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ABSTRACT

Objectives : This study was investigated the improvement effects of Gangjihwan (DF) and combination of
Gangjihwan and Gamisochehwan (GSH) on obesity in a high fat diet-fed obese mouse model.

Methods : Eight-week-old C57BL/6N mice were divided into four groups: a normal lean group given a
standard diet, an obese control group given a high fat diet, and DF and DF+GSH groups given a high fat
diet with DF (40 mg/kg), and DF+GSH (80 mg/kg), respectively. After 8 weeks of treatment, body weight
gain, feeding efficiency ratio, blood lipid markers, fat weight and histology were examined.

Results : 1. Body weight gain and fat mass were significantly decreased in DF and DF+GSH groups
compared with control. The extent of decreases was eminent in DF+GSH group.

2. Feeding efficiency ratio and circulating concentration of leptin were decreased in DF and DF+GSH
groups compared with control. These decreases were significant in DF+GSH group.

3. Consistent with their effects on body weight gain and fat mass, circulating concentrations of triglyceride,
glucose and insulin were decreased in DF and DF+GSH groups compared with control.

4. The size of adipocytes was decreased by DF and DF+GSH compared with control, whereas the adipocyte
number per unit area was increased by them, suggesting that DF and DF+GSH decreased the number of
large adipocytes.

5. Consistent with their effects on body weight gain, liver fibrosis was also improved in DF and DF+GSH
groups compared with control.

Conclusions : In conclusion, these results suggest that DF and DF+GSH groups decrease feeding efficiency
ratio, plasma leptin concentration, blood anti-obesity biomarkers and fat mass, improves body weight gain
contributing to the inhibition of liver fibrosis. In addition, these effects were more effective in DF+GSH
combination group than in DF-only group.

Keyword : Gangjihwan, obesity, Gamisochehwan, liver fibrosis, leptin
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Table 1. The composition of DF.

3 = o8l
M3 R2013-

A 242l DF9} GSHe A k=& shgdA| et
(Busan, South Korea)ollA +43t & st

ol et Ao ekl ultrafine
particle crusher (Korea Patent R&D Institution,
Busan, South Korea)oll 300mesh® Zw| ¥ 3
stel WARHsa Aol Atk 2YopEe
b7 23(Table 1-2), vhaHe 372~k vlg)
& TYste] Abgaale

RS, Ingredient %
i e Ephedra intermedia Schrenk et C. A. Meyer 40
K Rheum palmatum L. 20
B Lithospermum erythrorhizon Siebold et Zuccarini 40

Total amounts 100

* Pakistani ephedra herba
Table 2. The composition of GSH.
g Ingredient %

5 Glycyrrhiza uralensis Fischer 18.4
- Cyperus rotundus Linne 15.3
LA Zingiber officinale Roscoe 8.6

W Crataegus pinnatifida Bunge 6.0

RE Poria cocos Wolf 6.0

[SFES Cinnamomum cassia Blume 6.0
o R Alpinia officinarum Hance 3.7
FUR Amomum villosum Loureiro 3.7

AE Poncirus trifoliata Rafinesqul 3.7

VN Aucklandia lappa Decne. 3.7
[ERX: Amomum cadamomum Linne 3.7

1Lkt Zanthoxylum bungeanum Maxim. 3.7
RN Terminalia chebula Retzins 3.7

Foft Atractylodes macrocephala Koidzumi 3.7

L33 Piper longum Linne 3.7

EE Pogostemon cablin Bentham 3.7

& Syzygium aromaticum Merrill et Perry 1.8
T Mentha arvensis Linne var. piperascens Malinvaud 0.9

Total amounts 100
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Table 3. Experimental groups.

Group Diet Treatment Number Sex

Normal 10 Kcal% fat water 9 male

Control water 9 male

DF 45 Kcal% fat 40 mg/kg 9 male

DF+GSH 80 mg/kg 9 male
3) A W oy A 1027 A4 Btk 2ed @32 3ds
Zh g 9nkeE ATl wel AR ERet 3(-20°C)ell B¥star 8 HAs}shEA 7] (Modular
o] ATt 8F E<¢F normal Z1E2 10 Kcal% analytics, Roche, Germany)E AH&-3}9] triglyceride
fate] AWk Ao|E FF38kaL, control} Okg 5 ¢} glucose?] 85 w25 247+ st g%

w3kelth -1 % DF9
58 DF+GSHY H#H&

115‘041: 40 mg/kg®]
Fo]:= DF 40 mg/kgel

GSH 40 mg/kgE &3t 80 mg/kge] TEZ 8
F3 AT Fostd th(Table 3).
2. 794

D AT S 54

DFe] & Foje} DF+GSHS & Fol7t A
= %—ﬂa’mﬂ A= GEgS dolry] fa) o=
< Foske 8F s wF 234 AFES S48
3 Al S/ FE ALreR T

2) Holgs =4

DFe| g Foje} DF+GSHO| W8 Fol7h
3 o]l AEAE dotry] fste] AT
w5 23], AL S vlF 18] 8F T FA
shalal w71 aeste] Aldteisinh Aelas
2 ofele] FAel HYAA AEsAT

% 2lo] &8 (Food efficiency ratio: FER%) = body
weight gain (g) / total food intake (g) x 10°

3) A e A

g A= A7 FoA AFF8F F 12413 A
2%k 5 diethyl etherZ whH et oh3 4ol A
FH 1 mlE AFHEATE Blood clottings 913l
0% old A2olA WA F auLdiE7

(Microl2, Hanil, Korea)S ©]-&3}¢] 3000 rpmell
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free fatty acid®] F=&
analytics, Hitachi, Japan)E, @% insulin ¥%+
S A A5} 8HE A 7] (Microplate  reader, Molecular
device, USA)E Ab&3ste] 742} S48t

4) 554
A Fell Fste] Adrbet Wz vz
(mesenteric adipose tissue, MAT), A217] S

w20 2] W2 A (epididymal - adipose  tissue, EAT),
S Ew 2 WA x| W2 2 (retroperitoneal adipose
tissue, RAT), AFEFY ¥ 33k %34 (inguinal
adipose tissue, IAT)¥} ZAX]W-=22)(brown adipose

tissue, BAT)S 33t ol&9 FAE ZHA3

At

5) Z249 gt 4

A EL] =79 =5 2AVE] 918ke] AA
oAl ‘gt AEAS 10% ormaldehydeoﬂ A
S ol mAT T FEWAOE 4 ym A
A4S FHleksint gekda @‘L% hematoxylin#}
eosin (HE)S.2 dAslgiom Farsndoz
Zatolel. 249 ARl T XWAEe] A7) #

2] & image analysis system (Infinity analyze,

g3

Lumenera, Canada)S ©]

T Af3tE A7) st AAllA E2 &
FZAS 10% formaldehydeoll A 3FF o] 1A
gt & 4 um ek dE1S Fvsieinh s A
HAE Masson’s trichrome2 2 G A3}lo] collagen
TS AP A oE AR 2H 9 AR
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#d L image analysis system < ©]-&3}% T

3. SAEA
BE ZH mean t standard deviation(SD)2

2 XAk, OriginLab Version 9.1(OriginLab
Corporation, MA, USA)2] one way ANOVAE
ol g3sto] TAIA fFode HTIATh

II. 8% R

1. A% F7tF% AEFA

Aogtoll vls] R AT 7] 4094
FH FostAl S71e A aL(P<0.05), 489 A -
Z7FEo] ©e AAP<001D) 56LAS ALlstn
AE TE AA F7HE] %XlE]O*E}. o) o]
Hgtel DFO @& F T ALARE
ofstA AT F7FEFol A aL(P<0.05), 8UA|

=
- T

7y 2 Eo] M7}0}E}7}(P<0001) 124 A FE FaFE
o] Al 1647k 14 5 A cHP<0.01). 20
o]

AR FE = ﬂ*& Z7}eke] Wil EA2 9 fo

ol gglom 274 FA 9k 28R E
oA AF Frhe]l EAMOR folaAl s
RILP<0.05), RLATH 1 Frrt Skt

H(P<0.01), 609714 2 AEE x5t 64
Aol 1 7HAaZo] 7 HAT Ro= urE} Ju}
(P<0.001). DF+GSH®] H& Fo 9A Fo 5 4

AFE el stAl AT S7FEe] 128 an(P<0.01),

A 1 ZAaZo] Zr7bEhd HP<0.001) 12U A
BE A ZaZo] ZoE5om(P<0.01) 16Y

7HA A E A 208 H = T o] ¥ Eo
frelidel ¢l
2 oS YE
.O_t=1<P<o.05) PAARE A A F Z) e
Zo| 27189 (P<0.01), 36LAFEE= 1
*101 o Z7bsk (P<0.001), 56U7FA] 1 <%
dol FAE T 60dA A FEEA AL, 64U A
of 1 fraZo] 7bg AASATHP<0.001) (Table
4, Fig. 1).
o2 WiEgg AT
o] g Folt
63.00%2] A%

EQ3(P<0.05) 24LH= A=l

T} 28U A RE = TA] EAAQA S

O

7k

O

7k

d

3%, dixel sl DF
59.37%, DF+GSHS] ¥& Fo&
At e Ao e

o) =
A

Table 4. Changes in body weight gain by DF and DF+GSH in high fat diet-fed obese mice.

Normal Control DF DF+GSH

4 -09+0515 -0.607+0.785 ~1.547+0.725" -1.947+0.834
8 -0.553+0.648 0.477+1.403 -2.503+1.336™ -2.947+0.878™
11 -0.409+0.852 ~0.608+1.12 ~2.652+1.162™ -2.429+1.155™
15 0.054+0.792 0.138+1.824 ~1.841+0.721" -2.069+0.805™
18 0.203+1.077 -0.884+1.767 -2.161+0.674 -2.339+0.982"

22 0.149+1.462 -0.692+1.525 -1.536+0.777 -2.093+1.276

% -0.173+1.213 -0.826+1.411 -2.096+1.009" -2.163+1.214°

29 -0.071+1.246 0.766+1.512 -1.410+1.393™ ~1516+1.202"
32 0.109+1.609 1.273+1.551 -1.000+1.280™ ~1.472+1.274™
36 0.326+1.828 2.223+1.659" -0.271+1.335" ~0.790+1.127"
39 0.757+1.676 2.922+1.877" 0.116+1.666™ -0.383+1.052"
43 0.921+1.773 3634+2.08" " 0.743+1.401" -0.071+0.894"*
16 1.008+1.467 3.782+2.009" " 1.228+1.609™ 0.534+0.818"
50 1.531+1.637 4.124+2.123" 1.421+1.492" 0.891+0.977"
53 1.798+1.563 4832+2.23"" 1.967+1.418™ 1.777+1.093"

57 2.196+1.879 5554+2.406" " 1.416+1.384™ 1.058+1.764"

Data are expressed as the meantSD. t

Value significantly different from normal,

T p<0.05, T+ p<00l. * Value

significantly different from control, * p<0.05, ** p<0.01, **x p<0.001.
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Fig. 1. Body weight gain in high fat diet-fed obese mice.

Table 5. Adipose tissue weights in high fat diet-fed obese mice.

Normal Control DF DF+GSH
Mesenteric adipose tissue 0.638+0.137 1.692£0219" " 1.258+0.494 1.132£0.327™
Epididymal adipose tissue 1.431+0.278 1.875+0527" 1.704+0.485 1.96+0.356
Retroperitoneal adipose tissue 0.4770.081 0.753+0.12" " " 0.839+0.171 0.772+0.111
Inguinal adipose tissue 1.05+0.305 1.992+0.243" " 1.814+0.38 1.843+0.254
Brown adipose tissue 0.345+0.064 0.458+0.078" 0.359+0.142 0.3430.098"

Data are expressed as the mean+SD. T Value significantly different from normal, ¥ p<0.05, ¥ * p<001, ¥+ p<0.001. *
Value significantly different from control, * p<0.05, **x p<0.001.

NA FAHCE wf A AT FFEHt
1 (P<0.001), =L #HAEZe] AxE= DE+GSHO
FoAdA o & Ao e
o oFE& Fofdt FH o Hxishe] Fziet
Z#] (mesenteric adipose tissue, MAT),
7] A=Wk 2 (epididymal adipose tissue,
EAT), L ) (retroperitoneal
adipose tissue, RAT), AFEFFY F1 Il A Wz
A (inguinal adipose tissue, IAT)¥} 24Xz =
(brown adipose tissue, BAT)] A& =As}%t).
MAT, EAT, RAT, IATS} BAT? A=
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oJ3F MATS} DF+GSHS] ¥-8 Fol3 BATo| A1t
3 Ffrelgel Ao = ERYTHTable

lo
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—

AA A AE
gabald, MATO 4§ dxd
&= Rl 14.72%, DF+GSH2
19.834%= 1 FAVE FasEe AR
EATS A%, tizxol Hlste] DFe
Fol= 4T8%Z 1 FAV #AAaEa, dt
DF+GSH?| #H& Fol&= 222%% 1 FA7}

e 1?04

WAL,

L

o
=2



A5k 9] 1391

D BERHLS T Folek BEiRFL kI ALY B8

o Az 230

Seok et al., Gangjihwan and Combination of Gangjihwan and Gamisochehwan in the Improvement Effects of Weight Loss

e

[p—]

=TS

Heart vaight 1}

 Soleen weicht ok

]
¢

TE¢$$ =

e =3 or 2T i

Fig. 2. Adipose tissue weights in high fat diet-fed obese mice.
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Zel H)ste] FAAOR fFoatA W2 Ao
YERLEHP<0.001, Table 6, Fig. 3A).
ol WMEER T A, AAwel sk
22 47.80%°] Aol &o] 2 Ao e
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DF+GSH«] HE Foj= 2930%2 % leptin &

2
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T3] we Aeg yehyon, DF+GSH ¥
) Toqqm Aerl o 2 Aoz L}E}km.
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ko] DR % Foje} DF+GSHS] ¥4 o
= BT 3o oz e oyl DF+GSHY H
2 Eojoaut BAF §o)Ae] Q= Ao 1}

EbtHTable 6, Fig. 3C). o5 W&z gite
7B, Aol vste]l dETe 0.04%2 T
adiponectin FE=3k0] =2 Ao Z YElgoH o
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9 2 o=z eyt



Chgkstolst Wix|sta|x| Mi223 M2s (2014 12€)
Herbal Formula Science (HFS) 2014;22(2):105~120

Table 6. Feeding efficiency ratio, fasting plasma leptin and adiponectin levels in high fat diet-fed obese mice.

Normal Control DF DF+GSH
Feeding efficiency ratio 8.792+7.413 24.89+10.004" " 6.1616.195 4703+7.685
leptin 12.839+3.851 54.07+17.329" " " 37.59+17.102 29.559+8.8017
adiponectin 12368.822+3270.36 12378.3+2970.616 12244.689+4065.594 5991.211+4080.29"

Data are expressed as the meantSD. ¥ Value significantly different from normal, ¥ ¥ p<0.01, ¥ ¥ ¥ p<0.001. * Value
significantly different from control, ** p<0.01, #*x p<0.001.
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Fig. 3. Feeding efficiency ratio(A), fasting plasma leptin(B) and adiponectin levels(C) in high fat diet-fed obese mice.

3. @949 free fatty acid, triglyceride, insulin ol WELE Fksld, HF triglyceride?] 7
2 glucose BE Aol mslel 2TEL 6.90% = =7 UrEP/L
A= 8F om, gzt H|ste] DFe @5 Fo& 3.90%,

)

T ¥F o triglycen'de@r free
fatty acid®] %S A3 A3}, 35 triglyceride DF+GSH9] H-4 FoJ&= 762%= A Jepstt)
o] FLRghe Aol Mstel tixTeld =A d3F free fatty acid®] -5, Aol Hlste] o
GEREor, DRSl G Roloh DRGSHE| ME  23e 530w W gepton, gzl v
Fol BiFolA dixatel] Hlgte] vk Zlow o] DFe 95 Fo&= 598%, DF+GSHY H&
etont BAA ol fItHTable 7, Fig. Fol 53U%E =4 JERST

[e3

o

4A). 8% free fatty acid®] =72 Aol A= 85 & A Ul glucose®t insulin®]
Hlgte] tzatol A=A YES e, DFY o= FE 4T 23 5 glucosed] FEFS B
Fole} DF+GSH] W& Fof EFollA] dizol ol Hlgte] tjzatell A=A WEN AL, DFO| @
Hjste] =2 Ao Ueygow DFY v Fo & fFojel DF+GSHO W& Fo RFoA iz
oA FAHQ ool AT (Table 7, Fig. 4B). ol wlgte]l v YElg o™ DF+GSHS W&
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Table 7. Fasting plasma triglyceride, free fatty acid, glucose and insulin levels in high fat diet-fed obese mice.

unit Normal Control DF DF+GSH
Triglyceride ng/de 78.667+13.153 90.333+17.944 83.556+7.452 77.556+12.34
Free fatty acid mg/de 977.889+163.584 879+109.021 990.889+81.05" 978.111111.011
Glucose UEq/L 177.222+20.266 213.667+44.306 191.333+36.736 166.222+18.185™
Insulin mg/dl 0.813+0.468 2.233+087 " " 1.743+1.259 1.019+0.53”

Data are expressed as the mean+SD. ¥ Value significantly different from normal, ¥ p<0.05, ¥ ¥ p<0.01, T ¥ ¥ p<0.001. * Value
significantly different from control, * p<0.05.
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Fig. 4. Fasting plasma triglyceride(A) and free fatty acid(B) levels in high fat diet-fed obese mice.
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gzatel A FAASE frofatA HastAe
, fzatel] Hlste] DF9|] wh= Fof 9 DF+GSH
o] W& Eojo|A =718 ol} DE+GSHS W&
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 FAEE e ARAE =279 S22
Aol Hske] Uzl A 21.74% 2 F7}
AoZ el om dizate] Hlste] DFe]
= Fofof DF+GSHS] W8 FolollA] 10.70%}
14.22% % aste Ao % YERSTHP<0.05, Table

8, Figs. 6-7).
DF9] ¢ £o9} DF+GSHe ¥4 Fo7} 1
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=

forle o 2
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Folol Al BAH felde vehdch weiwd s, Fuskd wael vxE JFe 2] 9
T ARAEL Fo SHES BT HlEte] of sto] EAT AW x2S HE g9 s A &
Zao| A 24%2 ZasteE FHOoE YElgor, |7 2 jmage analysis system&.2 Z&s}gith
Wzwol vlske] DFe] @% Folsh DF+GSHel  wglddg Aaxel S 4w vlwstel
HE FololA 1026%9F 1362%= S7lehe A gzt A EAM R §o3kA Pastdon o
© 2 YEFATHP<0.05, Table 8 Figs. 6-7). HHH, Zwol| vlste] DFY w5 Fol¢k DF+GSHS
AgAze] 2rle gdTa nwstel dzeel  § Fol Wi wﬂsk Ao@ thekskt. @
A EAACR FolstA SrtE e, dxdd AuAY APAE o] S-S el Hlst
kel DSl 5 Tolsl DFGSHE] W el of taeld 200862 RAsl Aow triske
oA st oyt DF+GSHE HE FoelA & W, tjztol vlste] DF] @ Fofet DF+GSH
Table 8. Cell number and size of inguinal adipose tissue in high fat diet-fed obese mice.
IAT Normal Control DF DF+GSH
Cell number 101.222+23.264 64.111£9.021" 78.778+6.113 84.333+2.082"
Cell size(ym?) 2742.454+543.232 4265.462rk_>77.337f 3440.713+£258.168 3202.806+79.921"

Data are expressed as the meantSD. * Value significantly different from normal, ¥ p<0.05. *Value significantly different from

control, * p<0.05.

Normal

DF

;3.

/

Control

DF+GSH

Fig. 6. Histology of inguinal white adipose tissues in high fat diet-fed obese mice.
Representative hematoxylin and eosin sections of inguinal adipose tissue(original magnification X 100).
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Cell number

Fig. 7. Number and size of inguinal adipocytes in high fat diet-fed obese mice.

The size and number of adipocytes in a fixed area (1,000,000 yn?) were quantified by an image analysis
system.

o Hg FoollA 7.24%9} 11.62% % F71she A oA A SAAYD ool ATt AFAE 27
© 2 YebgtHTable 9, Figs. 8-9). ¥ x4 o] FHEE el Hlste] djZwelA 20.10%
xo| A7|E A vt tiRdelA A 2 Tk AR dehgion, gizatd] u|shy
Aoz FolsH T7HE e, gt vste] DF DFe] = Folol DF+GSHS] W4 FololA 6.84%
o] ©E Foj9l DF+GSHS W& Fo] ZFoA 9} 11.30%= #adts Aoz YERGTHP<0.05,
Hshs Ao YEhtor DF+GSHS H4 F Table 9, Figs. 8-9).

Table 9. Cell number and size of epididymal adipose tissue in high fat diet-fed obese mice.

EAT Normal Control DF DF+GSH
Cell number 87.556+4.857 58333+4.256' 67.444+8.834 73.667+9.207
Cell size(ym?) 3089.951+167.53 4644,68+331.414" " 4049.764+533.695 3701.797+440.256

Data are expressed as the mean+SD. ¥ Value significantly different from normal, ¥ ¥ p<0.01. *Value significantly different
from control, * p<0.05.

Normal Control

DF

Fig. 8. Histology of epididymal white adipose tissues in high fat diet-fed obese mice.
Representative hematoxylin and eosin sections of epididymal adipose tissue(original magnification X 100).
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Fig. 9. Number and size of epididymal adipocytes in high fat diet-fed obese mice.
The size and number of adipocytes in a fixed area (1,000,000 umz) were quantified by an image analysis system.

Fig. 10. Histological analysis of liver fibrosis.

Male C57BL/6N mice were fed a low fat diet, a high fat diet, or the same high fat diet supplemented with DF and DF+GSH for 8
weeks. Representative Masson’s trichrome stained sections of livers are shown in blue color. Original magnification X 400.

& A
welont,
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o] HE Foli 2930%%2 H% leptin® FEFko]
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H|ale] DFe| o=
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ERoH(P<0.05, Table 9, Fig. 8-9).
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