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 Myocardial infarction is commonly considered as a leading cause of cardiovascular disease 
taking the lives of seven million people annually. Liver dysfunction is associated with cardiac 
diseases. The profile of abnormal liver functions in heart failure is not clearly defined. This study 
was designed to investigate the protective effects of betaine on liver injury after myocardial 
infarction induced by isoprenaline in rats. Forty-eight male rats were divided into four groups: 
the control group received normal diet and the experimental groups received 50, 150, and 250 
mg kg-1 body weight of betaine daily through gastric gavages for 60 days. All of experimental 
and control groups experienced myocardial infarction, induced by subcutaneous injection of 
100 mg kg-1 isoprenaline in two consecutive doses )8:00 AM to 8:00 PM). Liver enzymes 
including aspartate transaminase (AST) and alanine transaminase (ALT) were significantly 
reduced in the groups treated with betaine, compared with the control group. The total 
antioxidant capacity in the experimental groups, treated with betaine, showed a significant 
increase, compared with the control group. In the control group, severe lesions were created in 
the liver tissue, while degenerative changes of liver tissue significantly reduced in groups 
treated with different doses of betaine, showing the repair of liver tissue. Betaine decreased 
apoptosis in the experimental groups in comparison with the control group. Betaine showed a 
protective effect against biochemical and histological changes in liver tissue caused by the 
induction of myocardial infarction via isoprenaline injection.  

© 2018 Urmia University. All rights reserved. 
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 های کبدی به دنبال سکته قلبیاثرات حفاظت کبدی بتائین بر روی آسیب

 چکیده 

. اختالل باشدیم مرتبطلبی ق یهایماریدهد. اختالل عملکرد کبد به بمیلیون نفر را تحت تأثیر قرار میهفت است و ساالنه بیش از عروقی  -های قلبیترین انواع بیماریانفارکتوس میوکارد از شایع

 .گرفتقرار  تحقیقهای صحرایی مورد الین در موشهای کبدی پس از سکته قلبی القاشده با ایزوپرناثرات حفاظتی بتائین بر آسیبدر مطالعه حاضرنارسایی قلبی به خوبی توصیف نشده است.  عملکرد کبد در

به را روزانه بتائین خوراکی  از کیلوگرم برگرم میلی 250و 150، 50های آزمایش به ترتیب دوزهای گروه تقسیم شدند گروه کنترل رژیم غذایی معمولی دریافت و گروهچهارسر موش صحرایی نر به  48 تعداد

کیلوگرم  برگرم میلی 100ها دچار انفارکتوس قلبی شدند. القای انفارکتوس قلبی از طریق تزریق زیر جلدی ایزوپرنالین در دو روز متوالی با دوز دریافت و سپس تمام گروه روز از طریق گاواژ معده 60مدت 

اکسیدانی کل در . مقدار ظرفیت آنتیشتداری داکاهش معنی در مقایسه با گروه کنترل بتائین های درمان شده باو آالنین آمینوترانسفراز در گروه نوترانسفرازیآم تتاآسپارهای آنزیم مقدار صورت گرفت.

به ترتیب  مختلف های درمان شده با بتائین با دوزهایداری نشان داد. در گروه کنترل ضایعات شدید در بافت کبد ایجادشده که در گروههای درمان شده با بتائین در مقایسه با گروه کنترل افزایش معنیگروه

بتائین خاصیت حفاظتی  های درمان شده با بتائین در مقایسه با گروه کنترل کاهش داشت.. میزان آپوپتوز در گروهبودترمیم بافت کبد نشان دهنده که یافته ای کاهشمالحظهطور قابلتغییرات دژنراتیو بافتی به

 .را نشان دادهای صحرایی ایجادشده پس از القای انفارکتوس قلبی توسط ایزوپرنالین در موش برای بافت کبد در برابر تغییرات بیوشیمیایی و بافتی

 کبد،ایزوپرنالین، بتائین ،انفارکتوس میوکارد ،آپوپتوز واژه های کلیدی:
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Introduction 
 

Myocardial infarction is one the most common 
cardiovascular disease affecting more than seven million 
people annually.1 It has been known for many years that 
the heart and the liver are intimately related. Thus, 
patients with acute and chronic heart failure develop 
manifestations of liver dysfunctions. A sudden and 
dramatic serum hepatic transaminase elevation in relation 
to cardiogenic shock indicates massive hepatocellular 
necrosis named ischemic hepatitis.2 

Liver dysfunction is associated with cardiac diseases, 
such as myocardial infarction.3 Impaired blood flow and 
congestion play important roles in development of liver 
dysfunction.4 Since liver is a highly vascular organ, the 
damaging effects of heart failure on the liver are 
multifactorial including reduced blood flow to the liver, 
increased hepatic vein pressure, and reduced arterial 
saturation.5,6 Liver is a multifunctional organ that plays 
major roles in metabolism, biosynthesis, excretion, 
secretion, and detoxification. These processes require 
energy and turn the liver to an aerobic and oxygen-
dependent organ.7 One-third of the blood that liver 
receives originates from the hepatic artery and two-third 
from the portal vein system.3 Liver cells contain enzymes 
that are released into the blood in various pathological 
conditions.8 Liver enzymes including gamma glutamyl 
transferase, alanine transaminase, aspartate transaminase 
and alkaline phosphatase, frequently used as markers of 
hepatic dysfunction and an enhanced indicator for 
cardiovascular risk.9 

Oxidative stress balances the body in the production 
and elimination of reactive oxygen species (ROS) and 
reactive nitrogen species and decreases the production of 
antioxidants.10,11 Oxidative stress is usually associated with 
increased formation of ROS that plays a central role in 
cardiac physiology and pathophysiology. The ROS are 
molecules that have one or more unpaired electrons in 
their outer orbit, a state that greatly increases their 
reactivity.12High levels of ROS and oxidative stress, 
stimulates cell death through necrosis or apoptosis leading 
to tissue and cell damage.13 Oxidative stress is one of the 
pathological mechanisms leading to the initiation and 
progression of various liver diseases.14,15 

Betaine (N,N,N-trimethyl glycine) is a methyl group 
donor that also affects lipid partitioning.16,17 Its metabolism 
links several metabolites that play an important role in the 
health of humans and other mammals, including choline 
(an important source of betaine), and homocysteine and 
methionine which are involved in its catabolism.18 Betaine 
is also known as an essential organic osmolyte that has 
protective effects on different types of liver cells.19 

An important and common secondary effect of heart 
failure is liver dysfunction, but the importance and 
description of hepatic dysfunction in heart failures have 
 

 rarely been studied. The histopathological assessments of 
liver in heart failure and the protective effects of betaine as 
an antioxidant on liver dysfunction caused by heart failure 
have not been investigated. Thus, the present study aimed 
to investigate the protective effects of betaine on liver 
injury caused by myocardial infarction via isoprenaline. 

  
Materials and Methods 
 

Animals. Forty-eight male Wistar rats with an average 
weight of 200 ± 10 g were divided into four groups of 12 
rats. The rats were kept in standard cages with 12-hr light 
cycles, constant air temperature of 22-25 ˚C, and humidity 
of 55-60%. They were provided with free food and water. 
Before starting the test, the rats were kept in these 
conditions for one week to get used to the environment 
and the ethical considerations of working with animals 
were respected at all stages of the trial. The experiments 
were approved by the Institutional Ethics Committee of 
Urmia University of Medical Sciences, Urmia, Iran 
(ir.umsu.rec.1396.72; 22.04.2017). Oral betaine (Biochem, 
Lohne, Germany) was dissolved in distilled water. The 
doses of 50, 150, and 250 mg kg-1 given to the rats in the 
experimental groups daily through gastric gavages for 60 
days. The control group received normal diet without 
betaine. Then all four groups received two doses of 
subcutaneous injection of 100 mg kg-1 isoprenaline 
(8:00AM and 8:00 PM) and developed infarction within 24 
hr.20 A reduction in blood pressure considered as 
induction of myocardial infarction.21 

Biochemical studies. Anesthesia was performed 
with intraperitoneal 50 mg kg-1 ketamine (Alfasan, 
Woerden, Netherlands) and 10 mg kg-1 xylazine 
(Alfasan).22 Cardiac blood was collected and kept for 15 
min at room temperature. Serum was separated with a 
desktop centrifuge at 3000 rpm and kept at – 20 ˚C until 
biochemical tests were performed. The levels of alanine 
transaminase (ALT) and aspartate transaminase (AST) 
enzymes in the rats’ serum were measured according to 
the kit’s manufacturer instructions )Pars-Azmoon, 
Tehran, Iran) with auto-analyzer system (BT 3000; 
Biotecnica, Rome, Italy). 

The total antioxidant capacity (TAC) was determined 
using TAC assay kit (Labor Diagnostika, Nordhorn, 
Germany). Serum samples from rats were used for TAC 
detection which the detection was based on peroxides 
reaction with peroxidase following color reaction of tetra 
methyl benzidine. After adding a stop solution, the blue 
color turned yellow and the optic density (OD) was 
measured over at wavelength of 450 nm by ELISA reader 
(Awareness Technology Inc., Palm City, USA).  

Histological studies. Twelve hour after the last 
injection of isoprenaline, anesthesia was performed with 
the same dosage intraperitoneal ketamine and xylazine. 
The rat’s abdomen wall was incised and liver was removed  
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and fixed in 10% formalin. After fixation, the tissues were 
passaged and embedded in paraffin. Then using the rotary 
microtome, slices were prepared with a thickness of 5 µm 
and stained by hematoxylin and eosin (H&E). The 
histological changes in the liver tissue were evaluated with 
an optical microscope (Carl Zeiss, Jena, Germany) in all 
treatment groups and compared with the control group.  

Tunnel staining for apoptosis. To visualize the 
fragmented DNA after cell death (apoptosis), In Situ Cell 
Death Detection Kit, POD (Roche, Mannheim, Germany) 
was used. The tissue sections with a thickness of 5 µm 
were rinsed in xylene and descending grades of alcohol 
(absolute alcohol, 95%, 90%, 80% and 70%). The samples 
were then exposed to proteinase K for 10 min at 37 ˚C and 
then the tissue slides were incubated in TUNEL reaction 
solution at 37 ˚C for 60 min and then placed in anti-
fluorescein POD antibody conjugated with horseradish 
peroxidase (Roche) solution for 30 min. Then, the samples 
were placed in 3'-Diaminobenzidine (DAB; Sigma-Aldrich, 
St. Louis, USA) for 5 to 10 min for color reactions and at 
the end stained with hematoxylin solution. After each step, 
the slides were rinsed in phosphate buffer pH=7.2 three 
times and the slides were then washed with ascending 
grades of alcohol (70%, 80%, 90%, 95%, and absolute 
alcohol). Finally, the number of apoptotic cells in liver 
tissue (nuclei in the microscopic field of view, observed in 
brown color) were counted using Image J software 
(version 1.47;NIH, Bethesda, USA).  

Statistical analysis. In this study, data of liver 
enzymes and TAC were analyzed using GraphPad Prism 
(version 6.0; GraphPad software Inc., San Diego, USA). To 
compare different groups, one-way ANOVA was used. All 
the data were reported by mean ± SD and p < 0.05 was 
considered as significant.  

 
Results  
 

The levels of ALT, AST, and TAC in the experimental 
groups with betaine doses of 50, 150, and 250 mg kg-1 

were compared with the control group. The results of this 
study revealed that induction of myocardial infarction 
significantly increased the levels of ALT, AST in the serum 
of control rats (p < 0.001). There was a significant 
reduction in the level of ALT in the experimental groups 
with different betaine doses, compared with the control 
group (p < 0.001). But there was no significant difference 
between the two groups treated with 50 and 150 mg kg-1 

betaine (Fig. 1). The level of AST in the experimental 
groups treated with different doses of betaine showed a 
significant reduction compared with the control group (p < 
0.001). However, there was no significant difference 
between the two groups treated with 150 and 250 mg kg-1 

betaine (Fig. 2). The level of TAC in the experimental 
groups treated with different doses of betaine showed a 
significant increase compared with the control group 
 

 (p < 0.001). However, there was no significant difference 
between the two groups treated with 50 and 150 mg kg-1 

betaine, between the two groups treated with 150 and 250 
mg kg-1 betaine, or between the two groups treated with 
50 and 250 mg kg-1 betaine (Fig. 3).  

 
 
 
 
 
 
 
 
 
 
 

 
Fig. 1. The level of ALT enzyme in the experimental groups with 
betaine doses of 50, 150, 250 mg kg-1 compared with the control 
group after myocardial infarction induced by isoprenaline in rats. 
p < 0.05 represents significant differences among the groups. 

 
 
 
 
 
 
 
 
 
 
 

 
 

Fig. 2. The level of AST enzyme in the experimental groups with 
betaine doses of 50, 150, 250 mg kg-1 compared with the control 
group after myocardial infarction induced by isoprenaline in rats. 
p < 0.05 represents significant differences among the groups. 

 
 

 
 
 
 
 
 
 
 
 
 
 
 

Fig.3. The level of TAC in the experimental groups with betaine 
doses of 50, 150, 250 mg kg-1 compared with the control group 
after myocardial infarction induced by isoprenaline in rats.  
p < 0.05 represents significant differences among the groups. 
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Histopathological findings. Results of histo-
pathological examination of liver tissues stained with H&E 
showed that in the control group which had a myocardial 
infarction, necrotic cells with pyknotic nuclei, degenerated 
cytoplasm, mononuclear cells infiltration around the 
portal zone, congestion of central and portal veins, and 
sinusoid dilation were observed (Fig. 4). In the group 
treated with 50 mg kg-1 betaine, there were no cell 
necrosis and sinusoid dilation, but mild infiltration of 
mononuclear cells around the portal zone and portal vein 
congestion were observed (Fig. 5A). In groups treated with 
150 and 250 mg kg-1 betaine, there were no necrotic cells, 
however, infiltration of mononuclear cells, portal and 
central vein congestion, or sinusoid dilation and tissue 
degenerative changes were substantially less than the 
control group and the liver tissue restored to normal and 
repair status (Figs. 5B and 5C). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 4. A) Infiltration of mononuclear cells (arrow), B) cell 
necrosis (arrow), C) portal vein congestion (arrow), dilation of 
sinusoids (arrow tip), and D) central vein congestion (arrow) in 
the control group after myocardial infarction induced by 
isoprenaline in rats (H & E, 400×). 

 
TUNEL staining results. Apoptotic cells with brown 

nuclei are shown by arrows (Fig.6A). The number of 
apoptotic cells in the group treated with 50 mg kg-1 
betaine significantly increased compared with the control 
group (27.00 ± 3.60 vs 22.33 ± 2.08, respectively, p < 0.05). 
The number of apoptotic cells in the group treated with 50 
mg kg-1 betaine was significantly higher than that of 150 
and 250 mg kg-1 betaine group (17.66 ± 2.51 vs 15.66 ± 
4.04, respectively; p < 0.05). The number of apoptotic cells 
in the groups treated with 150 and 250 mg kg-1 betaine 
was significantly less than the control group (p < 0.05). 
There was no significant difference in the number of 
apoptotic cells between the groups treated with 150 and 
250 mg kg-1 betaine (Fig. 6C). The pixel-based intensity 
values for positive chromogenic reaction in each 10×253 
µm of the liver in Figure 6B. Apoptotic cells in each 1.4 
mm2 of tissue sections are presented as mean ± SD. 

 

  
 

 
 
 

Fig. 5. A) Portal vein congestion (arrow) and mild infiltration of 
inflammatory mononuclear cells (arrow tip) in experimental 
groups treated with 50 mg kg-1 betaine (H & E ×400). B) liver 
tissue of the groups receiving 150 mg kg-1 betaine, decreased 
portal congestion and tissue degenerative changes; and C) liver 
tissue of the group receiving 250 mg kg-1 betaine, striking 
decrease in tissue degenerative changes (H & E ,100×). 

 
 
 
 
 
  
 
 
 
 
 
 
 
 

 
 

Fig. 6. A) The histological sections from the liver, apoptotic cells 
are shown with arrows; B) Pixel based intensity values for positive 
reaction of chromogen (per 10 × 253 µm) of liver tissue; and C) 
The bar diagram of the number of apoptotic cells per 1/4 mm2. p 
<0.05 represents significant differences among the groups. 
 

Discussion 
 

Cardiovascular diseases, including myocardial 
infarction, are the leading causes of death world-wide.23 

According to the results of our research, administration of 
isoprenaline induce myocardial infarction in the rats. 
Isoprenaline, a synthetic catecholamine, and a beta-
adrenergic agonist cause severe stress in myocardial cells 
and subsequently necrosis that resembles myocardial 
infarction in humans.24 Isoprenaline can cause a certain 
degree of damage to the heart clinical indicators, which are 
related to cardiac myocytes damages.25 Oxidative stress is 
the important etiopathological factor in isoprenaline 
induced myocardial necrosis.26 

Acute cardiogenic liver injury is mostly associated with 
acute cardio circulatory failure resulting from acute 
myocardial infarction and replacement of hepatocytes 
with red blood cells extravasating from the sinusoids and 
necrosis/apoptosis.27 There is evaluation of cardiac and 
hepatic function with severe cardiac failure and liver 
injury are reported.28 Kubo and colleagues showed that 
liver dysfunction increased with higher severity of 
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heart failure.29 Betaine is known as an important 
nutrient.30 Reportedly, betaine protects liver against 
alcohol damage.31-33 In a study by Junnila et al., betaine was 
found to be effective in preventing liver injury caused by 
tetrachloride carbon.34 Betaine, as a powerful antioxidant, 
has been shown to have positive effects on redox 
homeostasis during ischemia reperfusion of liver injury in 
rats.35 Dietary betaine supplementation could prove very 
effective in the treatment of liver diseases and other 
diseases associated with defective methylation.36 

Liver dysfunction that causes liver tissue changes was 
reported as a complication of severe heart failure.8 The 
protective effects of betaine on liver tissue after 
myocardial infarction has not been studied properly. In a 
study it was reported that Tribulus terrestrisfruit aqueous 
extract protects heart and liver from beta adrenergic-
stimulated cardio toxicity showed which can support 
isoproterenol-induced histological changes in liver and 
maintain the near normal architecture of liver tissues and 
they showed histological changes in catecholamine-
induced cardiomyopathy are characterized by 
degeneration and necrosis of myocardial fiber, 
accumulation of inflammatory cells such as leukocytes, 
interstitial edema, lipid droplet and endocardial 
hemorrhage.8 In the present study it was shown that 
myocardial infarction induced changes in liver tissue and 
administration of betaine, as an antioxidant, had protective 
effects on liver by preventing the development of liver 
necrosis. Betaine reduced the formation of inflammatory 
mediators and improved tissue repair by reducing 
degenerative changes with the best protective effects in 
doses 150 and 250 mg kg-1. These findings were 
completely in agreement with the findings of Ganesan et 
al.37 They reported that the cardioprotective effects of 
betaine was related to its ability to maintain the 
myocardial energy status at high level by maintaining the 
activity of TCA cycle enzymes and the respiratory marker 
enzymes at near normalcy, and/or to its free radical 
scavenging ability against isoprenaline induced lipid 
peroxidation, which is primary responsible for the 
irreversible necrosis of the myocardial membrane. 
Hepatocellular damage is associated with increasing the 
levels of ALT and AST in serum and hepatocellular 
necrosis with marked elevation in serum AST/ALT 
increase in patients with acute heart dysfunction.38 
Increased AST/ALT ratio due to apoptosis and necrosis in 
liver tissue was presented in this study. In the study by 
Kunutsor et al., liver enzymes were associated with the 
risk of cardiovascular diseases.39 Increased level of ALT 
and AST enzymes in heart failure due to liver injury is 
caused by reduced blood supply of the liver.40 It has been 
shown that the administration of isoprenaline to rats 
significantly increases the activity of ALT and AST 
enzymes.41 In the present study ALT and AST enzymes 
were increased in the control group which had infarction 
 
 

 induced by isoprenaline. The plasma levels of these 
enzymes were reduced by administering different doses of 
betaine. The ability of betaine against oxidative stress 
depends on its highly lipotropic nature which readily pass 
across the lipid bilayer membrane and diffuse into 
intracellular compartment.42 Myocardial oxidative stress 
caused by isoprenaline has been suggested.8 

The TAC of plasma is considered as a tool for medical 
diagnosis and treatment of different diseases.43 Yao et al. 
reported a decline in TAC following acute myocardial 
infarction that is consistent with the results of the 
present study.44 In a study by Kasap et al., it was showed 
that TAC level was lower in patients with acute 
myocardial infarction than the control group, but the 
difference was not significant.45 The results of this study 
showed that administration of betaine in different doses 
increased TAC level that could be due to the protective 
effect of betaine against oxidative stress related to the 
liver tissue. Cell death pattern of hepatocytes in liver 
injury caused by heart disease is in the form of 
apoptosis.46 Protective effects of betaine by preventing 
apoptosis of hepatocytes was approved.47 In a study by 
Graf et al., it was shown that betaine has strong 
protective effects against hepatocyte apoptosis induced 
by intra- and extra-cellular bile acids.19 In another study 
by Hagar et al., they showed that betaine had reno-
protective effect against oxidative stress, inflammation 
and apoptosis associated with cisplatin therapy.48 

TUNEL staining is detecting nuclear apoptosis in 
hepatocytes.49In the present study necrosis of hepatocytes 
was evident in the control group and the nuclei were 
pyknotic. In TUNEL test, the number of apoptotic cells in 
the control group were less than the group treated with 50 
mg kg-1 betaine. In doses 150 and 250 mg kg-1, betaine 
prevented necrosis by protective effects on hepatocytes, 
indicating that betaine can also reduce the number of 
apoptotic cells in high doses. The results of this study 
revealed that betaine has protective effects on liver against 
apoptosis induced by myocardial infarction. For the first 
time Oberhammer et al. identified the association between 
apoptosis and elevation of serum transaminases by 
intravenous infusion of beta growth factor in rats and 
showed that apoptosis of hepatocytes and increased 
serum levels of ALT and AST happens together that are 
consistent with the findings of the present study.50 

In conclusion, the results of the present study revealed 
that betaine has a protective effect on liver dysfunction 
and improves antioxidant activity and decreased apoptosis 
in hepatocytes after myocardial infarction. 
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