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Abstract : In this study, rat hepatocytes known to have active carbohydrate metaholism were ob-
tained by using the liver perfusion technique to examine the hypoglveemic action of red ginseng sa-
ponin components [ginsenoside (mixture, Rby, and Rg}] and incubated in two different media-one
containing insulin and glucagon (control group). and the other containing glucagon only. The spec-
ific activities of some regulatory enzymes such as glucokinase, glucose 6-phosphate dehvdrogenase,
6-phosphogluconate dehydrogenase, and glucose 6-phosphatase, in main pathwavs which were
directly related to the glucose metabolism were compared between these two kinds of hepatocytes
cultured in two different media. The effects of red ginseng saponin components [ginsenoside
(mixture, Rby, and Rg) | under the concentration of 10 °~10"% on these enzymes in hepatocytes
were also investigated, when they were added to these two media. The results were as follows.
The specific activity of enzymes such as glucokinase, glucose 6-phosphate dehydrogenase, and 6-
phosphogluconate dehydrogenase related to glucose-consuming pathways of insulin-deficient group
was much less than control one, however, their decreased activity was recovered after the addition
of ginseng components at all range of concentrations. The increased specific activity of these en-
zymes was shown by the addition of ginseng components to the control group. On the other hand,
the specific activity of glucose 6-phosphatase related to glucose-producing pathway of insulin-de-
ficient group was much higher than control one, but their increased activity was decreased after
the addition of ginseng components at all range of concentrations. The same results were obtained
after the addition of ginseng components to the control group. These results suggest that the red
ginseng saponin components might better diabetic hyperglycemia by regulating the activity of en-
zymes related to glucose metabolism directly and/or indirectly though more detailed studies were
needed.
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Table 1. Effect of ginsenoside mixture on glucokinase activity in the presence and absence of insulin in primary

cultured hepatocytes from rats (n=3)
Group
Gi 'd Activity Relative
Hormone m’il)r(ltS:P:S(lp/:) (NADPH nmole/min/mg protein) activity (%)
Control - 6.92+0.41 100
(Insulin+Glucagon)
+ 10° 9.70+0.34* 140
10° 9.35+0.37* 135
10° 7.10+0.41 103
107 6.95+0.33 100
Insulin deficient - 5.98+0.29 86
(Glucagon)
+ 10" 6.28+0.32 91
10" 7.85+0.37%* 113
10° 7.2610.28% 105
10° 7.14+0.27** 103

Hepatocytes were cultured for 12 h at 37°C in a medium (1) containing 9.7 g Eagle's minimal essential medium,
2.0 g bovine serum albumin, 2.2 g NaHCO,, 0.1 g kanamycin, 250,000 U penicillin, 0.25g streptomycin, 10%(V/V)
fetal bovine serum with insulin (105 nM) and glucagon (2.1 nM) or glucagon (2.1 nM) only n a CO, incubator.

* p<0.01 compared with control group.
** 5<().01 compered with insulin deficient group.
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Table 2. Effect of ginsenoside Rb, on glucokinase activity in the presence and absence of insulin in primary cul-

tured hepatocytes from rats (n=3)
Group
Ginsenosid Activity _ Re!ative
Hormone ’Rhl (%) ¢ (NADPH nmole/min/mg protein) activity (%)
Control 7.531+0.43 100
(Insulin+Glucagon)
+ 10 10.83+0.31* 144
10" 12.04:+0.36* 160
10° 13.64+0.29* 181
10" 7.721+0.51 103
Insulin deficient - 6.3310.35 84
(Glucagon)
+ 107 8.601().38**
10* 13.5840.24** 114
10° 10.78 +0.42%% 180
10" 10.3240.52%* 143

Culture conditions are the same as Table 1.
* p<0.01 compared with control group.
** p<0.01 compered with insulin deficient group.

Rg:® -%-(Table 3)oll%= FAFsle] insuline] =
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o] gensenoside Rg, A7}t 2fsbed 10 G(2F 1.7 wh)
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Table 3. Effect of ginsenoside Rg) on glucokinase activity in the presence and absence of insulin in primary cul-

tured hepatocytes from rats (n=3)
Group
Ginsenoside Activity : Relative
Hormone Rg, (%) ’ (NADPH nmole/min/mg protein) activity (%)
Control 6.41+0.40 100
(Insulin+Glucagon)
+ 10" 11.63+0.35* 181
10" 19.55+0.38* 305
10” 14.7540.32* 230
10° 6.77 +0.37 106
Insulin deficient 5.42+0.35 85
(GGlucagon)
+ 107 148
10" 7.47 £0.39%* 117
10" 5.73+0.51 89
10° 5.51 £0.39 86

Culture conditions are the same as Table 1.
* p<0.01 compared with control group.
** p<0.01 compered with insulin deficient group.
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Table 4. Effect of ginsenoside mixture on glucose 6-phosphate dehydrogenase activity in the presence and ab-

sence of insulin in primary cultured hepatocytes from rats (n=4)
Group Activity Relative
Hormone Ginsenoside (NADPH nmole/min/mg protein) activity (%)

mixture (%)

Control - 10.73+0.91 100
(Insulin+Glucagon) /

+ 10° 13.87+£1.07* 129

10" 18.71+1.53* 174

10 16.53+1.21* 154

10° 14.96+0.96* 139

Insulin deficient - 9.08+0.49 85

(Glucagon)

+ 10" 9.45+0.32 88

1()? 10.49+1.12 98

107 11.88+£1.46** 111

10° 12.21+1.25** 114

Culture conditions are the same as Table 1.
* p<0.01 compared with control group.
** p<0.01 compered with insulin deficient group.

J]o

F7HIA i Yoprhd = w 244
o1gge4 Ae) A2 7hd S 4 918 e
o)2} §-Al3E A} Lo 10 gmsen051de mix-
tureS o83 & Ay ¥ 9y,

Table 4~Table 604+
dehydrogenase Adell gt 4t AR
gk AnE ®olFa gleh Table 404 AHF in-
sulin?} glucagon -5 &-f-sh= vl x|ellA] wioksl of

4 /\ZO

Glucose 6-phosphate
o) deFe 2

Z3l| B8l insulin ©] 2% glucagonit &&=
wiA]ofl 4] wiesl ZEMIETS] glucose 6-phosphate
dehydrogenase #4do] ot 159 71 ZharslE=slog
vepstel ol#dt Akl &Ade] FAb Al E3HE
2] A7l o]aled #Ao] FrlErk= AE e
LHJ’ U, 10%% FxolA 34%2] o &4 F7}

5 Hoict =gk

_n;r—fﬁ] glucose 6-phosphate dehydrogenase #4d el

insulin #} glucagon ¥F #-+3 of

Table 5. Effect of ginsenoside Rb, on glucose 6-phosphate dehydrogenase activity in the presence and absence

of nsulin in primary cultured hepatocytes from rats (n=4)
Group
Gi d Activity Relative
Hormone ’}I{llien((;;l) ¢ (NADPH nmole/min/mg protein) activity (%)
1 g
Control - 11.38 (.97 100
(Insulin+Glucagon)

+ 10 23.39+1.06* 206
10" 24.73+0.96* 217
107 16.892+0.85 148
10° 12.09+£0.33 106
Insulin deficient - 10.3340.82 91

(Glucagon)
+ 10+ 12.804 1.00** 112
l()';l 16.97+1.24™* 149
107 15.66+1.64™ 138
10° 12.24+1.73** 108

Culture conditions are the same as Table 1.
* p<0.01 compared with control group.
** p<0.01 compered with insulin deficient group.
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Table 6. Effect of ginsenoside Rg; on glucose 6-phosphate dehydrogenase activity in the presence and absence

of nsulin in primary cultured hepatocytes from rats (n=4)
Group
Ginsenoside ACtiVit'V . Re!ative
Hormone ’Rgl () (NADPH nmole/min/mg protein) activity (%)
Control 11.74+£1.13 100
(Insulin+Glucagon)
+ 10° 13.93+£0.65 119
107 28.47+1.32* 243
107 12.04 +0.72 103
10° 11.89+0.84 101
Insulin deficient 3.64+0.61 74
(Glucagon)
+ 107 10.82£0.67"* 92
10" 11.51+1.02%* 98
107 13.94 +1.21** 119
10° 10.62+0.75™* 90

Culture conditions are the same as Table 1
* p<0.01 compared with control group.
#* p<0.01 compered with insulin deficient group.
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Table 7. Effect of ginsenoside mixture on 6-phosphogluconate dehydrogenase activity in the presence and ab-

sence of insulin in primary cultured hepatocytes from rats (n=4)
Group
Ginsenoside Activi;y . Re!ative
Hormone mlixture (%) (NADPH rmole/min/mg protein) activity (%)
Control - 55.00+1.04 100
(Insulin+Glucagon)
+ 107 58.561+1.20 106
10" 93.38+3.59* 170
10° 59.88+1.04 109
10" 57.231+0.83 104
Insulin deficient ' 38.80%=1.21 71
(Glucagon)
+ 10 50.88+1.68** 93
10" 54.12+1.93** 98
10° 86.33£2.08%* 157
10° 50.95+1.34*% 93

Cuiture conditions are the same as Table 1.
* p<0.05 compared with control group.
** p<0.05 compered with insulin deficient group.

Table 8. Effect of ginsenoside Rbl on 6-phosphogluconate dehydrogenase activity in the presence and absence

of insulin in primary cultured hepatocytes from rats (n=4)
Group o )
Ginsenoside Acthl‘Fy _ R_e]atwe
Hormone ’Rbl %) (NADPH nmole/min/mg protein} activity (%)

Control - 59.23+1.56 100
(Insulin+Glucagon)

+ 10" 65.2411.30 110

10" 83.49+1.98* 141

10° 66.93+1.04 113

10° 60.09+1.26 101

Insulin deficient - 39.88+1.02 67

(Glucagon)

+ 107 41.23+1.15 70

10° 52.38+1.65%* 88

10” 41.65+1.08 70

10° 39.2940.72 66

Culture conditions are the same as Table 1.
* p<0.05 compared with control group.
* p<0.05 compered with insulin deficient group.
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Table 9. Effect of ginsenoside Rg; on 6-phosphogluconate dehydrogenase activity in the presence and absence

of insulin in primary cultured hepatocytes from rats (n=4)
Group
. . Activity Relative
Hormone (’II?SCH((),Slde (NADPH nmole/min/mg protein) activity (%)
g, (%)
Control - 57.12+t2.13 100
(Insulin+Glucagon)
+ 107 63.07+1.97 110
10" 70.51+1.58* 123
107 74.28 4 1.50* 130
10° 70.46.11.48* 123
Insulin deficient 40.52+1.22 71
(Glucagon)
+ 107 43.7011.35 77
10" 51.40+1.66%* 90
107 50.85+1.08%* 89
10" 41.38+1.18 72

Culture conditions are the same as Table 1.
* p<0.05 compared with control group.
¥ p<0.05 compered with insulin deficient group.

Table 10. Effect of ginsenoside mixture on glucose 6-phosphatase activity in the presence and absence of in-
sulin in primary cultured hepatocytes from rats (n=4)

Group )
.. . Activity Relative
Ginsenoside ‘

Hormone mixtare (%) (Pi nmole/min/mg protein) activity (%)
Control - 49.53+1.41 100
(Insulin+Glucagon) ‘
+ 107 38.981+0.97* 79
10° 37.661£0.83* 76
107 37.35+t0.96* 75
10° 46.43+1.03 94
[nsulin deficient 57.59+1.48 116
(Glucagon)
+ 10" 41.67£0.98** 84
10" 42.59+0.97** 86
10”7 46.22+1.07** 93
10" 53.28+1.30 108
Culture conditions are the same as Table 1
* p<0.01 compared with control group.
“*p<0.01 compered with insulin deficient group.
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Table 11. Effect of ginsenoside Rb, on glucose 6-phosphatase activity in the presence and absence of insulin in

primary cultured hepatocytes from rats (n=4)
Group
Ginsenoside A Actjvity _ Re!ative
Hormone Rb, (%) (Pi nmole/min/mg protein) activity (%)
Control - 44.92+0.75 100
(Insulin+Glucagon)
+ 10° 34.71+0.55* 77
10" 38.79+0.70* 86
10° 40.2110.64 90
10° 41.95+0.81 93
Insulin deficient - 58.24+0.97 130
(Glucagon)
+ 10° 54.12+0.82 120
10 52.87+0.87 118
10° 49.96+0.78** 1
10 48.55+0.77** 108

Culture conditions are the same as Table 1.
* p<0.01 compared with control group.
** p<0.01 compered with insulin deficient group.

Table 12. Effect of ginsenoside Rg, on glucose 6-phosphatase activity in the presence and absence of insulin in

primary cultured hepatocytes from rats

(n=4)

Group

(Pi nmole/min/mg protein)

Relative
activity (%)

Activity

Hormone Ginsenoside
Rg, (%)

Control - 46.84+1.41 100

(Insulin+Glucagon)
+ 10 34.89+0.89* 74
10™ 40.89+1.07* 87
10° 41.10+1.11* 88
10° 45.58+1.33 97
Insulin deficient 58.38+1.46 125

(Glucagon)

+ 10" 37.19+0.92** 79
10" 44.59+1.37** 95
107 44.89+1.28** 96
10° 46.77+1.47%* 100

Culture conditions are the same as Tahle 1.
* p<0.01 compared with control group.
#* p<0.01 compered with insulin deficient group.
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