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Histopathological and Biochemical Alterations of
Metronidazole-Induced Toxicity in Male Rats

Samah S. Oda

Department of Pathology, Faculty of Veterinary Medicine, Alexandria University, Egypt

Abstract: The present study was carried out to investigate the toxic effects of metronidazole (MTZ) on male
albino rats based on biochemical and histopathological alterations as well as reproductive impairment. Rats
were divided into three groups (n=8): group A control; group B rats orally administered 135 mg/kg bwt/day
MTZ and group C rats orally administered 540 mg/kg bwt/day MTZ for 60 days. No significant changes in the
serum biochemical parameters evaluated in the group B rats. Group B rats showed significant reduction in the
testes index weight without significant changes in epididymis and accessory sex glands index weight. High
dose of MTZ treatment caused a significant elevation of serum alanine aminotransferase (ALT) and aspartate
aminotransferase (AST), a significant reduction in the serum albumin level. Testes and epididymis index weight
was significantly decreased in group C and no significant alterations were occurred in the accessory sex glands
index weight. Moreover, serum testosterone levels were significantly decreased in MTZ treated groups.
Histopatholoical alterations were marked in brain, liver, kidney, testes and epididymis of rats treated with high
dose of MTZ. The results indicate that therapeutic and high dose of MTZ treatment caused neurotoxicity,
impaired male fertility and to lesser extent hepato and nephrotoxicity in rats.

Key words: Metronidazole (MTZ) -+ Toxicity * Brain + Testes + Histopathology

INTRODUCTION

Metronidazole (MTZ) is a 5-nitroimidazole drug
widely used in veterinary and human medicine for the
treatment of trichomoniasis, giardiasis, amebiasis and
anaerobic bacterial infections [1-3]. In addition to its anti-
protozoal and bactericidal properties, MTZ is thought to
have some immunomodulatory effects and is commonly
used to treat inflammatory bowel disease (IBD) in both
dogs and cats [4, 5]. MTZ is rapidly absorbed through
gastrointestinal tract with maximum concentrations in
both serum and tissues. It is metabolized in the liver and
is excreted mainly via the kidneys in urine and to lesser
extent through the intestinal wall with feces [6]. MTZ
interacts with DNA to create a disruption of the helical
DNA structure and strand breakage, resulting in inhibition
of protein synthesis and cell death in susceptible
organisms. However, MTZ is not a nontoxic drug [7]
and has been shown to rapidly cross the blood brain-
barrier [4, 8]. Central nervous system (CNS) side effects

associated with MTZ toxicosis have been reported in
humans [7] and in veterinary species, including rats [9],
dogs [10] and cats [11]. In dogs and cats, central
vestibular and cerebellar dysfunctions resulting in ataxia,
nystagmus, head tilt, tremors and seizures are commonly
recorded in cases of MTZ toxicosis [4]. Sohrabi ef al. [12]
reported the direct hazardous effects of MTZ on the germ
and Leydig cells after penetration into the blood-testis
barrier. Moreover, MTZ administration (200 or 400 mg/kg),
for 8 weeks, caused a harmful effect on the testes of male
rats [13]. Few reports are available concerning the
hepatotoxic [14-16] and nephrotoxic [16] effects of
nitromidazole derivatives. The genotoxic effect of MTZ
was studied by Mudry et al. [17] and EL-Nahas and EL-
Ashmawy [18]. Although MTZ is considered safe and is
widely used in the human and veterinarian populations,
it is necessary to clarify the potential biological risks
in the use of MTZ. Moreover, histopathological studies
concerning MTZ toxicosis are scarce. Therefore, the
aim of the present study was to assess the toxic
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effects of MTZ on male albino rats on the bases of
biochemical alterations, reproductive impairments and
histopathological changes.

MATERIALS AND METHODS

Animals and Experimental Design: Twenty four adult
male albino rats (weighing 180-200g) were used. Rats were
housed in cages and were maintained on commercial basal
food and water ad libitum. Rats were received humane
care incompliance with the guidelines of the National
Institutes of Health (NIH) of Animal Care and the local
committee approved this study. After 2 weeks of
adaptation, all animals were randomly divided into three
groups of eight rats each: group A served as control and
orally received 1ml physiological saline once daily. Group
B rats orally administered 135 mg/kg bwt MTZ (Flagyl®)
tablet 250 mg (a product of Rhone-Poulenc, UK.,
manufactured by Alexandria Pharmaceutical Co. Egypt).
Group C rats orally administered 540 mg/kg bwt MTZ. The
doses of MTZ represent the therapeutic dose and 4 times
the therapeutic dose of rat according to Paget and Barnes
[19]. MTZ was suspended in physiological saline and was
administered by gavage daily for 60 days.

Evaluated Parameters

Serum Biochemical Analysis: Rats were anesthetized
with ether then blood was collected from the inner
canthus of the eye by heparinized capillary tube into clean
dry test tube. The blood was centrifuged with 3000 rpm
for 10 min. to separate the serum. The activities of the
serum alanine aminotransferase (ALT) and aspartate
aminotransferase (AST) were estimated according to
Reitman and Frankel [20], total protein [21], albumin [22],
urea [23] and creatinine [24]. Total serum testosterone was
estimated according to Demetrious [25].

Reproductive Organs Weight: Immediately after the
collection of blood samples, rats were euthanized. After
dissection, testes, epididymis and accessory sex glands
(prostates and seminal vesicles) were collected, examined
grossly then weighed. The index weight (I.W.) of the
organ was calculated by Matousek [26] I.W. = organ
weight (g)/body weight (g) x 100.

Histopathological Evaluation: After necropsy, tissue
specimens of the brain, spinal cord, sciatic nerve, liver,
kidneys, testes, epididymis and accessory sex glands
(prostates and seminal vesicles) were collected and then
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rapidly fixed in 10% neutral-buffered formalin for at least
24 h. The fixed specimens were processed through the
paraffin-embedding  technique [27],
sectioned at 5 um and stained with Mayer’s haematoxylin
and eosin (HE).

conventional

Statistical Analysis: Results were analyzed statistically
by one-way analysis of variance followed by Duncan’s
multiple range tests [28]. Data are presented as means
plus or minus the standard error. The minimum level of
significance was set at P < 0.05.

RESULTS

Clinical Signs: No clinical signs were observed in rats of
groups A and B. On the other hand, rats of group C
exhibited weight loss, depression, ataxia and dizziness.

Serum Biochemical Analysis: Table 1 shows that group
B rats exhibited non significant alterations in serum AST,
ALT, total protein, albumin, globulin, urea and creatinine
levels compared to the control rats. Conversely, there
were significant increase (P < 0.05) in serum ALT and
AST levels and a significant reduction in serum albumin
level. Moreover, no significant changes in the serum total
protein, globulin, urea and creatinine levels of group C
rats.

Reproductive Organs Weight and Serum Testosterone
Level: The index weight of the testes was decreased
significantly (P < 0.05) in MTZ treated groups compared
to the control group (Table 2). This reduction was marked
in the group C. The index weight of the epididymis was
decreased significantly in group C rats; however, no
significant change was demonstrated in group B rats.
Besides, no significant changes were observed in the
index weight of the accessory sex glands in MTZ treated
groups. Regarding serum testosterone levels, there was a
significant reduction (P = 0.05) in the groups B and C
compared to the control group. The greatest reduction
was seen in the group C (Table 2).

Histopathological Findings

Brain: Brain specimens of the control rats were within
normal histological limits. The cerebral cortex of group B
rats showed satellite perineuronal oligodendroglias
surrounding small shrunken neurons with contracted
dense nuclei and condensed cytoplasm (Fig. 1A).
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Table 1: Effect of metronidazole on serum biochemical parameters of male albino rats

Group  ALT (u/l) AST (u/l) Total protein (g/dl) Albumin (g/dl) Globulin (g/dl) Urea (mg/dl) Creatinine (mg/dl)
A 27.90+0.06b 166.50+5.48b 7.08+0.27a 4.55+0.14a 2.53+0.12a 37.00+0.06a 0.40+0.06a
B 30.30+1.56ab 180.40+3.12ab 6.79+0.10a 4.40+0.06a 2.39+0.16a 38.45+0.89a 0.50+0.06a
C 34.60+0.46a 202.33+8.21a 6.76+0.31a 3.85+0.03b 2.91+0.28a 39.40+1.27a 0.53+0.07a

Values are expressed as mean + standard errors. Values with different letters at the same column are significantly different at P=0.05 (anova) with Duncan’s

multiple range test. A = control, B = 135 mg / kg bwt metronidazole-treated, C = 540 mg / kg bwt metronidazole-treated.

Table 2: Effect of metronidazole on reproductive organs weight and serum testosterone levels of male albino rats

Group Testes LW. Epididymis IL.W. Accessory sex glands L.W. Testosterone (ng /ml)
A 1.39+0.03a 0.51+0.01a 1.01+0.03a 2.91+0.14a
B 1.13+0.02b 0.49+0.01a 0.92+0.01a 2.39+0.04b
C 0.58+0.08¢c 0.31+0.03b 0.91+0.04a 1.55+0.11c

Values are expressed as mean + standard errors. Values with different letters at the same column are significantly different at P=0.05 (anova) with Duncan’s

multiple range test. LW. = organ weight (g) / body weight (g) x 100. A = control, B = 135 mg / kg bwt metronidazole-treated, C = 540 mg / kg bwt

metronidazole-treated.

Fig. 1: Photomicrograph of rat brain stained with HE. (A) Cerebral cortex of a rat treated with 135 mg/kg bwt
metronidazole: Satellite perineuronal oligodendroglias surrounding small shrunken neurons with contracted
dense nuclei and condensed cytoplasm (arrows). (Bar = 50 um). (B) Cerebellum of a rat treated with 540 mg/kg
bwt: Selective necrosis of Purkinje cells and depletion in granule cells layer of a cerebellar folium (arrows).

(Bar= 100 um).

Neuronophagia as well as cerebrocortical hemorrhage
were evident. The microscopic changes of group C rats
were consisted of congestion of cerebral and cerebellar
blood wvessels and hemorrhage. Satellitosis and
neuronophagia were also noticed. Moreover, mild
mononuclear perivascular cuffing, focal and diffuse glial
proliferations were present. Cerebellar degeneration was
clear and represented by selective necrosis of Purkinje
cells and depletion in granule cells layer (Fig. 1B). The
necrotic Purkinje cells were shrunken and hyperchromatic,
sometimes disappear, leaving empty spaces and a
fenestrated ground layer.

Liver: Liver of the control rats showed normal
histoarchitecture of intact portal areas and normal
hepatocytes. Liver of group B rats exhibited minute foci of
hepatic cell necrosis accompanied by mononuclear cell
infiltrates. Liver tissues of group C rats revealed
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remarkable degenerative changes represented by diffuse
disorganization of the hepatic cords and cytoplasmic
vacuolations. Dilatation and congestion of hepatic
sinusoids were noticed. In addition, minute foci of hepatic
cell necrosis and associated mononuclear cell infiltrates
were evident almost adjacent to the portal areas (Fig. 2).

Kidneys: Kidneys of the control rats had normal
morphology of the renal parenchyma with well-defined
glomeruli and tubules. Conversely, kidneys of groups B
and C rats showed variable degenerative and necrotic
changes that were clear in the latter group. Lesions
were consisted of vacuolation of the renal lining
epithelium and presence of eosinophilic hyaline casts
in the lumina of renal tubules. Moreover, focal areas
of tubulonecrosis accompanied by mononuclear cell
infiltrates ~ were  noticed, particularly at the
corticomedullary junction (Fig. 3).
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Fig. 2: Photomicrograph of a liver from rat treated
with 540 mg/kg bwt metronidazole: Minute
foci of hepatic cell necrosis and associated
mononuclear cell infiltrates (arrow heads) and
mild hepatocytic vacuolation (arrows). (HE,
bar= 50 um).

Y

Fig. 3: Photomicrograph of a kidney from rat treated with
540 mg/kg bwt metronidazole: Tubulonecrosis
accompanied by mononuclear cell infiltrates at
corticomedullary junction with presence of
eosinophilic hyaline casts in the lumina of renal
tubules (arrows). (HE, bar= 50 pm).

Fig. 4: Photomicrograph of rat testis stained with HE. (Bar= 50 um). (A) Normal testis histo-architecture of a control rat.
(B) Degenerated testis of rat treated with 135 mg/kg bwt metronidazole: Lumina of the seminiferous tubules
contained sloughed germinal epithelial cells (stars). (C) Degenerated testis of rat treated with 540 mg/kg bwt
metronidazole: The seminiferous tubules had single or double cell layers, vacuolated germinal epithelium
(arrows), interstitial congestion (arrow heads) and edema (stars).

Testes: Testes of the control rats had normal
histoarchitecture and were composed of uniform, well-
organized seminiferous tubules with complete
spermatogenesis and interstitial connective tissue
(Fig. 4A). Testes of group B rats had small, disorganized
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seminiferous tubules with reduced spermatogenesis.
Lumina of some seminiferous tubules contained sloughed
germinal epithelial cells (Fig. 4B) and few multinucleated
giant cell formations. However, marked degenerative
changes were detected in group C rats (Fig. 4C).
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Fig. 5: Photomicrograph of rat epididymis stained with HE. (Bar= 1

00 um). (A) Cauda epididymis of a control rat with

normal histological structure and sperm density. (B) cauda epididymis of rat treated with 135 mg/kg bwt
metronidazole with relatively low sperm density. (C) Cauda epididymis of rat treated with 540 mg/kg bwt
metronidazole: The epididymal ductules were free from mature spermatozoa and contained numerous sloughed
germ cells with multinucleated giant cell formations (arrows) (inset, bar= 50 um).

Wherein, lesions were consisted of small, disorganized
seminiferous tubules with buckled basement membrane.
The majority of seminiferous tubules had single or double
cell layers indicative of cessation of spermatogenesis.
Vacuolation of germ and Sertoli cells was also seen. Some
tubules had sloughed germinal epithelial cells within
their lumina with numerous multinucleated giant cell
formations. Regarding to the interstitial tissue, there were
congestion of the intertubular blood vessels and edema.

Epididymis: Epididymis of the control rats showed normal
histological structure with normal sperm density (Fig. 5A).
Epididymal ductules of group B rats had a relatively low
density of spermatozoa when compared to control group
(Fig. 5B). The majorities of epididymal ductules of group
C rats were free from mature spermatozoa and contained
numerous number of sloughed germinal epithelium with
numerous multinucleated giant cell formations (Fig. 5C).

DISCUSSION

This study was conducted to assess the adverse
effect of MTZ toxicosis on male albino rats based on
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biochemical and histopathologic alterations as well as
reproductive dysfunction. The results of this study
revealed the hepatotoxic effect of the high dose of MTZ
treatment as there was significant elevation of the hepatic
enzymes (ALT and AST) and a significant reduction in
serum albumin level. These findings were parallel to the
histopathological changes in the liver, particularly in the
rats of group C. It has been suggested that metabolites of
MTZ may bind to RNA instead of DNA, possibly
inhibiting RNA protein synthesis [11]. Yamamoto et al.
[29] recorded that MTZ-induced encephalopathy
developed in patients with liver cirrhosis. They have been
reported that severe liver dysfunction due to cirrhosis
would facilitate the occurrence of the side effects because
MTZ is mainly metabolized by the liver [30]. No
significant changes were detected in the serum urea and
creatinine levels in MTZ-treated groups. However,
microscopic examination of kidney tissues of MTZ-treated
groups revealed various degrees of degenerative and
necrotic changes. Ahmad et al. [16] reported that a single
therapy of ofloxacin, ornidazole and MTZ drugs increases
hepatotoxicity and renal toxicity. Clinically, there were
signs of central nervous system dysfunction represented
by ataxia and dizziness. Besides, brain lesions were
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remarkable, particularly in rats treated with high dose of
MTZ. The cerebellar lesions were similar to those found
by Schérer et al. [31] who found clinical signs associated
with CNS dysfunction in dogs given 4-6 doses of MTZ at
250 mg/kg/d. Histologic examination of brain specimens
showed degeneration (swelling, vacuolation and clumping
of protoplasm) and selective loss of Purkinje cells. These
dogs all had clinical neurologic abnormalities within 4-6
days and prior to the development of histologic lesions
in the brain; most of the dogs died within 1 week after the
onset of clinical signs. The pathogenesis of MTZ
neurotoxicity is currently unknown and there are relatively
few publications addressing the mechanism of MTZ
neurotoxicity. It has been suggested that metabolites of
MTZ may bind to RNA instead of DNA, possibly
inhibiting RNA protein synthesis, which could potentially
lead to axonal degeneration [11]. Another proposed
mechanism involves the modulation of the inhibitory
neurotransmitter gamma-aminobutyric acid (GABA)
receptor within the cerebellar and vestibular systems [32].
In support of this hypothesis, it has recently been
demonstrated that diazepam, a benzodiazepine with major
effects on GABA neurotransmitters in the brain,
dramatically improved the recovery times for dogs with
MTZ toxicosis [32]. The mutagenic and toxic potentials of
drugs or environmental chemicals on male germ cells have
become an important area of environmental concern [33].
MTZ, a 5-nitroimidazole drug has been reported to
decrease testicular weight, testicular and epididymal
spermatid counts sperm
morphology with degeneration of seminiferous tubules
within 6 weeks of administration of MTZ at 400 mg/kg
dose [34]. The present study showed marked reproductive
dysfunction; particularly in the high dose MTZ-treated
group. The index weight of testes and epididymis were
greatly reduced in group C rats [12, 18, 35]. These findings
were compatible with the histopathological results: small,
disorganized seminiferous tubules with buckled basement
membrane and the majority of seminiferous tubules had
single or double cell layers indicative of sudden cessation
of spermatogenesis. The significant reduction in the
the epididymis weight
histopathological alterations in the testes and epididymis
may be attributed by the significant reduction in serum
testosterone levels. The reduction in testosterone may be
due to MTZ which reaches the blood testis barrier and
gains access to the germ cells in the seminiferous tubules.
Since, the blood testis barrier was possibly an important
aspect when considering reproductive and mutagenic

and to cause abnormal

testes and as well as
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effects of drugs and environmental chemicals [36].
The permeability characteristics for the blood testis barrier
are generally similar to those limit penetration of
membranes of the central nervous system [37]. MTZ is
distributed to all tissues including the blood brain barrier
and seminal fluid [5]. Similarly, MTZ immobilized rat
spermatozoa in vitro [38]. The percentage of motile rabbit
and human sperm incubated with MTZ was affected [33].
These could explain the direct hazard effects of MTZ on
sperm and Leydig cells through decreased testosterone
secretion after penetration of the blood testis barrier.
Likewise, MTZ administration (15mg/kg, 200mg/kg or 400
mg/kg), for 8 weeks, caused an oxidative stress on the
testes of male rats that evidenced by the high level of
malondialdehyde (an index of lipid peroxidation) in the
MTZ treated groups [13].

In conclusion, therapeutic and high dose of MTZ
treatment for 60 days caused neurotoxicity, harmful effect
on male fertility and to lesser extent MTZ induced hepato
and nephrotoxicity in rats.
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