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Aims: Azithromycin is widely used broad spectrum antibiotic recently used in treatment protocol of COVID-19 for 
its antiviral and immunomodulatory effects combined with Hydroxychloroquine or alone. Rat models showed 
that Azithromycin produces oxidative stress, inflammation, and apoptosis of myocardial tissue. Rosuvastatin, a 
synthetic statin, can attenuate myocardial ischemia with antioxidant and antiapoptotic effects. This study aims to 
evaluate the probable protective effect of Rosuvastatin against Azithromycin induced cardiotoxicity. 
Main method: Twenty adult male albino rats were divided randomly into four groups, five rats each control, 
Azithromycin, Rosuvastatin, and Azithromycin +Rosuvastatin groups. Azithromycin 30 mg/kg/day and Rosu-
vastatin 2 mg/kg/day were administrated for two weeks by an intragastric tube. Twenty-four hours after the last 
dose, rats were anesthetized and the following measures were carried out; Electrocardiogram, Blood samples for 
Biochemical analysis of lactate dehydrogenase (LDH), and creatine phosphokinase (CPK). The animals sacrificed, 
hearts excised, apical part processed for H&E, immunohistochemical staining, and examined by light microscope. 
The remaining parts of the heart were collected for assessment of Malondialdehyde (MDA) and Reduced 
Glutathione (GSH). 
Key findings: The results revealed that Rosuvastatin significantly ameliorates ECG changes, biochemical, and 
Oxidative stress markers alterations of Azithromycin. Histological evaluation from Azithromycin group showed 
marked areas of degeneration, myofibers disorganization, inflammatory infiltrate, and hemorrhage. Immuno-
histochemical evaluation showed significant increase in both Caspase 3 and Tumor necrosis factor (TNF) immune 
stain. Rosuvastatin treated group showed restoration of the cardiac muscle fibers in H&E and Immunohisto-
chemical results. 
Significance: We concluded that Rosuvastatin significantly ameliorates the toxic changes of Azithromycin on the 
heart.   

1. Introduction 

Azithromycin (macrolide group) is a widely used broad spectrum 
antibiotic. It was approved by the Food and Drug Administration (FDA) 
for respiratory tract and sexually transmitted infections [1,2]. There are 
several arguments supporting the potential effectiveness of Azi-
thromycin in COVID-19 infection, including its antiviral activity and 
immunomodulatory effects when combined with Hydroxychloroquine 
or alone [3,4]. Azithromycin appears to decrease the virus entry into 
cells [5,6]. It can also enhance the immune response against viruses by 
up-regulating the production of type I and III interferons (especially 
interferon-β and interferon-λ) and genes involved in virus recognition 

such as MDA5 and RIG-I [6,7]. These mechanisms are universally 
involved in the innate response against infectious agents and potentially 
against COVID-19. It is extensively distributed into the tissue, especially 
in lungs,where average concentrations in both extracellular fluids and 
within cells are much higher than in plasma [8]. In 2013, the FDA 
published warning notifications about the QT prolongation risk of Azi-
thromycin and the cautions that should be considered for patients who 
are also taking QT-prolonging medications [9,10]. Patients treated with 
Azithromycin had a greater risk for cardiovascular death, which was 
significantly greater with Azithromycin than with either amoxicillin or 
ciprofloxacin. There were 47 extra cardiovascular deaths per 1 million 
courses comparing to amoxicillin. Moreover, for patients with the 
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highest risk for cardiovascular disease, there were 245 additional car-
diovascular deaths per 1 million. Further risk factors for cardiac effects 
include old age, high doses, and rapid administration leading to higher 
serum concentrations, a history of cardiac disease, and risk factors for 
cardiovascular disease such as diabetes. This increased mortality risk is 
due to the cardiotoxicity with Azithromycin due to cardiac arrhythmias 
and sudden death [11]. Rat models showed that Azithromycin could 
produce oxidative stress, inflammation, and apoptosis of the myocardial 
tissue leads to ECG changes, myocardial infarction and death [12,13]. 

Rosuvastatin, a synthetic statin, showed with other statins a variable 
range of activities such as anti-inflammatory, antioxidant, ion channel 
stabilization, and autonomic nervous system regulation [14]. 

Statins are established as performing the most critical role in car-
diovascular illness in nearly all patient risk groups. The benefit of using 
statins acutely before developments of myocardial injury may be 
anticipated and good conditions. The potential benefits of limiting 
myocardial injury in these settings are evident [15]. Rosuvastatin pro-
duced a significant rise in myocardial levels of adenosine in both normal 
and ischemic regions, significantly improved myocardial 6-Keto-PGF1α, 
levels which interpret into cardioprotective effect. Rosuvastatin 
decreased post infarction activation of the NLRP-3 inflammasome [16]. 

This action can be via immune regulatory or inflammatory pathways 
[17,18].The co-administration of Rosuvastatin in rats showed a cardio- 
protective role against myocardial apoptosis, improvement of the he-
modynamic parameters as serum lactate dehydrogenase (LDH), and 
lipid profile reduction [14]. 

This study was designed to evaluate Rosuvastatin’s probable pro-
tective effect against Azithromycin induced cardiotoxicity in adult male 
albino rats. 

2. Materials and methods 

Chemicals: 
Azithromycin: Zithromax 250 mg, Pfizer, Germany. 
Rosuvastatin: Rosuvast 20 mg, Chemipharm, Egypt. 
Animals: Twenty adult male Sprague Dawley albino rats weighing 

200–250 g, aged 10–12 weeks, obtained from the animal house of 
Faculty of Veterinary Medicine, Suez Canal University. They kept in a 
ventilated room, housed in wire mesh cages at room temperature, 
received food and water ad libitum. They left two weeks to accommo-
date at Human Anatomy and Embryology Department, Faculty of 
Medicine, Suez Canal University. 

Ethical consideration: All experiments were carried out by the 
guidelines of the Institutional Animals Ethics Committee of Faculty of 
Medicine Suez Canal University. 

Experimental design: twenty adult male albino rats randomly 
divided into four groups, five rats each. Azithromycin and Rosuvastatin 
were dissolved in distilled water and the intragastric route adminis-
trated all drugs. 

Control group: received distilled water 1 ml/100 g/day for two 
weeks [12]. 

Azithromycin group: received Azithromycin 30 mg/kg/day for two 
weeks [12]. 

Rosuvastatin group: received Rosuvastatin 2 mg/kg/day for two 
weeks [19]. 

Azithromycin and Rosuvastatin group: rats received Azi-
thromycin and Rosuvastatin as previously. 

Twenty four hours after the last dose, rats were anesthetized by 
intraperitoneal injection of 60 mg/kg ketamine,and 5 mg/kg xylazine 
[12],and the following measures were carried out: 

Electrocardiogram: ECG machine ECG-903A at the Department of 

Fig. 1. Summary of the used experimental methods and results.  
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Physiology, Faculty of Veterinary Medicine, Suez Canal University. 
Needle electrodes were located at the right wrist, right ankle, and left 
ankle of the anesthetized rats. 

Biochemical analysis: Blood samples were collected from retro- 
orbital plexus and centrifuged to assess cardiac function using serum 
lactate dehydrogenase (LDH) and creatine phosphokinase (CPK). 

Assessment of oxidative stress markers: The remaining parts of 
each heart were collected to be used for evaluation of Malondialdehyde 
(MDA) and Reduced Glutathione (GSH) using bio diagnostic kits, Egypt 
according to Beutler et al. [20] and Uchiyama and Mihara [21]. 

Histological evaluation: The anesthetized animals were sacrificed 
by cervical dislocation, and hearts were excised. The apical part of each 
heart was fixed and stained by hematoxylin and eosin (H&E) and 
examined by a light microscope. 

Immunohistochemical evaluation: The same paraffin embedded 
samples were processed for immunohistochemical staining for detection 
of caspase 3 as a marker of apoptosis [22] and tumor necrosis factor 
(TNF) as a marker of inflammation [23]. The slides investigated using 
FIJI image processing software [24]. 

Statistical analysis: Statistical analysis was performed using the 
SPSS computer software (version 17). ANOVA and Bonferroni Post Hoc 
tests were used. Statistical significance was considered at p-value <0.05. 

3. Results 

Electrocardiogram (ECG): Azithromycin treated group showed a 
statistically significant decrease in heart rate with 80% irregular rhythm 
when compared with the control group (summary of the used 

Fig. 3. Distribution of heart rhythm among group: C: control, Az: Azithromycin treated group, R: Rosuvastatin and Az + R: Azithromycin + Rosuvastatin.  

Fig. 2. Changes in electrocardiogram among groups: C: control, Az: Azithromycin treated group, R: Rosuvastatin and Az + R: Azithromycin + Rosuvastatin.  

Fig. 4. Comparisons of Electrocardiogram parameters between study groups (N = 20). *Statistically significant at p < 0.05. A: HR; B: QTc; C: PR.  

B.S. Mansour et al.                                                                                                                                                                                                                             



Life Sciences 269 (2021) 119099

4

experimental methods and results were illustrated in Fig. 1). Regarding 
QTc interval in Azithromycin treated group was significantly prolonged 
when compared with the control group. Moreover, the PR segment 
showed a statistically significant increase when compared with all other 
groups. 

The addition of Rosuvastatin ameliorate the effect of Azithromycin, 
restored the normal heart rate, rhythm, the QTc interval, and PR interval 
to the nearly normal value (became comparable with the control group) 
(Figs. 2, 3 and 4). 

Biochemical analysis: Data analysis showed that the Azithromycin 
treated group was associated with a significant increase in LDH and CPK 
levels compared with other groups. Moreover, Azithromycin treated 
group displayed a significant increase in heart tissue concentration of 
(MDA), as well as a significantly lower heart tissue concentration of 
(GSH) (Fig. 5). 

On the other hand, administration of Rosuvastatin significantly 
ameliorated all the biochemical and Oxidative stress markers alterations 
induced by Azithromycin. It was noticed that Rosuvastatin showed 
antioxidant activity as it significantly increased (GSH) in Rosuvastatin 
treated group compared with the Control group (Fig. 5). 

Histological evaluation: 
Control and Rosuvastatin groups: Light microscopical examina-

tion of heart ventricle in control and Rosuvastatin groups showed 
normal appearance of cardiac muscle fibers arranged in bundles with 
narrow spaces in between. Myofibers are connected by intercalated 
discs. The cytoplasm appeared acidophilic; nuclei were oval, large, and 
pale. Degree of degeneration = 0 (Fig. 6). 

Azithromycin treated group: Light microscopical examination of 
heart ventricle in Azithromycin group showed marked areas of degen-
eration. Myofibers disorganization with wide spaces in between, in-
flammatory infiltrate, and hemorrhage. Degree of degeneration = 3 
(Fig. 6). 

Azithromycin þ Rosuvastatin treated group: Light microscopical 
examination of heart ventricle in the (Azithromycin + Rosuvastatin) 
treated group showed restoration of the cardiac muscle fibers arrange-
ment with narrow spaces in between. Degree of degeneration = 1 
(Fig. 6). 

Immunohistochemical evaluation: The Azithromycin treated 
group showed a significant increase in both Caspase 3 and Tumor 

necrosis factor (TNF) immune stain compared to the control group. The 
addition of Rosuvastatin restores nearly the normal immune reaction of 
both Caspase 3 and Tumor necrosis factor (Figs. 7, 8, and 9). 

4. Discussion 

Azithromycin is a second-generation macrolide that is widely used as 
a broad spectrum antibiotic [25,26]. Rat models showed that Azi-
thromycin produces oxidative stress, inflammation, and apoptosis of the 
myocardial tissue. This causes ECG changes, myocardial infarction, and 
death [12,13]. 

Rosuvastatin is one of the statin group, which has a lipid-lowering 
activity [27]. It is effectively prevents of cardiovascular diseases and 
has strong anti-oxidative and anti-inflammatory properties [28]. 

The current study revealed irregular heart rhythm, a significant 
decrease in HR, prolonged QT, and PR intervals in Azithromycin treated 
group compared to the control. These changes run parallel with studies 
done by [12,29]. Contrary to this result, El-Shitany and El-Desoky [13] 
reported an increase in HR in the Azithromycin treated group. The 
prolongation of the PR interval induced by Azithromycin can be 
explained by its action on β-adrenergic receptor and calcium channels, 
while the prolongation of QT interval in early stages of acute myocardial 
ischemia is due to dysfunction of the potassium channel in human, but 
its role in rats is doubtful [12]. 

In the present work, HR increased in Rosuvastatin + Azithromycin 
group, and the heart rhythm became regular. Similar results reported by 
[14]. 

Regarding LDH is one of the cardiac biomarkers, it is released from 
the damaged myocardium into the blood caused by Azithromycin via 
inducing ischemia [12]. The current study showed a significant increase 
in, LDH in the Azithromycin group when compared to the Control group. 
This result is similar to the findings of [13]. 

In the present work LDH level decrease in Rosuvastatin + Azi-
thromycin group compared to Azithromycin group. A similar result 
revealed Rosuvastatin ability to increase antioxidant activities and 
reduce lipid peroxidation, which prevents cardiac tissue damage [30]. 

Regarding CPK, its leakage into the blood occurs in cases of acute 
myocardial infarction and muscle injury [31]. The current study showed 
a significant increase in CPK level in the Azithromycin group when 

Fig. 5. Comparisons of biochemical and oxidative stress markers between study groups (N = 20). *Statistically significant at p < 0.05. A: LDH; B: CPK; C: MDA; 
D: GSH. 
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compared to the Control group. This result was similar to the findings of 
[13]. They explained this damaging of the cardiac muscle fibers caused 
by the oxidant and apoptotic activities of Azithromycin. 

The current work showed a significant decrease in CPK level in the 
Rosuvastatin+ Azithromycin group compared to the Azithromycin 
group. This result was agreed with [32,33], who found that Rosuvastatin 
had a protective effect on myocardial fibrosis, reduce creatine kinase 
and decrease injury due to its antioxidant and anti-inflammatory 
activities. 

The level of MDA is a good indicator of lipid peroxidation in blood; 

its elevation is an indicator of oxidative stress [34]. GSH is a soluble 
antioxidant present in the cytoplasm, nucleus, and mitochondria. It re-
duces ROS during the enzymatic and non-enzymatic reactions. Its level 
decreased in the case of oxidative stress [35]. 

The current study showed a significant increase in MDA and 
decreased GSH levels in the Azithromycin group compared to the Con-
trol group. Similar findings were reported by [12,13,36]. 

In this work, Rosuvastatin + Azithromycin group showed an insig-
nificant decrease in the MDA and increased GSH levels compared to the 
Azithromycin group. This was in agreement with [30,37]; they 

Fig. 6. Photomicrograph of the heart ventricle (A & B): Control group showing normal cardiac muscle fibers with acidophilic cytoplasm and oval, large pale nuclei 
(N). Some cardiomyocytes are binuclear (BI). Myofibers are arranged in bundles with narrow spaces in between (S) and connected with intercalated discs (arrows). (C 
& D): Azithromycin group showing areas of severe degeneration in cardiac muscle fibers (arrows), pyknotic nuclei (PN), distortion of the typical arrangement of 
myofibers with massive wide spaces (S), and hemorrhage (Hge). 
(E): Azithromycin + Rosuvastatin group showing the restored arrangement of cardiac muscle fibers with narrow spaces in between (S). Ventricle cavity (CA). A, C, D, 
E (H&E; ×400) and B (H&E; ×1000). 
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suggested that Rosuvastatin has an antioxidant role which can protect 
the cell from lipid peroxidation. 

Histological examination of this study showed marked areas of 
degeneration, myofibers disorganization, wide spaces in between, in-
flammatory infiltrate, and hemorrhage in Azithromycin groups, similar 
results reported by [12,13]. 

Rosuvastatin + Azithromycin group showed restoration of the 
arrangement of the cardiac muscle fibers compared to Azithromycin 
group. This improvement is similar to the finding observed by [14,30]. 

Regarding immunohistochemical evaluation, the current study 
showed that caspase 3 staining in the Azithromycin group was signifi-
cantly increased compared to the Control group. This result was 
following the findings of [13,38]. They reported that Azithromycin 
produces reactive oxygen species (ROS), which lead to apoptosis. 

In the present study, Rosuvastatin + Azithromycin group showed a 
significant decrease in caspase 3 staining compared to the Azithromycin 
group;this agrees with [14]. 

TNF was assessed in heart tissue, as it is a proinflammatory cytokine. 
Its detection in cells and tissues is associated with inflammatory diseases 
[39]. 

This study showed that TNF staining in the Azithromycin group is 
significantly increased when compared to Control. This result is similar 
to the findings [13,40].The contrary result was reported by [41,42]. 

The immunomodulatory effects of Azithromycin vary according to 
the phase of an inflammatory response. When administered in a healthy 
state or early during a bacterial infection, it could promote host defense 
by activating leukocytes and endothelial cells; at a later stage, it leads to 
inhibition of inflammation and promotes its resolution [43]. 

In this study, TNF staining was significantly decreased in Rosuvas-
tatin + Azithromycin compared to the Azithromycin group that agreed 
with [44,45]. They explained its anti-inflammatory properties by 

prevention of the macrophage’s infiltration. 

5. Conclusion 

The present study concluded that Rosuvastatin significantly ame-
liorates the ECG changes, biochemical, and Oxidative stress markers 
alterations of Azithromycin. Rosuvastatin treated group showed resto-
ration of the cardiac muscle fibers in H&E and Immunohistochemical 
results. 
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