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1. A&

A ZHE QA4S TS E3T orx] AW
o] XNBA2A ooz Ho| HHEo o
H, Forzd “WIAZ[4@ILE] o) 2=
P digt E7E 7|lesta ok F=rd o
3k late] ddje]shEl A= 1922139 Saitoz}
adrenalined] ©J3F n¥G @ o]y n¥Z o
gt Q4te] A|Hom Aggta Hug ol
o2 atd o3t FxH Fald e A
3 HEo] 4EFES ol8% ¥ A3 714, ¥
Fx= 714 e digte] & A7 JPEH 3l
0. & =fdMe 7 d7F4dA F¥EL e

AT

ATE FHoZ G fiF A4 aRE V)
Fatuz gk,
2. B9l 39 9 57

=8 (BERNR, diabetes mellitus)&  insulin
Biu]e] B=o|t} insulin 73 A ¥ A insuling
RESHe fFe] Z4A=E Qe dAEE ¥
e 2 old FRtE= AL Fof 7t A3 A 4E
€ ZHZ 54 A9A= Ao, 2 4 £ ¢
gogel uhel @rixz EREch(Olefsky, 1988).

o] et o2 ALHA 2¥8H,
()l Bzt B71A 2. B

e the, 4%, 4o, AR Soloh. W
7= B 20—30% HE7} old ZAMS Bo
7w, &= A7 N9A d4EA @A ofrlm

adz 9rle 397 et 2y 3y
o] FF3IHAEA AT AFo] Nt = g W
=@ o] Yepdtt 8- H|ZGF o gRHZ
gk, Fo] 202 {4 insulin ££02 9y
A9] o]go] F HA Foumzm A&H FEZO
2 st Bo] oy stx, AzE 4A =7
A=, ASHE7E dojuA ot Fxro] F7]
t ASERE A", AEE5, F
o] of7|€t}.

gl digt XgHye] wHgd uet £,
ZES FANAMY FHF A APEES A
fovt, By zte] $P1 o] r|7te] Ao
o wie} wHdEF e dAYo] FUlste] &S] A
o] golAAY o] GEHuz o FHT
F7tet HEo] FUE AEAZE Ha Ao $-2]
Ut Mz Fd £ 3=H 327t §43] F
ZhE)a Qioka oJstA Y] RaE3 Q. @A AA
ATF(F 44 W) 4—-5%< 150—200%+ o]
Fud 32 Aoz FAL o).

, BES T
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3. Fxe| =

e 3000345 gzl Bew FHRT
AgHo] glo] WHFT Ha Sdojdle] diRE I
=HA E42 Apgslg oy 1921d4) Banting @
Bestol ©]3f insulino] A AAFE T A&
o B2 e 7HAA HAY. 2 F FxH A
g A7 o1 tAF AL FAIAE N
371 fske B2 A7t olFojxoen, sulfon-
ylureas®} Ze AFE FZSHAZL sdE o
19573 %E £4402 Gy 59 ALEEHR
1t

Insulin 2]£% =2 insuling FAst &
Hlgl= A% AT A 7Qls= Al13
Fugolng dutrow &ds A Ay F
oste] QA A BFES B3EF) Insulin A
Fole Fgo] AEAI7t we} o AFo] %
so] FEstEe] lom eate] A|Ald] wE} z}y)
/% 4ot insulin®] FFe} F& A€ sloiof
gt

ol9f= 2] insulin H]JEH (A27) G
A FAR2AHY 7= F@3HA insulin
FAHAENA insulin®] WESZA FIo 7Hazm
3t LA E= Tl insuling HFA|Z
Hor} glon, dxjFo g 2Ag Y S5 9HS
53t “GunE A7 1 o A7E €F
A 58 A5-& B 9. 374 897%
3HAl= sulfonylureas, biguanides So] ¢lomH,
FAT2A AN Yo 29| insulin #HE 7}
© Z&& 3t FHAH XA insulin FE& FE
oh. a2y ol2jdt A8 ¥RAEAIE oA
ot FAE-S dod F Qo= AHEE o A
9 Mgzt g% QoA AEHQ x2]e] 9o
of 3t} 53] A83l= Tt FEFLo] flowA
nE2Y X85 Z9E Yeld o olAo] 71 ol
A AgAd 7T g 5 o

o] WHEHIG sdete 7)o X85
AR Fo3td FEF IS AT = Jxn
THE 24 & o dutdoz A Al n
e =W A8 EIFE “IGuHE ZFEIY

= Aol . 222 HALHY $FLYL o
BE 2H 7]Ee2 T A

4. Fxe| IHFT

P Fate] AFFALE Qo] gl ule}
A2 Wxrso] 7o gtk Insuling] AR 2HE
FAA 9] £o e Fuyy E59 ZAEF o3
AVe 353 Zad vhd HIZode @t
F5 ARQlo] Ha vk F=w Szl FHZFe
UYL AFH o7 Al Qo] H ol
B Ajro] Ex g 1nFo] HEE FHF
o] WRAE A g FIA7 A% M F8
& EAlolth. Zx=H A7l AE o]F9 AEE
Z49] BHg Y= o)A odd v F
L=

A aAEREZ ] HAL oy aAE F
BEo] A Bgt Al o, AR LA
JE HEE n¥Fo R A3 H|FELF F3} oy
2 A3 E2e A2 43 9 myoino-
sitole] Z3, Na*,Kt—ATPase 4xeo 74,
g7 3 8 FH4 1 9% 7= 2 7%
o] Wsl5o] B oz Agste] WAsH o]
F34 AeAE BoEe 2os 484 o

5. Hieol oidh ql4ke] larets

a3 A+

Fxe thd A7+ adrenalined] <3 1
F & Aol n¥Fe diste] ite] JAFHo=
2ty Hag o2 (Saito, 1922) o2 &t
Atol| o]ste] Fxmr Fxlel] it AT HE
o] APFTES o] &3 ¥F A4, #3= 7|A
e diste] B2 A77F J3=x ok o)
A& Joo} Park(1979)¢] AFFx=9] 3= #xh
3279 FE 1257 E8A7 A Y58l
SHEJL AF FAA insulin FoFe] i
2 #3g 5 Aoty 2usdo. Fas ey
FAto] Qe FoT AF mz7to] MM &
AU, 74, = T zGFe] T
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83%A FZAHYGL RuEPH(FR;ES,
1979). FH 5(1982)& 37/1€¥o]A insulino 2
A& Foll e I=8 A 2089 FTE E@F
ZAE WESY e =8N A9F 4 1
gdlol digteq T4 29 f&d LT ELAT
AA FEA FFx], aFF D gohile] HET
A Fol A5 EYAXE 9T Hln AE
3 A9 A Foz2 FA Az, 9237, oAd
H 59 AGFe] A=A Yol HAFEHUE
S BAsPoH, insulin Fo] Fof 1= dF9
= Ao gigjA oj= F= insulin AMHE-Zo
tAa7) Zhsdtdtia Rastion, @A Ut

o daiME Mdans #Esdo, F4EE
2 Qg Rzhg-e AR Fokria HIsY
o A $(1983) A eS By Ak 24
B A 143t FoA3tHA olFRAPoz 4t
9] adE A v, Hz271, ANFA, FfAA
& HR3 FFYUF, oA HE, AAFRA Tl
i3le foe 2zt GAEUTG L Ry

2o o] (1992)¢F F (1992)9 oJ3te] AA|
Hi e QA TELez 839 &
oF ¥sh= #FHA Ggov AFFY AT
3lE Z2A7E Aol veigten, 714 2 2=
Ale] &3le] Mn—SOD B4 =E 34 543 F
7vElE 7%l Yehgtia Basto.

A FATdME gz vjsld £57] ¢
o] <JugiAl ZAaHeH, dF AANFAA F
AT 2T ARl Fog Aol Holx
ko ¥aw 7]F AHAMIA ADTS} adre-
nalined] W3 4% $3%59 threshold ¥=7}
F7FE Aoka Baskgi.

o o oY off mf

6. A9 Wel wH AT

= A lojA 87 2EL FURORE
FT83teg Qlike] ¥Adet aatel diste B2
A7} A o] gk, o] 5(1981)e <14t sapo-
nin Z|A protopanaxatrioldl= adrenalineo] 2]
3 #8gS Z735)3L protopanaxadiolAl:= A
795 vehliy 4 saponind ZHah Az

A | A HAake] esterd}E =X3}aL triglyceride
o ggo 29 FdS JAdT Busy.

Tsuo ¢} Yen(1959)& Ql4to] Aoz f %
H = np2o) FFHE AR T
a7} d& Aol A|tetAtt. &A@ <] Petkov
(1959)= Ui HAEH ¥ digtd JAH
o7 #8231 insulin Z3o] Aoz 283
g Bustgct. Kimura$(1981)L 214t
FolE ZXE A7l EA(HAIED AR)
o] A3t o]= = insuliny} Ax2ES e
Woba 2udtg). 9 5(1980)2 UM AlEU S
Fa3k 7o AE alloxan &5 Foj7d H|ste] &
AR FoF Sy B AReAeS 2
st on, 7 7 0] (1978) = 14} saponin
S 2R FETE AT 7S Husi-

Yokozawa(1988)+= <14+ ginsenoside Rb2 43
£ STZ #¢ B=Fd Fosta Ad
glucokinase, phoshofructokinase, glucose—6—
phosphatase 59 B¢ #9Ho g ZAA7|,
1¥FE ST BFE A} a9t 9
oy, BdFY Agele A8 FEo] gl B
ustgdek. 22y 199030 F Azl ojste] &
¥¥ 97 AFo|AE= Rb2e 37} ad= &
oMol Al YElF o ™ (Yokozawa and Oura,
1990), B ATAHAA FAIZ AFAME FRE
978l ade qAsA X3 v e of
Ao 7Bg B=FAd i A3 a7t F9F
o2 JAARFHY FFFNA AT AQFE FLAT]
Bz, AT 738 veaz 483157
xshal ok

T QAR B wT AT

AE7AA Y] Bz FASH A4 AFATFE
& FAEHEH A4FEE ¢ MRS FE2
hepatic glycogen #3]%21& %A|Al7]= insulin
o] g fAlEtR s A7 ZE EFY
insulin F& F7MA7|1A] &= A2 BIEHI 9]
on FAH dYFE A3IA)7|E= hypoglycemic
237t glemz FyLle] B3 H FEREL
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gloy, Fre] g dRPH s1lo] U F
AS HAFR £33l Q= AAolh i) =3
AE9] insulin A4S ¥4+ modifierz 2
83 =%] £+ adrenaline®?} & F=Eo] Hu|
2 ZFLe dAFo 2N A& LS FVMA
F= AAA 1 7|He] A deA UA ¥ A
Holo}. A IAAEC] e FEA e
1EFE AHIAA e His oy dide]
3= 85S AAFoz g srlde vEFE A
=

ot £ dFqA e ol#d AME 71x= 3
oA Farde tig ¢14te] protect &7e} F
S=fEAl AEe) glucose ]88 3 EddjAll
3] Qite] A%S #ASIoH Fyow F
HHE = S E S ARATE 4 2%k oFeE
A3t Gy o 2 X5 uHe Aite] o
&g gdjstazl stk =S PR o P
E4g dAsle Qe 33 E5S FAAIIH
Fzgo] AL &dF=aE NEstaxl = Aol
£ 479 EFo|t}

7h) A& 9

3 Yo s streptozotocin, alloxan, ox-
ine, dithizoned oj2] &2 2 o] HuHlo
U 2 Ao diAE S4o] {1 AdegFo
2 FAe e EE 9= streptozotocin
(STZ) & Agste] F=ge fdAZch dutEe
2 STZ 65mg/kg =+ 100mg/kg &%& 27}
FARIY FeE R AEFEY 50%
Arrto] o] ftE ] £ o]23 mild dia-
betes “Je]ol A= FFe] ]yt Bgdste] QA
2 QoA FAA folF At afE Ry
71= &k 2y w88kl STZ(200mg/kg)
HaFA] AP5ES] 90% 7t vHEHo 2 fof3
T¥FS Hol= severe diabetesAtE|7} ) &
3 olg¢ Adte A7leH )T Aelgle] F4
159714 A&Eqow FuFAL W H|slex
A& o] A3

AYPEB 2= AF 200+10g ] 4 Sprague

—Dawley rat =+ Wistar rat& AR%sle A9
ol AHgstett FHoll BafEEE(STZ 200mg/
kg, sc)& A7) 17:LAFEH dAHA oA <A
AN AFF7HE, AlR A%, B AR
= g 5& FHsA e STZ Fo 34% &
313t AA}, Q3sie AALE AAEkd FeFHE A
date] Ao AMS-EAH-

1}) 3 H3}A)8 (glucose tolerance test)
ofl M Qlake] ww}

AFFEES 1 8F(lg/kg) FANNE BEH
o] ¥R FFS FA Ao, 14 AHH 4
A& FRa Aol e 1 8F(lg/ke) ] FE2EF
o2 fofd @37t A4S YEtATH( 2™ 1).

400
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Figure 1. Effect of ginseng on glucose tolerance

test(GTT) in 24 h-fasted rats:C,
nontreated normal rats;G, ginseng
treated;l, insulin treated.
Blood glucose level was determined
20 min after oral administration of
glucose(1 g /kg). Ginseng(1 g /kg,
ip) or insulin(1IU/kg, sc) was inject-
ed 30 min prior to GTT.
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gy 19 "2 GFd i FEsHE A
= 9&d3 e hypoglycemic 3= TEE X
FRTH Y 2).

Glucose tolerance test

600 === 8§12
=== Control

—— STZ + Ginseng

Blood glucose (mg/dl)

Time (min)

Figure 2. Effect of ginseng on glucose tolerance

test(GTT) in STZ-induced diabetic
rats.
STZ(200mg/kg) was subcutaneously
injected 10 days prior to GTT. Condi-
tions were as in Fig. 1, except that
glucose and ginseng were admini-
stered to 24 h-fasted diabetic rats.
GTT was performed at 10 a.m. to pre-
vent variations from influencing the
results. Each point is mean, and bar
the SD of five to seven animals.

o) STZ B ol mXE A4k

o] Woj gzt

STZ =& alloxang Foldld 27 33 2o
Al @A 89 ¥slF AAF R YEU insu-
lin 9j&¥ F=wo] fHr. STZd 9§ G
¥ fvideze A dweAEy DNAC]
alkylation© 2 QI%+ insulin A9 A & o]z
Qlate] Yehhs AlEU cytotoxicitys} #EE 7]
Aol AAHL deon, Z7d HARAE AEZF
& g wet EWol HFE insuline] 25 EY

oz WEEHY] g Yeus AR FAHL
2t (Tomlinson et al., 1992).

Nicotinamide+:= 500mg/kg Ax2]A] STZe| <]
3 Gdune Ao A3 protectdi}, QIAFZE
FAAldlE 27]9] 18P 9] glo AE
3718 Woldty 1939 oF 35% A= Wo iy
£ Yehliglen, olzfdt Qite] o] ad= 1Y
o]F-o] dFR o] BN Yepths EBAE A
o} A2)& <] parameter(AFF7H, Ak AFHF,
E A3, o318 A 5)EY A A
#A7L e AeE FHEH.

B AFAME o) 2 Q4ite] H|5o]F o
232 wiAIELY) 918t 2348 A}, dAdske A

400

(mg/dl) e—eo ! Serum glucose
300 4 ; ~Serum IRI
AN 00

- 'o'.. 7100 pu/m1

200 4 ; -80

: L 60

100 40

o L 20

0 - T T = T =0,

.
012 4 7 10 24
Time (hours)

Figure 3. Effect of STZ on glucose and insulin
of rats fasted 24 h.
STZ(200mg/kg) was subcutaneously
injected to 24-h fasted rats. Blood
samples were obtained from the
hearts of thiopental sodium(60mg/kg,
ip) anesthetized rats and serum glu-
cose and immunoreactive insulin(IRI)
were determined at the given time.
Results are shown as mean*SD of
five to seven rats. The asterisks indi-
cate those values which are signifi-
cantly different from control rats(p<
0.01).
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AHE E&ld] severe diabetes FxFHE il
Aol Ao, Bl FEF e T
st g9 maE B

Zh) ZaFol et 4] A

STZ(200mg/kg, sc) Fo 14AFE FF=|7}
AeHo] 4—-54%F Hu A4 =2y 3FY
o 24 A&Ho =z ¥& e Y. 832
STZ Fo 2—3YFHEH 24—h AN HEH
o, AFgae} i AR} £ HH7 343
1 A% olx @Ago] #F HA(H 4).

n8go] AzEEs A ¢Eo] 1Y urea, cre-
atinine #jAd%Fo] §43] F718HA =Hed ol M
A dUiAe] Z#Hz Ar]e o)At
©]% deaminationo] =i UEFE & F Ut
AFEE HAE 2 Bufd Fof e Fo
sHA o] g H]GAGARL o) d U tiAR= dA 3] A
A=A (TE 4). 53] Z=FE 19 HAAFE
ol TltfAl Antz o] s =Hedl, o
HFEE TR oA} AAEHdeH =
g o] et AstE

e} 2 Agat S severely diabetic @i
Aol g ARFEE(1g/ke) o B3} 242
A BaFdAe frolad #E=EA ettt
(p> 0.05). 8F(1g/kg)o] oA FfA ot
20| g7l anrl #EEdoy B Rag
2= vFIET ol B fIy Zold 7]
Ak AztE ], dji-&e] AFaEe] Asxe]
STZZ A}8-3F mild diabetes A e]oA dF73}
295 #FE7] dEolgt =4

B giAb o] e E A7) o] dd Al o
A& HRET FF ARA AN FAAUA BEEH
At ol A H FF9 AHAS FHAQ] &
F3eS Ao Bz W o] e Al
ZASE 21 IS AN Eo

4 SEgL Gy oAl 2EF o]
Qe FIFAHCr ")l 2]k metabolic distur-
banceE 7 AAl7]= &7} Ytk(Na et al,
1988; Kim et al., 1990). 324 54| o]9]

mg/day
B 24 hr Urea

700 -

600 B~

500 =

400 =

300 -

200 1 1 1 1 1 J

Time (day)

mg/day
17 ™

15
24 hr Creatinine

I3 =~

11 =

Time (day)

Figure 4. Effect of ginseng on the urinary
excreetion of urea and creatinine of
STZ-induced  diabetic rats:. @,
nontreated normal;0, STZ-induced
diabetic control;[], ginseng(1 g /kg,
po. daily) treated diabetic rats. STZ
(200mg/kg, sc) was injected to rats
at 0 time. Daily urine samples were
collected and measured. Each value
represent the mean®SD of five to
seven rats. *P<0.01 compared to
control.
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AW AR NA A7 JHHQ] FhHAF A8
283 gEo] FIEA 5879 stimulating ef-
fect® insulin ¥%7} 23] Rolxj=d o2 ¢l
3} metabolic disturbancez} A7]A4 =o] H]A
dFHoz A Rart FRE Aol g}
321291 BUN(Blood Urea Nitrogen) %7} %
7V3HAl Hv 2 F o 2] urea HjAdo] F7leHA €
}(Kim and Na, 1990, 1991a). =3+ o]z|3+
prerenal toxicityr FIAEAF 8 FANRAE
dodle FL3F} Az HuHEoH(Kim and
Na, 1991b;Na et al, 1992). 4 S, £38q] ¢
3 FIEA U S ARAL W] 7|HL T2
2ol ]t prerenal toxicity® ZHAAA F=
Aoz FAEI o (Na et al. 1988;Kim et
al. 1990), o8& <I4te] A} #3e= ANE
Uehdckn gztsjo] k.

olgfdt AT ZAHE uigoz Aie FURE
g QAEHAE NLstaa dEe] AEe AA
sk glow o] oFEe] 54 ztds] rl&std o
23 2t} FAENA Che 9ol A &4
A} 8% o]9ld] A ion ZHFL BHATH(HE
1, 2). STZ 3x=7t 3=¥ F2 10¢ F4H
hyponatremia, hyperkalemia, hypocalcemiaZ
Holm oFo o] ujdgFo] F43] F7HHY el
AEA Cy AL o] By 2H%°] U+
& 5 Aot

¥ 1. @4 Ion T FlA = AWELA Y a5}

Na K Ca
AT
mEq/1 mEq/1 mg/dl
AT 134.4+0.5 4.3+0.5 10.1%+0.3
STZ =+ 124.3%£2.0 6.1£0.6 8.1%+0.2
EukA) C 133.2+3.6 6.1%£0.5 9.8+0.5
24k H 133.0+£0.7 5.3%£0.5 10.0+0.4

# 2. @4 Ion vjAdel] v AAEGA IF

Na K Ca

A¥FE pH
® . mg/day mg/day mg/day

el 8.8+0.3 52%+13 10331 1.0£0.3
STZY =+ 7.4£0.7 122+36 254£58 8.6£3.3
2ukx) C 8.8+0.3 84+27 283138 4.9+2.4
ErA| H 8.5+0.3 64+17 263+45 2.8£1.9

STZ 1 AAE A5A4e] Aol FPHoz A7
5 % A7z 9% FA ou} ol AE}

Zoihe] wet gl f2 209 FRE wAe)
ZwA AudEe] EEPn A} A
Uehh} FAdEE) Cp AP ols W
A7l okale A Belel Mkl A} @
bulging & VA Z2AIE E4E AT
otk B3 oz A% MAES EYER 3
£ gzad vl Er} hHe 548 R
o} TR Cye FASAE Holx gon
A AEYAES dEy AT7E ANsT 9
o}.

8.2 &

o] 27|Ada AT A8s T A4
o] of3tE WAY Bt oflzt T FBFE
gl AAME vl F238. insulin FA} =
T ATE B wteze AU 22 &
e Ag2A L 7|dsly] offeh. YA F9 BF
T &5 9 344 £59 o8 48 ¥PHE
ZgA|Zte] N2 AAHA| @l HF n¥F 12
I A7te] A¥EF 9 nA&dEF FAVE vepd
o 53 FAY whge] 432 AT o)
Al Ade 48 7HAeng YazdsE 7
T ¥ ML I Az AFHolEG T 5
At

TEAY 23 A % TIAELA Cos 4
EX4o] glon Gxoz g ol FdudiAlE A
AAAFH o] BT ¥, A7s Agt A £ds
& Ze P 548 231 0Se ¢ 5 o
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