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Abstract

Azithromycin, an antibiotic belonging to the macrolide group, is used not only for bacterial infections, but also
for fungal and viral diseases. The main side effects of its use are hepatic and renal toxicities. The present study
was carried out to evaluate the possible ameliorative effect of vitamin E and selenium against azithromycin-in-
duced hepatic and renal toxicities. Fifty male albino rats used were allocated into 5 equal groups, each of 10
rats. All the treatments were taken orally for ten days in all groups. Group I served as a normal control. Group
I received olive oil. Group III received azithromycin (6 mg/kg bwt). Groups IV and V received vitamin E and
sodium selenite at doses of 100 mg/kg bwt and 0.3mg/kg bwt, respectively at two hours before azithromycin
administration. Two blood samples were collected from each rat, one on heparin and the other without antico-
agulant to obtain clear sera for hematological studies and biochemical analysis respectively. Liver and kidney
tissues were collected for histopathological examination. Vitamin E or selenium administrations significantly
decreased alanine aminotransferase (ALT), aspartate aminotransferase (AST), alkaline phosphatase (ALP) and
Gamma- glutamyle transferase (GGT) activities, creatinine, urea and uric acid levels, and MDA concentration
in azithromycin-treated rats. Moreover, both Vitamin E and selenium significantly increased hematological pa-
rameters, protein profile (total protein, albumin, and globulin) and antioxidant enzyme activities (GPX, SOD,
GSH, CAT) in rats treated with azithromycin with a significant improvement in the histopathological pictures
of the hepatic and renal tissues. Based on these findings, vitamin E and selenium may be beneficial agents for
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INTRODUCTION

Azithromycin (AZM), an antibiotic belonging to the macrolide
group, is used since 1980 in routine clinical practice, seems to be
a worthy drug to be used not only for bacterial infections, but also
for fungal and viral diseases (Gabrie et al., 2021). Azithromycin is
thought to increase the pH of Golgi network and recycling endo-
some, a fact that might interfere with the activity of SARS-CoV-2,
jeopardizing its cycle within the cell. It is believed to possess a
furin-like cleavage site in its spike protein (Poschet et al., 2020).
In vitro studies showed that AZM can suppress the ZIKV infec-
tion and EBOV activity. In addition, it possesses anti-rhinoviral
activity in bronchial epithelial cells and decreases RV replication.
Moreover, recent studies showed that AZM had also anti-cancer
activity (Khoshnood et al., 2022). Azithromycin, like other macro-
lide antimicrobials, binds to the 23S portion of the 50S bacterial
ribosomal subunit and inhibits bacterial protein synthesis by pre-
venting the transit of aminoacyl-tRNA and the growing protein
through the ribosome. Compared to erythromycin, azithromycin
is less prone to disassociation from the Gram-negative ribosome,
conferring its greater efficacy against Gram-negative pathogens
(Goldman et al., 1990).

The main adverse effects of azithromycin administration are
renal and hepatic damages. The mechanism of toxicity is thought

protection against liver and kidney toxicities induced by azithromycin.

Azithromycin, Antioxidant status, Hepatic toxicity, Vitamin E, Selenium.

to be due to induction of oxidative stress and generation of free
radicals leading to depletion of the antioxidant systems and
membrane lipid peroxidation (Olayinka and Ore, 2014).

Vitamin E is a group of biologically active tocopherol widely
distributed in plant products. The naturally occurring active com-
pound is d- a tocopherol. It is a strong phenolic antioxidant, do-
nating hydroxyl group on its ring structure to free radicals, pre-
venting lipid peroxidation thereby prolonging the biological life
of polyunsaturated fatty acids in the cell membranes by slowing
the formation of free radicals and hyper-peroxides (Phillips et al,
1982; Mukai et al.,, 2007; Traber and Atkinson, 2007).

The protective roles of vitamin E against idarubicin induced
myocardial toxicity (Kalender et al, 2002), heavy metal induced
renal and testicular toxicity (Atef and Al-Attar, 2011), dimetho-
ate induced cerebral toxicity (Amara et al.,, 2011) and chlorpyrifos
toxicity in Atlantic salmons (Olsvik et al., 2015) were reported.

Selenium is a trace mineral that exists in minimal concen-
trations in the body but can play an important role in human
health. Food sources high in selenium include Brazil nuts, seeds,
mushroomes, fish, seafood, beef, and poultry meat (Shreenath et
al, 2022).

Selenium serves as a cofactor for glutathione peroxidase and
helps minimize oxidative damage through cellular metabolism
(Tinggi, 2008). Selenium, in combination with vitamin E, protects
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cell membranes and organelles from peroxidative destruction
(Shreenath et al,, 2022).

A literature survey elucidated no scientific reports on the
protective effect of Vitamin E and selenium against azithromy-
cin-induced hepatic and renal toxicities. Therefore, in light of the
above inferences from other evidence, we designed this study to
investigate the beneficial role of Vitamin E and selenium against
AZM-induced injuries to rat hepatic and renal tissues.

MATERIALS AND METHODS
Drugs

Azithromycin 100 mg/5 mL and powder of Vitamin E and so-
dium selenite were obtained from Egyphar Co., Obour city, Egypt.

Animals

Fifty male albino rats weighing 120-140 mg were ob-
tained from laboratory animal’s farm, Faculty of Veterinary Medi-
cine, Zagazig University. The animals were housed in a room with
controlled temperature (21-22°C), light (12 hour light dark cycle)
and humidity (50+10%). The animals were allowed free access to
standard laboratory food and water. The experiments were per-
formed according to the guiding principles in the use of animals
in toxicology and approved by the Institutional Animal Ethics
Committee of Zagazig University (ZU-IACUC) under the number
ZU-IACUC/2/F/144/2021.

Experimental design

Rats were allocated into 5 equal groups (10 rats each). Group
| (control) was given orally 1 mL sterile distilled water to each rat.
Group Il (olive oil) received orally 1 Ml olive oil to each rat. Group
Il (azithromycin) received azithromycin at dose of 6 mg/kg bwt.
Group IV (azithromycin + Vitamin E) received vitamin E at a dose
of 100 mg/kg bwt two hours before azithromycin administration.
Group V (azithromycin+selenium) received sodium selenite at
0.3mg/kg bwt two hours before azithromycin. All the treatments
were given orally by stomach tube for ten days.

Blood and tissues samples

24 hours after the last treatment, the rats were sacrificed after
light ether anesthesia by ketamine. We made every effort to com-
ply with the strict guidelines to reduce pain and suffering. Then,
two blood samples were collected from each rat. One sample was
collected with anticoagulant (Heparin or EDTA) for hematological
studies, and the other sample was collected without anticoagu-
lant to allow separation of serum for biochemical analysis. Liver
and kidney samples were taken in formalin for histopathological
examination.

Haematological studies

Estimation of RBCs count, Hb content, WBCs count, PCV %
and platelets count by using automated blood cells analyzer
(Sysmex XT-2000 lv, Kobe, Japan) (Buttarello and Plebani, 2008).

Estimation of liver enzymes levels

Serum levels of alanine transferases (ALT) and aspartate
transferases (AST) were measured by methods described by Reit-
man and Frankel (1957) and the methods described by Kind and
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King (1954) were used to estimate serum levels of alkaline phos-
phatase (ALP) and (GGT).

Measurement of serum kidney function parameters

The methods described by Coulombe and Favreau (1963)
were used in measurement of serum creatinine, urea, and uric
acid, respectively.

Evaluation of antioxidant/oxidant status

For evaluation of lipid peroxidation, the method described by
Uchiyama and Mihara (1978) was used to measure serum content
of malondialdehyde (MDA). Tissue levels of reduced GSH, super-
oxide dismutase (SOD), catalase (CAT) and glutathione peroxi-
dase (GPx) were determined according to the methods described
by Draperi and Hadly, (1990).

Evaluation of protein profile

For evaluation of the protein profile, the method of Inoue et
al. (2017) was followed.

Histopathological Examination

Using a rotatory microtome, 5 um thick sections were sliced
from the liver, and kidneys for histopathological examination.
These sections were later stained with hematoxylin-eosin (H&E)
dye (Merck) and examined at 200x magnification using a power
light microscope (Zeiss, Germany). We used a semiquantitative
analysis to assess the tissue injury index in examined sections.
The results were expressed as the sum of individual score grades
(0: no findings, 1: mild, 2: moderate, or 3: severe) for each of
the following parameters: degeneration, cellular swelling, cellular
vacuolization, necrosis, congestion, and hemorrhage (Survarna et
al, 2013).

Statistical Analysis

We used SPSS (Statistical Package for Social Sciences) soft-
ware (version 20) to perform the statistical analysis. All values
were expressed as the mean and the standard error of mean
(SEM). The means of different groups were compared using the
one-way analysis of variance (ANOVA), followed by Tukey's post-
hoc comparison tests. A p value <0.05 was considered statistical-
ly significant.

RESULTS

Effect on blood picture

Hematological results in the present study are illustrated in
Table 1. The effect of oral administration of azithromycin (6 mg /
kg bwt) for 10 successive days in male rats resulted in a signifi-
cant decrease in RBCs, Hb, PCV%, WBCs, Platelets in a compar-
ison with the control group. Concurrent administration of vita-
min E (100 mg/kg bwt) orally with azithromycin for 10 successive
days in male rats displayed a significant increase in RBCs, Hb,
PCV%, WBCs, platelets when compared with azithromycin treat-
ed group. Simultaneous administration of sodium selenite (0.3
mg/kg bwt) orally with azithromycin for 10 successive days in
male rats evoked a significant increase in RBCs, Hb, PCV%, WBCs,
Platelets when compared with azithromycin group.
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Effect on liver functions enzymes

The effect on liver enzymes activities (ALT, AST, ALP, and GGT)
in the present study is illustrated in Table 2. Oral administration
of azithromycin significantly increased ALT, AST, ALP, and GGT
activities compared with the control group. However, oral admin-
istration of vitamin E or sodium selenite significantly reduced the
elevated activities of ALT, AST, ALP, and GGT induced by azithro-
mycin.

Effect on protein profile

The effect of oral administration of azithromycin alone or si-

multaneously with vitamin E or sodium selenite for 10 successive
days on protein profile in male rats is represented in Table 3. The
effect of oral administration of azithromycin in male rats elicited
a significant decrease in total protein and albumin when com-
pared with the control group. Oral administration of vitamin E
or sodium selenite simultaneously with azithromycin in male rats
revealed a significant increase in total protein and albumin when
compared with azithromycin-treated group.

Effect on kidney function

The effect on kidney function (creatinine, urea, and uric acid)
in the present study is demonstrated in Table 4. Oral administra-

Table 1. the effect of oral administration of azithromycin (6 mg /kg bwt), vitamin E (100 mg/kg bwt) and sodium selenite (0.3 mg/kg bwt) for 10 successive days

on hematological picture.

Blood picture

Groups RBCs Hb PCV WBCs Platelet

(% 109pl) (g/d1) (%) (% 103/ul) (x 10%/ul)
Control (Saline) 7.65+0.05" 12.57+0.37° 39.90+1.05° 8.700.43¢ 673.30+13.50°
Control (Olive oil) 7.48+0.2¢ 13.27+0.87° 39.50+1.03* 8.17+0.80° 669.30+20.30*
Azithromycin 5.17+0.04¢ 10.80+0.33% 35.90+0.35° 6.00£0.35 458.30+20.85°¢
Vit E+ Azithromycin 6.05+0.14¢ 12.8040.53¢ 37.80+0.1 % 6.37+0.22¢ 600.30+22.40 >
SE+ Azithromycin 6.60£0.1° 13.7040.22 35.80+1.3" 7.80+0.53¢ 632.00£56.02 *

Means within the same column having different alphabetical superscript litters are significantly different at p<0.05

Table 2. Effect of oral administration of vitamin E (100 mg/kg bwt) and sodium selenite (0.3 mg / kg bwt) on the liver enzymes activities of azithromycin (6mg / kg

bwt) treated male rats for 10 successive days.

Liver enzymes activities

Groups

ALT (U/L) AST (U/L) ALP (IU/L) GGT (IU/L)
Control (Saline) 23.0£3.2¢ 28.0£1.7¢ 101.3+1.85°¢ 19.043.7¢
Control (Olive oil) 19.6+2.7° 32.7£1.4¢ 102.3+4.6¢ 24.344.7¢
Azithromycin 55.343.1* 84.7+£3.22 321.3£12.1° 73.3£2.02°
Vit E+ Azithromycin 38.0+1.5° 50.3+£0.9° 204.6+3.2° 44.3+1.5°
SE+ Azithromycin 39.0+1.5° 48.0£2.3° 193.0+7.8° 46 3+3.1°

Means within the same column having different alphabetical superscript litters are significantly different at p<0.05

Table 3. The effect of oral administration of azithromycin (6 mg /kg.b.wt), vitamin E (100 mg/kg bwt) and sodium selenite (0.3 mg / kg bwt) for 10 successive days

on protein profile in male rats.

Protein profile
Groups - - -
Total protein (g/dL) Albumin (g/dL) Globulin (g/dL)

Control (Saline) 7.6+0.3° 4.8+0.18° 2.8+0.13°
Control (olive oil) 7.3+0.35° 4.9+0.09° 2.740.5°
Azithromycin 4.13+0.43°¢ 2.00+0.06¢ 2.1+0.5°
Vit E+ Azithromycin 5.6+0.23° 3.67+0.14° 1.9+0.33¢
SE+ Azithromycin 5.9+0.48° 3.69+0.29° 2.2+0.2°

Means within the same column having different alphabetical superscript litters are significantly different at p<0.05

Table 4. The effect of oral administration of azithromycin (6mg /kg bwt), vitamin E (100 mg/kg bwt) and sodium selenite (0.3 mg / kg bwt) for 10 successive days

on kidney functions in rats.

Parameters
Groups — —
Creatinine (mg/dL) Urea (mg/dL) Uric acid (mg/dL)

Control (Saline) 0.84+0.05°¢ 31.66+2.030¢ 3.70+0.10°¢
Control (olive oil) 0.73+0.06 ¢ 36.30+1.80°¢ 3.70+0.26¢
Azithromycin 2.63+0.27° 87.00+3.60° 6.87+0.20°
Vit E+ Azithromycin 1.40+0.05° 48.66+0.88"° 5.04+0.33°
SE+ Azithromycin 1.3840.2° 48.66+2.20° 4.87+0.12°

Means within the same column having different alphabetical superscript litters are significantly different at p<0.05
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tion of azithromycin in male rats for 10 successive days showed
a significant increase in creatinine, urea, and uric acid in a com-
parison with the control group. Meanwhile, oral administration of
vitamin E or sodium selenite significantly decreased creatinine,
urea, and uric acid levels in azithromycin-treated rats.

Antioxidant/oxidant status

The effect of oral administration of azithromycin alone or
concurrently with vitamin E or sodium selenite on activities of
GPX, SOD, and CAT, and malondialdehyde concentration (MDA)
in male rats is represented in Table 5. Oral administration of azith-
romycin in male rats for 10 successive days produced a significant
decrease in GPX, SOD, CAT, and GSH with a significant increase
in MDA level in a comparison with the control group. However,
concurrent administration of vitamin E or sodium selenite with
azithromycin evoked a significant elevation in the activities of
these enzymes with a significant reduction in MDA concentration
in a comparison with azithromycin-treated rats.

Histopathological Findings
Group (1) (control)

Liver sections from control group showed preserved hepatic
cords, portal triad’s structures, vascular tributaries, biliary system,
central veins, sinusoids, Von kupffer's cells and supporting stro-
ma (Fig 1A, B). Kidney sections pointed out apparently normal
nephron unites regarding the glomerular structures (tufts and
Bowman's capsule) proximal and distal tubules besides loops of
Henle. The collecting tubules, papillae, calyces, pelvis and vascu-
lar structures was normal. Neither inflammatory, nor degenera-
tive or apoptotic changes were recorded in any of the examined
parts (Fig. 1 C, D).

Group (2) (olive oil)

Liver sections from olive oil-treated group showed preserved
hepatic cords, portal triad's structures, vascular tributaries, bili-
ary system, central veins, sinusoids, Von kupffer's cells and sup-
porting stroma. Minute fat droplets were recorded in a very few
hepatocytes (Fig. 2A, B). Kidney sections pointed out apparently
normal nephron unites. The collecting tubules, papillae, caly-
ces, pelvis and vascular structures was normal. No inflammatory
changes were recorded in this group (Fig. 2 C, D).

Group (3) (Azithromycin)
The examined serial sections from liver of this group de-

lineated a characteristic hepatotoxic histopathological change
represented by marked portal, perivascular and interstitial lym
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Fig. 1. Photomlcrograph from rat’s llver (A B) of control negative group, show-
ing preserved hepatic cords (blue arrows) portal triad’s structures, vascular trib-
utaries, central veins (blue-black) sinusoids and Von Kupffer’s cells (green).
Renal tissue (C, D) showing apparently normal nephron units regarding the glo-
merular structures (tufts and Bowman’s capsule) (black arrows), proximal and
distal collecting tubules (blue and green arrows) H&E X 100, 400.
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Fig. 2. Photomicrograph from rat’s liver (A, B) of control group exposed to olive
olive, showing preserved hepatic cords, (blue arrows), portal triad’s structures,
vascular tributaries, central veins (blue-black) sinusoids and Von Kupffer’s cells
(green arrows). Minute hepatocellular fat droplets are seen (red star). Renal tis-
sue (C, D) showing apparently normal nephron units regarding the glomerular

structures (tufts and Bowman’s capsule) (black arrows), proximal and distal col-
lecting tubules (blue and green arrows) H&E X 100, 400.

Table 5. The effect of oral administration of azithromycin (6 mg /kg bwt), vitamin E (100 mg/kg bwt) and sodium selenite (0.3 mg / kg bwt) for 10 successive days

on antioxidant oxidant status in male rats.

Antioxidant oxidant status

Groups GPx (U/mL) SOD (U/mL) CAT (U/mL) GSH (umol/L) MDA (umol/L)
Control (Saline) 20.67+3.80° 16.00+2.08 5.50£0.5° 29.00+1.70° 7.9040.18¢
Control (Olive oil) 22.30+1.20° 19.00+1.50° 5.20£0.5° 30.70+1.500 8.00+£0.28°
Azithromycin 9.70+0.88 7.33+0.90¢ 1.00£0.1° 14.33+1.45¢ 28.70+0.88°
Vit E+ Azithromycin 18.70+0.88° 11.3042.50 330403 21.00+1.15° 16.002.60"
SE+ Azithromycin 20.30+1.20° 16.0042.08 3.60+0.3 22.30+0.33 19.60+1.20"

Means within the same column having different alphabetical superscript litters are significantly different at p<0.05
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pho-plasmacytic infiltration with partial replacement of the he-
patic parenchyma. Focal necrotic areas replaced by macrophages
and a few lymphocytes were also seen. The biliary epithelium was
remarkably proliferated. Von Kupffeer cells were hypertrophied
and or hyperplastic. An increase in the number of circulating si-
nusoidal lymphocytes was also seen (Fig. 3 A, B).

Kidney sections of azithromycin-treated group showed high-
ly dilated renal blood vessels, lymphangiectasia, caliectasis, col-
lecting tubular dilatation, some were impacted by homogenous
eosinophilic structures materials, and others showed hyaline
casts. Perivascular round cells infiltration, edema, tubular epithe-
lial degenerative changes, glomerular lobulation and or atrophy
and mild peri -papillary fibrosis were recorded (Fig. 3 C, D).
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Frg 3 Photomicrograph from rat S lrver (A B) of Azithromycin treated group,
showing marked portal, perivascular, and interstitial lymphoplasmacytic infiltra-
tion with partial replacement of the hepatic parenchyma (black and blue arrows).
Focal necrotic areas are replaced by macrophages and a few lymphocytes are
seen (red arrow). The biliary epithelium was remarkably proliferated (red stars).
Von Kupffer cells were hypertrophied and or hyperplastic (green arrow). H&E
X 400. Nephrotoxic changes were represented by highly dilated renal blood ves-
sels, lymphangiectasia, caliectasis, and collecting tubular dilatation, some were
impacted by homogenous esinophilic structure materials, and others showed hy-
aline casts. Perivascular round cell infiltration, edema, tubular epithelial degen-
erative changes, glomerular lobulation and or atrophy and mild peri -papillary
fibrosis were recorded (C, D).

Group (4) (Azithromycin +Vitamin E)

The examined serial sections from liver of this group declared
a mild to moderate ameliorative effect of vitamin E. Most of the
hepatic parenchyma including hepatic cords and sinusoids were
apparently normal, however some cases (35-40%) revealed mild
to moderate hepato-portal vascular congestion and biliary pro-
liferation together with sporadic hepatocellular degenerative and
apoptotic changes (Fig. 4 A, B). Kidney sections from this group
revealed mild histopathological alternations and seemed to be
normal (Fig. 4 C, D).

Group (5) (Azithromycin + Selenium)

The examined serial sections from liver of this group revealed
a moderate ameliorative effect of selenium. Most of the hepatic
parenchyma including hepatic cords and sinusoids were appar-
ently normal. Some cases (15-20%) revealed mild hepato-portal
vascular congestion and biliary proliferation together with spo-
radic hepatocellular degenerative and apoptotic changes. Mild

portal lymphocytic infiltration was seen (Fig. 5 A, B). Histopatho-
logical finding of kidney of this group was apparently normal
(Fig. 5 C, D).
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Fig. 4 Photomlcrograph from rat’s liver (A B) of Azlthromycm V1t E treated
group, showing mild to moderate hepato-portal vascular congestion (back ar-
rows) and biliary proliferation (red stars) together with sporadic hepatocellular
degenerative and apoptotic change(black star). H&E X 200, 400. Renal sections
of this group pointed a sustained nephrotoxic changes with a milder degree as
compared with the Azithromycin treated group. Still moderate renal vascular dil-
atation, perivascular edema, collecting tubular cystic changes with parial impac-
tion of homogenous red esinophilic materials, focal renal epithelial degeneration
, intra-tubular hyaline casts formation and mild glomerular lobulation could be
recorded in some but not all cases (35-40%) (C, D).

Fig. 5 Photomlcrograph of rat exposed to Aznthromycm selemum treated group.
Rat’s liver of this group revealed a moderate ameliorative effect of selenium.
Most of the hepatic parenchyma including hepatic cords and sinusoids were ap-
parently normal (A, B), kidney (C, D) of the Azithromycin-Selenium-treated
group, showing mild renal vascular dilatation (black arrows), perivascular ede-
ma (black stars), intra-tubular hyaline casts formation (yellow stars) and mild
glomerular lobulation (red stars). H&E X 100, 200, 400.

DISCUSSION

The macrolide family of antibiotics includes azithromycin.
According to Bari et al. (2022) it is useful against bacterial and
inflammatory diseases, such as sore throats. It displayed a range
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of effects on several well-known viruses, including influenza, en-
teroviruses, rhinoviruses, and the severe acute respiratory syn-
drome coronavirus (SARS-CoV). Due to its antiviral and immu-
nomodulatory properties, azithromycin has garnered interest as
a promising COVID-19 therapy option (Khoshnood et al,, 2022).
The results of the current investigation showed that oral azith-
romycin administration in male rats for 10 consecutive days re-
sulted in a significantly lower level of GPX, SOD, CAT, and GSH
and a significantly higher level of MDA when compared to the
control group. Reactive oxygen species (ROS), also known as ox-
ygen free radicals or other substances of a similar nature, can
be used to detect the presence of oxidative stress. Antioxidants
and damaged versions of vital biomolecules, such as MDA pro-
duced because of lipid peroxidation, can also be used to detect
the presence of oxidative stress. One or more antioxidants may
become depleted as a result of increased ROS production in vivo.
According to Haliwell and Gutteridge (1998), loss of specific an-
tioxidants, such as ascorbate or glutathione, can be used as a
gauge of oxidative stress. The reduced antioxidant enzymes and
the increased MDA are strong indicators that azithromycin has
the potential to cause oxidative stress. This earlier result is consis-
tent with Olayinka and Ore’s findings from 2014, which indicated
that rats treated with azithromycin displayed a substantial de-
crease in SOD and catalase activity when compared to the control
group. Similar to this, Mansour et al. (2021) found azithromy-
cin given at dose 30 mg/kg per os daily for two weeks in male
albino rats led to a large rise in MDA concentration as well as
a significant fall in GSH concentration in heart tissue compared
to control. Similar to this, Omara et al. (2021) reported that rats
treated with azithromycin had significantly higher serum levels
of GSH, glutathione peroxidase (GPx), and MDA. with lower ALT,
AST, ALP, and GGT activities, and significant histopathological
changes. According to Cantin and Woods (1993); Mingeot-Le-
clerq and Tukens (1999) and Rybak and Whitworth (2005), free
radicals are a significant factor in the harm that drugs cause to
the liver, kidneys, and other organs. The etiology of the oxidative
stress linked to diabetes mellitus, hypertension, and aminogly-
coside nephrotoxicity is due to their increased vascular tone and
tubuloglomerular degeneration of the kidney (Schnackenberg,
2002). According to Olayinka and Ore (2014), azithromycin given
in rats resulted in a significantly higher level of ALP, ALT, AST, and
GGT when compared to control animals. These findings are in
line with their findings. The liver tissues also experienced mod-
est per portal cellular infiltration, portal congestion, and protein
casts in the tubular lumen, cortical congestion, and hemorrhage.
Similar to this, Sakurai (2018) reported that azithromycin caused
minor vacuolation in the renal tubules of the inner stripe of the
outer medulla, cortex, glomerulus, and transitional epithelium of
the kidney, resulting in phospholipidosis in rat kidney. Azithro-
mycin therapy in humans at a dose of 500 mg IV resulted in a
considerable increase in serum ALT and AST while ALP remained
normal, according to Ellison and Blackwell (2021). Similar to this,
Al- Kaissy (2011) reported that mice given azithromycin at a dose
of 250 mg/kg/day for three days showed a significant increase in
GPT and AST activation and a decrease in total protein compared
to the control group.

Similar to the recorded histopathological changes in the cur-
rent study, a number of histological changes were also discov-
ered in the liver tissues by Omara et al. (2021), including hydropic
degenerative and edematous portal veins, periductular fibrosis
with lymphocytes, and coagulative necrosis of hepatic cells. Our
results supported Caroly and Sarahv’s (2021) conclusion that azi-
thromycin increased ALT and AST levels. Similarly, Olayinka and
Ore (2014) found that rats exposed to azithromycin developed
liver and kidney damage. In the liver and renal histological tissues
sections, there was substantial tissue damage.

In the present work, vitamin E or selenium administrations
significantly decreased ALT, AST, ALP, and GGT activities, creat-
inine, urea, and uric acid levels and MDA concentration in azi-
thromycin-treated rats. Moreover, both vitamin E and selenium
significantly increased hematological parameters, protein profile
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(total protein, albumin, and globulin) and antioxidant enzyme ac-
tivities (GPX, SOD, GSH, CAT) in rats treated with azithromycin
with a significant improvement in histopathological pictures of
hepatic and renal tissues. The antioxidant and free radical scav-
enging activities of both vitamin E and selenium may be the
cause behind the ameliorative effects for azithromycin-induced
tissue toxicity. In agreement with this assumption, Diverse action
mechanisms are displayed by selenium. Selenoproteins, which
play a significant role in many of the diverse functions of seleni-
um, are formed when selenium is integrated into a variety of pro-
teins. By serving as a cofactor for glutathione peroxidase through
cellular metabolism, selenium lowers oxidative damage (Tinggi,
2008). Cell membranes and organelles are protected from oxi-
dative damage by selenium and vitamin E collectively. Selenium
can thereby boost the host's defiance systems and immunolog-
ical system. Selenium'’s significance in the endocrine system is
established by its role in the synthesis of active thyroid hormone.
The mineral interacts with iodothyronine deiodinase, an enzyme
that changes inactive thyroid hormone (T4) into active thyroid
hormone (T3) (Shreenath et al,, 2018).

CONCLUSION

Vitamin E at a prophylaxis dose (100 mg/kg bwt) and seleni-
um at 0.3 mg/kg bwt may exert beneficial effects for the protec-
tion of liver and kidney against azithromycin-induced damage.
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