The effect of lead exposure of mice during preg-
nancy on the concentration and motility of epididy-
mal and testicular spermatozoa in offspring mature

male mice

Al-Khfaji IN2, Fakhrildin MB °, Al-Ani IM> Mangalo HH?, Al-Obaidi SR¢
a Department of Biology, College of Science, Al-Mustansiriah University, Baghdad, IRAQ
b Department of In Vitro Fertilization and Embryo Transfer, Al-naharain Research Center for Biotechnology,
Al-Naharain University, Baghdad, IRAQ
c Department of BMS, Kulliyyah of Medicine, International Islamic University Malaysia,
Kuantan, MALAYSIA
d Department of Histopathology, College of Medicine, University of Baghdad, IRAQ

ABSTRACT

Introduction: The objective of this study was to investigate the effects of lead on concentration and motil-
ity of spermatozoa recovered from epididymis and testes in mature male offspring whose mothers were ex-
posed to different doses and concentrations of lead acetate during gestation period. Materials and Methods:
Seventy two healthy mature female mice were divided into three major groups according to the number of
injections involving 1, 2 and 3 injections. Each major group was subdivided into four minor groups according
to the concentration dose of (0, 25, 50 and 100) mg/Kg of lead acetate. Sperm concentration, percentage of
motility and grade of activity were microscopically examined and statistically analyzed. Results: A significant
reduction in the sperm functions were seen in relation to an increased in the number of injections and/or
concentration of lead acetate dose as compared with the control groups. Conclusion: The toxic effects of lead
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acetate may interfere with spermatogenesis and metabolism of spermatozoa.
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INTRODUCTION

Historically, lead related diseases have been recog-
nized by physicians Hippocrates and Nikander since
more than two thousand years ago." Lead and it is
salts were widely distributed and accumulated in the
atmosphere,? soil, rocks,* deep marine sediments,*
and animal® and plant® tissues. Most of the lead in
our environment comes from gasoline used in our cars
and from exposure to it when lead painted homes and
other structures need to be repaired’ and from the
industrial sources.?

By the early nineteenth century, the occupational
lead poisoning had become a serious problem. Lead
toxicity in workers in lead industries was observed;
among those workers the infant mortality was high.’
Recently, there has been substantial interest in the
potential adverse effects of exposure to environmen-
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tal hazardous chemicals on male reproductive sys-
tem."® Clinical attention has been focused upon the
toxicity of lead on the peripheral and central nervous
system and also in liver, kidney and the immune sys-
tem.™"

It is known that lead causes both acute and chronic
poisoning depending on exposure length and blood
level, the toxicity is manifested in various forms of
gastrointestinal and neurological symptoms.'> Corpas
et al' showed that the lead exerts a wide range of ad-
verse biological effects, and one of it is main targets
is the performance of reproduction. In addition to im-
potence and sterility, lead may causes impairment of
spermatogenesis'# and decreased ability to produce
healthy spermatozoa in male workers exposed to lead
compounds.™

It was documented that the chronic exposure to lead
led to an increase in the level of blood lead concen-
tration. This increment in blood lead level concentra-
tion was associated with reduced semen volume and
density, total count of motile spermatozoa, progres-
sive sperm motility and percentage of sperm viabil-
ity'® and was associated with reduced concentration
of androgen."

The adverse effects of lead on sperm concentration
in animals treated with different doses of lead salts
were reported by a number of investigators,'®" but
none of these studies describe the effects of lead ex-
posure during gestation on the offspring spermato-
zoa. In recent study, we described the
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morphological changes of the epididymal and testicu-
lar spermatozoa of mature male offspring mice whose
mothers were exposed to various doses of lead ace-
tate during gestation.?’ Therefore, the purpose of the
present study is to assess the toxic

effects of lead acetate injected throughout gestation
period on concentration, percentage of motility and
grade activity of testicular and epididymal spermato-
zoa recovered from offspring mature male mice.

MATERIALS AND METHODS

Animals

Seventy two healthy mature Swiss albino female mice
(8 weeks old) were obtained from animal house of Al-
Naharain College of Medicine and kept under suitable
environmental conditions (e.g. room temperature was
maintained at 24 + 2 °C and exposure to 12 hours day-
light). Vaginal smears were prepared to examine the
regularity of at least three consecutive estrus cycles.
During the estrus stage, the females mated males. Af-
ter examination of vaginal plug to observe spermato-
Zoa, the gestation period was started and considered
the first day of pregnancy.?' The experimental animal
protocol was conducted in compliance with humane
animal care standards outlined in the National Insti-
tutes of Health Guide for the Care and Use of Labora-
tory Animals. The experimental study was approved
by the University ethical committee.

Experimental Design

The female mice were divided into three major groups
according to the number of injections (1, 2 and 3).
Each major group was further subdivided into four mi-
nor groups according to the quantity of dosage (Table

).

When male’s offspring reach the period of sexual mat-
uration (two months) they were killed by decapita-
tion, testes and epididymis were taken and minced
in two small Petri dishes containing 1 ml of Earl’s me-
dium until the solution was homogenized.
Microscopic analysis of the seminal fluid

All slides were prepared for microscopical examina-
tions from 40, 38, 34 and 34 offspring males where
their mothers were injected with 0, 25, 50 and 100
mg/Kg of lead acetate during gestation, respectively.
A drop of spermatozoal suspension was placed on the
slide and covered with cover-slide. Concentration of
spermatozoa (spermatozoa/ml) was calculated from
the mean number of spermatozoa in 10 microscopic
fields under magnification of 40X. The mean number
was multiplied by a factor of one million.?? Motile
spermatozoa were counted as a percentage of ob-
served total numbers of spermatozoa in 10 random
microscopic fields at 40X magnification. Sperm grade
activity was determined by using a scale of (0-5) as
mentioned in details by Fakhrildin.?

Statistics

In addition to the standard methods to determine the
mean, standard deviation and standard error of the
mean (5.E.M.), one way analysis of variance (ANOVA)
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Table I: The experimental design of the present
study.

Dose Number of treated females
(One (Two (Three
1'r1g'ect1'on} at irlgectionsghat 1r1g'ectigns} at
8 dayof 8 and13 8,13 and
gestation  daysof 18" days of
period gestation gestation

period period

0 6 6 6

(Control)

25mg/Kg 6 6 6

50 mg/Kg 6 6 6

100 6 6 6

mg/Kg

was used to test the significant difference between
treatments (0, 25, 50 and 100 mg/Kg of lead acetate).
Also, when the analysis of variance was significant,
multiple comparisons by improved Tukey’s test were
used to determine in which group of treatment the
significant difference appeared.?*

RESULTS

Epididymal and testicular sperm concentration

The concentration of epididymal and testicular sper-
matozoa for the control and treated groups are shown
in the tables 2 and 3 respectively. These results certi-
fied significant (p<0.05) and highly significant (p<0.01)
differences in the concentration of spermatozoa be-
tween treated groups as compared with its control
groups.

As the number and quantity of dose was increased,
there was a gradual reduction in the mean concentra-
tion of epididymal and testicular spermatozoa. The
most remarkable reduction was obtained after three
injections of lead acetate at dose 100 mg/Kg (24.00 +
1.83 and 6.40 + 0.45 respectively)(Table Il & IlI).

The three injections of 50 mg/Kg lead acetate had
significantly reduced the concentration of epididymal
spermatozoa as compared to one and two injections
(p<0.05). Similarly, significant differences (p<0.01) in
the testicular spermatozoa were seen between one
injection of dose 25 mg/Kg and dose 50 mg/Kg when
compared to the two and three injections of the same
doses.

Percentage of epididymal and testicular sperm mo-
tility

All different doses of lead acetate induced a reduc-
tion in the percentages of epididymal sperm motility
(Table 1V). Non significant (p>0.05) differences were
reported in the percentage of motility of epididymal
spermatozoa among one, two and three injections
of dose 25 mg/Kg of lead acetate. Three injections
of dose 50 mg/Kg of lead acetate has significantly
(p<0.05) reduced the percentage of epididymal sper-



Table Il: Epididymal sperm concentration (X 10 /ml)
of mice born to mothers treated with different lead
acetate concentrations and doses.

Dose One Two Three
injection injections injections
Omg/Kg  53.5 51.8 60.2
(Control) +1.5 +1.21 +1.13
25 40.75 * 40.76 * ¥ 3733 *# 5§
mg/Kg +1.2 +1.42 +2.22
a0 35.36 *< 34,20 *¢ 28,69 ***ab
Mg/Kg +1.4 +1.38 +1.63
100 32.50 * 27.57 *** 24.00 * **
mg/Kg  +2.56 +2.76 +1.83

Table IV: Percentages of epididymal sperm motility
of mice born to mothers treated with different lead
acetate concentrations and doses

Dose One Two Three
injection injections injections
0 mg/Kg 53.1 62.6 57.2
(C°”)'"°' 1.46 1.15 1.21
25 49.43 49,15 * # 45.05 *
mg/Kg 1.34 0.59 2.58
50 49.18 © 48.50 * 7 43.15 *2
mg/Kg 1.27 0.76 1.57
® a
100 45.90 *© 44,71 ***S¢ 40‘32
mg/Kg 0.67 0.98 0.71

Table VI: Epididymal sperm grade activity of mice
mothers treated with different lead acetate con-
centrations and doses.

Dose One Two Three
injection injections injections

0 mg/Kg 3.42 2.94 3.41

(Control) +0.1 +0.14 +0.07
25 7,81 %4« 263 e 2in et

mg/Kg 0.08 0.07 0.2
50 2.06 *H ¢ 2.54 # ¢ 1.96 &b

Mg/Kg +0.05 +0.07 +0.08
100 2,17 ™ 476 *wx$a  q54 *a

mg/Kg +0.09 +0.13 +0.06

Values are presented as mean + SEM.

*: Significantly (P<0.05) different from its control.

**: Significantly (P<0.05) different from 25 mg/Kg group.
$: Significantly (P<0.05) different from 50 mg/Kg group.

#: Significantly (P<0.01) different from 100 mg/Kg group.
a: Significantly (P<0.01) different from one injection.

b: Significantly (P<0.05) different from two injections.

c: Significantly (P<0.05) different from three injections.

Table llI: Testicular sperm concentration (X 10¢ /ml)
of mice born to mothers treated with different lead
acetate concentrations and doses.

Dose One injection Two Three
injections injections

0mg/Kg 16.2 18.3 17.3

(Control) +1.36 +0.84 +0.76
= 14.06 %% b ¢ 10;46 9.33 *#a

mg/Kg +0.41 =080 +0.97
50 10.81 *mve 860 T g3 s

mg/Kg +0.4 +0.37 +0.43
100 8.30 *** 7.92 * 6.40 **F

mg/Kg £0.74 +0.48 0.45

Table V: Percentages of testicular sperm motil-
ity of mice born to mothers treated with different
lead acetate concentrations and doses.

Dose One Two Three
injection injections injections
0 mg/Kg 41.7 43.4 42.5
(Control) +0.95 1.7 1.7
25 40.06 38.30 7 37.44
mg/Kg +1.34 +0.57 +1.74
50 38.72 38.5 37.76 7
mg/Kg +1.14 +1.78 +2.67
100 36.30 ¥ 32.35 *** 29.02 * %
mg/Kg +0.8 +1.79 +1.17

Table VII: Testicular sperm grade activity of mice
born to mothers treated with different lead acetate
concentrations and doses.

Dose One Two Three
injection injections injections
0mg/Kg 1.86 1.85 1.76
{Control) +0.04 +0.08 +0.12
+ #a
& 1.85 #> ¢ 1.83 #> ¢ 1'48b
mg/Kg +0.06 +0.09 £0.1
50 40y e 142, s 1.39 *#
mg/Kg +0.07 +0.03 +0.05
& w% ]
100 1‘3b5C 1.18 *#5a 1‘13a
mg/Kg +0.09 +0.06 +0.06
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matozoa when compared to one and two injections of
the same dose. However, the results of the present
study observed that the most reduction in the per-
centage of motility of epididymal spermatozoa was
obtained with three injections of dose 100 mg/Kg of
lead acetate as compared to the other injections.

From the results in Table V, an overall gradual de-
crease in the percentage of testicular sperm motility
was seen with an increasing number and quantity of
lead acetate doses. Within the doses of 25 mg/Kg and
50 mg/Kg, no significant (p>0.05) differences were
registered in the percentage of motility compared
to control groups. In addition, the percentage of mo-
tility was not significantly (p>0.05) reduced among
one, two and three injections. Significant (p<0.05)
decrease was obtained after three consecutive injec-
tions of dose 100 mg/Kg of lead acetate as compared
to its control groups.

Epididymal and testicular sperm grade activity

The variance analysis for epididymal sperm grade ac-
tivity showed a significant (p<0.05) difference among
different doses as compared to its control groups, ex-
cept for two injections of doses 25 mg/Kg and 50 mg/
Kg of lead acetate. Also, significant (p<0.01) reduc-
tion was noticed in the sperm grade activity of groups
injected with one and two injections of 100 mg/Kg of
lead acetate when compared to group injected with
dose 25 mg/Kg of lead acetate. Three injections of
100 mg/Kg of lead acetate has statistically (p<0.05)
reduced the sperm grade activity as compared to one
and two injections of doses 25 mg/Kg and 50 mg/Kg of
lead acetate (Table VI).

Significant (p<0.05) reduction in the grade activity of
testicular sperm was reported among different doses
and its control groups, except for one and two injec-
tions of dose 25 mg/Kg of lead acetate (Table VII).
Also, significant (p<0.05) differences were noted in
the sperm grade activity of groups injected with one
and two injections of doses 50 mg/Kg and 100 mg/Kg
of lead acetate comparable to groups with dose 25
mg/Kg. Moreover, three injections of dose 100 mg/
Kg of lead acetate statistically (p<0.05) reduced the
grade activity of testicular spermatozoa as compared
to one injection of doses 25 mg/Kg and 50 mg/Kg of
lead acetate as appeared in Table ViII.

DISCUSSION

The results of this study showed a significant reduc-
tion in epididymal and testicular sperm concentration
especially after two and three injections of doses 50
and 100 mg/Kg of lead acetate as compared to the
control groups. This reduction may indicate an im-
pairment of testicular sperm production. It was found
that lead could disturb mitosis of spermatogenic cells
and cause alterations in the proliferation of Sertoli
cells, therefore an important decrease in the testicu-
lar sperm count within testes of adult offspring, and
subsequently reduction of epididymal sperm count.
It is well known that the major function of testes is
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spermatogenesis and hormone synthesis to produce
spermatozoa. So when the testicular tissue is dam-
aged by the toxic effects of lead, the process of sper-
matogenesis would be impaired. Hilderbrand et al®
reported inhibition of spermatogenesis in male rats
orally exposed to lead at concentration of 50 ug/dl.
McGivern et al?® observed a decrease in the intra tes-
ticular sperm count in rats prenatally exposed to 0.1%
lead acetate supplemented to drinking water and at-
tributed that to the dysfunction of the Sertoli cells
as these cells are responsible for the environment of
germ cell proliferation and maturation. The effect of
environmental lead on the male reproductive system
has been considered as a major area of concern for
several years by which the testicular spermatogenesis
and spermatozoa within the epididymis are the major
targets for lead effect to produce reproductive toxic-
ity.?” A decrease in sperm concentration was observed
in mature male rabbits given subcutaneous injections
(1.56 mg/Kg) of lead acetate.?

The results of the present study showed a significant
reduction in concentration, percentage of motility
and grade activity of both epididymal and testicular
spermatozoa of males prenatally exposed to one, two
and three injections of 100 mg/Kg of lead acetate
compared with their control. The sperm motility and
grade activity are considered the most important cri-
teria of semen quality and determinant of success-
ful fertilization.?*? The reduction in the motility may
be due to the direct effect of lead on the physiology
of the sperm cells and/or epididymis.3® Sokol et al®'
suggested that lead exposure may lead to disruptions
in the Gonadotropin-releasing hormone production
and/or release in male rats with subsequent improve-
ment to the processes of spermatogenesis.

It was reported that the main metabolic process which
supplies energy for sperm motility is glycolysis under
both aerobic and anaerobic conditions, and oxidative
respiration was less efficient as a source of energy for
sperm motility. Hence, lead toxicity may be affect-
ing this process.3? Disturbance of energy metabolism
has been suggested to play an important role in re-
ducing sperm motility and blocking sperm maturation
in fluoride, aluminum and lead treated animals.333
Lead acetate may inhibit spermatogenesis by a distur-
bance of the metabolic activities of the Sertoli cells.®
Plausible mechanisms of lead carcinogenicity include
DNA damage and clastogenicity or inhibition of DNA
synthesis or repair. Lead may also generate reactive
oxygen species and oxidative damage to DNA."

Recent electron microscopic studies demonstrated
fine structural alterations of ovarian follicular cells
after administration of cadmium chloride in female
rabbits®* and clear degenerative changes in Sertoli
cells and different stages of spermatogenic cells in
male rats treated with aluminum chloride.?” Further
ultrastructural studies of the epididymis and testes
of offspring whose mothers are treated with lead ac-
etate are in progress.



CONCLUSION

Lead acetate administration during gestation is ca-
pable of reaching embryonic tissue inducing toxic
effect that may interfere with spermatogenesis and
metabolism of spermatozoa after maturation of the
offspring.
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