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ABSTRACT

Ethyl acetate fraction of GGExI8 modulates feeding efficiency ratio
and blood leptin level in high fat diet-fed obese mice
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Objectives : This study was designed to determine the effects of the GGEx18 ethyl acetate
fraction(EF) on body weight gain, feeding efficiency ratio, and obesity-related factors in plasma
as well as histology of liver and adipose tissues using high fat diet-fed male C57BL/6N obese mice.

Methods : 8 weeks old, high fat diet-fed obese male mice were divided into 5 groups: C57BL/6N
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normal, control, EF(1), EF(2) and EF(3). After mice were treated with EF for 9 weeks, we
measured body weight gain, food intake, feeding efficiency ratio, fat weight, plasma leptin and
lipid levels. We also analysed histology of liver and adipose tissues on high fat diet-fed male
C57BL/6N obese mice.

Results : Compared with control, EF-treated mice had significantly lower body weight gain
and feeding efficiency ratio. Consistent with the effects on body weight gain, EF significantly
decreased the adipose tissue weight compared with control. Consistent with the effects on feeding
efficiency ratio, EF significantly decreased plasma leptin concentrations compared with control.
EF reduced the size of adipocytes as well as hepatic lipid accumulation compered with control.
EF seems to be safe since not only the plasma levels of ALT and AST are within the normal
range. but also EF did not show any toxic effects on organs. EF(3) was most effective among
EF(1), EF(2), and EF(3) at doses of 25, 50, and 100 mg/kg, respectively.

Conclusions : These results demonstrate that EF effectively reduces body weight gain. feeding
efficiency ratio in high fat diet-fed obese mice, leading to the modulation of obesity. In addition,
EF decreases the size of adipocytes and improves plasma lipids and controls hepatic lipid
accumulation, suggesting that EF may act as a therapeutic agent for obesity.
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Table 1. The composition of GGEX18

ghep Ingredient %
WO Ephedra sinica Stapf. 40
B i Laminaria japonica Aresch 40
X # Rheum palmatum L. 20

Total amounts 100
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Table 2. Ethanol extraction and fractionation of GGEx18

Powdered GGEx18
| 70% EtOH(reflux, 6 times)
70% EtOH extract
‘ | HzO/CHzClz‘
CH:Cly fraction H:0

‘ | EtOAc ‘
EtOAc fraction Interphase fraction H:0
| BuOH |
BuOH fraction H;0 fraction
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Fig. 1. Changes in body weight gain of high fat
diet-fed obese mice.

Data are expressed as the mean = SD. *P<C.05, **P{0.01
#*P(0.001 significantly different from control. EF =
EtOAC fraction of 70% ethanol-extracted GGEx18.
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Fig. 2. Reduction of total feeding efficiency ratio
in high fat diet-fed obese mice.

Data are expressed as the mean = SD. **P{0.01, ***
P<0.001 significantly different from control. Abbreviations
as in Fig. L
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vl AB x| k2 2 (vetroperitoneal adipose
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1.74%, EF(3) 2 2830% % 1 FA7} 74He] 9l
T Aoz vepgon, BATY 7% Wzl ¥
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Fig. 3. Adipose tissue weights in high fat diet-fed
obese mice. Data are expressed as the
mean = SD.

#PC0.05, **P<0.01, ***P<0.001 significantly different from
control. Abbreviations as in Fig. 1. AT = epididymal adipose
tissue: RAT = retroperitoneal adipose tissue; IAT =
inguinal adipose tissue: BAT = brown adipose tissue.
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1) 8% agparate aminotransferase(AST) A
A2 93 = A ) ASTY oS SAT
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Fig. 4. Fasting plasma AST levels in high fat
diet-fed obese mice.

Data are expressed as the mean * SD. Abbreviations
as in Fig. 1. AST = asparate aminotransferase.
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Fig. 5. Fasting plasma ALT levels in high fat
diet-fed obese mice.

Data are expressed as the mean * SD. Abbreviations
as in Fig. 1. ALT = alanine aminotransferase.
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Fig. 6. Fasting plasma HDL-cholesterol levels in
high fat diet-fed obese mice.

Data are expressed as the mean = SD. #P<0.05
significantly different from control. Abbreviations as in
Fig. 1. HDL = high density lipoprotein.
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Fig. 7. Fasting plasma LDL-cholesterol levels in
high fat diet-fed obese mice.

Data are expressed as the mean * SD. Abbreviations
as in Fig. 1. LDL = low density lipoprotein.
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Fig. 8. Fasting plasma total cholesterol levels in
high fat diet-fed obese mice.

Data are expressed as the mean = SD. **P{0.01

significantly different from control. Abbreviations as in
Fig. 1.

6) &% triglyceride &4

A= 95 & A W triglyceride®] & &
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Fig. 9. Fasting plasma triglyceride levels in high
fat diet-fed obese mice.

Data are expressed as the mean * SD. #£P{001 significantly
different from control. Abbreviations as in Fig. 1.

7) A= free fatty acid &4
AGAZ 03 T dA | free fatty acid®] oF
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Fig. 10. Fasting plasma free fatty acid levels in
high fat diet-fed obese mice.

Data are expressed as the mean * SD. #£P(001 significantly
different from control. Abbreviations as in Fig. 1.
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Fig. 11. Fasting plasma glucose levels in high
fat diet-fed obese mice.

Data are expressed as the mean * SD. *P{0.05, ***P<0.001
significantly different from control. Abbreviations as in Fig L
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Fig. 12. Fasting plasma insulin levels in high fat
diet-fed obese mice.

Data are expressed as the mean = SD. **PX0.01 significantly
different from control. Abbreviations as in Fig. 1.

10) % leptin $4

A 95 5 ZF o leptin®] & SAT
A3k, 1L ghel EF(D), EF(2)¢) EF(3)> 2% o

Ztel )3t %ﬁﬂﬂii oA W ez
vepton, Al F= 5 EF()IAM 1 A%t ¢

Z Ao Jepdr(Fig. 13).
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Fig. 13. Fasting plasma leptin levels in high fat
diet-fed obese mice.

Data are expressed as the mean + SD. *P<0.05, **P<0.01
significantly different from control. Abbreviations as in
Fig. 1.

b AlHZ=A & 7
3}
1) A2749] histology$t morphology 3}
WzEs} vlwste] F5A 9 AURA A
7} 7B & EFQ)elA AWAZY] =77 20%
Arsglom BAM 0% 9590 (Fig. 14).
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Fig. 14. Histology of epididymal white adipose tissue.

(A) Representative hematoxylin and eosin sections of
epididymal adipose tissue(original magnlflcatlon X 100).
(B) Size of epididymal adipocytes. The size of adlpocytes
in a fixed area(1,000.000 m’) were quantified by an image
analysis system. All values are expressed as the mean
+ SD. #p{0.05 compared with normal group. *p<0.05
compared with control group.

W23t vlaste] 55 9 2] 2t gt
2 EF3)ell A A7te] ZiA 7Haslivt(Fig. 15).
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Fig. 15. Inhibition of hepaic lipid accumulation by
GGEx18 fraction EF in high fat diet-fed
obese mice.

Representative hematoxylin- and eosin-stained sections
of livers are shown{original magnification X 100).

Adzg 5 2AA ZH(liver), Al#(heart),
u] A (spleen), A& (kidney), #4(pancreas)®] F
AS A A3}, 7042 EF(1), EF(2)¢ EF(3)

ISR 8

FoA Azl nlste] FAMCE FosH] ¢

Aoz vepgen, Fa> EF(1)3 EF(2)el
A Azl vt FAMLE o W A
o2 vepge A vt 242 EF(D), EFQ2)
o} EF(3) BFellA 2ol uvlste] $AHQ
4] 9 A2E vepdrh(Fig. 16).
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Fig. 16. Organ weights in high fat diet-fed obese
mice.

kidney  pancreas

Data are expressed as the mean * SD. * P{0.05, **
P<0.01, *** P{0.001 significantly different from control.
Abbreviations as in Fig. 1.
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