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Abstract

Cadmium is one of the most toxic heavy metals anéravironmental and occupational pollutant thataergyers
human and animal health. In this research we dutlie effects of cadmium chloride on adult Wistat'sr female
reproductive system. The rats were divided intodugs. The experimental groups were fed with 11,383and 50
mg/kg of cadmium chloride daily for 10 days (twdress cycles). Estrous cycle was examined dailydginal smear
and animals in estrus phase were selected. Atnthefthe experiment, blood samples were taken ftorsal aorta to
assess the blood estradiol and progesterone coatiens. Estradiol was measured by Enzyme-linkechumo
sorbent assay (ELISA) and progesterone by radioinmassay technique. Then, uteruses and ovaries rerg@ved
and after weighting were prepared histologicallgs&ts showed that the length of estrous cycleimals that were
treated with 11 mg/kg of cadmium increased sigaifity. The serum level of progesterone in groups Were treated
with 11 and 23 mg/kg of cadmium increased signifitabut only the 35 and 50 mg/kg treated groupewsid
significant decrease compared with the control grddistological studies did not reveal any patha@abchanges,
however; there were some atretic follicles in 38 &0 mg/kg treated groups. Cadmium is a commonacointint of
natural environment. It can enter to food chairireatly and affects the female reproductive systésnwe showed in

rats as an experimental model.
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1- Introduction

Cadmium (Cd) is a heavy metal posing severe rigks t
human health (Godt et al. 2006). Cadmium occurfom
concentrations in human diets and in cigarettes. In
contaminated areas and in certain occupations, inighan
exposures occur. Cadmium is widely used in industrgh
as an anticorrosive agent, stabilizer in PVC presjucolor
pigment, a neutron-absorber in nuclear power plantsin
the fabrication of nickel-cadmium batteries. Phagph
fertilizers also contain large amounts of cadmiulbarg
2003). It is reported that Cadmium is capable sfritiuting
through tissues rapidly. Most of the ingested camménters
into theliver and the kidneys (Laura et al. 1999). Cadmium
has deteriorating effects on the reproduction ofnen who
live near the polluted area (Wu et al. 2004). Clstnyi
department of Shiraz University reported the preseof
cadmium in water pools in the Fars province (safttran).
Monsefi et al, 2008 reported the effects of cadminnma
concentration similar to that find in Maharloo lak8hiraz,
Iran) on male reproductive system, they showedehe of
testosterone decreased significantly in the highsedo
administered group and also histological studieswvgld a
severe necrosis and atrophy in the high dose gkémipgefi
et al. 2008). In this study, we used female rataraanimal

model to investigate the effects of different does and
high doses) of cadmium base on chemistry departoent
Shiraz University reports can affect in female ogjurctive
system.

2- Materialsand Methods
2-1- Experimental design

Thirty adult Wistar female rats weighting betweez01
161 g were obtained from the animal house of Reatitlte
in Shiraz. The animals were adapted to the laborato
conditions one week prior to beginning of the ekpents.
The animals were maintained at standard temperé2@r4
°C) and a period of 12 hours light, and 12 hounkrsss.
Rats had free access to food and water. The animal
experiments were approved by the Institutional Aalim
Ethics and Health Committee of the Biology Departtraf
Shiraz University. The animals were weighed befarel
after experiments. Female rats were divided ingodups (6
animals in each): control, Low doses group (Ld) thare
fed with 11 mg/kg, 23mg/kg and High doses (Hd) wath
mg/kg and 50 mg/kg of CdgHdaily. The control group
received equal volumes of distilled water under ilsim
condition. Phases of estrous cycle were examindg b
vaginal smear preparation. Animals in estrus phase
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(particular part of the estrous cycle when the fema
sexually receptive ("in heat")) were selected. Tientioned
doses of CdCI2 were suspended in 1 ml distilledewand
administered orally by needle gavages for 10 ddysation
of estrous cycle).

2-2- Body and or gan weight

At the end of the experiment, animals which were in
estrus phase were sacrificed under deep anestmasitheir
left ovaries and uteruses were removed and weigheeh,
the standard weights of these organs were calculaging
following formula:
Standard weight = [organ weight (g)/ body weigh}] (g
100.

2-3- Hormonal assay

After 10 days, when animals were in estrus phdms; t
were anesthetized using diethyl ether and bloodpksn
were taken by dorsal aorta puncture (5 ml). Theodblo
samples were centrifuged for 15 minute (4000 rpm) a
serums were separated. The estradiol concentratiens
measured by ELISA and the progesterone conceniratio
samples was determined by radioimmunoassay method i
the Research Center of Nemazee Hospital.

2-4- Histological studies

Left ovary and uterine tube of each rat was remareti
fixed in 10% formalin solution and prepared usiogtine
techniques for histology: Samples underwent dehigirdy
alcohol, clearing with xylol, embedding in paraffimax,
sectioning under 7 pm thicknesses, and stainingh wit
hematoxylin-eosin (Bancroft and Stevens 1991). IBina
photos were taken from the prepared slides undd63E
microscope.

2-5- Statistical analysis

The data for organ weight, period of estrous cyate]
hormonal assays were analyzed using one-way ANOVA,
followed by Tuky test. Statistical analysis was fpamed
using SPSS 11.5 software. P < 0.05 was considesed a
significant level.

3- Results and Discussion

Body weight (Figure 1), standard weights of ovaaed
uteruses (Table 1) and the level of estradiol (@a&)lof the
experimental groups did not reveal any significant
differences compared to the control group.

The lengths of estrous cycle in animals treatedh Wit
mg/kg of CdC} were significantly longer than the control
group (Table 2). Progesterone level was increasethé
groups treated with 11 and 23 mg/kg significantlyt b
administration of 35 and 50 mg/kg of cadmium showed
significant decrease in progesterone level compavid
control group (Table 3). The duration of the estroycle in
the animals treated with a low dose increased f&iguitly.
The duration of each phase of estrous cycle depends
blood level of sex hormones either estrogen or gstegone.

In our study, the concentration of progesteroneeased in
the low dose group that explains the prolongatibiuteal
phase of estrous cycle (from 7.33 to 11.00 daysautee of
the high activity of corpus luteum in this grougr&m level
of progesterone decreased significantly in the hilgise
groups and the duration of estrous cycle also shed,
however, these changes were not significant sttt
These results confirmed the previous reports bgdkiat al.
1999, in that study they suggest that Cd may ieterf
directly with hormone production in steroid prochgiovary
cells (Piasek et al. 1999). In our study estradadel
increased in all groups. This led to some changehin
duration of estrous cycle and also in the somegshasch as
proestrus and estrus; however, none of these diigmrs
was significant statistically. It is demonstratedatt Cd
disrupts progesterone synthesis via steroidogeaiate
regulatory protein (StAR) and P450 cholesterol sibain
cleavage (P450scc), which play important roles in
progesterone synthesis. The expression of StAR and
P450scdn vivo orin vitro were inhibited when treated with
CdCl,.

The mechanisms were mainly controlled by the cAMP-
dependent pathwaZhang and Jia 2007). Nampoothiri et al.
2005 reported that lead and cadmium are known as
reproductive toxins, which accumulate in granulostls of
the ovary and cause a significant reduction in dotrg@hin
binding which altered steroidogenic enzyme activitghese
cells (Nampoothiri et al. 2005).

Table 1. Standard weights of ovaries and st&=ifg) in female rats fed with cadmium chloride.

groups Right ovary Left ovary Uteruses and Total reproductive
oviducts system

Control 0.06 £0.001 0.05 +0.001 0.24 £0.003 0.36 +0.018

Ld(11mg/kg) 0.05 +0.001 0.06 +0.008 0.26 +0.005 0.39 +0.003

Ld(23mg/kg) 0.05 +£0.002 0.05 +0.001 0.25 +£0.008 0.37 +0.007

Hd(35mg/kg) 0.05 +£0.001 0.05 +0.001 0.25 £0.001 0.38 +0.009

Hd(50mg/kg) 0.06 +0.001 0.05 +0.00 0.28 +0.0061 0.40 +0.008

Values represent mean + S.D.

Table 2. The duration of the proestrus, estrigstis phase and the estrous cycle (day) in feratddied with cadmium chloride.
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groups Proestrusphase  Estrusphase  Diestrusphase  estrouscycle
Control 1.33 +0.082 3.00 £0.00 7.33+1.063 11.7 £1.20
Ld(11mg/kg)  0.33 +0.086 3.33+1.20 11.0 £2.028 16.8 +2.30*
Ld(23mg/kg)  0.16 £0.041 2.33+0.082 11.2 £3.043 13.7 +0.94
Hd(35mg/kg)  0.43 £0.053 2.43 +0.079 11.3 +4.053 14.0 £0.20
Hd(50mg/kg)  0.66 +0.082 2.00 +0.00 11.2 +1.060 12.3 +1.021

*significant difference with control group (P<0.05)
Values represent mean + S.D.

Table 3. The serum levels of estrogen and progestdn rats fed with cadmium chloride.

groups Estradiol Progesterone
concentration (pg/ml) concentration (ng/ml)

Control 13.1 +3.33 27.9 +0.30

Ld(11 mg/kg) 17.0+1.3 40. 0 +0.56*

Ld(23 mg/kg) 13.0+1.38 43.5 +1.88*

Hd(35 mg/kg) 15.0 +1.83 15.3 +0.20*

Hd(50 mg/kg) 20.6 +2.55 14.1 +0.38*

*significant difference with control group (P<0.05)
Values represent mean = S.D.
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Figurel. Comparison of the body weight betweerldteand high dose administered groups and the agrtoup.
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Figure 2- Photograph of ovarian sections of raé$ fad to cadmium chloride. Longitudinal sectionosfiry of the control group,
x4 (A); vesicular or secondary follicles of low @ofl1mg/kg) administered group, x10 (B); corpusuut of low dose (23mg/kg)
administered group, x10 (C); and graffian folliobé high dose (50 mg/kg) administered group, x40.(Dhere are no
histolopathological changes in ovarian folliclesdacorpus luteum of experimental groups comparedhto control group.
Hematoxyline and eosin staining.

Figure 3- Photograph of uterus sections of ratsféthto cadmium chloride. Transverse section efug of the control group, x4
(A); transverse section of uterus of low dose (2&ggadministered group, x10 (B); transverse sactibendometrium of low
dose (35mg/kg) administered group, x40 (C); ancoemadrial epithelial cells of high dose (50 mg/kg)ranistered group, X100
(D). There are no histolopathological changes ffedint layers of uterus of experimental groups paraed to the control group.
Hematoxyline and eosin staining.

Ovaries of 11 and 23 mg/kg treated groups werelaimi edema was observed in the connective tissue ofiavar
to the control group with normal tissues. There evap medullae and granulosa lutein cells of the corpusuim.
pathological changes in these groups, however dinit The numbers of corpus luteums and atretic follickese
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increased in 35 and 50 mg/kg treated groups. Sdrmeéca
stromal cells were also observed (Figure 2 A-Dh tHe
control group and other experimental groups exémpthe
50 mg/kg group, the epithelium and the glands efuterus
were normal. Myometrium consisted of smooth circalad
longitudinal muscles. Inner circular muscles wen&ker
than outer longitudinal muscles. Connective tisselés and
matrix was observed in the endometrium. No pathiotdg
changes were observed in the experimental groupspéx
for the 50 mg/kg group in which endometrial conivect
tissues showed more density than the control g(Bigure
3 A-D). The histological changes in ovarian folisl and
uterus after administration of cadmium may alsoseau
hormonal changes. It is well established that cadmi
affects the plasma level of pituitary hormonesptevious
study Massanyi et al., 2007 reported Cd can cause
vacuolation, congestion and necrosis in the ovad/gerus
(Massanyi et al., 2007). Cadmium differentiallyeaffs the
secretory mechanisms of the pituitary hormones migipg
on the received dose (Lafuente et al. 2003). Is $hidy we
could show that cadmium with different doses cafiecaf
hormonal and pathological changes in female repibeki
system.

Conclusion

This study evaluated possible cadmium alternatimms
serum estrogen and progesterone, as well as oestheus
cycle induced by cadmium exposure. We conclude ttreat
cadmium in pool waters around Shiraz is dangeraus f
mammals and rats as an animal model. Given thévedia
high concentration of this element in Maharloo Lakd-ars
province and the above-mentioned potential
bioaccumulation, this poses a threat to femaleilifgrt
among mammal in that area.
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