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Introduction
Lead is considered as one of the major

environmental pollutants. It may have different
origins such as contaminated food, unsanitary
preservation of food, lead hydrous piping,
industrial pollution, road traffic [1] and drinking
water [2]. The main sources of exposure for
humans are food (ranging from 0.4 µg/kg

bw/week to 10.1 µg/kg bw/week) and drinking
water (ranged from 0.23 µg/kg bw/week to 0.35
µg/kg bw/week) [2]. On the basis of the recent
studies, the provisional tolerable weekly intake
(PTWI) was fixed at 25µg/kg BW [3] and the
blood lead level should not exceed 0.4 mg/L [4].
Exposure to lead could damage nervous systems
by provoking neuropsychological disturbances
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Abstract

Background: The aim of this work is to study the effects of lead on pituitary-testicular axis. It is about a direct
toxicity on testicular cells or an indirect toxicity via abnormalities of the hypothalamic-pituitary axis? 
Methods: Forty male rats were divided equitably into four groups.  One of these groups received tap water
containing 0.3% lead acetate for one month. A second group was assigned to the same protocol but the
intoxication was conducted for two months.  The third and the fourth groups were used as reference.  At the
end of the experiment, the rats were anaesthetized and blood was collected for the proportioning of the FSH,
the LH, testosterone and lead.  The testes and epididymides were removed quickly and weighed. For the
determination of testosterone in testicular fluids, a cruciate incision was made in the tunica albuginea of each
right testis and centrifuged at 54xg for the extraction of interstitial fluid. Thereafter, the seminiferous tubules
were extruded and centrifuged at 6000xg to collect seminiferous tubule fluid. The left testis of each animal
was cut in two halves, one half was used for the histological examination and the other was suitably treated
for the determination of the lead concentration. The epididymides were homogenized in solution containing
Triton X-100 and spermatozoa were counted using Malessez cells. The plasma FSH and LH were determined
by RIA using reagents from a commercial kit (BioInternational, France), while testosterone was determined by
electrochemiluminescence (Elecsys, rochediagnostics). The lead concentration in blood and Tissues was
measured by flameless atomic absorption spectrophotometry with the Zeeman effect background (Hitachi Z-
9000). 
Results: In the rats poisoned for one month, no notable effect was noted in spite of a blood lead concentration
of 0.721 µg/ml.  On the contrary, in animals exposed to lead acetate for two months, the blood level passed
to 2.721 µg/ml and plasma testosterone, FSH and LH dropped by about 45%. In parallel, the secretion of
testosterone by the Leydig cells fell by 35% and epididymal sperm count dropped by 14%. The histological
examination showed lead deposits in the walls of the seminiferous tubules. 
Conclusions: Although we do not exclude a directly toxic action of lead on the interstitial cells and on the
Sertoli cells, it seems that the hypothalamic-pituitary axis is the major target of lead since the decrease in the
plasmatic LH and FSH was associated with a reduction in testosterone secretion and with a reduction in the
number of the epididymal spermatozoa.
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[5], motor and sensory conduction velocities [6],
and alter the heme synthesis [7]. It can also induce
acute nephrotoxicity [8], cause disturbances of
the reproductive system [9-12] and increase blood
pressure [13, 14].  Some other studies have shown
that it can increase the risks of lung cancer [15].
In fact, there has been 1.4-fold increase in the
overall cancer incidence and a 1.8-fold increase in
the incidence of lung cancer among those who
have had a blood level higher or equal to
mumol.L-1. Likewise, it has been reported that
brain cancer risk has increased among caucasian
men and women due to their lead high-level
exposure, with a significant twofold excess among
Caucasian men [16]. In animals, several
experimental studies have reported impairment
of the spermatogenesis [17- 20] but the
mechanisms implied in the pathogenesis are not
yet completely understood. Indeed, some works
suggested a direct toxic action on the
hypothalamic-pituitary axis, such as the study of
Stump and co-workers [21] which showed that
lead accumulates preferentially in the median
eminence of the hypothalamus and that of Sokol
and co-workers [22] which mentioned a fall in the
plasma FSH associated with a reduction in the
number of spermatozoa in the testis.  In addition,
other studies showed that the toxicity of lead
appears primarily on the interstitial cells by the
inhibition of enzymes synthesis implied in the
steroidogenesis and of the hormonal receivers
[23, 24]. In this study we propose to investigate
the action of lead on the pituitary-testicular axis in
the rat. It is about a direct toxicity on testicular
cells or an indirect toxicity via abnormalities of
the hypothalamic-pituitary axis?

Materials and methods
Animals 

One-month old male Wistar rats were purchased
from SIPHAT farm (Radès, Tunisia). They were
housed in plastic cages in a separate room having
a 12-h light-dark cycle and controlled temperature
(22 + 2°C). Animals were given food (Sico, Sfax,
Tunisia) and water ad libitum and acclimated to
their new environment for 7 days prior to
initiation of the lead treatment. The rats were
divided randomly into four groups consisting of
10 rats in each one (2 served as control groups, 2
as intoxicated). Animals were maintained during
the experimental period in accordance with the
Canadian standards for animal care (CCAC Guide
vol. 1 (2nd ED) 1993) upon obtaining the
authorization of the ethical committee of the
Faculty of Medicine  (Monastir , Tunisia).

Diet
Control groups received tap water containing

no lead acetate whereas the treated groups
received tap water containing 0.3% lead acetate.
The 0.3% lead acetate solution was prepared by
dissolving 7.5 g of lead acetate in 2.5 litres of tap
water. One milliliter of 5 N HCl was added to all
bottles including those of controls to preclude the
precipitation of insoluble lead acetate (pH of
aqueous solution 7.6). One of the control groups
and one of the treated groups were sacrificed
after 30 days of the trial and the remainder of the
groups after 60 days.  

Study design
After being weighed, the rats were

anaesthetized with ether and blood was collected
into heparinized Pasteur pipettes from the
brachial artery. 100 µl of collected blood was
transferred  into a polystyrene tube and treated as
described below for the determination of the
blood lead concentration and the remainder of
blood was centrifuged for 15 min at 4000 x g and
the serum stored at -80°C for the determination of
the levels of LH, FSH and testosterone. The testes
were removed and once separated from their
epididymides, they were washed with the
physiological salt solution and weighed.  One of
the two testes was cut in two halves, the first was
treated for lead extraction, and the second was
used for histological examination (HE). The
second testis was used for the extraction of the
intertial and seminiferous tubule fluids according
to the method of Turner and co-workers [25].
Briefly, a cruciate incision was made in the tunica
albuginea of the distal pole and the whole testis
was centrifuged at 54 x g at 0°C for 15 min to
collect interstitial fluid. Thereafter,  the testis was
decapsulated and the seminiferous tubule was
extruded through the hub of a syringe and then
centrifuged at 6000 x g at 0°C for 15 min to
collect the supernatant above the collapsed
seminiferous tubules. The Interstitial and the
Seminiferous tubule fluids were then diluted 25 to
1 using 50 nM tris Ca (pH 7.5) with 5% human
serum albumin (HAS) and were snap-frozen in
liquid nitrogen and finally stocked at – 80°C.  

Lead determination in blood and tissues 
100 µL of whole blood was diluted 10 times

with ultrapurified water. Diluted blood was mixed
with 100 µL of 2M HNO3 ( Merck, Darmstadt,
Germany) and then incubated for
deproteinisation in a hot water bath of 70°C for
five minutes. After centrifugation (4000 t/min),
lead concentration was measured in the diluted
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supernatant by flameless atomic absorption
spectrophotometry with the Zeeman effect
background (Hitachi Z-9000).

Lead concentration was extracted from the
testes according to the method of Niemi et al [26].
Briefly, samples were homogenized and
evaporated to dryness in an oven at 100°C (16h).
Dried samples were ashed in a muffle furnace at
500°C for 12 h. Ashed samples were cooled to
room temperature and 1.0 mL of 2M HNO3 was
added and the volume was adjusted to 25 mL with
deionized water. The metal was then measured as
described above. The detection limits were 40
µg/L for blood and 0.05 µg/g for tissue lead.

Testicular testosterone  and plasmatic hormonal
parameters 

The plasma FSH and LH were determined by
RIA using reagents from a commercial kit (SB-
Testo, CIS BioInternational, Gif-sur-Yvette, France),
while testosterone was determined by
electrochemiluminescence (Elecsys,
rochediagnostics). The electrochemiluminescence
is a form of chemiluminescence, which permits a
high amplification of the signal. The reaction of
chemiluminescence which entails light emission
was preceded by an electrochemical reaction. The
actors of this reaction were magnetic
microparticles papered of streptavidine,
antibodies marked with the biotin, antibodies
marked with ruthenium and tripropylamine. The
detection limits were 0.02, 2.00 and 025 ng/mL
respectively for testosterone, FSH and LH. The
intra-assay coefficients of variation were
respectively 10, 7 and 8%.

Spermatozoa count 
The left and the right epididymides (caput,

corpus and cauda) of each rat were minced with
scalpels into small pieces and homogenized in 4
ml of 0.9% NaCl solution containing 0.01% Triton
X-100 [27]. Then, 10 µl of the epididymis
homogenates were still diluted in 990 µl of 0.9%
NaCl solution. After agitation of samples, an
aliquot was dropped into a Malessez cells and
spermatozoa were counted using the light
microscope. The total number of spermatozoa was
then calculated   taking into account the dilution
and the volume of physiological salt added during
homogenisation. For each rat, an average was
established from both epididymes and results
were finally expressed per gram of epididymis
weight.

Histological study 
One half of testis issued from each rat was fixed

in bouin,  cut into 7 µm thick sections and stained
with hematoxylin and eosin to examine any
pathological changes and lead crystals.

Statistics
The Shapiro-Wilk test was applied first (using

XLSTAT 2009.2.01) to assess the normality of the
distribution of the data. If W > W1-α,n a normal
distribution may be concluded. In this case we
applied the Senedecor-Fisher test  in order to
assess the homogeneity of variances. If the F ratio
(Variance A/Variance B; A>B) is lower than the
critical limit provided by a  pre-established table
(table F), we proceeded to the Student test. If this
was not the case we concluded that there were
not any differences between the means. The
significance of the student test was set using
Statistica (Statistica Kernel version 6, StatSoft,
France). Differences at p< 0.05 were considered
statistically significant.  

Results
Body and organ weights

At the beginning of the experiment, the rats
weighed 80 + 5 g. After one month and two
months the body weight passed respectively to
approximately 191 g and 230 g in treated and
control animals. 

At all steps of the trial, the testis and the
epididymis weights in the animals poisoned with
lead were found to be similar to those of the
control animals. Likewise, no differences were
observed when reporting the testis and the
epididymis weights to body weight (Table 1).  

Blood and tissue lead values 
After 30 days of exposure to lead, the blood lead

concentration was of 0.731 +  0.07  µg/mL,
whereas the concentration in the testis was of 671
+  18 ng/g (Table 2) .  After 60 days of intoxication,
the blood lead has tripled compared to that of 30-
days poisoned animals (2.19 + 0.08 µg/mL;
p<0.001) and testicular accumulation doubled
(1496 + 39 ng/g; p< 0.001).  In the control animals
lead was found both in the blood and in the testis
at the two stages of the experiment (respectively:
0.18 + 0.04 and 0.30 + 0.06 µg/ml; 67 + 18 and 75
+ 29 ng/g) because of the presence of lead in the
drinking water at the rate of 40 µg/L.   

Hormonal parameters
At the end of the 30-day treatment period,

neither the plasma FSH, nor LH and testosterone
were found to be different from those of the
control animals (Table 3).  However, after 60 days
of intoxication, the three hormones underwent a
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Table 1. Body and organ weights and relative organ weights after 30 and 60 days of exposure to

lead acetate. 

Table 2. Blood and testicular lead in rats after 30 and 60 days of exposure to lead acetate.

Table 3. Plasma testosterone, FSH and LH after 30 and 60 days of exposure to lead acetate.

Table 4. Concentration of testostérone in testicular fluids after 30 and 60 days of exposure to

lead acetate.

Table 5. Epididymal sperm count in rats after 30 and 60 days of exposure of lead acetate.
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significant fall of about 45% compared with the
control animals (respectively 2.69 +  0.49 vs 4.92
+  0.62 ng/mL, p< 0.001;  1.25 +  0.45 vs 2.28 +
0.45 ng/ml, p< 0.001;  3.18 +  0.58 vs 5.82 +  0.73
ng/mL,  p<0.001).  

Testosterone in testicular fluids  
After one month of intoxication, the

concentration of testosterone in the interstitial
fluid and seminiferous tubule fluid was found to
be identical to that observed in the control
animals (Table 4).  However, after two months of
exposure to lead, a fall of about 34% was observed
in the interstitial fluid (442.40 +  75.57 vs 682.60
+  104.85 ng/mL, p< 0.001) and about 24% in the
seminiferous tubule fluid (350.14 +  37.32 vs
458.48 +  73.10 ng/mL, p< 0.001).

Epididymal sperm count 
No effect was observed on the epididymal

sperm count after 30 days of exposure to lead
(45.60 X 10 6 / g in the control vs 49.29 X 10 6 /
g of epididymis in the treated).  On the other hand,
after 60 days of intoxication a significant
reduction of about 14% was observed in the
animals poisoned with lead (222.85 X 10 6 +
21.51 X 10 6  vs 191.174 X 10 6  +  25.52 X 10 6
/ g of epididymis,  p<0.02) (Table 5).  

Testicular histology 
The histological examination did not show any

deterioration of the Sertoli junctions and a normal
aspect of the interstitial cells was observed in all
poisoned animals.  However, lead deposits in the
walls of the seminiferous tubules and some
images of abnormal mitosis of germinal cells were
observed only in the animals intoxicated with
lead for two months. (Figure 1).

Discussion
Our results showed that the chronic

administration of lead acetate for one month led
to a rise in the blood lead concentration up to
0.73 µg/mL. This level is slightly higher than that
authorized by the National Institute for Safety and
Health in the United States (0.5 mg/L) [28] and
the European Council (0.7 mg/L) [29].  In the
animals exposed to lead for two months the blood
lead reached a concentration of 2.19 µg/mL,
assuming that the animals sacrificed after two
months of exposure to lead had toxic levels for at
least a month.  In the sacrificed control animals,
although the concentrations of blood lead were
found below 0.4 µg/mL in the two reference
groups, blood lead was significantly higher in the
60-day controlled group than in 30-day controlled

group (p<0.001).  This could be explained by the
fact that the lead concentration in the tap water to
which the rats were subjected contains about 40
µg / L. 

Contrary to the study of Thoreux-Manlay and co-
workers [30] which reported an increase in the
relative weights of the testis and epididymides  in
rats poisoned  with 8mg/Kg/day by I.P route for
five weeks, no variation was observed in our study.
On the other hand, our results were consistent
with those reported by Gorbel and co-workers
[20]  in spite of their use of an amount of lead
three times greater than ours.  

Concerning the hormonal levels, our results
showed of about 45% in both the plasma LH and
plasma testosterone in the animals exposed to
lead for two months.  If a decrease in testosterone
was reported for blood lead lower than ours [20,
22] no study has reported a variation of the LH for
lower blood lead [22, 31, 32]. On the contrary,
Thoreux-Manlay and co-workers [24] observed a
reduction in LH of about 32% at blood lead
concentration approximately eight times higher
than ours.  
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Figure 1. Lead crystals in seminiferous tubule (A) and

abnormal mitosis (B) after 60 days of exposure to lead

acetate (magnification x 400).
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The fall in plasmatic testosterone seems to be
due to the fall in the secretion of the testosterone
(35%) by the Leydig cells confirmed by the
analysis of testosterone in the interstitial fluid. The
disorder of the synthesis of testosterone could
result in a decrease in the secretion of the LH and
a reduction in the number of receivers to the LH
[33] and/or in a reduction in the expression of
enzymes cytochromes, P450scc, P450c17 and the
3β-hydroxysteroid dehydrogenase implied in the
biosynthesis of the testosterone and which was
highlighted on a culture of interstitial cells issued
from rats poisoned for 5 weeks with lead acetate
at a rate of 8 mg/Kg/day [24]. Although our results
do not confirm a direct toxic action of lead on the
level of the Leydig cells, it seems certain that lead
has had a strong toxic effect on the hypothalamic-
pituitary axis. Indeed, in spite of the spectacular
fall in plasma testosterone observed after two
months of exposure to lead, the LH did not
undergo any increase. This confirms a disruption
of the feedback control exerted by testosterone
on the synthesis of the LH in pituitary gland or on
the secretion of LHRH in hypothalamus which
appeared dependent especially on the
testosterone [34]. The study of Petrusz and co-
workers [35]  showing that the pituitary contents
in LH remained unchanged whereas that of the
FSH was increased in young rats poisoned with
lead was in contradiction with our results and
highlights the need for further studies in this field.  

Also, our results showed a fall of about 45% in
the plasma FSH after two months of exposure to
lead.  This was in agreement with the study of
Sokol and co-workers [22] in which lead was
administered at the same amount as in our study
and only for one month, but was inconsistent with
the results of other works [30, 31, 36]. The
heterogeneity of the results concerning the FSH
could be explained mainly by the use of different
amounts of toxicant, the varied period of
exposure and the multiple routes of
administration of the toxicant.  

It seems that the fall in the FSH is the principal
cause of the reduction in the number of the
spermatozoa observed after 60 days of exposure
to lead.  Indeed, the disturbances of the number,
the motility and the morphology of the
spermatozoa were observed in rodents, monkeys
or in man [12, 37, 38] for blood lead higher than
0.4 µg/ml.  The FSH plays, in fact, a key role in the
reproductive function in males.  It stimulates the
proliferation of the Sertoli cells [39], induces the
synthesis of the ABP [40], which is implied in the
transport of testosterone and the
dehydotestosterone from the testis towards the

epididymis and increases the expression of the
transferrine in the Sertoli cells [41].

The deterioration of the spermatogenesis
observed in our study seems to be due to a drop
in the secretion of FSH, but we should not rule out
that this effect is amplified by a certain
dysfunction of the Sertoli cells caused directly by
lead. This hypothesis can be confirmed by the
presence of lead deposits preferentially in the wall
of seminiferous tubules. On the contrary, the data
reported by Wadi and Ahmad [42] supported that
lead targets testicular spermatogenesis and sperm
rather than hypothalamic-pituitary axis. Using lead
at 0.25%, these authors reported a reduced
number of sperm within epididymis, while plasma
FSH was not affected in adult mice. Considering
the constancy of FSH reported in poisoned
animals [30, 31, 36] and its reduction in other [22],
it is yet difficult to understand the role of this
hormone in the spermatogenesis disorders in the
intoxicated animals. 

Although our study showed a fall in the
concentration of testosterone in the seminiferous
tubule fluid in the animals poisoned with lead for
two months, concentration still 20 times higher
than that essential for the maintenance of normal
spermatogenesis [43-45], excluded the possibility
of a disorder of the spermatogenesis related to a
deficit of testosterone in the seminiferous tubule
fluid.  If we referred to the data of Turner and co-
workers [25] which reported testosterone
concentrations of about 50 ng/mL in the
seminiferous tubule fluid and 73 ng/mL in the
interstitial fluid in the normal rat, the
concentrations obtained in our study in the 60 day
old rats (30 days after exposure to lead) were at
least 5 times higher both in interstitial fluid and
seminiferous tubular fluid. The high sensitivity of
the chemiluminescence used for the
proportioning of testosterone and the method
employed for the extraction of the testicular
fluids could explain largely the values obtained in
our study in comparison with previous works.  

In conclusion, the results of this study
demonstrate that the chronic administration of
lead acetate in rats induced, after two months of
exposure, a deterioration of the spermatogenesis
and a very significant fall in the secretion of
testosterone by the Leydig cells.  Although we
cannot exclude a certain direct toxicity of lead on
the interstitial cells and the Sertoli cells, it seems
that the major target of the toxicity of lead occurs
on the hypothalamic-pituitary axis via a reduction,
at the same time, in the secretion of LH and FSH.
Further studies are still required to explain the
mechanism of toxicity of lead and especially to
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clarify the role of the hypothalamic-pituitary axis
in testicular dysfunction.  
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