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Wild Ginseng Improves the High-Fat Diet Induced Metabolic Syndrome in ICR Mice

Se Na Yun, Sung Kwon Ko*, Sang Jong Moon** and Sung Hyun Chung®
School of Pharmacy, Kyung Hee University, Seoul 130-701, Korea
*Korea Ginseng Institute, Chung-Ang University, Ansung 456-756, Korea
**Sansam Nara Corp, Seoul 121-020, Korea

Abstract — The ginseng root has been used as a tonic remedy, and its antidiabetic activity has been demonstrated as early
as 1920s. Although wild ginseng was anecdotally thought to be superior to cultivated ginseng in terms of pharmacological
properties, there have been no prior reports on its improvement of metabolic syndrome. In this study, we figured out
whether wild ginseng ethanol extract (WGEE) exerted the preventive effects on high fat diet-induced metabolic syndrome
as well as treatment effect in ICR mice. In the preventive mode experiment, WGEE at 500 mg/kg significantly inhibited
body weight gain (16%), fasting blood glucose (37%) and insulin (37%), triglyceride (15%), and free fatty acid levels (32%)
when compared to those in high fat diet (HFD) fed control group. WGEE-treated mice at doses of 250 and 500 mg/kg
improved the insulin resistance index by 55% and 61% compared to the HFD control group, respectively. In the treatment
mode experiment, WGEE also markedly reduced the blood glucose levels (210 mg/dl in control group was lowered to
167 mg/d/). Taken together, WGEE has potential as a preventive and treatment agent for metabolic syndrome and deserves

clinical trial in the near future.
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Table I - Composition of the diets

Regular diet High fat diet
(g/kg diet) (g/kg diet)
Ingredient
Casein 200 200
DL-Methionine 3 3
Corn Starch 150 150
Sucrose 500 150
Cellulose 50 -
Corn oil 50 -
Beef tallow - 400
Mineral mixture! 35 35
Vitamin mixture! 10 10
Choline bitartrate 2 2
Energy, kJ/g 091 1.30
Protein, % kcal/kg 13.3 13.3
Carbohydrate, % kcal/kg 474 19.8
Fat, % kcal/kg 8.0 65.7
Fiber, % kcalkg 8.0 -
Other 23.3 1.3

IAIN 76A Rodent Purified Diet.
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Fig. 1 - Effects of wild ginseng ethanol extract on body weight.

A3 9 pE Values represent the mean=SE (n=8). RD, mice consuming
regular diet; HFD, mice consuming high fat diet; WG250,

mice fed with high fat diet plus 250 mg/kg of wild ginseng

tAESEr HEsExY ethanol extract; WG500, mice fed with high fat diet plus
Table Io]] UFERG 2A)2] mx]ak2l0)E A8 Alg BoiFy) & 500 mg/kg of wild ginseng ethanol extract; WG1000, mice
= fed with high fat diet plus 1000 mg/kg of wild ginseng

7 853t ICRA] 87l Foi%t 2o, Table TN HRe] B2 ethanol extract; RG500, mice fed with high fat diet plus
AxoA AY AR ST vlw A ASEETRY) VIS g 500 mg/kg of red ginseng ethanol extract; MET500, mice

fed with high fat diet plus 500 mg/kg of metformin. After 4

= 2z]E ZolA] tAES T A3 vdlE A5 . .
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Table II - Metabolic characteristics in regular diet and high fat diet-induced mice

BP (mmHg) Lipid (mg%)
Group BW (g BG (mg%)
SBP DBP TG HDL-C
RD 37.0+1.3%%* 122.6£2.2%** 115205 59+ 2%** 106.4£2.1%** 84.7+1.8%**
HFD 49.0+1.4%** 206.4+2.9*** 149 +3%%* 113 £4%%* 180.9+2.7%%* 38.8+1.2%**

Values represent the mean+SE (n=8). BW, body weight; BG, blood glucose; SBE, systolic blood pressure; DBP, diastolic blood
pressure; TG, triglyceride; HDL-c, high density lipoprotein-cholesterol.
**#P<0.001 vs. RD.

Table III - Effect of wild and red ginseng extracts on weight gain, food intake and feed efficiency

Group Dose (mg/kg) Initial Final Weight gain (g/8wk)  Food intake (g/8wk) Feed efficiency (x10°)
RD - 255+06  37.0+1.3%%* 11.5+0.3*** 1770 6.5

HFD - 256+0.6 49.0+14"" 23.4+0.4" 24837 9.4
HFD+WG 250 25.0+0.1  43.8+1.2%** 18.8+0.3*** 2636 7.1%%*
HFD+WG 500 255+0.7  41.2+0.8%** 15.7+0.2%** 2589 6.1%**
HFD+WG 1000 256+0.6  43.8+0.8%** 182+, 1%** 2730 7.2%%%
HFD+RG 500 255+0.7  42.6+0.8%%* 17.1£0.2%%* 2733 6.3%**
HFD+MET 500 25.6+0.1  38.4+0.9%** 12.8+0.1%** 1800 7.1%%*

Values represent the mean+SE (n=8).
1P<0.001 vs. RD; ***P<0.001 vs. HFD.
Feed efficiency=[weight gain (g/8wk)}/[food intake (g/8wk)].
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Fig. 2 — Effects of wild ginseng ethanol extract on plasma glucose
level. Values represent the mean+SE (n=8). RD, mice
consuming regular diet; HFD, mice consuming high fat
diet; WG250, mice fed with high fat diet plus 250 mg/kg of
wild ginseng ethanol extract; WG500, mice fed with high
fat diet plus 500 mg/kg of wild ginseng ethanol extract;
WG1000, mice fed with high fat diet plus 1000 mg/kg of
wild ginseng ethanol extract; RG500, mice fed with high fat
diet plus 500 mg/kg of red ginseng ethanol extract;
MET500, mice fed with high fat diet plus 500 mg/kg of
metformin. After 4 weeks all treatment groups showed
significantly different blood glucose levels compared to that
of high fat diet fed group.
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Table IV — Effect of wild and red ginseng extracts on plasma insulin,
plasma glucose, body weight and homeostasis model
assessment values for insulin resistance (HOMA-IR)

Group (n?;ieg) (ﬁ‘fj;‘r‘r‘fl‘) BG mM) HOMA-IR
RD . T63ELTH*  §8+0.12%** 231

HFD - 1473224 115+0.16' 75117
HFD+WG 250  96.0+2.0%%F 80+0.08*%*F  34.0%*x
HFD+WG 500  91.2+1.9%F*F 72+0.07%%*  292%%*
HFD+WG 1000  92.4+19%** 76+008%** 312w
HFD+RG 500 100.2+2.0%*  85+0.08%%  37.7%%*
HFD+MET 500  86.5£1.9%** 7.1+010%**  27.3%*

Homeostasis Model Assessment was used to calculate an index

of insulin resistance as insulin {(uU/ml)xglucose (mM)/22.5.

Values represent the mean+SE (n=8). BG, blood glucose.
1P<0.001 vs. RD; ***P<0.001 vs. HFD.
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Table VI -Effect wild and red ginseng extracts on arterial blood

pressure

Group Dose BP(mmHg)
(mg/kg) SBP DBP MBP

RD . 115+2 59+2 77+3
HFD - 149+3"7  113+4™ 12542111
HFD+WG 250  1I8E2Fx*  GHaQEE @R gk
HFD+WG 500 117+3%*%  G4+1¥Fx glagwek
HFD+WG 1000  117+3%%*  g5+2%*x g4 gk
HFD+RG 500  118+3%**  fHx3FEE  GHa 3wk
HFD+MET 500  115&3%kx  §Ox2FEx 7R Rk

Values represent the mean+SE (n=8). SBP, Systolic blood
pressure; DBP, diastolic blood pressure; MBP, mean blood
?ressure MBP=DP+0.33 (SBP-DBP).

P <0.001 vs. RD; ***P<0.001 vs. HFD.

Table VII - Effect of wild and red ginseng extracts on adipose tissue
and liver mass

Adipose tissue

G Dose — .
roup (mg/kg) Epididymal Interscapular Liver
fat fat

RD - 067016  013+007  1.86+027
HFD - 208+029™ 023010 235+0317"
HFD+WG 250 1.33x021%* 0.19+0.07** 2.20+0.26*
HFD+WG 500 0.99+0.20%** (.17+0.08*** 2.14+0.29*
HFD+WG 1000 1.25+0.22%*** 0.18+0.08*** 2.17+0.29*
HFD+RG 500 1.39+0.24*% (.2020.09** 2.25+0.30
HFD+MET 500 0980.13*** 0.15+0.06%** 1.89+0.26%**

Values represent the mean+SE (n=8).
P <0.001 vs. RD; *P<0.05, **P<0.01, ***P<0.001 vs. HFD.
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Table V - Effect of wild and red ginseng extracts on plasma lipid levels

Group Dose (mg/kg) TG (mg/d) TC (mg/dl) HDL-C (mg/dl) LDL-C (mg/d) NEFA (WEg/d)
RD . 106+2 162+4 85+2 56+3 695+5
HFD - 181+3"" 30841 39+11t 233+511 1362811
HFD+WG 250 162 +2%*x 221£3%%* Y B 128 +4%% 944 + 5k
HFD+WG 500 153 2% 210 2%x% GA+1*** 116+4%** 922+ 5***
HFD+WG 1000 158 2%+ 215+ 2%%% 62+ 1%k 121 40x 9344 5%**
HFD+RG 500 166:£2%%* 229+ 2%x* 57+ 1%* 139+ 4%%* 996+ 6**
HFD+MET 500 116:+£3%*%* 172:£3%%% 78 THx* 712k 724 %

Values represent the mean+SE (n=8). BG, blood glucose; TG, triglyceride; TC, total Cholesterol; HDL-C, HDL-cholesterol; LDL-C,
LDL-cholesterol; NEFA, nonesterified fatty acid. LDL-C (mg/d)=TC-HDL-TG/5.

1P<0.001 vs. RD; #*P<0.01, ***P<0.001 vs. HFD.

J. Pharm. Soc. Korea
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Fig. 3 — Effects of wild ginseng ethanol extract on body weight.
Values represent the mean=SE (n=8). HFD, mice
consuming high fat diet; WG500, mice fed with high fat diet
plus 500 mg/kg of wild ginseng ethanol extract; RG500,
mice fed with high fat diet plus 500 mg/kg of red ginseng
ethanol extract; MET500, mice fed with high fat diet plus
500 mg/kg of metformin, After 3 weeks all treatment
groups showed significantly different body weights
compared to that of high fat diet fed group.
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Fig. 4 — Effects of wild ginseng ethanol extract on plasma glucose
level. Values represent the mean+SE (n=8). HFD, mice
consuming high fat diet; WG500, mice fed with high fat diet
plus 500 mg/kg of wild ginseng ethanol extract; RG500,
mice fed with high fat diet plus 500 mg/kg of red ginseng
ethanol extract; MET500, mice fed with high fat diet plus
500 mg/kg of metformin. After 3 weeks all treatment
groups showed significantly different blood glucose levels
compared to that of high fat diet fed group.
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