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Gambigyeongsinhwan(4) Reduces Body Weight and Hepatic Lipid
Accumulation in High Fat Diet-Fed Obese Male C57BL/6N Mice

Hye Rim Lee, Ye Ji Ahn, Hee Young Lee, Hyung Hee Lee',
Dong Yeo Kim', Mi Chung Yoon', Yong Tae Lee’, Soon Shik Shin*

Department of Formula Science and Research Institute of Korean Medicine for Diabetes and Obesity,
College of Korean Medicine, Dongeui University,
1. Department of Life Sciences, Mokwon University, 2. Department of Oriental Physiology, College of Korean Medicine, Dongeui University

We investigated the effects of gambigyeongsinhwan(GGH)(4) on body weight and non-alcoholic fatty liver
disease(NAFLD) examined whether blood total cholesterol, LDL-cholesterol, free fatty acid and triglyceride levels and
hepatic lipid accumulation are inhibited by it in high fat diet-fed obese male mice. 8 weeks old, high fat diet-fed obese
male mice were divided into 5 groups: C57BL/6N normal, control, GGH(4)-1, GGH(4)-2 and GGH(4)-3. After mice were
treated with GGH(4) for 8 weeks, we measured body weight gain, food intake, feeding efficiency ratio, fat weight,
plasma ALT, leptin and lipid levels. We also did histological analysis for liver and fat on the mice. Compared with
controls, GGH(4)-treated mice had lower body weight gain and adipose tissue weight, the magnitudes of which were
prominent in GGH(4)-2. Compared with controls, GGH(4)-treated mice had lower feeding efficiency ratio and blood
leptin level, the magnitudes of which was prominent in GGH(4)-2. Compared with controls, GGH(4)-treated mice had
lower blood plasma total cholesterol, LDL-cholesterol, free fatty acid and triglyceride levels. Compared with controls,
GGH(4)-2 treated mice had lower blood plasma ALT concentration. Consistent with their effects on body weight gain,
the size of adipocytes were significantly decreased by GGH(4), whereas the adipocyte number per unit area was
significantly increased, suggesting that GGH(4) decreased the number of large adipocytes. Hepatic lipid accumulation
was decreased by GGH(4). In conclusion, these results suggest that GGH(4) exhibits anti-obesity effects through the
modulation of feeding efficiency ratio and plasma obesity parameters. Moreover, it seems that GGH(4) also contributes
to improve NAFLD through the regulation of plasma ALT and hepatic triglyceride accumulation.

Key words : gambigyeongsinhwan(4), GGH(4), body weight gain, NAFLD, triglyceride, ALT
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&4 (Curcuma longa L)& L RV} ¥, %ol L R
iV R 1A H%OW/}S. o710l

demethoxycurcumin, bisdemethoxycurcumin,

V*

curcumin,
cineole,
terpinene, caryophyllene, curcumene, zingiberene, crucumol,
curcoline C, turmerone, ar-turmerone, germacrone, curdione =
o] £ AP, BB T50] Ao} UAlES ol &
S g9 digel Ao, 7R, 1, LR 350
ol AZhARE 7HdskaL 914 }%ﬁl% FL6HL TlExkEo] 9l
H, fERE 5501 Aol T, BAEE, HAAFZRE, it
SlEHES okl L5l STIRIERg0] e Zﬂgi UBdA AP,
7R3 (Alnus japonica Steude)= 1 REE7F T, ol 1
BRASS i, /0y ARACOICH™. o716l lupenon, a-amyrin, B
-amyrin,  glutin-5-en-3-ol, taraxerol, betulinic acid =
triterpenoid 3}8}E, B-sitosterol, heptacosane, aliphatic alcohol,
pyrocathechol] BRd o] S0 Tt g9} di ki
o §50] o] S, {11, SMEHI, BB B KiE E9e AF
Sz, TIZol A= oL S A1Eket] ol €8ct A2
Z OEA Qi
fif4ii(Massa Medicata Fermentata)<
R S
vitamin B S8R, ergosterol, THHEZ!, X} Hl 3|akR S0] £
AL HAEE BB 5501 o skl BURE, iz
FERRT, AR BEHERE XS5k ASE UEA Ao,
HTk2 dRid o2 XatjAL 88} AE50s A St
oith= YA —‘3—’85 J_E#o}oi =50 l 7R & AZhAT 714,
F %Ol 7= AE
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SAIEEZAE  KOATECH(Gyeonggi  province, South
Korea)ol 4] 235} 8758 9) C57BL/6N 42 HIQA 4501212 A}
oIt 2 & & onlelE AMEH LI wE TR 95l
T EElE 4AIsHL, ol& A8l AMESIS

lgeEe 2% 21227, S 55:5%, 87 34 15~173)
ZEe 12417 HekEE:

>~

/hour, &Z% 150~300 lux, 213 &

BB - 8N1F - ol 8e - M)

06:00, AS: 18002F XFolo A& 7|7rEet Y5

=
SPF(specific pathogen free) HEHE FAGIHACL AFPAE
(Harlan, USA)S} E2 Al 5019 &2 AIZCL
2) dEEd

HEEZS &5, Y A3 SERUE Fdolo]
¥ BN, (4)(gambigyeongsinhwand, GGH(4))ZtL HESIHTE
GGH(4)9] 95% d&tE FE2=< AMSSId thay 2ol M Ed)

(Table 1).

(1) GGH@#)9 £H8or=2 31 A 9FBusan, South Korea)olA]
S tf st whA|stu ol Mgt H &2

) 248t GGH@)(1 kg)S 95% OIEFEE 70TA] 180E7F
I} F&3HL No2 ZEE oHsle] 5501
(B) &K 3591%%) 88 LAUrh

UZEEZE autoclaved water(BT)E AN
=

W‘
Oll

> % Om, GGH@#)E 125, 250, 500
mg/keQ STHEE 85It F7 Tl Table 2).

orory Ingredient %
g % Turmeric Root-tuber 60
® % Japanese aloer 20
! Meadlicated [eaven 20

Total amounts 100

Table 2. Experimental groups

Group Treatment Number Sex
Normal Low fat 9 male
High fat(45 ka1%) + GGH(4)(mg/ke BW)
Control water 9 male
GGH(4)-1 125 9 male
GGH(4)-2 250 9 male
GGH(4)-3 500 9 male
2. AT
1) As &7FF 58

GGH(4)-1, GGH(4)-2%} GGH(4)-30] A& S71doll= ofd
HElE FEA] JotET] flole] mF 23] 85 S0 ASs 58
Shi, 012 2/E sl AE S7ids ASIirt
2) olgg &F

GGH(4)-1, GGH(4)-22} GGH(4)-30] Al€3} #E0| UEA

£ Yot7] el AE2 mhF 28], ARG FE= i 19 8
F ¢ FFol, olg AR ol Aolg g A4leIA
3) gyl By

g AF = AR 8F F 12411 ZISH § diethyl
etherZ 1F|oH Thz 7HESle] SEcigWolA] &9 1 nes AMF S
Fom, U&EAMEER]7](Micro 12, Hanil, Korea)& 01836}
13,000 rpmoilA] 5827F A EZIEINCE BRlE Eae dsil

((20C)oll  Haoll EHYSISHEA 7] (Selectra 2, Vitalab,

Netherlands)& AHMZ3S}0] asparate aminotransferase, alanine
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TLAAl0] BIS HIRHEElA ZHAAS@] o8 ASTT 7 ABSHY wsk

aminotransferase, triglyceride, total cholesterol, high density
cholesterol(HDL-cholesterol), low
lipoprotein cholesterol(LDL-cholesterol), free fatty acid, glucose,
insulini} leptin®] E& sT=E 4 SEOIT

4) EE2dA

lipoprotein density

S=ET T

AMEsk  Fol BEold QA7) FH O SAEXRERE
(epididymal adipose tissue, EAT), F55 FH wBARZLEZ]
(retroperitoneal adipose tissue, RAT), A[EFFL] FH 1|5HA) 2
ZZ(inguinal adipose tissue, IAT)I} ZABXYLZEZ](brown
adipose tissue, BAT)S
5) Z7A|9] FERStA HA

npe2soA 2elegl £A2 10%  phosphate-buffered
formalinollA] S}& o]&} Ao 12413} 0] SE& EofA]
formaling AASE £ 60% ethanolollA] 1A]ZE, 70% ethanololl A
1A17}, 80% ethanolollA] 1A]17E 90% ethanolol A1 1A17F, 95%
ethanolof 4] 1417}, 100% ethanolofl 4] 1A17F A THAE O &2 &=
AlZ3Ct. Xylenoll 1AM 319 FHIE & paraffinol] 1A17F A
24 AFNEE UAIs] MY (embedding) S AA 9F 3 um
9] FAE =¥ (paraffin-section)g}t] slide ?loll &g 111 A
ZAlZ] & hematoxylin-eosin G4 & SIAUTE Slided E71&
o2l mounting medium(Sigma, MO, USA)E Ho{®Eel & &
I} cover glass 910l 27171 YI7IA LEE FOIGPHA] cover
glassE Bl FTHE & 4 JEE olurh 289 AKIEI
AGAZS] 4= Bl F7]1%242 image analysis system(Image
Pro-Plus, MD, USA)S 01 &3I9iCt

¢

Mo

3. BARAY
HE %2 mean * standard deviation(SD)2.Z FAIGHH,
OriginLab Version 7.5(OriginLab Corporation, MA, USA)2]

one way ANOVAE 0]&35l] EAF {8 BETIA

2 3

1L A ST AGEA

8F% AETS Fatrol nislkd BEAL 46.08% =2 A
ZS71519 0. GGH@)-12 th ATl BIst AE 71k Zaxst
= ASS HY oL} 2495, 49Um S} niR e Lol 562 mlol 2
EZEQ R914E UERILHP<0.05). GGH#)-2&= thxwol 1]
3lo] 21U RE EARORE foak AE S7kgol Bash)
A|ZF510A (P<0.05) 24 M = Z4Eo] T 718 On (P<0.01) 312
MR LraZo] FESITIHP<0.05) 3527 ZAZ0] B HAR 1L
(P<0.01) 38R o] FESIC/HP<0.05) 42U HE] 48
AR Lozl B AR ILP<0.01) 49UAE ZiZo] B 7
A IL(P<0.001) 52U A= o] FESICIHP<0.01) PRRERE
01 56U ZHaFO] B ABEKP<0.001). GGH()-3% THETo]
HIGIA HE S7Hgo] Zadhes B8e HA oL 2447, 452-49
U3} seUmjollnt EAZFQ FOE S UERNATHP<0.05)(Fig. 1).

012 HEEE ki 42, thaTol Blskd GGH@)-12

= 1 U= Oy

o

11.11%, GGH(4)-2= 19.68%, GGH(4)-32 11.32%9] A& &g
W7t AE ACE UERGCH, Al % & GGH(4)-2014 11 &
T7tH 2 ASE VBRI 8F 89 ofEs Fodh Foll 24
olo] A7) FH e XRIE A (epididymal adipose  tissue,
EAT),
RAT), AU FH 2GR EZ] (inguinal  adipose  tissue,
IAT)Z} ZA XA Z] (brown adipose tissue, BAT)S FAHE &
ZSIATE EAT, RAT, IATS} BATY F71= Fawtol vlske] th
ZrolA EAFCE E7I6IRAL, tiRTl HISk] GGH(4)-1,
GGH(4)-22} GGH(4)-3 ILFollA] EAXLE T dast A
O F UERITHFig. 2). o] MEERE 2o, EATY 22, tf
Zaoll BlGld  GGH@)-12 14.26%, GGH@#)-2&  14.59%,
GGH(4)-32 13.12% % 7L FAZF AaFlo] s ALE Liekt
i, RATY A<, thzxdol Hlslel GGH@4)-12 17.88%,
GGH(4)-2= 15.98%, GGH(4)-32 16.26% 2 1 FA7E AaE o]
AE ASE UERGSH, 1ATY BSL, tiRddl HIgk
GGH(4)-12 17.12%, GGH(4)-2= 16.32%, GGH(4)-32 13.58% %
1L BATE BAE] e ASE UERKTE BATS 2, AT
ol BI5kd GGH@)-12 22.67%, GGH(4)-2& 20.52%, GGH(4)-32
2026% %2 L FAZF ZaEo] lE ASE LIEIKITE EAT, RAT,
IAT®} BATS FAS] A= Ml 55 & GGH(4)-13F GGH(4)-2
oA L ZE7 H & ALE LIk

o

Al
2o i A XY A (retroperitoneal adipose tissue,
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Fig. 1. Changes of body weight gain in high fat diet-fed obese mice.
All values are expressed as the mean = SD. * p<0.05, ™ p<0.01, ** p<0.001

significantly different from control.
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T e cottrar

nguina adpase 1551 (1)

Fig. 2. Adipose tissue weights in high fat diet-fed obese mice. All
values are expressed as the mean + SD. * p<005 ** p<0.01, ** p<0.001
significantly different from control.
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2. Alo]lggi @5 leptin 5%

AlolgE ol B4l A A S AS S7idE &
AIEHFEORE Lol /FESHL SAZA ST

Al0]1 g E(feeding efficiency ratio: FER%) =
AE E712Hg)/ AHEAF]ZH(g) 100"

*401§ 2 AT ol Hisld SAXLE 7ot
Al =2 A2E Ve S, GGH(4)-1, GGH(4)-22 GGH(4)-39)]
HFOA] DHX—?‘Oﬂ Hlsl SAFCE FosH S ASE L
Ebtom, Al & 5 GGH@)-20141 L B35t & ASE U
ERATHP<0.001, Fig. 3A). 0|8 MEESE Mg F2, thETol
H15}0] GGH(4)-12 12.89%, GGH(4)-2&= 19.90%, GGH(4)-32
1353%9] Aojggo] H& ASE Uehktew, A sk
GGH(4)-20141 L E&7t Bl & AR UERITE UEAIZ 85
= & W lepting] &S FF3E 23, L 40l GGH@Y Z&
SOl iR Blgle] EAAQ {940l A= ASE LIE
WOl GGH(4)-13 GGH(4)-2014 1 %7t & RASE Ve
C}(Fig. 3B).

HO{N

l_

PR ]

"
Le pin cencentration g L)
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ooHd aeHW

Fig. 3. Reduction of total feeding efficiency ratio(A) and fasting
plasma leptin levels(B) in high fat diet-fed obese mice. All values are
expressed as the mean £ SD. * p<0.01, ** p<0.001 significantly different from
control. ### p<0.001 significantly different from normal. Abbreviations as in Fig. 1.
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1) €% asparate aminotransferase®} alanine aminotransferase
Sk
HEAIZ 85 & EZ Ul asparate aminotransferase®?}
alanine aminotransferase®] &S ZFT ZI}, asparate
aminotransferase®] 42 thA& ol H1gle] GGH@)Q] Al &Loll
Al A UERGCL BF EAXCE |F3 Aol fIRAT(Fig.
4A). Alanine aminotransferase®] 42 tlZE ol B GGH(4)
9 Al sEolA DA UERGS™M GGH(4)-201410F EAFHOZ
FYSHA H2 ASE LEIITHFig. 4B).
2) &% total cholesterol, HDL-cholesterol} LDL -cholesterol
=
A15IA1Z2F 85F & AZA W total cholesterol, HDL-cholesterol
1} LDL-cholesterol®] &F& £8TH 23, total cholesterol®] 4
R0l HIgld GGH#)S Al 5% EFolA SAXCE 79
o 2 AL E UEIATHFig. 5A). HDL-cholesterol®] #t= t

=
=)

ol H18lo GGHE®)S Al BE EFolA EAFOE {98
}OlE A ATH(Fig. 5B). LDL-cholesterol®] 7k thx ol HIG)H
of GGH@4)-2%t GGH4)-39] F sTolA SAXSE FOl5
w2 O F UERITHFig. 5C).

&4

o tra o (UL

H.H A woann B

mocm B R B N OH oM 4 @
mino tran s#®ra s conges

A SpATIE AM NGNS R rase conce MY on (UL )

Fig. 4. Fasting plasma asparate aminotransferase(A) and alanine

aminotransferase(B) levels in high fat diet-fed obese mice. All values
are expressed as the mean = SD. * p<0.05 significantly different from control.

Abbreviations as in Fig. 1

Fig. 5. Fasting plasma total cholesterol(A), HDL- cholesterol(B) and
LDL-cholesterol(C) levels in high fat diet-fed obese mice. All values are
expressed as the mean £ SD. * p<0.05, ** p<0.01, ** p<0.001 significantly different
from control. Abbreviations as in Fig. 1. HDL = high density lipoprotein; LDL =
low density lipoprotein.
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HEL chole sterl eoncentraton fmgidl)
BN M & Bm B @&
LOL el steral conc entration gL )

e

3) @5 free fatty acid®} triglyceride 5%
ASANZ}L 8F & EE W free fatty acid®} triglyceride®] &F
_]

S &8¢ A, free fatty acid® @2 tiE ol HI5H] GGH(®4)
9 Ml s ZFoA HoixlE Fdeo] oLt GGH(4)-30l 41wt
SAAQ FATH A7 Ae ALE UEKITHFig. 6A).
Triglyceride®] #t= thZ&*oll HISld GGH(4)Q Al SLollAl &
AFOE FYSH F2 AOE VERGESH, GGH4)-30141 1
Br7t & ASE VERITHFig. 6B).
4) @& glucose®} insulin ST

ASAZF 87 & E& W glucose®} insulin®] & &8
AW, glucose?] ZE2 W0l HIGl GGH4)S Al 8% ZF
oAl SAXMCE FSHH He ASE UEHITHFig. 7A).
Insulin® 3t thE ol Bl GGH@)S Al s EFolA]
2 ASE Uehdou EAFCE |9¢ Aol e ASRE
VIERGTHFig. 7B).

5
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Free @ity acid concen tration ju g L)
TH gy e ride € one ntraton mgi L)
W oM HOH W

X oaHE)

Fig. 6. Fasting plasma free fatty acid(A) and triglyceride(B) levels in
high fat diet-fed obese mice. All values are expressed as the mean + SD.
= p<0.01, ** p<0.001 significantly different from control. Abbreviations as in Fig. 1.

A B

L]

Gluco s concentraton (mga L)
nsulin e oncentration g L)

T T T T B T
e G ' 2 1 (R ' 2 3

B0HA L]

Fig. 7. Fasting plasma glucose(A) and insulin(B) levels in high fat
diet-fed obese mice. All values are expressed as the mean + SD. * p<0.05, *
p<0.01 significantly different from control. Abbreviations as in Fig. 1.

=
)

4. GGH@#oll 9t ALxZA
morphology 3}
1) GGH(#)oll &lgt A2 ZQ] histology 2t morphology B3}
GGH(4)7} ILAgk4jo] upe2~ HinkEg AWM 2] &S
A, FeRske Hslol nlAlE g RGP 9ol AUEAS
hematoxylin-eosin GAHH O = HMSE T &Av|d 2 image
analysis system 2 F HESIACE E e} Hlulsk] thET oA
AGA Ol F717F IA E7FE A normal, 2669.68+283.03 1
m% control, 5630.05+388.23 ym?). ZIEiL} TLARFAI0] mEL A0
GGH@)E Folsld AIA Y =717 V:.‘io} A= APALAZ el
71 AT BI85l GGH#)Q Al sEollA Zdashs dg
2 ASL} GGH(@)-20 A1} BAHCE {2l XJolE LERIS
o, I 2482 732% 828%%2 11.04%= LIERTHcontrol,
5630.05+388.23 ym? GGH(4)-1, 4862.02+618.63 um?% GGH(4)-2,
4768.57+312.49 pm? GGH(4)-3, 4509.88+727.46 pm? Fig. 8-A
and B). UHH, i 271} vl 18td GGH4)Q] Al sTollA] ©heH
g AGH 29| = S7Icks 0] U 2L} GGH(4)-200 410t
SARCE RISt AolE VERICH, 1 SVHEEE 7.72%,
828%%2F  11.72%%ATHcontrol,  48.11+336  7H;  GGH(4)-1,
56.17+7.49 7§; GGH(4)-2, 56.78+3.6 7}; GGH(4)-3, 60.89+9.52 7},
Fig. 8A and C). Al 5% & GGH@4)-2004 Z HE7HH & RS

IZEZAS]  histology S}

2 LBk
2) GGH(4) ] oSk xR ALEA HE}

AR Aol 9] HITFEZLS B = BldtRAE Y uke
201 vlulsle] gy Aol FHE A ks HoF oLt
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olzist BRI Ao GGHE)E FoiohH 719 AYEH0] Aa
FArt. ALAHZES] morphologydll FIAlE G39 FARGHA 1t
A 29 APSH S Aol Hlgl] Al 5% EFolA EAFS

Z RYSIA lesion scoreE HAAIFCOH, I ZAAFEE

39.92%, 56.12% 2t 45.96% ATt Al 5= & GGH(4)-2014 1 &

T7} O 2 A0F UERITHFig 9).

A | Normal o Control

GGH(#)-1 GGH(4)-2 GGH{#)-3 - -
) ) e

B G - e

B C
5= o
Fe

]
u

A

Fig. 8. Histology of epididymal white adipose tissues in high fat
diet-fed obese mice. (A) Representative hematoxylin and eosin sections of
epididymal adipose tissue(original magnification X 50). (B) Size of epididymal
adipocytes. (C) Number of epididymal adipocytes. The size and number of
adipocytes 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 significantly different
from control. Abbreviations as in Fig. 1.

:
BoH4

| Geuid) -2 -

Lesion score

i

T T T T
Hormat Controd 1 2 3
GGHI{4)

Fig. 9. Inhibition of hepatic lipid accumulation by GGH(4) in high fat
diet-fed obese mice. (A) Representative hematoxylin- and eosin-stained
sections of livers are shown(original magnification X 50). (B) Histological analysis
of hepatic lipid accumulation in high fat diet-fed obese mice. Pathological scores
of hepatic accumulation are as follows: 0, no lesion; 1, mild: 2, moderate: 3, severe;
4. very severe. All values 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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3l ey

= T GGH()7} ABZE0] G} =X AE0T
347} UTHE olol meh NAFLDS] X ETE oloiR=xS
Soly] 9Ia, HIEIMISARRS o] 83k] AEM3}, Ao,
HZ leptin, AZIAF ¥ ALT 515, X2HEZ0] HEjohd %3]
8l W59 7HEA ) ALEHS FABKILE NAFLDY] ui
7)0] Q1IN ST} ARtElo] YOTE BlRk 01| 95%, B

5 Q179 75%0i4] NAFLDE 7}K 2L TF. NAFLDE thAb
ST Eo d3go] Ao thAESETS 2t component
ENT G@Ho] o} At wieha] A gt Age] [y, e s
Z1slo] oz} B0 o8t FHE, AMYES IFIsH] 8l Bl
24 AW AP ARE F Lesitkn gzhect,

HWEE2RYE S 0183 GGH@A)Al tier AEZE 1 Th X
HEZ 9] 7jMel gt A= nlEe AFoltt

E dAFdMs IAER0] nes HREYE S 0|85k

m

GGH(#)9 o7t A& &719] wglol w
Aol thoAf LobE Tt
A& B7FF 4%, vlxTol nlglod GGH@)-12 11.11%,
GGH(4)-2= 19.68%, GGH(4)-32 11.32%9] A& AZFaart A
= ASE UERtCH, Al 5% & GGH#)-20141 1 &7t A
Z ASE UERITE EATY B2, thEwol HIgk] GGH(@4)-12
14.26%, GGH(4)-2& 14.59%, GGH(4)-32 13.12%%Z 1 FA7}
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