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ABSTRACT

In this study, differences in growth characteristics (body weight, femoral weight and
femoral length) of adult male rats after single cadmium (Cd), as well as, simultaneous
exposure to Cd and diazinon (DZN), and after DZN, Cd and selenium (Se) co-administration
were investigated. One-month-old male Wistar rats were randomly divided into four groups of
10 animals each. In the first group (A), rats received a drinking water containing 30 mg of
CdCly/1 for 90 days. In the second group (B), males were orally dosed with combination of 40
mg of DZN/I and 30 mg of CdCL/1 in drinking water for 90 days. In the third group C, rats
were administered by 40 mg of DZN/I in combination with 5 mg of Na,SeO3/l and 30 mg of
CdCLy/1 in drinking water for the same treatment period. The fourth group of males without
additive toxicants, served as a control group (D). The statistical analysis of obtained data
showed a beneficial effect of Cd sole dose on femoral weight in adult male rats. Significant
changes in femoral weight were observed between rats from the groups A and B, and A and
C. On the other hand, there were no significant differences in body weight and femoral length
between all experimental (A, B, C) and control (D) groups. Considerable differences were

identified only for femoral length among the groups A and C, and the groups B and C. Our
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results suggest a protective influence of Cd against Se-induced reduction in body weight and
femoral length in rats simultaneously exposed to DZN, Se and Cd in their drinking water.
However, positive influence of Cd on rat’s femoral weight is likely suppressed by the toxicity

of DZN and/or DZN in combination with Se.
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INTRODUCTION

Cadmium (Cd) is a toxic metal which still attracts the attention of researchers and the
public because its level in food products often exceeds the maximum allowable limits
(Toman et al., 2011). Cadmium has been found to produce a wide range of biochemical and
physiological dysfunctions in humans and laboratory animals (Santos ez al., 2004). In respect
to bone, which is one of the important organs for Cd toxicity (WHO, 1992), exposure to this
element has been linked to bone loss, low bone mass, and osteoporosis (Wilson et al., 1996;
Wang et al., 2003). The results obtained by Brzéska and Moniuszko-Jakoniuk (2005) have
shown that chronic, even low-level exposure to Cd disturbs bone metabolism during skeletal
development and maturity by affecting bone turnover.

Diazinon (DZN) is a contact organophosphate (OP) pesticide which is extensively
used in agriculture (Salehi et al., 2009). Despite its low persistence in the environment, it is a
nonspecific insecticide and highly toxic to animals and humans (Colovic et al., 2010).
According to Garg et al. (2004), a potential target of pesticide toxicity is also the skeletal
system. Marked impairment in the development of the backbone in ducklings due to OPs
toxicity has been observed in the study by Ludle ez al. (1979). Higher amounts of DZN
caused additional defects in quail and chicken including folding of the spinal chord,
shortening of the neck (Wyttenbach and Hwang, 1984), fusing and twisting of vertebrae,
abnormal development of ribs and breastbone (Meneely and Wyttenbach, 1989), reduced
calcification of bones (Cho and Lee, 1991), curled claws, and reduced growth of leg and
wing bones (Cho and Lee, 1990). It has also been found that OPs inhibit differentiation of
chondrogenic cells in the culture (Matos et al., 1985).

Selenium (Se) is an essential dietary trace element. Through selenoproteins it plays an
important role in a number of biological processes in humans and other species (Ognjanovic

et al., 2008). According to Ebert and Jakob (2007), several selenoproteins are expressed in
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bone tissue and are important in bone metabolism. However, it is very important to point out
that Se beneficial effect is expressed in a very narrow dosage range: the high and low doses of
this element are connected with pathological manifestations (Ost'adalova, 2012). Selenium
deficiency has been associated with growth retardation, impaired bone metabolism, reduced
bone mineral density (i.e. osteopenia; Moreno-Reyes et al., 2006; Preedy et al., 2009) and
Kashin-Beck disease (osteoarthropathy) which is characterized by atrophy, degeneration and
necrosis of cartilage tissue (Moreno-Reyes ef al., 1998). On the other hand, excess intake of
Se causes abnormal bone and cartilage development (Greenberg, 2003), induces apoptosis in
mature osteoclasts (Chung et al., 2006), osteoblasts (Chae et al., 2000), and osteoblast-like
cells (Milgram et al., 2008).

In most environmental situations, exposures to only a single exogenous agent are
fairly rare. Therefore, the aim of current study was to investigate the effect of single Cd, as
well as, common peroral application of DZN and Cd, and simultaneous exposure to DZN, Se
and Cd on body weight, femoral weight and femoral length of adult male rats and also to

assess possible interactions among these three xenobiotics.

MATERIAL AND METHODS

Our study was carried out on fourty 1-month-old male Wistar rats. The animals were
housed individually in plastic cages under the same laboratory conditions of temperature (20-
24 °C) and relative humidity (55 + 10 %) with access to food (feed mixture M3, Bonagro,
Czech Republic) and drinking water ad libitum. All experiments were provided in accordance
with accepted standards of animal care in accredited laboratory (SK PC 50004) of the Slovak
University of Agriculture in Nitra.

Clinically healthy rats were randomly divided into four groups, of 10 animals each. In
the first group (A), young males were dosed with a daily intake of 30 mg of CdCl, in drinking
water for 90 days. In the second group (B), rats were administered 40 mg of DZN/I in
combination with 30 mg of CdCl,/1 in drinking water for 90 days. The third group (C) was
simultaneously exposed to mixture of 40 mg of DZN/l, 5 mg of Na,SeOs/l and 30 mg of
CdCly/1 in their drinking water for the same period. The fourth group (D) served as a control
and the rats received no toxic substances. The xenobiotics used in our experiment were
chosen on the basis of their possible occurrence in the human and animal food (Toman et al.,
2011). All procedures were approved by the Animal Experimental Committee of the Slovak
Republic.
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At the end of the experiment (90 days), all animals were killed, weighed and their
femora were used for macroscopic analysis. After cleaning all soft tissues, all left femora
were weighed by analytical scales and their length was measured by a sliding instrument.
Values for macroscopic analysis were expressed as mean = standard deviation. Comparisons
between experimental and control groups were assessed by the one-way analysis of variance

(ANOVA) and Post Hoc Tukey’s test. The significance level was accepted at p<0.05.

RESULTS AND DISCUSSION

Our results from macroscopic evaluation demonstrate no significant effects of single
peroral application of Cd (group A), as well as, simultaneous exposure to DZN-Cd (group B),
and DZN-Se-Cd (group C) on body weight and femoral length in adult male rats. Statistically
significant differences were found only for femoral length between the groups of A and C,
and B and C (respectively). On the other hand, femoral weight was considerable increased in
rats intoxicated with sole dose of Cd. For this macroscopic parameter, significant alterations

were identified among the A and B, and A and C groups of rats (Table 1).

Table 1 Average body weight, femoral weight and femoral length in the control (D) and
experimental groups (A, B, C) of rats

Rat’s group n Body weight (g)  Femoral weight (g) Femoral length (cm)
A (1) 10 422.5+27.21 1.27+0.14 3.99+0.14
B 2 9 427.78+19.22 1.03+0.07 3.98+0.09
C 3) 10 406.54+34.65 1.04+0.09 3.82+0.09
D 4) 10 405+52.65 1.05+0.17 3.94+0.09
Tukey’s test NS 1:27:1:3% 1:4" 1:32:3"

N — number of rats; NS — non-significant changes; P<0,05 (+)

Our study revealed a non-significant effect of single Cd intoxication, as well as, DZN-
Cd peroral co-administration on body weight in adult male rats. Similar to this, no
considerable changes in body weight were also found in rats subchronic administered by sole
dose of DZN (the same level as it was used in our study; Cabaj, 2012). On the basis of all
mentioned findings it can be concluded that peroral exposure to Cd and DZN (separately and

in combination) do not affect body weight in adult male rats.
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According to our results, rats fed by a mixture of DZN-Se-Cd in their drinking water
(group B) had also unchanged body weight as compared to the control. On the other hand,
studies obtained by Bobonova ef al. (2011, 2012) demonstrate a considerable decreased body
weights in rats perorally exposed to Se, and DZN-Se (respectively) in drinking water. Indeed,
many studies have documented reduced body weight gain in young animals treated with Se
compounds and abnormal weight loss in older animals (Gronbaek et al., 1995; Panter et al.,
1996). According to ATSDR (2003), growth retardation in intoxicated animals is often
accompanied by reduced food and water consumption; however, it also may be caused by the
interactions of Se (its compounds) with endocrine hormones that regulate normal growth and
body weight of living organisms. In general, it is well known that Se accumulates in the
anterior pituitary in Se-exposed animals resulting in decreased secretion of the GH
(Thorlacius-Ussing et al., 1987; Thorlacius-Ussing, 1990). In addition, GH acts directly to
control the secretion of insulin-like growth factor (IGF-I), i.e. somatomedin C that provides
the proliferative effects of GH on mesenchymal tissue (including bones and muscles).
Therefore, this hormone (IGF-I) is also involved in control of organism growth (NiStiar et al.,
2006). The results by Thorlacius-Ussing ez al. (1987) revealed decreased levels of the GH
and somatomedin C in Se-treated rats receiving 15 mg of Na,SeOs/l in drinking water.
Similarly to Se, decreased secretion of IGF-I by ovarian granulosa cells were also induced by
effect of cobalt (Kolesarova et al., 2010) and iron (Kolesarova et al., 2011) despite their
essentiality for living organisms.

In our experiment, however, values of body weight of rats from the group B (DZN-
Cd-Se-treated rats) did not differ significantly from those of the control (C). On the basis of
results by Bobonova et al. (2011; 2012) we suppose that Cd and DZN in combination with Se
could eliminate the negative effect of Se on rat's body weight. In non-toxic amounts, Se seems
to be a relatively protective factor or antagonism element against toxicity of several
xenobiotics probably by forming the selenide complexes (Ani et al., 2007). In respect to Cd,
this protection includes the capability of Se to alter the distribution of Cd in tissues and
induces binding of the Cd-Se complexes to proteins, which are similar to metallothioneins
(Ognjanovic et al., 2008). On the other hand, Cd has been shown to decrease the toxicity of
Se in laboratory rats. Thus, this heavy metal has been used to alleviate Se poisoning.
Experimental evidences suggest that Cd exerts a beneficial effect due to reactions with Se in
the intestinal tract to form insoluble Se compounds (Selinus ez al., 2005). Protective role of
Se was also confirmed against negative impact of DZN in rats (Kashanian et al., 2008;

Cabaj, 2012). However, results by Boboriova et al. (2012) showed a significant reduction in
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body weight not only in rats receiving drinking water with Se but also after simultaneous
DZN-Se supplementation. According to Szarek et al. (1997), Se either increases or decreases
toxicity of various xenobiotics, including pesticides, depending on its amounts introduced into
an organisms. In higher concentration, Se is probably able to affect the atom of S in the
molecule of DZN and amplificates the DZN toxicity (Sika et al., 2008). Because of the
absence of significant differences in body weight among rats exposed to Se and DZN-Se,
respectively, (data not published) we excluded a positive effect of DZN against Se toxicity on
body weight in DZN-Se-Cd-treated rats. On the contrary, Tukey's test revealed significant
difference in body weight between DZN-Se and DZN-Se-Cd-exposed rats. This finding
indicates there is antagonism interaction between Cd and Se in rats simultaneously intoxicated
with DZN, Se and Cd. Anyway, our results suggest a protective effect of Cd against Se toxic
influence on body weight in adult male rats.

Weights of femoral bones in rats perorally receiving mixture of DZN-Cd (group B) and
DZN-Se-Cd (group C; respectively) were also similar to those from the control. On the other
hand, Cd administered in sole dose (group A) showed a positive considerable impact on
femoral weight in these animals. According to Zglinicki et al. (1992), very low Cd
concentrations (down to 100 pM) stimulate cell growth and DNA synthesis; whilst at
concentrations above 1 mM, they inhibit cell growth and DNA synthesis in a wide variety of
cell types. We used the intermediate dose of Cd (30 mg CdCl,/) in our experiment. It is
important to point out that Cd in drinking water contributes only to less than a few percent of
the total Cd intake (Jéarup et al., 1998). Therefore, prolonged daily intake of 30 mg of Cd/l in
drinking water could have a stimulating effect on bone weight in our rats. However, beneficial
impact of Cd on rat's femoral weight was not observed in combination with DZN, as well as,
in mixture of DZN and Se. We suppose that it was suppressed by interaction with DZN and/or
with DZN-Se combination.

Last parameter evaluated in our study from toxicological effects point of view was
length of femoral bones in adult male rats. We established that femoral lengths of rats
perorally exposed to Cd (group A), as well as, DZN-Cd (group B), and DZN-Cd-Se (group C)
were unchanged compared to the control. Additionally, there were reported significant
differences in femoral length among groups A and C, as well as, groups B and C. This finding
could indicate a negative effect of Se on length of bones in rats. Our assumption is confirmed
by our previous report (Boboiova et al., 2012). In general, growth involves a complex set of
metabolic events, which are genetically, hormonally and environmentally controlled

(Momenah, 2012). According to mentioned author, plasma GH, as well as, IGF-I levels are
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affected by some physiological disorders that could happen by the exposure to toxic metals
and pesticides. Indeed, significant reduction in tibia length due to considerable decrease in
plasma IGF-I level in rats subchronic exposed to Se in their drinking water was demonstrated
in the study by Gronbaek et al. (1995). Moreover, the results by Bobonova et al. (2012)
confirmed toxic impact of combined exposure to DZN and Se on femoral length in adult rats.
According to Sarkar et al. (2000), pesticide-induced inhibition of AChE leads to
considerable accumulation of ACh in hypophysis and hypothalamus, and subsequently to
disorders in secretion of adenohypophysial hormones. Results of Momenah (2012) revealed
lower plasma IGF-I in DZN-treated rabbits compared to the control group. Results of many
studies confirmed OP pesticide-induced growth inhibition of many bones (femur, tibia,
metatarsals, and digits) in chicks (Misawa et al., 1982), as well as, severe shortening and
contortion of body vertebral axis and tibiotarsal, rib, and sternum growth defects in embryos
of bobwhite quail (Meneely and Wyttenbach, 1989). Important role in bone metabolism play
also thyroid hormones and glucocorticoids (Yen, 2001; Garg et al., 2004). Investigations of
all these authors (Yen, 2001; Garg et al., 2004) signalize a possible significant retardation of
appositional bone growth as a result of disturbances in synthesis and secretion of GH, thyroid
hormone and glucocorticoids in OP pesticide-treated broiler chicks. Similar to this, significant
reduction in T4 and T3 levels was also demonstrated in rats intoxicated with OPs (Hasheesh
et al., 2002). Also, negative effects of Se on thyroid hormones were confirmed (Eder et al.,
1995). Regarding to glucocorticoids, Garg et al. (2004) pointed to adverse impact of
increased levels of these hormones on bone growth. Higher level of adrenocorticotropic
hormone (ACTH), stimulating the secretion of glucocorticoids by the adrenal cortex was
reported in rats exposed to DZN (Johari et al., 2010). Higher plasma cortisol concentration
was also identified in Se-exposed fishes (Miller et al., 2007). Due to absence of the data of
sole dose of DZN in rats, we could not exclude the possible effect of this insecticide on rat’s
femoral length. On the other hand, since statistical analysis did not find any considerable
differences in femoral length between Se- and DZN-Se-exposed rats, as well as, among DZN-
Cd-intoxicated rats and those from the control group, we did not suppose that DZN could
affect the length of femoral bone in these animals. Therefore, we hypothesize that differences
in femoral length in Se- and DZN-Se-poisoned rats could be associated with disturbances in
hormonal regulation of bone growth due to Se intoxication. No significant effect of
simultaneous DZN-Se-Cd application on femoral length in our rats could be attributed to the
same protective mechanism of Cd on Se toxicity which might have been induced and it was

described for body weight in DZN-Se-Cd-exposed rats.
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CONCLUSION

Our results revealed a significant effect of subchronic peroral intoxication with Cd on
femoral weight in adult male rats. On the other hand, growth of rats related to body weight,
femoral weight and femoral length was non-significantly affected by simultaneous exposure
to DZN-Cd, as well as, DZN-Cd-Se in drinking water for 90 days. This study indicates a
protective influence of Cd against Se-induced toxicity on body weight and femoral length in
male rats. On the other hand, positive impact of Cd on rat's femoral weight is likely

eliminated by the toxicity of DZN and/or DZN in combination with Se.
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