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Abstract — Type 2 diabetes mellitus is a chronic and hard to control disease. In order to develop the therapeutic agent for
type 2 DM, many researchers investigated natural products using an in vitro and in vivo assay. In this study, we tried to
explore the anti-diabetic activity and mechanisms of ginsam, which is a vinegar-processed ginseng radix. The db/db mice
were randomly divided into four groups. The diabetes control (DC) group was orally administrated with distilled water, gin-
seng radix (GR) or ginsam (GS) was administrated orally at a dose of 150 mg/kg, and the positive control group was orally
injected with metformin (MET) at a dose of 300 mg/kg for 5 weeks in db/db mice and measured body weight and blood glu-
cose level every week. All treatment groups decreased the plasma glucose levels compared with diabetic control and GS
group significantly lowered the insulin resistance index. GS group also reduced the plasma lipid levels mainly due to reduce
the lipogenesis and increase the lipolysis in the fat tissue. In addition, GS group increased the GLUT4 mRNA expression
levels in the fat and muscle tissues by 10 fold probably due to increase a PPAR-y mRNA expression in fat tissue. Taken
together, GS showed the anti-hyperglycemic and anti-hyperlipidemic activities and those activities may ascribe to over-
expression of GLUT4 mRNA level and decrease the lipogenesis in fat tissue.
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ZFEoR2E RNA F£ % RT-PCR

% RNAT guanidine thiocyanate-water saturated phenol/
chroloform £-2] ¥41& o8Itk B350l 9li= & RNAS ©]
ATRIEE ojgsto] WHAA E2gh F 260 nme} 280 nm2)
ol FHEE S3slo] AHSisict. & RNA 1pgs Moloney
murine leukemia virus transcriptase®t Oligo-dT primerg ©]&
3l FAALEte] cDNAE & § PCR(Polymerase chain
3} PCRE 3371 flatol ARG Primere] A
oo the} 2} sterol regulatory element binding protein 1
(SREBP1a and ¢)¢] F3HA} A2 GCG CTA CCG GTC TTC
TAT CA, B158AF 9L TGC TGC CAA AAG ACA AGG
G; fatty acid synthase(FAS)S] T-3A} 442 GAT CCT GGA
ACG AGA ACA C, H]F8AF A9 AGA CTG TGG AAC
ACG GTG GT; steroyl-CoA desaturase(SCD-1)8] 33AF M4
& CGA GGG TTG GTT GTT GAT CTG T, vl53AF g
ATA GCA CTG TTG GCC CTG GA; CD362] 78A} g
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GTG AAT CCA GTT ATG GGT TCC AC; carnitine palmitoyl
transferase(CPT-12)2] F8AF 92 CCT GGG CTA GAT
TGC AAA G, B gAF ME-2 ACA GAC TCC AGG TAC
CTG CTC AC; acylCoA oxidase(ACOx)2] F3A} MEL CAC
AGC AGT GGG ATT CCA AAT, B]5=8AF 442 CTT CCT
TGC TCT TCC TGT GAC TC; peroxisome proliferator
activated receptor-y(PPAR-y)2] S58AF A9 AGG CCG AGA
AGC TGT TG, v]F8A 442 TGG CCA CCT CTT TGC
TCT GCT C; glucose transporter 4(GLUT4)S] FA} AE-2
CAA CGT GGC TGG GTA GGC A, v]|F=gAF LS ACA
CAT CAG CCC AGC CGG T; p-actin®] F#AF A1 GTC
GTA CCA CTG GCA TTG TG, HI53AF A4 GCC ATC
TCC TGC TCA AAG TC; Cyclophilin(CPN)] F3JA} Mg
ATG GTC AAC CCC ACC GTG, H]58AF AL ETTA GAG
TTG TCC ACA GTC GGA GA°|t}. PrimerT 20 mM Tris-
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Table III - Effect of GS on plasma lipid levels

Table I - Effects of Ginsam on liver, fat and body weight

Groups body weight Liver/ Fat/body
weight (g) gain (g) body weight (%) weight (%)

DC 53416 6.1+23 5.5+0.8 6.5+0.9

GR 549+3.8 74+3.1 5.5+0.6 6.0+0.2

GS 57.9+25 94+14 5.0+0.5 6.3+0.6

MET 546+34 8.7+45 59+1.1 5.9+04

Values represent the mean+SD (n=6).

Table II — Effects of Ginsam on plasma glucose, insulin and HOMA-

IR
Glucose (mM) Tnsulin

Groups HOMA-IR
P Tnitial Final (WU/ml)

DC  100+06 145+11 2545+5.1 163.6+105

GR  102+10 10.721.0*  2529+50 121.2+21.1*

GS 94+08 11.0+2.7 2465+20 1204+29.1%

MET 10117 82+0.7*** 2358%6.8  86.3x9.3%**

Values represent the mean+SE (n=6). Plasma glucose and
insulin were analyzed in plasma samples obtained from blood of
12 h fasted mice. Homeostasis Model Assessment was used to

calculate an index of insulin resistance as insulin (uU/ml) X
gluocse (mM)/22.5. *p<0.05, ***p<0.001 vs. DC.
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Groups NEFA (mg/dl)  Triglyceride (mg/dl)  Total cholesterol (mg/d})  HDL cholesterol (mg/d)  LDL cholesterol (mg/d))
DC 1816.5+146.4 1153+11.9 174.2+10.0 69.9+4.3 81.3+7.6
GR 1596.8+255.5 86.0+5.5 167.6+8.8 76.3+£7.3 74.2+3.2
GS 1245.0+145.0* 71.9+6.8*% 154.9+9.6 81.3+2.2 59.2+9.2

MET 1499.3+224.3 87.4+10.6 172.0+14.0 76.3+5.7 78.2+8.0

Values represent the mean+SE (n=6). LDL-cholesterol (mg/dl)="Total cholesterol-HDL cholesterol-triglyceride/5. *p<0.05 vs. DC.
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Fig. 1 - Effects of Ginsam on triglyceride in the periepidydimal fat
() and skeletal muscle (H). Values represent the
mean=+SE (n=6). DC, diabetic control; GR, treatment with
150 mg/kg of ginseng radix; GS, treatment with 150 mg/kg
of Ginsam; MET, treatment with 300 mg/kg of metformin.
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Fig. 2 - Effects of Ginsam on lipogenesis (A) and lipolysis (B) in the
periepidydimal fat. 1 DC, diabetic control; GR, treatment
with 150 mg/kg of ginseng radix; GS, treatment with
150 mg/kg of Ginsam; MET, treatment with 300 mg/kg of
metformin.
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Fig. 3 - Effects of Ginsam on lipogenesis (A} and lipolysis (B) in the
liver. DC, diabetic control; GR, treatment with 150 mg/kg
of ginseng radix; GS, treatment with 150 mg/kg of Ginsam;
MET, treatment with 300 mg/kg of metformin.
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Fig. 4 - Effects of Ginsam on pancreatic islets morphology stained
by hematoxylin and eosin. Magnification of histological
sectiosn X200. DC, diabetic control; GR, treatment with
150 mg/kg of ginseng radix; GS, treatment with 150 mg/kg
of Ginsam; MET, treatment with 300 mg/kg of metformin.

Table IV - Effect of Ginsam on area and diameter periepidydimal fat

fad
Groups Mass (g0  Diameter (um) Area (um?)
DC 3.4+0.5 132.0+10.6 14725+1928
GR 3.1+0.2 101.2+6.3** 8749+631.1***
GS 35+04 100.2+8.3** 7908 £547.8%**
MET 25+1.2 112.7+£7.9 11367+1373

Values represent the mean+SE (n=6). **p<0.01, ***p<0.001
vs. DC.
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Fig. 5 — Effect of Ginsam on periepidydimal fat morphology stained
by hematoxylin and eosin. Magnification of histological
sectiosn X200. DC, diabetic control; GR, treatment with
150 mg/kg of ginseng radix; GS, treatment with 150 mg/kg
of Ginsam; MET, treatment with 300 mg/kg of metformin.
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Fig. 6 — Effects of Ginsam on PPAR-y and GLUT4 mRNA expression levels in the periepidydimal fat (A), GLUT4 mRNA expression level in
the skeletal muscle (B). DC, diabetic control; GR, treatment with 150 mg/kg of ginseng radix; GS, treatment with 150 mg/kg of

Ginsam; MET, treatment with 300 mg/kg of metformin.
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