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ABSTRACT

Objectives : This study investigated the improvement effects of Gangjihwan (DF) and combination of Gangjihwan
and Gamisochehwan (GSH) on nonalcoholic fatty liver disease in a high fat diet-induced obese mouse
model.

Methods : Eight-week-old C57BL/6N mice were divided into five groups: a normal lean group given a
standard diet, an obese control group given a high fat diet, and atorvastatin, DF, and DF+GSH groups
given a high fat diet with atorvastatin (10 mg/kg), DF (40 mg/kg), and DF+GSH (80 mg/kg), respectively. After
8 weeks of treatment, body weight gain, blood lipid markers, ALT concentrations, liver weight and histology
were examined.

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

2. Circulating concentrations of total cholesterol, HDL-cholesterol and LDL-cholesterol were decreased in
DF, DF+GSH and atorvastatin groups compared with control. The decreases were significant in DF+GSH
and atorvastatin groups.

3. Liver weights were decreased in DF, DF+GSH and atorvastatin groups compared with control. In
particular, liver weight was significantly reduced only in DF+GSH group.

4. Hepatic lipid accumulation was significantly decreased in DF, DF+GSH and atorvastatin groups
compared with control, and the magnitude of which was more effective in DF+GSH group than in DF-only
group.

5. Circulating ALT concentrations were decreased in DF, DF+GSH and atorvastatin compared with control,
but ALS levels were significantly reduced only in DF+GSH group.

Conclusions : In conclusion, these results suggest that DF decreases body weight gain, improves blood
lipid metabolism, and reduces liver weight and hepatic lipid accumulation, contributing to the improvement of
nonalcoholic fatty liver disease. In addition, these effects were more effective in DF+GSH combination group
than in DF-only group.
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1. 434 =

1) A¥ds=

el (M EFRFo] @ FE]o} Inc., Korea)oll A
FTFe 7782 C57BL/6N 7 vf$-25 935}
o 157 2k A8 Ao A Es: 3 F ALE-
Ak Ag 7I7F o &% 21+2T, F% 55+5%,
37] 314 15~173)/hour, &% 150~300lux, ~LZ]
3 zvgell 12417k WA (A5 06:00, A5 18:00)
F717F e APAE A P ALE(Harlan,
USA)¢ =& A& 35 EUTh

2) A¥EA

AAEHS DFSF GSHe| A oFE2 shalAloF
(Busan, South Korea)ollA] 743t & Fojtfstu

grojsfehsl WAt el A Ad/datke] ultrafine particle
crusher (Korea Patent R&D Institution, Busan,
South Korea)oll 300meshZ =W H &3]3}
R st Age] AREEATh A FES
¥} Z31(Table 1-2), vps-2 7] 2~gbit
QJsle] Algsl o FAHUZRT O ZEE atorvastatin

Table 1. The composition of DF

HHEEY, Ingredient %
Jif EphedritiI]thsfon?&iijefchrenk 10
N Rheum palmatum L 20
sty Litho‘§permum erythrqrhizon 40

Siebold et Zuccarini
Total amounts 100
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Table 2. The composition of GSH

AL Ingredient %
ES Glycyrrhiza uralensis Fischer 184

b1 Cyperus rotundus Linne 15.3
1L A Zingiber officinale Roscoe 86
W Crataegus pinnatifida Bunge 6.0

& Poria cocos Wolf 6.0

PFE Cinnamomum cassia Blume 6.0

SR Alpinia officinarum Hance 3.7
T Amomum villosum Loureiro 37
piaiEq Poncirus trifoliata Rafinesqul 3.7

N Aucklandia lappa Decne. 37

ELzF: Amomum cadamomum Linne 3.7
LAk Zanthoxylum bungeanum Maxim. 37

> Terminalia chebula Retzins 37
Flt Atractylodes macrocephala Koidzumi 3.7

HRE Piper longum Linne 3.7

B Pogostemon cablin Bentham 3.7

T Syzygium aromaticum Merrill et Perry 1.8

ws Mt g
Total amounts 100

calcium (Pfizer Ireland Phamaceuticals Drug Product
Plant, Loughbeg, Ringaskiddy. Co, Cork, Ireland)

& AHgshelnt,

Ut Aol FH3lal, control, Y¥AET,
B OF2 45 Kcal% fate] A2 olE o
stod NAFLDE #2stdct. I & DFE 40
mg/kg®] FEE DF+GSHE 80 mg/kgel =
2, FAUETS atorvastatine 10 mg/kge] &
=2 83 At Folah g t(Table 3).
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Z7tS AAkskd
2) dHA e 4

g AFE AT FoJ AF 8F &
A5 5 diethyl ether®Z w33 g A4

124 A
Foll A

A 1mlS AFH 3T Blood clottingg &l 30
o) A2oA WX & n&dAEE]7]

(Microl2, Hanil, Korea)Z ©]-&3}] 3000rpmeol A
1027 A4 stk 289 @3 ¥sa
(-2000)°l  Haetar  EAAs}shEA 7] (Modular
analytics, Roche, Germany)Z& A}-8-5}¢] asparate
aminotransferase, alanine aminotransferase, y
—glutamyl transferase, high density lipoprotein
cholesterol(HDL-cholesterol), low density lipoprotein
cholesterol(LDL-cholesterol), total cholesterol,
triglyceride, glucose?] 8% F=& 47 =A3}
Atk Free fatty acide] 8% s+ dHAystst
21 7](Modular analytics Hitachi, Japan)E& A}
ste] kg om, oy
3} 24 7] (Microplate reader, Molecular device,
USA)E AH&ate] 247} A48 3irh

¥ F insulin %5+

L oo

adipose tissue, MAT),
2] (epididymal adipose tissue, EAT)3}
Wl A =) v 2 A (retroperitoneal adipose tissue,
RAT)® #AE &8st 2445 FHATh

4) 229 Fejshd F4

AANA B FHLS 10% phosphate*
buffered formalin®lA 35 o] A3 & 124]
b ol m2% EAdA formaling Al#Hg

50% ethanolol A 2A]%F, 70% ethanololl A 24|t
80% ethanololl 4] 2A]%F 90% ethanololl 4] 2A]%F
100% ethanolollA] 2A17H¥ 3 @A|A o2 &5

S
A AT Xylenol A 1A17H4 3we] Bwald 3
paraffinel]l 1AM 2¥ HF5 Ay #0)
714 (embedding) S A °F 4 me] A= ubA

170

=51

A1Z1 t}S hematoxylen—eosin 942 &Fith Slide
2B9AS 713 mounting medium(Sigma, MO,
USA)S "ojrmdl & cover glassE i
Aot 249 AREG A AEAEe] A7 R4S

(paraffin-section)3}o] slideol] Z=2]& nz

L

ol

3T

e
image analysis system(Image Pro-Plus, MD,
USA)E o] &3t
3. BAEA

EE #2 mean t standard deviation(SD)S

2 A8}, OriginLab Version 9.1(OriginLab
Corporation, MA, USA)2] one way ANOVAE
o]-g-3te] AR Feolde HFsTh

. EE &R

1. AT F7HFS ALEA

o] v tixwe Al F7HFo] 4044

Table 3. Experimental groups

Group Diet Treatment Number  Sex
Normal 10 Kcal% fat water 9 male
Control water 9 male
Atorvastatin 10 mg/kg 9 male
DF 45 Kcal% fat 40 mg/kg 9 male
GSH 40 mg/kg 9 male
DF+GSH 80 mg/kg 9 male

HE §osA 271t m(P<0.05), 48LARE =
7}Z o] B2 AAP<00L) 56LAS Asta A

Y FR A Z7Ee]l FARYULh gzl

sk Die T £ 40ARH faAsA A3
F7ho] astRL(P<0.05), 8UA FaFol T
7FFA T HP<0.001) 129 A1 5E ZaEo] Zha

AR 1697FA A = ATHP<0.01). 204 A 5
AF S7tgel Wste] FAXJA Feldel §
Aom 24474 FA A B8LAFE A AT
T7hFol TAX SR frofatAl FHAskd (P<0.05),
RAMRE 1 AE7L F7bskg e (P<0.01), 60

L

fu



FEE 9] 139 :
Jang et al., Gangjihwan and Combination of Gangjihwan and Gamisochehwan in the Improvement Effects of Nonalcohollc Fatty Liver Disease

RERRALT} BEBE L+ Inskif el

MleFE A AR st

Table 4. Changes in body weight gain of DF against high fat diet-fed NAFLD mice

Normal Control Atorvastatin DF DF+GSH

4 -0.9+0.515 -0.607+0.785 -1.581+0.641" -1.547+0.725 -1.947+0.834"
8 -0.553+0.648 0.477+1.403 ~1.544+1.635" -2.503+1.336™" ~2.947+0.878"
12 -0.409+0.852 -0.608+1.12 -2.207+1.566" -2.652+1.162" -2.429+1.155"
16 0.054+0.792 0.138+1.824 -1.993+1.432" -1.841+0.721" -2.069+0.805"
20 0.203+1.077 -0.884+1.767 ~2.43+1.212" -2.161+0.674 ~2.339+0.982"
24 0.149+1.462 -0.692+1.525 -2.134+1.401 -1.536+0.777 -2.093+1.276

28 -0.173+1.213 -0.826+1.411 -2.571+1.605" -2.096+1.009 -2.163+1.214"
32 -0.071+1.246 0.766+1.512 -0.986+1.372" -1.410+1.393" -1.516+1.202"
36 0.109+1.609 1.273+1.551 -0.621+1.502" ~1.000+1.280"™ -1.472+1.274™
40 0.326+1.828 2.223+1.659" 0.008+1.395" -0.271+1.335" -0.790+£1.127"™
44 0.757+1.676 292241877 0.66+1.268"™ 0.116+1.666™ -0.383+1.052""
48 0.921+1.773 3.634+2.08" " 1.427+1.209 0.743+1.401" -0.071+0.894™
52 1.008+1.467 3.782+2.009" 1.6+1.289" 1.228+1.609™ 0.534+0.818™"
56 1.531+1.637 4.124+2.123" 2.024+1.058" 1.421+1.492™ 0.891+0.977™
60 1.798+1.563 483242237 2.623+1.119" 1.967+1.418" 1.777+1.093™

64 2.196+1.879 555442406 " 3.116+1.095 1.416+1.384™" 1.058+1.764™"

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

different from control, * p<0.05, ** p<0.01, *** p<0.001.

A E 64 A 1 Zha
Ao 2 ERRETHP<0.001).
T 4LAFE] FelstA A
Z7 ko] 743k al(P<0.01), 8YA 1 A
Z7Fe7HP<0.001) 129 A58 HA] A
250 0H(P<0.01) 16¥7HA X% At
2097 L fAaFo] o Fo]EJUIL(P<0.05) 24
dA= FAAYA Fedel flvhrt 28YAFE =
Al BAAR Fods vER e (P<0.05), 32
ALY oA AT S/ FaFo] STtk
(P<0.01), 364AFE+= 1 75&%0] o =715
3(P<0.001), 5627+ FA =7t 60
AR A FEFSA, 64 Ao T Fhas
A #A3FH THP<0.001). Atorvastatine
44AFE FIsA AT Sl
(P<0.05) 49AE At AF S7HF
Zo] FAHAE LA AT S7FEFe]
o] Z7}akR oM (P<0.01), 48L Aol thAl L
Zo] £o]E5)(P<0.05) ¥ TE AIZHA FAH
St} (Table 4, Fig. 1).
ols wMEgw FHag

‘el

ks

785, tizatel vlE) DF
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—a— Normal
—e—Control
—a— Atorvastatin|
—+—DF
—4—DF+GSH

@

IS

Body weight gain (g)
- w

o 10 20 20 40 50 &0 70

Treatment (days)

Figure 1. Changes of body weight gain in high fat diet-fed
NAFLD mice.

= 59.37%, DF+GSH®= 68.00%91 Al ‘%iﬂr

7b U AoE Uitk EFdA FAAL
1S @A A5 FFEIot 91%1.L<P<0001>
I Az FL= DF+GSHOA o & Ze=
YERITE Atorvastatin®] 74~ thzatoll Hla) 2812%
p/] iﬂ%‘ 7&- §_J4_7]_ 010401:4 57;1]14 o7 _n_/]zs].
Ag Eads ZIHP<0.05).
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Table 5. Blood analysis data in high fat diet-fed NAFLD mice

Blood analysis data

unit Normal Control Atorvastatin DF DF+GSH
AST U/L 156.333+42 2125561035 178+159.708 180.667+55.032 137.222+32.05
ALT UL 28.889+4.5% 95.222+42.967 " " 60.667+48.399 84.556+72.602 31418453
¥y-GT U/L 0.433+0.05 0.444+0.133 0.378+0.139 0.367+0.087 0.422+0.067
HDL U/L 137.444+11.749 158.778+14.712" " 137.556+14.134” 138.889+39.139 139.556+14.037°
LDL mg/dl 20.667+5.809 40.111+9.493" " 24.778+6.058"™ 31.889+14.391 25.333+8.986™
TC mg/de 157.444+14.492 201.22223.371" " " 160.778+17.188" 167.333+50.03 160.667+23.356"

Data are expressed as the meanSD. T Value significantly

different from normal, ¥ p<0.05, ¥ ¥ p<0.01, ¥ ¥+ p<0.001. *

Value significantly different from control, * p<0.05, ** p<0.01, **x p<0.001.

»

HOL endlesterl comsentraten (mawL)
[

coneentration (UL}

AlSrIR amnotansfra e coneanTaton (UIL)
[ ]
palutmgl fansbrase

LT

Figure 2. Fasting plasma asparate aminotransferase(A),
alanine aminotransferase(B) and y-glutamyl
transferase(C) levels in high fat diet-fed
NAFLD mice.

2. RS EEA

1) @% asparate aminotransferase, alanine

aminotransferase®} y-glutamyl transferase
x-GT) 5%
oFE Fo A% 85 £ A U asparate

aminotransferase(AST), alanine aminotransferase
(ALT) ¥ y—glutamyl transferase(y-GT)¢] %
2 =48 A}, ASTQ} v-GT¢ 7% DF, DF+G5H
9} atorvastatin®] EFolA ozt H]s

Ao FE YERG O 574]7“% fFrode gle sl
yeldth ALTS] 79 DF, DF+GSH®} atorvastatin
o] RFA o] HlE| e ZoF ER
o1} DF+GSHO AW E4 "l 8- Ao
o 2 yehdt} (Table 5, Fig. 2).

-
e A

oW

Tol cholestorol cenc entaten (naL)
Wi B

Figure 3. Fasting plasma HDL-cholesterol(A), LDL-cholesterol(B)
and total cholesterol(C) levels in high fat diet-fed
NAFLD mice.

HDL = high density lipoprotein; LDL = low density lipoprotein.

2) 8% total cholesterol, HDL-cholesterol} LDL

—cholesterol -&
o Fof A2 8F F F4 Ul total-cholesterol,
HDL-cholesterol®} LDL-cholesterol®] =& =

A 23, dz2oe el Alste] BE ghel
Al BAA LR FolatA =& FAE B Total
HDL-cholesterol¥} LDL-cholesterol
gjzare] Hlste] DF, DF+GSH®}
atorvastatin®] EFA ©$e FXE HYS
DF+GSH¢®} atorvastatinoll Al 41291 §<4 °]
AE Aoz Yl ti(Table 5, Fig. 3).

cholesterol,
o FEE

3. DFl &% 224 RA% AN5H usl
D 4 A
AP F VA A A FAE 24 2

172



AEA 9] 139 ¢ KRl BERE L sk el vl ey Agrra s Ad g ©
Jang et al., Gangjihwan and Combination of Gangjihwan and Gamisochehwan in the Improvement Effects of Nonaloohohc Fatty Liver Disease

Table 6. Liver weights in high fat diet-fed NAFLD mice

Normal Control Atorvastatin DF DF+GSH
Liver weights(g) 1.094+0.106 1587+0.332" " 1.343+0.283 1.417+0.57 1.068+0.235™

Data are expressed as the mean+SD. * Value significantly different from normal, ¥ ¥ ¥ p<0.001. * Value significantly
different from control, ** p<0.01.

Table 7. Histological analysis of hepatic lipid accumulation in high fat diet-fed NAFLD mice

Normal Control Atorvastatin DF DF+GSH
Lesion score 0.222+0.192 4+0""" 3+0.333™ 3.556+0.192" 0.333+0.333"

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

Liverseiglitig)
5 " 5
—

an B 5
Fig. 4. Liver weights in high fat diet-fed NAFLD mice. é 2
3}, gakel wlsl vzl A BAMOE fol3) Y -]
A 1 FAS Z7eank gz atel vlEke] DF= ol ol Renden 5 oren
5.66%, DF+GSH+ 19.55%, atorvastatin® 8.33% b 5 Infibition of heoatic linid iation by DF |
= igure 5. Inhibition of hepatic lipid accumulation by in
= 2 AL Aastglen, DR-GSHeA T & high fat diet-fed NAFLD mice.
AAA fol4o] A= Aoz JeEbYTHTable 6, (A) Representative hematoxylin and eosin stained sections of
livers are shown (original magnification X 100). (B)
Fig. 4). Pathological scores of hepatic accumulation are as follows: 0,
2) 7+zA e x]uga‘:—x% tﬂi} no lesion; 1, mild; 2, moderate; 3, severe; 4, very severe.
QRIS b

: V% %

O

Hl=ZA 7Ee vlvky) A3 BEo] 9)

o3} lesion score’} 718111, DF, cee Ter

AXOZ o

DF+GSH$} atorvastatine t)Zato] H]sle] 7 7l & Aol NAFLDS] 74 st <l

How golspl gasklon, 1 4w DReGsH 7w FEA AHT SAFe wnkel Wk X
w7} 39 7

AZ s 3 A

o;e
O§i

s
oA t% AT o Wres adswE pp oo wrelA ) A
sl o )
= 5.88%, DF+GSHE 8463% 724519111, atorvastatin o #ashe ZA i]ijj At JFML I\LIA }
L S =las: olo
2 14.20%¢] 4%S 1T Table 7, Fig. 5). = ok ASE BelAA A,

2
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AEAALA AT ) AL

EY2rt el GFol

9] 1:}1213) & ) NAFLDL ]

il o e ﬁwa
sk, el A1 4

<d
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e w

AZ Skl 49 izl vls] DFE 59.37%,
DF+GSH+= 68.00%9] As #AFad7t e Ao
2 Yehyith B5olM BAHCRE wl$ AT A

% ZEEdrF JdALP<0.001), L FAZ A
TF DFY @EForrE GSHE #4530
wol o 2 Aoz el Atorvastatin®] 7
< izl HlE 2812%9) AF HHEIAI} Y
Ao BAHOE Fodt AF FHEANE Y
S W(P<0.05) DF$ DF+GSHel Hleijd= 2 &

I7F vk Aoz e

DF, DF+GSH¢®} atorvastatin®] A ZthAl 744 &
g dolry] &) T A3 BF total cholesterol,
HDL-cholesterol, LDL-cholesterol®] &%=5 ZA}

o 1-=

39t} Total cholesterol, HDL-cholesterol®} LDL—

cholesterol®] X2+ x| H|&te] DF, DF+GSH
¢} atorvastatin® EFoA @ XS H o,

DF+GSHS$} atorvastatinol A EA414 <l f2]4do] 9l
= Ao ® Yeyith

AegFasel dxstA dF total cholesterol
7} LDL-cholesterol®] &% ko] DF+GSHeOlA] &
A o2 oA 7“\} Ao ®w vt DF &
= FoHUtlE GSHE ¥E5F43ste Aol As
g 2E éo]" 31%01 dF AddALE o A

A 5 982 nolF

DF, DF+GSH¢} atorvastatinﬂ NAFLD 7§A
BHE olrR7] {8 Y FAY 1 E5 A
3 2 AEe 2A4TH, JEty ®IE A
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o RFolA thxstel HlE} W Ao ey
out BAAR FA8E jle AR YEiyth d
% ALT9 &%+ DF, DF+GSH®} atorvastatin
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S} DF+GSHOlARE SA14Q1 fede] A= A
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DF @502 Fog u Rujs GSHE W85
g wel] 2 ZIUF FUEE AR 1A
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&3to] FENRHL(DF) Dol 9k hnskifiiAL(GSH)
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