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ABSTRACT 
In the present study, we report the relationship between doses of oral lead exposure, duration of exposure, and the 
hormonal and testicular histomorphometric changes in male Wistar rats at specific stages of postnatal development. 
Male juvenile Wistar rats (average weight of 34 g) were administered lead acetate at concentrations of 0.5% (5000 
ppm), 1.0% (10,000), and 1.5% (15,000 ppm) via drinking water. Rats were killed at 3 weeks, 6 weeks, 9 weeks, and 
12 weeks of postnatal development, representing the early juvenile, late juvenile, peripubescent and early post-
pubescent stages of life. Sera were analyzed for gonadotropins (Gn) and testosterone (T). Testicular 
histomorphometry was studied by the H&E and toluidine blue techniques; while caudal epididymal sperm cells 
were analyzed for density and motility. Serum T and Gn levels were significantly reduced (P<0.05) in the lead-
exposed rats at the peripubescent and early post-pubescent periods. Sperm density showed significant decreases in 
the lead-treated rats only at the early post-pubescent age; while sperm motility was adversely impacted not only at 
postnatal week 12, but also at week 9 and week 6. In addition, testicular histology showed marked loss of germ and 
interstitial cells that was most severe at postnatal week 12, while germinal epithelium height and seminiferous 
tubule diameter were significantly attenuated in the lead groups at each of the age categories studied. These findings 
indicate that the adverse effects of juvenile oral lead on male reproductive profile are most pronounced in the 
peripubescent and early post-pubescent postnatal periods.

Keywords: Lead, testicular, histomorphometry, sex hormones, Age

INTRODUCTION of lead on the testis may depend not only on its blood 
Lead (Pb) is a ubiquitous divalent metal that is known to concentrations, but also on the age of the organism 

6be toxic to biological systems when ingested beyond ( d u r a t i o n  o f  c u m u l a t i v e  e x p o s u r e )  .  
the acceptable blood concentrations of 10µg/dl and Supraphysiological blood concentrations of lead may 

1below . Environmental sources of Pb include lead therefore severely impact the reproductive parameters 
6pipes (for domestic water supply), lead smelting of one particular age group than the other . This may 

2activity, paint factories, and leaded gasoline, etc . also perturb the serum levels of gonadotropins and 
Moreover, lead may contaminate sources of drinking androgens, with significant impact on the morphology 

1 7water that are close to mining and ore processing sites . and function of the testicles . 

Being a divalent metal, lead readily makes use of the The aim of the present work was to study the 
calcium ion channels to gain access to cells, where it relationship between doses and duration of lead 
impairs such calcium-dependent cellular processes as exposure and testicular histomorphometric and 

3 hormonal profiles in rats at different postnatal stages of neural signalling and cell motility, etc . Indeed, 
development, from the juvenile stage to the early post-children exposed to high concentrations of Pb from 
pubescent period. contaminated water have been reported to present with 

1low intelligence quotient . Similarly, Pb is capable of 
MATERIALS AND METHODSimpairing sperm motility and is a known testicular 

4,5 Chemicalstoxin .
Lead acetate is a product of Kiran Light Laboratories 
(India), and was purchased from Yomi- Esthony Because the relative subpopulations of germ and 
Company, Ilorin. Other reagents were of analytical somatic cells in the testicular parenchyma and 
grades and were procured locally.interstitium vary depending on the age of the organism 

(from childhood to senescence), the deleterious effects 
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Animals Testicular Histology and Histomorphometry
Weaned male Wistar rats (average weight of 34 g) were Paraformaldehyde-fixed testicles were sectioned at 5 
obtained from John Alfred Animal Facility, Ilorin. The µm with the aid of the rotary microtome and then 
animals were acclimatized for 14 days prior to the processed for light microscopy by the haematoxylin 
commencement of oral Pb acetate treatment. All and eosin (H&E) and Toluidine blue methods as 

12experimental rats were maintained on standard rodent described in Bancroft, Stevens .  With the aid of 
chow and water was served ad libitum. Care and ImageJ (NIH), haematoxylin and eosin sections of the 
handling of animals was in accordance with the testes were analysed for morphometric parameters. In 
National Academy of Sciences' Guide for the Care and the control and Pb-treated rats, the diameter (external 

8Use of Laboratory Animals ; as well as the University diameter) of the seminiferous tubules, and the height of 
of Ilorin's Ethical Review Committee's guideline on the the seminiferous (germinal) epithelium were estimated 
use of rodents for research. to the nearest µm. 

Oral lead acetate treatment and euthanasia of rats Statistical Analysis
Lead acetate was administered orally to groups of male Data were analysed using two-way analysis of variance 
Wistar rats (n=5 each) via the drinking water at (ANOVA), with the aid of GraphPad Prism software 

9 (GraphPad Inc., USA). Results are presented as mean ± concentrations of 0.5%, 1.0% and 1.5% , which 
standard error of the mean (mean±SEM). The means of delivered daily doses of 5000 ppm, 10000 ppm and 
the variables measured among the Pb-exposed and non-15000 ppm, respectively, for either 3 weeks (early 
exposed age-matched control groups were compared juvenile period), 6 weeks (late juvenile period), 9 
using Bonferroni post hoc test. P value less than 0.05 weeks (peri-pubescent period) or 12 weeks (post-
(p<0.05) was taken as statistically significant. All pubescent period). At the end of each treatment period, 
graphs were drawn using the GraphPad Prism rats were placed under light anaesthesia with diethyl 
(GraphPad Inc., USA).ether and the cauda epididymides were harvested for 

sperm analysis. For each rat, blood was collected via 
RESULTScardiac puncture into plain sample bottles and allowed 
Lead-induced Loss of Testicular Germinal and to stand briefly for 30 minutes, after which it was 
Steroidogenic Cells is Age- and Dose-Dependentcentrifuged at 15,000 rpm for 10 minutes to obtain 
Exposure of rats to high concentrations of Pb via their serum for testosterone, follicle stimulating hormone 
drinking water resulted in age- and dose-dependent loss (FSH) and luteinizing hormone (LH) assays. 
of germ and steroidogenic interstitial cells (Fig. 2A and Furthermore, all animals were subjected to whole body 
Fig. 3). Histologic evidence of germ cell loss was perfusion, first with normal saline, and then with the 
obvious in rats' testes at every dose of oral Pb fixative (4% paraformaldehyde in phosphate buffered 
administered (0.5%, 1%, and 1.5%). Such Pb-induced saline), and the perfusion-fixed testicles were 
histological changes showed massive depletion of the transferred into 4% paraformaldehyde solution for 
germinal epithelium, which was most pronounced at histological processing.
postnatal week 12 in the Pb-treated rats (Fig. 2). 
Furthermore, histological evidence showing loss of Sperm Analysis for the Pb-treated and control rats
testicular interstitium and the associated steroidogenic Sperm from the caudal parts of the epididymides was 
cells (interstitial cells of Leydig) was obvious in analysed for density (count) and motility as was 

10 Toluidine blue sections of the testes of the Pb-exposed previously described by Oyewopo, Togun . Briefly, 
rats by week 12 of postnatal life. However, in  rats Sperm count was estimated with the aid of the 
receiving the highest dose of Pb in their drinking water Neubauer improved cell-counting chamber. In 
(1.5%), histological evidence of interstitial tissue addition, the ratio of the motile to non-motile sperm 
depletion occurred as early as week 6 of postnatal life, cells (sperm motility) was estimated for the Pb-treated 
while the interstitium appeared intact at week 3(Plates and control groups.
D1, D2 and D3 in Fig. 3).

Bioassay for serum gonadotropins (FSH and LH) 
Oral Lead Attenuates Seminiferous Tubule and testosterone
Diameter and Germinal Epithelium HeightSera from Pb-treated and control rats were assayed for 
At each dose and duration of Pb acetate treatment, the testosterone concentrations by the enzyme 

11 diameters of the seminiferous tubules were grossly immunoassay (EIA) technique as described by Gower  
attenuated (diminished), while the height (thickness) of using the testosterone EIA kit from Cayman Chemical 
the germinal epithelium had also reduced significantly (MI, USA).  In addition, serum follicle stimulating 
compared with the controls (P<0.05) (Fig. 4A and 4B). hormone (FSH) and luteinizing hormone were assayed 
Meanwhile, the relative testicular weights (ratios of by enzyme-linked immunosorbent assay (ELISA) 
testicular weights to total body weights) did not differ using respective assay kits from Monobind Inc. (Lake 
significantly between the Pb-treated groups of rats and Forest, USA).
the controls (Fig. 5).
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Figure1: Caudal epididymal sperm count (A) and sperm motility (B). At each dose and duration of oral Pb acetate 
treatment, sperm count and sperm motility decreased significantly compared with the controls. *P<0.05 vs. 
controls.

Figure 2: Representative light micrographs of sections of the seminiferous tubules of control rats and rats treated 
with increasing doses of Pb acetate for variable periods. The severity of testicular damage, indicated by loss of germ 
cells, depends on the doses and duration of Pb acetate administered. Testicular lesions are most pronounced in rats 
treated with lead acetate for 12 weeks (D1, D2, D3). Sg: spermatogonia; Sc: spermatocyte; Sd: spermatid; Lm: 
lumen. Haematoxylin and eosin stain, x400.
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Figure 3: Representative light micrographs of sections of the testes of control rats and rats treated with Pb acetate, 
showing the interstitial tissue (I) and adjoining part of the seminiferous tubules. Dose- and duration-dependent loss 
of testicular interstitium and the associated cells of Leydig were induced by oral Pb acetate, especially in rats 
exposed for 12 weeks (D1, D2, D3). I: interstitium; Lm: lumen; Sg: spermatogonium; Sc: spermatocyte; SC: Sertoli 
cell. Toluidine blue stain; x400.
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Figure4: Seminiferous tubule diameter (A) and germinal epithelium thickness (B) in Pb-intoxicated rats. Both 
parameters decreased significantly with increasing doses and duration of Pb acetate compared with the untreated 

+ #controls. *P<0.05 vs. controls, P<0.05 vs. Pb (0.5%), P<0.05 vs. Pb (1.0%).

Figure5: Ratios of testicular to body weights in rats 
treated with oral Pb acetate at increasing doses and 
durations. The weights of the testicles relative to the 
total body weights did not differ significantly between 
the Pb-treated and control rats.

Figure 6: Serum testosterone in rats treated with orals 
doses of Pb acetate for variable durations. Serum 
testosterone concentrations are inversely proportional 
to the dose and duration of Pb acetate. *P<0.05 vs. 
controls.

Figure 7: Analysis of serum FSH (A) and serum LH (B) in rats treated with oral Pb acetate at increasing doses and 
durations. The lowest serum levels of gonadotropins were recorded for rats receiving highest doses of Pb acetate for 

+the longest durations. *P<0.05 vs. controls, P<0.05 vs. Pb (0.5%).
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Caudal Epididymal Sperm Counts and Sperm Moreover, oral lead disturbs the endocrine function of 
Motility Decreased Following exposure to High the hypophysis in our rat model. Specifically, Lead 
Concentrations of Lead Acetate in Rats' Drinking exposure in such rats significantly lowered serum 
Water follicle stimulating hormone (FSH) and luteinizing 
In Wistar rats, high concentrations of oral Pb produced hormone (LH) at the peripubescent (age: 9 weeks) and 
significant decreases (P<0.05) in caudal epididymal early post-pubescent (age: 12 weeks) stages, the same 
sperm density, depending on the dose and duration of periods when serum T levels were significantly reduced 

13Pb exposure (Fig. 1A). The lowest sperm count . Thus, as previously reported in human male subjects , 
occurred at postnatal week 12 in rats receiving 1.5% chronic exposure to lead disturbs the hypothalamo-
Lead in their drinking water. Moreover, irrespective of hypophyseal-gonadal axis, with adverse effects on 
the doses and duration of oral Pb treatment in Wistar testicular steroidogenic function.
rats, caudal epididymal sperm motility decreased 
significantly (P<0.05) compared with the controls (Fig. Furthermore, given the physiological importance of 
1B). normal serum and testicular T levels to the progression 

of spermatogenesis in the seminiferous tubules, our 
Oral Pb Intoxication Reduced Serum Gonadotropin findings of significantly low caudal epididymal sperm 
and Testosterone Levels in Rats density (seen only at the early post-pubescent stage) 
Significant decreases in serum gonadotropins (FSH and might not be unconnected with low serum T. However, 
LH) and testosterone occurred only at weeks 9 and 12 of it is known that oral exposure to Pb could induce 

14postnatal life in the Pb-exposed rats, irrespective of the apoptotic death of germ cells in rodent ; lead could 
doses of Pb administered (Fig. 6 and 7). At postnatal bind directly to DNA, thereby causing damage to germ 

15weeks 3 and 6, serum gonadotropin and testosterone cell nuclear material . Moreover, low sperm count 
levels did not differ significantly from the controls in induced by chronic oral exposure to lead in the present 
most of the Pb-treated rats. study could be related to the ability of lead to worsen 

testicular oxidative stress, as previously reported in 
16DISCUSSION Wistar rats .

The effects of the dose and duration of oral treatment 
with Lead acetate on some male reproductive Meanwhile, in addition to reducing sperm density 
parameters are reported in the present study. Juvenile significantly at week 12 of age, oral lead severely 
(recently-weaned) male Wistar rats were exposed daily impairs sperm motility at ages 6, 9 and 12 weeks, 
to high oral doses of lead acetate and the effects of such irrespective of the dose of lead administered. Thus, lead 
exposure were studied at the early juvenile (age: 3 toxicity has more deleterious age-dependent effects on 
weeks), late juvenile (age: 6 weeks), peripubescent sperm motility than sperm density. This could be 
(age: 9 weeks) and early post-pubescent (age: 12 directly related to the ability of lead to impair calcium 
weeks) stages of postnatal development. homeostasis as it is able to replace calcium ion in 

3biological samples with ease , thereby altering such 
Our findings showed that the hormonal and calcium-dependent cellular events as motility. 
morphological effects of exposure to lead are Moreover, it has been reported that lead could perturb 
influenced by the doses and duration of exposure in the energy metabolism essential for cellular motile 

17testes of Wistar rats. Exposure to high concentrations of function . 
lead impairs the steroidogenic function of the testicles 
as suggested by the significantly low serum In addition, our study also reports the effects of the 
testosterone (T) levels of in the exposed animals. doses (0.5%, 1%, and 1.5% of lead acetate in rats' 

drinking water) and duration of lead exposure on the 
Such deleterious endocrine effects are associated with histomorphometry of the seminiferous tubules and the 
histological evidence of testicular interstitial cell loss . cyto-architecture of these tubules. Among the stages of 
It is interesting to note that significant decreases in postnatal development studied in the Wistar rats (early 
serum T   were observed at the peripubescent (age: 9 juvenile, late juvenile, peripubescent and early post-
week) and early post-pubescent (age: 12 weeks) stages, pubescent), testicular germ cell loss was most evident at 
a period when histological evidence of interstitial tissue the early post-pubescent age (12 weeks old rats), in all 
loss was also seen in the testicles . This suggests that the doses of lead administered. Moreover, the severity 
long-term lead toxicity would most adversely impact of testicular lesion was dose-dependent. Thus, 
the steroidogenic function of the testis at the period of testicular lesions induced by oral lead are influenced 
reproductive maturity (peripubescent and early post- not only by the dose but also the duration of exposure, 
pubescent stages), and have adverse implications on the with the highest dose and longest duration producing 
fertility potential of the organism. Previously, low the most severe testicular damage.
serum T had been reported in men that worked in the 
lead smelting factory following variable periods of Morphometric analysis of the seminiferous tubules (in 

13exposure to lead . terms of their diameters and the heights of the germinal 
epithelium) showed attenuation of these parameters 
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