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Nitric oxide - Corticosterone - 2.

2) 94t F AT Y, ginsenoside Re2 H7h) Foj= 5 AE# A 23k % corticosterone
F7FE At et HAY FAp e g §8 AEdAA B ez Fo9 ginsenoside
Rg3(8)2 ¥%F corticosterone? F7HE A Qsich 540w Fojg A4 F AIXUS] ¥ &
Ef|AA] 8% corticosterone Z7Hei Al BE-& nitric oxide BA 2 A4 N°—Nitro~L—arginine
methyl ester (L—NAME) o} 2|5to] AH=]R] ¢koki=wl| o) nitric oxider} BH=HA] &8 AlAlEict

£ A7 Ak ik AlEdo] AERAA AFEE-HE A - Al £ AR 2ol 3l
M AlE ] AR 9 AEHAS] FF, Fo] AR wehA 1 2hE- 7|de] thEcks A& AT

34 B9 : 91412 - Ginsenoside Rg(S) - Ginsenoside Re + ¥ AUl FAIAEH A - BEAEHA -

N B

e FE BAEAL N AlEW (ginseng sapo-
nin) 7822 R¥ %% ginsenosides#tn L&A
St} Ginsenosides® 38t 7xE FHEgoH, ™
Azvte T34 34 &AM A Ginsenoside
Rx(x=a,b,c,d e §5)2F FHAtL

Mol AAA, sk, AESRA 15 F3
gl tigt 2] AFHE T ngdEQ e
9 W BAIgle] Al S AEAA F
T A% E9FE adatogenolzhe £HEAM EREW
A Qarel ol sl we Aol oistet? AHE
YRR ez dal7ish £9E& A7 F2] G el

H
QRS Folstglem el BuH A Be =

e
of

N
—

N

wat v B, Ak B AAE BEE g2
2EdAel g oA ATt glgo] B

2EHAA G AAE P {FAE A8M 55 2
BaH AT FIAL, AR HTA -
Al Z(hypothalamus—pituitary—adrenal axis, HPA
axis} < 2E#2Al BAe] Fgwbgol dojuke A
Egag AHs] #HAE 71 F2% AAAA (body
system) %2 shtolth” 7134 e (basal state) oA
Q4 AME o] @% corticosteroned F7MA7ItHE B
T7F Qo A e - e Al - B Sofl thEt

Wik ALED Y] B3] st 71HE oA & ofdHA X
33 glom AEYAA|Y ikl AAR AteE—]
SeAl- R 2o ojd GRS wAEAE & LEA
NA ok

Zell nitric oxide NO) & vjekst AH 71%-& 7t
AL Y 88 2HAREZAH AAR T Yk 4
2o} nitric oxide synthase (NOS)7} A[Adslte) &5
9?6729 g} slu)e} median eminence$d H3HA 2}
Aoz EA* g5 YA nitric oxide® HF(in-
flamation), 7% (infection), = IL—1(beta) &} 7+ &
el = wRel AVESHE— A3l - 54 F2 Al
AAH F&E w1 JPVP = W nitric oxider}
tid oA oheFst A=l digt A dsHE—HakeA - R
o] W3- 2AY F U A 9L sy U
S AABEY Zo)|EAE, H2o) ginsenosides?} TF
kst x2oA nitric oxide® FH|$th= Ruv}t Yol
oltk. Ginsenosides?t #%® (pulmonary artery)®" 9}
corpus cavernosum”™ & o]ghr|7|9 ol @il
nitric oxide synthase (NOS) mhibitorq] N®—Nitro—
L—arginine methyl ester (L—NAME) ]l &3l 2}atgl
tha 3o} T3 ginsenosides”t d#e] U4
non—adrenergic, non—cholinergic nerves,”” 183
AF oM nitric oxided] A4¢ F/ANGT ek,
olgjdt AFATE Q4 AlEde] AEHA Fotol ni
tric oxide® viZf&l] AlABHE-wBrA - &
2RI AUS 7FsdE Al

B A7Ee 34 A2=uA slM AV HEAl-
FA Zof gt ik Al anE BEE) YA




HAY FAF AEH AL} Hg AEHAS S
Ab AFEdo] 8% corticosteronedl] v]R=
olr 1zl stk okge] A AEdA Ao 4t
Edo] APFBHE-H3eA-F4 Fo u)R]E BT
i3l nitric oxide7} AR UEAE Lolrr] ¢35
A A FAF AEHAG 5 AEHAE VHEY
QU AEYO] 83 corticosteroned] BIXE FFe]
nitric oxide synthase (NOS) inhibitor! N®—Nitro—
L—arginine methy! ester(L—NAME)®] 2Jall zjets]
= Ag ZABIE A S

¥ H

of 3%

1. A8 58

25~30 1A 57 ICR 477} Aol AH=IIc
FRES 22+1TE AAHE W 159 5oty
Agggon 1243 5 2o W o)F29] 7]
of QLS STk S43 & Wao) et HHY &
A= sk

2% 8

Q14 & AFE (Ginseng total saponin, GTS), ginse-
noside Rbl, Rb2, Re, Rd, Re, Rf, Rgl, Rg3(S form),
Rg3R form)& &4t AxAFA(HH, 3= oA
TEF8E Nitric oxide synthase (NOS) inhibitor<l
N®=Nitro—L—arginine methyl ester (L—NAME) 2}
corticotropin releasing factor (CRF) &] A e8& Z&h+
(antagonist) 9] alpha—helical corticotropin releasing
factor (CRF) & A|z1v} 3}8ts|Abell A 79313l rH(Sigma
Chemical Co., St. Lows, MO, U.S.A.). Ginsenoside
Rg3(S, R form)+ 2% dimethylsulfoxide (DMSO) ¢
£381% 28, L-NAME, GTS, alpha—helical CRF %
7|e} ginsenosides (Rb1, Rb2, Re, Rd, Re, Rf, Rgl) &
HAY FARE A3 SR A AT AR A
A 2% DMSO¥ 8% corticosterone®] ¥&E FX
A5 I8tk

3. Ay FA AEYA(intracerebroventricular in-
jection stress)2 HFAEHA(Immobilization
stress)

Ginsenoside’} FAAEHAA|S] HPA 2] 840

D)) G w98 HAY FARE 2EAY g

FErEdaE RN
3tk

HAY FAF AT 2&AH Hdd O Fole FA
o £ HAW FAK: o]Hel| Lauren®} Bek-
nap'’oll 2la) 71&d Wiel wet Folgnk AP
Ao B5E YA HoA 4R e e A
Tl ZAAIZCE T8 YA 22 ABFHE 9] Sl
£ AHlelA 26 Gauge FAMHEEE 50ul Hamilton sy-
ringe No. 705)°ll A ¥ MF bregmal 2.4
mm ZolZ BEIUch HAHAY FARERS Sulo]gled
ZFA} YH = 22 %9 1% methylene blueE FARSHE
e AEE wEo] duA AdolA Flaglon ok
2] ¥ ddjel FAME obgolu} Akl B¥shE A
3k HAU FAM 29A7 HA e i =
A B9 E¥3hs Zlo] B2 diH9] gl &
A A5 FAsich

5 2Ed2E 7137] 93 AE 5em Fi= Coning
tubeol] BAE Y2 § &¥o]A] E3EE 17Uk
Coning tube®] & A&7t & € F JUEF A2 +
P UGtk 5 AEHAS 3083 7KE F 92 A
st

4. g3 corticosterone® 5% X ¥ AH

8% corticosterone< #FA4 W (fluorometric
determination method) 22 &33lct') gae &
¢r9} A wE(retro—orbital venous plexus)< punc-
turedte] <k 400 x19] A& AU

5. A IzES

TE AEFES 49 1 dod 7 e AEHA
£ w7 A8 HE dd AEHA AEE AT 28
ko g vl Ak AEHA AP FFHNAM cor
ticosterone®] YF7| Wg} WZol] 2 8~11A] Alele]l
A B8k} et FMF(retro—orbital venous
plexus) 2 2HE NS YH3 H A= A=A
o, ojuf & HFHE2 Az 2 H7Z 2508 B eE
A8l A=

HAG FA AEHAE RS 0 14k AldeE-
33| — -4 (hypothalamo—pituitary —adrenal, HPA)
ol gt FHTE ZARH HSA geket w2 it
F AFE W (giseng total saponin, GTS) (0.01~1 xg) 3}
ginsenoside Rbl, Rb2, Re¢, Rd, Re, Rf, Rgl, Rg3(S

wAEGA ZERA A}
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form), Rg3 (R form) (0.01~1 pg) & =AW FAHicv.
injection) 3t HAU FAL 2EYAE 715 F 3080]
A HHE HHk] HF corticosteroned] FES
481 HAY FAF AEYAE 1E mo] A4
S —HerA - A Z(HPA axis) ol P Ql4tbe
AFelA nitric oxideg}e] AR 4L B7) Y3lo] L-
NAME(1.5 zg) ¢} QW 3 APEJ(GTS, 14g) T2 L-
NAME(1.5 #g) # ginsenosides(Re 1 g %= Rg3(S)
0.3 p2)2 TA WA FAL & Fof) 3 corticoste-
rone®] FEF FA3th L-NAME(1.5 ug) & ojju]
AEE FM 7 corticosterone 2 WEAA] &
£ lEh

=R Foll gt I 2B A8 tekdt &

59 ot & AFEJ(1~20mg/kg) # ginsenoside Rbl,

Rb2, Re, Rd, Re, Rf, Rgl, Rg3(S form), Rg3 R form)
(0.1~2mg/kg) & E7d o] T3t 3o 5 AEYA
£ 308 718 & AL A3 s F corticosterone
9 FEE 3430 15 AEYAA Y] AR -
BRI -2 F(HPA axis) ol vjx]& Ql4akel 3ol A
nitric oxide?] ¥ 28-S H7]95] L-NAME(10
mg/kg) & A F AU (GTS, 20mgrke) & 27z
A T3t o EF corticosteroned) E5E =4
33k L-NAME (10mg/kg) &= oujd8-S Zaid o
% corticosterones WM3A7]7] 43S A1

6. W By

FAENL ANOVA with post hoc boneferroni %
B2 AL FAA FI48L p valuer} 0.05 v o
ol Ao 71t

3

1. AU FA AEHAAO) AN ARHO| §F cor-
ticosterone®l BNE FE X ©1°1 QiPt nitric oxide
o pay
I & AMEW (ginseng total saponin) & ¥& o&
HoZ wAY FAL A A6 93 EF corticoste-
rone?] Z7+8 AASIITH(Fig. 1A). 8% corticoster-
one Aol 7H A7t Sl FEE A F ALEUY
FEE 1 g0 (p<0.01).

Corticosterone { x# g/dl)

@ TS Rb} Rb. Rc Rd

Corticosterone ( 2 g/dl)

lcv Injection siress

Fig. 1. (A, B) Effect of various doses of ginsen total sponin
(GT8) and ginsenosides Rb1, Rb2, Re, Rd, Re, Rf,
Rg1, Rg3(S form), RG3(R form) on the i.c.v. injec-
fion stress induced plasma corticosterone levels
at 30 min after the injection. In Rb1, Rb2, Rc, Rd,
Re. Rf and Rgl, the columns were normal(basal
state), confrol(i.c.vsaline), 0.0Tug, 0.Tug, Tug, res-
pectively and the columns in Rg3 (S form), Rg3 (R
form) were normal(basal state), control(i.c.v sa-
line), 0.1ug, 0.3ug, lug. respectively. Data were
mean+S.EM values(n=8 or 16). = . p<0.05, ** : p<
0.01, significantly different from saline treated con-
trol animals.

A4t F AFEd (ginseng total saponin) “3EZeA
o] ginsenoside7} HAY FA} AEFH A HE
corticosterone 71| 248 Yoyl= A5 gojr
7] 98 2zt ginsenoside (Rb1, Rb2, Re, Rd, Re, Rgl,
Rg3(S form), Rg3(R form))E thoFst £ 5(0.01~1
pg)E WA FAR o3k}, Ginsenoside Re7}
1ugelir &3 02 9% corticosterone?] £718 o
AT (Fig. 1A) Rg3(S form)+= Re ROlE @ &
%(0.01~0.3 ug) oA b= 234 4% corticoste-
rone?] F7He A1t (Fig. 1B). 184 ginseno-
side Rbl, Rb2, Rd, Re, Rf, Rgl 221 Rg3(R form)
& A FAF 2E# 1Mo} BF corticosteroned]] T
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30 [[OL-NAME(—) ILNAME(+)

20

Corticosterone( « g/dl}

Control GTS
l.c v Inection stress

()

40

30

Corticosterone ( zg/dl)
3
L

Control Rc

Rg3(S)
I c v injection stress J

&

Fig. 2. Effects of L-NAME (NG-Nitro-L-arginine methylester
HC! on the ginseng total saponin (GTS)-(A), Rc-
and Rg3(8)-(B) induced decrease in intracereb-
roventricular(i.c.v) injection stress-induced plasma
corticosterone levels. L-NAME(1.5 @) was co-in-
jected with either saline or GTS(1 #g), Rc(1 Q).
Rg3(S) (0.3 £ g). Blood samples were obtained 30
min after the injection. The data were means =
SEM.(n=10). * * p<0.05, * : p<0.01, significantly diff-
erent from saline treated control animals.

& ololglt Makg F4) Fych

2. Tyl A AEHAA 218 F MEH, ginsenoside
Rc, ginsenoside Rg3(S)Y ¥Fcorticosterone

Z WA Z0f Hidt nitric oxided] MY
L-NAME(15 zg) & AW FAF AEYAA] it &
AFE (ginseng total saponin), ginsenoside Rc ¥ Rg3
(S) 9 E-F corticosterone 5714 22 Abajalsich
Je} L-NAME(L5 pg) ®Hle Wiy 341 AEd

AA] 8F corticosteroned th3t ko] 2iichFig. 2).

3. 218t & AEHOl NMYEl(Basal state)olM ¥3F
corticosterone®l OXi= 4%
QA4 F AFEd(ginseng total saponin)©] 7] AAME)

407
T W0
)
)
2
S 20
2 *
3
Q
g
o} 4
8 10 T

0

Control 20mg
GTS(mg/kg. 1p.)

Non-stress

Corhicosterone( £ g/db
w
(=)
1

.;
e

Control 20mg
GIS(mg/kg. 1p)

Immobitization stress

Fig. 3. Effects of various doses of ginseng total saponin
(GTS) on the plasma corticosterone levels at 30
min after intraperitoneal injection in non-stressed
(A) and immobiliation-stressed (B) mice. The mice
were immobilized for 30 min and blood samples
were obtained immediately after completion of
the procedure. Data were mean£S.E.M.(n=8).
*  p<0.05, =+ . p<0.001 significantly different from
saline-treated control animals.

(basal state) ] 8% corticosterone ¥FEo|| v]x|+=
FEE 7198 o $E(1~20mgke) o 94 F
AFE (ginseng total saponin) & E7hE Eoisly 30
£ Fof E% corticosterone2 A% A Qi &
AR (ginseng total saponin) < & o&X o g

corticosterone?] FEE F7AZtHFig. 3A).

4, AR NEHO| BF AEYAAY BF corticoste-
ronell Oz BT

U4 # AR (ginseng total saponin)©] ¥-5 AE

#2Alell 8% corticosterone®] Tlx= HEE 1B7] 9

A A4t F AFEd (ginseng total saponin) & TS

FE(1~20mgke) 2 BZZE Folsty FEAEXA

£ 30% FRF st 3o EF corticosteroned] FEE
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8 8 8 8 8

Carticosterone ( ¢ g/dl}

01mg 0.5mg 2mg
Rg3(s) (mg/kg. ip.)
Immobilization stress

Control

w =
50 +
3
240
2
S 30
L
8
g2
Q
Q
10
0 4 i o o
Control 0.1mg 05mg 2mg
Rc(mg/kg, 1.p.)

immobilization stress

Fig. 4. Effect of various doses of ginsenoside Rg3(S) (A)
and Re(B) on the plasma corticosterone levels at
30 min after intraperitfoneal injection in immob-
lization-stressed mice. The mice were immobilized
for 30 min and blood samples were obtained
immediately affer completion of the procedure.
Data were mean=S.E.M. (n=8). *+* : p<0.001, sig-
nificantly different from saline-treated control ani-
mals.

A3k A3 Q4 & Al (ginseng total saponin) &
T o&A0F FZE corticosteroned FEE TAA
7tk (Fig. 3B).

Q14F 2 A}¥d (ginseng total saponin) 3E-5 oA
oJd ginsenoside”} #§ 2E#H2A] EF cortico
sterone 37124 A4-& dosl= AE dohrr] A3
7} ginsenoside (Rb1, Rb2, Rc, Rd, Re, Rgl, Rg3(S
form), Rg3(R form)) & tjekst 5 (1~2mg/ke) & %
g Folsly FEAEHAE 308 71 Fo EF
corticosterone $52 =748 th. Ginsenoside Rc7}
He regAd ¢$t % corticosteroned F7HE <
Ar#H o Fig. 4B), Rg3(S form) & =AUz A4 o
55 2o JAY FAL AF AEHA AFeMee 2

off M

)

&0 OL-NAME(-) B L-NAME (+)
~ %0+
3
3 40
@
5
2 ¥7
173
<}
£ 20 4
o}
O
10
0 ] Shhd
Control Gts
Immobilization stress

Fig. 5. Effects of L-NAME (N&-Nitro-L-arginine methyl ester
HCI) on the ginseng fotal saponin (GTS)-induced
decrease in immobilization stress-induced plasma
corticosterone levels. L-NAME (10mg/kg) was co-
injected intraperitonedally with either saline or GTS
(20mg/kg) . The mice were immobiized for 30 min
and blood samples were obtained immediately
after completion of the procedure. Data were
means+S.E.M(n=8). ==+ : p<0.001, siginficantly di-
fferent form saline treated control animals.

2] % corticosteroned F7HIA] 2Hgo] ATHFig.

4A). FEginsenosides(Rbl, Rb2, Rd, Re, Rf, Rgl,

Rg3(R form)) &= ¥E AEHAA F corticosterone

o] Z71eiA] #8o] AN

5. HE AEHANI AN F AXHS BF cortico-
sterone 3™ Zaof Qi nitric oxide &
8y

Qlab 2 AL¥ Y (ginseng total saponin)©] % AEdH|

AA] 82 corticosteroned] F71tA Z-gof nitric oxi-
de7} Bodeh= 215 ZA18F7] 130 nitric oxide synthase
(NOS) #1419 L-NAME (10mg/kg) & 4 3 AL
W (ginseng total saponin) (20 mg/kg) & 7)ol £
31 BE AEYAS 3083 71t Fol| EF corticos:
terones &A% A3, L-NAME: %5 AEAAS
718E o Q4F & AY¥E (ginseng total saponin) 2] &
% corticosterone®} 7} 4 ZE-E sk E3t
Ak 3 oju) L-NAME(10mg/kg) e F5 A
E#AA F corticosterone®l mlAlE Fdko] ¢tk
(Fig. 5).

4

2 dFoA QA # AFEW (ginseng total saponin,



GTS), ginsenoside Rg3(S) 9 Rc7l HAW FAF A&
EYXA] APFeHE— Sl A~ T4 F(HPA axis) & o
A3, o)2e EIR= nitric oxideol] A& ALY
t}. o] Azh= 94 & AFEY, Rg3(S) ¥ Rezl WA
FAF AEHAA] nitric oxideS AJASIL nitric oxide
© A -kl A &8 JAkite S 9
ojgit). Jeuh ASHE- ekl - R Foll tist ni
tric oxide?] wi7f7)8-& &A% gt} o Rivier et
Shen®"t= IL~1(beta) ol QI3 & ¥4 A= &
EE(ACTH) 9] S717F Al 3 AgolA A& ni
tric oxide synthase(NOS) AAE BEFALZ Fo
& o 9L Frlske AE B13PHA o] adrenocor-
ticotrophic hormone (ACTH) ZE2&d] tdt JiglA
nitric oxide®] A& A7} 2= Fdol HaleA A
49 &9E FAAF7] WEelztn Agaigict ol
3} nitric oxide 234 AAIAQ1 L-NAME~”} ACTH
3280 th3t vasopressin® oxytocin® &35 73}
A|ZAA)9E corticotropic releasing hormone (CRH) 2]
ACTHZ Z& #H] A= &l st 54348 (poten-
tiation effect) & QUThr B usiich oleig Ax=
nitric oxide”} vasopressin®} oxytocing ¢}A|goZ
A APFH ek - Al &2 84S AaAEE
Qu)gke}, o]2igt M nitric oxided] A AAA7F
A4 FaMatel(salt—loading state) ¢l vasopres-
sin oxytocing ¥H|E 2R 719'? J8)31 2] A
A 2L HEsle] AAIsE AAle] A elX nitric
oxide AEA|7} vasopressin®] Ev[AHEE oAFc=
dde] AF AoVl osf XA ). oleld A A
gA4s g Ed, UM F AE, ginsenoside
Rg3(S) ¥ Ret HAW AL AE# AN nitric oxide
£ A8 nitric oxide: vasopressin & oxyto-
cin® A5l d%F corticosterone?] FEE FAA
71E Aoz FEEL Jev 5 AEHA A B3
U= Folgl QM F AREUSY AR -H3lea -3
A 28] A A= nitric oxide?] A4 AR L-
NAME®l 93 =7 942 208 Kol AEg A
F5, 5ol Z42%l uet A4 AlX W (ginseng sapo-
nin) ¢ Zg7]Fo] vk Ao R AgHh Ukt AE
gl AAlel QIAke] Hest 2g79, Qo] Beish= A
A8z, AAUY 7188 AHs] dg 243 F71
A¥Po] o & 7102 AlgHECk

Ginsenoside Rg3(S)< ginsenoside Relt} o &
< XA FEEHA HAW FAF AEH A Q% A
-S54 %9 wE-g JAEIgich ol
3 A= ginsenoside Rg3(S)o] 4 $ AFEUY A
EgAA] 85 corticosterone?] F71olA] 3 do
71t 71933 $28 ginsenoside®F<] SIS AA]
gt} Ginsenoside Rg3(S)+ TR ginsenoside Rt}
e ¢]&3 d383(endothelium dependent vaso-
dilatation) ZH-g-<] tj% sty gtk Ginsenoside
Rg3(S) = AL A Heols gl viE 4tk el
WA (white ginseng) & #oF 4Hred ginseng) & W=
© 3ol g9t d5AeE A uing o
ohekst okiEtd aiE AR okn g#A Ak o
24 ginsenoside Rg3(S) 9] =AU FAF 2B AN 7
3t P2 corticosterone? F7HolA] g2 Hojg B
FHoF d¥o) oejF] ZgofA wiht o] of $-
Lalvhe ATdf F9 il AoE Atgdd. 17
U B7h) B9 ginsenoside Rg3(S) < Rk AEy
2AlellE A7) 3171 Wil ginsenoside Re$} 218t
o] T} ginsenoside U o}& WAz L ginseno-
sides7F 2E#H A BF corticosteroneol thgt 719
A #&gef Qo)A Fd a8 (synergistic effect) S Z3)
A FE 98 87 S TFeE aiAE ¢ s R
oz Agdoh

£ AT it Aol AEHAE V1] ¢ 7]
Z%3ell (basal state) oA 8F corticosterone? &
£ &% JEHor MR E, ol AE7R E
AFENSY A7 Anel Yxgct 22t ofg Fu)
A 94 F AEU(GTS) 2 HAW FAF A=A
EE B AEg AN 23]8 ¥F corticosteroned)
371 AAAH TR AMdole), o] Ql4de] footshock
cold, heat 2E#Ag & A3 2g) fubel A2
sk £37h Ytk AR gl @At
o2 A7kt

Glucocorticoid #H]= JHAE 87 & A2y 3
sho} AEG Ao diste] A HSYE A F
& @t} aei AAT AR #ulE 8% cort
costerone<> V7|5 (immune function) ot} =}yl
7 (hippocampal neuron) < £AAIckn 1% we}
A QA ALl 2Eg o) o] "F corticosterone
9] Z71A E3= % corticosterone?] L3 2]

M2

>

T

N
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£
of

£ JAZo2A AdA7IR diE FAE &
3h=t] 71998 7Fs Aol Q& Ao E Alsdrt

REL]

1) Nagai Y, Tanaka O, Shibata S(1971) : Chemical studies
.on the oriental plant drugs-XXIV. Structure of ginse-
noside-Rg1, a neutral saponin of ginseng root. Terah-
edron 27 : 881-892

2) Nagai Y, Anda T, Tanaka O, Shibata $(1972) : Che-

mical studies on the oriental plant drugs-XXVIIIL. Sapo-

nins and sapogenins of ginseng - Stereochemistry of the

sapogenin of ginsenosides-Rbl, -Rb2 and -Rc. Chem

Pharm bull 20 © 1212

Sanada S, Kondo N, Sheji J, Tanaka O, Shibata S

(1974a) : Studies on the Saponins of Ginseng. 1I. St-

ructures of Ginsenoside-Re, -Rf and -Rg2. Chem Pharm

Bull 22 : 2407-2412

Sanada S, Kondo N, Shoji J, Tanaka O. Shibata S

(1974b) . Studies on the saponins of Ginseng. 1. St-

ructures of Ginsenoside-Ro, -Rbl, -R¢, and -Rd. Chem

Pharm Bull 22 : 421-428

5) Sanada S. Shoji J(1978) : Studies on the saponins of
Ginseng. III. Structures of Ginsenoside-Rb3 and 20-Gl-
ucoginsenoside-Rf. Chem Pharm Bull 26 : 1694-1697

6) Brekhman 1. Dardymov 1(1969) : New substances of
plant origin which increase non specific resistance. Ann
Rev Pharmacol 9 © 419-430

7) Saito H, Yoshida Y. Takagi K(1974) : Effect of Panax
ginseng root on exhaustive exercise in mice. J. Phar-
macol 24 © 119-127

8) Avakian E, Evonuk E(1979) : Effect of Panax ginseng
extract on tissue glycogen and adrenal cholesterol de-

3

=

4

=

pletion during prolonged exercise. Planta Med 36 :
43-48

9) Kim C, Kim C, Kim M. Hu C. Rhe J(1970) ! Influence
of ginseng on the stress mechanism. Lloydia 33 © 43-48

10) A2 (1975) = Q14ke] A g 7lel] n]x) 3o
At AgA A7 A =53 8:93-110
1) 271979 : AFEARFEFNH] 2B 2o £2

2 FE9 Ak w| e 98k 3= At
8354 3:168-186
12) Bhattacharva S, Tandon R, Mitra S, Bajpai H(1990) :

Panax ginseng. A pharmacological and clinical appraisal.
JIntern Med 2 * 17-21

13) Rhee Y, Lee S, Honda K, Inouc $(1990) : Panax gin-
seng extract modulates sleep in unrestrained rats. Psy-

chopharmacology 101 @ 486-488

14) Bhattacharya S, Mitra S(1991) . Anxiolytic activity of
Panax ginseng roots : An experimental study. J Ethno-
pharmacol 34 : 87-92

15) Toates F(1994) : Stress-conceptaul and biological asp-
ects-. Chichester, John Wiley & Sons, pp33-60

16) Hiai S, Yokoyama H, Oura H(1979a)} : Features of gin-
seng saponin-induced corticosterone secretion. Endoc-
nnol Jpn 26 : 737-740

17) Hiai S, Yokoyama H, Oura H, Yano S(1979b) : Stim-
ulation of pituitary-adrenocortical system by ginseng
saponin. Endocrinol Jpn 26 : 661-665

18) Odani T, Ushio Y, Arichi $(1986) : The effect of gin-
senosides on adrenocorticotropin secretion in primary
culture of rat pituitary cells. Planta Med 3 : 177-179

19) Moncada S. Palmer R. Higgs E(1991) : Nitric oxide :
physiology, pathophysiology, and pharmacology. Phar-
macol Rev 43 . 109-142

20) Snvder S, Bredt D(1991) : Nitric oxide as a neuronal
messenger. Trends Pharmacol Sci 12 : 125-128

21) Nathan C(1992) : Nitric oxide as a secretory product
of mammalian cells. FASEB J 6 : 3051-3064

22) Moncada S, Higgs A(1993) @ The L-arginine-nitric
oxide pathway. N Engl J Med 329 : 2002-2012

23) Grossman A(1994) : NO news is good news [editorial].
Endocrinology 134 : 1003-1005

24) Knowles R, Moncada S : Nitric oxide synthases in ma-
mmals (1986) : Biochem J 298 (Pt 2) :@ 249-58, 1994

25) Iadecola C(1997) : Bright and dark sides of nitric oxide
in ischemic brain injury. Trends Neurosci 20 : 132-139

26) Sagar S, Ferriero D(1987) : NADPH diaphorase acti-
vity in the posterior pituitary : relation to neuronal func-
tion. Brain Res 400 @ 348-352

27) Arcvalo R, Sanchez F, Alonso JR, Carretero J, Vazg-

ucz R. Aijon J(1992) : NADPH-diaphorase activity in

the hypothalamic magnocellular neurosecretory nuclei

of the rat. Brain Res Bull 28 : 599-603

Schmidt H, Gagne G, Nakanc M, Pollock J, Miller M

Murad F(1992) : Mapping of neural nitric oxide syn-

thase in the rat suggests frequent co-localization with

NADPH diaphorase but not with soluble guanylyl cy-

clase, and novel paraneural functions for nitrinergic

signal transduction. J Histochem Cytochem 40 : 1439-

1456

29) Vincent S, Kimura H(1992) : Histochemical mapping
of nitric oxide synthase in the rat brain. Neuroscience
46 : 755-784

28

=

- 396 -



30) Bredt D, Hwang P, Snyder S{1990) : Localization of
nitric oxide synthase indicating a neural role for nitric
oxide. Nature 347 : 768-770

Rivier C, Shen G(1994) : In the rat, endogenous nitric
oxide modulates the response of the hypothalamic-
pituitary-adrenal axis to interleukin-1 beta, vasopressin,
and oxytocin. J Neurosci 14 © 1985-1993

Turnbull A, Rivier C(1996) : Corticotropin-releasing

31

~

32

Ned

factor, vasopressin, and prostaglandins mediate, and ni-
tric oxide restrains, the hypothalamic-pituitary-adrenal
response to acute local inflammation in the rat. Endoc-
rinology 137 : 455-463

Rivier C(1995) " Blockade of nitric oxide formation
augments adrenocorticotropin released by blood-bome

33

=

interleukin-1 beta - role of vasopressin, prostaglandins,
and alpha 1-adrenergic receptors. Endocrinology 136 :
3597-3603

34) Kim H, Chen X, Gillis C(1992) : Ginsenosides protect
pulmonary vascular endothelium against free radical-
induced injury. Biochem Biophys Res Commun 189 :
670-676

35) Chen X, Lee T(1995) : Gnsenosides-induced nitric

oxide-mediated relaxation of the rabbit corpus caver-

nosum. Br J Pharmacol 115 : 15-18

Peng C, Li Y, Li Y, Deng H(1995) : Effects of ginse-

nosides on vasodilator nerve actions in the rat perfused

36

<

mesentery are mediated by nitric oxide. J Pharm Phar-

macol 47 : 614-7

Han 8, Kim H(1996) : Ginsenosides stimulate endog-

enous production of nitric oxide in rat kidney. Int J

Biochem Cell Biol 28 : 573-580

38) Kim DH, Jung JS, Song DK, Suh HW, Huh SO, Kim
YH(1998)  Intracerebroventricular injection-induced

37

=

increase in plasma corticosterone levels in the mouse :
A stress model. Journal of Pharmacological and Toxi-

cological Methods 39 : 71-73

Song DK, Suh HW, Jung JS, Wiec MB, Song JH, Kim
YH(1996) : Involvement of NMDA receptor in the
regulation of plasma interleukin-6 levels in mice. Eur J
Pharmacol. 316 : 165-169

Laursen S, Belknap J(1986) : Intracerebroventricular
injections in muce. Some methodological refinements. J
Pharmacol Methods 16 : 355-357

Glick D, Redlich D, Levine $(1964) © Fluorometric de-
termination of corticosterone and cortisol in 0.02-0.05
milliliters of plasma or submilligram samples of adrenal
tissue. Endocrinology 74 : 653-655

Kadowaki K, Kishimoto J, Leng G, Emson P(1994) :
Up-regulation of nitric oxide synthase (NOS) gene exp-
ression together with NOS activity in the rat hypot-
halamo-hypophysial system after chronic salt loading :

evidence of a neuromodulatory role of nitric oxide in

39

~=

40

=

41

—

42

~

arginine vasopressin and oxytocin secretion. Endocrin-
ology 134 : 1011-1017

43) Yasin S, Costa A, Trainer P, Windle R, Forsling M,
Grossman A(1993) : Nitric oxide modulates the rele-
ase of vasopressin from rat hypothalamic explants. En-
docrinology 133 : 1466-1469

44) Cheng X, Liu Y, Lin G, Luo X(1987) : Effects of gin-
seng root saponins on central transmitters and plasma
corticosterone in cold stress mice and rats. Acta Phar-
macologica Sinica 8 : 486-489

45) Takahashi M, Tokuyama S, Kancto H(1992) @ Anti-st-
ress effect of ginseng on the inhibition of the develop-
ment of morphine tolerance in stressed mice. Jpn J
Pharmacol 59 : 399-404

46) Sapolsky R, Krey L, McEwen B(1985) : Prolonged glu-
cocorticoid exposure reduces hippocampal neuron num-
ber : implications for aging. J Neurosci 5 : 1222-1227.

- 397 -



—— ABSTRACT J Korean Neuropsychiatr Assoc Vol 41, No 3, May, 2002 T

Effects of Ginseng Saponin on the Stress-Induced
Plasma Corticosterone Levels in Mice

Do Hoon Kim, M.D., Sung Kil Min, M.D., Bong Ki Son, M.D.,
Sang Kyu Lee, M.D., Dong Keun Song, M.D.
Department of Psychiatry, College of Medicine , Hallym University, Chuncheon

Objectives : The present study was designed to investigate the effect of ginseng saponin and its ma-
jor active metabolite on the HPA axis under acute stress-i.c.v. injection stress, and immobilization
stress, and to examine whether nitric oxide is involved in the mechanism of ginseng saponin on the
HPA axis under acute stress.

Methods : In the experiment to study the effect of ginseng on HPA axis during stress, various dose of
GTS were injected intracerebroventricularly (i.c.v.) or intraperitoneally (i.p.). Plasma corticosterone
levels were measured 30 min after the i.c.v. injection stress. Immobilization stress was applied for 30
min and then blood was cellected for the assays of plasma corticosterone levels immediately after the
completion of immobilization stress. To determine the active ginsenosides that can affect the stress-
induced plasma corticosterone levels, various dose of each gisendosides (Rb1, Rb2, Re, Re, Rf, Rgl,
20(S)-Rg3, and 20(R)-Rg3) were injected i.c.v. or i.p.. In the experiment to determine the invol-
vement of the nitric oxide in the inhibitory effect of ginseng on the HPA, NG-Nitro-L-arginine methyl
ester (L-NAME) and ginsenosides were coadministered i.c.v. or i.p., and plasma corticosterone levels
were measured 30 min after stress was applied.

Results : First, the present study showed that ginseng total saponin, ginsenoside Rg3 (S form), and
ginsenoside Rc administered i.c.v. attenuated the intracerebroventricular injection stress-induced in-
crease in plasma corticosterone levels, and these effects were removed by nitric oxide co-injection.
Second, ginseng total saponin and ginsenoside Rc administered i.p. attenuated the immobilization
stress-induced increase in plasma corticosterone levels, but ginsenoside Rg3(S form) did not atten-
uate the immobilization stress-induced increase in plasma corticosterone levels. The attenuative
effects of ginseng total saponin and ginsenoside Rc in the immobilization stress-induced increase in
plasma corticosterone levels were not affected by L-NAME co-injection.

Conclusion : This study suggests that ginseng saponin attenuated stress-induced increase in plasma

corticosterone levels and these effects were mediated by different mechanisms according to the com-
ponents of ginseng saponin, and routes of administration.

KEY WORDS : Ginseng saponin - Ginsenoside Rg(S) - Ginsenoside Rec - Intracerebroventricular
injection stress * Immobilization stress - Nitric oxide - Corticosterone - Mice.
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