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ABSTRACT

Lead exposure results in infertility and sterility in male professional
workers. Here, we studied the histological toxicity and semino-
hormonal Alterations on the Testis of Male Wistar Rats after Oral Lead
Induction (Rattus novergicus). Eighty (80) male Wistar rats were
grouped into four groups (1- 4) and further subdivided into 4 subgroups
(A, B, C, and D) each containing five (n=5) rats depending on duration
(3, 6,9 and 12 weeks) and dosage of lead treatment. Control received 1
ml of distilled water daily. Group 2 received 0.5% lead daily, group 3
received 1.0% of lead daily and group 4 received 1.5% of lead daily
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respectively. Hormonal (Serum follicle stimulating hormone, Luteinizing hormone and Testosterone hormone
levels), Semen and histological analysis using Gordon's and Sweet and Haematoxylin and Eosin Stains were
observed. Results showed that significant reductions (P<0.05) in body weights were observed in treatment groups that
were given Lead acetate for periods of 3,6, 9 and 12 weeks compared to the control. Histological examination of testis
revealed that lead showed that exposure of male rats to 1.0% and 1.5% of lead for 9 weeks and 12 weeks induced
severe tubular degeneration, disorganization in basement membrane, degeneration and atrophy in most seminiferous
tubules, increased interstitial spaces, decreased leydig cells, necrosis and reduction in spermatogenic cells.
Significantreductions (P<0.05) in semen and hormonal analysis was observed compared to control. In conclusion, the
study showed that lead administration caused severe seminal and histo-hormonal alterations, therefore leading to

reproductive toxicity in rats.
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INTRODUCTION

For the testis to properly function, it has to be
dependent on the arrays of hormonal messengers
acting through different hormonal pathways (1). To
maintain the proper functioning of testicular cells;
gonadotropins must play a big role (2). They are
referred to as 'prime regulators of germ cell
development'. Lead is considered to be a reproductive
toxicants and or a disruptor of the endocrine system. In
Nigeria, infertility is a major problem accounting to
about 12 million infertile people (3-5).

Decreasing sperm counts are attributed to the harmful
effects of environmental contamination by heavy metals
(6). Heavy metals like lead adversely affect the male
reproductive system; either by causing disruption in the
hypothalamic-pituitary axis (HPA) or by directly
affecting the process of spermatogenesis (7). Lead
severely depletes semen quality; likewise impairment of
sperm parameters like motility, morphology etc (8-9).

It was found that the mechanisms of lead induced
cellular damage are generations of reactive oxygen
species with subsequent stimulation of lipid
peroxidation (16,23). Oxidative stress arises when
there is a marked imbalance between the production
and removal of these free radicals. Free radicals may
therefore play a central role in lead induced testicular
dysfunction (24).

Therefore, it was on this basis that we decided to
investigate the histological toxicity and
seminohormonal alterations on the testis of male Wistar
rats after oral Lead induction (Rattus novergicus).

Ethical approval

This experiment was carried out in conformity with the
rules and guidelines of the Animal Ethics Committee of
the Babcock University Ilisan, Ogun State. The
research was approved to be in compliance with the
institutional animal care and Use committee (IACUC).
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Animal Grouping and Treatments

Fighty (80) weaned male Wistar rats with an average weight
of 34g, were divided into four groups (1-4) and further
subdivided into 4 subgroups each containing five (n=>5) rats
depending on the dosage and duration of treatment. Group 1
(1A, 1B, 1C, 1D) served as control received

1 ml of distilled water daily. Group 2 (2A, 2B, 2C, 2D)
received 0.5% Lead acetate for three (3), six (6), nine
(9), and twelve (12) weeks, Group 3 (3A, 3B, 3C, 3D)
received 1.0% Lead acetate for 3, 6, 9, and 12 weeks,
Group 4 (4A, 4B, 4C, 4D) received 1.5% Lead acetate
for 3, 6,9, and 12 weeks respectively. Treatment doses
for Lead adopted in this study were administered using
an orogastric cannula and the experiment was based on
facts related to previously reported studies of its
reproductive toxicity on Wistar rats. All animals were
fasted overnight and body weight measured weekly
using Electronic Weighing Balance.

Preparation of Treatment Solution

500g of Lead acetate manufactured by BDH
Chemicals Ltd England was purchased from Yomi-
Esthony Company, llorin. This was identified and
confirmed at the Department Of Chemistry, Babcock
University Ilisan, Ogun State.

Qualitative confirmation was done by diluting lead (Pb)
with nitric acid to form solution of the lead acetate (25).

Sample Collection and Processing

On completion of treatments, rats for histological
analysis were euthanized using 20 mg/kg body weight
of ketamine intraperitoneally. Following a midline
incision of the thoracic cavity, blood samples were
collected via cardiac puncture into lithium heparinised
bottles with the aid of a 2 ml syringe from all rats
employed in the study. An abdominopelvic incision was
made to excise the testes and epididymis of each rat was
excised. The testis was processed for histopathology
while the epididymis was used for semen analysis. The
serum was separated by centrifugation at 3000 rpm for
15 minutes. Histological staining was carried out in
paraffin wax embedded sections and stained with
Haematoxylin and Eosin using the methods described
by (10) and a special stain Gordon's and Sweet was used
to highlight testicular reticular fibres.

Hormonal assay

Serum testosterone, follicle stimulating hormone
(FSH) and Luteinizing hormone (LH) concentration
were estimated using Accu Bind ELISA Microwell by
Monobind Inc. Lake Forest, CA 92630, USA.

Evaluation of luteinizing hormone (LH) levels

Microplate wells were formatted for each serum
reference, control and specimen to be assayed in

duplicate. 0.05ml (50ul) of the appropriate serum
reference, control or specimen was pipetted into
assigned well. 0.1 ml (100pl) of LH-Enzyme reagent was
added to all wells. The microplate was swirled gently for
20-30 seconds for proper mixing. The microplate was
incubated at room temperature for 60 minutes.

The content of the microplate was discarded by
decantation (using absorbent paper to blot the plate dry).
350ul of serum buffer was added and decanted. The
procedure was done replicated thrice for proper washing
of microplate. 0.100ml (100ul) of working substrate
was added to all wells. The reagents were added in the
same order to minimize reaction time differences
between wells. The plate was incubated at room
temperature for 15 minutes. 0.005ml (50ul) of stop
solution was added to each and was mixed for 15-20
seconds. Finally, each absorbent was read at 450nm in a
microplate reader (using a well reference wavelength of
620-630 nm to minimize well imperfection).

Evaluations of follicle stimulating hormone (FSH)
levels

The Microwell follicle stimulating hormone (FSH)
EIA is a solid-phase enzyme immunoassay based on
the 'sandwich' principle. Two separate antibodies
directed against distinct antigenic determinants of the
FSH molecule were utilized in the assay. The FSH
present in the test sample reacted simultaneously with
one antibody immobilized on the microwell surface
and with another antibody conjugated to horseradish
peroxidase enzyme forming an Ab-Ag Ab Enzyme
complex on the microwell surface.

The unbound conjugate was removed by washing
while colour development reagents (substrates) were
added leading to a colour change upon exposure.
Colour intensity was a reflection of the amount of
bound anti-FSH enzyme conjugate and it was
proportional to the concentration of FSH in the
specimen within the dynamic range of the assay. After
reaction stopped, colour measurement was done using
aspectrophotometer at 450 nm.

Determination of Serum Testosterone Levels

Blood testosterone levels were measured by
Enzymelinkedimmunosorbant assay (ELISA) by
(Monobind Inc. Lake Forest, CA 92630, USA).

Semen Analysis

Rat epididymis was placed in normal saline and used
for evaluation of sperm quality (i.e. sperm count ",
sperm motility ” and sperm Progressivity (SLOW and
FAST). " The concentration of spermatozoa was
determined using the improved Neubauer Chamber
Haemocytometer (Deep 1/10 mm, LABART,

Germany).
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Light microscopy

For light microscopic studies, the testis sections on
glass slides were captured using Olympus binocular
research microscope (Olympus, New Jersey, USA)
which was connected to a 5.0 MP Amscope Camera
(Amscopelnc, USA).

Statistical Analysis

Data collected were analyzed using two-way analysis of
variance (ANOVA) followed by Tukey's (HSD)
multiple comparison test with the aid of SPSS (V20;
USA). Data were presented as means + SEM (standard
error of mean). P value (p<0.05) was considered
statistically significant. All graphs were drawn using the
GraphPad Prism v.6 (GraphPad Software Inc., USA).

Results

Lead altered the general physical appearance of
rats

Following close observations, the rats in control groups
remained active and healthy with normal feeding
behaviour and consumed water regularly while rats in
the treated groups were less active, highly irritable with
mild to severe alopecia were observed in the groups
administered 1.0% and 1.5% of lead acetate over
periods of 9 and 12 weeks than their respective controls.

Testicular and Scrotal Gross appearance after lead
acetate administration

Control animals scrotal sacs were normal in size,
shape and colour, no distortions, highly vascularised
and pinkish in colour. There was no sign of distortion
as well. Lead treated groups showed reduced scrotal
size with majority showing undescended testes, pale in
appearance and less vascularised.

Lead acetate reduced body weights

Significant reduction (P<0.05) in body weights was
observed in the group administered 1.0% and 1.5% of
lead acetate for a period of 3 and 6 weeks while
significant reductions (P<0.05) in body weights was
observed in the group administered only 1.5% of lead
foraperiod of 9 and 12 weeks respectively (Fig. 1).
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Oral Lead Intoxication negatively affects Semen
received lead for a 3 weeks period when compared to
Analysis control while significant decrease (P<0.05)
was Significant decrease (P<0.05) in sperm
concentration observed in groups B-D that received
Lead for count was observed in group D alone that
received periods of 6, 9 and 12 weeks when compared to
lead for a 6 weeks period when compared to control
control (Fig. 2C). Significant increase (P<0.05) in group
(Fig. 2A) while significant decrease (P<0.05) SLOW
sperm progressive assessment was observed in sperm
motility was observed in groups B-D that in group D
alone that received lead for 3 and 9 weeks received Lead
for 9 and 12 weeks period of time period when
compared to control while a significant when compared
to control (Fig. 2B). Significant increase (P<0.05) was
observed in groups B-D that decrease (P<0.05) in FAST
sperm progressive received Lead for periods of 6 and 12
weeks when assessment was observed in group D alone
that compared to control group (Fig. 2D).
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Fig 2: (A-D):showing The Semen Analysis Of
Animals Treated With Varying Doses And Duration
Of Lead Acetate At Varying Periods Of Treatment (3,

6, 9, And 12 Weeks) *(p<0.05) - Significantly
Different Compared To Control Group

Lead accumulation altered hormonal balance and
caused the disruption of the neuroendocrine sysytem

Significant decrease (P<0.05) in serum follicle
stimulating hormone (FSH) levels were observed in
group C and D alone that received lead for a 6 and 9

weeks period when compared to control group while it
significantly reduced (P<0.05) in groups B-D for rats that
received Lead for a period of 12 weeks compared to
control (Fig. 3A). Significant decrease (P<0.05) in serum
Luteinizing hormone (LH) levels were observed in group
B and D that received lead for a 6, 9 and 12 weeks period
of time when compared to control group (Fig. 3B).

Significant decrease (P<0.05) in serum Testosterone
levels was observed in group D alone that received
Lead for a 6 weeks period of time when compared to
control group while it significantly reduced in groups
B-D for rats that received Lead for periods of 9 and 12
weeks compared to control group (Fig. 3C).
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Fig 3 (A-C):Showing The Serum Hormonal
Levels Of Animals Treated With Varying Doses
And Duration Of Lead Acetate At Varying
Periods Of Treatment (3, 6, 9, And 12 Weeks)
*(p<0.05) - Significantly Different Compared To
Control Group
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Lead intoxication degenerates seminiferous
tubules of Wistar rats using H & E Stain
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Fig 44 (3 and 6 weeks): General structure of the
testes of animals treated with varying doses and
duration of Lead acetate. SG Spermatogonia I-
Interstitial space, BM-basement membrane, SC-

spermatocytes, L-Lumen. LC-Leydig cells, S-
Spermatids. H & E Stain. Mag. X400

Testicular cytoarchitecture of the control groups were
innormal arrays. Groups given 0.5% and 1.0% of Lead
showed degenerated seminiferous epithelium,
reduced spermatogenic cells, widened lumen, absence
of Sertolicells and thickened basement membrane
while the group administered 1.5% Lead acetate for 3
and 6 weeks showed degenerated basement membrane
and seminiferous tubule, vacuolation, widened lumen,
little or no spermatogenic cells, mild maturation arrest,
reduced Leydig cells and interstitial spaces with
dilated and congested vessels.

Figure 4B (9 & 12 weeks): General structure of the
testes of animals treated with varying doses and
duration of Lead acetate. SG Spermatogonia I-
Interstitial space, BM-basement membrane, SC-

Spermatocytes, L-Lumen. LC-Leydig cells, S-
Spermatids. H & E Mag. X400.

Testicular cytoarchitecture of the control groups were
in normal arrays. Groups given 0.5% and 1.0% Lead
showed severe degenerated basement membrane,
severe degenerated elongated seminiferous epithelium,
very few spermatogonium and spermatogenic cells,
widened lumen and absence of Sertoli cells while the
group administered 1.5% Lead acetate for 9 and 12
weeks showed degenerated basement membrane,
seminiferous epithelium and tubule, sloughed off germ
cells, atrophy, severe vacuolation, presence of
apoptotic cells, widened lumen, absence of
spermatogenic cells and spermatocytes, severe
maturation arrest, absence of Leydig cells, necrosis and
degenerated interstitial space.
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Lead intoxication degenerates seminiferous tubules
of Wistar rats using Gordon and Sweet Stain
. - ~h -

Fig 54 (3 and 6 weeks): General structure of the
testes of animals treated with varying doses and
duration of Lead acetate. SG Spermatogonia I-
Interstitial space, BM-basement membrane, SC-

spermatocytes, L-Lumen. LC-Leydig cells, S-
Spermatids. Gordon's and Sweet Stain. Mag. X400

Testicular cytoarchitecture of the control groups were
in normal arrays. Groups given 0.5% and 1.0% Lead
showed degenerated seminiferous epithelium,
reduced spermatogenic cells, widened lumen, absence
of Sertoli cells and thickened basement membrane
while the group administered 1.5% Lead acetate for 3
and 6 weeks showed degenerated basement membrane
and seminiferous tubule, vacuolation, widened lumen,
little or no spermatogenic cells, mild maturation arrest,
reduced Leydig cells and interstitial spaces with
dilated and congested vessels.

Fig 5B (9 and 12 weeks): General structure of the
testes of animals treated with varying doses and
duration of Lead acetate. SG Spermatogonia I-
Interstitial space, BM-basement membrane, SC-

spermatocytes, L-Lumen. LC-Leydig cells, S-

Spermatids. Gordon's and Sweet Stain. Mag. X400

Testicular cytoarchitecture of the control groups were
in normal arrays. Groups given 0.5% and 1.0% Lead
showed degenerated seminiferous epithelium,
reduced spermatogenic cells, widened lumen, absence
of Sertoli cells and thickened basement membrane
while the group administered 1.5% Lead acetate for 9
and12 weeks showed degenerated basement
membrane and seminiferous tubule, vacuolation,
widened lumen, disruption of spermatogenic cells,
severe maturation arrest, severe necrosis, little or no
Leydig cells and absence of interstitial spaces and
dilated and congested vessels.
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DISCUSSION

Pb has been related to a very broad range of
dysfunctions physiobiochemically that leads to the
induction of oxidative stress and release of reactive
oxygen species, thereby playing detrimental roles in
testicular damage (14).

In the present study oral administration of lead acetate
on male rats affected the testes and caused histological
and semina-hormonal changes and its exposure for a
longer period of time had detrimental effects on
reproduction and sperm parameters (15).

Significant reduction (P<0.05) in body weights
observed in the group administered 1.0% and 1.5% of
lead acetate for a period of 6, 9 and 12 weeks were
indicative of atrophic changes that had taken place in
the testes. This was in agreement with (14) who
reported testicular atrophy of rats treated with lead
acetate. This was also in agreement with (13-18) who
reported that testicular weights significantly declined
in lead-treated mice and Wistar rats compared to
control groups respectively, therefore highlighting
increased catabolism and metabolic imbalance as one
of'the major causes of it.

Lead accumulation in the male accessory organs like
the prostate and epididymis impaired sperm motility."’

For infertility in males to be determined, proper
evaluation of the hormonal levels is very useful
determinant. ®' Lead also causes hormonal imbalance
by affecting the neuroendocrine system and disrupting
the secretion of androgens from Leydig cells (19). The
significant reduction in serum FSH, Testosterone and
LH levels were apparent on a dose duration dependent
manner. It corroborated with (16,20) who reported that
Lead acetate had decreasing effects on testis
steroidogenic function, serum gonadotropin levels and
testosterone levels compared to control. These
reductions altered hormonal balance and caused
neuroendocrine system disruption.

The significant reductions in FAST sperm progressive
assessment, sperm motility, sperm concentration and
increase in FAST sperm progressive assessment
observed in the groups administered Lead for a longer
period of time and dosage were as a result of its
devastating effects on sperm parameters. It was
evident that lead interfered with the sperm production
in the tubules as well as in the epidydimis and
produced degenerative changes in lead treated groups.
This result corroborated (7-9, 21) who reported that
mild lead exposure led to decrease in sperm
parameters (sperm morphology, sperm concentration,
poor semen viability and motility).

The severe disruption of spermatogenesis in men at any

stage of cell differentiation can lead to abnormal and
decreased sperm count, impair the stability of sperm
chromatin or damage sperm DNA (22). According to
the histological analysis in this current study, It showed
that exposure of male rats to 1.0% and 1.5% of lead for
9 weeks and 12 weeks induced cellular necrosis, severe
tubular degeneration, disorganization in basement
membrane, degeneration and testicular atrophy in most
seminiferous tubules. This was in line with (20) who
reported similar observations after lead administration
on Wistar rat testis. These results were consistent with
reports from hormonal and sperm parameters
measured observed in this study.

CONCLUSION

In conclusion, the manifestations observed in this
study include severe changes in histopathology, semen
and hormonal parameters in the testis, affecting both
spermatogenic and androgenic compartments. The
results brought to the fore the association between lead
intoxication and reproductive toxicity on a dose-
duration dependent manner.
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