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Abstract
Cadmium and lead are toxic heavy metals, while selenium is an essential element that exerts antioxidant effects. The purpose
of this study was to assess the effects of sodium selenite coexposure in rats with testicular injuries induced by cadmium and
lead subacute exposure. A number of 48 male Wistar rats were used, randomly divided into 8 experimental groups (n = 6). The
animals were exposed for 56 days to the elements through the drinking water. The groups were: Control group; Se group; Cd
group; Pb group; Cd + Pb group; Cd + Se group; Pb + Se group; Cd + Pb + Se group. Testes from rats exposed to cadmium,
lead or cadmium simultaneously with lead showed various types of histological damage, overexpression of p53, COX-2, Bcl2, caspase-3 and TUNEL, as well as accumulation of cadmium or lead in particular areas from testes sections, as evidenced by
environmental scanning electron microscopy coupled with energy dispersive X-ray spectroscopy (ESEM-EDAX). Coexposure
to selenium partially alleviated histological damage and expression of the proteins involved in apoptosis. It caused a decreased
accumulation of cadmium and lead and selenium accumulation in particular areas from testes sections. Exposure of rats to the
toxic elements at the mentioned levels exerted significant testicular toxicity while selenium exerted moderate protective effects.

Rezumat
Cadmiul și plumbul sunt metale grele toxice iar seleniul este un element esențial care exercită efecte antioxidante. Scopul
acestui studiu a fost de a evalua efectele coexpunerii la selenit de sodiu a șobolanilor cu leziuni testiculare induse de expunerea
subacută la cadmiu și plumb. Au fost utilizați 48 de șobolani masculi rasa Wistar, distribuiți în 8 loturi (n = 6). Animalele au
fost expuse timp de 56 de zile la elemente prin intermediul apei de băut. Loturile au fost: controlul; lotul Se; lotul Cd; lotul Pb;
lotul Cd + Pb; lotul Cd + Se; lotul Pb + Se; lotul Cd + Pb + Se. Testiculele provenind de la șobolanii expuși la cadmiu, plumb
sau cadmiu simultan cu plumb au prezentat diferite tipuri de leziuni histologice, supraexpresia p53, COX-2, Bcl-2, caspaza-3
și TUNEL, precum și acumularea cadmiului sau plumbului în anumite zone din secțiunile testiculare, fapt evidențiat prin
microscopie electronică de scanare cuplată cu spectroscopie de raze X cu dispersie de energie. Coexpunerea la seleniu a atenuat
parțial leziunile histologice și expresia proteinelor implicate în apoptoză și a determinat o acumulare redusă de cadmiu și plumb
și acumularea seleniului în zone specifice din secțiunile testiculare. Expunerea șobolanilor la elementele toxice în dozele
menționate s-a manifestat prin toxicitate testiculară semnificativă iar seleniul a manifestat efecte protectoare moderate.
Keywords: cadmium, lead, selenium, energy-dispersive X-ray spectroscopy

Smoking is known to be a significant source of cadmium.
Each cigarette contains around 5 mg of cadmium, which
explains why smokers have significantly increased
cadmium blood levels. On average, cadmium blood
levels are as much as 4 - 5 times higher in smokers
than in non-smokers [68]. Significant absorption, a
low excretion ratio and a long half-life (higher than
20 years) can cause an increase in cadmium burden in
various organs [78]. Cadmium induces severe toxicity
in various organs, including the liver, kidney, lungs,

Introduction
Industrial activities can cause an increase in pollutants
levels in the environment, affecting all ecosystems
and implicitly the food chain of the human population
[36, 58].
The primary sources of cadmium are non-ferrous
metallurgy, fossil fuel consumption and industrial
waste, fertiliser manufacturing, batteries, dyes and
plastics [7, 30]. Cadmium can enter the human body
through inhalation, ingestion and skin contact [78].
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bones and testes [21, 37, 44, 49, 50, 65, 74, 85]. It is
involved in the induction of prostate, testes and lung
cancer and is classified as a type I carcinogen by the
International Agency for Research on Cancer [71]. It
has been shown that a correlation between an increase
in apoptotic cells numbers in testes, which in the end
causes decreased spermatozoid counts, and cadmium
levels in infertile men exists [12, 72].
Experimental studies have shown that exposure to
cadmium induces testicular lesions in rodents. Oedema
and haemorrhage precede necrosis of testicular tissue
[66]. In testes of rodents, necrosis of germinal cells
occurs as a result of disruption in the vascular system
caused by cadmium [54]. Apoptosis of germinal cells
in rodents induced by cadmium results from increased
expression of caspase-3, Bax and Bcl-xL and decreased
expression of Bcl-2 genes [15]. Monsefi et al. [52]
showed that exposure to cadmium, depending on the
dose, determines a significant decrease in spermatozoid
count and testes and epididymis weight, cellular
abnormalities, as well as increased cell death ratio for
spermatozoids and interstitial Leydig cells in mice.
The mechanisms on which cadmium toxicity is based
are oxidative stress, apoptosis and inflammation [10].
By disrupting cellular antioxidant mechanisms, cadmium
enhances the production and accumulation of free
radicals in cells [8]. Oxidative stress leads to an
increase in malondialdehyde (MDA) levels [64, 66]
and induces apoptosis in vitro [9] and in vivo [15].
Cadmium triggers apoptosis in spermatogonia and
spermatocytes are an endocrine disruptor and can
interfere with Leydig cell's functions, inhibiting testosterone
secretion [46]. Once that testosterone secretion has
been inhibited, massive apoptosis of germinal cells
would occur [83].
Cadmium is accumulated in reproductive organs of
males, both in humans and animals [12]. Multiple
studies showed that the testicle is more sensitive to
cadmium than other organs [20]. Testicular toxicity is
common for cells that are found in the first steps of
development, specifically spermatogonia and spermatocytes.
Long exposure to the toxic agent causes general and
nonspecific cellular degeneration [47].
In one study, exposure to cadmium reduced serum
testosterone levels after 56 days of exposure to CdCl2.
Serum luteinising hormone (LH) levels were also
disturbed after 56 days. Less regenerated Leydig cells
were observed in testes of rats exposed to cadmium
for 56 days. Because LH is a critical factor for Leydig
cells differentiation, it has been demonstrated that low
cadmium doses can alter Leydig cells regeneration
irreversibly [79].
Testicular toxicity induced by cadmium is caused by
complex interactions [66], involving oxidative stress
[71], which leads to an increase in apoptosis in germinal
cells [72]. There are controversies in regard to testis's
weight after exposure to cadmium. Some studies reported
testes atrophy, while others [35] reported an increase

in testicular weight, similar to the findings of the
present study. This can suggest that the interstitial
oedema was caused by the accumulation of liquid.
Oedema is the direct consequence of altered hemodynamics mediated by damage of the vascular
endothelium [59].
Exposure to cadmium and lead causes degeneration
and depletion of germinal cells, modifications of Sertoli
cells and inflammatory changes. Sertoli cells can have
morphological modifications in case of exposure to
these toxic metals that can directly affect germinal
cells. Sertoli cells are more rarely subject to apoptosis
or necrosis when compared to germinal cells. During
various chronic degenerative processes, they are
frequently the only surviving cells in the seminiferous
epithelium. It has been previously shown that exposure
to cadmium causes an increase in the volume of Sertoli
cells cytoplasm in rats [45, 86] and tears the bloodtestis barrier [18]. In mice, exposure to cadmium
determines deterioration of mitochondria from Sertoli
cells [14]. Cadmium was distributed in the cytoplasm
of Sertoli cells after exposure to cadmium, suggesting
that the cytoplasm is a target for cadmium [45]. Some
tubules lack all germinal cells and are covered only
by Sertoli cells. Other tubules are partially depleted
in germinal cells. Other studies also mention that
degenerative modifications of the tubules, accompanied
by tubular atrophy, are common manifestations of the
toxic effects at the testicular level [63].
It has been reported that free radicals activate apoptosis
by modulating the expression of various signalling
proteins involved in apoptosis [13]. They deregulate
the p53 gene, leading to activation of Bad. Bad is a proapoptotic member of the Bcl-2 family that modulates
apoptosis through mitochondrial stress. Free oxidative
radicals are involved in the depolarisation of mitochondrial
membrane and in opening of channels for pro-apoptotic
factors. Anti-apoptotic Bcl-2 protein is found primarily
in the outer mitochondrial membrane, where it forms
a heterodimer with Bad, thus inhibiting the proapoptotic effect of Bad [61]. Cadmium increases the
expression of the pro-apoptotic factor Bcl-2 and of
caspase-3 and reduces the expression of anti-apoptotic
proteins Bcl-xL [15]. Some studies [76] sustain that
apoptosis induced by cadmium or lead is associated
with mitochondrial lesions and thus Bcl-2 proteins
are released in the cytoplasm and finalise this process
[62] by activating caspase-3 [60].
p53 is a short-lived intra-cytoplasmatic protein that in
normal conditions is rapidly degraded by the ubiquitinproteasome system (UPS) [43]. It has been observed
that cadmium suppresses gene expression of all members
from the Ube2d ubiquitines family (Ube2d1, Ube2d2,
Ube2d3, Ube2d4) and induces accumulation and
phosphorylation of p53, followed by death of p53
dependant apoptotic cells in proximal renal tubules,
both in vivo and in vitro [70]. It has also been shown
that apoptotic cells from uriniferous tubules show p53
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overexpression after exposure of rats to cadmium for
12 months [48].
Most studies suggest moderate to high levels of
environmental cadmium exposure will affect sperm
parameters. Even if some animal studies showed an
adverse effect of low cadmium exposure on semen
parameters, more research must be conducted in order
to clarify this relationship in human males [77].
The primary sources of environmental lead have been
leaded gasoline, industrial emissions, oil refining, and
lead bullets [42]. Human exposure to lead compounds
continues to be a public health concern [57].
Reproduction dysfunction caused by lead exposure
is accompanied by morphological and biochemical
changes in testes that consist of epithelial disorganisation
of the seminiferous tubules, decrease in semen quality
and modification of spermatozoa shape and size [6,
32], and that has been associated with an increase in
oxidative stress [2, 25, 27, 33, 53, 63, 82]. Most
available observational studies conducted in humans
found significant adverse effects of low to moderate
lead exposure levels on sperm parameters and alterations
in hormone levels [77].
Exposure of animals to lead causes an imbalance
between the defence systems of seminal plasma against
oxidative stress and leads to the generation of free
radicals. Under physiological conditions, small amounts
of reactive oxygen species (ROS) are produced by sperm
and several factors act to reduce their concentration
in seminal plasma [26]. Excess ROS produces excessive
oxidative stress in sperm, resulting in changes in DNA
and nuclear and sperm proteins, decreased mobility
and impaired membrane integrity [4, 41]. Lead acetate
increases lipid peroxidation and causes nitric oxide
generation and simultaneous reduction in catalase and
superoxide dismutase activity [1]. These free radicals
attack sperm membranes and increase their permeability.
Deterioration of the plasmatic membrane of spermatozoids
and an increase in permeability seems to be confirmed
by a significant increase in abnormal spermatozoid
numbers.
Scientific information is divergent when the effect of
cadmium and lead co-exposure is evaluated [17]. Even
if epidemiological studies have been equivocal in regard
to lead and cadmium effects on male fertility and sperm
parameters [11], an increase in lead and cadmium
levels was observed in infertile men and there was a
significant negative correlation of cadmium and lead
semen concentrations with sperm motility and sperm
count in men [56]. Moderate exposure to lead and
cadmium can significantly reduce human semen quality
without conclusive evidence of impairment of male
reproductive endocrine function [69]. Treatment of
male infertility should include antioxidant therapy since
oxidative stress was proven to contribute to defective
spermatogenesis [3].
Hepatic and renal apoptosis induced by exposure to
low levels of cadmium and lead was associated with

mitochondrial lesions and modifications in proteins
involved in apoptosis, such as Bcl-2, Bax and caspase3 [87].
Selenium is an essential trace element for humans and
animals [16, 39]. It exerts antioxidant effects [84] and
improves immune function [22], although in high
doses, it can exert toxic effects [5]. A multitude of
studies has suggested that selenium can ameliorate
the toxic effects of some heavy metals and medicines
[34, 80]. Cadmium induced apoptosis, which implies
disturbance of pro-apoptotic Bak, p53, caspase-3 and
caspase-9 gene expression and increase of anti-apoptotic
Bcl-2 and Bcl-xL gene expression is alleviated by
selenium.
The study's main objective was to evaluate the effect
of sodium selenite co-exposure in rats with testicular
injuries induced by cadmium and lead subacute
exposure.
Materials and Methods
Materials
The experimental protocol was evaluated and approved
by the Ethics Committee for Research of “Grigore T.
Popa” University of Medicine and Pharmacy, Iaşi,
Romania. All animal experiments were conducted in
accordance with the internal regulations of the university,
Directive 2010/63/EU and other applicable laws.
Cadmium chloride hemipentahydrate (CdCl2 * 2.5 H2O),
lead acetate tri-hydrate (Pb(CH3COO)2 * 3 H2O) and
sodium selenite pentahydrate (Na2SeO3 * 5 H2O) were
used in the experiment as sources of cadmium, lead
and selenium. Ketamine 10%, injectable solution for
veterinary use (Kepro VB, Holland), was used as
anaesthetic. All other reagents used were of analytical
grade. Distilled water was used as drinking water for
the animals.
Experimental protocol
Male Wistar rats were procured from “Cantacuzino”
National Institute for Research and Development in
Microbiology and Immunology - Băneasa, Romania,
animal facility. Their initial weight was between 250
and 400 g, and their age was approximately 8 months.
A number of 48 rats were randomly divided into 8
experimental groups (n = 6) and subsequently marked.
Each group was housed in a collective cage. The
environmental temperature throughout the experiment
was 18 - 25°C and the light/dark cycle was 12/12
hours. Free access to food (dry chow) and water
(containing the elements of interest), both ad libitum,
was provided. The water consumption for every group
was measured daily and the body weight was measured
every 7 days. The compounds of interest were dissolved
in the drinking water. The experimental groups, with
the corresponding elements dosage were [19, 31, 51,
67]: Control group (only distilled water); Se group
(Se – 0.2 mg/L); Cd group (Cd – 150 mg/L); Pb group
(Pb – 300 mg/L); Cd + Pb group (Cd – 150 mg/L and
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Pb – 300 mg/L); Cd + Se group (Cd – 150 mg/L and
Se – 0.2 mg/L); Pb + Se group (Pb – 300 mg/L and
Se – 0.2 mg/L); Cd + Pb + Se group (Cd – 150 mg/L,
Pb – 300 mg/L and Se – 0.2 mg/L). The period of
exposure was 56 days [28]. At the end of the exposure
period, the animals were anaesthetised with ketamine
(100 mg/kg body weight (bw)), which was injected
intraperitoneally. The rats were immobilised and the
testes were surgically removed.

The volume of water consumed by a group during 24
hours was divided to the total weight of the rats from
that group and the approximate water consumption
per kg bw for each group was estimated. Means for 7
days intervals were calculated. The approximate daily
intakes of selenium, cadmium and lead per kg bw
were calculated based on the approximate water
consumption and the concentrations of the elements in
the drinking water. The means for the entire experimental
period are given in Table I [67].
Table I
Intake of cadmium, lead and selenium through the drinking water for the experimental groups [67]
Group
Control
Se
Cd
Pb
Cd + Pb
Cd + Se
Pb + Se
Cd + Pb + Se

Cd (mg/kg bw) Pb (mg/kg bw) Se (µg/kg bw)
15.48 ± 0.42
10.48 ± 0.41
25.34 ± 0.68
8.80 ± 0.35
17.6 ± 0.70
7.36 ± 0.23
9.81
23.84 ± 0.64
15.90 ± 0.43
7.28 ± 0.24
14.56 ± 0.48
9.71 ± 0.32

Histology and immunohistochemistry
Fixed testes samples were trimmed (anterior third of
the testicle; transverse), embedded in paraffin, and
sectioned at 5 µm. Further processing of the sections
and immunostaining was conducted according to the
instructions for use provided by the manufacturers of
the antibodies used. The sections were dewaxed, and
the epitopes in the sections were revealed by being
heated at 95°C in 10 mmol of citrate acid buffer at
pH 6, for 10 min in a microwave oven, followed by
maintaining them at room temperature for 20 min.
The sections were then washed twice in phosphate
buffer saline (PBS) (pH 7.5) for 5 min. Tissue sections
were incubated with primary anti-p53 (Vector
Laboratories, USA), anti-COX-2 (Vector Laboratories,
USA), anti-Bcl-2 (Vector Laboratories, USA) and anticaspase-3 (Leica Biosystems, Germany) antibodies
and diluted 1:100 at room temperature in a humid
chamber for 1 h. After being washed with PBS, slides
were incubated with the secondary antibody, horseradish
peroxidase (HRP) goat anti-mouse IgG (Vector
Laboratories, USA), for 1 h, in a humid chamber, at
4°C, then washed with PBS and incubated with the
3,3′ diaminobenzidine (DAB) substrate for 7 min and
counter-stained with Harris haematoxylin, clarified
in xylene, and mounted.
TUNEL IHC protocol
The instructions for use provided by the manufacturer
of the kit were followed during the processing of the
sections. The sections from testes (sectioned at 4 µm
from the same blocks as those used for histology and
immunohistochemistry; dewaxed) were pre-treated by
microwave irradiation at 350 watts for 5 minutes in
citrate buffer (0.01 M at pH 6.0). Rapid cooling was
achieved by immersing the slides in PBS at room
temperature. Specimens were exposed for one hour,

at room temperature in a humidity chamber, to the
terminal deoxyribonucleotidyl transferase (TdT)-mediated
dUTP-digoxigenin nick-end labelling (TUNEL) mixture.
This contained equilibration buffer (98 mL), biotinylated
nucleotide mix (1 ml) and terminal deoxynucleotidyl
transferase (TdT) (1 mL) (DeadEnd® Apoptosis kit;
Promega, USA). TdT was omitted from the TUNEL
labelling mixture in the TUNEL negative controls.
Positive controls were obtained by pre-treating with
deoxyribonuclease (Dnase) prior to incubation with
the TUNEL labelling mixture. Endogenous peroxidases
were blocked by immersing the slides in 0.3% hydrogen
peroxide for 3 minutes at room temperature. Sections
were then incubated with streptavidin HRP at 1:500
in PBS for 30 minutes at room temperature and
visualised with diaminobenzidine.
All testes sections were analysed using an Olympus
CX41 microscope with an integrated DP21 camera.
Quantification of lesions
The slides marked for p53, COX-2, Bcl-2 and caspase-3
were evaluated using TIFFalyzer software and Image-J
with IHC Profiler plugin software. By using TIFFalyzer,
the affected cells were counted based on markers
activity, and chromogen expression was quantified
as cumulative signal strength or mathematical energy
of an image.
IHC Profiler employs an automated digital image
analysis algorithm. After colour deconvolution three
images are produced: one corresponding to haematoxylin
stain, one to DAB stain and also a complimentary
image. In order to evaluate the cytoplasmic staining
pattern, a histogram is constructed based on the deconvoluted DAB image, consisting in a plot between
the intensity values of the pixels (X axis) and the
number of pixels corresponding to the intensity (Y
axis). The pixel intensity values vary from 0 (darkest
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shade) to 255 (lightest shade). The histogram profile
is divided into four zones, based on pixel colour
intensity: high positive (0 - 60), positive (61 - 120),
low positive (121 - 180), and negative (181 - 235).
Pixels with intensity values in the interval 235 - 255
were excluded from the zones, as they represent fatty
tissues, which do not contribute to pathological scoring.
Partial scores for a zone are assigned based on the
following formula:
𝑃𝑎𝑟𝑡𝑖𝑎𝑙 𝑠𝑐𝑜𝑟𝑒 =

which septa derive, dividing the parenchyma into
lobules, each containing 3 - 5 seminiferous tubules.
These have a circular or elliptic aspect when sectioned
and are separated by an interstitium that contains Leydig
cells, blood vessels, lymphatic vessels, macrophages
and ultrafiltrate rich in proteins and testosterone.
Seminiferous tubule epithelium is formed from Sertoli
cells linked through close junctions, that form the bloodtestis barrier. This is formed, in successive order, from
spermatogonias, spermatocytes and round elongated
spermatides. Seminiferous tubules also contain peritubular
myoid cells. Seminiferous tubules unite into straight
seminiferous tubules that continue with efferent ducts
and epididymis. Immunohistochemical marking to the
employed antibodies was absent or very low in intensity
(Figure 1 – Control: Caspase 3, TUNEL, p53, Bcl-2,
Cox-2, Caspase 3).
Testes of rats from the Cd group showed a reduction
in seminiferous tubules diameter, consequently to
their histological disorganisation, interstitial oedema,
irregular arrangement of epithelial cells that cover the
seminiferous tubules, multinuclear gigantic cells in
the epithelia, degeneration and separation of immature
spermatogenic cells that accumulate in the centre of
seminiferous tubules. Some of the tubules suffered
active degeneration of germinal cells (tubular degeneration)
and approximate 25% of tubules lost all germinal cells
(tubular atrophy). Overexpression of caspase-3, Bcl-2,
p53, COX-2 and TUNEL was observed (Figure 1 –
Cd: Caspase 3, TUNEL, p53, Bcl-2, Cox-2). After
immunostaining, nuclei of cells showing caspase-3,
Bcl-2, p53, COX-2 and TUNEL overexpression have
a brown colour.
Testes of rats exposed to selenium and cadmium
showed an amelioration regarding the modifications
observed in rats exposed only to cadmium. A higher
number of spermatogenic cells and a significantly lower
number of cells immunomarked for caspase-3, Bcl-2,
COX-2, TUNEL and p53 were observed. Still, seminiferous
tubules with immature cells, separated and localised
in the lumen of the seminiferous tubules occur (Figure
1 – Cd + Se: Caspase 3, TUNEL, p53, Bcl-2, Cox-2).
Rats from the group exposed only to lead had testicular
lesions similar to those observed in the rats from the
Cd group. Some tubules are completely depleted of
germinal cells, and show modifications such as atrophy,
degeneration, vacuolisation, and cell exfoliation and
are covered only by Sertoli cells. Other tubules show a
partial depletion of germinal cells (approximately 40%),
and the rest look normal in aspect. Immunostaining
is evident for caspase-e, Bcl-2, COX-2 and TUNEL
in the first two rows of cells from the seminal line
(Figure 1 – Pb: Caspase 3, TUNEL, p53, Bcl-2, Cox-2).
The rats from the group exposed to lead and selenium
showed an amelioration of lesions. The number of cells
from the spermatogenic line from tubules is higher,
while the proportion of tubules with intense lesions is

(Number of pixels in a zone) x ( Score of the zone)
Total number of pixels in an image

.

The score of the zone is set as 4 for the high positive
zone, 3 for the positive zone, 2 for the low positive
zone and 1 for the negative zone [73]. The final results
are expressed as a global score, which is the sum of
four partial scores (high positive zone, positive zone,
low positive zone, negative zone).
Environmental scanning electron microscopy (ESEM)
coupled with energy-dispersive X-ray spectroscopy
(EDAX)
Sections (sectioned at 5 µm from the same blocks as
those used for histology and immunohistochemistry)
from testes were dewaxed and examined through
ESEM-EDAX. Morphological characterisation of the
samples was performed through ESEM using Quanta
450 system (FEI-Thermo Fisher Scientific, USA)
equipped with an Octane EDS detector (EDAX Ametek).
The ESEM allows the analysis of the samples as they
are, without the necessity to cover them with a
conductive layer. The samples were imaged using 15
kV electron beam energy at 10 mm working distance.
The elemental composition analysis was performed
on selected points distributed over the surface of the
sample.
Statistical analysis
Values are expressed as mean ± standard deviation
or as mean ± standard error. SPSS Statistics 20.0 was
used for statistical analysis in order to evaluate the
difference between the means of the scores of each
zone (high positive, positive, low positive, and negative)
and between the distribution of the elements in different
sections areas.
Two-tailed t Student test for independent samples
(unequal variances) was performed to evaluate the
significance of the difference between the means of
the scores. The confidence interval was set at 95%.
Values of p lower than 0.05 were considered significant.
Mann-Whitney U-test was performed to evaluate the
significance of the difference between the distribution
of the elements. Values of p lower than 0.05 were
considered significant.
Results and Discussion
Immunohistochemical examination
The structure of control rats' testes and those exposed
only to selenium was normal, without modifications.
Testes of control rats are covered by albuginea, from
694

FARMACIA, 2022, Vol. 70, 4

lower, approximately 15 - 20 % (Figure 1 – Pb + Se:
Caspase 3, TUNEL, p53, Bcl-2, Cox-2).
Testes of rats exposed to cadmium and lead show
lesions similar to those described for the Cd group
and the Pb group (Figure 1 – Cd + Pb: Caspase 3,

TUNEL, p53, Bcl-2, Cox-2). Selenium partially
ameliorated the lesions in the rats exposed to both
cadmium and lead (Figure 1 – Cd + Pb + Se: Caspase
3, TUNEL, p53, Bcl-2, Cox-2).

Figure 1.
Testes sections of rats from the experimental groups (Casp-3, Bcl-2, p53, COX-2 and TUNEL staining). Tissular
damage and intense staining for Casp-3, Bcl-2, p53, COX-2 and TUNEL are observed in groups that received
cadmium and/or lead, while in the groups co-exposed to selenium amelioration of lesions and attenuation in
staining intensity is observed.
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Quantification of lesions
The coloration for Casp-3, Bcl-2, p53, COX-2 and
TUNEL, assessed with TIFFalyzer, was higher for
the Cd and Pb groups than for the Control and Se
groups, whereas it was higher for the Cd + Pb group
than for the Cd and Pb groups. Co-exposure to selenium

resulted in a lower coloration, when compared to the
groups exposed only to the individual toxic metal or
a mixture of the two (Figure 2). The results obtained
with IHC profiler software confirmed the results
obtained for quantitative intensity obtained with
TIFFalyzer (Tables II - VI).

Figure 2.
Casp-3, Bcl-2, p53, COX-2 and TUNEL expression levels in testis: quantitative intensity of the chromogen
(diaminobenzidine, DAB) expressed as Energy units/pixel (EU-pixel) for the experimental groups (TIFFalyzer
software was used); error bars represent standard error (SE)
Table II
Expression level of Bcl-2, with scoring for each experimental group, using IHC Profiler software
Cd + Pb Cd + Pb + Se
Se
Cd
Pb
Cd + Se
Pb + Se
(150 + 300 (150 + 300 + 0.2
(0.2 mg/L) (150 mg/L) (300 mg/L) (150 + 0.2 mg/L) (300 + 0.2 mg/L)
mg/L)
mg/L)
2.9613
1.3831
0.9655
1.0831
3.3941
2.3831
High positive 0.5275 0.6271
0.0794 0.9258
4.9736
3.6927
3.0698
3.1927
6.2444
4.6927
Positive
2.7641
19.1475
23.7692
19.1847
19.7692
25.497
20.7692
Low positive 2.368
97.0251 95.683
72.9176
71.155
76.78
75.955
64.8645
72.155
Negative
Control
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Table III
Expression level of Casp-3, with scoring for each experimental group, using IHC Profiler software
Control
High positive
Positive
Low positive
Negative

0.6404
0.6606
2.2732
96.4258

Cd + Se Pb + Se
Cd + Pb
Cd + Pb + Se
Se
Cd
Pb
(150 + 0.2 (300 + 0.2 (150 + 300 (150 + 300 + 0.2
(0.2 mg/L) (150 mg/L) (300 mg/L)
mg/L)
mg/L)
mg/L)
mg/L)
0.8125
2.0489
2.5395
1.3798
1.6406
2.5502
1.4194
0.7439
5.7409
7.5236
3.2943
6.2346
9.2661
7.3611
2.3823
20.8244
20.007
22.6995 18.1602
30.0996
20.8664
96.0613
71.3858
69.9299
72.6264 73.9646
58.0841
70.3531

Table IV
Expression level of Cox-2, with scoring for each experimental group, using IHC Profiler software
Cd+Se
Pb+Se
Cd+Pb
Cd Pb+Se
Se
Cd
Pb
(150 + 0.2 (300 + 0.2 (150 + 300 (150 + 300 + 0.2
(0.2 mg/L) (150 mg/L) (300 mg/L)
mg/L)
mg/L)
mg/L)
mg/L)
0.0237
0.936
1.7932
1.4727
1.2215
1.529
11.6263
2.1624
0.2378
1.3091
6.8364
5.3242
2.4059
2.0824
11.1451
7.7215
5.18
3.2329
22.1041
21.8081
18.3028 18.1057 18.9345
23.5115

Control
High positive
Positive
Low positive

Table V
Expression level of p53, with scoring for each experimental group, using IHC Profiler software
Cd+Pb
Cd Pb+Se
Se
Cd
Pb
Cd+Se
Pb+Se
(150 + 300 (150 + 300 + 0.2
(0.2 mg/L) (150 mg/L) (300 mg/L) (150 + 0.2 mg/L) (300 + 0.2 mg/L)
mg/L)
mg/L)
2.4419
2.4607
1.6761
1.0605
11.7148
2.6547
High positive 1.0507 1.4371
0.4648 0.3008
10.4235
8.2975
8.0305
6.6881
11.4273
9.7663
Positive
18.1518
17.7823
20.3491
19.7367
20.5348
17.7509
Low positive 4.2822 5.2565
94.2023 93.0056 68.9828
71.4596
69.9443
72.5147
56.323
69.8281
Negative
Control

Table VI
Expression level of TUNEL, with scoring for each experimental group, using IHC Profiler software
Control
High positive
Positive
Low positive
Negative

0.8176
0.6347
2.6658
95.882

Cd+Pb
Cd+Pb+Se
Se
Cd
Pb
Cd+Se
Pb+Se
(150 + 300 (150 + 300 + 0.2
(0.2 mg/L) (150 mg/L) (300 mg/L) (150 + 0.2 mg/L) (300 + 0.2 mg/L)
mg/L)
mg/L)
0.0337
3.2109
2.6944
1.6298
1.2483
4.6826
3.9179
1.1365
9.3977
8.7413
7.2024
6.7813
10.918
7.3403
2.8269
20.9434
19.3839
18.0639
20.3337
23.7046
17.5546
96.0029
66.448
69.1804
73.1039
71.6367
60.6948
71.1872

ESEM-EDS examination and analysis
ESEM micrographs from rats from the Pb group and
the Pb + Se group are shown in Figure 3, while the
results of EDS analysis showed the following distribution
(%): 0.026 ± 0.002 Pb and 0.004 ± 0.001 Se in area
A from Pb group; 0.000 Pb and 0.004 ± 0.001 Se in
area B from Pb group; 0.060 ± 0.009 Pb and 0.005 ±
0.001 Se in area A from Pb + Se group; 0.004 ± 0.001
Pb and 0.002 ± 0.001 Se in area B from Pb + Se
group. In case of the Pb group, in the area where Pb
accumulated, separated cells can be observed in the
lumen of seminiferous tubules, as well as affected
cells from the spermatogenic line, while in the area
with no Pb accumulation the seminiferous tubules
lumina has normal organisation. In the Pb + Se group
rare structural modifications (broken blood-testis barrier
at seminiferous tubules level; separated cells; necrosis)
can be observed in the area where Pb accumulated,
while in the area with less Pb accumulation no structural
modifications can be observed.

ESEM micrographs from rats from the Cd group and
from the Cd + Se group are shown in Figure 4, while
results of EDS showed the following distribution (%):
0.011 ± 0.003 Cd and 0.009 ± 0.001 Se in area A from
Cd group; 0.000 Cd and 0.005 ± 0.001 Se in area B
from Cd group; 0.010 ± 0.000 Cd and 0.060 ± 0.007
Se in area A from Cd + Se group; 0.000 Cd and 0.002 ±
0.001 Se in area B from Cd + Se group. In the Cd
group, disintegrated seminiferous tubules can be observed
in the area where Cd accumulated, while no structural
modifications can be observed in the area without Cd
accumulation. In the Cd + Se group no clear structural
modifications can be observed.
ESEM micrographs from rats from the Cd + Pb group
and from the Cd + Pb + Se group are shown in Figure 5,
while results of EDS analysis showed the following
distribution (%): 0.018 ± 0.007 Cd, 0.036 ± 0.020 Pb
and 0.010 ± 0.001 Se in area A from Cd + Pb group;
0.004 ± 0.001 Cd, 0.010 ± 0.001 Pb and 0.008 ± 0.002
Se in area B from Cd + Pb group; 0.020 ± 0.007 Cd,
0.010 ± 0.007 Pb and 0.025 ± 0.010 Se in area A
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from Cd + Pb + Se group; 0.008 ± 0.004 Cd, 0.003 ±
0.001 Pb and 0.012 ± 0.008 Se in area B from Cd +
Pb + Se group. In case of the Cd + Pb group, in area
where Cd and Pb significantly accumulated, cellular
shape modifications occur and the seminiferous tubules
have detached cells, while in area with much less Cd
and Pb accumulation cellular structure appears to be
normal. In the Cd + Pb + Se group, in area with
higher Cd and Pb accumulation the cellular structure is
altered, while in area with lower Cd and Pb accumulation
the cellular structure appears to be normal.
In the present study cadmium induced vascular
disturbance, interstitial oedema, loss of germinative

cells, cellular degeneration and necrosis with epithelial
vacuolisation. Degenerative modifications observed
after simultaneous exposure to cadmium and selenium
were significantly less intense than those observed in
the case of exposure only to cadmium.
Exposure to cadmium and lead caused degeneration
and depletion of germinal cells, modifications of Sertoli
cells and inflammatory changes. Sertoli cells can have
morphological modifications in case of exposure to
these toxic metals that can directly affect germinal
cells. Sertoli cells are more rarely subject to apoptosis
or necrosis when compared to germinal cells.

Figure 3.
Alternation of areas with structural modifications and of areas showing integrity in the seminiferous tubules, in
case of exposure to lead and to lead plus selenium. A. Pb group; area A (EDS spots 1, 2, 10, 12, 13):
seminiferous tubule lumen with separated cells as well as cells from the spermatogenic line affected by the toxic;
area B (EDS spots 3 - 9, 11): seminiferous tubule lumina with normal organisation. B. Pb + Se group; area A
(EDS spot 2): subzone structurally modified, with seminiferous tubules with broken blood-testis barrier,
separated cells and necrosis; area B (EDS spot 1, 3 - 8): subzones without structural modifications, unmodified
Sertoli cells, without lead accumulation

Figure 4.
Alternation of areas with structural modifications and of areas showing integrity in the seminiferous tubules, in
case of exposure to cadmium and to cadmium plus selenium. A. Cd group; area A (EDS spots 5, 7, 8):
disintegrated seminiferous tubule in which cadmium is present; area B (EDS spots 1 - 4, 6): seminiferous tubule
with normal structure; no cadmium present; B. Cd + Se group; presence of intercellular junctions showing
integrity limits at the accumulation of the toxic agent
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Figure 5.
Alternation of areas with structural modifications and of areas showing integrity in the seminiferous tubules, in
case of exposure to lead plus cadmium and to lead plus cadmium plus selenium. A. Pb + Cd group; area A (EDS
spots 5,6,7,11,12): atypical shaped cells for which the nuclei cannot be distinguished; seminiferous tubule lumen
with detached cells, as well as spermatogenic line cells affected by the toxic elements; area B (EDS spots 3, 4, 8,
9, 15): basal membrane, spermatogonia and spermatocytes with normal structure, withholding junctions with the
basal membrane; B. Cd + Pb + Se group; area A (EDS spots 5,10,12,13,15): cells with atypical structure; area B
(EDS spots 3, 16, 17): spermatogonia with normal structure
During various chronic degenerative processes, they
are frequently the only surviving cells in the seminiferous
epithelium. It has been previously shown that exposure
to cadmium causes an increase in the volume of Sertoli
cells cytoplasm in rats [45, 86] and tears the bloodtestis barrier [18]. In mice, exposure to cadmium
determines deterioration of mitochondria from Sertoli
cells [14]. Cadmium was distributed in the cytoplasm
of Sertoli cells after exposure to cadmium, suggesting
that the cytoplasm is a target for cadmium [45]. Some
tubules lack all germinal cells and are covered only
by Sertoli cells. Other tubules are partially depleted
in germinal cells. Other studies also mention that
degenerative modifications of the tubules, accompanied
by tubular atrophy, are common manifestations of the
toxic effects at the testicular level [63].
When compared to the Control group, caspase-3 levels
were significantly higher in the experimental groups.
Cellular death is usually associated with lead load
and modifications in caspase-3 expression can have
a significant role in this process [38]. Lead induced a
significant increase in caspase-3 expression, suggesting
that it causes apoptosis in rat testes. Interestingly, coexposure to selenium caused a decrease in caspase-3
expression. As nuclear proliferation antagonist, apoptosis
has a contribution in maintaining the number of cells
in the testicular tissue and helps eliminating modified
cells. Excessive apoptosis can lead to impairment of
masculine reproductive function [40]. Wang et al.
[75] showed that caspase-3 levels were significantly
increased in mice treated with lead acetate.
After correlating ESEM images with EDS data (Figure
3), it can be noticed that in both the Pb group and the
Pb + Se group spots with structural modifications
induced by accumulation of the toxic agent in area

A, as well as spots with normal organisation in area
B, without accumulation of the toxic agent, can be
observed.
In the case of the Pb group, significant accumulation
of lead in spots from area A sustains that cellular
structure disorganisation is caused by an increase in
lead concentrations, as long as selenium concentrations
remain relatively constant in spots from both areas –
with cellular structure disorganisation and with normal
organisation.
In the case of the Pb + Se group, the decrease of
selenium concentrations in spots from the area with
normal organisation (area B) can be explained by
efficient mobilisation of selenium reserves within
antioxidant defence processes that ensure protection
against lead accumulation. Insignificant increase in
selenium concentrations in spots from area with structural
disorganisation (area A) can be explained by the fact
that the total antioxidant protective capacity has been
overcome, suggestive for this being significant
accumulation of lead in this area. Significant increase
of lead concentrations in spots from area A, in comparison
to spots from area B, in which lead levels were very
low, sustains a direct relation of causality between lead
accumulation and cellular structural disorganisation.
It can be observed that initially, exposure to selenium
potentiated antioxidant defence so that the toxicity of
the toxic agent that accumulates does not affect the
integrity of cellular structures. Subsequently, after the
antioxidant defence capacity is overwhelmed, signalled
by an insignificant increase in selenium concentration,
high lead accumulation led to an increase in tissular
lead concentration and disorganisation of cellular
structures. In a similar light and electron microscopic
study concerning the toxic effect of prolonged lead
699

FARMACIA, 2022, Vol. 70, 4

exposure on the seminiferous tubules of albino rats,
El Shafai et al. [23] also reported that apoptotic bodies
were found among the basal part of the spermatogenic
epithelium.
It can also be noticed that in both the Cd group and
the Cd + Se group spots with structural modifications
induced by accumulation of the toxic agent in area
A, as well as spots with normal organisation in area
B, without accumulation of the toxic agent, can be
observed by using ESEM-EDS (Figure 4). Significant
accumulation of cadmium in spots from area A, in
comparison to spots from area B, sustains that disorganisation in cellular structure is caused by increase
in cadmium concentration, consecutive to overwhelming
of antioxidant capacity, signalled by a significant
increase in tissular selenium. In the Cd + Se group,
decrease in selenium concentrations in spots from
area B can be explained by efficient mobilisation of
selenium within antioxidant defence processes that
protect against cadmium accumulation. Significant
increase of selenium concentration in spots from area
A can be explained by exceeding the antioxidant capacity,
evidenced by an increase in cadmium accumulation.
Significant increase in cadmium concentrations in
spots from area A, as compared to area B, sustains a
direct causality relationship between significant
accumulation of cadmium and structural cellular disorganisation. Practically, co-exposure to selenium
initially potentiated antioxidant defences so that the
harmful effects of cadmium do not affect cellular
structures. After the antioxidant capacity is exceeded,
signalled by a significant increase in selenium
concentration, accumulation of cadmium induced an
increase in cadmium tissue concentration a disorganisation
of cellular structures. In agreement with our results,
de Souza Predes et al. [20] reported that the specific
defences of the testis against Cd contamination are
efficient up to the level where metallothionein, a
cysteine-rich metal-binding proteins, is available to
bound Cd, thus protecting tissues against Cd toxicity.
Siu et al. [66] and El-Sokkary et al. [24] have reported
that the low-dose Cd treatment may induce an initially
successful defence response, which is in consonance
with our results. Once the amount of metallothionein
would become insufficient to bind Cd, the oxidative
stress and the disruption of spermatogenesis would
install and evolve into toxic manifestations [81]. The
level of defence appears to vary for each animal, as
the effects were not uniform for the two groups.
By correlating SEM micrographs with EDS analysis
(Figure 5) it can also be observed that both in Cd +
Pb and CD + Pb + Se groups spots with structural
modifications can be observed (Area A), as well as
spots with normal organisation (Area B). Decrease in
selenium concentration in area B can be explained by
its efficient mobilisation within the antioxidant defence
that ensures protection towards the toxic agent.

Significant accumulation of the toxic elements in area
A sustains the fact that cellular structure disorganisation
is caused by accumulation of the toxic agents, consecutive
to exceeding antioxidant capacity, signalled by a
significant increase in selenium tisular concentration.
Similar results were reported by Pandya et al. [55],
who observed a significantly decreased testicular and
epididymal sperm count and a reduction of epididymal
sperm motility and viability in case of cadmium and
lead co-exposed rats. Cadmium exposure exerted a
more pronounced toxic effect than lead exposure,
while combined exposure showed less intense toxicity.
Conclusions
Exposure to cadmium, lead or cadmium simultaneously
with lead through the drinking water, at levels of 150
mg/L for cadmium and 300 mg/L for lead, induced
apoptotic, inflammatory, vascular and endocrine
modifications in rat testes and increased accumulation
of cadmium and lead in testes.
Subacute exposure of rats to these toxic elements altered
the blood-testis barrier and blocked spermatogenesis,
with induction of infertility. It also determined overexpression of p53, Bcl-2, Casp-3 and COX-2 genes.
Selenium co-exposure ameliorated the lesions induced
by exposure to cadmium and/or lead.
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