well
undergo metabolism in the body. The activity of a traditional herb may be due to
metabolites formed in vivo rather than compounds originally present in the plant extract.
Active compounds of this sort would be missed in vitro but not in vivo.

e Effective concentration — a compound may be seen to be effective at a particular
concentration range in vitro. However, it is important to consider how relevant that
concentration is to the in vivo situation.

e Artifacts —a number of naturally occurring substances can interfere with in vitro tests,
giving false positives or negatives. Polyphenolics are ubiquitous in nature and found in
many plant extracts. They have a tendency to bind protein and this can result in nonspe-
cific biological effects in vitro that can mask the activity or inactivity of the other
compounds present. Saponins can disrupt cell membranes, causing cell death or leaking
of constituents. This should be considered in cell-based assays, e.g., those involving
insulin secretion from cells. Plant extracts can contain significant amounts of glucose
and other monosaccharides, which could interfere with assays involving measurements
of glucose uptake, metabolism, or release by digestion. Means of detecting, removing,
and accounting for these interfering compounds are discussed in the section on “practical
considerations.”

RATIONALE BEHIND THE IN VITRO MODELS USED IN
DIABETES RESEARCH

A range of in vitro models is available to study potential antidiabetic activity in plant extracts. They
are based on the primary need to control hyperglycemia in diabetes and the various means of
achieving this goal. In vitro models may be used to screen randomly or ethnobotanically selected
materials for a specific activity that would result in the lowering of blood glucose levels. Alterna-
tively, the models may be used to determine the mechanism of action of a plant extract with
traditional use and/or human or in vivo data to support an antidiabetic effect.

It is relevant, in the context of in vitro tests for antidiabetic activity, to examine the source and
fate of glucose in the body in the normal and diabetic states. Glucose is derived primarily from
the digestion of dietary carbohydrates in the gastrointestinal tract, from which it is absorbed into
the blood by passive and active mechanisms. In the fed state, a rise in blood glucose normally
stimulates insulin secretion from the pancreas. This hormone initiates glucose uptake into specific
target tissues, primarily liver, muscle, and fat cells (adipocytes). It promotes glucose oxidation and
glycogen deposition in liver and muscle and the incorporation of glucose (as glycerol) into tri-
glycerides in adipocytes. These combined activities have the effect of lowering elevated plasma
glucose resulting from the intake of a meal. In the fasted state, glucose and insulin levels decrease.
Glucose is then mobilized from glycogen stores in the liver (glycogenolysis).

Another important source of glucose in the fasted state is gluconeogenesis — the de novo
formation of glucose from smaller, nonsugar, precursor molecules. This occurs in the liver and, to
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a lesser extent, kidneys and is under the control of glucagon, a counter-hormone whose levels rise
as those of insulin fall, and vice versa. When glucagon levels are high and those of insulin are low,
gluconeogenesis and glycogenolysis are stimulated and glucose enters the bloodstream.

In diabetes, insulin is absent (type I diabetes) or insufficient (type II diabetes). In type II
diabetes, insulin target tissues are generally less responsive to insulin (insulin resistant) than normal.
The fine balance between glucose uptake into target organs and release of hepatic glucose is
impaired, resulting in abnormally high fasting glucose levels as well as poor glucose tolerance
following a meal.

From the foregoing, the following mechanisms have been proposed for an agent that would
lower or control plasma glucose levels:

e Inhibition of carbohydrate-digesting enzymes, reducing the amount or rate of glucose
release from the diet

e Impairment of glucose uptake from the small intestine

* Stimulation of insulin secretion from B-cells of the pancreas

* Insulinomimetic or insulin-sensitizing activity at insulin target tissues, i.e., liver, skeletal
muscle, or adipocytes

e Antagonism of glucagon activity

Further discussion and examples of studies using the preceding models follow in the next
section of this chapter. The reader is also directed to a review by Verspohl (2002) that summarizes
numerous in vivo and in vitro test methods for the evaluation of antidiabetic activity.

MODELS TO STUDY INHIBITION OF
CARBOHYDRATE-DIGESTING ENZYMES

The main sources of glucose in the human diet are the polysaccharide starch and the disaccharides
sucrose and lactose. Starch in meals is initially broken down to oligosaccharides by the enzyme
a-amylase present in saliva and pancreatic juice. The pancreatic form released into the small
intestine is several times more powerful than the salivary enzyme, and contact with these enzymes
results in almost total conversion of starch to the disaccharide maltose and other very small glucose
oligomers before it leaves the duodenum (Guyton and Hall, 2000). Alpha-glucosidase is a collective
term referring to membrane-bound enzymes of the small intestinal villi involved in the breakdown
of a-linkages of oligosaccharides and disaccharides into glucose. These enzymes include maltase,
isomaltase, sucrase, lactase, trehalase, and a-dextrinase.

The final products of carbohydrate digestion are the monosaccharides glucose, fructose, and
galactose. Normally, monosaccharides released by digestion are rapidly absorbed in the first half
of the small intestine. However, in the presence of the inhibitors, digestion occurs throughout the
small intestine, resulting in slower absorption of monosaccharides and blunting of the postprandial
glucose rise (Rhabasa—Lhoret and Chiasson, 2004). A search for compounds that can inhibit a-
amylases or intestinal a-glucosidases is therefore regarded as one of the therapeutic approaches
for developing novel antidiabetic agents. Acarbose is an example of a drug used in diabetic therapy
that acts by this mechanism (Lebovitz, 1992).

Salivary and pancreatic a-amylases are available commercially; porcine pancreatic a-amylase
is an economical source. Assay of enzyme activity involves incubating the enzyme with starch as
substrate, resulting in the release of the reducing disaccharide maltose (Bernfeld, 1955). Maltose
is quantified by addition of 3,5-dinitrosalicylic acid, which is reduced to 3-amino-5-nitrosalicylic
acid, a reddish product detectable at 540 nm. Maltose is quantified by reference to a standard curve.
In the presence of an a-amylase inhibitor, the amount of maltose released will be reduced. On a
practical note, the natural presence of reducing sugars in plant extracts under investigation can
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result in artificially high absorbance readings. Their contribution should be evaluated by including
suitable controls (starch plus plant extract, but no enzyme). Methods may also be employed to
remove these sugars prior to testing (see the section on practical considerations). Inhibition of a-
amylase has been shown for extracts of the antidiabetic plants Murraya koenigi, Cyperus rotundus
(Bawden et al., 2002, 2003), and Phyllanthus amarus (Ali et al., 2003). Two glucosides of leuteolin
have been identified as a-amylase inhibitors in Olea europaea L (olive) leaves (Komaki et al., 2003).

The inhibitory effect of plant extracts on a-glucosidases is assessed in vitro by determining a
decrease in the amount of glucose liberated from molecules of substrate after incubation with the
enzyme. Glucose can be determined colorimetrically using the glucose oxidase method (Bergmeyer
and Bernt, 1963). Alpha-glucosidase enzyme used in these studies can be prepared from rat small
intestine brush border membrane (Kessler et al., 1978). Rat intestinal acetone powder is also
available commercially and o-glucosidases can be partially purified and used in free solution or
immobilized onto a gel support to mimic their membrane-bound state in vivo (Oki et al., 2000).
For faster analysis, a continuous method for enzyme assay has been developed (Matsumoto et al.,
2003) in which immobilized a-glucosidase is coupled on-line to an immobilized glucose oxidase
reactor using a multichannel stopped flow system.

The choice of substrate applied depends on the enzyme of interest; if the activity of sucrase is
to be determined, sucrose will be used as the substrate, whereas maltose and isomaltose would be
used to determine maltase and isomaltase respectively. Alternatively, a pseudodisaccharide, p-
nitrophenyl-o-D-glucopyranoside, can be used and the amount of p-nitrophenol released measured
at 400 nm (Matsui et al., 2001a, b). In this case, it is not possible to target a particular a-glucosidase.

Abesundara et al. (2004) describe the use of immobilized o-glucosidase to screen the inhibitory
activity of various Sri Lankan plant extracts on maltase and sucrase. The methanol extract of Cassia
auriculata was inhibitory to maltase in vifro and improved hyperglycemia following maltose
administration to rats in vivo. Other studies have resulted in the isolation of a number of a-
glucosidase inhibitors from traditional antidiabetic plants, including kotalanol from Salacia retic-
ulata with a potent inhibitory effect on sucrase and maltase (Yoshikawa et al., 1998a), myrciacitrin,
myciaphenone, myricitrin, desmanthin-I, and guaijaverin from Myrcia multiflora (Yoshikawa et al.,
1998b). Others include 1-deoxynojirimycin, a-homonojirimycin, and 7-O-f-D-glucopyroanosyl-
a-homonojirimycin from Commelina communis (Kim et al., 1999). Anthocyanins have also been
reported to be inhibitors of a-glucosidase (Matsui et al., 2001a, b).

Matsui et al. (1996) have examined the inhibitory activity of various foodstuffs in order to
identify those that might be useful for inclusion in a diabetic diet. Salacia oblonga extracts have
been shown to contain the in vitro a-glucosidase inhibitors salacinol and kotalonol (Matsuda et al.,
1998); a recent study in healthy adults (Heacock et al., 2005) showed significant reduction of
postprandial plasma glucose, serum insulin and increased breath hydrogen after ingestion of 1000
mg of Salacia oblonga extract. The increase in breath hydrogen is attributable to a mechanism
involving inhibition of a-glucosidase.

MODELS TO STUDY INHIBITION OF INTESTINAL
GLUCOSE UPTAKE

Models developed for studying intestinal absorption can be arranged into two main groups: models
prepared from whole small intestine and those prepared from isolated cells or cellular components.

Everted segments or everted sacs are simplified systems regularly used for studying intestinal
absorption. These are prepared from whole small intestine everted onto a glass rod with the mucosal
(inner) surface in the bathing solution. The substance whose absorption is to be studied is added
to the bathing solution along with potential modifiers of absorption (Wood and Lawrence, 1991).
The amount absorbed into the sacs is quantified by means of radiolabeled substrate, colorimetric
methods, or high-performance liquid chromatography. The inverted gut has been used to study the



104 Traditional Medicines for Modern Times: Antidiabetic Plants

effect of antidiabetic plant extracts (e.g., Momordica charantia) on intestinal glucose absorption
(Meir and Yaniv, 1985). Perl and Hikino (1989) used the model to study the effect of a number of
plant-derived glycans, including ganoderan A and B, aconitan A, and lithosperman A. Glucose-
evoked transmural potential difference, rather than glucose concentrations per se, has been used to
study inhibition of glucose transport into everted ileal fragments by extracts of Gymnema inodorum
(Shimizu et al., 2001) and Gymnema sylvestre (Yoshikawa et al., 1997).

The major drawback of the everted gut model is related to the short-term viability (maximum
viability 3 hours) of the tissues (Wood and Lawrence, 1991). Additionally, this system alone cannot
provide conclusive information on the mechanism by which absorption is reduced. Gallagher et al.
(2003) describe a simple model measuring glucose diffusion through a semipermeable membrane
to investigate mechanical effects of plant extracts on glucose absorption. However, more complex
biological systems (i.e., isolated membrane preparations from enterocytes) have been developed to
study mechanisms of absorption at the glucose transporter level. These models include brush border
membrane vesicles (BBMYV) prepared from apical membrane and vesicles prepared from basolateral
membrane (BLMV). Knowledge of intestinal amino-acid and sugar transport have greatly expanded
owing to these models (Audus et al., 1990).

Glucose transport into BBMV is by the sodium-dependent glucose transporter (SGLT1),
whereas that into BLMV is due to GLUT 2 transporters (Thorens, 1996). Evidence from rat models
suggests that expression of both of these transporters is raised in the diabetic state (Fedorak et al.,
1987, 1991; Burant et al., 1994). Effects on these two transport systems can be studied separately
and uncomplicated by glucose metabolism using these vesicles. Vesicles are incubated with 3H-D-
glucose and are rapid filtered through a cellulose acetate/nitrate membrane after set time intervals
over a period of about 1 minute. The vesicles are retained on the filter and glucose transported into
them can be quantified by counting the radioactivity. The time points are used to construct a glucose
uptake profile and the inhibition at peak uptake can be measured (Vedavanam et al., 1999).

The BBMV model has been used to study the effects on intestinal glucose absorption of
fenugreek extracts (Al-Habori et al., 2001), extracts of Momordica charantia (Lau et al., 1996),
and soya phytochemical extract (Vedavanam et al., 1999) and for general screening of plant extracts
(Srijayanta et al., 1998). Green tea polyphenols have also been shown to inhibit SGLT1 in BBMV
(Kobayashi et al., 2000).

Over the last two decades, techniques to culture mature enterocyte monolayers as cell culture
models for drug absorption have been extensively developed in an attempt to overcome the problems
of rapid degradation of animal tissues and the variations due to differences between species and
animals that usually occur when intestinal tissues and isolated membrane preparations are used.
However, the attempt has met with little success (Hilgers et al., 1990). It has been reported that,
when intestinal epithelial cells were cultured as a monolayer, they underwent transformation to a
cell type different from the initial cells (Audus et al., 1990).

To date, the use of cell monolayers in intestinal absorption studies has exploited cells derived
from human colon carcinoma cells (e.g., Caco-2, HT-29, SW 116, LS 174T, SW 480) (Audus et
al., 1990). Among these, the Caco-2 cell line established by Fogh et al. (1977) is the most widely
used for intestinal transport and function studies (Artursson, 1990; Hilgers et al., 1990). Despite
its colonic origin, Caco-2 cells have been reported to undergo spontaneous enterocytic differenti-
ation in culture (Audus et al., 1990). The cells have been reported to have morphological (polarized
and columnar cells and the presence of microvilli) and biochemical properties (the distribution of
brush border enzymes) that are much more intestinal than colonic (Hilgers et al., 1990). Caco-2
cells have been used to study the transport of various substances, including natural products such
as flavonoids (Li et al., 2003). In the field of antidiabetic plants, the cells were used to investigate
the effects of galegine isolated from Galega officinalis (Neef et al., 1996) and baicalein, a flavone
from Scutellaria baicalensis (Nishioka et al., 1998), on intestinal glucose absorption.

HT-29 cells that also originate from colon cell lines have been reported to have a lower degree
of enterocytic differentiation compared to Caco-2 cells (Audus et al., 1990). However, HT-29-H
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cells, a subclone of HT-29 (Phillips et al., 1988), can secrete mucin molecules and produce a mucus
gel layer similar to that present on the human intestinal epithelium. This layer is thought to be a
rate-limiting barrier to absorption of molecules across the intestine (Wikman et al., 1993) and
absorption studies using these cells may therefore be closer to the in vivo situation.

MODELS TO STUDY INSULIN SECRETION FROM
B-CELLS OF THE PANCREAS

A number of in vitro models have been developed for studying the pancreatic secretion of insulin.
These include the perfused pancreas, intact isolated islets, purified f3-cells, and insulin-secreting
cell lines. Insulin released is measured by radioimmunoassay (using '>I-labeled insulin) or enzyme-
linked immunoassay (Ruitton—Uglienco, 1981). Perfused pancreas, isolated islets, and purified p3-
cells are all prepared from freshly sacrificed animals (usually rats or mice). Isolation of the islets
of Langerhans involves collagenase digestion and purification from exocrine tissues. Islet isolation
from rodents yields a maximum of several hundreds of islets (Poitout et al., 1996). The following
are examples of studies in the area of natural products that have employed the use of isolated islets.

Farzami et al. (2003) examined the insulin secretagogue activity of Urtica dioica leaf extract
in perifused islets of Langerhans. Using static incubations, pancreatic islets isolated from rats were
used by Suzuki and Hikino (1989a) to study the effects of panaxan B, a glycan from Panax ginseng,
on insulin secretion. Ahmad et al. (1991a, b) used islets prepared from rats to study the effects of
Pterocarpus marsupium extract and constituents on insulin secretion and the accumulated level of
cAMP. Rat islets were used in a study by Hii and Howell (1984, 1985) to study the effects of
catechin, chrysin, epicatechin, naringenin, and quercetin on Ca?* handling in these cells — an effect
related to insulin secretion.

Although a significant number of islets can be obtained from large-animal pancreata, isolation
and purfication techniques are time consuming and require experienced staff (Poitout et al., 1996).
The techniques to purify primary (3-cells are equally complicated and require special techniques
such as fluorescence-activated cells sorting to differentiate between f3-cells and other cells of the
islets of Langerhans (Poitout et al., 1996). In addition, primary f-cells do not proliferate in culture
and are difficult to maintain for a long period of time without special techniques. These factors
limit the use of intact islets or primary f-cells in rapid throughput experiments.

A number of insulin-secreting cell lines has been developed in an attempt to establish cell lines
that retain the characteristic features of f-cells. The cell lines are transformed using different
techniques such as irradiation, viral tranformation, and transgenic technology (Poitout et al., 1996).
They may therefore be different from primary -cells in terms of their behavior and responsiveness
to insulin secretagogues (for a review, see Poitout et al., 1996; Persaud, 1999). The most widely
used pB-cell lines are RINmSF, HIT-T15, fTC, MIN6, INS-1, and BRIN-BD11 cells (Poitout et al.,
1996). Their application in the natural products area is increasing. The advantage of cell lines is
that they can be used in rapid-throughput experiments and are much less labor intensive and
conservative of resources than the use of isolated islets. This therefore minimizes the number of
animals used in an experiment. However, because these cells are a transformation of pancreatic (3-
cells, some characteristic features of B-cells may not be faithfully represented by the cell lines
(Persaud, 1999).

Examples of studies include the use of HIT-TIS cells to study the effect of Tinospora crispa
extract on insulin secretion (Noor et al., 1989). BRIN-BDI11 cells have been used in a number of
studies; examples are investigations on the effect of Coriandrum sativum and Viscum album (Gray
and Flatt, 1999a, b) and Medicago sativum (Gray and Flatt, 1997).

In measuring insulin secretion in any of the preceding models — islets or cell lines — two
practical factors need to be considered. First, any increase in the permeability of cell membranes
(e.g., by contact with saponins) will result in a release of insulin by nonspecific mechanisms. This
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has been observed in studies testing Gymnema sylvestre extract in rat islets and several pancreatic
cell lines (Persaud et al., 1999). It is important to examine for this effect when assessing insulin
release data. Integrity of the cell membrane can be assessed by trypan blue uptake (only damaged
cells take up the dye) as described in Persaud et al. (1999) or by measuring the release of lactate
dehydrogenase (LDH), which only takes place from damaged cells (Srijayanta et al., 1999). The
effect of the secretion inhibitor diazoxide can also be examined because it would be ineffective in
cases of insulin release due to cell damage (e.g., see papers by Gray and Flatt).

Another factor to consider is that glucose, which can be present in polar plant extracts, can act
as a stimulant to insulin secretion. It is important to remove glucose from extracts before testing
them. This is discussed in more detail under the section on practical considerations. RINmSF cells,
which are unresponsive to glucose but respond to glycerol as nutrient secretagogue (Persaud, 1999),
may be useful for screening glucose-containing plant extracts.

Apart from measurement of insulin secretion per se, other properties related to diabetes may
be measured. Rotshteyn and Zito (2004) have adapted the use of HIT-T15 cells to screen herbal
extracts specifically for sulfonylurea-like activity. In their experiments, they isolated the microsomal
cell membrane of HIT-T15 cells by ultracentrifugation and then carried out competitive binding
studies with *H-glibenclamide (a sulfonylurea drug). Sitaswad et al. (2000) studied the effect of
Momordica charantia juice on lipid peroxidation and intracellular DNA damage in isolated islets
and RIN cells following treatment with streptozotocin in vitro.

MODELS BASED ON THE LIVER AS AN INSULIN TARGET TISSUE

The liver is a key organ in the control of plasma glucose levels (Kurukulasuriya et al., 2003). Insulin
stimulates several activities in the liver that help to lower plasma glucose levels (Guyton and Hall,
1997), including glucose uptake by activating glucokinase enzyme, glucose breakdown by activating
glycolytic enzymes, and glycogen synthesis by activating glycogen synthase. Concurrently, glyco-
genolysis and gluconeogenesis are inhibited. These processes occur under the influence of elevated
insulin and depressed glucagon levels. In the fasted state, however, glucose for systemic use is
released from the liver (but not muscle) by glycogenolysis and by hepatic and renal gluconeogenesis.
This process is stimulated by low-insulin and high-glucagon levels.

From this, it is clear that insulinomimetics, insulin-sensitizing agents, and glucagon antagonists
(see later) would be of therapeutic use against hyperglycemia in diabetes. Kurukulasuriya et al.
(2003) have reviewed the enzymes involved in gluconeogenesis and glycogenolysis that could form
suitable targets for antidiabetic drug therapy. These include glycogen phosphorylase, glycogen
synthase kinase 3, glucose-6-phosphatase, fructose-1,6-bisphosphatase, and phosphoenolpyruvate
carboxykinase (PEPCK). Glucokinase is an important insulin-sensitive enzyme that phosphorylates
glucose as it enters the hepatocyte and produces glucose-6-phosphate, a substrate for glycogenesis
and glycolysis.

The effect of natural products on insulin-sensitive processes can be measured using a number
of in vitro hepatic models. Insulinomimetic and insulin-sensitizing activity can be distinguished by
examining the effect of a test substance in the presence or absence of insulin and comparing its
effects to that of insulin alone in the test model. Systems developed thus far mostly use tissues
taken from rodents. These models are (Agius, 1987):

e Perfused liver

* Liver slices or homogenates

* Hepatocyte suspensions

* Hepatocyte monolayer cultures

* Hepatocytes in co-culture with epithelial cells

e Periportal and perivenous hepatocyte suspensions or cultures
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The use of crude liver preparations such as slices or homogenates is always hampered by
limitations of substrate and oxygen diffusion (Agius, 1987). The perfused liver is the system most
closely representing physiological conditions. However, the use of perfused liver is limited by short-
term viability and limited availability of tissues from a single preparation. Its use has therefore
been replaced with isolated primary hepatocytes maintained in suspension or culture. In 1969,
Berry and Friend (1969) developed techniques for isolation of high yields of viable parenchymal
hepatocytes using a two-step collagenase perfusion method. Although these cells have been widely
used over a number of years to study glucose handling, their disadvantage is that they are in a
catabolic state of protein and glycogen turnover and have short-term viability (Agius, 1987). These
developments led to the development of monolayer cultures of hepatocytes.

By means of suitable culturing as monolayers, isolated hepatocytes can recover from the
catabolic state and can be maintained for several days for long-term studies. This system has been
widely used in a number of studies on the extrapancreatic actions of antidiabetic drugs — e.g.,
gliquidone (Rinninger et al., 1984) and glyburide (Fleig et al., 1984) — and studies on the glycogen
synthesis pathway (Newgard et al., 1983; Bismut and Plas, 1989). The drawback of monolayer
culture of hepatocytes is that the cells tend gradually to lose some characteristic functions of the
liver (e.g., loss of glycogen content, albumin production, gluconeogenesis, and ketogenesis) during
culture.

The most frequently measured parameter of insulin’s effects on the liver is glycogen synthesis.
A number of methods have been developed to measure glycogen production in hepatocytes. These
differ in terms of the techniques used to extract glycogen from the cells and the methods used to
quantify the extracted glycogen. Cells are first solubilized or disrupted to release glycogen, using
strong alkali (Good et al., 1933), perchloric acid (Salhanick et al., 1989), sonication (Vu et al.,
1998), or freeze-thawing (Vu et al., 1998). Glycogen is then precipitated using 66% ethanol (Fleig
et al., 1984; Solling and Esmann, 1975).

One method of quantifying the precipitated glycogen is to measure the amount of radiolabeled
glucose incorporated from the original incubation medium. D-[U-'*C]-glucose can be used; how-
ever, if tritiated glucose is preferred, it is important that D-[3-3H]glucose and not D-[6-*H]glucose
be used because the hydrogen in position 6 could be partially lost during conversion of glucose to
glycogen by indirect pathways (Tosh et al., 1994). A colorimetric method can also be used to
quantify glycogen in which glucose is liberated from glycogen using the enzyme o-amyloglucosi-
dase (Plomp et al., 1990; Vu et al., 1998). The glucose liberated is measured using enzymes such
as glucokinase/glucose-6-phosphate dehydrogenase (Fleig et al., 1985) or glucose oxidase (Berg-
meyer and Bernt, 1963). Gomez—Lechon et al. (1996) have developed a method for measuring
glycogen in 96-well plate cell cultures.

Rather than measuring hepatic glycogen, Al-Habori et al. (2001) measured the amount of
glycogen phosphorylase-a activity in hepatocytes treated with fenugreek extracts. Post-treatment,
the enzyme is released by cell lysis and incubated with '“C-glucose-1-phosphate, and the amount
of labeled glycogen formed is measured by precipitation on filter paper using aqueous ethanol.
Valentova et al. (2004) have measured the effects of Smallanthus sonchifolius leaf extracts on
gluconeogenesis and glycogenolysis in rat hepatocyte suspensions. For these two processes, primary
hepatocytes were obtained from fasted and fed rats, respectively. Glucose released into the medium
was measured using a glucose oxidase method following centrifugation of the suspension.

An alternative to the addition of test compounds to hepatocytes is to measure the activity of
various relevant enzymes’ in vitro in hepatic tissue obtained from animals treated with the plant
extract in vivo. Shibib et al. (1993) showed, for example, that pretreatment of diabetic rats with
Momordica charantia or Coccinia indica resulted in depression of the hepatic gluconeogenic
enzymes glucose-6-phosphatase and fructose-1,6-bisphosphatase and elevation of the liver and
shunt enzyme glucose-6-phosphate dehydrogenase. Suzuki and Hikino (1989b) have similarly
measured the levels of key enzymes of glucose metabolism in the livers of mice treated in vivo
with Panax ginseng-derived panaxan A and B. These enzymes, including glucokinase, can be
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measured using standard methods reported in the literature or available from commercial enzyme
suppliers.

More recently, hepatoma cell lines from the rat (e.g., FTO-2B and H4IIE) and humans (HepG2
and Hep3B) have been established as an alternative to the use of primary hepatocytes. They have
been widely used to investigate the effect of conventional antidiabetic drugs and hormones on liver
metabolism. For example, H4IIE cells were used to study the effect of metformin on glycogen
synthesis (Purello et al., 1988), the inhibitory effect of tolbutamide on PEPCK (Agius et al., 1990),
and the effect of insulin on glycogen synthase activity (Okubo et al., 1993). HepG2 cells were used
to study the effect of troglitazone on glycogen synthesis and gluconeogenesis (Day, 1999). Valera
and Bosch (1994) have developed transfected cell lines from FTO-2B and H4IIE cells (FTOGK
and H4GK, respectively), which express glucokinase. These new cells are able to take up glucose
more efficiently and accumulate high levels of glycogen. Valentova et al. (2004) have used Fao
cells (a derivative of H4ITEC3 cells) to show that Smallanthus sonchifolius leaf extracts have similar
effects to insulin on cytochrome P450 (CYP) mRNA levels.

MODELS BASED ON ADIPOCYTES AS AN INSULIN TARGET TISSUE

Adipocytes are an important tissue sensitive to insulin, where it causes glucose uptake and its
incorporation into fat as glycerol, and inhibits the hydrolysis (lipolysis) of triglycerides. Glucose
uptake into adipocytes is controlled by GLUT4 glucose transporters. Adipocytes are present in
various parts of the body where fat is stored. However, primary adipocytes for experimental work
are usually isolated from the epididymal adipose tissue (fat pads) of aged rats. Glucose uptake and
oxidation, lipogenesis (formation of lipids), and inhibition of lipolysis (breakdown of lipids) are
three effects of insulin that can be observed in this tissue. The relevant methodology has been
described by Edens et al. (2002), who studied the effect of yeast extract on the transport and
incorporation into lipids of D-[U-!*C] glucose. Lipolysis was measured using an enzymatic fluo-
rescence method to assay glycerol in the cell culture medium. Broadhurst et al. (2000) screened a
range of medicinal plants in a similar adipocyte assay, this time measuring the release of “CO,
from [U-'#C] glucose as a measure of glucose metabolism using a method originally described by
Anderson et al. (1978).

Adipocytes isolated from rat epididymal adipose tissue have been used to study the effect of
Ganoderma lucidum extract on adrenaline-induced lipolysis and lipogenesis from glucose (Kimura
et al., 1988) and the effect of ganoderan B isolated from Ganoderma lucidum (Hikino et al 1989a)
and aconitan A isolated from Aconitan carmichaeli (Hikino et al., 1989b) on the binding of insulin
to adipocytes. Extracts of Momordica charantia seeds and fruit have been shown to stimulate
lipogenesis (Ng et al., 1986) and inhibit hormone-induced lipolysis in adipocytes (Wong et al.,
1985).

The mouse-derived 3T3-L1 fibroblast cell line provides an alternative to the use of freshly
isolated primary adipocytes. The cells are commercially available in preadipocyte form and can be
induced to differentiate into adipocytes by the inclusion of a glucocorticoid, insulin, and an agent
that elevates intracellular cAMP (e.g., isobutylmethylxanthine) in the culture medium (Ntambi and
Kim, 2000). The differentiation process, as well as glucose uptake, lipogenesis, and inhibition of
lipolysis in differentiated cells, are all insulin-like effects that can be assessed in this cell line. Liu
et al. (2001) have shown, for example, that an extract of Lagerstroemia speciosa stimulates glucose
uptake (measured as 2-deoxy-D-[*H] glucose), but does not induce adipocyte differentiation or
potentiate the effects of insulin in 3T3-L1 cells. This suggests a non-insulinomimetic action of the
plant, which may nevertheless be useful in controlling hyperglycemia.

By contrast, the compound shikonin, originally isolated from the Chinese medicinal plant
Lithospermum erythrorhizon, was found to stimulate basal glucose uptake and potentiate insulin-
stimulated glucose uptake in these cells (Kamei et al., 2002). However, further studies using specific
inhibitors of insulin’s signal transduction pathway showed that shikonin’s activity is not mediated
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via the insulin receptor/PI3K pathway but via a distinct tyrosine kinase-dependent route (Kamei
etal., 2002). Cryptolepis sanguinolenta and the antihyperglycemic alkaloid cryptolepine were found
to increase glucose uptake in 3T3-L1 cells (Luo et al., 1998).

Yoshikawa et al. (2002) report the use of an alternative commercially available rat preadipocyte
cell line in which differentiation to adipocytes can be induced by dexamethasone and insulin. The
differentiated cells were used to evaluate the effects of Salacia reticulata and some of its isolated
components on lipolysis by measuring the triglyceride content of the cells.

Kanai et al. (1993) report the insertion of GLUT4 cDNA (GLUT4myc) into 3T3-L1 adipocytes.
These and similarly transfected Chinese hamster ovary fibroblasts were used to study insulin-induced
translocation of GLUT4 transporters to the cell surface (Kanai et al., 1993; Kamei et al., 2002).

MODELS BASED ON MUSCLE AS AN INSULIN TARGET TISSUE

The uptake and utilization of glucose into muscle is under influence of insulin, which provides
other in vitro methods to evaluate antidiabetic plants. As with fat cells, the GLUT4 glucose
transporter is translocated to the cell surface in response to insulin (Tremblay et al., 2003).

Abdominal muscle taken from mice has been used to study the effect of a number of plant
extracts, including Medicago sativa (Gray and Flatt, 1997), Agrimony eupatoria (Gray and Flatt,
1998a), Agaricus campestris (Gray and Flatt, 1998b), and Sambucus nigra (Gray et al., 2000), on
the uptake of glucose, oxidative glucose metabolism, and incorporation of glucose into glycogen.
The paper on Agaricus campestris (Gray and Flatt, 1998b) gives good details of the methodology.
Glucose uptake is followed using D-2-deoxy-[*H] glucose and glucose oxidation by conversion of
D-[U-“C] glucose to labeled carbon dioxide (trapped in NaOH-saturated filter paper). Following
incubation with D-[U-*C] glucose, glycogen is precipitated with 95% ethanol and examined for
14C content following hydrolysis and resolubilization.

Rat hemidiaphragm was used by Chattopadhyay et al. (1993) to study the effect of Azadirachta
indica on muscle glycogen synthesis. Momordica charantia extracts have been studied in rat
diaphragm muscle in which glucose uptake was found to be stimulated (Welihinda and Karunan-
ayake, 1986).

A rat skeletal muscle cell line, L6, may be used for the study of antidiabetic agents. Cells are
obtained as myoblasts that are induced, by adjusting the medium, to differentiate into an alignment
stage and then into fused myotubes. Glucose transport (measured using *H-2-deoxyglucose) is most
sensitive to insulin in the myotubes, corresponding to an increase in muscle/fat-specific GLUT4
transporters (Mitsumoto et al., 1991). GLUT1 transporters decreased during muscle cell differen-
tiation. Glucose consumption and transport in L6 myotubes were sensitive to a thiazolidinedione
antidiabetic drug, which showed additive effects to insulin (Arakawa et al., 1998). No reports were
found of the use of this model for the study of antidiabetic natural products.

INTERACTIONS WITH THE INSULIN RECEPTOR

An approach that has been suggested to have a great deal of potential is to find agents capable of
interacting directly with the insulin receptor, thereby acting as an insulin-mimetic in a variety of
biochemical cascades. Based on this approach, Zhang et al. (1999) have developed a cell-based
screening assay with Chinese hamster ovary cells that overexpress the human insulin receptor.

In their study, cells were incubated with the test compound, and the insulin receptor was purified
and then assayed for tyrosine kinase activity. Tyrosine kinase is believed to be involved in the
phosphorylation cascade that follows the binding of insulin to its receptor. Through this assay, they
discovered an agent L-783,281 from a fungal species of Pseudomassaria that is capable of inducing
tyrosyl protein phosporylation; the compound was shown to be selective to the insulin receptor and
to exert a hypoglycemic effect in vivo in genetically diabetic mice (Zhang et al., 1999). In their
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studies on cinnamon extract, Imparl-Radosevich et al. (1998) describe a method to measure
autophosphorylation of purified insulin receptor kinase domain using [y-3?P]ATP. Purified insulin
receptor and many of its signal transduction components are available commercially.

GLUCAGON RECEPTOR ANTAGONISTS

Gluconeogenesis is reported to be increased in type 2 diabetes, is the primary contributor to fasting
hyperglycemia, and can be stimulated by the hormone glucagon (Kurukulasuriya et al., 2003). The
process can be inhibited using glucagon receptor antagonists or inhibitors of specific enzymes in
the gluconeogenic pathway such as PEPCK (Kurukulasuriya et al., 2003). Progress in the devel-
opment of glucagon antagonists was reviewed in 1999 (Connell, 1999). Although initial studies
focused on peptide analogs as antagonists, nonpeptidic antagonists have been reported, suggesting
that some plant secondary metabolites may possess this activity. Screening methods for glucagon
antagonists include measuring the displacement of ['%I]-glucagon from binding sites in rat liver
preparations or in Chinese hamster ovary cells and baby hamster kidney cells transfected with the
human glucagon receptor (Azizeh et al., 1996; Connell, 1999).

A method measuring the inhibition of glucagon-stimulated adenylate cyclase activity in rat
hepatocyte or liver membranes has also been described (Smith et al., 1993; Azizeh et al., 1996).
The advantage of this last assay is that it detects compounds with glucagon antagonistic activity
rather than mere binding to the receptor. Some natural products with glucagon antagonist activity
mentioned in the Connell review include a “sugar-based material” isolated from an African medic-
inal plant by the British company Phytopharm, and skyrin, an orange pigment found in lichens and
fungi described in a patent by Zymogenetics. Al-Habori et al. (2001) found that fenugreek extracts
decreased the amount of glycogen phosphorylase-a activity only in hepatocytes stimulated with
glucagon and not in unstimulated cells.

PRACTICAL CONSIDERATIONS
POTENTIAL INTERFERENTS IN PLANT EXTRACTS

Three groups of plant constituents that may cause interference in diabetes-related in vitro bioassays
are sugars, saponins, and polyphenols. Practical details for performing chemical tests to detect
these compounds in plant extracts can be found in the laboratory handbook by Houghton and
Raman (1998). Polar (i.e. water or alcohol) extracts of plant material can contain significant
concentrations of sugars such as glucose, fructose, and galactose to name a few. Their presence
can interfere with many of the bioassays described here, particularly those that measure glucose
uptake. One effect could be to dilute the radiolabeled glucose used in the assay, which would result
in artificially low counts and give the impression of decreased uptake. Another effect may be to
increase the glucose concentration in the in vitro assay medium, stimulating certain glucose-
sensitive processes such as insulin secretion from pancreatic (3-cells. The starch-amylase inhibition
assay is also prone to interference from plant-derived reducing sugars.

It is important to examine polar plant extracts for the presence of glucose and other monosac-
charides. This can be done using simple laboratory spot-tests for reducing sugars — e.g., the
standard Fehling’s solution test or dinitrosalicylic acid reduction as described earlier under the
starch-amylase inhibition assay. The actual sugars present can be identified and semiquantified
using thin layer chromatography (Lewis and Smith, 1969). Gas or high-performance liquid chro-
matography can be used for more accurate quantitation; methods are readily available in the
literature. Sugars in an extract can be removed by dialysis through a semipermeable membrane or
by size exclusion chromatography through an appropriate gel column such as Sephadex G-10
(Houghton and Raman, 1998). However, one drawback is that other small molecules of interest
may be lost in the process.
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Saponins have the property of disrupting cell membranes. If they are present in significant
quantities in plant extracts, they may have detrimental effects in cell-based in vitro assays. At the
same time, they may overshadow a true mechanism-based effect of an extract in these cell systems.
Cell membrane disruption by saponins can be investigated using the trypan blue exclusion method
or by measuring LDH release as described in studies on pancreatic islets and beta cell lines (Persaud
et al., 1999; Srijayanta et al., 1999).

It is recommended that dose—response studies be performed in parallel for the desired biological
effect and cell damage in order to determine the extent to which they coincide. For example, in
studies on Anemarrhena asphodeloides and its active components (Srijayanta et al., 1999), it was
found that, at lower concentrations, insulin release from beta cells was stimulated in the absence
of any damage to the membrane. The ability of some saponins to hemolyse blood cells can be used
to test for their presence in a plant extract. Aqueous extracts containing saponins also form stable
froths when shaken in a test tube. Saponins can often be extracted into butanol from aqueous
solutions, leaving more water-soluble components in the aqueous layer. However, this risks losing
other butanol-soluble components with the saponins.

Polyphenolic compounds, which are ubiquitous in nature, bind easily to proteins (thus their
alternative name of “tannins”) and often give rise to false positives or negatives in bioassays. The
presence of polyphenols in a plant extract can be determined by testing the extract with iron (III)
chloride solution. A dark blue/green color signifies the possible presence of these compounds.
Polyphenols can be removed from an extract by a variety of methods that have been summarized
and evaluated by Wall et al. (1996). These include size exclusion separation on Sephadex LH20
gels, binding to polyvinylpolypyrrolidone, and solvent—solvent extraction. Again, these methods
may result in some loss of compounds of interest.

SOLUBILIZING PLANT EXTRACTS FOR IN VITRO STUDIES

Virtually all the in vitro bioassays described in this chapter utilize an aqueous environment. It is
essential that plant extracts to be tested dissolve completely in the in vitro medium and this may
present some difficulties when dealing with nonpolar extracts. Some options are to predissolve the
extract at high concentration in a minimum quantity of water-soluble organic solvent such as
ethanol, methanol, or dimethylsulfoxide (DMSO). The solution is then added to the bioassay
medium in a volume so that the concentration of solvent is not detrimental to the assay. This “safe”
concentration must be determined by prior experimentation. For example, a number of cell-based
assays are able to tolerate up to 3% DMSO. Care should be taken that precipitation does not occur
when the concentrated extract solution is added to the aqueous medium. An alternative is to use a
surfactant solubilizing agent such as one from the Tween series.

AN ALTERNATIVE GLUCOSE SUBSTRATE FOR IN VITRO UPTAKE STUDIES

The radiolabeled substrate D-2-deoxy-[*H ]glucose is commonly used for studies on glucose uptake
into muscle, fat, or liver. Ball et al. (2002) have proposed a nonradioactive fluorescent derivative
of 2-deoxy-glucose, 2-(N-(7-nitrobenz-2-oxa-1,3-diazol-4-yl)amino)-2-deoxyglucose, as an alter-
native. This compound demonstrates a favorable uptake profile into cardiomyocytes, including
sensitivity to insulin.

CONCLUSIONS

In vitro tests offer a number of significant advantages for research on antidiabetic plants. A wide
range of tests is available based on various mechanisms that would alleviate hyperglycemia in
diabetes. The use of specific tests is recommended when screening natural products or other samples
for a particular mode of action. However, if the mechanism by which a plant material is acting is
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to be elucidated, a full range of tests should be used. Multiple mechanisms and active components
are possible in antidiabetic plants. In conducting the tests, attention should be paid to potential
interferents in the plant extracts.
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INTRODUCTION

India is a large country composed of people of different cultures, traditions, and heritages. This
rich culture and tradition is reflected not only in daily life, but also in health practices. India has
a long health tradition that dates back to 3000 B.c. or much earlier. The Indian medical tradition
prevails at two levels: (1) the classical system, which includes Ayurveda, Siddha, and Unani
traditions and is characterized by institutionally trained doctors and also well developed theories
to support its practices; and (2) the folk system, termed Lok Parampara, which is an oral tradition
passed on from father to son or mother to daughter. The folk tradition is rich, vibrant, and diverse
and includes:

* Knowledge and belief regarding foods — Pathyam and Apathyam (i.e., foods to be
preferred or avoided)

* Knowledge of diagnostic procedures and preventive measures

* Knowledge of Rutucharya or adaptation of food and regimen to suit the seasons

*  Yoga and physical practices for disease prevention

The classical system of practice in recent times has gained a lot of interest, not only in the

Indian subcontinent but also in the West. The characteristic feature of the classical system is that
it considers the individual as a whole rather than considering the disease alone. The treatment of
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the individual is done taking into consideration constitution, susceptibility to falling sick, mental
make-up, food habits and lifestyle, surroundings, etc. Among all the classical systems, Ayurveda
has been well refined to a very high degree. The basis of Ayurvedic treatment is its powerful concept
of prakriti.

Ayurveda is a medical science that means the nature or natural or original form of the build
and constitution of the human body. Disease occurs when the original form changes or alters at
the psychological, physiological, or biochemical level. Ayurveda places importance on prakriti, the
natural state of the individual; the disease, or vikruthi, is given second importance and is examined
later. Ayurveda helps to keep the body and mind healthy and fit. In Ayurveda, three steps are used
in treating any disease: (1) Samsodhara — cleansing process; (2) Samsarvana — palliative measure;
and (3) Vidanaprivarjara — treating the cause. Ayurveda traces it etymology to Ayush, meaning
life, and veda (vid), meaning knowledge. Ayurveda uses different indigenous plants, animal prod-
ucts, etc. to treat disease.

The Siddha system of medicine is based on remedies derived from the vegetable kingdom. The
word Siddha comes from the word Siddhi, meaning an object to be attained or perfection of heavenly
bliss. The fundamental principle on which Siddha is guided is that “nature is man” and “man is
nature” and thus both are essentially one. Man is therefore the universe in a miniature form
containing all the five elements — Munn (solid), Neer (fluid), Thee (radiance), Vayu (gas), and
Akasam (ether) — and the various principles that constitute the mineral, vegetable, and animal
kingdoms. The human anatomy and physiology, the causative factor of diseases, the materials for
the treatment, the cure of the disease, and food for sustenance all fall within the five elements. In
addition to this, the traditional forms of treatment all consider the physical elements of the external
world: air, heat, and water. These three elements are known as “humors” and, as they enter the
body, are called tridoshaa.

In the body, these elements are called air, bile, and phlegm and represent air, fire, and water
of the external world. These humors maintain and sustain the body through their combined func-
tioning. All the traditional forms — whether Ayurveda, Siddha, or Unani — advocate that, without
these three humors, the individual cannot be normal and any imbalance that occurs in these three
factors results in disease or death. If all three factors work properly and without any change, the
body will be healthy and disease free. Imbalance due to astral or cosmic influence, poison or
poisonous substances, or psychological or other factors causes these three factors and disease.

Medicines are prescribed to set right the imbalance in life factors by addition, reduction, or
neutralization; all matter contains the five elements and thus the three factors. The Siddha system
not only includes medicine and alchemy but also yoga and philosophy. By Indian tradition, yoga
is the means by which one obtains omniscience and the power of achieving and controlling mighty
things. Siddha acknowledges 64 kinds of yoga.

Phytomedicine had its genesis in India from time immemorial. There is evidence in the early
Vedic period of plants being used for a wide range of medicinal purposes. This is evident in the
living folk tradition in rural communities and also in the classical system of treatment in which
plants have been used and are still in use. At the folk level in many ecosystems from the Himalayas,
which has a wealth of green pharmacy to the coast, the local communities have observed and
studied medicinal plants in their locality and identified their uses. In many cases, no written text
proves or disproves the plants’ utility because most of them are passed on from father or mother
to son or daughter by word or practice.

Today, a number of plants are used in different Indian systems of medicine and several species
overlap the different systems. In terms of life forms, medicinal plants are equally distributed across
habits, namely, trees, shrubs, and herbs. Among these, one third are trees, an equal proportion is
shrubs, and the rest are herbs, epiphytes, grasses, and climbers. Small numbers are lichens, ferns,
and algae. These medicinal plants also have a wide distribution pattern. A vast majority are found
in the tropical zone — the western and eastern ghats, the Vindhyas, etc. Less than 30% are confined
to the temperate and colder zones.
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The depth of study of plants is clearly reflected in their manifold application. It is not uncommon
to see several different applications of the same plant in various formulations. A number of plants
have been used in the treatment of diabetes.

Diabetes mellitus is a disease affecting more than 60 million individuals and may attain more
than 300 million in the next decade. Diabetes was known to ancient Indian physicians as Madumeha;
many herbs and herbal preparations have been used to treat the disease, as well as several metals
and minerals. Ayurveda has given an elaborate description about this disease, its clinical features,
patterns, and management using herbal or herbomineral drugs. Plants and plant drugs are frequently
considered to be less toxic and freer from side effects than synthetic ones. It has been observed
that certain resistant cases of diabetes that do not respond to modern medicines like tolbutamide,
glibenclamide, etc. respond very well when treated with herbomineral and herbal preparations,
alone or in combination with other oral hypoglycemic agents.

A number of plants and plant extracts have been used in the treatment of diabetes. Many of
these plants are also used in the treatment of other diseases in India and many more are being
identified. A few that have been extensively studied are reported in this chapter.

SYZIGIUM CUMINI LINN. (JAMUN)

Syzigium cumini L. (synonym: Eugenia jambolana) belongs to the family Myrtaceae and is widely
cultivated in India for its delicious fruits. The Jamun tree is native to India and easily thrives in
hardy tropical regions; it is found in all parts of Indian subcontinent as well as in Africa and
Southeast Asia. The fruit has an unusual taste, flavor, and color. The fruit has a number of medicinal
properties, especially for the treatment of diabetes. The fruit is generally purple and has a subacidic
to sweet taste. The edible portion of the Jamun fruit forms 70% of the whole fruit.

Preliminary studies indicate that a decoction of the dry leaves of the Jamun exhibits hypogly-
cemic effects.! Mahapatra et al.”> did some preliminary studies on the glycemic effect of Jamun
seeds and found that they produce hypoglycemia. The fruit, bark, and seeds have been found to
possess antidiabetic properties. Stanely Mainzen Prince et al.’> have shown that the alcoholic as
well as the aqueous extracts of the seeds of Syzigium cumini possess antidiabetic properties. The
seed extracts also have a significant effect on key carbohydrate metabolic enzymes such as hex-
okinase and glucose-6-phosphatase in diabetic rats.* Studies have also shown that the seeds have
hypolipidemic properties. The hypoglycemic and hypolipidemic properties are closely associated
with their antioxidant properties.

The natural history of diabetes is characterized by a series of complications that affect many
organs of the body and also play a vital role in the final outcome of the disease. Reactive oxygen-
derived radicals play an important role in the pathogenesis of diabetes mellitus. Other complications
of diabetes, such as retinal damage and renal injury, occur through oxygen-related radical processes.’
During diabetes, the free radical production is increased. Administration of Jamun seed extract
decreases the formation of free radicals and protects the tissues from oxidative stress.>

Jamun seed extract has been found to increase the activity of antiperoxidative enzymes in
diabetic rats. This shows that Jamun seed extracts possess an antioxidant property. Chemically,
Jamun seeds contain quercetin, gallic acid, and ellagic acid, which are known antioxidants.® In
diabetes, free radicals are formed and these react with the cell membrane components to produce
a toxic reaction. They also bring about changes in the composition of the cell membrane compo-
nents.

Diabetes mellitus also affects the molecular characteristics of collagen, which, because it is a
protein with low turnover, is highly susceptible to advanced glycation in vivo. Furthermore, the
molecular and structural modifications of collagen observed in diabetes are biochemically and
physiologically linked to the development of complications. Advanced glycation end products
(AGE) are directly implicated as one of the major factors responsible for the development and
progression of multiorgan damage in diabetes. Jamun seed extract showed a significant effect on
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cross linking, extent of glycation, collagen-linked fluorescence and the intensity of B-component
in rat tail tendon of STZ-diabetic rats. Thus, Jamun seed extract reduces the formation of AGE
products.”

One of the major events taking place during diabetes is the glycation of proteins and formation
of Amadori products; finally, the Maillard reaction produces irreversible advanced glycation prod-
ucts. Administration of Syzigium cumini seed extract results in hypoglycemia and thus reduced
formation of AGE products. Studies have shown that the aqueous and ethanolic extracts of Syzigium
cumini prevent the formation of AGE products.”

PHYTOCHEMISTRY

Syzigium cumini seeds contain ellagic acid and the alkaloid jambosine. Alcoholic extracts of
Syzigium cumini seeds contain gallic acid, ellagic acid, corilagin, and related ellagitannins, 3,6-
hexahydroxydiphenoyl-glucose and its isomer, 4,6-hexahydroxydiphenoyl glucose, 1-galloyl glu-
cose, 3-galloyl glucose, and quercetin. Acetone extract of the bark and seeds contains partially
methylated derivatives of the ellagic acid-3,3'-di-o-methyl ellagic acid and 3,3’,4-tri-o-methyl
ellagic acid. Alcoholic extraction of tannins results in their extensive degradation into simple
phenolic compounds.®

TINOSPORA CORDIFOLIA MIERS

Tinospora cordifolia Miers (Menispermaceae) is a glabrous climbing succulent shrub commonly
found in hedges. It is native to India and thrives easily in tropical regions. It also grows in Burma
and Ceylon. Tinospora cordifolia (Guduchi) has long been known in Ayurvedic literature as a tonic,
vitalizer, and a remedy for diabetes and metabolic disorders.? It is also one of the constituents of
the Ayurvedic preparation Amrithadi Churnam, which has antidiabetic activity. In addition to
Tinospora, the other constituents of this preparation are Curcuma longa, Emblica officinalis, Salacia
chinensis Linn., and Tribulus terrestris.

In 1967, Gupta et al.® studied the antidiabetic effects of fresh green stems on fasting blood
sugar, glucose tolerance, and adrenaline-induced hyperglycemia in rabbits and rats. The alcoholic
(200 mg/kg) as well as the aqueous (200 mg/kg) extract of the plant caused a significant effect on
glucose tolerance as judged from the marked inhibition of the rise in blood sugar level after the
glucose meal (4 ml/100 g of 25% solution) in the treated rats compared to the controls. The sugar
tolerance was, however, found to deteriorate after the third and fourth weeks of treatment, respec-
tively, in animals treated with the alcoholic and aqueous extract. The authors concluded that the
exhaustion of the -cells of Langerhans undergoing continued stimulation during prolonged treat-
ment with the drug may be the cause leading to a paradiabetic state similar to that reported after
prolonged treatment with sulfonyl ureas.

Gupta et al.!’® also studied the effect of serial extracts of petroleum ether, ether, chloroform,
alcohol, and water in a series of crossover tests. None of these extracts except the aqueous extract
caused any significant reduction in blood sugar level. The last fraction extracted with water, however,
caused an appreciable reduction (20.1%) in blood glucose compared to the other serial extracts,
indicating that the hypoglycemic principle in the drug is water extractable.

They also observed that the bitter principle isolated from water extract did cause appreciable
reduction in blood sugar compared to controls, but the percentage of reduction was not significant.
The bitter principle also caused a marked and significant inhibition of the hyperglycemic response
induced by 0.5 mg/kg intraperitoneal injection of epinephrine hydrochloride. The hyperglycemic
response of epinephrine is known to be mediated partly by increased glycogenolysis and partly by
the release of corticoids as a result of the stimulation of the adreno—hypophyseal axis; therefore,
it is likely that T. cordifolia with its constituent bitter and nonbitter fractions might be preventing
the rise in blood sugar level by inhibiting these mechanisms. This seems to be further substantiated
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from another observation in which the drug inhibited the hepatic glucose release in dogs after
epinephrine injections.!! Furthermore, because the hypoglycemic effect of the bitter fraction isolated
from the boiled aqueous decoction was insignificant, it is likely that the hypoglycemic principle in
the plant may be thermolabile and of an enzymatic nature.

In 1965, Gupta et al.'? reported that the fresh extracts also potentiate insulin effect on glucose
uptake by rat diaphragm. A few chromatographic fractions of fresh extract per se influenced the
glucose uptake by tissues in in vitro experiments.'® It is therefore likely that the hypoglycemic
activity of the drug may be related partly to the direct metabolic effect on tissues and partly to
endogenous insulin secretion similar to that effect produced by sulfonyl urea derivatives. Studies
were conducted on the aqueous, alcoholic, and chloroform extracts of the leaves of T. cordifolia
in normal and alloxan-diabetic rabbits. The extracts exerted a significant hypoglycemic effect in
normal as well as in alloxan-treated rabbits. The extracts of the leaves of T. cordifolia also had an
insulin-like action.'?

Grover et al.'* studied the extracts of T. cordifolia in experimental diabetes. Aqueous extract
of T. cordifolia (400 mg/kg/day) exhibited a hypoglycemic effect in moderate diabetes. Stanely
Mainzen Prince and Menon'” discovered that the aqueous and alcoholic extracts of 7. cordifolia
roots exhibit antihyperglycemic effect in diabetic rats. The possible mechanism by which T. cordi-
folia root extract brings about its hypoglycemic action may be potentiating the insulin effect of
plasma by increasing the pancreatic secretion of insulin from the $-cells of islets of Langerhans
or its release from bound form. The alcoholic extract returned glucose levels to near normal levels.

The effect of alcoholic and aqueous extracts of 7. cordifolia roots on the activities of glucose-
6-phosphatase and hexokinase in liver was also studied in diabetic rats. Administration of these
extracts increases the activity of hepatic hexokinase and decreases the activity of glucose-6-
phosphatase.!> Stanely Mainzen Prince et al.!'® evaluated the effect of aqueous and alcoholic T.
cordifolia root extract on serum and tissue lipids in diabetic rats. Administration of aqueous extract
decreases the serum and tissue lipids in diabetic rats. The alcoholic T. cordifolia root extract
maintained all the lipid levels at near normal level. The hypolipidemic effect of root extract can
be explained as a direct result of the reduction in blood glucose concentration.

The effect of aqueous and alcoholic extracts of 7. cordifolia root on lipid peroxidation in plasma
and tissues was also evaluated in diabetic rats. These extracts decreased the levels of lipid peroxides
in diabetic rats. The alcoholic extract brought back the level of the lipid peroxides to near normal
level. The results of the study showed the antilipoperoxidative action of T. cordifolia."

Studies on the aqueous and alcoholic extracts of T. cordifolia roots on ceruloplasmin, o-
tocopherol, glutathione, and vitamin C in diabetic rats showed that administration of these extracts
lowered the plasma ceruloplasmin and a-tocopherol and increased the plasma glutathione and
vitamin C in diabetic rats. Alcoholic extracts restored the levels of all the nonenzymatic antioxidants
to near normal levels in diabetic rats.!” These extracts also increase the activity of superoxide
dismutase and catalase in diabetic rats. The effects of alcoholic extract was more effective than
aqueous extract and maintained the antioxidant enzymes at near normal levels.!7!8

Stanely Mainzen Prince and Menon also evaluated the effect of aqueous and alcoholic T.
cordifolia root extracts on the molecular characteristics of collagen in STZ-induced rat tail tendon.
Diabetes mellitus causes changes in the metabolism of basement membrane and interstitial collagen.
It also alters the acid solubility, extent of glycation, intensity of fluorescence, and o/f} ratio of
collagen. Oral administration of aqueous and alcoholic 7. cordifolia increases the acid-soluble
collagen and decreases the extent of glycation and intensity of collagen-linked fluorescence in STZ-
induced diabetic rat tail tendon.

Additionally, Stanely Mainzen Prince and Menon evaluated the effect of aqueous and alcoholic
T. cordifolia root extract on o/f ratio of collagen in STZ-induced diabetic rat tail tendons. Admin-
istration of aqueous 7. cordifolia root extract decreases the intensity of f3-component and alcoholic
root extract returns the values to near normal.



122 Traditional Medicines for Modern Times: Antidiabetic Plants

PHYTOCHEMISTRY

Many compounds have been isolated from the stems of 7. cordifolia. They include tinosporaside
(18-norclerodane glucoside),'® clerodane furano-diterpene, diterpenoid furano-lactone,’ phyto-
ecdysones (ecdysterone and makisterone),?' and cordifoliosides A, B, C, D, and E (norditerpene
furan glycosides),?>?* in which cordifoliosides A and B are also called TC5 and TC6. Syringine
(TC4) and syringine epiosyl glycoside,? two clerodane diterpenoids (tinosporane and tinocordio-
side),” and cordioside and its derivatives (a clerodane furano diterpene glucoside),?® which are also
known as TC-1 and TC-2, have been isolated from the stems of 7. cordifolia. Cordiol (TC-7)?" and
cordioside (TC-3) are also isolated from the stems. Arabinogalactan from the dried stems and 20-
B-hydroxy ecdysone, a steroid from the aerial parts of the plant, have been isolated.?®?° Tinocor-
diofolioside (daucane-type sesquiterpene glucoside)® is also isolated from the stem. Two phenyl
propane glycosides were isolated from the polar fractions of the aqueous extracts of Tinospora
cordifolia. Jatrorrhizine (isoquinoline alkaloid) has been isolated from the alcoholic root extracts
of the plant.3! The bitter principles have been identified as columbin, chasmanthin, berberine, and
paimarin.

TRIGONELLA FOENUM GRAECUM LINN. (FENUGREEK)

Fenugreek, an erect, strongly scented, robust annual herb, belongs to the family Papilion-
aceae—Leguminosae. It is extensively cultivated as a food crop in India, the Mediterranean region,
North Africa, Yemen, and the U.S. Fenugreek seeds are used in India as a condiment and in Egypt
as a supplement to wheat and maize flour for bread making; in Yemen, it is one of the main
constituents of the normal daily diet of the general population. The leaves of fenugreek are widely
consumed in India as a green leafy vegetable and are a rich source of calcium, iron, (3-carotene,
and other vitamins.®

In Indian Ayurvedic medicine, fenugreek is widely used as a remedy for diabetes mellitus. It
is also a constituent of some of the herbal formulations used in Ayurveda to cure diabetes. Fenugreek
seeds have been used for a long time for their antidiabetic action. Khosla et al.* have showed that
the seed extract exhibits hypoglycemic effects. The extract also causes a significant hypoglycemic
effect in cadmium and alloxan-induced hyperglycemic rats.3* Supplementation of 20% fenugreek
diet for 20 days prior to STZ injection resulted in a significant effect on hyperglycemia, free fatty
acids, cholesterol, and triglycerides.®

Fenugreek seeds also showed a significant effect on blood glucose levels in dogs.’® A
decoction of fenugreek seeds (40 to 80% dilution) showed a hypoglycemic effect in mice.
Ethanolic extracts of fenugreek seeds have been shown to have hypoglycemic action.’” No change
in plasma insulin was reported in rats or dogs after administration of fenugreek.*3 In chemically
induced diabetes, some authors have established an increase in plasma insulin levels.***! The
observed increase in these levels may be due to a direct stimulatory effect on the 3-cells. In this
context, Sauvaire et al.*? have reported an insulin secretion-stimulating compound (4-hydroxyi-
soleucine) in fenugreek.

In addition to fat, fenugreek seeds contain fiber, saponins, and proteins.*** In normal and
diabetic dogs, defatted portions of the seeds exhibited hypoglycemic and hypocholesterolemic
effects. Defatted fenugreek improves oral glucose tolerance and modifies pancreatic hormone
levels.* The two subfractions, a and b, of defatted fenugreek were investigated by Ribes et al.?
They showed that the antidiabetic property was contained in the subfraction a, which consists of
testa and endosperm.

Earlier studies indicated that the presence of trigonelline, a major alkaloid of fenugreek, is
responsible for its hypoglycemic effect.*44> Later, the presence of an orally active principle isolated
from fenugreek seeds was found to improve O glucose tolerance in alloxan-induced rabbits.*
Treatment of this fraction daily for 30 days at a dose of 50 mg/kg decreased the levels of fasting
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blood glucose in severely diabetic rabbits. They also reported an improvement in glycosylated
hemoglobin and serum lipid profile and an increase in the activity of key glycolytic enzymes in
muscle and inhibition on key gluconeogenic enzymes in the liver and kidney.

An insulin stimulating substance, 4-hydroxyisoleucine, was identified in the seeds of
fenugreek.*’ Sauvaire et al.*? have shown that this substance evoked a biphasic insulin response in
vitro at a concentration of 200 uM/l using isolated pancreas perfused with glucose. This 4-
hydroxyisoleucine is an unusual amino acid isolated and identified by Fowden et al.*# Alcock et
al.* have established the conformation of 4-hydroxyisoleucine. Coumarin, one of the constituents
of fenugreek, has also been reported to have a hypoglycemic effect in normal and alloxan-induced
diabetic rats.*> Another constituent of fenugreek, scopoletin, a coumarin, was found to have hypogly-
cemic effect in normal and alloxan-diabetic rats.*> Ghosal et al.*® reported the hypoglycemic effect
of fenugreekine, a steroidal sapogenin peptide ester.

In 1984, Madar®® suggested that fenugreek reduces plasma glucose levels by delaying gastric
emptying and by direct interference with glucose absorption at the gastrointestinal level. Later it
was reported that the dietary fiber in fenugreek was the major contributor for reducing plasma
glucose.’'? Sharma®' reported that when fenugreek was degummed, the seeds had little hypogly-
cemic effect. In 1990, Madar and Shomer>* stated that galactomannan in the gel fraction of the
seeds is responsible for the reduction in plasma glucose by increasing the viscosity of the gut
contents.

Ali et al.>* have reported that fenugreek powder, its methanol extract, and residue remaining
after methanol extraction had significant antihyperglycemic effect when fed with glucose to animals.
An additional possible mode of action of fenugreek is an effect on intestinal carbohydrate digestion.
using an inverted sac technique, Madar and Shomer>? observed that fenugreek decreases digestion
of starch and also glucose absorption in vivo and in vitro. A significant decrease in the activity of
intestinal sucrase was reported by Platel and Srinivasan® with the addition of 2% fenugreek seeds
to the diet of rats. Clinical studies have showed that fenugreek seeds exhibit glucose-lowering
effects in type I and type II diabetes. Fourier>® reported that the administration of coarsely ground
fenugreek seeds improved severe diabetes in human subjects.

Type I diabetics fed 100 g fenugreek/day in their diet showed a significant glucose-lowering
effect.” There is also a report showing that type II diabetics fed 15 g of fenugreek daily showed
a significant effect in hyperglycemia.”®® Sharma et al.’” have reported that whole and extracted
fenugreek seeds diminished blood glucose in diabetic subjects. When given in the diet for 15 days
to NIDDM patients prior to an intravenous glucose load, fenugreek powder (25 g) significantly
altered plasma glucose kinetics and increased the metabolic clearance rate.>

PHYTOCHEMISTRY

Fenugreek seeds are a rich source of protein, unavailable carbohydrates, mucilages, and
saponins.®-63 Fenugreek also contains high dietary fiber. Its viscosity is also high. 3% The seeds
are also rich in saponins.® Three steroidal sapogenins, diosgenin, gitogenin, and tigogenin, have
been reported by Anis and Aminuddin.®® Ghosal et al.’® have reported a sapogenin peptide ester
called fenugreekine. Fenugreek is rich in arginine, alanine, and glycine; the lysine content is very
low.576% A major free amino acid, 4-hydroxyisoleucine, was reported in the seeds by Sauvaire et
al.® Trigonelline is an important alkaloidal component of the seeds.** The seeds contain less starch
but higher concentrations of minerals such as calcium, iron, phosphorus, Zn, and Mn.” The seeds
also contain neutral lipids, glycolipids, and phospholipids.”! Girardon et al.”? have elucidated the
aromatic constituents of the seeds. They include n-alkanes, sesquiterpenes, and oxygenated com-
pounds such as hexanol and y-nonalactone. Flavanoids, carotenoids, and coumarins are the other
constituents present in the seeds.”
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MOMORDICA CHARANTIA LINN.

Momordica charantia (MC) belongs to the family Curcurbitaceae and is cultivated throughout the
tropics, particularly in India, China, East Africa, and Central and South America. It is occasionally
grown as an ornamental creeper, but more commonly cultivated for the use of its unripe fruit as a
vegetable. MC is a monocious climber cultivated throughout India as a vegetable. The fruit has a
number of different local names: bitter gourd, bitter-melon, balsam pear, cundeamor (South Amer-
ica) and karela (India).

MC is also widely used in India and Srilanka as a tonic, emetic, and laxative.”* Traditional
Chinese uses for the fruit, seeds, vines, and leaves include treatment of gastroenteritis, diabetes,
tumors, and some viral infections.” Karela juice prepared by crushing and straining the unripe fruit
(ca. 50 ml) is taken once or twice a day as an antidiabetic remedy. The effects of MC juice or
extracts have been studied in normal, alloxan-, and streptozotocin-diabetic rats, rabbits, and mice.

MC juice caused an improvement in glucose tolerance in alloxan-diabetic rabbits but not in
normal rabbits. Akhtar et al.”® observed that dried MC fruit exhibited a significant dose-dependent
reduction in blood glucose. They also observed that a minimum dose was required for alloxan-
treated rabbits. Kulkarni and Gaitonde”” did not find a reduction in fasting blood glucose level on
acute or chronic administration of dried karela juice to normal rabbits. Administration of a chlo-
roform-soluble extract of the juice caused a marked hypoglycemic effect in alloxan-treated but not
normal rabbits.”® Oral administration of a benzene extract of MC improved glucose tolerance in
alloxan-treated rabbits.”

A number of studies have been conducted with rats on the effects of MC extracts and juice.
Acute administration of the juice has been reported to improve glucose tolerance in normal rats.®
Gupta?! also reported improved glucose tolerance in rats with anterior pituitary extract-induced
hyperglycemia. Treatment with MC juice for a period of 1 month lowered the glucose tolerance
in STZ-induced rats but the effect is not statistically significant.®?> A polar solvent of MC extract
improved glucose tolerance of orally and intraperitoneally administered glucose.®

The insulin secretagogue activity of MC was studied by Ali et al.,®* who observed improved
glucose tolerance in NIDDM model STZ-treated rats and not in IDDM induced higher dose of
STZ. Dale et al.® failed to show a significant increase in insulin level with MC treatment in normal
rats. Acute administration of MC juice in fasted normal and STZ-treated animals showed a signif-
icant improvement in glucose tolerance.30-82.8385

With very high doses of STZ, the effect of MC was abolished and it showed no effect.?® Chronic
administration of karela for 20 days to alloxan-diabetic rats resulted in a significant reduction in
blood glucose in a dose-dependent manner.8”-%° Prior administration of MC juice to alloxan-diabetic
animals did not show any protective effect.” Platel et al.”! observed a significant lowering of serum
cholesterol with MC administration in normal rats. Karela administration also delayed cataracto-
genesis in STZ-induced diabetic animals.?”-%

In the normal glucose-primed rat model, MC fruit extract (500 mg/kg) depressed the plasma
glucose levels. In STZ-diabetic rats, it improved the oral glucose tolerance test. The extract also
caused a significant increase in the rate of glycogen synthesis in the liver of normally fed rats. The
study showed that the mechanism of action of MC could be partly attributed to increase in glucose
utilization in the liver rather than the insulin secretory effect.??

Raza et al.”® investigated the effects of oral feeding of MC fruit juice on the hepatic cytochrome
P,s, and glutathione-S-transferase drug-metabolizing enzymes in STZ-diabetic rats. Diabetic rats
exhibited a 50% increase in aniline hydroxylase, ethoxy resorufin-o-deethylase activities, which
was reversed by MC juice feeding. Feeding of MC juice to the diabetic animals also showed a
significant effect on aminopyrine N-demethylase activity and ethoxy resorufin-o-deethylase activity.
The cytosolic glutathione concentration was also normalized by karela juice feeding.

Treatment with MC extract improved glucose tolerance in normal mice. The insulin levels in
MC extract treated and untreated normal animals did not show any significant changes.*
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M. charantia juice caused a reduction in STZ-induced apoptosis in RIN cells, indicating the mode
of protection of M. charantia juice on RIN cells, islets, and pancreatic 3-cells.”

Long-term feeding (10 weeks) of M. charantia fruit extracts on blood glucose and tissue lipid
profiles (i.e., plasma, nonesterified cholesterol, triglycerides, and phospholipids showed a decrease
in STZ-diabetic rats. HDL-cholesterol was increased by M. charantia treatment. The fruit extract
also normalized kidney lipid peroxidation in STZ-diabetic rats. The results of this study suggest
that the M. charantia fruit extract exhibits hypolipidemic as well as hypoglycemic effects.”® P-
insulin, a polypeptide isolated from MC when administered to fasted gerbils and langurs, caused
a significant blood glucose-lowering effect.?’

Charantin isolated from MC by Lotlikar and Rajarama Rao contained a mixture of sitosterol
and stigmastadienol glucosides.”® Oral or intravenous administration of charantin to fasted normal
rabbits elicited a significant blood glucose-lowering effect. In alloxan-diabetic rabbits, the effects
were more erratic. Pancreatectomy was found to reduce but not abolish the hypoglycemic effect
of charantin indicating a dual mechanism of action.”

In STZ-induced diabetic rabbits, MC seeds showed a significant blood glucose-lowering
effect.!® The seed also normalized serum cholesterol, fatty acids, triglycerides, and glycogen in
muscle and liver. Dubey et al. studied methanol, 50% aqueous ethanol, and normal saline extracts
of MC seed on fasted albino rats and found a significant blood glucose-lowering effect. The
methanol and saline extracts reduced adrenaline-induced hyperglycemia. In these two experiments,
methanol extract showed a highly significant effect compared to the other extracts. In another
experiment conducted on the seed extract, Ali et al.3 failed to observe any decrease in blood glucose
levels in fasting or postprandial states and STZ-treated IDDM rats by the seed extract.

Handa et al.'%? have isolated vicine from the seeds of MC. The yield was 0.6%. Vicine caused
a hypoglycemic effect when administered intraperitoneally to normal fasted albino rats. Kedar and
Chakrabarti'® used a dose equivalent to about five times the amount of seed administered orally
to obtain a response in normal fasting albino rats.

A tea prepared from the MC vines (Cerasee tea) lowered basal glucose concentrations in normal
mice and also improved glucose tolerance, but the levels of plasma insulin did not change signif-
icantly.'9 Substitution of cerasee tea for drinking water improved glucose tolerance after 12 days
of treatment. In normal rats, a methanolic extract and a saponin-free methanolic extract of the
whole plant tested in normal rats did not show any effect on fasting blood glucose.?*

Gupta and Seth'™ studied the effect of oral administration of MC juice (5 ml/kg) on glucose
tolerance in albino rats. The treated rats showed a significant reduction in blood sugar compared to
control rats. The juice did not influence the absorption from the intestine. In another experiment
conducted on normal and alloxan-induced diabetic rats, it was shown that oral administration of MC
fruit extract exhibits a reduction in blood sugar.'% A mild hypoglycemic effect has been observed in
normal and alloxanized rabbits after administration of the juice and the dried extract of M. charantia.
In alloxan-diabetic rats, administration of MC juice at a dose of 10 ml/kg exerted a toxic effect.!%

Lal and Choudhuri'”” conducted experiments on rabbits after the chronic administration of MC
fruit (5 cc/kg) daily for 15 days. They found that the reduction of fasting blood sugar was 10.1%
on the 7th day and 23.2% reduction by the 15th day. In another study, Vimala Devi et al.'® reported
the hypoglycemic action of the ether extract of MC leaves in rats. They also stated that the activity
of MC leaves was comparable to that of tolbutamide.

PHYTOCHEMISTRY

Momordica charantia fruit contains steroids, charantin, momordicosides (G,F1,F2,[.K,L), acyl gluc-
osyl sterols, linolenoylglucopyranosylclerosterol, amino acids, fatty acids, and phenolic compounds.
The seeds of MC contain galactose-binding lectins, vicine, amino acids, fatty acids, terpenoids, and
momodicosides (A, B, C, D, and E). The phytochemicals isolated from the whole plant, vines or
leaves include saponin, sterols, steroidal glycosides, alkaloids, amino acids, and proteins.'®
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GYMNEMA SYLVESTRE R. BR.

Gymnema sylvestre is a climbing shrub belonging to the family Asclepiadaceae. It is widely used
in Indian Ayurvedic medicine for a number of diseases, including diabetes mellitus. It is native to
India, especially in Konkan, Maharastra, and western ghats. Reports have indicated that G. sylvestre
leaf extracts decrease hyperglycemia in diabetic rabbits, rats, and humans.!''-'1? Shanmugasundaram
and Pannerselvam'!3 stated that the glucose-lowering effects may be mediated by increase in insulin
secretion.

The leaf extract also showed a significant blood glucose-lowering effect in normal and STZ-
induced diabetic rats.!'* Chattopadhyay'! also studied the effect of water-soluble fraction of alco-
holic extract of G. sylvestre leaves on glycogen content by isolated rat hemidiaphragm in normal
and glucose-fed hyperglycemic rats. In glucose-fed rats, the leaf extract lowered the glycogen
content of the tissue significantly.

Persaud et al.!'® examined the effects of an alcoholic extract of G. sylvestre (GS,) on insulin
secretion from rat islets of Langerhans and several pancreatic 3-cell lines. They have suggested
that G. sylvestre stimulates insulin release in vitro by increased membrane permeability. G. sylvestre
leaf extracts also regenerate the islets of Langerhans in STZ-diabetic rats.!'” Shanmugasundaram
et al. also found that when two water-soluble extracts, GS; (60 days) and GS, (20 days), were
given to diabetic rats, they returned the fasting blood glucose levels to normal levels. GS; and GS,
also showed an increase in serum insulin levels closer to normal value. In diabetic pancreas, GS;
and GS, were able to double the islet number and (3-cell number.

Okabayashi et al.''® studied the effect of GS, on glucose homeostasis in nondiabetic and
streptozotocin-induced mildly diabetic rats. Administration of 1 g/kg body weight of GS, to 18-h
fasted nondiabetic rats attenuated the serum glucose response to oral administration of 1 g/kg
glucose. In streptozotocin diabetic rats, GS, was supplemented with diet. After 1 month, GS, showed
a significant serum glucose-lowering effect and improved glucose tolerance. GS; has been reported
to reduce hyperglycemia in diabetic rats, increase insulin release in vivo and in vitro, and increase
-cell number after STZ-induced diabetes.!!”

A few reports are available on the antidiabetic effect of G. sylvestre leaf extract in humans.
Baskaran et al.!'? studied the antidiabetic effect of a leaf extract from G. sylvestre in NIDDM
patients. In 22 type II diabetic patients, GS, (400 mg/day) administration for 18 to 20 months
showed a significant decrease in blood glucose, glycosylated hemoglobin, and glycosylated proteins.
They suggested that (3-cells may be regenerated or repaired in type II diabetic patients by GS,
supplementation. This observation was supported by the increase in the levels of serum insulin on
patients after GS, supplementation.

Another study showed that administration of GS, at a dose of 400 mg/day to 27 patients with
NIDDM reduces fasting blood glucose and serum lipids.'!” Conduritol A found in G. sylvestra has
been reported to have small stimulatory effects on basal insulin secretion from pancreatic islets in
vitro. The mechanism is not clear.'”®

PHYTOCHEMISTRY

Gymnema sylvestre leaves contain an antisaccharin principle called gymnemic acid. Aqueous
ethanolic extractions of the leaves provide two potentially active fractions; one contains conduritol
A, an acid-soluble polyol polyhydroxy cyclic compound, and the other contains a mixture of acid-
insoluble triterpenoid saponins (gymnemic acids) designated GS; or GS,."'7'20 Methanolic extracts
of leaves of G. sylvestre contain gymnemic acids I to IV and gymnemasaponin (V).!?!
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PTEROCARPUS MARSUPIUM ROXB.

Pterocarpus marsupium Roxb. (Leguminosae) is a large deciduous tree commonly found in hilly
regions of India, especially in Deccan Peninsula. It is also distributed in Gujarat, Madhya Pradesh,
Uttar Pradesh, Bihar, and Orissa. In different parts of India, Pterocarpus marsupium is one of the
important drugs widely used in traditional Ayurvedic medicine for the treatment of diabetes mellitus.

Joglekar et al.'?? observed that the administration of Pterocarpus marsupium aqueous extract
for 15 days to mice lowered glucose absorption from the gastrointestinal tract. This effect was due
to the action of tannins in the extract. A similar effect was confirmed by another study, which
showed that the infusion of aqueous extract of P. marsupium lowers blood glucose level after a
glucose meal in rats pretreated with P. marsupium.'?® This effect was confirmed in normal and
alloxan-induced diabetic rabbits in which the aqueous extract induced a significant hypoglycemic
effect.!?»125 Intravenous administration of pterostilbene (10 mg/kg), a constituent of P. marsupium
wood, showed antihyperglycemic effect in dogs.!?

Pandey and Sharma'?” have shown that decoction of P. marsupium bark (1 g/100 g daily for
10 days) exhibits hypoglycemic action in alloxanized rats. Another report shows that the aqueous
extract P. marsupium inhibits acute hyperglycemic response induced by the anterior pituitary extract
in glucose-fed albino rats.'?

Chakravarthy et al.'?® reported that the flavonoid fraction of P. marsupium regenerates [3-cells
in experimental diabetic rats. They also isolated a pure flavonoid, (—)-epicatechin, an insulin-
stimulating substance from the bark of P. marsupium. This flavonoid was obtained from the ethyl
acetate-soluble fraction of the ethanolic extract.!?>!3 They also confirmed the antidiabetic property
of (-)-epicatechin.!®! Epicatechin was found to regenerate the functional f-cells of islets of pancreas
in alloxanized rats.!3?

Kolb et al.!*? studied the effect of (—)-epicatechin on alloxanized rats and streptozotocin-induced
mice, but they failed to show a hypoglycemic action. Another study carried out by Sheehan et
al.13135 showed that (—)-epicatechin did not protect the (3-cells of pancreas against alloxan-diabetic
rats. They also suggested that it did not stimulate f-cell after administration of alloxan. These
findings are contrary to the reports of Chakravarthy and coworkers.'?*13° Studies on the effects of
(-)-epicatechin and (+)-epicatechin in alloxan-induced rats also did not find a curative effect.!3¢

Dharmadhikari and coworkers'*” suggested that the hypoglycemic action of P. marsupium may
be partly due to the stimulation of insulin secretion from the B-cells of islets of Langerhans and
partly due to reduced absorption from gastrointestinal tract. In 1995, Rizvi et al.!*® evaluated the
effect of insulin on erythrocyte osmotic fragility and the insulin-like role of (-)-epicatechin on
human erythrocytes. Insulin exerts a protective effect on erythrocyte osmotic fragility and
(-)-epicatechin also shows a dose-response reaction.

In addition to epicatechin, studies have shown that the heartwood of P. marsupium also contains
three other phenolic constituents: marsupin, pterosupin, and pterostilbene. These constituents were
tested in STZ-induced diabetic rats. Marsupin and pterostilbene lowered the blood glucose level
significantly in STZ-hyperglycemic rats and the effect was comparable to that of metformin.'*

Few clinical reports show the effect of Pterocarpus marsupium in diabetic patients. Extracts
of P. marsupium were found to exert a hypoglycemic effect in diabetic patients.'*’ In another study,
administration of a decoction of P. marsupium for 7 days improved glucose tolerance in diabetic
patients. Reduced blood and urine sugar was noticed in P. marsupium heartwood capsules (250
mg) in diabetic patients.'#! Kedar and Chakravarti'#? have reported a hypoglycemic action in diabetic
patients given the P. marsupium wood water (200 ml b.d) for a month. P. marsupium also lowered
the blood glucose in newly diagnosed or untreated mild NIDDM patients after 12 weeks’ treatment.



128 Traditional Medicines for Modern Times: Antidiabetic Plants

PHYTOCHEMISTRY

Several flavonoids and their derivatives have been isolated from various parts of the plant. Ptero-
carpus marsupium is a rich source of polyphenolic compounds. The key compounds include the
diaryl propane derivative, propterol; the stilbene, pterostilbene; the hydrochalcone, pterosupin; the
benzofuranone, marsupsin; the flavanoid, liquiritigenin; and the catechin, (-)-epicatechin. The first
four are the main components of the heartwood and (-)-epicatechin is found in the bark. The
phenolics marsupsin, pterosupin and pterostilbene have been identified as the blood sugar-lowering
components of the heartwood!* and (-)-epicatechin has been identified as the blood sugar-lowering
compound in the bark.!3*

CONCLUSION

Phytomedicine is an interesting science of vast potential. A number of active principles that can
be isolated from plants and herbs will revolutionize the mode of treatment of diabetes. Small
quantities of these active principles may prove to be more active than the whole plant. Because
diabetes is a multifunctional defect, care must be taken before the drugs are administered. The field
is open for many to work, identify, and isolate the active principle. Phytomedicine is the medicine
of tomorrow and, in the course of time, we shall see many interesting studies and results.
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INTRODUCTION

Traditional Chinese medicine and Kampo medicine (traditional Japanese medicine) are used to
treat sick people; they use formulations that combine several kinds of crude drugs prescribed based
on certain rules corresponding to the patient’s condition rather than to the name of a disease. Many
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clinical studies of formulations for diabetes mellitus in China and Japan have been reported. In
traditional Chinese and Japanese medicines, except for urorrhagia and nephropathy, diseases that
present with symptoms such as overintake of water due to polyuria and thirst (“Shokati” in Japanese)
are considered to be diabetes mellitus in modern medicine. Though Kampo medicines have been
suggested not to be so effective for the treatment of hyperglycemia clinically, they are effective for
the improvement of the accompanying symptoms of diabetes mellitus such as polydispia, polyuria,
and neuropathy.

Abnormalities in the blood or vasculature are important factors in the development of diabetic
complications. In traditional Chinese and Japanese medicines, the syndrome caused by blood
stagnation or microcirculation difficulties is termed “Oketsu” (in Japanese), and anti-Oketsu drugs
such as Keishi-bukuryo-gan (Gui-zhi-fu-ling-wan) and Hachimi-jio-gan (Bai-wei-di-huang-wan)
are clinically applied for retinopathy, nephrosis, cerebral infarct, ischemic heart disease, and arte-
riosclerosis. The pharmacological study of anti-Oketsu medicines (Kampo medicines for overcom-
ing blood stagnation) on microcirculation difficulties is not satisfactory. However, administration
of anti-Oketsu medicines at the initial stage of diabetes was suggested to prevent the development
of diabetic complications by improving the coagulation and fibrolysis systems.! On the other hand,
there are few clinical reports about each crude drug except for Ginseng Radix. In experimental
models, many studies of in vitro examinations or of the effects on diabetes by nonoral administration
have been undertaken. Therefore, it is unclear whether the reported crude drugs are effective or
not by oral administration.

This chapter first describes several representative formulations that have been applied for
treatment of diabetes mellitus and then the hypoglycemic effect, inhibition of aldose reductase, and
anti-Oketsu effect of the crude drugs composed of the formulations in experimental models.

KAMPO MEDICINES WITH ANTIDIABETIC EFFECTS

Latin binomial and plant family names of crude drugs that appear in this section are listed in Table
6.1.

BAKUMONDO-TO (MAI-MEN-DONG-TANG)

(Ginseng Radix, Glycyrrhizae Radix, Ophiopogonis Tuber, Oryzae Fructus, Pinelliae Tuber, and
Zizyphi Fructus)

This agent is prescribed in patients in whom physical fitness is slightly reduced. In treating
diabetes, the agent is indicated for pharyngeal dryness, but not for polydipsia and polyuria.?

BoFu-TsusHO-SAN (FANG-FENG-TONG-SHENG-SAN)

(Angelicae Radix, Atractylodis Rhizoma, Cnidii Rhizoma, Ephedreac Herba, Scutellariae Radix,
Forsythiae Fructus, Gardeniae Fructus, Gycyrrhizae Radix, Gypsum Fibrosum, Talcum (talc),
Saposhinikoviae Radix, Menthae Herba, Natrium Sulfuricum (sodium sulfate), Paconiae Radix,
Platycodi Radix, Rhei Rhizoma, Schizonepetae Spica, Zingiberis, and Rhizoma)

This prescription is prescribed to treat obesity, constipation, rush of blood to the head, hyper-
idrosis, and stiff shoulders. In the abdomen, abdominal strength involving the navel is enhanced.?

KK-AY mice are characterized not only by hyperglycemia, but also by polydipsia and polyuria,
similar to human diabetes mellitus. Bofu-tsusho-san (BOF) as the food admixture (1.5% of food
weight) for 4 weeks decreased increases in body weight without affecting food intake, water intake,
blood glucose level, and urine volume. In addition, the crude drug with acceleration of insulin
secretion was suggested to exist in BOF because an increase in serum insulin levels was observed
in rats administered BOF. BOF was suggested to be effective against polydipsia, as well as polyuria
and hyperglycemia, in diabetes mellitus.?
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TABLE 6.1

Latin Binomial and Plant Family Names of Crude Drugs Prescribed in Kampo Medicines

Pharmaceutical
Name

Achyranthis Radix

Aconiti Tuber
Alismatis Rhizoma

Anemarrhenae Rhizoma

Angelicae Radix
Astragali Radix

Atractylodis Lanceae
Rhizoma

Atractylodis Rhizoma

Auranti Fructus
Immaturus

Bupleuri Radix

Cimicifugae Rhizoma

Cinnamomi Cortex
Cnidii Rhizoma
Corni Fructus
Dioscoreae Rhizoma

Ephedreae Herba

Forsythiae Fructus
Gardeniae Fructus
Ginseng Radix
Gycyrrhizae Radix
Gypsum Fibrosum
Poria
Saposhnikoviae Radix
Menthae Herba
Moutan Cortex
Natrium Sulfuricum
Ophiopogonis Tuber
Oryzae Semen
Ostreae Testa
Paconiae Radix
Persicae Semen

Pinelliae Tuber
Plantagini Semen
Platycodi Radix
Rehmanniae Radix

Latin Binomial

Achyranthes fauriei Leveillé et Vaniot,

A. bidentata Blume

Aconitum carmichaeli Debx.

Alisma orientale Juzepczuk

Anemarrhena asphodeloides Bunge

Angelica acutiloba Kitagawa,

A. actiloba Kitagawa var. sugiyamae Hikino

Astragalus membranaceus Bunge,

A. mongholicus Bunge

Atractylodes lanceae De Candolle,

A. chinensis Koidzumi

Atractylodes japonica Koidzumi ex Kitamura, A. ovata De Candolle

Citrus aurantium Linné var. daidai Makino,

C. aurantium Linné, C. natsudaidai Hayata

Bupleurum falcatum Linné, B. chinense DC.,

B. scorzonefolium Wild.

Cimicifuga simplex Wormskjord,

C. dahurica (Turcz.) Maximmowicz, C. foetida Linné, C. heracleifolia
Komarov

Cinnamomum cassia Blume

Cnidium officinale Makino

Cornus officinalis Siebold et Zuccarini

Dioscorea japonica Thunberg,

D. batatas Decaisne

Ephedra sinica Stapf, E. intermedia Schrenk et C.A. Meyer, E.
equisetina Bunge

Forsythia suspensa Vahl, F. viridissima Lindley

Gardenia jasminoides Ellis

Panax ginseng C.A. Meyer

Glycyrrhiza uralensis Fisher, G. glabara L.

gypsum

Poria cocos Wolf

Saposhnikovia divaricata Schischkin

Mentha arvensis Linné var. piperascens Malinvaud

Paeonia suffruticosa Andrews (= P. moutan Sims)

Ophiopogon japonicus Ker-Gawler

Oryza sativa Linné

Ostrea gigas Thunberg

Paeonia lactiflora Pallas

Prunus perscia Batsch., P. persica Batsch. var. davidiana
Maximowicz

Pinellia ternata Breitenbach

Plantago asiatica Linné

Platycodon garndiflorum A. De Candolle

Rehmannia glutinosa Liboschitz var. purpurea Makino, R. glutinosa
Liboschitz

Plant Family

Amaranthaceae

Ranunclaceae
Alismataceae
Liliaceae
Umbelliferae

Leguminosae
Compositae

Compositae
Rutaceae

Umbelliferae

Ranunculaceae

Lauraceae
Umbelliferae
Cornaceae
Dioscoreaceae

Ephedraceae

Oleaceae
Rubiaceae
Araliaceae
Leguminosae

Polyporaceae
Umbelliferae
Labiatae
Paeoniaceae

Liliaceae
Gramineae
Ostreidae
Paeoniaceae
Rosaceae

Araceae
Plantaginaceae
Campanulaceae
Scrophulariaceae

(continued)
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TABLE 6.1 (CONTINUED)
Latin Binomial and Plant Family Names of Crude Drugs Prescribed in Kampo Medicines

Pharmaceutical

Name Latin Binomial Plant Family
Rhei Rhizoma Rheum palmatum Linné, Polygonaceae
R. tanguticum Maximowicz, R. officinale Baillon, R. coreanum Nakai
Schizonepetae Spica Schizonepeta tenuifolia Briquet Labiatae
Scutellariae Radix Scutellaria baicalensis Georgi Labiatae
Trichosanthis Radix Trichosanthes kirilowii Maximowicz, Cucurbitaceae

T. kirilowii Maximowicz var. japonicum Kitamura, 7. bracteata Voigt

Zingiberis Rhizoma Zingiber officinale Roscoe Zingiberaceae

Zingiberis Siccatum Zingiber officinale Roscoe Zingiberaceae
Rhizoma

Zizyphi Fructus Zizyphus jujuba Miller var. inermis Rehder Rhamnaceae

Hypertriglyceridemia and body fat accumulation were observed in female SD rats when rats
were freely allowed to drink 25% (w/w) fructose solution for 6 weeks. As the food admixture (1.5
and 4.5% of food weight), BOF suppressed body weight gain and prevented the elevation of serum
triglyceride (TG) levels and body fat accumulation in fructose-loaded rats without affecting food
and fructose intake. Furthermore, BOF prevented the increase in TG content in the liver and the
reduction of mitochondrial cytochrome c oxidase activity in the brown adipose tissue induced by
fructose. These results suggested that BOF has a preventive effect against body fat accumulation
caused by excess intake of sugar or other fructose-containing foods.

The inhibition of triglyceride synthesis in the liver and the enhancement of lipolysis in adipo-
cytes and of thermogenesis in brown adipose tissue have been presumed as the mechanism of action
of BOF. BOF reduced body weight and rat retroperitoneal white adipose tissue weight decreased
without affecting food intake in MSG obese mice. BOF was suggested to act via activation of
thermogenesis in brown adipose and inhibition of phosphodiesterase activity in mice.*> Among the
crude drugs combined in BOF, Angelicac Radix and Cnidii Rhizoma were reported to exhibit
inhibitory effects on platelet aggregation and blood coagulation.®’

BYAKKO-KA-NINJIN-TO (BAI-HU-JIA-REN-SHENG-TANG)

(Anemarrhenae Rhizoma, Ginseng Radix, Glycyrrhizae Radix, Gypsum Fibrosum, and Oryzae
Semen)

Byakko-ka-ninjin-to (BNT) is used to treat thirst sensation, local burning sensation, rush of
blood to the head, exanthema, dermal pruritus, increased urine volume, and sweating. This agent
is prescribed in obese patients with initial phase type 2 diabetes.?

Okumura et al. reported that BNT at 100 mg/kg inhibited the increase in serum glucose and
TG levels after 4 to 8 weeks of treatment in KK-AY mice — an animal model of non-insulin-
dependent diabetes mellitus (NIDDM) — but did not inhibit the increase in serum insulin levels.®?
However, Morimoto et al. reported that treatment with BNT as a food admixture (1.5 and 4.5% of
food weight) for 4 weeks did not affect blood glucose levels and body weight in KK-AY mice, but
decreased water intake and urine volume.? Miura et al. also reported that BNT at 90 mg/kg/day
decreased the blood glucose levels of KK-AY mice with exercise for 1 and 2 weeks after the
administration, but did not decrease the blood glucose levels of the mice without exercise.® These
studies suggested that BNT was effective against the polydipsia and polyuria that accompany
diabetes mellitus.?
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Anemarrhenae Rhizoma and Ginseng Radix prescribed in this formulation were reported to
show hypoglycemic effects, and Glycyrrhizae Radix was reported to inhibit the accumulation of
sorbitol due to its inhibition of aldose reductase activity (see Anemarrhenae Rhizoma, Ginseng
Radix, and Glycyrrhizae Radix in this chapter).

DAI-sAKIKO-TO (DAI-CHAI-HU-TANG)

(Auranti Fructus Immaturus, Bupleuri Radix, Paeoniae Radix, Pinelliae Tuber, Rhei Rhizoma,
Scutellariae Radix, Zingiberis Rhizoma, and Zizyphi Fructus)

Dai-sakiko-to (DST) is used to treat fullness, tenderness, or discomfort of the hypochondrium
(“Kyokyo-kuman” in Japanese) and upper abdominal pain. In addition, DST is prescribed in patients
with stiff shoulders, anorexia, dyspnea, obesity, or constipation and is commonly indicated for
obese patients with type 2 diabetes.?

Goto et al. reported that DST improved impairment of glucose tolerance and reduced serum
TG levels in cyproheptadine-induced diabetic rats by oral administration of five- to tenfold doses
for humans (5.4 g/60 kg/day) for 4 weeks.'” In spontaneous diabetic rats (WBN/Kob) treated with
vitamin D, and hyperlipidemic diet, DST at tenfold doses for humans improved impairment of
glucose tolerance and normalized mineral metabolic disorder.!! In addition, it was reported that
DST inhibited the increase in the blood glucose level, but not insulin level, and improved the high
TG after its administration for 4 weeks at 100 mg/kg/day in KK-AY mice.® Among the crude drugs
combined in DST, Rhei Rhizoma showed inhibition of advanced glycation end-products (AGE)
formation, experimental renal failure induced by adenine feeding, and platelet aggregation,'>-'# and
Paeoniae Radix showed hypoglycemic effects (see Paconiae Radix in this chapter).

GOSHA-JINKI-GAN (NIU-CHE-SHEN-QI-WAN)

(Achyranthis Radix, Aconiti Tuber, Alismatis Rhizoma, Cinnamomi Cortex, Corni Fructus,
Dioscorea Rhizoma, Poria, Moutan Cortex, Plantagini Semen, and Rehmanniae Radix)

Gosha-jinki-gan (GJG) is prepared by adding two crude drugs, Achyranthis Radix and Plan-
tagini Semen, to Hatimi-jio-gan (Bai-wei-di-huang-wan). Indications are similar to those for Hatimi-
jio-gan (see Hatimi-jio-gan in this chapter). However, GJG is prescribed when symptoms such as
decreased urine volume, edema, lower limb pain, numbness, and lumbar pain are severe. In addition,
GJG was reported to be effective in diabetic neuropathy clinically.?

Suzuki et al. reported that the enhanced platelet aggregation was inhibited by a single
treatment with GJG at doses of 0.3 and 1.5 g/kg (p.o.) in streptozotocin (STZ)-induced diabetic
rats.’” GJG (0.1 to 1.0 g/kg, p.o.) showed a more potent antinociceptive effect in diabetic mice
than in nondiabetic mice, and it was concluded that GJG was useful for treating painful diabetic
neuropathy. '

HATIMI-JIO-GAN (BAI-WEI-DI-HUANG-WAN)

(Aconiti Tuber, Alismatis Rhizoma, Cinnamomi Cortex, Corni Fructus, Dioscorea Rhizome, Poria,
Moutan Cortex, and Rehmanniae Radix)

Hatimi-jio-gan (HJG) is generally used to treat reduced physical strength, unfavorable diuresis,
erectile dysfunction, weakness or pain of the inferior half body, and numbness. General symptoms
include hot sensation of the hands and feet, especially hot sensation of the foot back, a thirsty
sensation, and lumbar pain. This preparation is indicated for relative softness of the lower abdomen.
In the lower abdomen, the straight muscle of the abdomen is sometimes tense without reduction
of abdominal strength. Concerning urine volume, HJG is appropriate for conflicting symptoms,
oliguria, and polyuria.? HJG-associated prescriptions include Gosha-jinki-gan and Rokumi-gan
(Liu-wei-wan).
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HIJG was reported to exhibit hypoglycemic effects and to improve glucose tolerance in exper-
imental animal models such as cyproheptazine and alloxan-induced mice and genetically diabetic
KK-CAY mice and WBN/Kob rats,'®!"!7 and carbohydrate and lipid metabolism in aged rats.'®

Among the crude drugs combined in HJG, Corni Fructus, Dioscorea Rhizome, Poria, and
Rehmanniae Radix were reported to show hypoglycemic effects (see Corni Fructus, Dioscorea
Rhizome, Poria, and Rehmanniae Radix in this chapter). Moutan Cortex and its principal constit-
uent, paeonol, improved blood circulation disorder’'*-?> and Rehmanniae Radix enhanced the
improvement. Alismatis Rhizoma and its terpene constituents were reported to show vasorelaxant
and anticoagulant effects, and are effective for chronic renal failure.”*

HocHU-EkkI-TO (Bu-zZHONG-YI-QI-TANG)

(Angelicae Radix, Astragali Radix, Atractylodis Lanceae Rhizoma, Bupleuri Radix, Cimicifugae
Rhizoma, Ginseng Radix, and Zingiberis Rhizoma)

This prescription is used when a chronic disease makes reduction of physical fitness, general
malaise, night sweat, palpitation, and thirst sensation more marked.?

KEISHI-BUKURYO-GAN (GUI-ZHI-FU-LING-WAN)

(Cinnamomi Cortex, Poria, Moutan Cortex, Paconiae Radix, and Persicae Semen)

Keishi-bukuryo-gan (KBG) is applied to treat menalgia, irregularity of menstruation, meno-
pause symptoms, rush of blood to the head, bruise, and inflammation as an anti-Oketsu drug. When
arteriosclerosis or a cold constitution and pain of the hands and feet is observed in patients with
chronic diabetes, KBG and Sokei-kakketsu-to (Shu-jing-huo-xie-tang) are prescribed.?

RokuMI-GAN (LIu-WEI-WAN)

(Alismatis Rhizoma, Corni Fructus, Dioscoreac Rhizoma, Poria, Moutan Cortex, and Rehmanniae
Radix)

This prescription is prepared by removing Aconiti Tuber and Cinnamomi Cortex from Hatimi-
jio-gan. It is generally used when symptoms such as a cold constitution, pain and numbness of the
inferior half body, and general malaise are milder than those for which Hatimi-jio-gan is indicated.?

SAIKO-KEISHI-KANKYO-TO (CHAI-HU-GUI-ZHI-GAN-JIAN-TANG)

(Bupleuri Radix, Cinnamomi Cortex, Glycyrrhizae Radix, Ostreae Testa, Scutellariae Radix, Tri-
chosanthis Radix, and Zingiberis Siccatum Rhizoma)

Among various agents containing Bupleuri Radix, this agent is prescribed in patients with the
most marked reduction of physical fitness. The agent is prescribed when symptoms such as mild
fullness, tenderness or discomfort of the hypochondrium, leptosomatic type, reduced physical
fitness, fatigue, slight fever, anorexia, thirst sensation, sweating in the head, saccharephidrosis,
palpitation, and dyspnea are observed.?

HERBS WITH HYPOGLYCEMIC EFFECTS
ANEMARRHENAE RHI1ZOMA (ANEMARRHENA RHIZOME)

(Rhizome of Anemarrhena asphodeloides Bunge [Liliaceae])

The water extract reduced the blood glucose levels 7 h after oral administration (90 mg/kg) in
KK-AY mice, but the extract did not affect the blood glucose levels in normal rats; this was different
from an oral hypoglycemic drug, tolbutamide. The extract decreased blood glucose levels in
an insulin tolerance test, suggesting that it decreased insulin resistance. In addition, xanthone
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constituents mangiferin and mangiferin-7-O-f-D-glucopyranoside were isolated from this herb as
active constituents (see the chapter on xanthones, flavonoids, and polyphenols).?4?3

In previous study of antidiabetic constituents in an Ayurvedic natural medicine, Salacia retic-
ulata, mangiferin was found to inhibit intestinal a-glucosidase and rat lens aldose reductase.?® In
addition, steroidal saponins, pseudoprototimosaponin A-III, prototimosaponin A-III, and timoapo-
nin A-III were found to show hypoglycemic effects in alloxan- or STZ-induced diabetic mice after
intraperitoneal administration (see Chapter 15). Anemarsaponin B, anemarrhenasaponins I and Ia,
and timosaponins B-I, B-II, and B-III showed antiplatelet aggregation in vitro.?”?

ARALIAE CORTEX (ARALIA BARK)

(Root cortex of Aralia elata Seem. [Araliaceae])

The bark and root cortex of Aralia elata (Araliaceae) have been used in traditional Japanese
and Chinese medicines as a tonic and as antidiabetic and antiarthritic agents. The methanolic extracts
of the bark, root cortex, and young shoots of this plant and triterpene saponin constituents,
elatosides, and related saponins have an inhibitory effect on the increase in serum glucose levels
in sucrose- or glucose-loaded rats (see the chapter on saponins).

CornNI Fructus (Cornus Fruit)

(Sarcocarp of Cornus officinalis Siebold et Zuccarini (Cornaceae) from which the seed has been
removed)

The water extract of Corni Fructus was found to show insulin-like activity in fat cells isolated
from rat epididymal adipose tissue.”” Among the components of Hatimi-jio-gan, the ether extract
of Corni Fructus showed an antidiabetic effect and its triterpene constituents, oleanolic acid and
urosolic acid, decreased the amount of water consumption and urine volume in STZ-induced
diabetic rats.*

D10scoRrReaE RHIZOMA (D10SCOREA RHIZOME)

(Rhizome of Dioscorea japonica Thunberg or D. batatas Decaisne (Dioscoreaceae) from which
the periderm has been removed)

Dioscoreae Rhizoma is prescribed in many Kampo medicines, such as Gosha-jinki-gan, Hatimi-
jio-gan, and Rokumi-gan, for treatment of diabetes. Hikino et al. reported that glycan constituents,
dioscorans A-F (100 mg/kg, i.p.) showed marked hypoglycemic effect in mice.’! D. dumetorum
was also reported, by intraperitoneal administration of the methanolic extract, to exhibit a hypogly-
cemic effect in alloxan-induced diabetic rabbits; an alkaloid constituent, dioscoretin, was isolated
as an active constituent.’?*?

GINSENG RADIX (GINSENG)

(Root of Panax ginseng C.A. Meyer (Araliaceae) from which rootlets have been removed or the
root has been quickly passed through hot water)

Ginseng is prescribed in many formulations as a tonic and is an important herb in traditional
Chinese and Japanese medicines. Red ginseng (Ginseng Radix Rubra), which is processed from
the roots of P. ginseng, has been used for treatment of arteriosclerosis, hyperlipemia, diabetes,
cerebral apoplexy, collagen disease, climacteric disorder, autonomic imbalance, and impairment of
microcirculations in these diseases. Many multifunctional pharmacological studies of ginseng,
including the antidiabetic effects, were reported* and ginseng was suggested to be a useful thera-
peutic adjunct in the management of NIDDM from the results in a double-blind placebo-controlled
study.®
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After 4 weeks’ oral administration of white ginseng and red ginseng, the fasting blood glucose
levels were lower than those of the control group in KK-AY mice. White ginseng can improve
hyperglycemia in KK-AY mice (possibly by blocking intestinal glucose absorption and inhibiting
hepatic glucose-6-phosphatase) and red ginseng through the up-regulation of adipocytic PPAR-y
protein expression as well as inhibiting intestinal glucose absorption.3¢

Apart from its hypoglycemic effects, ginseng was reported to show anti-Oketsu effects. The
effects of 70% methanolic extract of Korean red ginseng on experimental models of disseminated
intravascular coagulation (DIC) induced by endotoxin or thrombin in rats were reported. In the
coagulative system, the extract prevented the exchange of values of clinical examination (blood
platelet, fibrinogen, and prothrombin time) at a dose of 500 mg/kg in rats on DIC induced by
endotoxin or thrombin in rats. The mechanism of action was suggested to be inhibition of platelet
aggregation and the conversion of fibrinogen to fibrin induced by thrombin, and enhancement of
fibrinolytic activity.’’*! Intraperitoneal administration of a saponin constituent ginsenoside-Rb, and
glycan constituents panaxans A-E, I-L, and Q-U was also reported to show hypoglycemic effects
in STZ-induced diabetic rats or in normal and alloxan-induced hyperglycemic mice.**

Vuksan et al. reported that American ginseng (the roots of Panax quinquefolium L.) reduced
postprandial hyperglycemia in nondiabetic subjects and subjects with type 2 diabetes mellitus.*6-8

Mori FoLium (MULBERRY LEAF)

(Leaf of Morus alba L., M. bombycis Koidz)

Mori Folium has been used in traditional Chinese medicines as an antihyperglycemic agent.
The nitrogen-containing sugar, 1-deoxynojirimycin, exhibited strong inhibition against a-glucosi-
dase, inhibiting absorption of carbohydrate by inhibition of conversion of carbohydrates to monosac-
charide.® The water extract of Mori Folium at a dose of 150 mg/kg for 14 days significantly reduced
the blood glucose level in GK rats, one of the experimental NIDDM models. Mori Folium has
unique properties, such as raising insulin sensitivity and improving insulin resistance.’® The aqueous
methanolic extract of Mori Cortex (mulberry root-bark) and its glycoprotein constituent, moran A,
showed marked hypoglycemic effects in normal and alloxan-induced hyperglycemic mice by
intraperitoneal administration. Mori Cortex also inhibits a-glucosidase; 1-deoxynojirimycin is an
active component.3!->3

OprHIOPOGONIS TuBer (OPHIOPOGON TUBER)

(Enlarged part of the root of Ophiopogon japonicus Ker-Gawler [Liliaceae])
The n-butanol extract of Ophiopogonis Tuber was reported to show hypoglycemic effects in
normal and STZ-induced diabetic mice,>* but active constituents remain unclarified.

ParoNIAE Rapix (PEONY RoOT)

(Root of Paeonia lactiflora Pallas [Paeoniacea])

The principal constituents of Paeoniae Radix, paconiflorin and 8-debenzylpaeonifiorin, showed
hypoglycemic effects without affecting serum insulin levels in STZ-induced diabetic rats.>> With
regard to the anti-Oketsu effects, the extract exhibited endothelium-dependent vasodilator effects
on rat aorta; its active component was gallotannin.>

PLaTYcobp1 Rapix (PLATYcobpoN RoorT)

(Root of Platycodon garndiflorum A. De Candolle [Campanulaceae])

Dietary feeding of Platycodi Radix for 4 weeks resulted in a significant decrease in plasma TG
levels in lean and obese Zucker rats. Furthermore, Platycodi Radix decreased the postprandial
glucose levels at 30 min after glucose-loading in obese Zucker rats. Dietary intake of Platycodi
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Radix may be useful in the prevention and improvement of metabolic disorders characterized by
hyperinsulinemia states such as NIDDM.>’

PoLYGONATI RHIZOMA (POLYGONATUM RHIZOME)

(Rhizome of Polygonatum falcutum A. Gray. and P. sibiricum Redoute [Liliaceae])

Polygonati Rhizoma has been used traditionally for the treatment of diabetes (polyurea and
polydipsia). Kato et al. reported the hypoglycemic effects of the methanolic extract of Polygonati
Rhizoma originated from P. falcutum by intraperitoneal administration. The extract (800 mg/kg,
1.p.) reduced the blood glucose of normal mice and also significantly lowered the blood glucose
of STZ-induced diabetic mice; however, it did not affect the serum insulin levels. In epinephrine-
induced hyperglycemic mice, the extract increased glycogen levels in the liver and reduced hyper-
glycemia.’®

Increased hepatic glucose output is known as one of the major pathogenic factors of NIDDM,
together with insulin resistance in peripheral tissues and impairment of glucose-induced insulin
secretion from pancreatic [-cells. Kato et al. reported that the extract significantly reduced the
hepatic content of facilitative glucose transporter isoform 2 (GLUT2) mRNA and its protein content
in the total membrane fraction from rat liver by intraperitoneal administration in rats.>% In addition,
diosgenin glycosides (PO-1 and PO-2) were identified as the hypoglycemic constituents of Poly-
gonati Rhizoma (see Chapter 15). In addition, the rhizomes of P. officinale, P. sibricum, and P.
odoratum were found to exhibit hypoglycemic effects.6!-63

Poria (HOELEN)

(Sclerotium of Poria cocos Wolf (Polyporaceae) from which the external layer has usually been
mostly removed)

Poria is prescribed in Kampo medicines as a diuretic, sedative, and tonic. A triterpene constituent
of Poria, dehydrotrametenolic acid, reduced hyperglycemia in obese hyperglycemic db/db mice,
and Poria was suggested to act as an insulin sensitizer from the results of the glucose tolerance
test. In addition, from the results of in vitro experiments, the activation of PPAR-y by Poria was
suggested to be one of the mechanisms of action.*

ReHMANNIAE RADIX (REHMANNIA RooT)

(Root of Rehmannia glutinosa Liboschitz var. purpurea Makino and R. glutinosa Liboschitz (Scro-
phulariaceae), with or without the application of steaming)

Rehmanniae Radix is classified into fresh rehmannia root (“Shojioo” in Japanese), dried reh-
mannia root (“Kanjioo”), and prepared rehmannia root (“Jyukujioo”) by different processing meth-
ods. The three agents are used for different purposes.

A Kampo medicine, Seishin-kanro-to (Shen-jin-gan-lu-tang), showed hypoglycemic effects in
KK-AY mice and Rehmanniae Radix and Anemarrhenae Rhizoma were identified as active crude
drugs of this formulation.® The methanolic extract and its fraction, which contained a principal
iridoid constituent, catalpol, showed hypoglycemic effects in alloxan-induced diabetic mice.% The
fraction, which is mainly composed of pectin-like polysaccharide, exhibited hypoglycemic activity
in normal and STZ-induced mice by intraperitoneal administration and increased the activity of
hepatic glucokinase and glucose-6-phosphatase dehydrogenase.’’” The 70% methanolic extract of
“Jukujioo” inhibited blood coagulation and promoted the activation of the fibrinolytic system in
vitro and in vivo.®

SWERTIAE HERBA (SWERTIA HERB)

(Whole herb of Swertia japonica Makino (Gentianaceae) collected during the blooming season)
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Swertiae Herba has been widely used as a folk medicine for stomach complaints because of
the characteristic bitter taste. The whole plants of S. japonica and S. chirayita were reported to
exhibit hypoglycemic effects by oral administration, and xanthone constituents, bellidifolin and
swerchirin, were isolated as active constituents.®®-73

OTHERS

Among the crude drugs composing the other Kampo medicines, the glycans such as aconitans
A-C,* atractans A—C,” ephedrans A-E,”® oryzabrans A-D,”” plantago-mucilage A, and trichosans
A-E” from Aconiti Tuber (aconite root), Atractylodis Rhizoma (atractylodes rhizome), Ephedrae
Herba (ephedra herb), Oryzae Semen (brown rice), Plantaginis Semen (plantago seed), and Tricho-
santhis Radix (trichosanthes root) were reported to exhibit hypoglycemic activity by intraperitoneal
administration.

HERBS WITH INHIBITORY ACTIVITY AGAINST
ALDOSE REDUCTASE

As a key enzyme in the polyol pathway, aldose reductase (AR) catalyzes the reduction of glucose
to sorbitol. In diabetes mellitus, the increased availability of glucose in insulin-insensitive tissues
such as the lens, nerves, and retina leads to the increased formation of sorbitol through the polyol
pathway. Sorbitol does not readily diffuse across cell membranes and the intracellular accumulation
of sorbitol has been implicated in the chronic complications of diabetes such as cataract, neuropathy,
and retinopathy. Therefore, the AR inhibitor can prevent the conversion of glucose to sorbitol and
may have the capacity to prevent and/or treat several diabetic complications.

GLYCYRRHIZAE RADIX (GLYCYRRHIZA)

(Root and stolon, with [unpeeled] or without [peeled] the periderm, of Glycyrrhiza uralensis Fischer
or G. glabra L. [Leguminosae])

Aida et al. reported the effects of four Kampo medicines (Gosha-jinki-gan, Hatimi-jio-gan,
Keishi-ka-jutsu-bu-to [Gui-zhi-jia-shu-fu-tang], and Sokei-kakketsu-to (Shu-jing-huo-xie-tang]),
which were used for the alleviation of the subjective symptoms of diabetic neuropathy, on rat lens
AR in vitro; they exhibited potent inhibitory activities at a concentration of 100 ug/ml.8° Glycyrhizae
Radix and Cinnamomi Cortex compose Sokei-kakketsu-to, which showed the most potent activity
among the formulations, and were found to exhibit potent inhibitory activity.! Twelve active
constituents were isolated from Glycyrhizae Radix; in particular, a chalcone constituent, isoliquir-
itigenin, showed strong inhibition with an ICs, of 3.2 x 107 M. In addition, isoliquiritigenin inhibited
sorbitol accumulation in human red blood cells in vitro with an ICy, of 2.0 x 107 M and it (100
mg/kg, p.o., twice per day) reduced the accumulation of sorbitol in the red blood cells, the sciatic
nerve, and the lens as effectively as the synthetic AR inhibitor epalrestat.??

On the other hand, hyperaggregability of platelets in diabetic patients was also reported as a
cause of chronic diabetic complications. The antiplatelet activity of the constituents from Gly-
cyrhizae Radix was examined. A 3-arylcoumarin constituent GU-7 inhibited platelet aggregation
by increasing the intraplatelet cAMP concentration.®?

In our studies on antidiabetic principles of natural medicines, various flavonoids with aldose
reductase inhibitory activity were isolated from Centella asiatica, Chrysanthemum indicum, C.
morifolium, Prunus mume, and Myrcia multiflora. In particular, desmanthin-1 from Myrcia multi-
flora, which has been used as a remedy for diabetes and is called “plant insulin” in Brazil, was
found to show potent inhibitory activity equivalent to that of a commercial synthetic aldose reductase
inhibitor, epalrestat. In addition, inhibitory effects of flavonoids on formation of AGE in vitro and
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some structural requirements of flavonoids for the inhibitory activity against aldose reductase and
AGE formation were clarified from the evaluation of various natural and synthetic flavonoids.?+85

REFERENCES

1.

2.

10.

11.

13.

14.

15.

16.

17.

A. Yuhara, Guide line of Chinese herb therapy of diabetes mellitus, J. Traditional Sino-Jpn. Med. 7,
1986, 9-13 (in Japanese).

T. Kikutani, Treatment of diabetes mellitus by ethical Kampo drugs, applied to health insurance
system, J. Traditional Sino-Jpn. Med. 7, 1986, 29-33 (in Japanese).

Y. Morimoto, M. Sakata, A. Ohno, T. Maegawa and S. Tajima, Effects of Byakko-ka-ninjin-to, Bofu-
tsusho-san and Gorei-san on blood glucose level, water intake and urine volume in KKAY mice,
Yakugaku Zasshi 122, 2002, 163-168 (in Japanese).

Y. Morimoto, M. Sakata, A. Ohno, T. Maegawa, S. Tajima, Effects of Bofu-tsusho-san, a traditional
Chinese medicine, on body fat accumulation in fructose-loaded rats, Folia Pharmacol. Japon. (Nippon
Yakurigaku Zasshi) 117, 2001, 77-86 (in Japanese).

T. Yoshida, N. Sakane, Y. Wakabayashi, T. Umekawa, M. Kondo Thermogenic, anti-obesity effects
of Bofu-tsusho-san in MSG-obese mice, Int. J. Obesity Related Metab. Disord. 19, 1995, 717-722.

K. Toriizuka, P. Nishiyama, I. Adachi, N. Kawashiri, M. Ueno, K. Terasawa and 1. Horikoshi, Isolation
of a platelet aggregation inhibitor from Angelicae Radix, Chem. Pharm. Bull. 34, 1986, 5011-5015.
K. Terasawa, M. Kimura, N. Sakuragawa, Y. Uchiyama, K. Toriizuka, M. Ueno and I. Horikoshi,
Effects of anti-“Oketsu” drugs on blood coagulation and fibrinolysis, Yakugaku Zasshi 103, 1983,
313-318 (in Japanese).

M. Okumura, K. Suzuki, K. Yamaura, M. Uchiyama, S. Nakayama and K. Oguchi, Antidiabetic effects
of Kampo medicines in a non-insulin-dependent diabetes mellitus model using KK-Ay mice, J. Trad.
Med. 18, 2001, 81-88.

T. Miura, M. Ishihara, H. Ichiki, M. Kubo, Y. Komatsu, E. Ishihara, H. Sasaki, K. Tanigawa, Effect
of Byakko-ka-ninjin-to with exercise in early stage symptoms of non-insulin dependent diabetic mice,
J. Trad. Med. 16, 1999, 79-82.

M. Goto, H. Inoue, Y. Seyama, S. Yamashita, O. Inoue, E. Yumioka, Comparative effects of traditional
Chinese medicines (Dai-saiko-to, Hatimi-zio-gan and Byakko-ka-ninzin-to) on experimental diabetes
and hyperlipidemia, Folia Pharmacol. Japon. (Nippon Yakurigaku Zasshi) 93, 1989, 179-186 (in
Japanese).

M. Goto, M. Hayashi, T. Todoroki, Y. Seyama and S. Yamashita Effects of traditional Chinese
medicines (Dai-saiko-to, Sho-saiko-to and Hachimi-zio-gan) on spontaneously diabetic rat
(WBN/Kob) with experimentally induced lipid and mineral disorders, Folia Pharmacol. Japon. (Nip-
pon Yakurigaku Zasshi) 100, 1992, 353-358 (in Japanese).

T. Yokozawa, T. Nakagawa and K. Terasawa, Effects of Oriental medicines on the production of
advanced glycation endproducts, J. Trad. Med. 18, 2001, 107-112.

X. Wang, M. Hattori, K. Toriizuka, K. Terasawa, Z. Lou and T. Namba, Pharmacognostical studies
on Chinese crude drug Da-huang (Rhubarb) (V) Effect of aqueous extract of Rheum species on human
platelet aggregation, Shoyakugaku Zasshi 45, 1991, 57-61 (in Japanese).

T. Yokozawa, N. Suzuki, I Okuda, H. Oura and I. Nishioka, Changes in the urinary constituents in
rats with chronic renal failure during oral administration of rhubarb extract, Chem. Pharm. Bull. 33,
1985, 4508-4514, and references cited therein.

Y. Suzuki, K. Goto, A. Ishige, Y. Komatu and J. Kamei, Effect of Gosha-jinki-gan, a Kampo medicine,
on enhanced platelet aggregation in streptozotocin-induced diabetic rats, Jpn. J. Pharmacol. 78, 1998,
87-91.

Y. Suzuki, K. Goto, A. Ishige, Y. Komatsu and J. Kamei, Antinociceptive effect of Gosha-jinki-gan,
a Kampo medicines, in streptozotocin-induced diabetic mice, Jpn. J. Pharmacol. 79, 1999, 169-175.
J. Suzuki and M. Kimura, Hypoglycemic effects of the blended Chinese traditional medicines in
genetically diabetic mice, Folia Pharmacol. Japon. (Nippon Yakurigaku Zasshi) 83, 1984, 1-10 (in
Japanese).



146

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Traditional Medicines for Modern Times: Antidiabetic Plants

R. Haranaka, N. Mochizuki, S. Watabe, S. Owada, H. Kosoto, H. Takemura, Y. Kuwabara, N. Hirose,
R. Hasegawa and M. Kobayashi, Studies of Ba-wei-wan: Part I. Lipid and carbohydrate metabolism
in aged rats and mice, Proc. Symp. WAKAN-YAKU 15, 1982, 15-20 (in Japanese).

H. Ishida, M. Takamatsu, K. Tsuji and T. Kosuge, Studies on active substances in herbs used for
Oketsu (“stagnant blood”) in Chinese medicine. V. On the anticoagulative principle in Moutan Cortex,
Chem. Pharm. Bull. 35, 1987, 846-848.

A. Hirai, T. Terano, T. Hamazaki, K. Tahara, H. Saito, Y. Tamura and A. Kumagai, Studies on the
anti-aggregatory effects of Moutan Cortex and paeonol, Proc. Symp. WAKAN-YAKU 16, 1983,
114-118 (in Japanese).

M. Kubo, H. Matsuda, S. Izumi, T. Tani, S. Arichi, M. Yoshikawa and I. Kitagawa, Studies on Moutan
Cortex (VI). Inhibitory effects on the intravascular coagulation (Part I), Shoyakugaku Zasshi 36, 1982,
70-77 (in Japanese).

M. Kubo, H. Matsuda and R. Matsuda, Studies on Moutan Cortex VIII. Inhibitory effects on the
intravascular coagulation (Part 2), Shoyakugaku Zasshi 38, 1984, 307-312 (in Japanese).

M. Yoshikawa and H. Matsuda, Terpenoid constituents of Alimatis Rhizoma — structure, biological
activity, and chemical change of terpenoids during processing, J. Trad. Med. 19, 2002, 199-128 (in
Japanese).

T. Miura, H. Ichiki, N. Iwamoto, M. Kato, M. Kubo, H. Sasaki, M. Okada, T. Ishida, Y. Seino and
K. Tanigawa, Antidiabetic activity of the rhizoma of Anemarrhena asphodeloides and active compo-
nents, mangiferin and its glucoside, Biol. Pharm. Bull. 24, 2001, 1009-1011.

T. Miura, N. Iwamoto, M. Kato, H. Ichiki, M. Kubo, Y. Komatsu, T. Ishida, M. Okada and K. Tanigawa,
The suppressive effect of mangiferin with exercise on blood lipids in type 2 diabetes, Biol. Pharm.
Bull. 24, 2001, 1091-1092.

M. Yoshikawa, N. Nishida, H. Shimoda, M. Takada, Y. Kawahara and H. Matsuda, Polyphenol
constituents from Salacia species: quantitative analysis of mangiferin with a-glucosidase and aldose
reductase inhibitory activities, Yakugaku Zasshi 121, 2001, 371-378 (in Japanese).

J.X. Dong and G.Y. Han, A new active steroidal saponin from Anemarrhena asphodeloides, Planta
Med. 57, 1991, 460-462.

J. Zhang, Z. Meng, M. Zhang, D. Ma, S. Xu and H. Kodama, Effect of six steroidal saponins isolated
from Anemarrhenae Rhizoma on platelet aggregation and hemolysis in human blood, Clin. Chim.
Acta. 289, 1999, 79-88.

H. Ohminami, Y. Kimura, S. Maki, Y. Yamanouchi, R. Doi, H. Okuda and S. Arichi, Studies on insulin-
like substances in Hachimi-gan, Proc. Symp. WAKAN-YAKU 15, 1982, 9-14 (in Japanese).

J. Yamahara, H. Mibu, T. Sawada, H. Fujimura, S. Takino, M. Yoshikawa and I. Kitagawa, Biologically
active principles of crude drugs. Antidiabetic principles of Corni Fructus in experimental diabetes
induced by streptozotocin, Yakugaku Zasshi 101, 1981, 86-90 (in Japanese).

H. Hikino, C. Konno, M. Takahashi, M. Murakami, Y. Kato, M. Karikura and T. Hayashi, Isolation
and hypoglycemic activity of dioscorans A, B, C, D, E, and F, glycans of Dioscorea japonica
rhizophors, Planta Med. 52, 1986, 168—171.

M.M. Iwu, C.O. Okunji, P. Akah, M.S. Tempesta, D. Corley, Dioscoretine: the hypoglycemic principle
of Dioscorea dumetorum, Planta Med. 55, 1990, 119-120.

M.M. Iwu, C.O. Okunji, G.O. Ohiaeri, P. Akah, D. Corley and M.S. Tempesta, Hypoglycemic activity
of dioscoretine from tubers of Dioscorea dumetorum in normal and alloxan diabetic rabbits, Planta
Med. 56, 1990, 264-267.

Y.C. Ong and E.L. Yong, Panax (ginseng) — panacea or placebo? Molecular and cellular basis of its
pharmacological activity, Ann. Acad. Med. Singapore 29, 2000, 42-46.

E.A. Sotaniemi, E. Haapakoski and A. Rautio, Ginseng therapy in non-insulin-dependent diabetic
patients, Diabetes Care 18, 1995, 1373-1375.

S.H. Chung, C.G. Choi and S.H. Park, Comparisons between white ginseng radix and rootlet for
antidiabetic activity and mechanism in KKAY mice, Arch. Pharm. Res. 24, 2001, 214-218.

H. Matsuda and M. Kubo, Pharmacological study on Panax ginseng C.A. MEYER. 1. Effects of red
ginseng on the experimental disseminated intravascular coagulation (1), Yakugaku Zasshi 103, 1983,
1269-1277 (in Japanese).



Traditional Chinese and Kampo Medicines 147

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

H. Matsuda, K. Namba, S. Fukuda, T. Tani and M. Kubo, Pharmacological study on Panax ginseng
C.A. MEYER. IIl. Effects of red ginseng on experimental disseminated intravascular coagulation.
(2). Effects of ginsenosides on blood coagulative and fibrinolytic systems, Chem. Pharm. Bull. 34,
1986, 1153-1157.

H. Matsuda, K. Namba, S. Fukuda, T. Tani and M. Kubo, Pharmacological study on Panax ginseng
C.A. MEYER. IV. Effects of red ginseng on experimental disseminated intravascular coagulation. (3).
Effect of ginsenoside Ro on the blood coagulative and fibrinolytic system, Chem. Pharm. Bull. 34,
1986, 2100-2104.

H. Matsuda, M. Kubo, T. Tani, S. Arichi and I. Kitagawa, Pharmacological study on Panax ginseng
C.A. MEYER. V. Effects of red ginseng on the experimental disseminated intravascular coagulation
(4). On ginsenoside-Rg3, Rh1 and Rh2, Shoyakugaku Zasshi 39, 1985, 123-125.

K. Yamamoto, A. Hirai, Y. Tamura and S. Yoshida, In vitro and in vivo effect of ginseng saponins,
major components of Korean red ginseng on human platelet aggregation and arachidonic acid meta-
bolism, J. Trad. Med. 5, 1988, 184—190.

T. Yokozawa, T. Kobayashi, H. Oura and Y. Kawashima, Studies on the mechanism of the hypogly-
cemic activity of ginsenoside-Rb2 in streptozotocin-diabetic rats, Chem. Pharm. Bull. 33, 1985,
869-872.

C. Konno, K. Sugiyama, M. Kano, M. Takahashi and H. Hikino, Isolation and hypoglycaemic activity
of panaxans A, B, C, D, and E, glycans of Panax ginseng roots, Planta Med. 50, 1984, 434-436.

Y. Oshima, C. Konno and H. Hikino, Isolation and hypoglycemic activity of panaxans I, J, K, and L,
glycans of Panax ginseng roots, J. Ethnopharmacol. 14, 1985, 255-259.

C. Konno, M. Murakami, Y. Oshima and H. Hikino, Isolation and hypoglycemic activity of panaxans
Q. R, S, T, and U, glycans of Panax ginseng roots, J. Ethnopharmacol. 14, 1985, 69-74.

V. Vuksan, J.L. Sievenpiper, V.Y. Koo, T. Francis, U. Beljan-Zdravkovic, Z. Xu and E. Vidgen,
American ginseng (Panax quinquefolius L.) reduces postprandial glycemia in nondiabetic subjects
and subjects with type 2 diabetes mellitus, Arch. Intern. Med. 160, 2000, 1009—-1013.

V. Vuksan, M.P. Stavro, J.L. Sievenpiper, U. Beljan-Zdravkovic, L.A. Leiter, R.G. Josse and Z. Xu,
Similar postprandial glycemic reductions with escalation of dose and administration time of American
ginseng in type 2 diabetes, Diabetes Care 23, 2000, 1221-1226.

V. Vuksan, J.L. Sievenpiper, J. Wong, Z. Xu, U. Beljan-Zdravkovic, J.T. Arnason, V. Assinewe, M.P.
Stavro, A.L. Jenkins, L.A. Leiter and T. Francis, American ginseng (Panax quinquefolius L.) attenuates
postprandial glycemia in a time-dependent but not dose-dependent manner in healthy individuals, Am.
J. Clin. Nutr. 73, 2001, 753-758.

H. Nojima, I. Kimura, FJ. Chen, Y. Sugihara and M. Haruno, Antihyperglycemic effects of N-
containing sugars from Xanthocercis zambesiaca, Morus bombycis, Aglaonema treubii, and Castano-
spermum australe in streptozotocin-diabetic mice, J. Nat. Prod. 61, 1998, 397-400.

Y. lizuka, E. Sakurai and Y. Tanaka, Antidiabetic effect of Folium Mori in GK rats, Yakugaku Zasshi
121, 2001, 365-369 (in Japanese).

H. Hikino, T. Mizuno, Y. Oshima and C. Konno, Isolation and hypoglycemic activity of moran A, a
glycoprotein of Morus alba root barks, Planta Med. 51, 1985, 159-160.

F. Chen, N. Nakashima, I. Kimura and M. Kimura, Hypoglycemic activity and mechanisms of extract
from mulberry leaves (Folium Mori) and Cortex Mori Radicis in streptozotocin-induced diabetic mice,
Yakaugaku Zasshi 115, 1995, 476-482 (in Japanese).

N. Asano, T. Yamashita, K. Yasuda, K. Ikeda, H. Kizu, Y. Kameda, A. Kato, R.J. Nash, H.S. Lee and
K.S. Ryu, Polyhydroxylated alkaloids isolated from mulberry trees (Morus alba L.) and silkworms
(Bombyx mori L.), J. Agric. Food Chem. 49, 2001, 4208-4213.

M. Kako, T. Miura, M. Usami, A. Kato and S. Kadowaki, Hypoglycemic effect of the rhizomes of
Ophiopogonis Tuber in normal and diabetic mice, Biol. Pharm. Bull. 18, 1995, 785-787.

FL. Hsu, C.W. Lai and J.T. Cheng, Antihyperglycemic effects of paeoniflorin and 8-debenzoylpae-
oniflorin, glucosides from the root of Paeonia lactiflora, Planta Med. 63, 1997, 323-325.

H. Goto, Y. Shimada, Y. Akechi, K. Kohta, M. Hattori and K. Terasawa, Endothelium-dependent
vasodilator effect of extract prepared from the roots of Paeonia lactiflora on isolated rat aorta, Planta
Med. 62, 1996, 436-439.

K. Kim, E. Seo, Y. Lee, T. Lee, Y. Cho, O. Ezaki and C. Kim, Effect of dietary Platycodon grandiflorum
on the improvement of insulin resistance in obese Zucker rats, J. Nutr. Biochem. 11, 2000, 420—424.



148

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

Traditional Medicines for Modern Times: Antidiabetic Plants

A. Kato and T. Miura, Hypoglycemic activity of Polygonati Rhizoma in normal and diabetic mice,
Biol. Pharm. Bull. 16, 1993, 1118-1120.

A. Kato, T. Miura, H. Yano, K. Masuda, H. Ishida and Y. Seino, Suppressive effects of Polygonati
Rhizoma on hepatic glucose output, GLUT2 mRNA expression and its protein content in rat liver,
Endocr. J. 41, 1994, 139-144.

T. Miura, A. Kato, M. Usami, S. Kadowaki and Y. Seino, Effect of Polygonati Rhizoma on blood
glucose and facilitative glucose transporter isoform 2 (GLUT2) mRNA expression in Wistar fatty rats,
Biol. Pharm. Bull. 18, 1995, 624-625.

A. Kato and T. Miura, Hypoglycemic action of the rhizomes of Polygonatum officinale in normal and
diabetic mice, Planta Med. 60, 1994, 201-203.

T. Miura and A. Kato, The difference in hypoglycemic action between Polygonati Rhizoma and
Polygonati Officinalis Rhizoma, Biol. Pharm. Bull. 18, 1995, 1605-1606.

H. Chen, R. Feng, Y. Guo, L. Sun and J. Jiang, Hypoglycemic effects of aqueous extract of Rhizoma
Polygonati Odorati in mice and rats, J. Ethnopharmacol. 74, 2001, 225-229.

M. Sato, T. Tai, Y. Nunoura, Y. Yajima, S. Kawashima and K. Tanaka, Dehydrotrametenolic acid
induces preadipocyte differentiation and sensitizes animal models of non-insulin-dependent diabetes
mellitus to insulin, Biol. Pharm. Bull. 25, 2002, 81-86.

T. Miura, M. Kako, E. Ishihara, M. Usami, H. Yano, K. Tanigawa, K. Sudo and Y. Seino, Antidiabetic
effect of Seishin-kanro-to in KK-AY mice, Planta Med. 63, 1997, 320-322.

L. Kitagawa, T. Nishimura, A. Furubayashi and I. Yosioka, On the constituents of rhizome of Reh-
mannia glutinosa LIBOSCH. forma hueichingensis HSIAO, Yakugaku Zasshi 91, 1971, 593-596 (in
Japanese).

T. Kiho, T. Watanabe, K. Nagai and S. Ukai, Hypoglycemic activity of polysaccharide fraction from
rhizome of Rehmannia glutinosa LIBOSH. f. hueichingensis HSIAO and the effect on carbohydrate
metabolism in normal mouse liver, Yakugaku Zasshi 112, 1992, 393-400 (in Japanese).

H. Matsuda, S. Fukuda, J. Nakanishi, S. Fukuda and M. Kubo, Inhibitory effect of oriental medicine
“Rehmanniae Radix” on disseminated intravascular coagulation (DIC), Shoyakugaku Zasshi 40, 1986,
182-187 (in Japanese).

P. Basnet, S. Kadota, M. Shimizu, Y. Takata, M. Kobayashi and T. Namba, Bellidifolin stimulates
glucose uptake in rat 1 fibroblasts and ameliorates hyperglycemia in streptozotocin (STZ)-induced
diabetic rats, Planta Med. 61, 1995, 402-405.

P. Basnet, S. Kadota, M. Shimizu and T. Namba, Bellidifolin: a potent hypoglycemic agent in
streptozotocin (STZ)-induced diabetic rats from Swertia japonica, Planta Med. 60, 1994, 507-511.
A.M. Saxena, M.B. Bajpai, P.S. Murthy and S.K. Mukherjee, Mechanism of blood sugar lowering by
a swerchirin-containing hexane fraction (SWI) of Swertia chirayita, Indian J. Exp. Biol. 31, 1993,
178-181.

A.M. Saxena, M.B. Bajpai and S.K. Mukherjee, Swerchirin induced blood sugar lowering of strep-
tozotocin treated hyperglycemic rats, Indian J. Exp. Biol. 29, 1991, 674-675.

M.B. Bajpai, R.K. Asthana, N.K. Sharma, S.K. Chatterjee and S.K. Mukherjee, Hypoglycemic effect
of swerchirin from the hexane fraction of Swertia chirayita, Planta Med. 57, 1991, 102—-104.

C. Konno, M. Murayama, K. Sugiyama, M. Arai, M. Murakami, M. Takahashi and H. Hikino, Isolation
and hypoglycemic activity of aconitans A, B, C, and D, glycans of Aconitum carmichaeli roots, Planta
Med. 51, 1985, 160-161.

C. Konno, Y. Suzuki, K. Oishi, E. Munakata and H. Hikino, Isolation and hypoglycemic activity of
atractans A, B, and C, glycans of Atractylodes japonica rhizomes, Planta Med. 51, 1985, 102-103.
C. Konno, T. Mizuno and H. Hikino, Isolation and hypoglycemic activity of ephedrans A, B, C, D,
and E, glycans of Ephedra distachya herbs, Planta Med. 51, 1985, 162-163.

H. Hikino, M. Takahashi, Y. Oshima and C. Konno, Isolation and hypoglycemic activity of oryzabrans
A, B, C and D, glycans of Oryza sativa bran, Planta Med. 54, 1988, 1-3.

M. Tomoda, N. Shimizu, Y. Oshima, M. Takahashi, M. Murakami and H. Hikino, Hypoglycemic
activity of 20 plant mucilages and three modified products Planta Med. 53, 1987, 8-12.

H. Hikino, M. Yoshizawa, Y. Suzuki, Y. Oshima and C. Konno, Isolation and hypoglycemic activity
of trichosans A, B, C, D, and E: glycans of Trichosanthes kirilowii roots, Planta Med. 55, 1989,
349-350.



Traditional Chinese and Kampo Medicines 149

80.

81.

82.

83.

84.

85.

K. Aida, H. Shindo, M. Tawata and T. Onaya, Inhibition of aldose reductase activities by Kampo
medicines, Planta Med. 53, 1987, 131-135.

K. Aida, M. Tawata, H. Shindo, T. Onaya, H. Sasaki, H. Nishimura, M. Chin and H. Mitsuhashi, The
existence of aldose reductase inhibitors in some Kampo medicines (Oriental herb prescriptions), Planta
Med. 55, 1989, 22-26.

K. Aida, M. Tawata, H. Shindo, T. Onaya, H. Sasaki, T. Yamaguchi, M. Chin and H. Mitsuhashi,
Isoliquiritigenin: a new aldose reductase inhibitor from Glycyrrhizae Radix, Planta Med. 56, 1990,
254-258.

M. Tawata, Y. Yoda, K. Aida, H. Shindo, H. Sasaki, M. Chin and T. Onaya, Anti-platelet action of
GU-7, a 3-arylcoumarin derivative, purified from Glycyrrhizae Radix, Planta Med. 56, 1990, 259-263.
H. Matsuda, T. Morikawa, I. Toguchida and M. Yoshikawa, Structural requirements of flavonoids and
related compounds for aldose reductase inhibitory activity, Chem. Pharm. Bull. 50, 2002, 788-795.
H. Matsuda, T. Wang, H. Managi and M. Yoshikawa, Structural requirements of flavonoids for
inhibition of protein glycation and radical scavenging activities, Bioorg. Med. Chem. 11, 2003,
5217-5323.






7 Treating Non-Insulin-
Dependent Diabetes Mellitus
from a Western Herbalist’s
Perspective

Joanne Roberts, Amanda McQuade Crawford, and
Jamie Bowen Crowley

CONTENTS
B3T3 0T L1 ot o) s PR UUUSRRR 152
Traditional Western Antidiabetic Herbs.......ccvvvvieiiiiiiiiiieiecieeceee et 153
BILLETS 1uteitie ettt ettt ettt ettt e et et e e bt e sat e et e et b e et e e bt e e beentaeenbeensbaenbeeanbeebeensteenreensaeentean 153
Barberry Root Bark (Berberis vulgaris L.; Berberidaceae)..........ccoceveveenireenennenne. 154
Milk Thistle (Silybum marianum Gaertn; Asteraceae/Compositae).........ccccceveereeeneenne. 154
Bilberry Leaf and Fruit (Vaccinium myrtillus L.; Vacciniaceae) ..........cccceveeeeneenneenne. 154
Aloe Vera (Aloe vera L.; LIlIACEAE) ......cc..oceevieeeiieeeiee ettt 155
Juniper (Juniperus communis L.; CONITEIae) ......cccooceeviriiniinieniiieneeeneeesieeeeene 155
Goat’s Rue (Galega officinalis L.; Leguminosae/Fabaceae) ..........cccceecevceenireencnnenne. 156
Treatment of Diabetes by the Modern Western Herbalist ...........ccceoeeciinienineinciiincnicncneeee 156
Gymnema (Gymnema sylvestre R. Br.; Asclepiadaceae)..........ccoceevereeveneenenceneneeneneenne. 156
Fenugreek Seeds (Trigonella foenum-graecum L.; Leguminosae/Fabaceae)............cceceeuene 157
Suma (Pfaffia paniculata (Mart.) Kuntze; Amaranthaceae) ..........coocveevveerveerieenieessreesvennneens 157
American Ginseng (Panax quinquefolium L.; Araliaceae) ...........cccceveeveneeneneenenseeneneenne. 158
Prickly Pear (Opuntia spp.; CACtACEAC) .....eoueeruiruieiiiienieiieiteetest ettt 158
Devil’s Club (Oplopanax horridum (Sm.) Torr. & A. Gray ex. Miq.; Araliaceae)............... 159
Queen’s Crepe Myrtle (Lagerstroemia speciosa L.; Lythraceae)..........ccceevveeveevevenneeennens 159
Herbs for Use in Adjunct TRETapIes.......cccceviriririniriiniinienicicieieeeeeeee et 159
Bilberry Fruit (Vaccinium myrtillus L.; VacCINIaC@AC)........couerviruieiiniieiiniienieeieenie e 160
Ginkgo Biloba (Ginkgo biloba L.; GINKZOACEAR)........cccereerueriiiinieniieieieeesiee e 160
Cayenne (Capsicum Spp.; SOLANACEAR).......cc.eeruirueeruirierieiierieeiterie ettt ettt sae s 160
Nutritional Therapies and EXETCISE ........cccueruiriiriiriiinieiireeie sttt ettt 161
DTS SOOI 161
25 S (o3 1< PRSP 162
COMNCIUSION ....teeutieetieiee ettt e et et e et e teeebeestee e beessaeesbeessbeesseesseesssaensaessseesssaensaessseenseenssesnsaenseesnsens 163
J S (S5 (31 1T USRI 163

151



152 Traditional Medicines for Modern Times: Antidiabetic Plants

INTRODUCTION

Diabetes mellitus has become a worldwide epidemic. A century ago it was uncommon, but today
it affects more than 135 million people, over 17 million in the U.S. alone. The consequences of
this epidemic are staggering; consider the facts about diabetes shown in Table 7.1.'-*

Fewer than 10% of diabetics have type I (T1IDM), or insulin-dependent diabetes, which is
usually diagnosed in childhood. Type I diabetes is a serious condition and must be managed by
insulin injections. It has traditionally been regarded as a condition that can be managed with insulin
but never reversed or improved. Research with certain botanical therapies discussed here has shown
this to be not entirely true. Improvement in the condition is possible with the use of natural medicine
including herbs. However treatments for type I diabetes will be alluded to briefly but will not be
the focus of this discussion. This chapter will discuss natural remedies for the remaining 90% of
people with diabetes — those who have type II (T2DM), or non-insulin-dependent diabetes.

Non-insulin-dependent diabetes usually affects adults, but in recent years it has become a
condition that affects children, although to a much lesser extent. Type II can run in families. Heredity
has been blamed for the large increase in the number of cases in recent years, but other factors,
such as a lack of regular exercise, an alarming increase in obesity, and diets high in processed,
nutrient-depleted, sugar-laden foods, should be examined more closely. It is interesting to observe
that, although the disease is uncommon in cultures consuming a more primitive diet, diabetes has
always been present in Western culture, as described in Western medical writings. The Eclectic
Physicians defined it as a “constitutional disease” in their medicinal manual, The Eclectic Practice
of Medicine.> This manual describes that diabetes is more common in wealthy people and notes
the geographical predominance of the disease in Southern Italy, India, Sweden, and Germany.
Within this manual, the herbs recommended are fragrant sumac (Rhus aromatica Ait.; Anacardi-
aceae), fringetree (Chionanthus virginicus L.; Oleaceae) and bugleweed (Lycopus virginica L.;
Laminaceae).

As cultures increase the proportion of processed food in their native diets, the rate of diabetes
incidence increases. Within the Native American and Latino populations, the increase in diabetes
has been alarming. The Arizona Pima Indians appear to have a genetic predisposition for T2DM.

TABLE 7.1
Diabetes Facts

Worldwide, 2.8 million people die every year of diabetes. It is the sixth leading cause of death in the U.S. It is also a
contributing factor to a large number of deaths.

Diabetes is the principal cause of blindness in the U.S.; 75 people lose their sight each day.

Diabetes is the largest cause of kidney failure in the U.S. Every day, 80 people will suffer kidney failure. Diabetes is
responsible for 43% of all new cases.

Diabetes is the leading cause of nontraumatic, lower limb amputations. Every year, 56,000 limbs are lost due to
complications of diabetes. This number is growing.

Diabetes leads to a greatly increased risk of heart disease. It creates a two to four times higher risk of stroke.

Diabetes causes a greatly increased risk of nerve function impairment. Within the diabetic population, 60 to 70% have
at least some nerve damage.

Almost half the people with type II diabetes are unaware of their condition. They are undiagnosed and untreated.

In the U.S., type II diabetes is most prevalent in ethnic minority groups, but not exclusive to them.

The number of cases of diabetes worldwide is currently almost 200 million. At the present rate of increase, the affected
population will double every 15 years.

The number of deaths from diabetes, worldwide, is expected to double within 10 years.

The costs of this disease are enormous. One of every seven health care dollars spent in the U.S. is spent on diabetes
and adjunct treatments, currently over $132 billion. Lost productivity in the U.S. is $7.3 billion per year.
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However, this is a recent characteristic that arose after this population adopted Western food
shopping and dietary habits such as increased consumption of calories, refined carbohydrates, and
total fat. According to Szathmary, T2DM was virtually unknown in North American indigenous
populations before 1940.6

The apparent heredity factor may well have more to do with inherited habits. Children learn
from parents and adopt their habits of a sedentary lifestyle and consuming a poor diet. Although
genetics may make people susceptible to the consequences of poor lifestyle choices, it is not a
mandatory sentence for life as a diabetic. Genetics may be an important factor, but it is far less
important than has been previously thought.

The physical problems brought on by type II diabetes are further compounded for people who
lack treatment. As stated earlier, approximately half of all cases are undiagnosed. This is currently
estimated to be approximately 9 million Americans. The classic symptoms of extraordinary thirst,
frequent urination, and a large appetite are not noticed, or they are dismissed by the unaware
diabetic as nothing unusual. Therefore, health care is not sought. Unfortunately, this lack of care
leads over time to several other deadly conditions. For example, many sudden heart attacks could
have been prevented if the victim had been receiving care for an unknown diabetes II condition.

In 1988, Gerald Reaven, a Stanford endocrinologist, coined the term “syndrome X for a
condition that can be a precursor to diabetes T2DM. Syndrome X is brought on by excessive
consumption of refined rather than complex carbohydrates. The syndrome includes at least two of
the following symptoms: insulin resistance, abdominal obesity, high blood pressure, elevated cho-
lesterol, and elevated triglycerides. Syndrome X can be treated naturally in much the same way as
T2DM (discussed later).”8

In type I or type II, the same herbs may be used for similar reasons. Diabetes type II responds
particularly well to botanical and nutritional therapies and some lifestyle changes, so full health
and full function may be restored. The body’s ability to accept the insulin that is produced can be
optimized. With a change in diet, regular exercise, and a loss of weight, the body will require less
insulin. With herbs, the body is more able to create insulin and effectively utilize what is made.

TRADITIONAL WESTERN ANTIDIABETIC HERBS

This section will discuss herbs that were historically used in Europe. Some may not be native plants
from Europe but their traditional use is documented.

BITTERS

Plants traditionally classified as bitters have been used by herbalists in the West for the management
of diabetes. These include:

Gentian root (Gentiana lutea L.; Gentianaceae)

Centaury herb (Erythraea centaurium Pers; Gentianaceae)
Wormwood herb (Artemisia absinthium L.; Compositae)
Dandelion root and leaf (Taraxacum officinale Weber; Compositae)
Unicorn root (Aletris farinose L; Haemodoraceae)

Bogbean leaf (Menyanthes trifoliata Tournef.; Gentianaceae)
Quassia bark (Picraena excelsa Lindl; Simarubaceae)

Chiretta herb (Swertia chirata Buch.-ham.; Gentianaceae)

Black root (Leptandra virginica Nutt; Scrophulariaceae)

Fringetree root bark (Chionanthus virginicus L.; Oleaceae)

Pharmacologically active plant phytochemicals include flavonoids, saponins, lignans, and tan-
nins.’ Due to the bitter taste of many of these compounds, horticulturists have selectively bred them
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down to low levels or concentrated them in peels, which are often never consumed. The result is
that produce in the diet is larger, sweeter, and milder.'®!! It is postulated that bitters trigger digestive
secretions including from the pancreas. Stimulation of the islets of Langerhans within the pancreas
creates a mild change in the level of circulating insulin and glucagon. Studies of the extremely
bitter chemical denatonium have shown that it activates receptors in the tongue, which consequently
triggers the endocrine response in the pancreas.'? Bitters as medicine are prevalent in many cultures.
Of the bitters traditionally used in Western medicine, only a few are in common usage today.
Barberry and milk thistle have evolved as modern herbs and have recently been studied for their
hypoglycemic properties.

Barberry Root Bark (Berberis vulgaris L.; Berberidaceae)

Barberry is native to Europe, where it is commonly used as an ornamental shrub. Closely related
to Oregon grape, which is a native of North America, it also contains the compound berberine.
King’s American Dispensary states that it was commonly used during the late 19th century, primarily
as a tonic herb."

Berberine, the principal component in barberry root bark, has been shown to be effective in
the treatment of diabetes. An uncontrolled study of 60 patients with T2DM with differing severity
of the disease was performed. They were given oral doses of 0.3 to 0.5 g of berberine three times
per day for up to 3 months and a therapeutic diet for 1 month. The study showed positive results.
Fasting blood glucose levels were controlled in 60% of patients and major symptoms of diabetes
disappeared. The patients’ strength improved, blood pressure normalized, and blood lipids
decreased.!* Further tests performed on animals showed improved pancreatic tissue compared to
controls. It is thought that the hypoglycemic action of berberine, like gymnemic acid and other
botanical compounds, may be due to the regeneration and recovery of pancreatic beta-cells.!>16

Milk Thistle (Silybum marianum Gaertn; Asteraceae/Compositae)

Milk thistle is traditionally thought of as a remedy for liver disorders. It has been found that
alcoholic cirrhosis causes insulin resistance (a type of T2DM). This condition is partly due to the
lipoperoxidation of hepatic cell membranes. Therefore antioxidizing agents may be useful in treating
or preventing damage due to free radicals. Several studies (animal and human) have shown milk
thistle to be potentially beneficial in treatment of diabetes. In an Italian study, patients with cirrhosis-
related diabetes mellitus received 600 mg of silymarin or a placebo for 12 months. The insulin
requirement was reduced by 25% due to the significant decrease in fasting glucose levels. The
authors observed that treatment with silymarin may reduce the lipoperoxidation of cell membranes
and insulin resistance, significantly decreasing endogenous insulin overproduction and the need for
exogenous insulin administration.!’

Bilberry Leaf and Fruit (Vaccinium myrtillus L.; Vacciniaceae)

Bilberry is also known as European blueberry and is native to Europe. Traditionally, bilberry leaves
were used to treat diabetes. Modern research has supported the folklore of the use of bilberry in
the treatment of diabetes. Studies have shown that animals were better able to tolerate sugar when
given bilberry leaf.

The mechanism in diabetes may be related to the high chromium content in bilberry leaf (9
ppm), but further research is needed to determine this. To date, no human clinical trials have been
conducted. In streptozotocin-induced diabetic rats, 4 days of bilberry leaf administration caused
plasma glucose levels to decrease consistently by 26%.'8

Although the leaves may be useful in the control of diabetes, it has been discovered that the
fruit and its extracts are of greater benefit, primarily for the reduction of complications that result
from diabetes. The most threatening complications are the vascular and metabolic complications
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(diabetic neuropathy, angiopathy, cataract, glaucoma, optic neuropathy, retinopathy, and diabetic
nephropathy). Adjunct therapies for these complications will be covered later in this chapter.

Extracted from the fruit with a slightly acidic alcohol solution, the bilberry anthocyanoside,
myrtillin, is apparently the most active constituent. It was found to be useful as a mild, nontoxic,
insulin-like agent, with long lasting effects. Upon injection, myrtillin is somewhat weaker than
insulin, but less toxic even at high doses. It is interesting that a single dose can reportedly produce
beneficial results lasting for several weeks.!°

Aloe Vera (Aloe vera L.; Liliaceae)

This well known plant has been studied for its hypoglycemic properties. An early study using mice
had shown aloe vera juice to be effective. Subsequent to this animal study, two placebo-controlled
single-blind clinical studies performed in Thailand have shown promise for use of aloe in controlling
high blood sugar and triglyceride levels.?02!

The first study used 72 men and women. The two groups were matched for sex, body weight,
age, former hypoglycemic drug use (none), fasting blood sugar levels, and exhibiting a typical
diabetic curve of glucose intolerance. The treatment group received 1 tablespoonful of aloe vera
juice (80%), twice per day, for 42 days. The control group received a placebo mixture given in the
same way as the aloe vera. Blood samples were drawn weekly for blood sugar and biweekly for
cholesterol and triglycerides. The blood sugar levels of the treatment group were significantly lower
after 1 week and continued to fall steadily for the duration of the study. Additionally, the triglyceride
levels of the treatment group were lowered after 2 weeks and continued to fall during the study.
Cholesterol levels were unaffected in both groups.

An additional Thai study was performed later using 72 men and women divided into two equal
sized groups and paired similarly to the first study. These subjects were chosen from diabetics who
had been treated with the conventional drug glibenclamide and who had failed to respond positively
with lowered blood glucose levels. The treatment group, once again, received 1 tablespoon of aloe
vera juice, twice per day, but also continued to take two tablets of glibenclamide (5 mg) for 42
days. The control group was given a placebo that resembled the aloe vera juice and also continued
to take glibenclamide.

Once again, blood samples were taken weekly to examine blood glucose levels and biweekly
to analyze triglycerides and total cholesterol. The treatment group showed a significant decrease
in blood glucose within 2 weeks. Triglycerides were lowered in 4 weeks and both levels continued
to decline for the duration of the study. The control group remained with stable levels of fasting
blood glucose and triglycerides, but did not display any improvement. Cholesterol levels were
unchanged for both groups.

Aloe vera shows considerable promise as an aid in treating diabetes. The studies show that it
has the ability to lower blood glucose levels; however, these levels did not fall to normal desired
levels. It has been suggested that the dose of aloe vera juice was not high enough and further studies
need to be done using varied higher doses. Higher doses should be well tolerated because these
studies, as well as ancient folklore, have confirmed that aloe vera appears to show no harm to the
kidneys or liver. Pending further studies, this herb may be safely used in combination with other
botanical treatments.

Juniper (Juniperus communis L.; Coniferae)

Familiar to most people as an original ingredient of gin, juniper berries of several species are
common throughout Western herbal materia medica. The part used is the berry, or pungent fruit.
Since the medieval era, juniper species have been valued for their diuretic and digestive properties.
Two animal studies have showed that juniper had a blood glucose-lowering effect.?>?3
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Juniper berries may act as a cholesterol-lowering and diuretic remedy, in some ways similar
to artichoke leaf or goat’s rue. It was previously believed that the diuretic effect of juniper was
through nephron irritation by the volatile oil constituents. The use of juniper has resulted in a
history of renal infection or damage. However, the volatile oil is not a renal irritant in rats. It is
hypothesized that the adulteration of berries with needles, branches, and unripe berries may result
in abnormally high levels of alpha- and beta-pinene, which may be the agents acting as urinary
irritants.?* Further studies in human subjects are warranted.

Goat’s Rue (Galega officinalis L.; Leguminosae/Fabaceae)

So named from the Greek word for milk, galega is considered a noxious weed across North America.
The common name in English presumes that dairy goats rue having this plant introduced to fodder
because it increases milk production.

The conventional oral glucose-lowering drug metformin was originally developed from this
medicinal plant to treat diabetes. Goat’s rue is rich in galegine, the hypoglycemic component that
reduces plasma glucose via inhibition of hepatic glucose production and increase of muscle glucose
uptake. It also reduces plasma triglyceride and LDL-cholesterol levels. Unfortunately, it is too toxic
for unmonitored clinical use and its side effects include weakness, fatigue, shortness of breath,
nausea, dizziness, lactic acidosis, and kidney toxicity.

One Scottish study of normal-weight mice and obese mice showed that goat’s rue caused loss
of weight unrelated to a reduced food intake. The mice were given an ethanolic extract of a mixture
of four herbs (containing 10% by weight of goat’s rue). Over 7 days, food intake dropped and,
over 28 days, weight dropped even while food intake restabilized or rose; in both treatment groups,
total body fat was lower. In obese and normal-weight mice, the blood glucose was reduced
significantly compared to controls, but only in the obese mice was insulin also reduced.?

Western herbalists frequently use this herb in combination with others to manage long-term
health of people with type II diabetes mellitus or as an adjuvant in type I. It may also lessen the
needed dose of oral hypoglycemic drugs. This herb must not replace insulin therapy, however, and
should be used only under professional supervision. Because this herb is so effective, careful
monitoring is needed to safeguard the diabetic patient on insulin.

TREATMENT OF DIABETES BY THE MODERN
WESTERN HERBALIST

The herbs available to the Western herbalist for the alternative treatment of diabetes have evolved
with today’s current global market. The herbalist will commonly use herbs that are native to foreign
continents and may employ the diverse knowledge that originates from a world of different cultures.
This section of the chapter will detail the herbs that are recent additions to the Western herbalist’s
cornucopia.

GYMNEMA (GYMNEMA SYLVESTRE R. BR.; ASCLEPIADACEAE)

Gymnema is a very unusual herb. When applied to the tongue, it will temporarily suppress the
ability to taste sugar. It has been used in Ayurvedic medicine for centuries and its Sanskrit name,
“gurmar,” means “sugar destroyer.” In India, it has been used to treat diabetes II for the last two
millennia. Western herbalists are now finding it useful and effective in controlling hyperglycemia
and restoring pancreatic function.?%?’

The gymnema leaf contains 4 to 10% of a group of more than 20 saponin glycosides of the
oleanane type. These include gymnemic acids I through XVIII and gymnemasaponins I through
V.2829 Studies show that the herb is able to mediate hyperglycemia by three possible mechanisms:
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* Inhibition of intestinal absorption of glucose. Studies of humans and rats have shown
gymnema extract and gymnemic acids to be useful in inhibiting intestinal glucose
absorption.30-7

* Possible regeneration of the pancreas. A study showed two gymnema extracts returned
fasting blood glucose levels to normal after 20 to 60 days of oral administration with
diabetic rats. Fasting insulin levels returned toward normal and the number of beta-cells
in the pancreas increased.’?-3

¢ Stimulation of the release of endogenous insulin® or via interactions with insulinotropic
enteric hormones. In animals that have their pancreas removed, gymnema possesses no
apparent effects, suggesting that it enhances the production of endogenous insulin rather
than supplying an insulin substitute.

Studies in humans with both types of diabetes seem to support the possibility of pancreas
regeneration or of gymnema’s ability to stimulate the release of endogenous insulin. Two published
studies used 400 mg/day of a water-soluble gymnema extract to study its effects on TIDM and
T2DM. In the type I diabetic study, the group given the gymnema reduced their insulin dose by
50%. In the type II study, after 18 to 20 months of treatment, fasting glucose levels were reported
to be 29% lower in the group given gymnema compared to those on oral diabetic drugs. Additionally,
glycosylated hemoglobin and glycosylated plasma protein were reduced. Of the treated group, 95%
were able to reduce their intake of drugs and 5% were able to discontinue drug use completely.
They maintained a normal blood glucose level by continuing with the gymnema extract alone.
Although these results are promising, the studies were not blind or randomized, which is a weak-
ness.+3

The usual response to gymnema is slow, requiring 6 months to 1 year of continuous use for
the desired effect.

FENUGREEK SEEDS (TRIGONELLA FOENUM-GRAECUM L.; LEGUMINOSAE/FABACEAE)

Fenugreek seeds have shown significantly positive effects in controlling diabetes in clinical studies
and in animal experiments. The effect of fenugreek seeds on blood glucose and the serum lipid
profile was evaluated in TIDM diabetic patients in a small study of short duration. Defatted
fenugreek seed powder (100 g), divided into two equal doses, was served twice daily. The fenugreek
diet significantly reduced fasting blood sugar and improved results of the glucose tolerance test.*

In a controlled clinical study, the effect of fenugreek on glucose and insulin levels following
the meal tolerance test (MTT) was studied in T2DM diabetics. In this study, 15 g of powdered
fenugreek seed, soaked in water, was given and appeared to reduce glucose levels significantly.*0
A small, randomized, controlled, double-blind trial was performed at India’s Diabetes and Research
Centre in 2001 using patients with mild T2DM. The 25 patients were administered 1 g per day
of a hydroalcoholic extract of fenugreek seeds. The group receiving the fenugreek extract had
significantly lower blood sugar. The authors concluded that adjunct use of fenugreek seeds
improves glycemic control and decreases insulin resistance. They also observed a favorable effect
on triglyceride levels.*!

SUMA (PrAFFIA PANICULATA (MART.) KUNTZE; AMARANTHACEAE)

Used by South American indigenous people for centuries, suma is another promising herb in the
treatment of diabetes. It is known in South America as “para todo” (“for everything”). An herbal
pharmacologist would call it an adaptogen. It has been mistakenly called Brazilian ginseng for
advertising reasons, although it is not of the genus Panax and cannot be defined as a ginseng.
Suma was brought to the attention of the general population shortly after its uses were discov-
ered by a Brazilian herbalist in 1975. Since that time, many studies have been conducted in Brazil,
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Great Britain, Japan, and the U.S. Suma has traditionally been used as a folk medicine in its native
country, particularly with respect to the treatment of diabetes. However, no published studies to
date support this belief. Many anecdotal reports tell of diabetics who have been successfully weaned
off insulin.*?

AMERICAN GINSENG (PANAX QUINQUEFOLIUM L.; ARALIACEAE)

Ginseng is another herb that has been used since ancient times to control diabetes. All ginseng
species have some hypoglycemic effects in studies, but American ginseng has been the most
successful. Several studies were conducted at the University of Toronto to test the herb’s effects
on blood glucose levels and to investigate its dependency on time of administration and dose.*346
During the most recent study, a dose of 1, 2, or 3 g of American ginseng was given to 12 healthy
people. The doses were given at 40, 20, 10, or O min before a 25-g oral glucose challenge. Capillary
blood was collected before administration and at 0, 15, 30, 45, 60, and 90 min after the start of
the glucose challenge.

The researchers found that these reductions were time dependent but not dose dependent: an
effect was seen only when the ginseng was administered 40 min before the challenge. Doses within
the range of 1 to 3 g were equally effective. Three additional human studies were conducted with
similar results. The Toronto researchers hypothesize that ginseng stimulates insulin secretion and
improves nitric oxide-mediated uptake of glucose into cells. These results indicate that yet another
useful herb has been found in the quest to control diabetes. These studies show much promise, but
are somewhat limited; therefore, more research should be done on American ginseng. Meanwhile,
this herb is considered nontoxic in the therapeutic dosage range. It is useful for a long list of
complaints, so Western herbalists may sometimes use it with other remedies for control of hyper-
glycemia.

PrickLy PEAR (OPUNTIA spp.; CACTACEAE)

Opuntia streptacantha Lemaire (nopal), or the prickly pear cactus, can be found in arid regions
throughout the Western hemisphere, including the southwestern U.S., and is commonly used for
glucose control by those of Mexican descent. It has a high-soluble fiber and pectin content, which
may affect intestinal glucose uptake, partially accounting for its hypoglycemic actions.*’” Animal
models have reported decreases in postprandial glucose and glycated hemoglobin levels with
synergistic effects with insulin. Additionally, after cessation of insulin administration, the purified
extract from the prickly pear cactus (Opuntia fuliginosa) controlled blood glucose alone.*

In Mexico, cactus capsules are touted as being efficient in lowering blood glucose levels in
non-insulin-dependent or type II diabetics. Their effects have been questioned by Mexican research-
ers because processing and dehydration of the plant probably reduce its medicinal (hypoglycemic)
activity. In a study undertaken in Mexico, the daily intake of 30 Opuntia capsules by patients with
diabetes mellitus had a discrete beneficial effect on glucose and cholesterol. However, this dose
was considered impractical and therefore was not recommended in the management of diabetes
mellitus.* Dehydrated extracts of nopal (Opuntia ficus-indica Mill) did not show acute hypogly-
cemic effect, although they could attenuate postprandial hyperglycemia.>

Two controlled, short-term metabolic trials published in the English language by the same
investigator suggest a possible hypoglycemic effect of nopal. The subjects ingested 500 g of
broiled nopal stems (Opuntia streptacantha). The small trials reported improvements in patients
with T2DM having decreased fasting glucose and decreased insulin levels, suggesting enhanced
insulin sensitivity. Although no side effects were reported in these trials, longer term clinical
trials are needed.’'-??
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DeviL’s CLuB (OPLOPANAX HORRIDUM (SM.)
Torr. & A. GRAY EX. MIQ.; ARALIACEAE)

Synonyms for this herb are Panax horridum (Sm.), Fatsia horrida ((Sm.) S. Watson.), Echinopanax
horridus ((Sm.) Decne. & Planch.). So called for the thorny nature of the stem and leaf, devil’s
club is probably the most important plant to the indigenous people who live near it. Ethnobotanical
records show that it is highly regarded by many First Nation tribes for its medicinal and spiritual
properties. At least 13 First Nation tribes studied by Nancy Turner used devil’s club traditionally
for diabetes mellitus as an infusion or decoction of inner bark and sometimes roots, alone and in
mixtures.>

A few poor and conflicting studies suggest its use as a hypoglycemic, but clinical human studies
are warranted to prove its efficacy in the treatment of T2DM. Whether it is a pancreatic tonic or
works by increasing the efficiency of insulin production is unclear.’* Research on devil’s club
following early reports of its use for diabetes showed that a white precipitate isolated from extracts
of “root bark” had a blood sugar-lowering effect in rabbits.>> Later, two human studies also found
hypoglycemic activity of root and stem bark.*® Four other studies, however, did not find this effect
from extracts of root bark and decoction of stems.>’-%

Devil’s club is presently being harvested and marketed as “pacific ginseng.” However, there is
little credible research to prove its immune-enhancing and adaptogenic properties in spite of its
relationship to ginseng. The devil’s club sold in commerce is wild crafted and many people,
including the indigenous people, have raised concerns that this practice is not sustainable. Clearly,
the current commercialization and use of this plant is problematic and a lot of research must be
done before it can be a viable option in the treatment of diabetes.

QUEEN’s CREPE MYRTLE (LAGERSTROEMIA SPECIOSA L.; LYTHRACEAE)

Used for centuries in Asia, this herb, also known as banaba, is now used in the West and is very
promising as an aid for blood sugar control. The blood sugar regulating properties of queen’s crepe
myrtle have been demonstrated in vitro and in vivo in animal and human studies. In diabetic mice,
rats, and rabbits, queen’s crepe myrtle feeding reduces elevated blood sugar and insulin levels to
normal. In humans with T2DM, queen’s crepe myrtle extract given for 2 weeks has been shown
to be effective in reducing blood sugar levels (30% reduction) and maintaining tighter control of
blood sugar fluctuations.5!

HERBS FOR USE IN ADJUNCT THERAPIES

Because herbalists work in patient-centered therapy, there is a long list of potential Western herbal
adjuvants. According the scientific data,®? the most commonly used plants are: ginkgo biloba
(Ginkgo biloba L. Ginkgoaceae), garlic (Allium sativum L.; Liliaceae), milk thistle
(Silybum marianum Gaertn; Compositae), ginseng (Panax spp; Araliaceae), papaya (Carica papaya;
Acanthaceae), and bilberry fruit (Vaccinium myrtillus L.; Vacciniaceae). Some of them are proposed
for:

e Treatment of symptoms related to venous and lymphatic vessel insufficiency

* Prophylaxis and treatment of liver damage caused by metabolic toxins

e Chronic degenerative liver conditions

e Therapy of digestive disorders

e Increasing in an unspecific way the resistance of the organism to various environmental
influences

e Stabilizing membranes through antioxidant and radical scavenging actions
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Evening primrose oil (Oenothera biennis L.; Onagraceae), alpha-lipoic acid, and cayenne
(Capsicum spp.; Solanaceae) have received the greatest attention for their use in diabetic neuropathy,
but further studies are needed to confirm their efficacy.®® This section will only focus on ginkgo,
bilberry fruit, and cayenne because they have been the most prominent in studies with respect to
diabetic complications.

BiBerrY FrRuIT (VACcINIUM MYRTILLUS L.; VACCINIACEAE)

Bilberry fruit may be used in diabetic adjunct therapy in the treatment of diabetic retinopathy and
cardiovascular disease. It assists vision and was used by RAF pilots during World War II to improve
their night vision. It is vasoprotective, antioxidant, and anti-inflammatory. Modern research has
proven that the anthocyanoside bioflavonoids in bilberry are supportive of retinal tissue.®*% The
anthocyanosides have an affinity for the blood vessels of the eye and the retina, especially the
macula. They improve circulation to the retina. Bilberry extracts have been prescribed for diabetic
retinopathy in France since 1945.

GINKGO BiLoBA (GINKGO BILOBA L.; GINKGOACEAE)

Ginkgo used in this context has significant therapeutic overlaps with bilberry, previously discussed.
Because of its ability to increase peripheral blood flow, ginkgo leaf extract has been found effective
in aiding peripheral vascular insufficiency (claudication), which is quite common in diabetics.
Numerous trials have focused on ginkgo’s effect on claudication. These include three meta-analyses
and 12 clinical trials to date. Most statistically significant studies have administered 120 mg ginkgo
extract standardized to 24% ginkgo flavoglycosides and 6% terpene lactones per day (in two to
three divided doses), although one dosing trial found better results with 240 mg/day. Treatment
was evaluated for up to 6 months. Outcome parameters included measurements of mean pain-free
walking distance and mean maximum walking distance.5’

Another important role that ginkgo plays is to protect the retina. Diabetics are prone to an eye
condition known as diabetic retinopathy. Two in vitro studies and one double-blind clinical study
have observed visual function of diabetic subjects. The group given ginkgo showed significant
improvement, suggesting that ginkgo has a specific role because of its antioxidant activity against
harmful free oxygenated radicals.®%

CAYENNE (CAPSICUM SPP.; SOLANACEAE)

Capsaicin, the active constituent of hot chili pepper, is thought to stimulate unmyelinated C fiber
neurons selectively and cause the release of substance P. Continued application of capsaicin
reversibly depletes stores of substance P and possibly other neurotransmitters from sensory nerve
endings. This diminishes the transmission of painful stimuli from the peripheral nerve fibers to the
central nervous system.

In clinical studies of patients with diabetic neuropathy, adjunctive therapy with topical capsaicin
achieved better relief than placebo in most studies. Despite some initial mild stinging and burning,
its advantage is that topical capsaicin is not associated with any severe systemic adverse effects.
According to a recent meta-analysis, four trials have addressed the efficacy of topical capsaicin for
neuropathic pain. Capsaicin cream gave more pain relief to patients with diabetic neuropathy than
did placebo.” Another trial studied the effects of Capsaicin cream when applied to the feet of 13
patients with symptomatic diabetic neuropathy over a period of 8 weeks. The researchers investi-
gated the impact on small nerve fiber function and neurovascular control. A significant improvement
in total symptoms was observed.”!

The largest study was a multicenter double-blind, vehicle-controlled study with parallel ran-
domized treatment assignments. The investigators at 12 sites enrolled 277 men and women with
painful peripheral polyneuropathy and/or radiculopathy in an 8-week period. A visual analogue
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scale of pain intensity and baseline measurements of the pain’s interference with the ability to
walk, work, participate in recreational activities, use shoes and socks, sleep, and eat were recorded.
The results indicate that topical 0.075% capsaicin is effective for reducing pain in patients with
painful neuropathy.” A subsequent double-blind, multicenter parallel study compared the safety
and efficacy of topical capsaicin and oral amitriptyline in patients with painful diabetic neuropathy
involving the feet. In the study, 235 patients were randomized to treatment with capsaicin cream
or amitriptyline capsules. Both groups had a 40% reduction in pain. However, the capsaicin group
did not experience side effects.”

NUTRITIONAL THERAPIES AND EXERCISE

Nutrition plays a vital part in the cause and the control of diabetes type II. Nutritional therapies
should begin with an assessment of a patient’s lifestyle. It is important to identify any problems
present in the patient’s diet and environment that may be contributing to his or her pancreatic
dysfunction. To achieve the best results, the patient’s weight must be normalized. A diet, exercise,
and a supplement program should be created and strictly followed to address these problems. Any
toxic exposures in the home or workplace must be cleaned up.

Dier

Dietary modification is absolutely fundamental to a successful natural treatment of diabetes. Dia-
betes is usually the result of a lifetime of consuming the standard American diet: nutrient-depleted,
fiber-depleted, and filled with highly refined carbohydrates, most notably sugar and high-fructose
corn syrup. The evidence is clear that the Western diet and lifestyle is the primary factor in diabetes
II.74,75

The American Diabetes Association has a recommended diet; however, the evidence is mounting
that this is not the ideal diet for managing blood sugar levels. It has been suggested that metabolic
typing is useful in determining the proper diet for prevention of diabetes. One metabolic type, type
one (no relation to diabetes type 1), is given a diet with emphasis on complex carbohydrates, with
low fat and protein; the type two diet is given more protein and fat, with less emphasis on complex
carbohydrates. The criteria for selection of the appropriate diet are based upon the metabolic
dynamics of an individual’s carbohydrate metabolism. This is determined by a procedure that Dr.
Harold Kristal has pioneered to test carbohydrate tolerance. In a study published in The Townsend
Letter for Doctors (March 2003), 1444 individuals were given a miniglucose challenge test and it
was found that 72% of patients with a diagnosis of diabetes or prediabetics (commonly called
syndrome X) were of the metabolic type that has difficulty processing carbohydrates.”® Metabolic
typing has not yet been widely accepted and more research should be done in this area. However,
the emphasis remains with a diet rich in complex carbohydrates and less protein and fat.

A diet created by Dr. James Anderson, known as the HCF diet (high-carbohydrate, high plant
fiber) has been successful. In a published study of 20 diabetic subjects, the experimental group
significantly reduced its insulin need by following the diet. This diet has been shown to produce
reduced postprandial hyperglycemia, delayed hypoglycemia, increased tissue sensitivity to insulin,
reduced cholesterol, and increased HDL cholesterol levels.”” Anderson recommends a diet high in
cereal grains, legumes, and root vegetables in which fat and simple sugars are restricted. The caloric
intake consists of 70 to 75% complex carbohydrates, 15 to 20% protein, and 10 to 25% fat. The
total fiber content is almost 100 g per day.

Clinical trials of a more primitive diet that is predominantly vegetarian with an emphasis on
complex carbohydrates and low fat intake have shown superior therapeutic effects. A change in
diet is certainly a superior treatment option for diabetes T2DM, rather than pharmaceutical drugs
or insulin. It has even been shown to be a first line of defense, with herbal therapies as a secondary
step in treatment.”8-8!
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Fiber is critical in the diabetic maintenance diet. Research has shown diabetes prevalence is
closely related to a low intake of dietary fiber. The fibers that have the most beneficial effects on
blood sugar control are water soluble. These include hemicelluloses, mucilages, gums, and pectins.
They slow down the digestion and absorption of carbohydrates, thus preventing rapid rises in blood
sugar, increasing the sensitivity of tissues to insulin, and improving uptake of glucose by the liver
and other tissues. Of particular use are legumes, oat bran, nuts, seeds, psyllium seed husks, pears,
apples, and most vegetables.

Although there are no specific fiber dietary guidelines for diabetics, studies have compared a
diet containing 24 g fiber per day (high usual intake as recommended by the American Dietetics
Association) to a diet containing 50 g fiber per day. They found that the higher intake of dietary
fiber showed greater improvement in glycemic control, hyperinsulinemia, and plasma lipid con-
centrations in patients with T2DM.3? The ideal diet for controlling diabetes should be a natural
foods diet, preferably organic foods. The foods of choice are complex carbohydrates and high-fiber
foods, with a low level of fats. Legumes, onions, and garlic are encouraged. Processed foods and
concentrated carbohydrates are to be eliminated.

The current attention on the glycemic index of foods (discussed elsewhere in this book) is best
taken in context of the rate at which sugars are released, not just the amount of sugars in vegetables,
fruits, and whole foods. The glycemic load, defined as the product of the glycemic index value of
a food and its carbohydrate content, has been reported to be positively associated with the risk of
developing type II diabetes in men and women®334 and coronary heart disease in women.? However,
studies in T2DM patients have not consistently reported a relation between glycemic index and
insulin and lipid levels, although studies in other populations have reported an association between
lower glycemic index diets or lower glycemic loads with lipids — in particular HDL cholesterol
— and insulin levels. Examples of foods with a low glycemic index include:

Apples Jerusalem artichokes
Bananas Lettuce

Barley Medicinal mushrooms
Beans Oats

Blackberries Olives

Broccoli Onions

Cabbage Papayas

Cashews Peas

Cauliflower Raspberries

Celery Spinach

Citrus fruit Sunflower seeds
Cranberries Turnips

Garlic

A number of useful nutritional supplements are also recommended in diabetes (Table 7.2).

EXERCISE

Exercise improves many symptoms of diabetes. Diabetics who participate in a regular routine of
physical activity experience many benefits: enhanced insulin sensitivity with a consequent dimin-
ished need for exogenous insulin, improved glucose tolerance, and reduced total serum cholesterol
and triglycerides with increased HDL levels, resulting in an improvement in body fat and
weight.!?0-123 An exercise program is essential. However, this program must reflect the patient’s
abilities. As time goes on and physical fitness is increased, the program can increase to reflect
increased abilities. Ideally, the activities should elevate the heart rate at least 50% for half an hour,
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TABLE 7.2
Nutritional Supplements
Recommended in Treatment of

Diabetes

Supplement Ref.
Chromium 86-88
Ascorbic acid (vitamin C) 89, 90
Niacinamide (vitamin B3) 91-96
Biotin 97-99
Pyridoxine (vitamin B6) 100, 101
Natural d a-tocopherol (vitamin E) 102-104
Selenium 105
Magnesium 106
Manganese 107, 108
Zinc 109, 110
Mixed flavonoids 111,112
Fiber (dietary and supplemental) 113,114
Vanadium 115-119

three times per week. Walking is an ideal activity; however, the patient’s varied interests can be
accommodated and the intended goal still reached.

CONCLUSION

Dietary supplements, lifestyle changes, and alternative therapies are increasingly used by patients
with diabetes. This is in keeping with the belief that alternative treatments have been most widely
used in chronic diseases, which may be only partially alleviated by allopathic medicine. Herbal
medications are the most commonly used alternative therapy for glucose control and as an adjunct
therapy for the many underlying complications of diabetes. Although a lot of early research has
been done, their safety and efficacy need to be evaluated further by well-designed, controlled clinical
studies. Despite the fact that herbs used for diabetes are less likely to have the drawbacks of
conventional drugs, potential adverse herb—drug interactions should be kept in mind for patients
also receiving conventional medications.

The good news is that most herbs have been shown to work in various preclinical and clinical
studies. A great deal of patience will undoubtedly be required from patient and practitioner, but
successful natural management of diabetes will make it worthwhile for everyone. As with all holistic
therapies, results may be gradual and are not the “magic bullet” offered through allopathic medicine.
Because T2DM generally occurs in older adults, many of the patients will need to change habits
that may be deeply ingrained and difficult to change.

It is to be hoped that, with continued research, the use of herbal therapies for diabetes will
become more widespread (because it will be better understood) in the West, just as herbs for
diabetes are used in many developing countries.
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INTRODUCTION

Diabetes is a term given to an assemblage of medical disorders characterized by a state of altered
metabolism. Type 2 diabetes mellitus, typified by insulin resistance or deficiency, is the most
prevalent form of this disease in North America. Within the last several decades, the number of
individuals in North America suffering from type 2 diabetes has risen markedly'?; a disproportionate
increase has been observed among Native American populations.>- Several pharmaceutical agents
have been developed to help diabetic patients cope with the disease, but all of these products
produce a variety of undesirable side effects. It is essential that new therapeutic agents are identified
to help deal with this disease.

Humans have long used the plant kingdom as a reservoir of medicinal agents to treat all manner
of diseases, including diabetes. Ethnobotanical studies in North America have identified a variety
of plants traditionally employed by Native Americans for treating diabetes, despite the fact that
diabetes was rarely encountered among these populations prior to European acculturation. Today,
however, traditional Native American antidiabetic plants represent only a subset of all the plants
used throughout North America for treating diabetes. For example, new reputed antidiabetic plants
have been introduced into North American markets from other traditional medical systems such as
Ayurvedic and Chinese herbal medicine. Furthermore, modern North American herbalists have
adopted the use of some new plants into the American materia medica that exhibit promising
antidiabetic effects. As a result, a complex amalgamation of antidiabetic plants that represent modern
North American, traditional Native American, and other traditional medical systems can be found
today throughout continental North America. Together, these plants warrant further investigation
as leads in the development of new pharmaceutical entities.

The role of plants in the prevention and treatment of diabetes is not strictly limited to medicinal
applications. A significant body of literature has emerged that links the increased prevalence of
diabetes in North America, especially among Native Americans, to a decrease in the quantity of
vegetative matter consumed in the diet. The mechanisms behind the health-conveying benefits
associated with plant consumption in the diet are unclear; however, it could be linked to the rich
array of phytoceuticals present in plant tissues.

This chapter addresses the history of the development and current status of type 2 diabetes
among Native American populations with particular regard to dietary changes within the last
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century. The use of plants under traditional Native American and contemporary North American
cultural systems for treating diabetes will also be discussed. A review of Native American ethno-
graphic literature has provided a list of many reputed antidiabetic plants that warrant further
investigation. The names, parts used, and cultural affiliations of these plants are provided. In
addition, a short list of some plants recently adopted by American herbal practitioners for treating
diabetes is presented. The modern use of these plants may represent the beginning of a new tradition
in treatment of diabetes in North America as they continue to gain wider popular acceptance from
herbalists and diabetics.

RISE IN PREVALENCE OF TYPE 2 DIABETES AMONG NATIVE
AMERICANS: HISTORIC EVIDENCE AND MODERN TRENDS

The occurrence of type 2 diabetes in North America is increasing at a significant rate among the
general population. Results from a survey conducted from 1990 to 1998 noted that the incidence
of diabetes increased from 4.9% in 1990 to 6.5% in 1998.2 These figures pale in comparison to
the epidemic proportion of type 2 diabetes witnessed among Native American populations in the
past 50 years; the incidence in that group is reported to range as high as 20 to 30%.° Among some
populations, the prevalence of the disease is staggering. For example, among the Pima Indians of
Arizona and surrounding regions, approximately 50% of adults over 35 years of age suffer from
type 2 diabetes.’

Several factors have been suggested as playing a potentiating role in the surge of clinical type
2 diabetes among Native Americans. It has been postulated that a “thrifty gene” may be partly
responsible for the variation in the incidence of diabetes between Native Americans and the rest
of the North American population.® The thrifty gene hypothesis suggests that early Native Americans
had to contend with frequent interruptions in food supplies and, as a result, selective pressure
favored individuals who were capable of efficient fat storage. In recent times, this efficiency has
proven to be highly detrimental in light of the abundance of available food.

Although this idea is intriguing, evidence supporting this hypothesis is lacking. It has also been
suggested that the recent increase in longevity of Native Americans has simply revealed a genetic
predisposition toward this disease; however, epidemiological data refute this claim as well.* A fetal-
origin model for type 2 diabetes implicates fetal malnutrition as leading to the development of this
disease, which is consequently propagated to the following generation.’ This theory has not gained
support in the research community.

Instead, recent changes in dietary and exercise patterns linked with a concatenate increase in
obesity among Native Americans are likely the root cause behind the incredible rise in type 2
diabetes. Diet plays a significant role in the development of type 2 diabetes mellitus, particularly
with regard to the change from a traditional diet to a high-fat, low-fiber diet (Table 8.1). In addition

TABLE 8.1
Characterization of Dietary Intake of Four Food Groups by Native
Americans in Traditional and Modern Lifestyles

Lifestyle Carbohydrate Fat Protein Fiber
Traditional: hunting—gathering Low Moderate to low High to moderate  Low
Traditional: agricultural High Low Moderate to low High
Modern High High to moderate ~ Moderate Low

Source: Ritenbaugh C. and Goodby C.-S., Med. Anthropol., 11, 227, 1989.
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to these gross qualitative dietary changes, it is also important to account for the quantitative
alterations in food availability and consumption that coincided with decreased energy expenditure.

Despite the presence of these mitigating factors, several studies have now demonstrated the
strong positive impact that changes in diet, including the reincorporation of traditional dietary
patterns, can have on the reduction of diabetes. In a study of a Northern Ontario remote aboriginal
community in which the age-adjusted prevalence rate of type 2 diabetes was 26%, 728 of 1018
residents were examined using an oral glucose tolerance test and questioned in regard to previous
24-h dietary intake. Fiber intake was found to be quite low. Statistical analysis adjusted for age,
sex, and body mass index indicated that an increase of fiber intake reduced the risk of diabetes by
39%, and an equivalent increase in protein increased the risk by 38%.!°

Other factors also believed to be influential in preventing the development of diabetes include
increasing exercise,'' reducing caloric intake,'? and incorporating traditional vegetable food in the
diet.!? It is possible that many traditional plant foods not only are highly nutritious, but may also
contain a complex assemblage of phytochemicals that could provide some degree of protection
from diabetes.!>!* For example, it has been demonstrated that several edible plants used in traditional
diets may possess hypoglycemic properties.!>

PLANTS USED FOR THE TREATMENT OF DIABETES IN
NORTH AMERICA

A number of Native Americans still consult native healers alone or in conjunction with Western
medical practitioners for advice regarding the treatment of diabetes.!® In a survey of 300 Navajo
patients interviewed in a rural clinic, 62% had sought advice from native healers and 39% used
native healers regularly. Many of these respondents reported consulting the native healers about
treating their diabetes.!’

Information about plants used to treat diabetes has also been transmitted by oral traditions. For
example, Seneca Indians have reported knowledge of medicinal plants for preventing diabetes.!®
Despite the prevalence of diabetes among Native Americans today, relatively few plants are reported
as having been used traditionally to treat this disease (Table 8.2). A number of potential reasons
for this discrepancy are possible; however, it is likely that the very low incidence of diabetes prior
to European acculturation may account for this phenomenon. The 30 plants listed in Table 8.2 can
be characterized by extreme taxonomic diversity including gymnosperms, vascular cryptograms,
monocotyledons, and dicotyledons. A number of Native American cultural groups are included that
represent a widespread geographic range across the entire North American continent. Most of the
listed plants are native to North America; however, a few were reportedly used following European
introduction.

Today, many Native and non-Native North Americans still use plants as an adjunct in the
treatment of diabetes. However, many of the plants used currently do not have an established
pedigree for treating diabetes in North America.'® Some plants have been adopted from other
traditional medical systems, such as Gymnema sylvestre Retz. Schultes (gurmar or gymnema),
Momordica charantia L. (bitter melon or karela), and Ocimum sanctum L. (holy basil)*? (Table
8.3). It is conceivable that some of these antidiabetic plants, novel to the North American materia
medica, might one day become established as new traditional medicines in this region. A listing
of some of these potential new antidiabetic plants is provided in Table 8.3. Although the listed
plants represent a wide range of geographic and cultural affinities, it is interesting to note the strong
influence that traditional Asian cultures, particularly Ayurvedic and Chinese traditional systems,
have had on North American herbal medicine.#?

Few of the traditional Native American antidiabetic plants reported in Table 8.2 have been
studied in any detail to determine their therapeutic potential. One notable exception is the genus
Opuntia, members of which have been reported to possess promising potential for the treatment
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TABLE 8.2

Plants Used by Native Americans for the Treatment of Diabetes in North America?

Plant

Acer glabrum Torr.
(Aceraceae)

Acorus calmus L.
(Acoraceae)

Anemopsis californica
(Nutt.) Hook. & Arn.
(Saururaceae)

Aralia nudicaulis L.
(Araliaceae)

Aralia racemosa L.
(Araliaceae)

Arbutus menziesii Pursh
(Ericaceae)

Armoracia rusticana
(Lam.) P. Gaertn., B.
Mey. & Scherb.
(Brassicaceae) (not
native to North
America)

Artemisia alaskana
Rydb., Artemisia
arctica Less., and

Artemisia frigida Willd.

(Asteraceae)
Ceanothus americanus
L. (Rhamnaceae)
Cinna arundinaceae L.
(Poaceae)
Cirsium ochrocentrum
Gray (Asteraceae)

Clintonia borealis
(Aiton.) Raf.
(Convallariaceae)

Cypripedium acaule
Aiton. (Orchidaceae)

Cypripedium calceolus
var. parviflorum
(Salisb.) Fern.
(Orchidaceae)

Daucus carota L.
(Apiaceae) (not native
to North America)

Equisetum arvense L.
(Equisetaceae)

Common Name

Rocky Mountain maple, vine
maple

Calmus, sweet cane, sweet
flag, sweet root

Lizard tail, swamp root, yerba
mansa

Sarsaparilla, spikenard, wild
liquorice, wild sarsaparilla

American spikenard, Indian
spikenard, spikenard

Arbutus, Pacific madrone

Creole mustard, German
mustard, horse-reddish root,
horseradish, red horseradish

‘Wormwood

New Jersey tea, redroot

Stout wood reed, wood
reedgrass, woodreed

Yellow-spined thistle,
yellowspine thistle

Bead-lily, bluebeard lily,
Clinton’s lily, yellow
bluebeadlily

Lady-slipper, lady’s slipper,
moccasin-flower, nerve root,
pink lady’s slipper

Lady slipper, lady’s slipper,
nerve root, yellow lady’s
slipper

Bee’s nest, bird’s nest, Queen
Anne’s lace, wild carrot

Field horsetail, common
horsetail

Part Used

Decoction of bark

Infusion of roots

Decoction of roots

Whole plant
Infusion of roots
Infusion of bark

Not specified

Decoction of unspecified
part

Decoction of plant

Decoction of plant

Infusion of fresh or dried
roots taken three times
daily

Decoction of smashed

whole plant

Infusion of unspecified
part

Infusion of unspecified
part

Infusion of blossoms

Not specified

Cultural
Affiliation

Saanich and
Cowichan
Coast Salish

Lakota

Kawaiisu

Iroquois
Algonquin
Cowichan

Iroquois

Tanana

Iroquois
Iroquois

Zuni

Iroquois

Cherokee

Cherokee

Delaware,
Mohegan, and
Oklahoma

Iroquois

Ref.

19

20

21

22

23

24

25

26

22

22

27

22

28

28

29-31

25



Native American Medicine 173
TABLE 8.2 (CONTINUED)
Plants Used by Native Americans for the Treatment of Diabetes in North America?
Cultural
Plant Common Name Part Used Affiliation Ref.
Euphorbia sp. Spurge Infusion of leaves Algonquin 23
(Euphorbiaceae)
Juniperus scopulorum Juniper, Rocky Mountain Infusion of unspecified Kutenai 32
Sarg. (Cupressaceae) juniper part
Lewisia rediviva Pursh. Bitter-root, Oregon bitterroot Eat dried or fresh roots Okanagan— 33
(Portulacaceae) Colville
Oplopanax horridus (J. Devil’s club Infusion of roots, bark Gitksan, Haisla, 34, 35
E. Smith) Miq. used in unspecified Thompson, and
(Araliaceae) manner Wet’suwet’en
Opuntia spp. (Cactaceae)  Beavertail cactus, nopal, Juice of stems, fresh or Various groups 36, 37
prickly pear, tuna cooked stems and fruits throughout
southwestern
North America
Peniocereus greggii var. Chaparral cactus, deer-horn Decoction of roots Pima 38
greggii (Engelmann) cactus, night-blooming
Britton & Rose cereus, queen of the night,
(Cactaceae) sweet potato cactus
Pinus strobes L. White pine Not specified Iroquois 25
(Pinaceae)
Prunella vulgaris L. All-heal, heal all, self-heal Whole plant used in Iroquois 22
(Lamiaceae) unspecified manner
Quercus ilicifolia Wang. Bear oak, scrub oak Not specified Iroquois 25
(Fagaceae)
Rhus sp. (Anacardiaceae)  Sumac Decoction of berries ITroquois 22
Sassafras albidum (Nutt.)  Sassafras Tea of unspecified part Iroquois 25
Nees (Lauraceae)
Vaccinium ovatum Pursh Black huckleberry, California Decoction of leaves Pomo and 39
(Ericaceae) huckleberry, evergreen Kahaya
blueberry, evergreen
huckleberry, roundleaf
blueberry
Vitis vulpina L. Chicken grape, frost grape, Infusion of roots Chippewa 40
(Vitaceae) grape, river-bank grape
Yucca filamentosa L. Adam’s needle, bear grass, Infusion of unspecified Cherokee 28

(Agavaceae)

2 Data taken in part from Moerman D., http://www.umd.umich.edu/cgi-bin/herb/ (accessed 1 August 2001).

bear’s grass, soap root, yucca

part

of diabetes and its symptoms in humans. The stems and the fruits of Opuntia have long been
consumed in Southwestern North America as a traditional food. Today, the use of Opuntia has
spread across the continent where it can be purchased from many local grocers.

Several studies using human and animal models have been performed on Opuntia in order to
test its potential as an antidiabetic agent and evaluate its hypoglycemic activity. Normal and
pancreatectomized rabbits orally administered fresh, liquidified Opuntia stems exhibited significant
hypoglycemic responses.*® Similar effects were observed in rabbits treated with a semipurified
Opuntia extract.*’” Further trials were conducted in which a limited number of normal, diabetic,
and obese human subjects were fed whole cooked Opuntia stems prior to each meal.*®* Changes
were noted for a number of blood chemistry parameters in each group; however, the most significant
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TABLE 8.3
Some Popular Nontraditional Plants Now Used in North America for Treatment of
Diabetes

Plant Common Name Notes Ref.
Brickellia spp. (Asteraceae) Brickellbush, hamula Infusion of leaves used in North 37
America
Cacalia decomposita A. Gray Matarique Tincture of root used in North 37
(Asteraceae) America
Cinnamomum zeylanicum Ness. Cinnamon Powdered bark used in North 37, 42
(Lauraceae) America
Gymnema sylvestre (Retz.) Gurmar, gymnema Tincture of leaf used in Asia and 13, 42, 43
Schultes (Asclepiadaceae) South Africa
Momordica charantia L. Balsam-apple, bitter gourd, Juice or decoction of fruit is used 13, 42, 44
(Cucurbitaceae) bitter melon, karela throughout Asia, Central
America, and West Africa
Ocimum sanctum L. (Lamiaceae) Holy basil Fresh leaf used in India 42
Panax quinquefolium L. American ginseng, ginseng, Powdered root used in Asia 13, 45
(Araliaceae) red berry
Trigonella foenum-graecum Bird’s foot, fenugreek, Defatted or powdered seeds used 13, 16, 43
(Fabaceae) L. sicklefruit fenugreek in Asia and Europe

results were observed in the diabetic and obese subjects in which significant decreases in triglyceride
and cholesterol levels were observed. In addition, the diabetic subjects exhibited a significant
decrease in fasting serum glucose levels following ingestion of Opuntia.

Further evidence in support of Opuntia’s hypoglycemic activity was obtained from tests in
which type 2 diabetic patients were given broiled Opuntia stems. A significant reduction in serum
glucose levels was noted in patients receiving the Opuntia as compared to controls.* It is interesting
to note that, in experiments employing dried, powdered Opuntia, the antidiabetic effects of this
plant are severely attenuated.’®! Heat-treating fresh Opuntia may be necessary to realize its full
medicinal benefits.’?> Further studies are still needed, but the available data indicate that incorpo-
rating Opuntia products in the diet of diabetic patients may convey significant health benefits.

Opuntia and other plants presented in Table 8.2 require further research in order to evaluate
their chemotherapeutic potential thoroughly. Relatively little is known regarding these plants’
chemical constituents. Furthermore, there is a substantial lack of information about the safety of
consuming these antidiabetic plants alone or in conjunction with Western drugs. As the popularity
of nonconventional therapies such as herbal medicines continues to rise in the U.S.*%* and the rest
of North America, more people will likely consume these plants. Many questions need to be
addressed in order to ensure consumer safety.

CONCLUSIONS

New approaches are needed to stymie the sharp rise in the incidence of diabetes among Native
Americans. Several factors have been identified as playing contributing roles in the increase of
diabetes, but dietary changes appear to be the most important influence. The reincorporation of
traditional plant foods into the diet may help to reduce the incidence of diabetes because they may
contain a number of beneficial phytochemicals. Efforts to improve standard Western chemothera-
peutic practices may be achieved through the utilization of traditional Native American herbal
therapies. Also, growing evidence indicates that many non-native plants are being used for the
treatment of diabetes in North America.
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North America can be characterized as composed of a complex intertwining of diverse cultural
and social heritages that are each represented by unique traditions. This includes the breadth of
traditional knowledge about herbal preparations for treating diabetes. The marriage of these diverse
traditional medical practices has yielded as its fruits the creation of a new tradition in the herbal
treatment of diabetes in North America. Further research is gravely needed to evaluate the potential
benefits and dangers of these herbal therapies. It is hoped that these efforts will lead to the
development of new herbal therapies for the treatment of diabetes.
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INTRODUCTION

Diabetes mellitus (DM) has become a problem of public health in Mexico and Central America
(CA). Barcelo and Rajpathak reported the highest prevalence rate (around 10%) of diagnosed type
2 DM among adults in Costa Rica and Mexico.! Because of the lack of information, the recorded
prevalence in the other countries of this region is moderate (around 3 to 6%); however, “taking in
account that in most populations there are many people with undiagnosed type 2 diabetes,” its
prevalence is increasing.! The number of deaths related to diabetes in Latin America and the
Caribbean region, of which Mexico and Central America represent almost one fourth of the
inhabitants, has been estimated at more than 400,000 per year.?

Thus, in spite of the availability of insulin and oral hypoglycemic agents currently used for
DM control, the lack of sufficient economic resources has forced the population in this region to
use plants for its medical empirical treatment. Although some programs have been carried out to
improve the quality of diabetic patient care and some initiatives undertaken to support the herbal
medicine, these continue to be limited; currently, there are many problems because this type of
medicine is continually marginalized by the national health systems in the region.’

The flora of Mexico, like Central American flora, has more than 20,000 higher vascular plants;
therefore, the biodiversity of Mexico and Central America is among the richest of the world.
Furthermore, more than 90 ethnic groups who live in this region use the natural resources within
their reach in accord with their cultural necessities. Miller et al. have reported that, in underdevel-
oped countries, the patients are mostly from low socioeconomic conditions. For them, the use of
herbal remedies is perceived as “natural” and safe; furthermore, it promotes wellness and not just
treatment of illness. Moreover, they are afraid of the side effects of conventional drugs.*

As a result of these facts, a lot of information is currently available about the utility and study
of Mexican and Central American medicinal plants.>° However, the recovery and analysis of
information about plants used for DM control in this area are complicated because, in many cases,
it is insufficient and confused and in others scattered (principally in Central America). Thus, no
single publication compiles the ethnobotanical and pharmacological information concerning the
plants used in this region, as well as in what way they should be prepared and studied for DM
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control. The objective of the present work was to analyze the ethnobotanical information about
Mexican and Central American medicinal plants used for DM control and the results obtained in
the investigation of their hypoglycemic activity.

METHODS

The literature that deals with the use and investigation of Mexican and Central American antidiabetic
plants was analyzed. The compiled information was obtained through bibliographic investigation:
books, reports, and articles from specialized journals in ethnobotany. Information on the pharma-
cology and chemistry of Mexican and Central American medicinal plants was analyzed. A herbarium
research, searching for the antidiabetic plants recorded in the Medicinal Plants Herbarium from
the Instituto Mexicano del Seguro Social IMSSM-Herbarium) was also carried out. Furthermore,
some documented data in papers about various initiatives by international associations to identify
the medicinal plants used in Mexico, Belize, Guatemala, Nicaragua, Panama, and Costa Rica were
analyzed.

RESULTS

Table 9.1 lists the 175 antidiabetic plants most used empirically for DM control in Mexico and
Central America. Some species are used in two or more countries of the region (in total, 23 species).
In addition, for each plant listed, the table includes information about the botanical family, scientific
name, most used popular name in Mexico and/or Central America, utilized part, manner of prep-
aration, and number of bibliographic references indicating that each plant has potential antidiabetic
effects.

Botanical families with the highest numbers of antidiabetic plant species are:

Asteraceae (21)
Leguminosae (14)
Euphorbiaceae (10)
Cactaceae (9)
Labiatae (7)
Aristolochiaceae (6)
Rubiaceae (6
Apocynaceae (5)

On the other hand, the plants most cited as antidiabetic remedies, with more than ten reports each,
are various species of:

Opuntia (Cactaceae)

Tecoma stans (Bignoniaceae)

Aloe barbadensis (Liliaceae)

Cecropia obtusifolia (Moraceae)
Parmentiera edulis (Bignoniaceae)
Psacalium decompositum (Asteraceae)
Bidens pilosa (Asteraceae)
Momordica charantia (Cucurbitaceae)
Crataegus mexicana (Rosacea)
Marrubium vulgare (Labiatae)



181

—

—_ o N = = = = = N = N N — — <F

-doy
“oN

uono099([
uono09(
uo139099(J
uoIsnjur ‘uono09d
uono029(
uono029([
(uonoooop) sdoig
uorsnjug
uo139099(J
uono029(
uono029(
uono029([
uono099([
uono09(
uo115099(J

VIN

VIN

uornd033J

uoIsnjur ‘uoro039(J
uorsnjuy

uo130099(]
uo0130099(]
uorsnjuy
uo1d023(J
I9rem SunjuLI(q
uorsnjuy

uoneredaiyd

VIN
SOABJ[ ‘SWIS

SOARY
Jue[d S[oyMm
juerd ajoym

5100
ursoy

SWIJS ‘SAABY]

s100y

s100y

s100y

5100y

s100y
SOARY

S]001 ‘SOARYT

V/IN
SWwalg

SIOMOT]

SIOMO[J ‘S9ABY]
°d

$100y

SWIAIS ‘SIABY]
qreg

SIOMO[J ‘SOABY]
SwAS

SOARI[ “NIeg

Med pasn

10peAfeS [q
OOIXIN

OJIXIN

OJIXJIA ‘B[RUIdIRND
OOTXIN

OJTXIN

ODTXIN

OOIXIN

SeINpuoy
SeInpuoy
SeInpuoyq

OOTXIN

SRINPUOH

OOIXIN

OJIXJA ‘SeInpuoy
ROLIDWY [RNU)
BOLIDWY [RNUd)

[Sve)n

OJIXJA ‘SeInpuoy
OOIXIN

OOTXIN
ODIXIN

OJIXJIA ‘ewreURd
SeINpuoy
OOIXIN

OOTXIN

Anuno)

V/N
esSoISIpoId
epelop eqIotH
Kerey) ‘e[[nIoY
Jeyeisg
anbrreje]N
Ye-wnyx
ooenn
ooenn
ooenn)
ooenn
orpuf [9p eqlorH
J10211008N3 ‘0dBND)
BOUR[Q BJRJeIA
ofned ‘orneq
opuededreg
urgonn
okew
Op I0[ “PIYOOXO[BIR])
BJISOIQ,
‘ere[nIA ‘e[nyD ‘eoenn
00SIue |

Anworg
O[[OLID OFUBRIA
nknoe ‘eAeoe)

9oz]
B[m3nyoo
SN

aweN Jtejndog

0d (TN profionm 5

‘[SWH ('DQ) pijofiasaul naIp)
Ke1D (['G'H) profovoruotaa g
«ABD) DIp.1OpO g ‘Uks "1 vsond suapig
o PIITAA PUDIIX2UL DISTUDLLY

»KelD) L2qiny) v1LINOdY

"WIRA)S 19 [purlS (*YI(Q) 1]PPUIYIJYIS WNYIUDULY)
YUY DAOLIAS Y

SEH vsopd Y

1 PUISSIDAOPO Y

‘boe( vunxvw y

quag sadiaaiq 'y

‘boe[ vpromsup viyoojoisiy

+TOYDS WNISNGo.L DoSoyIuny

o1 pli&ydp.agag -y

ZINY "X Yyuag vunuadias vijomnny
‘Kareq vrjofunoe e 1 vagnd

1 »AqNL DLLWN]J

LU0 D) SN0ISOL SNYIUDADYIDY)
"elD) "y X "Ypur sua.ia snyy
‘IpuelS xg yes (WS ‘ad)
p]1ydo1a] vriappng "uks 1 ‘g Ceq) vssaidop vaup
o1 DIIpul DAfISUD
o1 2|PIUIPIID0 WNIPADIVUY
sadyuvyda)a ‘§ uks ‘1oMedq S1SuajpwIPNS PION]
"110], DJINSNY2I2] 2an3y
JYOIYDS v428101dSs vrousny

ETTLINIITITETRIN

QBIORIAISY
Jeooeperdo[osy

QBIORIYIO[0ISITY
JedoRIy

Jeadeukoody

JeaoruUOUY
QeAORIPIBOBUY

JeadeARIY
JeadRYIULOY

Apiwey

[o13uU0) WA 40} Aj[euonipel] pas() SJue|d UBDLIdWY [BAJUID) pue UBDIXIWN

1’6 319VL

Antidiabetic Plants in Mexico and Central America
(o o\ L B o\ BN Vo



Antidiabetic Plants

Traditional Medicines for Modern Times

(mniy)

1 9oIn[‘uoIsnjur‘uono0od(q NI} ‘YoueIq ‘sjooy OJIXJN oy ‘aoqifen) "WAdS ("N'G'H) pIvapnon J "uhks "D SNpa DAUIUIDG
I VIN VIN SeInpuoy VIN i EIZ/UEN)
I V/N V/N B[RWRND) OLIOIAl (SI'd°'H) pvIvjp vyuadsaL)
z UoISnJuI ‘uond09g SQABI] ‘S100Y OOIXIN [yonzy SN H Sypunuia Smypuvusy JeaorIuOUSIg

Quowr
op eorury ‘efjruunyd
OJIXIIN ‘eoruIe es[eq
4 V/N V/N ‘ROLIWY [BNUY)  ‘BLIRWERIURS P O[Rd SI[eIper °J,
pIoA
OJIXJ]N  UR[NL ‘UGS 9P UL
1 V/N V/N ‘BOLIOWY [BIIURD) ‘eyony) ‘mbuy) SUQISIANIJ SIXLI],
I uono02q Jeo] e[RWIEND) 010) [9p BQIAIH 1 suaquindoad xoprLif
7 uonv0q jue[d oJoyA\  OJIXQIN ‘BOIY BISOD UOI AP AJUAI(] ‘BOIULY +JOQOAN 2]PUIILfJO WNIDXDAD]
S o103 $100Y OJIXJA onbrrejeN 121g 19 QoY (‘AID) wimpnuis
L uorsnyul ‘uond09q $100Y OJTXIN anbrejeN ‘[Swoy snaafijed o10auag ks 'ssed (N g'H) wnvijad g
‘qpAY (Fua1D)
S uono0q $100Yy O0OIXIA anbrreje]N rupd 0122u28 "uks N21g 19 'qoy (FuadlD) rougvd g
‘Ke1ny ppisodutodap vipIv) “ukg
Tl uonv03q SwIAYS ‘S100Y OJIXIA onbuejew ‘LRI o Ke1D) wnjsoduodap wnipIvsg
0}1e3e] op OuBI
L o103 SAARY] BOLIDWY [BNUQ)  ‘BUB[IARL) ‘sejund sa1], 1g g (‘1) vivqo) puavjonaN
1 RNy SOARY] OOIXIA BUBWOI BINYIY] WDUDUWIOL "TBA 7] DADS DINIOVT
+ uorsnjur ‘ozipmbr sjoelg OOIXIA BJOYORI[Y 1 snuk]o2s vavuk)
7 uorsnjuy juerd ooy OJIXIA o[[luows ‘uoIdty (‘DQ) saprourdvyif v26uo)
S uorsnjuy SIOMO[] OJIXIN ojues opie) ‘nod ([Swey) sidajydvy. ")
7 o120 $100Y O0JIXIN ojues opre) ‘O WNUDIIXIUL WINISAT)
¢ U010 juerd ooy OJIXJN BSOISIpoId < IPMUDS 1Y21Y22100D2 ° )
doy uoneredaiyd 1ied pasn Anuno) aweN Jtejndog ELTINIRTITITIETRIN Aiureq
‘ON

182

[o13uU0) WA 40} Aj[euonipel] pas() SJue|d UBDLIdWY [BAJUID) pue UBDIXIWN
(INNILNOD) 1’6 319VL




183

4

z

L

z

I

I

I

I

I

I

I

S

vl
(o]
9

= Ly

m I

= I
o
<

g S

s €

S v

S ¢

% €
>

£ €
wy

= 1

s €
[a

9] €
k3]
0
=
o

= 163

uorsnjur ‘uoro039(J

UO[0003p ‘punoln)

Qomf

o[

oy

oy

uorsnjup

uono003(

uorsnjup

VIN

oIy

uorsnjuy

2o ‘poy[un
ozipimbiy ‘uorsnjur

‘opnIo ‘pa[[uI3 ‘@oImf

opnId ‘doInf

uorsnjup

Qomng
uo10029(]

uorsnyuy
uo130099(]
uoI130099(]

uo10099(]
uorsnyuy
uorsnyug
uoI130099(]

PA[LIS ‘UuoNO093p
‘uorsnjur ‘ozipmbr

QUIA “YIeq ‘symnij
‘soae9[ ‘yuerd ajoyp

s100y
ynrg
nrg
SIOMOT]
SOARY
SOARYT
Jreq
SOARST
VIN
SOARY
SWwalg
NN

$J00I ‘SWAS
Swa)S
$J00I ‘SwA)§

SWwolg
NN
Swalg
Swalg

yeg

Swo)g

yredq
$100y
$100y

[oueIq ‘SABI[
‘SIS ‘100

OJIXAIN
‘BOLIWY [eNUdD

[Sven
OOIXOIA[
OJIXII
[SRIVEIN
OJIXAI
OJIXAIN
[ven
OOTXOIA[

eleWwlEND
0JIXaI
01X
OJIXAIN

OOTXOIA[
OOIXOA[
OOIXOA[
OOIXO
‘eoLIOWY [eNU)D)
[ven
OOIXOIA[
OOIXOA[
OOIXOA[

[ven
OJTXIIN
OJTXN
OOTXQA ‘B[EWAIEND)

OJIX3A
‘BOTIOWY [ENIUS)D)

( MOILIOS 93S) IS0I0S
‘eore[e) ‘Jowreapuo))

anbaropy ‘oyorep
JjoAeae[IyD)

ourdog

logtop

10D

ruenn

euUBRURW BPUI[]
RIPUSUWIY

ejoured

eoeurdsg

e[[IBIN ‘e[purdosiq
‘apsouod0y ‘redoN

(ox1w) Jee], ‘TedoN
910K09 9p TedoN
of[ruzen(
B[[1)SBD
ap edoN ‘redoN
[edoN
oue3iQ
ogs\h
oje[nw ored
0Ipad
ueg 9p sewde|
©SOI 9p O[ed
odwody
AoIdY
‘Iopeuoly,
‘000quL], ‘BIOPRUOIL],
elRORYORNH
‘0Ip9d ueS 9p Io[]

T DUUDIDYD DIIPLOUOJY
‘ST

'S 2DL0UOS DIZOIMOWIXDIA UAks ¢ QUL IDLOUOS DI[]1ALIG]

voyonog (1) viofioy vuqmon)
o1 SnAyDS suunony)

S1L10q “TeA T DIIDAIJO g

o] D2IDU2]O DIISSDAG

‘Jey (1) psoquuki0d vuiqany
QoY SNDIISSDAD D2oWOd]

1 vddppd viyPUNUII]
WNSO21ONIJ WNJIquIND

o] P2IDA2]0 PIIDUIAS

‘ureals (AL “[) P42/1000q sypsdiyy
o QIRW | DYIUDIVIdaIS “ ()

«ds ‘vuundp
NOAQ—weS vy uvInSau vyundo
DA PYIL10IN3] ")

vIN (1) poipui-snoyf vyundo

1 atput vapdoN

1I91IOWNP SNAID0AITBWR |

‘W (1) smriofijadoyf sniovoosody
‘S1eg (“1) pqnapuis vaasing

T DULISSYNS.ATY DILIOfoUNO]

‘wey) (‘Ard 19 ZIny) vLopolp vIPLo))
‘[Qny voupnby vaYILY

T bupjja.10 vx1g

SSUEH (1) supis vwooag

2B20BIIQINOND)
qereyonI)
QBOJB[NAJOAUOD)

2B20BIRIqUIO))
sedoerpodouay)

Qe3JBIdR)
Qedderasing

JeaoruIdeIog
QeaorORqUIOY
qeaoexrg



Antidiabetic Plants

Traditional Medicines for Modern Times

184

1T

AN~ — NN o~ —

— AN = Nt AN 00 e = =

-doy
“oN

uornd033J

Uuor10009p ‘uoIsnjuy
uor0029p
‘uorsnjur ‘ozipmbr

uornd03J

uorsnjuy
I9)em SunjuLI(q
uo10099(]

uorsSnjur ‘uord0d9(]
uo0130099(]
uo130099(]

uorsnjuy

uor0029(]
uoI130099(]
uo1300939(]
uor1)O093(J
uo1d023(J
uo110099(]
uorsnjuy
0130099
PaI[LD
uoI1310099(]
I9)em SunjuLI(q
uorsnyuy
uorsnyuy

uoneredaiyd

SOABYT
jued

Jroym ‘sayouerg
youeiq

‘sjo01 querd a[oym
somoy

‘SWIA)S ‘SAARY]

Jreqg

5100y

juerd ajoym
SPA3s ‘SOABIT
Swo)g

$100y
sw)sreg

SoABO
s100y

juerd a[oym
Jjredq

jredq

e

SIABI[ ‘YIeg
SOARYT
SOARYT
SoARY
juerd ajoym
NUEIN
Spaas

Med pasn

SeIpuoy
01X
SEINPUOH ‘OOTXSA
0JIXII

01X
[ven
OJTXIN
OOIXIIN
OOIXII
0OIXaI
01X
engeIedIN
‘BOTY ©IS0D
OJIXI
0OIXaI
SeINpUoy
SeINpuoy
SeIpuoy
[Sven
OJIXIIN
0JIXII
[SRIVEIN
01X
OJIXAI
[ven

Anuno)

eoeqry

BUINQRQIATH
ugnsew
‘OIISBW ‘OIqNIIBIAI

BIATES

Jerereyoen)
ond Jp UL

BWIRID

0IpoJ UeS op ewLISE
vuRpIRq[Y

oyo eluereN

B[[I[PPUED

sse1d Kjorred
opel3 o13ueg
BULIPUO[OD)
efo1 euIn)
euinQ)

efo1 euing)
opei3d a13ueg
BARYD

ekey)

ojues ofed
o[[eqed 9p [0
o[[eqed 9p B[0D)
ende op 9jodez

aweN Jtejndog

1 WNdIJIODG WNWI()
o1 piadid vyuapy
o1 24D3NA WMqN.LIDp]

L Surdyg (1Q) suaosapnpd viuydaday
‘IPIYOS SU23ULYSPD
pupynp "uks "opaIydS (‘[PIYOS) suauryspy wmsKiaydydury
T WDUIfo WnvYd2IDg
"SI0 (1) uojk1o0p uopoul)
o1 1qof-vudiyov] X109
‘wjesuy suapua)ds vniambnog
‘[puels sisuaupipond vpluwg
awed snyjue[ipad

1 vyofindqssos

"AIQD) X 95S3S vor01p vydoyvp

L uoNy viviso.d miqroydnsg

S'dH sisuadpipx *)

Xed 12npuoj )

‘boer snaa -H

IPIYOS 09v.4p U0101)

VINTT (X9T) snqojupnud ")

asuyof T (TIIAD $72jofisuodn snjodsopiu)
«DUDIIXIU DISLDEY

CWRyD 29 [PIYSS wngavydorilut g
g 'y wnisnqod wnasmbg

"Z)30Y X9 QY [ wnuaqy ‘( ‘UAS 2}y 42ispuaqa soildsoiq

ETTLINIITITETRIN

Jeyeiqe]

QeadrURI[N(

QBAUIURID)
JeooedIbnog
QBI0RNINOJE[

Jeooeiqioydng
JeaoeoLIg

Jeaoejesinbyg
Qeaoruaqy

Apiwey

[o13uU0) WA 40} Aj[euonipel] pas() SJue|d UBDLIdWY [BAJUID) pue UBDIXIWN
(INNILNOD) 1’6 319VL




185

Antidiabetic Plants in Mexico and Central America

N — A —

— N — N

S¢

o o

AN NN <t

o

— NN ¥V — N o~ NN N -

VIN
uorsnyuy
uorsnyuy
Ioyem uf

uorsnjug

uorsnjuy

uono0o3(

uorsnyup

soml( ‘uorsnjur ‘ozrpmbry
uonos02q

uono0d3p ‘uoisnyup
uoI110009(J

uo10029(]

uono029(

uorsnyuy

uorsnjuy
uoI1}0093p

UOTSNJUT “aInJour],

uo10029(]

uono0q

uorsnjuy

uorsnjuy

uono0ddq

uorsnyuy

uorsnyul ‘uond029((
uorsnjuyp

uono0d3p ‘uoisnyup
uo110029(

uorsnyuy

uono0ddq

SuLromop

Suimorjoy
S9[oIaqN) ‘$100Y
SWA)S ‘SOABY]
SOABY
youerg

SIOMO]J ‘SIS
‘S9ARI[ ‘sayoueig
juerd ajoym
SOARYT
req
SIoMop ‘swAs
sqng
sq[nq ‘saARd|
Spa9s

Areq
spod
}Ieq ‘SOABIT
Jreq

jued o[oym ‘swalg
SOARYT

SOARY]

SOARY]

[ourliq ‘S9ARY|
Jea]

SOARY

SOABY]

youerg

SOABJ[ “NIe(q ‘SPALS
jueld ajoym
SOABJ[ ‘S100Y
SOABY

JIOpeAJeS [q
[ven
[Sven
OOIXIIN

OOIXOA[
OJIXOA[
[ven
OJTXAN
OOTXQIA ‘B[EWdIRND)
OOIXOIA[
OOIXOA[
ODIXOA[

ODIXJIN ‘zI[og
OJIXOIN

BUIRURJ ‘BOTY BISOD)
OJIXOIN

OOIXOIN
OOTXOA[

BOTY ©ISOD
01X

[SIvEIN

e[ewoleny
eweueq

OOTXOIN

0OIXAI

en3eIeoIN ‘OIXOIN
01X

[ven

sempuoyq

agny) ‘snoejy

o[rped

ODSTABATEI

ofoyeq ues ‘oprofuy
oepIgnuu ‘0SIA

‘ofo op Tew ‘oyrofug

BLIOWEID)

upzoda],

oymbiyo 91y

®BIIQES B[IqPZ

B[1093D

ofy

00a13nuog
SeINPUoOH

9p yreg ‘upoekeny

erpnl ‘[olirg

qoire3|y

[Iselg °p O[ed

BI[ISO1 ‘9d[np ofed
ofiofiy ‘eyespred

1pungereg
JIopeuon ‘of[rjoltLy
RUIYO BUWERIAI ‘BUWRIOY
ofereg

0qolIe3[y

BOBA Op BUNZOJ
ayoezInyg
eoendy
RIUOWLIS Y
oue3a10

eur[[es op eoRqlY

Ddas0.100U DIYIDID)

' PNRIS PUDIP2IYIS DIUOADS

“oYoIeD) (") WNUDIJIPUDULOL0D WNIISDAIDI
‘PuelS (‘ueg) SHLOYiSuap SnypuDyIng

uo ((DQA) smwmaLpd snyuvoIIISy
‘1591d (PIIIA) WmpUISDA WNIqOYIN22LY
o bupOLIDWD DI2]ppng

SIEH ployfixv] vijaqo

1 D424 Y UKS TN SISUappqing 201y
o1 0dod wnijpy

o1 wWnanps wniyy

o] WN2oD43—wnua0f njjauoiLy

uag sisuauvund D1JIING

o SLUDSNA Snjoasvy g

‘qQSI[eS DL2f1u1saL [ "UAS " JLDGIN0I DIDUIUKE]
"SR] 0112]1SD.4q UOJKXOIDWIDE]

+S1eg (23011Q) plyoviscjod vypiyuassy
LU 1LoUULYS S "UAS "YUy LIOUULYS ")
‘Aqoureg
10 uImI] ('PIA\) PIDJNOLaL DUUIS “UKS "IN DIDJNINIL D)

UL SDIUIPIII0 DUUS "UKS [SWIH (‘D) SYPIUIPIII0 *)

'qx0y (1) Supmsdpoiq puuag "uks " DIDUISIDWD )
] DID]D DISSD)

AS[IIAL (") uplpo snunlo)

T DIDOLIDAID DIUIYNDG

PIIA (1) vupisauf v1ovoYy

TN (1) PUpILIWD DISAdJ

«'boer asuagno wmniionay

1 243NA wWnuv 30

PIIA WHIUDADIA " “UAS “IQ[[IN wnuniydadund ()

QeddejuRIBIN

QBIJBARIN

QBAORYIURIO]
JeadRIURSO]
QBA0RI[2qO]

QBQ0RII]

Jesouruingo|
QedorvIne]



Antidiabetic Plants

Traditional Medicines for Modern Times

186

—_. <t =~ <t — = \O —

woon -~ = N~ — O

uond0d9(J

uorsnjuyp
uorno02q
UuoI10009p ‘uoIsnjuy

Uuo1O0I9p ‘UOISNJUT
UOISNJUT ‘UOTIO03(]
uo0130099(]
uoI130099(]
uond029(J

uorsnjuy

uorsnyuy

uo130099(]
uo130099(]

uo110029(
uono0ddq
uono0ddq

omy

pazidAng
uono0d3p ‘uoisnyup
Uuor0009p ‘uoIsnjuy

Ioyem SUD{ULIp ‘Uorsnjuy

UOISNJuT ‘UOTId099(J
uorsnjuy
epedlq

uoneredaiyd

SOABY
SIOMO
‘SOABI[ ‘SWAS
$100y
SIOMO[J ‘SOABY]
youelq
‘SOABI[ ‘S100Y
SWANS MIeq T99d
Areq
SOARY]
SOARY]
SWId)S ‘S100Y
8100y
g
SOARY]
$1001
‘SIOMOY ‘SoARY]
SIOMO[]
juerd ajoym
NNIJ ‘SOABIT]
Spaas
SOARY]
SIOMO]J ‘S100Y
YIeq ‘SWaIS ‘SoAR

YIeq ‘SWIS ‘SoABYT
SOARY]

$100y

Med pasn

OOTXOIA[

OOIXOA[
OOIXOA[
ODIXOIA[

[ven
OOIXOA[
OOIXOA[
OOIXOA[
OJIXOIA[
[ven
[ven
OOIXOIA[
OOIXOA[

OOIXIN
OOTXIN
OOTXIN
rueued ‘efewaenn)
10peAeS 9
OJIXJIA ‘eleWIdIEND)
OJIXIN
OJIXIN

OOIXAIN
‘ROLIOWY [BNU)
ODIXIN
ODIXIN

Anuno)

e[modwoly,

B[1ISED 9p BSOY
ouedeqey)
oxadsIN

o[or 9300097,
ofor o[Suew ‘o[SuB|y
rUINQ)
ojues ofed
o[[1ouUopIoD)
9)0[e2IYd ‘OpIe)
RYLNLe]
104050
OAIIO
endiziedy
‘e[[uLeR) ‘eNuLILRIR)
B[[IULIR)ED ‘BIIULIRIED)
e3ruIoy e[ 9p BQIATH
eqedenn
BSOLIRWOJ
Jojuedly ‘oydijeonyg
ouejpld ap J0[4
oqunrens) ‘oqunieny
‘o[[I3ruioy
‘oquniens ‘oLreouet)
oplog
ooenn)

aweN Jtejndog

TUOS (‘A®D) piolfiu13] vIpIDANOY

1 vYOf1IUID PSOY
1 DIDIUIULID SHUNL]
<Ipur (‘quny) pvomodpl vlijoqorig
PSS (N'E'H)
suaosaqnd ') "UAS ,"9SSOS 29 OO\ PUDIIXIUL SNFIDIDAD)
» 1 218uvw vroydongyy
‘[SWoH (‘Yuag) viv.ouio]s pulIgnjo)
IPNUOS (BN winpous aadig
‘MS wnpidsry 1adig
DIN2]04YI0 “dSS JOIMS DINIJOLYIO FUOWISLY
JOIMS DINJOLYIO IUOWITIY
o MIBY] DUDIIXIUL DIUODIOIIY
«1 pandouna va)0

< PURIS Snyjuopo.Lovul snyuvidipg

283010 "D ('G'H) Snrvuaip snypuvidipg
TipuelS 1481042 DIOY]Y

o1 pavlbnd wnipisq

soqurel eruaSnyg

<1qe] snpnqoys smdqponsg

o1 wnuaidps psnpy

1 oypad )

<Yy vijofismqo vido.tda))

"BUI[OJN $MPJOq SMUNI

1 va1a4vd sojaduipssi)

ETTLINIITITETRIN

sraorIqNYy

9BIOBSOY
oedoeroydoziyy
SedorUWIRYY

qeaoeradig
oeooeroaedeq

ovwred
B20RI[O

QBAORUISRIOAN

QBAOBMAIN
ELERIEN N

QBIORIOIN
QBAORIWIUOIA
JeoorwWIddSTUII

Apiwey

[o13uU0) WA 40} Aj[euonipel] pas() SJue|d UBDLIdWY [BAJUID) pue UBDIXIWN
(INNILNOD) 1’6 319VL




187

Antidiabetic Plants in Mexico and Central America

N O~~~ &~ —~ — & <

—

o

AN O — O NN — 0 o

UOISNJUT ‘UOT}O009(] SIOOI ‘SWI)S ‘SIABI

uono0ddq
uono0J
uono0q

uorsnjup

uo10029(

uorsnyuy

uono0ddq
uono0J
uorno0q
uono0d3p ‘uoisnyup
Uuor10009p ‘uoIsnjuy

uo10099p ‘UoISNJu|
uor09(q
uorsnyuy

uo1d023(J
uorsnyuy
uorsnyuy
uo130099(]
uorsnyuy
uorsnjuy
Qomng
uo110099(]

uond0d39(J

uoI130099(]
uond023(J

Uuo1O099p ‘UoISNJuY

SwalS
$100Y
Swa)S
$100Y
SOARY]
$100y
Spaas
$100Y
soAeo] ‘querd ajoypm
SIABJ[ ‘YIeg
Swa)S

soABo
JCEX |
$100y

SOABJ[ ‘YIeg
SOARY ]
SOARI[ ‘S100Y
Nu&iy
Swa)S
SOABY ]
i
mIg
SOARI[
‘WIS ‘SIOMO[]
SOARI] ‘S100X
‘WIS ‘SIOMO[]
Areqg
SWwIA)S
‘soae9[ ‘yuerd ajoyp

OOIXIN

OOTXIN

OOTXIN

OJIXJA

OJIXJA

OJIXJIA ‘eleWIdIEND)
OOIXIN

OOTXIN

OOTXIN

SBINPUOH ‘OOTXIIN
OJIXIA

OOIXIA

OOTXIN
OJIXJIA ‘B[RWIdIRND)
OOTXIN
SEINPUOH
‘e[ewdjeny) ‘0dIXIN
OOIXIN
OOIXIN
OOJIXIIN
OOTXIN
ODIXIN
OOIXIN
OOIXIN

enSeIedIN

enSeIedIN
IV

OOTXOIN[

BIOPEUIGOD)
ugoekenn)
arqrfuap
elISe vUR)
sajo[myy
e3nI0
ouryo0d ap zJey
ouruo))
Jednyony)
BURTWE(]
BUIIOBND)
Ieqe[eIN

0Ipad
ueg 9p sewde|
OpIdA QJeWO],
[FeoaW 000D

nif, ‘opueid
QIQWIOH ‘eIsen)
BSoIpne[)
osuew [9p BqQIATH
Se[[sod ¢ ap ofed
SQU0ZBI0D ¢ 9p oonfog
ojuey
elde eluereN
[efuein

ysnq yInow 210§

SIB[OYDS PIY
euinQ)

umbredo) ‘oyoredo)
‘orruedwe)

‘syue[d parpnis A[[eOyNUAIOS

"9[qe[IeAR JoU BIep 1y/N ‘syHodar jo saqunu :do1 "oN :sa10N

QA0D (‘D) PIvIUIPLI DILIDT

¢ ABID) "y 112)]1n02 wnovivno
90050y 2Jpudiffo 42q13uz
+'QOSIID) L2gN.L SNISO)

SI'EH syjout xa1A

] DII0Ip DONA[)

980y 2 INOD L2j40d wind1snSry
o wnunudo wnununy)

950y 29 I9)N0)) 12282pUn.Aq DIODIDLLY
< PIITA PSHffip vaouny

»We vijofiugn  punzonon

«T WN1jof1ospq.ioa wnuvjog

IpUY WNUDIYLIOfDIS WNUD]OS
pdupo0ox1 sypsyd ,'uks “weT vowydjapvilyd sypsyq
N PHOJODIYI0]01S1D XDJIUUS

1 DADWD DISSOND

"1 vaoyfiq vrvadp)

‘ury 29 JOOH po1uLofipd sisdowauy
NPy p4ianbuiy viuvliag
YOBWNYDS DSOUIDL DIUDLIDS
ypey (-0on7) 407021q si1do4niaq
o1 WNYUDND SNLJ1)

+"9SS9S 2 OOJN PA.DI0UIYID DIPUDY

31y [N\ pumiiddaod g
TPWWRY (MS) PID]2 DLUOYILSY

NyoS 29 w0y (‘boer) wmnanqrivo vwaisoxy
'$S9S

29 O0JN D.O}f11D] DIUOTUIE] "UKS *SSOS 29 JOIN DLOY1ID] D2IDINO.)

Jeaoe[[Aydo3Lz

QeooRIAqISUIZ
QBOORUIQIIA
Qe20RININ

CLASHIER LY
Qeaderauing,
QBIORI[NOIAS

9BIOBUR[OS
QB20RIB[TIUS

QeaoRqNOIBWIS
oeaoene[nydorog
JeoovInINeS

Jeooepurdeg

QeAdRINY



188 Traditional Medicines for Modern Times: Antidiabetic Plants

These 10 plants have been studied in different experimental models, principally using in vivo
techniques. Agreeing with the classification proposed by other researchers for the antibiabetic plants
around the world,'®!"" Mexican and Central American antidiabetic plants also can be classified into
three groups:

» Plants used as antidiabetic remedies whose pharmacological properties have not yet been
investigated. Table 9.1 lists 95 plant species that have not yet been researched.

* Plants whose hypoglycemic activity has been experimentally and/or clinically researched,
but whose hypoglycemic compounds have not been identified. Table 9.1 lists 80 such
plant species. At the pharmacological level, the Mexican and Central American plants
most extensively studied are: Aloe barbadensis, Catharanthus roseous, Cecropia obtusi-
folia, Momordica charantia, various species of Opuntia, Psacalium decompositum,
Tecoma stans, and Trigonella foenum-graceum.

* Hypoglycemic plants whose active principles have been chemically characterized. These
plants are'>-23:

Acrocomia mexicana (coyolosa)

Agarista mexicana (triterpene 23,24 dimethyl-24-ethyl-stigmast-25-ene)

Astianthus viminalis H.B.K. (iridoids)

Cecropia obtusifolia (possibly isoorientin and chlorogenic acid)

Equisetum myriochaetum (kaemferol-3-O-soforosida-4'-O-f-D-glycoside )

Opuntia ficus-indica (polysaccharide)

Opuntia streptacantha (polysaccharide)

Parmentiera edulis (lactucin-8-O-methylacrylate, a guaianolide)

Psacalium decompositum (various furoeremophylanes and an aqueous polysaccharide
fraction)

Salpianthus arenarius (saliriol)

Brickellia veronicaefolia (5,7,3'-trihydroxi-3,6,4'-trimethoxyflavone)

Tecoma stans (tecomine and tecostanine alkaloids)

DISCUSSION

In this work, the ethnobotanical and pharmacological information was compiled and classified in
order to facilitate its analysis for new or continued experimental and clinical studies with Mexican
and Central American antidiabetic plants. In some countries from this region, field, market, or
bibliographic ethnobotanical investigations about the antidiabetic plants used by the population
have been carried out.?*2® One important source of information comes from the IMSS-Herbarium
collection, whose heritage is the most important in Latin America, with more than 13,000 Mexican
and Central American medicinal plants recorded.

In 2002, Hernandez et al. reported 82 plants used for DM control in Mexico.?® Those 64 plants
species with complete ethnobotanical data in the investigation mentioned were included in the
present work. Our research also reports 23 species included in Morton’s Atlas of Medicinal Plants
of Middle America (1985), which recorded 69 antidiabetic plants of Middle America, including
some plants used in Caribbean and South American countries.’ Furthermore, information was also
obtained from the ethnobotanical studies on the popular medicine in Belize, Guatemala, Nicaragua,
Panama, and Costa Rica,*-3* as well as from ethnopharmacological investigations published in
different specialized journals, in which the hypoglycemic activity of around 80 Mexican antidiabetic
plants was experimentally investigated.’>

It is important to indicate that Mexico and Central America have a great cultural similarity,
principally between inhabitants of the south of Mexico and northern Central America, whose
botanical and cultural richness is a legacy of the Mayan civilization. Therefore, the population’s
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traditional knowledge about the utility of the plants in some cases is the same. The most popular
antidiabetic plants used by both regions in question are:

Anacardium occidentale
Bidens pilosa

Bixa orellana
Catharanthus roseous
Cecropia obtusifolia
Eucalyptus globolus
Momordica charantia
Opuntia ficus-indica
Plumeria rubra
Physalis phyladelphica
Quassia amara
Swertia panamensis
Taraxacum officinale
Tecoma stans

Trixis frutescens

Trixis radialis

Similarly, in many cases it was found that various species with a reputation of antidiabetic
effects belong to the same genus, probably because morphological similarities among them provoke
the people to use these plants for the same therapeutic function. For example, the genus Aristolochia
has six different species used as antidiabetic remedies, Opuntia and Psacalium have five each, and
Cassia has four.

Although several Central American plants have been reported as antidiabetic remedies, only in
some cases has the evaluation of their hypoglycemic properties been carried out.’034446 For
example, Neurolaena lobata (L.) R. Br. (Asteraceae) is a Panamanian plant that has shown hypogly-
cemic activity in healthy and alloxan-diabetic mice.” Sesquiterpene lactones isolated from this plant
have not been pharmacologically evaluated. Hymenaea courbaril L. and Cajanus cajan are other
plants used in Panama with hypoglycemic activity in normoglycemic animals.”*” Central American
medicinal plants that have been investigated so far have been selected predominantly to assess
antimicrobial, brine shrimp toxicity, and anticancer, larvicidal, and insecticidal activities, as well
as against HIV and, in general, for the treatment of infectious disorders.*-5

On the other hand, various antidiabetic plants used in Mexico and Central America, such as
Catharanthus roseous, Momordica charantia, and Trigonella foenum-graceum, have also been
reputed to act as antidiabetic remedies in Asian and African countries, and they have been phar-
macologically studied in other countries (from Asia and Africa) that do not belong to the region
presently considered. The use of plants by people across a broad range of geographic regions
supports the assumption that hypoglycemic bioactive compounds of some value may be present in
these plants. Although hypoglycemic activity has been reported in the three mentioned plants
(probably the antidiabetic plants most extensively studied worldwide) and several hypoglycemic
agents have been proposed, it has not yet been possible to perform suitable clinical studies.

The results obtained in this survey emphasize several important facts:

* Necessity for chronic studies. The studies with antidiabetic plants carried out until now
have been done on experimental animals, measuring principally acute hypoglycemic
effects. However, various plants exhibit hypoglycemic activity only when evaluated in
chronic studies, such as A. barbadensis.>' Therefore, it is important to start chronic studies
principally for those reputed antidiabetic plants that have not shown acute hypoglycemic
effects, such as Citrus aurantium L., Crataegus mexicana Moc & Sessé, Physalis
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philadelphica Lam., Serjania triquetra Radlk., etc. Around 40 out of the 80 antidiabetic

plants studied until now in Mexico and Central America did not show acute hypoglycemic

effect in different experimental models using in vivo techniques.*

» Exigency of knowing the mechanisms of the hypoglycemic action produced by these
plants. The hypoglycemic plants could produce their action by a mechanism that requires
the presence of functioning pancreatic f3-cells and stimulating the insulin secretion like
the oral hypoglycemic agents sulfonylurea type, or by extra-pancreatic mechanisms,
including interference in the intestinal glucose absorption, inhibiting insulinase, and/or
stimulating the insulin receptors. Furthermore, “there are many other toxicological effects
of plants which may result in hypoglycemia, such as hepatotoxicity or [-adrenergic
blockade.”!! However, with the results obtained to date, it is not possible to know how
the Mexican and Central American antidiabetic plants act.

* The isolation and chemical characterization of hypoglycemic principles should be inten-
sified. In Mexico, traditional preparations of these plants have been studied, but the
purification and study of the active compounds or fractions obtained from hypoglycemic
plants have just recently started. Hypoglycemic compounds are known in only 12 antidi-
abetic plants used in Mexico and Central America; this represents a level lower than the
16% reported worldwide.!!

* Beginning toxicological and clinical studies is urgently needed. Many plants could be
dangerous because they contain beneficial and toxic substances together. For example,
Psacalium decompositum (syn. Cacalia decomposita) is one of the most used and studied
plants in Mexico for DM control, and it has been determined to contain hypoglycemic
compounds and pyrrolizidine alkaloids, which are considered potent hepatotoxic, carci-
nogenic, and mutagenic agents.!>!%52 Although immature fruits of Cucurbita ficifolia
have shown hypoglycemic activity on type 2 diabetic patients,> some evidence indicates
that the mature fruits of the same plants also produce hypoglycemic activity in experi-
mental models, but with associated toxicological effects.*!** Thus, because the traditional
preparations are complex mixtures of unknown substances, it is considered urgent to
begin toxicological studies, principally with the plants most extensively used by the
population, and to determine which plants are innocuous. No suitable toxicological
information about Mexican and Central American hypoglycemic plants is available.

» Inaddition to C. ficifolia, two other edible plants have been clinically studied: Opuntia
ficus-indica and Opuntia streptacantha.> The lack of clinical studies is due to ethical
impediments to performing studies in human beings in the absence of previous
knowledge about toxicological effects of these hypoglycemic plants. However, in
Mexico and Central America, many edible plants with hypoglycemic activity, such
as Cucumis sativus, Cucurbita ficifolia, Phaseolus vulgaris, Spinaceae oleraceae, etc.,
could be studied in human beings.*® In accordance with Ernst, clinical investigation
should be rigorous, preferably through randomized controlled trials.’* However, with-
out knowledge about dosing, drug interaction, and toxic effects and due to ethical
considerations, this too seems complicated.

CONCLUSIONS

DM is a serious health problem in Mexico and Central America. The lack of sufficient economic
resources has forced the population in this region to use plants for its medical empirical treatment.
Thus, the use of antidiabetic plants in the region is currently much diffused among its inhabitants.
The present work lists the ethnobotanical data of 175 Mexican and Central American antidiabetic
plants; however, people in this region likely use more than 300 different species. For more than
80 of these plants, experimental studies have been carried out and hypoglycemic effects have been
detected in around 50%.
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Aloe barbadensis, Anacardium occidentale, Bidens pilosa, Cecropia obtusifolia, Eucalyptus
globolus, Momordica charantia, various species of Opuntia, Parmentiera edulis, various species
of Psacalium, and Tecoma stans are the antidiabetic plants most used, and they are also some of
the more studied hypoglycemic plants. However, their medicinal potential has not been chronically
or clinically studied. Furthermore, chemical and pharmacological screening looking for the hypogly-
cemic principles in plants should be intensified because, so far, only a few promising hypoglycemic
agents have been isolated and chemically characterized.

Taking into account the socioeconomic problems and the cultural circumstances in which
Mexican and Central American people live, and in view of the number of species without experi-
mental data as revealed by this literature review, we recommend that further experiments be
conducted with these plants to develop new medicines and phytomedicines to treat diabetes and
reduce the economic and social cost of medicine for this condition and its complications.
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INTRODUCTION

The Caribbean region comprises one of the most diverse archipelagos in the world. Its natural
vegetation is predominantly tropical forest, including an estimated 20,000 vascular plant species;
about 7000 of these are endemic, mostly in Cuba, Hispaniola, and Jamaica. More than 10% of
these plants are naturalized, including several medicinal species brought in — especially since the
17th century — from Europe, Africa, and India (Davis et al. 1997).

Knowledge of the Caribbean herbs and their uses originated with the slaves from Africa and
with the Caribs and other Amerindians who were the first inhabitants. This knowledge was handed
down from generation to generation by the oral tradition, changing as new uses were discovered
and also blending with the customs and beliefs of the post-Columbian colonizers who came from
Europe and later from India. The documentation of this folk knowledge is rather scarce and is
scattered across the breadth of the natural and social sciences (Honychurch 1980; Morton 1981;
Seaforth et al. 1982).

Traditional plant remedies in the Caribbean are known as “bushteas” or “bushmedicines,” and
they abound especially in communities with limited access to formal healthcare. Most medicinal
plants in the region occur widely dispersed as weeds and are known, mainly, by the local common
names preserved by the oral tradition. Thus, confusion can arise in attempting to identify them and
when the same name is given to two or more different plants. Also, misidentification can occur
when the specific plant is given different common names, sometimes as a consequence of the
varying influences of West Africa and India on the English, French, or Spanish version of the name.
For instance, Catharanthus roseus, which is traditionally used to treat diabetes, is known in some
Caribbean islands as periwinkle; however, it is much better known as old maid (in Grenada), caca
poule (in the Commonwealth of Dominica), cangrejera (in the Dominican Republic), vicaria (in
Cuba), and ramgoat rose (in Jamaica).

The incidence of diabetes mellitus has been increasing for several decades in the Caribbean,
and today this condition has become a major cause of disability and hospitalization and a serious
financial burden. The estimated cost of medication and treatment in hospital for amputations, eye
disease, and other related services for diabetics was reported in 2001 as in excess of U.S. $30
million annually (Henry 2001a).
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In official circles, “diabetes and hypertension: twin trouble” have become the significant themes
for chronic noncommunicable diseases (Morrison 2000) and they are not confined to upper socio-
economic classes in the region. The prevalence of hypertension and diabetes mellitus (mainly of
the type 2) is estimated at about 30 and 20%, respectively, in the adult population (Henry 2001a).
Both disease conditions have been treated traditionally by means of the same herbal remedy. This
folk remedy may be a decoction made from any one of the following plants: Aristolochia trilobata
(leaf), Gomphrena globosa (leaf), Mangifera indica (leaf), Passiflora quadrangularis (1eaf), Cae-
salpinia bonduc (seed) (Morton 1981; Biswas et al. 1997; Swarup 1997), or, especially, Momordica
charantia (herb) (Morton 1981; Seaforth et al. 1982)

The International Diabetes Institute estimated that there were over one million cases of diabetes
in the Caribbean in 1994. Projections were that 380,000 new cases would be found over the next
5-year period. Even higher figures have been achieved indicating that this disease is a common
and growing public health concern in the region (Sargeant et al. 2001). The Caribbean Food and
Nutrition Institute has recommended that, with type 1 and type 2 diabetes, diet is the cornerstone
to successful treatment; there appears to be a constant need to re-emphasize that an appropriate
diet and good nutrition are not an adjunct to diabetes management, but rather, in fact, are central
to it (Henry 2001b).

DIETARY ASPECTS

The pattern of food consumption in the Caribbean over the past 40 years has moved toward that
of North America. During this period, although undernutrition rates declined substantially, nutrition-
related chronic diseases emerged to epidemic proportions (Editorial 2000). However, the extent to
which changes in the diet caused this phenomenon in the Caribbean countries is not known. This
possibility has prompted consideration as to whether aspects of the traditional Caribbean diets
should be retained, or even encouraged, in the management of diabetes (Wolever and Ramdath
1997).

Nutrition is an area of medicine conducive to home remedies and these often are supported by
users’ testimonies. Therefore, people have tended to maintain the tradition of consuming certain
plant foods to manage diabetes mellitus, such as Momordica charantia (fruit), Sechium edule (fruit),
Zingiber officinalis (Jamaican ginger root) (Alleyne and Cruickshank 1990), and Coriandrum
sativum (fruit) (Morton 1981). Momordica charantia is known by different names across the
Caribbean, such as caraili, cerassee, maiden apple, pomme coolie, and sorrow seed. Various extracts
from its fruit and from the vine have demonstrated hypoglycemic and also antihyperglycemic effects
in tests with a diverse array of animal models, as described in hundreds of publications. Evidence
has indicated insulin secretagogue and insulin mimetic activity in the fruit (Grover et al. 2002).
Coriandrum sativum, which is known as coriander or cilantro, is a popular spice that has shown
antihyperglycaemic effects in streptozotocin diabetic mice (Gray and Flatt 1999).

The expectation persists globally that increasing the consumption of fruits, vegetables, and
starchy roots and tubers (e.g., Ipomoea batatas) would have the potential to protect against a range
of chronic diseases. Sechium edule (fruit), called Jamaican cho-cho, has demonstrated significant
antihypertensive effects (Gordon et al. 2000). In Japan, a glycoprotein component isolated from
the cortex of white-skinned sweet potato (Ipomoea batatas) has showed antidiabetic activity in
streptozotocin-induced diabetic rats and genetically diabetic models of mice and rats (Kusano et
al. 2001). It is possible that certain culinary plants play a role in the treatment of diabetes (Day
1998; Broadhurst et al. 2000).

As is the case for many tropical plants, the composition of most Caribbean plant foods still
requires scientific evaluation (Magnus 1993; Wolever and Ramdath 1997). Consider ackee (Blighia
sapida), the national fruit of Jamaica, which is a remarkable case. Eating the unripe fruit has been
associated with bouts of severe vomiting, central depression, convulsions, and profound hypogly-
cemia; blood glucose levels down to 3 mg per deciliter, especially for undernourished consumers,



Antidiabetic Plants in the Caribbean 197

have been found. Treatment of these effects is symptomatic, involving infusions of dextrose solution
and management of the vomiting accomplished with antiemetics. However, the mechanisms under-
lying the vomiting and neurological disorders have not been properly established (Kean 1988).
Ackee-induced poisoning has been attributed to two water-soluble hypoglycemic constituents:
hypoglycin A (3-methylenecyclopropylalanine) in the edible arillus of the fruit and hypoglycin B
(gamma-glutamylhypoglycin A), which, together with hypoglycin A, is present in the seeds. The
unripe fruit has a much higher concentration of hypoglycin A than that of the ripe arillus, which
is a safe food after boiling and the aqueous extract is discarded. Neither hypoglycin A nor hypoglycin
B has been found suitable for drug development (Bressler et al. 1969; Golden et al. 2002).

THE HERBAL REMEDIES

Little scientific communication about the traditional herbal remedies has taken place among health
care professionals in the Caribbean region. This has been dominated in a significant way from the
outside by Spanish, Dutch, British, French, and American influences, so much technical information
has stayed within the spheres of interest of these non-Caribbean nations.

TRAMIL (Traditional Medicine in the Islands) is an applied research project on the medicinal
uses of plants in the Caribbean region (Robineau and Soejarto 1996). During the last few decades,
ethnobotanical surveys, including the work of the TRAMIL group, have shown that folkloric
medicinal plants are used to treat mainly self-limiting conditions, like colds and gastrointestinal
disorders, and only to a lesser extent for such ailments as hypertension and diabetes (Hernandez
et al. 1984; Seaforth 1987; Robineau 1997). The findings show that it will probably be impossible
and perhaps undesirable to attempt officially to reduce the use of herbal medicines in the Caribbean
region, except for those known to be toxic preparations.

The leaders of another French-sponsored project (ACCT 1985) reported that the traditional
remedies for diabetes in the Commonwealth of Dominica are infusions or decoctions made from
Catharanthus roseus (leaf), Pluchea symphytifolia (root), Stachytarpheta jamaicensis (leaf), or
Chaptalia nutans (leaf). Generally, the recipe consists of five leaves per glass of water, from which
the dose is one tablespoonful of the “bushtea” taken thrice daily.

The important guidebook by Morton (1981) describes comprehensively a number of plants
used traditionally to treat diabetes in the Caribbean. Among them are the following, which are not
mentioned elsewhere in this chapter: Ageratum conyzoides (root), Bixa orellana (root), Borreria
verticillata (whole plant), Cassia fruticosa (flower), Eryngium foetidum (whole plant), Chromolaena
odorata (flowers), Malachra alceifolia (leaf), and Scoparia dulcis (whole plant).

The popularity of herbal folk remedies to treat diabetes mellitus among patients attending
government health centers has been reported in Jamaica by Alleyne and Cruickshank (1990) and
in Trinidad and Tobago by Mahabir and Gulliford (1997). In the latter country, Momordica charantia
(leaf and fruit) and, to a lesser extent, Neurolaena lobata (leaf) were among the preferred plant
sources for diabetes treatment.

In Cuba, plants used traditionally to treat diabetes (Roig 1988) include Lepidium virginicum
(whole plant), Ocimum sanctum (aerial parts), Phyllanthus swartzii (seed and leaf), Syzygium
cuminii (fruit), and Tecoma stans (leaf and flowers). Oral administration of Syzygium cumini
(synonym Eugenia jambolana Lam.) fruit extracts to normoglycemic and streptozotocin-induced
diabetic rats showed hypoglycemic action possibly mediated by insulin secretion (Grover et al.
2002).

The traditional herbal remedies found in other tropical regions are also favored among Carib-
bean people. In Fiji and in Trinidad, for instance, the leaf extracts of certain edible fruit plants are
used to treat diabetes, including Momordica charantia (caraili), Mangifera indica (mango), Tam-
arindus indica (tamarind), and Carica papaya (pawpaw) (Mahabir and Gulliford 1997). Mangifera
indica (leaf) is also a folk remedy for diabetes in Nigeria and its antihyperglycemic effects have
been demonstrated in glucose-fed rats (Aderigbe et al. 1999). Momordica charantia continues to
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be the subject of study all over the world (Raman and Lau 1996; Ahmed et al. 2001; Vikrant et al.
2001; Muira et al. 2001; Grover et al. 2002). Antihyperglycemic extracts have been obtained from
the weedy Bidens pilosa (Ubillas et al. 2000; Dimo et al. 2001), and from the holy basil, Ocimum
sanctum (Vats et al. 2002). The ethanolic leaf extract of Ocimum sanctum significantly reduced
blood glucose levels in normal, glucose-fed hyperglycemic and streptozotocin-induced diabetic rats
(Grover et al. 2002).

Testing of Catharanthus roseus as a Jamaican antidiabetic folk medicine in the 1950s led to
the fortuitous discovery by Eli Lilly Co. in the U.S. of the effectiveness of two of its many alkaloids
— vincaleukoblastine and leurocristine — against leukemia and certain tumors. The potentially
hypoglycemic extracts of this plant currently remain under investigation (Chattopadhyay 1999;
Singh et al. 2001). Will such bioactivity in the plant extracts be proven as the effect of synergy
among some of the constituents?

Within the Caribbean region, some preliminary work continues to seek mainly to compare the
blood sugar-lowering activities of Bixa orellana and other plant extracts (Morrison and West 1982;
Tolan et al. 2001). However, the available technological infrastructure, pharmaceutical expertise,
and financial resources are not sufficient to support sustained in-depth studies of traditional medic-
inal plants as well as the processes likely to lead to new single-chemical-entity drug development.

FUTURE DIRECTIONS

Cecropia peltata L. (leaf) is abundantly known as a traditional Caribbean remedy for diabetes. Its
sister species, C. obtusifolia Bertol, has a similar reputation in Mexico and neighboring lands
(Morton 1981). In light of the demonstrated hypoglycemic effect of extracts from Cecropia obtusi-
folia on streptozotocin-diabetic rats (Andrade—Cetto and Wiedenfeld 2001), the leaf extracts of
Cecropia peltata (Seaforth 1987) now appear to be deserving of more systematic research. Other
candidates recommended for further study are Syzygium cuminii Skeels (synonym Eugenia jam-
bolana Lam.) (Grover et al. 2001) and Tecoma stans (Meckes—Lozoya and Mellado—Campos 1985).

Neurolaena lobata is a herb that yields a very bitter leaf decoction popularly used for a variety
of conditions, including malaria and diabetes; research has demonstrated antiprotozoal activity in
the plant extracts (Berger et al. 2001). Although ethanolic extracts of the leaves produced hypogly-
cemia in preliminary tests on rats, no antidiabetic agents have been isolated so far (Gupta et al.
1984). The challenge remains for further investigations of this plant, at least through preliminary
clinical observation. By local tradition, bitter-tasting bush-teas often are assumed to be antidiabetic,
8o Momordica charantia and Neurolaena lobata are significant candidate species for possible
development into modern antidiabetic phytomedicines.

Current studies generally encourage further serious evaluation of the herbal folk remedies as
they continue to play a significant role alongside orthodox medical practices in the treatment of
diabetes mellitus in the Caribbean (Michie 1992).

Table 10.1 is a summary of the plants mentioned in this chapter.
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TABLE 10.1

Antidiabetic Plants in the Caribbean

Plant (Family)

Ageratum conyzoides L. (Compositae)

Aristolochia trilobata L.
(Aristolochiaceae)

Bidens pilosa L. (Compositae)

Bixa orellana L. (Bixaceae)

Blighia sapida Kon. (Sapindaceae)

Borreria verticillata (L.) G.EW. Mey
(Rubiaceae)

Caesalpinia bonduc Roxb. (Leguminosae)

Carica papaya L. (Caricaceae)

Cassia fruticosa Mill. (Leguminosae)

Catharanthus roseus G. Don
(Apocynaceae)

Cecropia obtusifolia Bertol. (Moraceae)

Cecropia peltata L. (Moraceae)

Chaptalia nutans Polak. (Compositae)

Chromolaena odorata King & Robinson
(Compositae)

Coriandrum sativum L. (Umbelliferae)

Eryngium foetidum L. (Umbelliferae)

Gomphrena globosa L. (Amaranthaceae)

Ipomoea batatas (L.) Lam.
(Convolvulaceae)

Lepidium virginicum L. (Cruciferae)

Malachra alceifolia Jacq. (Malvaceae)

Mangifera indica L. (Anacardiaceae)

Momordica charantia L. (Cucurbitaceae)

Neurolaena lobata R. Br. (Compositae)

Ocimum sanctum L. (Labiatae)

Fassiflora quadrangularis L.
(Passifloraceae)

Phyllanthus swartzii Kostel syn. P.
microphyllus Kth. (Euphorbiaceae)

Pluchea symphytifolia (Mill.) Gillis
(Compositae)

Scoparia dulcis L. (Scrophulariaceae)

Sechium edule Sw. (Cucurbitaceae)

Stachytarpheta jamaicensis Vahl
(Verbenaceae)

Syzygium cuminii Skeels (Myrtaceae)

Tamarindus indica L. (Leguminosae)

Tecoma stans (L) H.B.K. (Bignoniaceae)

Zingiber officinalis Rosc. (Zingiberaceae)

Common Name

Zeb-a-fam
Tref

Railway daisy
Roucou

Ackee

White head broom

Nicker
Pawpaw
Cockrico
Periwinkle

Guarumo

Bois canon
Dandelion, whiteback
Christmas bush

Culantro
Shadobeni
Bachelor button
Sweet potato

Mastuerzo
Guimauve
Mango

Caraili
Zeb-a-pique
Albahaca morada
Barbadine

Yerba de la nina

Tabac zombi

Sweet broom
Cho-cho
Vervine

Jambolan
Tamarind
Sauco amarillo
Ginger

2 Diabetes-related effects shown in the scientific study.

Part Used — Ref.

Root — Morton 1981
Leaf — Morton 1981

Whole plant® — Dimo et al. 2001
Root — Morton 1981

Fruit* — Kean 1988

Whole plant — Morton 1981

Seed — Morton 1981

Fruit — Mahabir and Gulliford 1997
Flower; bush — Morton 1981

Leaf* — Singh et al. 2001

Leaf* — Andrade—Cetto and Wiedenfeld 2001
Leaf — Seaforth 1987

Whole plant — ACCT 1985

Flower — Morton 1981

Fruit* — Gray and Flatt 1999
Whole plant — Morton 1981
Leaf — Morton 1981

Root* — Kusano et al. 2001

Whole plant — Roig 1988

Leaf — Morton 1981

Leaf* — Grover et al. 2002

Various parts* — Grover et al. 2002
Leaf — Berger et al. 2001

Aerial parts® — Grover et al. 2002
Leaf — Morton 1981

Aerial parts — Roig 1988
Root — ACCT 1985

Whole plant — Morton 1981
Fruit — Gordon et al. 2000
Leaf — ACCT 1985

Fruit*— Grover et al. 2002

Fruit and leaf — Mahabir and Gulliford 1997
Aerial parts — Roig 1988

Root — Alleyne and Cruickshank 1990
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INTRODUCTION

African traditional medicine is generally recognized as being organized into three levels of specialty
(Chavunduka, 1994). These areas, which may overlap in some cases, are divination, herbalism, and
spiritualism.

The spiritualist (or medium) is generally identified with a political role and public health duties;
the diviner (disparagingly called “witch-doctor” by the missionaries from Europe) and herbalist
are more involved with health delivery to the individual in traditional society. The diviner uses
magical or supernatural powers to diagnose and treat disease with the aid of ancestral spirits who
endow amulets, animal parts, or herbs with the power to heal or drive away evil. The herbalist,
on the other hand, applies knowledge attained by empirical observation or passed on through
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generations. He or she relies exclusively on herbs to treat illness diagnosed by observation, regard-
less of any purported supernatural cause. In general, herbalists are elderly members of society who
derive their livelihood by means other than healing. Their pharmacopoeia remains relevant and of
interest to ethnopharmacologists and phytochemists and is a potential source of new drugs.

The concept of disease in African society is different from allopathic Western medicine. It is
probably closer to the aboriginal view. Illness is believed to be of natural or cultural or social origin
(Ayenzu, 1983). Cultural or social illness is thought to be related to a supernatural cause — e.g.,
angered spirits, witchcraft, or alien spirits. Conditions that have been previously unknown and
poorly understood in African society, including cardiomyopathies, hypertension, and diabetes, are
attributed to “natural” causes. It is not known whether these diseases existed in precolonial Africa.
If they did, they were not recognized or were misdiagnosed and would certainly have led to sudden
death attributable to some unknown or mysterious agent. This is largely because the correct
diagnosis of these conditions relies on clinical observations and/or biochemical measurements.
Traditional healers generally have no problem diagnosing external and gross anatomical complaints,
but the diagnosis of more complex conditions is understandably vague and unreliable (Marston
and Hostettman, 1987).

Diabetes mellitus (DM) is not very difficult to diagnose because of the universal classical
symptoms of polyuria (frequent copious urination), glucosuria (appearance of glucose in the urine),
and polydipsia (frequent thirsting and water intake). Apparently, traditional healers use the attraction
of ants to a person’s urine (due to its sweetness) as confirmation of this diagnosis (Iwu, 1993).

In light of this, it is not surprising to find that treatments used by traditional healers for diabetes
are many and varied. NAPRALERT lists DM as the 26th most important medical condition. At
least 514 plant species have been used to treat DM worldwide (Farnsworth, 1988). Whether these
treatments can be traced back to historic times or are of more recent origin is not known. However,
many of them continue to be used in modern African society as an adjunct to prescribed pharma-
ceuticals. The use of the herbal potions is supported almost exclusively by anecdotal evidence and
some animal studies, which generally show them to be hypoglycemic. Information on the phy-
tochemical nature of the active compounds is scanty and few clinical studies support the use of
these plants as stand-alone therapeutic agents. Because the diagnosis and evaluation are relatively
straightforward, the probability of efficacy is relatively high.

DIETARY APPROACHES

As elsewhere in the developing world, the prevalence of DM in Africa appears to be growing due
to the increasing adoption of a Western diet of processed foods rich in saturated fat and simple
sugars. The African thus understands the disease, as Native Americans do, as resulting from “too
much sugar in the body” (Garro, 1995). There is no name given to it which can be traced to
precolonial times and it is variously known as chirwere cheshuka (Shona), suikersiekte (Afrikaans),
isifo sikashukela (Swazi/Zulu), and lefo latswikiri (Sotho/Tswana). This may explain why DM is
viewed by many African people as a “white man’s disease”: its emergence appears to be linked to
the loss of a more traditional way of life coinciding with colonization. On the plains of eastern
and southern Africa, cattle would have been plentiful but these were more a symbol of wealth and
used for paying the bride price, compensation, draught power, and, occasionally, for religious
sacrifices rather than as a food source (Bourdillon, 1987).

The diet of Africans before they became urbanized and westernized would have consisted of
foods low in sugar and salt and high in fiber. This diet would have included bushmeats, which are
generally lean and devoid of fat, fruit of the forest, roots, and tubers as well as whole grains. Studies
on vegetables such as cabbage (Brassica spp.), green leafy vegetables, beans, and tubers, e.g.,
onions (Allium spp.), have shown the beneficial hypoglycemic influence in experimental animals
and humans (Platel and Srinivasan, 1997; Roman—-Ramos et al., 1995).
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Alcohol, one of the aggravating factors of hyperglycemic incidents, was, at least at a high
concentration, not readily available. Consumption of alcohol in precolonial African society was
restricted to occasional ceremonies and festivals revolving around ancestral worship and rainmak-
ing. It was generally discouraged by traditional doctors by use of taboos when they prescribed their
medicines and came as a general recommendation aimed at improving personal discipline and thus
compliance (Chavunduka, 1994).

Having outlined the foregoing, it should be said that once one is diagnosed with DM, there is
apparently no known traditional intervention to modify the diet in contemporary society apart from
a recommendation to reduce foods considered to have a lot of sugar and to increase vegetable
intake. In truth, there is hardly any promotion of a wholesome diet consisting of traditional foods
in diabetic patients.

ETHNOMEDICINAL APPROACHES

Many plants are used to manage DM in African traditional medicine, but little phytochemical
information is available on the active constituents of many of these plants. Much of the scientific
information available is drawn from in vitro bioassays on crude extracts of the various plants. The
ethnomedicinal information remains largely unvalidated and appears to rely on much anecdotal
evidence or case studies.

The discussion that follows encompasses plants that have been widely used in traditional
medicine and screened for pharmacological activity. The information has been collated mainly from
Iwu (1993), Watt and Breyer—Brandwijk (1962), Oliver—Bever (1986), and van Wyk et al. (1997).
This review concentrates on species indigenous to sub-Saharan Africa, but also includes introduced
species used in African traditional medical practice.

ACANTHACEAE FAMILY

Hygrophila auriculata (Schumach.) Heine

Synonyms: Asteracantha longifolia (L.) Nees, Barleria longifolia L., H. spinosa T. Anders

African names: Kinyarwanda: ngangabukari, Kirundi: buganga; Tigrinya: balawarante

Description and distribution: Small-leaved herbaceous aquatic plant that grows well
immersed and submersed. The leaves are broadly lanceolate with rounded tips and borne
in opposite pairs on thin stems.

Pharmacognosy: The whole plant is used in West Africa. The root and seeds contain
phytosterols. The leaves contain the alkaloid vasicine. Oral hypoglycemic activity has been
shown in cats and rabbits (Oliver—Bever, 1986).

Hygrophila longifolia, a related species, may exert hypoglycemic action by mechanisms
similar to those of the sulphonylureas (Fernando et al., 1998). The plant extract had no
effect on the gluconeogenic capacity of the kidney or intestinal glucose absorption.

ANARCADIACEAE FAMILY

The species of family Anacardiaceae is mostly trees and shrubs; some are of economic importance
because of their fruits, e.g., mango, cashew nuts, and marula.

Anacardium occidentale L.

Common names: cashew, cashew apple/nut

African names: Shambala: mganju, Swahili: mbiba

Description and distribution: the cashew nut was introduced from tropical America into
Africa. It is an economically important crop in Mozambique and West Africa.
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Pharmacognosy: the leaves are used in traditional medicine. Quercetin and kaempferol
glycosides have been shown to normalize glycemia (Oliver—Bever, 1986).

Sclerocarya birrea (Rich.) Hochst.

Synonym: S. caffra Sond.

Common name: marula

African names: Afrikaans: maroela; Shona: mupfura, mutsomo; Ndebele: umganu; Swahili:
roluwo; Wolof: beri; Hausa: donya

Description and distribution: it is a medium-sized tree occurring in medium to low altitude
in open woodland and bush. The trees are highly valued by the cultures of the areas where
they grow in tropical southern Africa, northern Nigeria, Ghana, Gambia, and Senegal.

Pharmacognosy: the many traditional rituals that involve this tree in southern Africa indicate
its importance in the lives of the various ethnic groups resident in the subregion. A
decoction of the bark is used for dysentery and diarrhea; this may be due to the tannin
content. The bark decoction has also been used prophylactically and curatively in malaria.
However, this has not been proven experimentally. A decoction of the leaves has high
hypoglycemic activity when administered by mouth or intraperitoneally (Oliver—Bever,
1986). The effect is thought to be directly on the glycemia-regulating system and peripheral
assimilation of glucose, especially by the muscular tissue.

APOCYNACEAE FAMILY

Catharanthus roseus (L.) G. Don

Synonyms: Lochnera rosea Reichb, Vinca rosea L.

Common names: Madagascan periwinkle, pink periwinkle

African names: Afrikaans: maandrosies; Zulu: isisushlungu

Description and distribution: a popular garden plant or weed, the plant is a perennial herb
with white or pink flowers. Originally from Madagascar, it has naturalized in the tropics
and subtropics all over Africa and beyond.

Pharmacognosy: the plant has been used for treatment of diabetes in traditional medicine
(Watt and Breyer—Brandwijk, 1962) and commercialized in France and England (Marles
and Farnsworth, 1995; Bruneton, 1995). The discovery of the antineoplastic alkaloids
vincristine and vinblastine was a serendipitous discovery during an investigation of the
plant for antidiabetic activity (Oliver—Bever, 1986). The hypoglycemic effects are attrib-
uted to other alkaloids — namely, catharanthine, lochnerine, tetrahydroalstonine, leurosine,
vindoline, and vindolinine (Marles and Farnsworth, 1995; Oliver—Bever, 1986). The onset
of hypoglycemia is slow but long lasting. The roots are considered toxic due to the presence
of the binary vinca alkaloids, which have found use as potent antitumor agents.

ASTERACEAE FAMILY

Artemisia afra Jacq. Ex Willd.

Common names: wild wormwood, African wormwood

African names: Afrikaans: wilde als; Kisambaa: fivi; Kinyakyusa: lusanje; Kisafwa: luyanga;
Swati/Xhosa/Zulu: umhlonyane; Tswana: lengana, iliongana; Sukuma: ushemeli; Amar-
inga: ariti

Description and distribution: the plant is a perennial herb less than 2 m high with alternately
arranged feathery gray—green leaves and inconspicuous yellow flowers. It exudes a strong
characteristic wormwood scent. It flowers between March and July and produces seeds
from August to November. It is found in the highland areas (alt. 1500 to 3000 m) of eastern
and southern Africa in volcanic, sandy, or loamy soils.
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Pharmacognosy: it is widely used in folk medicines in southern Africa for coughs, colds,
and flu as well as intestinal worms, gout, and malaria. When used for bronchial complaints,
it is prepared as a syrupy decoction. It is a source of monoterpenes, e.g., 1,8-cineole,
camphor, and thujone as well as glaucolide, guaianolide, endesmadiene, and germacratien-
type terpenoids (Jakupovic et al., 1988). Its use in DM remains unsubstantiated, but Watt
and Breyer—Brandwijk (1962) cite its use in Zimbabwe to treat glucosuria.

Cnicus benedictus L

Synonym: Centaurea benedictus

Common names: bitter thistle, holy thistle

African name: Afrikaans: karmedik

Description and distribution: this is an annual with indented and spiny leaves and yellow
flowers in a terminal flower head. It is widely distributed in Asia and the Mediterranean
region. It was introduced to southern Africa and is found as a weed in the Cape and
elsewhere in the highlands of the subcontinent.

Pharmacognosy: brandy tinctures have been used for internal cancers as well as diabetes
and arthritis (Bruneton, 1995; Watt and Breyer—Brandwijk, 1962). It has emetic, diuretic,
and sudorific effects. Guaianolide-type sesquiterpenoid lactone, cnicin, and bitter lignan
lactones have been isolated (Vanhaelen—Fastre, 1972; Picman, 1986). It is thought that
these lignans stimulate the secretion of gastric juices, resulting in increased appetite
because of their bitterness. It may be postulated that this stimulus may also lead to the
release of insulin. Tannins have also been isolated.

The related species, Centaurea perrottetti (= C. calcitrapa) contains a bitter principle,
calcitrapin, that may be related to cnicin (Watt and Breyer—Brandwijk, 1962). The peptide
fraction of this species was found to be hypoglycemic in rabbits (Oliver—Bever, 1986).

Vernonia oligocephala (DC.) Sch. Bip. Ex Walp.

Synonym: V. kraussi Sch. Bip. Ex Walp.

Common name: silver-haired vernonia

African names: Afrikaans: groenamarabossie, bitterbossie; Shona: chiwanika; Kinyarwanda:
umuvumo

Description and distribution: an herbaceous perennial with erect purple flowering branches
and silver-backed leaves. It is widespread in the grasslands of southern Africa.

Pharmacognosy: it has been used for the treatment of arthritis, dysentery, and diabetes. Its
use is said to reduce glucosuria. Several sesquiterpenoid lactones including germacrano-
lides and glaucolides have been isolated (Bohlman et al., 1983).

Vigna unguiculata (L.) Walp. Subsp unguiculata

Synonyms: Dolichos sinensis L., Dolichos unguiculatus L., V. triloba (Thunb.) Walp.

Common names: cowpea, asparagus bean, black-eye bean

African names: Afrikaans: boontjie; Ndebele: dinawa; Shona: muriwo wenyemba; Tonga:
mbawen nyangana; Zulu: isihlumaya

Description and distribution: an annual or perennial, erect, trailing or climbing herb. The
leaves are trifoliate and the fruit is in an erect pod that is smooth or slightly warty. It is
distributed throughout southern Africa.

Pharmacognosy: the leaves and fruit are an important indigenous food. The old leaves and
ripe fruit have a thermostable hypoglycemic principle that is not toxic at high doses
(Oliver—Bever, 1986). Unguilin, a cyclophilin-like protein, has been isolated.
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BIGNONIACEAE FAMILY

Tecoma stans (L.) H.B.K.

Synonym: Tecoma mollis

Common names: yellow bells, yellow trumpet flower, yellow elder

African names: Lunda: kapapati; Nyanja: ulembe

Description and distribution: a tall decorative shrub that can grow into a small tree of up to
10 m with small yellow flowers. It is a native of tropical America that has become a serious
invasive alien in the hot and sunny climes of tropical and southern Africa.

Pharmacognosy: the leaves contain the alkaloids tecomine and tecostanine, which are active
when given orally to alloxan-diabetic rabbits. They are thought to act by way of the p-cells
of the pancreas (Oliver—Bever, 1986). Intraperitoneal administration of the total extract of
T. stans produced hepatic glycogenolysis (Meckes—Lozoya and Ibanez—Camacho, 1985).
An ethanolic extract from fruits of Tecoma stans has led to the isolation of two novel
monoterpenic alkaloids (Lins and Felicio, 1993). Iridoid glucosides have also been isolated
(Bianco et al., 1981, 1982) as well as dihydroflavonols (Srivastava and Reddy, 1995).

COMBRETACEAE FAMILY

Terminalia sericea Burch. ex DC.

Common names: silver cluster-leaf, yellow-wood, assegai wood, silver terminalia

African names: Afrikaans: vaalboom; Chagga: mbuko; Kilongo: msimira; Shona/Venda:
mususu; Tonga: mugosi; Tswana: mogonono; Zulu: amangwe

Description and distribution: this is a small- to medium-sized tree with a gray to pale brown,
coarsely fissured bark. The leaves are silver-haired with cream-colored flowers and the
fruit is winged and pink to rose-red when matured. It is widely distributed in Zimbabwe,
Namibia, and northern South Africa as well as in Mozambique.

Pharmacognosy: root decoctions are used for stomach disorders and diarrhea. The bark is
used for diabetes and is taken in mealie meal porridge. Several triterpenoids — e.g., sericic
acid — have been isolated from the roots. Nerifolin, a cardioactive glucoside, has also
been isolated along with many tannins (Bruneton, 1995).

CRUCIFERAE FAMILY

Brassica oleracea L

Common names: common cabbage, heading cabbage, Savoy cabbage, rape (var. capitata),
kale (var. acephala), broccoli, cauliflower (var. botrytis)

African names: Afrikaans: kool, blomkool

Description and distribution: the cabbage is usually a tight cluster of leaves forming in a
compact “head” with a few loose outer leaves around the base. In the summer, due to
longer days, it flowers by splitting open and giving birth to a stalk that uncurls as it forces
the split head farther open. The stalk grows 5 to 10 cm tall, then branches and develops
numerous small, four-petaled, cross-shaped yellow flowers that eventually develop into
elongated seedpods. Hundreds of cultivars of cabbage are cultivated for food everywhere
that plants can be grown. The earliest records of cabbage being cultivated for food come
from the Greeks around 600 B.c. Wild cabbage (Brassica oleracea ssp. oleracea) grows
along the coasts in Europe and North Africa. Cabbage leaves are eaten raw in salads and
coleslaw or steamed, boiled, stir-fried, and pickled. It may be fermented to make German
sauerkraut and Korean kimshi.
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Pharmacognosy: Brassica oleracea showed a significant decrease in the hyperglycemic peak
of healthy rabbits when administered subcutaneously once a week (Roman—Ramos et al.,
1995). It contains organic sulphur compounds (thioglycosides), which may inactivate
compounds that compete with insulin in the same manner as allyl propyl disulphide
(APDS) in Allium spp. (Oliver—Bever, 1986). This leads to an insulin-sparing effect.

Coumarins and various phenolics also contribute to the beneficial effects of eating cabbage,
which is also said to be beneficial in DM due to a mild diuretic effect. However, the
brassicas contain substances called goitrins that can interfere with the body’s uptake of
iodine and lead to goiter formation in persons who have persistent iodine deficiency (Sauer,
1993).

CUCURBITACEAE FAMILY

The cucurbits are mostly prostrate or climbing herbaceous annuals comprising about 90 genera
with 700 species. They have five-sided stems and coiled tendrils and alternating leaves. The fruit
is called a pepo.

Citrullus lanatus (Thunb.) Matsumura & Nakai

Synonyms: Citrullus vulgaris Schrad. Ex Eckl. & Zeyh., Colocynthis citrullus (L.) Kuntze,
Mormodica lanata Thunb.

Common names: bitter melon, desert melon, wild watermelon

African names: Afrikaans: karkoer; Shona: manwiwa; Ndebele: ibotola; Tswana: Kgengwe;
Zulu: ibece; Hausa: guna; Yoruba: asunwon

Description and distribution: a prostrate spreading annual with herbaceous stout stems and
tendrils bifid in axils of the leaves. The fruit is globose or ellipsoid and pale green to
grayish-green and mottled. It is indigenous to Southwest Asia and grows all over Africa,
cultivated or semiwild.

Pharmacognosy: infusions of Citrullus colocynthis fruits have been traditionally used as
antidiabetic medication in North Africa (Nmila et al., 2000; Ziyyat et al., 1997). Infusions
have in vitro insulinotropic action. The bitter principles, cucurbitacins (some of which are
toxic to man and beast as well as piscicidal), are typical of the genus (Watt and
Breyer-Brandwijk, 1962). Colocynthis vulgaris Schrad. have powerful purgative constit-
uents. A novel hydroxyl radical scavenger, citrulline, was isolated in the leaves of the wild
melon exposed to drought conditions (Akashi et al., 2001). It was thought to contribute
to oxidative stress tolerance.

Momordica charantia L.

Common names: balsam pear, African cucumber, bitter gourd, bitter melon

African names: Ganda: luyula; Zulu: intshungu; Masai: ol amboshi

Description and distribution: species of Momordica are distributed throughout the Tropics.
They are fast-growing, trailing or climbing vines with thin stems and tendrils

Pharmacognosy: Momordica charantia is used in West Africa as a bitter stomachic for the
treatment of jaundice and liver disease as well as an emetic and drastic purgative. The
fruit or seed may be used as an abortifacient and for treating urethral discharge. It has
been used as an antidiabetic in Puerto Rico (Watt and Breyer—Brandwijk, 1962). A
polypeptide, p-insulin, has been shown to be the active compound and induces hypogly-
cemia in humans and animals on subcutaneous injection. Raman and Lau (1996) have
done an extensive review of M. charantia.
Charantin, a mixture of the phytosterolins and the pyrimidine nucleoside vicine has also
been found to be hypoglycemic (Oliver—Bever, 1986). Charantin has demonstrated more
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potency than tolbutamide in equivalent doses and possesses pancreatic and extrapancreatic
action (Oliver—Bever, 1986).

Aqueous extracts of the fruit of Momordica charantia L. reduce the blood glucose of mice
with NIDDM 3 weeks after oral administration (Miura et al., 2001). It is thought to act,
at least in part, by increasing the muscle content of facilitative glucose transporter isoform
4 (GLUT4) protein. The consequence is a decrease in insulin resistance. An aqueous
extract of M. cymbalaria has shown similar effects (Rao et al., 2001).

Coccinia grandis L. Voigt

Common names: ivy gourd, African vine

Description and distribution: a perennial climber herb native to Africa, India, and Asia, it is
considered invasive in Hawaii and the South Pacific. It bears flowers and fruit throughout
the year. The leaves and cucumber-like fruit are eaten raw, boiled, or fried.

Pharmacognosy: the hypoglycemic fraction is found in alcoholic and aqueous extracts. It
contains cucurbitacins and may effect action in the same way as related species.

EBENACEAE FAMILY

Euclea crispa (Thunb.) Sonder ex Giirke

Common names: blue guarri, blue-leaved euclea

African names: Afrikaans: bloughwarrie; Ndebele: umtshekesane; Shona: madziyire; Ronga:
magitamus; Xhosa: umkaza; Zulu: usahlulamanye

Description and distribution: it is a shrub or small, evergreen tree with a dense, leafy crown
that is widely distributed in southern, central, and eastern Africa. The leaves are often an
attractive blue—green, with a hard, papery texture and somewhat wavy margin.

Pharmacognosy: the bark and fruit are widely used in traditional medicine as a purgative,
to prevent rheumatism, and for diabetes (Gelfand et al., 1985). Little is known about the
chemistry or therapeutic potential of this species in the management of DM.

EUPHORBIACEAE FAMILY

Securinega virosa (Roxb. Ex Willd.)

Synonyms: Flueggea virosa (Roxb. Ex Willd.), Flueggea microcarpa Blume

Common names: white-berry bush, snowberry tree

African names: Afrikaans: witbessiebos; Kirundi: umubwiga; Wolof : keng; Bambara: tene

Description and distribution: it is usually a many stemmed, small, bushy shrub with reddish-
brown bark and is found growing at forest margins, rocky outcrops, and termite mounds
in south-central Africa in Namibia, Botswana, Zimbabwe, and Mozambique. It bears small,
white, fleshy, edible fruits.

Pharmacognosy: it is widely used in southern Africa for a great many conditions ranging
from malaria, abdominal pains, and avoidance of abortion to snake bite antidote, backache,
and bronchitis (Gelfand et al., 1985). The alcoholic and aqueous extracts of the seeds
showed hypoglycemic activity in cats and rabbits (Oliver—Bever, 1986). Several alkaloids
have been isolated, including fluggeine, securinine, norsecurinine, and virosine. Virose-
curinine and viroallosecurinine were isolated as two cytotoxic alkaloids from the leaves
of Securinega virosa (Tatematsu et al., 1991).

Bridelia ferruginea Benth
African names: Fulani: kisni; Bambara: nakourougo; Eton: ibag; Yoruba: ira
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Description and distribution: it is a tree distributed in most of eastern and southern Africa
as well as in West Africa.

Pharmacognosy: oral or intraperitoneal administration has shown a significant reduction in
the fasting blood sugar in albino rats (Oliver—Bever, 1986). A 25-mg/kg tablet of B.
ferruginea lowered the blood glucose level of normal healthy rabbits by about 40%
(Onunkwo, 1996). Human patients have derived some benefit from using a leaf extract of
this plant species. Flavonoids and biflavonoids and their glycosides as well as lignans have
been isolated from the methanolic extract of this plant (Rashid et al., 2000).

FABACEAE FAMILY

Phaseolus vulgaris L.

Common names: bush bean, Cape pea, French bean, kidney bean

African names: Afrikaans: boontjie; Pedi: monaoa, nawa; Shi: cishimbo

Description and distribution: an annual that may be climbing or erect. The flowers are small
and may be white, pink, or lilac and the fruit is a long, narrow, smooth pod that is seeded.
Cultivated throughout the world, it originated from tropical America.

Pharmacognosy: bean husks have been shown to reduce hyperglycemia in mild diabetics
(Oliver—Bever, 1986). Olean-12-ene-type triterpene oligoglycosides, named sandosaponins
A and B, were isolated from the seed of Phaseolus vulgaris L., together with three known
saponins, soyasaponins I and V, and dehydrosoyasaponin I (Yoshikawa et al., 1997).
Hydrocyanic acid poisoning has been reported from insufficiently cooked bean (Watt and
Breyer—-Brandwijk, 1962).

Trigonella foenum graecum L.

Common names: fenugreek, Greek hay

African names: Tigrinya: abacham; Galinya: sunko

Description and distribution: a fast growing annual of Mediterranean origin and found mainly
in North Africa in field verges, uncultivated ground, dry grasslands and hillsides.

Pharmacognosy: Al-Habori and Raman (1998) have reviewed the antidiabetic and hypo-
cholesterolemic effects. The seeds contain N-methylnicotinic acid (trigonelline), cou-
marins, and nicotinic acid. It is used in Israel as an insulin substitute. Trigonelline coun-
teracts cortisone-induced hyperglycemia; nicotinic acid and coumarin have been shown
to have hypoglycemic activity in alloxan-diabetic rats and in diabetic patients
(Oliver—Bever, 1986). The aqueous extract of Trigonella foenum-graecum leaves given
orally and intraperitoneally possesses a hypoglycemic effect in normoglycemic and
alloxan-induced hyperglycemic rats (Abdel-Barry et al., 1997).
The presence of hypoglycemic activity in aqueous and methanolic extracts indicates that
the active compounds are polar in nature (Zia et al., 2001). Various kaempferol and
quercetin glycosides were isolated from the stems of 7. foenum-graecum (Han, 2001).
Furostanol-type steroid saponins called trigoneosides were isolated from the seeds of the
Egyptian variety (Murakami, 2000).

Lupinus tassilicus Marie

Common name: lupine

African name: Afrikaans: lupien

Description and distribution: lupines are attractive plants bearing pea-like flowers in whorls
upon long graceful spikes. About 200 annual and perennial species are native to the
Americas and Mediterranean Europe through to the highlands of eastern Africa. The
four species found growing in southern Africa were introduced and naturalized. Lupinus
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tassilicus is an herbaceous species endemic to the Sahara Desert in the Algerian region
of Tassili. It is considered endangered.

Pharmacognosy: the seeds contain quinolizidine alkaloids that have moderate hypoglycemic

effects on alloxan-diabetic rats but not normal rats. The effect is short lasting and has been
attributed to sparteine and lupanine (Oliver—Bever, 1986).
Debittered seeds of Lupinus albus L. are generally considered to have antidiabetic prop-
erties and are even prescribed by some physicians to counter hyperglycemia (Pereira et
al., 2001). It is thought that the seeds contain water-soluble substances capable of poten-
tiating glucose-induced insulin release. The lupine extract appears to contain at least two
active principles; one of them causes Ca?* release from intracellular stores and the other
a reduction in P-cell K* permeability, presumably via inhibition of ATP-sensitive K*
channels (Pereira et al., 2001). The presence of alkaloids such as lupinine, anagyrine,
sparteine, and hydroxylupanine makes the lupines potentially toxic when ingested in large
amounts, possibly due to the induction of hypoglycemia.

Sutherlandia spp. R. Br. Ex Ait. f.

Common names: cancer bush, cancer wort

African names: Afrikaans: kankerbossie; Sotho: musapelo; Zulu: unwele

Description and distribution: it is a small attractive shrub that grows to about 1 m in height.
The large red flowers precede bladder-like pods. The plant grows almost exclusively in
the Cape Province of South Africa; the six species of this genus are frequently lumped
together because of the difficulty in distinguishing them.

Pharmacognosy: Sutherlandia spp. has been touted as the tonic for all ills and used for
coughs and colds, chicken-pox, varicose veins, piles, diabetes, backache, liver problems,
and general maintenance of good health, among many other uses in South Africa. In North
Africa, the leaf is used as a bitter tonic and for indigestion and dysentery. Its cancer-
protecting and combating properties have given it the English and Afrikaans names.
Clinical trials for the reputed anticancer properties have proved negative in the past (Watt
and Breyer—-Brandwijk, 1962). In more recent times, it has proved popular for palliation
in HIV patients, but clinical trials are still in progress. L-canavanine, pinitol, GABA, and
asparagine are thought to be responsible for some of the medicinal efficacy (van Wyk et
al., 1997). Pinitol has documented antidiabetic activity and is likely to be at least one of
the phytochemical compounds useful for antidiabetic therapy with Sutherlandia species.

LiLIACEAE FAMILY SENSU LATO

Allium cepa L.

Common names: common onion, shallot, potato onion

African names: Afrikaans: ui; Kamba/Swahili: kitungu; Shona/Zulu: hanyanisi; Swahili:
matungulu; Kinyarwanda: igitunguri; Mende: yawe

Description and distribution: it is a perennial herb that is probably the most important of
the vegetable bulb crops. First introduced to the West Indies by the Spanish, its cultivation
and use spread from there to the rest of the world. It thrives under a wide variety of soils
and climatic conditions. It is universally used for its culinary purposes. The leaves are
tubular and smooth and the bulbs range from oblate to oval in shape. It is a cultivated
crop in all parts of Africa and has been used by the ancient Egyptians.

Pharmacognosy: the onion is toxic in cattle and horses, producing gastroenteritis, vomiting,
anemia, and icterus (Watt and Breyer—Brandjiwk, 1962). Oral administration in rabbits
and pancreatectomized dogs lowered the blood sugar level over 1 to 5 hours. The effect
is invariably lost upon storage and may be linked to the presence of an alkaloid (yet to
be identified) and disulphides (Oliver—Bever, 1986). When administered subcutaneously
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in healthy rabbits weekly, the hyperglycemic peak decreases (Roman—Ramos et al., 1995).
It would appear that dietary onion has a beneficial effect on diabetic nephropathy, which
may be exerted through its ability to reduce blood cholesterol levels and lipid peroxidation
(Babu and Srinivasan, 1999).

The effects are attributed to cyclo-alliin, quercetin, and some sulphur-containing hydro-
carbons (allyl propyl disulphide [APDS] and diallyl disulphide oxide [allicin]), which have
been isolated (Oliver—Bever, 1986).

The related species, Allium sativum (garlic) also contains organic sulphur compounds.
Though indigenous to Asia, it is now cultivated in many parts of Africa and is an important
culinary cultivar. It is used in the preparation of diabetic tonics. The oil extracted from
garlic prevents hypercholesterolemia and hyperlipidemia and produced marked hypogly-
cemic activity (Iwu, 1993). However, its use may lead to allergenicity and prolonged
bleeding in patients on anticoagulant medication.

Bulbine natalensis Bak

Synonyms: B. narcissifolia Salm-Dyck, B. latifolia (L.f.) Roem. & Schult.

African names: Afrikaans: rooiwortel, Zulu: ibhucu

Description and distribution: aloe-like herb with fleshy, smooth leaves set in a rosette and
thin flowering stems that bears yellow flowers. It has many closely related species growing
in the Eastern Cape province of South Africa.

Pharmacognosy: the leaf sap is used to treat wounds, burns, rashes, and ringworm (Watt &
Breyer—Brandwijk, 1962). Bulbine capitata is used by the Basotho of southern Africa as
a mild purgative and to cure gonorrhea infections (Qhotsokoane—Lusunzi and Karuso,
2001). The powdered root has been found to be rich in anthraquinones, which would
explain the reported laxative effects. The root is used in the management of diabetes. B.
asphodeloides R. and S. is said to be diuretic and is used in uremia and in diabetes (Watt
and Breyer—Brandwijk, 1962).

Aloe species

Common names: Cape aloe, aloe (A. ferox Mill. FP ) curacao aloe (A. barbadensis = Aloe
vera)

African names: Afrikaans: aalwyn; Arabic: sabr; Ndebele: incena; Swahili: shubiri; Shona:
gavakava; Xhosa/Zulu/Sotho: umhlaba; Kinyarwanda: igikakarubamba kizungu; Kirundi:
ingarigari

Description and distribution: the genus includes herbs, shrubs, and trees that bear white,
yellow, or red flowers on spikes and large fleshy thorny leaves (Iwu, 1993; Van Wyk et
al., 1997). It grows in subtropical Africa. The main species in Africa is Aloe ferox (Cape
aloe), which is a robust plant with broad fleshy leaves and dark brown spines (van Wyk
et al., 1997) and Aloe marlothii (flat flowered aloe).

Pharmacognosy: it is a source of the hydroxymethylanthraquinones used as stimulant lax-
atives. It has been reportedly used for management of arthritis, eczema, and conjunctivitis
(Bruce, 1975). Bitter extracts of the Cape aloe have been exported from South Africa for
centuries to Germany, where it is widely used in the manufacture of many phytomedicines.
The reports on the hypoglycemic activity of the Aloe species have been largely equivocal
(Okyar et al., 2001). This may be due to the use of different plant parts and diabetes models.
A. vera leaf pulp extract was shown to lower blood sugar in rats with type 1 (insulin-
dependent) and type 2 (non-insulin-dependent) DM. Controlled clinical trials have shown
that A. vera would be a useful adjunct for lowering blood glucose in diabetics as well as
blood lipid levels in hyperlipidemia (Vogler and Ernst, 1999; Yongchaiyudha et al., 1996).
In contrast, the leaf gel extract was actually hyperglycemic in NIDDM rats (Koo, 1994)
and this distinction seems to be one cause of the controversy. Components from the leaf
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of A. arborescens were shown to cause direct hypoglyceration and also to activate f-cells
(Beppu et al., 1993). The mode of action has also been partly attributed to decreased
hepatic gluconeogenesis as seen in reduced gluconeogenesis in isolated hepatocytes as
well as reduced activity of pyruvate carboxylase (PC) and phosphoenol-pyruvate carboxy-
kinase (PEPCK), two key gluconeogenic enzymes (Al-Awadi et al., 1991). Acetylated
mannans, which have immunomodulatory activity and glycoproteins, have been isolated
from A. vera and A. arborescens (Reynolds and Dweck, 1999). Topical application of A.
vera gel on wounds in diabetic rats enhances healing (Chithra et al., 1998).

Andrographis paniculata (Burm. F.) Wall. Ex Nees

Description and distribution: an erect herb, chiefly found in tropical Asia from where it
spread to Africa, the West Indies, and the Americas. It is found on plains, hill slopes,
wastelands, farms, dry or wet lands, seashores, and even on roadsides.

Pharmacognosy: a dose-dependent reduction of the serum blood glucose level in streptozo-

tocin-diabetic rats has been demonstrated with an ethanolic extract of A. paniculata (Zhang
and Tan, 2000). The activity was partly attributed to increased glucose metabolism and
the reduced activity of hepatic glucose-6-phosphatase (G-6-Phase) and compared favorably
with metformin. The extract also effected hypotriglyceridemia, which is beneficial in the
management of diabetes.
Leaf extracts affect spermatogenesis by preventing cytokinesis of the dividing spermato-
genic cells lines (Akbarsha and Murugaian, 2000). This antifertility property has been
attributed to andrographolide, one of the major constituents isolated from the leaf. This
compound has also been shown to inhibit HIV-induced cell cycle dysregulation resulting
in a rise in CD4 (+) lymphocyte levels in infected individuals (Calabrese et al., 2000).
Terpenoids and flavonoids have been isolated from this species (Gupta et al., 1996; Jantan
and Waterman, 1994).

MENISPERMACEAE FAMILY

Cissampelos capensis L.

Synonym: Antizoma capensis Diels.

African names: Afrikaans: dawidjiewortel; Masai: ol egesikon; Pedi: lepeta; Swahili:
mlagalaga

Description and distribution: this is a perennial climbing shrub with twining stems and
rounded, bright green leaves that can be found growing in the Western Cape province of
South Africa.

Pharmacognosy: it is widely used in traditional African medicine as a blood purifier and for
boils, syphilis, diarrhea, and cholera. Fresh or dry rhizomes are chewed or taken as
infusions or tinctures. Bioactive alkaloids of the bisbenzyltetrahydroisoquinoline type have
been isolated from related species. These show sedating, antispasmodic, and antitumor
activity. Nothing is known about C. capensis in particular.

MORACEAE FAMILY

Morus spp. L.

Common name: M. mesozygia (African mulberry)

African names: Afrikaans: moerbei; Zinza: mukimbu; Zulu: umduli; Kinyarwanda: iboberi

Description and distribution: mulberry trees are deciduous, long-lived, and capable of reju-
venating themselves. They thrive in moist areas with long, hot summers. They are not
commercially grown for their fruit, which is too soft and insipid for transporting to the
market. However domestic consumption of the fruit fresh or made into jams is widespread.



Management of Diabetes in African Traditional Medicine 215

Commercial farming of mulberry trees is for their leaves, which are important in rearing
silkworms in Eastern Asia and Southern Europe. Of the three main species, M. nigra
(black mulberry) grows from 7 to 12 m high, forms a compact crown, and produces dark
red fruit that appear to be black. M. rubra (red mulberry) is the largest of all the mulberries
and grows to 20 m; M. alba (white mulberry) grows up to 15 m high and produces
extremely sweet, pinkish, white, or purplish berries. The African mulberry (M. mesozygia)
is widely distributed in tropical Africa.

M. mesozygia Stapf is a monoecious or dioecious tree growing up to 30 m in height with a
tall, erect stem and dense crown. The fruits are small and globose and grouped into short
fleshy mulberries and normally eaten in their natural state. It occurs throughout tropical
Africa.

Pharmacognosy: M. alba and M. nigra possess hypoglycemic activity and increase glycosuria

(Oliver—Bever, 1986). “Mulberry therapy” exhibits potential hypoglycemic and hypolipi-
demic effects in diabetic patients (Andallu et al., 2001).
Cyanidin and delphinidin glucosides, rutin, quercetin triglycoside, and phytosterols have
been isolated from many mulberry species (Oliver—Bever, 1986). The flavonoids, dihydro-
morin and dihydrokaempferol, have been isolated from M. lactea Mildr (Watt and
Breyer—Brandwijk, 1962). Polyhydroxyalkaloids occur in the root, bark, and fruits of M.
alba (Asano et al., 2001). These water-soluble compounds, which generally occur in small
quantities, are of interest because of their antidiabetic, antitumor, and antiviral actions
(Nash et al., 1997). It is, however, doubtful whether the hypoglycemic activity seen in
extracts of the mulberry is attributable solely to the presence of these compounds, which
occur in very small amounts.

MUSACEAE FAMILY

Musa paradisiaca L.

Synonym: Musa sapientum L.

Common names: cooking banana, plantain

African names: Afrikaans: piesangboom; Chewa: ntochi; Ndebele: isikova; Shona: hobo,
hova; Kinyarwanda/Kirundi: igitoki/igitoke.

Description and distribution: a tree 6 to 12 m high with large shiny leaves that grows in
most of tropical Africa. It originated from Southeast Asia and is now grown in most of
Africa for food.

Pharmacognosy: the extract of the flowers exhibits hypoglycemic activity in fasting rabbits
(Oliver—Bever, 1986). It also has slight antispasmodic and hypotensive action. In Zimba-
bwe, parts of the banana have been used for “heart pains” and to prevent lightning (Gelfand
et al., 1985). Musarin, an alkaloid with antifungal activity, has been isolated from the fruit
pulp and skin (Watt and Breyer—Brandwijk, 1962).

MYRTACEAE FAMILY

Psidium guajava L.

Common name: guava

African name: Afrikaans: koejawel

Description and distribution: it is a shrub or small tree that has become naturalized in many
parts of the world, including Africa; it was introduced from tropical America. It flowers
in the early summer and subsequently produces round or pear-shaped, many seeded fruit
of commercial value.
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Pharmacognosy: the leaves are commonly used for respiratory tract complaints (e.g., coughs
and fever) and have also been reported for use in the treatment of malaria and diabetes.
The hypoglycemic properties have been documented and may result from quercetin.
However, an extract of the guava leaf showed an insignificant decrease in the hypergly-
cemic peak of healthy rabbits when administered subcutaneously once a week
(Roman—Ramos et al., 1995). Numerous tannins have been isolated, which would explain
its efficacy in the management of diarrhea. Flavonoids and some ursolic, oleanolic, crat-
egolic, and guaijavolic triterpenoids — including psidiolic acid, a cadinylic sesquiterpene
— have also been isolated (Watt and Breyer—Brandwijk, 1962).

Syzygium cumini L.

Synonym: Eugenia cumini (L.) Druce

Common names: Java plum, jambolan plum, water berry

African names: Afrikaans: waterbessie; Bemba: musafwa namunsi; Lozi: katoya; Ndebele:
umdoni, Shona: mukute, muwototo; Xhosa: umdoni, umswi; Kinyarwanda: umugote.

Description and distribution: an evergreen, water-loving tree of 8 to 15 m with a dense,
spreading rounded crown. The ovoid berries are red to purplish-black and occur in clusters.
It is found in swamps and alongside stream banks from northeast Africa going southward
to Botswana, Mozambique, and northern South Africa.

Pharmacognosy: the hypoglycemic agent has been identified as the glycoside, antimellin.
The alkaloid jambosine, isorhamnetin 3-O-rutinoside, and tannins have been isolated
(Vaishnava and Gupta, 1990). An alcoholic fraction is active in cats and rabbits, and a
single dose of the aqueous fraction reduces blood glucose considerably (Oliver—Bever,
1986).

A tea of the leaves of S. cumini is popular with diabetic patients in Brazil (Teixeira et al.,
2000). An investigation on the hypoglycemic activity of this tea failed to substantiate the
effect. This may imply that the active fraction does not partition into water.

OXALIDACEAE FAMILY

Biophytum sensitivum (L.) DC and B. petersianum Klotzsch

African name: Shona: katsamwetsamwe (B. petersianum)

Description and distribution: a perennial that bears yellow—pink flowers in the summer
months. It grows in tropical Africa and Asia.

Pharmacognosy: Biophytum sensitivum is used in traditional Nepalese folk medicine for the
treatment of diabetic patients (Puri, 2001). B. petersianum Klotzsch is used in Zimbabwe
to treat wasting (Gelfand et al., 1985), which may be a symptom of non-insulin-dependent
DM. Serum insulin levels were shown to rise significantly in nondiabetic animals sug-
gesting that the extract of B. sensitivum exerts an insulinotropic effect by possible stimu-
lation of the synthesis/release of insulin from the B-cells of the islets of Langerhans.

TiuAcEAE FAMILY

Corchorus olitorius L.

Common names: jute, Jew’s mallow, bush okra

African names: Swahili: kala; Shona: gwisha; nyenje; Ndebele: idelele

Description and distribution: a tall, erect, many branched annual weed found in the tropics
and subtropics. Though it is considered a weed of pantropic distribution, attempts have
been made to cultivate it in West Africa. The flowers are yellow and the fruits are short-
stalked, cylindrical capsules that split into five parts.
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Pharmacognosy: it is a tonic used in East Africa and is also eaten as a vegetable. The plant
is an effective galactogogue and purgative (Watt and Breyer—Brandwijk, 1962). It is also
used for rheumatism by application into incisions (Gelfand et al., 1984). An aqueous
extract decreases hyperglycemia in mice, guinea pigs, and rabbits only in the presence of
a functional pancreas. Furthermore, it appears to promote the breakdown of glucose in
vitro (Oliver—Bever, 1986). Corchorin, a bitter principle identical to the cardenolide stro-
phanthidin, has been isolated; this implies that the plant is potentially cardiotoxic. Stro-
phanthidin glycosides (erysimoside and olitoriside) and digitoxigenin glycosides (corolo-
side and glucoevatromonoside) have been reported (Matsufuji et al., 2001); quercetin
glycosides were identified from the leaves (Azuma et al., 1999).

MisceLLANEOUS FAMILIES

Other plants have been cited in texts as being used in Africa for the treatment and management of
diabetes mellitus; however, no literature could be found to support their use.

Alisma plantago-aquatica L. (Alismataceae)

Protostane-type triterpenoids as well as an acetylated sitisterol glucoside have been isolated
from A. plantago-aquatica (the American waterplantain) (Fukuyama et al., 1988; Geng et
al., 1988a, b).

Alstonia macrophylla Wall. ex G. Don. (Apocynaceae)

The methanolic crude and methanol-aqueous extract of Alstonia macrophylla leaves showed
antimicrobial activity against various bacteria and fungi including Staphylococcus sp., E.
coli, Trichophyton rubrum, T. mentagrophytes, and Microsporum gypseum (Chattopadhyay
et al.,, 2001). Phytochemical screening indicated the presence of tannins, flavonoids,
saponins, sterols, triterpene, and reducing sugars. Macroline-type oxindole alkaloids,
including several with novel structural features, have been reported from the Malayan A.
macrophylla (Kam and Choo, 2000).

Harpagophytum procumbens DC (Pedaliaceae)

This is a weedy perennial with creeping stems spreading from a tuberous fleshy rootstock
and hooked fruit, which gives it the name devil’s claw. The plant is popularly used for
arthritis, as a general health bitter tonic, and as an analgesic during pregnancy and labor
(van Wyk et al., 1997). When ingested, it produces purgation (Watt and Breyer—Brandwijk,
1962). Various phytosterols, triterpenoids, iridoids, and flavonoids have been isolated from
this plant. No evidence supports the use of this plant in DM.

Kedrostis nana Cogn. (Cucurbitaceae)
This is a severe irritant leading to poisoning in sheep and rabbit (Watt and Breyer—Brandwijk,
1962). The root has been used as an emetic; an infusion in wine or brandy is purgative.

Leonotis ocymifolia (Burm. f.) (Labiatae)

L. leonurus Ait. F. (lion’s ear) is a strong purgative and emmenagogue (Watt and
Breyer—-Brandwijk, 1962). It produces some narcotic effect, which is why it is called wild
dagga in South Africa. L. nepetaefolia has been used as a tapeworm remedy and for
dysmenorrhea associated with frequent abortion.
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CONCLUSION

The NAPRALERT database has over 1200 plant species used worldwide for their antidiabetic
activity. Many of these have yet to be extensively investigated. Of the most popular ones growing
in Asia and Africa, Gymnema sylvestre and Momordica species have been found in various studies
to be of benefit when used as adjunct therapy in non-insulin-dependent DM. Of particular interest
in this review are the hypoglycemic potential of edible plants and their role in controlling DM. In
most cases, these plants are cheap and easily accessible and should be promoted as part of the
global strategy to combat DM once additional data supporting their use are available. Their safety
profile appears to be unquestionable. These foods could become an important source for nutraceu-
tical products.
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INTRODUCTION

We have carried out an in-depth literature review of all the plants used for the treatment of diabetes
in North Africa and the Middle East. These regions have a rich traditional antidiabetic pharmacopea
that includes over 130 plant species, summarized in Table 12.1. We have selected 12 of these plants
on the basis of citation frequency in book chapters and review articles. Each of these has been the
object of three or more published scientific studies. The antidiabetic properties of each of these
plants are summarized in the following alphabetical list.

ALLIUM CEPA AND ALLIUM SATIVUM (LILIACEAE FAMILY)

Onion (Allium cepa) and garlic (Allium sativum) are among the oldest vegetables used for medicinal
purposes in several areas of the world, notably China, Egypt, and India. The capacity of onion to
lower blood glucose has been known since the early 1920s. The hypoglycemic activity was
characterized as steam volatile and ether-soluble and was later found to be unstable.!-3 Interestingly,
activity was increased when the onion juice was removed prior to extraction, leading to the
hypothesis that onion juice also contains hyperglycemic agents, although this has not been confirmed
experimentally. A. cepa extracts were as effective as the oral hypoglycemic drug tolbutamide in
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TABLE 12.1

Antidiabetic Plants of North Africa and the Middle East

Family

Anacaediaceae
Apiaceae

Apocynaceae

Asclepiadaceae
Asteraceae

Balanitaceae
Burseracea
Caesalpiniaceae

Capparaceae

Caryophyllaceae

Chenopodiaceae

Cleomaceae
Compositae

Plant

Poupartia birrea
Ammi visnaga

Carissa edulis
Rhazya stricta
Pergularia tomentosa
Bidens pilosa
Conyza dioscorides
Launaea nudicaulis
Launaea spinosa
Pulicaria incisa
Jasonia montana
Balanites aegyptiaca
Commiphora myrrh
Cassia auriculata, Cassia
fistula
Ceratonia siliqua
Capparis spinosa
Cleome droserifolia
Paronychia argentea
Polycarpon alsinifolium
Silence succulenta
Spergularia purpurea
Anabasis articulata
Arthrocnemum glaucum
Atriplex halimus
Haloxylon salicornicum
Hammada salicornica

Spinacia oleracea

Suaeda fructicosa
Cleomaceae amblyocarpa
Achillea fragratissima
Ambrosia maritime
Anthemis psepudocatula

Arctium lappa Linn
Artemisia abyssinicas
Artemisia arborescens
Artemisia herba-alba
Artemisia judaica
Atractylis gummlfera
Centaurea alexandrina,
Centaurea calcitrapa
Chamonmilla reculita
Cichorium intybus
Inula viscose
Lactuca virosal

Part Used

Leaves

Fruits, inflorescence

seeds
Leaf
Leaf
Aerial parts
Aerial parts
Aerial parts
Aerial parts
Aerial parts
Aerial parts
Aerial parts
Fruit mesocarps
Gum-resin
Seeds, flowers,
leaves, stem bark
Seeds
Fruits

Whole plant, Leaves

Leaves

Aerial parts
Aerial parts
Aerial parts
Aerial parts
Aerial parts
Leaves

Aerial parts
Whole plant

Aerial parts
Aerial parts
Herb
Aerial parts
Flowers

Roots

Whole plant, leaves,

aerial parts, bark

Root
Flowers, leaves

Root

Leaves

Leaves

Aerial parts, seeds

Country in
Which Used

Africa

Morocco, Egypt,
Israel

Egypt

UAE.

Egypt

Africa, Egypt

Egypt

Egypt

Egypt

Egypt

Egypt

Egypt

Kuwait

Egypt

Israel
Israel
Egypt, Israel
Israel
Egypt
Egypt
Morocco
Egypt
Egypt
Israel
Egypt
S.A.

North Africa

Morocco

Egypt

Israel

Egypt

Egypt, North
Africa

North Africa

S.A., Egypt,
U.ALE, Iraq

Egypt
Egypt, Libya

Egypt
North Africa
Israel

Egypt

Ref.

164-166
160, 167-170

171, 172
See text
173

174, 175
173

173

173

173

173

176

97, 98
177, 178

168

168

168, 179

168

173

173

180

173

173

See text

173, 181

17, 124, 147, 164,
177, 181, 182

177

183, 184

173

168

53, 185

53, 186

177
See text

53
53,177, 186

53

177
168
53, 187
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TABLE 12.1 (CONTINUED)

Antidiabetic Plants of North Africa and the Middle East

Family

Convolvulaceae

Crotalidae
Cruciferae

Cucurbitaceae

Ephedraceae
Ericaceae
Euphorbiaceae

Fagaceae
Gentianaceae
Geraniaceae

Globulariaceae
Gramineae

Irvingaceae
Juglandaceae

Labiatae

Leguminosae

Plant

Matricaria aurea
Convulvulus althaeoides,
Convulvulus lanatus
Piscivorus piscivorus
Eruca sativa
Farsetia aegyptia
Lepidium sativum
Matthiola livida
Nasturtium officinale
Citrullus colocynthis,
Citrullus colocynthis
Luffa aegyptiaca
Momordica charantia
Ephedra alata
Arbutus unedo
Bridelia ferruginea
Cluytia richardiana
Quercus infectoria
Crabcentaurium spicatum
Centaurium spicatum
Geranum robetianum
Globularia alypum
Cymbopogon proximus
Irvingia gabonenesis
Juglans fallax

Juglans regia
Ajuga iva

Merrubium vulgare

Origanum syriaca

Rosmarinus officinalis

Salvia aegyptiaca, Salvia
fructicosa

Teucrium polium, Teucrium
oliverianum

Thymus capitatus

Astragalus species

Crotalaria aegyptia

Lupinus albus, (Lupinus
termis)

Lygos ractam

Trigonella foenum graceum

Part Used

Leaves
Aerial parts

“Snake”

Seeds

Aerial parts

Aerial parts

Aerial parts

Plant

Fruit, dried fruit pulp

Seeds

Fruit, seeds
Aerial parts
Leaves, roots
Leaves
Whole plant
Galls

Leaves
Aerial parts
Leaves
Leaves, plant
Entire plant
Leaves
Leaves

Leaves, bark

Flowers, aerial parts,
whole plant

Leaves

Leaves

Leaves, aerial parts

Aerial parts, leaves

Leaves, aerial parts,
whole plant

Aerial parts

Aerial parts

Aerial parts

Seeds

Aerial parts
Seeds

Country in
Which Used

Israel
Egypt

Middle East

Egypt

Egypt

Egypt

Egypt

Egypt, Morocco

Iraq, Morocco,
Israel

Egypt

Egypt

Morocco

Africa

S.A.

Iran, Iraq

Egypt

Egypt

Egypt

Morocco, Libya

Egypt

Africa

Iran, Iraq,
Morocco

Egypt, North
Africa

Egypt, Morocco

Egypt, Morocco

Israel

Jordan, Morocco

Egypt, Israel,
Middle East

Jordan, Israel,
S.A., UAE.

Egypt

Egypt

Egypt

Egypt, Libya,
Israel, Morocco

Egypt

S.A., Morocco,
Ethiopia, Israel,
Egypt, North
Africa, Middle
East

Ref.

168
173

147
188
173
187
173
186
168, 169, 189, 190

171
See text
173
169
164, 181
164

53

173

53

161, 186

53, 56, 57
179, 191, 192
177

53,147, 169, 170,
177, 186

53,160, 169, 186,
193, 194

53, 169

168

169, 170, 195, 196

168, 173, 197

168, 164, 198

173
173
173
See text

173
See text
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TABLE 12.1 (CONTINUED)

Antidiabetic Plants of North Africa and the Middle East

Family

Liliaceae

Malvaceae
Meliaceae
Mimosaceae

Moraceae

Myrtaceae

Nitrariaceae
Oleaceae
Orchidaceae
Orobanchaceae
Papaveraceae
Papilionoinaceae

Pistaciaceae
Plumbaginaceae
Portulacaceae
Ranunculaceae

Resdaceae
Rhamnaceae

Rosaceae

Rutaceae

Scrophulariaceae
Solanaceae

Plant

Allium cepa, Allium
sativum, Allium vera

Aloe barbadensis,
(Aloe vera)
Aloe perryis Baker

Gossypium herbaceum
Azadirachta indica
Prosopis farcta

Acacia farnesiana
Acacia nilotica

Ficus racemosa

Morus alba

Morus nigra
Eucaluptus globulus

Myrtus communis

Psidium guajava

Nitraria retusa

Olea europea

Orchia mascula

Cistancha tubulosa

Papaver somniferum

Alhagi maurorum, Alhagi
pseudalhagi

Cyamopsis tetragonoloba

Indigofera tinctoria

Securigera securidaca

Trifolium alexandrianum

Pistacia leutiscus

Limonium tubiflorum

Portulaca oleracea

Nigella sativa

Ochradenus baccatus
Zizyphus spina-christi,

Zizyphus lotus
Poterium ancistroides,

Poterium spinosum
Prunus amygdalus
Sarcopoterium spinosum
Citrus aurantium

Scrophularia deserti
Lycium shawii

Part Used

Bulbs, tops, roots

Leaves, bulb
Leaves

Root

Pod

Stem, entire plant
Stem bark

Root bark

Leaves

Leaves, fruits

Leaves

Leaves, fruits
Aerial parts
Leaves

Plant
Seeds
Plant

Seed-gum

Plant

Seeds

Seeds

Aerial parts
Aerial parts
Whole plant
Seeds, aerial parts

Aerial parts
Leaves, fruits

Roots

Roots

Aerial parts
Aerial parts

Country in
Which Used

S.A., Egypt, North
Africa, Middle
East

S.A.,North Africa,
Morocco,
Tunisia, Kuwait,
Egypt

Egypt

S.A.

Egypt

Egypt
North Africa

Africa, Morocco

Morocco, Libya

Egypt

Egypt

Egypt, Morocco
Egypt, Iran
North Africa
Egypt, Iran
Iran, Iraq

S.A.

Egypt

Iraq

Egypt, Iran

Egypt, Morocco

Egypt

Egypt, Morocco

Morocco, Egypt,
North Africa

Egypt

Egypt, Morocco

Israel

Iran, Morocco

Israel

Egypt, Iran, Israel,
Morocco

Egypt

Egypt

Ref.

See text

See text

177
147
168
53,199

177
177

17,169, 170, 181,
200, 201

164, 169, 170,
181, 202

177

173

See text

203

177

177

177

177
177
177
177
187
173
53, 186
See text

173
169, 170, 204

147, 181; See text
177
168

177

173
173
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TABLE 12.1 (CONTINUED)
Antidiabetic Plants of North Africa and the Middle East

Country in
Family Plant Part Used Which Used Ref.
Lycopersicon esculentum Israel 177
Nicotiana glauca Aerial parts Egypt 173
Umbelliferae Cariandrum sativum Aerial parts Egypt, North 187
Africa
Eryngium creticum Leaves Israel 168
Ferula assa-foetida Iran 177
Pertriselinumcrispum Entire plant Egypt 53
Urticaceae Urtica dioca Aerial parts Morocco 169
Zygophylaceae Fagonia arabica Aerial parts Egypt 173
Peganum harmala Seeds Egypt, North 53,177, 186
Africa
Zygophyllum coccineum, Fruit, leaves, aerial Egypt, Morocco See text

Zygophyllum gaetulum, parts
Zygophyllum cornutum,
Zygophyllum album

Note: S.A. = Saudi Arabia
U.A.E. = United Arab Emirates

normal3~ and alloxan-treated rabbits,>%7 as well as in human volunteers® or diabetic patients.’
Feeding streptozotocin (STZ)-treated rats the bulb, callus, seedlings, and leaves of onions for 4
days® or a fresh onion infusion daily for 30 days significantly reduced glycemia.'” In a randomized
crossover study, 20 type II diabetics on a diet supplemented with 3 x 20 g of fresh onion per day
for 1 week experienced a small but significant decrease in fasting glycemia.!!

The major components of the active fraction of essential oil of onion were later identified as
organic disulphides and their oxides,'>!* as well as sulfoxide amino acids. In moderately diabetic
alloxan rats,'* S-methyl cysteine sulfoxide fed daily for 45 to 60 days decreased glycemia by
approximately 20%.'>!¢ Liver hexokinase and glucose-6-phophatase (G-6-Pase) activities were
partially normalized by the treatment.

Because these compounds are ineffective in pancreatectomized animals or in severely STZ-
induced diabetes, they are believed to act by protecting insulin from thiol group attack,!” whereas
their direct action on pancreatic beta cell function has not been assessed. Indeed, they induce a rise
in plasma insulin concomitantly to their hypoglycemic effect.!* Unlike the group of Augusti,'
Sharma et al. did not find any effect of onion juice on fasting glucose in normal subjects, but
confirmed the hypoglycemic activity after a glucose load.® Diphenylamine was also identified in
onions and found to be more efficacious than tolbutamide in glucose-fed rabbits.'® It is most
abundant in fresh onion juice; boiling and drying dramatically reduce diphenylamine content.
Finally, a poorly described subfraction of the ether extract of onion was found to possess remarkable
hypoglycemic activity, lasting several days following a single intravenous injection and capable of
normalizing glycemia in alloxan rabbits or rats.!

Garlic juice and its ethyl alcohol, petroleum ether, and ethyl ether extracts also contain hypogly-
cemic principles.>* Aqueous extracts of garlic cloves increased liver glycogen content and dimin-
ished blood glucose and triglycerides in sucrose-fed rabbits.?® A. sativum chloroform extract was
also recently shown to reduce dyslipidemia and the subsequent atherosclerotic lesions in
STZ-treated rats.?! As for onion, sulfoxide amino acids of garlic are potent active principles. S-allyl
cysteine sulfoxide (SACS; also known as allin), a precursor of allicin, was found to exert
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insulin-dependent and -independent antidiabetic actions.?? In vitro, the compound stimulated insulin
secretion by isolated pancreatic islets. When administered in vivo to STZ-treated rats, SACS
enhanced lipolytic enzymes and inhibited lipogenic ones. It also caused a substantial increase in
tissue glutathione, the major intracellular thiol-containing cytoprotectant, and a marginal increase
in superoxide dismutase and catalase, thus explaining its potent antioxidant properties.??

Feeding SACS to alloxan-diabetic rats resulted in a 30% drop in glycemia and near normal-
ization of liver G-6-Pase activity.?> Administration of a single dose of allicin (diallyldisulphide or
DADS) to mildly diabetic alloxan rabbits reduced fasting glycemia and greatly improved response
to an oral glucose tolerance test (OGTT). Allicin increased basal and insulin-stimulated glucose
uptake in diaphragm muscle isolated from alloxan rabbits.?* Garlic oil, the major constituent of
which is likely to be allicin,” fed to mildly STZ- or alloxan-diabetic guinea pigs normalized
glycemia as well as the number of pancreatic beta cells per islet.?6 Similarly, when allicin was fed
to mildly diabetic STZ rats maintained on a normal or a high-fat diet, glycemia was reduced
significantly in both groups.?

Finally, in vitro treatment of blood obtained from human type II diabetics with SACS and
DADS delayed oxidative and glycative deterioration of LDL and the loss of plasma catalase and
glutathione peroxidase activities.?’” In contrast to the numerous animal studies supporting in vivo
hypoglycemic activity, garlic was found to be ineffective at reducing glycemia or insulinemia during
an OGTT in type II diabetics.?

ALOE VERA (LILIACEAE FAMILY)

Aloe vera, also known as Aloe barbadensis, is a cactus-like plant that grows in hot, dry climates
such as that found in its native North Africa. It is very well known for the beneficial action of its
leaf gel or sap in various dermatological conditions and is now part of many cosmetic preparations
worldwide. Perhaps less known are its reported beneficial effects against diabetes.

Indeed, an Indian group reported major improvements in cardiovascular diseased states, as well
as in serum glucose, total and HDL cholesterol, and triglycerides, in several thousand diabetic
patients asked to consume A. vera “fresh flesh gelatin” twice daily alongside another plant, “husk
of Isabgol,” mixed into bread.” A Saudi team reported similar results in five diabetic patients taking
A. vera alone in the form of the dried sap.* In placebo-controlled, single-blind, clinical trials on
diabetic men and women, A. vera alone was again shown to reduce blood glucose and triglycerides
without affecting appetite, body weight, or serum cholesterol. The effects were not better in patients
taking the oral hypoglycemic drug glibenclamide.?!

In animal studies, A. vera diminished blood glucose in a significant and persistent way in
alloxan-diabetic mice.*® A single oral dose of the dried sap of aloes was found to be without effect
in normal mice, but administration over 7 days was nearly as efficient as glibenclamide at reducing
fasting plasma glucose.* Aloe vera leaf gel extract nearly normalized glycemia and body weight
in moderately diabetic STZ rats. Liver glycogen and liver enzymes, including hexokinase, G-6-
Pase, fructose-1,6-biphosphatase, lactate dehydrogenase, glycogen synthase, and glycogen phos-
phorylase, were all normalized by the treatment.’> Hypoglycemic activity has been attributed to a
bitter principle obtained by ethyl acetate extraction,* and to crude polysaccharide fractions from
combined (1:1) methanol-water and water extracts.>* Of the latter, glycans called arborans A and
B yielded significant hypoglycemic activity when injected intraperitoneally to normal and alloxan-
diabetic mice.*

Conflicting results were reported in a study demonstrating that extracts from A. vera gel were
ineffective at lowering blood glucose in normal rats and even caused slight hyperglycemia in type
II diabetic animals.’ In contrast, extracts from the leaf pulp were even more potent than the
sulfonylurea glibenclamide in its hypoglycemic action in type II diabetic rats. Other studies on
STZ-diabetic mice and rats have demonstrated the wound-healing, anti-inflammatory and analgesic
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effects of A. vera extracts. Thus, the plant appears to be effective internally and externally to address
direct and secondary consequences of diabetes, respectively.3¢-38

ARTEMISIA HERBA-ALBA (COMPOSITAE FAMILY)

The wormwood Artemisia herba-alba is a small perennial wooly shrub growing extensively in
North African and Middle Eastern countries. Iraqi researchers have most extensively studied the
plant. An Iraqi physician reported a clinical study on 15 diabetic patients who consumed a 10 g%
decoction of the leaves and stems of A. herba-alba, with or without other treatments.®® In 14 of
the 15 patients, blood glucose diminished and diabetic symptoms improved. Most interestingly, in
seven patients, the effects persisted despite withdrawal of A. herba-alba treatment. In a follow-up
study conducted 1 year later, several patients who had relapsed were normalized again within 2
weeks after plant treatment was resumed.*’ Results in 12 additional patients were less clear because
60% of those on oral hypoglycemics did not respond well to the plant extract alone and required
coadministration with drugs. Although these results are interesting, randomized placebo-controlled
clinical trials are required to validate the efficacy of A. herba-alba in humans.

In animal studies, the decoction of A. herba-alba was effective in reducing blood glucose in
normal and alloxan-treated rabbits of Iraqi origin.*' A subsequent study used normal Wistar rats to
show that the activity of A. herba-alba was found principally in the aerial parts (leaves and stem
bark), rather than in the roots, and that a methanolic extract was ineffective in reducing blood
sugar.* The same group confirmed that an aqueous extract of the aerial parts of the plant was
effective in alloxan-treated Wistar rats and albino rabbits; it prevented weight loss and normalized
blood glucose and glycosylated hemoglobin, as well as cholesterol, triglycerides, and phospholipids.
The authors suggested that the plant may improve peripheral glucose utilization, although this
remains to be tested. Acute administration of the aqueous extract of Artemisia panicles to normal
and alloxan-diabetic rabbits gradually and significantly reduced glycemia.*?

Finally, a careful study carried out in alloxan-treated New Zealand rabbits and albino mice
revealed that a single dose of A. herba-alba aqueous extract induced a sustained decrease of
hyperglycemia in diabetic animals but only a weak and transient hypoglycemic effect in normal
animals.** These results contrast with those obtained with normal Iraqi albino rabbits, thereby
highlighting again the importance of animal model selection. Interestingly, gastrointestinal transit
time was accelerated by 50% in plant-treated animals; this can reduce glucose absorption and
contribute to the antidiabetic activity.

ATRIPLEX HALIMUS (CHENOPODIACEAE FAMILY)

The sand rat Psammomys obesus is a rodent of semiarid regions of the Middle East and North
Africa. It is well known to develop a syndrome very analogous to human type II diabetes when
placed in captivity (sedentary lifestyle) and fed regular laboratory chow, which is a relatively
hypercaloric diet for these animals.** In the search for the cause of the susceptibility of these animals
to diabetes, an Israeli group discovered that the animals fed mainly on Atriplex halimus — a tall,
shrubby saltbush found all over the Mediterranean region and in North Africa. It is particularly
abundant in flooded saline land.

Aharonson et al. studied the effects of A. halimus leaf juice, water extract, and ash on glucose
homeostasis in alloxan-treated rats.* They found that all three preparations could significantly
diminish fed plasma glucose levels in control and alloxan-treated rats without reduction of appetite
or weight loss. The fact that the ash was active suggested that the nature of the active principle
might be inorganic. Shani et al. also observed that an acute administration of atriplex leaf juice to
alloxan rats reduced glycemia.*’ Leaf extract was observed to maintain its hypoglycemic activity
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even after heating to 700°C. This activity was associated to the content in chromium and manganese
complexes, which could potentiate the effect of insulin on glucose uptake,*’ as discussed later.

However, a follow-up study in sand rats showed that A. halimus ash was ineffective at improving
glucose tolerance, unlike what was seen in alloxan-diabetic albino rats. This highlights once again
the important problem posed by the choice of the animal models in the study of antidiabetic plants
in general.

A series of in vitro experiments later clearly demonstrated the potentiating effect of A. halimus
ash on insulin-induced glucose oxidation in adipose tissue.*® A strong correlation could be estab-
lished with the presence of trace amounts of chromium. Indeed, chromium deficiency is known to
lead to diabetes in rats*® and chromium supplementation is helpful in human therapy of types I and
IT diabetes.”® However, it appears that no studies on the potential benefits of A. halimus in human
populations exist. Nonetheless, an Israeli group did find that they could modulate the extent of
diabetes in sand rats by carefully dosing a mixture of laboratory chow and A. halimus.>!

LUPINUS ALBUS (LEGUMINOSAE FAMILY)

Lupinus are species of the legume family that have been cultivated in the Mediterranean basin for
over 300 years. Very nutritious, their seeds are rich in protein and soluble dietary fiber and some
varieties have high oil content. Three species of lupin are found in Mediterranean regions, namely,
yellow, blue, and white lupin (the latter including L. albus and L. termis).

Use of lupin for the treatment of diabetes is well known in North African/Middle Eastern folk
medicine. Diabetic Palestinians, Bedouins, Yemenites, and Moroccans, among others, add lupin
seeds to their diets. However, scientific evidence for their antidiabetic activity is contradictory.

Helmi et al. reported that lupin seed powder caused a profound hypoglycemic action in normal
and diabetic rabbits.3? Discussions of the mechanisms by which lupin seeds exert their antidiabetic
potential revolve around the benefits of their soluble fiber content, the saponin-associated inhibition
of intestinal cholesterol absorption and hepatic glucose production, and the treatment-induced
increase in plasma insulin.>® Shani et al. reported that gavage with L. albus seed extracts and its
major alkaloids only produced a mild and transient hypoglycemic effect in alloxan-diabetic rats.>*
Similarly, Riyad et al. were unable to show a significant antidiabetic action of lupin seeds incor-
porated into the diet of STZ-treated rats.>> In contrast, administration of the aqueous extract of L.
albus to moderately diabetic alloxan rats (partial destruction of the pancreatic 3-cell mass) resulted
in complete normalizaton of glycemia,’® suggesting that L. albus exhibits insulinotropic activity or
stimulates p-cell regeneration

Also of interest are the recent studies showing that aqueous suspensions of lupin seeds had
protective effects against the hepatic and renal toxicity of alloxan in rats. Indeed, L. albus normalized
serum transaminases, as well as urea and creatinine.”” However, it had almost no effect on phase
I and II metabolic enzymes of the liver.®® Similarly, lupin seed extracts show no toxic effects in
rats; only its alkaloid, lupanine, caused a small increase in renal weight.>* Finally, a feeding study
in 14 type II diabetics failed to show a beneficial effect of lupin-derived dietary fiber.>

MOMORDICA CHARANTIA (CUCURBITACEAE FAMILY)

Momordica charantia is a widely used antidiabetic plant, popular in countries of the Indian
subcontinent, Asia, and South America. It is one of the most extensively studied antidiabetic plants.
Momordica fruit juice or extract, as well as seed extract, is consumed alone or in combination with
other plants.

The hypoglycemic activity of M. charantia has long been known in folk medicine and has been
scientifically validated in animal models of diabetes.®-%> Momordica fruit juice restored normogly-
cemia in severely diabetic STZ mice,®*%” with no hypoglycemic effect in normal mice. In normal
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and alloxan-diabetic rats, glycemia was reduced respectively by 20 and 50% after oral administra-
tion of fruit juice extracts for as little as 1 week, with no histological evidence of toxicity to liver
and kidney after 4 weeks. Even greater reductions of glycemia, as well as prevention of cataract
formation, have been reported after prolonged administration of momordica fruit extracts in alloxan-
diabetic rats.®®-7° Oral administration of momordica fruit or of its alcohol extract acutely and
significantly lowered glycemia in alloxan rabbits”! or in normal and STZ-diabetic rats,’? respectively.
The hypoglycemic activity of the aqueous extract of momordica fruit has been reported to reside
in the chloroform soluble fraction.”

A number of human trials have also been reported. Suspension of the vegetable pulp caused a
significant fall of postprandial serum glucose when ingested by 100 moderate type II diabetic
subjects.” Ingestion of momordica fruit juice by type II diabetics also significantly reduced gly-
cemia and area under the glycemia curve after an oral glucose load.”>’¢ In contrast, fasting glycemia
was not altered in 26 type II diabetic patients fed tablets made of dried momordica fruit.”’

Momordica contains active polypeptides with insulin- or glucagon-like-activities.”® Polypep-
tide-P isolated from the fruit, seeds, and tissue of M. charantia showed hypoglycemic effect when
injected in gerbils, langurs, and humans.” Charantin, another peptide resembling insulin, signifi-
cantly lowered blood glucose in rabbits when administered orally.®? Other active components
responsible for the antihyperglycemic activity are oleanolic acid, 3-O-glucuronide, and momordin
Ic, which inhibit glucose transport at the level of the brush border of the small intestine.?!

Some evidence indicates that momordica can stimulate pancreatic insulin secretion®? and periph-
eral glucose metabolism, including stimulation of glucose uptake and gluconeogenesis.?* The fruit
juice was found to increase significantly the number of pancreatic B-cells in diabetic rats.?* In vitro,
momordica also had a cytoprotective effect on isolated pancreatic islets treated with STZ.5¢ Etha-
nolic extract of M. charantia lowered blood sugar in normal and STZ-diabetic rats by a mechanism
apparently involving the inhibition of gluconeogenesis and the stimulation of glucose oxidation in
liver and red bloodcells.®> Aside from improving glycemia as well as glucose and insulin tolerance,
momordica fruit extract has been reported to increase the content of Glut-4 glucose transporters in
the plasma membrane fraction of skeletal muscle from KK-A¥ diabetic mice.®® Momordica fruit
extract increases the rate of liver glycogen synthesis by four- to fivefold.”> Finally, it has recently
been suggested that momordica may act through the AMP-activated protein kinase pathway in
much the same way as metformin.%’

NIGELLA SATIVA (RANUNCULACEAE FAMILY)

Also known as “black seed” or “black cumin,” Nigella sativa is a spicy plant widely used in North
Africa and the Middle East. It is known for its hypotensive,’®# immunomodulatory,”-*? and
hepatoprotective®-%> effects.

In Kuwait, a plant mixture comprising N. sativa, myrrh, gum olibanum, gum asafetida, and
aloe has been commonly used against diabetes. This mixture has glucose-lowering effects in normal
and STZ-treated rats without affecting plasma insulin or intestinal glucose absorption.”® A later
study found that this mixture was as efficacious as the biguaninde phenformin for lowering plasma
glucose in the STZ model.”” Unlike phenformin, however, the plant mixture could reduce glucose
production from lactate, alanine, or glycerol in hepatocytes isolated from diabetic animals.”’ It is
noteworthy that the Kuwaiti group found that no one extract from an individual plant of the mixture
could account for the improvement of glucose tolerance in the STZ-diabetic rat.”® However, this is
inconsistent with the work of several other laboratories.

Indeed, Moroccan researchers have found that a crude aqueous extract of N. sativa alone was
very effective at restoring glucose homeostasis in the sand rat model.”” In a similar model, the
Merione shawi, they showed that an N. sativa decoction administered orally was able to correct
diabetes and obesity.!® The seed decoction reduced blood glucose and insulin within 1 month, as
well as plasma cholesterol and triglycerides thereafter. Hot water extract of nigella seed can also
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significantly decrease glycemia and protect against lipid peroxidation-induced liver damage in
severely alloxan-diabetic rabbits.!' The volatile oil of N. sativa seeds demonstrated hypoglycemic
activity in normal and alloxan-diabetic rabbits.!?> A preliminary report found it to be as effective
at lowering cholesterol as simvastatin in the obese, prediabetic sand rat.!®

The antidiabetic properties of nigella appear to be due to a combination of pancreatic and
peripheral effects, as well as cytoprotective activities. Oral or intraperitoneal treatment of mildly
diabetic STZ hamsters'® or rats'% with nigella volatile oil extract resulted in a gradual near-
normalization of glycemia. This was partly attributable to a significant increase in insulinemia,
associated with improved insulin immunoreactivity in pancreatic sections.!®* Nigella volatile oil
extract also exerts an important cytoprotective effect against STZ toxicity at the pancreatic level,
which supports the notion that the plant may improve pancreatic function.'” In vitro, the alcohol
extract of defatted nigella seed exerted an insulinotropic activity.'?” Nonetheless, the in vivo insulin
secretagogue activity of N. sativa remains to be confirmed.

Indeed, El-Dakhakhny et al. presented evidence for a hypoglycemic action of the volatile oil
in STZ-treated rats, but neither the oil nor constituents such as thymoquinone or nigellone affected
insulin secretion from isolated pancreatic islets.!® Other experiments using N. sativa reported a
gradual decrease in glycemia in the presence of total or nearly total destruction of pancreatic f3-
cells.'® This suggests extrapancreatic effects of the plant that may result from increased peripheral
insulin sensitivity or glucose utilization, or from reduced intestinal glucose absorption. A decrease
in gluconeogenesis had previously been suggested by the Fararh group'® and was recently con-
firmed in hepatocytes isolated from nigella-treated diabetic animals.'® Our laboratory demonstrated
that N. sativa enhances insulin sensitivity, as evidenced by the marked increase in insulin-stimulated
p44/42 MAPK and PKB activities in hepatocytes isolated from normal rats treated in vivo with
petroleum ether extract of seeds.'!°

Finally, a Moroccan group also showed that oral treatment of Wistar—Kyoto rats with a hexane
extract of N. sativa seeds reduced serum cholesterol, triglycerides, and glucose, but had a negative
effect on normal weight gain.''! Our own work confirmed that a petroleum ether extract of N. sativa
seeds significantly decreased food intake and body weight gain in normal rats.!'® Thus, although
crude aqueous extracts of N. sativa seeds appear to be nontoxic!%112113 and effective against the
metabolic and cardiovascular consequences of diabetes, care must be taken with organic extracts
because they may have adverse actions.”?

OLEA EUROPEA (OLEACEAE FAMILY)

The leaves of the olive tree are also known for their antidiabetic properties in Mediterranean and
Middle Eastern countries. Two European studies on the variety O. europea sativa have demonstrated
hypoglycemic and antihyperglycemic activity in normal and alloxan-treated female and male Wistar
rats, respectively.!!*!15 In the first study, O. europea decoction had no effect on intestinal glucose
absorption, but significantly increased glucose uptake by skeletal muscle and insulin production
by isolated pancreatic islets. These effects were closely correlated to the content of oleuropeoside,
a known hypotensive agent of olive leaves. Oleuropeoside showed seasonal variation and was able,
as a pure compound, to reproduce the action of the crude extract.'!4

An Italian group used an extract prepared from a glycerol-alcoholic macerate to show a transient
hypoglycemic and hyperinsulinemic action of O. europea in normal animals, as well as an improve-
ment of the response to an oral glucose load.!”> In contrast, alloxan-diabetic animals responded
with sustained reductions in blood glucose without changes in insulinemia.!'> These authors found
that extracts from shoots were more effective than those from leaves; they demonstrated a positive
correlation between the hypoglycemic activity and the content in the bitter hydrosoluble glycoside,
oleuropein, and a negative one with hesperidin.

Another variety of olive leaf was tested in Morocco, namely, that from O. europea oleaster,
which is characterized by smaller leaves and inedible fruits. Researchers used the Psammomys
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obesus sand rat model rendered hypercholesterolemic and prediabetic by feeding normal rat chow
supplemented with 1% cholesterol and 3% lard for 4 months.''¢ A 2-month treatment by daily
gavage with an O. europea decoction slightly decreased fasting plasma glucose and insulin levels,
improved oral glucose tolerance, and reduced blood cholesterol, atherogenous lipoproteins, and
apparent lipid peroxidation.!'® Resulting microangiopathy in skin and pancreas were partly cor-
rected, and kidney lesions were completely prevented. A follow-up study in the same model rendered
obese by more prolonged hypercaloric feeding compared O. europea extracts with the cholesterol-
lowering agent, simvastatin.!'” Results confirmed the hypoglycemic and insulin-lowering actions,
but no significant effect on body weight could be seen. Plant extract was as potent as simvastatin
in reducing plasma cholesterol and atherogenic lipoproteins.'!’

POTERIUM SPINOSUM (ROSACEAE FAMILY)

A small thorny shrub commonly found growing throughout the Mediterranean region, Poterium
spinosum is known in Bedouin medicinal folklore for its potent antidiabetic properties. The root
bark of the plant is boiled and then simmered for several hours before being consumed as a tea.
Studies by an Israeli group confirmed the hypoglycemic activity of aqueous extracts of the
plant in normal fasting rabbits, and concentrated an active fraction by chromatography of an n-
butanol extraction.'!® A follow-up study confirmed in alloxan-diabetic rats that the root bark contains
the hypoglycemic activity, but the plant had no action in normal rats.'!® In contrast, Kanter et al.
more recently showed that P. spinosum aqueous and chloroform extracts were active in diminishing
the response to an oral glucose load in normal and alloxan-treated rats.'?® In the work of Shani et
al., a significant hypoglycemic effect could consistently be obtained with summer root bark, but
significant seasonal variations in P. spinosum antidiabetic activity were found.''® Such seasonal
variations are very important because they can explain intra- and interlaboratory variability.

RHAZYA STRICTA (APOCYNACEAE FAMILY)

Rhazya stricta is a small shrub found in Saudi Arabia and the United Arab Emirates. Its leaves
contain several alkaloids, such as rhazizine, rhazimal, strictamine, geissochizine, and vincadline,
as well as several flavonoids.'?!

R. stricta is a traditional plant treatment for diabetes in the Middle East. However, reports of
its antidiabetic potential are conflicting. In STZ-treated rats, oral administration of R. stricta extract
was found to reduce blood glucose significantly and to increase plasma insulin.'?? The alcohol
extract of R. stricta given orally to normal mice resulted in a large and rapid, yet sustained, increase
in insulinemia. When fed to severely diabetic STZ rats simultaneously with a 1-g/kg glucose load,
the plant improved the response to the OGTT.!?* R. stricta was also observed to potentiate the
effects of the oral hypoglycemic drug glibenclamide.'?? This points to a concern with all antidiabetic
plants taken alongside conventional drugs, as is often the case in several countries of the Middle
East and North Africa. Medical doctors and herbalists should be sensitive to such potentially
dangerous drug—herb interactions.

In contrast to Ali'??> and Tanira et al.,'”> Wasfi et al., using a similar STZ-treated rat model,
were unable to find any significant effect of R. stricta leaf decoction on glucose homeostasis, even
after an OGTT."?! Similarly, alloxan-treated mice given an aqueous extract of the plant orally
showed a nonsignificant decrease in blood glucose,'?* in contrast to the onion bulb Allium cepa,
also presented in this chapter.
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TRIGONELLA FOENUM GRAECUM (LEGUMINOSAE FAMILY)

Of all the antidiabetic plants used in the Middle East and North Africa, Trigonella foenum graecum
(fenugreek) seeds have by far received the most scientific attention. Scientific reports of
the hypoglycemic properties of fenugreek date back more than 50 years.!?>!26 An excellent
comprehensive review of the antidiabetic and hypocholesterolemic effects of fenugreek was recently
published.'?” This chapter briefly summarizes and updates the antidiabetic properties of fenugreek;
readers are encouraged to consult the reviews by Al-Habori and Raman'?” and others'?® for a more
detailed account.

Fenugreek seeds are included in the German Commission E monographs'?® and are indicated
for internal use against loss of appetite. Diabetes is also listed as an indication, albeit as an unproven
use. Nonetheless, several pilot clinical studies have demonstrated the lack of toxicity'** and the
hypoglycemic effects of fenugreek seeds in fed and fasted type I and II diabetic patients.!3!-134
Raghuram et al. found that incorporation of fenugreek in the diet of type II diabetics increased
glucose metabolic clearance rate as well as the number of insulin-binding sites on erythrocytes.!3!
A recent double-blind placebo-controlled study in mild to moderate type II diabetics confirmed the
improved glycemic control and decreased insulin resistance induced by fenugreek seed extract,
although the number of patients was low.!%

Fenugreek antidiabetic properties appear to be due to effects at the gastrointestinal, pancreatic,
and peripheral levels. Single or repeated oral doses of fenugreek significantly reduced glycemia in
STZ-diabetic rats'*® or severely diabetic alloxan mice'*” and normalized glycemia in severely
diabetic alloxan rats'*13 or rabbits.!* A Canadian group recently demonstrated that feeding 7.
foenum graecum seed powder to diabetic rats normalized the activities of glycolytic and gluconeo-
genic enzymes in liver and in kidney.'#! Moreover, an insulinomimetic effect was observed whereby
the activities of liver phosphofructokinase and glucokinase, as well as that of muscle hexokinase,
were normalized.'*® A highly enriched fraction of fenugreek seed water extract also exerted effects
on insulin secretion in less severe chemically induced diabetic conditions.'4

Several of the active compounds of fenugreek have been identified. As with other leguminous
plants, T. foenum graecum has a high content of dietary fiber, mostly in the form of galactomannans,
and is a rich source of gum.!?® These properties are most probably responsible for the ability of
fenugreek to delay gastric emptying, to reduce the intestinal absorption of glucose,'?” and to exert
a hypoglycemic effect in various models of diabetic rats.!*?> In vitro studies using inverted intestinal
sacs from rat jejunum demonstrated that fenugreek inhibits the transepithelial transport of 3-O-
methyl-glucose.'** More recently, Al-Habori et al. extended these observations to show that several
fenugreek seed extracts were able to inhibit sodium-dependent glucose transport in brush border
membrane vesicles from rabbit intestine.'** In addition, T. foenum graecum reduced the activity of
enzymes involved in carbohydrate digestion, particularly a-amylase.!43-146 In this context, fenugreek
resembles the commercially prescribed acarbose isolated from strains of the fungus Actinoplanes
sp.147

Fenugreek seeds are also rich in steroid saponins (the most abundant are diosgenin, tigogenin,
and gitogenin) and their peptide esters (fenugreekine).'?® Pharmacological studies confirmed that
the saponins are responsible for stimulating appetite, which improved weight gain in STZ-diabetic
rats.'*® In addition, fenugreekine was reported to have a hypoglycemic effect, although at doses
significantly exceeding the normal content of the seeds.'*’ Trigonelline, the N-methyl derivative of
nicotinic acid, is a major alkaloid component of fenugreek that was initially thought to be involved
in the hypoglycemic activity of fenugreek. However, studies on human diabetics in India failed to
confirm this action.!® Four major alkaloids of fenugreek — trigonelline, nicotinic acid, coumarin,
and scopoletin — were tested for hypoglycemic activity in alloxan rats; coumarin was found to
have the most powerful and longest lasting activity.>

Fenugreek, like other legumes, contains several nonmammalian amino acids. It is especially
rich in 4-hydroxyisoleucine, which represents over 85% of its amino acid content!?® and is found
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at a concentration of 0.56% in fenugreek seed.'”! Along with the fiber and gum mentioned earlier,
it probably accounts for an important part of the improved glucose tolerance and other antidiabetic
activities of the defatted seed extract. Micromolar concentrations of 4-hydroxyisoleucine have the
capacity to stimulate glucose-induced insulin secretion from isolated pancreatic islets in
Vitr0.137’152’153

The amino acid also enhances the insulin response to an OGTT in diabetic rats and dogs in
vivo.">* Single administration to diabetic rats partially restored insulin response, and repeated
administration reduced glycemia and improved glucose tolerance.'> Further studies confirmed that
the linear major stereoisomer (2S,3R,4S) is the one responsible for the insulinotropic pancreatic
response.'> It was found that 4-hydroxyisoleucine improved insulin resistance in nutritional and
genetic models of insulin resistance,'>® possibly in part due to the acute activation of muscle
phosphatidylinositol-3-kinase, a key protein involved in insulin signaling and glucose transport.

Although fenugreek seeds have received the most ethnobotanical and scientific attention,
fenugreek leaves also possess antidiabetic activity. The aqueous extract or powder of fenugreek
leaves also exhibited significant hypoglycemic activity in alloxan- or STZ-diabetic rats.!>’ In the
latter case, significant improvements of hemoglobin glycosylation and liver glycogen content were
noted. This was attributed to a direct effect on the pancreas, because insulinemia was markedly
improved, and to peripheral effects, including significant reductions in liver and kidney hexokinase,
G-6-Pase, and fructose 1,6 biphosphatase activities.!%15

In summary, T. foenum graecum exerts its antidiabetic action by interfering with carbohydrate
digestion and intestinal glucose transport, by stimulating pancreatic insulin secretion in response
to glucose, and by enhancing the peripheral utilization of glucose.

ZYGOPHYLLUM GAETULUM (ZYGOPHYLACEAE FAMILY)

An herbaceous plant growing in the southern regions of Morocco and Algeria, Zygophyllum
gaetulum has long been used as a condiment and food and is among the ten most common nontoxic
plants used in that area for their virtues against diabetes.' In normal Wistar rats, intraperitoneal
or intragastric administration of Z. gaetulum had a transient hypoglycemic effect similar to the oral
hypoglycemic drugs glibenclamide and metformin.'®! Intragastric administration of the plant extract
also increased plasma insulin by 1.5 to 2 times, and intravenous injection significantly improved
glucose tolerance in normal animals. In alloxan-treated rats, a single dose of Z. gaetulum aerial
parts decoction normalized blood glucose as effectively and persistently as the oral hypoglycemic
drugs. In follow-up studies, the hypoglycemic activity was found associated with a butanol-soluble
fraction and with a water-insoluble precipitate.'%

Moroccan researchers also carried out a human clinical study on newly diagnosed type II
diabetics. A Z. gaetulum decoction was compared with the sulfonylurea glipizide and a water
placebo. A single oral intake of the plant had a 30% hypoglycemic action that developed more
slowly but became comparable to glipizide, as it did during a 3-week treatment, maintaining normal
fasting and postprandial glycemia. Thus, Z. gaetulum is a promising nontoxic!®63 antidiabetic
plant whose mode of action remains to be clarified.

CONCLUSION AND PERSPECTIVES

As seen from this brief overview of 12 Middle Eastern and North African plants, much research
is still needed to ascertain the antidiabetic potential of these plants, to determine their active
principles, and to elucidate their modes of action. Indeed, very few active principles have been
discovered, among which the most important are 4-hydroxyisoleuceine and trigonelline from
fenugreek, allylpropyl disulfide from onion and garlic, and peptides and terpenoids from
momordica.
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The most common modes of action of several antidiabetic plants include inhibition of glucose
digestion/absorption, stimulation of insulin secretion, and stimulation of peripheral glucose utili-
zation. However, the actual cellular/molecular targets remain elusive. We have also seen that several
factors may influence the outcome of scientific research on antidiabetic plants. Of importance, we
note that seasonal and geographical variations can affect the activity of the plant material. Also,
the choice of animal model can affect the experimental outcome. In this regard, chemically induced
animal models, widely used because they are economical and well characterized, mimic type I
diabetes, although type II is the most prominent form in human populations. Therefore, these
models are not the most appropriate to assess beneficial effects on insulin resistance.

Bioassays using isolated cells or tissues are only beginning to be applied to research on
antidiabetic plants and they offer much promise to elucidate the modes of action of active principles.
Of all the plants described here, fenugreek, momordica, onion, and garlic appear to be the safest
and have the most scientific evidence supporting their antidiabetic potential. Patients should none-
theless advise their physicians of their use of these plants in light of potential interaction with
commonly prescribed drugs, particularly oral hypoglycemic agents.
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INTRODUCTION

The present landmasses of Australia and New Zealand had their beginning in the fragmentation of
the supercontinent Gondwanaland. The New Zealand archipelago of islands was cast adrift 80
million years ago, and Australia began its separation from India, Africa, and Antarctica 65 million
years ago. During the long period of isolation of these landmasses, the great changes after that in
the climate and soil saw extensive evolutionary divergence of the biota. As a consequence, the
distinctive flora and fauna that developed have many unique features and a high level of endemism.!

In Australia, the flora evolved and diversified with little interference from immigrant species.
As the island-continent maneuvered to its present position, the principal entry from other landmasses
was across the tropical archipelago to the north. The effect of this limited access can be noted by
the low degree of mixing of the flora with that of Asia. Some Australian groups have dispersed
into Asia, e.g., Ptilotis (Amaranthaceae) into Indonesia and Eucalyptus (Myrtaceae) into the Phil-
ippines, and some tropical plant groups have moved into northern Australia. The total flora of
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Australia is estimated to contain up to 25,000 species of vascular plants, 85% of which are endemic.
It contains few deciduous trees, relatively few conifers, and, in the arid zone, no large succulents.?

Despite its small area, New Zealand comprises a distinct botanic region. The flora is not rich
in species of higher plants because most of these developed on the larger continents millions of
years after the formation of New Zealand. However, the vegetation is special because a high
proportion of species — 85% of seed plants and 40% of ferns — is endemic. Interestingly, about
75% of New Zealand’s seed plants and 85% of ferns are related to Australian genera.

INDIGENOUS PEOPLE
AUSTRALIA

About 50,000 years ago, the unique and remote Australian environment became the home for the
Australian Aboriginal people, a group of hunters, gatherers, and fishers that came from what is
now Southeast Asia. Over time, they spread across and occupied all parts of the continent at varying
densities. Australia covers a vast range of climatic regions and botanical environments: from tropical
coast to rainforest, from open scrub to wet forest, from woodland to desert, and from temperate
riverine to snowy alpine mountains. Most of the Aboriginal communities congregated around the
more fertile coastal region, but a few occupied desert areas in central Australia. Each community
(clan or language group) hunted and lived in a defined area, of which they had detailed ecological
knowledge, defined by tribal law or “dreaming.” These territories could be as vast as 100,000 km?
in the desert regions or as small as 500 km? in the coastal country.?

The unique flora encountered by these ancient settlers would have posed considerable chal-
lenges. Plant materials that were edible in the raw state or could be made palatable by roasting had
to be selected. In a long and hazardous process, plants with curative properties were identified, and
preparation, mode of administration, and dosage of the medicine were determined. The information
accumulated on useful species was transmitted orally to successive generations. Over the millennia,
the Aboriginal people became astute and competent botanists with intimate knowledge of the flora
that played a significant part, as food and medicine, in their survival.

New ZEALAND

The first human settlers in New Zealand were the Maori people who arrived from Polynesia between
A.D. 800 and 1000. Although they have had much less time than the Australian Aboriginals to
develop a phytopharmacopoeia, there is little doubt that they relied on indigenous plants for
medicinal purposes.?

ABORIGINAL HEALTH

From descriptions available, it appears that the Australian Aboriginals encountered by European
explorers were lean and physically fit. It was reported that they were “well formed; their limbs are
straight and muscular” and that “they are capable of undergoing considerable fatigue and deprivation
in their wanderings.”* Observers commented on their great dexterity and acute eyesight. An inves-
tigation by Cleland in 1928 of all diseases recorded for Australian Aboriginals at the time included
only one case of diabetes. In an update of this work in 1962, eight cases were reported.” As recently
as the early 1960s, a study of a group of nomadic Aboriginals from the Great Sandy Desert showed
them to have low body mass index with no evidence of chronic diseases.® Contagious and infectious
diseases such as cholera, smallpox, tuberculosis, measles, and mumps were unknown until the
arrival of European settlers.
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ATTITUDE TO ILLNESS

In Aboriginal society, supernatural forces were considered to be responsible for almost every event.
Throughout Australia, Aboriginal people believed that serious illness and death were caused by
spirits and that it was important to treat internal complaints by spiritual means through the agency
of “medicine men.” Therefore, it is not surprising to learn that only approximately 10% of the
medicines that they prepared and used were meant to be taken for internal disorders.” Very few
plants were used for specific purposes by nomadic groups; it was better to concentrate on plants
that were relatively readily available and had a wide spectrum of curative properties.

On the other hand, the diverse variety of plant food available would have included species that
were also “medicinal” in nature, i.e., medicinal food. In this context, it is interesting to note that
a list of 248 food plants used by Aborigines contains 25% (53 species, identical or related) that
have also been used as medicinal plants.?

DIABETES

It is not known whether Aboriginal people recognized diabetes as an individual disorder. Indeed,
a number of symptoms — frequent urination, unusual thirst, fatigue, and abdominal cramps —
might have been regarded as a general “ill-feeling” and attributed to “bad spirits.” From different
studies, it appears that although insulin-dependent diabetes mellitus (IDDM; type 1) occurs in
Aboriginal populations, it is relatively less common than in non-Aboriginal groups.® The nature of
the Aboriginal diet may have contributed in part to management of the disease.

Although they consumed a varied diet in which animal food was a major component, a wide
variety of plant foods were part of the traditional fare. These plant foods — fruits, nuts, roots,
starchy tubers, bulbs, seeds, and green vegetables — are high in fiber and contain complex
carbohydrates. Food preparation, baked whole or raw, was such that nutrients were largely retained.
A good knowledge of seeds containing toxic compounds and appropriate pretreatment to remove
the toxins allowed them to choose from a wide range of seeds.

A detailed description of the hunter—gatherer lifestyle of the nomadic Aboriginal, groups of
whom continued with this lifestyle well into the 20th century in remote parts of Australia, has been
given by O’Dea.b Of some interest is the fact that the carbohydrates in many of the traditional
foods were more slowly digested and adsorbed than those in equivalent domesticated plant food.
The lower postprandial glucose and insulin levels induced may have protected these groups from
developing type 2 diabetes (NIDDM), a condition to which they are susceptible when they make
the transition to Western diet and lifestyle.®® The high prevalence of glucose intolerance among
Australian Aborigines has been rationalized by a modified “thrifty gene hypothesis.”! The normal
diet of the Aboriginal hunter—gatherers was high in protein and low in fat with a moderate intake
of low glycemic index carbohydrate. In this situation, selective insulin resistance in hepatic gluco-
neogenesis would be an advantage for converting dietary proteins to glucose and fat. With reduced
physical activity, skeletal muscle would be more insulin resistant, limiting the uptake of glucose
and triglycerides. Increased consumption of carbohydrates and fats leads ultimately to NIDDM.*!

The prevalence of type 2 diabetes is characterized by its early onset and has serious conse-
quences for complications arising from diabetes: cardiovascular disease, nephropathy, neuropathy,
retinopathy, and peripheral vascular disease. Among the Australian Aboriginal people, 3.5% of
males and 4.7% of females suffer from diabetes. This increases to 17 and 23%, respectively, above
45 years of age. In comparison, the rates for all Australians above 45 years of age are 6.2 and
5.3%, respectively. In general, the rate for indigenous people above 15 years of age is four times
higher than that found for the general population.®!!

A similar situation is observed for Maori, Polynesian, and Micronesian people. For people over
15 years old, the prevalence of diabetes is 3.1% in New Zealanders of European origin, 8.3% in
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Maori, and 8.1% in Pacific Island people. The incidence of type 1 diabetes in Maori and Pacific
Island people is 5%, but 11% in Europeans.'!!?

AUSTRALIAN PLANTS WITH HYPOGLYCEMIC PROPERTIES

The uses of plants by Aboriginal people have been transmitted from one generation to the next
entirely by word of mouth. Some of these uses were noted by early settlers and explorers, but the
many sources of error for outsiders documenting this knowledge renders questionable the validity
of the information.'® In particular, the acquired indigenous knowledge of the different properties
between varieties of the same species would have been appreciated only by a trained botanist, and
the subtleties associated with obtaining medicinal preparations from plants would probably have
been the victims of cultural differences. Moreover, it is likely that Aboriginal people would have
been reluctant to disclose fully the preparation of “medicines” from plants that were considered to
have spiritual significance.

Despite the recent burgeoning interest in collecting and compiling information for an Aboriginal
pharmacopoeia, very little has been recorded regarding indigenous plants in the treatment of
diabetes. It is useful to note that in two reviews on antidiabetic plants, Australian plants are not
represented.'*!> Two entries referring to Australasia as the location of use mention Catharanthus
roseus (Apocynaceae) and Momordica charantia (Cucurbitaceae), neither of which appears to have
been used by Australian Aboriginals.

In the following sections, two types of plants will be considered. First, plants included in
traditional Aboriginal pharmacopoeias now known to exhibit hypoglycemic activity are considered.
Second, a list of Australian plant genera related to species with proven hypoglycemic activity, but
used in other parts of the world, is given.

ACACIA SPECIES (MIMOSACEAE)

The omnipresence of eucalypts and acacias characterizes the Australian flora. They have diversified
into almost every habitat on the continent. Most of the more than 1000 Australian taxa of Acacia
occur nowhere else in the world. They rapidly establish cover following fire, and the practice of
burning by the Aborigines favored these fire-adapted species, which, because they produced a lot
of seeds, naturally increased food supply.'® Acacia seeds formed a staple food for the Aborigines
and are rich in proteins (26%), available carbohydrate (26%), fiber (32%), and fat (9%).!” The level
of fatty acids (mostly unsaturated) is higher than in most legumes; the mean total carbohydrate
content (55.8 = 13.7%) is lower than in lentils but higher than that in soybeans.!’

Acacia seeds are low glycemic index foods; the starch is digested and absorbed very slowly,
so a sustained but small rise in blood glucose levels occurs. They are abundant even in the semiarid
and arid regions of Australia and often provided 70 to 80% of total diet. Latz” states that, of the
60 or so species of Acacia in Central Australia, ~50% were, or still are, eaten by Aboriginals. Some
Acacia seeds contain toxic compounds that can be leached out by prolonged washing and/or
denatured by heating.

Some work has been carried out on Acacia species containing hypoglycemic compounds,
although little has been done in isolating and identifying individual active components. The etha-
nolic extracts of the stem of Acacia nilotica and the pods of A. farnesiana have been claimed to
have hypoglycemic activity.'® Addition of gum acacia (A. nilotica; 20 g) to glucose (100 g) resulted
in significant reduction of plasma glucose (16%) and serum insulin (11%) after 90 min.!® Protein
fractions from the seeds of A. melanoxynol decreased blood sugar levels by 24.4% and cholesterol
levels by 27.5%, when given to young albino rats. Alloxan-diabetic rats also showed lower blood
sugar (23.5%).2° Normal rats fed a diet of powdered seeds (94%) of A. arabica, A. benthami, and
A. modesta showed a blood sugar level 25 to 30% lower than that of rats fed a standard semipurified
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casein—glucose—starch diet. No differences were observed in alloxan-diabetic animals.?! A similar
result was observed for the seeds of A. arabica in rabbits.??

It would appear that the active component(s) of the seeds stimulates the secretion of insulin
by pancreatic (3-cells. Flour made from A. coaricea seeds was used to make wheat bread (18 g/82
g wheat flour). When this was given to six healthy human subjects, the rise in plasma glucose level
was significantly reduced, as were insulin values after 60 and 90 min.?

Some Acacias (e.g., A. maidenii and A. confusa) produce N-methyltryptamine.?*?3 It has been
suggested that this compound might be an insulase inhibitor. A solution of N-methyltryptamine (40
mg in 20 ml N saline) injected intravenously in six diabetics resulted in a decrease of blood sugar
levels, obvious after 30 min and reaching a minimum after 180 min. No significant change was
noticed in the control group.?®

(+)-Pinitol has been reported from the bark of Acacia longissima, A. mearnsii, A. obtusifolia,
A. orites, (subgenus Phyllodineae), and A. sieberiana var. woodi (subgenus Acacia).”’?® Pinitol
enhances the action of insulin (see the section on plants related to species with known hypoglycemic
properties, New Zealand).

EucaLyprus SPECIES (MYRTACEAE)

The genus Eucalyptus consists of about 900 taxa; all but 13 species are endemic. Eucalypts range
in form from giant forest trees to mallee shrubs and can be found from snowline to shoreline, in
deserts and swamps, and on floodplains. It is no surprise that eucalypts were well represented in
the Aboriginal pharmacopoeia.!* Because most species produce significant amounts of essential
oils with distinct fragrances, these would have become readily available sources of simple antisep-
tics, analgesics, liniments, cures for coughs and colds, and “smoke treatment” of sick people.

Eucalyptus globulus (Tasmanian bluegum) is one of the better known species cultivated for
eucalyptus oil and for pulp and paper production. It came into prominence when thousands of trees
were planted in the malaria-infested Pontine Marshes near Rome in the belief that the oil emanating
from the leaves would solve the problem.? The incidence of malaria decreased, but as a result of
the uptake of water by the trees, which reduced the breeding sites of the carrier mosquito.

E. globulus was used by the Australian Aborigines to make poultice from gum leaves that had
been bruised and heated. Leaves were used in the smoke treatment to alleviate rheumatisms,
inhalation of the vapor from heated leaves was used to treat headaches, and an infusion of the
leaves was drunk for colds. The use of this species in the treatment of diabetes, as a tea prepared
from the leaves, appears to have begun only after its adoption in South America and Africa.

Aqueous extracts of E. globulus incorporated in the diet reduced the hyperglycemia and weight
loss in streptozotocin-treated mice and appeared to act by modulating insulin secretion or action.*
It enhanced 2-deoxyglucose transport by 50%, glucose oxidation by 60%, and incorporation of
glucose into glycogen by 90% in mouse abdominal muscle. It evoked insulin secretion (70 to 160%)
from clonal pancreatic (3-cell lines. The nature of the active constituent is not known.?!

In this context, it is useful to note that Eucalyptus species produce a number of metabolites
that are not part of the essential oil fraction.’? The euglobals and the macrocarpals, e.g., (1) and
(2) (Figure 13.1), characterize the polar extracts of leaves of E. globulus and a number of other
species. These compounds exhibit a range of biological activities, such as antiviral, antibacterial,
and antimalarial and as inhibitors of HIV RTase.?>** Although they have not been tested for
hypoglycemic activity, the macrocarpals inhibit aldose reductase (I, 2 to 2.8 uM). This enzyme is
a target for the control of diabetic complications such as cataracts, retinopathy, neuropathy and
nephropathy, myocardial infarction, and stroke.3*33

Aldose reductase (AR) is an enzyme found in many tissues, including the organs most suscep-
tible to diabetic complications — kidney, nerve cells, the eye, and cells lining blood vessels. AR
converts aldoses into alditols. In the case of glucose, sorbitol is produced in much greater amounts
in hyperglycemia. Once sorbitol has been formed, it only escapes from cells slowly, with the result
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that its concentration keeps rising. Because sorbitol does not easily cross cell membranes and its
subsequent conversion to fructose via sorbitol dehydrogenase is slow, it accumulates inside certain
cells, thus resulting in changes in osmotic pressure, alterations in the redox state of pyridine
nucleotides (i.e., increased NADH/NAD* ratio), and depleted intracellular levels of myoinositol.
These biochemical changes, which have been linked to diabetic complications, can be controlled
by inhibitors of aldose reductase.’*%

EremorHILA SPECIES (MYOPORACEAE)

A number of species of the genus Eremophila were valued for medicinal purposes by Aboriginal
people in coastal and central Australia. Of these, E. alternifolia and E. longifolia had a prominent
place in the Aboriginal pharmacopoeia. E. alternifolia was one of the few plants that they carried
with them in case of need. Infusions from the leaves were taken for a variety of ailments and were
said to promote a feeling of well-being.>* Phytochemical studies have shown that both species
produce the phenylethanoid verbascoside (acteoside) (3) and the iridoid geniposidic acid (4) (Figure
13.1). Both compounds cause significant but opposite changes in the Langendorff rat heart prepa-
ration. In particular, the effects induced by the two compounds are not in phase, thus exerting a
stabilizing effect on heart action.

Interestingly, verbascoside has a number of other pharmacological activities. Of particular
interest is the observation that verbascoside is a potent lens aldose reductase inhibitor.’” Geniposidic
acid might also contribute to the activity, but iridoids appear to be less effective as inhibitors.3"-
On the other hand, some show hypoglycemic activity in normal and alloxan-diabetic rats.® The
ability to lower blood glucose levels in normal rats seems to be associated with the presence of a
hydroxyl group at C-6. For example, deacetyl-asperulosidic acid methyl ester (5) is active, whereas
geniposide (6) (Figure 13.1) is not.*

OTHER PLANTS USEFUL IN TREATMENT OF DIABETES

e Lythrum salicaria (Lythraceae). The flowers, stems, and leaves of this plant contain
compounds that exhibit hypoglycemic activity in normo- and hyperglycemic rabbits,*!
rats, and mice.*> The ethereal extract of the stems and flower induced hypoglycemia and
enhanced insulin secretion in normoglycemic rats.** The presence of the C-glycosidic
flavones vitexin (7) and orientin (8) (Figure 13.1) — as well as their isomers, isovitexin
and isoorientin — has been established.** Vitexin is an inhibitor of AR,* isoorientin
exhibits hypoglycemic activity,* and orientin has been suggested to be useful in the
treatment of diabetes.’

* Castanospermum australe (Fabaceae) (Moreton Bay chestnut). The large seeds of this
tree were processed to yield a flour. Because of their toxicity, the nuts were pounded
and roasted or soaked in water (for up to 10 days).® The seed produces the alkaloid
castanospermine (9) (Figure 13.1), an intestinal enzyme inhibitor with hypoglycemic
activity.*® In vivo, castanospermine significantly inhibited sucrase at 1 mg/kg in normal
and streptozotocin-treated rats. It would be interesting to determine how efficiently
castanospermine is removed in the preparation of the flour and whether subtoxic amounts
of castanospermine were, in fact, ingested.

*  Euphorbia hirta (Euphorbiaceae). A decoction of the dried herb was taken to alleviate
asthma and bronchitis.'> The plant reportedly possesses hypoglycemic activity.** The
flavonoid quercetin has been isolated from the plant.”® In common with a number other
flavonoids, it exhibits hypoglycemic activity and is an inhibitor of aldose reductase
(AR).5!



Australian and New Zealand Plants with Antidiabetic Properties 249

CHO CH,

H

(1) Euglobal 1c (2) Macrocarpal G

o) OH
O,
HO D&)\O%OV\@OH
O
HO HO
(@]
OH

OH HO O
CH,
HO
HO

HO HO OH

(3) Verbascoside

(4) R =H Geniposidic acid

(6) R =CHj Geniposide

OH
Glu
HO HO O N
HO
OoH ©O
HO OH
HO
(5) Deacetylasperulosidic acid (7) R=H Vitexin
methyl ester (8) R = OH Orientin
OH
Q :
HO o on H,CO OH
HO -
HO OH HO\\\ - OH
HO o) OH
O
(9) Castanospermine (10) Ellagic acid (11) (+) -D-Pinitol

FIGURE 13.1 Selected plant metabolites with antidiabetic properties.



250 Traditional Medicines for Modern Times: Antidiabetic Plants

* Goodenia ovata (Goodeniaceae). Reported to have antidiabetic properties, this sticky
erect shrub was used by the early settlers.> The leaves have been shown to contain
ursolic acid (1 to 2% dry wt),>* a triterpene that exhibits hypoglycemic activity in rats
with streptozotocin-induced diabetes.>*

*  Morinda citrifolia (Combretaceae). This plant is native to Southeast Asia but has also
spread to India and the Pacific Islands. The large, squashy fruit is an important medicine;
it is edible, but does not have a nice taste.® The fruits were eaten raw or cooked, the
seeds were roasted, and the young leaves were eaten as a vegetable. The plant has been
widely used to treat a number of disorders, including diabetes and venereal diseases.>
A number of anthraquinones, the iridoid asperuloside, and some disaccharides have been
isolated from the fruit. Iridoid glycosides, together with the known hypoglycemic agents-
[-sitosterol and ursolic acid have been obtained from the leaves.*®

* A number of mangrove plants used in different parts of the world to treat diabetes are
also found in Australia’:

e Acanthus ilicifolius (Acanthaceae)

* Aegiceras corniculatum (Myrsinaceae)

* Bruguiera rumphii (Rhizophoraceac)

* Ceriops candolleana (Rhizophoraceae)

e Lumnitzera racemosa (Combretaceae)

*  Nypa fruticans (Arecaceae)

e Scaevola sericea (Goodeniaceae)

Of these, only Aegiceras corniculatum,'® a Ceriops sp,® and a Scaevola sp'* appear to have
been used by the Aboriginal people for medicinal purposes.

PLANTS RELATED TO SPECIES WITH KNOWN
HYPOGLYCEMIC PROPERTIES

AUSTRALIAN

Table 13.1 contains a list of Australian species used for medicinal purposes by Australian Aboriginal
people, together with related species that have been used in the treatment of diabetes in other parts
of the world. This is an attempt to flag Australian genera that may offer some potential as sources
of phytochemicals with hypoglycemic activity. The rationale is that similar species frequently
produce similar compounds. The following example, admittedly carefully selected, may serve to
illustrate the point

An ethanolic extract from the bark of Ficus bengalensis (Moraceae) showed hypoglycemic
activity in rats’® with augmentation of insulin secretion.*> Leucoanthocyanidin and leucoantho-
cyanin glycosides were found as active components of the extract.*-%2 The dimethyl ether (10)
(Figure 13.1) showed hypoglycemic and serum insulin-raising action in normal and mildly diabetic
dogs® and rats.+-67

A decoction of the leaves of F. carica (Moraceae) showed hypoglycemic action on diabetic
rats®® and on type 1 diabetic patients in whom it helped to control postprandial glycemia.® Petroleum
ether extracts of the bark’™ or leaves of F. racemosa (glomerata) possess significant activity in
diabetic rats.”! Such an extract contains B-sitosterol glucoside, friedelin, and lupeol,’ the first of
which is a known hypoglycemic agent.” Ficus pseudosycomorus produces a number of coumarins
that possess hypoglycemic activity.”

NEw ZEALAND

Very little information is available correlating plant use and treatment of diabetic disorders by the
Maoris. A thorough search of the book New Zealand Medicinal Plants,* the most comprehensive
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TABLE 13.1
Examples of Medicinal Plants Used by Australian Aborigines and Related Plants with
Known Antidiabetic Activity

Plant Species Used for Medicinal Purposes by Plant Species Known to Have
Australian Aboriginal People Hypoglycemic Activity
Plant Species Family Part Used Plant Species Part Used  Ref.
Carissa lanceolata R. Br. Apocynaceae Whole C. edulis Vahl Leaves 15
Cassia sp Leguminosae Leaves C. alata L. Leaves 15
Cleome viscose L. Capparaceae Seeds, leaves  C. droserifolia Dalile ~ Whole 43
Dioscorea transversa R. Br. Dioscoreaceae Whole D. dumetorum Pax Tuber 86
Syzygium suborbiculare T. Hartley =~ Myrtaceae Bark; root; S. jambolana DC. Seeds; fruit 15; 87
& Perry fruit (Eugenia)
Loranthus quandang auct. non Loranthaceae Fruit L. bengwensis L. Leaves 15
Lindl
Ocimum sanctum var. Lamiaceae Leaves O. sanctum L. Leaves 15

angustifolium Benth.

Pandanus spiralis R. Br. Pandanaceae Wood P. odorus Ridl. Roots 78
Phyllanthus simplex Retz.; P. Euphorbiaceae Leaves; whole P. amarus Schumm. & Whole 15
virgatus Forst. f. Thonn.
Polichia zeylanica (= Trichodesma  Boraginaceae Whole P. campestris Aiton Whole 15
zeylandicum R. Br.)
Smilax australis R. Br.; S. Liliaceae Whole leaves  S. glabra Roxb. Rhizome 15
glyciphylla Sm.
Tinospora smilacina Benth. Menispermaceae  Seeds T. crispa Hook. f. & Seeds; 14; 86
Thoms; 7. cordifolia leaves
Miers
Zizyphus oenoplia Mill. Rhamnaceae Bark; fruit Z. sativa Gaert. Leaves 15

collection on the topic, revealed only one example (Apium graveolens; Apiaceae). In this section,
medicinal plants used by the Maoris that are closely related to those used to treat diabetes elsewhere
are considered. Some plants that produce secondary metabolites known to exhibit hypoglycemic
properties have also been included.

* Apium australe (Apiaceae) is an edible herb found throughout New Zealand. It was
probably used in indigenous medicine in vapor baths. The more widely distributed A.
graveolens (wild celery) is mentioned in several continental pharmacopoeias and has
been used as a hypoglycemic agent.?

* Coprosma australis, C. robusta, and C. acerosa (Rubiaceae) are common shrubs in New
Zealand and were used to treat a number of internal disorders. A decoction from the
leaves of C. robusta was used for kidney troubles. From these species, the following
metabolites have been isolated?: the coumarin scopoletin’ and the flavonoids quercetin’
and kaempferol glycoside,'> which are known hypoglycemic agents.

e Geranium homeanum (australe) (Geraniaceae) is found in both of the main islands in
New Zealand. The leaves were used to treat boils and sore backs. G. maculatum, a native
of North America, has been considered useful for diabetes and shows hypoglycemic
activity.?

e Pomaderris kumeraho (Rhamnaceae) is a common shrub in northern New Zealand. A
decoction was taken for internal complaints such as bronchitis and kidney problems. In one
case, it was reported to have been used to good effect against diabetes. The leaves contain
quercetin,’® kaempferol," and ellagic acid”” — all useful in the treatment of diabetes.
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*  Rubus fruticosus (Rubiaceae) has long been used in Europe to treat diabetes. An extract
of the leaves showed a hypoglycemic effect on diabetic rats.'* In New Zealand, an infusion
of the leaves of R. cissoides was taken for internal disorders.> The fruits of Syzygium
Jjambolana (Myrtaceae) have traditionally been used against diabetes in Asia and Europe.
Extracts of the fruit and the plant induce an increase in serum levels of insulin in
normoglycemic and diabetic rats.*> The bark of S. maire, used in the treatment of
ringworm in New Zealand, was shown to contain di- and trimethyl ethers of ellagic acid.?

e The water from boiled leaves of Vitex lucens (Verbenaceae) was used for sore throats.
Of the secondary metabolites present in this plant, vitexin and p-hydroxybenzoic acid
are of some significance because they are known hypoglycemics. Recently, p-hydroxy-
benzoic acid was shown to be the active principle of Pandanus odorus (Pandanaceae),
a plant used as a food and in traditional medicine. This compound (5 mg/kg) increased
insulin levels upon oral administration.”

e Disphyma australe (Ficoidaceae) and Tetragonia trigyna (Ficoidaceae) are common
plants on the sea coasts of New Zealand and Australia. T. frigyna and the closely related
T. tetragonioides are referred to as New Zealand spinach. Disphyma and Tetragonia spp
have found limited use as medicinal plants.> A study of these and other coastal plants
indigenous to New Zealand found that D-pinitol (11) (Figure 13.1) is the major soluble
carbohydrate in the leaves of these plants.” Recent studies have shown that the oral and
injectable forms of pinitol enhance the action of insulin, and therefore the uptake of
glucose, in immature rat muscle cells and in mice with type I-like diabetes.® In a study
involving subjects who were obese and had mild type II diabetes or impaired blood-
sugar control, pinitol did not improve the actions of insulin in carbohydrate or fat
metabolism.8!

CONCLUDING REMARKS

Remarkably little is known about Australian plants with antidiabetic properties and even less is
known about the traditional use of these by the Aboriginal people. To some extent, this may indicate
that diabetes was not a major problem. Indeed, some evidence suggests that in pre-European times,
the prevalence of diabetes among these people was low. It is now evident that the Aboriginal and
Maori people have paid a high price in adapting to a Western style diet. Studies have indicated that
metabolic parameters associated with NIDDM can be improved by lifestyle changes in Aborigines
involving a reversion to traditional food intake and physical activity.®$?8% In this context, it is
interesting to note an increased interest in the development of Australian native edible plants.?*

Prevention of the initiation of insulin resistance and glucose intolerance can be achieved by
suitable nutrition.®> Alternatively, herbal dietary supplements containing fiber and phytochemicals
that influence glucose metabolism can be beneficial. Natural products that stimulate insulin secretion
or utilization, improve insulin binding, improve skeletal muscle capillary function, and inhibit
polyunsaturated fatty acid oxidation are useful in controlling diabetes. Given the uniqueness and
diversity of the Australian and New Zealand flora, it is likely that new antidiabetic compounds will
be discovered from these sources. The plant foods, seeds, roots, nuts, and fruits that formed the
basis of their traditional diet would seem worthwhile targets in a systematic search for antidiabetic
agents.
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INTRODUCTION

The role of diet in the treatment of people with diabetes mellitus (DM) has been recognized
throughout history; even the earliest records of treatment of the disease focus on carbohydrate-
containing foods.! Early records from the Egyptian New Kingdom period (1550 B.c.) suggested
that the foods prescribed for people with diabetes were high in carbohydrate but low in fat and,
therefore, in calories.? In the subsequent 450 years, the recommended diets have been through
several cycles in which low-carbohydrate diets have followed high-carbohydrate diets, with varying
amounts of protein and fat supplementing the energy requirements.? In many ways, the current
nutritional guidelines for people with DM have come full circle: most authorities recommend diets
high in complex carbohydrates and low in saturated fats.>#

The human diet contains a wide range of carbohydrates (CHO), the vast majority of which are
of plant origin. In the past 40 years, it has become recognized that carbohydrates are not just a
simple energy source, but rather are important food components that moderate the way in which
nutrients are released from food. It is not simply the amount of carbohydrate that is important; the
structure and properties of carbohydrates in food and the way in which they are processed domes-
tically and commercially also have important implications for the prevention and treatment of
diabetes.
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DEFINITION OF POLYSACCHARIDES

Dietary carbohydrates can be divided into the three main categories of free sugars (mono- and
disaccharides), short-chain carbohydrates, and polysaccharides (Table 14.1), according to how they
are digested or fermented in the gastrointestinal tract. The polysaccharide group covers a large
range of high molecular weight compounds, which are usually classified according to their chemical
structure. Thus, polysaccharides can be classified according to whether they have more than one
type of monosaccharide and also whether the polysaccharide chains are linear or branched. For
example, they may contain only one type of sugar (monomer) such as cellulose and the amylose
polymer of starch, which are essentially linear and are polymers of glucose; amylopectin, the other
polymer of starch, also consists of glucose but is highly branched.

Starch is the major source of carbohydrate in the human diet and is traditionally viewed as
“available” carbohydrate, an important source of energy for the consumer. Available carbohydrate
is defined in this review as carbohydrate in the diet that is digested by a-amylase in the upper
gastrointestinal tract and absorbed into the hepatic portal vein (mostly as glucose); this includes
starch, dextrins, and simple sugars (e.g., sucrose, lactose). For the digestion of cooked starch,
most of the glycosidic linkages (e.g., o (1—4)) that link glucose residues in the polymer chains
of starch are easily and rapidly hydrolyzed by o-amylase and other carbohydrases to produce
glucose. Other polysaccharides, the nonstarch polysaccharides (NSPs), may consist of only one

TABLE 14.1
Carbohydrates Found in Plant Foods Classified According to Susceptibility to Digestion
or Fermentation in the Gastrointestinal Tract

Component Characteristics

Free Sugars
Mono- and disaccharides and their alcohols Usually rapidly released and absorbed in the small intestine, unless
Mainly free glucose + glucose from sucrose encapsulated by an intact plant cell wall (e.g., fruits)

Short-Chain Carbohydrates
Maltodextrins Rapidly digested by a-amylase and other carbohydrases and absorbed
in the small intestine

Nondigestible Short-Chain Carbohydrates
Oligosaccharides, e.g., fructo-oligosaccharides ~ Fermented by bacterial enzymes in the large bowel and may stimulate
growth of probiotic bacteria

Starch
Rapidly digestible starch (RDS) Digestion is rapid and glucose absorbed
Slowly digestible starch (SDS) Digestion is retarded and absorption prolonged
Resistant starch (RS) Escapes digestion in the small intestine and includes retrograded

amylose and starch encapsulated in plant tissue; a variable amount
of this starch will be fermented by bacterial enzymes in the large
bowel

Nonstarch Polysaccharides (NSPs)

Plant cell-wall NSP Encapsulate and slow absorption of nutrients within the cells; marker
for naturally high-fiber diets; fermented by bacterial enzymes in the
large bowel to different extents

Other NSPs Food additives; minor components of the human diet; fermented by
bacterial enzymes in the large bowel to different extents
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type of monosaccharide (e.g., cellulose) but usually contain two or more different types. For
example, there might be a backbone of one type of sugar such as mannose, with side chains of
another (e.g., galactose); such a compound would be termed a galactomannan, as found in guar
and locust bean gums.

Many different types of NSPs exist, depending on the plant source and the function within the
plant. These NSPs were traditionally regarded as “unavailable,” mainly because the 3(1—4) linkages
between the monosaccharides cannot be easily hydrolyzed by enzymes produced in the stomach
and small intestine and therefore do not provide an available energy source. However, glycosidic
linkages of NSP are more easily degraded by bacterial enzymes in the large intestine, thus producing
a range of products including short chain fatty acids such as butyrate.’

It is now recognized that this concept of availability was too simplistic and that the structure
and properties of starches and NSPs influence the way in which simple and complex carbohydrates
are digested and absorbed; this may have important effects on metabolism. For example, most of
the NSPs present in a typical British diet are in the form of plant cell walls (dietary fiber), which
are supramolecular structures composed of an extremely complex, heterogeneous network of
cellulose, hemicelluloses, and pectic substances.

The amounts and relative proportions of these components vary depending on factors such as
the type and maturity of the plant tissue.® The hemicelloses in particular consist of a broad range
of polymeric components; thus, xyloglucans are commonly found in the plant cell walls of fruits
and vegetables, and arabinoxylans and mixed linkage (1—3), (1—4)-p-D-glucan (or simply p-
glucan) predominate in wheat- and oat-based food products, respectively. Noncarbohydrate com-
ponents (lignin, protein, cutin, etc.) are also present as minor components quantitatively; however,
some are known to form covalent cross links with polysaccharides of cell walls®7 and can modify
their properties and biological activity significantly.®

At a molecular level, the physical properties of individual polysaccharides will be influenced
by their molecular shape or conformation. Important factors here include the types of glycosidic
linkages between sugar residues in the polysaccharides chains, the presence of charged groups, and
the extent of branching in the polymer.” The shape of polysaccharides in three dimensions can be
stable or in a continuous state of fluctuation, depending on the particular polysaccharide and the
prevailing environmental conditions. The conformation that predominates will determine how atoms
and groups in the polymer are orientated to the outside and thus interact with other molecules,
solvents, and biological surfaces.

Molecular shape will determine, for example, the relative solubility of polysaccharides in an
aqueous medium — a property of paramount importance in biological systems, including, of course,
the process of digestion and absorption of nutrients in the mammalian gut.!® Cellulose, for instance,
is made up of an assembly of polymer chains, each of which is composed of glucopyranose units
connected by P(1—4) linkages, with chains stabilized by intra- and intermolecular hydrogen
bonding. This highly ordered structure is mechanically strong and resistant to solubilization in
water, which also explains why cellulose tends to be resistant to chemical and enzyme degradation.
The inclusion of different types of glycosidic bonds, such as mixed linkage (1—3), (1—4)-p-D-
glucan, or side chains, such as xylose on the cellulosic backbone (i.e., a xyloglucan), will promote
solubility in water.

The following sections will consider the effects of the differential digestion of available car-
bohydrates and the way in which NSPs may moderate this, as well as specific beneficial effects of
NSPs on glucose absorption and insulin secretion and action.

THE ROLE OF STARCH

Starch is the major carbohydrate component in the human diet. It is the main storage polysaccharide
of plants and is found in considerable amounts in dietary staples such as cereal grains, potatoes,
and other root crops such as yam. Starches contain varying amounts of two types of glucose
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polymers: amylose and amylopectin. Amylose is an essentially linear chain of glucose units with
a(l — 4) linkages, with au(1 — 6) branch points of one per 300 to 1000 glucan residues, a molecular
weight of 5 x 105 to 1 x 10° and degree of polymerization (DP) of 10° to 10*. Amylopectin is much
larger, with a molecular weight of several millions and DP of 5 x 10* to 5 x 10°, and is also highly
branched with 15 to 30 a(l — 4) linked anhydroglucose units in each branch; the branches are
joined by a(1 — 6) linkages. The majority of starches contain between ~15 and 35% amylose, but
the relative amounts of amylose and amylopectin can vary even more widely among different plant
sources — from 2% amylose in waxy maize starch to 80% amylose in high-amylose maize starch.!!

Starch is stored within the plant cells in the form of water-insoluble granules, which have sizes
and shapes characteristic of the botanical species of origin. Average starch granule sizes vary
between 2 and 100 um. In the unprocessed or native form, the starch granules are birefringent in
that they exhibit a characteristic Maltese cross pattern when examined by microscopy under
polarized light, indicating an organized crystalline arrangement. Thus, granules are described as
semicrystalline, with alternating layers of crystalline (ordered) parts and amorphous (disordered)
parts that display an ordered arrangement with central symmetry.!'!:1?

Although the detailed structural architecture of the granules is very complex and beyond the
scope of this review, it is important to note that such native structures are considerably less
susceptible to the amylase action than hydrothermally (cooked) treated starch granules.'> When
starch granules are heated in the presence of water, the crystalline structure is disrupted and the
polysaccharide chains take up a more disordered conformation as a result of swelling and gelati-
nization of the granules. The starch is then much more accessible to amylase action. Upon cooling,
a process of recrystallization of the gelatinized starch known as retrogradation begins. This occurs
very rapidly for amylose, but the retrogradation of amylopectin, known to be responsible for the
staling of bread, takes place over several days. The retrogradation of amylose is of particular interest
to nutritionists because the product is completely resistant to amylase action.

Because of the nature of the linkages between the glucose units, all dietary starch is potentially
degradable by the action of a-amylase. However, certain factors can reduce the rate at which starch
is hydrolyzed and absorbed in vivo; this delays the appearance of glucose in blood after a meal
and leads to description of starches according to their rate of digestion (Table 14.1) and to the
concept of resistant starch.'*!5 It is now acknowledged that a significant amount of the starch in
foods remains undigested in the small intestine and passes into the colon, where it is fermented by
colonic bacteria and may influence the type and amount of gastric flora.’

These ideas have superceded the traditional view of starch digestion, which, until fairly recently,
was that starch of any source is digested at more or less the same rate and to the same extent.
However, it is now well known that different starchy foods containing identical amounts of starch
produce widely different postprandial blood glucose and insulin responses in humans.'®!” Made by
many different research groups in many different countries, these observations have led to the
method of classifying starchy foods according to their postprandial glycemic responses, the so-
called “glycemic index” (GI).'” The GI is measured by measuring blood glucose levels at baseline
and 15- to 30-minute intervals for 2 hours after consumption of a portion of food containing 50 g
available carbohydrate; this is compared with the area under the curve produced by consuming 50
g of glucose (in water) or 50 g of available carbohydrate as white bread,'® i.e.:

GI = (incremental area under blood glucose curve [AUC] for a test food
containing 50 g CHO x 100)/incremental AUC after
equicarbohydrate load from glucose or white bread

Many starch-rich foods, such as potatoes, wheat bread, and certain breakfast cereals, are classified
as high-GI foods; foods such as pasta, rye bread, biscuits, and legumes have lower Gls.

The GI of hundreds of carbohydrate-containing foods has now been determined using stan-
dardized methods and tables reporting the GI of carbohydrate-containing foods, including those
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containing mainly simpler sugars, such as fruits, milk, and table sugar, as well as starchy foods,
are now available.!” Some researchers have suggested that the concept of GI may also be applied
to mixed meals.?’2! More recently, the concept of the glycemic load, which includes the weight of
carbohydrate ingested in the meal, has been described. The glycemic load of a meal is the product
of the amount of carbohydrate in the food multiplied by the GI of that food; tables predicting the
GI and glycemic load of commonly consumed foods are now available.?> The glycemic load of
whole diets has been calculated as the sum of the glycemic load from all the carbohydrate-containing
foods in the diet.?3

FACTORS AFFECTING GLYCEMIC RESPONSE TO FOODS

Many food-related factors affect the digestion kinetics of starchy foods and, ultimately, the glycemic
index.!®2> These include the structural architecture of the plant tissue — e.g., whether intact plant
cell walls containing indigestible NSPs act as a physical barrier to the action of amylase on
intracellular starch, the particle size of the food, and the way in which the food is processed. The
characteristics of the starch per se, such as granule size and structure; the ratio of amylase to
amylopectin; and the degree to which swelling and gelatinization occur on processing will also be
important. The presence of water-soluble NSPs (i.e., the viscous-producing galactomannans and
xyloglucans) and phytochemicals such as polyphenolic compounds is also likely to play a role.?6-3
Moreover, the presence of large amounts of fat or protein in the food has also been suggested to
reduce the GL,'%% possibly by slowing gastric emptying 3'*? and increasing insulin secretion.*?

THE GLycemic INDEX AND DIABETES

The GI is of considerable importance in understanding the etiology of diabetes, as well as cardio-
vascular disease (CVD) and the metabolic syndrome in which insulin resistance is a central
feature.!$33-35 Recent epidemiological studies have indicated that low-GI diets have a protective
effect in the development of type 2 diabetes.?*>> For example, Salmeron and colleagues found that
when comparing the highest to lowest quintiles of GI in a population of 42,000 men over 6 years,
men in the highest quintile had a 37% greater risk of developing diabetes.?* Similar results were
found in a cohort of 65,173 in the Nurses Study, in which the glycemic load was also shown to be
an important predictor for type 2 diabetes.?* More recently, analysis of data from the second Nurses
Health Study demonstrated that consumption of a diet with a high GI and a low intake of cereal
fiber were associated with increased risk of type 2 diabetes in a younger female population.’

High-GI foods lead to rapid rise in blood glucose levels, high glucose peaks, and increased
insulin demand, and it is suggested that this is the link between high-GI diets and type 2 diabetes.
High circulating insulin levels cause down-regulation of insulin receptors, lowering insulin effi-
ciency and resulting in insulin resistance®; thus, a vicious circle is set up by increasing blood
glucose levels and insulin secretion. Insulin resistance is known to be a risk factor for type 2
diabetes.’*® Low-GI foods delay absorption of glucose, resulting in lower peak levels of blood
glucose and insulin concentrations, which are therefore less likely to lead to insulin resistance.’¥

Low-GI diets are also considered to have therapeutic advantages in the treatment of diabetes
compared to high-GI diets. 82239414346 Numerous clinical studies have indicated that diets charac-
terized as producing low blood glucose responses postprandially (i.e., low-GI diets) improve long-
term glycemic control in people with type 2 diabetes.*3#44750 Augustin and coauthors recently
reviewed the role of the GI in chronic disease. They reported that, in 10 out of 14 studies, reductions
in blood concentrations of glycated hemoglobin and/or fructosamine (both indices of improvements
in glycemic control) were achieved in type 1 and type 2 diabetic subjects.’! Indeed, recent meta-
analyses of randomized controlled trials showed that low-GI diets vs. high-GI diets had beneficial
effects on indices of carbohydrate and lipid metabolism (i.e., reductions in glycated hemoglobin
and total cholesterol, respectively) in healthy and type 2 diabetic subjects.>?
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Currently, the number of low-GI foods (e.g., legumes) consumed in the U.K. is very limited,
and many are not popular components of a typical Western diet. This makes it very difficult in
practice to manipulate the diet in order to lower the GI to any significant extent.*>33* However,
the GI of starch-rich foods can be reduced in several ways — e.g., by manipulating processing
conditions or by adding specific dietary ingredients such as organic acids,” amylase-resistant
starches, 84041 and water-soluble NSPs (“soluble fiber”).!8:31-34:45-50

THe RoLe oF WATER-SoLuBLE NSP

For many years, the potential for so-called “soluble fiber” in plants to moderate postprandial levels
of blood glucose, with potential benefits in glycemic control, has been of interest. The distinction
made between water-soluble and -insoluble NSP is based only on in vitro studies and chemical
analyses of cell wall material. It is not known, therefore, to what degree the soluble fractions of
plant cell walls (e.g., pectins from vegetable sources) solubilize in the stomach and small intestine,
although this is more likely to occur if the food has been mechanically and/or heat processed.®>
Assuming that some degree of solubilization takes place in the GI tract, the magnitude of effect
of the soluble fraction on the rheological properties of digesta will depend critically on the molecular
size and concentration of the polymer in the aqueous phase. The term soluble fiber can therefore
be misleading for several reasons — perhaps most importantly because of a lack of information
about the way that soluble NSPs behave in the gut lumen, as distinct from in the laboratory, but
also because, in normal diets, the soluble NSP will be consumed as part of a complex food system.!°

Most studies examining the potentially beneficial effects of water-soluble NSPs have been
carried out by adding specific, purified materials extracted from plants and added to test meals.
The earliest studies were performed by Jenkins and co-workers, who fed breakfasts of bread
supplemented with guar gum (a galactomannan) and jam fortified with pectin (mainly composed
of galacturonic acid).’” They reported that, compared to a control meal of ordinary bread and jam
containing the same amount of available carbohydrate, a test meal of guar and pectin reduced the
blood concentrations of glucose and insulin at intervals from 30 minutes to 2 hours postprandially.
In the past three decades, similar effects have been seen in single-meal studies using a variety of
plant sources rich in water-soluble NSP. These sources include guar gum,’®* psyllium seed,%0-5
pectins,>’8 konjac (a glucomannan derived from the tubers of Amorphophallus konjac C. Koch),53-64
and cereals, including B-glucan extracts from oats%-%7 as well as arabinoxylan extracts derived from
wheat.5

As the concept of functional food science has developed, more products containing soluble
NSP have been developed. Studies examining the longer term effects of addition of these products
to the diets of patients with diabetes have demonstrated improved glycemic control®-7> and bene-
ficial effects on blood lipid levels®717> in type 1 and type 2 diabetes. Improvements in glycemic
control and lipid metabolism were mainly seen as reductions in glycated hemoglobin and fasting
blood concentrations and in total and LDL cholesterol, respectively.

MEcHANISMS OF AcCTION OF Viscous POLYSACCHARIDES

Guar gum has been the most commonly used polysaccharide in studies examining the effects of
these materials in diabetes; its ease of isolation and purification explains why it is frequently used
as a “model” polymer in physiological and clinical studies. Also, because it is well characterized
with respect to other sources of dietary nonstarch polysaccharide, it is an ideal candidate for clinical
use. It is extracted from the seed endosperm of a leguminous plant (Cyamopsis tetragonoloba (L.)
Taub; see Figure 14.1) indigenous to the Indian subcontinent.

To recover guar gum from the seed, the endosperm halves (splits) must be separated from the
hull and the cotyledon. The splits are ground to a fine flour and may then be purified by repeated
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FIGURE 14.1 Pictures of pods, seeds, and endosperm extract of the guar plant (Cyamopsis tetragonoloba
(L.) Taub.), a member of the Leguminosae family. (a) Green pods, scale bar = 1.3 cm. (b) Dried pods, scale
bar = 1.6 cm. (c) Seeds, scale bar = 1 cm. (d) Endosperm halves (splits), scale bar = 1 cm. (e) Guar gum
flour, scale bar = 1 cm. (f) Scanning electron micrograph of guar gum flour, scale bar = 100 wm. (From Ellis,
PR., et al., Handbook of Dietary Fiber, Marcel Dekker, New York, 2001. With permission.)
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alcohol washings. In this way, guar gum is commercially produced as a flour and is frequently
used as an additive (E412) in the food industry for its thickening and stabilizing properties.”

The ability of the galactomannan component of guar gum to hydrate and increase the viscosity,
or thickness, of the intestinal contents is an important determinant of its physiological effects. The
majority of polysaccharides used in nutritional studies exist in solution as “random coils” and the
number and molecular size of the polymer chains are critical determinants of viscosity and thus
physiological activity.?

One reasonable explanation of the effects of guar on postprandial blood glucose and insulin is
that it reduces the rate (and perhaps the extent) of digestion and absorption of available carbohydrate
in the gastrointestinal tract.””7® Obtaining quantitative estimates of glucose absorption in humans
is extremely difficult; for example, measuring direct glucose delivery to the liver is not possible
because access to the hepatic portal vein is very difficult. However, studies in pigs — a useful
animal model for studies on dietary polysaccharides — have provided direct evidence that guar
gum decreases the rate of glucose absorption. In these experiments, it was possible to measure
glucose concentrations simultaneously in the hepatic portal vein and peripheral blood (via the
mesenteric artery) as well as the flow rate of the portal blood. Significant reductions in glucose
absorption over 4 hours were observed in the experimental animals given guar gum doses equivalent
to those consumed by humans in clinical studies.”®#

In the same studies, insulin secretion was significantly decreased over the same period in
response to the guar diet. This suggests that the attenuation in the plasma insulin levels seen in
humans is attributed to a reduction in insulin secretion from the pancreatic islet $-cells in response
to a lowered rate of glucose absorption. Also, a number of human studies have shown that guar
gum decreases the postprandial rise in the insulinotropic hormones, plasma gastric inhibitory
polypeptide, and glucagon-like peptide-1; this may partly explain the insulin-lowering action of
guar gum.?82 Another interpretation of data showing decreases in the peripheral blood insulin
concentrations is that hepatic extraction of insulin, a normal process by which insulin is removed
from the blood circulation, has increased. Studies carried out to substantiate this have been largely
contradictory, however.

In relation to long-term studies of insulin action in experimental animals and humans, it has
been reported that guar gum increases (improves) insulin sensitivity.®* A reduction in sensitivity to
insulin (i.e., insulin resistance) is seen as a decrease in the response of tissues to insulin stimulation
and is considered to be an important risk factor for coronary heart disease and type 2 diabetes.?*

There is little doubt that the consumption of guar gum, whether mixed in a drink or solid food,
can significantly modify digesta properties at all sites of the gastrointestinal tract. One important
feature is the capacity of guar gum at relatively low concentrations to form a highly viscous network
in solution. In complex systems such as those in the stomach and gut lumen, it is unlikely that one
mechanism can fully explain the effects of guar gum. A number of physicochemical mechanisms
may be involved that are largely dependent on the type and form of the guar gum ingested (this
has been discussed in detail by Ellis et al.!?). Much of the literature indicates that guar gum decreases
the rate of glucose absorption into the hepatic portal vein by inhibiting the processes associated
with digestion and absorption of available carbohydrates. These processes include gastric function,
intestinal transit and mixing, a-amylase—starch interactions, and the movement of products of starch
hydrolysis to the gut mucosa.

Also important, particularly when the NSP is part of a complex food matrix such as bread,
may be the inhibition of the rate of digestion by the formation of an enzyme-resistant “barrier”
around the starch granules.®> To investigate this possibility, the topological relationship between
the galactomannan and starch in wheat bread was examined, using a range of microscopical
techniques; the effect of galactomannan on the rate of hydrolysis of wheat starch by pancreatic a-
amylase was also determined. Microstructural studies of digesta taken from pigs 4 hours after they
had been fed guar wheat bread revealed that the galactomannan component of guar gum still adhered
to the surface of individual starch granules in the bread.’® This suggests that, in addition to its
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rheological effects, the galactomannan polymer may also act as a physical barrier to enzyme—
substrate interactions and the release of nutrients from the food matrix.

A more recent study has also shown that guar galactomannan inhibits the action of pancreatic
amylase by binding noncompetitively with the enzyme.®” These binding mechanisms may partly
explain why guar galactomannan partially depolymerized to reduce molecular weight still retains
its capacity to reduce postprandial hyperglycemia and plasma insulin concentrations in diabetic
and nondiabetic human subjects.”*%

NEW SOURCES OF PLANT POLYSACCHARIDES

Although only a small range of NSPs extracted from plant sources have been studied in any depth
with respect to their potential biological effects, it is likely that there are other polysaccharides
present in plant foods that are used by particular communities as food thickeners or commodities,
which may have similar effects. For example, in West Africa, various plant materials have tradi-
tionally been used to give a viscous (thickened) texture to soups and stews. Several such materials
were obtained and preliminary studies examined the effect of including flours from three of the
most commonly used materials — Afzelia africana Se Pers, Detarium senegalense Gmelin (both
leguminous seeds), and Cissus rotundifolia (the stem of a shrub) — on plasma cholesterol levels
of rats.

All three materials resulted in lower cholesterol values after feeding for 14 days compared to
the control semisynthetic diet; however, the rats fed A. africana showed some ill-effects.’”88 The
other two materials, D. senegalense and C. rotundifolia, were therefore used for further studies in
healthy adults and in people with diabetes mellitus. The effects of these two plant materials illustrate
the complex ways in which polysaccharides in foods may modify blood glucose and insulin levels.

The materials used in the studies were flours made from the detarium seeds (see Figure 14.2)
and cissus stem prepared as closely as possible to the way in which they are used in Nigeria and
they were initially tested in normal adults. The materials were studied in two breakfast meal formats:
first, they were fed as a stew (with boiled rice providing the carbohydrate load) in the way in which

FIGURE 14.2 Seeds and flour of Detarium senegalense Gmelin.
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FIGURE 14.3 Incremental plasma glucose concentrations of healthy human subjects at five time points after
meals of stew and rice or bread and jam (c,d) containing detarium flour (------ ), cissus flour (-*A-++), or without
plant flour supplement (_ _ _). (From Onyechi, U.A., Judd, P.A., and Ellis, PR., Br. J. Nutr., 80, 419428,
1998. With permission.)

they would be traditionally eaten in Nigeria; second, they were fed after incorporation into wheat
bread.>* In each case, the effect of the NSP-containing meals was compared with a similar meal
without the added fiber. Compared to the control meals, the detarium and cissus meals elicited
significant reductions in plasma glucose levels at most time points (measured at 30-minute intervals
for 2.5 hours) and in the overall area under the blood glucose curve (AUC reductions 38 to 62%).
Significant reductions were also seen in plasma insulin concentrations at various postprandial time
points and for the area under the curve for the detarium and cissus breads, but not for the stew
meals (see Figure 14.3).

The results of this study illustrate several of the points made in the earlier part of this review.
Analysis of the detarium flour shows that it contains about 600 g/kg of a water-soluble non-starch
polysaccharide composed mainly of xyloglucan with an intrinsic viscosity of 8 to 9 dl/g — i.e., it
is a high molecular weight polymer.8> It is also clear from characterization studies (e.g., rheology)
of the extracted xyloglucan that this component is responsible for the increase in viscosity when
the detarium flour is added to water.8 It is likely, therefore, that the viscosity-producing effect
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of the xyloglucan in detarium has an important, if not major, role in slowing the rate of digestion
of available carbohydrate in the detarium meals.

When detarium was fed in the form of bread in which the polysaccharide was intimately mixed
with the wheat flour and baked, a greater reduction in blood glucose levels was found (despite the
actual concentration of the polysaccharide being slightly less). This suggests that the presence of
detarium xyloglucan acts as a “barrier” to amylase—starch reaction in the small intestine, as shown
previously with guar gum.?® This illustrates the concept that the physicochemical properties of
NSPs and the form in which the NSPs are fed are important factors when assessing biological
activity.

Preliminary analysis of the cissus flour indicates that it contains a water-soluble, nonstarch
polysaccharide with an intrinsic viscosity of 5.5 dl/g — i.e., significantly lower than that of detarium
flour. The cissus stew meal contained about 40% less water-soluble non-starch polysaccharide than
the detarium meal and yet had similar blood glucose-lowering effects. This may be explained by
the differences in the types of starch between the meals containing detarium and cissus. The meals
had similar amounts of starch, but about 50% of the starch in the cissus meal was accounted for
by the uncooked cissus flour, which was added to the stew towards the end of cooking. It is therefore
possible that the starch in the flour was less swollen and gelatinized than that in the rice and bread.
This could account for the better than predicted effect of the cissus in the stew. The starch may
also have been more resistant to amylase action in the upper gastrointestinal tract®?; some indication
of this was seen in the preliminary testing of the African foods in a rat model.?”# In the bread
study, when similar amounts of water-soluble, nonstarch polysaccharide were fed, the cissus bread
appeared less effective at lowering blood glucose and insulin than the detarium bread was. Compared
with the stew meal, the starch in the cissus may have been rendered more digestible by the cooking
process, thus increasing the glycemic response.

Because the effects of the detarium were more marked than those for cissus when given as a
bread meal, it was decided to test the effect on blood glucose and insulin of breakfasts containing
detarium-supplemented bread in 12 patients with type 2 diabetes. The results demonstrated signif-
icant depressions in the glycemic and insulinemic responses. In this study, the detarium bread had
a GI of 65 compared to standard white wheat bread with a GI of 100.%

Foods such as detarium, cissus, and a range of others are part of the traditional diet in West
Africa, but are consumed less as populations become more urbanized. It is interesting to speculate
whether the move away from their use may be contributing to the increase in incidence of diabetes
in developing populations.®

CONCLUSIONS

Dietary polysaccharides are high molecular weight compounds with complex structures and prop-
erties. Some, such as starches, will act as an energy source in the body; however, the digestion of
the starches and the availability of hydrolyzed products released (e.g., maltose) will depend upon
many factors including, most importantly, the structure and properties of the starch, which will
vary in different foods. As part of an intact plant cell wall, NSPs will affect the way in which the
available carbohydrate is released from plant cells and plant polysaccharide extracts that form
viscous solutions in water have specific effects in reducing postprandial blood glucose. When added
to foods, these soluble NSPs will reduce the GI of carbohydrate containing foods.

Plant foods naturally high in NSP and starch, such as many legume species, usually have a
low GI; this may be due not only to the presence of the NSP, but also to the physical state of
intracellular starch and perhaps to the presence of a-amylase inhibitors. These properties have been
thoroughly researched over the last three to four decades and are all important in the diet of people
with DM. This view would probably not have surprised the ancient Indian physicians who wrote,
at least as early as the first century A.p. (in the Caraka—Samita), of the use of legumes in the
treatment of glycosuria — even before Aretacus had applied the term diabetes.!
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Saponins have been known to be natural detergents, which are structurally constructed of aglycone
(triterpenes or steroids) and sugar moieties and are widely distributed throughout the plant kingdom;
several types have been found in animals. Saponins have been shown to have many biological and
pharmacological functions such as hemolysis, piscicidal, cardiotonic, hypoglycemic, hypo-
cholesterolemic, immunomodulatory, hepatoprotective, anti-inflammatory, antioxidant, and anticar-
cinogenic activities.! The hypoglycemic and/or antihyperglycemic effects of various saponins have
been reported using experimental animals, but very few studies on humans have been conducted
using purified or partially purified saponins.

Recent studies of saponins from several Chinese medicinal herbs revealed that saponins are
metabolized by intestinal microflora; the metabolites are then absorbed via the gastrointestinal tract
and act systemically.>* However, in most studies of the hypoglycemic effects of saponins, they
were intraperitoneally administered to diabetic mice and rats without this consideration. On the
other hand, our recent studies about triterpene saponins with antihyperglycemic effects in sugar-
loaded rats suggested that various saponins act in the gastrointestinal tract to inhibit the rate of
gastric emptying and the glucose uptake at intestinal brush border membranes as their mechanism
of action. This chapter reviews saponin research of the last decade focusing on the hypoglycemic
effects in experimentally diabetic animals and accelerating effects on glucose uptake in vitro,
followed by our recent studies of the antihyperglycemic effects of triterpene saponins.
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STEROIDAL SAPONINS WITH HYPOGLYCEMIC EFFECTS IN
DIABETIC ANIMALS

Two steroidal saponins, PO-1 (1) and PO-2 (2) (Figure 15.1) were isolated as hypoglycemic
constituents from the rhizomes of Polygonatum falcutum (Liliaceae). Compound 2 showed marked
hypoglycemic activity after intraperitoneal (i.p.) injection into normal mice. In addition, compounds
1 and 2 showed significant hypoglycemic effects in streptozotocin (STZ)-induced diabetic mice.
However, a sapogenol, diosgenin (3), did not affect the blood glucose level in normal or STZ-
induced diabetic mice (Table 15.1).°

Pseudoprototimosaponin AIII (4), prototimosaponin AIII (5), and timosaponin AIII (6) (Figure
15.2) isolated from the rhizomes of Anemarrhena asphodeloides (Liliaceae) showed hypoglycemic
activity at a dose of 50 mg/kg, i.p., in alloxan-induced diabetic mice. In STZ-induced diabetic
mice, compounds 4 and 5 also lowered the blood glucose levels in a dose-dependent manner, and

RO

PO-1 (1): R=-Gal-%Glc [25 (R) +25 (S)]

PO-2 (2): R:—GaliGlc\% Glc [25 (R) +25 (S)]
diosgenin (3): R=H [25 (R)] XYl
Gal: B-D-galactopyranosyl, Glc: -D-glucopyranosyl

FIGURE 15.1 Structures of PO-1 (1) and PO-2 (2) from Polygonatum falcutum.

TABLE 15.1
Effects of PO-1 (1) and PO-2 (2) and Diosgenin (3) on
Blood Glucose Levels in STZ-Induced Diabetic Mice

Blood Glucose

(mg/100 ml)
Dose
(mg/kg, i.p.) 0h 4h
Control — 587 £ 28 545 = 30
PO-1 (1) 10 577 £ 18 501 = 182
50 535 +24 342 + 34°
PO-2 (2) 10 538 + 8 453 £ 28*
50 557 + 17 383 + 36°
Diosgenin (3) 10 570 = 28 640 = 28
50 568 = 48 531 =29

Note: Values are means = S.E. (n = 4-7).

“ p <0.05.
b p<00l.

Source: A. Kato et al., Biol. Pharm. Bull. 18, 1995, 167-168.
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Gle-2-Gal-O

H
pseudoprototimosaponin AlII (4) prototimosaponin AlII (5) timosaponin AlII (6)

FIGURE 15.2 Structures of pseudoprototimosaponin AIIl (4), prototimosaponin AIII (5) and timosaponin
AlII (6) from the rhizomes of Anemarrhena asphodeloides.

the 50% inhibitory dose values were 4.33 and 6.62 mg/kg, respectively. They did not affect glucose
uptake in isolated diaphragms or insulin-releasing activity in mouse pancreas, suggesting that
the hypoglycemic mechanism may be due to inhibition of hepatic gluconeogenesis and/or glyco-
genolysis.

TRITERPENE SAPONINS WITH HYPOGLYCEMIC EFFECTS IN
DIABETIC ANIMALS

The 1-butanol extract and a principal dammarane-type triterpene saponin constituent, christinin-A
(7) (Figure 15.3) isolated from an Egyptian folk medicine consisting of the leaves of Zizyphus
spina-christi (Rhamnaceae) significantly reduced the serum glucose level and liver phosphorylase
and glucose-6-phosphatase activities, and it significantly increased the serum pyruvate level and
liver glycogen content after 4 weeks treatment in STZ-induced diabetic rats. Glucose utilization in
normal and diabetic rats was markedly improved, and serum insulin and pancreatic cAMP levels
showed significant increases in diabetic rats.’

Kim et al. reported hypoglycemic effects of oleanane-type triterpene saponins, kalopanaxsa-
ponins, using STZ-induced diabetic rats. The hypoglycemic effects of hederagenin 3,28-bisdesmo-
sides, kalopanaxsaponins B (10) and H (11), from Kalopanax pictus (Araliaceae) and hederagenin
(8) and kalopanaxsaponin A (9) (Figure 15.4) obtained as the metabolite of compound 10 by human
intestinal microflora were examined in the diabetic rats. Compounds 10 and 11 (25 or 50 mg/kg,
i.p.) did not show hypoglycemic effects in the diabetic rats. However, metabolite (9) showed a
marked hypoglycemic effect in the diabetic rats at a dose of 25 mg/kg, i.p. In addition, compound
9 effectively reduced the level of serum total and serum VLDL- and LDL-cholesterol, total

GlciAi‘a(p)— (e]
2 e,
Fuc Ara(p): o-L-arabinopyranosyl,
Fuc: a-D-fucopyranosyl,
Glc: B-D-glucopyranosyl

FIGURE 15.3 Structure of christinin-A (7) from Zizphus spina-christi.
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hederagenin (8)

COOH COO— Glc-2-Gle—*Rha

R-2-Rha-2-Ara(p) —O

kalopanaxsaponin B (10): R=H

kalopanaxsaponin A (9) kalopanaxsaponin H (11): R=Xyl

Ara(p): a-L-arabinopyranosyl, Glc: B-D-glucopyranosyl,
Rha: o-L-rhamnopyranosyl, Xyl: B-D-xylopyranosyl

FIGURE 15.4 Structure of kalopanxsaponins A (9), B (10), and H (11) from Kalopanax pictus.

TABLE 15.2
Effects of Hederagenin (8) and Kalopanaxsaponins A (9), B (10), and H (11) on Serum
Glucose, TG, and Cholesterol (Total and VLDL + LDL) Levels in STZ-Induced Diabetic

Rats
Cholesterol
(mg/100 ml)
Dose Glucose TG
(mg/kg, i.p.)  (mg/100 ml) (mg/100 ml) Total VLDL + LDL
Normal — 88.5 + 10.6* 74.7 £ 12.92 86.9 + 8.22 58.9 + 6.7%
Control (STZ) — 3233 +525 132.2 £ 20.3 127.5 + 7.7 105.2 = 12.1
Hederagenin (8) 50 203.3 4570 107.1 = 10.8*  107.2 + 9.4 88.5 = 10.9*
Kalopanaxsaponin A (9) 25 105.8 + 12.22 99.0 = 10.00  104.1 = 6.7* 69.4 + 15.32
Kalopanaxsaponin B (10) 50 315.0 £49.5 128.1 = 17.4 117.4 = 17.5 110.7 = 14.0
Kalopanaxsaponin H (11) 25 320.8 = 54.2 119.8 = 13.3 1169 = 153 108.0 = 17.1

Note: Values are means = S.D. (n = 8).

a p <0.05.

Source: D.H. Kim et al., Biol. Pharm. Bull. 21, 1998, 360-365.

lipid, and triglyceride (TG) levels in the diabetic rats. The sapogenol, hederagenin (8), showed
weak activity (Table 15.2).8

An oleanane-type triterpene saponin, kaikasaponin III (12) (Figure 15.5), from the flowers of

Pueraria thunbergiana (Leguminosae) showed potent hypoglycemic and hypolipidemic effects in
STZ-induced diabetic rats. Treatment with this saponin (5 and 10 mg/kg, i.p.) for 7 days reduced
the blood glucose, total cholesterol, LDL- and VLDL-cholesterol, and TG levels. Kaikasaponin III
(12) protected the Vero cell line (normal monkey kidney) from injury by hydrogen peroxide. This
antioxidant action was suggested to alleviate the STZ-induced toxicity and contribute to the
hypoglycemic and hypolipidemic effects of this saponin.’
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GlcA—O
|2
Gal
|2 Gal: B-D-galactopyranosyl,
Rha GlcA: B-D-glucopyranosiduronic acid,
Rha: o-L-rhamnopyranosyl

FIGURE 15.5 Structure of kaikasaponin III (12) from Pueraria thumbergiana.

TRITERPENE SAPONINS WITH ACCELERATING EFFECTS ON
GLUCOSE TRANSPORT IN VITRO

Glucose transporters (GLUTS) are considered to play important roles in providing glucose to various
types of cells, regulation of blood glucose levels, absorption of glucose in the intestine and kidney,
and regulation of insulin secretion in the pancreas. The root of Panax ginseng (Araliaceae) is one
of the most important ingredients in traditional medicines in China, Japan, Korea, and other Asian
countries for the treatment of various diseases, including psychiatric and neurological diseases and
diabetes mellitus. Using sheep erythrocytes, Hasegawa et al. examined the effects of the saponin
constituents (ginsenosides) form P. ginseng and related dammarane-type triterpene saponins on the
initial rates of glucose transport by measurements of 2-deoxy-D-glucose (2-DG) uptake.

The extract (100 ug/ml) of P. ginseng stimulates glucose transport in sheep erythrocytes. The
saponin constituents, ginsenosides — Rb, (14), Rb, (15), Rc (16), Re (21), Rf (22), Rg, (23), Rg,
(24), Rh, (25), and F1 (20) — and their sapogenols — 20(R)-protopanaxadiol (18), 20(S)-proto-
panaxatriol (19) (Figure 15.6), and oleanolic acid (26) — had significant stimulatory effects on 2-
DG uptake with an increase of 15 to 30% at concentrations of 0.01 to 10 uM. The maximum
stimulatory effect was observed at 0.1 uM of 20(S)-protopanaxatriol (19) and represented an
increase of 29% over the basal level. In contrast, chikusetsusaponin Ia (17) had significant inhibitory
effects (14% under the basal level at 10 uM). It appears likely that their stimulatory effects on
glucose uptake via GLUT1 play an important role in various metabolic reactions of tissues, which
contribute to the tonic action on the human body.!°

TRITERPENE SAPONINS WITH ANTIHYPERGLYCEMIC EFFECTS IN
SUGAR-LOADED ANIMALS

Medicines that reduce postprandial hyperglycemia by suppressing the absorption of carbohydrates
have been shown to be effective for prevention and treatment of non-insulin-dependent diabetes
mellitus. Many foodstuffs are known to have not only nutritive and taste values but also medicinal
effects. Recently, the methanolic extracts of several medicinal foodstuffs were found to show potent
inhibitory activity on the increase of serum glucose levels in oral sucrose or glucose-loaded rats.

Through a bioassay-guided separation, many triterpene saponins were isolated as the active
principles and their chemical structures were determined. By examination of the structure require-
ments for the hypoglycemic activity, the active saponins could be classified into three types''-!3
(Figure 15.7):



278 Traditional Medicines for Modern Times: Antidiabetic Plants

R! R2
(13) -H -H
(14): -Glc2Gle  -Glc2Glc
ginsenoside-Rb, (15): ~Glc2Glc —GlciAra(p)
(16)
(17)

RI R2

20(9)-protopanaxadiol (13): 20(S)-protopanaxatriol (19):

ginsenoside-Rb; (14): H _Glc
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Ara(f): a-L-arabinofuranosyl, Ara(p): a-L-arabinopyranosyl
Glc: 3-D-glucopyranosyl, Rha: a-L-rhamnopyranosyl,
Xyl: -D-xylopyranosyl

HO

7
‘e,

20(R)-protopanaxadiol (18)
FIGURE 15.6 Structure of ginsenosides (14—17, 20-25) and related compounds from Panax ginseng.

Olean-12-en-28-oic acid 3-monodesmoside
Acylated polyhydroxyolean-12-ene 3-monodesmoside
Olean-12-ene 3,28-acylated bisdesmoside

These types of saponins were found to exhibit antihyperglycemic effects on oral glucose-loaded
rats, mainly by decreasing the rate of gastric emptying and partly by inhibiting the glucose transport
system at the small intestinal brush border.

OLEAN-12-EN-28-01Cc AcID 3-MONODESMOSIDES

The bark and root cortex of Aralia elata (Araliaceae) have been used in Japanese and Chinese
traditional medicines as a tonic and as antidiabetic and antiarthritic agents. The young shoot of this
medicinal plant, which is commonly called “taranome” in Japanese, has been known as a food
garnish in Japanese-style dishes. It was found that the methanol extracts of the bark, root cortex,
and young shoots of this plant have an inhibitory effect on the increase in serum glucose levels in
sucrose- or glucose-loaded rats.

The methanol extracts were subjected to bioassay-guided separation procedures to afford 11
new oleanane-type triterpene saponins named elatosides A through K, together with many known
oligoglycosides. Among the compounds tested, oleanolic acid 3-monodesmosides (elatosides A, E,
and 1) and caulophyllogenin (olean-33,16a,23-trihydroxy-12-en-28-oic acid) 3-monodesmosides
(elatosides G), and ectinocystic acid (olean-3f,160-dihydroxy-12-en-28-oic acid) 3-monodesmo-
side (elatoside H) showed antihyperglycemic effects in sucrose-loaded rats at a dose of 100 mg/kg,
p-o. On the other hand, the 3,28-bisdesmosides of their aglycone (elatosides C, F, and K) exhibited
weak inhibitory effects and oleanolic acid (26), an aglycone of these saponins, lacked the activity
completely. 416
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FIGURE 15.7 Three types of triterpene saponin with antihyperglycemic effect.

Furthermore, many oleanolic acid glycosides have been obtained from various natural medi-
cines, such as:

Betavulgarosides from Bera vulgaris (leaves and roots, Chenopodiaceae)!'-2

Momordins and kochianosides from Kochia scoparia (fruit, Chenopodiaceae) and
Momordica cochinchinensis (seeds and roots, Cucurbitaceae)?!-?

Basellasaponins from Basella rubra (aerial parts, Basellaceae) and Spinacia oleacea (aerial
parts, Chenopodiaceae)?>>*

Calendasaponins from Calendula officinalis (flowers, Compositae)>

Chikusetsusaponins from Panax japonicus (rhizomes, Araliaceae)

The effects of these glycosides on the increase in serum glucose levels in glucose-loaded rats
have been examined to clarify structure—activity relationships for the antihyperglycemic activity.
An example of the results is shown in Figure 15.8. Oleanolic acid 3-O-glucuronide (27) and
momordin Ic (30) strongly inhibited the increase in serum glucose levels. The 3-O-f-D-glucopyr-
anosyl derivatives (29, 32) also produced significant inhibition but were weaker than the corre-
sponding 3-O-glucuronides (27, 30), respectively.

On the other hand, the 6'-methyl esters (28, 31) lacked significant activity. Momordin Ilc (34)
and compound O (33), which have a 28-ester glucoside moiety, also lacked activity. These results
suggest the following structure requirements of oleanolic acid glycosides?®:

* The 3-O-glycoside moiety is essential for activity.
e The 28-ester glucoside moiety reduces activity.
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oleanolic acid (26): R'=H
compound O (33): R'=Glc
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ol & 0 27
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oleanolic acid 3-O-glucuronide (27): H H COOH 30
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FIGURE 15.8 Chemical Structures of oleanolic acid (26) and its glycosides (27-34) and their effects on
serum glucose levels in oral glucose-loaded rats.® Each column represents the mean with S.E. of serum
glucose levels at 30 min after administration of D-glucose (0.5 g/kg, p.o.). Values are means + S.E. (n =5,
6), *¥p<0.01. (From Matsuda, H. et al., Biol. Pharm. Bull., 1998. With permission.)

e The 3-O-glucuronic acid glycosides are more potent than the 3-O-glucopyranosyl
analogs.
e The 6'-methyl ester of glucuronic acid moiety markedly reduces the activity.

ACYLATED POLYHYDROXYOLEAN-12-ENE 3-MONODESMOSIDE
Escins

Escin, one of the most important saponin constituents, is known as a mixture of saponins occurring
in the seeds of Aesculus hippocastanum (horse-chestnut tree, Hippocastanaceae). Due to its anti-
inflammatory, antiedematous, and capillaroprotective properties, escin is widely employed in ther-
apy of peripheral vascular disorders and also in the cosmetic field for prevention and treatment of
cellulitis.

The methanol extract and saponin fraction from the seeds of Aesculus hippocastanum L.
were found to show an inhibitory effect on increases in serum glucose levels in glucose-loaded
rats. Through the bioassay-guided separation, various acylated saponins named escins Ia (35),
Ib (36), IIa (40), IIb (41), IlIa, IIIb, IV, V, and VI and isoescins Ia (37), Ib (38), and V (Figure
15.9) were isolated and their chemical structures determined on the basis of chemical and
physicochemical evidence.

Escins (35, 36, 40, 41), desacylescins (36, 40), and isoescins (37, 38, 42) were examined for
inhibitory activity on the increase in serum glucose levels in oral glucose-loaded rats. As shown
in Table 15.3 a single oral administration of the saponin fraction (200 mg/kg) from horse-chestnut
seeds showed antihyperglycemic activity. The principal saponin constituents, escins (35, 36, 40,
41), in the saponin fraction were found to exhibit antihyperglycemic activity at a dose of 100 mg/kg,
and escin ITa (40) showed the most potent activity among them. In addition, escins IIa (40) and
IIb (41) with the 2'-O-xylopyranosyl moiety in their oligosaccharide part were found to show much
more potent activity than escins Ia (35) and Ib (36) that had the 2'-O-glucopyranosyl moiety. On
the other hand, isoescins Ia (37), Ib (38), and Ila (42) showed less activity than compounds 35,
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FIGURE 15.9 Chemical Structures of escins (35, 36, 40, 41) and isoescins (37, 38, 42) from the seeds of
Aesculus hippocastanum.

36, and 40, respectively; desacylescins I (39) and II (43) lacked the activity. This evidence suggests
that the 21,22-acyl groups in escins are essential for the antihyperglycemic activity.?-»

Gymnema Saponins

The leaves of Gymnema sylvestre, known as “gur-mar” in Indian folklore, have been used as a
stomachic, a diuretic, and a remedy for cough and eye pain. Recently, the crude saponin fraction
of this plant named “gymnemic acid” was shown not only to suppress sweet test sensation but also
to inhibit glucose absorption in the small intestine of rats in sucrose-loaded rats. Several purified
saponins of G. sylvestre (e.g., gymnemoside b, 45, and gymnemic acids II, 47; IV, 49; and V, 50)
inhibit glucose absorption in vitro and/or in in vivo experiments, but not so strongly.0-32

Shimizu et al. also reported that the related saponins GiA-2, GiA-5, and GiA-7 from G.
inodorum inhibited glucose absorption in vitro, and concluded that the 23-hydroxyl group was
important for the activity.?* In STZ-induced diabetic mice, saponin fraction (60 mg/kg, i.p.) and
gymnemic acid IV (49) (3.4 to 13.4 mg/kg, i.p.), but not gymnemic acids I through III (46, 47,
and 48) (Figure 15.10) reduced the blood glucose levels by 13.5 to 60% 6 h after the administration.
This was comparable with the potency of glibenclamide and did not change the blood glucose
levels of normal mice.?*

Tea Saponins

Theasaponins E, (52) and E, (53) (Figure 15.11), assamsaponins A through I, and camelliasaponin
B were isolated from the seeds and leaves of Camellia sinensis and/or C. sinensis var. assamica.
The saponin fraction (100) (200 mg/kg, p.o.) and a principal saponin, theasaponin E, (52) (25 and
50 mg/kg, p.o.), strongly inhibited the rate of gastric emptying, which influences sugar absorption
from the intestinal tract in mice. However, another principal saponin, theasaponin E, (53), lacking
the 22-acetyl moiety did not bring about such an effect.3>3
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TABLE 15.3

Inhibitory Effects of the Saponin Fraction, Escins (35, 36, 40, 41), Isoescins
(35, 38, 42), and Desacylescins (39, 43) on Increase in Serum Glucose
Level in Glucose-Loaded Rats

Dose Serum Glucose Levels (mg/100 ml)
(mg/kg, p.o) n 05 h 1h 2h

— 4 91.1 = 3.4° — —
Control (glucose loading) — 5 168155 — —
Saponin fraction 200 5 139.1 £ 6.0° — —
Control (normal) — 15 80.3 £ 2.7° 100.2 = 3.3 90.1 = 3.1°
Control (glucose loading) — 16  147.6 = 3.0 138.1 2.8 107.6 + 3.4
Escin Ia (35) 50 5 132.5 + 8.8 140.5 = 5.7 118.6 = 3.5

100 5 1173 3.6 130.9 = 5.7 100.5 = 6.1
Escin Ia (36) 50 5 1403 =114 148.6+34 111.2 £35

100 5 127149 1437 £ 4.2 107.7 £ 8.0
Escin Ila (40) 50 5 130.3 = 14.5 1450 5.9 123.0 £ 4.12

100 5 98.4 + 7.2 105.9 = 7.8° 929 +74
Escin IIb (41) 50 5 1198 7.9 1325 +6.3 109.4 = 4.6

100 7 107.7 £5.5° 1249 + 4.9 106.4 = 6.4
Desacylescin I (39) 100 5 140.6 £ 5.7 136.6 + 3.6 1147 £ 1.8
Desacylescin II (43) 100 5 146245 140.4 £ 7.5 1189 3.8
Isoescin Ia (37) 100 4 1247 =49 148.8 + 144  130.5 = 16.6
Isoescin Ib (38) 100 4 1314 =8.1 1384 = 11.2 1114 =43
Isoescin Ila (42) 100 4 1260 = 4.5° 150.9 = 4.2 118.1 £ 11.6

Notes: Glucose solution (10% w/v) was given orally (5 ml/kg) to fasted rats. Blood samples were
collected 0.5, 1, and 2 h after glucose loading. Test samples were given orally 30 min before
administration of glucose. Values are means + S.E.

a p < 0.05.
b p <00l

Source: M. Yoshikawa et al., Chem. Pharm. Bull. 44, 1996, 1454-1464.

OLEAN-12-ENE 3,28-ACYLATED BISDESMOSIDE
Senega Saponins

Senegae Radix, the root of Polygala senega and P. senega var. latifolia (Polygalaceae), has been
used clinically as an expectorant. The methanol extract of Japanese Senegae Radix, the root of P.
senega var. latifolia, was found to exhibit an inhibitory effect on increases in serum glucose levels
in glucose-loaded rats. By the bioassay-guided separation, new types of inhibitors named E-sene-
gasaponins a (54), b (57), and c (60), Z-senegasaponins a (55), b (58), and ¢ (61), and Z-senegins
IT (64), III (67), and IV (70) were isolated from Japanese Senegae Radix together with senegins II
(63), III (66), and IV (69) (Figure 15.12).

On the basis of chemical and physicochemical evidence, the chemical structures of E-sene-
gasaponins a (54), b (57), and c (60) having the E-4-methoxycinnamoyl group were determined.
Z-senegasaponins a (55), b (58), and ¢ (61) and Z-senegins II (64), III (67), and IV (70) were found
to be the Z-isomers of the 4-methoxycinnamoyl group in E-senegasaponins a (54), b (57), and
¢ (60) and senegins II (63), III (66), and IV (69). In addition, the geometrical isomeric structure
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FIGURE 15.10 Structures of gymnemosides (44, 45) and gymnemic acids (46-51) from Gymnemia sylvestre.

O HO}—0 theasaponin E; (52): R'=Ac, R?=H
e} OH theasaponin E, (53): R'=H, R?=Ac
OH H
HO H OH
OH

FIGURE 15.11 Structures of theasaponins E, (52) and E, (53) from Camellia sinensis.

of the 4-methoxycinnamoyl group in each saponin was also found to show tautomer-like behavior

under irradiation with a fluorescence lamp.

The inhibitory effect of senegasaponins a (54 + 55), b (57 + 58), and ¢ (60 + 61) and senegins
IT (63 + 64), III (66 + 67), IV (69 + 70) (the mixture of E and Z isomers), and their desacyl
derivatives (56, 59, 62, 68, 71) are summarized in Table 15.4. E,Z-senegasaponins a (54 + 55) and
b (57 + 58) and E,Z-senegins II (63 + 64) showed the antihyperglycemic effects in glucose-loaded
rats. On the other hand, their derivatives showed weaker activities than those of senegasaponins
and senegins. Thus, the methoxycinnamoyl group of senegasaponins and senegins is required for

potent activity.?”-°
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R! R R?
E-senegasaponin a (54): H E-MC Api
Z-senegasaponin a (55) H Z-MC Api
desacylsenegasaponin a (56) H H Api
E-senegasaponin b (57) H E-MC H
Z-senegasaponin b (58) H Z-MC H
desacylsenegasaponin b (59) H H H
E-senegasaponin c (60): 6-acetyl-Glc E-MC Api
Z-senegasaponin ¢ (61): 6-acetyl-Glc Z-MC Api
desacylsenegasaponin c (62) Glc H Api
senegin II (63): H E-DMC H
Z-senegin 11 (64) H Z-DMC H
o (¢} e} O desacylsenegin II (65) H H H
CH; senegin 111 (66) Rha E-MC H
HO A H Z-senegin 111 (67) Rha Z-MC H
HO 00 OH R0 OH desacylsenegin III (68) Rha H H
OH senegin IV (69) Rha E-MC Api
H Z-senegin IV (70) Rha Z-MC Api
OH desacylsenegin IV (71) Rha H Api

MC: 4-methoxycinnamoyl, DMC: 3, 4-dimethoxycinnamoyl,
Api: B-D-apiofuranosyl, Glc: B-D-glucopyranosyl,
Rha: o-L-rhamnopyranosyl

FIGURE 15.12 Structures of senegasaponins and senegins from Polygala senega var. latifolia.

Kako et al. also reported that the hypoglycemic effect of the 1-butanol extract (the saponin
fraction; 5 mg/kg) reduced the blood glucose of normal mice from 191 = 3 to 120 = 3 mg/100 ml
4 h after i.p. administration and also showed a significant decrease in the glucose level of KK-AY
mice from 469 + 38 to 244 = 14 mg/100 ml. However, the extract did not show a significant effect
in STZ-induced diabetic mice, suggesting that it needs the presence of insulin to act. In addition,
senegin II (63) was identified as an active constituent of this natural medicine.*

MODE OF ACTION OF TRITERPENE SAPONINS ON THE
ANTIHYPERGLYCEMIC EFFECT IN GLUCOSE-LOADED RATS

The mode of action for the triterpene saponins was studied using oleanolic acid 3-O-glucuronide
(27), momordin Ic (30), escins Ia (35) and Ila (40), and E,Z-senegin II (63 + 64). These saponins
(25 to 100 mg/kg, p.o.) inhibited the increase in the serum glucose level dose dependently 30 min
after oral loading with glucose, but did not lower serum glucose levels in normal and intraperitoneal
glucose-loaded rats. They also lacked hypoglycemic effects in alloxan-induced diabetic mice. The
results suggest that these saponins have neither insulin-like activity nor insulin-releasing activity
and that they affect glucose absorption in the gastrointestinal tract.

Next, the effects of these saponins on the mobility of glucose from the stomach to the small
intestine were examined. Oleanolic acid 3-O-glucuronide (27) (25 and 50 mg/kg, p.o.), momordin
Ic (30) (25 and 50 mg/kg, p.o.), escins la (35) (100 mg/kg, p.o.) and Ila (40) (25 to 100 mg/kg,
p.o.), and E,Z-senegin II (63 + 64) (100 mg/kg, p.o.) significantly suppressed the rate of gastric
emptying (GE) in rats. In particular, compound 30 strongly suppressed GE. These suppressing
effects of the saponins on GE can be important for the inhibition of increases in the serum glucose
level after oral administration of glucose.

To evaluate the inhibitory effects of the saponins on glucose absorption in the small intestine,
the effects of the saponins on glucose uptake in the jejunum were examined in vitro. Small fragments
(0.1 to 0.15 g) of rat jejunum were incubated with D-['*C]-glucose (2 mM) or L-[3H]-glucose
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TABLE 15.4
Inhibitory Effect of E,Z-Senegasaponins and E,Z-Senegins and Their Desacyl
Derivatives on Increases in Serum Glucose Levels in Glucose-Loaded Rats

Dose Serum Glucose Levels (mg/100 ml)
(mg/kg, p.o.) n 0.5 h 1.0 h 2.0h

Control (normal) — 10 755 +4.1°  101.8 = 4.1° 96.8 + 4.2
Control (glucose tolerance) — 10 138.6 £ 3.8 1425 £ 2.6 107.1 £ 3.2
Saponin fraction 200 4 1176 =77 1329 +6.3 120.4 = 6.6

500 5 99.5 £3.3>  120.7 = 4.6 110.5 £3.9
Control (normal) — 6 853 £2.3b 93.7 +5.2° 86.0 + 6.2
Control (glucose tolerance) — 7 1504 +3.4 132.7 £ 3.7 108.1 = 3.5
E,Z-senegasaponin a (54 + 55) 100 5 107.5x7.0° 117.1x5.72 104.4 £ 6.2
Desacylsenegasaponin a (56) 100 5 1323 +£8.7* 133.6+43 95.6 = 6.0
E.Z-Senegasaponin b (57 + 58) 100 5 1229=x4.1> 1326=%53 113.7 + 44
Desacylsenegasaponin b (59) 100 5 1413 +84 1595 +10.7 1420+ 1.5
Control (normal) — 5 70.6 = 3.7° 90.6 = 6.1° 73.9 = 4.7°
Control (glucose tolerance) — 5 1375=%23 125.0 = 4.8 979 £23
E.Z-Senegasaponin ¢ (60 + 61) 100 5 128039 128.6 + 3.6 1039 + 7.4
Desacylsenegasaponin ¢ (62) 100 4 1350=x43 126.6 = 8.1 97.8 59
Control (normal) — 12 88.6 +4.2° 103.6 = 3.3 100.8 + 4.8
Control (glucose tolerance) — 16 1456 23 139.5+2.3 113.1 £ 2.5
E.Z-Senegin II (63 + 64) 100 12 1209 +48> 1353 +34 128.0 = 4.0°
E.Z-Senegin III (66 + 67) 100 13 1273 £3.8> 1393 £3.6 119.5 £ 3.0
E,Z-Senegin IV (69 + 70) 100 7 1331 =x56 1504 = 4.8 127.1 £ 6.9
Control (normal) — 6 76.6 = 6.0° 94.3 + 4.6 86.6 + 6.1*
Control (glucose tolerance) — 9 1531 +44 136.9 = 3.7 103.7 £ 2.9
Desacylsenegin III (68) 100 5 157.7+59 152.8 +4.2 121.7 = 5.7
Desacylsenegin IV (71) 100 6 160.5 2.5 147.0 £ 5.0 1150 £ 7.5

Notes: Glucose solution (10% w/v) was administered orally (5 ml/kg) to fasted rats. Blood samples were
collected 0.5, 1, and 2 h after glucose loading. Test samples were administered orally 30 min before
administration of glucose. Values are means + S.E.

@ p < 0.05.
b p<00l.

Sources: M. Yoshikawa et al., Chem. Pharm. Bull. 43, 1995, 2115-2122, and M. Yoshikawa et al., Chem.
Pharm. Bull. 44, 1996, 1305-1313.

(2 mM). The saponins (5 to 500 wM) significantly inhibited D-glucose uptake, but not L-glucose
uptake, in rat small intestinal fragments in vitro. This was similar to phlorizin, a compound well
known to inhibit the Na*/D-glucose cotransport system (SGLUT) at the intestinal brush border
membrane.

On the basis of the preceding evidence, it can be assumed that these active saponins delay
glucose absorption mainly by suppressing the transfer of glucose from the stomach to the small
intestine, which is an important site for the absorption of glucose. This is accomplished partly by
inhibiting the glucose transport system at the intestinal brush border membrane.?64!
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INHIBITORY EFFECTS OF OLEANOLIC ACID GLYCOSIDES
ON GE IN MICE

An examination was conducted of the effects of oleanolic acid (26) and its glycosides (27-34) and
escins (35, 36, 40, 41) on GE at 30 min after the loading of the test meals consisting of 1.5%
CMC-Na, 40% glucose, and milk in normal mice. As shown in Table 15.5, oleanolic acid 3-O-
monodesmosides (oleanolic acid 3-O-glucuronide (27) (12.5-50 mg/kg), momordin Ic (30) (25 and
50 mg/kg), and momordin I (12.5 to 50 mg/kg) strongly inhibited the GE in 1.5% CMC-Na test
meal-loaded mice. Momordin I (12.5 and 25 mg/kg) especially showed stronger inhibition than
atropine sulfate monohydrate, a reference drug. Momordins I and Ic (30) also inhibited gastric
emptying in mice given the three different test meals. Compound 27 inhibited GE in mice given
milk, but lacked significant inhibition in the 40% glucose test meal-loaded mice.

Oleanolic acid 3,28-bisdesmosides (momordin IIc (34), chikusetsusaponins IV and V) and an
oleanolic acid 28-monodesmoside (compound O, 33), and their common sapogenol (oleanolic acid,
26) did not show any effect. In addition, oleanolic acid 3-monodesmoside with the 2'-O-B-D-
glucopyranosyl moiety (e.g., 28-deglucosyl-chikusetsusaponin V) showed weak activity. These
results parallel the structural requirements of oleanolic acid glycosides needed for the inhibition
of increased blood glucose levels in glucose-loaded rats?+#2:

e The 3-O-glycoside moiety is essential for the activity.
* The 28-ester glucoside moiety markedly reduces the activity.
e The 2'-O-B-D-glucopyranosyl group of the sugar moiety reduced the activity.

Escins (35, 36, 40, 41) also inhibited GE of 1.5% CMC-Na by 11.1 to 54.2% at 12.5 to 200 mg/kg,
GE of a 40% glucose test meal by 21.1 to 23.5% at 50 mg/kg, except for (35), and GE of a milk
test meal by 18.4 to 33.1% at 50 mg/kg.*

Finally, the mechanism of GE inhibition by the saponins was studied using momordin Ic (30)
and escins (35, 36, 40, 41) in mice. In addition to norepinephrine and epinephrine, dopamine (DA)
potentially inhibits gastric motor activity, whereas serotonin (5-HT) generally accelerates GE.

Pretreatment with a depletor of catecholamines and DA synthesis inhibitor (reserpine and 6-
hydroxydopamine) and DA, receptor antagonists (metoclopramide, haloperidol, and domperidone),
but not with a DA, receptor antagonist (SCH 23390) and a 5-HT, receptor antagonist (cyprohep-
tadine), attenuated momordin Ic (30)- and escin Ib (40)-induced GE inhibition.

These findings suggest that catecholamines, possibly DA, and DA, receptors are involved in
the GE inhibition by these saponins. In addition, the effects of these saponins on GE were markedly
attenuated in the mice systematically pretreated with an ablator of capsaicin-sensitive sensory nerves
(capsaicin) and an inhibitor of prostaglandin (PG) synthesis (indomethacin); this suggests the
involvement of capsaicin-sensitive sensory nerves and endogenous PGs. Therefore, it is postulated
that oleanolic acid 3-monodesmosides and escins, at least in part, stimulate the synthesis and/or
release of DA mediated by the capsaicin-sensitive sensory nerves, which in turn causes the release
of PGs, and finally inhibit GE.*-#6

Medicines that decrease postprandial hyperglycemia by suppressing the absorption of carbo-
hydrates have been known to be effective for prevention and treatment of non-insulin-dependent
diabetes mellitus. Therefore, triterpene saponins that delay glucose absorption may also be used
for the prevention and treatment of mild type II diabetes. In addition, we found that oleanolic acid
glycosides and escins showed other various medicinal effects such as antiallergic, anti-inflammatory,
antinociceptive, antipruritive, and gastroprotective effects and acceleration of small intestinal tran-
sit.247-57 Because oleanane-type triterpene saponins are widely distributed in various foodstuffs,
pharmacological activities of the saponins must be further studied for a better understanding of the
medicinal role of foodstuffs in better health.
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TABLE 15.5
Effects of Oleanolic Acid (26) and Its Glycosides on Gastric Emptying (GE) in Mice
GE (%)
Dose CMC-Na 40% Glucose Milk
Treatment (mg/kg, p.0.) n Test Meal n Test Meal n Test Meal
Control — 10 89910 10 62120 10 71.1=19
Oleanolic acid 3-O- 5 8 872=x13 — —
glucuronide (27) 12.5 8§ 782 +28 — 8 61.1 1.4
25 8 544+43> 8 593=x14 8 58.7=+3.3°
50 8 383=x28° 8 556=x22 8 302 =x24°
Momordin Ic (30) 5 8 91.8+0.9 — —
12.5 8 821=x12 8 647=x1.6 8 62.1 33
25 8 689=x23 8 533=x2l1 8 553=x22°
50 8 33.1=x.6 8 409 =+3.7° 8 427 =x27°
Momordin I 5 8 88.6=1.1 — —
12.5 8 650=x13> 8 583=x22 8 682=x28
25 8 442=x26> 8 436=3.1° 8 474 x24°
50 8 11.7+38 8 337=x27° 8 402 2.7
Control — 10 91.6 1.0 10 640 =1.6 10 674=19
28-Deglucosyl-chikusetsusaponin IV 5 8 89.0x14 — —
12.5 8 769=x25 8 623x13 8 559=+30°
25 8 703=x3.6" 8 48.6=x2.6° 8 46.0=1.5°
50 8 31.8+3.6" 8 472=x34° 8 40.1 =1.9°
28-Deglucosyl-chikusetsusaponin V 25 8 83.7=x12 — 8 682=x20
50 8 733=x28 8 572x15 8 59.0=x2.1°
Control — 10 913=x=1.2 10 640 =1.6 10 712 =+1.8
Oleanolic acid (26) 50 8 90.2+0.8 8 64719 8 69.0x24
Compound O (33) 50 8 89.3+0.8 8 572=x138 8 66.7+09
Momordin Ilc (34) 50 8 873=x14 8 57.0=+1.7 8 682=+1.0
Chikusetsusaponin IV 50 8 889=+1.6 8 582=+1.6 8§ 70.1+09
Chikusetsusaponin V 50 8 904 +13 8 595=+19 8§ 715=x14
Control — 10 894 =12 — —
Atropine sulfate 5 8 787=x10° - —
12.5 8 73.1=x3.0° — —
25 8 67.7=x1.2° — —

Notes: A solution of 1.5% CMC-Na, 40% glucose, or milk (milk powder:water (w/w) = 1:3) test meal containing
0.05% phenol red as a marker was given orally (0.5 ml/mouse) to mice. Gastric emptying was determined 30 min after
administration of the test meals. The test sample was given orally 30 min before administration of the test meals. Values
are means * S.E.

@ p <0.05.
b p<00l.

Source: H. Matsuda et al., Bioorg. Med. Chem. 7, 1999, 323-327.
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Environmental factors play an essential role in the etiology and management of diabetes, and
antioxidants in food and medicinal plants are potential modulators of diabetes onset, progression,
and complications. Among naturally occurring compounds, the polyphenolic flavonoids, xanthones,
and a-tocopherol have received the most attention. These and other compounds may generally
improve oxidative status, protect and enhance endogenous defenses, and directly mediate various
mechanisms of pathology.

After providing an overview of the role of oxidative stress in diabetes and its complications,
this chapter reviews current data linking antioxidant polyphenols and diabetes. Their implications
for understanding traditional uses of plants and their potential application in addressing contem-
porary diabetes problems are discussed.

DIABETES AND OXIDATIVE STRESS

Oxidative stress as a consequence of hyperglycemia and changes in energy metabolism and inflam-
matory mediators plays an important role in the pathophysiology of diabetes in association with
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depleted cellular antioxidant defense systems and enhanced production of reactive oxygen species
(ROS)." Subnormal levels of plasma a-tocopherol,” ascorbate,® total glutathione, and serum
malonaldehyde* — along with increased levels of oxidative stress markers such as thiobarbituric
acid reactive substances (TBARS)® and oxidized low-density lipoproteins (LDL)® — occur in
diabetics.

In type 1 diabetes, a redox imbalance may result in apoptosis of pancreatic islet cells.” Islet
cells are particularly susceptible to free radical damage due to their low levels of superoxide
dismutase (SOD), glutathione peroxidase (GSH), and catalase.® In type 2 diabetes, hyperglycemia
and hyperinsulinemia may induce a rise in plasma free radical production, and insulin resistance
is associated with increased intracellular concentrations of free radicals and depleted antioxidant
defenses.’

ROLE IN DIABETIC COMPLICATIONS

Oxidative stress associated with hyperglycemia impairs cellular function and alters vascular and
neural function. Moreover, it leads to endothelial dysfunction, a key step in atherosclerosis etiology.
High glucose concentrations promote free radical production via the following three biochemical
pathways:

* Advanced glycation endproducts (AGEs). Glucose can react nonenzymatically with pro-
teins, forming advanced glycation endproducts (AGEs). Structural components of the
connective tissue matrix or basement membrane, such as collagen, are prime targets of
AGEs leading to cross-link formations, resulting in stiffness of the protein matrix,'”
sclerosis of renal glomeruli, thickening of the capillary basement membrane, and ath-
erosclerosis.!! The binding of AGE to receptors (RAGE) in smooth muscle cells, mono-
cytes, macrophages, and endothelial cells'? produces free radicals and activation of NF-
kB, a transcription factor involved in vascular function, inflammation, and pathology.!?

* Protein kinase C activation. Hyperglycemia and AGEs enhance activation of protein
kinase C (PKC) in endothelial cells,'* leading to increased synthesis of vasoconstrictor
prostaglandins and generation of ROS.!

* Aldose reductase pathway. Aldose reductase (AR) catalyzes the reduction of glucose at
abnormally high intracellular concentrations to sorbitol, which is in turn oxidized to
fructose by sorbitol dehydrogenase (SDH). Increased flux through this polyol pathway
depletes intracellular NADPH, rendering it unavailable for regeneration of reduced glu-
tathione and thereby reducing the antioxidative capacity of cells and contributing to
intracellular oxidative stress.!?

Tumor NEecrosis FACTOR-0.

Tumor necrosis factor-o. (TNF) increases reactive oxygen species,'® forms a possible connection
between obesity and diabetes,!” and has been linked to insulin resistance!® and diabetic complica-
tions.'” Three medicinal species high in antioxidant activity and used for symptoms of diabetes
inhibit TNF production in cell culture.?

ENDOTHELIAL DYSFUNCTION: DIABETIC MACRO- AND MICROVASCULAR
COMPLICATIONS

Free radicals are major contributors to endothelial dysfunction.?! Hyperglycemia leads to nonen-
zymatic glycation of LDL, increased susceptibility of LDL to oxidation,?? and subsequent promotion
of atherosclerosis.?> Microvascular complications, such as neuropathy, retinopathy, and nephro-
pathy, arise in part from high intracellular sorbitol and fructose levels.?*?> In nervous tissue,
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endoneural hypoxia is improved with antioxidant administration.?¢ In retinopathy, increased vascular
permeability and microaneurysms result?’; glycation and oxidation of lens crystalline and AGE-
induced changes are likely the major mechanisms for cataract formation.'!

ANTIOXIDANTS AND DIABETES
GENERAL ANTIOXIDANTS

A wide range of phenolic and other phytochemicals have antioxidant activity.?® These compounds
typically contain at least one aromatic ring with hydroxyl groups and include?®:

Tannins

Coumarins

Flavonoids (isoflavonoids, anthocyanins, catechins, chalcones, flavones, and flavonols)
Xanthones

Cinamic acid derivatives (caffeic acid, ferulic acid, and chlorogenic acid)

Coumarins

Tocopherols

Polyfunctional organic acids

Lignins

Structures of a selection of antioxidant polyphenols mentioned in this chapter are shown in Figures
16.1 through 16.6. Antioxidants can have many targets within the body because they can be
hydrophilic (e.g., ascorbic acid, uric acid, and thiols) or hydrophobic (e.g., a-tocopherol (Figure
16.1) [vitamin E]). Flavonoids have intermediate and variable solubility depending on hydroxylation
and glycoside character.

o-Tocopherol

CH,
H,C 0 CH; CH, CH, CH,
(CHz)g—CH*(CHZ)B—CHZ—(CHZ)B—('ZH
HO C|H3

FIGURE 16.1 Structure of a a-tocopherol.

Curcumin

OH (@)

OH;C N X = OCH,

HO OH

FIGURE 16.2 Structure of curcumin.
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Flavonoids
Quercetin OH
OH
HO O
H
OH
OH O
FIGURE 16.3 Structure of quercetin.
OH
Isoliquiritigenin
HO.
OH ¢}
FIGURE 16.4 Structure of isoliquiritigenin.
OH

Silybin

HO

FIGURE 16.5 Structure of silybin.

Diabetes-related antioxidant activity as demonstrated for a range of flavonoids (including
flavanones, flavones, chalcones, and their glycosides) and xanthones appears to depend on ortho
dihydroxy substitution in an aromatic ring and/or hydroxyl groups forming hydrogen bonds with
the keto group.?

Antioxidants can be free radical scavengers, singlet oxygen quenchers, and/or chelators of pro-
oxidant metals. Low blood levels of a-tocopherol? and ascorbate? strongly predict type 2 diabetes
in human prospective studies, as do (- and a-carotene and non-nutrient carotenoids such as
lycopene.*® Lemon flavonoids reduced oxidative stress in diabetic rats.’! Oxidative damage to
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Xanthones

Mangiferin
OH OH

OH
OH

OH

HO (@)

FIGURE 16.6 Structure of the xanthone, mangiferin.

lymphocyte DNA was significantly reduced in type 2 diabetes patients fed a diet supplemented
with 76 to 110 mg of flavonols (mostly quercetin [Figure 16.3]) per day.??

Antioxidants in Models of Diabetes

Antioxidants prevent alloxan and streptozotocin (STZ)-induced damage to pancreatic B-cells in
animal models of type 1 diabetes. Polyphenols reported with these positive effects include pycno-
genol (mixture of flavonoids),* green tea polyphenols,* procyanidin polymers from cinnamon,
and the xanthone mangiferin (Figure 16.6).3%37 In each of these cases, the studied materials also
produced glucose-lowering effects.

Glucose-Lowering Effects of Flavonoids and Xanthones

Antioxidant activities of polyphenols may occur synergistically with glucose-lowering activity,
although most studies using rodent models of diabetes examine the latter activity without inclusion
of assays for oxidative status. Neither are mechanisms of glucose-lowering clear in most cases.
Additional examples of flavonoids that reduce chemically induced hyperglycemia include silymarin
(a mixture of flavanolignans, principally silybin [Figure 16.5]) from Silybum marianum,*® prunin,*
red wine polyphenols,* myricetin*' (a flavone from the chloroform extract of the leaves of Brikkellia
veronicaefolia),** chrysin derivatives®® (a flavanone derivative from Matteccia orientalis),** and
hesperidin (flavanone glycoside) with a mixture of phytosterols from Schizonepata tenuifolia.*®
Ellagitannins from the leaves of Melaleuca quinquenervia reduced blood glucose levels in STZ-
induced diabetic mice.*® In addition to mangiferin, the xanthones bellidifolin*’ and swerchirin*®
from Swertia chirayita reduce glucose in diabetic animals.

Protectors and Enhancers of Endogenous Defense

Endogenous antioxidant enzymes and nonenzymatic defenses (e.g., ascorbic acid, a-tocopherol,
and glutathione) are low in blood of diabetics.* Alpha-tocopherol, ascorbate, and a-lipoic acid are
of particular clinical interest in diabetes.

Alpha-tocopherol improved or reversed insulin resistance in cell cultures, murine diabetic
models,® and type 2 diabetes patients.>' Alpha-tocopherol prevented LDL oxidation, reduced risk
of atherosclerosis and myocardial infarction,?? and improved retinal blood flow and renal function.>?
In addition, the deficit in maximum endothelium-dependent vasorelaxation in diabetics can be
reduced> and sciatic motor conduction and sciatic nutritive endoneurial blood flow reduced.>*

Ascorbate supplementation alone did not reduce oxidative stress in diabetic rats; however, in
combination with an iron chelator, it led to improvement in malondialdehyde, conjugated dienes,
and antioxidant vitamins.>> Flavonoids may act by sparing and enhancing the function of these
endogenous antioxidants.’®
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Inhibition of Advanced Glycation Endproducts (AGEs)

Alpha-lipoic acid is particularly beneficial against diabetic polyneuropathy, reducing symptoms
and improving autonomic and peripheral functions in diabetic patients.”’ It thus provides a molecule
for understanding the potential of other antioxidants including polyphenols. In vascular tissues, o-
lipoic acid improved endothelial and renal function, in part by inactivating the oxidative stress-
sensitive NFkB, and improved insulin-mediated glucose uptake.*®

Among an array of common flavonoids, the isoflavonoid genistein and the flavone apigenin
were particularly strong inhibitors of protein glycation.” Diosmin (flavone glycoside) and hespe-
ridin decreased protein glycation in association with an increase in activities on thiol-containing
proteins such as glutatione peroxidase.*! Similarly, the phenolic curcumin (Figure 16.2) (diferu-
loylmethane) prevented AGE-induced complications in rats.®? Other compounds in studies with
measured outcomes such as LDL-peroxidation may act through similar mechanisms. Flavonoids
may play a role in the low glycosylation of hemoglobin associated with high intake of fruit and
vegetables among healthy subjects.%

Aldose Reductase Inhibitors

Various antioxidant phytochemicals, of which flavonoids are the most effective, strongly inhibit
lens aldose reductase,® with the common quercetin III as a prototype. In recent investigations, the
flavone—glycoside isoquercetin,% an array of flavonoid glycosides from Myrica multiflora® and
Buddleja officinalis,” the flavone capillarisin from Artemisia capillaries,®® and the chalcone isoli-
quiritigenin (Figure 16.4) from roots of Glycyrrhiza uralensis® illustrate this widespread activity
related to retinopathy and other complications of diabetes.

Inhibition of LDL Peroxidation and Hypolipidemic Effects

A variety of activities attributable to flavonoids and other compounds similar to those discussed
previously in this chapter have possible antioxidant contributions. Hypoglycemia and hypoinsuline-
mia are discussed elsewhere in this volume. Reduction in serum triglycerides in diabetic animals
by the xanthones bellidifolin from Swertia japonica*’ and mangiferin VI*’ and flavones from
Oeanthe javanica™ may be secondary to LDL peroxidation.

Polyphenols are known to inhibit LDL peroxidation.”" Specific diabetes-related inhibition has
been shown for genistein’> and soya extracts,’® silymarin,3¥7* diosmin,’! xanthones from Cudrania
cochinchinensis,” and mangostin (xanthone).” In a clinical study, supplementation of women with
type 2 diabetes with citrus flavonoids failed to alter lipoprotein susceptibility to oxidation.”” How-
ever, consumption of red wine, a source of flavonoids, during meals by type 2 patients reduced
LDL oxidation.”

IMPLICATIONS FOR THERAPIES AND DIETS
METHODOLOGICAL CONSIDERATIONS

Combinations of phenolics and other compounds often show higher antioxidant activity than single
entities.” Conversely, polyphenols can be pro-oxidants under certain conditions and produce poten-
tially adverse effects.®® Isolation and study of pure compounds from medicinal plants should
therefore be conducted and interpreted with caution.

The data on application of antioxidants from plants as antidiabetics overwhelmingly come from
in vitro or animal models. Although flavonoids show consistent promise, the few clinical studies
with diet-based flavonoids are equivocal.’>7”7® Human studies need to be extended to molecules
with apparent pharmacological potential. Meanwhile, recommendations for polyphenol consump-
tion other than as part of a mixed diet should be made cautiously.
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PATTERNS OF TRADITIONAL AND CONTEMPORARY PLANT USE

Traditional medical practitioners may employ antioxidant plants more to treat symptoms and
sequelae of diabetes than the disease itself. Oxidative stress is important in so many of the
complications of diabetes®! that medicinal plants used for various symptoms and for the disease
specifically can be expected to have antioxidant activity. Indeed, in a study of 35 medicinal species
used for a combination of diabetic symptoms, it was observed that the greater the number of
symptoms a plant species is used for, the greater its antioxidant activity is.8? That parts of medicinal
species selected for diabetic symptoms have significantly greater activity than parts from the same
plants chosen at random further reflects the rationality of traditional practices.®’

Although traditional medicine may identify specific treatments for diabetes, antioxidant activity
from various ethnopharmacological studies®?-% illustrates the general potential of plants to mediate
diabetes and its complications within the context of the traditional lifestyle. These lifestyles may
improve oxidative status more generally by combining medicines with diet. Ingested plants do not
easily conform to distinct categories and, as such, a “medicinal” may also contribute significant
amount of antioxidants to the diet as a tonic, beverage, and/or food. For example, tea, chocolate,
wine, or beer®”#8 as well as fruits and vegetables contribute dietary antioxidants. High dietary intake
of fruits and vegetables appears protective against diabetes.?

Practices that enhance antioxidant ingestion in traditional lifestyles were hypothetically a factor
in keeping the incidence of type 2 diabetes low. Antioxidants in medicinal plants and traditional
diets may help control diabetic complications arising in prediabetics® and possibly reduce the onset
of diabetes.? Diabetes rates rise in populations moving from a traditional lifestyle and are reaching
epidemic proportions in Latin America and parts of Asia.’! In conjunction with alterations in energy
consumption and expenditure, decrease in use of traditional plants may reduce ingestion of anti-
oxidants that could prevent complications of diabetes.”

CONCLUSIONS

Traditional medicines, beverages, and foods with antioxidant activity can assist human populations
to adapt in a contemporary context. As the source of therapeutics and the basis for a healthy lifestyle,
they offer various health and economic benefits. Sufficient data on the benefits of flavonoids and
xanthones in antidiabetic models suggest that further clinical research on their therapeutic benefits
is warranted. Epidemiological and population-based studies are required to quantify polyphenol
consumption from total ingestive practices in traditional societies and in those in transition. As
support to these activities, pharmacological screening that characterizes current research on plant
antioxidants should be extended to a greater number of medicines and traditional foods.
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insulinomimetic agents and, 12
insulin replacement, 11-12
reduction in absorption of carbohydrate, 11
reduction in hepatic glucose output, 12
weight loss and exercise, 12—13
unmet needs of, 13-14
diabetic complications, animal models of, 88-90
diet, human, 12-13, 88, 161-162, 257
dietary supplements, 163
digestion, see Polysaccharides of plants
Dioscoreaceae family, 141
Dioscoreae Rhizoma, 139, 140, 141
Dioscorea japonica, 139, 140, 141
Disphyma australe, 252
drug development, see Clinical evaluation, of antidiabetic
plants
dyslipidemia, 89

Ebenaceae family, 210

Ebers Papyrus, 19

Echinopanax horridus, 159

The Eclectic Practice of Medicine, 152
Egypt, 221

Emblica officinalis, 120

endogenous proteins, 3

endothelial dysfunction, 294-295
energy sources, 2, 258

environmental factors, 293
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Ephedra species, 64
ephedrine, 64
epicatechin, 68
Equisetum myriochaetum, 188
Eremophila species, 248
Ervatamia microphylla, 64
Eryngium foetidum, 197
Erythraea centaurium, 153
escins, 280-281, 286
ethical issues, in antidiabetic plant therapies, 96-97
ethnicity, global burden of diabetes and, 8-10
Eucalptus species, 247-248
Eucalyptus globolus, 189, 247
Euclea crispa, 210
Eugenia jambolana, 119-120, 197, 198, 216
Euphorbiaceae family, 180, 210-211, 248
Euphorbia hirta, 248
European Agency for the Evaluation of Medicinal Products
(EMEA), 92
evaluation of antidiabetic plants, preclinical/clinical
methods of; see also In vitro models, for
assessing antidiabetic plants
animal models, 83-84
clinical evaluation of antidiabetic plants, 91-95
phase 1 trial designs, 93
phase 2 trial designs, 93-94
phase 3 trial designs, 94-95
conclusion on, 97
ethical issues in, 96-97
insulin-dependent models, 84-85
experimentally induced, 85
spontaneous and transgenic, 84
introduction on, 83
models of diabetic complications, 88-90
non-insulin-dependent models, 85-88
experimentally induced, 87-88
spontaneous and transgenic, 85-87
tests for antidiabetic activity, 90-91
exercise, 12-13, 162—-163
experimental evidence, 63

F

Fabaceae family, 63, 65, 67, 156, 157, 211, 248

Fabales, 66

fagomine, 64

fatal diabetic ketoaciodsis, 84

fat metabolism, insulin action on, 2-3

Fatsia horrida, 159

fenugreek (Trigonella foenun graecum), antidiabetic
effects of, 110, 122-123, 157, 189, 211,
232-233

fetal nutrition, 6-7

fiber intake, 162, 171

Ficoidaceae family, 252

Ficus bengalensis, 250

Ficus pseudosycomorus, 250

flavonoids, 20, 65, 66, 293, 295, 297; see also Antioxidant
polyphenols

forskolin, 20

functional food science, 262
fungi, 96, 110

G

Galega officinalis, 63, 104, 156
Ganoderma lucidum, 108

garlic (Allium sativum), 64, 221, 225-226
gastric emptying, 11

genera, 65

genetic predispositions, 5, 6, 170

genistein, 67

Gentianaceae family, 68, 143, 153

Gentiana lutea, 153

Geraniaceae family, 251

Geranium homeanum, 251

Ginkgoaceae family, 160

Ginkgo biloba, 160

Ginseng Radix, 136, 138, 140, 141-142
glucagon, 3

glucagon receptor antagonists, 110
glucokinase, 84, 106

gluconeogenesis, 101, 106, 110

glucose, 101, 103

glucose metabolism, insulin action on, 2
glucose tolerance tests, 91

glucose transporters (GLUTS), 277

glycans, 104

glycemic index (GI), 162, 260-262
glycogenolysis, 101, 106

glycosuria, 13

Glycyrrhizae Radix, 136, 138, 140, 144-145, 298
Glycyrrhiza uralensis, 136, 138, 140, 144-145, 298
goat's rue (Galega officinalis), 63, 104, 156
Gomphrena globosa, 196

Goodeniaceae family, 250

Goodenia ovata, 250

Gosha-jinki-gan (Niu-che-shen-gi-wan), 139
green tea, 104

growth hormone, 3

guar gum, 262-265

Guduchi, 120

gymnema saponins, 281

Gymnema sylvestre, 104, 106, 126, 156-157, 171, 281
Gypsum Fibrosum, 138

H

Haemodoraceae family, 153

Harpagophytum procumbens, 217

Hatimi-jio-gan (Bai-wei-di-huang-wan), 139-140

hepatic glucose output, 12

Hippocastanaceae family, 280

Hochu-ekki-to (Bu-zhong-yi-qi-tang), 140

holy basil (Ocimum sanctum), 171, 197, 198

human studies, for assessing antidiabetic plants, 99; see
also In vitro models, for assessing antidiabetic
plants

Hyacinthus orientalis, 64
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Hygrophila auriculata, 205
Hygrophila longifolia, 205
Hymenaea courbaril, 189
hyperglycemia, 7, 8, 10, 294
hyperinsulinemia, 294

Immaturus, 139
immunology, 4-5
India, 19, 20, 117, 221, 228
Indian traditional medicine
antidiabetic properties of
Gymnema sylvestre, 126
Momordica charantia, 124-125
Pterocarpus marsupium, 127-128
Syzigium cumini, 119-120
Tinospora cordifolia, 120122
Trigonella foenum graecum, 122—123
conclusion on, 128
introduction on, 117-119
insulin; see also Diabetes mellitus
molecular mechanisms of, 3—4
physiological actions of, 2-3
on fat metabolism, 2-3
on glucose metabolism, 2
on protein metabolism, 3
insulin deficiency, 7, 11-12
insulin-dependent models, in evaluation of antidiabetic
plants, 84-85
insulinomimetic agents, 12
insulinopenic diabetes, 85
insulin receptor interactions, 109-110
insulin replacement, 11-12
insulin resistance, 5, 6, 12, 261
insulin resistance syndrome, 89
insulin sensitivity, 12
Interanational Diabetes Institute, 196
intestinal glucose uptake models, 103-105
in vitro models, for assessing antidiabetic plants
conclusions on, 111-112
glucagon receptor antagonists, 110
interactions with the insulin receptor, 109-110
introduction on, 99-101
models based on
adipocytes as an insulin target tissue, 108—-109
the liver as an insulin target tissue, 106—108
muscle as an insulin target tissue, 109
models to study
inhibition of carbohydrate-digesting enzymes,
102-103
inhibition of intestinal glucose uptake, 103—-105
insulin secretion from p-cells of the pancreas,
105-106
practical considerations, 110-111
alternative glucose substrate for in vitro uptake
studies, 111
potential interferents in plant extracts, 110111
solubilizing plant extracts for in vitro studies, 111
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rationale behind the, 101-102
Ipomoea batatas, 196
Iridaceae family, 67
isomaltose, 103
Isorhamnetin, 67

J

Jamun (Syzigium cumini), 119-120, 197, 198
Japanese medicine, see Kampo medicine
juniper (Juniperus communis), 155-156
Juniperus communis, 155-156

K

Kalopanax pictus, 275
Kampo medicine
antidiabetic effects of, 137-140
Bakumondo-to (Mai-men-dong-tang), 136
Bofu-tsusho-san (Fang-feng-tong-sheng-san), 136,

138
Byakko-ka-ninjin-to (Bai-hu-jia-sheng-tang),
138-139

Dai-sakiko-to (Dai-chai-hu-tang), 139
Gosha-jinki-gan (Niu-che-shen-gi-wan), 139
Hatimi-jio-gan (Bai-wei-di-huang-wan), 139-140
Hochu-ekki-to (Bu-zhong-ti-qi-tang), 140
Keishi-bukuryo-gan (Gui-zhi-fu-ling-wan), 140
Rokumi-gan (Liu-wei-wan), 140
Saiko-keishi-kankyo-to (Chai-hu-gui-zhi-gan-jian-
tang), 140
herbs with hypoglycemic effects, 140-144
Anemarrhenae Rhizoma, 140-141
Araliae Cortex, 141
Corni Fructus, 141
Dioscoreae Rhizoma, 141
Ginseng Radix, 141-142
Mori Folium, 142
Ophiopogonis Tuber, 142
Paeoniae Radix, 142
Pehmanniae Radix, 143
Platycodi Radix, 142-143
Polygonati Rhizoma, 143
Poria, 143
Rehmanniae Radix, 143
Swertiae Herba, 143-144
herbs with inhibitory activity against aldose reductase,
144-145
introduction on, 135-136
karela, 96
Kedrostis nana, 217
Keishi-bukuryo-gan (Gui-zhi-fu-ling-wan), 140
Kochia scoparia, 279
konjac, 262
Kuntze, 157
Kuwait, see North Africa and the Middle East, antidiabetic
plants of
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Labiatae family, 180, 217

lactose, 102, 258

Lagerstremia speciosa, 108, 159

Lamiales, 20, 68

Laminaceae family, 152

Leguminosae family, antidiabetic effects in, 122, 127, 144,
156, 157, 180, 228, 232, 276

Leonotis ocymifolia, 217

Lepidium virginicum, 197

Leptandra virginica, 153

leptin, 85

leurosine, 64

lichens, 110

lifestyle changes, 13, 161

lignins, 295

Liliaceae family, 140, 142, 155, 212-214, 221, 226, 274

lipolysis, 108

Lithospermum erythrorhizon, 108

liver, as an insulin target tissue, 106—-108

low-density lipoproteins (LDL), 294, 298

Lumnitzera racemosa, 250

Lupinus albus, 228

Lupinus tassilicus, 65-66, 211-212

luteolin, 68

Lycium barbarum, 68

Lycopus virginica, 152

Lythraceae family, 159, 248

Lythrum salicaria, 248

M

macrovasular disorders, 8, 88, 89
magnoliids, 65
Malachra alceifolia, 197
maltose, 102-103
Mangifera indica, 196, 197
mango (Mangifera indica), 196, 197
marula (Sclerocarya birrea), 206
materia medica, 171
Matteccia orientalis, 297
Medicago sativum, 105, 109
Melaleuca quinquenervia, 297
melon (Citrullus lanatus), 209
Menispermaceae family, 65, 120, 214
Menyanthes trifoliata, 153
metabolic syndrome, 89
metformin, 63
methylglyoxal, 14
Mexico and Central America, antidiabetic plants of
conclusion on, 190-191
discussion on results, 180—-190
introduction on, 179-180
methods in research, 180
results on research, 180-188
Middle East, see North Africa and the Middle East,
antidiabetic plants of
milk thistle (Silybum marianum), 154, 297
Mimosaceae family, 246

Momordica charantia, antidiabetic effects of, 63, 96, 104,
107, 108, 109, 124-125, 171, 188, 189, 196,
197, 198, 209-210, 228-229, 246

Momordica cochinchinensis, 279

monocots, 65

monosaccharides (cellulose), 102, 258, 259

Moraceae family, 214-215, 250

Mori folium (mulberry leaf), 142

Morinda citrifolia, 250

Morocco, see North Africa and the Middle East,
antidiabetic plants of

Morus alba, 64, 142

Morus mesozygia, 214-215

Moutan Cortex, 139, 140

Murraya koenigi, 103

Musaceae family, 215

Musa paradisiaca, 215

muscle, as an insulin target tissue, 109

Myoporaceae family, 248

Mpyrcia multiflora, 103, 144, 298

Myrsinaceae family, 250

Myrtaceae family, 119, 215-216, 247

N

NAPRALERT database, 20, 204, 218
Native American medicine
conclusions on, 174-175
introduction on, 169-170
plants used for treatment of diabetes, 171-174
rise in prevalence of type 2 diabetes, 170-171
nephropathy, 88
Neurolaena lobata, 189, 197, 198
neuropathic disorders, 88
new drug development, see Clinical evaluation, of
antidiabetic plants
New Zealand, see Australia and New Zealand, antidiabetic
plants of
Nigella sativa, 229-230
non-insulin-dependent diabetes, see Type 2 diabetes
non-insulin-dependent models, in evaluation of antidiabetic
plants, 85-88
nonstarch polysaccharides (NSPs), 258-259, 262; see also
Polysaccharides of plants
North Africa and the Middle East, antidiabetic plants of
conclusions and perspectives on, 233-234
introduction, 19, 221
plant species, 221-233
Allium cepa and Allium sativum, 221, 225-226
Aloe vera, 226-227
Artemisia herba-alba, 227
Atriplex halimus, 227-228
Lupinus albus, 228
Momordica charantia, 228-229
Nigella sativa, 229-230
Olea europea, 230-231
Poterium spinosum, 231
Rhazya stricta, 231
Tigonella foenum graecum, 232-233
Zygophyllum gaetulum, 233
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North America, see Native American medicine
nortropanes, 64

nutritional dietary supplements, 163

Nypa fruiticans, 250

O

Ocimum santum, 171, 197, 198
Oeanthe javanica, 298
Oleaceae family, 68, 152, 153, 230
Olea europea, 68, 103, 230-231
onion (Allium cepa), 63, 212-213, 221, 225, 226
Ophiopogonis Tuber, 136, 142
Ophiopogon japonicus, 136, 142
Oplopanax horridum, 159
Opuntia ficus-indica, 188, 189
Opuntia fuliginosa, 158
Opuntia spp., 158, 171, 173-174
Opuntia streptacantha, 158, 188
Oryzae Fructus, 136
Oryzae Semen, 138
Ostreae Testa, 140
over the counter (OTC) products, 92, 94
Oxalidaceae family, 216
oxidative stress; see also Antioxidant polyphenols
diabetes and, 293-294, 299
role in diabetic complications, 294-295
endothelial dysfunction, 294-295
tumor necrosis factor-o (TNF), 294

Paeoniacea family, 142

Paconiae Radix, 139, 140, 142

Paeonia lactiflora, 139, 140, 142

Panax ginseng, 63, 105, 107, 141-142, 277

Panax horridum, 159

Panax japonicus, 279

Panax quinquefolium, 158

pancreatectomy, 88

pancreatic a-amylases, 102-103

pancreatic defects, 5-6

pancreatic insulin secretion, 11

pancreatic secretion of insulin models, 105-106

Papaveraceae family, 65

Parmentiera edulis, 180, 188

Fassiflora quadrangularis, 196

pectins, 262

Pedaliaceae family, 217

Pehmanniae Radix, 143

peony root (Paeoniae Radix), 139, 140, 142

periwinkle (Catharanthus roseus), antidiabetic effects of,
64, 188, 189, 195, 197, 206, 246

Persicae Semen, 140

Pfaffia paniculata, 157-158

Phaseolus vulgaris, 211

Phyllanthus amarus, 63, 103

Phyllanthus swartzii, 197

Physalis philadelphica, 189, 190
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phytomedicine, 118, 128
Picraena excelsa, 153
Pinelliae Tuber, 136, 139
Plantagini Semen, 139
plant species, used to treat diabetes; see also specific topics
background on, 19-20
need for further study, 65-68
selection of species, 20—65
Platycodi Radix, 142-143
Platycodon garndiflorum, 142—143
Plectranthus barbatus, 20
Pluchea symphytifolia, 197
Plumeria rubra, 189
polyfunctional organic acids, 295
Polygala senega, 282
Polygonati Rhizoma, 143
Polygonatum falcutum, 143, 274
polyphenolics, see Antioxidant polyphenols
Polyporaceae family, 143
polysaccharides of plants
conclusions on, 267
definition of, 258-259
factors affecting glycemic response to foods, 261-265
the glycemic index (GI) and diabetes, 162, 261-262
mechanisms of action of viscous polysaccharides,
262-265
role of water-soluble NSPs, 262
introduction on, 20, 68, 257
new sources of, 265-267
role of starch and, 102, 259-261
polysaccharide starch, see Starch
Pomaderris kumeraho, 251
poorly studied species, 63
porcine pancreatic a-amylases, 102
Poria, 139, 140, 143
Poria cocos, 139, 140, 143
Poterium spinosum, 231
preclinical/clinical methods of evaluation, see Evaluation
of antidiabetic plants, preclinical/clinical
methods of
prickly pear (Opuntia spp.), 158
protein kinase C (PKC) activation, 294
protein metabolism, insulin action on, 3
Prunus mume, 144
Psacalium decompositum, 188, 189, 190
Psammomys obesus, 86
Pseudomassaria, 109
Psidiuym guajava, 215-216
psyllium seed, 262
Pterocarpus marsupium, 105, 127128
Pueraria lobata, 67
Pueraria thunbergiana, 67, 276
pyrrolidines indolizidines, 64
pyrrolizidines, 64

Q

Quassia amara, 189
queen's crepe myrtle (Lagerstremia speciosa), 159
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R

Ranunculaceae family, 65, 229
reactive oxygen species (ROS), 294
Rehmanniae Radix, 139, 140, 143
renal glucose handling, 13
Rethmannia glutinosa, 139, 140, 143
retinopathy, 88

retrogradation, 260

Rhamnaceae family, 251, 275
Rhazya stricta, 231

Rhei Rhizoma, 139

Rhizophoraceae family, 250

Rhus aromatica, 152

Rokumi-gan (Liu-wei-wan), 140
Rosaceae family, 231

rosids, 65

Rubiaceae family, 67, 180, 251, 252
Rubus fruticosus, 252

S

Saiko-keishi-kankyo-to (Chai-hu-gui-zhi-gan-jian-tang),
140
Salacia chinensis, 120
Salacia oblonga, 103
Salacia reticulata, 103, 109
salivary, 102
S-allylcysteine sulfoxide, 63—-64
Salpianthus arenarius, 188
Sambucus nigra, 109
saponins
inhibitory effects of oleanolic acid glycosides on GE in
mice, 286
introduction on, 101, 111, 273
mode of action of triterpene saponins in glucose-loaded
rats, 284-285
steroidal saponins hypoglycemic effects in diabetic
animals, 274-275
triterpene saponins accelerating effects on glucose
transport in vitro, 277
triterpene saponins antihyperglycemic effects in sugar-
loaded animals, 277-284
acylated polyhydroxyolean-12-ene 3-
monodesmosides, 280-282
olean-12-ene 3,28-acylated bisdesmosides,
282-284
olean-12-en-28-oic acid 3-monodesmosides,
278-280
triterpene saponins hypoglycemic effects in diabetic
animals, 275-277
saturated fats, 257
Saudi Arabia, see North Africa and the Middle East,
antidiabetic plants of
Scaevola sericea, 250
Schizonepata tenuifolia, 297
Sclerocarya birrea, 206
Scoparia dulcis, 197
Scrophulariaceae family, 153
Scutellaria baicalensis, 104

Scutellariae Radix, 139, 140
Sechium edule, 196
Securinega virosa, 210
selection criteria, for plant species, 20-65
Senegae Radix, 282
shikonin, 108
Siccatum Rhizoma, 140
Siddha tribal medicine, 117-119; see also Indian traditional
medicine
Silybum marianum, 154, 297
Simarubaceae family, 153
Smallanthus sonchifolius, 107, 108
Solanaceae family, 68, 160
soluble fiber, 262
South America, 19, 228
species of plants, used to treat diabetes; see also specific
topics
background on, 19-20
need for further study, 65-68
selection of species, 20—-65
Spinacia oleacea, 279
Stachytarpheta jamaicensis, 197
starch, 102, 258, 259-261; see also Polysaccharides of
plants
steroidal saponins, 274-275; see also Saponins
streptozotocin (STZ), 85, 87, 297
sucrase, 103
sucrose, 102, 258
sugars, 110, 258
sulphonylureas, 96
suma (Pfaffia paniculata), 157-158
Sushruta Samhita, 19
Sutherlandia spp., 212
Swertia chirayita, 153, 297
Swertiae Herba, 143—-144, 298
Swertia japonica, 143-144, 298
Swertia panamensis, 189
syndrome X, 89, 153, 161
Syzigium cumini, 119-120, 197, 198, 216

T

Tamarindus indica, 197

tannins, 295

Taraxacum officinale, 153, 189

tea saponins, 281

Tecoma stans, 188, 189, 197, 198, 208

tectorigenin, 67

Terminalia sericea, 208

terpenoids, 20, 65

tests for antidiabetic activity, 90-91; see also Evaluation of
antidiabetic plants, preclinical/clinical
methods of

Tetragonia trigyna, 252

thiobarbituric acid reactive substances (TBARS), 294

thrifty gene hypothesis, 170

Tiliaceae family, 216-217

Tinospora cordifolia, 120-122

Tinospora crispa, 105

toxicity knowledge, 63—64
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herbs with hypoglycemic effects, 140-144
Anemarrhenae Rhizoma, 140-141
Araliae Cortex, 141
Corni Fructus, 141
Dioscoreae Rhizoma, 141
Ginseng Radix, 141-142
Mori Folium, 142
Ophiopogonis Tuber, 142
Paeoniae Radix, 142
Pehmanniae Radix, 143
Platycodi Radix, 142-143
Polygonati rhizoma, 143
Poria, 143
Rehmanniae Radix, 143
Swertiae Herba, 143-144

herbs with inhibitory activity against aldose reductase,

144-145
introduction on, 135-136
Kampo and

antidiabetic effects of, 136-140
Bakumondo-to (Mai-men-dong-tang), 136
Bofu-tsusho-san (Fang-feng-tong-sheng-san),
136, 138
Byakko-ka-ninjin-To (Bai-hu-jia-sheng-tang),
138-139
Dai-sakiko-to (Dai-chai-hu-tang), 139
Gosha-jinki-gan (Niu-che-shen-gi-wan), 139
Hatimi-jio-gan (Bai-wei-di-huang-wan),
139-140
Hochu-ekki-to (Bu-zhong-yi-qi-tang), 140
Keishi-bukuryo-gan (Gui-zhi-fu-ling-wan),
140
Rokumi-gan (Liu-wei-wan), 140
Saiko-keishi-kankyo-to (Chai-hu-gui-zhi-gan-
jian-tang), 140
traditional Japanese medicine, see Kampo medicine
Traditional Medicine in the Islands (TRAMIL) project,
197
traditional plant use, 20, 63, 83, 96, 299
TRAMIL (Traditional Medicine in the Islands) project, 197
treatment of diabetes, plants used in the, see Plant species,
used to treat diabetes
trial studies of antidiabetic therapies, see Evaluation of
antidiabetic plants, preclinical/clinical
methods of
tribal medicine, see Ayurvedic tribal medicine
Tribulus terrestris, 120
Trichosanthis Radix, 140
triglycerides (fats), 2-3
Trigonella foenum graecum, antidiabetic effects of, 110,
122-123, 157, 189, 211, 232-233
trigonelline, 123
triterpene saponins; see also Saponins
accelerating effects on glucose transport in vitro, 277
antihyperglycemic effects in sugar-loaded animals,
277-284
acylated polyhydroxyolean-12-ene 3-
monodesmosides, 280-282
olean-12-ene 3,28-acylated bisdesmosides,
282-284
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olean-12-en-28-oic acid 3-monodesmosides,
278-280
hypoglycemic effects in diabetic animals, 275-276
mode of action on glucose-loaded rats, 284-285
Trixis frutescens, 189
Trixis radialis, 189
tumor necrosis factor-a (TNF), 294
type 1 diabetes, 4-5, 7, 102, 152, 294; see also Diabetes
mellitus
type 2 diabetes; see also Diabetes mellitus
clinical presentation of, 8, 102, 152-153
desease mechinisms in, 5-7
genetic predisposition for, 6
prevalence of among Native Americans, 169,
170-171
tyrosine kinase, 109

U

Unani tribal medicine, 117-119
Urtica dioica, 105

\Y

Vacciniaceae family, 154, 160
Vaccinium myrtillus, 154-155, 160
Verbenaceae family, 252

Vernonia oligocephala, 207

Vigna unguiculata, 207

viral antigens, 84

Viscum album, 105

Vitex lucens, 252

w

water-soluble NSPs, 262
weight loss and exercise, 12-13, 161-163
West Africa, 265
Western antidiabetic herbs
bitters, 153-156
aloe vera, 155
barberry root bark, 154
bilberry leaf and fruit, 154-155
goat's rue, 156
juniper, 155-156
milk thistle, 154
conclusion on, 163
introduction on, 152-153
nutritional therapies and exercise, 161-163
dietary modification, 161-162
exercise, 162—163
recent additions to treatment of diabetes, 156—-159
American ginseng, 158
devil's club, 159
fenugreek seeds, 157
gymnema, 156-157
prickly pear, 158
queen's crepe myrtle, 159
suma, 157-158
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for use in adjunct therapies, 159-161 Y
bilberry fruit, 160
cayenne, 160-161 yellow bells (Tecoma stans), 188, 197, 208
ginkgo biloba, 160 yoga, 118
X yA
Xanthocercis zambesiaca, 64 Zingiberis Rhizoma, 139, 140
xanthones, 293, 295, 297; see also Antioxidant Zingiber officinalis, 196
polyphenols Zizyphi Fructus, 136, 139

Zizyphus spina-christi, 275
Zygophylaceae family, 233
Zygophyllum gaetulum, 233
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