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 Abstract: 

Background: Non-alcoholic fatty liver disease (NAFLD) is the 

most common chronic liver disease worldwide. Mirabegron is a 

novel, once-daily orally active, first-in-class, potent β3-

adrenoreceptor (AR) agonist. Aim of the study: This work aimed at 

exploring the possible prophylactic effect of mirabegron on non-

alcoholic steatohepatitis (NASH) induced experimentally by high 

fat diet in rats. Material and methods: Rats were divided into 5 

groups: normal group serving as a control group, Mirabegron group, 

Untreated NASH group (received a high fat diet for 12 weeks), Low 

dose mirabegron pre-treated NASH group (treated with mirabegron 

5 mg/kg/day orally for 12 weeks) and High dose mirabegron pre-

treated NASH group (treated with mirabegron 10 mg/kg/day orally 

for 12 weeks). Results: Mirabegron produced significant reduction 

of liver enzymes, total cholesterol, triglycerides and Low-density 

lipoprotein cholesterol (LDL-c) and significant elevation of high- 

density lipoprotein-cholesterol (HDL-c),the serum level of  

glycosylated hemoglobin (HbA1c), fasting  glucose and insulin  

levels were significantly decreased with significant improvement of 

insulin sensitivity observed by lowering of insulin resistance index 

(HOMA-IR), serum adiponectin  level also showed significant 

elevation. These results were supported by marked improvement of 

liver histopathology compared to non-treated group, with the best 

results obtained by using the high dose of mirabegron. 

Conclusions: These data suggest that mirabegron may have a 

potential usefulness in the prevention of NASH as regard to liver 

enzymes, lipid profile, serum HbA1c, fasting insulin and blood 

glucose, insulin resistance index, and serum adiponectin levels with 

improvement of liver histopathological changes. 
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Introduction 

Non-alcoholic fatty liver disease (NAFLD) 

is an increasingly recognized as one of the 

most common causes of chronic liver 

disease worldwide that may progress to 

end stage liver disease (1). Non-alcoholic 

steatohepatitis (NASH) is typically 

characterized by liver steatosis, 

inflammation and fibrosis driven by 

metabolic disruptions such as obesity, 

diabetes and dyslipidemia. Within this 

spectrum, steatosis alone is apparently 

benign, while non-alcoholic steatohepatitis 

may progress to cirrhosis, hepatocellular 

carcinoma and liver failure (2). Despite 

extensive research over the past decades, 

the pathogenesis of NAFLD is not entirely 

understood, and treatment of this disease 

has not been fully defined. It has been 

suggested that the development of 

steatohepatitis is a consequence of the 

balance between pro and anti-

inflammatory effects of adipokines (e.g., 

adiponectin, resistin, visfatin and leptin) 

(3). Mirabegron is the first β3-

adrenoreceptor (AR) agonist which was 

approved for the treatment of overactive 

bladder (OAB) in the United States, Japan, 

the European Union and Canada (4). Many 

researches demonstrated that β3-AR 

stimulation resulted in activation of human 

brown adipose tissue (BAT) in healthy 

male subjects (5). Thereby, it could be 

expected that chronic administration of β3-

AR agonist may result in activation of 

thermogenic tissues with all subsequent 

beneficial metabolic consequences (6). 

Nevertheless, these aspects were not 

studied in trials of mirabegron in the 

treatment of OAB. 

Materials and methods 

Animals:  36 Adult male albino rats 

(brought from Vacsera-Cairo) weighing 

between 150-180 g (at the beginning of the 

study), were used for in-vivo experiments. 

They have acclimatized for one week and 

were caged in fully ventilated room (at 

temperature ranging from 25-30oc). Food 

and water were provided ad libitum. 

Type of study: Prospective 

Duration:5/1/2021 to 5/4/2021 

Place: pharmacology department - Benha 

faculty of medicine 

Ethical consideration: 

Experimental rats should be under 

complete healthy conditions throughout 

the experiment in the form of: 
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▪ Clean environment. 

▪ Good ventilation. 

▪ Good nutrition. 

▪ Number of rats in each cage is six. 

▪ The experimental rats will be under 

care of a professional technician 

and a qualified researcher. 

At the end of the study the rats were 

anaesthetized, sacrificed, and disposed to   

Benha university hospital incinerator. 

Drugs and chemicals:   

Mirabegron (Astellas, Japan, Egypt), 

Cholesterol (powder): El Naser 

Pharmaceutical chemicals, Hematoxylin 

and eosin,Urethane (Ethyl 

carbamat):(white crystals). 

Mirabegron was dissolved in distilled 

water (7). 

Induction of NASH: 

NASH was induced by high fat diet 

formed of a laboratory chow diet in 

addition to 10% animal fat, 2% 

cholesterol, and 5% corn oil for 12 weeks 

(8). 

Animal groups: - 

Rats were divided into five groups: Group 

I serving as a control group (normal 

group): received a standard chow diet and 

tap water with no medication, Group II 

(Mirabegron group):subdivided into: 

Subgroup IIa: received a standard chow 

diet and tap water with oral administration 

of mirabegron (5 mg/kg /day) for 12 weeks 

(9)  and Subgroup IIb: received a standard 

chow diet and tap water with oral 

administration of mirabegron (10 mg/kg 

/day) for 12 weeks (10), Group III 

(Untreated NASH group): received a high 

fat diet for 12 weeks with no medication 

(8), Group IV (Low dose mirabegron pre-

treated NASH group):  received a high fat 

diet with oral administration of mirabegron 

at a dose of (5 mg/kg/day) for 12 weeks 

(9)  and Group V (High dose mirabegron 

pre-treated NASH group): received a high 

fat diet with oral administration of 

mirabegron at a dose of (10 mg/kg/day) for 

12 weeks (10). 

Sample collection 

At the end of the experiment (12 weeks), 

rats were overnight fasted for 12 hours, 

rats were anesthetized with urethane a 

dose of 0.6 ml/100 gm BWT of 25% fresh 

prepared solution (11)  then, they were 

fixed on an operating table and the blood 

samples were taken as following: Ventral 

thoracic incision of about 2 cm was made, 

parallel and slightly to the left of the 

sternum through the skin and pectoral 

muscles to expose the ribs. The gap was 

widened so that the rapidly beating heart 

becomes visible, then the blood sample 

was taken from the heart by syringe. 

Samples for biochemical analysis of liver 

enzymes, lipid profile and insulin levels 
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were incubated at 37oc until blood clotted 

and then centrifuged at 3000 revolution 

per minute (rpm) for 15 min for separation 

of serum and stored at – 20o C at refco 

deep freeze (12).  

 

1-Determination of liver function tests: 

were performed on samples by 

colorimetric methods (GGT, AST, ALT), 

by using GGT, ALT and AST kit 

(Human, Egypt), according to the method 

of Reitman and Frankel (13). 

 

2-Determination of serum lipid profile: 

Serum levels of total cholesterol (TC), 

triglyceride (TG) and high- density 

lipoprotein-cholesterol (HDL-C) were 

determined using colorimetric enzymatic 

kits (Bio Diagnostic, Dokki, Egypt) 

according to the manufacturer‟s 

instructions (14-16). Low-density 

lipoprotein cholesterol (LDL-C) was 

calculated using the Friedewald formula 

[LDL- cholesterol= Total Cholesterol- 

(HDL-cholesterol+ TG/5) (mg/dl)] (17).   

3-Measurement of fasting blood glucose: 

Fasting blood glucose was measured on a 

Beckman Glucose Analyzer II (Beckman, 

Fullerton, CA) (18). 

 

4-Measurement of fasting insulin level: by 

rat insulin ELISA kit (SunLong Biotech 

Co., LTD) (19). 

 

5-Insulin resistance by HOMA-IR index: 

Insulin resistance was measured using the 

homeostasis model assessment (HOMA-

IR) defined by the following formula (20). 

HOMA-IR=Fasting glucose level (mg/dl) 

x Fasting insulin level (μIU/mL) /405. 

 

6-Measurement of HbA1c: by Rat HbA1c 

(Glycosylated Hemoglobin/Hemoglobin 

A1c) ELISA Kit using Sandwich ELISA 

as the method (21).  

 

7- Measurement of serum adiponectin 

level: using Adiponectin rat ELISA kits 

(Biovendor, Germany), This ELISA kit 

uses Sandwich ELISA as the method (22).  

Histopathology of the liver: 

After functional studies were completed, 

the liver of rats were put into a buffered 

4% formalin fixation solution and 

processed with paraffin wax for 

histopathological examination. Sections 

(5μm) were stained with hematoxylin and 

eosin (23). 

Statistical analysis: In the statistical 

comparison between the different groups, 

the significance of difference was tested 

using ANOVA test (F value): -Used to 

compare mean of more than two groups of 

quantitative data using multiple 

comparison post hoc test (LSD). P value 

<0.05 was considered statistically 

significant while >0.05 statistically 
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insignificant P value <0.01 was considered 

highly significant. 

 

Results 

There was no significant difference 

between subgroup IIa and subgroup IIb in 

all parameters, so all statistical 

comparisons were compared to subgroup 

IIb as mirabegron group. 

In mirabegron group, there was 

insignificant difference (p>0.05) in all 

parameters including: liver enzymes (AST, 

ALT and GGT), lipid profile (TC, TG, 

LDL-C and HDL-C), fasting glucose and 

insulin levels, HBA1c, insulin sensitivity 

and serum adiponectin levels when 

compared to control group. 

Induction of NASH by high fat diet 

resulted in significant elevation in liver 

enzymes (AST, ALT and GGT), TC, TG, 

LDL-C, fasting glucose, and insulin levels, 

HBA1c and insulin sensitivity with 

significant reduction of HDL-C and serum 

adiponectin level in untreated NASH 

group when compared to control group. 

Treatment with two different doses of 

mirabegron resulted in significant 

reduction of liver enzymes (AST, ALT and 

GGT), TC, TG, LDL-C, fasting glucose, 

and insulin levels, HBA1c with 

improvement of insulin sensitivity 

observed by lowering of HOMA-IR index. 

The serum HDL-C and adiponectin levels 

were significantly elevated in treated 

groups when compared to untreated NASH 

group. Although the two doses of 

mirabegron produced improvement in all 

the parameters, the high dose of 

mirabegron produced the best results.  

Microscopic examination of liver sections of 

rats of control and  

mirabegron groups displayed normal liver 

architecture (figure1,2). Rats of untreated-

NASH group showed severe steatosis, 

hepatocyte ballooning and degeneration with 

multiple foci of inflammatory cell infiltration 

(figure 3). Whereas hepatocyte ballooning 

and degeneration and the infiltration of 

inflammatory cells were markedly 

ameliorated in low dose mirabegron 

pretreated group and high dose mirabegron 

pretreated group (figure 4,5). However high 

dose mirabegron pretreated group exhibited 

better improvement of liver architecture. 
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Table (1): Effect of pre-treatment with mirabegron (5 mg/kg/day and 10mg/kg/day p.o for 

12 weeks) on liver enzymes in a model of NASH (induced by 10% animal fat, 2% 

cholesterol, and 5% corn oil for 12 weeks) in adult male albino rats. 

 

Data are presented as mean (M) ± SD; a: Significant difference versus control at p<0.05.  

b: Significant difference versus untreated mirabegron group at p<0.05; c: Significant difference versus untreated 

NASH group at p<0.05; d: Significant difference versus low dose mirabegron pretreated NASH group at 

p<0.05. 

 

 

Table (2): Effect of pre-treatment with mirabegron (5 mg/kg/day and 10 mg/kg/day p.o for 

12 weeks) on lipid profile in a model of NASH (induced by 10% animal fat, 2% cholesterol, 

and 5% corn oil for 12 weeks) in adult male albino rats. 

 

Data are presented as mean (M) ± SD; a: Significant difference versus control at p<0.05.  

b: Significant difference versus untreated mirabegron group at p<0.05; c: Significant difference versus untreated 

NASH group at p<0.05; d: Significant difference versus low dose mirabegron pretreated NASH group at p<0.05 

Parameters                                                                              mean ± SD 

GGT (U/L) 

 

ALT(U/L) AST(U/L) Groups 

8.92±0.34 

 

46.5±3.8 

 

102.00±9.63 

 
Group I: Control Group 

9.08±0.71 48.71±3.19 105.33±7.67 
Group II: Mirabegron group 

26.36± 1.83 a,b  93.33± 9.5 a,b   

 

164.64± 14.4 a,b 

 
Group III: Untreated NASH Group 

16.78± 0.71 a,b,c 
 

65± 3.95 a,b,c 
 

136.00± 8.22 a,b,c 
 Group IV: Low dose mirabgron pre-

treated Group 

12.18± 0.43 a,b,c,d 

 

54± 3.6 a,b,c,d 

 

109.5 ± 7.9 c,d 

 
Group V: high dose mirabgron pre-

treated Group 

Parameters mean ± SD  

HDL-c 

(mg/dl) 

LDL-c (mg/dl) Triglyceride 

(mg/dl) 

 Total 

cholesterol 

(mg/dl) 

Groups 

47.66±2.36 40.76±4.91 116.76±7.09 110.83±6.55 Group I: Control Group 

45.75±2.81 
43.27±11.05 

113.79±5.02 114.17±9.87 Group II: Mirabegron 

group 

27.7±1.89 a,b   

 

215.48±24.61a,b   

246.72± 21.9 a,b   292.32± 15.02 
a,b 

Group III: Untreated 

NASH Group 

41.05±1.83 a,b,c 

 

76.3 ± 10.2 a,b,c 

 

167.04± 8.23 a,b,c 

 

150.83± 9.81 
a,b,c 

 

Group IV: Low dose 

mirabgron pre-treated   

Group 

46.2±2.68 c,d 

 

54.1± 14.57 a,c,d  

 

136.59± 7.98b a,b,c,d 

 

127.17± 8.51 
a,b,c,d 

 

Group V: high dose 

mirabgron pre-treated    

Group 
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Table (3): Effect of pre-treatment with mirabegron (5 mg/kg/day and 10 mg/kg/day p.o for 

12 weeks) on FBG, fasting insulin, HOMA-IR index and HbA1c levels in a model of NASH 

(induced by 10% animal fat, 2% cholesterol, and 5% corn oil for 12 weeks) in adult male 

albino rats. 

Data are presented as mean (M) ± SD; a: Significant difference versus control at p<0.05.  

b: Significant difference versus untreated mirabegron group at p<0.05; c: Significant difference versus untreated 

NASH group at p<0.05; d: Significant difference versus low dose mirabegron pretreated NASH group at p<0.05 

 

Table (4): Effect of pre-treatment with mirabegron (5 mg/kg/day and 10 mg/kg/day p.o for 

12 weeks) on the serum level of adiponectin in a model of NASH (induced by 10% animal 

fat, 2% cholesterol, and 5% corn oil for 12 weeks) in adult male albino rats. 

 

Group Serum adiponectin level (ng/ml) 

Group I: Control Group 
28.67±1.43 

Group II: Mirabegron group 
30.27±2.6 

Group III: Untreated NASH 

Group 

10.48 ±0.85 a,b 

Group IV: Low dose mirabgron pre-

treated Group 

17.63 ±1.56 a,b,c 

Group V: high dose mirabgron pre-treated 

group 

22.67±0.75 a,b,c,d 

Data are presented as mean (M) ± SD; a: Significant difference versus control at p<0.05.  

b: Significant difference versus untreated mirabegron group at p<0.05; c: Significant difference versus untreated 

NASH group at p<0.05; d: Significant difference versus low dose mirabegron pretreated NASH group at p<0.05 

Parameters           mean ± SD  

HbA1c 

(ng/ml) 

HOMAIR 

index  

 Fasting insulin 

(uU/ml) 

FBG (mg/dl) Groups 

11.82±0.69 

 

1.96±0.59 

 

9.09±1.82 89.23±3.45 

 

Group I: Control Group 

12.04±1.04 
1.8±0.49 

8.31± 1.95 

 

86.92±3.14 Group II: Mirabegron group 

18.32±0.59 
a,b   

↓ 

11.96± 2.91 
a,b  

22.33± 2.81 a,b 

 

211.24± 

12.04 ab 

 

Group III: Untreated NASH 

Group 

14.81±0.33 
a,b,c 

6.45± 0.90 
a,b,c 

 

17.58± 1.37 a,b,c 

 

154.38± 5.8 
a,b,c 

 

Group IV: Low dose 

mirabgron pre-treated 

Group 

13.84±0.52 
a,b,c,d 

 

3.76± 0.63 
a,b,c,d 

 

13.22 

± 1.74 a,b,c,d   

120.7 ± 5.34 
a,b,c,d 

 

Group V: high dose 

mirabgron pre-treated 

Group 
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Figure (1): A photomicrograph of a cut section in the liver of a control rat (group I) showing: 

(a) normal central vein (b) normal hepatocytes (H&Ex40). 

 

 

 

 

 

 

 

 

Figure (2): A photomicrograph of a cut section in the liver of a rat in mirabegron group 

(group II) showing: (a) normal central vein(b) normal hepatocytes (H&Ex40). 

 

 

 

 

 

 

 

 

Figure (3): A photomicrograph of a cut section in the liver of fatty untreated rat (group III) 

showing: severe (a) steatosis, (b) ballooning and (c) inflammatory cell infiltration (H&Ex40). 

 

a 

b 

a 

b 

c 

a 

b 
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Figure (4): A photomicrograph of a cut section in the liver of low dose mirabegron treated 

rat (group IV) showing: moderate (a) ballooning and (b) inflammatory cell infiltration 

(H&Ex40). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure (5): A photomicrograph of a cut section in the liver of high dose mirabegron treated 

rat (group V) showing: mild (a) ballooning and mild (b) inflammatory cell infiltration 

(H&Ex40). 

 

 

 

 

b 

a 

a 
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Discussion  

Chronic liver disease (CLD) is a major 

cause of mortality, morbidity, and health 

care resource utilization worldwide (24). 

Non-alcoholic fatty liver disease (NAFLD) 

is increasingly recognized as one of the 

leading causes of chronic liver disease 

worldwide that may progress to end stage 

liver disease (26).  

Non-alcoholic fatty liver disease is 

frequently associated with the metabolic 

syndrome including diabetes mellitus, 

hypercholesterolemia, hypertension, and 

obesity (26). All of these complications of 

NASH can pose significant health, 

economic, and patient-experience burdens 

to the patients (27).  

 Mirabegron is a novel, once-daily orally 

active, first-in-class, potent β3 

adrenoreceptor (β3AR) agonist (28,29). 

The β3-adrenoceptor is the predominant β-

adrenoceptor in white and brown 

adipocytes, where its activation results in 

increased lipolysis in white adipocytes and 

increased thermogenesis in brown 

adipocytes. Recently, the role of these 

adrenoceptors in brown adipose tissue 

(BAT) has regained attention (30). 

In this study, NASH model was induced in 

rats by high fat diet (HFD) formed of a 

laboratory chow diet in addition to 10% 

animal fat, 2% cholesterol, and 5% corn 

oil for 12 weeks (8). This NASH rat model 

closely resembles the pathophysiology 

observed in human NASH (31).  

The data of the present work revealed that 

12 weeks of high fat diet administration 

resulted in significant elevation in liver 

enzymes (GGT, AST and ALT), also lipid 

profile showed significant increase in 

triglycerides, total cholesterol, and LDL-C 

with significant decrease in HDL-C. 

Histopathological examination revealed 

hepatic alteration in the form of steatosis, 

hydropic degeneration and inflammatory 

cell infiltration.  These results agreed with 

many studies (32,33). They reported that 

dyslipidemia induced by ingestion of high 

fat diet is the primary cause of lipid 

peroxidation and decrease the strength of 

the antioxidative defenses. Also, previous 

studies (34,35) reported that hepatic 

steatosis induced by high fat diet induced 

elevation of liver enzymes (GGT, AST, 

ALT), alteration in lipid profile (elevation 

of triglyceride, cholesterol and LDL-C and 

decrease in HDL-C).  

Estimation of the activity of ALT, AST 

and GGT are good markers of assessment. 

These enzymes are normally located in the 

cytosol of hepatocytes. When liver cells 

are damaged, these enzymes are released 

in the plasma and their increased activity 

in plasma is a useful marker of the extent 

and type of hepatocellular damage (36,37). 

Results obtained from this study showed 

that, serum levels of triglycerides, total 

cholesterol, and LDL-C were significantly 

elevated while HDL-C was significantly 

reduced in rats fed on high fat diet HFD; 

this is consistent with other studies as 

(38,39). 

Feeding of high fat diet results in excess 

hepatic triglycerides accumulation due to 

increased synthesis and decreased 

secretion of triglycerides and increased de 

novo lipogenesis (40) and induce oxidative 

stress in various organs such as the liver, 

heart, and aorta (41,42).  

In the current study, serum level of 

HbA1c, fasting glucose and insulin levels 

were significantly elevated with increased 

insulin resistance index (HOMA-IR) in 

rats fed on HFD; this is consistent with 

other studies (43,44) they reported that 
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ingestion of HFD resulted in non-alcoholic 

fatty liver disease (NAFLD) with 

subsequent hyperglycemia, 

hyperinsulinemia and high insulin 

resistance. 

It has been considered that insulin 

resistance and hyperinsulinemia play a key 

role in the pathogenesis of NALFD. 

Excessive deposition of fat in adipocytes 

and muscles determines insulin resistance 

with subsequent accumulation of fat in the 

liver, which, in turn, increases the rate of 

mitochondrial beta-oxidation of fatty acids 

and ketogenesis that can promote lipid 

peroxidation and accumulation of reactive 

oxygen species (ROS) in the hepatocytes 

(45). 

Results of the present study revealed 

significant lowering of serum adiponectin 

level in rats fed on high fat diet, which 

agrees with many previous research 

(46,47). 

Adiponectin is one of the several 

hormones secreted by adipose tissue 

known collectively as adipocytokines. In a 

healthy liver, adiponectin regulates the 

metabolism of glucose and lipids, 

decreasing gluconeogenesis and 

stimulating glycolysis and fatty acid 

oxidation (48,49). The model of HFD-

induced NAFL in rats performed in a 

previous study (50) also showed induced 

inflammatory state as elevated serum 

tumor necrosis factor 𝛼 (TNF-α) and 

decreased adiponectin level with impaired 

insulin signaling, oxidative stress, and 

inflammatory responses in hepatic and 

adipose tissues. Data of the present study 

showed that treatment of high fat diet fed 

rats with mirabegron in two different doses 

(5 mg/kg/day and 10 mg/kg/day) for 12 

weeks resulted in significant improvement 

of elevated liver enzymes (GGT, AST and 

ALT) compared to non-treated group with 

best results obtained by using high dose 

(10 mg/kg). These results are in line with 

another study (51), who reported that 

treatment with mirabegron improved 

hepatic function parameters (AST and 

ALT) due to its antioxidant properties as it 

decreased Malondialdehyde (MDA) and 

increased reduced glutathion (GSH) serum 

levels. Other researchers (52) found that 

mirabegron decreased serum 

transaminases levels in high fat diet fed 

mice with significant lowering of 

hepatocyte ballooning and inflammation in 

mirabegron-treated livers as well as in 

collagen 1 expression. 

Results of the current study revealed that 

treatment of high fat diet fed rats with two 

different doses of mirabegron resulted in 

dose related improvement of lipid profile 

(lowering of total cholesterol, triglycerides 

and LDL-C and elevation of HDL-C 

serum levels) compared to non-treated 

rats. Also, the serum levels of HbA1c, 

fasting plasma insulin and blood glucose 

were significantly decreased with 

significant improvement of insulin 

sensitivity observed by lowering of insulin 

resistance index (HOMA-IR) in groups 

treated by two doses of mirabegron with 

the best results obtained by using the high 

dose of mirabegron (10 mg/kg/day).     

These data are supported by several 

previous studies (53) who reported that 

treatment of obese humans with 

mirabegron improved oral glucose 

tolerance test, HbA1c, and insulin 

sensitivity, stimulated lipolysis, and 

reduced fibrotic gene expression with a 

trend towards decreased total cholesterol 

levels and significant reduction of 

triglycerides. 

These data also are in consistence with an 

earlier study (54) who concluded that high 
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fat diet fed mice treated by mirabegron 10 

mg/kg/day exhibit significant reduction of 

epididymal fat and serum LDL-C with 

elevation of serum HDL-C level. 

Mirabegron treatment ameliorated brown 

adipose tissue (BAT) “whitening” caused 

by HFD feeding and enhanced beige 

adipocyte, brown-like adipocytes found in 

white adipose tissue (WAT) formation 

(55-57). 

Many studies reported that treatment with 

β3AR agonist restored BAT function, 

decreased body weight, improved glucose 

tolerance and insulin sensitivity, and 

reduced hepatic lipid content compared to 

untreated counterparts in high fat diet fed 

animals. When BAT is stimulated 

chronically, it consumes triglyceride-rich 

(TG-rich) lipoproteins and subsequently 

generates HDL cholesterol, so BAT 

activation is able to correct hyperlipidemia 

and improves the deleterious effects of 

obesity (58,52,59). 

We found in this study that high fat diet 

fed rats treated with two doses of 

mirabegron showed significant elevation 

of serum adiponectin level with the best 

results obtained from high dose. Two 

studies (60,61) showed that chronic 

activation of brown fat by mirabegron 

leads to many metabolic benefits, 

including increased energy expenditure, 

improved cholesterol profile and insulin 

sensitivity stimulated the release of brown 

adipokines as adiponectin helping other 

tissues consume fatty acids and glucose 

and attenuated the development of 

atherosclerosis.  

Adiponectin has anti-diabetic, 

antiatherogenic, anti-inflammatory and 

insulin-sensitizing properties (62) 

Adiponectin through its receptors usually 

activates different molecular pathways. 

Adiponectin activating AMP and P38 

kinases in skeletal muscle and liver tissues, 

stimulates phosphorylation of acetyl 

coenzyme-A carboxylase (ACC) and 

peroxisome proliferator- activated receptor 

α (PPAR-α), fatty acid oxidation, and 

glucose uptake via increasing glucose 

transporter   GLUT-4 translocation in 

muscle cells. Through these pathways, 

Adiponectin mainly exerts its insulin-

sensitizing actions (63,64) Adiponectin 

induces an up-regulation of the anti-

inflammatory cytokine interleukin 10 (IL-

10) and interleukin-1 receptor antagonist 

(IL-1RA) expression (65) Furthermore, it 

inhibits the production of inflammatory 

cytokines and adhesion molecules 

reducing the inflammatory state in the 

various cellular models. This adipokine 

has been shown to inhibit (TNF-α)-

induced nuclear factor-kB activation in 

endothelial and epithelial cells (66). 

Histopathological examination supported 

the biochemical analysis. It was found 

that, rats fed on high fat diet for 12 weeks 

showed severe histopathological NASH 

lesions (including steatosis, ballooning 

degeneration and inflammation), this 

coincides with many prvious results 

(67,68). 

Histopathological examination of the liver 

of treated groups supported the previous 

results. It was found that, liver of 

mirabegron pre-treated rats showed mild 

ballooning degeneration and inflammatory 

cell infiltration without steatosis, this 

coincides with a previous study (69) who 

found that β3 adrenoreceptor activation in 

HFD fed rats ameliorated liver steatosis, 

inflammation, and hepatocyte ballooning 

degeneration with significant improvement 

of liver enzymes (AST and ALT), TGs, 

TC and LDL-C. These protective effects 

were due to inhibition of mitochondrial 

ultrastructural damage in the liver of HFD 
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rat and regulated the expression of 

peroxisome proliferator-activated 

receptors (PPARs). PPAR-α regulates the 

expression of various genes responsible for 

lipid metabolism that are also responsible 

for fatty acid (FA) uptake, FA oxidation, 

cell generation, TG processing and lipid 

droplet formation and decomposition (70). 

Conclusion: 

In our study, it was found that mirabegron 

affords hepatoprotective effects as regard 

to liver enzymes, total cholesterol, 

triglycerides, LDL-C, HDL-C, serum 

HbA1c, fasting insulin and blood glucose, 

insulin resistance index (HOMA-IR), and 

serum adiponectin levels with 

improvement of histopathological changes 

of the liver.   
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