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METfORMIN EXERTS CARDIOpROTECTION  
IN ISOpROTERENOL-INDuCED CARDIOMYOpATHY IN RATS

Introduction. Due to neuropathy in diabetic patients, the dysfunction of the autonomic nervous system occurs, 
and cardiac activity undergone excess sympathetic stimulation which is named cardiac autonomic neuropathy. 
Patients with cardiac autonomic neuropathy are at higher risk of left ventricular hypertrophy and are predisposed to 
cardiovascular events. It was established that metformin, a first-line agent for the initial pharmacotherapy of type 2 
diabetes mellitus, poses significant cardioprotective effects. Nevertheless, its activity in the myocardium, subjecting 
the increased sympathetic tone, remains poorly investigated.

The aim of the study – to explore the effects of metformin on cardiac remodeling after prolonged isoproterenol 
administration at a low dose.

Research Methods. To induce cardiomyopathy, Wistar rats were injected intraperitoneally with isoproterenol 
(Iso – 5 mg/kg) in the continuous presence of metformin (М – 100 mg/kg) or vehicle only for 7 consecutive days. 
Tissue samples were stained with Hematoxylin&Eosin using standard method. The serum level of brain natriuretic 
peptide was estimated using the Rat BNP ElISA Kit. Statistical comparison of multiple groups was performed by 
one-way ANovA followed by Bonferroni Test using GraphPad Prism version 5.00.

Results and Discussion. The results of investigation demonstrate that metformin treatment significantly aboli-
shed cardiac hypertrophy in rats induced by isoproterenol administration at the daily dose 5 mg/kg for 7 days. Anti-
hypertrophic effect of the drug was confirmed by its ability to diminish the serum level of brain natriuretic peptide. 
Structural fibrotic reorganization was prevented as well.

Conclusions. Metformin exerts cardioprotection after prolonged isoproterenol administration at a low dose 
preventing hypertrophic and fibrotic remodeling and fetal genes reprogramming. Thus, it might be a potential tool 
in the prevention of cardiac remodeling in patients with sympathetic overactivity.

Key worDS: metformin; isoproterenol; hypertrophy; fibrosis; brain natriuretic peptide.

 

INtroDuCtIoN. diabetes mellitus leads to 
dysfunction in the autonomic nervous system, cau-
sing various cardiovascular disorders, i.e. resting 
tachycardia, postural hypotension, higher intra/
perioperative cardiovascular instability, more fre-
quent asymptomatic myocardial ischemia and in-
farction, and greater mortality after myocardial in-
farction [1]. Cardiac autonomic neuropathy (CaN) 
significantly decreases quality of life and is followed 
by unfavorable prognosis [2]. CaN is caused by 
damage of the autonomic nerve fibers that innervate 
the heart and blood vessels and leads to abnor-
malities in cardiovascular dynamics [3].

Various pathogenic pathways are involved in 
the process of CaN development in the diabetic 
patients, while hyperglycemia is the leading cause 
of these complex interaction initiation [4]. hypergly-
cemia-induced oxidative stress increases mitochon-

drial production of free radicals which together with 
impaired neuronal activity, membrane permeability, 
mitochondrial and endothelial function are involved 
in the pathogenesis of diabetic CaN [5].

Neuropathy first affects the longest nerve fibers. 
the first feature of diabetic CaN is usually vagus 
nerve damage. Since this nerve is responsible for 
nearly 75 % of parasympathetic activity, alteration 
in its function causes resting tachycardia, since 
sympathetic influences become predominant [6]. 
after about five years increased heart rate even-
tually diminishes due to progressive sympathetic 
nerve fiber damage, however, it remains higher than 
in the healthy patients [1]. Declines in parasympa-
thetic tone occur at night and CaN subjects expe-
rience more frequent left ventricular hypertrophy 
and are predisposed to cardiovascular events [7]. 
therefore, searching for new therapeutic strategies, 
which can modulate adverse cardiac remodeling 
and prevent heart failure, is an urgent matter.

© h. ya. loi, B. V. Pavliuk, S. B. Kramar, M. M. Korda, 
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Metabolic state optimization is considered to 
be the only effective strategy in the therapy of dia-
betic CaN [8]. Metformin, according to the american 
Diabetes association’s current clinical practice 
recommendations, remains a first line pharmaco-
logical agent for type 2 diabetes mellitus treat-
ment [9] that can reduce risk of cardiovascular 
events and death [10]. the cardioprotective effects 
of metformin have been considered related to its 
beneficial actions on lipid metabolism, endothelial 
function, calcium homeostasis, hypercoagulation, 
and platelet reactivity [11].

Previously we have reported that metformin 
protects cardiomyocytes from hypertrophy and 
apoptosis caused by metabolic stress, hypoxia and 
ischemia-reperfusion, resulting in gene expression 
profile changes [12]. Nevertheless, its activity in the 
myocardium, subjecting the increased sympa-
thetic tone, is still poorly investigated. 

the aim of our study was to explore the effects 
of metformin on cardiac remodeling after prolonged 
isoproterenol (ISo) administration at a low dose. 

reSearCh MethoDS. the study was per-
formed according to the General ethical Principles 
for the use of animals in research. the wistar male 
rats were maintained in a temperature-controlled 
room (25°C) with a natural day/night cycle, fed a 
standard chow diet and given ad libitum access to 
water. animals were randomly divided into 4 groups: 
C (vehicle injection), C+М (metformin injection), Iso 
(isoproterenol injection), Iso+М (isoproterenol and 
metformin injection). to induce cardiomyopathy, 
rats were injected intraperitoneally with isoprote-
renol (Iso-5 mg/kg) in the continuous presence of 
metformin (Мet-100 mg/kg) or vehicle only for 
7consecutive days. 

tissue samples were stained with hematoxylin 
& eosin using standard method. the serum level 
of brain natriuretic peptide (BNP) was estimated 
using the rat BNP elISa Kit (elabscience). Statis-
tical comparison of multiple groups was performed 
by the one-way aNoVa followed by the Bonferroni 
test using GraphPad Prism version 5.00 (GraphPad 
Software, Inc).

reSultS aND DISCuSSIoN. first of all the 
effect of metformin on cardiac hypertrophy was 
investigated in rats induced by isoproterenol ad-
ministration for 7 days. Previously it was shown that 
low doses of isoproterenol (0.3 to 6 mg/kg) injected 
repeatedly during 1–3 weeks induce cardiac hyper-
trophy accompanied by fibrosis and necrosis of the 
tissue [13]. 

as shown in fig. 1, in the rats with cardiomyo-
pathy, treated with vehicle, isoproterenol caused a 
two-fold increase in cardiomyocyte size: cell area 

in the Iso group was (482.6±8.78) µm2 against 
(222.3±3.85) µm2 in the control group, p<0.001. 

Metformin treatment prevented cardiomyocytes 
hypertrophic response in the rats with isoprote-
renol-induced cardiomyopathy: cell area in the 
Iso+М group was (285.1 ± 4.25) µm2 against 
(482.6±8.78) µm2 in the Iso group, p<0.001. 

the data attained from histomorphology 
analysis, which proved anti-hypertrophic effect of 
metformin, was further confirmed by the assessment 
of BNP serum concentration. Previously it was 
established that cardiac hypertrophy induced by 
β1-adrenoreceptors stimulation was followed by 
increased protein synthesis and upregulation of 
early response genes, and fetal gene expression 
(e.g. the natriuretic peptide genes) [14].

It is proved (fig. 2) that isoproterenol provoked 
augmentation of serum BNP level in the rats treated 
with vehicle in 85.5 %. Nevertheless, metformin 
administration significantly declined BNP serum 
concentration in the rats with isoproterenol-induced 
cardiomyopathy compare to the untreated animals. 
this results confirm our previous findings that 
metformin prevents fetal genes reprogramming [12]. 

Chronic administration of isoproterenol causes 
progressive fibrotic changes in the myocardium, 
which eventually leads to left ventricular 
dysfunction [15]. thus, fibrotic remodeling 
prevention is a prospective therapeutic target in the 
heart failure treatment [16].

also, the impact of metformin on fibrotic 
remodeling in increased sympathetic tonus was 
studied. Isoproterenol caused the augmentation in 
fibrotic tissue accumulation in the myocardium of 
the rats. Metformin treatment prevented fibrotic 
reprogramming induced by isoproterenol (fig. 3).

thus, the conclusion can be drawn that metfor-
min exerts significant cardioprotection in rats with 
isoproterenol-induced heart damage.

the impact of metformin on hypertrophic and 
fibrotic reprogramming of myocardium in the rats 
with isoproterenol-induced cardiomyopathy is pre-
sented in the study.

Isoproterenol is a sympathomimetic that acts 
selectively on beta-adrenergic receptors and pro-
duces powerful stimulation of the heart to increase 
its rate and power of contraction, causing increased 
cardiac output. It dilates the arterioles of skeletal 
muscle (β2 effect), resulting in decreased peri phe-
ral resistance that greatly reduces mean arterial 
and diastolic blood pressure [13].

Isoproterenol initiates imbalance between oxy-
gen supplementation to the heart and response 
from cardiomyocytes, which is related to myocar-
dial hyperfunction due to the increase both in chro-
notropism and inotropism as well as to hypotension 
in the coronary bed. Despite of this an elevation of 
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fig. 1. Metformin decreases cardiomyocyte hypertrophy induced by isoproterenol administration.
Notes. the rats were divided into 4 groups: C (vehicle administration), C+М (metformin (100 mg/kg) administration), Iso 

(isoproterenol (5 mg/kg) and vehicle administration), Iso+М (isoproterenol(5 mg/kg) and metformin (100 mg/kg) administration). 
treatment was maintained for 7 days. 

upper panel – microscopic examination of heart tissue, stained with h&e. Scale bar is 10 µm.
lower panel – quantification of cardiomyocyte area.
Data information: Data are presented as mean±SeM. two-way aNoVa followed by Bonferroni’s post hoc test: ***p<0.001 

between the conditions.

Ca2+ overcharge inside the cell does occur that 
activates adenylate cyclase enzyme and depletes 
atP levels. all these events produce negative im-
pact on the heart, thus isoproterenol is used in the 
experimental medicine for cardiac injury models 
inducing [13].

according to the literature analysis the isopro-
terenol-induced effects on heart could be divided 

into 3 groups depending on the dose and duration 
of isoproterenol administration. the high dose of 
isoproterenol causes myocardial damage as acute 
myocardial infarction, while at the low doses (0.3-
6 mg/kg) it produces cardiac injury with the features 
common for chronic adrenergic hyperactivity [13]. 

adrenergic neurotransmitters of the sympa-
thetic nervous system are significant in the regula-
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tion of heart activity, although prolonged and extra 
adrenergic receptors stimulation leads to cardiac 
dysfunction and cell death [17], and are an important 
factor in the pathogenesis of cardiomyocyte hyper-
trophy [18]. Sympathetic overactivity is considered 
to be an essential feature in the patients with heart 
failure, and norepinephrine plasma level correlates 
with the stage of left ventricular dysfunction [19].

In prolonged β-adrenergic receptors activation, 
hypertrophic phenotype occurs that is associated 
with extra protein synthesis, proto-oncogene ex-
pression, enchased oxidative stress, inflammation 
and stimulation of mitogen-activated protein ki-
nase [20]. 

Besides, β-adrenergic receptors stimulation is 
a trigger for fetal genes expression [20], in particu-
lar, brain natriuretic peptide (BNP) [14]. 

BNP expression is increased in heart failure 
development, and circulating BNP plasma level is 
a marker of left ventricular dysfunction [14] and is 
followed by a high risk of mortality in the patients 
with cardiovascular pathology [21].

the results of histomorphological analysis 
proved that isoproterenol administration at the low 
dose for relatively long period induced significant 
hypertrophic response followed by enlargement of 
BNP serum level that correlated with the data of the 
literature reviewed. 

Metformin is a clinically widely used oral anti-
diabetic agent that is extensively used in the treat-
ment of the patients with type 2 diabetes melli-
tus [22, 23]. recent studies have reported that 

metformin, in addition to its hypoglycemic effect, 
have anti-inflammatory effects and improved ener-
gy metabolism and endothelial function [24, 25], 
significantly reduces the incidences of great vessel 
disease and acute myocardial infarction in diabetic 
patients [26], exertes a cardioprotective effect and 
attenuated myocardial ischemia/reperfusion in-
jury [27].

In the present study metformin treatment coun-
teracted cardiac hypertrophy by preventing cardio-
myocyte growth. furthermore, brain natriuretic 
peptide expression was attenuated that was con-
firmed by elISa analysis of its serum level.

Due to necrosis of cardiomyocytes induced by 
isoproterenol, enhanced fibrotic tissue accumulation 
in the myocardium occurs [28]. fibrosis, as a main 
component of cardiac remodeling, includes micro-
scopic scarring, which serves to replace lost con-
tractile cells after necrosis with non-functional scar 
tissue and thereby is essential in preserving myo-
cardial structure. the extension of fibrosis evi-
dences widespread and ongoing necrosis of car-
diomyocytes [29].

furthermore, an imbalance between synthesis/
degradation of extracellular matrix (eCM) proteins 
finally results in excessive accumulation of fibrillar 
collagen, which is found in cardiac fibrosis, stiffen 
the ventricles and impede both contraction and 
relaxation, impairing the electrical coupling of car-
diomyocytes and the global cardiac function [28].

In the rats administered with isoproterenol for 
7 days the development of a pronounced perivas-

fig. 2. Metformin declines BNP serum concentration in the rats with isoproterenol-induced cardiomyopathy.
Notes. the rats were divided into 4 groups: C (vehicle administration), C+М (metformin (100 mg/kg) administration), Iso 

(isoproterenol (5 mg/kg) and vehicle administration), Iso+М (isoproterenol (5 mg/kg) and metformin (100 mg/kg) administration). 
treatment was conducted for 7 days. 

the serum level of BNP was estimated using the rat BNP elISa Kit. 
Data information: Data are presented as mean±SeM. two-way aNoVa followed by Bonferroni’s post hoc test: ***p<0.001 

between the conditions.
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cular and interstitial fibrosis in the myocardium was 
proved. 

Cardiac fibrosis is a major factor in the progres-
sion of heart failure thus its prevention might be a 
potential strategy in the treatment of heart fai-
lure [16]. Metformin treatment reduced extent of 
fib rotic tissue in the hearts of the rats with isopro-
terenol-induced cardiomyopathy. 

CoNCluSIoNS. the results prove that met-
formin exerts significant cardioprotection caused 
by chronic isoproterenol administration. thus, it 
might be a prospective means in prevention of 
cardiac remodeling in the patients with sympa-
thetic overactivity. Investigation of new mechanisms 
in the drugs protective action is needed to provide 
a better understanding of the pharmacodynamic 

fig. 3. Metformin decreases extent of fibrosis in the rats with isoproterenol-induced cardiomyopathy
Notes. the rats were divided into 4 groups: C (vehicle administration), C+М (metformin (100 mg/kg) administration), Iso 

(isoproterenol (5 mg/kg) and vehicle administration), Iso+М (isoproterenol (5 mg/kg) and metformin (100 mg/kg) administration). 
treatment was conducted for 7 days. 

upper panel – microscopic examination of the heart tissue, stained with h&e. Scale bar is 10 µm. 
lower panel – quantification of cardiomyocyte area. 
Data information: Data are presented as mean±SeM. two-way aNoVa followed by Bonferroni’s post hoc test: ***p<0.001 

between the conditions.
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particularities. the future perspectives of the study 
are exploring molecular and genetic targets of the 
drug, which are involved in the producing of effects 
aimed to prevent the formation of cardiac  remodeling.
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ТеРНОПІЛьСьКий НАцІОНАЛьНий МеДичНий УНІВеРСиТеТ ІМеНІ І. Я. ГОРБАчеВСьКОГО  

МОЗ УКРАЇНи

MЕТФОРМІН пРОЯвЛЯЄ КАРДІОпРОТЕКцІю  
пРИ ІзОпРОТЕРЕНОЛІНДуКОвАНІй КАРДІОМІОпАТІї в щуРІв

Резюме
Вступ. У хворих на цукровий діабет у зв’язку з нейропатією виникає дисфункція автономної нервової 

системи, внаслідок чого серцева діяльність піддається надмірній симпатичній стимуляції, що називають 
кардіальною автономною нейропатією. Пацієнти з нейропатією мають підвищений ризик виникнення 
гіпертрофії лівого шлуночка та більш схильні до розвитку серцево-судинних ускладнень. Встановлено, 
що метформін, препарат першої лінії для початкової фармакотерапії цукрового діабету 2 типу, проявляє 
виражені кардіопротекторні ефекти. Проте його активність у міокарді, що піддається надмірному сим-
патичному впливу, вивчено недостатньо. 

Мета дослідження – встановити ефекти метформіну на кардіальне ремоделювання, викликане 
пролонгованим введенням ізопротеренолу в низькій дозі. 

Методи дослідження. Щоб викликати кардіоміопатію, щурам лінії Вістар внутрішньочеревно вводи-
ли ізопротеренол (Iso – 5 мг/кг) за присутності метформіну (М – 100 мг/кг) або фізрозчину впродовж 
7-ми днів. Зразки тканин було зафарбовано гематоксиліном і еозином з використанням стандартного 
методу. Сироватковий рівень мозкового натрійуретичного пептиду досліджено за допомогою Rat BNP 
ElISA Kit. Однофакторний дисперсійний аналіз ANovA з попарним порівнянням груп за критерієм Бонфероні 
проведено для статистичної оцінки результатів за допомогою програми GraphPad Prism версії 5.00.

Результати й обговорення. У результаті проведених досліджень встановлено, що лікування мет-
форміном достовірно зменшує серцеву гіпертрофію в щурів, індуковану введенням ізопротеренолу в дозі 
5 мг/кг протягом 7-ми днів. Антигіпертрофічний ефект препарату підтверджено тим, що його засто-
сування сприяло зниженню рівня мозкового натрійуретичного пептиду в сироватці крові. Структурні 
фібротичні зміни в міокарді було також попереджено.

Висновки. Метформін проявляє кардіопротекцію при пролонгованому введенні ізопротеренолу в 
низькій дозі, запобігаючи гіпертрофічному та фібротичному ремоделюванню і репрограмуванню феталь-
них генів. Тому препарат може бути потенційним засобом для профілактики ремоделювання міокарда, 
спричиненого надмірною активністю симпатичної нервової системи в пацієнтів.

КлючОВІ СлОВа: метформін; ізопротеренол; гіпертрофія; фіброз; мозковий натрійуретичний 
пептид.



177

О
Р

И
ГІ

Н
А

Л
Ь

Н
І 

Д
О

С
Л

ІД
Ж

Е
Н

Н
Я

177ISSN 2410-681X. Медична та клінічна хімія. 2019. Т. 21. № 4

Г. Я. Лой, Б. В. Павлюк, С. Б. Крамар, М. М. Корда, А. М. Олещук
ТеРНОПОЛьСКий НАциОНАЛьНый МеДициНСКий УНиВеРСиТеТ иМеНи и. Я. ГОРБАчеВСКОГО 

МОЗ УКРАиНы

MЕТФОРМИН пРОЯвЛЯЕТ КАРДИОпРОТЕКцИю  
пРИ ИзОпРОТЕРЕНОЛИНДуцИРОвАННОй КАРДИОМИОпАТИИ у КРыС

Резюме
Вступление. У больных сахарным диабетом в связи с нейропатией возникает дисфункция автоном-

ной нервной системы, в результате чего сердечная деятельность подвергается чрезмерной симпати-
ческой стимуляции, что называют кардиальной автономной нейропатией. Пациенты с нейропатией 
имеют повышенный риск возникновения гипертрофии левого желудочка и более склонны к развитию 
сердечно-сосудистых осложнений. Установлено, что метформин, препарат первой линии для начальной 
фармакотерапии сахарного диабета 2 типа, проявляет выраженные кардиопротекторные эффекты. 
Однако его активность в миокарде, что подвергается чрезмерному симпатическому воздействию, изуче-
но недостаточно.

Цель исследования – установить эффекты метформина на кардиальное ремоделирование, вы-
званное пролонгированным введением изопротеренола в низкой дозе.

Методы исследования. чтобы вызвать кардиомиопатию, крысам линии Вистар внутрибрюшно 
вводили изопротеренол (Iso – 5 мг/кг) в присутствии метформина (М – 100 мг/кг) или физраствора в 
течение 7-ми дней. Образцы тканей были окрашены гематоксилином и эозином с использованием стан-
дартного метода. Сывороточный уровень мозгового натрийуретического пептида исследован с помощью 
Rat BNP ElISA Kit. Однофакторный дисперсионный анализ ANovA с попарным сравнением групп по кри-
терию Бонферони проведен для статистической оценки результатов с помощью программы GraphPad 
Prism версии 5.00.

Результаты и обсуждение. В результате проведенных исследований установлено, что лечение 
метформином достоверно уменьшает сердечную гипертрофию у крыс, индуцированную введением изо-
протеренола в дозе 5 мг/кг в течение 7-ми дней. Антигипертрофический эффект препарата подтверж-
ден тем, что его применение способствовало снижению уровня мозгового натрийуретического пепти-
да в сыворотке крови. Структурные фибротические изменения в миокарде были также предупреждены.

Выводы. Метформин проявляет кардиопротекцию при пролонгированном введении изопротерено-
ла в низкой дозе, предотвращая гипертрофическое и фибротическое ремоделирование и репрограмми-
рование фетальных генов. Поэтому препарат может быть потенциальным средством для профилак-
тики ремоделирования миокарда, вызванного чрезмерной активностью симпатической нервной системы 
у пациентов.

КлючеВЫе СлОВа: метформин; изопротеренол; гипертрофия; фиброз; мозговой натрийурети-
ческий пептид.
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