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Abstract ]We attempted in this study to understand the hypoglycemic action of the fat soluble fraction
of red ginseng roots in streptozotocin injected diabetic rats, through its actions on several enzymes
relating to carbohydrate metabolism of the I 21 to compare with those of ginsenosides in streptozotocin
injected diabetic rats. It was realized that the increased level of glucose, ketone bodies, lactate, non-
esterified fatty acids and triacylglycerol in blood was significantly decreased and the decreased liver
glycogen content of streptozotocin injected rats were appreciably moderated by intraperitoneal injection
of the fat soluble fraction of red ginseng roots as shown in the saponin injected diabetic rats. The
decreased activities of liver enzymes relating to carbohydrate metabolism such as phosphofructokinase,
glucokinase, glucose-6-phosphate dehydrogenase, 6-phosphogluconate dehydrogenase and acetyl CoA car-
boxylase of streptozotocin induced diabetic rats were also sufficiently modified by the intraperitoneal
injection of the above fat soluble fraction as shown in the ginsenoside injected streptozotocin induced
rats.
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Table 1. Effect of ginsenoside Rc, Re, Rg; and the fat soluble fraction of red ginseng roots on the blood serum
composition of streptozotocin induced diabetic rats

B-hydroxy- non-esterified  Triacyl-
Group Glucose butyrate Acetoactate Lactate fatty acid glucerol
(mg/100 m/) (pmole/m)) (umole/m/) (umole/mi) (ueq/1)  (mg/100 md)
Normal group 1139+ 563 0.29+0.18 0.10£001 599+034 5205+ 737 783% 659
Streptozotocin injected rats 4913+ 435 0991021 032+0.16 810X 154 960.6+ 1558 136.8+24.6
(3) control group
Streptozotocin+ fat soluble 1026+ 1357 031+ 0.05° 0.20%+0.04° 646+ 0.12° 793.3+ 8969 49.1+ 89
roots (4)
Streptozotocin + ginsenoside 1187+ 469 0310079 027+008 6.14+009 8725+ 823 766+ 1537
Re injectdd rats (4)
Streptozotocin + ginsenoside 106.6+ 12,67 040+ 0.04” 023£006 637+ 0409 7775+ 8239 346+ 2.8
Re injected rats (3)
Streptozotocin + ginsenoside 1584+ 2447 0.23+0.01° 017+0.10° 880+ 136 826.7+ 684" 78.6% 295

Rg, injected rats (4)

9p<0.05, "p<0.01, "p<0.001.
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Table 2. Effect of ginsenoside Rc, Re, Rg;, and the fat
soluble fraction of red ginseng roots on the
liver glycogen content of streptozotocin indu-

CFAE -

] &%

Table 3. Effect of ginsenoside Re, Re, Rgi and the fat
soluble fraction of red ginseng roots on liver

glucokinase of streptozotocin induced diabetic

ced diabetic rats rats
Group Liver glycogen Group’ Glucokinase
(mg/g liver) (units*/mg protein)
Streptozotocin injected rats (3) 5.60+ 042 Streptozotocin injected rats 113+ 14
control group (3) control group
Streptozotocin+fat soluble 16.27+ 1.90° Streptozotocin + fat soluble 23.6+4.17
fraction of ginseng roots (4) fraction of ginseng roots (4)
Streptozotocin + ginsenoside Rc 18.13+ 2.21» Streptozotocin + ginsenoside 23.2+ 1.5%
injected rats (4) Rc injected rats (4)
Streptozotocin+ ginsenoside Re 20.09+ 3.79 Streptozotocin + ginsenoside 240+ 4.5
injected rats (3) Re injected rats (3)
Streptozotocin + ginsenoside Rg, 14.25+ 2.39" Streptozotocin + ginsenoside 19.0+3.7%

injected rats (4)

Rgjinjected rats (4)

9p<0.05, ¥ p<0.01, ©p<0.001.
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F-53t 7 5o+ glycogen synthase &Ao] #3}=]1
glycogen phosphorylase”} 3413} =] glycogene]
gefFo] ZtAEE HoR WA o)ohghe strep-
tozotocin T2 A 3}E 7k9] glycogen ¥efo) ginse-
noside —r°4*l B oohet X84 BT
F7HE Frsle ol A5xql «AFrt "Bad
Ze)ct,

Insulin®] AHdj= ZHgal M3z e 7
o o] GiAlS AR AR e 9shd glucoki-

nase, glycogen synthase, phosphofructokinase, pyru-

2 2493 s

229 streptozotocin F¢12 4l3) insulin®]

vate kinase, acetyl CoA carboxylases} #4-& & 450)
oAl go] odeiA QlaL £ AFAlel A Y3 A At
28} A& £3) phosphofructokinase, pyruvate kinase,
glucokinase, G-6-P dehydrogenase, 6-phosphogluce
nate dehydrogenase, malic enzyme, glycogen phos-
phorylase, acetyl CoA carboxylase 59 & A& A]o]
Folg ZA A= gl FHal=Es
o a4t saponin E¢E 3= AA ¥ ginsenoside
(Rby, Rbp) & B7F FoJ98 74
tokinase, glucokinase, G-6-P dehydrogenase, 6-pho-

streptozotocin

¥ £3] phosphofruc-

sphogluconate dehydrogenase, acetyl CoA carboxy-
lase o) felmal AEAAE thehliehs?
B oAFE S Reisld Faela gAR

ginsenoside Rc, Re, Rg, 3} #]-8-A4 83l o] streptozoto-

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

¥p<0.05, "p<0.01.
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&) frrss Hed deix el strep-
7} glucokinase &43-&

il

# 2] 7} glucokinaseol]

N

insulinef
tozotocing F-{%h ‘%"l"—“ 4] 7
AT #Ade] 43%el B-3}slel o} streptozotocin
Fol2 sgrge] B FoA a4
A E ginsenoside (Rbl, Rb2)Z 37k E-7kF-o] &1
At 7F e AT TS AEEE glucoki-
nase A& Yehigcl 2 edqte] 4] ginsenoside
Re, Re, Rgi# A &AEHE H7Fsds w=
Fold e @ glucokinase A3 2 a3t ¢igl
o pderE o] glucokinased U3 X33 7
o2 Mg}

Table 4+ streptozotocin o) & #8}= 7} phos-
phofructokinase(PFK)¢ r]*+= A% ginsenoside
Re, Re, Rgy 28] E4be] #8089 d-g +f
bl Zoloh 5 o] oI FH A 23hd streptozo-

*} saponin £33 £
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tocin®] 7o & PFKe] #A4e Ao 64%2 #3)
slgl o} F4b saponin &§HEolvt AA|E ginseno-
side Rb; v RbyE H7}Foi3lel & wl PFKY
Aol iz Hrp 7}z 30~50% At &
A &lof|4] Fo3dt ginsenoside Rc, Re, Rg 9] #A$%
7h7t o)z 49%, 39%, 29%9) felHQ AAE
vepligl o F4te] AEAEEE ey B A
28 e] 59%°) AsaNE Jehdiddtt

Table 5% streptozotocin Fo1 & Astxl e 7+

Table 4. Effect of ginsenoside Rc, Re, Rg, and the fat
soluble fraction of red ginseng roots on liver
phosphofructokinase of streptozotocin indu-
ced diabetic rats

Liver
Group phosphofructokianse
(units*/mg protein)

Streptozotocin injected rats 4.09+ 0.36
(3) control group
Streptozotocin + fat soluble 6.38+ 0.77¥
fraction of ginseng roots (4)
Streptozotocin + ginsenoside 6.09+ 0.56¢
Rc injected rats (4)
Streptozotocin + ginsenoside 5.70+ 0.31¥
Re injected rats (3)
Streptozotocin + ginsenoside 527+ 0.11¥

Rgiinjected rats (4)

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

¥ p<0.05.

ny Fahakg 19

glucose-6-phosphate dehydrogenase$} 6-phosphog-
luconate dehydrogenaseell ¥]x]+= A A% ginseno-
side Rc, Re, Rg; 8]3 $4ke] 2| 843 H 39 o8ks
vtebd Zlo]n}, Saponin &§HEeolv} &A% ginseno-
side Rb; & Rb,9] E-7}5ode] #9879 7o) stre-
ptozotocin o] & & Ajo)
phate dehydrogenase®} 6-phosphogluconate dehyd-

A8l5  glucose-6-phos-

rogenase 4| ginsenoside Re, Re, Rg 9] B7}F
o2 fejHal G443 anprt akE o F4b A
SR Fo AT GAEAEo] @A

Insuline] ¥-Z3gF AF3Halol A o AlAguRZo] &
b= AsEe]l @A 7R oduAy qlow
streptozotocing- Fo33}¢]-2 | glucose-6-phospha-
tase(G-6-phosphatase)2] A2 AAF R} 2uivt
A A S71ghs BAE/gl=d  streptozotocind
Fo13 t 27 ol 94t saponin E§HEolut AAH gi-
nsenoside(Rb;, Rby)& Fe33]-& 7% G-6-phospha-
tase &Ao] =2 84%, ginsenoside Rby &) 7%=
) =79 82%, ginsenoside Rby9] 75+ thz&9
84% 3 ozl Table 62 streptozotocin 5912
" # 9] 7F glucose-6-phosphatase &4dol] 7] x|+
A2 = ginsenoside Re, Re, Rg; 3 34k 2| &A1 5] 9
485 Jepd 7Zolw AHAF ginsenoside Re, Re,
Rgi®) 7$% G-6-phosphatase Ado] HFeojxog
sl or Fabe] x4 AEE gisenoside Fof
A2} zre] f-21# 9] G-6-phosphatase ZA] #]8}3H&
& Yehdisich

Streptozotocin 512 #3}E # 2] 7} acetyl CoA
carboxylase &4l v|x]+= &A% ginsenoside Re,

Table 5. Effect of ginsenoside Rc, Re, Rg; and the fat soluble fraction of ginseng roots on liver glucose-6-phospha-
tase dehydrogenase and 6-phosphogluconate dehydrogenase of streptozotocin induced diabetic rats

Group

Glucose-6-phosphate
dehydrogenase
(unit*/mg protein)

6-phosphogluconate
dehydrogenase
(unit*/mg protein)

Streptozotocin injected rats (3) control group

Streptozotocin+fat soluble fraction of ginseng roots (4)

Streptozotocin + ginsenoside Rc injected rats (4)
Streptozotocin + ginsenoside Re injected rats (3)
Streptozotocin+ ginsenoside Rg; injected rats (4)

2.910.08 9.11+ 1.01

7.85+0.74° 19.10+ 1.179
6.48+ 1.46" 17.64+ 2.35%
5.00%£ 1.52" 17.87+ 1.58"
4.68+ 2.30¢ 15.93+ 3.83”

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

the experimental condition as described in the text.
“p<0.05, "p<0.01, ‘p<0.001.
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Table 6. Effect of ginsenoside Rc, Re, Rg; and the fat
soluble fraction of red ginseng roots on liver
glucose-6-phosphatase of streptozotocin indu-
ced diabetic rats

Liver

Group glucose-6-phosphatase
(Pi nmole/min/mg
protein)

Streptozotocin injected rats 68.8+ 114
(3) control group
Streptozotocin+ fat soluble 28.5+ 5.90¢
fraction of ginseng roots (4)
Streptozotocin -+ ginsenoside 34.6+ 3.607
Rc injected rats (4)
Streptozotocin+ ginsenoside 28.0+ 9.50”
Re injected rats (3)
Streptozotocin+ ginsenoside 30.4% 8507

Rgiinjected rats (4)

4 p<0.05.

Table 7. Effect of ginsenoside Rc, Re, Rg; and the fat
soluble fraction of ginseng roots on acetyl
CoA carboxylase of streptozotocin induced
diabetic rats

Acetyl CoA carboxylase

Group (malonyl CoA nmoles/

min/mg protein)

Streptozotocin injected rats 0.123+ 0.040

(3) control group

Streptozotocin + fat soluble 0.279+ 0.041%

fraction of ginseng roots (4)

Streptozotocin+ ginsenoside 0.195+ 0.037

Rc injected rats (4)

Streptozotocin + ginsenoside 0.187+ 0.034

Re injected rats (3)

Streptozotocin + ginsenoside 0.195+ 0.040”

Rgiinjected rats (4)

9p<0.05, ¥ p<0.01.

Re, Rgiot &4te] Alardx5e) ks #3d A%
(Table 7) oA 87 FAMALEY E§FEo|v} ginseno-
side Rb, Rb,3F= =a] ginsenoside Rg7rol -
#q) acetyl CoA carboxylase B43}8 el
ginsenoside Rc2l Ree F2#q #4sig-g
ehf =) eksbeh ey FARe] Al &AEHL acetyl
CoA carboxylases ZA| #Aslslglon F2)4de]

FAHE - o]8)%

e labst s A

7B zlem Mg QA7) o FalEofel & Aok
2 <

7l A streptozotocing F-oI3t] LEB AlZA
12 % insulin 319 A&lE FuEE FEAZ
F o YA AR e AR d5sEs

ES

%
7¥e] ¥ 7}z & A(phosphofructokinase, glucokinase,

glucose-6-phosphate dehydrogenase, 6-phosphoglu-
conate dehydrogenase, glucose-6-phosphatase 2}
acetyl CoA carboxylase)oll vlA|& F4bel #8444
2o] ok A3t AHAF ginsenoside Rc, Re,
Rg9 %3t vlustadrh

Streptozotocin(70 mg/body weight)& 13] %o F
7A7F AAALRE AR BTl 2T) F A0
450 mg/100 m/ o) A4kal 72 AlA kel AAE ginse-
noside Rc, Re, Rg, =& $4t9) #-&-A4ES v
10 mg/rat/day® 347t 57FoIste] 2] glycogen
greka} 718 o diA e E L) 348 AR A3
A%l d32] glucosedd, ketoned#, lactate?, F
2] 8 o] x|upatkekst TGEFo] ginsenoside Re, Re, =4+
Ry Foe o 2% fo4os A=A A
2R3He Folalele = A saponin XA
A Azareg dhehigleh 7] glycogen THE
A% ginsenoside Fol uwje} o] AEAEIH
2olg fojHal Frtdae dehigler 2.3
2|25 foAe] ol Zi%dch Streptozotocin
o]z 3Ao] #5}H glucokinase, phosphofructoki-
nase, ginsenoside Rc, Re, Rg ¥+ 4413 ¢
R % o4 s FE vehd
st

Streptozotocin F-o % #Ao] #3}%l glucose-6-
phosphate  dehydrogenase®}  6-phosphogluconate
dehydrogenase ¥4 ginsenoside Rc, Re, Rg; &l
BrpEo] 28348 BrpRoddA BF f2Hal
#4335t 2k vpehlgich. 28l streptozotocin -
o2 Ated 29 7F glucose-6-phosphatase #A-2
ginsenoside Re, Re, Rgiolvh A4 25 +2]
A9l G-6-phosphatase &4 #8l2H-8-& ehR et

Streptozotocin Fol& #&t% # ] 7b acetyl CoA
carboxylase $4& &4b A EfHEelt AAR
ginsenoside Rb,, Rb,9] F2 455 A| oF 0 1}57
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ginsenoside Rgiate] H2]&ql acetyl CoA carboxy-
lase 413515 e ginsenoside Rc$} Re+
folxdael FAst 28g el osuth ey
=)-2-A B-5].8 acetyl CoA carboxylaseZ A 243}
sl om AAIRE A7 e Eejof & Zlolth
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