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Preface

Plants have been the main source of medicines since ancient times. Practically all human
societies have utilized plants not only as sources of nutrition but also as therapy against
diseases and ailments. Considering the fact that the synthesis of a pharmaceutical requires an
enormous investment of research and money, the discovery of useful medicinal plants which
have been used for millennia is very appealing. This book examines Scutellaria baicalensis,
one of the most widely used medicinal plants whose roots have been used for anti-
inflammation, anticancer, decreasing blood pressures, reducing the total cholesterol level and
treating bacterial and viral infections. The pharmacological, toxicological reports and clinical
applications of B-carotene, an organic compound abundant in plants and fruits, is also
explored. Furthermore, diabetes is a metabolic syndrome resulting from low levels of insulin.
This book focuses on recent examples of traditional medicines and foods that have been
validated by scientific evaluation as having promising activity for the prevention and/or
treatment of diabetes. Other chapters in this book describe compounds found in some plants
that have been tested in different bioassays and showed anti-mycobacterial activity, the
advantages of the novel quality control near-infrared spectroscopy (NIRS) tool in medicinal
plant analysis, and a quantitative analysis of polysaccharides from medicinal plants and
fungi.

Chapter 1 - Several carotenoids show enhancement of the immune response, inhibition of
mutagenesis, reduction of induced nuclear damage, and protection from various neoplastic
events in cells, tissues, and whole animals. Carotenoids also protect against photo-induced
tissue damage. Some carotenoids, including B-carotene, quench highly reactive singlet
oxygen under certain conditions and can block free radical-mediated reactions. There is a
growing body of literature on the effects of f-carotene in human chronic diseases, including
cancer. Evidence from observational epidemiological studies has shown that a high
consumption of fruits and vegetables rich in carotenoids is associated with a low risk for
cancer. However, some human intervention trials failed to demonstrate prevention of cancer
by B-carotene supplements. Several studies have indicated that among subjects who neither
smoked cigarettes nor drank alcohol, B-carotene was associated with a marked decrease in the
risk of one or more recurrent adenomas but 3-carotene supplementation conferred a modest
increase in the risk of recurrence among those who smoked. An increase in the risk of lung
cancer among smokers and asbestos workers who took B-carotene supplements is also
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reported. In fact this trial raises the possibility that these supplements may actually have
harmful as well as beneficial effects. Alcohol intake and cigarette smoking appear to modify
the effect of B-carotene supplementation on the risk of colorectal adenoma recurrence.
Similarly, serum [-carotene levels have been associated with a decreased chance of
developing cancer. This results show a remarkable consistency for the association of
increased lung cancer risk with low amounts of dietary B-carotene or low plasma B-carotene
concentrations. For stomach cancer, the evidence is also consistent, although the number of
studies is more modest. For breast and prostate cancer, the studies indicate no consistent
association of plasma or dietary B-carotene and reduced cancer risk. For colorectal cancer,
the effect will be moderate, if existent. Whatever the results of these trials, carotenoids
clearly show biological actions in animals distinct from their function as precursors of
vitamin A. This review is an up-to-date and comprehensive analysis of pharmacological,
toxicological reports and clinical applications of the B-carotene.

Chapter 2 - This study reviews the main native medicinal plants that compose the
pharmacopoeia of the highland population in the province of Coérdoba, central Argentina.
From a methodological point of view, the authors combine first-hand information from
previous investigations, field documents on medicinal species and their applications, and the
results of other ethnobotanical studies on the region. The authors provide an extensive list of
species and applications, a thorough description of the habits and therapeutic practices in
which the species are used, and present the most characteristic features of peasant
ethnomedicine. The authors also describe the main specific features of the etiological
explanations given for diverse maladies and different forms of diagnosis and treatment.
Based on the use of quantitative indicators such as the number of uses, the consensus and
relative importance for a particular use and pharmaco-botanical information, the authors
indicate the native species that would be interesting to apply in primary health care. Finally,
the authors suggest practices regarding the conservation of these species taking into
consideration their distribution, ecology and botanical status.

Chapter 3 - Gastric and duodenal ulcers affect a considerable amount of people in the
world. Ulcer occurs when there is a disturbance of the normal equilibrium caused by either
enhanced aggression or diminished mucosal resistance of gastrointestinal tract. Mucosa
defends gastrointestinal tract of acid, pepsin, bile, leukocyte infiltration and external
substances such as alcohol, caffeine, chilli or certain drugs such as NSAIDs. The defense
mechanisms of the gastrointestinal mucosa mainly consist of functional, humoral and
neuronal factors. Mucus alkaline secretion, mucosal microcirculation and motility act as
functional factors, while prostaglandins and nitric oxide (NO) act as humoral factors, and
capsaicin-sensitive sensory neurons (CPSN) act as neuronal factors. Several plants containing
triterpenoids have been shown to possess anti-ulcer activity. The gastroprotective effects of
triterpenoids have been studied on ethanol or NSAIDs-induced gastric injury models. These
models induced impairment in the mucosal defense process with the consequent gastric
damage. The principal mechanism of gastroprotection of triterpenoids has been reported by
the activations of mucous membrane secretion instead of the inhibition of gastric acid
secretion. Chemically, this gastroprotective effect has been referred to the presence of a
hydroxyl group free or derivative at position C-3 for sterols and triterpenoids. Some
pharmacological gastroprotective mechanisms for this kind of natural products has been
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attributed to the role of prostaglandins, nitric oxide (NO), sulfthydryl groups (-SH), and
capsaicin-sensitive afferent neurons. Besides, recently leukocyte adherence, TNF-a and
hydrogen sulfide has been implicated on mucosal defense mechanism, however it is unknown
on triterpenoids gastroprotection.

Chapter 4 - Scutellaria baicalensis Georgi is one of the most widely used medicinal
plants, and is officially listed in the Chinese Pharmacopoeia. Its roots have been used for anti-
inflammation, anticancer, decreasing blood pressures, reducing the total cholesterol level,
treating bacterial and viral infections of the respiratory and the gastrointestinal tract, cleaning
away heat, moistening aridity, purging fire and detoxifying toxicosis. This plant also
possesses cholagogic, diuretic, and cathartic actions. Some concentrated composite herbal
preparations containing Scutellaria baicalensis Georgi as a major ingredient in their
prescriptions are widely used in oriental countries. Scutellaria baicalensis Georgi contains a
variety of flavones, phenylethanoids, amino acids, sterols and essential oils. Its dried roots
contain over 30 kinds of flavonoids, such as baicalin, baicalein, wogonin, wogonin 7-O-
glucuronide and oroxylin A. The flavonoids are the main active components in Scutellaria
baicalensis Georgi. This chapter provides up-to-date coverage of this class of flavonoids in
regard to chemical structures, natural resources, biosyntheses, analytical methods and
biological activities. Special attention is paid to both biosyntheses and biological activities
including antioxidant and free radical scavenging, anti-inflammation, anticancer,
antibacterium, anti-HIV, anti-hepatitis B virus, anti-respiratory syncytial virus and anti-SARS
coronavirus properties. The structural diversity and the pronounced biological activities
encountered in the flavonoids of Scutellaria baicalensis indicate that this class of compounds
is worthy of further studies that may lead to new drug discovery. The review provides an
account on our research work combined with a reference of the information obtained in both
the English and Chinese literature.

Chapter 5 - Diabetes is a metabolic syndrome resulting from low levels of insulin.
Common symptoms are hyperglycemia, polyuria, polydipsia, blurred vision, lethargy and
weight loss. The increasing worldwide incidence of diabetes mellitus in adults constitutes a
major global public health burden. The World Health Organization (WHO) estimates that
currently more than 180 million people worldwide have diabetes. This number is likely to
double by 2030 when it is predicted that India, China and the United States will have the
largest number of people with diabetes.

Plants have been the main source of medicines since ancient times. Despite tremendous
advances in medicinal chemistry, synthetic drugs have not provided cures to many diseases
due to their adverse side effects or diminution in response after prolonged use. Plants are the
richest source of natural compounds and continue to provide new chemical entities for the
development of drugs against various diseases like cancer, diabetes, inflammation,
hypertension and neurodegeneration. As such, there is renewed interest in traditional
medicines with the belief that plant-derived drugs are generally less toxic and safer than
synthetic drugs. With respect to diabetes, numerous studies have indicated that plant-derived
chemicals may be useful in the therapeutic treatment of diabetes. However, before the
development of therapeutic insulin, diet was (and still is) the main method of treatment and
modern treatment focuses on a combination of drugs and diet. Dietary measures included the
use of traditional medicines mainly derived from plants. While drugs will continue to be an
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important part of diabetes therapy, the mass of evidence available in the literature regarding
the medicinal properties of vegetables, fruits and other herbs, suggests that diet (including
herbal medicines) should not be ignored or neglected.

This review will focus on recent examples of traditional medicines and foods that have
been validated by scientific evaluation as having promising activity for the prevention and/or
treatment of diabetes. Intriguing questions that await further elucidation include how plants,
plant-derived molecules and diet can be used in the future to complement current treatment
strategies for diabetes.

Chapter 6 - Tuberculosis is an infectious, primary pulmonary disease, caused by
Mycobacterium tuberculosis that remains an important public health problem worldwide with
approximately nine million new cases and two million deaths per year. TB is considered the
most important disease caused by a single infectious agent and its control has been difficult
due to the lack of an effective vaccine, association with HIV infection and the progressive
development of resistance to anti-TB drugs.

Alternative anti-mycobacterial drugs are urgently needed; studies have shown that
medicinal plants traditionally used to treat respiratory diseases are a potential source of new
and efficient compounds to treat tuberculosis.

In this chapter we will describe some compounds, found in plants that have been tested
in different bioassays and showed anti-mycobacterial activity.

Chapter 7 - "Angelica keiskei AK", a health food, originated from Japan (Umbelliferae,
"Ashita-Ba" in Japanese), has been distributed islandwide and widely consumed by the
general public in Taiwan during the past twenty-five years. This plant was recognized as
natural aromatic and an important medicinal plant of traditional Chinese herbs. Presently, this
herb is treated as a diuretic, analeptic, lactagogue and has been recommended, cultivated, and
propagated by the Taiwan Agricultural Research Institute (TARI). AK was sampled from five
main planted areas to ensure diversity in the summer and spring harvest seasons in central
Taiwan. Epithermal and instrumental neutron activation analysis (ENAA and INAA) revealed
the presence of nearly twenty metals in the roots, fresh leaves and stems of the plant, as well
as in end-products such as tea bags and capsules of the Taiwanese health food product. This
research employed ENAA to identify aluminum (Al), arsenic (As), bromide (Br), chloride
(C1), iodine (I), potassium (K), magnesium (Mg), manganese (Mn), sodium (Na), antimony
(Sb), and samarium (Sm) and INAA to identify chromium (Cr), iron (Fe), lanthanum (La),
rubidium (Rb), scandium (Sc), selenium (Se), vanadium (V) and zinc (Zn). Some of these
elements are classified as either toxic or essential to humans. In the collected samples the
elements exist in widely differing concentrations, ranging from 10° to 102 pg/g from
different farms. Zinc concentrations in the tea bags are higher than those in the drinking teas,
Mg, and I were the first elements to be detected. The elemental concentrations and maximum
daily intake (MDI) of this herb are compared with those of Angelica sinensis (Danggui in
Mandarin), Ligusticum chuanxiony (Chuanxiong in Mandarin) and Panax ginseng (Ginseng
in Mandarin) as well as with the recommended daily dietary intake values for Taiwanese
consumers, developed by the WHO. The prescription (12 g/day for adult, 6g/day for
children), the MDI of As is below that recommended by WHO/FAO, and thus the average
daily intake of Al, Fe and Sc in Taiwan is probably excessive. However, the MDI of Cr, Fe,
Mn, and Zn among five farms and available in the markets are all below the levels
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recommended by WHO/RDA. Finally, the MDI of Al, Br, CI, K, La, Na, Rb, Sb, Sc, Sm and
V correlate closely with the levels recommended by WHO/RDA.

Chapter 8 - The humankind needs to keep on exploring, in a rational manner, the
chemical substances offered by living organisms, learning, copying and imitating the nature
in its potential and structural diversity offered by laboratories of vegetal and animal analysis.
Learning the chemical dynamism adopted by fauna and flora organisms will undoubtedly
help the scientific progress of the nations. Besides, it will provide contribution for a better
quality of life, protection and survival, comprehension and conservation of environmental
conditions on planet Earth (Turolla, Nascimento, 2006; David, David, 2006).

Chapter 9 - Echinodorus grandiflorus (Cham. & Schltdl.) Micheli and Echinodorus
macrophyllus (Kunth) Micheli, are monocotyledonous species belonging to Alismataceae
family. These plants are aquatic or semi-aquatic herbs, with submersed, floating or emersed
leaves and with inflorescences that remain flourished during nearly 30 days. In Brazil, they
are popularly known as "chapéu de couro" and have been used in the folk medicine in the
treatment of several disorders. Its leaves are resources for very common teas, used as diuretic
and anti-inflammatory, blood depurative, against arthritis and skin diseases, liver maladies
and renal affections, as well as against amygdalitis, pharyngitis, stomatitis and gingivitis.
Several researches have suggested promising results on medicinal activities of “chapéu de
couro”. Some of those activities were observed in vivo, such as diuretic, anti-inflammatory,
hypotensive and antihypertensive, antimicrobial, decholesterolizing, immunosuppressive and
vasodilator. In vitro activities were also confirmed, such as trypanocidal, leishmanicidal and
antineoplastic. In this work it is presented the ethno and experimental pharmacology,
regarding the researches accomplished so far, besides the botanical characterization,
geographic distribution, macro and microscopic description, chemical constituents and
toxicology.

Chapter 10 - Near-Infrared spectroscopy (NIRS; 800-2500 nm) is a non-invasive
spectroscopic tool enabling a fast qualitative and quantitative characterization of medicinal
plants and their constituents down to the ppm-level. Treatment of spectra recorded with
chemometrical and multivariate approaches allows determining chemical (e.g. secondary
plant metabolites, leading compounds) and physical parameters (e.g. water, alcohol content)
simultaneously by one single measurement lasting only a few seconds.

Liquid plant extracts are investigated in the transflection mode at thermostated conditions
using light-fibre optics, dried parts of plant (flowers, leaves, roots) also in the reflection mode
using a sample desk. For the quantitative analysis of secondary metabolites including
3',4°,5 -trimethoxyflavone in Flos Primulae veris, hypericin and hyperforin in St. John’s
Wort, etheric oils in Achillea species, a reference method based on liquid chromatography
(LC), gas chromatography (GC) or capillary electrophoresis (CE) is applied. Qualitative
cluster analysis not only allows identifying different parts of a plant but also enables to
distinguish different species, which is essential also in traditional Chinese medicine (TCM).

In the present contribution the main advantages of the novel quality control NIRS tool in
medicinal plant analysis are pointed out and discussed in detail by several applications.

Chapter 11 - Practically all human societies have utilized plants not only as sources of
nutrition but also as therapy against diseases and ailments. Considering the fact that the
synthesis of a pharmaceutical requires an enormous investment of research and money, the
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discovery of useful medicinal plants which have been used for millennia is very appealing.
About 25% of all synthesized drugs are derived directly or indirectly from plants [1].

In the USA the market in plants used for medicinal purposes involved $4.8 billion in
2007 and $5 billion in Europe in 2003 (2-3). The increase in the demand for phytotherapeutic
products in the USA has resulted in new rules starting in 2008 so that products adhere to
Good Manufacturing Practices (2).

The European Union in 2004 passed a law permitting a simplified registration procedure
for herbal medicines which have been used for at least 30 years (and 15 years in Europe).
These phytotherapeutic products must have adequate documentation of nontoxicity with
specific conditions of use (3).

In the 1990s the World Health Organization (WHO) stated that the use of traditional
medicines was the only sustainable way to provide primary healthcare to individuals in
developing nations [4]. An international meeting of 134 nations at Alma Ata in 1978
established the objective of providing adequate healthcare for all people in the world by the
year 2000. In that year, non-governmental organizations from 92 nations met in Savar,
Bangladesh to reaffirm the same goal.

Given this global situation, the patenting of plant medicines by pharmaceutical industries
can constitute a problem. A pharmaceutical industry would be reluctant to engage in the high
economic investment needed to carry out chemical, pharmacological and clinical studies
without an economic endpoint or profit. The only reason that a pharmaceutical industry
would be interested in investing in research in the area of herbal medicines would be a public
refundability.

Chapter 12 - Polysaccharides isolated from medicinal plants and fungi exhibit multiple
pharmacological activities, including anti-tumor, anti-oxidation, hypoglycemic activity and
immune potentiation and so on. The biological activities of polysaccharides depend on their
chemical characteristics. However, quality control of polysaccahrides is a challenge because
of their complicate structure, macro-molecular mass, more characters showed relationship
with the bioactivities and more potential symbols could be used as the evaluation indicators.
In this review, qualitative assay including the tests of purity, molecular weight and its
distribution, constituent monosaccharide composition and the ratio, the features of glycosidic
linkages, as well as quantitative analysis of polysaccharides from medicinal plants and fungi
were reviewed and discussed. Among the various means for quality control of
polysaccharides, chromatographic and electromigratic methods including high performance
liquid chromatography (HPLC) such as high performance anion exchange chromatography
(HPAEC), size exclusion chromatography (SEC) and electrophoresis (e.g. capillary
electrophoresis and gel electrophoresis) are powerful techniques. The perspective for quality
control of polysaccharides has also been described.

Chapter 13 - Bacterial antibiotic resistance has become a serious problem of public
health that concerns almost all antibacterial agents and that manifests in all fields of their
application. Consequently, there is an increasing interest in the search for new compounds
which can act by a direct antimicrobial effect or by inhibiting resistance mechanisms of
microorganisms of medical importance. Medicinal plants nowadays remain a valuable source
for this kind of compounds. The direct antimicrobial properties of a number of natural
compounds have indeed been reported; such compounds act by many mechanisms, including:
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(i) complexation with macromolecules such as proteins and polysaccharides, thus inhibiting
their functions (polyphenols); (ii) disruption of microbial membranes (lipophilic flavonoids,
terpenoids, plant defensins); and (iii) inhibition of adhesion of microbial proteins to host
polysaccharide receptors (polypeptides). Medicinal plants also provide compounds which are
not necessarily effective against microorganisms, but which enhance or restore the activity of
antibiotics by inhibiting resistance mechanisms. These compounds belong to several
phytochemical groups and act as inhibitors of efflux pumps (flavonoids, terpenoids,
alkaloids); inhibitors of PBP 2a (quinones, terpenoids), enhancers of the permeability of
bacterial membrane (terpenoids) and beta-lactamases inhibitors (alkyls gallates).






In: Medicinal Plants: Classification, Biosynthesis... ISBN: 978-1-60876-027-5
Editor: Alejandro Varela and Jasiah Ibafiez © 2009 Nova Science Publishers, Inc.

Chapter 1

Biological Effects of -Carotene

Rosa Martha Perez Gutierrez, Adriana Maria Neira Gonzalez,

Sandra Lugardo Diaz and Nancy Alonso Carrillo
Laboratorio de Investigacion de Productos Naturales. Escuela Superior de Ingenieria
Quimica e Industrias extractivas IPN. Av. Oton de Mendizabal S/N. Unidad Profesional
Adolfo Lopez Mateos. Mexico D.F.

Abstract

Several carotenoids show enhancement of the immune response, inhibition of
mutagenesis, reduction of induced nuclear damage, and protection from various
neoplastic events in cells, tissues, and whole animals. Carotenoids also protect against
photo-induced tissue damage. Some carotenoids, including B-carotene, quench highly
reactive singlet oxygen under certain conditions and can block free radical-mediated
reactions. There is a growing body of literature on the effects of B-carotene in human
chronic diseases, including cancer. Evidence from observational epidemiological studies
has shown that a high consumption of fruits and vegetables rich in carotenoids is
associated with a low risk for cancer. However, some human intervention trials failed to
demonstrate prevention of cancer by B-carotene supplements. Several studies have
indicated that among subjects who neither smoked cigarettes nor drank alcohol, -
carotene was associated with a marked decrease in the risk of one or more recurrent
adenomas but B-carotene supplementation conferred a modest increase in the risk of
recurrence among those who smoked. An increase in the risk of lung cancer among
smokers and asbestos workers who took B-carotene supplements is also reported. In fact
this trial raises the possibility that these supplements may actually have harmful as well
as beneficial effects. Alcohol intake and cigarette smoking appear to modify the effect of
B-carotene supplementation on the risk of colorectal adenoma recurrence. Similarly,
serum B-carotene levels have been associated with a decreased chance of developing
cancer. This results show a remarkable consistency for the association of increased lung
cancer risk with low amounts of dietary [-carotene or low plasma [-carotene
concentrations. For stomach cancer, the evidence is also consistent, although the number
of studies is more modest. For breast and prostate cancer, the studies indicate no
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consistent association of plasma or dietary PB-carotene and reduced cancer risk. For
colorectal cancer, the effect will be moderate, if existent. Whatever the results of these
trials, carotenoids clearly show biological actions in animals distinct from their function
as precursors of vitamin A. This review is an up-to-date and comprehensive analysis of
pharmacological, toxicological reports and clinical applications of the B-carotene.

Introduction

Carotenoids are found almost everywhere in nature, but particularly among organisms
that bask in the sun. These interesting compounds, most of which reveal a yellow to red
color, have attracted the attention of biologists at least since the early 1800s. The colored
compounds in plants, animals, and microorganisms were extracted and purified, and in time
their structures were determined. Many treatises have been devoted to these compounds, the
most comprehensive of which was edited by Isler in 1971.

Straub in 1971 listed the 273 compounds sufficiently characterized at that time to be
clearly distinct from all others. An update of this key in 1987 expanded the list to 563 distinct
compounds (Straub, 1987). Because cis-trans isomers of a given carotenoid are not listed
separately, the actual number of naturally occurring carotenoids is significantly larger. Thus,
carotenoids represent a very large group of substances with various structural characteristics
and biological activities.

600 carotenoids from natural sources that have been characterized, fewer than 10% serve
as precursor's of vitamin A. Many dietary carotenoids, both with and without provitamin A
activity, are found in the blood and tissues of humans. B-Carotene, the most nutritionally
active carotenoid, comprises 15-30% of total serum carotenoids (Bendich and Olson, 1989).

B-carotene is a member of the carotenoids, which are highly pigmented (red, orange,
yellow), fat-soluble compounds naturally present in many fruits, grains, oils, and vegetables
(green plants, carrots, sweet potatoes, squash, spinach, apricots, and green peppers). a, 3, and
v carotene are considered provitamins because they can be converted to active vitamin A,
which is a nutrient that is vital to growth and development. It is obtained in the diet from
animal sources and is also derived from B-carotene in plant foods. It is broken down in the
mucosa of the small intestine by P-carotene dioxygenase to retinal, a form of vitamin A and
this is mainly stored in the liver in the form of esters of retinol. The B-carotene can also be
absorbed and stored in the fatty tissue without being modified, producing a slightly yellow or
orange color on the palms of the hands. Vitamin A and closely related molecules are also
known as retinoids (Kennedy et al., 1996).

In human, absorbed B-carotene is converted into retinal in enterocytes and the liver by a
specific enzyme (15,15"-dioxygenase), which generates retinal by central cleavage (Roos et
al., 1998). Another metabolic pathway is eccentric cleavage of B-carotene via B-apocarotenals
to retinal (Blomhoff et al., 1992). Retinal is then converted into retinol by dehydrogenases,
and retinol is transported by retinol-binding protein, a specific plasma protein, to target
tissues. Human epidermis contains two major retinoids (retinol and retinyl esters) and
carotenoids (mainly p-carotene) (Vahlquist, 1982). Vitamin A can be stored in keratinocytes
through esterification of retinol into retinyl esters. This step is catalyzed by two enzymes,
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acyl-CoA: retinol acyltransferase (ARAT) and lecithin: retinol acyltransferase (LRAT); their
expression is modulated by the differentiation state of the keratinocytes (Torma et al., 1988).
Hydrolysis of retinyl esters into retinol is catalyzed by retinyl ester hydrolases. Retinol, via
its oxidation into retinal, is a pro-hormone of retinoic acid (Siegenthaler et al., 1990), the
biologically active form of vitamin A that modulates gene expression following its binding to
nuclear receptors. Thus retinal, retinol, and its esters are endogenous precursors of the
biologically active form of vitamin A (Antille et al., 2004)

Carotene is an orange photosynthetic pigment important for photosynthesis. It
contributes to photosynthesis by transmitting the light energy it absorbs to chlorophyll.
Chemically, carotene is a terpene, synthesized biochemically from eight isoprene units. [3-
carotene is composed of two retinyl groups.The two primary isomers of carotene, a-carotene
and P-carotene, differ in the position of double bonds in the cyclic group at the end
(Pitchford, 2002).

B-Carotene is the most abundant carotenoid in nature and most important for the human
diet, so that gives its name to a whole group of biochemical compounds. Its structure was
determined in 1930 by Paul Karrer work that earned him the Nobel prize in chemistry. This
was the first time in history in which the structure of a vitamin or pro-vitamin was identified.
The absorption spectrum of B-carotene shows two absorption peaks between 400 and 500 nm,
corresponding to blue and green, so that the red-orange-yellow reflecting gives its
characteristic color (Karrer, 1928).

The main properties of the f-carotene are:

=  Antioxidant function: quenching the action of oxygen free radicals, inhibiting the
peroxidation of lipids of the membranes.

=  Protection from solar radiation (photoprotectors), encouraging the production of
melanin and therefore a tan uniform and intense.

=  Immune function: improved resistance to infection.

= Restoration and maintenance of the epithelial cells that are the cavities of the body
(skin, glands, membranes, gastrointestinal mucosal).

CHj

B-Carotene
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y-Carotene

-Carotene and Cardiovascular Disease

Cardiovascular disease (CVD) is a major cause of mortality and morbidity in the Western
world. In recent years its importance has expanded internationally and it is believed that by
2020 it will be the biggest cause of mortality in the world, emphasizing the importance to
prevent or minimize this increase. Studies have indicated that beta-carotene mediates pro-
oxidant effects and it has been suggested that its negative effects may diminish the beneficial
effects mediated by the other vitamins in the supplementation cocktail. The trials that used a
combination of vitamins that include B-carotene have been disappointing (Honarbakhsh and
Schachter, 2008).

In middle-aged and older women free of CVD and cancer, plasma carotenoids were
associated with smoking, obesity, LDL cholesterol, HDL cholesterol, Hb A(lc), and CRP.
The associations differ among individual carotenoids, possibly reflecting metabolic effects of
life style and physiologic factors on plasma carotenoids, and may partially explain the inverse
association of plasma carotenoids with CVD outcomes observed in epidemiologic studies.

The possible protective effect of antioxidants on coronary heart disease (CHD) has been
under intensive investigation during the last two decades. The major hypothesis behind this
interest is the role of oxidized low-density lipoprotein (LDL)-cholesterol in atherogenesis and
the in vitro evidence that antioxidants inhibit oxidative modification of LDL-cholesterol
(Esterbauer et al., 1989). Oxidised LDL cholesterol stimulates differentiation of monocytes
into macrophages and accumulates in macrophages by a nonregulated scavenger receptor
pathway. Oxidised LDL induces proliferation of smooth muscle cells, is chemotactic and
cytotoxic, and impairs endothelial function (Kaplan and Aviram, 1999).

Abdominal aortic aneurysm (AAA) is a common and often a fatal condition of the human
aorta with a clear male predominance. In the scope of public health, the importance of AAA
has been growing, because its mortality rate has not shown a decreasing trend during the last
decades (Drott et al., 1992), as has that of other cardiovascular diseases. AAA is a
degenerative disorder with a complex etiology. Atherosclerosis is considered the major cause,
but lately evidence of the importance of other factors has emerged. There is evidence of
familial clustering and involvement of hemodynamic factors (MacSweeney et al., 1992). In
patients with aneurysm, histological studies have shown atherosclerosis, inflammation, and
loss of elastin and collagen content in the aortic wall (Thompson, 1996).

According to Wang et al., (2008) CVD risk factors may potentially influence plasma
concentrations of carotenoids. Baseline plasma carotenoids, (a-carotene, P-carotene, f3-


http://www.ncbi.nlm.nih.gov/pubmed/18826726?ordinalpos=3&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DefaultReportPanel.Pubmed_RVDocSum
http://www.ncbi.nlm.nih.gov/pubmed/18826726?ordinalpos=3&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DefaultReportPanel.Pubmed_RVDocSum
http://www.ncbi.nlm.nih.gov/pubmed/18826726?ordinalpos=3&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DefaultReportPanel.Pubmed_RVDocSum

Biological Effects of 3-Carotene 5

cryptoxanthin, lycopene, and lutein-zeaxanthin), blood lipids, Hb A(lc), and CRP were
available for studies in 2895 women. The results showed that women who were current
smokers or obese had lower plasma concentrations of most carotenoids expect for lycopene.
An increase in LDL cholesterol was associated with a increase in a-carotene, B-carotene, and
lycopene.

Tornwall et al., (2004) evaluate the 6-year post-trial effects of a-tocopherol and B-
carotene supplementation on coronary heart disease (CHD). 29,133 male smokers, aged 50—
69 years were randomised to receive a-tocopherol 50 mg, or B-carotene 20 mg, or both, or
placebo daily for 5-8 years. At the beginning of the post-trial follow-up, 23,144 men were
still at risk for a first-ever major coronary event (MCE), and 1,255 men with pre-trial history
of myocardial infarction (MI) were at risk for MCE. B-Carotene seemed to increase the post-
trial risk of first-ever non-fatal MI but there is no plausible mechanism to support it. So
reported do not advocate the use of a-tocopherol or B-carotene supplements in prevention of
CHD among male smokers.

In a nested case-control study of 513 women with cancer; 130 with cardiovascular
disease and equal numbers of controls, we found no effect of randomised [-carotene on risk
of cancer or cardiovascular disease within any quartile of baseline plasma B-carotene, nor
was there a trend across quartiles (Lee et al., 2002).

12-year followup of cardiovascular mortality is also reported by Gey et al., (1993) and
reveals a significantly increased relative risk of ischemic heart disease and stroke at initially
low plasma levels of B-carotene (< 0.23 pmol/l) and/or vitamin C (< 22.7 umol/l),
independently of vitamin E and of the classical cardiovascular risk factors. Low levels of
both carotene and vitamin C increase the risk further, in the case of stroke even with
significance for overmultiplicative interaction. In conclusion, in cardiovascular disease
independent inverse correlation may exist for every major essential antioxidant although the
latter can also interact synergistically.

It is also reported the evaluate of 6-year post-trial effects of a-tocopherol and B-carotene
supplementation on coronary heart disease (CHD) in the a-tocopherol, B-carotene cancer
prevention (ATBC) study on 29,133 male smokers, aged 50-69 years were randomised to
receive o-tocopherol 50 mg, or B-carotene 20 mg, or both, or placebo daily for 5-8 years.
Results supported that a-tocopherol supplementation had no significant post-trial effect on
first-ever MCEs during the 6-year followup, a result similar to that observed during the trial
period. In contrast, B-carotene supplementation increased the post-trial risk of MCE (major
coronary event) and non-fatal MI by 14% and 16%, respectively.

Post-trial risk for fatal CHD increased by 11%, but did not reach statistical significance.
These findings of B-carotene were unexpected since no increased risk was observed during
the trial period when the corresponding relative risks were 1% for MCE, 0% for non-fatal MI
(myocardial infarction) and 2% for fatal CHD. The late effects of o-tocopherol and f-
carotene on MCEs in men with pre-trial MI. a-Tocopherol, supplementation had no
significant effect on MCEs in these men either during or after the intervention. During the
intervention the risk of fatal CHD was significantly increased by 44% among those who
received P-carotene compared with those who did not, whereas B-carotene had no post-trial
effect on fatal CHD or non-fatal recurrent MI (Tornwall et al., 2001).
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It is also reported the relation between the intakes of dietary carotene, vitamin C, and
vitamin E and the subsequent coronary mortality was studied in a cohort of 5,133 Finnish
men and women aged 30-69 years and initially free from heart disease. Food consumption
was estimated by the dietary history method covering the total habitual diet during the
previous year. Altogether, 244 new fatal coronary heart disease cases occurred during a mean
follow-up of 14 years beginning in 1966-1972. An inverse association was observed between
dietary vitamin E intake and coronary mortality in both men and women with relative risks
between the highest and lowest tertiles of the intake (Knekt et al., 1994).

Other double-blind study were randomised to receive an antioxidant cocktail including
600 mg of a-tocopherol, 250 mg of vitamin C and 20 mg of B-carotene was supplemented for
five years without any benefit on major coronary events among over 20,000 high-risk
subjects (Heart Protection Study Collaborative Group, 2002). In contrast, the Cambridge
Heart Antioxidant Study among 2000 patients with angiographically proven coronary
atherosclerosis found a significant decrease in risk for non-fatal MI, but this surprisingly high
risk-reduction was not reflected in cardiovascular mortality (Stephens et al., 1996).

Furthermore, B-carotene trials have not provided evidence of favourable effects on CHD,
although the opposite was expected based on the observational studies (Pandey et al., 1995).
In the Physicians’ Health Study, no effect on cardiovascular mortality or risk for MI was
observed among over 22,000 male physicians randomised to receive 50 mg of -carotene or
placebo every other day for 12 years (Hennekens et al., 1996). In nearly 40,000 US women
randomised to receive 50 mg of B-carotene, or 600 IU of a-tocopherol, or 100 mg of aspirin,
or placebo every other day no early effect of B-carotene was observed on cardiovascular
endpoints (Lee et al., 1999). In these two studies, only 11% and 13% of the participants,
respectively, were smokers.

In the beta-carotene and retinol efficacy trial (CARET), the effect of the combination of
30 mg of B-carotene and 25,000 IU of vitamin A supplementation on lung cancer and
cardiovascular diseases was assessed among 18,000 current or former smokers or workers
exposed to asbestos. A suggestion of increased risk for cardiovascular mortality was observed
among those who received combination supplementation compared with those who received
placebo group after an average follow-up of 4 years (Omenn et al., 1996b).

In another study, meta analysis of 6 randomised trials was observed that the risk of
cardiovascular death with B-carotene treatment was slightly increased (Vivekananthan et al.,
2003).

Another trial show the evaluation of the effects of a-tocopherol and B-carotene
supplementation on incidence of large abdominal aortic aneurysm (AAA) in a randomised,
double-blind, placebo-controlled trial. Subjects 29,133 were 50—69-years-old male smokers,
participants in the Finnish a-tocopherol, B-carotene Cancer Prevention (ATBC) Study. They
were randomised to receive either 50 mg/day of a-tocopherol, or 20 mg/day of B-carotene, or
both, or placebo. Incidence of AAA was evaluated from mortality and hospital registers.
During 5.8 years of follow-up, 181 male were diagnosed with either ruptured AAA or
nonruptured large AAA treated with aneurysmectomy. A modest though nonsignificant
decrease in risk for nonruptured AAA was observed among a-tocopherol and B-carotene,
supplemented male compared with male not receiving these antioxidants. Neither affected
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risk for ruptured AAA. In conclusion, long-term supplementation with a-tocopherol or -
carotene had no preventive effect on large AAA among male smokers (Tornwall et al., 2001).

The treatment during five year period of 20,536 UK adults (aged 40-80) with coronary
disease, other occlusive arterial disease or diabetes with antoxidant vitamin supplementation
(600 mg vitamin E, 250 mg vitamin C, and 20 mg of B-carotene daily). Although this regimen
increased blood vitamin concentration substantially, it did not produced any significant
reductions in five years mortality from, or incidence of, any type of vascular disease, cancer
or other major outcome (UK Medical Research Concil, 2002).

B-Carotene and Immune Response

Carotenoids have also been shown to enhance immune responses. Both T and B
lymphocytes in the spleens of rats fed nutritionally complete diets supplemented with either
B-carotene or canthaxanthin show enhanced proliferative responses (Bendich, 1989a).
Hamsters bearing chemically induced tumors that were treated with [-carotene,
canthaxanthin, or other carotenoid preparations showed increased numbers of cytotoxic T
cells and macrophages as well as higher titers of tumor necrosis factor than did untreated
animals. Mice that were fed B-carotene, canthaxanthin, or astaxanthin and then injected with
tumor cells developed fewer and more slowly growing tumors than those that were not given
carotenoids (Bendich and Shapiro, 1986). The mechanism by which carotenoids are
producing these effects on the imumune system, however, is not yet clear.

B-Carotene as Anti-Inflammatory

B-Carotene has shown antioxidant and anti-inflammatory activities; however, its
molecular mechanism has not been clearly defined. Bai et al., (2005) examined in vitro and in
vivo regulatory function of B-carotene on the production of nitric oxide (NO) and PGE2 as
well as expression of inducible NO synthase (iNOS), cyclooxygenase-2, TNF-a, and IL-1p.
B-Carotene inhibited the expression and production of these inflammatory mediators in both
LPS stimulated RAW264.7 cells and primary macrophages in a dose-dependent fashion as
well as in LPS-administrated mice.

Furthermore, this compound suppressed NF-«kB activation and iNOS promoter activity in
RAW264.7 cells stimulated with LPS. pB-Carotene blocked nuclear translocation of NF-kB
p65 subunit, which correlated with its inhibitory effect on IxBa phosphorylation and
degradation. This compound directly blocked the intracellular accumulation of reactive
oxygen species in RAW264.7 cells stimulated with LPS as both the NADPH oxidase
inhibitor diphenylene iodonium and antioxidant pyrrolidine dithiocarbamate did. The
inhibition of NADPH oxidase also inhibited NO production, iNOS expression, and iNOS
promoter activity. These results suggest that B-carotene possesses anti-inflammatory activity
by functioning as a potential inhibitor for redox-based NF-«kB activation, probably due to its
antioxidant activity.
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Some investigators found the redox effect of B-carotene previously observed in vitro was
also observed in vivo (Imamura et al., 2006). Ingested B-carotene elicited an increase in GSH
in murine splenocytes, accompanied by an increase in mRNA for y-GCS. The amount of
intracellular glutathionedisulfide (GSSG), an alternative form of glutathione, is far less than
that of intracellular GSH in mammalian cells (Droge et al., 1994). Enhanced transcription of
v-GCS by B-carotene in a cultured cell line has been reported by some investigators (Ben-Dor
et al., 2005). The increases in intracellular GSH found by Takeda et al., (2008) might be
attributable to the reinforced production of GSH induced by B-carotene. The health benefits
of B-carotene, other than as a provitamin A, are controversial, but the results suggest that
ingested B-carotene has a positive effect on the redox status of immune cells.

B-Carotene as Antioxidant

About 20 years ago the hypothesis that diet might have a substantial influence on the
development of some pathologies, such as cancer, has been raised by many scientists. In this
light, during the last decade, efforts have been made to analyze the effects of plant food and
synthetic antioxidants on the development and prevention of chronic diseases. Nowadays,
antioxidants are used on a large scale to try to obtain and preserve optimal health.

While there is no doubt that the correct balance between endogenous and exogenous
antioxidant capacity is essential to life, the curative power of antioxidants has often been
overestimated. In fact, according to the popular idea “if one is good two is better”,
antioxidants are taken in excess too often and the risk to originate diseases instead of
preventing them is quite high. It is noteworthy to underlie that as for all drugs, antioxidants
may give important side effects if not correctly used or in combination with other drugs.
Vitamin A, E and B-carotene for instance, have been shown to have pro-oxidant effects at
higher doses or under certain conditions (Lopez-Hellin et al., 1998).

Oxidative stress is implicated in most human diseases. Antioxidants may decrease the
oxidative damage and its alleged harmful effects. Carotenoids may protect cells from
oxidative stress by quenching free radicals capable of causing cellular damage. Unsaturated
lipids in cell membranes are prime targets for free radical reactions. A free radical-mediated
attack on lipid membranes can initiate a chain reaction that results first in lipid peroxidation
and ultimately in functionally significant damage to membranes, enzymes, and nucleic acids.
Both in vivo and in vitro, B-carotene has been shown to protect isolated lipid membranes
from peroxidation, LDL-containing lipids from oxidation, and liver lipids from oxidation
induced by carbon tetrachloride-induced free radicals.

In chemical studies, the possible basis for the protective actions of carotenoids has been
examined. Although B-carotene primarily has been studied, theoretically all carotenoids with
a similar conjugated double bond system should act similarly (Krinsky and Deneke, 1982). In
purely chemical studies, B-carotene interacts with peroxyl radicals irreversibly to form a
carbon-centered carotenoid radical. This carbon-centered radical is resonance stabilized to
such a degree that its subsequent reaction with molecular oxygen to form a peroxy-p-carotene
radical is reversible (Burton,1989).
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When the oxygen tension is low, the concentration of the highly reactive peroxy-f-
carotene radical is reduced. The less reactive -carotene radical can also undergo termination
by reaction with another peroxy radical (Burton, and Ingold,1984). It is difficult to
extrapolate directly from chemical to biological systems. Cells contain a, complex set of
molecules and enzyme systems for protection from oxidative stress (Halliwell,1988).
Because free radical reactions are essential for maintaining life, the key issue is the
maintenance of an appropriate balance between peroxidative events that are necessary and
those that are excessive (Bendich and Olson, 1989).

Many people are taking antioxidant supplements, believing to improve their health and
prevent diseases (Balluz et al., 2000). Whether antioxidant supplements are beneficial or
harmful is uncertain (Herbert,1997). Many primary or secondary prevention trials of
antioxidant supplements have been conducted to prevent several diseases.

In addition, conclusions on beneficial effect of antioxidant are often drawn from studies
conducted with synthetic antioxidant supplement, whereas fruits and vegetable are a complex
mixture of antioxidant, as well as other potentially beneficial micronutrients and
macronutrients, which may, thus, work with different kinetics and dynamics (Bardia et al.,
2008).

In conclusion, the correct use of antioxidants may be useful to prevent free radical-
related disorders. However, the repair of existing critical structural damage may be beyond
the possibilities of antioxidants and therefore they may not be considered to be useful in
therapeutic clinical applications, where their limits and eventual side effects must be better
understood (Brambilla et al., 2008).

Some investigators analyze the effects of antioxidant supplements as selenium, beta
carotene, vitamins A, E, and C. With exception of selenium, the others compounds showed
no significant effects on gastrointestinal cancers (Bjelakovic et al., 2004). It is also reported
that no beneficial or harmful effect or significantly increased mortality of these supplements
((Bjelakovic et al., 2006; Caraballoso et al., 2003; Davies et al., 2006; Huang et al., 2006). In
addition, an study included 68 randomized trials with 232,606 participants involving adults
comparing beta carotene, vitamin A, vitamin C, vitamin E, and selenium either singly or
combined vs placebo or vs no intervention were included in the analysis. Results supported
an increased mortality of about 5% is likely to be conservative. Treatment with beta carotene,
vitamin A, and vitamin E may increase the risk of death (Bjelakovic et al., 2007).

B-Carotene and Skin Photodamage

Ultraviolet (UV) radiation is one of the most abundant carcinogens in our environment,
and the development of non-melanoma skin cancers, the most common type of human
malignancy worldwide, represents one of the major consequences of excessive exposure.
Because of growing concerns that the level of UV radiation is increasing as a result of
depletion of the stratospheric ozone and climate change, the development of strategies for
protection of the skin is an urgent need. Many phytochemicals that belong to various families
of secondary metabolites, such as alkaloids (caffeine, sanguinarine), flavonoids [(-)-
epigallocatechin 3-gallate, genistein, silibinin], carotenoids (beta-carotene, lycopene), and
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isothiocyanates (sulforaphane), offer exciting platforms for the development of such
protective strategies. These phytochemicals have been consumed by humans for many
centuries as part of plant-rich diets and are presumed to be of low toxicity, an essential
requirement for a chemoprotective agent. Mechanistically, they affect multiple signalling
pathways and protect against UV radiation-inflicted damage by their ability to act as direct
and indirect antioxidants, as well as anti-inflammatory and immunomodulatory agents
(Dinkova-Kostova, 2008).

Skin cancer is a major public health issue in white-skinned populations in the United
States, Europe, and Australia, and the incidence continues to rise (Staples et al., 1998). Solar
keratoses (SKs) are among the strongest determinants of skin cancer risk. The risks of the
main types of skin cancer-basal cell carcinoma and squamous cell carcinoma (BCC and SCC)
are increased 3- to 12-fold in the presence of SKs (Marks et al., 1988). Indeed, a high
proportion of SCCs are believed to arise in SKs, although the actual rate of transformation is
small (Frost et al., 2000). Despite the possibility that controlling SK development may
effectively reduce skin cancer.

The effect of sunscreen (application of a high-protection sunscreen to their head, neck,
arms, and hands every morning) or application of sunscreen at their usual discretionary rate
was determinate in an randomized controlled trial conducted between 1621 adults aged 25 to
74 years. They were also randomly assigned to take either one 30-mg tablet of beta carotene
or one placebo tablet each day.

The results showed a reduction in the rate of change of SK prevalence was also seen in
the sunscreen intervention group relative to the discretionary sunscreen group between 1994
and 1996, but it was not significant. No effect on the rate of change of prevalent SK counts
was seen among those taking beta carotene supplements relative to those taking placebo
tablets. Daily application of sunscreen retarded the rate of SK acquisition among adults in a
subtropical environment, while a beta carotene supplementation of 30 mg/day had no
influence on the occurrence of SKs (Darlington et al., 2003).

B -Carotene has been extensively investigated as a chemopreventive agent that may
protect against skin photodamage (Mathews-Roth, 1990). Recently, B-carotene has been used
as a component of some cosmetics (Harang, 2000.) However, inconsistent findings exist in
various studies (Garmyn et al.,1995). For example, Black (Black, 1998.) found that (-
carotene-supplemented semidefined diets, in contrast to commercial closed formulas, not
only fail to protect against UV-induced carcinogenesis but also lead to significant
exacerbation in mice. Black et al. (2000) pointed out that the inconsistency in the
photoprotective effect of B-carotene in animal studies may have been due to the interaction
between B-carotene and other dietary antioxidants including phytochemicals. Similarly, an in
vitro study showed that preincubation of skin fibroblasts with either B-carotene or lycopene
(0.1-1.0 uM) increases ultraviolet A (UVA)-induced expression of metalloproteinase 1
(MMP-1) (Offord et al., 2002), a collagenase associated with skin aging, while concurrent
addition of vitamin E or vitamin C during preincubation suppresses the increase in MMP-1
mRNA. However, limited data exist regarding the interaction of B-carotene with other
phytochemicals on UV A-induced oxidative damage.

Flavonoids are a major type of phytochemicals that are ubiquitously present in fruits and
vegetables. Growing evidence demonstrate an inverse relation between the dietary intake of
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flavonoids and the incidence of several chronic diseases and cancers (Knekt et al., 2002). In
addition, flavonoids may protect against photodamage (Sies and Stahl, 2004). These
beneficial effects of flavonoids have been attributed to their actions as antioxidants, enzyme
inhibitors and cell cycle regulators under various conditions (Depeint et al., 2002). An in
vitro study showed that flavonoids, including naringenin, rutin and flavonoid extracts from
apple skin, prevent UVB-induced DNA damage.

Yeh et al., (2005) demonstrates an interaction between flavonoids and B-carotene in
UVA-induced DNA damage. Researchers suggest that a combination of B-carotene with
naringin, rutin or quercetin may increase the safety of B-carotene.

Photooxidative stress may play a role in the etiology of basal cell carcinoma (BCC) and
squamous cell carcinoma (SCC), collectively termed nonmelanoma skin cancer (NMSC).
Antioxidant vitamins (e.g., p-carotene) might therefore offer some protection (Steenvoorden
and van Henegouwen,1997). B-carotene might also prevent UV-induced immunosuppression
(Herraiz et al., 1998), enhance cell-to-cell communication (Zhang et al., 1991), and affect cell
proliferation and differentiation (Khuri et al., 1997). Animal studies of UV induced skin
cancer have provided consistent evidence of an anticancer eff