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Cholestatic liver fibrosis occurs in liver injuries accompanied by inflammation, which develops into cirrhosis if 
not effectively treated in early stage. The aim of the study is to explore the effect of fenofibrate on liver fibrosis 
in chronic cholestatic mice. In this study, wild-type (WT) and Pparα-null (KO) mice were dosed alpha-naph-
thylisothiocyanate (ANIT) diet to induce chronic cholestasis. Induced liver fibrosis was determined by patho-
logical biomarkers. Then fenofibrate 25 mg/kg was orally administrated to mice twice/day for 14 days. Serum 
and liver samples were collected for analysis of biochemistry and fibrosis. In WT mice, cholestatic biomarkers 
were increased by 5–8-fold and the expression of tissue inhibitors of metalloproteinases 1 (TIMP-1), Mono-
cyte chemoattractant protein 1 (MCP-1), Collagen protein I (Collagen I) was increased by more than 10-fold. 
Fenofibrate significantly downgraded the biochemical and fibrotic biomarkers. In Western blot analysis, levels 
of collagen I and alpha-smooth muscle actin (α-SMA) were strongly inhibited by fenofibrate. In KO mice, liver 
fibrosis was induced successfully, but no improvement after fenofibrate treatment was observed. These data 
showed low-dose fenofibrate reverses cholestatic liver fibrosis in WT mice but not in KO mice, suggesting the 
dependence of therapeutic action on peroxisome proliferator-activated receptor alpha (PPARα). The study offers 
an additional therapeutic strategy for cholestatic liver fibrosis in practice.

1. Introduction
Chronic liver diseases are a major reason of morbidity and mortality, 
affecting 360 per 100,000 persons (Petitclerc et al. 2017). Liver 
fibrosis is featured by an excessive accumulation of extracellular 
matrix (ECM) including collagen which occurs in many chronic 
liver diseases. Patients with liver fibrosis are more susceptible 
to hepatitis C virus infection and the number of fibrotic patients 
is expected to rise over the next decades. Hepatic fibrosis is one 
of the risk factors triggering liver cirrhosis and carcinoma. And 
among the patients with hepatic carcinoma, 80-90% are suffering 
from chronic liver fibrosis (Chung et al. 2016). Liver fibrosis 
usually develops into cirrhosis, liver failure, portal hypertension 
lacking effective treatment (Bataller and Brenner 2005). In the late 
stage, many patients cannot survive without liver transplantation.
Cholestatic liver diseases are disorders of bile formation and/or 
flow, which often lead to cirrhosis and liver failure (Zakharia et al. 
2018). Primary sclerosing cholangitis (PSC) and primary biliary 
cirrhosis (PBC) are two kinds of typical cholestasis (Boonstra et 
al. 2012, Invernizzi et al. 2017). PSC is strongly linked to inflam-
matory bowel diseases which are easy to develop colorectal and 
hepatobiliary malignancies (Claessen et al. 2009). The prevalence 
of PBC in southern China is 492 cases/million, and in Italy, about 
279 per million (Griffiths et al. 2014; Marzioni et al. 2019). Addi-
tionally, cholestasis occurs in patients suffering from nonalcoholic 
fatty liver disease, where the incidence is over 40% in Asian 
countries (Sayiner et al. 2016). Adjacent adult hepatocytes are able 
to regenerate and to replace apoptotic and necrotic cells (Bataller 
and Brenner 2005). When the regeneration of injured hepato-
cytes fails, hepatocytes will be replaced by extracellular matrix 
proteins, alongside with inflammation. And the ECM components 
change from collagen IV, VI, and glycoproteins, proteoglycans to 
collagen  I, III and fibronectin (Rojkind et al. 1979; Hahn et al. 
1980; Brown et al. 2006).

Fenofibrate is an activator for transcription factor peroxisome 
proliferator-activated receptor alpha (PPARα). In the clinic, it is 
widely used in treating atherosclerosis-related hypertriglyceri-
demia and mixed hyperlipidemia (Fievet and Staels 2009; Grigorian 
et al. 2015; Cheung et al. 2016). For hepatic injury and apoptosis 
induced by bile duct ligation (BDL) in rats, short-term (6 weeks) 
administration of fenofibrate (100 mg/kg)  reduced biochemical 
indicators and liver injury (Cindoruk et al. 2007). Fenofibrate 
also increased rat biliary phosphatidylcholine secretion to protect 
against liver injury (Ghonem et al. 2014). In PBC patients, treat-
ment with ursodeoxycholic acid (UDCA) plus fenofibrate (200 mg/
day) significantly improved serum ALP levels (Duan et al. 2018). 
For patients with asymptomatic PBC who responded incompletely 
to UDCA, the ALP level was partially decreased to (285±114.8 
vs 186.9±76.2 IU/L) after fenofibrate treatment (100 mg/kg for 
patients under 60 kg and 150 mg/kg for patients above 60 kg) for 
12 weeks (Dohmen et al. 2004). Thus, fenofibrate is beneficial for 
cholestasis in both animal models and human. However, its effect 
on cholestatic liver fibrosis is not clear.
In the present study, WT and KO mice were treated with a diet 
containing ANIT (0.05% in a commercial diet) to induce choles-
tatic liver fibrosis. Fenofibrate administration (25 mg/kg bid) for 
2 weeks reversed the liver fibrosis in cholestatic mice. This action 
of fenofibrate suggests a new therapeutic approach for hepatic 
fibrosis in chronic liver diseases.

2. Investigations and results

2.1. Cholestasis and hepatic injury caused by ANIT
The relative gallbladder weight of group WT-A was increased by 
3.4-fold in comparison with the WT-Ctrl group. It was decreased 
by 58.3% in the group WT-A-F. The relative gallbladder weight in 
group KO-A-D28 was increased by 6.6-fold compared to KO-Ctrl. 
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But in group KO-A-F, it was not modified by fenofibrate (p<0.05, 
Fig. 1A-B). In biomarkers analysis, the serum TBA was obviously 
increased by 4.7-, 3.0-, and 7.0-fold, respectively, on days 14, 21, 
and 28. ALP in group WT-A-D14 was increased by around 4-fold. 
During the following 14 days of ANIT administration, ALP main-
tained relatively stable. In group WT-A-F treated with fenofibrate 
on day 28, TBA and ALP were reduced by 58.7% and 44.3% 
respectively compared with WT-A group. In KO mice, TBA was 
increased by 6.2-, 4.3- and 4.8-fold on day 7, 14, 21 after ANIT 
challenge. Similarly, ALP was increased by 2.6-, 3.4- and 2.9-fold 
respectively. No attenuation of cholestasis was observed by fenofi-
brate treatment for either TBA or ALP (p<0.05, Fig. 1C-F).
In the chronic cholestasis, both AST and ALT in WT mice were 
increased by around 6.0-fold on day 14. Fenofibrate treatment for 
14 days decreased AST and ALT by 61.0% and 44.4% in group 
WT-A-F. In KO mice, AST was increased by 2.3-, 3.2-, 3.8-fold 
and ALT was increased by 6.9-, 3.5-, 4.2-fold on day 7, 14, 21 
after ANIT treatment. In contrast with those of WT mice, the 
tendency of biochemical indicators most kept the same level in 
group KO-A-F (p<0.05, Fig. 2A-D). These results showed that 
fenofibrate reduced chronic cholestatic liver injury with the depen-
dence of PPARα. Fig. 3E-H). These data suggested that inflammation and apoptosis, 

which accompanied chronic cholestasis, were inhibited by feno-
fibrate.

2.3.  Chronic cholestatic liver fi brosis and the action of 
fenofi brate

In pathological analysis of the liver tissues in WT-Ctrl and KO-Ctrl 
mice, the histological observation was quite abnormal. In mice 
challenged with ANIT for 14 days, large collagen fibers were 

Fig. 1: Gallbladder change and biochemical analysis of cholestasis after ANIT and 
fenofibrate treatment. (A-B) Gallbladder change in the WT and KO mice 
respectively. (C-D) TBA in WT mice and KO mice. (E-F) ALP in the two 
types of mice. The data are expressed as mean±SD (n=5, *p<0.05, compared 
with WT-Ctrl/KO-Ctrl; ^p<0.05, compared with WT- A/KO- A). TBA, total 
bile acid; ALP, alkaline phosphatase.

Fig. 2: Biochemical analysis of liver injury after ANIT and fenofibrate treatment. 
(A-B) AST change in the WT and KO mice respectively. (C-D) ALT in WT 
mice and KO mice. The data are expressed as mean±SD (n=5, *p<0.05, com-
pared with WT-Ctrl/KO-Ctrl; ^p<0.05, compared with WT- A/KO- A). AST, 
aspartate aminotransferase; ALT, alanine aminotransferase.

2.2.  Infl ammation and apoptosis in chronic cholestatic 
liver fi brosis 

In WT mice, the level of IL-1β mRNA was increased by 6.6-, 
7.7-fold and IL-10 was increased by 3.0-, 4.2-fold on day 14 and 
28 in the WT-A group. After fenofibrate treatment for 14 days, 
IL-1β and IL-10 were decreased by 77.4% and 62.4%, respectively. 
Similarly, their expression was also upregulated by 4.6-, 6.0-fold 
and 8.2-, 5.1-fold in KO mice on day 7 and 21. But it remained 
relatively stable during fenofibrate treatment (p<0.05, Fig. 3A-D).
In analysis of apoptotic genes, Bcl2 and Bax were both increased 
by about 1-fold on day 14 and 4-fold on day 28 during ANIT 
challenge. In group WT-A-F, they were decreased by 61.3% and 
73.6%, respectively. In KO mice, Bcl2 increased 5-8-fold and Bax 
were upregulated by 2-4-fold during ANIT challenge. Unlike WT 
mice, both genes were not decreased in group KO-A-F (p<0.05, 

Fig. 3: Gene expression changes of inflammation and apoptosis factors in liver tis-
sues. (A-B) IL-1β mRNA level in WT and KO mice respectively. (C-D) IL-
10 mRNA level in WT and KO mice respectively. (E-F) Bcl2 mRNA level 
in WT and KO mice respectively. (G-H) Bax mRNA level in WT and KO 
mice respectively. The mRNA levels were measured by quantitative PCR and 
normalized by 18S rRNA. The results expressed as mean±SD (n=5, *p<0.05, 
compared with WT-Ctrl/KO-Ctrl; ^p<0.05, compared with WT- A-D28/KO- 
A-D21). IL-1β, Interleukin-1β; IL-10, Interleukin-10; Bcl2, B-cell lympho-
ma-2; Bax, BCL2 associated X, apoptosis regulator.
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Fig. 4: Histopathological analysis of liver tissues indicating the hepatic fibrosis and the reverse effect of fenofibrate. (A-B) Sirius Red staining of 
liver tissues in the WT-Ctrl and KO-Ctrl groups (40X). (C-D) Sirius Red staining of liver tissues in the WT-A-D14 and KO-A-D7 groups 
(40X). (E-F) Sirius Red staining of liver tissues in the WT-A-D28 and KO-A-D21 groups (40X). (G-H) Sirius Red staining of liver tissues 
in the WT-A-F and KO-A-F groups (40X). (I-J) Sirius Red staining of liver tissues in the WT-F and KO-F groups (40X).
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observed, indicating the occurrence of hepatic fibrosis, but it was 
not different between the two mouse lines. In WT-A-F group, an 
evident reduction of collagen fibers was observed compared with 
those in WT-A group. In contrast, in KO-A-F group, no decreasing 
tendency was observed (Fig. 4A-H). Thus, the above observations 
showing cholestatic fibrosis were inhibited by fenofibrate in 
dependence of PPARα.

expression of TIMP-1 was by more than 1-fold in group KO-A-F 
compared with group KO-A-D21. And the level of collagen I 
expression did not show any change in group KO-A-F (p<0.05, 
Fig. 5B, D, F and H; Fig. 6B and D). This result may be due to 
the absence of PPARα, which leads to the failure of fenofibrate to 
provide protection, and thus the degree of hepatic fibrosis increases 
rather than decreases.
In western-blot, ANIT challenge activated COL1A1 and α-SMA 
in WT mice. The protein COL1A1 was obviously inhibited in WT 
mice treated with fenofibrate. Although the change of α-SMA 
protein expression was not as significant as that of COL1A1, the 
expression of α-SMA was also inhibited after fenofibrate treat-
ment and was similar to control. For the KO mice, the proteins 
were increased in group KO-A-D21 but not modified in group 
KO-A-D7 group. And the expression of protein α-SMA in group 
KO-A-F was a little bit higher than those in mice treated only with 
ANIT conversely. In addition, WT-F and KO-F groups were same 
as the control, no significant difference between these groups (Fig. 
6E-F).

Fig. 5: Gene expression levels of liver fibrosis and the role of fenofibrate in liver 
tissues. (A-B) MMP-2 mRNA level in WT and KO mice respectively. (C-D) 
TIMP-1 mRNA level in WT and KO mice respectively. (E-F) MCP-1 mRNA 
level in WT and KO mice respectively. (G-H) TGF-β1 mRNA level in WT 
and KO mice respectively. The mRNA levels were measured by quantita-
tive PCR and normalized by 18S rRNA. The results expressed as mean±SD 
(n=5, *p<0.05, compared with WT-Ctrl/KO-Ctrl; ^p<0.05, compared with 
WT- A-D28/KO- A-D21). MMP-2, matrix metalloproteinases 2; TIMP-1, 
tissue inhibitors of metalloproteinases 1; MCP-1, monocyte chemoattractant 
protein 1; TGF-β1, transforming growth factor-β 1.

In the transcription analysis of the fibrotic factors, MMP-2 was 
increased by 4-6-fold and TIMP-1 was increased by 30-60-fold on 
day 14, 28 respectively in group WT-A. MCP-1 mRNA level was 
upregulated by 47-fold and 107-fold in WT mice after ANIT treat-
ment for 14 and 28 days. TGF-β1 mRNA level was only slightly 
elevated on day 28 in WT mice. The transcription of collagen I 
increased by 13- and 6-fold on day 14 and 28 in group WT-A. 
37.7%, 52.0%, 40.7% and 40.4% reduction of MMP-2, TIMP-1, 
MCP-1 and Collagen I expression were observed in group WT-A-F 
(p<0.05, Fig. 5A, C, E and G; Fig. 6A and C). 
In KO mice, there was a 3-5-fold increase of MMP-2 expression. 
And TIMP-1 was increased to 45-55-fold after ANIT treatment for 
7 and 21 days. For MCP-1, the increase was increased by about 
55-85-fold in comparison with that of the normal control group 
on day 7 and 21. TGF-β1 mRNA was only increased by 1-fold 
on the day of ANIT treatment 7 days. The collagen I and α-SMA 
mRNA level were upregulated by around 13–15-fold and 2–3-fold 
compared with those in group KO-A. Contrary to WT mice, feno-
fibrate resulted to an increase of TIMP-1 and MCP-1, even the 

Fig. 6: Analysis of the degree of liver fibrosis and effects of fenofibrate at mRNA 
and protein level. (A-B) Collagen I mRNA level in WT and KO mice respec-
tively. (C-D) α-SMA mRNA level in WT and KO mice respectively. The 
mRNA levels were measured by quantitative PCR and normalized by 18S 
rRNA. (E-F) Western blot analysis of the role of fenofibrate mediated by 
PPARα. GAPDH was used as a loading control. The results expressed as 
mean±SD (n=5, *p<0.05, compared with WT-Ctrl/KO-Ctrl; ^p<0.05, com-
pared with WT- A-D28/KO- A-D21). Collagen I, collagen protein I; α-SMA, 
alpha-smooth muscle actin; GAPDH, glyceraldehyde-3-phosphate dehydro-
genase.

3. Discussion
Cholestasis can be induced by ANIT, bile duct ligation (BDL) 
and carbon tetrachloride (CCl

4
). The liver fibrosis induced by 

BDL and CCl
4
 had the characteristics of simplicity and typical 
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pathological changes. However, BDL would easily cause 
mechanical damage to organs through surgery, while CCl

4
 a 

high mortality rate, and excessive dose may lead to the early 
formation of cirrhosis. The cholestasis induced by ANIT was 
the closest to intrahepatic cholestasis in human in pathological 
and physiological reactions (Tjandra et al. 2000). All the above 
three methods in the acute cholestasis models are widely used. 
However, chronic cholestasis is the real scenario which occurs 
mostly in clinical practice. Therefore, this experiment tried to use 
ANIT to build a chronic model. In the present study, after only 2 
weeks of modeling in WT mice, the markers of cholestasis and 
liver fibrosis were significantly upregulated. And the pathology 
clearly showed a large amount of collagen deposition, indicating 
that the mice were successfully induced to produce cholestatic 
liver fibrosis.
In this study, although both mice lines were induced to develop 
cholestatic liver fibrosis, it took twice time in WT mice than that in 
KO mice. In a 48-hour acute experiment involving ANIT-induced 
cholestasis, serum biochemical parameters, histopathology and 
expression of inflammatory factors all showed a lower liver injury 
and inflammation level in WT mice (Dai et al. 2018). Similarly, 
the time difference between two mice lines in this experiment also 
indicted a protective role of basal PPARα. This result accorded 
with above data in the acute model. Therefore, the longitudinal 
difference of cholestasis induction between the two mice lines 
was supposed to be associated with the anti-inflammation of basal 
PPARα.
In chemotaxis, neutrophils and macrophages move to the liver, 
causing an inflammatory response. They also produce cytokines, 
which drive hepatic satellite cells to transform to be myofibro-
blasts expressing α-SMA (Xu et al. 2012). TGF-β1, is an important 
fibrogenic cytokine, inducing HSCs to produce autocrine and 
paracrine, then promotes abnormal proliferation and excessive 
deposition of ECM, leading to fibrosis (Galicia-Moreno et al. 
2013; Khedr and Khedr 2017). TGF-β1 inhibited ECM degrada-
tion and thus stimulated the increase of TIMPs (Casas-Grajales et 
al. 2017). In this study, the changes of MMP-2, TIMP-1, MCP-1 
and Collagen I mRNA were increased by 5-, 30-, 50-, and 10-fold 
in WT mice challenged with ANIT. Protein levels of collagen I 
and α-SMA were also upregulated after ANIT challenge. The 
inconsistency between the protein level and the corresponding 
mRNA expression level may be caused by the regulation of 
different chemical molecular modification after the mRNA 
transcription translation, thus presenting the final protein level 
different from the mRNA expression level. This research group 
did not carry out corresponding research in this aspect, but this 
may provide a new idea for the follow-up experimental direction. 
The modification tendency of the above indicators demonstrated 
the cholestatic liver fibrosis was induced by 14-day ANIT treat-
ment in WT mice.
In clinical reports, fenofibrate (150-200 mg/kg/day) improved liver 
biochemical responses in PBC patients who partially respond to 
UDCA (Han et al. 2012; Hegade et al. 2016). Fenofibrate (50-200 
mg/kg/day) regulated the synthesis and metabolism of bile acids 
and was preventive in intrahepatic cholestasis induced by BDL 
or drugs in rodent models (Cindoruk et al. 2007; Shi et al. 2010; 
El-Sisi et al. 2013). A recent study indicated that low-dose fenofi-
brate (25 mg/kg, twice daily) also prevented cholestatic liver injury 
in an acute cholestasis model (Dai et al. 2017). In this study, the 
same dose level reversed cholestatic liver fibrosis in WT mice, but 
not the KO mice. Considering that fenofibrate causes liver injury 
and acute cholestatic hepatitis in some cases (Fartoux-Heymann et 
al. 2001; Ho et al. 2004), this action of low-dose fenofibrate (1/4 
of anti-dyslipidemia level) offers a new therapeutic strategy for 
cholestatic liver fibrosis with much lower toxicity risk.
To sum up, 14-day ANIT administration could induce chronic 
cholestatic liver fibrosis in WT mice. Basal PPARα was protective 
against the development of cholestatic liver fibrosis. More impor-
tantly, low-dose fenofibrate (25 mg/kg, bid) significantly reversed 
cholestatic liver fibrosis suggesting an exciting therapeutic 
approach for liver fibrosis.

4. Experimental

4.1. Chemicals and reagents
Kits for the hepatic injury biomarker aspartate aminotransferase (AST) and alanine 
aminotransferase (ALT), and those for cholestasis biomarkers alkaline phosphatase 
(ALP), total bile acid (TBA), were acquired from Meikang Biotechnology (Ningbo, 
China). Fenofibrate and alpha-naphthylisothiocyanate (ANIT) were bought from 
Sigma-Aldrich (St Louis, MO). Sirius Red staining solution was bought from 
Shanghai Source Leaf Biotechnology Co., Ltd (Shanghai, China). Antibody against 
Collagen I (1:1000, #46888) were gotten from Signalway Antibody (SAB, USA) and 
antibodies against α-SMA (1:5000, ab5694) and GAPDH (1:5000, ab181602) were 
bought from Abcam (MA, USA). PMSF was bought from Solarbio (Shanghai, China) 
and BCA kit for protein quantification was product by CWBIO (Beijing, China). 
TRIzol was purchased from Omega Bio-Tek (Guangzhou, China). The kit for reverse 
transcription and UltraSYBR Mixture were purchased from CWBIO (Beijing, China). 
Pure water was prepared by Milli-Q50 SP Water System (Hangzhou, China).

4.2. Animals and treatments
The Ppara-null (KO) mice were described in earlier studies (PMID: 753910) and were 
on the 129/Sv genetic background as were the WT control mice. All procedures were 
performed in compliance with relevant laws and institutional guidelines of Ningbo 
University and the appropriate institutional committees have approved them. All 
animals received humane care and were treated in accordance with the Institute of 
Laboratory Animal Resource guidelines. Before the experiment, 23±2 g male mice 
were adaptively reared for 7 days at the Animal Center of Ningbo University College. 
The housing environment was kept under a temperature of 24±1 °C, a humidity of 
50-60% and a normal 12-hour light-dark cycle.
The WT and KO mice were randomly assigned to 4 groups: vehicle/control (WT-Ctrl, 
KO-Ctrl, n=5), ANIT/control (WT-A, KO-A, n=10), ANIT/fenofibrate (WT-A-F, 
KO-A-F, n=5), fenofibrate/control (WT-F, KO-F, n=5). The WT-Ctrl and KO-Ctrl 
groups were treated with commercial diets throughout the experiment. The WT group 
WT-A, WT-A-F, and KO group KO-A, KO-A-F were dosed the ANIT diet (the dose 
level was around 75 mg/kg). Five of the mice in groups WT-A and KO-A were sacri-
ficed on the morning of day 14 and day 7 (designated as WT-A-D14 and KO-A-D7), 
to determine the induction of cholestasis. The other 5 mice in the above two groups 
were sacrificed when the experiment was finished on day 28 and 21, which were 
designated as WT-A-D28, KO-A-D21 respectively.
The mice in group WT-A-F and KO-A-F were treated with the diet containing ANIT 
and fenofibrate was used by intragastric administration twice a day from day 15 and 
day 8 respectively. The groups WT-F and KO-F were treated with fenofibrate (25 mg/
kg) twice a day by intragastric administration as the above.
Tail bleeding was performed every 3 days in group WT-A and KO-A to monitor 
biochemical modification during chronic ANIT treatment. When the mice were sacri-
ficed, blood was collected for biochemical analysis. A portion of fresh liver tissue was 
excised and washed with phosphate buffered saline, and then fixed in a 10% neutral 
formalin fixative. The remaining liver tissues were immediately frozen in dry ice and 
placed in a -80 °C refrigerator for QPCR and protein analysis.

4.3. Biochemical analysis
The serum TBA, ALP, AST and ALT were determined by a validated rate method 
using the Multiskan GO (Thermo, USA). The procedures were performed according 
to the descriptions in the kits.

4.4. Histopathology analysis 
The liver tissues fixed in formalin buffer were cut into blocks of 3-5 mm. Then they 
were subjected to gradient dehydration, de-alcoholization, transparency, and embed-
ding. Sections (4 μm) were cut from paraffin block, which were then subjected to 
Sirius red staining. Finally, the sections were observed using microscope (Carl Zeiss, 
Axiostar plus).

4.5. Transcription analysis
Frozen liver tissues were fully lysed in TRIzol and then homogenized using 
MagNALyser (Roche, USA). The concentration of RNA was measured by Multiskan 
Go (Thermo Scientific, Waltham, USA) after centrifugation, precipitation, washing, 
and dissolution. The purity of RNA was higher at OD260/OD280=1.8-2.0. Reverse 
transcription with the reverse transcription kit was done as previously described (Tan 
et al. 2016). The primer sequences, listed in the Table, were extracted from https://
pga.mgh.harvard.edu/primerbank/. Quantitative polymerase chain reaction (Q-PCR) 
amplification on 384-well plates was performed in a 5 μL system containing 1 μL 
cDNA, 2.2 μL UltraSYBR Mixture, 0.1μL primer and 1.6 μL double distilled water 
using LightCycler 480 II (Roche, USA).

4.6. Immuno-blot assay
The frozen liver samples were fully lysed in RIPA with 1% PMSF and then homog-
enized adequately. After protein quantification, the samples were centrifuged at 
13000 rpm for 20 min to collect the supernatant at 4 °C. An equal volume of 5X 
SDS-PAGE loading buffer was mixed with the protein, and then boiling for 8 min 
was performed. The blots were transferred to PVDF membranes after separation 
using 10% SDS-polyacrylamide gels. Subsequently, 5% milk was used for 3.5-hour 
blocking. The membranes were incubated with primary antibody at 4 °C overnight. 
After washing with phosphate buffer, it was incubated with a secondary antibody for 
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2 h at room temperature. ECL substrates were added to the blotted PFDV and the 
images were recorded by chemical imaging illumination system (Shanghai, China).

4.7. Statistical analysis
The data were expressed as the mean±SD. Data analysis was performed using SPSS 
17 for Windows. One-way ANOVA, followed by Dunnett’s post hoc comparisons was 
carried out for difference examination. The responses in ANIT/ANIT-Feno/Feno and 
Control groups, ANIT-D28 and ANIT-Feno in two mice lines were compared using 
Student’s t-test. The analyzed data was plotted by GraphPad Prism 7. Significance 
was considered different when p values were below 0.05, which was marked with 
asterisks or cusp triangle in the graphs.
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Table: The primers used for the Q-PCR assessment in this study

Genes names Forward primer Reverse primer Size (bp)

IL-1β TGTGAAATGCCACCTTTTGA GGTCAAAGGTTTGGAAGCAG 94

IL-10 TGTCAAATTCATTCATGGCCT ATCGATTTCTCCCCTGTGAA 108

Bcl2 GGTCTTCAGAGACAGCCAGG GATCCAGGATAACGGAGGCT 94

Bax GATCAGCTCGGGCACTTTAG TTGCTGATGGCAACTTCAAC 100

MMP-2 TGCTGGGTAGAGTCTAGGGT TGTTTGCAGATCTCCGGAGT 140

TIMP-1 GAGACACACCAGAGCAGATACC CCAGGTCCGAGTTGCAGAAG 146

MCP-1 GCTTCTGGGCCTGTTGTTC CTGCTGCTGGTGATTCTCTTGT 156

TGF-β1 GTGTGGAGCAACATGTGGAACTCTA TTGGTTCAGCCACTGCCGTA 143

Collagen I CCTGGCAAAGACGGACTCAAC GCTGAAGTCATAACCGCCACTG 150

α-SMA GGCTCTGGGCTCTGTAAGG CTCTTGCTCTGGGCTTCATC 148

18S rRNA ATTGGAGCTGGAATTACCGC CGGCTACCACATCCAAGGAA 102


