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Effect Of Manganese On Epididymal Functions
And Fertility Of Wistar Male Rats
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Abstract: Manganese (Mn) is a naturally occurring essential trace element which act as cofactor for many cellular enzymes. Although it is essential at
low levels but the excessive exposure of the Mn has been reported to be toxic. The aim of present study was to elucidate the toxic effect of manganese
chloride (MnCl2.4H2O) on sperm parameters and oxidative status of cauda epididymis and fertility of male Wistar rats. Thirty two adult, male Wistar rats
were randomly divided into four groups each having eight animals. Group A served as control and received normal saline (0.5 ml/rat) as vehicle while
Group B, C and D received 50, 100 and 150 mg/kg b.wt. MnCl 2 per day respectively, orally, for 60 days. The results of present study showed marked
decline in sperm count, motility, viability, litter size and fertility and significant rise in sperm morphological abnormalities in rats exposed with MnCl2 as
compared to control rats. A significant increase in lipid peroxidation, simultaneous decrease in antioxidant defense parameters and marked degenerative
and atrophic changes in cauda epididymal histoarchitecture was also noticed in MnCl 2exposed rats.Thus, the findings of the present study suggested
that manganese chloride exposure had significant impairment of sperm parameters, fertility, oxidative status and histoarchitecture of cauda epididymis of
Wistar rats.
Index Terms: Cauda epididymis,fertility, histoarchitecture, lipid peroxidation, manganese chloride, sperm count
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1 INTRODUCTION
Manganese (Mn) is a naturally occurring trace metal
commonly found in the environment. It is essential in
maintaining the proper function and regulation of many
biochemical and cellular enzymes such as arginase,
superoxide dismutase (SOD), pyruvate carboxylase, alkaline
phosphatase, and glutamine synthetase [1]. The general
population is exposed to manganese through consumption of
food and water, inhalation of air, and dermal contact with air,
water, soil, and consumer products that contain manganese.
Heavy industrial use of Mn and Mn containing compounds in
the production of paint pigments, pesticides, dry cell batteries,
glass and ceramics, gas additives (methylcyclopentadienyl
manganese tricarbonyl) as well as mining of Mn ores and
welding of mild steel may expose human population to an
excessive amount of this element [2], [3]. Although low
concentrations of manganese are essential to the normal body
functioning, but the excessive manganese exposure is well
reported to be associated with several cellular dysfunctions
[3], [4]. High dose of Mn seems to cause serious neurological,
developmental, hematological, hepatic and renal damage in
experimental animals[5],[6], [7], [8]. Epidemiological studies
indicated that occupational exposure to Mn+2 decreased libido,
sperm count and semen quality in men [9], [10]. Some studies
using different experimental animals demonstrated that
excessive exposure to manganese significantly induce severe
degeneration of the seminiferous epithelium and testicular
dysfunction in mice and rats, respectively [11], [12]. Our
previous study also reported that MnCl2 exposure induce a the
dose-dependent toxic effects on the testis that included
impairment of spermatogenesis and degenerative changes in
seminiferous tubules , imbalance in testicular antioxidant
defenses system and disturbance in hypothalamo- pitutaygonadal axis in rats [13].
————————————————
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The epididymis is an important organ of male reproductive
system. It plays a crucial role in the storage and maturation of
spermatozoa [14]. Specific maturational changes occur in
spermatozoa during epididymal transit which are necessary for
sperm to achieve the ability to complete the fertilization
process. Currently, there is critical lack of information about
the exact effect of manganese treatment on the epididymis,
mainly because most studies have focused on testicular
toxicity. Therefore, the present study was conducted to assess
the effects of manganese (as MnCl2) on the oxidative status
and histoarchitecture of cauda epididymis and as well as
sperm parameters and fertility of male Wistar rats.

2 MATERIALS AND METHODS
2.1 Chemicals
In the study manganese, in the form of Manganese chloride
(MnCl2.4H2O) was used. It was purchased from Ranbaxy Fine
Chemicals Limited, New Delhi, India. All other chemicals used
in the study were of analytical grade. MnCl2solution was
prepared by dissolving it in normal saline (0.9% NaCl).
2.2 Experimental animals
Colony bred adult male Wistar rats weighing 160– 180 g were
used in the present study. The animals were housed in
polypropylene cages under well regulated light/ dark (12h:12h)
cycle at standard temperature (22±1˚C). Rats were provided
adequate pallet diet (Aashirwad Food Industries, Chandigarh)
and tap water ad libitum. The animals were maintained as per
guidelines of the Committee for the Purpose of Control and
Supervision of Experiments on Animals (CPCSEA)
regulations. The study was approved by Institutional Ethical
Committee, Department of Zoology, University of Rajasthan,
Jaipur, India.
2.3 Experimental design
Rats were randomly divided into four groups each having 8
animals. The rats of the control group (group I) were orally
administered with vehicle (0.5ml normal saline),while rats of
groups II, III and IV were orally administered with manganese
chloride (MnCl2.4H2O) at a dose of 50,100 and 150 mg/ kg
b.wt. /day, respectively for 60 days. Treatment duration was
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2.4 Autopsy schedule
At the end of the experiment, the rats were sacrificed within 24
h of the last administration of the compound under mild ether
anesthesia. The epididymides and other organs were carefully
removed, and freed from fat/blood vessels, rinsed with cold
saline and weighed. The left cauda epididiymis of each rat was
used for sperm parameters and right for biochemical and
histopathological analysis.
2.5Evaluation of epididymal sperm parameters
Sperm Density and MotilityTo determine the sperm density,
the cauda epididymis was minced in 2.0 ml of normal saline
(0.9% NaCl, 37˚ C). The suspension was passed through a
nylon mesh to separate the tissue from the sperms. Then
sample was further diluted with normal saline and one drop of
the evenly mixed sample was applied to a Neubauer's
counting chamber under the cover-slip. Sperm counts were
made by the routine procedure and expressed as million/ml of
suspension. Quantitative motility expressed as percentage
was determined by counting both motile and immotile
spermatozoa in different areas under light microscope at a
magnification of X100 [19]. Sperm viability and morphology
Sperm viability was assessed by nigrosin-eosin staining
method. One drop of the 1% aqueous solution of eosin-Y
and 10% aqueous solution of nigrosin was placed in a
microcentrifuge tube. A drop of sperm sample was then
added to it and mixed thoroughly. One drop of this mixture
was dropped on a glass slide and observed under 400 X
magnification. The percentage of viable (without stain) and
dead (red) cells were determined by at least counting 200 cells
[20]. For the analysis of sperm morphological abnormalities,
smears of sperm samples were prepared on glass slides and
about 100 sperms per rat were morphologically examined
under the 400X magnification. Morphological abnormalities in
the tail (short, bent, coiled tail and multiple tail), neck
(irregular, bent,thin and split middle piece) and head (Small,
detached, banana shaped and double heads) were observed.
2.6Fertility test
To study the reproductive performance of control and
experimental rat, mating test was performed during the last
five days of the treatment. Males from control and treated
groups were caged overnight with normal cycling (untreated)
females (proestrous or estrous) in the ratio of 1:2 to facilitate
mating. Mating was confirmed by presence of sperms in the
vaginal smear on the next morning. The pregnant females
were separated and allowed to deliver and total numbers of
pups (litter size) were recorded. The fertility was calculated as
the number of females delivered divided by the sperm positive
females multiplied by the 100.
2.7 Determination of oxidative stress and antioxidant
status indices
Lipid peroxidation (TBARs) [15], superoxide dismutase
(SOD)[16], glutathione (GSH) [17] and ascorbic acid [18] were
analyzed in epididymis.
2.8 Histopathological examination
For the histopathological examination, the cauda epididymis
was fixed in Bouin's fixative for 24 hours, washed in running

water to remove excess of fixative, dehydrated in graded
series of alcohol, cleared in xylene, embedded in paraffin wax,
sectioned at 5 µm and counter stained in eosin and
hematoxylin. Sections were observed for histopathological
effects under light microscope (Leica, Germany, DM 2000
research grade fluorescence microscope). The height of
cauda epididymis epithelium was measured in ten tubules per
animal at ×200 magnification with the help of ocular
micrometer and mean values were calculated.
2.9 Statistical analysis
Data were analyzed by means of one-way ANOVA using the
SPSS software statistical program (SPSS for Windows,
Version 20.00, USA) followed by Tuckey’s multiple
comparison procedure as a post hoc test. Data were
expressed as the mean ± standard error mean (SEM) and
tested for variance.An alpha probability of less than 5%
(p<0.05) was calculated considerably significant.
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selected according to the duration of one spermatogenic cycle,
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Fig 1.Effect of MnCl2exposure on epididymal weights of rats.
(Values are mean ± SE of eight rats. Values in a row bearing
different superscripts are significantly different from each other
(P< 0.05)

3 RESULTS
3.1 The epididymal weight
The relative epididymal weight was reduced significantly in
medium (Group III) and high (Group IV) dose MnCl2 exposed
groups as compared to the control group. However, the low
(Group II) dose MnCl2 group showed nonsignificant decline in
the relative epididymal weight in comparison to control group
(Group I) (Fig1).
Table 1. Cauda epididymal sperm analysis and reproductive
performance of rats treated with MnCl2
Parameters

Group I
(control)

Group II
(50 mg
MnCl2)

Group III
(100 mg
MnCl2)

Group IV
(150 mg
MnCl2)

Sperm count
(million/ ml)

51.40±
2.23a

44.01±
2.40ab

40.58±
1.69b

31.67±
2.18c

Sperm motility (%)

76.25±
a
3.12

61.37±
bc
3.01

53.12±
c
3.65

39.5±
d
2.71

82.62±
3.38a
11.12
±0.71a

75.25±
2.59ab
14.87
±1.45a

64.00±
2.48b
21.75
±1.31b

45.02±
3.00c
30.00
±1.90c

93.75
(15/16)

81.25
(13/16)

68.75
(11/16)

56.25
(9/16)

Sperm viability (%)
Morphological
Abnormality (%)
Fertility (%)
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10.00±
0.53a

8.75±
0.49ab

6.75±
0.72bc

5.12±
0.76c

Values are mean ± SE of eight rats.
Values bearing different superscripts are significantly different
from each other (P< 0.05).
Table 2. Lipid peroxidation and antioxidant defense system
markers in epididymis of rats treated with MnCl2
Parameters

Group I
(control)

Group II
(50 mg
MnCl2)

Group III
(100 mg
MnCl2)

Group IV
(150 mg
MnCl2)

Lipid Peroxidation
(n mol
MDA/mgtissue)

2.56 ±
0.10a

2.85 ±
0.11ab

3.15 ±
0.13b

3.63 ±
0.12c

SOD
(unit/mg protein)
Glutathione (μmol/ g
tissue)

8.65 ±
0.09 a
2.85 ±
0.10 a

8.22 ±
0.12 ab
2.63 ±
0.11 a

7.85 ±
0.11bc
2.18±
0.10 b

7.48 ±
0.12 c
1.73 ±
0.09 c

Ascorbic acid (mg/ g
tissue)

1.43 ±
0.05 a

1.25 ±
0.08 ab

1.12 ±
0.07bc

0.95 ±
0.05 c

Values are mean ± SE of eight rats.
Values bearing different superscripts
differentfrom each other (P< 0.05).

are

histoarchitecture of cauda epididymis in 100 mg/kg b.wt.
MnCl2 treated rats showed marked degenerative and atrophic
changes in the epididymal tubules with reduced number of
spermatozoa in lumen (Fig 5). The histopathological study of
cauda epididymis of highest dose (150 mg/kg b.wt.) treated
rats depicted severe degenerative and atrophic changes in
epididymal
tubules.
Increased
intertubular
stroma,
intraepithelial vacuolation, and presence of scanty stereocilia
was noticed. The lumen contains sperm debris and only few
spermatozoa. (Fig 6). The epithelial cell height of the tubules
was also reduced significantly in this group (Fig 2).

30
cauda epithelial cell height
(µm)

Litter size

significantly

3.2 Epididymal sperm analysis
The sperm count and viability was decreased significantly in
medium(Group III) and High (Group IV) dose MnCl2groups
whereas, the sperm motility was reduced significantly in all the
three dose groups of MnCl2 in comparison to the control
group. The sperm morphological abnormalities were increased
significantly in medium (Group III) and high (Group IV) dose
groups when compared with control group (Group I) (Table 1).
3.3 Fertility test
A dose dependent decline was observed in the fertility (%) of
MnCl2 exposed rats. Thefertility rate was reduced to 81.25%,
68.75% and 56.25% respectively in MnCl2 administered rats at
dose levels of 50, 100 and 150 mg/kg (Group II, III, IV) as
compared to control rats (Group I). (Table 1)
3.4 Litter size
The mean litter size was decreased significantly in
medium(Group II) and high (Group III) dose groups of MnCl2
when compared with the control group. (Table 1).
3.5 Lipid peroxidation and antioxidant defense markers
The rate of lipid peroxidation showed significant increase in
both medium and high dose groups of MnCl2 while, the activity
of SOD, and the levels of GSH and ascorbic acid was found to
reduced significantly in bothmedium and high dose group of
MnCl2 in comparison to the control rats. However, the low
dose group showed not significant changes in these
parameters when compared with control group (Table 2).
3.6 Morphological analysis
Histological study of cauda epididymis of control rat showed
normal histo-architecture as indicated by large epididymal
tubules lined with columnar cells bearing stereocilia at their
free end. The lumen of the tubules is full of spermatozoa
(Fig3). Histopathological study of the cauda epididymis of 50
mg/kg b.wt. MnCl2 exposed rats showed mild degenerative
changes in epididymal tubules (Fig 4). While the
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Fig 2. Effect of MnCl2 on cauda epithelial cell height. (Values
are mean ± SE of eight rats. Values in a row bearing different
superscripts are significantly different from each other (P<
0.05)).

4 DISCUSSION
The epididymis frequently overlooked as a potential site to
investigate male reproductive toxicity [21]. It plays a pivotal
role in sperm maturation, acquisition of motility, fertilizing
ability and storage of sperms [10], [14]. Various studies had
focused on the testicular damages caused by metal exposure;
however, few on the epididymis. The present study was
focused on epididymal toxicity induced by manganese and
was shown to be associated with reduced sperm quality and
fertility, increased oxidative stress as well as regressive
epididymal histological structure. It is well established that
structural and functional integrity of the epididymis is
dependent upon androgens [22],[23]. A significant reduction in
serum testosterone level and alterations in FSH and LH levels
in MnCl2 exposed ratswas reported in our previous study
[13].The weight of epididymis is mainly dependent on the
mass of the epididymal tubules and sperms. The observed
decline in the relative weight of epididymis in the present study
in MnCl2 exposed rats might be due to degeneration of
epididymal tubules and reduced sperm count in epididymal
lumen as a consequence of diminished circulatory
testosterone level. Changes in epididymal weight may be a
sensitive indicator of decreased sperm production in the testis
and inadequate supply of androgens. Similar decline in
epididymal weight has also been reported by many workers in
MnCl2 treated rats [24],[25]. Semen parameters such as sperm
count, motility, morphology and viability are key indices of
testicular spermatogenesis and epididymal maturation.
Assessments of these parameters provide evidence of the
effect of any toxicant on male fertility and fecundity [26]. In the
present investigation, oral administration of MnCl2 (50,100 and
150 mg/kg b.wt.) for 60 caused a significant decline in cauda
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epididymal sperm count, motility viability with a concurrent
increase in morphological abnormalities. These results are in
accordance with previous studies in which similar deterioration
of sperm parameters have been reported on Mn exposure in
rat [12], [25], mice [11], [27] and occupationally exposed
men[10], [28]. Barber et al.,[29] also reported adverse effect of
MnSO4 on semen quality index and sperm viability in broiler
breeder semen in-vitro. However, in contrast to these results
some earlier studies have reported enhancement of sperm
motility, viability, capacitation and acrosome reaction by
manganese at low concentration in bovine and cattle bull
sperm in-vitro[30]. These discrepancies might be due to
differences in concentration / doses of manganese used and
differences in experimental protocols. It has been suggested
by several previous studies that oxidative stress in the male
reproductive tract is associated with the negative changes in
sperm concentration, motility, viability and morphology which
may lead to poor sperm quality and male infertility
[31],[32],[33]. The spermatozoa plasma membrane has higher
amounts of polyunsaturated fatty acids (PUFAs) and their
cytoplasm has low concentration of antioxidants, making those
more susceptible to reactive oxygen species (ROS) induced
damages [34].Increased generation of free radicals and
consequently lipid peroxidation results in impaired structural
integrity, decreased membrane fluidity, altered membrane
function, and inactivation of various membrane bound
enzymes [35]. The diminution in the percentage of motile
spermatozoa in the present study might also be due to an
adverse effect on oxidative / energy metabolism system which
disrupts the supply of energy for sperm motion [36]. It has
been reported that exposure of Mn causes mitochondrial
dysfunction due to Ca2+ overload resulting in decreased ATP
synthesis and enhanced ATP hydrolysis [37]. Liu et al.,[38]
demonstrated that MnCl2 exposure induces a dose dependent
decrease in ATP activities in the testis of cocks. Boudouet
al.,[12] suggested that the rise in abnormal sperm morphology
in manganese chloride exposed rats may be correlated with
toxic effects of Mn on Sertoli cells which play vital role in
spermiogenesis during which the head, the middle part and
the flagellum are formed.

Fig. 3 Photomicrograph of cauda epididymis of control rat
ellustrating normal histoarchitecture(H&G, X200)
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Fig. 4 Photomicrograph of cauda epididymis of 50 mg/kg b.wt.
MnCl2 exposed rat ellustrating mild degenerative
changes(H&G, X200)
The dose dependent decline in fertility rate and litter size was
observed in all the MnCl2 treated groups. The decline
observed in the fertility and mean litter size in the present
study could be correlated with deterioration of sperm quality
and functions associated with altered hostile environment of
epididymis induced by deficit testosterone supply and
increased lipid peroxidation and generation of ROS. Data from
studies published in the last two decades have suggested that
spermatozoa quality and function is critical determinant of both
reproductive outcome and embryonic viability [39]. It is well
known that there is positive correlation between the sperm
count, motility and fertility parameters [40],[41]. Parallel to
present findings, some previous studies have also reported
decline in both fertility and litter size in MnCl2 exposed rats [12]
and mice [42] by virtue of deterioration of sperm parameters.
In contrast to these, Ponnapakkam et a., [11] reported nonsignificant decline in fertility rate and litter size in mice treated
with manganese acetate (30 mg/kg b.wt. /day, for 43 days).

Fig. 5 Photomicrograph of cauda epididymis of 100mg/kg
b.wt. MnCl2 exposed rat ellustrating moderate degenerative
changes and reduced spermatozoa in the lumen(H&G, X200)
Normally spermatozoa produced some amount of ROSs which
plays crucial role in sperm capacitation, acrosome reaction
and other physiological processes [43]. But the excessive
generation of free radicals and oxidative stress impairs sperm
motility and reduces membrane fluidity and consequently
affecting capacity of fertilization [44].Thus, the decline in the
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fertility rate and mean litter size observed in MnCl2 exposed
rats in comparison to control rats might be due to poor sperm
quality and DNA damage in spermatozoa resulting in preimplantation or post-implantation loses. Histopathological
examination of epididymis can provide important information
on recent testicular events [26]. The epididymal epithelium
secrets various proteins and glycoproteins within the
intraluminal compartment and create a very specific
microenvironment necessary for sperm maturation and
maintenance of sperm viability and motility [14],[45]. Thus, the
epididymal epithelium integrity is crucial for normal sperm
maturational process and its dysfunction has been directly
linked to infertility [46]. In the present study, a dose dependent
degenerative and regressive changes in cauda epididymis
were noticed in rats exposed with manganese chloride. The
epithelium lining of the tubules displayed significant
degenerative changes, cytoplasmic vacuolation and
decreased cell height with reduced number and length of
stereocilia. Sperm debris and very scanty spermatozoa were
present in the lumen of the tubules. The intertubular stroma
showed edema and proliferation of the interstitial connective
tissue element in treated rats. The significant decrease in cell
height and degenerative changes in the epithelium lining the
tubular lumen of the epididymis are indicative of damage to
the structural integrity and inhibition of its functional role of
proteins and glycoprotein synthesis [47].

ISSN 2277-8616

5 Conclusion
On the basis of these results it can be concluded that
manganese can induced alteration in sperm quality
parameters, reduced fertility and can caused degeneration in
histoarchitecture of cauda epididymis in male rats. A
significant rise in the rate of lipid peroxidation and
simultaneous decrease in antioxidant marker parameters
oxidative stress in cauda epididymis indicates increased
oxidative stress which might be responsible for epididymal
disfunction and deteriorating fertility.
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