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Abstract: The heart failures following infarctions is one of the most important causes of death throughout the
world. This study was undertaken to investigate the protective effects of metformin on apoptotic cell death of
cardiomyocytes during experimental cardiac Ischemia-Reperfusion (IR) in rats. The 25 male Wistar rats were
randomly assigned into 5 groups of 5 animals each including; Sham/IR, IR, low dose metformin+IR, average
dose metformin+IR and high dose metformintIR. Heart muscle ischemia was induced clamping the left
descending coronary artery. After 30 min of ischemia, the clamps were taken off and the animals underwent
2 hreperfusion. Metformin (5, 10 and 20 pg/kg/min) was mfused 15 min prior to reperfusion through jugular vein
n treatment groups. At the end of experiment, the rats were euthanized and histological sections from left
ventricles were prepared through Tunnel Staining method. Apoptotic cells were counted under light
microscope. The data obtained were statistically analyzed using ANOVA. Differences were considered
statistically significant at p<0.05. In group 2, ischemia-reperfusion caused occurrence of apoptotic cell death
in cardiomyocytes. There was a significant increase in the incidence rate of apoptosis of cardiomyocytes in
comparison with group 1 (p<0.001). In groups 3-5 metformin (5, 10 and 20 pg/kg/min) caused significant
decrease in the number of apoptotic cells in comparison with group 2 (p<0.05, p<0.01 and p<0.001, respectively).
Thus study therefore, suggests that metformin may be a useful agent for the prevention of Ischemia-Reperfusion

(IR) induced apoptotic cell death of cardiomyocytes in a dose dependent marmer m the rats.
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INTRODUCTION

Ischemia-reperfusion or IR for short 15 a complex
climcal syndrome that under certain conditions can affect
different organs. Tt includes a phase of decrease or stop
i the blood perfusion of the organ and after a whle
causes the reperfusion to the organ (Gottlieb and Engler,
1999). If the cells are damaged in revocable ways, the
revival of blood reperfusion can lead to repairing the
damaged cells. Meanwhile under certain circumstances,
1schemia-reperfusion to the damaged cells that are healthy
in all other aspects paradoxically causes more intense
damage m them. Consequently m addition to the cells
damaged irrevocably during ischemic period, some other
This state called as
1schemia-reperfusion damage 1s an important clinical
process that has a major role in tissue destruction.

cells are destroyed as well.

However, 1t can be controlled by taking some corrective
treating action. Although, the exact mechanisms for this

type of injury have not been 1dentified, one of the major
reasons behind IR can be summarized in the following
way, blood reperfusion intensifies the local absorption of
the mflammatory cells. These cells release a considerable
amount of active oxygen radicals causing cell membrane
damage permeability.  Higher
mitochondria permeability and the formation of tiny

and mitochondria

opemings on its membrane lower the membrane potential
and decrease the production of ATP resulting in inflated
mitochondria. Higher outer mitochondria permeability
causes the release of cell damage stimulators (Gottlieb and
Engler, 19991). 5-AMP-activated protein Kinase (AMPK)
15 one of the key energy metabolism regulators in heart
and other tissues. During metabolic stress like hypoxia
AMPK is activated. Tt not only causes the activation of
energy producing paths but it also controls some of the
energy consuming paths (Hardie and Carling, 1997).
Today, AMPK 18 considered as the energy sensor inside
the cell, especially in heart cells that have high and
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constant need for ATP. The stimulation AMPK paths in
fact, increase both glucose and fatty acid in case of higher
demand for them. The role of AMPK as an energy sensor,
especially in ischemic and hypoxia is very important.
Although, it has been demonstrated that AMPK has a
significant role in the regulation of metabolism nside
fatty acid and glucose cells (Dyck and Lopaschuk, 2006),
some new evidence indicate that AMPK besides
regulating the energy has a significant role in balancing
severe nflammatory reactions. For example in endothelial
cells, AMPK stimulation 1s accompanied by the control on
cytotoxicity TNF-¢ (Su et al., 2007). Inflammatory cells
have mportant roles in pathophysiologic responses to
1schemic-reperfusion related damage like that of heart
muscle infraction. Macrophages and neutrophils are the
major leucocytes in developing and intensifying infraction
after reperfusion. Immediately after ischemic, monocytes
and the other leucocytes penetrate the 1schemic region.
The activated macrophages release cytokies that
intensify the accumulation of neutrophils and tissue
injury. Moreover, the penetration of neutrophils to
1schemic tissue by releasing proteolysis and free radicals
mntensifies tissue necrosis and expands the infract region
(Frangogiannis et «l., 2002). AMPK is present in
neutrophils and macrophages. Tt has been proved that the
stimulatton of AMPK reduces the activity of the
mentioned cells. It has also been demonstrated that it
increases the production of ATP in heart ischemic
stresses and controls apoptosis (Dyck and Lopaschuk,
2006). Metformin 1s a lnghly effective and frequently used
drug in curing diabetic and metabolic illnesses. Some of
its curing and effective uses are due to the activation of
AMPK.

It is especially noted today in research as an AMPK
path stimulator (Dyck and Lopaschuk, 2006). Considering
the fact that metformin is effective in AMPK route, the
present research was conducted with the aim of
studying the cytoprotective effects of metformin on
cardiomyocytes 1schemia-reperfusion induced apoptosis.

MATERIALS AND METHODS

The present study i1s an experumental laboratory
based research conducted on rats m 2011 in research
center of Islamic Azad University, Tabriz Branch. All
ethical considerations and work protocols on lab animals
was approved by lab animals Supervisory Committee of
Research Center for Islamic Azad University. For the
present study, 25 male 10 weeks old Wistar rats
weighing 230420 g were obtained from Tran Pastor
Institute Lab Animal’s Center. They were randomly
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allocated into 5 groups of 5 animals each, namely; Sham/
IR, IR, low dose metformin (5 pg kg™ ) +IR, average dose
metformin (10 pg kg™") +IR and high dose metformin
(20 pg kg™ +IR. The conditions for all groups were
equally the same having 12 of light/dark howurs at a
temperature of 2042°C in special cages on beds of straw.
Food and water were freely provided. After a week of
adjustment to the new conditions, the study was
conducted on rats. Metformin was purchased from
Sigma Business group. The drug dosage was
calculated based on the findings of Calvert ef al. (2008),
Solskov et al (2008) and Gundewar et al. (2009). The
different dosages of the drugs in DMSO solvents of 2.5%
were solved in Saline. About 2 h before the operation,
food was withheld from all groups. For the purpose of
making the animals uncenscious, 50 mg kg™ of Ketamin
(Ketamin 10%, Alfasan, Woerden and Holland) and
53 mg kg™ of Xylazin (Xylazin 2%, Alfasen and Woerden,
Holland) were used m peritoneal way. Jagular vein was
canalized for drug and unconsciousness agent infusion
and carotid artery for recording Systolic Blood Pressure
(SBP), Diastolic Blood Pressure (DBP) and Heart Beat
(HR). The animals were operated following Garjani ef al.
(1995). After 10 min of stabilization to create 1schemia, the
left lower coronary was blocked with a clamp. After
30 min, the clamps were removed and ischemic reperfusion
was maintained for 2 h. Total 15 min prior to reperfusion,
metformin (5, 10 and 20 ug kg™") was infused into the
treatment group rats through jagular vein.

In Sham/TR and TR groups instead of metformin,
normal saline was injected in the same manner. The rate of
infusion was kept constant for all groups. Lead-I ECG
standard during experiment and arrhythmia during
ischemia and the 1st 30 min of reperfusion was analyzed
and counted based on Lambth protocol (Garjam et al.,
1995). In all groups, physical signals such as dyspenea
and tachypnea were studied in terms of their occurrence
and mtensity. At the end of the experiment to do
microscopic analysis, the rats were euthanized and
histological sections from left ventricles were prepared
through Tunnel Staining method. After being stabilized in
10% buffer formalin, they were sent to pathological
laboratory of Tslamic Azad University Tabriz Branch.
Consequent, sections from left ventricles of 5 p and
special tunnel coloring were prepared. The cells that were
positive in terms of the existence of apoptosis were
counted and analyzed with light microscope. For each
count in each section of the apoptosis cells, 5 microscopic
fields were randomly selected and were studied with a
magnified view of x40.

Apoptosis  was  evaluated wvia the terminal
deoxynucleotidyl transferase-mediated dUTP Nick-End
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Labeling (TUNEL) method with the use of in situ cell
death detection kit, POD (1684817, Roche, Germany)
according to manufacturer’s instructions with some
modifications (Garjami ef al., 1995). Briefly, the tissue
sections were dewaxed and rehydrated by heating at 60°C
followed by washing in xylene and rehydration through a
graded series of ethanol and double distillated water.
Then, the sections were incubated for 30 min at 21-37°C
with Proteinase K working selution (20 pg mL ™" in 10mM
Tris-Cl, pH 7.6). The sections were rinsed with PBS and
incubated with the TUNEL reaction mixture for 1 hat 37°C
mn a humidified chamber. As a positive control, sections
were treated with DNase 1 {1 mg mL™"; sigma) for 10 min
to introduce nicks in the genomic DNA. After converter
Peroxidase (POD) was added, the sections were incubated
for 30 mm at 37°C m a humidified chamber. Then, the
3, 3-diaminobenzidine substrate was added for the
visualization of nuclei with DNA nick end labeling. The
sections were counter-stained with toluidine blue to show
normalnuclei. The percentage of myocytes with DNA nick
end labeling was analyzed by counting the cells exhibiting
brown nuclei a x40 magnification in 5 randomly chosen
fields (1 mm?) in triplicate plates.

The number of TUNEL-positive cardiomyocytes was
counted by double-blinded observation. The quantitative
data for the present study were shown in the form of
(Meant+SEM) and the significant differences between the
groups were analyzed using ANOVA and Tukey. The
differences were significant at p<0.05.

RESULTS AND DISCUSSION

Results of the effect of graded doses of metformin on
the incidence rate of apoptotic cell death of
cardiomyocytes induced by ischemia-reperfusion are
shown in Fig. 1. In IR group, ischemia-reperfusion caused
severe apoptotic changes of cardiomyocytes as apoptotic
cells were observed in light to dark brown color (Fig. 2).
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Fig. 1: Comparative evaluation of apoptosis occurrence of
cardiomyocyte among the controls and treatment
groups; *significantly different from the Sham/TR
group *p=0.001; *Significantly different from the IR
group *p<0.05, #p<0.01, #¥p=<0.001
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The incidence rate of apoptotic cell death in this
group was significantly higher than Sham/TR group
(p<0.001). In group 3, metformin (5 mg kg~ IV
infusion/min) sigmficantly (p<0.05) reduced apoptosis of
cardiomyocytes  induced by  ischemia-reperfusion
compared to TR group. In group 4, metformin (10 mIL kg™
IV mfusion/mm) caused sigmficant (p<0.01) reduction
of  1schemia-reperfusion induced apoptosis of
cardiomyocytes in comparison with TR group. ITn group 5,
metformin (20 mL kg™, vein infusion) caused a significant
{(p<0.001) reduction of 1schemia-reperfusion induced
apoptotic cell death of cardiomyocytes comparing IR
group. However, even this dosage of the metformin could
not normalize the changes in apoptosis and there still was
a significant difference between this group and IR/Sham
(p=<0.05) (F1ig. 1-5).

In this study, revealed that metformin caused
decrease in apoptosis in heart muscle cells due to

"2

e

.

Fig. 2: Microspic view of heart tissue of rat from healthy
control group in which the normal structure of the
heart is visible (TUNEL method, x40)
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Fig. 3: Microspic view of heart tissue in rats from
diseased control group. Positive tunnel cells are
frequently visible in brown (TUNEL method, x40)



J. Anim. Vet. Adv., 11 (1): 108-112, 2012

L ) 4 ‘
r
Ll' ’ \
. | il
A 05T f i
& Lo i
4 v
PERRI S
¢ ]
}
f 4 L F 5
»> ¥
' ] " ]

Fig. 4: Microspic view of heart tissue in rats from
5 mg/kg/mm dosage metformin treatment group.
Positive tunmel cells are frequently visible in
brown (TUNEL method, x40)
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Fig. 5: Microspic view of heart tissue from a rat of IR
group. Positive tunnel cells are frequently visible
i brown (TUNEL method, *40)

1schemic-reperfusion so that was related to admimistrated
dose. Other researchers results also showed that high
dose of metformin have more cytoprotective effect than
mild and low doses (Solskov et al., 2008). Metformin is
effective in treatment of diabetic patients and metabolic
disorders (Jermendy, 2010). Part of the therapeutic effects
of metformin is related to AMPK activation so that now a
days this drug 13 used in medical research as a stumulating
of AMPK pathway (Calvert et al., 2008). There are a few
studies on effect of metformin on injuries subsequent
1schemic reperfusion. Legtenberg et al. (2002) showed
that short-term infusion of metformin (12 min) during a
mild ischemia improves heart performance after ischemia
on rats. Bhamra et al. (2008) and Paiva et al. (2009)
showed that infusion of metformm (50 pmol L") for
15 min on normal and diabetic hearts reduced infracted
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area size. They planed the inhibition of MPTP
(Mitochondrial Permeability Transition Pore opening) and
excitation of adenosine receptors as action mechamsms.
In all done studies about protective effect of metformin as
single dose or low dose or short-term usage on mjuries
subsequent ischemic-reperfusion and heart failures
suggested that activaton of AMPK pathway is as
metformin action mechanism (Solskov et al, 2008,
Calvert et al., 2008; Gundewar et al., 2009). Sasaki et al.
(2009} demonstrated that metformin by reduction of
oxidative stress prevented of apoptosis in heart muscle
cells of dog’s subsequent ischemic-reperfusion. They
also declared that metformin by activation of AMPK plays
an important protective role on heart subsequent
1schemic-reperfusion. Russell et al. (2004) revealed that
metformin by activation of AMPK reduce the occurrence
of apoptosis m heart muscle cells during ischemic
reperfusion and finally heart failure is prevented Their
findings are consistent with current research results.
An et al (2006) concluded that metformm through
inhibition of caspase 3 enzyme activity prohibits of
palmitic acid effects on apoptosis induction on heart
muscle cells. Calvert et al. (2008) expressed that metformin
through ENOS pathway (Endothelial Nitric Oxide
Synthase pathway) applies its protective role on heart
ischemic-reperfusion. Solskov et «l (2008) showed
metformin cytoprotective effect by oral administration of
metformin (250 mg kg™') as single dose, 24 h before heart
1schemic-reperfusion.

CONCLUSION

The study shows that metformin protects of heart
against 1schemic-reperfusion through mhibition of
apoptosis occurrence in muscular fibers. Considering the
above mentioned series, it can be declared that metformin
can use as a preventive or harmless therapeutic agent
against damages of cardiac i1schemic-reperfusion after
controlled climcal trials. Thus to understanding of
accurate sites and action mechanism of metformin requires
many more expanded studies.
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