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Abstract[ The decreased activities of liver enzymes relating to carbohydrate metabolism such as giucose-
6-phosphate dehydrogenase, 6-phosphogluconate dehydrogenase and acetyl CoA carboxylase of strepto-
zotocin injected rats were significantly modified by the intraperitoneal injection of ginseng saponin mix-
ture and/or purified ginsenosides. However, several enzymes such as pyruvate kinase, malic enzyme
and glycogen phosphorylase were not modified appreciably by the saponin administration, suggesting
that the effect of ginseng saponin might be depend upon individual enzymes. Examination of liver
enzymes by liver perfusing technique using perfusion buffer containing saponin (10 %) showed that
the ginseng saponin might stimulate insulin biosynthesis as well as the related enzyme activities.
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olo] Fuofate} AE EAWSE #hste] strepto-
zotocin Fo4 & &Ado] 3R # 2] 7} glycogen pho-
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Table 1. The effect of panax ginseng saponin on blood serum composition of streptozotocin induced diabetic
rats. The rats were injected 50 mg streptozotocin/kg body weight intraperitoneally prior to five days
(once a day) oral administration of ginseng saponin mixture (5mg/kg body weight/day). Numbers in

brackets are the number of rats analyzed

Glucose 3-hydroxy Acetoacetate non-Esterified
Group butyrate fatty acid
(mg/100 m/) (u mole/mi) (u mole/ml) (ueq/)

Normal (5) 1008+ 5.12 0.206+ 0.02 0.106+ 0.02 4902+ 700
(normal group)
Saponin mixture 1154+ 4.92 0272+ 0.03 0.102+ 0.001 505.0+ 122.1
fed rats (5)
Streptozotocin 3384+ 159.95 0.43+ 0.04 0.294+ 0.03 860.6+ 155.8
(control group)
Streptozotocin+
saponin miture 219.6+ 172.31 0.312+ 0.03 0.270+ 0.03 608.2+ 108.7
fed rats (5)(test group)

Grou Triacylgylcerol Total cholesterol Insulin Glucagon

P (mg/100 ml) (mg/100 m/) (U/mi) (pg/ml)

Normal (5) 97.19+ 26.90 5554+ 10.74 4847+ 13.19 528,00+ 290.24
(normal group)
Saponin  mixture 86.33+ 18.28 61.32+ 15.26 4355+ 4.88 492.96+ 139.61
fed rats (5)
Streptozotocin 178.33+ 41.70 4201+ 863 19.99+ 1.20 621,00+ 263.94
(control group)
Streptozotocin+
saponin miture 124.37+ 80.02 39.91+ 15.24 32,53+ 16.42 591.46+ 322.83
fed rats (5)(test group)
3-hydroxybutyrate”} 27% A3t o, xubibat e FALE Gl w7 Ee AR od4F

4
TGE 77+ 28%, 30% Z+2-3tsdvh. &4 insulin 3
Fe g2 er) 63%F 2 & el 9lcH(Table
1). olet & A3 A= 01_].}%}- saponin®] &3] st-
reptozotocin &% -f2tEl Dl FHoxe] A} 7Y
Aol A} dg& vehlie Zloloh et U4t
saponine] insulin #¥] el & WolalAr} 2|4 7]
zhgelA] i Al ® A Abel] @] 2] o gl
A g F 7hA] g2 AU Ao e A
A g od7t g E oo & 7;i°]‘4-

A 22 A¥oNA insulin ZH o Q7 & dAle]
W u|xi QA Abzde] odsks Assta oz
F3l7] $18] streptozotocin®® FHAIR] Hi
# ol 914t saponin E3HE F+ A3 ginsenoside &
B £ 7be] timal olphE A 1|
Ae d&g FTEdch

ol oJ3tH A= phosphofructokinase 2}
pyruvate kinase, FAlAuHg-ol A=
phatase, fructose-1,6-bisphosphatase, pyruvate car-

glucose-6-phos-

boxylase, phosphoenolpyruvate carboxykinase & 2]
Fy27e) geb dape) sEabae] zARGE %
olm] FAazko] A= long term control3} &4
gajo] Z A== short term controle] ¥eiA 9le=d
insulin-® 7+e] ajedwk-3-8 49 A ¥ oy} short
term control 9o g #idAse] #AF T o]
g}l o

B Aol al wlAe A streptozotocin(70 mg/kg
body weight)2 13] E7}5F-oistz 7U7 AUAER
ARgEte] W frdabehs 2ARE A7 el o
5w 83 9] glucose, ketoned), lactate, £-2}2juH4l,
TG o] ZA Z718kd 2 744 glycogen =3t



Vol. 16, No. 3 (1992)

phosphofructokinase &4, glucokinase &4Je] # 3}
E]‘ii.‘?ﬂ% glucose-6-phosphatase &-41-2- =14 %78}
= g ZAbo) 64;(16}930\/]— 14} saponin &
i}-—‘i‘rolb} AA % ginsenoside Rb;, ¥+ Rby & Fof
& Ale® "9 glucose, ketoneA], 2] x[HkAL,
TG F=e] #-oHo2 /HASEIL 7H9] glycogen
gaFol A Fristgion] Fepal
phosphatase &2de} {eol¥or Zhisigln
phosphofructokinase 443} glucokinase 2432 =7
Z713E 7o R Ho} <lab AlEule] streptozotocin
T ”L“g 4 Ak At dSE o

l‘1

7+2) glucose-6-
sobxl

%Sl

2 o :ILOH A} #A3E glucose-6-phosphate dehydro-
genase®} 6-phosphogluconate dehydrogenasee| &
A% streptozotocin $od78 7S AAlTe] w)al
7+t 35%, 51% % Aslsg] ot wa o] = F oA
saponin &3M% I+ ginsenoside Rb;o]v} Rb, & &
18]-& wli= glucose-6-phosphate dehydrogenase %t
Aol 77t a2 25, 17w, 24w) Z7)alel o
6-phosphogluconate dehydrogenae FAE 25T t
Zv-9 9F 1.7~1.99] Zr}slgciTable 2).

Streptozotocin Foi& 313t glycogen phosphory-
lase®] SAHE-E Bl 2 AslEglont o] maxe]
42 l4b saponing Foldleix A AbeE A
skskei(Table 3). o] 71e m&uFA] 2482 phospho-
rylase”} glucose®} Zgste] BaAssEr) of Fal
Zo2 Azher)

Streptozotocing Fo& ZT9] pyruvate ki-
naseX™ AAHT9] 46%9)] E3}atel o dybxr) wo
?I o) Al <At saponin &3

T RbyE H7) Fo33ted& WX pyruvate kinase
Aol frojAql axbr} #ar= R ¢kghe v ginseno-
side Rb, 8] Foi9] A9 e3]e Wz dAdurg
A 3t=lti(Table 4). 7+e] pyruvate kinase: fruc-
tose-1,6-biosphateel 2} 'ﬂ“ol #2157 ATP, ala-
ol A= Ao R oked A 9lwt] 7| Zelt

AA L
FE 2l a7 A

&3E = ginsenoside Rb,

nineeof|
insulin®] ala-
nine°] glucose-alanine 325 Fa) Folla] 7to
tisk 2HbEo] pyruvate kinase®] Aol A &bE=
7o 2 A7rEl=dl 914t saponing alanine] b}
/%11\4,0_ nl-7]o]]_‘:_ oﬂ uz.&o] 740 = .Sfo]gh:],

7Fe] malic enzymeX: streptozotocin 03 &4o)

al4} Saponin 3o} ¥}

ahetgel #g dT(ID 203

Table 2. The effect of panax ginseng saponin on liver
glycogen-6-phosphate dehydrogenase and 6-
phosphogluconate dehydrogenase of normal
and streptozotocin induced diabetic rats. Both
normal and streptozotocin (intraperitoneally)
injected rats were fed with ordinary diet for
seven days prior to three (once a day) intra-
peritoneal injections of panax ginseng sapo-
nin mixture or purified ginsenoside (10 mg
/rat/day). Numbers in brackets are the num-
ber of rats analyzed

Glucose-6-p  6-Phosphogluconate
dehydrogenase  dehydrogenase
(unit*/mg protein) (unit*/mg protein)

Group

Normal rats
(normal group)
Saponin mixture
injected rats
Ginsenoside Rg;
injected rats

842+ 224 17.76+ 4.07(6)

9.70+ 2.94(4) 19.25+ 1.04(4)

1096+ 240(3) 2341+ 1.33(3)

Streptozotocin
injected rat
(control group)
Streptozotocin +
saponin mixture 7.17+ 0.99(3)”
injected rat

Streptozotocin +

ginsenoside Rb; 4.82+ 1.52(3)*
injected rats
Streptozotocin +
ginsenoside Rb,
injected rats

2.92+ 0.08(5) 9.11+ 1.01(5)

15.99+ 0.24(3)»
II
15.20+ 1.36(3)”

6.87+1.2.1" 17.08+ 3.04(3)”

*One unit of enzyme was defined as the amount of
enzyme to produce 1 nmole of NADPH per min under
the experimental conditions as described in the text.
¥p<0.05, "p<0.01, 9p<0.005.

AAte] 68% & 3HAs]9d 0t streptozotocin Fo1 T
Al @14t saponing Foldlolr & gAdol= )
£ <o) 3haE ] ¢fgkriTable 5). Malic enzyme-2
insulinel] 2]8) o] &io] e 7o oley
glem g streptozotocin Fo3Z Ql8}e] insulin v
7} A €™ malic enzyme®] §Ado] ] xslo] 12
A s A olsle 4 glvk 12} malic enz-
yme2| o] sheke] FAdA|ulo g A 2R stre-
ptozotocin o] = 713}lel 4] Feko g Zrlml FAz)

"ol malic enzyme®] #AS ZA A8l ¢l

2
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Table 3. The effect of panax ginseng saponin on liver
glycogen phosphorylase of normal and strep-
tozotocin induced diabetic rats. Both normal
and streptozotocin (intraperitoneally) injected
rats were fed with ordinary diet for seven
days prior to three (once a day) intraperito-
neal injections of panax ginseng saponin mix-
ture or purified ginsenoside (10 mg/rat/day).
Numbers in brackets are the number of rats
analyzed

A4 - o3

FEm 45 - ol g% -

2 A EERRLEE

Table 4. The effect of panax ginseng saponin on liver
pyruvate kinase of normal and streptozotocin
induced diabetic rats. Both normal and strep-
tozotocin (intraperitoneally) injected rats
were fed with ordinary diet for seven days
prior to three (once a day) intraperitoneal
injections of panax ginseng saponin mixture
or purified ginsenoside (10 mg/rat/day). Nu-
mbers in brackets are the number of rats
analyzed

Glycogen phosphorylase

Grou
P (unit*/mg protein)

Pyruvate kinase

Grou
P (unit*/mg protein)

Normal rats (5)

Normal rats (5)

10.35+ 3.32* 3847+ 4.01 (5)
(normal group) (normal group)
Saponin mixture Saponin mixture
I injected rats (3) 99 £086 I injected rats (3) 39.92+ 627 (3)
Ginsenoside Rg; Ginsenoside Rg;
injected rats (3) 1L1+3.35 injected rats (3) 38721349 @)
Streptozotocin Streptozotocin
injected rat 31 04 injected rat 1755+ 5.21 (6)
(control group) (control group)
Streptozotocin+ Streptozotocin +
saponin mixture 5.96+ 1.05” saponin mixture 2554+ 348 (3)
1 injected rat (3) 1 injected rat (3)
Streptozotocin+ Streptozotocin +
ginsenoside Rb, 357+ 1.16 ginsenoside Rb, 15.36+ 1.99 (3)
injected rats (3) injected rats (3)
Streptozotocin+ Streptozotocin+
ginsenoside Rb; 217+ 157 ginsenoside Rby 24,89+ 4.77 (4)

injected rats (3)

injected rats (3)

*One unit of enzyme was defined as the amount of
enzyme to produce 1nmole of Pi per minute under
the experimental conditions as described in the text.
¥p<0.0.

N

Aoz Azt
Z ksl A A 42 - F 44) acetyl CoA car-
boxylaset streptozotocin Foi 2 <ldlo] oAl E
#gAdo] Ao 33% 2 A stE 9lch(Table 6). 2&fv}
ing Fofdld 3Alo] HAX 2 3]H w=
Haa By Abalsle d4dE dehdsich ATl
al4+ saponing 59131918 v acetyl CoA carbox-
ylase Aol AA(2~3u) Fri8tan Qlch whepA
4t saponin ARHAF Aol FestA] z2Hgsk=
Zleg Azxich
Streptozotocin §o9 A -FH-
EFEL 54U ATFAYE

B o

914t saponin
74-%-2] 84 insulin

*One unit of enzyme was defined as the amount of
enzyme to produce 1nmole of NAD* per minute by
lactate dehydrogenase reaction (pyruvate+NADH —
lactate+ NAD ™). Pyruvate is formed from phosphoeno-
Ipyruvate by pyruvate kinase reaction.

ek} streptozotocing Fol&h 3 AR E 547}
ALS&-8F Fo] €A insulin Pk v]ws] wwl Table
loj] A uks} o] HAakio] 48.37 uU/mild] w]
aho] A== 3253 pU/ml, FAR= 1999 pU/mid) A

© & Hol 9lA} saponin F¢]7} streptozotocin o2

ol A LE pAES] £48 Hf Ea el £
insulin ¢4 53l 7bs4E A5 5 AL Aot

B Axje} ok Rwak B YAl Hg
streptozotocin Fo1 2 gIgF AL o) depHE 7}
o] glycogen #eF P FoAb e aigd 5§
Fofl Pl 24t saponin®] < 3F& Fs] B Ta-
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Table 5. The effect of panax ginseng saponin on liver
malic enzyme of normal and streptozotocin
induced diabetic rats. Both normal and strep-
tozotocin  (intraperitoneally) injected rats
were fed with ordinary diet for seven days
prior to three (once a day) intraperitoneal
injections of panax ginseng saponin mixture
or purified ginsenoside (10 mg/rat/day). Nu-
mbers in brackets are the number of rats
analyzed

g B3 AFD 205

Table 6. The effect of panax ginseng saponin on liver
acetyl CoA carboxylase of normal and strep-
tozotocin induced diabetic rats. Both normal
and streptozotocin (intraperitoneally) injected
rats were fed with ordinary diet for seven
days prior to three (once a day) intraperito-
neal injections of panax ginseng saponin mix-
ture or purified ginsenoside (10 mg/rat/day).
Numbers in brackets are the number of rats
analyzed

Malic enzyme

Group (unit*/mg protein)

Normal rats (5)
(normal group)

Saponin mixture
injected rats (3)
Ginsenoside Rg,
injected rats (3)

12.71£ 0.35

11.68+ 0.81

10.93+ 0.88

Streptozotocin
injected rat
(control group)
Streptozotocin +
saponin mixture
injected rat (3)
Streptozotocin +
ginsenoside Rb,
injected rats (3)
Streptozotocin+
ginsenoside Rb,
injected rats (3)

8.63+ 0.80

998+ 1.61

II

8721t 1.14

873t 146

*One unit of enzyme was defined as the amount of
enzyme to produce 1 nmole of NADPH per minute un-
der the experimental condition.

ble 73} 4ko] <14k saponin E§-Eolvt HAH ginse-
noside”} WL ¢ streptozotocin %o 5 qlgl & HAJH.e
W ek 7l A sha, streptozotocin o E &HAJe) 3] &)
#ozke) oAb SS9 acetyl CoA  carboxy-
lase?] &4E FolHow Zr7RA)7IW A4E glu-

cose-6-phosphatase®] €4d-& vh5= Ay} gl
of b oleh el A AER AR WAkl A
14} saponing o8 #-$-olli= Table 8ol FA]g
upe} o] fejxel & ARz wbAE R ekot
om F A3 acetyl CoA carboxylase®] &HAjo)
2~30 Zrletglont iite) oAb g el
i Wlsrl ke erghek

Acetyl CoA carboxylase
(malonyl CoA n
mole/min/mg protein)

Group

Normal rats (4)
(normal group)

Saponin mixture
injected rats (3)
Ginsenoside Rg,
injected rats (3)

0.333£ 0.050

0.939+ 0.212"

0.781% 0.013°

Streptozotocin
injected rat 0.111£0.04
(control group)
Streptozotocin +
saponin mixture
injected rat (3)
Streptozotocin+
ginsenoside Rb,
injected rats (3)
Streptozotocin +
ginsenoside Rb,
injected rats (3)

0.486+ 0.24"
I
0.263+ 0.041"

0.434+ 0.28”

9p<0.05, P p<0.01, V' p<0.005.

ATl A 22 streptozotocin 4 W F el
3 814k saponin 7§ A1 & 3} 214F saponin @]
-l Ao vz odakqa wis Y £
MAzEQ12)E &AL fls 1) <lAd sapo-
7he] vl al 9l x)ubib gFAdel] el s & 4ol
m 2= d&E n vitrool A #EEke] A1 2) liver per-
fusion technique& ©]&-3}] insuline] $1-% w9
7kel HA4Agof v|AHi= saponing] o &S 3|
L 3) kAl xwte| EA)8k= insulin receptor®] &+
Aol vl a4t saponin®] < #-S- xabaigivh
Table 9 i vitrool A 3+2d 2ohA] g Ap 3t
AR} A4 A Aol v] 33 QA sapo-

nin Fghwe] &S vhebd zleluh whg-ololl A 9]

i.d
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Table 7. The effect of panax ginseng saponin on blood serum composition and the amount of glycogen and
several enzyme activities of the liver of streptozotocin induced diabetic rats. Values are expressed as
percent assuming that of the corresponding normal level being 100

Serum composition/ Streptozotocin

Streptozotocin

Streptozocin + Streptozotocin +

enzymes injected saponin mixture ginsenoside Rb, ginsenoside Rb,
injected rats injected rats injected rats
Phosphofructokinase 64.0 86.7 89.3 98.7
Pyruvate kinase 456 66.4 39.9 64.7
G-6-P-dehydrogenase 34.6 85.2 57.2 81.6
6-Phophogluconate dehydrogenase  51.3 90.0 85.6 96.2
Malic enzyme 67.9 78.5 68.6 68.7
Glucokinase 42.6 115.2 1074 105.3
G-6-phosphatase 195.0 164.2 159.8 163.7
Glycogen phosphorylase 30.0 57.6 34.5 21.0
Glycogen 41.3 784 68.8 79.8
Acetyl CoA carboxylase 33.3 146.0 79.0 130.3
Glucose 488.9 122.2 113.6 169.2
B-Hydroxybutyrate 158.0 79.7 594 59.4
Acetoacetate 339.8 2379 228.2 233.0
Lactate 136.4 62.6 875 100.3
non-Esterified fatty acid 184.6 149.5 153.2 154.2
Triacylglycerol 244.4 72.3 63.9 117.6

Table 8. The effect of panax ginseng saponin on blood
serum compositions and the amount of glyco-
gen and several enzyme activities of the liver
of normal rats. Values are expressed as per-
cent assuming that of the corresponding nor-
mal level being 100

Serum Saponin mixture Ginsenoside Rg,

composition/

enzymes injected rats injected rats
Phosphofructokinase 98.7 100.0
Pyruvate kinase 101.2 100.6
G-6-p-dehydrogenase ~ 115.2 130.2
6-Phophogluconate 108.4 1345

dehydrogenase
Malic enzyme 92.0 86.0
Glucokinase 114.3 102.0
G-6-phosphatase 94.2 92.7
Glycogen phosphorylase 95.7 107.2
Glycogen 90.9 82.7
Acetyl CoA 282.0 234.5
Glucose 105.8 1135
8-Hydroxybutyrate 63.0 80.0
Acetoacetate 165.0 141.7
Lactate 95.0 83.0
Non—esterl.fled 102.8 121

fatty acid
Triacylglycerol 94.0 11.1

Table 9. The effect of panax ginseng mixture on seve-
ral enzymes relating carbohydrate metabo-
lism and fatty acid biosynthesis in vitro. The
concentration of the saponin mixture in the
corresponding enzyme assay mixture was 107
%. Values are the mean value of three deter-

minations
Enzyme Relative activity (%)
Glucose-6-phosphatase 113.4+ 2.38
Glucokinase 1114+ 1.50
Phosphofructokinase 128.0+ 3.09
Glucose-6-phosphate 1108+ 2.78
dehydrogenase
Malic enzyme 114.6+ 2.78
Acetyl CoA carboxylase 135.8+ 3.51

ol At saponin mixture2] F%=7} 10 *%Y o glucose-

6-phosphatase, glucokinase, glucose-6-dehydroge-
nase % malic enzyme2 10% AHE #AstEd o}
phosphofructokinase= 28%, acetyl CoA carboxy-
lase= 35.8% 2 A5 vehd 712 53] FEaut
sh) ApAIRE A7 Hestohar AgzbEil

Table 10-2 glucose(500 mg/100 m/)2} glucagon(2.1

nM)e] 5% perfusion bufferel] 14} saponin &
FEE 107°%7F =HA & F 247 F9F Fe R
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Table 10. Consumption of glucose during liver perfusion by circulation perfusion solution containing glucose
(500 mg/100 mJ), glucagon (2.1 nM) and saponin mixture (10 3%)

Time (min) 0 min 1/120 min total
glucose uptake
Glucose uptake 130 min 20430 min 3430 min #h30 min (g/120min)
Control mg/30 min 747.07 709.78 83.66 16.56 1557
(—saponin) mg/ min 24.90 23.66 2.78 0.55 )
Test mg/30 min 764.35 912.38 780.77 532.80 2690
(+ saponin) mg/ min 2548 3041 26.03 17.76 ’

Table 11. The effect of panax ginseng saponin on liver enzymes relating glucose metabolism by liver perfusion
technique. Perfusion solution contained glucose (500 mg/100 m/) and glucagon (2.1 mM)

Ginseng saponin Mixture (107%%)

Enzyme S "
Glycogen (mg/g liver) 7.15 12.50
Phosphofructokinase(unit*/mg protein) 14.15 15.73
Pyruvate kinase(unit**/mg protein) 18.15 19.19
G-6-P dehydrogenase(NADPH n mole/min/mg protein) 7.55 7.22
6-phosphogluconate dehydrogenase(NADPH n mole/min/mg protein) 12.66 16.20
Malic enzyme(NADPH n mole/min/mg protein) 17.53 13.40
Glucose-6-phosphatase(Pi n mole/min/mg protein) 3247 27.19
Glucokinase(NADH n mole/min/mg protein) 23.63 24.81
Acetyl CoA carboxylase 0415 0.625
(malonyl CoA n mole/min/mg protein) 0415 0.625
Glycogen phosphorylase(Pi n mole/min/mg protein) 572 2.75

*One unit of enzyme was defined as the amount of enzyme to produce 1nmole of NADH per minute under

the experiment condition as described in the text.

**One unit of enzyme was defined as the amount of enzyme to produce 1nmole of NAD* per minute by lactate
dehydrogenase reaction (pyruvate+NADH — lactate + NAD*). Pyruvate is formed from phosphoenolpyruvate by

pyruvate kinase reaction.
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Table 12. The effect of panax ginseng saponin on in-
sulin receptor activity of the liver of strep-
tozotocin induced diabetic rats. Both normal
and streptozotocin (intraperitoneally) injec-
ted rats were fed with ordinary diet for se-
ven days prior to three (once a day) intra-
peritoneal injections of panax ginseng sapo-
nin mixture or purified ginsenoside (10
mg/rat/day). Numbers in brackets are the
number of rats analyzed

Insulin receptor activity
mole of bound I'*®
mg protein (X 10%%)

Group

Normal rats (3)
(normal group)

Saponin mixture
injected rats (4)
Ginsenoside Rg;
injected rats (4)

2.01£ 047

2.28%0.78

142+ 0.15

Streptozotocin
injected rat
(control group)
Streptozotocin+
saponin mixture
injected rat (3)
Streptozotocin +
ginsenoside Rb,
injected rats (3)
Streptozotocin +

500+ 1.07

4.25+1.35
II
1.95+ 0.08”

ginsenoside Rb, 1.54+ 0.59”

injected rats (3)

p<0.05.
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