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ABSTRACT

Introduction: Myocardial ischemia leads to electrical disturbance in the heart because Keywords:

of reactive oxygen specious. This study aimed to investigate the effects of gallic acid and Gallic acid

cyclosporine A (CsA) together on electrocardiogram parameters in myocardium following Cyclosporine A

ischemia - reperfusion (I/R) in isolated hearts. Ischemia reperfusion injury

Methods: In this research, 50 Wistar rats weighing 250-300g were randomly divided into
the 5 following groups: control, sham and gallic acid (7.5, 15 and 30mg/kg) in combination
with CsA (0.2uM). On the eleventh day, the hearts were removed and perfused with Krebs
solution and ischemia was induced for 30min. Then, cyclosporine was administered for
10min at the 10 minutes before reperfusion and 10 minutes the beginning of reperfusion. By
placing the electrode, the parameters of RR, PR, QT, TpeakTend, JT and QTcB interval, ST
elevation, R, P, Q, S, T amplitude were recorded before ischemia and during reperfusion.
Results: This study showed that RR, JT, interval, p duration, ST elevation and PVC numbers
of control were increased during ischemia compared with sham and decreased using gallic
acid (7.5, 15 and 30mg/kg) in combination with CsA. In addition, P, R, S, T amplitude during
the ischemia were decreased in control compared with sham and increased with gallic acid
(15mg/kg) in combination with CsA.

Conclusion: In conclusion, the optimal combination of both drugs decreased arrhythmia
occurrence while increased electrical velocity of conduction and wave amplitudes in isolated
myocardium after ischemia reperfusion injury.

Introduction global leading cause of death, has been accounted for

At present, cardiovascular diseases account for  17.3 million deaths per year in the world and 2726
nearly half of no communicable diseases in the world. per day in Iran (Adib et al., 2020; Moradi-Lakeh et
During the last years, ischemic heart diseases as the al., 2017). Arrhythmias or dysrhythmias are applied
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to any kind of rhythm except normal sinus rhythm.
Arrhythmia can be induced by many factors including
abnormal automaticity, myocardial ischemia, electrolyte
abnormalities, metabolic disorders, valvular heart
disease, congenital heart disease and even some
medications (Zheng et al., 2020). Myocardial ischemia
occurs when the supply/demand ratio of blood in
myocardial is insufficient. Ischemia induced hypoxia
leads to the tissue necrosis as well as changes in the
pattern of metabolism and electrical thythm (Buja and
Weerasinghe, 2010; Ebner, 2020).

In the clinic, coronary artery bypass surgery,
angioplasty and thrombosis removal are performed to
restore the coronary blood flow and myocardial salvage
before the progress of irreversible complications.
Ischemia reperfusion injury (I/R) causes contractile
function impairment of the heart, biochemical and
structural changes, arrthythmias, contracture myofibrillar,
irreversible myocardial necrosis due to the generation
of reactive oxygen species (ROS), impaired calcium
homeostasis as well as pH changes during the ischemic
period (Buja and Weerasinghe, 2010; White, 2020;
Yellon and Hausenloy, 2007). Besides, the increased
production of mitochondrial ROS in ischemia opens
the mitochondrial pores (mitochondrial permeability
transition pore, mPTP) that intensify the production
of ROS and create a vicious cycle (Giugliano, 2000;
Pagliaro et al., 2019; Yellon and Hausenloy, 2007).

Itwasreportedinaresearch thatgallicacid (ametabolite
propyl gallate), which possesses potent antioxidant
properties by protects lysosomes membrane and heart
muscle morphology against oxidative stress and reduces
the myocardial necrosis (Priscilla and Prince, 2009;
Prince et al., 2009; Hung et al., 2001; Priscilla and
Prince, 2009). In addition to its antioxidant properties,
gallic acid is anti-arrthythmic.

According to Dianat et al. (2013) report , short and
long term consumption of gallic acid can prevent from
ventricular fibrillation (VF), V-tach and premature ven-
tricular pulses against CaCl2-induced arrhythmia in rat.

Also, mPTP inhibitors such as cyclosporine A (CsA)
by improving calcium homeostasis as well as reducing
the infarct size up to 60% (Hausenloy et al., 2003; Marin-
Garcia and Goldenthal, 2004) can limit the myocyte
necrosis and apoptosis. According to a past study,
acute myocardial ischemia reduces dephosphorylation
of connexin 43 which delays electrical activity of

myocardial and increases the anisotropic conductivity.
As aresult, myocardium will be susceptible to ventricular
arrhythmias. During ischemia, the expression of
potassium channel (KV,) and its flow (I ) are reduced
which delays the repolarization phase and transient
potassium current. Therefore, VF susceptibility increases
and heart rate variability decreases (Kario, 2010).

In recent years, antioxidants and mPTP inhibitors
have been used to reduce the effects of I/R injuries and
each revive the myocardia against MI to only 40-60%
(Hausenloy et al., 2003; Priscilla and Prince, 2009).
(ECG)
has become an attractive approach for the diagnosis

Improved electrocardiographic recordings
of myocardial infarction. ST-segment elevation, QT-
prolongation, R wave amplitude are well-recognized
changes in ECG recording in patients with myocardial
infarction. The early prediction of myocardial tissue
subjected to the risks of myocardial infarction is of
significant importance for prevention or precaution
against adverse outcome caused BY ischemic condition
(Sun et al., 2013). So far, no study has been carried out
to investigate the effect of two combined together drugs
on ECG parameters’ changes in myocardium after I/R
in isolated hearts. So, using the combination of CsA
and gallic acid as an antioxidant and mPTP inhibitor,
we decided to study the protective effects of two
combined together drugs on ECG parameters’ changes
and arrythmia in ischemia condition.

Materials and methods

Total of 50 male Wistar rats weighing 250-300g were
used in this experimental study. Animals were kept in
appropriate condition of temperature (21+£2°C), light-
dark cycle (12/12 hour) and free access to regular diet
and water. Finally, they were randomly divided into 5
groups as follows: control and sham group that received
saline, 3 groups that received a combination of gallic
acid (7.5, 15 and 30mg/kg and cyclosporine A (0.2pM).
Gallic acid and cyclosporine were purchased from
sigma.

The control group had not undergone protocol while
the other three groups (8-10 in each) underwent I/R
protocol as follows: Sham: did not receive any treatment;
CsA: received cyclosporine (0.2uM) (Xie and Yu,
2007); G7.5: received 7.5mg/kg gallic acid (Prince et
al., 2009); G7.5+CsA: received 7.5mg/kg gallic acid
+CsA; G15: received 15mg/kg gallic acid; G15+CsA:
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received 15mg/kg gallic acid +CsA; G30: received
30mg/kg gallic acid; G30+CsA: received 30mg/kg
gallic acid +CsA.

Gallic acid was directly dissolved in normal saline and
was administered with gavage needle once a day for 10
days at 8 o’clock every morning (Prince et al., 2009).
All groups experienced I/R protocol except the control
group. Duration of protocol was 10 days and gavage
volume was 1ml in all groups. It should be noted that
isolated hearts were perfused with cyclosporine (0.2puM)
for 10 minutes before the induction of ischemia and 10
minutes at the start of reperfusion (Badavi et al., 2014).
The control group did not receive protocol. Electrocar-
diographic parameters such as RR, PR, QT, TpeakTend,
JT, QTc interval, ST elevation, R, P, Q, S, T amplitude
and heart rate were computed at pre-ischemia, ischemia
and reperfusion period.

Preparation and perfusion of isolated hearts

Animals were anesthetized using intraperitoneal
injection of ketamine (50mg/kg) and xylazine (2/5mg/
kg) at 10 o’clock in the morning. To prevent blood
clotting, heparin was injected (1000 units, Caspian,
Iran) intraperitoneally at 20min before induction of
anesthesia. The tracheas were cannulated and the
animals were ventilated with room air using a rodent
ventilator (Harvard mouse/rat Ventilator Model 687.
USA, 1901). In the following, chests were opened and
heart aortic cannulas were inserted. Immediately, hearts
were perfused with Krebs-Hanslate bicarbonate solution
at constant pressure (60-70 mmHg) and at 37°C.
Krebs solution composition was as follows: NaCl:
118.4mM, KCI: 4.7mM, MgSO,: 1.21mM, KHPO,:
1.2mM, NaHCO,: 25mM, CaCL,: 2.5mM and glucose:
11.1mM. This buffer was gassed with a combination of
95% oxygen and 5% CO, mixture to reach pH=7.4. The
temperature of this solution was preserved at 37+0.5°C.
Heart rate and ECG parameters (Lead II) were recorded
retrospectively in three times (before, during and after
the ischemia induction) using langendorff apparatus
(AD Instruments, and Australia, ML176-V) .

After fixing the hearts in the cardiac chamber, the
experiment was done on them for 105min. Initially,
diastolic pressure was maintained at 1-6mmHg. Then,
15min for equilibrium during which the heart rate
and other parameters were recorded, after that 30min
for induction of ischemia and 60min for reperfusion

(Klawitter et al., 2002).

ECG was recorded by attaching three spring clip
electrodes directly to the heart surface (MLA1210,
AD Instruments, and Australia). The signals from the
ECG electrodes were filtered and were amplified and
were sent to an analog-to-digital converter (Power Lab
data acquisition and analysis system: AD Instruments,
Australia) attached to a computer. The signals recorded
were saved for coming analysis. ECG were recorded and
were analyzed with the help of LabChartpro7 software
(AD Instruments, Australia).

The most important ECG parameters recorded were
QRS, P, T voltage «P-R, Q-T, RR, QTc, JT, TpTe
intervals and S-T segment elevation. These parameters
were assessed by a cardiologist blinded of experiment.
Using power lab (AD Instrument), electrocardiogram
parameters were recorded for 2h and then using lab chart
software and ECG analysis module, the parameters were
analysis. PR interval presents the atrial depolarization
(P wave) plus the duration of the electric current
conduction through AV node and the specialized His-
Purkinje system to the ventricles. In fact, P-R interval
is the interval time from the onset of P-wave to onset of
QRS complex (Q- or R wave) (Joukar and Asadipour,
2015).

The QT interval consists of both depolarization and
repolarization of the heart and it is the interval time from
the earliest Q or R-wave onset to the end of T wave.
Using the Bazett’s formula modified as QTcn-B= QT/
(RR/A)"? which is a modified and applicable formula
for QT correction in rat, corrected QT (QTc) interval
dependence to heart rate was corrected. RR is R-R
interval and f=150ms (Joukar and Asadipour, 2015). In
addition, JT interval as an interval from junction point J
to T wave end and T peak to T end interval (TpTe), as
the period from the peak of the T wave until the end of
the T wave were computed. Beside this, the premature
ventricular contraction (PVC), ventricular tachycardia
(VT) and VF were computed during the 120min of the
experiment.

According to the Lambeth conventions, types
of ventricular arrhythmias are defined as follows:
ventricular premature beat (VPB; equal to PVC) is
defined as a ventricular complex (complete electrical
event: QRS, RS, QRST or RST) that is different in shape
(voltage, duration, height or width) from the preceding
(non-VPB) ventricular complex, and is premature than
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the preceding ventricular complex and VT is a run of four
or more ventricular premature beats. VF is defined as a
sequence of a minimum of four consecutive ventricular
complexes without intervening diastolic pauses in which
the shape, the peak-peak interval, the height vary and
the variation between each is non-progressive (Baravati
et al., 2015).

In addition, the severity of arrhythmias in the different
groups was evaluated quantitatively by Scoring system
presented in the past. In each group, it was performed
during 1h of reperfusion and compared with control.
This scoring was defined as follow: 0, < 10 PVCs; 1, >
10 PVCs; 2, one to five episodes of VT; 3, > 5 episodes
of VT or 1 episode of VF; 4, two to five episodes of VF;
5,> 5 episodes of VF; 6, VT or VF or both with duration
> 300 sec (Baravati et al., 2015).

Statistical analysis

Using SPSS version 22, the results were analyzed
using one-way ANOVA or repeated-measurement
ANOVA followed by LSD multiple comparison test
and expressed as mean+SEM. P-values of less than 0.05
were considered significant. Normality was checked
using Kolmogorov Smirnov test. The ECG parameters
changes between control group and others during the 2
hours of test were assessed. This time included the pre-
ischemia, ischemia and reperfusion period. During this
time, we recorded the changes repeatedly. The main aim
was to compare these changes between the control and
treated groups. Comparison within each group was not
made. For the severity of arrhythmias in the different
groups, used Ki square test was used and the percentage
was presented. All procedures were confirmed with
ethical committee of Jahrom School of Medicine (ethical
number: (JUMS.REC.1393.132)

Results

Data of this study showed that RR, JT, interval, p dura-
tion and ST elevation during ischemia period increased
compared with pre-ischemia (P<0.05); however, P, R,
S, T amplitudes were decreased in rats with ischemia in
comparison with pre-ischemia or sham group (£<0.05,
Tables land 2).

The QT, JT and TpTe intervals decreased significantly
in animals which treated with combination of both
drug (G7.5+CsA; P<0.05). The PR interval reduced
in rats which treated with combination of both drug

(G15+CsA) but P and R amplitudes increased in those
animals (G15+CsA) compared with control group
(P<0.05). The QRS duration and R amplitude were
increased in the animals which received combination
of both drug (G30+CsA) in comparison with control
group, but QTC and TpTe intervals decreased in those
group(G30+CsA) rather than control (P<0.05, Table 1).
We checked the number of arrhythmias during 1 hour
of reperfusion. In this case there were not a significant
difference between groups which pretreatment with
gallic acid and cyclosporine A in PAC, VT, QRS drop,
AVB, PVC and CHB in comparison with control group
(P=0.36, Table 3).

Discussion

The present was conducted to investigate and present
the effects of combination of gallic acid and CsA on
ECG parameters and arrhythmia prevalence after I/R
injury in rat isolated hearts. The results showed that ECG
parameters in control animals, including p duration,
RR and JT interval were increased after reperfusion
compared with sham group. In addition, P, R, S and T
wave amplitudes were decreased during ischemia in
control group compared with sham. The combination
of gallic acid (15 and 30mg/kg) and cyclosporine
shortened the PR and JT intervals and increased R, T
and P amplitudes.

ROS production increased and induced mitochondrial
dysfunction and Ca overload because of increasing the
permeability of transition pore in the mitochondrial
2004).
Additional calcium can create the electrical changes and

membrane (Marin-Garcia and Goldenthal,

reduces the ATP synthesis in cardio myocytes (Rubartand
Zipes, 2005). In addition, ischemia induces intracellular
ATP reduction and inhibits the Na-K ATPase pump and
gives rise to Na accumulation. After that, Ca overload
occurred because of Na-Ca exchanger reverse function
and finally the expression of K channels decreased
and action potential duration prolonged because of the
major K efflux during hypoxia/ ischemia events via ATP
dependent K channels and inward rectifier K channels
(Rubartand Zipes, 2005). Furthermore, I/R injury caused
the loss of voltage potassium channels function (Ik, and
Ik ). Some researchers understood that gallic acid is a
potent antioxidant and so it can restore the redox state.
In the other side, CsA is an important mPTP inhibitor
and preserves the mitochondria against oxidative stress
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ischemia (Joukar and Asadipour, 2015). The QTc interval

arising from ischemia and hypoxia.

shows the sum of depolarization and repolarization

periods of ventricles. The JT interval is equal to point J to

This protection can maintain the ATP because the

the T wave end and shows the ventricular repolarization.

mitochondria is an origin organelle of ATP synthesis
(Marin-Garcia and Goldenthal, 2004; Priscilla and

The TpTe is the mark of transmural repolarization of

left ventricle (Zumbakyte-Sermuksniene et al., 2012).

Prince, 2009). We maintained the cardio myocytes

Pretreatment of animals with a combination of gallic
acid (G7.5 and G15) and CsA (G7.5+CsA) shortened

the JT interval.

against two disturbances factor (ROS and opening
mPTP) capable of disordering the electrical balance in

ischemic myocytes. The QRS complex indicates that t

We also investigated the hemodynamic changes of

depolarization of ventricles and its amplitude may be

different doses of gallic acid in combination with CsA

reduced due to conduction system injuries because of
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TABLE 2: Heart rate and ECG parameters in all animal groups

PAmplitude  Q Amplitude R Amplitude S Amplitude ST Height T Amplitude
(mV) (mV) (mV) (mV) (mV) (mV)
Control 273.23+22.90 1£0.16 -0.027+0.69 1.71+0.00 -0.5+0.092 0 1.42+0.47
Sham Pre  244.64+10.54  0.71+0.16 -0.02+0.00 1.57£0.091  -0.5+0.035 0 1.07+0.01
Sham Isc  264.87+5.63  -0.03+0.00" -0.08+0.00 0.78+0.00*  -0.10+0.00*  0.36+0.00*  -0.06+0.00"
Sham Post 207.93+13.64  -0.1840.00 -0.07+0.03 3.26+0.57 -1.52+0.12  1.44£0.51  0.21+0.046
G7.5+CsA  Pre  212.58+9.19 0.8+0.00 -0.054+0.017 1.2+0.060 -0.32+0.00 0 1.00+0.00
G7.5+CsA  Isc  190.65+16.34  -0.09+0.00 -0.13+0.03 0.51+0.12 -0.20£0.10  0.35+0.11 -0.41+0.12
G7.5+CsA  Post 186.96+14.13  0.01£0.00 -0.53+0.15 1.4+0.63 -0.26+0.05  1.18+0.43 0.93+£0.21
G15+CsA  Pre  249.5848.62 0.6+0.06 -0.085+0.024 1.4+0.040 -0.51+0.14 0 1.12+0.12
GI15+CsA  Isc  209.28+1532  -0.03+0.00 -0.2140.08 0.37+0.09 -0.26+0.08  0.224+0.020  -0.36+0.028
G15+CsA  Post 2252141526 0.09+0.01"  -0.025+0.17 1.15+0.22"  -0.40+0.19  0.83+£0.20  0.18+0.015
G30+CsA  Pre  259.47+7.97 140.00 -0.013+0.003 2+0.58 -0.60+0.00 0 1.18+0.28
G30+CsA  Isc  206.49+12.15  -0.0140.00 -0.224+0.00 0.62+0.15 -0.21+£0.00  0.17+£0.017  -0.47+0.022
G30+CsA  Post  222.5849.79 0.01+0.00 -0.21+0.04 1.14+0.15"  -0.77+0.00  1.06+0.52  -0.31+0.035

Values are presented as mean+SEM. N= 6-8, control: no treatment, sham: animals which exposed to I/R without treatment; G7.5,
G15, G30 +CsA: animals which exposed to I/R either pretreat with different doses of gallic acid and received by cyclosporine A
(0.2 uM at the start of reperfusion for 10 min). “P<0.05 compared with control, “P<0.05 comparison between control and sham.
Abbreviations: HR: heart rate, BPM: beat per minute, G: gallic acid, CsA: cyclosporine A.

TABLE 3: Percentage of arrhythmia in experimental groups.

PAC% VT% PVC% AVB% QRS drop% CHB%
CsA 13.8 15.2 12.7 16.7 34 12.5
G7.5 12.1 13 12.7 16.7 24.1 15.6
G7.5+CsA 13.8 13 15.7 12.5 10.3 12.5
G15 12.1 15.2 12.7 20.8 17.2 9.4
G15+CsA 13.8 15.2 20.7 8.3 13.8 15.6
G30 10.3 13 9.1 8.3 13.8 9.4
G30+CsA 12.1 8.7 14.5 0 10.3 18.8
Control 12.1 6.5 6.7 16.7 6.9 6.3

P value 0.5 0.5 0.049 0.2 0.08 0.057

G: gallic acid, CsA: cyclosporine A

and found that the best dose was G15+CsA (Badavi et
al., 2017). In this section, the low and medium dose
(G7.5 and G15) were better than high dose. Therefore, it
was possible that (G7.5 and G15) doses had antioxidant
properties but at high dose, the antioxidant entity
became less. To amplify this idea, Shinno et al. (2015)
proved the high dose of gallic acid have prooxidant
specifications (Shinno et al., 2005).

One study reported that PR interval was prolonged and
AV block was increased during anoxia and reoxygenation
due to alteration in cell to cell communication (Sarre et
al., 2005). In agreement with our study, Sun et al. (2013)
demonstrated that QT prolongation occurred during
the myocardial infarction. In addition, pretreatment
with combination of gallic acid at dose of 15.30mg/

kg and CsA (G15.30+CsA) decreased the PR, QTc and
TpTe intervals in rats’ hearts undergone the ischemia
compared with control group. In accordance with
previous study (Joukar et al., 2010). In the groups
exposed to ischemia, P, R, S and T wave amplitudes
decreased and pretreatment with combination of gallic
acid at dose of 15.30mg/kg and CsA (G15.30+CsA),
increased P and R waves amplitude during reperfusion
time. These alterations can be attributed to reduction of
AV node or His purkinje system conduction induced by
degeneration of conduction pathways due to ischemia
(Rubart and Zipes, 2005).

Along with this result, other researchers founded
that loss of K and its extracellular accumulation
during myocardial ischemia is responsible to sustained
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membrane depolarization and leads to conduction
slowing and VT/VF promotion (Rubart and Zipes,
2005). We also checked the number of arrhythmias
during 1 hour of reperfusion. In this case, there was not
a significant difference between the groups in PAC, VT,
QRS drop, AVB and CHB, but pretreatment with gallic
acid at dose 30mg/kg caused significant decrease in the
PVC number. The reasons of arrhythmias induction
after I/R is remodeling of cardiac tissue including
structural myocardial modifications or abnormality of
myofibrils or collagens (Dianat et al., 2014). During
ischemia, the alteration of electrical homogeneity of
heart can provides a condition of reentry phenomenon
and facilitates ventricular arrhythmias (Anderson et al.,
2006) or myocardial remodeling (Yang et al., 2011)
which can increase the VF susceptibility.

In addition, an increase of intracellular calcium can
elevate the susceptibility to arrhythmia (Estrada et
al., 2003). In accordance with previous reports, high
calcium concentration induced by high number of
depolarizations lead to extra heart beats and as a result,
tendency to cardio myocytes (DAD) increases and at
this time, arrythmias are induced (Estrada et al., 2003).
The known probably mechanism is that the calcium
wave through activation of Ca™ sensitive inward
currents will depolarize the DAD. This current activated
the inward I ¥  **

Na /Ca

current underlying DADs. If magnitude of DAD is

as the major candidate for transient

sufficient, it will depolarize cardio myocyte above
threshold resulting into a single or repetitive premature
beats capable of commencing the arrhythmia (Rubart
and Zipes, 2005). Priscilla et al. showed that that
gallic acid can protect the lysosomal membrane against
isoproterenol cardiac damage (Priscilla and Prince,
2009). Along with this result, in the present study, the
gallic acid probably prevents the calcium overload
through protecting mitochondria membrane. It should
be noted that because of the limitations of working with
animals including ECG recordings this study was done
in lead II alone. Therefore, clarification of involved
mechanisms demands complementary studies.

Conclusion

Pretreatment with a combination of both drugs
shortened the QT and JT intervals and increased the R
and T amplitude. Gallic acid at doses of 15 and 30mg/
kg acted better than other doses and protected the cardio

myocytes against ischemia induced electrical changes.
In addition, RR and PR intervals didn’t change.
Therefore, pretreatment with a combination gallic acid
and CsA was more effective on ventricular electrical
activity rather than atrial.
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