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Abstract: Although there are possible cardiovascular adverse effects associated with the azithromycin treatment ac-
cording to some case reports and cohort studies, there is no experimental study evaluating cardiotoxicity in repeat-
ed pharmacological doses of this drug. In our study, 15 mg/kg and 30 mg/kg azithromycin were orally administered
to rats for 14 days to evaluate the cardiotoxicity of this drug. ECGs of the azithromycin-treated and control animals
were recorded. Blood samples were assayed to determine LDH and CK-MB levels. Additionally, CAT, SOD, GSH and
MDA levels of heart tissues were measured. According to our ECG recordings, decreased heart rate, prolonged PR
and QT intervals, QRS complex and T wave abnormalities were observed in 30 mg/kg azithromycin-administered
group significantly when compared with control group. Plasma CK-MB and LDH levels were increased in 30 mg/kg
azithromycin-administered group significantly when compared to the control group. In heart tissues, CAT, SOD and
GSH levels were decreased while MDA levels were increased in both azithromycin-administered groups significantly
when compared with the control group. In conclusion, our findings supported the possible cardiotoxicity risk with
azithromycin treatment and also, oxidative stress, which was induced by azithromycin in our study, was thought to
be occurred secondary to cardiac toxicity of the drug.
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Introduction

The macrolides, such as erythromycin, clar-
ithromycin, azithromycin and telithromycin, are
the most commonly used members of the clini-
cally important antibiotics to treat infections
caused by gram-positive bacteria like Staphy-
lococcus aureus, Streptococcus pneumoniae
and Streptococcus pyogenes [1, 2]. Despite
having various advantages in the treatment of
several diseases, the macrolide antibiotics,
when used both alone and in combination with
other medications, may rarely cause cardiotox-
ic effects, such as prolonged QT interval and
polymorphic ventricular tachycardia [2, 3].

Azithromycin, which is a broad spectrum sec-
ond generation macrolide group of antibiotic
with minimal adverse effects and a pharmaco-
kinetic/pharmacodynamic profile that allow
simple dose regimens, is frequently used in the
treatment of bacterial infections [4, 5]. Besides,
there has been an increasing interest in azithro-
mycin due to its additional effects on host-
defense reactions and chronic human diseases
in recent years [5]. Azithromycin is the best

seller antibiotic in the USA, ranked 15th among
the mostly-prescribed medications [6]. Even
though rare incidence/occurrence of cardiotox-
icity has been suggested with the azithromycin
treatment when compared with other macrolide
derivatives, the cases of cardiovascular adverse
effects associated with azithromycin have
attracted attention recently [7, 8].

According to the data from the adverse effect
notification system of FDA (Food and Drug
Administration), 20 cases of Torsades de
pointes associated with azithromycin have
been reported [9]. Furthermore, according to
the results of the cohort studies conducted on
the patients who received azithromycin treat-
ment, it was reported that there had been sud-
den deaths due to ventricular arrhythmia as a
result of azithromycin use [7].

Although there are case reports drawing atten-
tion to the cardiovascular adverse effects asso-
ciated with the azithromycin treatment, there is
no experimental study evaluating cardiotoxicity
in repeated pharmacological doses of azithro-
mycin. Therefore, it was aimed to evaluate the
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cardiotoxicity profile of azithromycin in repeat-
ed pharmacological doses in rats, by cardiac
biomarker levels, such as plasma lactate dehy-
drogenase (LDH) and creatine kinase-MB (CK-
MB), electrocardiogram (ECG) recordings and
histopathological analysis of the heart tissue in
the present study. Additionally, it was also
aimed to evaluate the oxidative status in a pos-
sible pathology caused by azithromycin admin-
istration by determining the levels of catalase
(CAT), superoxide dismutase (SOD), glutathione
(GSH) and malondialdehyde (MDA) in the heart
tissues of azithromycin-administered rats.

Materials methods
Materials

The chemicals used were obtained from the fol-
lowing sources: ketamine (Ketalar, Pfizer,
Turkey); xylazine (Bayer, Turkey), azithromycin
(DEVA Holding, Turkey). LDH levels were mea-
sured by LDH Assay kit (BioAssay Systems, CA,
USA) and CK-MB levels were measured by
CK-MB Assay kit (BioCheck, CA, USA) according
to the manufacturer’s instructions. Heart SOD,
CAT and GSH levels were determined by ELISA
kits from Cayman Chemical Company, USA. For
the measurements of MDA levels of heart tis-
sues ELISA kits from Cusabio Biotech CO. Ltd.,
P. R. China were used.

Animals

Male Wistar rats weighing 250-300 g were
obtained from Anadolu University Research
Center for Animal Experiments. Rats were
housed under controlled temperature (24°C)
and lighting (12/12-hour light dark cycle) with
free access to food and water. The experimen-
tal protocol was approved by the Local Ethical
Committee on Animal Experimentation of
Anadolu University, Eskisehir, Turkey.

The experimental groups of animals were as fol-
lows: Group 1, control animals treated orally
with distilled water at a volume of 1 ml/100 g
for 14 days (n = 10) (C); Group 2, animals treat-
ed orally with 15 mg kg azithromycin at a vol-
ume of 1 ml/100 g for 14 days (n = 10); and
Group 3, animals treated orally with 30 mg kg’
azithromycin at a volume of 1 ml/100 g for 14
days (n = 10). The doses of azithromycin were
determined according to the previous studies
[10-12]. Azithromycin was dissolved in distilled
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water for oral administration of treatment
groups.

At the end of 14 days, the following experimen-
tal protocol was performed.

Methods

ECG recordings

Rats were anesthetized by intraperitoneal injec-
tion of 60 mg kg ketamine and 5 mg kg xyla-
zine. ECGs were recorded through needle elec-
trodes which were located right wrist, right
ankle and left ankle (Lead Il) using Biopac
MP36 data acquisition system (Biopac Sy-
stems, Santa Barbara, CA). The changes in
heart rate, PR interval, QT interval, QRS dura-
tion, QRS amplitude and T amplitude were
determined from ECGs of the animals.

The records were analyzed off-line and includ-
ed measures of QT (interval between the begin-
ning of the Q wave and the end of the T wave of
ECQ), PR (interval between the beginning of the
P wave and the end of the R wave) and QRS
(interval from the beginning of the Q wave to
the end of the S wave), T wave (interval between
the beginning to the end of the isoelectric line)
(baseline).

Biochemical analysis

Blood samples for biochemical analyses were
collected from the right ventricle of the anes-
thetized animals by using a syringe. The ani-
mals were killed by withdrawing high amounts
of blood from the heart and heart tissues were
removed. The blood samples were centrifuged
at 2000 x g for 15 minutes at +4°C after they
were rested at room temperature for 30 min-
utes. LDH and CK-MB levels were assayed
according to the manufacturer’s instructions.

Heart tissues were excised from animals. The
tissues were washed with phosphate buffered
saline (PBS) solution, pH 7.4. The heart sam-
ples were stored in a refrigerator at -80°C until
they were used in biochemical analysis. The tis-
sues were used for the determination of GSH,
SOD, CAT and MDA levels in groups.

GSH assay: The tissues were diluted at the
ratio of 1:20 (w: v) with cold buffer (50 mM
MES, pH 6-7, containing 1 mM EDTA) and were
homogenized. The homogenates were centri-
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Table 1. Effects of azithromycin on cardiac parameters

test was used as the post hoc test. P <

c 15 mg/kg AZI 30 mg/kg AZI

0.05 was considered as statistically

CK-MB (ngml) 47.05+841 61.35+5.52" 66.66+9.6"
37.41+11.99 43.34 + 12.87 60.95 + 9.66"* Results

LDH (IU L)

significant.

Definition of abbreviations: CK-MB, creatine kinase-myocardial band;
LDH, lactate dehydrogenase. C: distilled water-administered rats for 14
days; 15 mg/kg AZI: 15 mg kg azithromycin-administered rats for 14
days; 30 mg/kg AZI: 30 mg kg azithromycin-administered rats for 14
days. “Different from the control group (P < 0.05); *Different from the 15

mg kg AZI group (P < 0.05).

fuged at 10000xg for 15 minutes at +4°C. The
supernatants were removed and were deprot-
einated. Then, the samples were used for total
GSH assay.

CAT assay: The tissues were diluted at the ratio
of 1:20 (w:v) with cold buffer (50 mM potassi-
um phosphate, pH 7, containing 1 mM EDTA)
and were homogenized. The homogenates
were centrifuged at 10000xg for 15 minutes at
+4°C. The supernatants were removed and
were used for the assay.

SOD assay: The tissues were diluted at the
ratio of 1:20 (w:v) with HEPES buffer (pH 7.2,
containing 1 mM EGDA, 210 mM mannitol, and
70 mM sucrose) and were homogenized. The
homogenates were centrifuged at 10000xg for
15 minutes at +4°C. The supernatants were
removed and were used for the assay.

MDA assay: The tissues were diluted 1:20 (w:v)
with cold buffer (1x phosphate buffered saline,
pH 7.4) and were homogenized. The homoge-
nates were centrifuged at 5000xg for 5 min-
utes at +4°C. The supernatants were removed
and were used for the assay.

Light microscopic analysis

The heart samples were fixed in 10% buffered
formalin solution for 48 hours and embedded
in paraffin. Then, 5 ym thick slices were stained
with haematoxylin and eosin and examined by
light microscopy. All sections were observed
under Olympus BH-2 microscope (Olympus
Corp., Tokyo, Japan).

Statistical analysis

All data were expressed as mean + standard
deviation. Statistical analysis of the groups
were performed on GraphPad 4.0 package pro-
gram and by using One-way ANOVA. Tukey’s
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Plasma CK-MB and LDH levels

In the present study, CK-MB levels
were increased significantly in bo-
th azithromycin-administered groups
compared to the control group. LDH
levels were also increased significantly in our
30 mg/kg azithromycin-administered group
compared to control and 15 mg/kg azithromy-
cin-administered groups (Table 1).

ECG results

According to our ECG recordings, heart rate
was significantly decreased in 30 mg/kg
azithromycin-administered group compared to
control and 15 mg/kg azithromycin-adminis-
tered groups. In 30 mg/kg azithromycin-admin-
istered group, PR and QT-intervals were pro-
longed significantly compared to the control
group. Also QT intervals of 30 mg/kg azithromy-
cin-administered group were found to be signifi-
cantly longer than QT intervals of 15 mg/kg
azithromycin-administered group. Furthermore,
QRS amplitudes of 30 mg/kg azithromycin-
administered group were significantly increased
compared to the control group. T-amplitudes of
30 mg/kg azithromycin-administered group
were significantly increased compared to the
control group. Also, these increases were sig-
nificantly different from 15 mg/kg azithromy-
cin-administered group (Figure 1 and Table 2).

GSH levels

It was found that GSH levels were significantly
decreased in azithromycin-administered groups
compared to the control group. There was no
difference between the two treatment groups
(Table 3).

Catalase level

Catalase activity was found to be significantly
lower in azithromycin-administered groups
compared to the control group. But, no differ-
ences were found between the two treatment
groups (Table 3).
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Control

15 mg/kg AZ1

30 mg/kg AZI

Figure 1. Effect of azithromycin on electrocardiographic patterns and changes [recorded from lead Il]. A. The control
group showed a “normal” pattern on ECG. B. PR interval was prolonged and QRS complex was widened. C. QRS
complex was significantly widened, PR and QT intervals were significantly prolonged.

Table 2. Effects of azithromycin on ECG parameters

ed (Figure 3). In the car-

C 15 mg/kg AZI 30 mg/kg AZ diac tissue of 30 mg/
Heart rate (Beats/min) 320.63 + 49.2 324.38 + 14.78 265.25 + 31.82 (**) kg azithromycin-admin-
P-R interval (msec) 4813+455 505+359 5513 +3.37() istered group, necrosis
Q-T interval (msec) 5229+47  545+51 6113 +4.58 (") Zir:i hz]rfgr;rgpchey”gf;?[;
QRS amplitude (mV) 0.42+0.07  0.58+0.13 0.69 + 0.16 (") infiltration of inflamma-
QRS duration (msec) 224524 2588 +3.48 26.13 + 2.95

T wave amplitude (mV)  0.09 + 0.01

0.1+0.02

tory cells were observ-

0.13 +£0.02 (") ed. In addition, there

C: distilled water-administered rats for 14 days; 15 mg/kg AZl: 15 mg kg azithromycin-
administered rats for 14 days; 30 mg/kg AZI: 30 mg kg azithromycin-administered rats

was an increase in in-
terstitial edema (Figure

for 14 days. "Different from the control group (P < 0.05); *Different from the 15 mg/kg AZI 4).

group (P < 0.05).

SOD level

Heart SOD levels were decreased in 15 mg/kg
azithromycin-administered group compared to
the control group. Also, SOD levels were signifi-
cantly decreased in 15 mg/kg azithromycin-
administered group compared to 30 mg/kg
azithromycin-administered group (Table 3).

MDA level

It was found that MDA levels were significantly
decreased (P < 0.01) in azithromycin-adminis-
tered groups compared to the control group.
Also, MDA levels were significantly decreased
in 30 mg/kg azithromycin-administered group
compared to 15 mg/kg azithromycin-adminis-
tered group (Table 3).

Light microscopic analysis of the heart

Light microscopic examination of heart tissues
of control group showed normal morphological
appearances (Figure 2). In the heart tissue of
15 mg/kg azithromycin-administered group,
normal myocardial cells accompanied by mini-
mal vacuolization of the cytoplasm were observ-
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Discussion

The cardiovascular adverse effects of azithro-
mycin, which is used frequently in the treat-
ment of bacterial infections, were investigated
in repeated pharmacological doses in our
study. Particularly, pathological cardiovascular
symptoms attracted attention in our 30 mg/kg
azithromycin-administered group. In our study,
it was determined that plasma CK-MB and LDH
levels, which are cardiac biomarkers, were
increased, heart rate was decreased, PR and
QT intervals were prolonged, and the ampli-
tude and duration of QRS complex as well as
the amplitude of T wave were increased with
azithromycin administration in rats. Necrosis
and hypertrophy of cardiac muscle cells, infil-
tration of inflammatory cells and interstitial
edema were observed in the histological sec-
tions of the heart tissue in 30 mg/kg azithromy-
cin-administered group. On the other hand,
when the oxidative status in the heart tissue
after azithromycin treatment was evaluated, it
was found that catalase, superoxide dismutase
and glutathione levels were decreased while
the malondialdehyde levels were increased.

The myocardial damage occurs mostly in cases
where there is an abrupt decline in the coronary
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Table 3. The mean GSH, SOD, CAT and MDA levels of heart tissues in groups

C 15 mg/kg AZI 30 mg/kg AZI
1085.14 + 122.27 1562.43 + 124.29 (") 1370.36 + 145.38 ("*)
GSH (ug/gTissue) 20.3+1.07 14.91 + 2.33 (") 14.06 + 1.76 ()
SOD (Uml) 1.63+0.12 1.14 +0.13 (%) 1.59 + 0.45 ()
CAT (nmol/min/ml) 388.27 + 24.18 354.21 + 21.40 () 349.21 + 18.24 (%)

Definition of abbreviations: GSH, glutathione; SOD, superoxide dismutase; CAT, catalase; MDA,
malondialdehyde. C: distilled water-treated rats for 14 days; 15 mg/kg AZI”: 15 mg kg azithro-
mycin-administered rats for 14 days; 30 mg/kg AZI: 30 mg kg azithromycin-administered rats for
14 days. "Different from the control group (P < 0.05); “**Different from control group (P < 0.001);

MDA (pmol/ml)

while the QRS wa-
ve represents the
ventricular depo-
larization and the
T wave shows the
ventricular repola-
rization [23]. Seve-
ral drugs may cau-
se changes in
ECG, even in the

*Different from the 15 mg kg AZI group (P < 0.05).

blood flow, and then cardiac biomarkers are
released from the damaged myocardium into
the circulation [13]. LDH, total CK, aspartate
aminotransferase (AST) and troponins are the
biomarkers used for determining such damage.
The rise of the cardiac biomarkers in blood is
interpreted as the messenger of a myocardial
damage. The short half-lives of CK-MB and LDH
lead to their role in determining the acute heart
damage [13-15]. Our findings, which indicated
the significant increases of CK-MB levels in
both azithromycin-administered groups and the
significant increases of LDH levels in 30 mg/kg
azithromycin-administered group, can be inter-
preted as an acute myocardial damage caused
by azithromycin via inducing the ischemia
development in the myocardial tissue. In a ret-
rospective study conducted by Coloma et al.
(2013), it was shown that azithromycin treat-
ment could cause acute myocardial infarction
[16].

In our study, the heart rate significantly declined
in the 30 mg/kg azithromycin-administered
group was administered in comparison with the
control group. There are also case reports sup-
porting our study and drawing attention to the
development of bradycardia in the patients
under the treatment of azithromycin [17, 18].
Drugs are known to be the major causes of bra-
dycardia [19, 20]. Bradyarrhythmia, which is
induced by drugs, can be associated with sinus
and/or atrioventricular node dysfunction and
conduction disturbances [19, 21, 22]. In gen-
eral, the bradycardic cases resulting from sinus
node dysfunction and atrioventricular conduc-
tion disturbances can be determined by ECG
findings [20]. A reflection of the action potential
of heart cells, ECG is the electrical expression
of the heart rate in the form of PQRST complex.
The P wave stands for atrium depolarization,
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patients with no

cardiac pathology

history/medical re-
cord. The early functional cardiotoxic effects of
drugs can be assessed by electrophysiological
changes. The differences in ECG findings are
regarded as the determinants/indicators of
cardiotoxicity [24]. Drugs may induce the
changes in the ECG recordings along with their
membrane-depressant effects and their
effects on the autonomic nervous system and
its cardiovascular components. Secondarily,
most of the drugs may cause changes in the
ECG through different mechanisms, such as
hypoxia and electrolyte and metabolic imbal-
ances [25].

In our 30 mg/kg azithromycin-administered
group, it was determined that PR and QT inter-
vals were prolonged, and the amplitude and
duration of QRS complex were increased along
with the amplitude of the T wave when com-
pared with the control group. In a previous
study by Ohtani et al. (2000), intravenously
injected azithromycin for 90 minutes evoked QT
interval prolongation at 100 mg/kg/h concen-
tration, but didn’t affect PR or QRS interval in
rats [26]. In our study, long term of azithromycin
administration can be considered as a fact that
caused more arrhythmogenic effects because
of this agent’s well known wide tissue distribu-
tion [27].

The prolongation of the PR interval in ECG may
be basically due to the delay of the conduction
in the atrioventricular node as well as being
associated with the delay of the conduction in
the atrium, bundle of his, branches and Purkinje
fibers [28]. The PR interval analyzed in ECG is
used for evaluating the B-adrenergic receptor
function and calcium channel activation [25].
At this point, in our study, the molecular basis
of the prolongation in the PR interval induced
by azithromycin can be clarified via in vitro stud-

Int J Clin Exp Med 2015;8(3):3681-3690
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Figure 2. Assessment of heart light microscopy analysis in control rats. The heart tissues of rats from the control
group revealed normal myofibrillar structure. A. Haematoxylin and eosin stain, scale bar-100 um; B. Haematoxylin
and eosin stain, scale bar-50 um.

Figure 3. Assessment of heart light microscopy analysis in 15 mg- kg azithromycin-administered rats. The heart
tissues of azithromycin-administered rats revealed normal cardiac muscle fibers without necrosis and absence of
any damage. But, normal myocardial cells were accompanied by minimal vacuolization of the cytoplasm (). A.

Haematoxylin and eosin stain, scale bar-50 um; B. Haematoxylin and eosin stain, scale bar-50 ym.

ies and through the evaluation of the effects of
azithromycin on the B-adrenergic receptor and
calcium channels.

The prolongation of QT interval in ECG is regard-
ed as a major indicator in determining cardio-
toxic effects of drugs [29]. This prolongation
also poses a risk for Torsades de pointes or
polymorphic ventricular tachycardia [21, 30].
Furthermore, the prolongation of QT interval is
evaluated as a biomarker of the early stages of
acute myocardial ischemia [31]. Potassium
efflux from the myocardial cells, is directly
responsible for the QT interval [25, 32, 33]. The
blockage or dysfunction of the potassium chan-
nel hERG (human ether-a-go-go-related gene),
which has a major role in the myocyte repolar-
ization, leads to the prolongation of QT interval
in humans [6, 34]. The expression of ERG in
rats with similar functionality as in humans has
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been still debatable, however many reports are
available which indicates IKr-like current and
ERG expression in rats with properties similar
to those described in other species [35, 36]. In
previous studies, azithromycin was shown to be
a weak blocker/inhibitor of this potassium
channel in high concentrations in vitro [6, 34].
Otherwise, peak plasma levels of azithromycin
in healthy volunteers receiving short-term
azithromycin have been reported to be less
than the drug’s estimated hERG channel block-
er/inhibitor concentration. Therefore, underly-
ing mechanism of azithromycin-related long QT
might be different from azithromycin-induced
hERG channel inhibition [37]. Since, hERG
channel is not the only reason for QT prolonga-
tion, there are other mechanisms involved and
azithromycin might not share similar proar-
rhythmic features like other macrolides as
shown in previous studies [37, 38]. At this point,

Int J Clin Exp Med 2015;8(3):3681-3690
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Figure 4. Assessment of heart light microscopy analysis in 30 mg- kg mg- kg azithromycin-administered rats. In the
heart tissues of azithromycin-administered rats, light microscopic examination showed necrosis (») and hypertro-
phy (|) of cardiac muscle cells, infiltration of inflammatory cells (inf) and interstitial edema (*). A. Haematoxylin and
eosin stain, scale bar-50 um; B. Haematoxylin and eosin stain, scale bar-200 pm; C. Haematoxylin and eosin stain,
scale bar-50 um; D. Haematoxylin and eosin stain, scale bar-50 ym.

it must be emphasized that the effect of azithro-
mycin on potassium channels (hERG and other
K, channel) should be identified through further
detailed studies. On the other hand, another
point not to be sneezed at is that bradycardia is
one of the major factors giving rise to the pro-
longation of QT interval [21, 30]. The bradycard-
ic condition observed in our 30 mg/kg azithro-
mycin-administered group might have triggered
the prolongation of QT interval.

The duration and amplitude of QRS complex
are crucial in the diagnosis of conduction
anomalies, ventricular hypertrophy and myo-
cardial ischemia. Hence, it is possible to asso-
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ciate the anomalies in QRS complex with myo-
cardial infarction, ventricular hypertrophy and
intranodal conduction anomalies [33]. The inhi-
bition of rapid sodium channels slows down the
upslope of depolarization and causes the QRS
complex to expand. It is also possible to associ-
ate the changes of QRS complex with the inhibi-
tion of calcium influx and potassium efflux [25,
32]. Thus, in our study, the abnormalities
observed in QRS complex indicated that azithro-
mycin may have an inhibitory efficiency/effect
on the sodium channels. The effect of this
agent on the sodium channels can also be eval-
uated in further detailed studies.

Int J Clin Exp Med 2015;8(3):3681-3690
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The prolongation of QT interval also triggers the
T wave abnormalities [32]. Therefore, it is also
possible to associate the changes in the T wave
amplitude with ischemia [31, 39]. In our study,
the monitored increase of T wave amplitude in
30 mg/kg azithromycin-administered group
was seemed to support the cardiotoxic effect of
the agent, accompanied the prolongation in QT
interval, and was interpreted as one of the isch-
emic markers in ECG.

Separately, another important point to be
addressed is that when myocardium is hyper-
trophied, the electrical activation passes to a
broader part of myocardial tissue and thus
increases the amplitude of QRS complex. On
the other hand, the dispersion of the electrical
activity all along the heart also takes longer in
the abnormally thickened myocardium, so the
duration of QRS increases. In addition, the
repolarization phase is affected by the myocar-
dial hypertrophy, in which case the abnormal T
wave formation can be observed [40]. It is also
possible to support and associate the QRS
complex and T wave abnormalities determined
in our 30 mg/kg azithromycin-administered
group with the results of our histopathological
findings of heart tissue. It was determined that
the hypertrophic processes in the myocardial
cells were triggered in the histological sections
of this group. The QRS complex and the signifi-
cant increases in the T wave amplitude
observed in the 30 mg/kg azithromycin-admin-
istered group in our study can be regarded as
the indicators of the changes in the intracardi-
ac blood flow and the weakened of the ventricu-
lar function.

In our study, it was determined that, the MDA
levels were increased, whereas catalase,
superoxide dismutase and glutathione levels
were decreased in the azithromycin-adminis-
tered groups when compared with the control
group. The significant differences determined
in terms of the biomarkers used in the evalua-
tion of oxidative status indicated that oxidative
stress in rats was induced by the administra-
tion of azithromycin. Oxidative stress occurs as
a result of the imbalance between free radicals
and antioxidants in the organism [41]. The oxi-
dative stress increasing in the organs like liver,
heart and kidneys may induce functional, bio-
chemical and structural damage [42, 43]. The
reactive oxygen species in the heart, besides
being generated throughout the oxidative phos-
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phorylation process, may occur by the enzy-
matic reactions catalyzed by xanthine oxidase,
NADI[P]H oxidases and cytochrome P450 [44].
On the other hand, it was shown that only a
small amount of azithromycin, when taken oral-
ly, was metabolized and it was mainly excreted
from the organism without any change (~ 75%)
[5, 45]. The inactive descladinose and the
active 9a-N-desmethyl metabolites are fre-
quently recovered because of acidic degrada-
tion in the gut. Also, hepatic biotransformation
of this drug is marginal. Importantly, azithromy-
cin is neither metabolized by nor an inhibitor of
CYP3A4 [B].

The oxidative stress which could not be directly
associated with azithromycin and/or azithromy-
cin biotransformation was interpreted in our
study as the result of an induced myocardial
damage. In our study, the myocardial ischemic
findings, which were supported by plasma LDH
and CK-MB levels, and long QT, QRS complex
and T wave anomalies, suggested the impor-
tance of the reactive oxygen species in isch-
emia-induced tissue damage and reperfusion
injury. Ischemic heart is under oxidative stress,
which is exacerbated by reperfusion. The early
reperfusion under the clinical conditions of
myocardial ischemia is defensive against an
irreversible cardiac damage. Yet, reperfusion
may lead to some harmful effects induced by
oxidative stress, such as ventricular arrhythmia
and contractile dysfunction. The harmful
effects of oxidative stress occur due to a dis-
ruption in the antioxidant defense system and
an increase in the generation/production of
reactive oxygen species in the cases of isch-
emia-reperfusion. In this case, the changes in
the cardiac functions and the functions of ion
channels, ionic pumps, ion exchangers, con-
nexin-43 remodeling and inflammatory pro-
cesses have been suggested to be associated
with the oxidative stress [44]. In this respect, it
can be put forward in our study that the oxida-
tive stress occurred secondarily along with the
cardiac damage induced by azithromycin.

At this point, we have to mention the popularity
and validity of rat models to predict cardiotoxic-
ity. It is because of such characteristics that
the rat/ mouse models are often the very first
in vivo models that are the most commonly
used models in basic and applied toxicology
studies [46]. As a result, our study, in which we
conducted independently of the cardiovascular
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risk factors and evaluated multiple parameters
of cardiotoxicity, showed that azithromycin in
repeated pharmacological doses was deter-
mined to cause toxic effects in terms of plasma
cardiac biomarkers and ECG parameters.
These functional changes were also suggested
to be reflected by the structural changes
through the histopathological analysis of the
heart tissue. At this point, it can be emphasized
that it is necessary to determine the presence
of cardiovascular risk factors, such as gender,
age, history/medical record of a cardiovascular
disease, the presence of a long QT interval,
hypokalemia, hypomagnesemia and bradycar-
dia, in the patients under azithromycin treat-
ment, since these individuals can be more sen-
sitive to the cardiovascular toxic effects
associated with azithromycin than healthy
ones. Besides, during the use of azithromycin
in these patients, it may be essential to arrange
the correct dose, to receive the daily ECG
recordings and to avoid the use of this drug
with the drugs posing similar adverse effects.
According to our study, it might be suggested to
evaluate the effects of azithromycin on potas-
sium, calcium and sodium channels, consider-
ing the fact that drugs cause changes in ECG by
blocking these channels in myocardial cells in
further studies.
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