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DIAZINON AND CADMIUM ACUTE TESTICULAR TOXICITY IN RATS EXAMINED
BY HISTOPATHOLOGICAL AND MORPHOMETRICAL METHODS
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Slovak University of Agriculture in Nitra, Slovak Republic

ABSTRACT

Morphometrical and histopathological analysis were used to evaluate quantitative changes in the testicular seminiferous tubule
morphology in mature rats (n = 40) after an intraperitoneal administration of cadmium at single dose of 2 mg/kg body weigh,
diazinon at single dose of 20 mg/kg body weigh, and cadmium-diazinon coexposure. 36 hours after an experimental administra-
tion, the testes from all treated animals showed disorganization of tubular elements, with increased intercellular space, disruption
of blood-testis barrier resulting in oedema, ischaemia and seminiferous tissue necrosis. A significant decrease in relative volume of
seminiferous epithelium and tubule lumen (P<0.05), significant increase of intraepithelial spaces in epithelium (P<0.05), significant
widening of the interstitial tissue (P<0.05) in all experimental groups and significant dilatation of blood vessels in cadmium- treated
animals (P<0.05) confirmed the histological data. In rats, administration of cadmium caused necrosis of the testes due to vascular
collapse. Diazinon administration and cadmium-diazinon coexposure led to different degrees of degenerative changes in seminifer-
ous tubules. Cadmium and diazinon act as testicular toxicants disrupting male reproduction and their exposure may pose the risk
of fertility disorders in animals and men. Results did not indicate synergistic or additional effect of simultaneous administration of
cadmium and diazinon to the rat testis. Further experimental research is needed for detailed knowledge on reproductive toxicity of
cadmium and diazinon interaction, particularly their long-term exposure.
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INTRODUCTION

Environmental reproductive health focuses on
exposures to environmental contaminants (synthetic
chemicals and metals) and their potential effects on all
aspects of reproductive health. Humans are exposed
daily to a mixture of environmental contaminants in
air, water and food. To understand the body burdens
of environmental contaminants, knowledge on the
health risk associated with current patterns of exposure
is needed, including increased risk resulting from
exposures to multiple chemicals (Woodruff et al., 2008).
The toxicological profiles involve an examination,

generalization and interpretation ofavailable toxicological
information and epidemiologic evaluations of a hazardous
substance. For over a century, laboratory animals have
been used to predict the human health effects of various
environmental contaminants. Although each species has
its unique attributes, substantial conservation exists in the
underlying molecular, cellular, and physiologic systems
associated with vertebrate reproduction (Guillette and
Edwards, 2008).

Cadmium (Cd) is a toxic metal occurring in the
environment naturally and as a pollutant emanating
from industrial and agricultural sources (Jarup and
Akesson, 2009). Exposure to cadmium occurs as a
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result of atmospheric emission during Cd production
and processing, from combustion of fossil energy
sources, waste and sludge, phosphate fertilizers, and
deposition of waste and slag at disposal sites (Toman
et al., 2009a). The general population is exposed to
Cd via contaminants found in drinking water and food
(ATSDR, 2008a). The average cadmium intake from
food generally varies between 8 and 25 pg per day. The
concentrations of cadmium in food vary considerably,
but often foods of plant origin, such as cereals, potatoes,
roots, and vegetables (Olsson et al., 2002) and the
animal kidneys, wild mushrooms, and seafood such as
mussels and oysters (Fried and Rozman, 2008) are the
major contributors to the exposure. Therefore, limitation
in their use should have been considered. The most
recent derivation of a tolerable intake was undertaken
in 2009 by the European Food Safety Authority’s Panel
on contaminants in the food chain (EFSA, 2009) and a
tolerable weekly intake (TWI) for cadmium of 2.5 pg/kg
body weigh was established.

Cadmium has been found to produce a wide
range of biochemical and physiological dysfunctions in
humans and laboratory animals (Santos et al., 2004). It
causes tissue damage in humans and animals, acting as
an inducer of oxidative stress (Thompson and Bannigen,
2008, Tremellen, 2008, Turner and Lysiak, 2008) and an
endocrine disruptor in humans and rodents. Highly toxic
cadmium accumulates in the body over a lifetime and can
adversely affect the mammalian male reproductive system
(Lukac etal., 2009). Except of endocrine and reproductive
effects, cadmium exposure has been associated
with  nephrotoxicity, osteoporosis, neurotoxicity,
carcinogenicity, genotoxicity and teratogenicity (EFSA,
2009; Kimakova et al., 2006). Rats exposed to cadmium
manifested significant accumulation of cadmium in liver,
kidney and muscle tissue when dosed intraperitoneally
and in liver and kidney after a peroral administration
(Toman et al., 2009a). Studies have illustrated that the
testis is exceedingly sensitive to cadmium toxicity (Siu
et al., 2009), associated with reduced male fertility, such
as reduced spermatozoa count and poor semen quality,
in men exposed to cadmium and other environmental
toxicants (Benoff et al., 2000).

Diazinon (0O,O-diethyl O-2-isopropyl-6-methyl
pyrimidinyl-4-g-1-phosphorothioate) is a nonselective
organophosphate insecticide primarily used for
agricultural purposes and is released to the environment
through spraying on awide variety of agricultural
crops and at agricultural sites for pest control (ATSDR,
2008b). Organophosphorus compounds are one of
the most common types of organic pollutants found in
environmental and food products (Tang et al., 2009), and
since diazinon is only used in agricultural setting because
of the cancellation of residential uses in 2004, the main
way in which the general public could be exposed is

via eating food treated with diazinon (ATSDR, 2008b).
Diazinon can affect both animals and man even after a
single exposure (Sarabia et al., 2009).

Toxicity of diazinon is realized through the
inhibition of enzyme acetylcholinesterase whose
biological role is the termination of impulse transmissions
at cholinergic synapses within the nervous system by
rapid hydrolysis of the neurotransmitter - acetylcholine
(Schumacheretal., 1986). Attiaand Nasr (2009) published
results of the experiment where acetylcholinesterase
activity in the serum of pesticide paraquat treated rats was
significantly reduced. Besides the neurological effects
of diazinon, reproductive effects leading to structural
testicular changes in bluegill (Dutta and Meijer, 2003),
mice (Pina-Guzman et al., 2005) and rats (Toman et al.,
2009b) have also been described.

In our study, cadmium and diazinon were
chosen as the combination of reproductive toxicants for
interaction profile because of their possible occurrence in
the animal and human food and therefore they can pose
the reproductive effects when ingested concomitantly. As
the seminiferous tubules comprise approximately 80% of
the testicular mass, the morphological measurements of
seminiferous tubules are important in the studies of testis
tissues (Hsieh et al., 2009).

MATERIAL AND METHODOLOGY

All experiments were carried out to alleviate the
animal suffering in accredited laboratory (SK PC 50004,
SUA Nitra). Forty mature, 4 months old male rats of
the Wistar strain (weighing approximately 410 g) were
randomly divided into four groups of ten animals. The
males were housed individually in plastic cages under the
same laboratory conditions of temperature (20-22 °C),
relative humidity (55 + 10 %), and a 12 h light/dark cycle
with free access to food (feed mixture M3, Machal, Czech
Republic) and drinking water. Rats in the group A were
injected with a single dose (20 mg/kg b.w.) of diazinon
(Sigma-Aldrich, USA, purity 99%) intraperitoneally in
physiological solution, rats of the group B were injected
a single intraperitoneal dose (2 mg/kg b.w.) of cadmium
in the form of CdCl, (Reachem, Slovak Republic,
purity 96%) in physiological solution, and rats in the
C group were given a mixture of cadmium (2 mg/kg
b.w.) and diazinon (20 mg/kg b.w.) intraperitoneally
in physiological solution. The fourth group served as
a control, received only physiological solution.

Animals were anaesthetized with ether and
sacrificed 36 h following an experimental administration.
The testes were immediately sampled, weighed and
fixed in modified Davidson’s solution (Latendresse et
al., 2002). The fixed tissues were embedded in paraffin,
sectioned at 5 pm, mounted on slides and stained with
haematoxylin-eosine for microscopic examination.
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Sections were subjected to morphological analysis and
morphometric measurements based on computerized
techniques with PC morphometric software M.1.S. Quick
Photo and using light microscope Olympus AX 70 Provis
(Japan). Relative morphometric parameters (%) for
seminiferous epithelium, intraepithelial spaces, tubule
lumen, interstitial tissue and blood vessels in the testes
were evaluated. Comparisons between the groups were
assessed by one-way analysis of variance (ANOVA) and
post hoc Scheffe test using the Statgraphics Centurion
XV software. Significant differences were calculated at
the level of 0.05.

RESULTS AND DISCUSSION

Histological analysis of testes in the control
group revealed well-developed circular or elliptical
seminiferous tubules enclosed by a thick basal lamina.
The tubules were lined with seminiferous epithelium

with active spermatogenesis, germ cells (spermatogonia,
primary and secondary spermatocytes, spermatids) were
organized in concentric layers and the tubular lumen
was usually empty. At any stage of differentiation, the
spermatogenic cells were in close contact with Sertoli
cells, empty spaces within the seminiferous epithelium
were rarely observed. Interstitial connective tissue was
filled with interstitial Leydig cells, small blood vessels,
collagen fibres and fibroblasts. The normal architecture
of testicular seminiferous tubules and interstitial spaces
is shown in figure 2.

Results of the morphometric evaluation of testes
in control and experimental groups are presented in table
1 and figure 1. A number of animal studies revealed
adverse reproductive effects on male reproductive
system after an acute cadmium exposure, such as marked
morphological changes in form of swelling, congestion,
haemorrhage and necrosis in the testes of rats (El-
Shahat et al., 2009). In our experiment 36 hours after the

Table 1: Morphometric evaluation of the testes from control and experimental rats (%)

Seminiferous Intraepithelial Tubule Interstitial
o . Blood vessels
Group epithelium spaces lumen tissue
x£SD
Control 64.82 +7.24 0.38+1.02 23.58 +£8.91 10.93 £4.31 0.29 +0.53
Cd 44.05 + 8.10+ 11.22 +4.81+ 8.99 +6.27+ 33.23+10.56+ 2.52 + 4.54+
DZN 55.16 = 8.90+ 6.90 £ 5.55+ 7.14 £8.29+ 29.87 +9.45+ 0.94+1.45
Cd+DZN 49.29 + 9.74+ 6.76 £5.78+ 13.28 £7.72+ 29.41 + 11.51+ 1.27 £2.58
X— mean, SD — standard deviation, +P<0.05
70.00
60.00-
50.00
40.00- 8 Control
% = cd
30.00
O D2N
20.00 O Cd+DZN
10.00
0.00-
Seminiferous Intraepithelial Tubule lumen Interstitial Blood
epithelium spaces tissue wessels

Fig. 1:

Relative volumes (%) of the testicular structures in experimental and control animals
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1 — seminiferous epithelium with active spermatogenesis,
2 — interstitial connective tissue with Leydig cells, 3 — tubule
lumen with spermatozoa, 4 — blood vessel

Fig. 2: Control rat testis (200x, HE)

cadmium exposure (group A), the testes showed injury
and atrophy of seminiferous tubules. Many seminiferous
tubules contained damaged germinal layer, degeneration
and disorganization of the cellular layers (figure 3, 4).
Significant occurrence of intraepithelial empty spaces
(P<0.05) indicating loss of germ cells has also been found
in the group A. The basal lamina was undulated and the
spermatogenesis was almost absent. The decreases in
testis weight, disruption of blood-testis barrier, edema,
necrosis and loss of germ cells have been summarized

1 - disintegration of seminiferous epithelium, 2 — extended
interstitial spaces with dilated blood vessels, 3 — deluminization
of the tubules, arrows - intraepithelial spaces as a result of
released germ cells from epithelium

Fig. 3: Rat testis 36 hours after i.p. cadmium

administration (200x, HE)

as consequences of cadmium-induced testicular injury
(Siu et al.,, 2009). The morphometric results in our
experiment confirmed significant histopathological
disorders in seminiferous tubules resulting in tubular
degeneration and spermatogenic damage with significant
(20.77 %) reduction in epithelial volume and significant
(14.59 %) decrease in tubule lumen volume compared
to control (P<0.05), accompanied by a 22.30 % increase
in the interstitial volume (P<0.05). An extensive changes
in the testis showed massive haemorrhagic necrosis,
vacuolization and significant dilatation of blood vessels
(2.23 % increase, P<0.05) caused by the modification of
vascular permeability as an acute effect of cadmium on
testicular structure. The results of the present study are in
accordance with the results reported earlier by some other
authors. Haemorrhage in the interstitium, necrosis and
apoptosis in seminiferous tubule epithelium following
acute Cd injection have been reported by Bonda et al.
(2004). The qualitative analysis of testicular tissues in
mouse after i.p. administration of cadmium in single dose
(0.25 mg/kg and 0.5 mg/kg b.w.) detected a significant
increase in the relative volume of interstitium with dilated
blood vessels, undulation of basal membrane and empty
spaces in germinal epithelium (Massanyi et al., 2008).
Toman et al. (2002) have found significant decrease in
the relative volume of germinal epithelium (10.64 %)
compared to control rabbits and have defined testicular
necrosis as aresult of ischaemic defect due to direct
cadmium effects on vascular system.

Administration of diazinon causes injury of the
male rat testes characterized by different degrees of
degenerative changes in seminiferous tubules. Significant

1 - seminiferous epithelium atrophy, 2 — extended interstitial
spaces with dilated blood vessels, 3 — deluminization of the
tubules, arrows - intraepithelial spaces

Fig. 4: Rat testis 36 hours after i.p. cadmium

administration (200x, HE)
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1 — seminiferous epithelium destruction, 2 — widened interstitial
spaces with blood vessels, 3 — shrunken atrophied tubule, arrows
- intraepithelial spaces, undulated basal lamina

Fig.5: Rat testis 36 hours after i.p. diazinon

administration (200x, HE)

1 — damaged germinal epithelium, 2 — interstitial connective
tissue with blood vessel, 3 — lumen filled by degenerated
germinal cells, arrows — epithelium vacuolization

Fig. 6: Rat testis 36 hours after i.p. diazinon

administration (200x, HE)

1 — degenerative changes in epithelium, 2 — interstitial spaces
with dilated blood vessels, 3 — lumen filled by dead germinal
cells, arrows — epithelium vacuolization

Fig. 7: Rat testis 36 hours after i.p. cadmium-

diazinon administration (200x, HE)

reduction in diameter and weight of testes, decrease in
spermatogenic, Leydig and Sertoli cells (Fattahi et al.,
2009), damage to the germinal epithelium in the testes
leading to the spermatogenesis failure caused by diazinon
exposure have been observed (Toman et al., 2009b).
In contrast, irregular changes in the diameter of the
seminiferous tubules in testis of bluegill depending on
time of exposure have been reported by Dutta and Meijer
(2003). The increase in the diameter of the seminiferous
tubule may be caused by weakening of the surrounding

1 — disorganization of the peripheral seminiferous tubules,
2 — interstitial spaces, blood vessels, 3 — lumen filled by
germinal cells, 4 — lumen with damaged spermatozoa, arrows
- intraepithelial spaces

Fig. 8: Rat testis 36 hours after i.p. cadmium-

diazinon administration (200x, HE)

connective tissue due to exposure to diazinon. In our
experiment, in rats treated with diazinon at dose of 20 mg/
kg b.w., disrupted structure of the testis was found (figure
5, 6). The seminiferous tubules underwent the atrophy
associated with a 9.66 % decrease in the relative volume
of seminiferous epithelium, which is in accordance with
a decrease in seminiferous epithelium height of mouse
testis after a single dose of diazinon, found by Sarabia
et al. (2009). The shrunken tubules with the detached
germ cells filling the tubular lumen induced significant

138



Slovak J. Anim. Sci., 43, 2010 (3): 134-140

Original paper

deluminization (P<0.05) of the tubules. Vacuolization of
seminiferous epithelium was significantly higher (6.90 %,
P<0.05) in the diazinon-treated group (group B) than that
of the control one (0.38 %). Morphometrical data also
showed a significant (P<0.05) extension of interstitial
tissue volume by 18.94 %. Increased and dilated blood
vessels (0.94 %), although with no significant difference
compared to the control (0.29 %), were also observed.

Currently, limited information on reproductive
effects of cadmium and diazinon by the combined
administration ~ are  provided. = Morphometrical
and histopathological data showed that animals,
intraperitoneally exposed to cadmium (2 mg/kg b.w.)
and diazinon (20 mg/kg b.w.), simultaneously exhibited
significant decrease (P<0.05) in relative volume of
germinal epithelium and tubule lumen compared to
the control. Although both compounds were able to
damage significantly the seminiferous epithelium
when administered in single doses, the injection of Cd
and diazinon at the same time did not pose stronger
changes. The relative volume of seminiferous epithelium
was higher than that of the group A with a single Cd
administration. It is an interesting finding, that cadmium,
in combination with diazinon, was not able to damage
the testis as extensively as in a single dose. Also, the
epithelium vacuolization and interstitium volume were
increased only to the levels found in the diazinon-treated
group. Changes in the testes of the group C, necrosis in
some seminiferous tubules with oedema in the interstitial
tissue are shown on the figures 7 and 8. A synergistic or
additional effect of acute coexposure to cadmium and
diazinon in male rats was supposed, but the results did
not confirm these assumptions.

CONCLUSION

Morphometrical data confirmed the histological
findings that cadmium and diazinon induce testicular
alterations. Degenerative damage was detected as
significant decrease in the relative volume of seminiferous
epithelium. Loss of germ cells due to disarrangement
of cellular layers resulted in a significant increase of
intraepithelial spaces simultaneously with the reduction
of tubule lumen and enlargement of interstitial tissue.
Significant increase in the blood vessel volume in the
cadmium-exposed group resulted in oedematous and
heamorrhagic widened interstitial tissue. However, the
simultaneous administration of cadmium and diazinon had
no synergistic or additional effect to the rat testis. Results
indicate an adverse effects of environmental and food
contaminants on the structure of rats testes and failure of
spermatogenesis after an intraperitoneal administration.
Therefore, animal study has demonstrated that cadmium
and diazinon act as testicular toxicants disrupting male

reproduction and their exposure may pose the risk of
fertility disorders in men. Further experimental research
is needed, particularly effects on reproduction function
after a long-term oral exposure, which may occur by
drinking contaminated water or eating foods containing
cadmium and diazinon residue.
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