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Introduction
Mirabegron is a selective β‑3 receptor agonist that 
is used now for the management of overactive 
urinary bladder disease  [1]. The drug is not only 
able to control the urinary symptoms of overactive 
urinary bladder disease in women but also causes a 
significant improvement in the female sexual life [2]. 
It increases cAMP levels in the rat urinary bladder 
tissue and causes relaxation of the bladder  [3]. It 
has a potential antiobesity effect while lacking the 
cardiovascular adverse effects that are associated with 
the classic adrenergic drugs that have a role in obesity 
management [4,5]. β3 adrenergic receptors are widely 
expressed in brown adipose tissues in addition to 
white adipose tissues [6].

In rodents, β‑3 receptor agonist can cause an increase 
in energy expenditure and oxidation of fatty acid. 
In addition, it can improve insulin sensitivity and 
decrease the amount of stored fat and preserve lean 
body mass [5]. Stimulation of β3‑adrenergic receptors 
in rabbits has a vascular protective role owing to the 

improvement in the function of endothelium and 
restoration of nitric oxide/redox balance [7].

Obesity is a syndrome characterized by increasing the 
storage of fat in the body. It results from the imbalance 
between intake of energy and its expenditure, and 
it is the major risk factor for many diseases  [8,9]. 
Induction of a condition similar to human obesity can 
be done in rats by feeding on high‑fat diet  (HFD) 
that gives more than 40% energy for several weeks. 
Rats are more susceptible to obesity caused by diet and 
insulin resistance, so rats are suitable animals for the 
experimental method of obesity induction [10].

Carbon tetrachloride  (CCl4) is a chemical that is 
used widely for the induction of hepatotoxicity in 
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animal models [11]. Free radicals are the main factors 
involved in the pathogenesis of hepatotoxicity caused 
by CCl4 as these radicals can cause lipid peroxidation 
of the cell membrane and damage to the cell proteins 
through oxidation processes  [12–14]. CCl4‑induced 
toxicity is not limited only to the liver but its toxicity 
may extend to affect the brain, kidney, lung, heart, 
and testis  [15]. As mirabegron is a novel drug that 
lacks adequate pharmacological properties, the aim of 
the present study was the evaluation of the possible 
hepatoprotective and antiobesity effects of mirabegron 
against CCl4‑induced hepatic toxicity in obese rats.

Materials and methods

Drugs and chemicals
Mirabegron was obtained from Astellas Pharma 
Europe, Netherlands (Betmiga 50 mg). Silymarin 
powder was obtained from SEDICO Pharmaceutical 
Co.  (Egypt). CCl4 was purchased from Koch‑Light 
Laboratories Ltd  (England). Liver function test kits 
were purchased from Spectrum Diagnostics  (Cairo, 
Egypt). The rest of the chemicals were obtained from 
the local commercial sources and had an analytical 
grade.

Animals
Thirty male Wistar Albino rats weighing 150–180 g 
were used in the research. Rats were purchased from 
the animal house of the Faculty of Medicine, Assiut 
University. The controlled nonobese rats consumed 
the ordinary laboratory food and water ad libitum. The 
research was approved by the ethics committee of the 
College of Medicine, University of Assiut  (approval 
no: 17300267).

Experimental design

Induction of obesity
Obesity was induced in rats of groups 2, 3, 4, and 5 by 
feeding with a HFD for 7 weeks. The diet is formed 
of 22% mixture of sunflower oil and olive oil, 4.5% 
soybean, 0.5 wheat bran, 4% molasses, 68% corn starch, 
0.5% common salt, and 0.5% mineral and vitamin mix. 
The fat content of this diet was ∼ 25% [16].

Measurement of the body weight and calculation of 
Lee index were done at the start of the experiment, 
after 7  weeks, and at the end of the experiment. 
Any animal with an increase in body weight more 
than 20% was considered as an obese rat and 
included in the experiment  [17]. The Lee index 

was calculated as a cubic root of body weight  (g) 
divided by the nasoanal length  (cm) multiplied 
by 1000 according to the modification done by 
Szentagothai et al. [18].

Induction of hepatotoxicity
Induction of hepatic toxicity was done using CCl4. 
It was diluted in olive oil 1: 1, v/v. CCl4 was injected 
intraperitoneally in a dose of 0.5 ml/kg twice weekly 
for 1 month [19].

Animal grouping
Five groups of animals, with six rats in each group, 
were used in the experiment. The first group was 
fed on ordinary laboratory food and injected 
intraperitoneally with 0.1 ml of olive oil and used as a 
control nonobese group. The second group was obese 
rats that were fed on HFD for 7 weeks and continued 
on feeding on HFD till the end of study and was used 
as control obese rats. The third group was obese rats 
with hepatotoxicity, which was induced after 7 weeks 
of feeding on HFD by injection of CCl4  (0.5  ml/
kg twice weekly for 1  month). The fourth and 
fifth groups were obese rats with hepatotoxicity 
and treated with either mirabegron  (10  mg/kg) or 
silymarin (25 mg/kg) orally using oral gavage needle 
for 30  days. The selection of the mirabegron and 
silymarin doses depends on the range of doses of 
previous investigations [20,21].

After the end of 30  days of treatment, decapitation 
of rats was done, and the blood samples were 
collected. Centrifugation of the blood for 10  min at 
3000 revolution/min was done, and stored at  −20°C 
till use in the assessment of liver function tests. The 
livers were removed and frozen in liquid nitrogen 
for measuring hepatic oxidative stress. Part of the 
liver was preserved in 10% formalin for hematoxylin 
and eosin staining for histopathological examination. 
For measuring of hepatic oxidative stress, livers were 
weighed, then homogenization was done in phosphate 
buffer. Centrifugation at  −4°C for 15  min at 10  500 
revolution/min was performed.

Hepatic function assessment
Measuring of the hepatic enzymes in serum, 
such as alkaline phosphatase  (ALP), alanine 
transaminase (ALT), and aspartate transaminase (AST), 
was done. In addition, total bilirubin and total proteins 
were also measured using the commercially available 
kits. The liver function tests were used as indicators 
for the hepatic function and for assessment of hepatic 
toxicity.
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Evaluation of hepatic oxidative stress

Determination of hepatic malondialdehyde
Malondialdehyde  (MDA) is a good marker for 
oxidative stress and lipid peroxidation. Its level was 
measured in rat liver homogenate by the method 
indicated by Ohkawa et  al.  [22]. After colorimetric 
reaction with thiobarbituric acid, MDA level was 
measured spectrophotometrically.

Determination of hepatic reduced glutathione
The hepatic glutathione (GSH) levels were measured 
according to the method described by Boyne and 
Ellman  [23]. The hepatic homogenate was mixed 
with trichloroacetic acid 10%. Centrifugation at 
5000 revolution/min was done at  −4°C for 10  min. 
Then disodium hydrogen phosphate buffer  (pH  8.4) 
was added to supernatant, and then Ellman’s reagent 
was added  (0.25  ml). Incubation of the samples for 
10  min was done. The absorbance of the color was 
measured at 412 nm spectrophotometrically.

Histopathological examination
Hepatic tissue samples were cut by a special 
microtome  (4–5  μm in thickness) and stained with 
hematoxylin and eosin. The sections were examined by 
the light digital microscopy. The damage in the hepatic 
tissue was scored as grade (−) if there was normal hepatic 
tissue, grade  (+) for mild hepatic affection  (1–25%), 
grade (++) for moderate hepatic affection (25–50%), and 
grade (+++) for severe hepatic affection (>50%) [24].

Statistical analysis
Data were represented as the mean±SE of six observations. 
To know if there was a statistical significant difference 
between the different groups, one‑way analysis of variance 
was done. Tukey’s post‑hoc test was used for multiple 
comparisons. The results were considered as statistically 
significant differences if P  value less than 0.05. The 
analysis was performed using Prism software (Graph‑Pad 
Software, version 7, California corporation, USA).

Results

Results of the effect of different treatment on body 
weight and Lee index
Effect of CCl4, mirabegron  (10  mg/kg), and 
silymarin (25 mg/kg) orally for 30 days on body weight 
and Lee index.

At the end of experiment, the results of body 
weight measurement and Lee index after feeding 

on the HFD for 11  weeks showed that there was a 
significant (P < 0.05) increase in the body weight and 
Lee index of animals fed on HFD compared with the 
control nonobese animals (Fig. 1 and 2). Injection of 
CCl4 twice weekly for 1 month caused a reduction of 
the body weight and Lee index of the obese animals, 
but this reduction was nonsignificant  (Fig.  1 and 2). 
Treatment with mirabegron 10 mg/kg and silymarin 
25 mg/kg for 30 days caused a significant (P < 0.05) 
reduction of the body weight and Lee index of the 
obese animals in comparison with the obese control 
group (Fig. 1 and 2).

Results of liver function assessment
Effect of CCl4, mirabegron, and silymarin on serum 
AST, ALT, ALP, total bilirubin, and total proteins.

CCl4, when injected twice weekly for 1  month, 
caused severe hepatic toxicity as it was evident from 
Fig.  3–7, which showed a significant  (P  <  0.05) 
increase in serum AST, ALT, ALP, and total bilirubin, 
with a significant  (P  <  0.05) decrease in the total 
proteins.

Administration of 10  mg/kg of mirabegron and 
25 mg/kg of silymarin orally for 30 days resulted in a 
significant  (P < 0.05) reduction in serum AST, ALT, 
ALP, and total bilirubin and a significant  (P  < 0.05) 
elevation of total proteins in comparison with the 
CCl4‑treated group  (Fig.  3–7). However, silymarin 
caused a more normalization of hepatic markers than 
mirabegron.

Effect of carbon tetrachloride (CCl4), mirabegron (MB) 10 mg/kg 
orally for 30 days, and silymarin (SL) 25 mg/kg orally for 30 days 
on rat body weight. Results were represented as mean ± SE (every 
group consisted of six rats). *P value less than 0.05 in comparison 
with control nonobese rats. $P value less than 0.05 in comparison 
with control obese rats. @P value less than 0.05 in comparison with 
MB 10 mg-treated rats.

Figure 1
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Results of hepatic oxidative stress 
assessment
Effect of CCl4, mirabegron, and silymarin on hepatic 
MDA level.

CCl4, when injected for 1  month, caused a 
significant  (P  <  0.05) elevation of hepatic MAD in 
comparison with the control obese rats. Oral mirabegron 
10 mg/kg and silymarin 25 mg/kg for 30 days caused a 
significant (P < 0.05) reduction in hepatic MDA (Fig. 8).

Effect of CCl4, mirabegron, and silymarin on hepatic 
GSH level:

The injection of CCl4 caused a significant (P < 0.05) 
reduction of hepatic GSH level. Oral mirabegron 
10 mg/kg and silymarin 25 mg/kg for 30 days caused 
a significant (P < 0.05) elevation in hepatic GSH level 
in comparison with the CCl4‑treated group (Fig. 9).

Histopathological results
Table  1 and Fig.  10 summarize the hepatic 
histopathological changes that resulted from the 
different treatment. There was no histopathological 
abnormality detected in the control nonobese 

Effect of carbon tetrachloride (CCl4), mirabegron (MB) 10 mg/kg 
orally for 30 days, and silymarin (SL) 25 mg/kg orally for 30 days on 
rat serum alkaline phosphatase (ALP). Results were represented 
as mean ± SE (every group consisted of 6 rats). *P value less than 
0.05 in comparison with control obese rats. $P value less than 0.05 
in comparison with CCl4-treated rats

Figure 5

Effect of carbon tetrachloride (CCl4), mirabegron (MB) 10 mg/kg orally 
for 30 days, and silymarin (SL) 25 mg/kg orally for 30 days on rat Lee 
index. Results were represented as mean ± SE (every group consisted 
of 6 rats). *P value less than 0.05 in comparison with control nonobese 
rats. $P value less than 0.05 in comparison with control obese rats. 
@P value less than 0.05 in comparison with MB 10 mg-treated rats.

Figure 2

Effect of carbon tetrachloride (CCl4), mirabegron (MB) 10 mg/kg 
orally for 30 days, and silymarin (SL) 25 mg/kg orally for 30 days on 
rat serum aspartate transaminase (AST). Results were represented 
as mean ± SE (every group consisted of 6 rats). *P value less than 
0.05 in comparison with control obese rats. $P value less than 0.05 
in comparison with CCl4-treated rats.

Figure 3

Effect of carbon tetrachloride (CCl4), mirabegron (MB) 10 mg/kg 
orally for 30 days, and silymarin (SL) 25 mg/kg orally for 30 days on 
rat serum alanine transaminase (ALT). Results were represented 
as mean ± SE (every group consisted of 6 rats). *P value less than 
0.05 in comparison with control obese rats. $P value less than 0.05 
in comparison with CCl4-treated rats.

Figure 4
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group, and the hepatic tissues appeared with normal 
structure  (Fig.  10a). The control obese group after 
feeding on the HFD showed a marked fat deposition 
in the hepatocytes  (Fig. 10b). Obese animals treated 
with CCl4 for 1  month showed a marked tissue 
necrosis, inflammatory cell infiltration in addition to 
fatty deposition (Fig. 10c). Treatment with mirabegron 
10  mg/kg and silymarin 25  mg/kg for 1  month 
caused a mild improvement in the histopathological 
changes in comparison with the obese control 
group and the obese animals that were treated by 
CCl4 (Figures 10d and 10e).

Effect of carbon tetrachloride (CCl4), mirabegron (MB) 10 mg/kg orally 
for 30 days, and silymarin (SL) 25 mg/kg orally for 30 days on total 
bilirubin of rat serum. Results were represented as mean ± SE (every 
group consisted of 6 rats). *P value less than 0.05 in comparison 
with control obese rats. $P value less than 0.05 in comparison with 
CCl4-treated rats.

Figure 6

Effect of carbon tetrachloride (CCl4), mirabegron (MB) 10 mg/kg orally 
for 30 days, and silymarin (SL) 25 mg/kg orally for 30 days on total 
proteins of rat serum. Results were represented as mean ± SE (every 
group consisted of 6 rats). *P value less than 0.05 in comparison 
with control obese rats. $P value less than 0.05 in comparison with 
CCl4-treated rats.

Figure 7

Effect of carbon tetrachloride (CCl4), mirabegron (MB) 10 mg/kg 
orally for 30 days, and silymarin (SL) 25 mg/kg orally for 30 days 
on hepatic malondialdehyde (MDA). Results were represented as 
mean ± SE (every group consisted of 6 rats). *P value less than 0.05 
in comparison with control obese rats. $P value less than 0.05 in 
comparison with CCl4-treated rats.

Figure 8

Effect of carbon tetrachloride (CCl4), mirabegron (MB) 10 mg/kg orally 
for 30 days, and silymarin (SL) 25 mg/kg orally for 30 days on 
hepatic reduced glutathione (GSH). Results were represented as 
mean ± SE (every group consisted of 6 rats). *P value less than 0.05 
in comparison with control obese rats. $P value less than 0.05 in 
comparison with CCl4-treated rats.

Figure 9

Discussion
The results of the study indicated that the feeding of the 
rats with HFD caused a significant increase in the body 
weight and Lee index compared with the control rat 
group that were fed on the ordinary laboratory chew. The 
body weight of the rats fed on HFD was more than 20% 
of the initial body weight, which was in accordance with 
Wang et al. [17], who indicated that the 20% increase in 
body weight suggested the occurrence of obesity in rats.

Treatment with mirabegron for 30  days after the 
induction of obesity caused a significant reduction of 
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body weight and Lee index of the obese animals, but 
this reduction was modest and in agreement with other 
observations which demonstrated that mirabegron 
has a mild antiobesity effect in rodents  [25]. Bloom 
et al.[26] also demonstrated that CL 316 243 which 
is potent β‑3 receptor agonist had a promising 
antiobesity effect. The weight‑reducing effect of 
mirabegron may be contributed to the stimulation 
of β‑3 adrenergic receptors in white adipose tissues 
that increase lipolysis and in brown adipose tissues 
that increase thermogenesis  [27]. Stimulation of 
β‑3 receptor in rodents increases both fatty acid 
oxidation and energy expenditure and improves 
insulin sensitivity with preservation of the lean body 
mass  [5]. Many investigators demonstrated that β‑3 
receptor agonists caused a mild effect on body weight 

of obese animals, which was explained by the ability 
of these drugs to increase energy expenditure  [27]. 
Activation of the central β3‑receptors by BRL37344, 
the β3‑adreneroceptor agonist, caused hypophagia in 
nonobese rat [28]. Liu et al.[29] reported that chronic 
treatment with CL‑316243, which is a β3‑adrenergic 
agonist, caused a significant reduction of the body 
weight, food intake, and white adipose tissues. The use 
of silymarin caused a mild and a significant reduction 
of body weight of the obese animals, but it caused a 
nonsignificant reduction of the Lee index. The results 
were in agreement with the results of Guo et al.[30] 
who demonstrated that the administration of silymarin 
caused loss of body weight of mice with HFD‑induced 
obesity.

The results of this study indicated that intraperitoneally 
injection of CCl4  0.5  ml/kg twice weekly for one 
month into the rats caused a marked hepatic damage, 
as it was evident from the marked elevation in serum 
AST, ALT, ALP, and total bilirubin with a reduction in 
the total proteins. The results were in agreement with 
the results of other reports which indicated that CCl4 
can cause severe hepatic damage with an elevation 
of hepatic enzymes and total bilirubin [31,32]. CCl4 
caused elevation of serum total bilirubin, which is 
a marker for bile obstruction caused by hepatocyte 
damage [33]. Hepatotoxicity induced by CCl4 is owing 
to the generation of trichloromethyl free radicals, 
which initiate a chain of oxidative stress that activates 
inflammatory reactions [14].

In the present study, treatment with mirabegron for 
1 month resulted in a significant decrease in the elevated 
hepatic enzymes and total bilirubin and a significant 
elevation in the serum total proteins. This was an 
indicator that mirabegron had a role in the treatment 
of hepatic toxicity, which may be owing to the result of 
its ability to reduce the toxic effect of CCl4 or owing 
to the maintenance of the normal physiological role 
of the liver. The reduction of the level of the elevated 
hepatic enzymes could be caused by healing of liver 
parenchyma with liver cell regeneration, which may 
be caused by the administration of mirabegron for 
1 month. There were no sufficient data and there were 
limited researches regarding the role of mirabegron in 
treatment of hepatic toxicity.

The use of silymarin for 1 month caused a significant 
improvement of the elevated hepatic enzymes and 
improvement of the hepatic toxicity that was induced 
by CCl4. The results were in accordance with the 
report of Ayatollahi et  al.[34] who demonstrated 
that silymarin inhibited the transaminase activity 
and prevented the progression of hepatic injury 
in cases of CCl4‑induced hepatic toxicity. It also 

Table 1 Hepatic histopathological changes caused by feeding 
on high-fat diet, carbon tetrachloride, mirabegron, and 
silymarin
Group Fat 

deposition
Inflammatory 
cell infiltration

Tissue 
necrosis

Control nonobese − − −
Control obese +++ + −
CCl4 +++ +++ ++
CCl4+mirabegron (10 mg) + ++ +
CCl4+silymarin (25 mg) ++ ++ +

The score indicated the following: no changes (−), mild hepatic 
changes (+), moderate hepatic changes (++), and severe hepatic 
changes (+++). CCl4, carbon tetrachloride.

Histopathological changes in the hepatic tissues from the studied 
groups (hematoxylin and eosin, ×200). (a) Normal liver structure in the 
control nonobese group. (b) Marked fat deposition in the control obese 
group. (c) Marked hepatic necrosis with massive cellular infiltration 
in CCl4-treated group. (d) Mild improvement in hepatic pathology 
with mirabegron 10 mg treatment and (e) silymarin 25 mg treatment.

Figure 10

dc

ba
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silymarin had antioxidant activity and could elevate 
the intracellular GSH in rat brain tissues. The use of 
silymarin in diabetic rats caused restoration of the 
elevated MDA and the antioxidant enzymes.

The histopathological examination showed that there 
was a marked fat deposition in the control obese group 
after feeding on a HFD. Obese animals treated with 
CCl4 for 1  month showed marked inflammatory 
cell infiltration, tissue necrosis, in addition to fatty 
deposition. Rats treated with mirabegron and silymarin 
showed attenuation of these changes with a significant 
improvement of CCl4‑induced hepatic toxicity. The 
histopathological results were in agreement and 
confirmed the biochemical results.

Conclusion
The study showed that mirabegron had a modest 
antiobesity effect and antioxidant activity, which may 
be responsible for its effectiveness in the treatment of 
CCl4‑induced hepatotoxicity, but its effect was less 
than the silymarin effect. Further studies in human are 
needed to confirm the potential use of mirabegron in 
the treatment of hepatic toxicity and obesity.
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