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ABSTRACT
Background: Metronidazole (MTZ) is a nitroimidazole derivative, widely used as an antibacterial and antiprotozoal agent. The drug causes marked impairment in the fertility of mice by affecting the testis and epididymis. The possible mechanism involved in this impairment inflicted
through oxidative stress remains to be elucidated. Objective: To evaluate oxidative stressinduced effects in the testis of mice administered with MTZ. Methods: Swiss strain adult
male mice were treated with low (250mg/kgBW/day) and high (500mg/kgBW/day) doses of
MTZ for 28 days. Recovery study was carried out 42 days after cessation of the drug treatment.
Testis was dissected out for histopathological observation, i-NOS expression by immunohistochemistry and estimations of antioxidant enzyme activities, functional markers and LPO
level by spectrophotometry. All the data were analyzed statistically by one way ANOVA followed by Newman-Keul’s test and were considered significant at p < 0.05. Results: Histopathological observations of the testis revealed spermatogenic inhibition with intense i-NOS
expression in the intertubular spaces following high dose of MTZ administration. Antioxidant
enzyme activities (SOD, GPx and GR), functional markers (LDH and ALP) and LPO levels were
significantly altered in the testis of mice administered with high dose of MTZ. The effects
were reinstated similar to the controls, 42 days after the treatment withdrawal. Conclusion:
The present study suggests MTZ (500mg/kgBW/day)-induced reversible direct effect in the
seminiferous tubules of the testis, inflicted through oxidative stress.
Key words: Antioxidant Enzymes, Lipid Peroxidation, Metronidazole, Oxidative Stress,
Testicular Functional Markers, Testis.
Key message: Metronidazole is indispensable for the treatment of various diseases, generally
prescribed for 5-7 days but for certain diseases it is also consumed for 4-8 weeks. Long term
administration of the drug interferes the male reproduction inflicted through oxidative stress.

INTRODUCTION
The rise in the percentage of male factor infertility due
to the consumption of therapeutic drugs has made
efforts to study their untoward side effects on the male
reproduction. Prescribed drugs, for curing various
diseases cause male infertility. Among them, adverse
effects of certain derivatives of nitroimidazole such as
ornidazole, metronidazole, tinidazole, nimorazole etc.,
on the fertility potential of the males have been widely
reported.1-2
Metronidazole, MTZ, (1-[2-hydroxyethyl]-2-methyl5-nitroimidazole) is the first nitroimidazole to exert
useful clinical activity. It is the drug of first choice,
widely used as an antibacterial and antiprotozoal agent.
Its clinical applications have been growing for the
treatment of Helicobacter pylori infections, amoebiasis,
giardiasis, trichomoniasis, Crohn’s disease, bacterial
vaginosis and several other anaerobic bacterial infections and is being used as a prophylactic antibiotic in
surgical interventions.3 The clinicians generally prescribe

MTZ to be consumed maximum for seven to ten days,
however, for the treatment of several peculiar complications like Chagas disease,4 Crohn’s disease,3-5
liver abscess,6 etc., this drug is advised to be consumed for 4-8 weeks.
Our earlier study has also reported marked impairments in the testis and epididymis and fertility of
the mice administered orally with 250mg/kgBW/
day and 500mg/kgBW/day of MTZ for 28 days,
without affecting the level of testosterone, hence
suggested its direct action.7 It is, thus, assumed that
there might be some other factors responsible for
causing impairment in fertility, induced by administration of MTZ. Oxidative stress is one of the
factors that affects the fertility status and thus has
been extensively studied in recent years.8 In line
of that, the present study explores the possibility
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of oxidative stress responsible for spermatogenic inhibition following
administration of MTZ.

MATERIALS AND METHODS
Animal selection
Twenty five Swiss strain adult (12 weeks) male mice weighing about
25-30g were used for the present investigation. The animals were housed
under standard laboratory conditions and maintained on pelleted diet
and water ad libitum. The animal study plan was approved by the
Animal Ethical Committee, Banaras Hindu University, Varanasi, India
(No. Dean/11-12/CAEC/263).
Experimental design, drug and dosage
All the mice were divided into five groups of five each. Mice of Groups
I and II served as untreated and vehicle-treated controls while that of
Groups III and IV were administered with the doses of 250mg/kgBW/day
and 500mg/kgBW/day of MTZ, respectively, for 28 days. Mice of
Group V were administered with 500mg/kgBW/day of MTZ for the same
duration followed by their sacrifice, 42 days after the drug withdrawal.
MTZ (CDH, India) was dissolved in double distilled water and administered orally. The therapeutic dose of MTZ, used in human, was selected
and translated to mice.9 The procedure for the oral administration of
drug through gavage was based on the study of Noorafshan et al.10
Animal sacrifice and collection of samples
All the animals were sacrificed by cervical dislocation and the testis was
dissected out for the following studies:
Histological Studies
Bouin’s fixed testis was dehydrated and embedded in paraffin. Sections
of 5μm thickness were taken from the mid portion of each testis, stained
with Periodic Acid Schiff reagent followed by counterstaining with
Ehlrich’s Haematoxylin.
Inducible nitric oxide synthase (i-NOS) expression
I-NOS expression was performed as described by Yadav et al 11 and Singh
et al.12 Bouin’s fixed testis was dehydrated and embedded in paraffin.
Sections of 5μm thickness were taken from the mid portion of each testis.
The sections were blocked using 2% normal goat serum blocking buffer
followed by incubation with anti-i-NOS primary antibody (1:500, Santa
Cruz) in PBS for 48 hours at 40C. Sections were incubated with biotinylated secondary antibody (Santa Cruz) and streptavidin peroxidase
complex. The colour was developed with 3, 3’ diaminobenzidine (DAB)
and the sections were permanently mounted with DPX after dehydrating
them in graded ethanol. The sections were examined under bright field
microscopy (Nikon, eclipse P-200) and the images were captured at 40X
magnification.
Antioxidant enzyme estimations
The testis from each mouse was dissected out carefully and washed with
ice-cold physiological saline solution. The tissue was weighed and 10%
homogenate was prepared in ice-cold phosphate buffer (0.05M, pH 7.0).
The homogenate was centrifuged at 10,000 X g for 20 minutes at 4°C.13
The supernatant was used for the enzyme assays after estimating the
protein content by the method of Lowry et al14 using bovine serum albumin
as a standard. All the readings were noted spectrophotometrically at the
specified O.D.
Superoxide dismutase (SOD)
Superoxide dismutase (EC 1.15.1.1) was assayed by the method of
Marklund and Marklund.15 Briefly, the assay mixture contained 2.4ml
of Tris-HCl (50mM) containing 1mM EDTA (pH 7.6), 300μl pyrogallol
(0.2mM) and 100μl enzyme source. The increase in absorbance was
Free Radicals and Antioxidants, Vol 8, Issue 1, Jan-Jun, 2018

measured immediately at 420nm, against a blank containing all components except the enzyme source and pyrogallol, at 10 seconds interval for
3 minutes on a spectrophotometer. The enzyme activity was expressed as
units per milligram protein.
Catalase (CAT)
Catalase (EC 1.11.1.6) was assayed by the method of Claiborne.16 Briefly,
the assay mixture contained 2.4ml of phosphate buffer (50mM, pH 7.0),
10μl of H2O2 (19mM) and 50μl enzyme source. The decrease in absorbance was measured immediately at 240 nm, against a blank containing
all the components except the enzyme source, at 10 seconds interval for
3 minutes on a spectrophotometer. The enzyme activity was expressed as
micromoles H2O2 consumed per min per milligram protein.
Glutathione peroxidase (GPx)
Glutathione peroxidase was assayed by the method of Flohe and Gunzler.17
One unit of enzyme activity is reported as one μmole of NADPH
oxidized per minute assuming 6.22 X 103 to be the molar absorbance of
NADPH at 340nm. Glutathione peroxidase assay consisted of potassium
phosphate buffer (0.1M, pH 7.0), 2.25mM NADPH in 0.1% NaHCO3,
glutathione reductase (7.1μl/ml), glutathione (11.52mg/ml) and 1.5mM
of H2O2. Enzyme assay was carried out by pipetting 750μl of potassium
phosphate buffer, 60μl of NADPH, 15μl of glutathione reductase and
25μl of reduced glutathione in 1.0 ml cuvette. Enzymatic reaction was
started by adding 50μl of sample (supernatant) and 100μl of H2O2 and
the extinction of the sample was recorded at 340 nm every minute for a
period of 120 seconds in the spectrophotometer. The glutathione peroxidase activity was expressed in units per milligram of protein.
Glutathione reductase (GR)
Glutathione reductase was assayed by the method of Carlberg and
Mannervick.18 One unit of enzyme activity is reported as 1.0 μl NADPH
oxidized per minute assuming 6.22 X 10-3 to be the molar absorbance of
NADPH at 340nm. Glutathione reductase assay consisted of potassium
phosphate buffer (0.2M, pH 7.0), 2.0 mM NADPH in 0.1% NaHCO3 and
oxidized glutathione (20mM). Enzyme assay was carried out by pipetting
600 μl of potassium phosphate buffer, 250 μl milli q water, 50 μl oxidized
glutathione, 50 μl NADPH and 50 μl of sample (supernatant). The extinction
of the sample was recorded at 340nm every minute for a period of
120 seconds in the spectrophotometer. The glutathione reductase activity
was expressed in units per milligram protein.
Lipid peroxidation estimation (LPO)
The level of LPO was measured in the tissue supernatant using malonaldehyde (MDA) concentration as a surrogate measure.19 The reaction
mixture was formed by adding 100μl supernatant, 1400μl of 15% trichloroacetic acid containing thiobarbituric acid (0.375%) and 14μl of butylated hydroxyl toluene (20mg/ml absolute alcohol). Samples were heated
at 100°C for 15 minutes in water bath and the absorbance was measured
at 532nm against blank containing all the reagents except the test sample.
The values were expressed as nanomoles MDA produced per milligram
protein.
Testicular functional markers
Lactate dehydrogenase (LDH)
The activity of lactate dehydrogenase was estimated in the tissue supernatant using LDH (P-L) kit (Mod. IFCC method).
Alkaline phosphatase (ALP)
The activity of alkaline phosphatase was estimated in the tissue supernatant using COGENT diagnostic kit.
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Statistical analysis
All the data were analyzed statistically by one way ANOVA followed by
Newman-Keul’s test. Values were considered significant at p < 0.05.

RESULTS
Histological study of the testis
The testis of the control (Figure 1A) showed normal histological
features. MTZ at the low dose induced mild regressive changes in the
seminiferous tubules such as loosening and disorganization of the
germ cells (Figure 1B). However, regressive changes in the seminiferous
tubules appeared to be more pronounced in the testis of mice administered with high dose of MTZ (Figure 1C). The marked regressive changes
were indicated by shrinkage of the seminiferous tubules, depletion,
disorganization, intraepithelial vacuolization and exfoliation of germ

Figure 1 (c): T.S. of the testis of mouse treated with 500mg/kgBW/day of MTZ
for 28 days showing shrinkage of seminiferous tubules, depletion, disorganization and exfoliation of the germ cells, intraepithelial vacuolization and
giant cell formation in some of the seminiferous tubules.

Figure 1(a): T.S. of the testis of control mouse showing normal histological
features.

Figure 1 (d): T.S. of the testis of mouse treated with 500mg/kgBW/day of
MTZ for 28 days sacrificed 42 days after cessation of the drug treatment
showing normal histological features similar to the controls.

cells with the appearance of few giant cells (Figure 1C). Forty two days
after withdrawal of the drug treatment, regressive histological changes
noticed in the seminiferous tubules were recovered and appeared
comparable to that of the controls (Figure 1D).

Figure 1 (b): T.S. of the testis of mouse treated with 250 mg/kgBW/day of
MTZ for 28 days showing loosening and disorganization of the germ cells.
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Inducible nitric oxide synthase (i-NOS) expression in the testis
Immunohistochemical study showed normal expression of i-NOS in
the testis of the control mouse (Figure 2A). By contrast an intense expression of i-NOS was observed in the intertubular space and germ cells of
the seminiferous tubules in the testis of the mice administered orally
with 500mg/kg BW/day of MTZ for 28 days as compared with the conFree Radicals and Antioxidants, Vol 8, Issue 1, Jan-Jun, 2018
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Figure 2 (a): Immunohistochemistry of the testis of control mouse showing
normal expression of i-NOS.

Figure 2 (b): Immunohistochemistry of the testis of mouse treated with
500mg/kgBW/day of MTZ for 28 days showing i-NOS expressed in the intertubular space and germ cells of the seminiferous tubules in the testis.

Figure 2 (c): Immunohistochemistry of the testis of mouse treated with 500
mg/kgBW/day of MTZ for 28 days sacrificed 42 days after cessation of the
drug treatment showing decreased expression of i-NOS as compared to the
treated mouse.

Figure 3 (a): Effect of the oral administration of MTZ on the activity of superoxide dismutase in the testis. *administration of MTZ for 28 days followed
by sacrificing the animals 42 days after cessation of the drug treatment.
a: significantly different from the controls at P < 0.05 by ANOVA followed
by Newman- Keul’s multiple range test. b: significantly different from MTZ
(500mg/kgBW/day) at P < 0.05 by ANOVA followed by Newman- Keul’s
multiple range test.

trols (Figure 2B). However, the expression was decreased 42 days after
cessation of the treatment as compared with MTZ-treated mice (Figure
2C), similar to that of the controls.

of the drug treatment as compared with the high dose of MTZ, thus
attained the value of controls (Figure 3A).

Antioxidant enzyme activities in the testis
Superoxide dismutase (SOD)

No significant alterations were noticed in the activity of CAT following
low dose of MTZ administration as compared with the controls (Figure 3B).
However, the activity was decreased following high dose of MTZ administration (Figure 3B) although; the value was not significant as compared
with the controls. The insignificant decrease following high dose of MTZ
administration, was restored to the control extent, 42 days after cessation
of the drug treatment (Figure 3B).

No significant alterations were noticed in the activity of SOD following
low dose of MTZ administration as compared with the controls
(Figure 3A). By contrast, high dose of MTZ resulted in a significant
increase in the same as compared with the controls (Figure 3A). The
increased activity of SOD declined significantly 42 days after cessation
Free Radicals and Antioxidants, Vol 8, Issue 1, Jan-Jun, 2018
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Figure 3 (b): Effect of the oral administration of MTZ on the activity of catalase in the testis. *administration of MTZ for 28 days followed by sacrificing
the animals 42 days after cessation of the drug treatment. a: significantly
different from the controls at P < 0.05 by ANOVA followed by Newman- Keul’s
multiple range test. b: significantly different from MTZ (500 mg/kgBW/day) at
P < 0.05 by ANOVA followed by Newman- Keul’s multiple range test.

Figure 3 (e): Effect of the oral administration of MTZ on the level of lipid
peroxidation in the testis. *administration of MTZ for 28 days followed by
sacrificing the animals 42 days after cessation of the drug treatment. a: significantly different from the controls at P < 0.05 by ANOVA followed by Newman- Keul’s multiple range test. b: significantly different from MTZ (500mg/
kgBW/day) at P < 0.05 by ANOVA followed by Newman- Keul’s multiple range
test.

Glutathione peroxidase (GPx)
The activity of GPx was decreased significantly following both the doses
of MTZ administration as compared with the controls (Figure 3C). The
activity increased only to some extent, 42 days after cessation of the drug
treatment as compared with high dose of MTZ (Figure 3C).

Figure 3 (c): Effect of the oral administration of MTZ on the activity of glutathione peroxidase in the testis. *administration of MTZ for 28 days followed
by sacrificing the animals 42 days after cessation of the drug treatment.
a: significantly different from the controls at P < 0.05 by ANOVA followed
by Newman- Keul’s multiple range test. b: significantly different from MTZ
(500mg/kgBW/day) at P < 0.05 by ANOVA followed by Newman- Keul’s
multiple range test.

Figure 3 (d): Effect of the oral administration of MTZ on the activity of glutathione reductase in the testis. *administration of MTZ for 28 days followed
by sacrificing the animals 42 days after cessation of the drug treatment.
a: significantly different from the controls at P < 0.05 by ANOVA followed
by Newman- Keul’s multiple range test. b: significantly different from MTZ
(500mg/kgBW/day) at P < 0.05 by ANOVA followed by Newman- Keul’s
multiple range test.
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Glutathione reductase (GR)
No significant alterations were noticed in the activity of GR in the group
treated with low dose of MTZ as compared with the controls, however,
administration of high dose of MTZ caused significant reduction in the
activity of GR comparable to that of the controls (Figure 3D). Forty two
days after cessation of the drug treatment, the activity of GR was restored
significantly as compared with high dose of MTZ, similar to the control
value (Figure 3D).
Lipid peroxidation level (LPO)
The level of lipid peroxidation remained unaltered following low dose of
MTZ administration as compared with the controls (Figure 3E). MTZ
administered with the dose of 500 mg/kgBW/day elevated the lipid
peroxidation level, as indicated by the significant increase in the activity
of MDA, comparable to that of the controls (Figure 3E). The elevated
level of MDA was restored to the control values, 42 days after cessation of
the drug treatment as compared with the high dose of MTZ (Figure 3E).
Testicular functional markers
Lactate dehydrogenase (LDH)
No significant alterations were noticed in the activity of LDH following
low dose of MTZ administration, however, an increased activity was
noted in the group administered with the dose of 500mg/kgBW/day as
compared with the controls (Figure 4A). The increased activity of LDH
declined significantly 42 days after cessation of the drug treatment as
compared with the high dose of MTZ, thus attained the control value
(Figure 4A).
Alkaline phosphatase (ALP)
The activity of testicular ALP remained unaltered following administration of low dose of MTZ (Figure 4B). By contrast, the activity increased
significantly in the group treated with high dose of MTZ as compared
with the controls (Figure 4B). The activity declined significantly 42 days
Free Radicals and Antioxidants, Vol 8, Issue 1, Jan-Jun, 2018
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Figure 4 (a): Effect of the oral administration of MTZ on the activity of
testicular lactate dehydrogenase. *administration of MTZ for 28 days
followed by sacrificing the animals 42 days after cessation of the drug treatment. a: significantly different from the controls at P < 0.05 by ANOVA followed by Newman- Keul’s multiple range test. b: significantly different from
MTZ (500mg/kgBW/day) at P < 0.05 by ANOVA followed by Newman- Keul’s
multiple range test.

Figure 4 (b): Effect of the oral administration of MTZ on the activity of testicular alkaline phosphatase. *administration of MTZ for 28 days followed
by sacrificing the animals 42 days after cessation of the drug treatment. a:
significantly different from the controls at P < 0.05 by ANOVA followed by
Newman- Keul’s multiple range test. b: significantly different from MTZ
(500mg/kgBW/day) at P < 0.05 by ANOVA followed by Newman- Keul’s
multiple range test.

after cessation of the drug treatment as compared with the high dose of
MTZ, hence attained the control value (Figure 4B).

DISCUSSION
MTZ-induced regressive changes in the seminiferous tubules without
affecting the level of serum testosterone have already been reported in
our previous finding7. The present study reveals the possible involvement
of oxidative stress and alterations in the testicular functional markers
inhibiting spermatogenic activity in MTZ-treated mice.
Free radicals are highly reactive intermediates produced in normal
cellular metabolism. The oxygen radical generating systems are present
in all types of cells including endothelial cells, adipocytes and germ cells.
In a healthy condition there is a balance between the reactive oxygen
species (ROS) formation and elimination. However, when ROS cellular
overproduction overwhelms intrinsic antioxidant capacity, oxidative
stress occurs followed by probably the damage to the biomolecules of
normal cells and tissues.20
Free Radicals and Antioxidants, Vol 8, Issue 1, Jan-Jun, 2018

To protect against the potentially damaging effects of ROS, cells are
equipped with several antioxidant enzymes such as Superoxide dismutase
(SOD), Catalase (CAT), Glutathione peroxidase (GPx) and Glutathione
reductase (GR) which neutralize the damaging effects of ROS by
inactivating them. The synergistic actions of the antioxidant enzyme
system are essential in protection against oxidative damage. These
antioxidant enzymes, therefore, serve as the defense system of the cell.
However, the antioxidant defense system may be overwhelmed by
various pathological or environmental factors so that a fraction of ROS
may escape destruction and form more reactive hydroxyl radicals.21
Earlier, some authors 22-23 have reported MTZ-induced oxidative stress
in the testis. The results of the present study also reveal significant
alterations in the activities of testicular antioxidant enzymes, functional
markers and LPO level indicating the MTZ-induced oxidative stress in
the testis. The level of LPO products have been widely used as an index
of oxidative stress.24 The significant increase in the level of testicular LPO
is in accordance with the findings reported in rats following administration of 15mg/kgBW/day, 200mg/kgBW/day and 400mg/kgBW/day of
MTZ for 8 weeks.25 The elevated LPO level, as indicated by increased
activity of MDA in the testis of MTZ-treated mice, is suggestive of the
membrane damage of the germ cells.26 Beside this, the OH- radical has
been proposed to be an initiator of LPO.27 therefore, the increased level
of LPO noticed in the present study, is also indicating elevation of OHradical which itself is an ROS and damages the cell membrane. It is also
reported that hydrogen peroxide (H2O2) increases lipid peroxidation.28
therefore, the increased LPO level as noticed in the present study might
be due to the excessive generation of H2O2 which is a superoxide anion
and causes the tissue injury.
The antioxidant enzyme activity in the high dose of MTZ-treated
group indicates an increased activity of SOD while decreased activity of
catalase, GPx and GR. The results suggest that increased activity of SOD
is probably facilitating higher conversion of the generated ROS, i.e.,
superoxide anion (O2-) to hydrogen peroxide (H2O2). Further, it appears
in the present study that due to reduced CAT and GPx activities, H2O2
is probably not getting detoxified, subsequently resulting in high level of
LPO in the testis. Griveau and Lannou29 reported that ROS such as H2O2
appear to be a key agent in causing cytotoxic effects in spermatozoa, and
in addition to its direct effect on the cellular constituent, produces
oxidative stress by decreasing the enzymatic defenses. Therefore, it may
be possible that excessive production of H2O2 along with the reductions
in the activities of CAT, GPx and GR is a critical factor in inducing
oxidative stress in the testis. Likewise, the inhibition in the activities of
GPX and GR might have led to decreased GSH/GSSG ratios that probably
have rendered cells more susceptible to oxidative damage. The alterations noticed in the antioxidant enzyme activities and lipid peroxidation
level may serve as a major cause of spermatogenic inhibition through the
oxidative stress.8 The results are in accordance with Raji et al22 and Ligha
and Paul,25 suggesting increased activity of SOD22 and decreased activity
of CAT25 in the testis after MTZ treatment.
In the present study, increase in the testicular LDH activity following
high dose of MTZ administration indicates cellular damage caused by
increased oxidative stress. When the germ cells possessing LDH degenerates, then some of the enzymes leak into the seminiferous tubule fluid
and eventually find their way into the semen.30 This increased LDH
activity indicates direct effect on the testicular functions such as sperm
count and sperm production as well as sperm morphology as reported
by Sinha et al31 and Pant and Srivastava.32 Furtther, alkaline phosphatase is widely distributed in the testis and plays an important role in the
physiology of sperm.33 Kumari and Dutta34 have correlated the increased
activities of LDH and ALP in the testis with cellular injury, inflammation,
tissue damage and progression of fibrosis in chronic interstitial disorders.
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Hence, the elevated activities of LDH and ALP may also be the cause of
regressive changes in the seminiferous tubules in the testis of the MTZtreated mice.
Nitric oxide (NO) is a free radical synthesized by nitric oxide synthase
(NOS). Its excessive production is detrimental on the physiological system
via the production of peroxynitrile, after interacting with oxygen
and superoxide.35 It is derived in the testis from activated testicular
macrophages, which are having high level of induced nitric oxide synthase (i-NOS). In the present study, the increased expression of i-NOS in
the intertubular space of testis following administration of high dose of
MTZ is, therefore, suggesting increased level of NO in the tissue. Since,
NO is having small molecular size and is diffusible in nature, its site of
action is distant away from the site of its production.35 Hence, it appears
likely that the NO produced in the intertubular space might have
diffused in the seminiferous tubules, causing detrimental effects directly
on the germ cells.
Forty two days after cessation of the drug treatment, the rebalancing of
the antioxidant enzyme activities and testicular functional markers as
well as restoration in the level of LPO, as evidenced by the decreased
MDA activity, might have reinstated the spermatogenic activity, as
noticed in the histoarthitecture of the testis. These restorations could be
the possible cause for the decreased expression of i-NOS in the testis,
after cessation of the drug treatment.

CONCLUSION
It can, therefore, be concluded that MTZ-induced spermatogenic arrest
is attributed to oxidative stress, thus suggesting the direct action of the
drug on the spermatogenic activity. The alterations in the oxidative stress
are reversible after withdrawal of the drug.

ACKNOWLEDGEMENT
The authors are thankful to the Banaras Hindu University, Varanasi
and University Grant Commission, New Delhi for providing financial
assistance.

CONFLICT OF INTEREST
The authors have no conflict of interest.

ABBREVIATION
ALP: Alkaline phosphatase; CAT: Catalase; GPx: Glutathione peroxidase; GR: Glutathione reductase; i-NOS: Inducible nitric oxide synthase;
LDH: Lactate dehydrogenase; LPO: Lipid peroxidation; MDA: Malonaldehyde; MTZ: Metronidazole; O.D.: Optical density; ROS: Reactive oxygen species; SOD: Superoxide dismutase.

REFERENCES
1. Foote RH. Effects of metronidazole, ipronidazole, and dibromochloropropane
on rabbit and human sperm motility and fertility. Reproductive Toxicology.
2002;16(6):749-55.
2. Pang XB, Zhu Y, Li HG, Zhou H, Zhu JW, Liao AH, Chang CF. Effect of ornidazole
on sperm in rats and its mechanism of action. Zhonghua nan ke xue= National
journal of andrology. 2005;11(1):26-8.
3. Lofmark S, Edlund C, Nord CE. Metronidazole is still the drug of choice for the
treatment of anaerobic infections. Clin. Infect. Dis. 2010;50:16-23.
4. Blandon R, Johnson CM, Sousa O, Leandro I, Guevara JF. The clinical experience in Panama with metronidazole in treating Chagas’ disease in the acute and
chronic phases. Revista medica de Panama. 1993;18(2):94-100.
5. Achkar JP, Hanauer SB. Medical therapy to reduce postoperative Crohn’s
disease recurrence. The American journal of gastroenterology. 2000;95(5):
1139-46.
6. Southwick FS. A Clinical Short Course. Gastrointestinal and Hepatobiliary
Infections, In Infectious Diseases, Second Edition. McGraw Hill, New York,

38

NY. 2008;190-230.
7. Kumari M, Singh P. Study on the reproductive organs and fertility of the male
mice following administration of metronidazole. Int J Fertil Steril. 2013;7(3).
8. Makker K, Agarwal A, Sharma R. Oxidative stress and male infertility. Ind.
J. Med. Res. 2009;129:357-67.
9. Reagan-Shaw S, Nihal M, Ahmad N. Dose translation from animal to human
studies revisited. The FASEB Journal. 2008;22(3):659-61.
10. Noorafshan A, Karbalay-Doust S, Valizadeh A, Aliabadi E. Ameliorative effects
of curcumin on the structural parameters of seminiferous tubules and Leydig
cells in metronidazole-treated mice: a stereological approach. Experimental and
toxicologic pathology. 2011;63(7):627-33.
11. Yadav S, Dixit A, Agrawal S, Singh A, Srivastava G, et al. Rodent models and
contemporary molecular techniques: notable feats yet incomplete explanations of
Parkinson’s disease pathogenesis. Molecular neurobiology. 2012;46(2):495-512.
12. Singh AK, Tiwari MN, Upadhyay G, Patel DK, Singh D, et al. Long term exposure
to cypermethrin induces nigrostriatal dopaminergic neurodegeneration in adult
rats: postnatal exposure enhances the susceptibility during adulthood. Neurobiology of aging. 2012;33(2):404-15.
13. Vaithinathan S, Saradha B, Mathur PP. Methoxychlor‐induced alteration in the
levels of HSP70 and clusterin is accompanied with oxidative stress in adult
rat testis. Journal of biochemical and molecular toxicology. 2009;23(1):29-35.
14. Lowry OH, Rosebrough NJ, Farr AL, Randall RJ. Protein measurement with the
Folin phenol reagent. J biol Chem. 1951;193(1):265-75.
15. Marklund S, Marklund G. Involvement of the superoxide anion radical in the
autoxidation of pyrogallol and a convenient assay for superoxide dismutase.
European journal of biochemistry. 1974;47(3):469-74.
16. Claiborne AL. Catalase activity. CRC handbook of methods for oxygen radical
research. 1985;1:283-4.
17. Flohe L, Gunzler WA. Assay of glutathione peroxidase. In Methods Enzymol.
(ed. Packer L.), Academic Press, New York, 1984;105:114-20.
18. Carlberg I, Mannerwick B. Glutathione reductase. Methods Enzymol.
1955;2:722-5.
19. Ohkawa H, Ohishi N, Yagi K. Assay for lipid peroxides in animal tissues by thiobarbituric acid reaction. Analytical biochemistry. 1979;95(2):351-8.
20. Dröge W. Free radicals in the physiological control of cell function. Physiological
reviews. 2002;82(1):47-95.
21. Halliwell B, Gutteridge JMC. Free radicals in biology and medicine. 3rd Edition,
Clarendon Press, Oxford. 1999.
22. Raji Y, Kunle-Alabi OT, Olaleye SB, Gbadegesin MA, Awobajo FO, O et al. Impact
of α-tocopherol on metronidazole and tetracycline-induced alterations in reproductive activities of male albino rats. J. Bio. Sci. 2007;7:41-6.
23. Ligha AE, Bokolo B, Didia BC. Antifertility potential of metronidazole in male
Wistar rats. Pak. J. Biol. Sci. 2012;15:224-30.
24. Halliwell B, Gutteridge JM, Cross CE. Free radicals, antioxidants, and human
disease: where are we now?. The Journal of laboratory and clinical medicine.
1992;119(6):598-620.
25. Ligha AE, Paul CW. Oxidative effect of metronidazole on the testis of Wistar
rats. Aus J Bas Appl Sci. 2011;5(12):1339-44.
26. Said TM, Aziz N, Sharma RK, Le+wis-Jones I, Thomas AJ, Agarwal A. Novel
association between sperm deformity index and oxidative stress-induced DNA
damage in infertile male patients. Asian J. Androl. 2005;7:121-6.
27. Kale M, Rathore N, John S, Bhatnagar D. Lipid peroxidative damage on pyrethroid
exposure and alterations in antioxidant status in rat erythrocytes: a possible
involvement of reactive oxygen species. Toxicology letters. 1999;105(3):197-205.
28. Cavaletto M, Ghezzi A, Burlando B, Evangelisti V, Ceratto N, et al. Effect of
hydrogen peroxide on antioxidant enzymes and metallothionein level in the
digestive gland of Mytilus galloprovincialis. Comparative Biochemistry and
Physiology Part C: Toxicology & Pharmacology. 2002;131(4):447-55.
29. Griveau JF, Dumont E, Renard P, Callegari JP, Le Lannou D. Reactive oxygen
species, lipid peroxidation and enzymatic defence systems in human spermatozoa. Journal of reproduction and fertility. 1995;103(1):17-26.
30. Vijay P, Yeshwanth R, Bairy KL. The effect of sodium valproate on the biochemical
parameters of the reproductive functions in male albino Wistar rats. Ind. J.
Pharmacol. 2008;40:248-250.
31. Sinha N, Narayan R, Shanker R, Saxena DK. Endosulfan-induced biochemical
changes in the testis of rats. Veterinary and human toxicology. 1995;37(6):547-9.
32. Pant N, Srivastava SP. Testicular and spermatotoxic effects of quinalphos in rats.
Journal of Applied Toxicology. 2003;23(4):271-4.
33. Breton S, Smith PJ, Lui B, Brown D. Acidification of the male reproductive tract
by a proton pumping (H+)-ATPase. Nature medicine. 1996;2(4):470-2.
34. Kumari S, Dutta A. Histochemical studies on the induced toxicity of Pan masala
on various organs of Swiss mice and the protective effect of Elettaria cardamomum (L.) Maton. Ann Biol Res. 2012;3(4):1919-22.
35. Lee NP, Cheng CY. Nitric oxide and cyclic nucleotides: their roles in junction
dynamics and spermatogenesis. Oxidative medicine and cellular longevity.
2008;1(1):25-32.

Free Radicals and Antioxidants, Vol 8, Issue 1, Jan-Jun, 2018

Kumari et al.: Metronidazole Inhibiting Spermatogenesis through Oxidative Stress

GRAPHICAL ABSTRACT

SUMMARY
•

MTZ is a widely used antibacterial and antiprotozoal agent which causes marked
impairment in the fertility of male mice following its administration at the dose of
500mg/kgBW/day for 28 consecutive days.
• The drug inhibits spermatogenic activity, inflicted through oxidative stress, revealed by intense i-NOS expression and significant alterations in the activities
of antioxidant enzymes (SOD, GPx and GR), functional markers (LDH and ALP)
as well as LPO level in the testis.
• Forty two days after cessation of the drug treatment, the rebalancing of the
antioxidant enzyme activities and testicular functional markers as well as restoration in the level of LPO is suggested to reinstate the spermatogenic activity
of the testis.
• These restorations might be the possible cause for the decreased expression
of i-NOS in the testis, after cessation of the drug treatment.
• MTZ-induced spermatogenic arrest is attributed to oxidative stress, thus suggesting the reversible direct action of the drug on the spermatogenic activity.

ABOUT AUTHORS
Mrinalini Kumari, is Assistant Professor Cum Junior Scientist in the Department of Entomology, Mandan
Bharti Agriculture College, Agwanpur, Saharsa (Bihar). She graduated in Bachelor of Science and Masters of Science in Zoology subject from Magadh University, Bodh Gaya. She obtained her Ph.D. degree in 2015 from Department of Zoology, Banaras Hindu University,Varanasi. Her doctoral research is focused on the reproductive
impairements induced by metronidazole in the males and the protective role of the herb, Tribulus terrestris. Her
area of specialization is mammalian reproductive physiology. She has received DST International travel awards
in 2011 to present in World Congress on Reproductive Biology, Cairns, Australia.
Surya Pratap Singh, is Professor in the Department of Biochemistry, Institute of Science, Banaras Hindu University, Varanasi. He obtained his Ph.D. in 1994 from Institute of Medical Science, Banaras Hindu
University,Varanasi. His first Post-doctoral training is from National Institute of Neuroscience, Tokyo, Japan in
1995-96 and second from University of Illinois at Chicago & Johns Hopkins, USA in 2000-2008. His area of
specialization is neurobiochemistry. He is working on characterizing the biochemical and behavioural effects of
various ayurvedic medicinal plants on mouse models. He has several publications in reputed journals and is
also running projects funded by CSIR and DST, New Delhi. He has received fellowship of Science & Technology
Agency of Japan, NIH postdoctoral fellowship of USA, travel award of Endocrine Society 2007 to present at
Toronto, Canada, DST International travel awards in 2011 & 2014 to present in Endocrine meeting at Boston and
Chicago, USA respectively.
Dr Poonam Singh, is Professor in the Department of Zoology, MMV, Banaras Hindu University, Varanasi. She
was awarded with Ph.D. in 1988 from Dept. of Zoology. Banaras Hindu University, Varanasi, India. She was the
recepient of fellowships from Department of Atomic Energy, BARC and UGC. Her area of specialization is Mammalian Reproductive Physiology. The research area of Dr. Singh centres around fertility control and infertility
treatment in the males as well as in the females by using certain ayurvedic medicinal plants. She has published
several papers in reputed journals to her credit, presented the papers and delivered the invited talk in conferences and symposia.

Cite this article: Kumari M, Singh SP and Singh P. Testicular Oxidative Stress and Inducible Nitric Oxide Synthase Expression
Following Metronidazole Administration in the Laboratory Mouse. Free Radicals and Antioxidants. 2018;8(1):32-9.

Free Radicals and Antioxidants, Vol 8, Issue 1, Jan-Jun, 2018

39

