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ABSTRACT

PURPOSE: To investigate the effect of curcumin on visfatin and zinc-α2-glycoprotein (ZAG) expression levels in rats with non-
alcoholic fatty liver disease (NAFLD).
METHODS: Fifty-six male rats were randomly divided into a control group (n=16) and model group (n=40) and were fed on a normal 
diet or a high-fat diet, respectively. Equal volumes of sodium carboxymethyl cellulose (CMC) were intragastrically administered to the 
control group for 4 weeks. At the end of the 12th week, visfatin and ZAG protein expression levels were examined by immunohistochem-

istry. Visfatin mRNA levels were measured by semi-quantitative reverse transcription polymerase chain reaction.
RESULTS: Compared with the control group, the model group showed significantly increased expression of visfatin in liver tissue (P 

< 0.01) and significantly decreased expression of ZAG (P < 0.01). These effects were ameliorated by curcumin treatment. 
CONCLUSIONS: Visfatin and zinc-α2-glycoprotein may be involved in the pathogenesis of NAFLD. Treatment of NAFLD in rats by 
curcumin may be mediated by the decrease of visfatin and the increase of non-alcoholic fatty liver disease.
Key words: Curcumin. Nicotinamide Phosphoribosyltransferase. Fatty Liver. Rats.
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Introduction

Non-alcoholic fatty liver disease (NAFLD) is a group 
of clinical pathological syndromes, and its disease spectrum in-

cludes simple fatty liver disease, non-alcoholic steatohepatitis, 
and related cirrhosis1-5. The pathogenesis of NAFLD is not yet 
clear but Day’s “two-strike” theory is accepted by most scholars. 
The role of visceral fat and associated visfatin in the pathogenesis 
of NAFLD is still controversial, and may cause liver cell steato-

sis and promote the occurrence of NAFLD. Zinc-α2-glycoprotein 
(ZAG) can regulate the activity of lipid metabolic enzymes, and 
hence maintain the balance of lipid metabolism to play a protec-

tive role in the pathogenesis of NAFLD6-8.

So far, there is no satisfactory treatment for NAFLD, and 
comprehensive therapies are usually performed in clinics. There 
are efficacy and safety concerns regarding a variety of drugs in-

tended for the treatment of NAFLD. Recent studies have shown 
that curcumin has many effects such as antioxidant and anti-in-

flammatory effects, and oxygen free radical-scavenging effect. 
Curcumin is the main active ingredient in turmeric9, and research 
has shown that it has some therapeutic effect on NAFLD10,11. How-

ever, the specific mechanism is unclear.

Methods

Animals and establishment of NAFLD model 

This study was carried out in strict accordance with the 
recommendations in the Guide for the Care and Use of Laboratory 
Animals of the National Institutes of Health. The animal use 
protocol has been reviewed and approved by the Institutional 
Animal Care and Use Committee (IACUC) of the First Affiliated 
Hospital of Sichuan Medical University.

Fifty-six healthy male Sprague Dawley rats, weighing 
210 ± 30 g, were provided by the experimental animal center 
of Luzhou Medical College. They were raised, 8 rats per cage, 
in the laboratory animal center of Affiliated Hospital of Luzhou 
Medical College. Temperature was maintained at 15-25°C with 
12 h of light and dark, and all the rats were free to eat and drink. 
They were randomly divided into the control group (16 rats) 
and the model group (40 rats), and were fed with a normal diet 
or high-fat diet (82.5% normal diet + 10% lard + 2% cholesterol 
(Lanji Technology Development Co., Ltd., Shanghai, China) + 
0.5% sodium cholate (Lanji Technology Development Co., Ltd., 
Shanghai, China) + 5% sucrose), respectively. Rats in both groups 

were sacrificed at the end of the 8th week, and their livers were 
taken for pathological examination, in order to confirm that the 
NAFLD rat model was successfully established. 

Drug intervention

At the end of the 8th week, rats in the model group were 
randomly divided into groups that received low (50 mg/kg/d), me-

dium (100 mg/kg/d), and high (200 mg/kg/d) dose of curcumin 
(98%; Mann Stewart Biological Technology Co. Ltd., Chengdu, 
China). The control group received equivoluminal sodium car-
boxymethyl cellulose (CMC) intragastrically for 4 weeks.

Test of liver function and HE staining of liver tissue

Rats were sacrificed at 8 and 12 weeks (8 rats per 
group). Serum alanine aminotransferase (ALT), aspartate trans-

aminase (AST), triglyceride (TG), total cholesterol (TC), fast-
ing blood-glucose (FBG), and fasting insulin (FINS) levels, and 
the insulin resistance index (HOMA-IR) were assessed by a 
steady state model. HOMA-IR was calculated with the formula:  
HOMA-IR = (FBG × FINS)/22.5. Liver tissue (1 cm × 1 cm × 0.5 
cm) was placed in 4% multi-formaldehyde. After fixing for 24 h, 
liver tissue was rinsed with water, dehydrated, made transparent, 
dipped in wax, embedded, and cut into 5 μm sections, which were 
subjected to HE staining. Histopathologic changes were observed 
under a microscope, the steatosis and fibrosis of liver fat evaluated 
and inflammation activity scores were computed12,13.

Immunohistochemistry

Sections were deparaffinized with water and citric acid 
buffer (pH = 6.0) for high-pressure antigen repair, and soaked for 
10 min (in darkness) with 3% methanol and hydrogen peroxide to 
eliminate the activity of endogenous catalase. Visfatin rabbit-an-

ti-rat polyclonal antibody (Proteintech Bio Technology Co. Ltd., 
Shanghai, China) and ZAG rabbit-anti-rat polyclonal antibody 
(1:100; Bioworld Bio Technology Co. Ltd., Guangzhou, China) 
were added and incubated at 27°C for 60 min. Next, secondary an-

tibody was added and incubated at 27°C for 30 min. 3,3′-Diamino-

benzidine (DAB) staining of the sections for 5-10 min was moni-
tored under a light microscope, the sections washed under running 
water and counterstained with hematoxylin for 2 min. This was 
then followed by 0.1% dilute hydrochloric acid for differentiation 
and saturated with lithium carbonate, dehydrated, made transpar-
ent, and mounted. Integrated optical density (IOD) of visfatin and 
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ZAG protein via immunohistochemistry was calculated with the 
software Image-Pro Plus.

Semi-quantitative reverse transcription polymerase 

chain reaction (RT-PCR) for visfatin mRNA

Liver tissue was placed in liquid nitrogen and crushed. 
Next, to about 100 mg of crushed tissue were added 1 ml of Trizol 
and 0.2 ml of chloroform, mixed well, and centrifuged at 12,000 
rpm (4°C, 15 min). The upper phase was moved to a clean EP tube, 
equal volume of isopropanol (0.5 ml) was added to it, and centri-
fuged at 12,000 rpm (4°C, 10 min). The supernatant was removed, 
and the pellet was washed with 1 ml of 0.1% diethylpyrocarbonate 
(DEPC) water solution, mixed well and centrifuged at 8,000 rpm 
(4°C, 5 min). The supernatant was removed, and the tube dried 
at room temperature, then 25 μl of 0.1% DEPC water solution 
was added and mixed well. Added 2 μl RNA extract to a clean EP 
tube and added 98 μl 0.1% DEPC water, mixed well. Next, 5 μl 
RNA samples were added to 6× loading buffer for electrophoresis 
(30 min, 100 V). RNA was extracted by using chloroform-etha-

nol-75% alcohol method, and 20 μl reverse transcription reaction 
system was prepared by using the reverse transcription kit (Borik 
Biotech. Co., Chengdu, China). The PCR mix consisted of 1 μl 
of cDNA products, 1 µl of upstream and downstream primers (10 
µmol/L), 12.5 µl of 2×MasterMix, and 9.5 µl of ddH

2
O to a total 

volume of 25 µl. After the reaction, 5 µl of PCR products were 
used for 1.5% agarose gel electrophoresis (100 V, 15-30 minutes), 
images collected, gray-scale scanning done and the visfatin/GAP-

DH ratio calculated. Primer sequences were shown in Table 1.

TABLE 1 - Primer sequences of RT-PCR.
Gene Upstream of primer Downstream of primer

Visfatin 5’-CCTACTTTGAAT 

GCCGTGAA-3’
5’-CAATCCAGTTGT 

GAGCC-3’
GAPDH 5’-TGCTGTCCCTG 

TATGCCTCTG-3’
5’-TTGATGTCACG 

CACGATTTCC-3’

Statistical analysis

SPSS19.0 software was used to analyze data, and the 
experimental data were expressed by x ±s. One-way ANOVA 
was used in the comparison between groups, and P < 0.05 was 
considered statistically significant.

Results

General observations

The rats in the control group were in good mental state, 
agile, and active. Their fur was bright, and their weight gradually 
increased on a normal diet. However, in the model group, rats 
were lazy to move and inactive, their fur was less shiny, and 
early weight gained on their diet decreased slightly. The state of 
the intervention group was between that of the control and model 
group.

Liver index of the rats

The liver index of rats in the model group was significantly 
increased compared with the control group (P < 0.01), and the 
liver index increased (P < 0.05) with increase in time. Curcumin 
administered at low, medium, and high dose could reduce the liver 
index in rats (treated groups compared to the model group, P < 

0.01). The liver index decreased with increasing concentration 
of curcumin, but there was no significant difference between the 
groups with high dose (P > 0.05), and the liver index was not 
reduced to normal with curcumin intervention (P < 0.05).

Liver function of the rats

The serum ALT and AST of the model group increased 
as compared to the control group (P < 0.01), and continued to 
increase as time passed (P < 0.05). Curcumin could decrease 
serum ALT and AST levels in the rats (compared with the model 
group, P < 0.01). Furthermore, AST and ALT levels decreased 
with increasing concentration of curcumin and were significantly 
different between the groups with low, medium, and high dose 
(P < 0.05). However, the serum levels of ALT and AST did not 
decrease to normal with curcumin intervention (P < 0.05).

Blood lipid of the rats

The levels of TC and TG in the model group were 
significantly higher than the control group (P < 0.01) and they 
increased (P < 0.05) with passing time. Curcumin could decrease 
serum TC and TG levels in treated rats (compared with the model 
group, P < 0.05), and the effect was dose dependent. Serum TC 
levels was significantly different between treated groups (P < 
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0.01), but there was no significant difference in serum TG (P > 

0.05). The serum TC and TG levels were not reduced to normal 
with curcumin intervention (P < 0.05).

Fasting blood-glucose (FBG), fasting insulin 

(FINS), and the insulin resistance index (HOMA-

IR) of the rats

The FBG, FINS, and HOMA-IR of rats in the model 
group were increased compared to the control group (P < 0.01) 
during the same period. The levels of serum FBG, FINS, and 
HOMA-IR increased with increase in time (P < 0.05). Curcumin 
could reduce HOMA-IR, FINS, and FBG serum levels in treated 
rats (P < 0.05), and this effect was dose dependent. HOMA-IR 
was significantly different between groups with low, medium, and 
high dose (P < 0.05). However, there was no significant difference 
between groups with low and medium dose for FBG (P > 0.05) 
and between groups with medium and high dose for FINS (P > 

0.05). The levels of FBG, FINS, and HOMA-IR in the serum were 
not restored to normal levels with the curcumin intervention (P < 

0.05).

Liver pathology of the rats

The examination of the control rats’ livers showed that 
structure of hepatic lobule was intact, hepatic cord was radial, and 
central vein and portal tracts were clear. Furthermore, there was 
neither steatosis of the liver cell, ballooning degeneration, nor 
infiltration by inflammatory cells.

Vacuoles were visible in liver cells of rats in the model group 
after 8 weeks, showing severe macrovesicular fatty change, obvi-
ous ballooning degeneration with infiltration of a small number of 
inflammatory cells. In the model group, the structural disorder of 
the liver was observed at 12-weeks. The liver cells were swollen 
with a large number of lipid droplets. Varying degrees of inflam-

mation with punctiform or piecemeal necrosis could be seen. More 
necrosis foci than at 8-weeks with obvious ballooning degenera-

tion were observed.
The curcumin-treated groups showed disorder of hepatic 

lobule structure, and varying degrees of inflammation in lobular 
and portal tracts, which was slightly lighter than that of the model 
group at 12-weeks. Visible lipid droplets could be seen in liver 
cells, with punctiform or piecemeal necrosis. However, the necro-

sis foci were fewer than that of the model group at 12-weeks with 
obvious ballooning degeneration. The control group was similar to 
the model group (Figure 1).

FIGURE 1 - HE staining of liver tissues (×200). A: The control group; 
B: The model group at 8th week; C: The model group at 12thweek; D: The 

low dose group at 12th week; E: The medium dose group at 12th week; F: 

The high dose group at 12th week.

Visfatin and ZAG protein expression in rat livers by 

immunohistochemistry

Compared with the control group, visfatin level increased 
(P < 0.01) but ZAG level decreased in the model group (P < 

0.01). This trend was maintained with increasing time (P < 0.01). 
Curcumin could reduce visfatin levels and increase ZAG levels in 
liver tissue of rats (compared with the model group, P < 0.01), and 
the effect was dose dependent. Visfatin and ZAG levels in liver 
tissue were significantly different between groups treated with 
low, medium, and high dose (P < 0.01). Curcumin intervention did 
not restore either visfatin or ZAG levels to normal (P < 0.05). The 
control group was similar to the model group (Table 2, Figures 2 
and 3).

TABLE 2 - Visfatin and ZAG in liver of rats were 

detected by immunohistochemistry.
Group Visfatin (IOD) ZAG (IOD)

The control group at 
8th week

7.2834±3.1715 33.0046±6.4395

The model group at 
8th week

18.8005±1.6968a 20.3479±3.7688a

The control group at 
12th week

7.5414±3.1553 34.9852±5.4864

The model group at 
12th week

46.9444±7.7384a 13.0046±6.4395a

The low dose group 
at 12th week

30.5176±2.0315abde 29.5694±2.3537abde

The medium dose 
group at 12th week

23.9774±1.5945abce 25.7397±2.3076abce

The high dose group 
at 12th week

14.7006±1.0829abcd 21.5728±1.6844abcd

Note: compared with the control group, aP<0.05; compared with the model 
group, bP<0.01; compared with the low dose group, cP<0.01; compared with 
the medium dose group, dP<0.01; compared with the high dose group, eP<0.01.  
IOD: intergrated optical density
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FIGURE 2 - Expression of visfatin of liver tissues (×400). A: 

The control group; B: The model group at 8th week; C: The model group 
at 12thweek; D: The low dose group at 12th week; E: The medium dose 
group at 12th week; F: The high dose group at 12th week.

FIGURE 3 - Expression of ZAG of liver tissues (×400). A: 

The control group; B: The model group at 8th week; C: The model group 
at 12thweek; D: The low dose group at 12th week; E: The medium dose 
group at 12th week; F: The high dose group at 12th week.

Visfatin mRNA expression in rat livers by semi  

quantitative RT-PCR

In the model group, the level of visfatin mRNA was 
significantly higher than the control group at the same time (P < 

0.01). Visfatin mRNA level increased with time while establishing 
the model (P < 0.01). Curcumin could reduce visfatin mRNA 
levels in liver tissue of rats (P < 0.01), and the effect was dose 
dependent. There was significant difference between groups 
treated with low, medium, and high dose (P < 0.05), but the 
visfatin mRNA level in liver tissues was not restored to normal 
with the curcumin intervention (P < 0.05). The control group was 
similar to the model group (Table 3, Figure 4).

TABLE 3 - Visfatin mRNA in liver of rats was detected 
by RT-PCR.

Group Visfatin mRNA

The control group at 8th week 0.8100±0.1092

The model group at 8th week 1.1683±0.0786a

The control group at 12th week 0.7825±0.1477
The model group at 12th week 1.4640±0.0986a

The low dose group at 12th week 1.2240±0.0241abde

The medium dose group at 12th week 1.1017±0.0598abce

The high dose group at 12th week 0.9817±0.0662abcd

Note: compared with the control group, aP<0.05; compared with the model group, 
bP<0.01; compared with the low dose group, cP<0.01; compared with the medium 
dose group, dP<0.01; compared with the high dose group, eP<0.01.

FIGURE 4 - Expression of visfatin mRNA in liver tissues of rats by RT-
PCR. 1: The control group at 8th week; 2: The model group at 8th week; 
3: The controlgroup at 12th week; 4: The model group at 12th week; 5: 

The low dose group at 12th week; 6: The medium dose group at 12th 
week; 7: The high dose group at 12th week.

Discussion

Fukuhara et al.14 found a new type of fat factor visfatin, 
which was expressed in visceral fat. Visfatin can promote the 
accumulation of triglyceride in front of fat cells, accelerate 
synthesis of glucose, and induce differentiation of fat cells. 
Treatment with visfatin can induce expression of adiponectin 
and fatty acid synthetase (FAS). In addition, circulating visfatin 
promotes nicotinamide adenine dinucleotide (NAD) biosynthesis 
activity15. It can regulate the function of islet β cell by maintaining 
NM levels16. Meanwhile, visfatin is an inflammatory mediator and 
recombinant visfatin can induce tumor necrosis factor (TNF)-ɑ 
and interleukin (IL)-6. The expression of IL-6 mRNA in the small 
intestine of rats and the level of circulating IL-6 both increased by 
intraperitoneal injection of visfatin17. Visfatin can also promote the 
production of monocyte chemotactic protein 1 (MCP-1)18.

The concentration of serum visfatin in NAFLD group 
was significantly higher than the control group19, which may be 
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due to positive-negative feedback loop with the visfatin level and 
IL-6 interacting with each other in NAFLD patients20. Visfatin can 
promote the secretion of IL-6, and IL-6 has a negative regulatory 
effect on the expression of visfatin21. Interaction with each other 
can promote the differentiation of the former fat cells and increase 
insulin resistance (IR). On the contrary, IR with high serum insulin 
may lead to an increase in IL-6 and visfatin, and promote hepatic 
steatosis, resulting in the occurrence of NAFLD. Visfatin can also 
promote the production of ROS22, causing further inflammation, 
necrosis, and fibrosis of the fatty liver. The expression of NAFLD 
in liver of patients with morbid obesity increased, and its expression 
was positively correlated with stage of liver fibrosis23.

Our results showed that expression of visfatin protein 
could be detected in the control group, while in the model group 
in the same period levels of serum TC and TG increased, which 
promotes liver steatosis, and expression of visfatin in liver tissue 
increased (compared with control group). It can be inferred that 
the expression of visfatin can be induced by steatosis of liver 
cells. Compared with the control group, serum FBG, FINS, and 
HOMA-IR of the model group increased, indicating obvious IR. 
With the increase in duration of high-fat feeding, the degree of 
fatty degeneration of liver tissue in rats was aggravated, and the 
expression of visfatin protein in liver tissue gradually increased. 
Furthermore, the hyperinsulinemia and pathological changes to 
liver tissue in the model group further deteriorated. This shows that 
when fat in liver cells degenerated, the compensatory expression 
of visfatin protein increased and the function of islet β cell was 
regulated. However, overexpression of visfatin protein aggravated 
IR, which causes the production of IL-6, reactive oxygen species 
(ROS), and so on, and further damages liver function.

ZAG is secreted by fat cells and epithelial cells24. Studies 
have shown that ZAG could reduce fat in mice, increase serum 
FFA level, and stimulate fat decomposition of fat cells. Lipolysis 
is carried out by upregulation of cAMP level via adrenergic β3 
receptor25. At the same time, by regulating FAS activity, ZAG can 
maintain the balance of lipid metabolism in the liver26. Moreover, 
ZAG can also inhibit the differentiation of mouse cells and 
stimulate cell proliferation, the former may be due to the declined 
expression of CCAAT-enhancer-binding protein α (C/EBPα), 
peroxisome proliferator-activated receptor γ (PPARγ), and FAS27.

The expression level of ZAG was low in obese mice, 
inducing increased expression of ZAG. Consequently, the weight 
of mice reduced and fat tissue was decreased28. Mracek et al.29 

found that the expression level of ZAG mRNA in normal mice was 
higher than that of the NAFLD model mice, which may due to the 
increased expression of TNF-α21. The expression of ZAG in the 

liver decreased, activity of ACC2 and CPT1 oxidated by fatty acid 
β declined in the lipid decomposition pathway, and the activity of 
ACC1 and ME enhanced in the lipid synthesis pathway30, these 

changes led to disorders of lipid metabolism, accumulation of liver 
fat and liver steatosis, ultimately forming NAFLD.

Our results showed that compared with the control 
group, the expression of ZAG in the model group was significantly 
decreased, and that with increasing duration of high-fat feeding, 
the expression further decreased. The high level of insulin, 
hyperlipidemia, hyperglycemia, and aggravated pathological 
changes of liver tissue, proving that ZAG of the liver tissue played 
a protective role in the development of NAFLD. The decline in 
ZAG expression of liver tissue could lead to disorder of hepatic 
lipid metabolism, thus forming NAFLD.

The severity of IR and lipid metabolism disorders in 
NAFLD patients was positively correlated with the progression 
of NAFLD31. Therefore, improving IR and correcting disorders 
of lipid metabolism are one of the methods for the treatment of 
NAFLD. Studies have found that curcumin can regulate the activity 
of hepatic stellate cells, thus improving liver cell function32. By 
inhibiting the biosynthesis of endogenous cholesterol, curcumin 
can reduce the free cholesterol in fatty liver cells33. Studies showed 
that the protective effect of curcumin on liver may be related to 
the decrease of MCP-1, CD11b, and TIMP-134, and influence 
the expression of TNF-α and TGF-β135,36. Curcumin can activate 
AMPK and reduce the expression of SREBP-1 and Fas, finally 
inhibiting liver fat and improving the antioxidant capacity of 
liver37. Vera-Ramirez et al.38 found that curcumin had a vital effect 
on NF-κβ in the treatment of NAFLD. Nabavi et al.39 suggested 
that curcumin could significantly decrease the serum parameters 
of non-alcoholic fatty liver, and its mechanism was related to 
the regulation of mitochondrial function and the maintenance of 
normal structure of liver cells.

In this study, we showed that the expression of visfatin 
protein increased and that of ZAG decreased in NAFLD rats. 
The change in expression of ZAG and visfatin in liver tissue 
of the rats induced NAFLD. Therefore, is the expression of 
visfatin and ZAG protein a new mechanism of NAFLD, and can 
curcumin inhibit visfatin expression and induce ZAG expression 
in liver tissue for the treatment of NAFLD? Although the effect 
of curcumin as an anti-inflammatory and anti-oxidant has been 
proved, further studies on the prevention and treatment of NASH 
were still needed. In this study, curcumin treatment was used for 
NAFLD rats fed on a high fat diet for 4 weeks, and it was found 
that it could significantly improve liver function, relieve hepatic 
steatosis and inflammation, thereby proving the therapeutic effect 
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of curcumin on NAFLD. Palma et al.40 found that curcumin can 
promote differentiation of preadipocytes and reduce visfatin and 
resistin mRNA expression. This study showed that curcumin could 
improve IR, and significantly reduce levels of serum TG, TC. It 
could also increase ZAG expression and reduce visfatin activity as 
observed by the significant decrease in levels of serum ALT and 
AST, and improvement of liver histopathology.

In this study, liver fat changes were observed in the 8th 

and 12th week, and the partial infiltration of inflammatory cells 
and necrosis of liver cells were observed. AST and ALT levels 
were significantly increased, indicating that there were varying 
degrees of liver damage after high-fat feeding. Four weeks after 
curcumin treatment, liver index of rats decreased (compared with 
the model group). Furthermore, levels of serum ALT and AST 
were significantly decreased (compared with the model group), 
as were levels of serum TC and TG (compared with the model 
group). These changes were accompanied by decreased expression 
of visfatin mRNA and protein (compared with the model group). 
Expression of ZAG in liver tissue increased (compared with the 
model group). Meanwhile, FBG, FINS, and HOMA-IR serum 
levels decreased (compared with the model group). These changes 
would ultimately alleviate hepatic steatosis, inflammatory 
response, and liver damage. This study shows that curcumin 
has an effect on regulation of lipid, improving IR, and is anti-
inflammatory. It can also improve IR and reduce production of 
ROS by downregulating the expression of visfatin in liver tissue 
for the treatment of NAFLD. Furthermore, curcumin can correct 
the disorders of lipid metabolism by upregulating the expression 
of ZAG in liver tissue.

In this study, we did not measure TNF-α and IL-6 levels, 
which was a limitation of the study.

Conclusion

Visfatin and zinc-α2-glycoprotein may be involved in the 
pathogenesis of NAFLD. Treatment of NAFLD in rats by curcum-

in may be mediated by the decrease of visfatin and the increase of 
non-alcoholic fatty liver disease.
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