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Introduction:-

Cadmium (Cd) is a toxic substance that is widely distributed in the environment and has a long biological half-life in
organs. The Kidneys, liver, bones, and respiratory and cardiovascular systems are the most important target organs
for Cd toxicity (WHO, 1992). Cd exposure can cause itai-itai disease, kidney tubular dysfunction, cancer, and bone
damage (Om et al., 2002; Itokawa et al., 1978). This metal also has embryonary and fetal toxicity affecting the
development of pre-and post-implantation rodent embryos (Thompson and Bannigan 2008). However, little
information on the effects of Cd exposure in early life has been shown (Thompson and Bannigan 2008). The effects
of Cd on rat fetuses reported comprise deformities in brain (hydrocephalus), eyes (anophthalmia, microphthalmia),
gastroschisis, umbilical hernia (Samarawickrama and Webb 1979), urogenital abnormalities and cleft palate (Holt
and Webb 1987). Several investigations confirmed its transport across the placenta and accumulation in fetus
(Kippler et al. 2010; Nakamura et al. 2012).
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The exact mechanism of Cd-induced teratogenicity is not known. However, there is evidence that this action of Cd
may be mediated by alterations in Zn metabolism (Sorell and Graziano, 1990; Suzuki K.T. et al., 1990). Zn is an
essential nutrient for life required for many aspects of fetal growth and plays important roles in both prenatal and
postnatal development, it represent a cofactor of many essential enzymes such as alkaline phosphatase (ALP) and
stimulate gene transcription by increasing the expression of several osteoblastic markers such as pro-collagen type I,
osteocalcin and osteopontin (ref). The stimulation mechanisms of bone formation by Zn have not yet been
elucidated as the number of proteins and enzymes containing Zn is important in bone cells (Tang et al., 2006).
Decreased Zn concentrations in fetal tissue, accompanied by reduction in the activities of Zn metalloenzymes in
both maternal and their fetuses and is associated with skeletal abnormalities in bone growth and mineralization
(Nishi, 1996; Okano, 1996).

Although, Cd and Zn interactions during early life have been reported in some studies, many questions remain to be
answered with respect to the consequence of these interactions on the skeletal formation and their involvement in
Cd-induced skeletal abnormalities. Thus, this study explored the effect of in utero Cd exposure on the induction of
skeletal deformities and the protective effect of Zn against Cd toxicity.

Materials and Methods:-

Animals and experimental design:-

Male and female Wistar rats weighing 150-230 g were used in this study. The animals were housed in individual
stainless steel cages at 23+1 °C and exposed to 12-h light-dark cycle. They had access to a standard rodent
laboratory diet (SICO, Sfax, Tunisia) and drinking water ad libitum. The animals were housed according to the EEC
609/86 Directives regulating the welfare of experimental animals. After acclimatization, one fertile male rat was
placed into each cage with a female overnight. Pregnancy was detected by the presence of spermatozoa in the
vaginal smear next morning and this was considered the day zero of gestation (GDO).

At GD 0, pregnant rats were housed individually in plastic cages and randomly divided into four groups. A control
group of animals received tap water and three experimental groups received Cd (50 mg/L Cd as CdCly), Zn (60
mg/L Zn as ZnCl,) or Cd+Zn (50 mg/L Cd + 60 mg/L Zn) in their drinking water during gestation. Cd and Zn doses
and manner of administration were chosen on the basis of our previous study (Chemek et al., 2015) and of available
literature data (Brzoska et al., 2011).

Sample collection and cartilage and bone staining:-

On the 20th day of pregnancy, all animals were anaesthetized by ether inhalation; uteruses with the fetuses and
placentas were removed by transversal abdominal incision, and dissected carefully. All the fetuses were weighed
using a scale with 1/ 100 g sensibility. Litter was sacrificed by ether, totally eviscerated and skinned, then fixed in
toto in ethanol 95% for double staining with Alcian blue and Alizarin red to identify skeletal anomalies.

Embryos were skinned, eviscerated, and fixed in ethanol 95% to dehydrate. The embryos were then transferred in
acetone for 1 day to remove fat. The alcian blue/alizarin red staining was performed using a solution, as described
previously (McLeod, 1980) containing 5 ml 0.3% alcian blue 8GX (Sigma) dissolved in 70% ethanol, 5 ml 0.1%
Alizerin red S (Fluka) dissolved in 95% ethanol, 5 ml glacial acetic acid,and 85 ml 70% ethanol in 37°C incubator
for 3 days. Specimens were then transferred in 1% KOH (Sigma) for 1-2 days until skeletons are clearly visible
through the surrounding skin. Then they were transferred in successive baths of 20% glycerin (Sigma) containing
1% KOH, and finally store in 100% glycerin. Each specimen was examined with the aid of a stereomicroscope
(ZEISS).Ossification was noted as being either incomplete, low or absent.

Statistical analysis:-
Frequency data related to skeletal abnormalities were analyzed with chi-square test. Data are given as means + SD
and values were considered statistically significant when p<0.05.

Results:-

Body Weight and Femur Weight:-

As shown in Table 1, exposure to Cd did not affected body weights (BW) measured in GD20 fetuses, but
significantly decreased (p < 0.05) femur weight when compared to the control animals. The supplement of Zn has
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not recovered femur weight loss noted following exposure to Cd. The relative femur weight (femur weight/body
weight) did not show significant difference between the four groups.

Table 1:- Body weight and relative femur of rat fetuses at the 20™ day of gestation from mothers treated with
cadmium (Cd) and/or zinc (Zn) during gestation.

Finding Control (C) Cd Zn Cd+Zn
Body weight (g) (BW) 3,260+0,533 2,991+0,41 3,383+0,341 3,089+0,377
Femur weight (g) (FW) 0,067+0,015 0,056+0,02° 0,067+0,022 0,057+0,015°
Relative femur weight (% 2,104+0,489 1,891+0,578 2,011+0,698 1,872+0,491
FW/BW)

Means + SE from six samples in each groups
a: p<0.01: significance from C

Skeletal anomalies:-

Numerous skeletal defects were documented during examination of the stained fetal specimens. The identified
malformations were localized at the axial skeleton level in different regions (skull, thoracic region, lumbar region
and phalange), the highest incidence occurred after exposure to Cd. The degree of ossification of each bone was also
assessed during skeletal examination of the fetuses

Craniofacial bones:-

A significant reduction, on the degree of ossification, due to Cd exposure was observed at inter-parietal region of
fetal craniofacial bone (Fig. 1). Partial ossification at three areas (parietal, frontal and squamosal bone) was also
seen frequently (55%) than controls and vs 19% for Zn group. After Zn supply the degree of ossification were
significantly increased compared to Cd (Fig. 5a).

Figl: Lateral view of the 20- days-old fetuses showing the craniofacial bones. It showed complete ossification of
frontal (F), parietal (P), inter-parietal (IP), occipital (OC) and squamosal bones (Sq) in control group fetuses (A).
There is partial ossification of frontal (i) and parietal (ii) bones, with reduced ossification of inter-parietal (iii) and
squamosal bone (iv) inCd and/or Zn treated groups (B).

Ribs:-

Rib defects consist in a clear discontinuity at the level of 9 and 13 rib in animals treated with Cd compared to
control (Fig. 2). Detachment and shortening ribs were also documented. Although, in Zn supplement group, only a
shortening rib was identified comparing to Cd and control group (Fig. 5 b).
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Fig 2:- Lateral view of a discontinuity and detachment of thoracic rib (A and B) and ventral view of short thoracic
rib (C) of the 20- days-old fetustreated with Cd and/or Zn groups.
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Thoracic and lumbar vertebrae:-

Irregularly shaped of ossified centers was identified in fetuses treated by Cd at the level of 10, 11, 12 and
13"thoracic vertebrae and from the 3 rd to 6 the lumbar vertebrae. The shape was changed from the normal shape as
seen in control group to a dumbbell shape (Fig. 3). In Zn supplement group, the incidence of this anomaly has
significantly decreased compared to Cd group (Fig. 5 c).

411‘
1 ¥
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Fig 3:- Ventral view of the 20- days-old fetuses showing the vertebrae change. It showed normal ossification of the
ossified centers in control group fetuses (A). Dumbbell shape of ossified centers of thoracic vertebrae (B) and
lumbar vertebrae (K) in Cd and/or Zn treated groups.

Phalanx:-

A lack of ossification at proximal phalanx of 5th finger was observed in all Cd group (Fig. 4), whereas a reduced
ossification was observed in most fetuses treated with Cd and Zn simultaneously compared to Cd group and control
(Fig. 6dande).
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Fig 4:- Normal ossification at proximal phalanx of the fifth finger (A) of 20- days-old fetuses, lack of ossification in
Cd treated group (B) and reduced ossification in Cd+Zn treated group (C).
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Fig 5:- Skeletal abnormalities proportions detected by double staining in fetus on GD20 following maternal
treatment with Cd and/or Zn.

Discussion:-

Fetal growth retardation has been shown to occur after maternal administration of a toxic compound such as lead
(Salah et al., 2009) ethanol (Snow and Keiver 2007) and toluene (Gospe et al., 1994). Our data showed that maternal
Cd intake during 20 days of pregnancy had no effect on fetal body weight, but significantly decreased femur weight.
This finding was in contradiction with a previous study which reports that Cd exposure, from day 7 to day 16 of
pregnancy, decreased fetal body weight and fetal number (Baranski et al., 1986), and partly in agreement with the
result reported by Kuriwaki et al. (2004) who showed that prenatal Cd exposure from the 9™ to 19" day of
pregnancy has no effect on fetal body weight. The contrast of the results found among the different experiences may
be attributed to the dose and manner of Cd administration or it can be explained by the timing of maternal exposure.

The fetal skeleton is a useful indicator of embryonic development and frequently reflects changes in the maternal
fetal environment. In teratogenic studies, toxic effects may manifested by retardation of fetal development, such as a
reduction in fetal weight. So the stage of skeletal ossification can be used in teratogenic studies in the rat to evaluate
retarded fetal development (Aliverti et al 1979). Previous studies have demonstrated that the detection of skeletal
abnormalities was enhanced by the technique of double staining (Rahman et al, 1996). Several abnormalities was
noted in our present study by double staining besides the reduction in body weight recorded in fetus after Cd
maternal intake. The observed anomalies were concentrated at different parts of the axial skeletal which consist of
complete or incomplete ossification in the different parts of the skull (parietal interparietal and frontal). Similar
results were obtained after exposure of pregnant rats to a different organophosphorus and carbamate compounds in
the form of delayed and absent ossification of craniofacial especially, supraoccipital, iterperietal, presphenoid,
tympanic ring and squamosal bones (Sherif et al., 2002; Haendel et al., 2004; Mohallal et al., 2005; Omar et al.,
2007). At the thoracic region, a low ossification or absent at the sternum were observed besides to a detachment, a
shortening or a discontinuity of ribs, with a change in the normal shape of ossified centers at the thoracic and lumbar
vertebrae to a dumbbell shape. Also, a significant frequency of a lack of ossification at the proximal phalanx of the
fifth finger of the hands was noted. With concomitant treatment of Zn and Cd we assisted to a decrease in anomalies
frequency compared to fetus from Cd exposed mothers and most of anomalies observed were a low ossification in
sternum segments and phalanx of the 5th finger and a shortening rib was identified. Fadel et al. (2012) noted, after
topiramate administration to pregnant rats throughout day 6 to 19 of gestation, a reduction in fetal weight
accompanied by a parallel decrease in the number of complete ossified vertebral centers. Weis et al. (2007) observed
a decrease in the degree of ossification in axial skeletal accompanied by a reduction in the fetal weight in all groups
treated with diphenyl diselenide from days 6 to 15 of pregnancy. These findings reveal a relation between
morphological alterations and growth retardation. Malformations detected in some skeletal elements in our study
may be due to the cartilage process which is defective caused by the administration of Cd in early stage of fetal
development inducing abnormalities during endochondral ossification.
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In addition, the observed protective effect of Zn in our study highlights the importance of this essential element in
the normal development of the fetal skeleton. Zn is an essential nutrient for life required for many aspects of fetal
growth and plays important roles in both prenatal and postnatal bone development. In fact, studies examining effects
of Zn deficiency in animal models have shown that mild to severe Zn deficiency disturbs skeletal growth and
maturation (Eberle et al., 1999; Wang et al., 2002). Animals fed on Zn-deficient diets have impairment in growth
plate chondrocyte proliferation (Rossi et al., 2001; Wang et al., 2002) and bone mass (Eberle et al., 1999). Bone
formation in Zn-deficient animals is also characterized by retarded growth plate activity and is associated with
reduced cancellous and trabecular volume (Oner et al., 1984; Rossi et al., 2001).

Our study is the first data highlighting the interactions between Cd and Zn in fetal skeleton development. The
obtained results imply that Cd exposure during gestation has adverse effect on prenatal skeleton formation. The
toxics effects of Cd are, partly, restored by Zn supplementation. Further studies are needed to reveal the mechanisms
of action by which Cd increase skeletal abnormalities as well as to understand the mechanism involved in the
protective effect of Zn against Cd toxicity during gestation.
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