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Abstract : In this study, rat hepatocytes known to have active glucose metabolism were obtained
to investigate the hypoglycemic action of fat soluble fraction of red ginseng by using the liver per-
fusion technique and incubated in two different media—one containing insulin and glucagon
(control group), and the other containing glucagon only. The activities of main regulating en-
zymes, such as glucokinase, glucose 6-phosphate dehydrogenase, 6-phosphogluconate dehy-
drogenase, and glucose 6-phosphatase, related to metabolic pathways of glucose in these two
kinds of hepatocytes were compared between these two groups and the effects of addition of fat
soluble fraction (10 '~10 ‘%) from red ginseng to these two groups on these enzymes were also
detected. The results were as follows. The specific activity of enzymes such as glucokinase, glu-
cose 6-phosphate dehydrogenase, and 6-phosphogluconate dehydrogenase related to glucose-con-
suming pathways of insulin-deficient group was much less than control one. However, their de-
creased activity was recovered after the addition of fat soluble fraction at all range of con-
centrations. The specific activity of these enzymes after the addition of ginseng components to
the control group was also increased. On the other hand, the specific activity of glucose 6-phos-
phatase related to glucose-producing pathway of insulin-deficient group was much higher than
control one, but their increased activity was decreased obviously after the addition of fat soluble
fraction at all range of concentrations. The same results were observed after the addition of fat
soluble fraction to the control group. These results suggest that the red ginseng saponin com-
ponents might be effective on diabetic hyperglycemia by regulating the activity of enzymes re-
lated to glucose metabolism directly and/or indirectly. The effects of fat soluble fraction (10 %)
and ginsenosides (mixture, Rb, and Rg,, 10 *%) on hypoglycemic action were compared. As a
result, they showed considerable effect on hyperglycemia, but the best effect on the activities of
glucokinase and glucose 6-phosphate dehydrogenase was appeared by ginsenoside Rb, and that of

6-phosphogluconate dehydrogenase and glucose 6-phosphatase was by ginsenoside mixture.
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FEEE] gogere aAbeld F4E glucose
Zhell AAF=]e] gl glycogen, FHF 22 ZA] A
AbgbEl &= glucose %, AWHAloly whald 2 A gts =
glucose % 53} A7} glom, ol2igh Y=L in-
sulin, glucagon, adrenocorticotropic hormone, glu-
cocorticoid, adrenaline 52 hormone E°ll ]3]
249}, 53] 254077 glucose BHE- WA Y
22 o] &3 gl7] wiell G A= Ax ojAte R
% glucose A& FAI8H= A& w9 FR3hc} &
FA e T FERA A Ak A FH I 9l
o, Fdro] Folx|W Huztilzde] T3l AA
glycogen $AEAE A 3sl= FAlel insulin &
Bl & 234 e G539, FA glucoses= 3
A pancreas®] B A Eel 2H83}o] insulin ¥¥|E &
218k glucagon FH]E AA|gc}. o]ejzke] Al7o)
U hormone®] ¥3k7t 7hellA9) glycogen®] H-si<}
FAAE JA)e} glycolysis®t hexose monopho-
sphate shunt®] A& Foil, 5] A|wlzze]
glucose ¥£41-& =23} Fuhs FF = Zlold. vt
2 drdo] AalEd Wil FRate 2A b
2] glycogen phosphorylaseS &4 3}3l= 5]l in-
sulin ¥H]& AAl8}o] glycogen H-al2} FAINE =
o= glycolysis?} hexose monophosphate shunt®]
A1} Z8o} Akx o 29 glucose o] o
Ao g AsAl7E Aolch Fxr e e
o) $- cjeks}A|ut, £3] ©|213} insulin F-Folvt 2HE-
o] o)Ato] A7 Gixo] frlEl= ol 1 A

2 w¥o| A= w, Yo ] w2 F4, T8
7ro2 Qg op], 3 ARkl mE 2l 2 2
o o}& $¥ A3 F7) a=ln 2 Al A3} =
WAL AP AHEElEE AF 2k ol A
2 Ve "ok wdk Gade] Az A&
2B, AAD, A7 2 HERH) Aol E

ukatA g,

W LEowe 7]Ro insulin F9, insulin 2H&-
o]Are] Q1AA S92 A7) i3] AP gl
U HsiAl 5 b ARSS ©E yabhgo] np2
D2 #PelE ke FAE gy Xl M-
o] wielate] Ar e WS Ea gt

s ed4bats A

Q4] el O3k AP dFe AR
SaitoVel] 2]3¥} epinephrine ¥, 2ol 1¥F 5
o Wyt QAre] A} Fshabge] HE Bud ol
Jo57& Bud #AE 51 JAAHAA FAte] in-
sulin Folgke] 7t4E oAt Basisich &
H TsuosdE 4te] APH R sl 2 79
A5 A 22 G 37} Q8-S AA
3911, Petkov'e lAte] 28-S JA|dh= A&
3} insulin®] &3l Ao g 2Hggicty ¥ w3}
Atk Yokozawa®e -3 A ALEde] A4 ol
Ae] Zubd tja} 2 fioiakel A of2{7hx] o
APRSE-S 213ty Y sl oy, $593 57
= oA Akz e g WA EabE 2wkt

AASS 7R Bu" weelake] ¥4 At
Ahgol B AT A w0 Z sl AL A
Aueog 244 F-3jowe] g slelahg-g AR
73} o] 5 A Fo| streptozotocin FI 2 AZ AA
20| W5-& 7§41}l streptozotocin Fo1 2 EAlo]
Ashe 7k9) glucokinase, glucose 6-phosphate de-

hydrogenase, 6-phosphogluconate dehydrogenase,
glycogen synthetase®} acetyl CoA carboxylas®] &
Ae FoAHer ZA7|a, AE glucose 6-
phosphatase®] #4& W= A7} Ale-& #A3}
At o1& Aihe o) F AEEo] A A 8
o TAsplAY ZHYHom FAwFe ZAHolut
streptozotocinoll 2J& H A £AFe] 43t FAF A
o= FA="

B oAl streptozotocin®] B vl AIE7]
Aated He) LA} wlof A XS 0] 83} o] & ¥
F A 298 2Hf-20) Y ole e A 84
£-3o] insulino] AN o} SAY3}x] g o Foh
A # &4 F glucokinase, glucose 6-phosphate

dehydrogenase, 6-phosphogluconate dehydrogen-
ase, glucose 6-phosphatase &4~ Aol vzl <3
e zAbstdx, AlEd AE [ginsenoside(mix-
ture, Rb,, 223 Rg) 13} vl3lsdch,

e % 2y
1. dEsE

A E-E-S Sprague Dawley A2 & # (200~
250 g, 3)l.0.9 25CollA B3} AAALEE AH-FA
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2. A&

A AR g Al zd e IS
Panax ginseng C.A. Meyer |4 &3 A 8A &
27} ginsenoside &3&7 A= ginsenoside Rb
4 Rg, #3¥olgich A|ef2 24 Eagle's Minimal
Essential Media(MEM)3} Fetal bovine serum
(FBS) Gibco laboratoriesAlt AE& qi3te] A}
&b,

3N-[2-Hydroxyethyllpiperazine-N'-{2-ethanesul-

b

Glucose 6-phosphate dehydrogenase,

fonic acid|(HEPES), heparin, collagen, collage-
nase, trypan blue, Glucose 6-phosphate, 6-phos-
phogluconate, ATP, NADPH, NADP*& Sigma-Al-
drichA} #A|Ee]siem, insulin®} glucagon< Nor-
disk Gentofte A/SAF Al -5 AH8-3l9leH, 19| A
FEE 558 AMEERTh

3. Hepatocyte 2|

Hepatocyte #2] #42] BE 7|+t= Wdste] 4}
Lalgon, w3 perfusion ¥E$N2 10 mg/m/
Streptomycin@ 100,000 U/m! penicilling 47}t
I 0.22um filter 2 HB3F3] 2w, carbogen gas
(95% 0., 5% CO,) bubbling 2.2 Z3}A]# 37°CellA
T3}t

#2] 27} Wel] nembutal(60 mg/kg)S FAFste]
o g & AESte] A e 0.1 mi(500 unit)
heparin & FAF thg, °F 20 mi/min $%& per-
fusion $HEE-Y(Hank's 49; 137 mM NaCl, 5.4
mM KCl, 0.44 mM KH,PO,, 0.35 mM Na,HPO, -
7H,0, 1 mM MgS04 - 7H,0, 5.56 mM Glucose, 25
mM NaHCO, 28] 77 20 mM HEPES, pH 7.4)°] &
B w3 Foll A7® gk cathether & 3
ol #-2 F perfusion® 42 40~45 m//min %
=2 Z7IAA, WMo R 200ml A= per-
fusion ¢H-8-8-& EeF9ct. @& Ao w3}
= 7k $le 3 A2 A A F8]F loopE
zo] o5& Ao perfusion £Yo] 7+ 9ZF o2 1}
LA 3 2A2FHA 7 9], 1.25 mM CaCl, -
2H,07} &% perfusion &F4-Ye| collagenases
0.05% & =7} = A 713 §-Ael] w70, oF 40 ml/
min® $£52 12min. AE £3AA Fc}h 2+
g A3 & petridishollA] ZHAEE 8] A7) 5, &

T4 AR YGges AT () 53

Z2gH8 2| 7leled 7HAEE HARRE F 573 A
=2 Azidict d2izl 488 50xgellA 387«
Algelsle] AF3lS wigl F oW of 22 uheR
LR

4. EAMEO| HEr TAHE UIBH ZHMIZ HHQS

Aol d-& ZhA Eeoll vk wi|l Eagle's MEM
(10% FBS 3+H)& 7kska daliejsted A= 2
A FoA chA] A vl eful Al E o] BARAIZ T skl
] 1L A& 9.7¢g Eagle's MEM, 2.0 g bovine
serum albumin, 2.2g NaHCO., 0.1g kanamycin,
250,000 U penicillin, 0.25 g streptomycin, 10%(V/
V) FBS olgleh. ZH4 2 4k e] A2 5 1.0%
10° cells/mie] El =2 ookl o g 345 o}-8, 3%
Aol collagen(rat tail 2 mg/ml, 0.2% acetatic acid
4o8)g elE 100X 20 mm petridishol] Al EE£AF
-2 12 mi4 71slas A 37°C, CO, mld71ell A 44]
7t Fok WA Eich A 27} uitel] EololeAl =
P L ol f3le] g o5 wiFdE W x
PBS(phosphate saline buffer)2 12 mi# 23] | A
& F Bogl ZH| Eell 10% FBSS -8k sl
E 472 riAl A vlekd] [glucagon(2.1 nM),
glucagont+ginseng component{fat soluble fraction
(107'~10"“%)=} ginsenosides(mixture, Rb, 28|35
Rg, 27t 10%%)], glucagon(2.1 nM)+insulin(105
nM), glucagon+insulintginseng component]-& 12
mi¥ 7}8le] 37°C, CO, viek7]ol|A] 12417k wljoFalsd
o} wjekel&- 82|37 homogenation buffer(100
mM Tris-HCl, pH 7.4, 10 mM mercaptoethanol, 5
mM EDTA, 50 mM glucose, 150 mM KCDZE 12
m¥ 23] o HolFE ¥ dA=e] homogenation
bufferg 713t 3 AZE A& o3 w72 g5}
3L 2SI RS o]88te] 3024 302 AR
34 32 sl Fafig F 10,000x g4 1587 A
Al-elsle] AASdg g4l o 8 AlgEtglo)

5. 548N &3

Glucokinse 842 glucosest ATPE 7|A 2 A&
3= glucokinase ¥H8-2] AAE-<l glucose 6-phos-
phate”} glucose 6-phosphate dehydrogenaseel] 2
3] Atshd o) A== NADPH o8& 340 nmell 49
F245 Z718 &A48h= coupled assay HHHE 04
sto] Aok AARES N (1 mh)e ZAEF 5
%) 100 mM Tris-HCl buffer(pH 7.5), 100 mM
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glucose, 50 mM MgCl,, 5 mM ATP, 1 mM NADP",
glucose 6-phosphate dehydrogenase 0.4U €t}

Glucose 6-phosphatase®] #43-2 glucose 6-phos-
phate & 7]&= =2 2148 glucose 6-phosphatase <
ukgol os) AAJE Pig A3sle] 2AsA) 84
R (1 m)e] 2A(HE F2)2 35mM histi-
dine buffer(pH 6.5), 30 mM glucose 6-phosphate
o} FAdolglr).

Glucose 6-phosphate dehydrognase #4-& glu-
cose 6-phosphate dehydrogenase$} 6-phosphoglu-
conate dehydregenase®] |25} 6-phosphoglu-
conate dehydrogenase &42] o] gro = AR
t}. Glucose 6-phosphate dehydrogenase®} 6-phos-
phogluconate dehydrogenase®] A A& SA13]17]
Az v A1 m)e] £A(FHFFE)E 50mM po-
tassium phosphate buffer(pH 7.6), 10 mM MgCl,, 1
mM NADP*, €49, 5mM glucoe 6-phosphate, 5
mM 6-phosphogluconateo] it} A== NADPH
°F& 340 nmellA 9] FB = ZrERA A3

6-phosphogluconate dehydrogenase®] #A1&7
o S A(1mDe ZAAFFFE)S 50mM po-
tassium phosphate buffer(pH 7.6), 10 mM MgCl.,
1mM NADP*, 4%, 5mM 6-phosphogluconate
ek flellxgl 3Fo] A== NADPH <82 340
nmel A e F3x F7t2A SA sk

6. SR Ikl ol Fat

thild A=k Kaplan¥ Pederson HPWel| uje}
amido black®} 0.45 um Millipore filter(type HA)
E AHSsle] 43fslg] e, Ql A3 Chen 59 W
el o5 sate] ot

g % ng

AR S FEAE 9x]7F 70~100 mg/d!
o)L, AJA} Foll= 120~180 mg/dl2 AF<sslA|ul 24]
AR Folls THA] A2 opA] 35, A7
e Ald wolx 2 3l A W] glo] fA=
o} 53], glucose”} @ oUAMOE o] 8=
x o} 9] A4, AAAAQ 71%5-S A5t glucosed
T3k Eu glucose $=7} ) AR +FE2
2 A= AL 9 F o3t o]eid ¥ £A15
A7 A zA L AR A 322 9J3le] doh=

3 AatbataA|

tl, 328 FollM & Fja} 2AH | F2 fof3h= 5
ZE-L insulin¥} glucagonoltt, o] & T2 EL M2
Z32H8-8- slod, insulin glycogen 34 A, gly-
colysis 4, hexose monophosphate shunt, Z22]3
8o} xubExA 0 29 glucose £ 5 FE glu-
cose °|-4-IAE LA 2, v 2 o] A}
A4l glycogen w32} FAAHY] A4S oAl|sx] g,
glucagon insulin# $HA138] wbche] 2h8-& 3}7] of
ol A 24| 9le] HYFelMe] T 52 E9
H]&L w9 Feslt} 22]2 R panceas(F#H)<
B Al EolA #u]5]+= insuline] ¥E(E=)8Y n-
sulin A Al Zel| A insulin®] A& Aafe] 7H47)
dojupwis 113G e B pHkE = A} Al 2
717k 2| &= = A o] dxrial 7o)

AASP3 F29L streptozotocin® Z EE o
4 FHl 109 T4 AlEd E3E =v AAE
ginsenoside Rb, Rg& A+ =& B75o3 + ¥
AR 7] Al gal Fo A4 v
°d3FS ZAMEF A3}, streptozotocin Fo 2 At4wl
Aol glucose, ketoned|, el uH}, TG 52 &
go] frol” o7 A= 7He) glycogen FHE A
A Z7lstd e, Folal 7+ glucose 6-phospha-
tase &AL FoHoR2 7FAslw, o}l phos-
phofructokinase, glucokinase, glucose 6-phospha-
te dehydrogenase, 6-phosphogluconate dehydro-
genase, acetyl CoA carboxylase 52| 342 glo]
M= 237} 98-S dAlE A} w3t ik %)
|4 F8& BFosl] A4S ZARE A7l A
= & ofAE vehligl o, Ak 238 AlEd
Adct ZA vebdg Bskelch

B oM, et wlat A A8 B
2 31, s S 93 streptozotocin®] 14
2 T wjAlZE Zke] 13} wjoF AEE o]gs)ed,
insulin #-=ol| % @ Akske] A XS tjals)
o] insulin®] 2= glucagon(2.1 nM)=F {3+ vl
Aol A 12417k CO, wi<f7)ol A wiof® A 277}
AAz7e ZHAEE HAE  insulin(105 nM)T
glucagon(2.1 nM)& 257 3 siA|ellA] 12417F
CO, wiF7]ellA wife M EF(HET) R FA
vraL o5 Zh A Earell A o el A 5 2
XA4E FolA glycogen A #HE EAZ gluco-
kinase, glucose At3}aAal

hexose monopho-
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sphate shunt ¥ &4 E glucose 6-phosphate
dehydrogenase®} 6-phosphogluconate dehydrog-
enase, 18] gluconeogenesis ¥ FAAZ glu-
cose 6-phosphatase £A25-2] &A-& vwslgla, =
g olE 7 A EZC izt $=(107'~10
%)) AL 2|84 BHE P okt Foll ol 7
EE A At A 3-S AR A} 10'% A}
¥ A+ [ginsenoside(mixture, Rb, “12]3 Rg)]
o Agkg vlwg A= o237 Aght o714 Qlak
AEe] s AL 284 #89 A= F5 AlY
&+ 53 T EY T8 FE2E 471 9l s
o] obAl 2o H3t AeFe FARE A 107%lA o
A7y ZA vebgrhs B2 e o 5909 Fxo)
Aed=g)n, o4t Alxd A= Bale] A FA
& AdlA 2l 10 ~10% F50] BT =
At 2 HE] AR

-4, glucokinase ZAol| 3l ALY 2] 84 53
o} of3k8 ZAIRE A= Table 1014 s nie} b
o], insuline] $1+& glucagon®t &5l vl A oA vl
o4 A ETY glucokinase B4do] insulind glu-

Table 1. Effect of fat soluble fraction of ginseng on
glucokinase activity in the presence and ab-
sence of insulin in primary cultured hepa-

A e ¥

tocytes from rats (n=4)
Group Activity
(NADPH Relative
Hormone f‘at soluble  nmole/min/  activity (%)
raction(%) mg proteln)
- 7.041+0.43 100
Control + 10:; 15.19i1.10: 21§
(Insulin+ 10_? 10.70£0.83 152
Glucagon) 107 7.77+041 110
10° 7.2610.32 103
- 5.84+0.29 83
Insulin + 10] 8.42+0.38" 120
deficient 107 10.54i0.f18 150
(Glucagon) 10_4 6.971+0.25 99
10 6.43+0.21 91

Hepatocytes were cultured for 12 h at 37°C in a medi-
um (1L) containing 9.7 g, Eagle's minimal essential
medium, 2.0 g bovine serum albumin, 2.2 g NaHCO,, 0.
1g kanamycin, 250,000 U penicillin, 0.25g strep-
tomycin, 10% (V/V) fetal bovine serum with insulin
(105 nM) and glucagon (2.1 nM) or glucagon (2.1 nM)
only in a CO, incubator.
*p<0.01 comparing with control group.
**p<0.01 comparing with insulin deficient group.

7yatat g o7 (1) 55

cagon B Exshe wlA| oA wlokEl AEF (R
el vl 17% A= FAde] st o|FA zhad
FA4L insuline AT FA4ke] 284 HEE AL
s 2AM RE FE(10 ~10 “%)lA o] S
7HE Vel gleH, 53] 10°% el e 3
2 o] 150 HFe] gA4e FoHE Mot
gt 2] uiA] 2o T4t A4 HES )
g wiR] el A wlekE A E79 glucokinase BAE
279 4R EXE 28wy 84 ZE
Bolom, 107'%lA dzTe] Zduct Ho of
22012 &4 ZUVE viehliglcl oleid AREg
Z33] ¥, insulin®] $13 glucagon?t & sh= uli
2ol 4 vl 7hA 279 glucokinase Ao}, in-
suline] Sk NE2T-2] Aol vlsle], e A
= oadsieh divksbd insulin 282 9] o] £-%
olgA3tar, wEbA glycogen A AdA &
Zolr] 29 A F49 glucokinase &Ade] 7tAas
7} wZolr}, o]t ad FAE vehE JHAE
2] Wizl FAke] x84 ®-3o] ArlEE o] AA
o] g4o| tfA] FrHIchs AR R84 R3o] ¥
g A "ol 4 9l5-E vehEe Aol o)
Abe] Az F290] 10 %9 244 F-5S 0] 83}
e Aol e AR AR5 Boslsdch

&te] glucose 18 AL 2, glucose ATt
%14l hexose monophosphate shunt®] F8& F49
glucose 6-phosphate dehydrogenase$} 6-phospho-
gluconate dehydrogenase Aol iz A4 2|84
F-2 9] od3ks- FA1gE A= Table 29} Table 3¢1|A]
9} Zc}, Table 29014 A3 insulin®} glucagon 2%
g3be iAol A wllope Bzl v]s) insuline]
2% glucagon?t SA sk vl A] ol 4] wijoFe ZHAIE
9] glucose 6-phosphate dehydrogenase 43|
13% 712 7hasEe Aoz vehdel o243 sl
AL AP 284 28] Hrtol ofsted AlE 2
E FRdlM 7 R, 107°% FEA 60% A=
9 FHd A e 2odvh =3 insulind glu-
cagon EF H3F o279 glucose 6-phosphate
dehydrogenase Aol vl&] F4F Alxd E3HEo)
71 2T ST Z71E0] 107'% FEellA F
o 2.1 $71E 2o} = o] 549 6-phos-
phogluconate dehydrogenase &4l thgh 34 x]-&
A4 F8e| A3 FAlME AR A7 (Table 3)&

=
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Table 2. Effect of fat soluble fraction of ginseng on
glucose 6-phosphate dehydrogenase activity
in the presence and absence of insulin in
primary cultured hepatocytes from rats

(n=4)
Group Activity
(NADPH Relative
Hormone Lat soluble nmole/min/  activity(%)
fraction(%) mg protein)
- 11.29+0.81 100
Control ~ + 10 23.97x1.17* 212
(Insulin+ 107 15.84+0.70* 140
Glucagon) 10° 13.28+1.08* 118
10° 1258+1.12 111
- 9.87+0.94 87
Insulin + 107 10.93%1.02 97
deficient 10%  13.15+0.88** 116

10°  15.76+0.93** 140
10" 13.80+0.79** 122

Culture conditions were the same as Table 1.
*p<0.01 comparing with control group.
*#p<0.01 comparing with insulin deficient group.

(Glucagon)

9t insulin® glucagon 25 -3 w4
wljeFEl A 27 (N ZT)2] 6-phosphogluconate de-
hydrogenase @4 ¢l B]3}od insulin 23 wi=] el 4] wj
oF " ZHAETE] FAo] 329 7HAaEE AFAE A9
o], o]2f3t ZhaE AL Al E3FEe] A7
2324 7, 53] Al 4 M= 10% 5%
oA 25%2 viebdct. g i 2ae] B = T4 A

Table 3. Effect of fat soluble fraction of ginseng on 6-
phosphogluconate dehydrogenase activity in
the presence and absence of insulin in pri-

o3l k= e |
xd EFES A7l 23t Frbsed HuEA
Z7he 10% F5ollx 2292 vepdrt ol2idt 2
52 FellA] glucokinasedl] Wi3te] -2 Aufe} =t
A7 2, FAke] 244 o] x 3hte] glucose
AFs}#4 9l hexose monophosphate shunt®] F8.3F
FH&292) glucose 6-phosphate dehydrogenase} 6-
phosphogluconate dehydrogenase =52 &4-& =
TR BA e o8-S FIWTAL, v
YR "ozl 5 958 BoFa 9ot

Table 4+ glucose 6-phosphatase EAlol| that &
A A1 28 s 2ARE Zelrh insulin
3} glucagon &7 -5l tiEoll Bl insuline] A
= wix]ol A wiekEl M EF2] glucose 6-phos-
phatase &4l 53% A= F7HdS et o]
213 71 84do] FA4F A8 E3 Y Aol ofs}
of Zras]o] A iz AR 35 EE =, & A
ZA1El FA4-E5} B Z glucose 6-phosphatase &
A& xelo] JAze AAE Jeuidled, sl &
A= 107%% FEolA TR} izt izt
At EFES] ¥ vl A FE B,
10'% Fs%ollA F94 A ebdel o)efzre] £
Ab 212 B3o] kA E9] glucose 6-phosphatase
24E JAElcks AREe 4 AEe] glu-
coneogenesis(F A AA L] F8 &4 F shisl
glucose 6-phosphatase A& gz 9

Table 4. Effect of fat soluble fraction of ginseng on
glucose 6-phosphatase activity in the pres-
ence and absence of insulin in primary cul-

mary cultured hepatocytes from rats  (n=4) tured hepatocytes from rats (n=4)
Group (Activity Group Activity
NADPH Relative (Pi nmole/  Relati
. é Fat soluble 1 nmole, elative
Fat soluble nmole/min/  activity(%) ~ i - activity (%
Hormone fraction(%) mg protein) yie Hormone  fraction(%) mm/t r:f] )pro activity (%)
- 58.18+1.34 100 - 41.9410.89 100
Control  + 107 67.32+1.77* 116 Control ~ + 107 37.66:+0.62* 90
(Insulin+ 10° 68.69+1.82" 118 (Insulin+ 10* 39.59+0.67 9
Glucagon) 10° 70.81+1.58* 122 Glucagon) 10*  39.68+0.60 95
10" 67.64+1.42*% 116 10" 40.89+0.79 97
- 39.69+1.39 68 - 64.24+1.29 153
Insulin + 10" 40.45+1.29 70 Insulin + 10'41 42.62+0.58** 102
deficient 107 44.77+1.37** 77 deficient 10* 41.69+0.67** 100
(Glucagon) 10° 49.4441.48** 85 {Glucagon) 10° 46.32+0.78** 110
10" 39.72+1.27 68 10* 53.98+0.97** 129

Culture conditions were the same as Table 1.
*p<0.05 comparing with control group.
**p<(.05 comparing with insulin deficient group.

Culture conditions were the same as Table 1.
*p<0.01 comparing with control group.
**p<0.01 comparing with insulin deficient group.



Vol, 22, No. 1(1998)

AL st P £52& I o e @
wE M 5 USE AN EE A

o]Ake] Aol 4] ¥ upe}zte], insulin el 2
&}od 71e) glucokinase, glucose 6-phosphate dehy-
drogenase, 6-phosphogluconate dehydrogenase &
A3 & 7}43)31, glucose 6-phosphatase 432 57}
so] yErio] fits]=ul, o|2)3t ¥ F] AHs>
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Table 5. Comparison of restoration effect by between fat soluble fraction (10%%) and ginsenosides (mixture,
Rb, and Rgi, each 10°%) of red ginseng on the activities of enzymes related to glucose metabolism in

the absence of insulin in primary cultured hepatocytes from rats (n=4)
. . Glucose 6-phosphate  6-phosphogluconate Glucose 6-
Group Glucokinase dehydrogenase dehydrogenase phosphatase
Insulin+Glucagon
(normal) 7.0410.43 11.20+0.81 58.18:+1.34 41.94+0.89
Glucagon (control) 5.84+0.29(100) 9.87+0.94(100) 39.69+1.39(100) 64.24+1.29(100)
Gl +fat solubl
CocaponTial SOUDIE 10.54+048%(180)  13.15+0.88°(133)  4477+148%(113)  41.69+0.67"(65)
o -
%‘j{iiﬁg" ginsenoside ;551 048%(120)  11.024095*(112)  54.55+191*(137)  36.20+0.85°(56)
Glucagon+ginsenoside . . "
Rb, 12.20+0.287(209) 16.22+1.197(164) 51.29+1.48%(129) 49.16+0.76*(77)
Glucagon+ginsenoside . N * "
Rg, 8.22+0.457(141) 11.64+1.17*(118) 52.30+1.58*%(132) 43.95+1.227(68)

Culture conditions were the same as Table 1. The unit of enzyme activity was expressed as NADPH nmole/min/
mg protein for glucokinase, glucose 6-phosphate dehydrogenase, and 6-phosphogluconate dehydrogenase, and Pi
nmole/min/mg protein for glucose 6-phsphatase. Numbers in parenthesis are relative % of enzyme activity as-
suming that of control group.
*p<0.01, *p<0.05 comparing with control group.
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