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Introduction

Korean ginseng (B AZE) roots are products of the
perennial herb, Panax ginseng C. A. Mgyer, the
economically important member of the family Arali-
aceae, which is native to Korea and Manchuria, and
is cultivated for commercial purposes in Korea, Japan,
Manchuria and Russia. The ginseng root is fleshy,
light yellow brown, spindle-shaped and often divided
so that it may resemble a human form. It has a
unique odor, and a bitter then sweetish taste. The stem
is single, straight and approximately 60 cm in height
with 3~5 long-stalked leaflets. The flower is small,
yellowish green, and on a single terminal umbel. The
fruit is bright red, with normally two seeds laterally
compressed, Ginseng is normally collected after 5~7
years cultivation.

American ginseng (Panax quinquefolium L., FEH,

TEHEAZE or BEHRAE)

in North America; P. pseudo-ginseng Warr. in the

is indigenous and cultivated
Southern part of China; chikusetsu-ninjin (P. japonicus
C. A. Mever, M1EiAZE) is indigenous in Japan. They
have been substituted for Korean ginseng for a
long time. Commercial ginseng-sanchi or sanchi (NE
=4 is most often considered to be P. pseudo-ginseng
or Gynura segetum (Lour.) Merr., but the actual
species is precisely unknown®?. ,

For at least two thousand years ginseng is reported
to have contributed considerably to the health of the
body and mind of the Oriental. Its therapeutic virtue
is quite general. This is apparent even in its genus
name, Panaz, which is derived from the Greek pan-
akos meaning a cure-all. The first recorded pharmac-

ological actions of ginseng appeared in “Shen-Niing’s
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Materia Medica” (PB4 Z#) in about 196 A.D. and
is, “A tonic to the five viscera, -quieting the spirits,
establishing . the soul, allaying fear, expelling evil
efluvia, brightening the eye, opening . up the heart,
benefiting the understanding, and if taken for some
time it will invigorate the body and prolong life”
(FH </ 3% LEBE REE B8 BL &8
B AREHIEE)D. The Oriental people traditionally
use large quantities of ginseng roots and extracts for
either geriatrics, tonic, stomachic, or aphrodisiac
effects. The Russian Brexuman and Dagrpymovh®
reported the plant ,to possess anabolic, adaptogenic,
anti-stress, hypothermic, central nervous system stimu-
lation, radio-protective, antibiotic, minor hyperglycemic
and anticancer activity. The Korean On et al.?, Hong
et al.” and Syn and Kiv® have reported the saponin

fractions in mice to potentiate nembutal hypnosis, to
retard the onset-time of cocaine induced convulsions,

to reduce body temperature, and to enhance the process
of sexual behavior. The Japanese Takaci et al.%

Plant Triterpenes

a. Definition

Triterpenes represent an extremely diversified family
of plant constituents. The triterpenes are Cz compo-
unds. Very often triterpenes occur as glycosides, which
are called saponins. Saponins exhibit a persistent. froth
when shaken with water and, in addition, will hemo-
lyze a suspension of red blood cells. The sugar and
acid portion of the saponin molecule is principally
responsible for the hemolytic properties®, and non-
hemolytic sapogenins exist!®, Saponins usually exist
in plants in the form of glycosides, and the removal
of its attached sugars by hydrolysis yields the genin
(aglycone).

Reviews have been published on the chemistry
of triterpenoid saponins®™4#9, cardenolides®:®® and
bufadienolides®.

b. Chemical Classes

Triterpenoid sapogenins and related compounds may
be classified according to the mode of squalene cycli-
zation (Fig. 1): A. Dammarane type!’*, B, Cycloar-
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essentially confirmed in mice and rats the results of
Korean pharmacologists, and also observed the crude
ginseng saponin fraction to have an over-all tranquili-
zing effect. A purified ginseng saponin produced his-
tamine-like, cholinergic, and papaverine-like effects.
Ginseng saponin has been considered an active principle
for ginseng’s most therapeutic properties. Other than
saponins, ginseng plants contained many substances

phytosterols, steroids, oils, acids, carbohydrates,
flavonoids, nitrogen-containing compounds, vitamins
and inorganics. Some chemical studies’™®® during
1854~1949 have also been summarized in Table I
A few of them are valuable, but most of them unva-
lued. From chemical points of view, a brief plant
triterpene chemistry as well as the biosynthesis of
plant triterpenes is reviewed so that one can understand
the ginseng saponin chemistry. The review on the bios-
ynthesis of plant triterpenes may be quite helpful for
future biosynthetic studies when a chemist or a pharm-

acologist needs labeled compounds from ginseng plants.

OH

A. Dammarane Type

B. Cycloartenol Type

C. Lupeol Type

Ho

D. Hopano! Type
Fig. 1. Cyclization of Squalene: Types of Plant -
Triterpenes.
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Table I. Chemical Investigations during 1850~1949.

A. Panax ginseng

Date Substances Investigated References
1890 = Panaquilon 1
1905  Panaquilon (CssHs04) 12
1908  Panaxapogenin, (CssHgsOro, m.p. 190° C) 1
1915 Al, Fe, Mn, K, Py0s, Si0;, panacen, phytosterol (m.p. 133° C), saponin {m.p. 220° C) and ¥
prosapogenin (sapogenin-D-glucose)
1917 Oil (b.p. 105~110° C/15 mmHg) 1
1918  Stearic, palmitic and linoleic acid, phytosterol (m.p. 133~4° C) and volatile oil ((CsHp)s, b.p. 1®
247° C) R
1920  Panaquilon -
1920 Saponin (mol. wt. 876, glucose+pentose), panaxsapogenol (CaHys0s, 3 OH, one ethylene, 19
m.p. 242.5° C) and its isomer (m.p. 130° C)
1921  Amylase mn
1926 Ginsenin (saponin) 18)
1927 Panaxasapogenin (m.p. 303~4° C) 1
1928  Amylase and phenolase 200
1930  Panacen, panaxic acid, phytosterin and saponin 21,29
1931  Saponin (CgsHesO1s, m.p. 208~210° C), and CyHg0sCl (m.p. 209° C) @
1931 S, P, Fe, Al, Ca, Mg, Si and Mn 24)
1932 Panaxigenin chloride (CsHs30sCl), anhydropanaxigenin (CsoHs203, m.p. 256~8° C), )
and acetyl panaxigenin (m.p. 111~2° C)
1933 S and Vitamin B 28
1937 Saponin m
1940  Phytosterol (m.p. 134~146° C) 28)
B. Panazx quinquefolium
1854 Panaquilon (C2¢H:015) and panacon (CyyHig0s) 29)
1921  Phytosterol (m.p. 132~4° C), saponin ((CgH1205)x, m.p. 170~2° C) and sapogenin ((Cz1Ha05)z, 3@
m.p. 188~191° C)
1930  Panacen, panaxic acid, phytosterin and saponin 21,22
1939  Oil a1
C. Panax japonicus
1904 Saponin (m.p. 150° C) 12)
1923  Saponin and sapogenin . 32
1929 Saponin, prosapogenin (CyHre015, m.p. 222~4° C), sapogenin+glucose+glucuronic acid 83)
1930  Sapogenin I (mol. wt. 451~475, m.p. 304° C) 30
1930 Sapogenin (CssHss(OH).COOH) 35)
1932  Panax sapogenin (oleanolic acid, CsHsQs, m.p. 305° C) 36)
D. Panax bipinnatifidum
1937  Arasaponin A (CsoHgO10, m.p. 195~210° C), arasapogenin A (m.p. 244° C and 252° C) +glucose, "
arasaponin B (Cp3HasO10, m.p. 190~200° C) and arasapogenin B4-glucose
)

1941

Arasapogenin B ((CyHsp)s, m.p. 247° C)+glucose




tenol type!®59, C. Lupeol type’t~®, and D. Hopanol
types*.

Among the sugar and acid hydrolyzed components
41,49 from saponins reported are glucose, arabinose,
galactose, fructose, fucose, xylose, rhamnnose, glucu-
ronic acid, galacturonic acid, 6-deoxy sugars, formic
acid, acetic acid, =-butyric acid, iso-butyric acid,
iso-valeric acid, methyl butyric acid, angelic acid, tiglic
acid, ethyl machaerinate, benzoic acid, o-monomethyl-
aminobenzoic acid, echinocystic acid, tenuifolic acid,
glucuronolactone, 1,3—dimethyl acrylic acid, cinnamic
acid and ferulic acid. The linkage of sugars® to genins
in the cardiac glycosides follows the gemeral pattern:
genin-(rare sugar),—(glucose),.

¢. Plant Distribution

Over 6,000 plants representing 208 families and
1,397 genera were screened for steroidal saponins by
the U.S. Department of Agriculture. - They observed
that steroidal saponins were present often in monocots
belonging to the Liliaceae, Amaryllidaceae, and Dios-
coreaceae families; and in the Scrophulariaceae and
Solanaceae families™5®. The triterpenoid saponins are
present in a very large number of species and often
characterize whole families (e.g. in Primulaceae) or
intrafamiliar entities (e.g. in - Berberidaceae and
Ranunculaceae)™ .

In many plants, triterpenes such as friedelin, fried-
elinol, oleanolic acid and ursclic acid were isolated in
high concentrations from the cork and cuticular
waxes. Triterpenes have not yet been found in the

waxes of Magnoliales and Ranunculales. All triterpenes
- Ginseng

a. Phytosterols and Oils

Ether-soluble extracts have been reported for Ame-
rican ginseng roots (0.60 %), the above-ground parts
(1.42 %), callus tissues {0.92 %) and Korean ginseng
roots (0.82 %)84.

Gstirner et al.® and WroseL et al.%® isolated
B-sitosterol (0.50 %) from P. ginseng roots. Lin®"
isolated stigmasterol (0.05 %) from Manchurian P.
ginseng fiber-roots,
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from the ferns and lycopenes can arise from squalene
without rearrangements (hopane, serratane and dam-
maranej. Morphologically and anatomically primitive
plants contain simpler triterpenes, and an evolutionally
pattern for triterpenes has become recognizable®”.
The distribution of dammarane-type triterpenes such
as ginseng panaxadiol and panaxatriol appears restri-
cted to the genera Panaz in the Araliaceae family.
However, many other dammarane-type triterpenoid
sapogenins are present in the genera Bacopa®®,
Alnus®®, Betula®’, Colletia®?, Dipteryx®, Pouteria®,
and Mammillaria (a cactus)®®. The oleanane-type trite-
rpenes (e.g. oleanolic acid and hederagenin) are found
principally in the genera Aralia®, Eleutherococcus®™,
Hedera®®,

Panaz™™,

Kalopanax®, and to some extent in

d. Plant Physiology

. Application of saponin solutions stimulated the
development of shoots and roots in Begonia™, induced
tumors in Hedera heliz™, and influenced chlorophyll
synthesis in Euonymus japonicus™. KeLrer™ has found
that digitonin and solanine effect the leaf movements
of Phaseolus multiflorus. Saponins have also_ been found
to inhibit root growth in tomato™, garden cress, and
barley™.

Germination is promoted by saponins in peas™,
corn™, tomato™, and other seeds®”. Saponins increase
the growth rate of excised wheat embryos®®?, Digi-
tonin and tomatine as well as some other genins have

growth-regulating activity in the Avena coleoptile®.

Triterpenes

Kiv and Stapa®® reported a sterol fraction which
was proved to be §-sitosterol and stigmasterol present
in the American ginseng root ether extracts. Taxanasui
et al.3%~% extracted stearic acid from the acid fraction
and daucosterin (0.03 %), p-sitosterol (0.01 %),
p-elemene and panaxynol (0.04 %) from the neutral
fractions of P. ginseng root ether extracts. ANGUELAK-
ova et al.?9% identified estriol and estrone by thin-

layer chromatography in the fat-soluble extragts of
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P. ginseng rcots. Manx: and Tommmor®™® isolated
nanocosane, l-octacosanol and g-sitosterol from the
non-volatile fraction of the ether extracts of P. ginseng
leaves, stems, and flowers parts. Takanasu: and Yosur

KUR A96~98)

proved the structure of panaxynol to be
1, 9-¢is-heptadecadiene-4, 6-diyn-3-ol. WropzL et al.5®
isolated 1-heptadecaene-4, 6-diyn-3, 8-diol in the petr-
oleum ether extract, and 1-heptadecaene-4, 6-diyn-3,
8,10-triol and 3-hydroxy-5-methyl-y-pyrone from P.
ginseng ether extracts.

Yosuikura and Hirose™ identified by gas-liquid
chromatography and mass spectrometry germacrene-D,
B-santalene and g-farnesene in the volatile oil (0.16

%) of P. japomicus rhizomes.

b. Saponins

contain 8.6 % ethanolic and 2 %

aqueous extracts®™. Lin®" obtained 3.8 % crude sapo-

Ginseng roots

nins from methanolic extracts of Manchurian P.

ginseng fiber-roots. Fujira et al.1% reported P. ginseng

OH

HO

o T
Ry
Fig. 2. Ginseng Saponins and Sapogenins.

Ia: Ginsenoside Rby; Ri=-3-D-glucopyranosyl-(1-2)
~B-D-glucopyranoside, Ry=Rs=H, R,=—g-D-glucop-
yranosyl-(1—6)-8-D-glucopyranoside. I5: Ginsenoside
Rbs; Ry==— g-D-glucopyranosyl-(1—2)--D-glucopyra-
noside, Ry=Rs=H, Ry= —a-L-arabinopyranosyl-(1—6)
~p-D-glucopyranoside. Ic: Ginsenoside Re; Ry=—5-D-
glucopyranosyl-(1—2)-p-D-glucopyrancside, Ry=R,=

methanolic extracts to contain 4 % crude saponins.
Mankr and Tomimort® isolated 8~10 % crude saponins
from P. ginseng leaves and stems, and 6~7 % from
its flowers. Anpo et al.™ reported crude saponin content
of P. ginseng roots (2~4 %), fiber-roots (8~13 %),
1~2 year-old roots (3~4 %),
roots (6~7 %), ginseng-sanchi (12 %) and P. japoni-
cus. rhizomes (8 %). Kim and Srapa® reported that

the average concentration (% plant dry weight) ‘of

American ginseng

semi-purified saponins present in American ginseng
plants was 13.8 % (leaves), 9.0 % (fruits), 7.9 %
(stems) and 6.3 9% (roots), and of purified saponins
3.1 % (roots).

The Japanese Suipata et al.101~19% demonstrated that
thin-layer chromatograms of methanolic ginseng extr-
acts contained many saponins which they designated as
ginsenosides Ro, Ra, Rby (0.47 %), Rb; (0.21 %), Rc
0.26 %), Rd (0.15 %), Re (0.15 %), Rf (0.05 %),
Rg: (0.17 %), Rgz (0. 01 %), Rgs, Rhy and Rh,. In cont-

rast with this result, the Russian Ervakov et al.1047109

H, Ry=—a-L-arabinofuranosyl-(1—6)-3-D-glucopyr-
anoside. Id: Ginsenoside Rd; R;=—g-D-glucopyrano-
syl-(1-2)-8-D-glucopyranoside, Ry=Rg=H, Ry=—p~
D-glucopyranoside. Ie: Ginsenoside Re; R;=H, R,=
0--D-rhamnopyranosyl-(1—2)--D-glucopyranoside, Rs
=H, Ry=-8-D-glucopyranoside. If: Ginsenoside Rf;
Ri=Rs=Ry=H, Ry=-8-D glucopyranosyl-(1—2)-8-D-
glucopyranoside. Ig: Ginsenoside Rgi; Ri=R;=H,
R,=-0-8-D-glucopyranoside, Ry=-p-D-glucopyranos-
ide. Ih: Ginsenoside Rgy; Ri=R;=R;=H, R,=0-8-
D-rhamopyranosyl- (1—2) -8-D-glucopyranoside. Ii:
Prosapogenin; R;=-8-D-glucopyranosyl-g-D-glucopy-
ranoside, R;=R3=R4=H. Ij: Chikusetsu-saponin III;
Ry={p-D-glucopyranosyl-(1—2)]-[8-D-xylopyranosyl-
(1—6)])-D-glucopyranoside, Ro=Rs=R,=H. Ik: 20S-
Protopanaxadiol; R;=R,=R;=R,=H. II: 20S-Prot-
opanaxatriol; R;=R;=R,=H, R,=O0H. Im: Panaxa-
pogenol; R;=R,=Rs=H, Rs=-8-D-glucopyranoside.
IIa: Panaxadiol; Rs=H. II5: Panaxatriol; Rs=OH.
IITa: Rg=H or OH. IVa: 20R-Protopanaxadiol; R;=
H. IVb: 20R-Protopanaxatriol; R;=O0H. Va: Chiku-
setsu-saponin VI; Rg=-p-D-arabinofuranosyl-(1--2)
~B-D-glucopyranoside, Rg=-18-D-glucpyranoside. Vb:
Ginsenoside Ro (Chikusetsu-saponin V); Rg=-§-D-
glucopyranosyl-(1—2)-p-D-glucuronate, Ry=-18-D-gl-
ucopyranoside. Ve: Compound O; Rg=H, Ry=-8-D-
glucopyranoside, Vd: Oleanolic acid; Rs=R,=H,



isolated six saponins designated as panaxosides A, B,
C, D, E and F according to their increasing polarity.
The Japanese and Russian results are not fully compa-
rable by one-dimensional thin-layer chromatography.
However, the physical and chemical properties of gin-
senosides Rgy (Fig. 2, Ig) and its decaacetate were fou-
nd to be identical with those of panaxoside A106~108),
The structures of ginsenosides Ro (Fig. 2, V&), Rb,
(Fig. 2, Ia), Rb, (Fig. 2, 1), Rc (Fig. 2, Ic), Rd
(Fig. 2, Id), Re (Fig. 2, Ie), Rg: (Fig. 2, Ig) and
Rg. (Fig. 2, Ih) have been identified106~107,100)

The Russian resultsi®10~112 gre summarized as
follows: panaxosides A (m.p. 176~8°C, 3 glucose),
B (m.p. 182~5° C, 2 glucose and 1 rhamnose), B’
(m.p. 175~7° C, 3 glucose), C (m.p. 185~7°C, 2
D (m.p. 157~60° C, 5
glucose), E (m.p. 185~7° C, 4 glucose and 1 rham-

glucose and 1 rhamnose),

nose) and F (m.p. 185~7° C, 6 glucose). These gins-

Table II. Suggested Similarity of Panaquilins, Ginse-
nosides and Panaxosides Isolated from
American and Korean Ginseng Roots.

Arﬁe;)i:::n Korean Roots
Panaquilin*| Ginsenoside* | Ginsenoside**| Panaxoside®**
— — Ro —
— Ra Ra F
B- Rby, Rb, Rby, Rb, E
C Re Re D
D Rd Rd —
E-1 h — —_
E-2 Re, Rd C
E-3 Res Re: B
— R Rf —
G-1 Re Rgy A
G-2 — Rg: -
— - Rgs —
— —_ Rh, —_
- - Rh, —

* By Kiu and Stasa®™. American and Korean
ginseng root saponins examined by two-dimensional
thin-layer chromatography.

** By SmiBata et al.1%®. Korean ginseng root saponins
identified by one-dimensional thin-layer chromato-
graphy.

#** By Evyakov et al.™*?, Korean ginseng root saponins
identified by one-dimensional thin-layer chromato-

graphy.,
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eng saponins were isolated by gradient column chro-
matography from Sephadex A-25, G-25, G-5048,114
Bio-gel’®, cellulose!!®, silica gel and/or alumina®
117,118)

Kt and Stapa®® reported that American ginseng
contained panaquilins A, B (1.71 %), C (0.30 %), D
(0.20 %), E-1, E-2, E-3 (0.99 %), G-1 (0.09 %), G

-2(0.05 %), (c) and (d) identified by two-dimensional

thin-layer chromatography established. Their two-
dimensional thin-layér chromatography may be used
for the identification of ginseng saponins as well as
for the comparative chemical studies (Table IT). -
Konpo et al.10:110,120 jgolated chikusetsu-saponin 111
(1.17 %) (Fig. 2, Ij), chikusetsu-saponin IV (0.43 %)
(Fig. 2, Va) and chikusetsusaponin V (5.35 %) (Fig.
2, Vb) from methanolic extracts of P. japonicus
rhizomes (total crude saponins; 23.6 %). Chikusetsu-
saponin V contains oleanolic acid (Fig. 2, Vd), glucose,
glucuronic acid and ashes. The chemical structure of
chikusetsu-saponin is identical with araloside A present
in Aralia manchurica®~1%) and of chikusetsu-saponin

V (Fig. 2, Vb) identical with ginsenoside Ro!®®.

¢. Sapogenins

SuiBaTa et al."19% examined the saponins and sapo-
genins from various ginseng plants by one-dimensional
thin-layer chromatography. Ginseng-sanchi (commer-
cial) contains all the main saponins of Korean ginseng
roots with ginsenosides Rb and Rg: predominating,
whereas American ginseng contains principally ginsen-
osides Rb and Rgs. The hydrolyzed saponin products
of Korean, American and ginseng-sanchi contain dam-
marane-type triterpenes, while those from P. pseudo-
ginseng and P. japonicus contain oleanane-type triter-
penes. Fupira et al.1%® isolated panaxadiol (0.1 %) (Fig.
2, IIa) from the hydrolysis of P. ginseng root sapo-
nins, and by partial hydrolysis prosapogenin (Fig. 2,
Im) and glucose. Kmv and Stapa®® reported that
American ginseng contained panaxadiol (panaquilins
B, C and E), panaxatriol (panaquilins E- and G-2),
and oleanolic acid (panaquilin D). They did not iden-
tify panaquilins A, G-2, (c) and (d) genins.

L,’Nm obtained oleanolic acid, ginsengenin (identical

with . panaxadiol), glucose and arabipose from the
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hydrolysates of P. ginseng fiber-roots. Waener-JauREGG
and Roru!%1% jsolated a sapogenin named panaxol
from P. ginseng roots which was identical with pana-
xadiol. Hormammer et al.1? isolated oleanolic acid and
B-sitosterol from P. ginseng saponin hydrolysates.
Dilute mineral acid hydrolysis of ginsenosides Ro, Rb
and Rec, and Rg formed the sapogenins oleanolic acid,
panaxadiol and panaxatriol (Rig. 2, IIb), respectively
102,107,128,120)

SuisaTa ef al.198:19 reported that the acid hydrolysis
of ginsenosides Rb, Re, and Rd gives panaxadiol, and
of ginsenosides Re, Rf, Rgy and Rg, gives panaxatriol.
Panaxadiol and panaxatriol are tetracyclic terpenes of
the dammarane series which contain a trimethyltetrah-
ydropyrane ring at Cy7. Mild hydrolysis (Smith’s degra-
dation or oxidation with periodate followed by alkaline
treatment) of the saponins resulted in 20-epi-proto-
panaxadiol (20S-protopanaxadiol) (Fgi. 2, Ik®) which
is considered to be the genuine sapogenin of the gins-
enosides Rb~Rd101,180,130  Partjal hydrolysis of ginse-
nosides Rb and Rc results in the prosapogenin and
ultimately protopanaxadiol (Fig. 2, I1I%) and its isomer,
iso-protopanaxadiol (Fig. 2, IIIb, double bond located
at Cas)8V. Yoswoxa et al.l®® reported that panaxapo-
genol (Fig. 2, Im) was isolated from the bacterial
hydrolysates of ginsenosides Rb and Re. Mild hydrol-
ysis of ginsenoside Rg gives
(Fig. 2, IDW7.

Tnanc et al.8¥ identified panaxadiol, panaxatriol and

20S-protopanaxatriol

oleanolic acid from both American and Koean ginseng
callus and suspension tissue cultures. Furuya et al.’®
isolated panaxadiol, panaxatriol, oleanclic acid, and da-

ucosterin from P. ginseng petiole callus tissue cultures.

Fujita et al.% reported that the hydrolysis of P,
japonicus rhizome saponins resulted in large amounts
of oleanolic acid and small amounts of panaxadiol.
Yosioxa et al.®®® reported that the bacterial hydrolysis
of P. japonicus saponins resulted in oleanolic acid and
compound O (Fig. 2, V¢).

Ervagov et al.l%109 reported that ~hydrolysis of
panaxosides A, B and C gave an equilibrium mixture
containing genins Aj~Ag in which genin Ag (panaxat-
riol) is the main hydrolyzed product. Hydrolysis of
panaxosides D, E and F gave an analogous mixture
containing genins Fi~F5 (Fs, panaxadiol). Geninis Aj~
As and .genins Fi~F5 (Fig. 3) are considered to be
artifacts resulting from the hydrolysis of panaxosides
with methanolic acid solution. Genins Aj~As and Fi~
Fy resulted from the addition of methanol/water to
the double bond or hydroxyl group of the side chain

in the genuine aglycone structure (Fig. 2, Illa, IVa
a“d IVb)135~137).

Ry

HO Ry

HO
Rq vi

Fig. 3. Hydorlyzed Products of Panaxosides A~F,
A R1:RZZR3:OH
Az : Ry=R;=0H, R;=O0CH;
As: R1:OH, R2:R2:R3:OCH3
F1 : R1:H, R2:R3:OH
Fz H R1:H, RzZOH, R3:OCH3
F4 : R1:H, Rz':Rs:OCHg

Other Ginseng Constituents

a. Organic Acids and Carbohydrates
Parx!®, and Lgye and Lpe'® identified citric, fuma-
ric, iso-citric, ketoglutaric, linoleic, oleic, maleic, malic,
pyruvic, succinic, tartaric and several unidentified
acids in ethanolic Korean ginseng root extracts using

column and paper-partition chromatography.
Lee and Les!®® reported that ginseng roots contained
frauctose (0.5 %), glucose (1.0 %) and sucrose (8.5
%Y. Takivra and Nagacawa'®® examined Japanese

grown P. ginseng roots and found approximately 1.5 %
of glucose and sucrose and approximately 3.3 % of
sucrose and maltose. Parx®™® identified by paper chro-
matography fructose, glucose, glucuronic acid, maltose,
raffinose and sucrose in ginseng root ethanolic extracts.

Gsrirner ef al.8Y identified dextrose, fructose and
sucrose in P. ginseng roots and P. japonicus rhizomes,
and sucrose in P. quinquefolium roots.

Taxwra and Nakacawa»™¥ separated four trisac-



charides from aqueous P. ginseng root extracts: trisa-
ccharide A (0.08 %, 1-fructosyl sucrose; O-a-D-gluc-
opyranosyl—(l—>2)—0-,B~D—fructofuranosyl—(l—*z)—ﬂ-—D
~fructofuranoside); trisaccharide B (panose; O-a-D-
glucopyranosyl-(1—+6)—O-afD—glucopyranosyl-(1-—>4)-
Q-a-D-glucopyranoside); trisaccharide C (0.2 %, a-
maltosyl-g-D-fructofuranoside).

Juanc et al.®® reported crude fiber present in Korean
ginseng roots (5.9 %), American ginseng roots (6.5
%), above-ground parts (24.5 %), and callus tissues
(6.7 %).

Ovopov and Sorov’eva**® obtained crude polysacch-
arides (40 %) from hot water P. ginseng root extracts.
The polysaccharides consisted of a pectin. The pectin
was prepared by DEAE cellulose column chromatogr-
aphy into acidic polysaccharide fraction having the
same qualitative monosaccharide compositions'®®. Soro-
cHAN et al.¥® reported ginseng pectin (panaxan) to
contain 60 % uronic acid (methoxyl group, 5.0 % and
mol. wt., 25, 000~29, 000) and the purified galacturonan
to contain 100 % uronic acid (methoxyl group, 5.9
% and mol. wt., 15,000~20,000). Gsrirner et @l
reported that Korean, American ginseng and P. japo-
nicus roots contained calcium polyuronide compounds

and arabinose.

b. Flavonoids

KomaTsu et al.*? obtained 0.2 % flavonoids from P.
ginseng stem and leaf, and 0.1 % from the flower.
Ethanolic extracts of the above-ground portions cont-
ained panasenoside (kaempferol-3-0-glucogalactoside),
trifolin (kaempferol-3~O-galactoside), and kaempferol.

¢. Nitrogen-Containing Compounds

Korean ginseng roots are reported to contain about
2 9% nitrogen and other ginseng roots about 1.5~1.9 %
nitrogen as determined by the Kjeldahl method?®,140,
Juanc et al.8 reported crude protein present in Korean
ginseng roots (9 %) and American ginseng roots (8.7
%), above-ground parts (10.3 %), and callus tissues
(32.5 %). Alcoholic extracts of ginseng roots are
reported to contain 0:1~0.2 % choline® and pyrroli-
done%®. A growth factor, the ester of an a-hydroxy
betaine and hydroxy choline (4.8 mg/4 kg of ginseng

Kor. J. Pharmacog.

roots or 0.00012 %) isolated from P. quinquefolium
rootsi®,

By high resolution paper electrophoresis, GsTiRNER
and Vogr¥! reported 5 peptide bands in white Korean
ginseng roots and P. japonicus rhizomes, but only 4
bands in American ginseng roots. Glycopeptides were
present in white Korean ginseng roots, sulfur-contai-
ning peptides in P. quinquefolium roots, and free
glutamic acid in P. ginseng and P. japonicus roots.
Gsrrner and Brown™ also identified cysteine, glutamic
acid, tyrosine, a-aminobutyric acid ‘from Korean
ginseng root aqueous extracts by means of paper
chromatography. Two-dimensional high voltage electr-
ophoresis on Sephadex G-25 separated four homogenous
low molecular weight peptide fractions. Hydrolysis of
the isolated oligopeptides resulted in the formation of
aspartic acid, alanine, arginine, glycine, glutamic acid

and serine,
d. Vitamins

Gstirner and Voer'! reported the ascorbic acid
content of white Korean ginseng roots (3.9 mg%), P.
Jjaponicus rhizomes (12.0mg2%), and P. quinquefolium
roots (23.1 mg%). Goro®™L? reported P. ginseng root
aqueous extracts to contain 60 /g of niacin and 10 y/g
of pantothenic acid, and P. japonicus 20 /g of niacin
and 11 7/g of pantothenic acid. By means of microbial
assays, Kiy and Her'®® estimated 6.6 /g pantothenic
acid and 9.2 y/g of biotin in P. ginseng rtoots. Km ez
al.3 showed a variation of some vitamins based on
the age of P. ginseng roots (Table III),

However, ginseng plant, itself, could not biosynthesize
vitamin Bsp. It is assumed that microorganisms may

produce vitamin By, that plants absorb easily from

s0ils!%®.

Table III. Variation of Ginseng Vitamin Contents.

Age Vitamin Bys Nicotinic acid Folic acid

(years) (mr/g) G/ (my/g)
2 0.40 13.7 50. 6
3 0.37 16.0 51.6
4 0.50 15.0 67.9
5 0.57 15.4 63.8
6

0.60 15.5 40.0
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Table IV. Inorganic Constituents of Ginseng Plants
and Callus.
l American Ginseng g?rf:::g
Inorganics Roots fg\r}zﬂﬁd Callus Roots
Parts
Ash, % 4.64 8.46 12.52 5. 59
P, % 0.27 0.33 0.52 0.31
K, % 0.86 1.72 3.38 0.97
Ca, % 0.25 1.08 0.36 0.32
Na, % 0.05 0.06 0.48 0.05
Mg, % 0.12 0.17 0.22 0.13
Al, ppm 285.0 43.3 24.0 231.0
Fe, ppm 366.0 108.0 306.0 407.0
Zn, ppm 57.2 49.8 114.3 36.5
Cu, ppm 10. 4 10.7 7.1 12.6
Mo, ppm 10.6 9.8 14.0 11.2
Mn, ppm 55.4 156.1 127.6 87.3

B, ppm 23.6 45.8 96.0 28.4

e. Inorganics

Gstirner and Brown®® reported that P. ginseng roots
contained 5.9 2% of ash, 0.12 % of total sulfur and
traces of phosphorous. The sulfur found in the petro-
leum ether extracts may have been an artifact from
the processing of the root. By means of radioactivation
analysis, Prjck et al.1%~15® reported present in dried
P. ginseng Min (19~26 ppm), V (0.902 ppm), Cu (7~
8 ppm), Co (0.06 ppm) and As (0.25~0.44 ppm).
More recently Juanc et al.® reported the inorganic
constituents present in American ginseng plants,

callus, and Korean ginseng roots as shown in Table IV.

Biosynthesis of Plant Saponins and Sapogenins

a. Biosynthesis of the Isoprenoid Structure
from Acetate

Mevalonic acid (MVA), a six carbon-atom compound
derived by the condensation of three molecules of
acetic acid, is the essential and universal progenitor
of terpenoid compounds. The biologically active isomer
has the 3R configuration, and will form the “isoprene
unit” by simultaneously losing water and carbon
dioxide (Fig. 4).

The condensation of two molecules of acetyl coenz-
yme-A to yield acetoacetyl coenzyme-A appears to be
identical with the first stage in the pathway leading
to acetate derived poly-5-keto compounds, to cyclization
of the polyketide, or to fatty acids. Terpenoid biosy-
nthesis, however, departs from this pathway at an
early stage, and, by an aldol-like condensation of one
molecule of acetyl coenzyme-A with one acetoacetic
acid molecule forms g-hydroxy-s-methylglutaryl coenz-
yme-A. Reduction of the latter compound results in
MVA. Phosphorylation of MVA by adenosine triphos-
phate (ATP) yields MVA-5-phosphate which is conv-
erted into the basic biogenetic isoprene unit, isopent-

enyl pyrophosphate (IPP). MVA-5-phosphate partici-

pation in isoprenoid biosynthesis is dependent upon an
enzyme-catalyzed conversion into an equilibrium mixt-

ure of the isopentenyl and the dimethylallyl esters.

b. Biosynthesis of Sesquiterpenes

Sesquiterpenes (Cys units) are very common in

_ higher plants. Their biosynthesis may occur from one

or more isomers of farnesyl pyrophosphate (FPP).
The double bonds between C; and Cj, and between
Cs and Cq of farnesol permit four possible geometric
isomers (Fig. 5). The enzyme FPP synthetase has been
isolated from cotton roots and is capable of catalyzing
the formation of all four FPP geometric isomers!®®,
The predominant 2, 6-trans,trans-isomer can be formed
from MVA and is a well-established steroid precursor.

Water-soluble enzyme obtained from Pinus radiata
seedlings can transform 2-C' MVA into two sesquiter-
pene alcohols, 2, 6-trans,trans-farnesol and  2-cis,

6-trans-farnesol. These alcohols and

sesquiterpene
trans-FPP are formed from a union of IPP and geranyl
pyrophosphate (GPP). However, neryl pyrophosphate
(NPP) is completely inactive as a farnesol precursor,
but may be a precursor of cyclic monoterpenesi®®,

Cell-free extracts of orange flavedo convert 2-C* MYA
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CO~SCoA &2 CHZCOCHZCO-SCOA +, CoA-SH

Kor. J. Pharmacog.

ChBCOQCo‘A

A 4

ZCH3
Acetoacetyl coengyme A

CH :

CH NADP{ _/NADP
HOOC-CH,,=(=CH,=C0=5C0A + CoA-SH rd

H
ﬁ-Hydroxy-ﬁ-methyl glutaryl coenzyme A

CH. NADPH NADP CH OH

[ PRI
HOOC-CH‘Z—?-CHE-CHO > /C\

OH HOOC-CH2 CH2~CH2-OH

$(R)-Mevalonic acid (MVA)
ATP ADP CH ATP .ADP
3 \_ 7

.—L—L_._,

1
HOOC-CHZ—C-CHz-CHz—O—PP

H

Mevalonic acid=-5-phosphate

P (MVA-5-PP)
CH o/
3.7 Coy
/C\ P CHZ PP Z
. CH, “CHy \\o’/,
0% \OH '
I ' N
somerase - _
& : g CHB/C-CH CH2 0-PP

CH3 -
C~CH,~CH,-0-PP + Pi
b 2
CH2
Isopentenyl pyrophosphate (IPP)

Dimethylallyl pyrophosphate (DPP)
Fig. 4. Biosynthesis of Mevalonic Acid.

into phosphorylated derivatives of isopentenol, dimeth-
ylallyl alcohol and farnesol, and 4-C* IPP into phosp-
horylated derivatives of dimethylallyl alcohol, nerol
and geraniol. No interconversion of NPP and FPP was

observed®,

c. Biosynthesis of Squalene

Squalene is present in a number of plants in low
concentration®®, and consists of two farnesyl residues
combined tail to tail (Fig. 5). The labeling pattern of
squalene from 2-C** MVA in peas is identical to that
from animals, although plants and animals may differ

in the manner in which squalene is cyclized'®. The
incorporation of 2-C* MVA into squalene and farnesol
has been demonstrated in tobacco tissue culture

systems consisted of a soluble fraction involved in FPP

synthesis, and a microsomal fraction to. convert the
FPP to squalene. The cell system for squalene biosy-

nthesis requires the cofactors ATP, NADPH, Mnt*+

and thiols!®®. Hgzintz et al.1%® reported that bramble

(Rubus fruticosus) tissue culture cell free system in

the presence of NADPH incorporated labelfed MVA

into squalene, but accumulated presqualene alcohol

in the presence of NADPH,

— 94 —
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Farnesyl pyrophosphate .
FPP
HC
H
2.4 1
- Spinasterol b

Squalene

Fig. 5. Biosynthesis of Squalene.

d. Biosynthesis of Triterpenes

Karnick 17 observed that saponin concentration of
Dioscorea deltoidea and D. prozeri increased with the
age of the tuber. The optimum sapogenin content was
found when the plants were just shedding their leaves
and the tubers were becoming dormant. Harpman and
Soroworal® observed that the total sapogenin content
of Balanites seedlings rose to a maximum in 5 days.
Bennert and Herrman'® demonstrated that cholesterol
-4-C'* (Fig. 6, VII) was converted to the sapogenin
diosgenin (Fig. 6, VIII) and kryptogenin (Fig. 6,
IX) by Dioscorea spiculiflora seedlings.

The leaf, stem, or flower tissues of Salvia officinalis
incorporate 2-Cl4-acetate into sterols, and into triter-
penes such as oleanolic acid (Fig. 2, V¢) and ursolic
acid (Fig. 6, X)Y. With further growth of the
germinated bud of S. officinalis the quantity of ursolic
acid became higher, whereas that of oleanolic acid

became lower!™. However, after some time both

triterpene acids attained an equilibrium. Labeled

Xi l@R:W

OH Dammaranediol

Rz
X R 2 Kon

Betutafolientetraol-A Betulafolientetraol-B

Fig. 6. Structure of Some Triterpenes.

acetate was incorporated into oleanolic acid glycosides
in variable quantities depending upon the ages and
organs of Calendula officinalis'™.

Although squalene is thought to be the biosynthetic
precursor of the pentacyclic triterpenoids, its biosynt-
hesis has not been thoroughly demonstrated in higher
plants known to contain pentacyclic compounds. It is
known that in germinating pea seeds both squalene
and pentacyclic g-amyrin (Fig. 7C, XVIII) are obtai-
ned from labeled mevalonate, and that the proportion
of squalene decreases as the amount of g-amyrin
increases!™. Knapp and Nicnoras'™ administered 2-C*
MVA to banana peel slices for time periods varying
from 30 minutes to 6 days. They observed that cyclo-
artenol (Fig. 7A, XIV) and 24-methylene sterols were
labeled after 8 hours. Spinacea oleracea and Medicago
sativa leaves are known to incorporate 2-C, (4R)
-4-H® MVA into cycloartenol, 4-desmethyl sterols and
a-spinasterol (Fig. 6, X1,

In animals the first cyclic precursors of cholesterol



(Usually in S (Usually in

animals) i higher plants)
/
;'/
HO. H
X1t XV
Lanosterol Cycloartenol
Cholestarol Phytosterols

(e.g. B=sitostero! and
stigmasterol)

Fig. 7A. Biosynthesis of Lanosterol and
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Fig. 7B. Schematic Biosynthetic Pathway of
Dammarane-Type Triterpenes.

Kor. J. Pharmacog.

Squalene-2,3-oxide

o
28 - CH. ~ CH 04~
3
: /H . A-Amyrin
/
/‘ 28-CHyOH ———~COOH
Erythrodiol ~-———-—— - ————— = OQleanolic Acid
23-H--+OH.

-

-
Hederagenin

Fig. 7C. Biosynthesis of Oleanolic Acid.

in lanosterol (Fig. 7A, XIID but the existence of
lanosterol in higher plants is extremely restricted and
probably it is present only in the latex of the Eupho-
rbiaceae'™ . In plants, the role of lanosterol appears to
be taken by cycloartenol (Fig. 7A). The labeled
acetate!™ and MVAY® are quickly incorporated into
cycloartenol but not lanosterol. The compound cycloa-
rtenol, a product of direct cyclization of squalene-2,
3-oxide, is not produced by isomerization of lanost-
erolt™,

Dammaranediol (Fig. 7B, XVI) could arise from
direct reaction of the precursor (Fig. 7B, XV) with
water at Cyp has a relatively stable chair conform-
ation in rings A, B and C. It is assumed that protdp-
anaxatriol (Fig, 2. IID) and betulafolientetraol-A or
B (Fig. 6, XIIb or XIIc) form through dammaranediol
and betulafoliendiol (Fig. 6, XIla), respectively, and
differ from each other at the oxidation position (Fig.
7B). The presence of dammaranediol has not been
reported in ginseng plants, but its existence might be

found as an intermediate of ginseng sapogenins. K
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and Stapal®18) have studied that sodium acetate-U-C4
was a good precursor, but tritiated squalene was not

for American ginseng sapogenins,

Oleanolic acid biosynthesis (Fig. 7C) may occur
from the parent substance lupeol (Fig. 7C, XVII) by

modifications of ring E and Cqs.

{Received 6 January 1974)

Bibliography

1) Anonymous: Chinese Medicinal Plants. Vol. 1.
Renming Weishen Publishing Co., Peiking, p. 9.
(1961).

2) Reap, R.E.: Chinese Materia Medica. Peiking
Natural History Bulletin, Peiking, p. 302 (1931).

3) L1, S.C.: Pen Tsao Kang Mu. Vol. 3. Business
Affair Printing Co., Shanghai, p. 86 (1955).

4) Bregkuman, LI and LV. Darpvmov: Ann. Rev.
Pharmacol. 9, 419 (1969).

5) Brexaman, I.I. and LV. Darovmov: Liloydia 32,
46 (1969).

6) Om, J.C., Parx, C.W. and D.Y. Moox:
Pharmacol. 5, 23 (1969).

7) Hone, S.A.,, Cno, Y.Y. and S.K. Hong: Kor.
J. Pharmacol. 5, 19 (1969).

8) Sum, C:M. and C. Kim: Kat'orik Taehak Uihakpu
Nonmunjip 25, 303 (1973).

9) Taxkacy K., Sarro, H. and H. Napara: Jap. J.
Pharmacol. 22, 245 (1972).

10) Takacr K., Sarro, H. and H. Nasara: Jap. J.
Pharmacol. 22, 339 (1972).

11) Davypow: Zeitsch. f. Russl. p. 97, 113, 130 (18
90). Through Amer. J. Pharm., p. 338 (July,
1890).

12) Sucinara, N. and P.K. Min: Keijo J. Med. 1,
347 (1930).

13) Konpo, H. and G. Tanxaxa: Yakugaku Zasshi No.
401, 779 (1915).

Kor. J.

14) Sagar, W.: Mitt. Med. Ges. (Tokio) 31, 1 (1917).

15) Konvo, H. and S. Yamacucur: Yakugaku Zasshi
No. 440, 747 (1918).

16) Kowpo, H. and U. Amano: Yakugaku Zasshi No.
466, 1027 (1920).

17) Sato, G.: Mitt. Med. Hochschule (Keijo) 4, 17
(1921). Through Chem. Abs. 16, 4010 (1922).

18) Yonekawa, M.: Keiio Igaku Zasshi 6, 633 (1926).

19) Muravama, Y. and S. Tanaxa: Yakugaku Zasshi
47, 526 (1927).

20) Yamacuchr, I.:
(1928).

21) Sucimara, N. and P.K. Min: Keijo J. Med. 1, 703
(1930).

22) Min, P.K.: Fol. Pharmacol. Jap. 11, 238 (1931).

23) Koraxe, M.: Rikagaku Kenkyujo 91, 734 (1931).

24) Nomura, S. and Y. Osuima: J. Chosen Med. Ass.
21, 553 (1931).

25) Korake, M.: Yakugaku Zasshi 51, 357 (1930).

26) Sun, L.S.: Arch. exptl. Pharmakol. Pathol. 170,
443 (1933).

27) Hrmwuscuka, A.: Pharm. Zentr. 78, 2 (1937).
Through Chem. Abs. 31, 2350 (1937).

28) Kurant, N. and J.S. On: Jap. J. Med. Sci. IV.
Pharmacol. 13. Transaction 1940-41. Proc. J.
Pharmacol. Soc., 14th Annu. Meeting. p*72 (1940).

29) Garriques, S.S.: Ann. Chem. Pharm. 90, 231
(1854). :

30) Wong, Y.C.: Amer. J. Pharm. Ass. June, 1921,
431 (1921).

31) Tormey, H. and F. Cuexc: St. Bonaventure Sci.
Studies 7, 9 (1939).

32) Murayama, Y. and T. Iracakr: Yakugaku Zasshi
43, 783 (1923).

33) Aovawma, S.: Yakugaku Zasshi 49, 678 (1929).

34) Koraks, M.: Marsusara, T. and R. Kmoro: J.
Chem. Soc. Jap. 51, 396 (1930).

35) Aovama, S.: Yakugaku Zasshi 50, 1076 (1930).

36) Kirasato, Z. and C. Sone: Acta Phytochim. (Ja-
pan) 6, 218 (1932).

37) Cuou, T.Q. and J.H. Cgu: J. Physiol. 12, 59
(1937).

38) Cuu, J.H. and T.Q. Chou: J. Physiol. 16, 139
(1941).

39) Sgerr, R., Maxsour, M. and D.V. Zarrscmek:
Biochem. Pharmacol. 15, 1411 (1966).

40) Skeeiman, A.B., Farwsworrs, N.R. and M.W.
Quivsy: Lloydia 32, 52 (1969).

Chosen Igakkwai Zasshi 86, 125



41) Basu, N. and R.P. Rasrocr:
1249 (1967).

42) Hirier, K., Kewpert, M. and B. Linzer: Pharmazie
21, 713 (1966).

43) Worrke, H.D., Kayser, J.P. and K. HirLer: Phar-
mazie 25, 133 (1970).

44) Worrke, H.D., Kavser, J.P. and K. HiLLer: Phar-
mazie 25, 205 (1970).

45) Sivem, B. and R.P. Rasrocr:
315 (1970).

46) Heenaver, R.: Planta Med. 19, 138 (1970).

47) Caarreryn, N., Rastoer, R.P. and M.L. Duag:
Indian J. Chem. 1, 212 (1963).

48) Fiscuer, G.F. and N. SgiLgr: Liebigs Ann. Chem.
626, 185 (1959).

49) Grosar, S., Cuavpuuri, R.K. and A, Narn: Phyto-
chemistry 12, 1763 (1973).

50) Nicam, S.K., Misra, G. and C.R. Mrrra: Planta
Med. 23, 145 (1973).

51) Crmisaserti, E.L., Jerreries, P.R. and M.A. Sgp-
Ton: Phytochemistry 12, 1125 (1973).

52) Parknurst, R.M., Thomas, D.W. and W.A. Sgix-
NER: Phytochemistry 12, 1437 (1973).

53) Purpie, AW. and H.E. Connor: Phytockemistry
12, 1196 (1973).

54) Omnoro, T., Naixawo, T., Nakapar, K. and
E. Tovama: Yakugaku Zasshi 90, 390 (1970).

55) Warr, M.E. et al.: J. Amer.. Pharm. Ass. Sci.
Ed. 48, 695 (1959).

56) Warr, M.E. et al.: J. Amer.
Ed. 50, 1001 (1961).

57) Heenauer, R.: Lloydia 28, 267 (1965).

58) Cmarrerir, N., Rasrcer, R.P. and M.L. Dyag:
Indian J. Chem. 3, 24 (1965).

59) Kurseresutna, D.K. and R.P. Rastocr: Phytoche-
mistry 12, 887 (1973).

60) Fiscuer, G.F. and N. SpiLer: Liebigs Ann. Chem.
644, 162 (1961).

61) Frscuer, G.F. and N. SpiLrr: Liebigs Ann. Chem.
644, 146 (1961).

62) Pacmeco, P., Siva, M., Sammzs, P.G. and T.W.
Tyrer: Phytockemistry 12, 893 (1973).

63) Nicam, S.K. and C.R. Mrrra: Planta Med. 18, 44
(1970).

Phytochemistry 6,

Phytochemistry 9,

Pharm. Ass. Sci.

Kor. J. Pharmacog.

64) Pervriccrart, R:, Aroon, A., Aron, A. and V. Bgr-
ravita: Planta Med. 22, 196 (1972).

65) Domineurz, X.A. -and O. Purcries: Planta Med.
15, 401 (1967).

66) Kocuerkov, N.K., Knogrrin, A.J. and V.E. Vasx-
ovsky: Tetrahedron Lett. No. 16, 713 (1962).

67) Ovooov, Yu.S., Ovopova, R.G., Sorov'eva, T.F,,
Evivakov, G.B. and N.K. Kochetkov: Khim. Prir.
Soedin. 1, 3 (1965).

68) Dexanosipze, G.E. et al.: Khim. Prir. Soedin. §,
489 (1970).

69) Kuoruin, A.Ya, and A.G. Ven'vammvova: Izv.
Akad. Nauk SSSR, Ser. Khim. No. 8, 1447 (1964).

70) Konpo, N. and J. Snoji: Yakugaku Zasshi 88, 325
(1968).

71) Anvo, T., Tanaka, O. and S. Suisata: Shoyaku-
gaku Zasshi 25, 28 (1971).

72) Bavransarp, J. and F. Pgriessizr: Compt. Rend.
Soc. Biol. 137, 523 (1943).

73) Bavansarp, J. and F. Prriessier: Compt. Rend.
Soc. Biol. 137, 623 (1943).

74) Bavransarp, J. and F. Pgiressier: Compt. Rend.
Soc. Biol. 137, 763 (1943).

75) KeLiEer, S.: Z. Bot. 48, 32 (1960).

76) Baransarp, J. and F. Pgrizssier: Compt. Rend.
Soc. Biol. 139, 1098 (1945).

77) Euier, H.V.: Ark. Kemi, Mineral., Geol. No. 14,
A22 (1946).

78) Bavansarp, J. and F. Prriessier: Compt. Rend.
Soc. Biol. 137, 455 (1943).

79) Bavransaro, J., PELLEssiER, F. and S. Coniv: Compt.
Rend. Soc. Biol. 140, 140 (1946).

80) Norp, E.C. and G.R. Van Arra: Forest Soc. 6,
350 (1960).

81) Bavransarp, J. and F. Perressizr: Compt. Rend.
Soc. Biol. 137, 461 (1943).

82) Heimrame, G. and J. Bonnier: Plant Physiol. 28,
428 (1953).

83) Venoric, J.C.: Nature (London) 203, 1301 (1964).

84) Juawneg, J.J., Stasa, E.J. and J.Y. Kwm: In Vitro
9, 253 (1974).

85) Gsrtirner, F. and W. Braun: Arch. Pharm. (Wei-
nheim) 296, 348 (1963).

86) WroBer, J.T., et al.: Tluszcze Srodki Piorace



Vol. 5, No. 2, 1974

Kosmet. 17, 63 (1973).

87 Liv, Y.T.: J. Taiwan Chem. Ass. 8, 109 (19
61).

88) Kiu, J.Y. and E.J. Srapa: Kor. J. Pharmacog.
4, 197 (1973).

89) Taxamasur, M., Age, K. and T. Saro: Tohoks
Yakka Daikaku Kenkyu Nempo 14, 1 (1966).

90) Takamasur, M., Isor, K., Yosuxura, M. and T.
Osver: Yakugaku Zasshi 81, 771 (1961).

91) Takamasu, M., Isor, K., Kmura, Y. and M.

Yosukvra: Yakugaku Zasshi 84, 752 (1964).

92) Ancusrakova, M., Rovesti, P. and E. Corompo:
Riv. Ital. Essenze, Profumi Piante Offic., Aromi,
Saponi, Cosmet., Aerosol 53, 275 (1971,

93) AncueLakova, M., Rovesry, P. and F. Coromso:
Parfums, Cosmet., Savons 2, 555 (1972).

94) Rovzsty, P.: Riv. Ital. Essenze, Profumi, Piante
Offic., Aromi, Saponi, Cosmet., Aerosol 53, 203
(197D).

95) Mankr, T. and T. Tosmmor:: Shoyakugaku Zasshi
21, 21 (1966).

96) Tagamasur, M. and M. Yospikura: Yakugaku
Zasshi 86, 1051 (1966).

97) Taxamasur, M. and M. Yosurxura:
Zasshi 84, 757 (1964).

98) Takamasms, M. and M. Yosmxuma: Yakugahu
Zasshi 86, 1053 (1966).

99) Yosuikura, K. and Y. Hirogr: Phytochemistry 12,
468 (1973).

100> Fusira, M., Iroxawa, H. and S. Smipara: Yaku-
gaku Zasshi 82, 1634 (1962).

101) Nagat, M., Anvo, T., Tawaga, O. and S. Sur-
sata: Tetrahedron Lett. No. 37, 3579 (1967).
102) Suigata. S., Awvo, T., Tawaxa, O., Mscuro,
Y., Soma, K. and Y. Ipa: Yakugaku Zasshi 85,

753 (1965).

103) SuiBaTa, S. et al.: Chem. Pharm. Bull. 14, 595
(1966).

104) Eivaxov, G.B.: The 11th Pacific Science Congress
(Abstracts). Tokyo 8, 10 (1966).

105) Ersaxov, G.B. et al.: Tetrahedron Lett. No. 48,
3591 (1964).

106 Iipa, Y., Tanaxa, O. and S. Suipara: Tetrahed-
ron Lett. No. 52, 5449 (1968).

Yakugaky

107) Nagar, M., Tanaxra, O. and S. Suipara: Tetra-
hedron 27, 881 (1971).

108) Suwsara, S. et al.: Tetrakedren Lett. No. 3, 207
(1965). '

109) Sanapa, S. et al.: Chem. Pharm. Bull. 22, 421
(1974).

110) Eivakov, G.B. and L.I. Strigina: Jzv. Sib. Otd.
Akad. Nauk SSSR 5, 126 (1963).

111) Suarosmmvikova, G.I., Frrens, N.A., Uyarova,
N.I and G.B. Ervakov: Carbohyd. Res. 15, 319
Q970).

112) Uvarova, N.L et al.: Khim. Prir. Scedin. §, 312
(1970).

113) Uvarova, NI et al.: Simp. po Eleuterokokku i
Zhen’shenyu, XX (Dvadtsataya) Sess. Komis. po
Izuck. Zhen'shenya ¢ Drugikh Lek. Rast. Dal’n.
Vost., Viadivestok, Sb., p. 75 (1962).

114) Uvarova, N.I. et al.: Tzv. Akad. Nauk SSSR,
Ser. Khim. No. 10, 1850 (1963).

115) Evrvaxov, G.B. et al.: Khim. Prir. Soedin. 4, 54
(1968).

116) Ervaxov, G.B. et al.: Izv. Akad. Nauk SSSR,
Ser. Khim. No. 11, 2054 (1962).

117) Ervakov, G.B. et al.: Khkim. Prir. Scedin. 3, 164
(1967).

118) Uvarova, N.L ¢t al.: Khim. Prir. Seedin. 1, 82
(1965).

119) Konpo, N., Swojt, J., Nagumo, N. and N. Koma-
1su: Yakugakn Zasshi 89, 846 (1969).

120) Kowoo, N., Aoki, K., Ogawa, H., Kasar, R. and
1. Swosi: Chem. Pharm. Bull. 18, 1558 (1966).

121) Kocmsrkov, N.K.: The 112k Pacific Science Cong-
ress (Abstracts). Tokye 8, 9 (1966).

122) Kocnerxov,, N.K., Kmorun, A. Ya and V.E.
Vas'xovski: Izv. Akad. Nauk SSSR, Ser. Khim.
No. 8, 1386 (1963).

123) Kocuerkov, N.K. et al.: Izv. Akad. Nauk SSSR,
Ser. Khim. No. 8, 1409 (1963).

124) Kocnerrov, N.K. et al.: Tetrahedron Lett. Na
16, 713 (1962).

125) Waoner-Javrece, Tu. and M. Rorm: Pharm
Acta Hely. 37, 352 (1962).

126) Waener-Javrecs, Tw.: Pharm. Acta Helv. 38,
125 (1963).



127) Hermammer, L., Wagner, H. and B. Lay: Pharm.
Ztg. 106, 1307 (1961).

128) Fuyita, M., Irokawa, H. and S. Suisata: Yaku-
gaku Zasshi 82, 1638 (1962).

129) Nagar, M., Tanaka, O. and S. Suipara: Tetra-
hedron Lett. No. 40, 4797 (1966).

130) Nagar, M., Axvo, T., Tanaka, N., Tanika, O.
and S. Suisata: Chem. Pharm. Bull. 20, 1212
(1072).

131) Tanaka, O., Nacar, M., Onsawa, T., Tanaxa,
N. and S. Shibata: Tetrahedron Lett. No. 5,

391 (1967).

132) Yosioka, 1,
acawa: Chem. Pharm. Bull. 20, 2418 (1972).

133) Furuva, T. et al.: Chem. Pharm. Bull. 21, 68
(1973).

134) Yosioka, I., Fuyio, M. Osamura, M. and L
Kitacawa: Tetrahedron Lett. No. 50, 6303 (1966).

135) Evrvakov, G.B. Tetrahedron 24, 5483
(1968).

136) Ervarov, G.B. et al.: Izv. Akad. Nauk SSS¥,
Otd. Khim. Nauk No. 6, 1125 (1962).

137) Srricina, L.I., Dzizenko, AK. and G.B. ELvakov:
Khim. Prir. Soedin. 4, 352 (1968).

138) Park, M.S.: Insam Munhun Teukjip. Central
Research Institute of Monopoly, Seoul, p. 1 (1967).

139). Lgg, C.Y. and T.Y. Lgg: Symp. Phytochem.,
Proc. Meeting (Abstracts), Univ. of Hong Kong,
Hong Kong, p. 171 (1961).

140) Taxiwra, K. and I. Nakacawa: Yakugaku Zasshi
83, 298 (1963).

141) Gsrirnzr, F. and  H.J. Voer:
(Weinheim) 300, 371 (1967).
142) Taxiwzra, K. and 1. Nakacawa: Yakugaku Zasshi

83, 301 (1963)..

143) Taxwra, K. and 1. Nakacawa: Yakugaku Zasshi
83, 305 (1963).

144) Ovonov, Yu.S.
Soedin. 2, 299 (1966).

145) Sorov’eva, T.F., Agrsenyuk, L.V. and -YuS.
Ovopov: Carbohyd. Res. 10, 13 (1969).

146) Sorocman, V.D., Dzizenxo, AK., Bopiy, N.S.

Carbohyd. Res. 20, 243

Sucawara, T., Imar, K. and I. Kpr-

et al.:

Arch. - Pharm.

~and- Yu.S. Ovopov:
1971).

and T.F. Sorov’eva: Khim. Prir.

Kor. J. Pharmacog.

147) Komarsu, M., Tommmorr, T. and Y. Maxicucar:
Yakugaku Zasshi 89, 122 (1969).

148) Taxkatorn K., Kato, T., Asano, S., Ozaki, M.
and T. Nakasuima: Chem. Pharm. Bull. 11, 1342
(1963).

149) Woo, L.K., Hone, M.W., Lzg, C.K., On, J.S. and
C.H. Woo: Pharmacodynamics of Panax ginseng.
Korean Ministry of Science and Technology,
Seoul, p. 1 (1968). N

150) Lim, F.: The isolation and partial characteriza-
tion of the growth factor in the ginseng root (Ph.
D. Thesis). Purdue University, Lafayette, Purdue
(June, 1960).

151) Goro, M.: Yakugaku Zasshi 77, 467 (1957).

152) Goro, M.: Yakugaku Zasshi 77, 471 (1957).

153) Kim, Y.E. and M.O. Hgr: Yakhat Hoeji 8, 85
(1964).

154) K, Y.E., Junuy, K.S. and B.J. Am:
Hoeji 8, 80 (1964).

155) Smith, E.L.: Vitamin By; (3rd Ed.). Methuen &
Co. Ltd., London, p.14 (1965).

156) Pryck, J.:-J. Pharm. Belg, 20, 131 (1965).

157) Pijck, J. and J.I. Kim: 'J. Pharm. Belg. 19, 3
(1964).

158) Piyck, J., Junn, M.C., Park, C.H. and J.I. Kim:
Insam Munhun Teukjip. Central Research Institute
of Monopoly, Seoul, p. 10 (1964).

159) Apawms, S.R. and P.F. HeiNstein: Phytochemistry
12, 2167 (1973).

160) Jacos, G. et al.: Phytochemistry 11, 1683 (1972)-

161) Grorce-NasciMento, C. and O. Corr: Phytochemi-
stry 10, 1803 (1971).

162) Lgwis, R.W.: Phytochemistry 11, 417 (1972).

163) Capstack, Jr., E. et al.: J. Biol. Chem. 240, 3258
(1965).

164) Benvesiste, P., Oumisson, G. and L. Hirrm:
Phytochemistry 9, 1073 (1970).

165) SamusLsson, B. and Dew.S. Goooman: J. Biol.
Chem. 239, 98 (1964).

166) Hrinrtz, R. et al.: Biochem. Biophys.; Res. Comm-
un: 49, 1547 (1972).

167) Karnick, C.R.: Planta Med. 16, 269 (1968)

168) Haroman, R. and E.A. Soroworar Phytochemistry
9, 791 (1970).

Yakhak

— 100 —



Vol. 5, No. 2, 1974

169) Bennert, R.D. and E. Herrman: Phytochemistry
4, 577 (1965).
170) Nicnovas, H.J.: J. Pharm. Sci. 50, 623 (1961).
171) Brieskorn, C.H. and J. Mgrcuior: Arch. Pharm.
302, 921 (1969).
172) Kasprzyk, Z., Wojctecnowsk1, Z. and W. Jawis-
zowska: Phytochemistry 9, 561 (1970).
173) Capstack, Jr., E. et al.: Biochem. 1, 1178 (1962).
174) Knarp, F.F. and H.J. Nicuoras: Phytochemistry
- 10, 85 (1971).
175) Armareco, W.L.F., Goap, L.J. and T.W. Goop-
win: Phytochemistry 12, 2184 (1973).
176) Goap, L.J.: Biochemical Society Symposia: 29.
" Natural Substances Formed Biologically from

Mevalonic Acid. Academic Press. London and
New York, p. 45 (1970). '

177) Benveniste, P., Hmrm, L.
Phytochemistry 5, 45 (1966).

178) Rgrs, H.H., Goap, L.J. and T.W. Goopwin:
Tetrahedron Lett. No. 6, 723 (1968). 7

179) Goonwm,’T.W.: Recent Advances in Phytochemis-
try, Vol. 6. Academic Press, New York and
London, p. 97 (1973).

180) K, J.Y. and E.]. Staea: Kor. J. Pharmacog.
5, 103 (1974).

181) KM, J.Y. and E.J. Stasa: Kor. J. Pharmaceg.
5, 111 (1974).

and G. Ouvrisson:

— 101 —



