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Abstract: Antimicrobial drugs have been reported to have adverse effects on male fertility. The present study
reports the role of - tocopherol on metronidazole and tetracycline induced reproductive alterations 1n albino
rats. Male albino rats (5/group) were treated with 20 mg kg~' bw day™' metronidazole or 60 mg kg™ day™
tetracycline with or without 15 mg kg™ bw a-tocopherol for 8 weeks. The reversibility of effects after 4 weeks
recovery period was determined in separate groups of 5 rats. The control groups received distilled water
(vehicle) and 15 mg kg ™' day™' @- tocopherel for 8 weeks. Metronidazole and tetracycline significantly (p<0.03)
reduced the weight of the epididymis, sperm count, motility and serum testosterone levels and increased the
activity of endogenous superoxide dismutase (SOD) in the testis. Alpha-tocopherol significantly (p<0.05)
decreased the weight of the testis, epididymis, sperm motility and serum testosterone levels. Co-administration
of metronidazole or tetracycline with ¢-tocopherol caused sigmficant restoration in sperm mndices and SOD
activity while it produced no effect on testosterone secretion. The results suggest that the effects of
metromdazole and tetracycline on male reproductive functions, which are partially reversible, could be mediated

via a reduction in serum testosterone level and probably also via the free radical generating mechamsm.
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INTRODUCTION

Approxmmately 10-15% of couples demonstrate
primary infertility and of these a male factor 1s identified in
approximately 30% of cases (Kolettis, 2003). Many
extrmsic and environmental factors including the
increased used of antibiotics have been implicated as
potential causes of male infertility (Nelson and Bunge,
1974; Schelegel et al, 1991). Oral antimicrobial agents
belonging to the beta-lactams, quinclones, macrolides,
tetracyclines and the trimethoprim-sulfamethaxazole
combination are among the most prescribed classes of
drugs in medical practice (Cerny, 1996). A knowledge of
the potential side effects considered in the light of various
patient associated factors such as genetic make-up, renal
and liver function, underlying diseases, drug allergies and
co-administered drugs, is important in order to minimize
the risk of adverse reactions. The side effects of
antibiotics on spermatogenesis are seldom discussed
i the literature. The increase incidence of sterility in

man along with the increase in number of new
therapeutic drugs administered to patients has made
experimental work on antibiotics in male reproduction
important. Antibiotics have been found to adversely
affect male reproductive functions (Timmermans, 1974;
Schlegel et af., 1991; Hargreaves et al., 1998). Recently we
reported the adverse impact of ampicillin, cloxacillin and
tetracycline on in vivo and #n vitro male reproductive
functions (Raji et al., 2006, Awobajo et al., 2006). These
studies revealed that ampicillin, cloxacillin and tetracycline
significantly reduced sperm count, meotility, viability and
morphologically normal spermatozoa and testosterone
secretion.

However the mechanism (s) by which antibiotics exert
their antifertility effect in the male are yet to be fully
elucidated. Several studies have demonstrated the
antifertility effects of free radicals and numerous
mechamsms of action have been proposed (Peltola ef af.,
Punta et al., 1996, Giannattasio et al., 1997). Previous
investigations suggest that oxidative stress may be an
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important mediator of testicular injury. The present
study was therefore designed to investigate the role of
an antioxidant, «-tocopherol, on metromdazole
(antiprotozoal) and tetracycline (antibiotic) induced
alterations in male reproductive functions.

MATERIALS AND METHODS

Animals and drugs: Male Wistar strain albino rats
weighing 190-240 g obtained from the National Tnstitute of
Medical Research (NIMR), Yaba, Lagos, Nigeria, were
used for the study. Rat cubes (Ladokun Feeds, Ibadan,
Nigeria Ltd.) and water were provided ad libitum. The rats
were divided into groups and each group was housed
separately in a wire mesh cage. Metromidazole,
tetracycline formulations and a-tocopherol obtained from
the University of Tbadan Health Centre were used for
the study.

Experimental design: Male albino (5/group) rats were
randomly allotted into experimental groups as follows.
Groupl rats (negative control) were administered with
distilled water (vehicle for the drug). Group Il rats, which
also served as the positive control, were treated with
15 mg kg~ bw of e-tocopherol. Group TII rats were treated
with 20 mg kg™ bw metronidazole and group IV rats
received 20 mg kg™ bw metronidazole plus 15 mg kg™ bw
¢-tocopherol. Group V and VI rats were treated with
60 mg kg~ bw tetracycline and 60 mg kg™ bw tetracycline
plus 15 mg kg™ bw a-tocopherol respectively. Each
group had a corresponding recovery group except the
negative control. Drugs and vehicle administration was
done orally for 8 weeks.

The ammals were weighed before and after the
treatment periods. The drug treated groups were
sacrificed after 8 weeks of treatment while the recovery
groups were sacrificed after an additional 4 weeks during
which the drugs were withdrawn from the rats. The organs
were removed and weighed. Blood was collected via
cardiac puncture using a 5 mL syringe for testosterone
assay. The left epididymis of each rat was immediately
excised and semen was withdrawn from the caudal portion
for sperm characteristics analysis.

Sperm characteristics analysis: Sperm characteristic
analysis was performed as previously described
(Raji et al, 2003, 2005, 2006a, b). Immediately after
excision, the caudal epididymis was sliced open and the
semen was squeezed on the pre-warmed microscope slide.
Two drops of warm 2.9% sodium citrate were added to the
semen. The slide was examined under the microscope
using the X40 objective. The spermatozoa were seen to
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move in a wave-like fashion and different wave patterns
ranging from an absence of waves (0%) to the appearance
of prominent waves m very rapid motion (100%) were
observed and scored for mass spermatozoal motility.
Sperm viability was done using nigrosin/eosin stain. The
stain is an isotonic mixture of 10% nigrosin and 4% eosin.
Semen was squeezed on the microscope slide and 2 drops
of the stain were added. A film of the mixture was smeared
on a clean microscope slide and air-dried The slide was
examined under the microscope using the X40 objective.
The live spermatozoa were seen as clear and the dead
ones as pink-stained cells against a blue background. The
numbers of stained and unstained sperms in the field were
counted and the percentage viability was calculated. After
assessing the sperm viability, the slide was observed
under the microscope using X100 objective. A random
observation of at least 200 spermatozoa was made and the
average was taken for each form of sperm abnormalities.
The right epididymis was placed in a tube contaimng 5 mL
of normal saline and its volume was measured by
displacement. The contents of the tube were then poured
into a ceramic mortar in which the epididymis was
macerated, to release the spermatozoa. The mmproved
Neubauer haemocytometer was used to determine the
sperm count. A clean cover slip was pressed firmly down
on the slide and after thorough mixing a drop of the
diluted semen sample was introduced under the cover slip
by capillary action The ruled area was located at the
centre of the microscope field of view by means of the
X10 objective and the cells were counted under the
X40 objective.

Determination of superoxide dismutase (SOD): This was
carried out using the RANSOD kat, with one modification.
Instead of the whole blood sample, homogenized and
filtered testis solution was used. The RANSOD kit
contained mixed substrate (xanthine, 0.05 mmol I. and
IN.T, 0.05 mmol 1.7, buffer (CAPS 40 mmol L™, pH10.2,
EDTA, 0.94 mmel L™), xanthine oxidase standard
(80 U L"), sample diluents (5.4 U L™") and phosphate
buffer (0.01 mel 1.7, pH 7.0) (50 mL 0.2M KH,PO, +
29.65 mL 0.2N NaOH made up to 1 L., with distilled water).
The percentage inhibition of each sample was used to
obtain the SOD units from a standard curve of the
reconstituted and diluted RANSOD kit.

Testosterone assay procedure: This was carried out using
the immunometrics direct human serum testosterone
enzyme based immunocassay (EIA) kit. The assay was
carried out in 5 steps as previously described (Raji et al.,
2005, 2006). The EIA kit was obtained from Immunometrics
{(London, UK) and contained testosterone EIA enzyme
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label, testosterone EIA substrate reagent and EIA quality
control sample. A quality control was carried out at the
beginning and the end of the assay to ascertain
acceptability with respect to bias and within batch
variation. The EIA kit used had a sensitivity level of
approximately 0.3 nmoL™" (0.1g mL.™!) of testosterone.
The intra- and mter-assay variations were 10.02 and
10.12 %, respectively.

Statistical analysis: Data were expressed as meantSEM
and analyzed using the students’ t-test and ANOVA
where applicable. p<0.05 was accepted as statistically
significant.

RESULTS

Individual effect of metronidazole and tetracycline on
body and organ weight: Both the control and the drug
treated rats maintained a shight increase (about 10%) in
body weight between the beginming of the study and
autopsy (Table 1). There was no significant change in
weight of the liver when compared with the control. The
welght of the testis significantly (p<t0.05) reduced in rats
treated with metromdazole with or without a-tocopherol.
The weight of the testis, epididymis and seminal
vesicles also significantly (p<0.05) reduced in all
tetracycline treated rats. Co-admimstration of tetracycline
with g-tocopherol brought about a further significant
(p<0.01) reduction in the weight of seminal vesicles
and prostate gland. The weight of the prostate gland

significantly (p<0.05) decreased in the metronidazole plus
d-tocopherol treated rats. However, these changes were
restored in recovery experiments (Table 1).

Individual effect of metronidazole and tetracycline on
sperm parameters: Table 2 shows that metronidazole
caused a significant (p<0.05) reduction in sperm count
and motility. Co-admimstration of @-tocopherol with
metromdazole or tetracycline caused further sigmificant
decrease (p<0.01) m sperm counts. However, the sperm
concentration  significantly  returned (p<0.05) to
pretreatment levels in recovery experiment. ¢-tocopherol
did not produce any change in the number of abnormal
spermatozoa m tetracycline groups, but when
admmistered with metronidazole more abnormal
spermatozoa were observed. The percentage of abnormal
sperms recorded on co-administration of tetracycline with
¢~ tocopherol was close to that obtained after 4 weeks
recovery period (Table 2).

Individual effect of metronidazole and tetracycline on
testicular superoxide dismutase (SOD) activity:
Superoxide dismutase (SOD) activity increased in the
testis of metronidazole and tetracycline with or without
¢-tocopherol treated rats. However the percentage
increase 1n SOD activity was sigmificantly lower in
d-tocopherol-antibiotic treated rats (Table 3).

Individual effect of metronidazole and tetracycline on
serum testosterone concentration: The results in
Table 4 indicate that serum testosterone levels in

Table 1: Effect of metronidazole and tetracycline on body and organ weights in male albine rats

Treatments (n = 5) Body weight () Liver (g) Testis (g) Epididvmis (g) Seminal vesicle (g) Prostate gland (g)
Control 240.83+0.8 3.56+0.23 0.63+0.03 (0.23+£0.01 0.57+0.04 0.14+0.00
w-tocopherol alone 224.20£2.0 3.00+0.22 0.47+0.03* 0.15£0.01* 0.12£0.02 0.1340.02
Recovery 221.10+£2.0 3.39+0.23 0.56+0.04 0.22+0.03 0.59+0.01 0.56+0.02
Metronidazole alone 220.00+0.00 3.87+0.11 0.58+0.02 0.18+0.01* 0.50+0.06 0.14+0.01
Recovery 234.17+8.2 3.48+0.19 0.64+0.02 0.20+£0.00% 0.29+0.02% 0.14+0.01
Metronidazole+-tocopherol 218.30+1.7 3.39+0.07 0.45+0.05% 0.15+0.01* 0.49+0.03 0.09+0.01*
Recovery 22940127 3.36+0.09 0.59+0.01 0.19+0.02 0.54+0.04 0.13+0.06
Tetracycline alone 230.00+3.65 3.824+0.02 0.55+0.02 0.15+£0.00% 0.27+0.01%* 0.12+0.00%
Recovery 240.00£0.00 3.684+0.14 0.48+0.02* 0.14+0.00 0.23£0.02 0.1440.01
Tetracyclineto tocopherol 215.00+£3.41 3.7240.12 0.47+0.02 0. 15+0.00% 0.24+0.03# 0.08+0.01
Recovery 223.00£3.5 3.01+0.14 0.56+0.03 0.2204+0.01 0.4440.04 0.1440.02

*#p<0.05 with respect to negative control

Table 2: Effects of metronidazole and tetracycline on rat sperm motility and counts

Treatments {n = 5) Percentage motility (%)

Sperm count (< 106/mL)

Abnomal sperm morphology (%)

Control 97.17+0.65 15.94+0.73 9.11
-tocopherol alone 78.33£1.67* 15.72+0.74 9.10
Recovery 91.23+0.59 16.03£1.20% 10.13
Metronidazole alone 60.830.83% 12.45+0.50% 23.06%
Recovery 77.25+0.81 16.94+0.64 19.13%
Metronidazole+-tocopherol 58.00+0.77% 16.37+0.25 13.20
Recovery 65.04+0.79 15.50+0.54 14.10
Tetracycline alone 64.67+1.52 6.3240.36% 29.80%
Recovery 76.00+0.00 16.2842.60* 14.41
Tetracyclineta-tocopherol 55.00+0.00% 15.25+0.27 13.00
Recovery 67.01+0.04 15.60+0.31 11.00

#p<0.05 with respect to control
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Table 3: Effect of metronidazole and tetracycline on superoxide dismutase (SOD) activity in the testes of male albino rats
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Treatments Testicular superoxide Change in 30D with Change in SO with
=35 dismutase activity (SOD units mL™") respect to group I (%0) respect to group II (%0)
Control 2.00+0.00 0.00 0.00
-tocopherol alone 19.004+0.00 -5.00 0.00
Recovery 2.10+0.01 +5.00 +10.52
Metronidazole alone 95.33+1.52% +375.00 +401.58
Recovery TRIF0.65% +291.50 +312.11
Metronidazole+c- tocopherol 6.00+0.00 +200.00 +215.79
Recovery 10.67H0.67+ +433.50 +461.58
Tetracycline alone 11.7344.37% +486.50 +517.37
Recovery 10.40+4. 44+ +420.50 +447.37
Tetracycline + - tocopherol 4.00=0.00 +100.00 +110.53
Recovery 6.33+0.33% +216.50 +233.16

# = p<0.05; Calculated as: Test - Control =100/Control

Table 4: Individual effect of metronidazole and tetracycline on serum testosterone concentration in albino rats

Treatment Semm testosterone Change** in testosterone Change** in testosterone
group (n=5) concentration (nmol mL.™Y) with respect to group T (%) with respect to group I (%%)
Control 4.37+0.04 0.00 0.00
-tocopherol alone 1.30£0.00% -70.25 0.00
Recovery 2.30+0.01 -47.34 +76.90
Metronidazole alone 1.30+0.00% -70.25 0.00
Recovery 2.5040.00% -42.79 +92.20
Metronidazole+u-tocopherol 1.30£0.00% -70.25 0.00
Recovery 2.8040.22% -35.93 +115.38
Tetracycline alone 1.30£0.00% -70.25 0.00
Recovery 2.5040.01 % -42.79 +92.31
Tetracyclineto-tocopherol 1.30£0.00% -70.25 0.00
Recovery 2.60+0.00% -40.50 +100.00

* = p=0.05; Calculated as: Test - Control x100/Control

the metronidazole and tetracycline with or without
¢-tocopherol treated rats were significantly (p<.0.05) lower
than those of the control rats.

DISCUSSION

A review of literature suggests that antimicrobial
agents can affect male reproductive functions
mcluding, sperm counts (Murdia et @f, 1978), motility
(Hargreaves et al, 1998), morphology (Toovey et al,
1981; Birmue ef al., 1981), spermatogenesis (Timmermans,
1974) and germ cell integrity (Kushniruk, 1976). The
precise mechanism(s) of action of antibiotics on male
repreduction remain to be fully elucidated. Recently,
Raji et al. (2006) reported the negative impact of ampicilllin
and cloxacillin on male reproductive function of rats using
in vitro and in vivo experimental models. In the present
study, the role of a-tocopherol on the effects of an
antiprotozoal-metronidazole and an antibiotic- tetracycline
on male reproduction are presented. Alpha tocopherol is
a powerful antioxidant with ability to scavenge Reactive
Oxygen Species (ROS). It also prevents the oxidation of
essential cellular components because it 13 an excellent
lipid-soluble, chain-breaking antioxidant.

Free radicals have been proposed as a major cause of
defective sperm function in cases of male infertility
(Sharma and Agarwal, 1996). There 1s growing evidence
that spermatozoa are protected from detrimental ROS
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effects by the powerful antioxidants in seminal plasma
since disturbances of sperm functions by ROS have been
demonstrated in the absence of seminal plasma (e.g.,
during epididymitis or after semen preparation).
Tetracycline scavenge both O,* and *OH and its free
radical scavenging property may be partly related to its
anti-ulcer effects (Suzuki et al., 1998). Using electro
paramagnetic Tesonance spectroscopy, Bittner et al
(1999), detected gamma-irradiation induced free radicals
within tetracyclme-HCl-loaded = microspheres.
Tetracyclines are distributed to various body tissues,
which include, human prostatic fluid and semen.
Oxytetracycline has been used as a fluorescent stain, for
condensed spermatid nuclei of the rat (Milch et af., 1958)
and tetracycline-HCl 1s also a known fluorophor (Ericsson
and Baker, 1967). Caudal epididymal spermatozoa from
male rabbits treated with 25 mg kg™ of tetracycline-HC1
(intravenously) twice a day for two days did not fluoresce
but these spermatozoa did fluoresce when placed with
tetracycline in vitro. The seminal vesicles were found to
fluoresce in the treated rabbits (Ericsson and Baker, 1967).
Previous evidence had indicated that the attachment of
tetracycline and spermatozoa was not detrimental to the
motility, morphology or concentration of spermatozoa
(Ericsson and Baker, 1967). However, Hargreaves et al.
(1998) showed that tetracycline at concentrations as low
as 2.5 pg mL™' caused a significant dose-dependent
inhibition in percentage rapid moving spermatozoa, mean
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path velocity, straight line velocity and curvilinear
velocity, but at 50 ug mI.~' tetracycline, all spermatozoa
were static. The aforementioned information from the
literature showed evidence of possible iwvolvement of
free radical/antioxidant mechanism in tetracycline effect
on male reproductive functions especially sperm indices.
To test this hypothesis, an assay was camried out to
evaluate the superoxide dismutase (SOD) activity mn the
testis of the treated rats. In this study, administration of
tetracycline with c-tocopherol did not lead to any
significant change in sperm count, but it decreased sperm
motility. Superoxide dismutase 1s a first line antioxidant in
the body’s defense against detrimental actions of free
radicals and reactive oxygen species (Fridovich, 1986). An
mcrease 1n supercxide dismutase activity will thus
suggest increased generation and consequently,
concentration of free radicals. Superoxide dismutase
activity remarkably increased after tetracycline treatment
and decreased progressively after treatment had been
stopped. Co-administration of o-tocopherol with
tetracycline prevented any significant increase in
superoxide dismutase activity indicating involvement of
free radical n the action of tetracycline.

The epididymis acts as a storage organ for mature
spermatozoa. The increase in weight observed in the
metronidazole and tetracycline treated rats could possibly
be due to the reduced volume of contents mn the
epididymis. However, in the rats that were treated with
t-tocopherol alone or in combination with metronidazole
or tetracycline, a decrease in the epididymal weight was
observed in spite of the increase in sperm counts. The
tetracycline treated rats exhibited a higher percentage of
abnormal sperm when compared with the control. There
were more secondary abnormal spermatozoa indicating
damage of the spermatozoa durmng storage m the
epididymis. The weight of the seminal vesicle was also
significantly lower in tetracycline treated rats and it
remained lower even up to 4 weeks after tetracycline
treatment had been stopped. A less pronounced but still
significant weight loss was observed i the seminal
vesicle and prostate gland when tetracycline was
administered with a-tocopherol which seem to suggest
that these effects were reversible and could possibly be
ameliorated by co-admimstration of a-tocopherol. This
assumption supports the observation that sperm motility,
which is maintained by the secretions of the seminal
vesicles and prostate glands (Ganong, 1999), only
reduced slightly with the admiumstration of a-tocopherol.

Metronidazole is known to have a radio sensitizing
effect on tumour cells. The mechanism of its antibacterial
action appears to be dependent on relative hypoxia mn the
target cells and may mvolve mnteraction with free radicals
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(Goldsmith, 1989). Metronidazole can also permeate all
body tissues and fluids because of its small molecular
weight. An increase in superoxide dismutase activity
was also noticed n the metromdazole treated rats.
This increase was prevented by co-administration with
a-tocopherol. Metronidazole undergoes a one-electron
reduction called the futile cycle (Re et al., 1997). The futile
cycle produces mitro radical amons. The effect of
metronidazole on sperm function may therefore be caused
by an increase in these free radical amions. Co-
admimstration of metromdazole with c-tocopherol led to
a sigmficant mncrease in sperm motility, while sperm
counts remained similar to those of the control rats. This
suggests that o-tocopherol could inhibit the negative
actions of metronidazole on sperm function.

Testosterone and Follicle Stimulating Hormone (FSH)
act on the seminal tubules to mtiate and mamntain
spermatogenesis (Christensen, 1975). The reduced
testosterone  concentration on metronidazole or
tetracycline admimstration might indicate that these drugs
suppressed Leydig cell steroidogenesis. However, only
slight increases were observed within 4 weeks of
stoppage of treatment. These still
significantly lower than the control values indicating that
a more prolonged time might be required for probable full
restoration of normal level of these paranieters.
Testosterone levels were also low in the rats that received

increases were

d-tocopherol, metromdazole or tetracycline despite the
fact that g-tocopherol significantly increased the sperm
count when administered alone and kept the counts
relatively constant when administered with metronidazole
or tetracycline. This makes the reduction in testosterone
concentration mechanism of antireproductive action of
these  drugs
further studies.

In conclusion, the vaned effects of metronidazole and
tetracycline on some male reproductive functions could

controversial and therefore requires

possibly be mediated via a reduction in testosterone level
and in some cases probably via the free radical generating
mechanism.
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