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1. Introduction

  Exposure to the myriad of hazardous substances 
at both environmental and occupational settings 
may severely disrupt semen quality and fecundity. 
Elegant studies evidenced the deleterious effects of 
some chemicals such as heavy metals, solvents, and 
pesticides on male reproductive function[1-6]. Attention 
was focussed on spermatogenesis, a complex process 
which is easily adversely affected by pollutants. Among 
the innumerable environmental contaminants, lead and 
cadmium compounds deserve special concern, since 
they target multiple organs and systems in both human 
and wildlife[7]. In fact, cadmium and lead were classified 
as human carcinogens by the International Agency for 

Research on Cancer[8-9]. In addition, reprotoxic effects of 
these compounds were largely reported in the literature. 
For example, adverse effects of lead chloride on sperm 
parameters of mice were described[10]. Although sperm 
physiological parameters such as motility, morphology 
and acrosome status were altered, no significant 
genotoxic effect was detected in this report. Recently, 
Shafai and co-workers evidenced severe testis alterations 
on albino rats after prolonged lead exposure, using light 
and electron microscopy studies[11].
  Cadmium is also a known endocrine disruptor 
compound, interfering on the synthesis and regulation 
of some hormones in both females and males[12]. The 
toxic effects of cadmium on the reproductive system 
and underlying mechanisms were reported[13]. In those 
papers, testicular changes have been described on 
animal models at different stages of growth and maturity. 
Disruption of the blood–testis barrier by cadmium due 
to adverse effects on cell adhesion, oxidative stress, 
and necrosis at higher experimental doses was also 
underlined. Poor semen quality such as low sperm count 
and motility was also associated with  cadmium exposure 
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in heavy smokers. 
  In similar context, there is a great interest on the 
investigation of complexes mixtures on human and 
environmental health, since persistent pollutants may 
contaminate water, food, and air. For example, the 
complexity of biological and chemical interactions among 
three metals/metalloids (lead, cadmium, and arsenic) was 
reviewed by Wang and Fowler[14], in both experimental 
animal and human exposures. In this review, several 
common mechanisms underlying their toxicities, 
including production of oxidative stress, reaction with 
sulfhydryl groups, and interference with essential metals, 
were described.
  Previous reports from our laboratory revealed that mice 
exposed per se to lead chloride and cadmium chloride 
(74 and 1 mg/kg body weight, respectively) for a short 
period of time (48 and 24 h, respectively) did not impair 
spermatogenesis[15-16]. Then, the current study aims to 
explore if the co-exposure to lead and cadmium for the 
same periods have cumulative effects on mice testis 
morphology.

2. Materials and methods

2.1. Animals, housing conditions, and experimental design

  Eight-week-old male ICR-CD-1 mice weighing 
(30±2) g purchased from Harlan (Spain) were randomly 
divided in two groups (five animals each) and housed 
in polypropylene cages with stainless steel grills under 
the following laboratory conditions: temperature (22±2) 
°C, relative humidity 50%-60%, and 12 h dark-light 
period. Water and food were given ad libitum. Mice were 
allowed to acclimate to the vivarium environment for 5 d. 
Solutions of lead chloride (Merck, Darmstadt, Germany) 
and cadmium chloride (Sigma-Aldrich, Dorset, UK) 
were prepared in saline (74 and 1 mg/kg body weight, 
respectively) as previously reported[15-16]. For the co-
exposure treatment, mice were subcutaneously injected 
with lead chloride on day 1 and cadmium chloride on day 
2, and kept for 24 h. Control animals were administered 
with 9 g/L sodium chloride as a vehicle at the same 
time. The behaviour of animals was monitored during 
the study. After sacrifice, body and testis weights were 
recorded. Animal experiments were performed according 
to procedures for ethics in animal experimentation (Rule 
number 86/609/CEE- 24/11/92).

2.2. Histological studies

  The right testis from each animal was fixed in Boiun´s 
solution. Six hours later, testis was sliced and kept again 
in a fresh solution of the fixative for 24 h, dehydrated in 

graded ethanol series, and embedded in paraffin wax. 
Sections (5 µm thick) were stained with haematoxylin 
and eosin and usually prepared for histology. Sections 
were observed and digital images were taken by a 
digital camera Olympus Camedia C-5060 coupled to 
a microscope Olympus BX41 (Olympus, Tokyo, Japan). 
In addition, the measurement of seminiferous tubules 
diameter in sections of the two groups of animals (about 
30 tubules/histological section) was performed using 
software based on deformable models (SNAKE) as 
described by Guevara and co-workers[17]. 

2.3. Statistical analysis

  One way ANOVA was carried out to compare body, testis 
weights, and tubular diameters from the two groups.

3. Results

  In the present study, a surviving rate of 100% was 
recorded, although decreased movement was noted after 
cadmium chloride administration. Body and organ weights 
of the two groups revealed similar values (data not shown). 
Macroscopic pathological changes were not apparent. 
Sections of seminiferous tubules in control animals 
evidenced normal regular features, namely, compactly 
organized germinal epithelium (Figure 1). However, 
histopathological studies revealed considerable damage 
in lead-cadmium exposed group (Figure 2): shrinkage 
and atrophy of seminiferous tubules, derangement of 
cellular organization due to germ cell degeneration, and 
cell exfoliation was evident. In addition, wavy contour 
of seminiferous tubules was noted. Seminiferous tubules 
diameter was significantly reduced (P<0.001) in this group 
(Figure 3). 
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Figure 1. Representative microphotograph of the testis in vehicle 
group displaying normal spermatogenesis.
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Figure 2. Testis sections from lead-cadmium exposed group with 
several morphological changes being noted. 
(A) The organization pattern within distorted seminiferous tubules did 
not reveal normal orientation of germ cells. Intertubular tissue also 
presents edema (*). (B) Haemorrhages were seen in intertubular tissue 
(arrows) and immature cell exfoliation within the lumen was noted 
(arrowheads). (C) Atrophic seminiferous tubules (arrows) and release 
of immature germ cells into the lumen (arrowheads) were evident.
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Figure 3. Profile of seminiferous tubules diameters from control and 
lead-cadmium exposed groups. 
Data are represented as mean±SD values. ***P<0.001 exposed versus 
control group.

4. Discussion 

  Human exposure to hazardous mixtures is still a major 
public health concern. In fact, antagonistic, additive, and/
or synergistic effects on target organs and tissues may 
occur. The present work clearly demonstrated additive 
effects of simultaneous administration of lead and cadmium 
to mice for 72 h. In effect, disturbed spermatogenesis was 
observed, contrarily to previously reported by our group, 
where no structural changes within testis was revealed using 
these doses per se, and time-points[15-16]. Surprisingly, 
atrophy of seminiferous tubules observed in this group 
was not accompanied by low testis weight, probably due to 
haemorraghes within intertubular tissue. Similar additive 
effects of lead-cadmium mixtures on mitochondrial 
ultrastructure of Sertoli cells were described by Bizarro 
and co-workers in the mouse[18]. After 1 week of inhalation 
exposure of this mixture, significant values were described, 
whereas the effect of each compound per se became 
significant after a longer period, i.e., 2 weeks of exposure. 
However, different result was obtained on male rats co-
exposed to cadmium and nickel[19]. In fact, an ameliorating 
effect induced by nickel on pathological changes caused 
by cadmium alone in the rat testis was reported by these 
authors. Investigations undertaken by Elkin and co-
workers evidenced disruption of the blood-testis barrier 
by cadmium chloride, at doses of 1.75-3.00 mg/kg, whereas 
for lower dose (1 mg/kg) no changes were seen[20]. Then, in 
the present work, cumulative effects of lead and cadmium 
may have disrupted the blood-testis barrier, then causing 
the histopathological lesions above described. However, 
further studies using a double staining for related proteins 
and tracer techniques to evaluate blood-testis barrier 
integrity and function are needed. These approaches added 
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to mitochondrial function evaluation may clarify the nature 
of these interactions.  
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