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Abstract

Panax ginseng C.A Meyer(Araliaceae) has been traditionally used as an expensive and
precious medicine in oriental countries for more than 5.000 years.

Ginseng saponin isolated from the root of Panax ginseng have been regarded as the
main effective components responsible for the pharmacological and biological activities ,
such as antiaging effects, antidiabetic effects, anticancer effects, protection against
physical and chemical stress, analgesic and antipyretic effects, effects on the central
nervous system, tranquilizing action and others. Thirty kinds of ginsenosides have been
so far isolated from ginseng saponin and their chemical structures have been elucidated
since 1960’s. among which protopanaxadiol type is 19 kinds. protopanaxatriol type . 10
kinds and oleanane type, one. Since ginsenosides are generally labile under acidic condi-
tions, ordinary acid hydrolysis is always accompanied by many side reactions, such as
epimerization, hydroxylation and cyclization of side chain of the sapogenins. Especially,
it is well known that C-20 glycosyl linkage of ginsenoside was hydrolysed on heating
with acetic acid to give an equilibrated mixture of 20(S) and 20(R) epimers. And also.
the chemical transformations of the secondary metabolites have appeared during the
steaming process to prepare red ginseng, indicating demalonylation of malony] ginseno-
sides, elimination of glycosyl residue at C-20 and isomerization of hydroxyl configuration
at C-20. But these studies have not provided a comprehensive picture in explaning how
these ginsenosides showed various pharmacological activities of ginseng. though some of
them have been involved in the mechanism of pharmacological actions. Recently . non-
saponin components have received a great deal of attention for their antioxidant, anti-
cancer, antidiabetic, immunomodulating, anticomplementary activities and so on. To
meet the demand for such wide applications, studies on the non-saponin components
play an important role in providing a good evidence of pharmacological and biological
activities. Among the non-saponin constituents of Korean ginseng. polyacetylenes. phe-
nols, sesquiterpenes, alkaloids, polysaccharides, oligosaccharides, oligopeptides and
aminoglycosides together with ginsenosides of terrestrial part are mainly described.

Key words: Panax ginseng, Araliaceae, chemical constituents, white ginseng, red ginseng,
saponin, non-saponin
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Fig. 2. Formation Mechanism of artificial aglycones from ginseng saponin
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ginsenoside-Ra, —gle(2—1)glc
ginsenoside-Ra, —glc(2—1)glc
ginsenoside-Ra;  —glc(2—1)glc
ginsenoside-Rb;  -glc(2—1)glc
ginsenoside-Rb,  —glc(2—1)glc
ginsenoside-Rb;  —glc(2—1)glc
ginsenoside-Re  —glc(2—1)glc
ginsenoside-Rd  —glc(2—1)glc
20(S)-ginsenoside-Rg;  —glc(2—1)glc
ginsenoside-F,  —glc
ginsenoside-Rh,  —glc
Quinquenoside-R;  -glc(2—1)glc(6)Ac
ginsenoside-Rs;  -glc(2—1)glc(6)Ac
ginsenoside-Rs,  —glc(2—1)glc(6)Ac
malonyl-ginsenoside-Rb;  -glc(2—1)glc(6)Ma
malonyl-ginsenoside-Rb,  -glc(2—1)gle(6)Ma
malonyl-ginsenoside-Rc ~ -glc(2—1)glc(6)Ma
malonyl-ginsenoside-Rd ~ -glc(2—1)glc(6)Ma
notoginsenoside-R4  -glc(2—1)glc
notoginsenoside-Fa  —glc(2—1)glc(2—1)xyl
gypenoside-XVII  —glc

-gle(6—1)arap(4—1)x
-gle(6—1)araf(2—1)x;
-gle(6—1)gle (3—1)xy
-gle(6—1)glc
-glc(6—1)arap
-gle(6—1)xyl
~glc(6—1)araf

-gle

-H

—gle

-H

~gle(6—1)glc
-gle(6—1)arap
-glc(6—1)araf
-gle(6—1)gle
-glc(6—1)arap
-glc(6—1)araf

-glc
-gle(6—1)gle(6—1)xyl
-gle(6—1)glc
-gle(6—1)glc

gle: f-D-glucopyranosyl arap: a-L-arabinopyranosyl
araf: a-Li-arabinofuranosyl xyl: #-D-xylopyranosyl
Ac:acetyl Ma:malonyl

Fig. 3. Chemical structures of protopanaxadiol saponin
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R, R,
ginsenoside-Re -gle(2—1)rha -gle
ginsenoside-Rf -glc{2—1)glc -H
20-gluco-ginsenoside-Rf -glc(2—1)gle -gle
ginsenoside-Rg,; —glc ~gle
ginsenoside-Rg; -glc(2—1)rha -H
ginsenoside-Rh; -gle -H
ginsenoside-F1 -H -glc
ginsenoside-F3 -H -gle(6—1)arap
ginsenoside-F5 -H -glc(6—1)araf noto
ginsenoside-R1 -gle(2—1)xyt -glc
notoginsenoside-R2 ~gle(2—1)xyl -H
notoginsenoside-R3 -glc -gle(6—1)glc
notoginsenoside-R6 -glc -gle(6—1)glc*

rha ® e-L-rhamnopyranosyl
arap : @-L-arabinopyranosyl
glc* * e-D-glucopyranosyl

gle : f-D-glucopyranosyl
xyl : B-D-xylopyranosyl
araf ' a-L-arabinofuranosyl

Fig. 4. Chemical structures of protopanaxatriol type saponin
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ginsenoside-Ro -glcUA(2—1)rha

gl

C

GlcUA: f-D-glucuronic acid

Fig. 5. Chemical structure of ginsenoside Ro
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Table.1. Saponin contents of various ginsengs
(w/w %)
P. ginseng
White Red P. notoginseng P. quiquefolium
Ginseng Ginseng
20(S)-ppd type
G-Ra, 0.03 0.02 - -
G-Ra, 0.02 0.03 - -
G-Ray 0.005 0.005 - -
G-Rb, 0.47 0.38 1.8 1.84
G-Rb- 0.21 0.15 - 0.03
G-Rbs 0.005 0.014 - 0.03
G-Rc 0.26 0.14 - 0.31
G-Rd 0.15 0.036 0.20 0.45
malonyl-G-Rb, 0.82 - - +
malonyl-G-Rb. 041 - - -
malonyl-G-Rc 0.30 - - -
malonyl-G-Rd 0.12 - - -
G-Rs; - 0.008 - -
G-Rs, - 0.01 - -
G-Rg; 0.0003 0.017 - -
G-Rgs™* - 0.025
G-Rh, - 0.001 - -
QR 0.002 0.015 - 0.01
G-Fs - - - 0.018
Gy-XVII - - 0.036 0.03
N-R4 - 0.002 0.028 -
N-Fa - - 0.020 -
20(R)-ppt type
G-Re 0.15 0.17 0.15 1.0
G-Rf 0.05 0.066 - -
G-Rg, 0.21 0.29 1.9 0.15
G-Rg- 0.01 0.02 0.03 0.008
G-Rh, 0.015 0.006(208) 0.01 -
0.007(20R)
G-Rh, - 0.098 - -
20-glu-G-Rf 0.005 0.008 0.005 -
N-R1 0.002 0.007 0.16 -
N-R2 - - 0.04 -
N-R3 - - 0.007 -
N-R6 - - 0.002 -
N-R8 - - 0.0001 -
N-R9 - - 0.00003 -
P-F1*** - - - 0.04
Oleanane type
G-Ro 0.02 0.045 - 0.07

G Ginsenoside  Q:Quinquenoside N:Notoginsenoside Gy:Gypenoside P:Pseudoginsenoside
*: C-20 epimeric mixture **: side chain of 220 type ***: modified side chain
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Table. 2. Ginsenosides isolated from White and Red ginsengs

common in white and red
ginsengs
(18)

only in white ginseng

only in red ginseng

(9)

ginsenoside-Ro,-Ra;,~Ra,

malonyl-ginsenoside-Rb,,

ginsenoside-Rh,,-Rs;,

-Ray,-Rb;.-Rb..-Rb;.-Rec. -Rb,. -Re, -Rd -Rs,

-Rd.-Re.-Rf-Rg,.-Rg>.
-Rgs. -Rh,
quinguenoside-R;,
notoginsenosideR;,
20-gluco—ginsenoside-Rf

20(S)-ginsenoside-Rg;.
20(R)-ginsenoside-Rg..
20(R)-ginsenoside-Rh;
notoginsenoside-R4
ginsenoside Rh,
ginsenoside Rgs
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Fig. 6. Chemical shift differences of C-17, C-21 and C-22 signals in the 13C-MNR spectra of 20(R)

and 20(S) forms
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Fig. 7. Chemical transformation of malonyl-ginsenosides by heating treatment
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20(R)-ginsenoside Rgp CH3 oH
H ginsenoside Rgp OH CHg
b i

BRATE (Lmsl BE %

B
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Table. 3. Comparison of 20(R)- and 20(S)-ginseno-
side contents between White and Red gin-

sengs
(w/w %)
ginsenosides Red ginseng White ginseng
ginsenoside Rh,  0.006%(20S) 0.0015%
0.007%(20R)
ginsenoside Rg,  0.024%(20S) 0.014%
0.003%(20R)
ginsenoside Rg,  0.014%(20R) 0.0003%
0.006%(20S)

malonyl-ginsenosides Rb,(0.82%) . -Rb,(0.41%)
. “Rc (0.30%). -RA(0.12%) & ¥-2]. 1 8&F2&
TFRstn wWare] SR/ Eelzt Bustgon, Fibd
ME Fudez dEEcn AFEAE B ohg e,
20(R)-ginsenoside Rh;. 20(S)-ginsenoside Rg; %
20(R)-ginsenoside Rg, % ¥42 53 HQ Alxd
o 2A PHEA?® (Table 1.)

o]9}Zo] dammarane type AFEd A C-20
epimerS2 TLC. optical rotation. [R. mass %
'H-NMR spectra 522 FH37] g2 15C-
NMR spectrumeoll A 914+ AbEU ] A3 aglycone?
2 128-hydroxydammaranes2| 20-epimer2] 7%
C-17. C-21 % C-22 signal®9 chemical shifta}e]
2 o] golglth. ojgfd zolHE C-17 E C-20
F9 U+ conformation® #FHo] A+ y-gauche
effectol] 2JgF Al 78 hydrgen bondingol <l&l

B,

Ry A2
ginsenoside Rhp OH CH3

[}
PUSERRIE. L G Ry A2

ginsenoside Rgg  CH3

2 2

20(S}-ginsenoside Rgy OH
A

Fig. 8. Chemical structures of C-20(R) and C-20(S) prosapogenins
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R, R,

ginsenoside Rhy OH
ginsenoside Rg; -0-Gle(2—1)Gle H

-O-Gle

Glc: A-D-glucopyranose

Fig. 9. Chemical structures of ginsenosides Rh4 and Rg5

Table. 4. Ginsenoside contents of various ages in Panax ginseng

( Unit: w/w %)

Ginsenosides

Age(Year) Rb, Rb, Re Rd Re Rg, PD/PT T.S C.S
2 0.44 0.24 0.25 0.16 0.53 0.33 1.27 1.95 4.83
3 0.67 0.38 0.35 0.22 0.64 0.63 1.28 2.89 6.47
4 0.71 0.42 0.37 0.21 0.63 0.60 1.39 2.94 6.40
5 1.09 0.57 0.55 0.28 0.79 0.83 1.53 4.11 8.01
6 1.12 0.56 0.55 0.25 0.80 0.83 1.52 4.11 8.06

T.S: Total Saponin  C.S: n-BuOH soluble Fraction

PD: Rb, + Rb, + Rc + Rd  PT: Re + Rg,

Table. 5. Ginsenoside contents of various parts in Panax ginseng

( Unit: w/w %)

Ginsenosides

Parts Rb, Rb, Re Rd Re Rg, PD/PT T.S C.S
Rhizome 1.76 0.67 0.77 0.36 1.14 0.94 1.71 564 1078
Epidermis  0.83 0.74 0.84 0.25 291 0.86 0.86 573 12.45
Cortex 0.67 0.20 0.28 0.14 043 0.65 1.19 2.37 477
Xylem 0.17 0.07 0.08 0.07 0.21 0.27 0.81 0.87 2.37
Lateral 1.06 0.42 0.53 0.19 0.66 0.56 1.80 372 6.54
Fine Root  2.18 1.18 1.26 0.41 1.55 0.76 218 734 13.25

T.S: Total Saponin  C.S: n-BuOH soluble Fraction

A 1A o] gl7] WEelrt 2 uhebr | o3 A
A4 AEd e T2AG f-435HA ol 8d £ Ut
(Fig. 6)

AF7HA WA 9 S A BelE ALEde) FRE
Table 2 9 Ztt W40 2 HH F 22 F9f AlE 9
THEA 2™ protopanaxadioldl AHEY 14%F, pro-
topanaxatrioldl AFEY 7%, oleanane ALEY 1%
o] AL, TALZREE diolAl 15%. triolA
11%, oleananed 1% % 2"}—94 AFEd o] TFHEEHA
t}. :g‘_/d-g} uuALoﬂ -5L°5] Az ny 3E5 A
% UAIRE 247F Efo) Al —\*:ZH gk} (Table. 2.)

rir

PD:Rb; + Rb; + Re + Rd  PT: Re + Rg,

1987 Kitagawa®2 Faro23 e Wakn 34+
< A Azsta ¢4 A, BAe] st QR vlmE
Tl TS Al zste BE o dold 4 e sehd
312 2AE Bastdr ™ 1 A3 oA e} 2o} mal-
onyl-ginsenoside® & 4ol Wik 2]

Ware] FAME ] stz 2e{Aqlich
malonyl-ginsenoside® £ protopanaxadiol®& ¢!
BAEHQ ginsenoside Rb,, Rb,, Re 2 Rd ¢ C-3
A2 de TH glucose] 6 F47]9) malonic
acid 9| carboxyl group®] ester A& 3 a4 %
g 7M1 A AlEd e d 22 24 ginsenoside 9
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tha oh2 AL 71x) 2 9t oA & §9 ginsenoside
Foll B8t malonyl-ginsenosidef& wh$ F8d0]
FLAIEZHo2M B 2 S3shs 42 E 72 U
t}. malonyl-ginsenoside®& 272 A elstA,
E2 719359 malonyl groupel Al AAS] dE
3t b2 ginsenoside’t A4 HE Aol dExos
wax 2 gt} weld o] €< malonyl?l= 214 8
o A zRE A AZAFF Y malonyld} 5
o] Z}7} ginsenoside-Rb; . -Rb,, -Rc, -Rd &2
quinquenoside-R1, ginsenoside-Rs;, -Rs,Z 3}
At (Fig. 7

53 4o 71 AxAF & Axe ¢ C-209
A glycosyl®719] elimination ¥ hydroxyl group?l
epimerizationdl| 2l&} FAISFS] nl AR RO
2 ginsenoside-Rh,, 20(S)-ginsenoside-Rg;.
20(R)-ginsenoside-Rh; % 20(R)-ginsenoside-Rg,
5= A7Y. Ful2 ¢ A ginsenocside Rhy®l 4+

Table. 6. Volatile flavor components of fresh ginseng

F AT (LBl B £ 399

C-209] dAu7} drd oz zAA | EA3=
20(8)-protopanaxadiol& aglyconeS 2 1 A
o+ 20(R)-ginsenoside-Rh, 2 20(R)-ginsenoside-
Rg,9] 72 $olle A2 aAdAlel 2354 &&= 20(R)-
protopanaxatriol& aglycone®2 7} 1 9loy C-
62 monoglycoside?] Zeol SAolt}. (Fig. 8)
g FAT kel FEARELEA vl Alxd

A1 89) ginsenoside -Rh,. -Rg.. -Rg,= 34 A=
AZ C-2092144 glycosyl k7] o|gel| 2|3} &
Wzl dojul FAto] WAtH T} &gko] wrh 30
(Table. 3)

olMH FAER ARoEA oAl AIEd A
olu} F ulqtel|A] ekl TF Qite] EHfElo]
+ ginsenoside®7} &4 AzAF M 23102
3] A4 =o] A7) Aoz gz sl

obge], o £ dFAel HiY WipEe n
240 28 H ginsenoside Rh,2 C-20914 H,0 1

b

N HE

Hr 32 Mo

=X

No. of Rt M7t Compounds Composition Area %

peak (min.)

17 574 102 Tetrahyro-2-hydroxy-2H-pyran 0.35
20 7.39 106 Ethyl benzene 0.15
21 8.01 106 1.3-cyclopentadiene, 5-isopropylidene 0.97
25 9.39 106 o-dimethyl benzene 0.25
27 10.81 114 4-methyl-hexanal 0.20
31 12.92 136 a-pinene 0.06
36 15.96 106 benzaldehyde 0.02
40 16.37 136 4(10)-thujene 0.15
55 21.52 136 Limonene 0.04
77 27.86 154 Linalool 0.10
90 32.39 154 a-terpineol 0.02
91 32.99 136 Ocimen(VAN) 0.07
110 38.74 164 P-isopropyl benzoic acid 0.35
131 4391 204 Triisopropyl benzene 0.51
133 4524 204 Cycloprop(e) azulene, octahydro, tetramethyl 0.26
138 47.41 204 Cycloprop(e) naphtalene " ” 4.80
140 48 .91 204 Cyclohexane, 2.4~diisopropyl 6.68
141 49.54 204 Cycloprop(e) azulene, decahydro, tetramethyl 0.43
143 50.94 204 Guia-1(5), 11-diene 0.78
145 51.21 204 isomer of # 138 1.73
148 52.31 204 Eudesma-4(14), 11-diene

158 53.42 204 (E)-B-farnesene 7.07
162 54.24 204 B-maaliene 0.67
164 55.32 204 O-menth-8-ene. 4-isopropyl-1-vinyl 7.31
165 55.32 222 (E.E)-farnesol

170 56.91 204 O-menth-2-ene, 4-isopropyl-vinyl 0.40
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27 g4H 3 ol 24 Tol =UH ginsenoside
Rh*"'9} ginsenoside Rg, 2% 22 713l o4 Al
‘39 ginsenoside Rg;’? & ¥-2lsled 4429 3}aha
26} & M8l side chain® conformations ent-
gegen type2.2 FH 33t (Fig. 9)

2-5. 12{QIpo| WY el ALZY &gt

b

gt 2A el HGF gL mejelat
o] 2o oy AT S v AES G e B
A 2 ALEY S A Z(fine root)o] < 13%,
F(rhizome)7t 11%. A% (lateral root)7} 6.5%.
Y 4% =2 A2 57} 1) 52 d4e s
vethlen 2R E F9(epidermis) &
12.5%. W3 (cortex)s= 4.8% FEoln 24X
{xylem)E 24%5+TL2 E97 Z2RRHC} oF 5u)
FE F2 AEY §FE 2Tt (Table. 4)
A, d2d AlEde g3 vlue 29294
4.83%. 6 d2°] 8.06% % A28 42 Zyls}
T A%8E 2o 5320 8.01%E A9 HupF:
of =21 6427 A9 $AIY FAFFEE HolF
592l 713 4 AANdE ¢ & A,

=2 =2
(Table 5)

ok

3. H AIZH MB2

zAde A JEATFE 19709 DR =
Aol ALEY RS FAHoR o)z gr}. T2
19789 Meigta godrae dHE a5 ¥
el Bl APEd 24024 maltole]l F92 BnE

o

Uehle a4 Rog ¥ystn meiddn szt s
o 9o ug 5 il HeA BHo) Foda
7t e B oz v AlEd HEEX 3)ehz
Ao Aol el HAnh. 53], v] AlEQ 2E 3
2348 AEEL pEdstel o 1-2%3 T el &
go] izl o} gatelat &S Bal 3= phenold 3
2ol ggBHgE oz FAHE polvacety-
leneAl A%, vlFozA Aejdido] Mdgde gz
ol= FE L F AR TR de RHeog I
Zoll F5& 22 Aok 2y o3 &4 RS
< Ao vjgkoe g EFE) g FAdE £5Ea
3t 25 81717} o139 TLC ®& GLCS ¢
A Elsle Fxo ERAATE six 2, H2 Ee

eH
SOH

il

§

Panasinasol A Panasinasol B

st it

a-Panasinsene p-Panasinsene

a -Neoclovans B-Neoclovene

Fig. 10. Sesquiterpenoids of Panax ginseng

Tricarbocyciic Sesquietrpenoid

Giseno!

Fig. 11. Sesquiterpene Alcohol of Panax ginseng

BAlel 71% 2 3 Paly BAY]e) pra wes
7 sheby Beivh 234 w820 A,

3-1. HRYE

a2 FHA Rl dajA 27re] ATFE J)E
EH 22 19159 Tanaka™'E& xel Q4ke
e e B = P R s R
terpeneo] FHE U2 Baglon 1918d
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HO

H N
Panaxynol >_=,<1 g9 10
H
HO
He =
Panaxydo! >>===<j L
H H lHeating 0
OH
HO s
H \3 R =R
NV AVAVAN
Panaxytriol >=<H RY "
H H H
AcO
H )
g 10
Acetylpanaxydol >'='<
yip y H H 5
Cl
HO
NI, WAAAA
8
Chloropanaxydol >>===<r 70
H H oH
OH
Heptadeca-1,8-t H Ho\a \WA
-1,071" g
dien-4,6-diyne :>===<<T V%
-3,10-diol H H
OAc
HO H
H 3 H
AV VAV AVAN
10-Acetylpanaxytriol >>===<r : 0
H H OH
OH
Panaxyne T j

Panaxyneepoxide

¢

Fig. 12. Chemical structures of polyacetylenes from Panax ginseng



Utz o)
' HO\3
Ginsenoyne-A >=-<4 3 10
" OCI
HO
H N
-B 9/10
H
OH
HO OH
H N
-C > < 8/10
H OH
N\
-D i 9 10
CH
0 0
N
-E H 9 10
H H
AcO
HON e

-G T 9 10
OAc
0
VAN
-H | 9 10
OAc
0
HO
H 3
- H _ 8 10
HO 0
H 3
-J H H = 9 10
HO
H> <\3 3 10
-K
H OOH

Fig. 13. Chemical structures of polyacetylenes from Panax ginseng
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Yamaguchi®3®'2 A ¥itE F&2elste] stearic

acid, palmitic acidgtz 3t}

1 % 19619 Tankahashi$®'2 oHlE F£23%
2] panaceneell #aFZ7t vinyl71 & 7HATH & At
A3} B-sitosterol, f-elemeneTe] EAE Wit

SeEvtetel e 1976“‘ olgfrd 5ol 57
gl A& AN B RE SviEYstd FAHEEY
(<] 14-_,] 5&7] Al B o) g}\-] 16i-4 oLiJ,}. ester®
gt 213 1976 9% & terpinenold 8
monoterpeneZl 31g4EE GLCE F4 8t U4
£3 g 2ol felemenes 2 U EF

o) ol ohd & AlARH} gick,

,,
lo

ofl ol 12 o{)l
dn Jm o o 2 Hu

19843 A2153% = odr7Hg-A] AR S e W
FozA Bgr ohye} 2%, 24242 Uehle 714
T uAle] £Be FEAR e ALE s,
F4E F37) FHE A g HEE 4L F4
B2 capillary GLC 2 MSE ol&3ld 4% 2

7} azulene, naphthalene, patchoulene, farnesene,
maaliens 2301 %9] sesquiterpened SFES F
A Busln v EAE v]ag o] ok EAEE AlAt
&%t} (Table. 6)

19844 Iwabuchi®* & & 7184 F7]4 &8l
A g71sd ¥ pyrazined 4EE Badded
5%¢2] methoxypyrazined % 8% alkylpyrazine
FEAE GC/MSel <3 #lstdrt. 3], metho-
xylpyrazine S A Fate] g3l Fog €2

e ARGy Easigict 18 F AEEL
3-sec-butyl-2-methoxy-5-methylpyrazine2 2 3}
P2 E rHsksich ®E 1987d 18-S 3% AR
& sesquiterpene alcohol?! panasinsanols, A, B
2 ginsenold ©&ldtn, 2 3ET2E FHINUS
42 gesquiterpene hydrocarbone$] a-panasinsene,
B-panasinsene, @-neoclovene, f-neoclovenes = 4
;\] Eﬂé}mt}“’

1990 25& AZsA 19l 152 MEE tri-
carbocyclic sesquiterpenocid& 2], 1 38t 7%
TR & A3 senecrassidiol 2] isomerd EAWR
EAskeict. (Fig. 10, 11)

3-2. Polyacetylene 4%

s+9] polyacetylene’d ]
A3 glon] zHEb o] o] 2te] &tolz}

8w
Llo
(S L)
Hrmar"

E’%
T3k Re olE RS TR e

B AT (LS B8 FHE 403

o€l 7144 H3 ol AZEAHE Vel Ed Ut
1} o]31& polyacetylene® Al ZEA-S 23 J‘ﬂr
BES glrizl 19884 A4 2a 7
#150) 112104 E(murine leukemia)oll AlX
9 panaxydol® F2]3le Aol £He| 3
Holgta Byakat gaE7tl A thAte] S Urt.

22 A4l polyacetylene’d ¥-ofl #aM e H2=2
19643 Takahashis*® ©} panaxynol{heptadeca-
1,9-diene-4,6-diyne-3-ol) & ¥2|, B3 ol
Poplawski%+” ©| panaxydol(heptadeca-1-ene-
9,10-epoxy-4.6-diyne-3-ol)- & 4 folled 7}E3 8
A ®e) T 1 F Kitagawa ¥ 5-& ol
7184 23 2 2 X panaxytriol(heptadeca-1-ene-
4 6~diyne-3,9,10-triol) & ¥elEFsldedl o3

2 BNl EAste 5/ 48224 panaxydol®l
epoxy%c’l T AZAFF sHERE o] AR
2 233lagl

9 F 759 o Mg sleA B 3t
A% s AAFE 58t heptadeca-1.8-trans-
diene—4,6-diyne-3,10-diol & Eelsldedl c]E2 &
AitellA 22 8 dEolden, 1 W 5F
AlZ29] acetyl panaxydol . chlorpanaxydol 10-
acetylpanaxymol panaxyne %

2 B ysbgic} sesy

E3 35 olitdA ¥-2l§t polyacetylenedt =
3} &4 FAMEo dis] L1210A ol it A E 5247
Fzot 243 BAE FHEF A7 panaxydole] 7t
F dge] A, AEEAEL L HFZHEY. &
1099 gaAxe] REF2IF AAE FelelA
%“é% Sty Basieich (Fig. 12)

3, 19919 Hirakura® $& 1221¢14He] hexane
74 e o2 YE A 2E polyacetylene Al 3HEE
¢l ginsenoynes A, B. C. D, E, F. G. H. 1. J. K%
o] 11%< 29, gt xE FHsided o 2
t}. ginsenoyne A€ 9, 10~epoxy-1, 16-heptadeca-
diene-4, 6-diyne-3-ol, ginsenoyne B+ 10-chloro-
1. 16-heptadecadiene-4, 6-diyne-3, 9-diol. gin-
senoyne C 1, 16-heptadecadiene-4. 6-diyne-3.
9. 10-triol, ginsenoyne D+ 9, 10-epoxy-4, 6-
heptadecadiyn -3-ol, ginsenoyne Ex¥ 9. 10-
epoxy—-1-heptadecene-4, 6-diyne-3-one, gin-
senoyne F+ 3-acetoxy-9, 10-epoxy-1, 16-hep-
tadecadiene—4. 6-diyne, ginsenoyne G 3-ace-
toxy-9, 10-epoxy-4. 6-heptadecadiyne. gin-

J}ﬂ ol ri‘f.
0l ok X 2 LJ

oX Mg ul N W

2 panaxyne epoxide

o]
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senoyne H¥ 3-acetoxy-9. 10-epoxy-16-hep-
tadecene-4, 6-diyne, ginsenoyne I (4E)-9, 10-
epoxy-1. 4-heptadecadiene-6-yn-3-ol(4. 5-dihy-
dropanaxydol). ginsenoyne J& (4E, 92)-1, 4, 9-
heptadecatriene-6-yn-3-ol, ginsenoyne K &
(8E)-10-hydroperoxy-1, 8-heptadecadiene—4, 6-
diyn-3-ol ©]t}3% (Fig. 13)

Z o 19959 Kobayashi$®"'& panaxytriol9|
A F2E £4 9 Mosher'#H# exciton chirality
g AR8-3te] (3R, 9R. 10R)-heptadeca-l-ene-
4, 6-diyne-3. 9, 10-trioleletz B3}, (Fig.
12)

A & o o]2{3t polyactylene &
2 B sey] del Aol
01 w3 Fe 2 seta Hae g
< °oh3 4-1‘«] 27} o} glo

2HANE FHAFN AEH o2 B2re] 9
2 ¥8A ghon ol & Jtyste 242 A
T NEH7]|CRHTR), Byl o Gaaan) . A%
Z(EFRIEE), A (LmEE) S e a3E
Uehls A iz 244 23 9lou k3t
of thgt g et A7 F AEE ackA] BA @
< Aot H2o FAEd % 57l 2

L.
me =gl

>ﬂ r
ﬂf

d%0] Z7SEA oy BAIZH AR
A% FAZ Dol whe} slol B A7} 2

SE L

Hog dAFsEy 1 ZE4 wExm 9}
7] B3 e F wdle) flez 1A 4ldl
A AT B AP} o] FoiA Zﬂol free radicald &
A AU AP EENAF(0, 7 OH . 109
A—ﬂitﬂ- AA]— ;qzl_‘,],)\]._-g} /lg/lc')] ;\"_C°ﬂ _,]zﬂ, Euﬂ?éﬁl,
o, FotEla4d BAY. parkinson's disease$ol A
et w3l %i‘l?}‘:}“ Adojr}, 3 o] g A4t
2F2 gy DA A AHelso] FEEAY A
AH51E9] ¥31E5 malondialdehyder} w2 o]

o}f17] 9} schiff 718 #FAsld AZel £H8sln
Haad B4 hpofusm T ceroid M4AE Al

[E

7= A

w3E 271tk Mojr}

Gebd, 19784 @EEE nAS] w2 o1
PHRES TR SBtd Aakel Y3} BY F,
A Qs AAEHE 2P AT FEATORA
T FEe] od 2N maltol% el

}A

I B2 E gk 28 as2
4 AwCe.2A salicylic acid, vamhc acid&
2l3lz o]‘éo}] 9,]31 zsl—A].;]_ ;LH o 37};&!,] 7l ¢
gte] 2 zlche AP = H sty 596

I % 198349 #H7ZF5? = phenolic acidd¥&
GC/MST L& #4319 cinnamic acid, m-coumar-
ic acid, syringic acid. ferulic acid, esculetin, caf-
feic acid& &<lstsdct. oy o8t slgEES
GLCel 2 #loz 33 7] uf Foll 2] o tha)
Me AlE =39 9A 2 o).

3o 1987 YA ZEZNL olate] ofel FhaAl
Hled FEo2RY ugaz Exste phenol"q 3}

T2 EAE HPLC 2 TLCE #lg % 2]

\m

o
TE

Compund Ring R, R, R; R4 A OH
system Ry 0
Saicylic acid A OH H H H
p-Hydroxybenzoic A H H OH H Ry 1
acid Ry
Gentisic caid A OH H H OH
Protocatechuic acid A H OH OH H B OH
Vanillic acid A H OCH; OH H 0
Syringic acid A H OCH; OH OCH,
Cinnamic acid B H H H - Ry i
m-Coumaric acid B H OH H - Ry
p~Coumaric acid B H H OH -
Caffeic acid B H OH OH - c 5
Ferulic acid B H OCH; OH -
Maltol C OH - - - \
o]

Fig. 14. Chemical structures of phenolic compounds
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A Mg Eed i}%‘%i’ﬂ p-hydroxybenzoic
acid, gentisic acid®& FH 3T FTr|de AL
o}&% caffeic acid 7} #] 2|7t microsomecll A 2] &4
A W EAA o 9§ A A EtE A A st
= 3EEE F5S ¢aJrtk® (Fig. 14)

53], EQEL ooy HolE 7}%” FHozyg
E] Al2 & polyphenol 83HE&E % == permethyl
ether® F=A S HEsidiet ol37HA] B3 EA +
Zqr Bl S dA sl siMo] M Foln A
T HEE 717} slvkn A7 50 (Fig. 15)

1-Carbobutoxy- g -Carboline

1-Carboethoxy- B-Carboline

Ry
Ng-Formyl-1-Methyl- B-Carboline CHO
H
H
H

1-Carbomethoxy- B~Carboline

1-(5-Hydroxymethy|-2-furyi)- B
~-Carbaline

Norharman

Harman

3 g Bol 3] W Bl 1Al
Zolz 9] gfodto s gaEZ=
=] ti/de] slejsgtct.

nEAitel LRl Ao B A7 19614
H22 Meerg®o] @gzelze EAE En3l9x,
19634 KatoE%® & Dragendmff‘ﬂ'-s‘«‘ FFEAE
choline®l E41&, 19693 ST a-pyrroli—
done°] —‘-Xﬂa R AR Eafe] Holl daliMe 4
& Ho] 2| AMdelRitt, siuisid,
& de gdzzole #EE TLCE

PERKE:
e ALE

}:l

o Dragendorff #t-5-22 734
& A9 A4 WSS HAFE spote HAHE 7 6

By
Rz
CH3
OH
CO0C4Hg N/L::j/\/
COOCoHs S
COOCHg
4-Mathy|-5-Thiazoleethanol
0 Y oo
m - 5
NH
H Spinacine
CHg

Fig. 16. Chemical structures of ginseng alkaloids

=3 1990 FEEFE hexane extract®
B euizlel 7t Aoz dH 2% lignan 8
FE 24 gomisin-N ¥ gomisin-AE ¥2] 21 3}%
Ed eulate] fEAEC] Aol HlE Ro] Fo

Sl Q14te]

AE dolet AzAsY 282 o] BAFEE

adaptogen E¥}9} F#3tA] girvtn FAEA
3-4. YER0|=
olul A

I H R GRR|E HFEL WYORE Fi

QMe

Me0

[« ]

Fig. 15. Chemical structure of polyphenol
permethyl! ether
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Maltose Amadori Compd.

?Ho ?HZNH’H" CH3
HCOH ?O %0
HOCH H

7 base HOC (')O
H?OH H?OR HCOR
H?OH H?OH HéOH

CHa0H CHa0H éHgOH

A= D-Glucose

0———d -Glucose

AOH
SEENG })-Hzo

0—a -GI ucose

0
oH —

Ch (Rearrangement)
Isomaltol glucoside Maltol

Fig. 17. Formation mechanism of maltol from red ginseng

Q
OH }
H o (B-Sitosterol :Stigmasterol= 16:1)
Steryl glucoside fatty ester
R= linoleoyl §0.0%)
R= palmitoy! 29.5%
A= palmitoieoyl {10.1%
R= stearoyl 7.0%
A= oleoyl 3.8%
R=H
OH OH
0, 0 CH, 0, CH,
| oH ]
OH He—C—OR H-—(IZ-OH
| . .
CH,0R H CH0R
OH OH

Glycosyldiglyceride
Glycero-gatacto lipid

R, R'= palmitoyl (21.8%)

= i l.
2 titan 728 A, = Liolanyt (75,04
R, R = oleoy! é 3.7%
R, R'= palmitoyl { 2.1%
R, R=H JI. R, A= palmitoyl (68.5%)

Fig. 18. Chemical structures of steryl glucoside and glycolipid
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CHQOH
N2
CH,OH
+ HzN
H
HO o Maltose Arginlne
} oo
CH,0H

s

OH
CH,OH
NH2
CH—N
CHy H N
0 H
oH OH COOH
HO
OH
cnon

on \(vv&
Y\/\”

pormmm—me——m———

............

cnzon

HO
OH

Fig. 19. Formation of Arg-Fru-Glc by
Maillard reaction

th weld, Qatdes gz zol=r} EAEA e A
0 8 8AtE Ao @& g},
I 19864 A E B70o] Q4kg diFo R A

Gy
2lgle] A& ether7}8d B85 482z = £
2 &g, TLCAA < 13%9] Dragendorff F4duts
9| spot® Eelsln, I & v|gke 3%& ¥u, T

A3} fcarbolinedl ¥Z2ol=A  I-carboethoxy-F-
carboline, Ny-formylharman, perlolyrine 59 3%
o] FFEE Basict. 2 F 1987d ArRET &

O

B AT Lol B % 407

Bt 50Kg e MeOHZ F&3t €2 MeOH Ext. 2
RE o 71843 8 T70gS 8 3]-3?"' =
dze] Helste] 2 ¢FRol= g 2.6g(5 x 10
%) B2l & AU ASsEA FEH AFE F
8% A3 1-carbobutoxy —f-carbolineine, 1-car-
bomethoxy-f-carboline, norharman, harmans 4
Z9] A} 2% f-carboline 3TELS #5Ee, B3
Aok w22 T2 1 B 159 2L thi-
azole”l &3& & Reldtd, +28 TS 23 4-
methyl-5-thiazoleethanol 2 73 &sict o] &
€ thiamine9 thiazole moiety 24 o1& A<M &
H1H o] glon thiamined] $4el FHAZ AL
53 3l

% 1987“’ MEtistn AotdFa g o
5798 Fake] 50% MeOH 7| A2 RE 44
Z2o|=9l spinacine® ¥ #l&t i o] 3t
2 ol oy AlSe] SigTERNE EeE
gt AEA N = 2ot

olgigt vl AL Zo|E JREL FF o,
g4 ATE € 7HEVE Avkn s, A4 o
FozM 2748 AHute] 9lo] Unjz] L 2oz
o ez FHAG 318t A7 5 FPY Foy
ctx Azt (Fig. 16)

¥0 m{ﬂ we -y

l

[1

d
oXx fob ox
30 Hr ox Mo

-

3-5. B9 BER4E

1984 Tanaka%™®'& T4 &9 wigd A2
2 3o 44 v AlEd BP0 RE F840] 7
3 2% 79 BPEE B3l 28 FHII
Y= 2-oxopropyl-e-D-glucopyranoside(0.16%) =
A ZA AlZ oA el sl A M
Aoz 43xz glo volA] dhue T4 Ax 2
% maltose7} ofol'=Abe} WES-8iA maltol & A&
o A7le FUAE A Uk ob&d maltold
Pl M Z27 BAHA] k3 Az Fakoll A gho]
AEs 1 e o|Ed 4o AEF T Az A
Z dEsd o) wa YA Aoz HFHE) ol
A2 S 23 ofn| bl 9] 3 A5} BES-
(Maillard reaction)o] €l A3 ZAMslE 24
Azt #71 9tk &, maltoser} ofvl x4tz wHg-E}
o] amadoridt3ES AAE ¥ isomerization ¥ &
ol 2l&} isomaltol-e-D-glucopyranoside (0.04%)
2 d3tddt Isomaltol glucoside ¥ WA re-
arrangement 2 99 o€ maltolE AAste A

P,h
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Table.7. Chemical properties of ginseng polysaccharides

Panaxans (o], Molecular Sugar Composition Peptide Moiety
Weight (Mol) (%)

A +187 14,000 Glucose 1.7

B +180° 1.800,000 Glucose

C +96° Glucose

D +126° Glucose

E +188° 80,000 Glucose

F +36.4° 16,000 Rham+Ara+Gal+Glu 5.3
(1:7:10:1)

G +36.4° 6,600 Ara+Gal+Glu 104
(1:1:1.2)

H -13.0° 110,000 Rha+Ara+Gal 8.3
(1:7:10)

I 9.8 74.000 Ara+Gal(0.8:1.0) 4.2
(GalU+GlucU(0.5:1.0)3

J +124° 3.700 Glucose 3.2

K -7.1° 1.300.000 Rha+Ara+Gal 0.6
(02:16:1.0)

L -18.7 80.000 Ara+Gal(3.0:1.0) 16
(GalU+GluclU(1.3:1.0))

M 90,000 Rha+Ara+Xyl+Gal+Glu 34

(3:19:1:10: D
{GalU+GlucU(3.9:1.0))

N 2,900 Gal+Glu(1:18.2), GlucU 4.9
(0] 9,300 Rha+Ara+Xyl+Gal+Glu 8.1
(1:6:2:10:2), GalU

P 2.500 Rha+Ara+Gal+Glu(1.9:1.5:1:1.2) MannU 10.3

Q -16.5° 84,000 Rha+Man+Gal+Glu(0.1:0.6:1:0.8) 6.2

R -19.7 170,000 Ara+Gal+Glu(0.6:1:2.2) MannU,GalU,GlucU 12.0

S +90.6° 3.000 Ara+Gal+Glu(1.0:1.0:0.9) 259

T +185° 11.000 Ara+Gal(0.2:1.0), GalU 17.5

U +46.7 2.500 Gal+Glu(1.0:26.2) 27.0
o2 FHE F71 Aok (Fig. 17) glycero BA A g 8o AL R] o3t steryl ¥iFA|
1985 BHE $7E RS & AED $Y AU ester BRE A48 202 unanh ol
B2y v ASd 402N FUP HYBES L FHOZVE WNS Azt AN o) el

2] 23l ol olu] 1Ee] 1982+ tigh oFF
3} 31aF geoizleA] HES

groupE.tl 218 o4 A€ ini 243 grEA]
HE gzt ste °HI =% .

19874 kitagawa §2'2 BYE FHLZHEH A
23 F4b 9 wintol digte 5 dr|Ag 2E o9
olg) BBl i3t SR HEAE vl 2AF AT 4t
I F4 FelE glycero BA 2 (glycero-galacto o]
lipid) 2 steryl W] 2 3%4F ester(steryl glucoside =2
fatty ester)el £xj7p glslm 2l ot WilejA = 5

Aot Aol dojuby] wiEolny, Fatell e A=
% F5A (571 2ol 23 esterase 59 &
7t B2t} £4F Feo] Aol oz fAHE
o2 geixlct FH WS Azdle Ay A2H
B A 015 Fae] g o2 Bitx|do] MAas
?SHEl“ A Oi—r%‘Eh— ‘l}

r{r: oo B oo o) H

31’5}04 g 9% 27 & 9071 kitagawa
H 73 galactoseﬂ ohd glucose©] 1L glycerol®]
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8 A4t 24 % palmiti acid?t @F 65%23 22
ok

wdh padatel oghe AV A2 RE Yo FA
glycosyldiglyceride® Eelstdedl F8 Aat 24
o} palmitic acid”} 21.8%. linoleic acid?} 75.9%°]
o} 3Y (Fig. 18)

2 4ol 19909 Okuda$®?' & meidide) &7 A
2l g Bde2AM 2 deiAa A& /A &8-S EA
Z¥ adenosine, pyroglutamic acid& HEnsl%ct.
ol JEL T4 & Ari~2 H 4%9 ninhy-
drine 44 3 & Z&3d e 2% Arg-Fru-
Gle(5.37%) ¢ Arg-Fru(0.2 %) <! 2%9] amino
acid glycoside® Zelstict s & SFEL 2F +
qoz B AL AT A2 el € Xzl Hel
A Maillard 8H-¢o3 MAdEctn Easigich olzjg
HH & By g8 25 oS 22 A48 S %
4 maltose®} arginined 4t &3isle] 80C=
1 A7 AEE S ) Arg-Fru-Gle & A28 4
Atk olsh B AMEM FAHE 5 Ue AL Al
gHa5o] & arginine ¥ AE 22 RE amylase2|
g o2 AAE maltose , B Vol7bA maltases] 2t
£22 maltoseZFE MAAH glucose?t E He] AA
M Maillard ¥+8-2 2 Arg-Fru-Gle 2 Arg-Fru7}
AAAEE F sAdsign, (Fig. 19)

£3), Arg-Fru-Gle ¥ maltase® Halsle &
statete Al B & Bl o] FEE Wm Qlrh s

o

—6)-a-D-Glcp-{1-6)-e-D-Glcp(1-6)-a-D-Glep-(1—

3
!
1
a-D-Glep
—6)-a-D-Glep-(1—6)-a-D-Glep(1—
3
{

1
a-D-Glep-(1-26)-a-D-Glep
—6)-a-D-Glep(1—
3
I
1
a-D-Glep-(1—6)-a-D-Glep(1—6)-a-D-Glep

Fig. 20. Partial structure of panaxan A

ool WEE £ 409

3-6. CHeHA|

ailAte ciEfolle $%o Wy ggy ¢F
FEY Mg JA g5 kel 2o B
aEojlen FEole dAHoRE dX o iR
& A1estn, AY 2 olAge] el e 23l &
5 Jehdcty ¥ andtn gtk

,_‘
©
o]
I~
L
o
X
=]
OPO
offt
lo
3l
i3
o
>
2
o
hu
e
i)
=5
o
P
jobl
=]

T a

it Tt ool g9s g4 BT 21%

of thgg 2ot Haustgch &, 1At 50%
E2 2

oghg ol AgoM 33 F231 FE2EL cel-
lulose columns ©] &3l wghs ol 50%-t 22

&3t 29 98 £&5= ¥8L ¥4 DEAE-
celluloseE o} 83l ol2wg AZnlE Tt o o)
A8l panaxan A, B. C. D, EZ ¥astgdc}. =
g, 50%vetE ££8 S DEAE-Toyopel, Sep-
hacryl S-200 % $-500 €)%} panaxan F, G, HE
el FAskdel ¥ HiknoBs"& A4S 60% = ere
2 FEstn, B2 223 7F2(70-80C)FEF oig
< AHE &A= DEAE-Toyopel % Sephacryl

Kasmptarol

0

.
1
]
]

Panasenoside

Fig. 21. Flavonoids from the leaves of Panax ginseng

5-200 % S-500¢] AZcolEaHHE 2§l n)A)
J822M panaxan . J, K, Lo} 42 422 Bals}

pii=g
£ e whgog F3at 340 2 RE panaxan
M.N,O. P, Q R S T U9 9% AEx ¥ojs}

2th35 panaxan A-E 2 J¥ glucose?He TAY
228 glucan®l 1, panaxan F¥ rhamnose,
arabinose, galactose, glucose®. panaxan G.S&
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R, R, R;
ginsenoside F; OH OH -0-Glc
ginsenoside F. -0-Glc H -0-Gle
ginsenoside F, OH OH -0-Glc(6—1)Arap
ginsenoside Fs OH OH -O-Gle(6—1)Araf

Gle : B-D-glucopyranose, Arap:a-L-arabinopyranose Araf:e-L-arabinofuranose

Fig. 22. Chemical structures of ginsenosides F, , F2, F; and Fs

R, R,
ginsenoside Rhj -O-Glce OH
ginsenoside F, OH ~0-Glc(2—1)Rha

Glc : f-D-glucopyranose, Rha'e-L-rhamnopyranose

Fig. 23. Chemical structures of ginsenoside Rh; and F,

Ginsenoside Fgg

HO Ginsenoside-Mycq

\“\‘
\

gllul

Ginsenoside Fgpc

Ginsenoside La

Fig. 24. Chemical structures of ginsenosides Fy,, Fy,., M;4 and La
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arabinose, galactose, glucose® panaxan I.LL.T ©
arabinose, galatose ¥ uronic acid® panaxan K,
H% rhamnose, arabinose, galactose® panaxan
M., O rhamnose, arabinose. xylose. galactose,
glucose, uronic acid2, panaxan N-& galactose,
uronic acidE, panaxan P¥ rhamnose, arabinose,
glactose, glucose @ uronic acidg, panaxan Q&
rhamnose, mannose, galactose, glucose &,
panaxan R& arabinose, galctose, glucose, urcnic
acid® panaxan U¥ galactose. glucose® %8 Z
Ztel FAEE heterothd S e it} 23
ole| & A AL EAt#e] 231 YR Bitslr) o
ol Fe] 24 etz o2 whE A gl S o} 74
2l ol A=A 9 oA deiME BasA e ¢
& “efolct. (Table. 7)

o}-&8 Tomoda$® & panaxan A% F-¥-3zd]
3] ZE3+d panaxan AE B2}bgko] 14,0002
2 92.1%9 glucosed @l histidine. lycine, ala-
nine, tryptophan, glycine. asparginie acid, threo-
nine$% 1.7% ¥/3E peptides /3l Atiz
Bt

NMREX A7 glucoser ZF2Z 3. 694
glycosideZ &8¢ stnoicviy Bosigct. = ojgs 2
A& 2.3.4.6-tetra-O-methyl-glucose, 2,3,4-tri-
O-mrthyl glucose ¥ 2 4-di-O-methylglucose?} 5
11.0:20:1.29 ¥&2 A%5 1, panaxan A2
FHTZE ¢-1.6-2 8T glucose 2% EE 3%o] 7}
A2 F25 Adatdc. (Fig. 20)

&8 252 panaxan Be| 8l M % panaxan A%
FAGE Fzen B asigot o

4. NAFHE

TedRlde] AR 271, o £8e8 T A
Ho g okge] BHog A E T A @A e A
o] ¥ ¥ansodnt

A4d BELZAE GLCEA 28] caproic

acid, caprilic acid, capric acid, lauric acid, myris-
tic acid, palmitic acid®} E&tA9bite] #l=lch.
%ol nonacosane, I-octacosanol, f-sitosterol S
ERQlstn AT $4) AEU A panaxa-
diol ¥ panaxatriols°] SRS, AHd AFEA IR
A oleanolic acid7} ¥2l=ch. =3, flavonoid 3}

BEAT LSS B FE 411

e nadde] 27,9 ¢ 8ol vEee £
Z% A7 22 8E kaempferol, trifolin ¥ 224t
S AZE kaempferol-3-0O-f-D-glucogalacto-
side’t ¥259] panasenoside® BHE Ut (Fig.
21)

E3], Qlatel fEdB 02 oAl ALEUe] ASE
Hejoh 22 ALY Ax sln A e Ady A:
U2} ol & ALZU 2 A 2E AMANE U] =pglo] €
Y HellA ezt ldkn & 4 ek

19762 Tanakas% & 12914} o] Alxd &
HollA 6F9] 712 AtEY A1 ¥-2) ginsenoside-Rb;., -
Rb;, -Re,- Rd.- Re.- Rg; & &3}, =3t 152
YAl 3% AAEd L A2 W2 e,
%, 20-0-f-D-glucopyranosyl-20(S)-pro-
topanaxa-triol?] ginsenoside F,, 3, 20-di-O-#-D~
glucopyranosyl-20(S)-protopanaxadiol$! ginseno~
side F, ¥ 20-O-(-arbinopyranosyl (1-6)-f-D~
glucopyranosyl)-20(S)-protopanaxariol$! gin-
senoside F; §°]t}. (Fig. 22)

1978'd Tanaka% < dammarane type®l side
chain®] Y& ¥ ginsenoside-F¢, , ginsenoside-
Fot & £8 2825 H ginsenoside M, & &
gatgt. (Fig. 24)

1987 Chens%9"2 1] A4told gt o g
42 A ginsenoside Rh,® C-20 epimer 2! 20(R)-
ginsenoside Rh,& #&l, 3 slgwu o) 3gEL
ofz] el BuEA ol FH5E& waslch T
H, 21E¢ 38, 128 dihydroxy-dammar-24~diene-
3-O-8-D-glucopyranoside ¢! ginsenoside Rh; 2 &
glatdeh. (Fig. 23)

1989 Zhang$%® & A 2Z-¢ 23-oxygenated
dammaraneAl ¥ & ¥2]5l9] ginsenoside Lag &
Bt (Fig. 24) 19909l vlgke] AlxdogA 3
B, 6a, 128-trihydroxy-dammar-20(22),24~diene-
6-O-a-L-rhamnopyranosyl-(1—2)-f-D-glucopy-
ranoside®2 ¥2l8le ginsenoside F,2 B= 38ty
o} (Fig. 23)

H 19959 Chen$!® & 124t Yoo A=
& ginsenoside F:& Eelsled Huslgion 1 3l&
TZ% ginsenoside F39 olF fAlstd o owr
arabinose®l pyranose type®] furanose typeS &
e 3 ®oldr). (Fig. 22)

Tanaka & 9 9 ¥ olo] EE oA
39 AAAELS Rl ey O HPgBEL
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2.5%9 & #8= ginsenoside-Rd., -Re. -Rg, &
golstoict. w3t 1299 % ginsenoside-Rb: , -Rb,,
-Re7} 284 8859088 W ysigic) o
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