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Abstract

AIM: To investigate the effect of curcumin
on Visfatin and Zinc-a2-glycoprotein (ZAG)
expression in non-alcoholic fatty liver disease
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(NAFLD) in rats.

METHODS: Fifty-six male rats were randomly
divided into a normal group (n = 16) and a
model group [ (n = 40). The normal group
was fed a normal diet, and the model group
[ was fed a high fat diet for 8 wk. After that,
8 rats from each group were sacrificed for
liver pathology examination. After confirming
NAFLD was successfully developed, the
model group [ was further divided into
four groups: a model group Il and low-,
medium- and high-dose curcumin groups.
The low-, medium- and high-dose curcumin
groups were administrated 50, 100 and 200
mg/kg curcumin by gavage daily for 4 wk.
The model group II and normal group were
administrated equal volume of CMC and
normal saline, respectively. Rats were then
sacrificed to collect liver tissue samples for
pathological observation by HE staining.
Serum levels of alanine aminotransferase
(ALT), aspartate aminotransferase (AST),
triglycerides (TG), total cholesterol (TC),
fasting blood glucose (FBG) and fasting
serum insulin (FINS) were assayed, and the
homeostasis model assessment of insulin
resistance (HOMA-IR) was calculated. The
protein levels of Visfatin and ZAG were tested
by immunohistochemical determination,
and the mRNA expression of Visfatin was
quantified by RT-PCR.

RESULTS: Compared with the normal group,
the levels of liver index, ALT, AST, TG,
TC, FINS, FBG and HOMA-IR in the model
groups were significantly increased (P <
0.01). The levels of liver index, ALT, AST, TG,
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TC, FINS, FBG and HOMA-IR in the low-,
medium- and high-dose curcumin groups
were significantly lower than those in the
model group II, but significantly higher than
those in the normal group (P < 0.05). There
were significant differences between the low-,
medium- and high-dose curcumin groups (P
< 0.05) in the above parameters except liver
index, TG, FINS, and FBG. Compared with
the normal group, the protein level of Visfatin
in the model groups significantly increased
(P < 0.01), and the protein level of ZAG in the
model groups significantly decreased (P <
0.01). Compared with the model group II, the
protein levels of Visfatin in the low-, medium-
and high-dose curcumin groups significantly
decreased (P < 0.01), and the protein levels
of ZAG significantly increased (P < 0.05), but
both did not return to normal (P < 0.05). There
were significant differences in the protein
levels of Visfatin and ZAG between the low-,
medium- and high-dose curcumin groups (P
< 0.05).

CONCLUSION: Visfatin and ZAG may
participate in the pathogenesis of NAFLD. The
efficacy of curcumin for treating NAFLD rats
may be through decreasing the expression of
Visfatin protein and increasing the expression of
ZAG protein.

© 2015 Baishideng Publishing Group Inc. All rights
reserved.
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4., PHAEA. A, ERAAIl,
R, A T AEFFES50. 100, 200
mg/(kged). FHRBAFT R T MER
(caboxymethylcellulose, CMC)# §, % 4:
4 wk; EFATUFKRRCMCHE T, £4:4
wk. 12 wk R 4S8 T A KR, BT 284R, AR R
=, SHMFHER &5 & Ll fhiF 5 R 4
& B (alanine aminotransferase, ALT). &3
4t R B (aspartate aminotransferase, AST).
H b = B5 (triglycerides, TG). & A2 ] B (total
cholesterol, TC). = f2#E(fasting blood
glucose, FBG) & = i f i £ % (fasting
serum insulin, FINS)/K-F, jH4& 48 54X
A4 & e By & 4547 (the homeostasis model
assessment of insulin resistance, HOMA-
IR). R A % 9% 4 24 3 M A R Visfatin.
ZAGHA, K ART-PCRM Visfatin mRNA
Ak,

SR Sk, BAAMFIEHK., o
#ALT. AST. TG. TC. FINS. FBG#»
HOMA-IRFF & (P<0.01). 1&. F. SAFa4
BAEAMIITFIH. 2FALT. AST. TG.
TC. FINS. FBGAHOMA-IR41%(P<0.05),
12 & T E% 41(P<0.05), IRIFF54L. TG.
FINS. FBG, 1&. ¥. A =404 % 2
£ 51(P<0.05). 5 EF 4Rk, A AT 20
L Visfatin& A 3 m(P<0.01), ZAGFE ik BI&
(P<0.01). 1&. . &M ZHEAEA AT
284 Visfatink A F B (P<0.01), ZAG KA K
Im(P<0.05), 127% A e B EF (P<0.05), HAK.
v @A EALR R A R £ F(P<0.05).

ZEif: VisfatinAZAG T 4e 45 AE B MM RS B>
PEAT J% 09 K 9%, £ % Z % SINAFLDX AT
8 A2 18 33 8 AT VisfatinAK F BAK, ZAGKF
I+ & 2 AR
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AWM. BRI R P EERE Ak
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AR SCIE IS ST N AF L DASE 2R KA Wl A 2H 21 vh
Visfatin, ZAGRIE, i £ HHKIWNAFLDK
SRR S H AL, DU AN AFLDYG T $2
) REL R A S IS

1 BRI

1.1 A4 56 H iR 8 SD R, A &E210 g+
30 g, HHPY)INEER}R S50 3h P O d k. KR
TFERELI15 'C-25 °C, Bk &12 h, KEEHH
BEE . UOK. HERE . BRI E R
RIBAMRAR), 2238 3 (2 AR R Y
HIRAT, WEI8%), Visfatinfiiii K2 ik
Ptk (Proteintech E I RHL H IR A ], ZAGHPT
KB Z S Bioworld A& W FHE A IR A /),
RT-P CRIR ) & (13 ve A 7). e R 1 kel i )
82.5% 7 1 Tl AL+ 10% 54 T +2 %0 AH 1] BE+0. 5% AH
T +5% JRE K

1.2 7k

1.2.1 NAFLD X SR & 5. KERFEHL N IE
WUL16 A RAERAL T 40 1, 43 5 F L m A
Bl mRTRIESE, T8 wkAR A SEHI4LA R 4%
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8 IR, WU T LA B A A, WL JH Uk IR D %,
DAIE SR A 2H 3 AR R ).

1.2.2 ZHap T 8 whkARKBALA] T HA KR
BENL 7 AIRFIEA . hAEA. mAEd
MRS TL, B8 K, 3l T A B 550,
100+ 200 mg/(kged) M S ARFAR H B 4F 4 3R 4
¥ (caboxymethylcellulose, CMC)¥& i H,
Es4 wk. IEFHHATUSEEBCMCIERER,
HH4 wk.

1.2.3 FFRE P ARALES: 7053 18 12 wkibIEK
(R IR 28 A, AbFE KBRS S I T 2 4
L R A DL SRR AT R R TSI R A
(JH BT &4 5T & X 100%).

1.2.4 oy aeml € BATZBAHE# & &S
HN# & B (alanine aminotransferase, ALT). &
WL i (aspartate aminotransferase, AST)+
Hih =ME(triglycerides, TG). A H[E EE (total
cholesterol, TC). Z* &I ##(fasting blood
glucose, FBG) A #* JI % &% R (fasting serum
insulin, FINS)ZK~F, HAGTH RS PPAl v
5 Z K Pi(the homeostasis model assessment of
insulin resistance, HOMA-IR). HUFZHZ1Z)1 cm X
1em X 0.5 cm, B AN4%H% JEHIEE. [E 7224 h)a,
TEAKIGE, WK, E, Bk, A, 5 umb) A,
HEZ: (4.

1.2.5 Sz Fm VisfatinfeZAG% @ &
B OL AT S K, AT R 2%
(pH 6.0)= LI FRIEE, 3% HEEH,0,12iE10
min(EE ) LATH B R M A S B TS 1, 0
Visfatinfedi KR 2 wEPiR . ZAGHRITK R
Z PR 100), 27 “CHF E 60 min, #I1—
i, 27 ‘CHEE 30 min, DAB 45-10 min, Y485
AR, WKL R A, JIR R E 442 min,
0.1%H ER L A, WEAITRBRHE ) ==, WK, &
i, & Fr. SRR, 1§ Himage-pro plus(IPP)i
17 & 53 B, INER 53 ) %5 5 {H (integrated optical
density, IOD).

1.2.6 RT-PCR¥ T & %40 Visfatin mRNA
FA: FFHAE T WA, ;L1100 mghff
BEALZUIMAL mL TRIzol, Z AR5 &2
RNA. H(5 pL RNAFEAIIAL pL 6 X Loading
Bufferi®& 2], B k(100 V, 30 min). F&15-5+
EE-750 mL/L LFE 5 AR E SR IR N A, 4%
T SR AR U0 W] AR AR, B R20 pLif
e R NAR RS Visfatin BIF 51 9008:

4007

Wi £ 88

B A7 AR L £
HE BRI
K LG TE
I BB 4 R
W) A, A A7 )
7R MR B B A
7R, ARG s I 4m
Rk B R B B, £
K E TR Y
YA T e 5 A%
3w AL AR
é-1. CDI11b#=
g R o
0 A A -1 R
E ROV &AL
HAHF-a. ¥
WAKREFBLE
Fak. EEF I
HEAMPELE W &
& T AR
SREBP-1#4=Fas#y
Fak, RAIEIT
g W A= 4% 3 AT AR
FEMAE .
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pax’c] ALT(U/L) AST(U/L) TC(mmol/L) TG(mmol/L)
FEH8wk 37.48+2.51 101.35 +6.39 1.18+0.21 0.48+0.08
BRI | 4548 +4.29° 163.03+1854° 1.73+025° 0.73+0.12°
FEH12wk 4080+365 129101446  1.29+0.10 0.40+0.12
BRI 69.33+4.37° 25998+13.77° 3.02+0.21° 1.24+0.23°
[lPwaili==cAzl 58.25+1.84° 20857 £20.53° 1.97+0.08° 0.95x0.24°
mapg] 1= g 49.87 £2.44°" 178.75+10.03°" 1.78+0.08"" 0.88+0.19%
SilEd 44.63+£3.74°" 161.72+8.44°" 150+0.06°" 0.78+0.13%

°P<0.05 vs [FE52H8 wk; °P<0.05 vs IFE4H12 wk; °P<0.05 vs #ERIA 1T ; "P<0.05 vs {E55
£%H; P<0.05 vs IFISAH. ALT: BRERES; AST: BBLAEE; TG: HH=E5; TC: T8

Bis.

5CCTACTTTGAATGCCGTGAA-3', Rl
YN: 5'-CAATCCAGTTGTGAGCC-3". PCR/%
I BLeDNAP=#)1 pL, b Fi#E5140(10 pmol/L)
#1 pL. 2XMaster Mix 12.5 pL, ddH,0 9.5
pnLZE BAARF25 uLi#E4TPCR, PCRR M, B
PCR=#)5 uL, F1.5%%55 8§ ki F 3k (100
V, 15-30 min), KEEE, TUKESR, iHHE
Visfatin/GAPDH ) K i LA

et 4038 S HISPSS19.0% 1 3E 47 H s
4itt, LI FE imean +SDF . 4H ] EL iR
F LR 35 243 Wik, P<0.0S RN ERA Sl

2 B8

2.1 R SAFH5 4 A2 1T K ER(0.0390£0.0024)
BT IEHEH12 wkiH5%2(0.0271 £0.0037) 1 &2
HEINP<0.01). Bl IER [M ALK, FFEHOE M
(P<0.05). k. . =7IEZ(0.033940.0025.
0.0334+0.0022. 0.0318+0.0027)3% 8 K fie
AR RO 2 (S A TT M L, P<0.01). HL
B 22 3 R =, FFRECT S, B, .
L AH ] T B B 22 7 (P>0.05), ZEH R T T
FRBUAR BE %2 17 (P<0.05).

22 KEA . g BERYZH K B[R] I IR
HIMFEALT. AST. TC. TGHINEP<0.01), b
EiG R A ZE K, MIEALT. AST. TC. TG
HEM(P<0.05). Z3 R AEFFIK KB MIEALT,
AST. TC. TG/KG(S5HEAH 1T AH L, P<0.05).
HFEEZ W RIREH =, ALT. AST. TC.
TG/AKFFF, (K. F mFEHIMBEALT.
AST. TC/KVA & 2 57(P<0.05), HIIETG
K Wy mRIELAG R ZE R (P>0.05), 2K

4008

KT HUMHEALT. AST. TC. TGKFAREE
1EH (P<0.05)(E1).
2.3 X AFBG. FINS. HOMA-IR HERIL] K
B[R] HAIE W 4L S FBG. FINS ZHOMA-IR
HIN@P<0.01). B &R (B 4, MIEFBG.
FINSZZHOMA-IR/KF-F+ 5 (P<0.05). ZHiEHR
REPRAK R BRUMIEFBG. FINS &2HOMA-IR/KF
(SRR T M, P<0.05). HEE#E 3235 RIK)E
%, FBG. FINS XHOMA-IR F[%&, HOMA-
IR, . mA &4 A B 2 % = (P<0.05),
{HIMJEFBGAR . H 7l &4 T0 % 2 7:(P>0.05),
MEFINSH ., &7 & 4T W 2 % 7(P>0.05).
FZWETWIMLEFBG. FINS XHOMA-IR & [#
FIEH (P<0.05)(#£2).
2.4 K AIFRESR I S0
2.4.1 AFRE P RRALES: IE KR AFIEH 2t
BELL, RO, Ak, WEEIR, 5B
LTFEEA); BRI R AT Z0% i,
PRARIIE W 4B 3G K, R TK, 1 S
[, JMar R, stk 22, 5 BASEEARS
SE(EIB, O); K. . mAEANTIEFA
R ZH 2 8], WEA 22 R s, Bk Ik
i (K 1D-F).
2.42 FFRLIRIL S B IE B 4LAT WAT /N4
M TE%E, FFR 2HEPIR, o ik & 18 XiE
Wi, R LA AR A . SBRFEAR K 45 4T IR
TH(ER2A).

BERYZH T ] D 20 i wp m] oK NAS — =%
8, SERFEAR I, D8 AR (#2B). i
LR R AN Uy b N R DR N T
A DLFR BE AN SR 20, sUIRBURE FORIRAE, 3R
FEIEEE A 1 2, W] AR AR (E120).
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NAFLD X &% v
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NAFLD:& J7 24
7 4 B A R

]

L. x'

A
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| T Y8 .
A ":. N‘.

1)
L ASLE 'S

FLWFRITIFAR . SRR T IF &G &s BERZH K B4 R I 3 0F 5 41 T 2H 21
AN SERY L, RFAIM N T AR, /NE . VisfatinZKP TR . ZAG/K TP R @P<0.01), BE
VDR AR ARSI SO0, B AL TS, G R EK, KR4 Visfatin/K P+
AL ROIRBORE RN PE, BB AL T /D, BF4E = ZAG/KFRER(P<0.01). ZEHE R AEFEIRK
Mo S ERFEAR (E2D-F). BT Vistatin/K . FHE KRATHLIZAG
2.5 KRN RE 9% 2R 240 3 sk Visfatin R ZAG /K (SR AY4H [T AR EL, P<0.01), HEE#E R
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4 PFFALRZAGTRIA(x 400). A: 1FH2H; B: ABUZH 15 C: #EBU4H IT; D: AIKGIE=AH; E: thisl&dH; Fr sl

W, AP Visfatin/K P F &, ZAG/K T
ThiE, 44 Visfatine ZAG/AK K. . &
BAAA L2 7 (P<0.01), Z#HEETHATH
AVisfatin/K P RBEEIEH . ZAGKFRIAE
1EH (P<0.05)(#3, K3, 4).

2.6 K AAFIERT-PCR¥ & & k44 M Visfatin

4010

mRNAF A B K R ) B 39 0 5 4 R 4
ZlVisfatin mRNAZKFH] 2T+ (P<0.01). fE&E
G A AT IE K, K RAF4H S Visfatin mRNA
KFTHE(P<0.01). 223 3 A FEAICK U 2H 24
Visfatin mRNAZKF(5 B TTAHLE, P<0.01),
HLBE A 220 IR B =, P4 2 Vistatin /KPR

2015-09-08 | Volume 23 | Issue 25 |



(583, & Z|RWNAFLD AR Visfatin, FF-a2f2EB8I0

&/ 2 KEFBG. FINS, HOMA-IR (mean +SD)

pai:) FBG(mmol/L) FINS(mIU/L) HOMA-IR
FE4A8 wk 4.34 +0.49 11.82£2.03 2.62+0.76
BRA T 9.339 + 1.04° 42.94 +3.33° 18.25 +2.86°
FEH12 wk 4.32+0.85 11.85+3.71 2.37£1.00
BRVA T 11.27 +£1.70° 53.50 + 7.98° 24.89 + 3.42°
lnwstli=c2z! 8.73+1.47% 35.79 £ 4.04°" 14.09 + 4.00°
FISA 7.58+1.11% 27.73 + 3.52° 9.47 £ 2.54%
Sll=El 5.90 £ 0.76°9 22.59 + 3.69 6.03 + 1.84°

°P<0.05 vs [EFZE8 wk; °P<0.05 vs [EFZH12 wk; 'P<0.05 vs EHVZE 11 ; °P<0.05 vs {EEF
S20; 'P<0.05 vs ORISR, FBG: EMNHE; FINS: REMERB X, HOMA-IR: FERSE TN

HARB=IT.

paxi:] Visfatin ZAG
IEE488 wk 7.28+3.17 33.00+6.44
i) 18.80 + 1.70° 20.35+3.77°
EB4A12 wk 7.54+3.16 34.99 +5.49
SUHRAE 46.94 +7.74° 13.00 + 6.44°
rwail=cE] 30.52 +2.03% 29.57 +2.35%"
S8 23.98+1.59°" 25.74 +2.31°"
SHIEH 14.70 £ 1.08°™ 21.57 +1.68"

P<0.05 vs IEEZA8 wk; °P<0.05 vs IFEH12 wk; P<0.05
vs BRVATL; "P<0.05 vs TFIEH; 'P<0.05 vs IFIEA.
ZAG: F-o2fBED.

B, HF2HZR VistatinZAK K. o &FIEAHRE
IR 22 7:(P<0.05), Z8a & T HUH2H 2 Visfatin
mRNA 7KV & % 22 1E 5 (P<0.05)([&5).

3 1iE

3.1 Visfatin, ZAG/ENAFLDX 5% ¥ #94F 7
3.1.1 FF484R Visfatink iz 5NAFLD: 20054
Fukuhara:"' % il Visfatin o] {2k 5 8 7 40 it H
W=FRAR R, P H =R S R &R 1T
CLZE A5 R 7 40 ffL 704k Visfatinya J7 tHA] DL fd
e R A I IR & Al (fatty acid synthetase,
FAS)FIX. 13 Visfatin B A MR AL AR EMS — 4%
F 2 (nicotinamide adenine dinucleotide, NAD)
AW R T, T 38 I 4 R AR e A%
& (nicotinamide Mononucleotide, NMN)J7K
SRR 19 JBE S B A T A, Visfatin Al A2 58
SEA R, 4 Visfatin o] i S R B 7 AN %-6
(interleukin-6, IL-6). B IAFEA F-o(tumor
necrosis factor, TNF-cv), Z&248 ", Visfatiniffg
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A
Visfatin
GAPDH
B 2.0~
d

1.5¢ b €
£ -4 ]
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Visfatin mRNAZIK; B: &4HVisfatin mRNAFERFER 7K.
1: IEHZHS wk; 2: BT 1 ; 3: IEF2H12 wk; 4 BT 5
IR 6 TR, 7: SHIEL. 'P<0.01 vs IEHZHS wk;
P<0.01 vs TEHZH12 wk.

et Az AN L R (-1 A

W 50 K DN AF LD 2 AH 8 F 1E & 41 10 375
Visfatiny i 38 551" NAFLD 3% &5 Visfatin
AP AIIL-640 B2, Visfatin Al {2 A
F% 40 1 53 WATL-6, TTIL-6%F VisfatingZik A f1 1
FErE Y. Wi 22 BAEF, R RO R 7 A A oy
PR, FE N R B R Pl (insulin resistance,
IR). [A] I TRAE e g & 2 I E AT 3 B L-6 A
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— B IMEAF AR E. HFRUORIINAFLDE S
JFFWE VisfatinR A N, H3Rik 5 /T4 4405
HH 2 IEH K.

PN ST o £ E N TR
Visfatinfg FI3RIE, FHET IR 54, [FR A
MIETC. TGTFEP<0.01), {38, Rt
JHHZA Visfatine IE 3G (5 IR H 2HAHEL, P<0.01).
AP 00 PP 200 I 17 A8 P T 5 5 Vis fatinR .
AT RIS IR R 4, B IMIEFBG. FINS
FHOMA-IRF}1(P<0.05), $&/~HI IR, FE% &
REPREFR () ZE 4, KGR 2H SR8 10 A8 M 2 gk
—P N, Visfatingg 7 2H I 0A HE 8
TnEP<0.01), {EAS YL 11K 5 f % 2% It i % i
1 2R HE KA A g — P Ak, ER e ET DA
FL g A P, Visfatinds LRI ET &,
W S PN L i, 12 Visfating (A 315 Rk 5 n
HIR, FHUL-6. FHMHEESE "4, #—PHFEMH
3.1.2 L RZAG# 5 5NAFLD: ZAGH IE i
A K b R sy st W YR B Z A G RE
/N BRI DT, 48 h0 L 37 FF A K LL R 33816 o7
I B g 5 . ZAGIRIE 'S R EBIZAA L
W AMP/KFSLIUAR A . RIS, e g 5
FASIETE, ZAGHT LAZERE I T AR 254111,
Z AGIEBEHHI /1N BRHT I 155 400 e 4 A B o 4
f s 51,

WEA MR I AL RN R AR AN Z AGRIE
HKFFEAR; T EZAGIE FIL, BERE BAK
IR, R ECR IR /N R BNAFLD
RN R AT IEZAG mRNAKIE KT, Al fg
TTNF-aRIEE I PZAGRIE. FAFZAG
FIBW A, RS0 i B b 2 T A TR AL
fi2(acetylcoa carboxylase2, ACC2)FIfEEZ B4
A0 A ER R AR R 5 % il (carnitine palmitoyl
transferasel, CPT1)vi 4059, mifg2eE il
B, ACCIAIE R EF (malic enzyme, ME)if
PESEBRE, F AR S P O SO A A A AR
L, HNIEI B, RN, RE&TE K
NAFLD.

ARSEI N 5 A I E R AR L, A
KB HRZAGHRIE P EFFALP<0.05), FE
e MR VR IR (] (0 K, AL 2H K R4 47
ZAGERIXEEH]— T FFEEP<0.01), fEEEE R
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ik w9 re NAFLDEETRAING AU AL ™
AR JE SNAFLDY 1 3 2 EAR G, e
LSS i AL R R ) PR N
T 503 JHE 400 0 1) Dy g, e 400 ) P Y I
[ 5 i, AR AT 7 P00 L 95 5 L o] e,
A NN TR ORI AT e 5 1
R Z R E -1, CDIIbFIAE)R 48
£ A B4 244057 1 (tissue inhibitor of matrix
metalloproteinase-1, TIMP-1)4 5>l K 5%
M TNF-on FAb A K F-B1(transforming
growth factor beta 1, TGF-B1)JFRIE 7, 23
FEEBUE AMPEUE 1) & I (AMP-activated
prorein kinase, AMPK)i1fi [#{IcSREBP-1#1
Fasf)3eik, f &AMl H IR 5 A0 52 m 3T 4
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NAFLDH %} # [ F--kB(nuclear factor-kB, NF-
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P, FEATLHI 55 1 15 BbE A4 Ty BE AN 4E K5 40 g 1E
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AtFiR: T LS IREENS S FINAFLD KX
22 R4 wk, RPN AT B HENAFLD
KEFDIRE . 9 AR DAL S 28, AT
IER] T EE R AENAFLDH A RITIEM. &8s
T AR ULE R 50 R R 25 3 2 AR A2 0k Wi IR
ik, BRI IEREIT R . #PTEmRNARK
k. KB TR EE R AT BGEIR . B PR
MIETG TCKF, IR THHZAGE B E(K
Visfatinifk, £ ALT. AST &3 R BRI
Uk 9 BER 2 2 2 Y e
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2, MITIRITNAFLD; 223 % ) LU B
HRZAGHIFIE M LR AW AL, MTivaTT
NAFLD.

ASEEGIEANAFLD K BT ZH 2 Visfating
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PRIIAE B R RE. [R]I R BAS [R] 7 B 2 AE R
ff. TC. BRFEHPIIEE. ZAG. Visfatin®s
ZUfRbRCE A BT, MEZHRIKRE L
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