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Abstract

Aim of the study: Liver fibrosis and cigarette smoking seem to be directly linked. Nicotine, as an agonist of 
nicotinic acetylcholine receptors (nAChRs), induces many downstream signaling pathways. The pathways through 
which nicotine affects the process of liver fibrosis have not been clarified. The present study aimed to investigate 
the nicotine-induced effects on fibrosis progression in cholestatic rats.

Material and methods: First, the Wistar rats were subjected to sham or bile duct ligation (BDL) surgery.  
The rats were treated with low and high doses of nicotine (1 or 10 mg/kg) for three weeks. They were monitored 
for their body weights before and 21 days after BDL. Also, spleens were weighed to calculate the spleen/body  
weight ratio. Ductular proliferation and fibrosis were evaluated using hematoxylin and eosin (H&E) as well as 
Masson’s trichrome staining. The mRNA expression of α4nAChR, α7nAChR, and fibrosis gene α-smooth muscle 
actin (α-SMA) was measured by real-time PCR. 

Results: The findings showed that nicotine promotes the development of BDL-induced liver fibrosis. The ratio 
of spleen/body weight was significantly affected by nicotine exposure. H&E and Masson’s trichrome staining 
showed that the level of liver fibrosis was higher in the cholestatic BDL groups, and this effect was significantly 
augmented in the nicotine-treated rats. Also, α4nAChR, α7nAChR, and α-SMA expression was observed in the 
BDL rats and increased following nicotine treatment. 

Conclusions: The activation of nAChR triggers biliary proliferation and liver fibrosis. Studying the intracellular 
mechanism of nicotine and alteration in the expression of nicotinic receptors following nicotine exposure can be 
useful both in diagnosing nicotine-related diseases and finding new treatment strategies.
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Introduction

Cigarette smoking is an important health threat 
and a risk factor for the development of many human 
disorders, including pulmonary, reproductive, endo-
crine, gastrointestinal, and cardiovascular diseases and 
malignancies [1, 2]. Nicotine, as a  major component 
of cigarette smoke, has physiological and pathological 
effects on people who use it [3]. Nicotine enters the 
body through cigarette smoke and, to a  lesser extent, 

through some foods and through the skin, lungs, na-
sal mucosa, and mouth, and after entering the blood-
stream, it spreads throughout the body [4, 5]. This 
component affects many physiological systems and 
disrupts their structure and function [6]. 

Liver fibrosis is one of the most important compli-
cations of liver diseases in which the structure of the 
liver is disrupted due to the accumulation of fibrous 
tissue [7]. Viral, autoimmune, hereditary, metabolic, 
and toxin diseases are among the factors that cause 
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damage to the liver. Liver fibrosis and its final stage, 
which is known as cirrhosis, causes death and dis-
ruption in the lives of thousands of people every year 
[7]. Liver disease accounts for 2 million deaths and is 
responsible for about four percent of all deaths [8]. 
Deaths are largely attributable to complications of cir-
rhosis and liver cancer [9]. According to an estimate 
made in the United States, cirrhosis causes 700,000 
hospitalizations every year, and therefore imposes high 
costs on the healthcare system [10]. As a result of fibro-
sis, the liver tissue hardens and the movement of blood 
becomes difficult in it, which is closely related to portal 
hypertension [11]. The growing prevalence of this dis-
ease in recent years and the burden of the disease led 
researchers to pay special attention to research on liver 
fibrosis. Many studies have investigated the effects of 
nicotine on the liver and epidemiological evidence has 
revealed that smoking is a risk factor for the progres-
sion of liver diseases [12]. 

Nicotine binds to nicotinic acetylcholine receptors 
(nAChRs) and high consumption of nicotine chang-
es the activity of these receptors [13]. Various studies 
have shown that smoking leads to changes in the ex-
pression of various subtypes of nAChRs [14]. Nicotine, 
as an alkaloid compound present in cigarette smoke, is 
important in the progression of different diseases by 
binding to nicotinic receptors and activating signal-
ing pathways dependent on these receptors [15, 16]. 
Various subtypes of nicotinic receptors may play a role 
in the processes of liver injury [17-19]. Watson et al. 
reported that α4nAChR was the most abundantly ex-
pressed subtype of nicotinic receptor in mouse liver 
[20]. In this study using knockout (α4 KO) mice, the 
processes of alcohol-induced liver damage were either 
absent or significantly reduced in α4 KO animals [20]. 
Therefore, these results show that the α4nAChR sub-
unit has a major role in liver damage. Similarly, Ehrlich 
et al. reported that the processes of bile duct ligation 
(BDL)-induced liver fibrosis were significantly atten-
uated in α7 KO mice [21]. This study also indicated 
the role of α7nAChR in the processes of liver inju-
ry. Contrary to these results, Kimura and colleagues 
found that the processes of hepatic inflammation and 
fibrosis were exacerbated in α7 KO mice [22]. There-
fore, protective roles for α7nAChR have been identi-
fied in some studies. The protective role of α7nAChR 
is exerted through the cholinergic anti-inflammatory 
pathway in the liver [23]. Considering these contradic-
tory results, in the current study, our main goal was 
to investigate the protective or detrimental effects of 
nicotine exposure on the processes of liver fibrosis in 
an experimental animal model. Nicotine may exert its 
effects on the progression of liver fibrosis by chang-

ing the expression of nAChRs. Considering that the 
expressional changes of these receptors during liver 
fibrosis and the effect of nicotine on their expression 
have not been determined yet, this study aims to ex-
plore the effect of nicotine exposure on the expression of  
nAChRs and α-smooth muscle actin (α-SMA; liver fibro- 
sis marker). It is hoped that by clarifying the effect of 
nicotine and its relationship with the progression of liv-
er fibrosis, it will be possible to introduce new therapeu-
tic targets for the management of liver fibrosis.

Material and methods

Animals and ethics statement

In this experimental study, 36 male Wistar rats 
weighing ~220  g (eight weeks old) were purchased 
from the animal house of the Faculty of Medicine, 
Tabriz University of Medical Sciences. A  week was 
given to the rats to adapt to the animal environment 
of the house. All animal maintenance and proce-
dures were under recommendations established by 
the Animal Ethics Committee of Tabriz University 
of Medical Sciences and the protocol was approved 
(Ethical code: IR.TBZMED.AEC.1401.066). The BDL 
surgery was conducted under deep anesthesia, and 
all efforts were made to reduce the pain and suffer-
ing of the rats [24]. In this study, BDL was used as 
an animal model of liver fibrosis. Briefly, a  midline 
abdominal incision was made under general anes-
thesia induced by intraperitoneal injection of ket-
amine and xylazine 100 and 10 mg/kg, respectively.  
The peritoneal cavity was opened and the common bile 
duct was isolated and triply ligated [25]. The sham- 
operated rats underwent a similar operation but with-
out ligation of the bile duct.

Experimental plan

The rats were randomly divided into six groups: 
Sham + Saline, Sham + Nicotine (1 mg/kg), Sham + 
Nicotine (10 mg/kg), BDL + Saline, BDL + Nicotine 
(1 mg/kg), and BDL + Nicotine (10 mg/kg). Nicotine 
was purchased from Sigma-Aldrich (product number 
N3876) and the animals were treated intraperitoneal-
ly with or without nicotine injection every other day 
for 3 weeks [26, 27]. Each cigarette has approximately  
1.5 mg of nicotine [28]. Thus, a pack of 20 cigarettes 
has approximately 30 mg of nicotine. If we convert the  
human dose of nicotine to a rat dose, we get approxi-
mately 10 mg/kg every other day [29]. Therefore, the 
doses we chose for low and high doses of nicotine (1 or 
10 mg/kg) are equivalent to the concentration of nic-
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otine found in light smokers and heavy smokers, re-
spectively [30]. Some previous studies on normal rats 
or using various animal models of liver disease empha-
size that nicotine may aggravate the process of liver fi-
brosis [31-33]. Because of this evidence, we expected to 
observe aggravation of fibrotic processes after chronic 
administration of nicotine in BDL rats. Therefore, we 
chose a  model with the 3-week BDL which exhibits 
submaximal liver fibrosis and can investigate either 
protection or exaggeration of hepatic fibrosis in nico-
tine-treated rats [34]. After three weeks, the rats were 
sacrificed using an anesthetic overdose to measure the 
weight of the livers and spleens and take samples of  
the liver tissue for histological and molecular studies.

Liver/body and spleen/body weight ratio

After 3 weeks of BDL, both cholestatic and control 
animals were weighed and sacrificed and the livers 
and spleens were weighed using an analytical balance  
and the results were expressed in grams (g) to calculate  
the liver/body and spleen/body weight ratio. Portal hy-
pertension, described as raised pressure in the portal 
vein, develops due to enhanced intrahepatic vascular re-
sistance, frequently arising from liver fibrosis. Previous 
studies indicated that there was a high correlation be-
tween portal pressure and the spleen/body ratio [35, 36]. 
Therefore, in this study, the spleen/body ratio was 
measured as a measure of portal vein pressure.

Hematoxylin-eosin (H&E) and Masson 
trichrome staining and scoring

The liver tissues were fixed with 10% formaldehyde 
and the paraffin-embedded samples were sliced into  
5 μm-thick sections. Histological assessment of fibro-
sis and ductular proliferation were evaluated using 
H&E as well as Masson trichrome staining. Generally, 
Masson’s trichrome staining is used for the detection of 
collagen fibers in tissues such as the liver, heart, skin, 
etc. on formalin-fixed, paraffin-embedded sections. In 
this technique, the collagen fibers will be stained blue 
and the nuclei will be stained black and the background 
is stained red. In our study, the liver fibrosis was staged 
0-4 based on Scheuer’s scoring system (0 – no fibrosis, 
1 – expansion of portal tract without linkage, 2 – por-
tal expansion with the portal to portal linkage; 3 – an 
extensive portal to portal and focal portal to central 
linkage, 4 – cirrhosis) [37]. Ductular proliferation was 
graded on a  scale of 0-3, with 0 = absent, 1 = mild,  
2 = moderate, and 3 = severe [25].

RNA extraction and quantitative reverse 
transcription PCR

The relative mRNA levels were assessed by quanti-
tative reverse transcription PCR (qRT-PCR) [38]. After 
Trizol (Invitrogen, Carlsbad, CA) treatment, all RNAs 
of the liver tissues were obtained and the Prime Script 
Kit (TaKaRa Bio Inc., Japan) was performed for cDNA 
synthesis. qRT-PCR was performed on a  ViiATM7  
RT-PCR system (Applied Biosystems, Carlsbad, CA) 
using SYBR Green fluorescent-based assay (638320, 
TaKaRa Bio Inc. Japan). The β-actin gene was used 
as an internal standard and after normalizing to its 
expression level, the relative expression levels of 
α4nAChR, α7nAChR, and α-SMA were quantified by 
the 2−ΔΔCt method [39]. The reaction parameters were 
set as 50°C for 2 min, 95°C for 15 s, 95°C for 15 s, and 
60°C for 1 min for 40 cycles. The primers of target 
genes were synthesized by Sinaclon (Tehran, Iran) and 
reported in Table 1.

Statistical analyses

The data in the present study were expressed 
as mean ±SEM, and were analyzed using one-way  
ANOVA followed by Bonferroni post-test analyses 
for the test of differences between groups. Two-way  
ANOVA was used when the effect of the two variables 
was assessed. All statistical analyses were performed 
using GraphPad Prism 6 software (GraphPad Software, 
La Jolla California, USA). P-values < 0.05 were consid-
ered significant.

Results

Effect of nicotine administration on the liver/
body and spleen/body weight ratios

Rats were injected with low and high doses of nico-
tine for 21 days, and the effects of nicotine on their body 
weight and liver/spleen weight were evaluated (Fig. 1). 
Over the course of the study, there were no significant 
changes in the amount of feed consumed (vs. control 
values) by rats in the nicotine-treated groups. The gross 
anatomy of the liver shows the change of the liver from 
a smooth and polished state to a granular and enlarged 
state (Fig. 1). The results showed that the body weight 
of the BDL rats was significantly lower compared to the 
sham groups. In contrast, the liver and spleen weights 
in BDL rats were significantly higher compared to 
the control values at day 21. Thus, the liver/body and 
spleen/body weight ratio in BDL groups were signifi-
cantly higher than the control values (p < 0.01). With 
the injection of a  high dose of nicotine (10 mg/kg) 
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in the BDL groups, the liver/body and the spleen/
body weight ratio increased significantly (p < 0.05), 
while there was no difference in the values related to 
the low dose of nicotine (1 mg/kg) (Fig. 1). The gross 
morphology of the liver showed that high doses of nic-
otine led to an increase in extracellular matrix deposi-
tion in the liver and an increase in portal pressure and 
subsequently an increase in liver/body and spleen/body 
weight ratio, respectively. Similar to the ineffectiveness 
of low doses of nicotine on the liver/body and spleen/
body weight ratio, we did not observe any effect of low 
doses of nicotine in other histological and molecular 
studies (data not shown). Considering that the admin-
istration of nicotine in high doses causes an increase in 
the weight of the spleens, it can be predicted that the 
high consumption of cigarettes in people with liver dis-
eases leads to an increase in the complications of the 
disease caused by an increase in portal vein pressure.

Effect of nicotine exposure on ductular 
proliferation and liver fibrosis 

The histology of liver fibrosis was studied using 
H&E and Masson’s trichrome staining (Table 2). BDL 

Table 1. Sequences of primers for α4nAChR, α7nAChR, αSMA, and β-actin 
genes

Genes Sequences

α4nAChR Forward 5´ CCTCCCTGGCTGGCTGGTATGAT 3´

Reverse 5´ TGGGGACTCGGCCTGCAACTGTAT 3´

α7nAChR Forward 5´ TCACTGGACCTGCAAATGC 3´

Reverse 5´ CTGCTTGTCCAGATGACTTCGG 3´

α-SMA Forward 5´ AACACGGCATCATCACCAAC 3´

Reverse 5´ CACAGCCTGAATAGCCACATAC 3´

β-actin Forward 5´ TCACCCACACTGTGCCCCATCTACGA 3´

Reverse 5´ CAGCGGAACCGCTCATTGCCAATGG 3´

Fig. 1. Gross morphology of sham and BDL-operated livers and spleens and liver/body and spleen/body weight 
ratios. The results showed that liver/body and spleen/body weight ratios were significantly higher in BDL rats 
vs. the sham-operated rats at day 21. **p < 0.01 in comparison with the sham group. High doses of nicotine 
led to an increase in portal pressure and subsequently an increase in liver/body and spleen/body weight ratios.  
&p < 0.05 in comparison with the BDL-saline group. Data are shown as mean ±SEM
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was associated with bile duct proliferation (Fig. 2) and 
extensive bridging fibrosis (portal to portal and portal 
to central linkage with fibrotic bands) (Fig. 3). As shown 
in these figures, nicotine exerted a significant effect on 
hepatic fibrosis and portal expansion in BDL rats. Like-
wise, nicotine in sham-operated rats altered the histo-
logical structure of the liver as assessed by H&E and 
trichrome staining.

Quantitative RT-PCR showed that nicotine 
altered the gene expression

In the present study, we looked at the changes in 
the expression of α4nAChR and α7nAChR genes fol-
lowing the development of liver fibrosis induced by 
BDL as well as treatment with nicotine and its relation-
ship with α-SMA gene expression (as a marker of liver 

Table 2. Histological assessment of fibrosis and ductular proliferation of the liver

Control BDL

Sham (n = 6) Sham + Nicotine (n = 6) BDL (n = 6) BDL + Nicotine (n = 6)

Fibrosis

Stage 0 6 0 0 0

Stage 1 0 4 0 0

Stage 2 0 2 3 0

Stage 3 0 0 3 6

Stage 4 0 0 0 0

Mean (SEM) 0.00 (0.00) 1.33 (0.19) 2.5 (0.20) 3.00 (0.00)

Ductular proliferation

Score 0 6 0 0 0

Score 1 0 5 1 0

Score 2 0 1 3 0

Score 3 0 0 2 6

Mean (SEM) 0.00 (0.00) 1.17 (0.15) 2.17 (0.28) 3.00 (0.00)

Fig. 2. Representative photomicrographs of H&E-stained livers. The histological structure of control rat tissues was normal and ductular proliferation was absent. 
The livers of nicotine-treated rats had some degree of portal tract expansion. Portal expansion with the portal-to-portal linkage was the distinctive feature of  
the BDL group. Livers of nicotine-treated BDL rats displayed different degrees of pathological damage
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fibrosis). The obtained results showed that the process 
of liver fibrosis with BDL alone led to an increase in the 
expression of α4nAChR (Fig. 4), α7nAChR (Fig. 5), and 
α-SMA (Fig. 6) genes. Also, nicotine alone (10 mg/kg) 
led to an increase in gene expression. Low doses of 
nicotine did not have statistically significant effects on 
gene expression (data not shown). However, high dos-

es of nicotine augmented the target gene’s expression 
following nicotine treatment, and the expression lev-
el of target genes in BDL groups increased more with 
nicotine administration. It seems that α4nAChRs and 
α7nAChRs upregulation is associated with fibrosis in 
BDL rats.

Fig. 3. Hepatic fibrosis was assessed in sham-operated and BDL rats with and without nicotine. Three weeks after the surgical procedure, liver tissues were 
obtained and collagen fibers were stained with Masson’s trichrome. BDL was associated with extensive bridging fibrosis (portal to portal and portal to central 
linkage with fibrotic bands). The deposition of fibrotic tissue was higher in the rats of the BDL group that received nicotine injections

Fig. 4. Quantitative analysis of hepatic mRNA levels of α4nAChR in sham-
operated and BDL rats. α4nAChR mRNA expression was assessed using real-
time RT-PCR and was expressed in relation to β-actin as an internal standard. 
BDL alone increased expression of α4nAChR. *p < 0.05 in comparison with 
the sham + saline group. Nicotine (10 mg/kg) led to an increase in α4nAChR 
expression. &p < 0.05 in comparison with the BDL-saline group. Data are shown 
as mean ±SEM
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Fig. 5. The mRNA expression of α7nAChR was assessed by quantitative real-time  
RT-PCR and was expressed in relation to β-actin as an internal standard. In the 
group of control rats, nicotine (10 mg/kg) alone caused a significant increase 
in expression of α7nAChR. ****p < 0.0001 in comparison with the sham  
+ saline group. Similarly, in the group of BDL rats, nicotine caused an increase  
in the expression of α7nAChR. &p < 0.05 in comparison with the BDL-saline 
group. Data are shown as mean ±SEM
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Discussion

The adverse effects of cigarette smoking on the 
lungs and cardiovascular system are well described; 
however, the detrimental effects of smoking on the liv-
er are not as well defined [40, 41]. Therefore, the data 
in this regard are limited, and more research is needed 
to better understand how smoking and nicotine affect 
the liver. In a previous study, we examined the dose-de-
pendent effects of nicotine on liver cell lines [38]. In 
the present study, our aim was to investigate the effects 
of nicotine in an animal model of liver fibrosis. Liver 
fibrosis is caused by various factors that damage the 
liver tissue [42]. This disease, which involves excessive 
accumulation of extracellular matrix proteins includ-
ing collagen, can occur in most types of chronic liver 
diseases. Liver fibrosis is a response generated as a re-
sult of chronic liver injury due to various factors, such 
as alcohol consumption, non-alcoholic steatohepatitis, 
viral hepatitis B, and hepatitis C, autoimmune hepa-
titis, non-alcoholic fatty liver disease, and cholestatic 
liver diseases [7]. The elevated risk of liver fibrosis is 
exacerbated by smoking [43].

Cholestasis occurs due to the failure of bile se-
cretions to enter the small intestine. If left untreated, 
cholestasis can cause serious damage to various organs 
of the body. Also, this disorder can affect the expres-
sion of various genes. In the present study, an increase 
in the expression of both subtypes of nAChRs was ob-
served following the administration of nicotine. Also, 
the expression of these genes increases after BDL-in-
duced liver damage. Nicotine administration led to 
a  further increase in the expression of both types of 

receptors. Therefore, it seems that the fibrogenic ef-
fects of nicotine are largely mediated by increasing the 
gene expression of nicotinic receptors. In our previous 
study, using the same liver fibrosis model, we obtained 
similar results [25]. Inhibiting the activity of nico-
tinic receptors by using selective hepatic vagotomy 
reduced liver damage and the level of liver enzymes 
[25]. The results obtained from this study are in line 
with previous studies and show that the higher the ex-
pression of nAChRs in the liver, the higher the level of 
liver damage and subsequent liver fibrosis. Therefore, 
to treat liver fibrosis, especially in smokers, targeting 
these receptors can be a  successful therapeutic strat-
egy. The importance of cholestasis has inspired much 
research to be conducted to investigate the causative 
factors in its pathogenesis. Various factors such as 
atresia or absence of the bile duct, use of some drugs, 
family history, infection, pregnancy and autoimmune 
diseases, and genetic and metabolic factors have been 
proposed as the parameters involved in the occurrence 
of cholestasis. Cholestasis may occur extrahepatically 
due to obstruction of the bile ducts, such as the pres-
ence of stones and tumors, or intrahepatically, due to 
disorders in the formation of bile by hepatocytes and 
bile duct cells. It can eventually lead to liver fibrosis 
and cirrhosis. In most cases of acute injuries, with the 
disappearance of the causative agent, the liver will find 
its normal function and structure and no trace of dam-
age will remain [44]. It is very important to accurately 
estimate the amount of liver fibrosis in the evaluation 
of prognosis, surveillance, and the adoption of thera-
peutic measures in chronic liver disease. Progressive 
liver fibrosis is one of the symptoms of chronic liver 
damage, which can eventually lead to cirrhosis, liver 
failure, and hepatocellular carcinoma [45].

Nicotine affects the body through nAChRs. In ver-
tebrates, 17 different subunits including α1-10, β1-4, δ, 
ε, γ have been identified for nicotinic receptors, which 
are grouped together as homopentamers or hetero-
pentamers and form a  large family of different types 
of receptors [46]. Subunits α4 and α7 also play a role 
in anti-inflammatory pathways and may be increased 
as protective factors during liver fibrosis [47, 48]. 
α7nAChR are a family of ligand-dependent ion chan-
nels, which are composed of a homopentamer of five 
α7 subunits. These receptors are expressed by the 
CHRNA7 gene located on chromosome 15q14, and its 
final product is a protein with a molecular weight of 
55 kilodaltons [49]. These receptors are expressed in 
almost all cells of the body and play a variety of roles. 
There are many findings about the effects of nicotine 
through nicotinic receptors [38, 50]. The intracellular 
signaling pathways of these receptors have been stud-

Fig. 6. Expression of α-SMA in rat livers obtained from sham-operated and 
BDL rats in relation to β-actin as an internal standard. BDL increased this 
marker of liver fibrosis. *p < 0.05 in comparison with the sham + saline 
group. Nicotine administration caused a further increase in its expression.  
&&p < 0.01 in comparison with the BDL-saline group. Data are shown as mean 
±SEM
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ied [31, 51-53]. Various studies have shown that smok-
ing may cause liver fibrosis, but the possible mecha-
nisms involved are unclear [51]. So far, no study has 
investigated the effects of nicotine administration on 
the development of liver fibrosis using the common 
bile duct ligation method. The results of this study 
have shown that nicotine, as a main compound in cig-
arette smoke, acts through α4nAChR and α7nAChR in 
the processes of liver fibrosis. 

The current study was conducted to investigate the 
effect of nicotine administration on the gene expres-
sion of α4nAChR and α7nAChR in an animal model 
of liver fibrosis. For this purpose, first, the method of 
closing the bile duct (BDL) was used in male Wistar 
rats to create a model of liver fibrosis. Then, nicotine 
was applied in a  low or high dose (1 or 10 mg/kg). 
Chronic nicotine exposure upregulated nicotinic re-
ceptors [54]. The fibrosis model was the main topic 
of our study and we investigated liver fibrosis through 
Masson’s trichrome staining and αSMA gene expres-
sion analysis. In addition to these markers, we also 
checked the liver/body weight ratio, but in-depth anal-
ysis of other mRNA or protein expression for various 
fibrosis-related factors and additional pharmacody-
namic experiments with other available well-known 
agonists and antagonists of nAChR are needed to 
corroborate the data. Also, because nicotine binds to 
their receptors (nAChRs), treatment of nicotine may 
affect the mRNA expression of nAChRs. Therefore, 
we also measured the expression of nAChRs. Fur-
ther studies using receptor inhibitors are essential to 
reveal a mechanistic link between nAChR expression 
and the severity of fibrosis in rats. Based on previous 
studies, nicotine is a fibrogenic compound [51]. How-
ever, until now, the mechanisms of nAChRs in liver 
fibrosis and the effect of nicotine on the expression 
level of these receptors in liver fibrosis remain unclear.  
The current study showed the changes in the expres-
sion of α4nAChR and α7nAChR following treatment 
with nicotine and their relationship with the liver  
fibrosis indexes. 

Conclusions

Liver fibrosis is one of the most common human 
diseases, and every year it causes the death of thou-
sands of people. Considering the high prevalence of 
liver fibrosis and the lack of definitive and appropriate 
treatment, it is crucial to investigate and understand 
the pathogenesis of this disease from a  molecular 
and cellular point of view to find new predictive and 
treatment methods and develop targeted therapeutic 
agents. In the current study, we evaluated the effect of 

nicotine administration on a BDL-induced liver fibro-
sis model. The changes in mRNA expression of several 
genes (α4nAchR, α7nAchR, α-SMA) were investigated 
together with histologic changes (H&E, and Masson’s 
trichrome staining) of liver tissues by nicotine treat-
ment in bile duct-ligated rats. Such rats exhibit varia-
tion in α4nAChR and α7nAChR, and these receptors 
may mediate the effects of nicotine in the liver and may 
be a therapeutic target in managing extrahepatic bili-
ary obstruction. Additional experiments that prove the 
causal link between them are required. According to 
the observed effects of nicotine in the context of liver 
fibrosis, it can be expected that smoking in people with 
liver fibrosis will lead to an increase in the complica-
tions of the disease. Considering the prevalence of the 
use of electronic cigarettes that contain high concen-
trations of nicotine, it should be taken seriously.

Funding

The grant of this study was provided by Stem Cell 
Research Center of Tabriz University of Medical Sci-
ences, Tabriz, Iran [grant number: 71056].

Disclosure

The authors declare no conflict of interest.

References

1. Babizhayev MA, Yegorov YE. Smoking and health: association 
between telomere length and factors impacting on human dis-
ease, quality of life and life span in a large population-based co-
hort under the effect of smoking duration. Fundam Clin Phar-
macol 2011; 25: 425-442.

2. Rigotti NA, Kruse GR, Livingstone-Banks J, Hartmann-Boyce J. 
Treatment of tobacco smoking. JAMA 2022; 327: 566-577.

3. Lee PN. Tar level of cigarettes smoked and risk of smoking-re-
lated diseases. Inhal Toxicol 2018; 30: 5-18.

4. Picciotto MR, Kenny PJ. Mechanisms of nicotine addiction. 
Cold Spring Harb Perspect Med 2021; 11: a039610.

5. Yang Q, Yang F, Zhang K. Influence of psychological factors on 
college students’ smoking behavior: Moderating role of tobacco 
advertising receptivity and health behavior. Am J Health Behav 
2022; 46: 12-28.

6. Dahdah A, Jaggers RM, Sreejit G, et al. Immunological insights 
into cigarette smoking-induced cardiovascular disease risk. 
Cells 2022; 11: 3190.

7. Aydin MM, Akcali KC. Liver fibrosis. Turkish J Gastroenterol 
2018; 29: 14-21.

8. Asrani SK, Devarbhavi H, Eaton J, Kamath PS. Burden of liver 
diseases in the world. J Hepatol 2019; 70: 151-171.

9. Devarbhavi H, Asrani SK, Arab JP, et al. Global burden of liver 
disease: 2023 update. J Hepatol 2023; 79: 516-537.

10. Kamath PS. Acute on chronic liver failure. Clin Liver Dis 2017; 
9: 86-88.

11. Yoshida H, Shimizu T, Yoshioka M, et al. The role of the spleen 
in portal hypertension. J Nippon Med Sch 2023; 90: 20-25.



Clinical and Experimental Hepatology 1/202470

Khalil Hajiasgharzadeh, Parviz Shahabi, Elham Karimi-Sales, Mohammad Reza Alipour

12. Rutledge SM, Asgharpour A. Smoking and liver disease. Gas-
troenterol Hepatol (N Y) 2020; 16: 617-625.

13. Wittenberg RE, Wolfman SL, De Biasi M, Dani JA. Nicotinic 
acetylcholine receptors and nicotine addiction: A  brief intro-
duction. Neuropharmacology 2020; 177: 108256.

14. Ramírez-Salazar EG, Gayosso-Gómez LV, Baez-Saldaña R, et 
al. Cigarette smoking alters the expression of circulating micro- 
RNAs and its potential diagnostic value in female lung cancer 
patients. Biology (Basel) 2021; 10: 793.

15. Rauthan M, Gong J, Liu JJ, et al. MicroRNA regulation of  
nAChR expression and nicotine-dependent behavior in C. ele-
gans. Cell Rep 2017; 21: 1434-1441.

16. Hajiasgharzadeh K, Naghipour B, Shahabi P, et al. The role of 
microRNAs in nicotine signaling. EXCLI J 2023; 22: 433-450.

17. Hajiasgharzadeh K, Somi MH, Sadigh-Eteghad S, et al.  
The dual role of alpha7 nicotinic acetylcholine receptor in in-
flammation-associated gastrointestinal cancers. Heliyon 2020; 
6: e03611.

18. Soeda J, Morgan M, McKee C, et al. Nicotine induces fibrogenic 
changes in human liver via nicotinic acetylcholine receptors ex-
pressed on hepatic stellate cells. Biochem Biophys Res Commun 
2012; 417: 17-22.

19. Jadeja RN, Rachakonda VP, Khurana S. Targeting cholinergic 
system to modulate liver injury. Curr Drug Targets 2018; 19: 
938-944.

20. Watson WH, Ritzenthaler JD, Torres-Gonzalez E, et al. Mice 
lacking α4 nicotinic acetylcholine receptors are protected 
against alcohol-associated liver injury. Alcohol Clin Exp Res 
2022; 46: 1371-1383.

21. Ehrlich L, O’Brien A, Hall C, et al. α7-nAChR knockout mice 
decreases biliary hyperplasia and liver fibrosis in cholestatic bile 
duct-ligated mice. Gene Expr 2018; 18: 197-207.

22. Kimura K, Inaba Y, Watanabe H, et al. Nicotinic alpha-7 acetyl-
choline receptor deficiency exacerbates hepatic inflammation 
and fibrosis in a mouse model of non-alcoholic steatohepatitis. 
J Diabetes Investig 2019; 10: 659-666.

23. Hajiasgharzadeh K, Baradaran B. Cholinergic anti-inflammato-
ry pathway and the liver. Adv Pharm Bull 2017; 7: 507-513.

24. Crespo Yanguas S, Cogliati B, Willebrords J, et al. Experimental 
models of liver fibrosis. Arch Toxicol 2016; 90: 1025-1048.

25. Hajiasgharzadeh K, Tavangar SM, Javan M, et al. Does hepatic 
vagus nerve modulate the progression of biliary fibrosis in rats? 
Auton Neurosci Basic Clin 2014; 185: 67-75.

26. Khaled S, Makled MN, Nader MA. Tiron protects against nic-
otine-induced lung and liver injury through antioxidant and 
anti-inflammatory actions in rats in vivo. Life Sci 2020; 260: 
118426.

27. Miranda RA, Rodrigues VST, Peixoto TC, et al. Nicotine expo-
sure during breastfeeding alters the expression of endocannabi-
noid system biomarkers in female but not in male offspring at 
adulthood. J Dev Orig Health Dis 2023; 14: 415-425.

28. Benowitz NL, Hukkanen J, Jacob P. Nicotine chemistry, metab-
olism, kinetics and biomarkers. In: Nicotine psychopharmacol-
ogy. Springer 2009; 29-60.

29. van Schalkwyk MS. Rooibos (Aspalathus linearis) protects 
against nicotineinduced vascular injury and oxidative stress in 
Wistar rats. Cardiovasc J Afr 2020; 31: 29-38.

30. Henn IW, Alanis LRA, Modesto A, Vieira AR. The concept of 
exposure when selecting comparison groups for determining 
individual susceptibility to addiction to cigarette smoking. 
PLoS One 2019; 14: e0214946.

31. Jensen K, Afroze S, Ueno Y, et al. Chronic nicotine exposure 
stimulates biliary growth and fibrosis in normal rats. Dig Liver 
Dis 2013; 45: 754-761.

32. Zhou Z, Park S, Kim JW, et al. Detrimental effects of nicotine 
on thioacetamide-induced liver injury in mice. Toxicol Mech 
Methods 2017; 27: 501-510.

33. Sinha-Hikim AP, Sinha-Hikim I, Friedman TC. Connection of 
nicotine to diet-induced obesity and non-alcoholic fatty liver 
disease: Cellular and mechanistic insights. Front Endocrinol 
(Lausanne) 2017; 8: 23.

34. Ueki M, Koda M, Yamamoto S, et al. Preventive and therapeutic 
effects of angiotensin II type 1 receptor blocker on hepatic fibro-
sis induced by bile duct ligation in rats. J Gastroenterol 2006; 41: 
996-1004.

35. Sourianarayanane A, Talluri J, Humar A, McCullough AJ. Stage 
of fibrosis and portal pressure correlation in nonalcoholic ste-
atohepatitis. Eur J Gastroenterol Hepatol 2017; 29: 516-523.

36. Iwakiri Y, Trebicka J. Portal hypertension in cirrhosis: Patho-
physiological mechanisms and therapy. JHEP Reports 2021; 3: 
100316.

37. Ebrahimkhani MR, Kiani S, Oakley F, et al. Naltrexone, an opi-
oid receptor antagonist, attenuates liver fibrosis in bile duct li-
gated rats. Gut 2006; 55: 1606-1616.

38. Hajiasgharzadeh K, Somi MH, Mansoori B, et al. Alpha7 nic-
otinic acetylcholine receptor mediates nicotine-induced apop-
tosis and cell cycle arrest of hepatocellular carcinoma HepG2 
cells. Adv Pharm Bull 2019; 10: 65-71.

39. Hajiasgharzadeh K, Somi MH, Mansoori B, et al. Small inter-
fering RNA targeting alpha7 nicotinic acetylcholine receptor 
sensitizes hepatocellular carcinoma cells to sorafenib. Life Sci 
2020; 244: 117332.

40. Fu X, Zong T, Yang P, et al. Nicotine: Regulatory roles and 
mechanisms in atherosclerosis progression. Food Chem Toxicol 
2021; 151: 112154.

41. Kondo T, Nakano Y, Adachi S, Murohara T. Effects of tobacco 
smoking on cardiovascular disease. Circ J 2019; 83: 1980-1985.

42. Barouki R, Samson M, Blanc EB, et al. The exposome and liver 
disease – how environmental factors affect liver health. J Hepa-
tol 2023; 79: 492-505.

43. Mumtaz H, Hameed M, Sangah AB, et al. Association between 
smoking and non-alcoholic fatty liver disease in Southeast Asia. 
Front Public Heal 2022; 10: 1008878.

44. Sharma S, Roy A. Recompensation in cirrhosis: Current evi-
dence and future directions. J Clin Exp Hepatol 2023; 13: 329-
334.

45. Karimi-Sales E, Mohaddes G, Alipour MR. Hepatoprotection 
of capsaicin in alcoholic and non-alcoholic fatty liver diseases. 
Arch Physiol Biochem 2024; 130: 38-48.

46. Afrashteh Nour M, Hajiasgharzadeh K, Kheradmand F, et al. 
Nicotinic acetylcholine receptors in chemotherapeutic drugs 
resistance: An emerging targeting candidate. Life Sci 2021; 278: 
119557.

47. Gauthier AG, Lin M, Wu J, et al. From nicotine to the choliner-
gic anti-inflammatory reflex – Can nicotine alleviate the dysreg-
ulated inflammation in COVID-19? J Immunotoxicol 2021; 18: 
23-29.

48. Wang Q, Gou J, Guo S, et al. Nicotine activating α4β2 nicotin-
ic acetylcholine receptors to suppress neuroinflammation via 
JAK2-STAT3 signaling pathway in ischemic rats and inflamma-
tory cells. Mol Neurobiol 2022; 59: 3280-3293.

49. Tracey KJ. Reflex control of immunity. Nat Rev Immunol 2009; 
9: 418-428.



Clinical and Experimental Hepatology 1/2024 71

Nicotine and liver fibrosis

50. Dasgupta P, Rizwani W, Pillai S, et al. Nicotine induces cell 
proliferation, invasion and epithelial-mesenchymal transition 
in a variety of human cancer cell lines. Int J Cancer 2009; 124:  
36-45.

51. Jensen K, Nizamutdinov D, Guerrier M, et al. General mech-
anisms of nicotine-induced fibrogenesis. FASEB J 2012; 26:  
4778-4787.

52. Egleton RD, Brown KC, Dasgupta P. Nicotinic acetylcholine re-
ceptors in cancer: multiple roles in proliferation and inhibition 
of apoptosis. Trends Pharmacol Sci 2008; 29: 151-158.

53. Schuller HM. Is cancer triggered by altered signalling of nico-
tinic acetylcholine receptors? Nat Rev Cancer 2009; 9: 195-205.

54. Vallejo YF. Chronic nicotine exposure upregulates nicotinic  
receptors by a  novel mechanism. J Neurosci 2005; 25: 5563-
5572. 


	OLE_LINK1

