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Curcumin, a major polyphenolic compound of turmeric, is well known to prevent non-alcoholic

steatohepatitis (NASH) related to obesity. The aim of the study was to investigate the effect of

curcumin on hepatic fibrosis induced by carbon tetrachloride (CCls) in obese mice. CCls was

administrated in mice fed a normal diet (ND) or a high fat diet (HFD) for 7 weeks together with or

without curcumin. It was conducted to examine for metabolic profiles, adipocyte size, and liver

fibrosis by serum biochemistry, histology and immunohistochemistry. Also, Apoptosis of hepatic

cells was determined by the TUNEL method. Treatment with curcumin significantly lowered the

body weight, fasting glucose, serum AST and ALT, and decreased the adipocyte size, the number of

macrophage and mast cells in adipose tissue, and collagen deposition in liver tissue in the

HFD+CCls group compared with the findings of the HFD+CCls group. In contrast, treatment with

curcumin on the ND+CCl4 group did not show a significant difference except the body weight and

mast cell number when compared with the ND+CCls group. Furthermore, curcumin significantly

reduced the number of parenchymal apoptotic cells, whereas it increased the number of non-pa-

renchymal apoptotic cells, especially resembling an activated hepatic stellate cell in the liver.

Taken together, this data suggests that curcumin might be an effective antifibrotic drug for the Corresponding author: Seung-Joo Jekal
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AE 10799 S48Yd BAl C57BL/6 A nhe-As
KOATECH (Pyungtaek, Korea) 0 288 FY 53t HLdF7|=
12417 71 0.2 ALg bl Q57 48 A7 3 AR},
AR B8t o ARAY] 2 54= 21+ 2°C, S E
£ fAereleH, i
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S AF=(Cargill Agri Purina Inc, Korea)2t &
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op9-2 25ute] & ZH2F suke] A Akl old(normal diet: ND),
744 0]+CCl-FoIHNDC), 44 0]+CCla+curcumin-5F]
THNDC+CUR), aLA9H4]o](high fat diet: HFD)+CCls-SFo]-
(HFDC), ALA%HA]0]+CCly+curcumin-FoIw-HFDC+CUR)Y] 5
O & o] AAstiet, I AAE AERkE Aekeo] 60
kcal%2] A3 #D12492 (Research Diets inc, USAYE -8t
o] ARl CCls Junsei, Japan)® 75 59t 450 23] Z+
Z} 500 uL (1:1 olive oil)/ A% 100 g2} 300 ul (3:7 olive 0il)/100
E7}F BoJs} 3L, curcumin (Sigma, USA)2 500 mge A
50 mLof| g-sfisto] MY 1 mLA 7 Foi k3Tt A 7]
7}7—:‘. = ”401 "4%‘43"‘95—@3}5&1 74 HA 0 ® AF
F oEH 2 & vl nhe-AcA A
19}7\]‘*3 A&t FA ZY &

HAE ¢J3l ZA] 10% neutral buffered formalin
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of| ARg-sFoATE 42 As Yokt £-41 7] (Hitachi Auto Analyser
7170, Japan)E ARSSlo] aspartate aminotransferase (AST),
alanin aminotransfearse (ALT) 55 &3ttt
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A 7t F ek AR A2 4 pm FA19] g dH
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WA R K] 91t sirius red M=

al Gl
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Bk ar o] i A aE HES- $198)l Ultravision Detection
System kit (Thermo Scientific, Fremont, USA)S A&} &9
Heol A F4/80-H S M-S S5kt L -2 4 um 57419
vlafs AHL Al2kslod POLYSINE ™ &2to] =(Thermo Scientific,
USA)9l| 0]aL 58°CE| &afol & 21z 7oA Fs] ARAIX] &
Aol e, s Al g Gat&ol 33t the WY 22|28t
S HAHE ARGl 7| = AlBSkSITE. 11 782 Thed]
Lokl AH-E 424 3 Hydrogen peroxidase blocke]l 1057t
HEste] Yol shiksla Aol AS Xbkelelal, Tris buffer
saline (Thermo Scientific, Fremont, USA)2.& A|A3t o}
Ultra V blocks AR8-8Fo] 537F o] H| 5ol 4 vl A4S oA
AF L. o] o] YX}EFA| R anti-F4/80 antibody[Cl:A3-1] (1:200;
Abcam®, Cambridge, UK)E 3057F ¥-3-A171 T2 Tris buffer
saline= 23] A|Z3}al Primary antibody enhancerg 5&7F
A 2]t & HRP-polymerg ARE-Ske] 1587t WA ZATE 11 &
DABZ 587t gFMA)7] 3 Gill's hematoxylin® & tZx g Akl

<, S A% DPXE Bleta

-

6. TUNEL ZAL

7124 Yl o] Al EAFE A apoptosis) S 24| 913 ApopTag
Peroxidase In Situ Detection kit (Millipore Co., Billerica,
MA, USA)E ARE-Ste] Al 2AF i DS whet AlRYSFQIe). 7L 2H
= e Ayehd uebadds dujepdstel §pdt &
H,0,-methanol& A&t W/ IAtea A 8-S Apetstal
11 proteinase K (Dako, Carpinteria, USA)S 4120 4] 1587+ A
HE|$t o2 equilibration buffer® 10&7F Ao}l o]o]
terminal deoxynucleotidyl transferaseS Gojxa| 1A|7} vk-3-
AlZATh o] AL antidigoxigenin conjugateol] HHEAZl 3
diaminobenzidine &2 A th-3- Gill's hematoxylin©. = tf
ZHAsto] DPXE F-Astich AFEA|E & AL 384

400N A 7H AR E} M AIAEE Lol 2 3tgick,
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B9} A4 o] F4/80- HAAM A tiAAIE H-& 1
A3} k22 ] sirius red- §A-4 Seball 24 H AL B
73 (Olymphus BX 50, Olymphus Optical Lts., Japan)of] §-2}et
Y28 7hi[2{Olympus DP72, Japan)& &3t t] A€ o]u] 1S
JAFEA 322 T #(Image-Pro” Plus ver 4.5, Media Cybernetics
Inc., Georgia, USA)E& ARE-3to] Z7gsto] S-S AhEstqlrt.
2373 2424 1] toluidine blue-S34) HlEkA| e} 724 1]
O] TUNEL-/ AFEA| 9] 4= 2742 717 et n] 7 100 Hief
400t A 5 AlokE S48k & Al 45 313t
8. SAEN

2 7] vl 1E $13l] One-Way ANOVA testE A3 }+51 0.0,
-]t Xo]7} Ql-& 739 Turkey multiple range testS o] ARE
AL}, SAEAL SPSS ver 10.0& ARgsIEoH, A4

015 pke] 0.05 o131 1l §0le] Gl Ao WAL
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1. HIE, H7| FA|, €0 0jXl= AR F
A2 2574 ND-aF U A] 4 Aol ofli= 2t 7} G131 o
35=0f A ND<-o]l B]8f NDC2F NDC+CUR - - 55 =518 7
a617] A|Asto] 757k R 4shs S AT NDC+CUR
& NDCtol| Bl A= tha S7Fohe 4 3E B 3Ac. ofof thel
HFDC¥} HFDC:-2 4558 ND<ol| Blsf 3181 5713171
AJERste] 7R FEEIRE S7F A% BAlch TLefu HFDC+
CURwH-E- HDFCtoll H]3f) 4558 Al 57} Fo] A& Aoz 1t

—~-ND -#-NDC -A-NDC+CUR -e-HFDC -+<HFDC+CUR

Body weight (g)

Weeks

Fig. 1. Effect of curcumin on body weight of mice fed the ND (10
kcal%) or HFD (60 kcal%) with CCls~induced hepatic fibrosis for
7 weeks. Values are mean=SEM of five mice. *p<0.05, *p<0.01,
**%H<0.001 compared with ND group; "p<0.01 compared with
NDC and HFDC groups.
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Fig. 2. Effect of curcumin on liver and adipose tissue weight of mice fed the ND (10 kcal%) and HFD (60 kcal%) with CCls—induced
hepatic fibrosis for 7 weeks. All values were expressed mean+SEM of five mice. *p<0.05 compared with ND group *p<0.05, " p<0.01

compared with NDC and HFDC group.

EFSCHFEig. 1).

7% % AL RPN
L A3

Al NDa-o]| Bl 8 NDC o] A=

1

pal o T
OFF STk ke B ot SAI8HA o)L 9191al HFDC
A= 805 Z718keoH, NDC+CURTE HEDC+CUR
ol A NDCt3F HFDCwtofl H]8f] 5-2J81A] 48tk p<0.05,

p<0.01). ZF FA1= NDol| vl NDCtellA] thas S7tstel ot
EASH] f-2)4 0] 912131 HFDCEof| Al= NDoll B3] 62317
271819 2 1(p<0.05), NDC+CURZ-2} HFDC+CUR ol A=
NDC==2 HEDC=Eel| B3] f-2J5HA] 4813t p<0.05, p<0.05)
(Fig. 2).

A 1 155 75782 NDkofl B13l] NDC-2F NDC+CUR
ol A Zpo] 7k 919l o1t HFDC-o| Al 25518 75:7k4] ND+
of| u]ef] ul-$- G084 S718Hd o, HFDCEol| v]8h HEDC+CUR
ol A= 35 E] 7T37HA] |- SJ oA TASke B3RS LR Qltt
(Fig. 3).

2. B0% XYM T 7|2t CHAIMIE 51 H|ZHYIZ AIR0)| O]X|=

7701 g

B8k A WA 2] H7]%= ND2o] B]8 NDC2F NDC+CUR
o A= fofet xpo) 7} §19] o U HFDC ol A= w9 g-o]8l A &
7¥8F91 3L HFDC+CUR<EO Al HFDCO| 18l -2l oA 7hAst et
(p<0.01, p<0.05). T2t APA| I Ato]of] H3-5 thAA 29| 4=
% NDofl H]8} NDC&} NDC+CURoA = Xfol 7} ¢lglo
HFDCtoll A= o9 S=818HA] 57Fs131al(p<0.001) crown-like
structure (CLS)%= o] #&=]9) o, HFDC+CUR-ON A= 5
S 4 S BAtH(p<0.01). HIVHA|E $== NDo] H]3]
NDC-ol| A 571131 al, NDCHol| B]8f HFDC-ol| 4] vf-$- -2
A 27131957 K p<0.01, p<0.01), NDC+CUR#} HEDC+CUR
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Fig. 3. Effect of curcumin on fasting blood glucose of mice fed the
ND (10 kcal%) and HFD (60 kcal%) with CCls-induced hepatic
fibrosis for 7 weeks. Values are mean+SEM of five mice. *p<0.01,
**%H<0.001 compared with ND group; "p<0.05, "p<0.01 com-
pared with HFDC group.

TolAl=NDCeF HFDColl B8l S5 81A] 7HAsk it (p<0.01,
p<0.01) (Fig. 4).
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Fig. 4. Effect of curcumin on adipocyte size, F4/80-positive cell area, number of mast cell in the epididymal adipose tissues from mice
fed the ND (10 kcal%) and HFD (60 kcal%) with CCls—induced hepatic fibrosis for 7 weeks. Thick arrows in H&E-stained pictures indicate
adipocytes surrounded by macrophages. Macrophages show F4/80-positive by immunostaining using anti-F4/80 antibody (inset). Toluidine
blue (TB) was used to detect mast cells in epididymal adipose tissue. Quantitative image analysis of epididymal adipocyte diameter
using a computerized image analysis system. Values are the mean=SEM of five mice. *p<0.01, **p<0.001 compared with ND group;
"p<0.05, "p<0.01 compared with HFDC group.

Table 1. Effect of curcumin on serum AST and ALT (mean+SEM)

ND NDC NDC+CUR HFDC HFDC+CUR
AST(U/L) 86.33+17.09 150.66+26.43" 126.66+28.507 253.75+32.39" 124+1153%
ALT(U/L) 31.33%5.77 4533+9.24* 32.66+4.527 57+6.48" 3247817

Values are the mean+SEM of five mice. *p<0.01, T,0<0.OO1 compared with ND group; f,0<O.O1, $p<0.001 compared with NDC and
HFDC groups

9| 4= ZHAAAN 9] 7§ ND+o]l H]8] NDCo-¥}F HFDCel| -

A e oAl F7HSFIE7Hp<0.001) NDC+CUR-2}

HFDC+CUR-oll A NDC2F HFDCatoll A B 43K p<0.01, WA TolA T2 L Hte= Ao Sasitt & ¢
£<0.01) ¥ B2 A 3= NDCTEF HFDCl] H]8H NDC+CUR ol A= 31AH Alo] 9} CCly Fofofl of8 @717t IHl52 &
w3 HFDC+CUR=- A vl f-9f kAl Z7Fstal=Hl(p<0.01, HFSE NASH Phe-A BEkS A& 4= 9l9it) o] d 52 BdEe o
»<0.01), &3] &4 7“““1]5&(activated hepatic stellate cell: T B 85719 717HS T FED+CCly =0 A 7F &4, A
HSC)9| HOFE S M50 A AFBAE 57} H5-2 SIS 4= 9l S BRI B 4] HSeL -2 ARG o] A7
2ch(Fig. 5). S8 = FPTChedda 5, 2004). 2 Aol A= 60 keal% 2

Ao] 234 Alojoh CCLE FAI0] uk$20] Solsto] At
NASH®] 2 4= Qli= B 4] i} 37 28 E0] Ak
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Fig. 5. Effect of curcumin on the collagen deposition and the number of apoptotic cells in the liver tissues from mice fed the ND (10
kcal%) and HFD (60 kcal%) with CCls=induced hepatic fibrosis for 7 weeks. Tissue sections were stained with sirius red and TUNEL
method using ApopTag Peroxidase In Situ Apoptosis Detection Kit. Apoptotic cells are stained brown (inset). In NDC+CUR and HFDC+CUR
groups, Most of non-parenchymal apoptotic cells resemble closely to activated hepatic stellate cells (inset). The collagen deposition
area was quantify by using a computerized image analysis system on the liver sections stained with sirius red, and apoptotic cell numbers
were counted under a microscope at a magnification of 400 and were expressed as the total number in five fields. Values are the mean+SEM

of five mice. **p<0.001 compared with ND group;
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AT 2T ARt 55 RdoA] Fulel A BAY, IS
3 AATA 237} Qs A0 BarE]o] 9l om(Aggarwal it
Harikumar, 2009; Lubbad 5, 2009), 7Hd-4-5-2 1|53t of 9 7H
A2ke] A Z oA & ARgo] Harx|e] QltkBruck &, 2007; Fu 5,
2008). & Aol A= 75710 =2 717kl LAFA+CCl ool

OJf 7H- 958 SRR C5TBL/G TR A S AREl0] 7748 &
8 AT E FAS Rl vX = Be 23S B 3]
AHEA 2 A o] ohy BAL Al gYEtgTt.

= AN @717 AAFA o+ CCl Foftol M & = Sl
A% Z7He AU A, S 38k 2o 57}9} m@aml 7
o] 1o, W 4219] 5712k Pelslo] 912

4 o2l IS AN Aol 214 ¥ A2 217
737N, AAEE Apolel A R w]aba|ze] i gol
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"p<0.01 compared with NDC and HFDC groups.

SSlokA 7kt eiet. it ohy el A/ Alo]+CCly Fof ol IS
AAA]O]+CCly Folwtoll A ZF &4 B2 A|3EQ1 AST, ALT 4]
7} 27V 7 B4 AR L AR WA 7he] Zahal XX efo)
HE| 208 F7kshe Zle T 4= gl

7ke] SebAl KRS AHost AT 2 dkelshe

lm

i=
AR 7he] - Thi g SlRke] oF 50%5 Aok A 0= it
(Wang &, 2013). {Hf-5-2 1t &40 & 1 t]AlZ(the space
of Disse) 2] ZHIAA 7T EA33tE] o] 183} 111 SefAlo] 2
S A E2L] 7] A (ECM)yE ZhekobAl A4 gho 24 i etch(Her-
nandez-Gea®} Friedman, 2011). & A o]l 4 A} 2lo]e} 114]
Hf 4o]of CCly T Fogt o] u]gl] #5791 | Fof gt Lol
A ZEH Aol ARGl o] A= Aol F44T WA
CCls FofoflA] 7he] A4 Tpakehs 3402 A7, A2t
o] A4 7% o] 2ol el4] SAtels 7shAl A Thof Al thare]

WA AAS GEoh B 5 9SS ojultrhPark 5
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