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Objective(s): This study aimed to evaluate the relationship between Farnesoid-X-activated receptors 
(FXR) as nuclear regulators of the antioxidant defense system as well as cardiac mitochondrial carrier 
proteins of UCP2 and UCP3 in cardiac damage induced by cirrhosis. 
Materials and Methods: Twenty-two male Wistar rats (200–250 g) were randomly divided into 3 
experimental groups, including a control group (n=6), a sham-operated group (n=8), and a bile duct 
ligated (BDL) group (n=8). Four weeks after surgical intervention, biochemical assessment (AST, ALT, 
GGT, LDH, and ALP), histological observation, and molecular evaluation (FXR, UCP2, UCP3, BNP, 
Caspase3, and GAPDH) using real-time RT-PCR were performed. 
Results: Compared with the sham-operation group, the BDL group showed a significant rise in liver 
enzymes of AST, ALT, GGT, LDH, and ALP. Defined fibrotic and necrotic bundles and thick reticulin 
fibers were also found in BDL liver tissue. Besides liver morphological alterations, left ventricles of 
BDL ones were also associated with defined cardiomyocyte hypertrophy, myofiber vacuolization, 
and clear pigmentation. Findings showed a significant up-regulation of cardiac Brain Natriuretic 
Peptide (BNP) along with marked down-regulation in hepatic FXR, cardiac FXR, and cardiac UCP2 
and UCP3. However, the expression of caspase 3 in the cardiac tissue was not affected by BDL 
operation during 4 weeks. 
Conclusion: Expression of FXR as an upstream regulator of cellular redox status, besides the non-
enzymatic ROS buffering defense system of cardiac UCPs, has a pivotal role in the pathogenesis of 
cirrhotic-induced cardiac abnormality in rats. 
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Introduction
Cirrhosis is a progressive liver disease that could 

negatively affect cardiac function. The term “cirrhotic 
cardiomyopathy” was first introduced to explain the 
manifestation of cardiac dysfunction in cirrhotic patients 
who did not suffer from the previous cardiac disease (1). 
The spectrum of this cardiac abnormality is started from 
an early diastolic dysfunction seen to some degree in 
all patients (2). It could be extended into the late systolic 
dysfunction, which appears only in stress conditions (3). 
Although the precise leading mechanisms of this second 
type of cardiac dysfunction are not fully determined, several 
underlying mechanisms have been suggested to participate 
in the development and progression of these structural and 
functional abnormalities. One of the most crucial underlying 
mechanisms is a chronic and dramatic change in the redox 
state. Cellular redox status progressively changes toward the 
production of pro-oxidant markers and suppression of the 

antioxidant defense system in liver disease (4). Impairment 
of cellular mitochondrial function and energy metabolism, 
which strongly facilitate reactive oxygen species (ROS) 
formation (5, 6), are also associated with cirrhosis-induced 
cardiac dysfunction (7).  

Uncoupling proteins (UCPs) that effectively 
adjust mitochondrial ROS generation are located in 
the mitochondrial inner membrane. They reduced 
mitochondrial ROS production by inducing proton leak and 
decreased proton gradient across the mitochondrial inner 
membrane (8). So, UCPs serve as a non-enzymatic cellular 
antioxidant system that reduces ROS generation at oxidative 
stress conditions (9). UCP2 and UCP3 are members of the 
UCPs superfamily, which are predominantly expressed 
in the myocardium. Several experimental studies indicate 
that cardiac UCPs expression could be influenced by 
disease status. As reported by bugger et al., doxorubicin-
induced heart failure was associated with a significant 
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down-regulation of myocardial UCP2 and UCP3, which 
could potentiate ROS generation and produce more cardiac 
damage(10). Other previous studies have also obtained 
similar results. The Overexpressed-UCP1 heart was 
effectively protected from ischemia/reperfusion injury and 
oxidative damage in transgenic mice (11). Over-expression 
of UCP2 in neonatal cardiomyocytes exposed to hydrogen 
peroxide also behaved as a cardioprotective factor and 
remarkably reduced cell markers of apoptosis (12).  

Cellular redox hemostasis is also controlled by the 
upstream regulatory sites of the gene via some specific 
ligand-activated nuclear transcription factors. Farnesoid-
X-activated receptors (FXR) are members of the nuclear 
receptor superfamily, which have a central role in bile acid, 
lipid, and cholesterol metabolism. FXR is considered an 
upstream controller of the cellular redox state, apart from its 
role in metabolic pathways. The mentioned regulatory role is 
mediated via activation of several upstream and downstream 
signaling pathways such as activation of transcriptional 
factor NrF2, and as a consequence increasing the formation 
of cellular glutathione (GSH), superoxide dismutase 
(SOD), and several other endogenous antioxidants(13-15). 
Therefore, activation of FXR and FXR target genes play an 
essential role in modulating the deleterious effects of free 
radicals in pathological conditions (13, 16, 17). The role of 
cardiac FXR activation has been investigated in several recent 
studies. Both cardioprotective (18, 19) and cardiosupressive 
(20) effects have been attributed to this type of nuclear 
receptor. FXR is also contributed as a regulatory part in 
cytoprotection, anti-inflammatory, and anti-apoptotic 
program. These activities of the FXR are closely related to its 
regulatory effects on mitochondrial function (21).   

Acknowledging the crucial role of mitochondria in energy 
supply and ROS production and considering the regulatory 
effect of FXR on the key mitochondrial signaling pathways, 
the present study aimed to evaluate the relationship between 
changes in cardiac expression of FXR, UCP2, and UCP3 in 
a rat model of cirrhosis. The correlation between cardiac 
and hepatic mRNA levels of FXR was also investigated. In 
the present study, the induction of biliary cirrhosis via bile 
duct ligation was considered as an experimental model for 
secondary cardiac abnormality. 

Materials and Methods
Ethical approval

All experiment procedures were carried out according to 
the international conventions on animal experimentation 
and approved by the institutional ethics committee of 
Alborz University of Medical Sciences (IR.ABZUMS.
REC.1397.037). Also, this study complies with the ethical 
principles under which experimental physiology operates.

Chemicals
Ketamine and xylazine were obtained from Alfasan 

(Woerden, Holland). 

Animals
Twenty-two eight-week-old male Wistar rats weighing 

200–250 g were kept in standard conditions, including 
controlled room temperature (22±2 °C) with a 12 hr:12 hr 
light/dark cycle and relative humidity of 40%-50%. During 
the study, animals had free access to food and water. 
Experimental design and protocol 

Animals were randomly divided into 3 experimental 

groups, including a control group (n=6), a sham-operated 
group (n=8), and a bile duct ligation (BDL) group (n=8). 
The surgical procedure was performed in clean conditions. 
Animals were anesthetized using a single intraperitoneal 
injection of ketamine (60 mg/kg) and xylazine (8 mg/kg). 
After diminution of the animals’ reflexes, ligation of the bile 
duct was performed according to the methods described 
by Yang et al. (22). Briefly, after middle line incision and 
cleaning the surrounding tissue, the bile duct was tightly 
double-ligated using 4-0 silk sutures, first near the junction 
of the hepatic ducts, and the second was made above the 
entrance of the pancreatic duct. Then the middle site 
between the ligatures was transected. The Sham-operated 
group underwent all surgical procedures without ligation. 
The abdominal wall and skin incisions were then sutured 
using absorbable (3-0 catgut) and non-absorbable (3-0 
silk) suture materials, respectively. After that, animals were 
transferred into separate cages. The wounds were kept clean 
for the first week of the procedure with topical tetracycline 
ointment (Tetracycline-najo 3%, Iran-Najo. co). The 
duration of the experiment was 4 weeks.   

Biochemical analysis
On the 28th day of the experiment, all animals were 

anesthetized with an intraperitoneal injection of ketamine 
(60 mg/kg) and xylazine (8 mg/kg). Under deep anesthesia, 
thoracotomy was performed, and blood samples were 
gently collected from the heart. To evaluate the liver 
function, serum levels of aspartate aminotransferase (AST), 
alanine aminotransferase (ALT), lactate dehydrogenase 
(LDH), gamma-glutamyltransferase (GGT), and alkaline 
phosphatase (ALP) were measured (23) using commercial 
kits (Pars Azmun Co, INC, Karaj, Iran) according to the 
manufacturer’s guidelines.

Heart and body weights
After collecting blood samples, the hearts were isolated 

and weighed. For a logical interpretation, the animal’s 
absolute heart weight was normalized to body weight (HW/
BW).  

Histopathological examination
Animals’ livers and hearts were dissected out and 

prepared for histopathological studies. Therefore, the most 
prominent right lobe of each liver and the left ventricle 
were cut and immediately fixed in a 10% formalin solution. 
Tissue staining of Hematoxylin and Eosin (H&E), Masson’s 
Trichrome, and Reticulin was performed to detect any 
pathological signs of injury, fibrotic scars, or necrotic lesion 
of the liver, respectively. Cardiac samples were also evaluated 
using H&E and Masson’s trichrome staining. 

Real time-RT PCR assessment
Real-time RT PCR was performed to identify the 

quantitative level of mRNA for our targeted genes of FXR, 
UCP2, UCP3, Caspase 3, and BNP according to the protocol 
(24). Briefly, 50 mg of either the left ventricle or liver tissue 
was homogenized using a polytron tissue homogenizer 
(DAIHAN-brand Homogenizing Stirrer, HS-30E; Korea). 
The RNA was then extracted using Trizol (Qiagen) based on 
the manufacturer’s instructions. Then cDNA synthesis was 
performed using a reverse transcriptase cDNA synthesis 
kit (Fermentas), based on the protocol. Expression of 
the aforementioned genes was measured by Real-Time 
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PCR using SYBR GREEN (TAKARA). Experiments were 
performed in duplicates as follows: denaturation at 95 °C 
for 10 min subsequently followed by 45 cycles at 95 °C for 
10 sec, 60 °C for 10 sec, and 72 °C for 10 sec. The expression 
level was normalized to the GAPDH and expressed as fold-
change. The exact nucleotide sequences of the genes and 
GAPDH primers are shown in Table 1. 

Statistical analysis
Data were expressed as mean±SEM. One-way analysis 

of variance (ANOVA) was conducted for between-group 
analysis. Duncan’s multiple range test was a post hoc test 
to measure specific differences between pairs of means. 
A P-value of less than 0.05 was considered statistically 
significant. Graphpad Prism 8 (8.0.2) software was applied 
for data analysis and creating graphs.

Results
Effects of bile duct ligation on liver function 

As summarized in Table 2, there were no significant 
differences between the control and sham groups for all 
biochemical enzymes. In contrast, the serum levels of AST 
(P<0.001), ALT (P<0.001), LDH (P=0.038), GGT (P=0.010), 
and ALP (P<0.001) were significantly increased in the BDL 
group compared with the sham-operated group. 

Effects of bile duct ligation on HW and HW/BW ratio
Body weights, absolute and the normalized heart weights 

were presented in Table 3. The sham operation did not 
associate with any significant changes in the absolute and 
normalized heart weights. However, 4 weeks ligation of 
the bile duct significantly increased either absolute HW 
(P<0.001) or HW/BW ratio (P=0.002).

Effects of bile duct ligation on histopathological changes of 
liver and heart

Changes in the liver histology have been shown in 
Figure 1 and Table 4. Although the sham operation did 
not affect tissue structure and histology (Figures 1d, e, f), 
bile duct ligation led to a significant disarrangement in 

 

  

Table 1. Forward and reverse sequence of all primers used in the present study

FXR: Farnesoid-X-activated Receptor, UCP: Uncoupling Protein, BNP: Brain Natriuretic Peptide

 

  

Table 2. Serum levels (mean ± SEM, n = 8) of aspartate aminotransferase (AST), alanine aminotransferase (ALT), lactate dehydrogenase (LDH), gamma-
glutamyltransferase (GGT), and alkaline phosphatase (ALP) in the experimental groups including the Control group (n=6), Sham-operated group (n=8), 
and Bile duct ligation group (BDL, n=8) after 4 weeks

*Significant difference from the control group (*P≤ 0.05, ** P≤ 0.01, *** P≤ 0.001)

 

  

Table 3. Values (mean ± SEM) of Body weight (BW), Absolute heart weight 
(HW), and Heart weight/body weight ratio (HW/BW) in the experimental 
groups including the Control group (n=6), Sham-operated group (n=8), 
and Bile duct ligation group (BDL, n=8) after 4 weeks 

*Denotes significant difference (**P≤ 0.01, *** P≤ 0.001)

 

Figure 1. Longitudinal section of hepatic tissue stained by H&E, Masson’s 
trichrome, and Reticulin. Compared with H&E staining of the control (a) 
and sham groups (d), bile duct ligation (g) was associated with a significant 
disarrangement in liver architecture. Obvious proliferation of the bile 
duct along with clear focal inflammation and necrosis were detected (g). 
Masson’s trichrome (h) and reticulin (i) staining showed the development 
of well-defined fibrotic bundles and noted thickening of reticulin fibers 
induced by BDL, respectively
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liver architecture (Figures 1g, h, i). Assessment of the liver 
histology using H&E determined a significant infiltration of 

inflammatory cells along with evident sinusoidal dilation, 
bile duct proliferation, Kupffer cell hyperplasia, and obvious 
signs of regeneration (Table 4). In addition, the development 
of apoptosis, fibrosis, and necrosis was also found in the 
H&E staining of liver samples. Masson’s trichrome and 
reticulin staining of the liver samples also confirmed the 
development of fibrotic and thickening of reticulin fiber, 
respectively (Table 4).

Alteration of the cardiac tissue following bile duct ligation 
has been shown in Figure 2 and Table 5. Compared with the 
control group, H&E cardiac tissue staining in the BDL group 
showed cardiomyocyte hypertrophy, myofiber vacuolization, 
and changed pigmentation in the BDL group. The number of 
fibroblasts was also increased between cardiac muscle fibers. 
Nuclei enlargement, internalization, and inflammatory cell 
infiltration were other signs of histopathological changes 
induced by bile duct ligation during 28 days (Figure  2e, 
Table 5). Specific evaluation of fibrosis in cardiac tissue using 
Masson’s trichrome staining showed mild fibrosis in BDL-
cardiac samples (Figure 2f, Table 5).

Effects of bile duct ligation on gene expression change in 
the heart and liver 

Changes in the gene expression induced by BDL 
have been shown in Figure 3. There were no significant 
differences between the sham and control groups in this 

 

  

Table 4. Comparison of histological injuries evaluated by three staining methods in experimental groups including the Sham-operated group, Bile duct 
ligation (BDL) group, and BDL group for 28 days. Data were presented as median

0: no abnormality detected; 1: damage/active changes up to 25%; 2: damage/active changes up to 50%; 3: damage/active changes up to 75%; 4: damage/active 
changes >75%

Figure 2. Longitudinal section of cardiac tissue stained by H&E and 
Masson’s trichrome. Compared with H&E staining of control (a), and 
sham groups (c), bile duct ligation (e) was associated with cardiomyocyte 
hypertrophy, myofiber vacuolization, and changed pigmentation. An 
increase in the number of inter-cardiac fibroblasts, nuclei enlargement, 
and infiltration of the inflammatory cells was induced by 4-week ligation 
of the bile duct (e). Masson’s trichrome staining showed mild fibrosis in the 
BDL-cardiac section (f)

 

Table 5. Comparison of histological injuries evaluated by three staining methods in experimental groups including the Sham-operated group, Bile duct 
ligation (BDL) group, and BDL group for 28 days. Data were presented as median

0: no abnormality detected;    1: damage/active changes up to 25%; 2: damage/active changes up to 50%; 3: damage/active changes up to 75%;   4: damage/
active changes >75%
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regard. However, ligation of the bile duct for 4 weeks was 
associated with significant changes in the expression of 
targeted genes of both cardiac and hepatic tissue. As shown 
in Figure 3a, in the BDL group, cardiac expression of the FXR 
gene was significantly reduced compared with the control 
one (0.645 vs 1.0; P=0.017). Inconsistent with cardiac FXR 
mRNA level, the expression of hepatic FXR (Figure 3b) was 
also significantly decreased in the BDL group (0.015 vs 1.0; 
P<0.001). As shown in Figures 3c and d, cardiac UCP2 (0.02 
vs 1.0, P=0.001) and UCP3 (0.54 vs 1.0, P=0.02) were also 
significantly down-regulated following 4-week ligation of 
the bile duct. In contrast, the mRNA level of cardiac BNP 
(1.41 vs 1.0, P=0.003) was significantly increased in the BDL 
one (Figure 3e). Despite the development of these significant 
changes in the expression of cardiac and hepatic genes, the 
mRNA level of cardiac caspase 3 was not associated with 
any significant difference compared with the control group.

Discussion
The present study was designed to mechanistically 

evaluate the role of cardiac FXR, UCP2, and UCP3 in the 
secondary cardiac abnormality due to biliary cirrhosis. 
It also aimed to understand the correlation between the 
expression of cardiac and hepatic FXR and the relationship 
between alteration of cardiac FXR expression and cardiac 
UCPs. Besides the development of dark-yellow urine, 
yellow discoloration of the skin, and late ascites, induction 
of severe liver damage was also confirmed by biochemical 
and histopathological findings. Significant elevation of AST, 
ALT, LDH, GGT, and ALP and histological alterations, 
including the development of fibrotic and necrotic bundles, 
were considered liver damage manifestations. Hepatic 
dysfunction resulted in the development of secondary 
cardiac abnormality characterized by cardiac hypertrophy. 
The latter was confirmed by cardiac histopathological signs, 
elevated absolute HW and HW/BW ratio, and significant 
up-regulation of cardiac BNP. Besides these apparent signs 
of liver and heart damages, alterations in targeted genes 
expressed in both tissues were also found. Our findings 
indicated that down-regulation of cardiac FXR was 
consistent with that of its hepatic expression. Following 

the hepatic FXR, cardiac FXR, UCP2, and UCP3 were also 
down-regulated following 4-weeks of bile duct ligation. 
However, changes in myocardial mRNA level of caspase 3 
were not found following 4-week ligation of the bile duct.

Cirrhotic cardiomyopathy occurred in about 50% of 
cirrhosis cases (25). It was primarily introduced as one of 
the systemic manifestations of cirrhosis independent of 
etiology. Disease manifestations range from a mild diastolic 
dysfunction at early stages to late systolic dysfunction 
in stress conditions (2, 3). Despite various studies on 
liver damage due to biliary obstruction, few reports deal 
with secondary cardiac abnormality induced by BDL. 
According to a study, 4-week ligation of bile duct resulted 
in morphological, functional, and molecular abnormalities 
in cardiac tissue manifested by massive atrial fibrosis, 
weak chronotropic responsiveness to isoproterenol, and 
over-expression of transforming growth factor β (TGF-β), 
respectively (26). Other cardiac abnormalities induced by 
biliary obstruction have also been reported.  The imbalanced 
proportion of oxidative to antioxidative markers, including 
an elevated level of malondialdehyde (MDA) along with 
decreased amount of some antioxidant enzymes such as 
glutathione, catalase, and superoxide dismutase (SOD), 
was also shown in cardiac tissue of cholestatic animals 
(27). In addition, BDL-induced hepatic cardiomyopathy 
was associated with activation of liver-heart inflammatory 
pathways and marked hemodynamic impairment, including 
systolic, diastolic, and macrovascular dysfunction in BDL 
animals (28). Depressed cellular respiration of the heart 
due to reduced cardiac mitochondrial capacity was also 
exhibited in BDL rats (29). Our findings are consistent 
with previous ones, which exhibited the development of 
secondary cardiac complications due to biliary obstruction. 
Left ventricles of BDL hearts were associated with evident 
cardiomyocyte hypertrophy, myofiber vacuolization, and 
altered pigmentation. According to previous findings, 
these cardiac morphological alterations could represent 
signs of diastolic dysfunction which in the case of the 
present study is induced by biliary obstruction (30, 31). 
Besides morphological changes, cardiac hypertrophy is also 
confirmed by a significant increase in either absolute or 

 

 

Figure 3. Effect of Bile duct ligation (BDL) on the expression of (a) cardiac Farnesoid-X-activated receptors (FXR), (b) hepatic FXR, (c) cardiac uncoupling 
protein 2 (UCP2), (d) cardiac uncoupling protein 3 (UCP3), (e) cardiac brain natriuretic peptide (BNP), and (f) cardiac caspase 3 genes in the experimental 
groups (n=8) including control, sham, and Bile duct ligation (BDL) groups. Data were expressed as mean±SEM. * P<0.05; ** P<0.01; *** and P<0.001
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normalized HW as well as obvious up-regulation of BNP. 
BNP is an early predictor of cardiac disability (32). There 
are several reports (32, 33) that indicate the overexpression 
of BNP in primary or secondary cardiac disease. Elevated 
serum levels of natriuretic peptides (NPs) such as ANP, 
BNP, or their fragments such as MR-proANP and NT-
proBNP represent ventricular wall stress and are interpreted 
as development of cardiac hypertrophy and/or mild to 
severe degree of heart failure (34). According to preclinical 
and clinical studies, increased serum level and/or mRNA 
expression of NPs is associated with a wide spectrum of 
cardiac complications including ischemic heart disease, 
valvular and rhythm abnormality, contractility, filling 
pressure dysfunction, and congenital heart disease (34). 
Despite conducting several basic investigations to shed 
light on the mechanisms involved in the cirrhotic-induced 
cardiac abnormality, many aspects of its pathogenesis 
remain unknown. 

Mitochondria act as cellular sources of energy and 
ROS generation in physiologic conditions. Mitochondria 
are also critical regulators of cellular apoptosis program 
and cytosolic calcium ion balance (35). In the heart, 
mitochondria maintain energy supply to provide sufficient 
fuel for effective myocardial excitation-contraction 
coupling (36). Excessive ROS generation in pathologic 
conditions such as ischemia/reperfusion (37), myocardial 
infarction (38), diabetic cardiomyopathy (37, 39), and liver 
disease (40), along with abnormal mitochondrial swelling 
and dysregulation of calcium buffering capacity, lead to 
mitochondrial disruption, and abnormal mitochondrial 
permeability which taken together trigger apoptotic 
signals and cell death (35). Uncoupling proteins are some 
of the mitochondrial parts which are negatively affected 
in the failing heart. They are physiologically involved 
in thermogenesis and energy expenditure (41), regulate 
mitochondrial membrane potential by proton translocation 
across the mitochondrial inner membrane, and effectively 
regulate ROS production (8). Indeed, these membrane 
proteins produce proton leak, so ROS generation is reduced 
following a decrease in the proton gradient across the 
mitochondrial inner membrane (8). It means that UCPs act 
as parts of the endogenous antioxidant defense system to 
protect ROS-induced mitochondrial damage (9).

Along with reducing the production of free radicals, 
they also reduce the production of adenosine triphosphate 
(ATP) by separating phosphorylation from oxidation, the 
phenomenon known as uncoupling(8). Some experimental 
studies indicate that cardiac UCP2 and UCP3 expression 
could negatively be influenced by several internal and/
or external mediators such as irregular cellular redox 
status and excessive ROS generation during ischemia/
reperfusion period, overproduction of inflammatory and 
pro-oxidant mediators as well as change in cellular energy 
consumption (8, 36, 42). According to previous studies, 
the UCP3-knockout rodent model exhibited a dramatic 
increase in ROS formation, diminished cardiac contractile 
performance, and increased mortality rate due to cardiac 
arrhythmia(42, 43). Both decrease (10) and increase (8) 
in the expression of cardiac UCP2 have been reported in 
different experimental models of ischemia and heart failure. 
Our findings revealed that a 4-week ligation of the bile duct 
could affect cardiac expression of mitochondrial UCP2 and 
UCP3. According to the physiologic role of cardiac UCPs, 
remarkable down-regulation of the cardiac genes could 

result in increased ROS generation and consequently lead 
to oxidative stress-induced cardiac damage. On the other 
hand, mitochondrial ATP generation can increase following 
down-regulation of the UCPs. Considering the cardiac 
disability induced by a biliary obstruction, increased ATP 
production might be a compensatory mechanism to supply 
sufficient energy sources for counteracting impaired cardiac 
contractility.          

Farnesoid X-activated receptors have a pivotal role 
in regulating the hemostasis of cellular redox status. 
Induction of some upstream and downstream signaling 
pathways such as activation of transcriptional factor NrF2 
and, consequently, increasing the formation of cellular 
GSH and SOD and several other endogenous antioxidants 
occurs following FXR activation (13-15). So, FXR activation 
protects against the deleterious effects of free radicals, which 
are over-produced in several pathological conditions (13, 16, 
17). According to the previous studies, the cytoprotective 
and antioxidant activity of FXR is closely related to its 
regulatory effects on mitochondrial function (21). The 
findings of a study showed that long-term activation of FXR 
by a synthetic FXR agonist (GW4064) during the chronic 
phase of MI was associated with marked cardioprotective 
properties that inhibit cardiomyocyte apoptosis, suppressing 
inflammation and increasing the markers of angiogenesis 
and mitochondrial biogenesis(18). Gai et al. also reported 
that FXR activation in proximal tubular cells exposed to 
ischemic injury was accompanied with a clear reduction of 
mitochondrial damage and oxidative stress markers (13). 
Some findings indicate the protective role of FXR activation 
by either endogenous or exogenous ligands on liver disease 
via suppressing inflammation and fibrosis (44-47). There is, 
however, a discrepancy regarding the cardioprotective role 
of FXR during massive cardiac injury. In this regard, Qiang 
et al. reported that knocking out of FXR led to aggravation of 
cardiac cardiomyopathy and accumulation of excess fat, and 
development of fibrosis in the heart of diabetic mice (48). In 
agreement with the previous one, the cardioprotective role 
of FXR activation has been confirmed by others (18, 19).

In contrast, some reports indicate the deleterious effect 
of cardiac FXR activation following myocardial ischemia 
or infarction injury, including dissipation of mitochondrial 
membrane, mitochondrial dysfunction, and induction of 
apoptotic signals via mitochondrial-mediated cytochrome 
c-dependent caspase-9 activation pathway (20, 49, 50). So, 
despite the importance of FXR in cardiac function, there is 
still much uncertainty about their role in cardiac function 
during the development of massive cardiac disease. 
According to our results, induction of BDL for 4 weeks was 
associated with a significant reduction in the expression of 
both cardiac and hepatic FXR. 

Given our microscopic findings, it is probable that FXR 
down-regulation is one of the critical elements involved in 
disease pathogenesis. Regarding the regulatory role of FXR 
on preserving antioxidant capacity, deceased FXR mRNA 
level can also impair its downstream pathways of NrF2 and 
finally activation of glutathione related genes, so, involved 
organs are very vulnerable to deleterious effects of ROS 
generation. Impairment of antioxidant capacity and/or 
activity is also confirmed by down-regulating myocardial 
UCP2 and UCP3 expression. There is a direct relationship 
between cardiac FXR, UCP2, and UCP3 activity. Their 
down-regulation could finally impair both enzymatic 
(glutathione) and non-enzymatic (UCP’s ROS buffering 
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capacity) antioxidant defense systems of the cardiomyocytes.   

Conclusion
Considering the regulatory role of FXR and ROS buffering 

effects of mitochondrial UCPs, the observed reduction 
in the mRNA levels of targeted genes could be partially 
responsible for further exposure to deleterious damages 
of ROS generation. Taken together, FXR as upstream 
regulators of cellular redox status as well as cardiac UCPs 
have a pivotal role in the pathogenesis of cirrhotic-induced 
cardiac abnormality in rats.   
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