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INTRODUCTION

Thechemical constituents of Perilla concerningvolatile components and pigments have
been investigated in detail, as also other compounds having some biological or
pharmacological activities, since the plant has been used for various purposes. Its
constituents, terpenoids, phenolics, flavonoids, cyanogenic glycosides, and anthocyanins
have been reported. I n recent years, we have focused on the glycosidic constituents of
Perilla, and have isolated about twenty glycosides including nine new glucosides.
Additionally, the inhibitory effect of perillosides A and C, and of related monoterpene
glucosides on aldose reductase and their structure-activity relationships have also been
elucidated.

I n this review, we summarize the chemical constituents of Perilla and their biological
activities, but the survey isrestricted to secondary metabolites. The constituents classified
as pigments such as flavonoids and anthocyanins are not discussed here, but will be
covered in alater chapter.

CHEMICAL STRUCTURES OF CONSTITUENTS

Since the various beneficial properties ascribed to Perilla are associated with consumption
of theleavesand seeds of the plant, their chemical constituents have been thoroughly
studied. The constituents have been obtained by steam distillation and extraction with
some solvent. The characterization of the volatile components was generally achieved
by GC, GC-FT/IR, and GC-MS measurements without purification. The structure
elucidation of the compounds, on the other hand, wasperformed by spectral and chemical
evidence, after purification by fine distillation and swelling chromatographic methods
such as CC, GC, TLC, and HPLC. Spectroscopical anadysis (IR, UV, MS, and NMR,
etc.) was used to elucidate the chemical structure of the purified compound. High
resolution MS, MS/MS and NMR spectroscopic techniques provided significant
information regarding the structural linkages. Accordingly, we present that the
constituents of Perilla are separated into volatile and non-volatile components, thelatter
being further divided into chemical classes, e.g., terpenoids, phenolics, flavonoids,
glycosides, and other constituents.
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Tablel Componentsof the essential oils from the Perilla species

Compounds Species* Plant organ References
(-)-perillaldehyde (1), shiso and ao-iiso Okuda (1967)
(-)-limonene (2)
ol-pinene, €tC.
elsholtziaketone (13), egoma Ihd.
naginataketone (14),
perillaketone (15)
(isoamyl-3-furylketone)
citral (9), perillene lemon-egoma Ihid.
1 (about 50 %), 2, 20-jiso aeria part Masada (1975)
perillyl alcohol (3), (commercial oil)
pinene, camphene, etc
13, 14, linalool (6), egoma aeria part Fujita ez a/. (1966)
1-octen-3-0l, etc.
B-caryophyllene (7), several species aerial part [to (1966, 1968)
elemicin (10),
myristicin (11),
dillapiole (12),
isoegomaketone (16), etc.
¢-farnesene (8), ao-jiso aetial part Sakai and Hirose
allofarnesene (1969)
1-3,6, shiso and ao-iiso aeria part Fujita e 2/, (1970a, b)
trans-shisool (4),
¢ts-shisool (5), etc.
15, 16, etc. shiso leaf Ina and Ogutra (1970),
Ina and Suzuki (1971)

1, 3, 7,10, carvone, shiso, katamen-jiso fruit Kameoka and
phenethyl alcohoal, etc. Nishikawa (1976)
perillaketone (15) Tennessee aeria part Wilson e o/, (1977)
rosefuran, 7, 15, ctc. Bangladesh aeria part Misra and Husain (1987)
Chemotaxonomy
1-7,9-16, etc. 110 samplesin Japan aerial part Tto (1970)
1,2,9-17, anumber of species leaf, fruit, Koezuka et a/ (1984,
petillene, etc. (genetic studies) cotyledon, 19864, b, c),

cayx Nishizawa ef 2/, (1990a, ),

Yuba ¢zl (1992),
Honda (1994)

*shiso, a0-jiso, egoma, lemon-egoma, and katamen-jiso: called inJapanese.
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Figurel Mono and sesquiterpenoidsin Perilla essentid oils

Volatile Components in Essential Oils

Thevolatilecomponentsin Perilla leaves have been obtained as an essentid oil by steam
distillation. There are many reports on the essential oils obtained from a number of
Perilia varieties (Table 1). Their volatile compounds, mono- and sesquiterpenes,
phenylpropanoids, and furylketones have aready been reported, but al of them are not
contained in any one subspecies or variety of Perilla. Some typical ones are shown in
Figures 1 and 2. Attempts to classify them into the chemotypes of the essential oils
have been undergone, as the volatile componentsin some varieties of Perilla might be
characterized by their biosynthesis.It has recently become apparent that the chemotypes
of the essentid oils can be classified into sx types on an individual level, based on the
main volatile components (Honda, 1994). These investigations on the chemotypes of
the essentia oilsand on the genetic controls of the volatile compounds will be described
in the next chapter. I n this section, the chemical structures of the compoundsin essential
oils are described, evenif most of them reported in the past might be obtained from a
mixture of different chemotype species.

Commercial Perilla ol (Perilla essentia oil), which has a Perilla-like odor, is mainly
obtained from green Perilla leaves, caled "ao-jiso™ in Japanese, by steam distillation,
although there are severa kinds of Perilla species being cultivated in Japan. Its volatile
components are comprised of a rich mixture of mono- and sesquiterpenes. Typica
monoterpenes are (-)-perillaldehyde (= (45)-1,8-p-menthadien-7-al, (I)and (-)-limonene
(= (45)-1,8-p-menthadiene, (2), sesquiterpenes f3-caryophyllene (7) and o-farnesene (8)
(Masada, 1975). The major compound, perillaldehyde about 50 - 60 % of the essential
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Figure2 Phenylpropanoids and furylketones in Perilla essentia oils

oil, has a powerful fatty-spicy, oily-herbaceous odor and a sweet-herbaceous taste
(Arctander, 1969), and it is well-known that its anti-oxime is about two thousand times
sweeter than sucrose. Other characteristic compounds having a Perilla-like odor, (-)-
perillyl alcohol (3), #7ans-shisool (4), ws-shisool (5), and linalool (6) are present in Perilla
leaves, which also contain o.-pinene, B-pinene, camphene, 3-octanol, [-octen-3-ol,
alofarnesene, 3-farnesene, €tc., a minor components (Table 1). This type is classified
as a perillaldehyde type.

Other types of essential ails, in contrast, have little or no Perilla-likeodor. They have
been classified into five types by Honda (1994). | n atype containing phenylpropanoids,
elemicin (10), myristicin (11), and dillapiole (12), are present a major compounds. In
two other types containing furylketones, either elsholtziaketone (13) and naginataketone
(14), or perillaketone (15), isoegomaketone (16), and egomaketone (17), are also present
intheleavesof theplant. Thelast type being classifiedto perillene type, contains perillene
together with 9 as aminor component (Nishizawa ¢z /., 1989). The other type having a
citrus odor, whichisclassified as P. frutescens Britt. var. citriodora (Makino) Ohwi, contains
citral (9) asamajor component. These compoundsin the Perilla leaves essential oils are
also present in the fruits of the same plant (KKameoka and Nishikawa, 1976).

In addition, biosyntheses of mono- and sesquiterpenes have been investigated by
using Perilla calus, but it is not discussed here (Suga ¢7 4/, 1986; Tamura ez 4/, 1989;
Nabeta etal., 1983, 1984, 1993).
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Figure3 Son-volatile monoterpenes, sterols and triterpenes isolated from P. frasescens.

Non-volatile Compounds

The chemical structures of non-volatile compounds are described here. A number of
triterpenoids, phenolics, flavonoids, and glycosides, which have various biological
activities, have so far been reported. They might be commonly found in some varieties
of Perilla in contrast with the volatile componentsin essentia oil.

Terpenoids and Serols

The structures of non-volatileterpenoids and sterols are shown in Figure 3. As anon-
volatile monoterpene, perillic acid (18) is well-known as a autooxidation product of the
compound 1 (Okuda, 1967). (35,4 R)-3-Hydroxy-4-(1-methylethenyl)-1-cyclohexene-1-
carboxaldehyde (19) has been isolated from green Perilla by Matsumoto ez «/. (1995).

Besides the widespread sterols, 3-sitosterol (20), stigmasterol (21), and campesterol
(22) from both theleaves and seedsof Perilla (Honda ¢ 4/, 1986; Part ¢ 4/, 1982; Noda
et al., 1975), Perilla leaves also contain triterpenoids, ursolic acid (23), oleanolic acid (24)
(Koshimizu, 1991), and tormentic acid (25). Thelatter acid 25 has been newly identified
in purple Perilla leaves, called “aka-jiso” or “shiso” in Japanese, together with the acids
23 and 24 including dillapiole a amajor volatile compound in our investigation (Fujita
¢t al., 1994). Studies on biosynthesis of triterpenoids have been carried out by using
Perilla cdl cultures (Tomita ez a/, 1985, 1994). Higher terpenoids, five carotenoids,
B-carotene, lutein, neoxanthin, antheraxanthin, and violaxanthin, havealso beenidentified
in green Perilla leaves by Takagi (1985).
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Figure4 Phenolicsand cinnamatesfrom P. frutescens

Phenolics, Cinnamates and Phenylpropanoids

In common with other members of the Labiatae family, Perilla leaves contain a rich
mixture of phenolics and cinnamates (Figure 4). Typical of these are cinnamic acid
derivatives, rosmarinic acid (26), caffeic acid (27), and ferulic acid (28) (Okuda ef 4/,
1986; Atitomi, 1982). Five esters of caffeic acid, 2-(3,4-dihydroxyphenyl)ethenyl caffeate
(30), 2-(3,5-dihydroxyphenyl)-ethenyl caffeate (31) (Nakanishi ez o/, 1990), methyl caffeate
(32), vinyl caffeate (33), and 8-p-menthen-7-yl caffeate (=#rans-shisool-3-(3,4-
dihydroxyphenyl)-2-propenoate, 34) (Matsumoto ef 4/, 1995), have also been isolated
from Peri/la |eaves. As aphenolic, protocatechuic aldehyde (29) is present in Perilla leaves
(Fujitaeta/, 1994). I n addition, o- and y-tocopherol in theleavesof the plant have been
identified as an antioxidative substance (Su ¢z /., 1986). Except for the compounds, 10--
12 introduced in section 1, small amounts of a phenylpropanoid, cugenol and other
aromatics, benzaldehyde, benzylalcohol, and phenethyl alcohol, which have been mainly
characterized by the essential oils described in Table 1, are also present.

Flavonoids and Anthocyaning

The characteristic compounds obtained from purple Perilla are introduced here
(Figure 5), although there have been many reports of pigments such as flavonoids and
anthocyanins from Perilla. Typical flavonoids are apigenin (35), luteolin (36), scutellarein
(37), and their glycosides (Ishikura, 1981; Aritomi, 1982; Yoshida ¢z 4/, 1993), while
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Figure5 Typical flavonoids and anthocyanin from P, fruzescens.

typica anthocyanins are acylated glucosides of cyanidin, malonylshisonin (38) and
shisonin (Kondo e @/, 1989 ; Yoshida ez 4/, 1990). Other pigments will be described in
the following chapter.

Genetic study on theanthocyanin production in Perilla leaf and stem has been reported
by Koezuka ¢ a/. (1985a), and production of phenylpropanoids and anthocyanins by
callus tissue has also been investigated by Tamura ez 4/. (1989).

Glycosides

About twenty glycosides, except for pigments, including nine new glucosides, have been
found from green and purple Perilla leavesin our investigation, and they are classified
into terpenoids, phenylpropanoids, cyanogenics, jasmonoids, phenylvalericacid and other
glycosides, respectively (Figures 6-8).

First, four monoterpene glucosides perillosides A-D (39-42), along with eugenyl
B-D-glucopyranoside (43) and benzyl -D-glucopyranoside (44), have beenisolated from
the methanolic extract of green Perilla leaves including perillaldehyde as a major
component in the essential dl (Fujita and Nakayama, 1992, 1993). The structure of
perilloside A was characterized as (45)- (-)-petillyl B-D-glucopyranoside (39) by means
of spectral and chemical methods. In the same manner, perillosides B, C, and D were
determined to be B-D-glucopyranosyl (45)-(-)-perillate (40), #rans-shisool-B-D-
glucopyranoside (41), as-shisool-B-D-glucopyranoside (42), respectively. Two known
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Figure6 Monoterpenoids and phenylpropanoids glucosides from P, frusescens

glucosides, 43 and 44, have aready been isolated from Me/issa officinalis by Mulkens and
Kapetanidis (1988) and from Carica papaya fruit by Schwab and Schreier (1988),
respectively. The corresponding aglycones of these glucosides 39-44 were mentioned
above as volatilecomponents. 3-Sitosteryl B-D-glucopyranoside was aso obtained from
the same extract of the green Perilla as another terpenoid glucoside.

Next, phenylpropanoid glucoside perilloside E (45) along with 43, 44, and linalyl
B-D-glucopyranoside (46) are present in the methanolic extract of purple Perilla leaves
including dillapiole as a magjor compound in the essentia oil (Fujita e 4/, 1994). The
structure of perilloside E, which has a penta-substituted benzene ring consisting of
allyl, methylenedioxy, methoxyl and -D-glucopyranosyloxy moieties, was determined
to be 6-methoxy-2,3-methylenedioxy-5-allylphenyl B-D-glucopyranoside (45) by means
of long-range PC-'H correlations of the NMR measurements. The corresponding
aglycone of 45, 6-methoxy-2,3-methylenedioxy-5-allylphenol was also found for the
first timein plants. Its methylation product is identical to dillapiole. These glucosides
3946 seem to be closaly associated with the volatile constituents in the essential oils, as
each aglycone could afford related volatile compound. The result on the analysisof the
glucosidic composition in the plant should support the genetic study on the volétile
component formation of Peri//a Species.

Two cyanogenic glycosides, prunasin (= (R)-2-(B-D-glucopyranosyloxy)
phenylacetonitrile, 47) and amygdalin isomer, (R)-2-(2-O-B-D-glucopyranosyl-B-D-
glucopyranosyloxy) phenylacetonitrile, 48) have been reported by Aritomi e a/. (1985,
1988). They were hydrolyzed with concentrated hydrochloric acid to (K)-mandelic acids.
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Figure7 Cyanogenic Glycosides from P. frutescens.

Additionaly, sambunigrin (= (5)-2-(B-D-glucopyranosyloxy) phenyl-acetonitrile, 49),
along with 47 and 48, is also present in both green and purple Perilla leaves (Fujitae o/,
1994). The chemical and physical properties of 47 and 49 are very similar to each other,
since theseare diastereoisomers of mandelonitrile glucopyranoside (Schwarzmaier, 1976).
However, their '"H- and "*C-NMR spectra are distinguishable by comparison of signals
at the anomeric and nitrile methine protons and nitrile carbon as well as two
diastereoisomers, dhurrin and taxiphyllin (Nahrstedt etal., 1993). Since racemization of
cyanogenic glucosides have been known to occur under akaline conditions (Seigler,
1975), more specific studies are required to determine whether only 47 or both
conformers exist without racemization.

Recently, two jasmonoid glucosides (50 and 51), a phenylvaleric acid glucoside (52),
and decenoic acid glucoside (53) are also present in the butanol-sol ublefraction obtained
from methanolic extract of green Perilla leaves, along with phenolics 26 — 29 and their
methy!l esters, cyanogenic glucosides47 — 49 and methyl ¢-D-galactopyranoside (Fujita
et al., 1996a, b). The structure of 50 was determined to be 5-B-D-glucopyrano-
syloxyjasmonic acid, and its absolute configurations at C-1 and C-2 were both assigned
to be R. The structure of 51 was characterized as 3-B-D-glucopyranosyl-3-epi-2-
isocucurbic acid. Its absolute configuration at C-3 position was judged to be R
configuration by applying the glucosylation shiftsin *C-NMR spectroscopy. | nasimilar
manner, 52 was elucidated to be 3-f-D-glucopyranosyloxy-5-phenylvaleric acid, and its
absolute configuration at C-3 position assigned to be R The structure of 53 was
determined to be 5-B-D-glucopyranosyloxy-(Z)-7-decenoic acid.
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Figure 8 Jasmonoids, phenylvaleric acid, and other glucosides from P. frufescens.

Some other glycosides have been isolated from the same plant extract, and the
determination of their structures and the absolute configuration at the C-5 position of
53 is now in progress.

Other Constituents

The composition of fatty acids in Perilla seed oil is so characteristic among various
edible oilsthat it is comprised of highly unsaturated fatty acids, mainly o-linolenic acid
whichisabout 50 %. Thestudy of fatty acid distributionin Perilla seed lipids have been
reported by Nodaand Obata (1975). Recently, it has been shown that the Perilla seed ail
(n-3 family), called “egoma oil"" (in Japanese), has beneficial effects as compared to
common #-6 family ails, and it enhances brain activity and nerve systems, and also
suppressed the development of cancer, thrombosis and allergic reaction in the animal
experiments (Hirano ez a/, 1991). Palmitic, linoleic, and isooleic acids are also present as
lipids or free fatty acids in the chloroform-methanol extract of green Perilla leaves
(Nakatsu ef al, 1984).

BIOLOGICAL ACTIVITIES OF CONSTITUENTS OF PERILLA

A large number of studies on the biological and pharmacological activities of the
congtituents of Perilla have been made, but some of these were carried out on crude
substances such as an essential oil or a crude extract of the plant. The main biological
activities of Perilla components are summarized here.

Volatile Componentsin Essential Oils

Commercial Petrilla oil iswidely utilized asaflavoring asare also Perilla leavesand flower
stalks, sinceit can increase the appetite. Therefore, itis not only used in many Japanese
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processed foods but has also been reported to have some functional applications for
masking fishy odor and as an antimicrobial agent and so forth. Using sensory test on
the odor of sardines boiled with its major compound perillaldehyde (1), it has been
shown that 1 contributed to masking the odor specific to boiled sardines (Kasahara and
Nishibori, 1988). Theantifungal activity of 1 has been investigated, and 1showed growth
inhibition against dermatophytic fungus, c.g,, Trichophyion violacenn (Kurita and Koike,
1979). Its activity was synergistically increased by adding salt in an agar media (Kurita
et al.,1981). Honda et #/. (1984) have aso reported that 1 and citra (9) were found to
show a synergistic inhibitory effect on dermatophytic fungal growth. In addition, the
compound 1 has unique biologica activities such as a sedative and acaricidal. It has been
reported that the oral administration of 1 (100 mg/kg) as well as that of an aqueous
extract (4.0 g/kg body wt.) of Perilla leaves prolonged sleep induced by hexobarbital-
Nain mice (Sugaya ¢t #/., 1981). Sedative activity of the combined effect of 1 and
stigmasterol (21) has further been discovered by Honda ez 4/ (1986) and a significant
prolongation of sleep was observed when 1 (2.5 mg/kg) and 21 (5.0 mg/kg) were
combined. Insecticidal activity against atick, namely, acaricide, of 1hasalso been reported
(Morimoto €t a/., 1989).

Furthermore, the biological activities of the other components in the Perilla essential
oils have been studied. For example, perillaketone (15) wasisolated from aPerilla essential
oil as an active principle of intestinal propulsionin mice (Koezuka ¢z 2/, 1985b), and 15
was found to be a potent and lung-selective pulmonary toxicant in mice (Wilson ¢z al.,
1977; Garst and Wilson, 1984). Dillapiole (12) wasisolated from aPerilla essential oil as
an active principle for prolonging hexobarbital-induced sleep in mice (ED, =1.57 mg/
kg) (Honda et #/., 1988).

Recently, anti-tumor activity of (-)-perillyl alcohol (3) has been investigated. Stark
etal. (1995) have reported the chemotherapeutic effects of 3 on pancreatic cancer. Gould
etal. have described that 3 and (+)-limonene inhibited die growth of mammary tumors
and induced apoptosis in rat liver tumors (Ren ef 4/, 1994; Shi etal., 1995; Mills e /,
1995). They have aso been shown to inhibit protein prenylation and cell proliferation
(Gelb ¢t al., 1994; Crowell ¢f al., 1994).

50

Triterpenoids

Triterpenoids ursolic acid (23) and oleanolic acid (24) were isolated from Perilla leaves
as anti-tumor promoting active substances (Koshimizu e 2/, 1988, 1991). They were
found to show an inhibitory effect on epstein-barr virus activation induced by a 12-O-
tetradecanoyl phorbol-13-acetate (IPA) (Ohigashi ez 4/, 1986). T he treatment of 23aone
(41 nmol) or both 23 and 24 (41 nmol of each) when applied continuously before each
TPA-treatment (4.1 nmol) remarkably delayed the formation of papillomas in mouse
skin as compared with the control only with TPA (Tokuda e 4/, 1986). Moreover,
tormentic acid (25), which was obtained from other severa plants (Takahashi ef 4/,
1974; Numata ez 4, 1989), was found to show a hypoglycemic activity on rats (Villar
etal., 1986). They investigated the effect of 25 on its activity by using normoglycemic,
hyperglycemic, and streptozotocin diabetic rats as compared with glibenclamide, and
then showed that these results suggested that 25 acts by increasing insulin secretion
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from theidetsof Langerhans(Ivorra e 2/., 1988). Antimicrobial activity of 25, and also
23 and 24, against Sreptococcus #zutans has been reported by 1sobe ¢ 4/ (1989).

Phenolics and Cinnamates

Phenoliccompoundsare generaly known to have an antioxidativeactivity. Soin common
with other members of the Labiatae family, the Perilla extract shows an antioxidative
activity becauseit includes arich mixture of phenolics, c.g;, tocopherols, rosmarinic acid
(26) and caffeicacid (27) in it (Su etal. 1986). Three caffeates, methyl caffeate (32), vinyl
caffeate(33), and p-menth-8-en-7-yl caffeate (34) have also beenisol ated as antioxidative
compounds (Matsumoto ¢f 4/, 1995). Furthermore, two caffeates, 2-(3,4-
dihydroxyphenyl)ethenyl caffeate (30) and 2-(3,5-dihydroxyphenyl)ethenyl caffeate (31)
have been isolated as inhibitors of xanthine oxidase (Nakanishi et »/, 1990). Recently,
some phenolics26, 27, and protocatechuic aldehyde (29) were found to show aninhibitory
effect on tumor necrosis factor production (Kosuna & 2/, 1995). In addition, 26 was
isolated from Perilla leaves as a tannic active substance (Okuda etal., 1986), whileit was
isolated as an active substance on an anti-histamine release activity (1C, =18(M) against
compound 48/80 from Ehretia philippinensis (Simpol ez o/, 1994). T he anti-inflammatory
activity of 26 determined by the inhibition of malondialdehyde formation in human
platelets (Gracza etal. 1985), and the effect of 26 as askin conditioner (FFukushima etal.,
1988) have been reported.

Flavonoids and Anthocyanins

Flavonoids and anthocyanins are generally known to have an antioxidative activity as
wel as phenolics. Additionally, there are many reports on several enzymatic inhibitory
effects associated with flavonoids obtained from a number of plants and foods.
Anthocyanins obtained from purple Perilla are alsoimportant as natural colorantswhich
are relatively stable among other natural colorants. The commercial production of
anthocyanin pigments by using cell cultures induced from Perilla has been investigated
(Koda e o/, 1992).

Glycosides

Monoterpene glucosides, perillosdes A (39) and C (41) obtained from green Perilla
leaves, werefound to beinhibitorsof adosereductase,and the effect of related glucosides
and their tetraacetates on aldose reductase has also been elucidated (Fujita et 4/, 1995).

Aldose reductase (EC 1.1.1.21, abbr. AR) is a key enzyme of the polyol pathway,
which catalyzes the reduction of hexosesto sugar alcohols(Gabbay, 1973). 1t is expected
that AR inhibitors will play an important role in the management of diabetic
complications such as cataract, retinopathy, neuropathy, and nephropathy (Kinoshita
et o/, 1981; Sakamoto and Hotta 1983). We observed the inhibitory effects of glucosides
derived from Petilla and related monoterpene glucosides (Figure9), whichwere prepared by
modified Koenigs-IKnotr method (Paulsen etal., 1985; Schwab ¢ 4/, 1990), against rat lens
AR (RLLAR) and human recombinant AR (HHRAR) in order to elucidate the relationship
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Figure9 Structuresof synthesized monoterpene glucosides
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between the structure and inhibitory activity. AR assays using partidly purified RLAR and
purchased HRAR were conducted according to the method by Hayman ez 4/ (1965).

The inhibitory effects of monoterpene glucosides including perillosides on RLLAR
areshown in Table 2. Perilloside A (39) and C (41), and their homologues (-)-phellandryl
B-D-glucopyranoside (54) and 1, 4(8)-p-menthadien-7-yl -D-glucopyranoside (56),
another type, (-)-menthyl 3-D-glucopyranoside (61) were quite inhibitory to RLAR,

and
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Table2 Inhibitory effect of glucosides and their tetraacetates on RLAR

Gle (%) Gle (OAd), (%)
Glncoside 0.1 M 0.01 M 0.1 mM 001 mM
Perilloside A (39) 54.5 6.7 87.1 39.6
Perilloside B (40) 144 11.1 30.7 25.5
Petilloside C (41) 46.4 261 67.0 30.7
Perilloside D (42) 28.2 14.8 45.2 13.7
(-)-Phellandryl B-D-Glc (54) 43.6 15.7 65.4 10.5
p-Menthan-7-yl B-D-Glc (55) 26.8 13.9 62.3 40.7
1,4(8)-p-Menthadien-7-yl B-D-Glc (56) 41.9 32.9 423 9.1
1-p-Menthene-78-diol 7-B-D-Glc (57) 14.8 3.8 26.3 9.5
Homoperillyl B-D-Glc (58) 35.6 17.4 16.2 0
Myrtenyl B-D-Glc (59) 16.3 8.7 37.7 10.5
Cuminyl B-D-Glc (60) 9.5 5.5 - -
(-)-Menthyl B-D-Glc (61) 38.7 11.6 - 42
()-ais-Carvyl B-D-Glc (62) 9.1 0 38.5 16.2
(-)-0-Terpinyl B-D-Glc (63) 14.2 0 20.8 17.5
Bornyl B-D-Glc (64) 10.4 8.7 335 238
1-Cyclohexenylmethyl B-D-Glc (65) 2.0 0 62.3 36.6
(x-Typeglucoside
(-)-Perillyl a-D-Glc (66) 20.1 9.1 37.6 7.1
(-)-Phellandryl o-D-Gle (67) 31.7 16.4 65.4 18.7

- Not measured

where dl of the corresponding aglycones, alcohols and acid were inactive in this assay.
Their tetraacetates demonstrated an approximately one order higher activity than the
corresponding glucosides. The o-D-type glucosides, (-)-perillyl o-D-glucopyranoside
(66) and (-)- phellandryl o-D-glucopyranoside (67) and their tetraacetates had alower
inhibitory activity in each case. In the same manner, theinhibitory effects of theglucosides
39, 41, and 54, and their tetraacetates on HRAR were screened and then their inhibitory
tendencies were similar to those of the case of RLAR, although the activities were
somewhat weaker at the same concentration. These results may suggest as follows; (1)
the p-menthane skeleton having aglucosyloxy moiety at the C-7 position, e.g,, perilloside
A (39) is essential for the appearance of inhibitory action; (2) double bonds in the
p-menthane skeleton increased the activity; (3) equatorial substituents of 39, 41, and 54,
when the compounds have a stable chair form, were better than axia ones asin 42 and
55; (4) acetylation of the glucosides resulted in a one order higher activity than the
original glucosides; (5) the glucosidic (3-linkagewith aglycone was preferred to the
oc-linkage, the former favoring a planar structure; (6) an ether-type glucoside was better
than an ester-type one.

Kinetic studies were conducted on the compound 39 and tetraacctylperilloside A in
order to determine the type of inhibition and inhibition constant (Ki). The Ki values of
39 for the substrates of glyceraldehyde and NADPH, were calculated at 1.4 x10* M
and 4.3 X 10 M from the Lineweaver-Burk plots, respectively. The apparent type of
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enzyme inhibition by 39 was competitive with respect to glyceraldehyde, while non-
competitive to NADPH. On the other hand, the Ki values of tetraacetylperilloside A
for the substrates of glyceraldehyde and NADPH, were calculated at 2.5 < 10° M and
4.0 x 10° M, respectively. Its type of inhibition was non-competitive with the both
glyceraldehyde and NADPH. I n addition, kinetic study of 39 and its tetraacetate with
HRAR was conducted, and their type of inhibition were same as thosewith RLAR. In
this case, the Ki values of 39 and tetraacetylperilloside A exhibited 4.3 x 10* M and
1.1 < 10 M for glyceraldehyde, respectively.

This was the first report of monoterpene glucosides such as perillosides as AR
inhibitors, although many flavonoids, carboxylic acids, and tannins have historically been
examined as AR-inhibitory drugs (Okuda ¢ 4/, 1984; Kador € «/, 1983, 1985; Raskin
and Rosenstock, 1987). The inhibitor binding should result from a combination of
hydrophobic binding and a reversible charge-transfer reaction. In this experiment, the
introduction of acetyl groups as lipophilic substituents into monoterpene glucosides
increased the magnitude of the inhibition of AR. Furthermore, the (3-form of
monoterpene glucosides showed a higher inhibition than the ¢-form. These results
indicate that ARs have stereochemical requirements for binding, as well as lipophilic
binding regions and a charge-transfer pocket. More specific studies are required to
elucidate the stereochemical requirements for binding to ARs. However, the present
results should contribute to the design of more effective AR inhibitors.

In recent years, we have become interested in biological activities such as the plant
growth regulatory activity of jasmonoids (Yamane, 1994). The jasmonoid glucosides 50
and 51 obtained from the green Perilla were stereoisomers of B-D-
glucopyranosyltuberonic acid (= 5-(3-D-glucopyranosyloxy-2-epijasmonic acid) and (1R)-
3-B-D-glucopyranosylcucurbic acid, respectively. The former have been isolated as a
tuber-inducing substance from potato leaves (Yoshihara ez o/, 1989), and the later have
been isolated as a plant growth inhibitor from Cuenrbita pepo L. (Fukui & al, 1977).
Although these jasmonoid glucosides have been alittle reported, anumber of jasmonoids
have been isolated from plants and microorganisms as a plant growth regulator. The
related glucosides 52 and 53 have also been obtained from Perilla leaves. Consequently,
these glucosides 50-53 from Perilla are expected to play an important rolein plant as
well as other jasmonoids.

CONCLUSION

There are alarge number of studies on the constituents of Perilla, since the plant has
been used for various purposes, ¢.g., as agarnish, flavoring, and natural colorant. These
results suggest that the constituents of Perilla havevarious beneficia properties compared
with other edible plants. Petilla essential oil is not only widely utilized as a flavoring but
also used in many processed foods to increase appetite. Therefore, many volatile
compounds in Perilla oil have been investigated, and some of their components have
been reported to show an antimicrobial, sedative, and anti-tumor activities. A number
of non-volatile compounds, on the other hand, tetpenoids, phenolics, flavonoids, and
glycosides have been isolated from Perilla extract, and have aso been described to have
some biological activities, for example, an anti-tumor promoting, hypoglycemic,
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antioxidative, anti-inflammatory, and aldose reductase inhibitory activities. Recently, the
effect of the Perilla water extract on anti-allergic activity has been noted, as has its
effectiveness against some alergic symptoms caused by pollen, foods, etc., although the
active principle has not been fully identified. If the beneficial properties ascribed to
Perilla are made clearer by biological and chemical evidence, the plant will arouse even
greater interest.
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