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Background: Cadmium chloride (CdClz) is a widely spread

environmental toxin with reported developmental toxicity. Aim:
Email:

manaradel@mans.edu.eq,
manaradel1982@gmail.com | toxicity of CdCl. on rats’ first molar histological structure, teeth

The aim of the present work was to investigate the developmental

mineralization through osteocalcin staining and evaluating
caspase-3 expression as potential target, both intrauterine and after

birth. Methods: Adult male and female Sprague Dawley rats were

mated. Pregnant rats were divided into 2 groups, control group
received water and experimental group received CdCl> (5mg/kg) by oral gavage from 7% to
17" day of pregnancy. Two rats from control group and 8 rats from experimental group were
sacrificed at gestational day 17 (GD17). Fifteen pups were obtained in control group and 10
pups in CdCl. group. The day of parturition was deigned to be postnatal day (PND) zero (PND
0). From control group, 13 pups were sacrificed at PND10, and 13 pups at PND 20. From
experimental groups, 12 pups were sacrificed at PND10, and 11 pups at PND 20. In all pups,
heads were obtained for examining maxillary first molars. Results: Sections from the CdCl;
group showed delayed development, mineralization, and eruption of first molar than the control
group in GD17, PND10 and PND 20. As regard osteocalcin, the expression pattern was the
same in both groups, but the intensity of the expression decreased within the CdCl, group with
statistically significant difference between them. In addition, caspase-3 expression increased
indicating apoptosis induction. Conclusion: Exposure to CdCl during pregnancy can lead to
delay in the developmental stages of the first molar teeth beside its effect on the mineralization
of dentin, the delayed teeth eruption and inducing apoptosis is a possible pathway for these
effects.
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Cadmium Chloride Developmental Toxicity on Teeth

I. INTRODUCTION:

Tooth hard structure (enamel, dentin,

and root cement) consists of calcium as the
main macro-mineral with several other
minerals as phosphorus and magnesium.
Minerals of physiological importance and
toxic metals can bioaccumulate in the
calcified tissues of teeth and bone tissue
(Rasmusson and Eriksson, 2001). Teeth
provide an ideal biological sample for
evaluating environmental exposure to toxic
metal as it has limited ability to release
acclimated elements into systemic fluids
(Orzechowska-Wylggata et al., 2011).
Cadmium chloride (CdCly) is widely
spread, non-biodegradable with a very long
biological half-life environmental pollutant.
Cadmium chloride is naturally occurring,
but the industrial evolution led to increase its
concentration and increased risk of human
exposure.  Industrial sources of CdCl
include manufacturer process of alloys,
highly specialized electronic  product,
phosphate fertilizers, and nickel-cadmium
batteries. The main routes of exposure
include ingestion and inhalation due to their
presence in contaminated water,
contaminated food (seafood, organ meats,
grains, leafy vegetables, and root crops) and
tobacco which is a dominant source for
CdCI2 exposure (Jarup and Akesson, 2009).
Cadmium chloride was listed by the World

Health Organization among the top 10

Zagazig J. Forensic Med. & Toxicology

chemicals of concern to human health. In
addition the
Substances and Disease Registry (ATSDR)

US Agency for Toxic
categorized CdCI2 the seventh agent on the
priority list substances
(Andjelkovic et al., 2019).

One of main points of research is the

of dangerous

effect of exposure to CdCl2 during
pregnancy on normal fetal development.
Previous studies reported that CdCI2 can
induce recurrent abortion, alteration of
Apgar 5-min score, decrease in birth weight,
decrease  forelimb and hindlimb bone
lengths, poorer cognition, hydrocephalus,
facial abnormalities, anophthalmia, and
hepatic/placental cell necrosis (Aprioku et
al., 2014; Jacobo-Estrada et al., 2017).
Regarding the effect on teeth, although they
are not the primary target for it, CdCI2
exposure was associated with increased risk
of pediatric dental caries (Amr and Helal,
2010). Also CdCl> was found to affect
structure and mechanics of rat incisors
(Swietlicka et al., 2019).

Osteocalcin (OC; bone Gla-protein
or BGP) is a major non-collagenous bone
protein with high affinity for apatite crystals,
osteoblasts  and
2021).
Previous study reported that chronic CdCl»

is synthesized by

odontoblasts (Carvalho et al.,

exposure  significantly reduced serum

osteocalcin level indicating significant
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reduction of osteoblastic activity (Youness
etal., 2012).

Caspases  (cysteinyl  aspartate-
specific proteases) are a conserved family of
enzymes that irreversibly commit cellular
apoptotic death (Nicholson et al., 1995;
Lavrik, 2005). All apoptotic caspases exist
in normal cells as inactive enzymes
analogous. When cells undergo apoptosis,
these caspases become activated through one
or two sequential proteolytic events that
cleave the single peptide precursor into the
large and small fragments that constitute the
active enzyme (Thornberry and Lazebnik,
1998). Cadmium chloride induced toxicity
was linked to various mechanism including
cellular apoptosis. In human lymphoma
cells, CdCl, has been shown to induce
apoptosis by two independent pathways: the
Ca2+-cal-pain and the caspase-mitochondria
pathways (El Sayed et al., 2013).

From these points, the aim of the
present study was to investigate the
developmental toxicity of CdCI2 on rats’
first molar histological structure, teeth
mineralization through osteocalcin staining
and evaluating caspase-3 expression as
potential target, both intrauterine and after

birth.
Il. MATERIAL AND METHODS:

11.1. Animals:

Adult male and female Sprague

Dawley rats (120-150gm) were purchased
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from Medical Experimental Research Center
(MERC), Faculty of Medicine, Mansoura
university. All experimental procedures
were carried out in accordance with the
laboratory guidelines of Ethics Committee
of Faculty of Dentistry, Mansoura
University, Egypt.

The parent generation of Sprague
Dawley rats were housed under
conventional standard conditions (five rats
per cage at 22 = 2°C, 60 + 10% humidity,
and a 12-h light/dark cycle, with free access
to food and water). After acclimatization for
a week, every female rat determined to be in
oestrus or pro-oestrus of their cycle was
mated with male rat in the same cage for one
day. Female rats were separated after
positive identification of a vaginal sperm
plug by veterinary doctor using previously
described method (Behringer et al., 2016),
and the day was defined as designation of
gestational day (gestational day) zero
(GDO0).

At GDO, 30 pregnant females were
housed individually in plastic cages and
randomly divided into two groups:

Control group: Six pregnant rats received
water by oral gavage and two of them
sacrificed at GD17 and 15 pups were
obtained. Other four rats allowed to continue
their pregnancy. The day of parturition was
deigned to be postnatal day (PND) zero
(PNDO). Twenty-six pups, delivered from

control rats, were housed, and 13 pups were
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sacrificed at PND10, and 13 pups were
sacrificed at PND 20.

Experimental (cadmium chloride) group:
Twenty-four pregnant rats received CdCl»
solution by gavage during gestation period
starting from day GD7 to GD17 (time of
organogenesis). CdCl, was freshly prepared
daily and given at dose (5 mg/kg)
corresponding 1/18 of LD50 (Tian et al.,
2018). Eight rats were sacrificed at GD17,
and 10 pups were obtained. Other 16 rats
allowed to continue their pregnancy. The
day of parturition was deigned to be PNDO.
Twenty-three pups were obtained from
experimental rats and housed. Twelve pups
were sacrificed at PND10 and 11 pups at
PND 20.

11.2. Histopathological evaluation:

Pups were anesthetized with
halothane and sacrificed by decapitation.
The pubs’ heads were rapidly excised and
then fixed in 10% neutral buffered formalin
for 24 hours and decalcified in 10% natural
EDTA. Heads were cut in coronal direction
for examination of the maxillary first molars
and processed for Haematoxylin & Eosin
(H&E) stain (Obi and Nwoha, 2014).

11.3. Immunohistochemistry evaluation:

The sectioned heads were immune-
stained using avidin-biotin technique. The
sections were stained with anti-rabbit
osteocalcin and caspase-3 immune stain
(Sigma- Aldrich, St Louis, USA) (Agustina
etal., 2018).
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Five non overlapped different fields
from each slide were digitized using
Olympus® digital camera installed on
Olympus® microscope. The images were
analysed on an Intel® Core I13® based
computer using Video Test Morphology®
software with a specific built-in routine for
immune-stain quantification. The targeted
positive  immuno-stained areas were
automatically selected and separated from
the original image depending on the positive
stain hue range, the selected area was
thresholder and defined as region of interest
and then a 3D histogram was constructed,
and integrated density of the area was
calculated.

I1.4. Statistical analysis:

Data were analysed using Statistical
Package for Social Science (SPSS) version
26.0. Descriptive statistics were calculated
in the form of Mean xStandard deviation
(SD). Student t test was used to compare
groups.

I1l. REULTS:

I11.1. Fetal characteristics:

Food intake and body weight gain of
the pregnant females in the CdCl. group
were less in comparison with control group.
One of the major obstacles in the present
study is high rate of fetal resorption in
experimental group. The fetuses of control
rats were all alive, healthy, and active with

average number (6-8) pups from each rat.
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Regarding the experimental group, in rats
sacrificed at GD17, the average number of
fetuses in each rat was (1-2) and fetuses of
three rats were completely resorbed.
Regarding other rats, three rats did not give
birth to any pups and two of them give birth
to two pups which died within two days. The
other 11 rats, the average number of
delivered pups and continued to PND10 and
PND20 from each rat was (1-2 pups).
Average body weight of pups in
experimental group was (4.8+ 0.5) gm and
in the control group (6.1 + 0.8)gm with
statistically significant difference between
them (P value <0.0001).

111.2. Histopathological evaluation:

Control group: GD17 tooth germ
sections showed early bell stage of the
enamel organ with outer and inner enamel
epithelium, stellate reticulum, and stratum
intermedium cells. The dental papilla
showed clear and well-defined condensation
within the concavity of the enamel organ,
early differentiation of odontoblast at the
central cusp, the enamel organ was separated
from the dental papilla with cell free zone
and was still attached to the oral epithelium
with the dental lamina (Figures 1- A & 1-B).
Sections of PND10 showed condensed cells
of the enamel organ-providing a space for the
developing enamel and fully differentiated
ameloblasts were observed adjacent to the
differentiated

enamel  matrix.  Fully
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odontoblasts with its process were observed
along the pulpal wall. Dental lamina was
fragmented and the connection with the oral
epithelium was lost. Epithelial root sheath of
Hartwig was formed and the root dentin
began to deposit (Figures 1- C & 1- D).
Sections of PND20 showed fully formed
crown with normal dentin and pre-dentin
layer, enamel was lost during decalcification
process. Root formation was almost
completed. The tip of the central cusp
penetrated the oral mucosa and appeared in
the oral cavity (Figures 1- E & 1-F).

Cadmium chloride group: GD17
tooth germ section showed early bell stage
of the enamel organ like that of the control
group but smaller in size and with no signs
of odontoblast differentiation (Figures 2- Al
& 2-B1). Sections of PND10 showed fully
differentiated ameloblasts and odontoblast,
thickness of both enamel matrix and thinner
dentin when compared to control group.
Epithelial root sheath of Hartwig was
formed but dentin deposition was limited
only to the crown with no deposition on the
root (Figures 2- C1 & 2- D1). Sections of
PND20 showed fully formed crown with
obvious interglobular dentin layer adjacent
to the pre-dentin. The first molar showed
delayed eruption. Although bone was
resorbed, none of the cusps penetrated the
oral mucosa. Root formation was also
delayed in comparison to control group
(Figures 2- E1 & 2-F1).
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Figure 1: Photomicrographs showing a section of the developing rat molar tooth (A) section of the
control group at 17" gestational day (GD17) showing normal structure of early bell stage of the enamel
organ. (B) Higher magnification showing early differentiation of odontoblast at the central cusp (arrow),
(arrowhead) inner dental epithelium and well defended dental papilla condensation. (C) Section of the
control group at 10" postnatal day (PND10) showing fully formed layer of enamel and dentin in the
crown with dentin deposition on the root. (D) Higher magnification showing fully differentiated
odontoblast with its process observed along the pulpal wall (arrow) both pre-dentin (curved arrow) and
dentin layer (crossed arrow). (E) Section of the control group at 20" postnatal day (PND 20) showing
fully formed partially erupted crown with normal dentin and pre-dentin layer, enamel was lost during
decalcification process. Root formation is almost completed. (F) Higher magnification showing full

thickness of normal dentin (crossed arrow), pre-dentin (curved arrow) and odontoblasts (arrow).
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Figure 2: Photomicrographs showing a section of the developing rat molar tooth (A1) Section of the
cadmium chloride (CdCl.) group showing at 17"" gestational day (GD17) showing smaller size early
bell stage. (B1) Higher magnification of the enamel organ with no signs of odontoblast differentiation.
(C1) Section of the CdCl2 group at 10" postnatal day (PND10) showing fully differentiated ameloblasts
and odontoblast, thinner thickness of both enamel matrix and dentin. (D1) Higher magnification
showing fully differentiated odontoblast with its process observed along the pulpal wall (arrow) both
pre-dentin (curved arrow) and dentin layer (crossed arrow). (E1) Section of the CdCl; group at 20™
postnatal day (PND 20) showing showed fully formed unerupted crown with developing root formation.
(F1) Higher magnification showing obvious interglobular dentin (tailed arrow) within the dentin

(crossed arrow), pre-dentin (curved arrow) and odontoblasts (arrow). (H&E stain X 40 & X 200).

111.3. Osteocalcin staining and sections, odontoblast cell bodies showed
evaluation: positive brown reaction along with the thin
Control group: In GD17 sections, layer of newly formed pre-dentin. The

the positive reaction to osteocalcin was expression was almost the same in sections
observed at the early differentiated of PND20 with obvious expression of

odontoblast at the cusp region. In PND10
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osteocalcin_within the dentinal tubules of
mature dentin (Figures 3-A, 3-C & 3-E).
Cadmium chloride group:  The
expression pattern was the same in both
groups, but the intensity of the expression
was decreased within the CdCl, group.
Although
odontoblasts in PND10 and PND20 but the

the decreased positivity of

expression in pre-dentin and mature dentin
was still observed (Figures 3-B, 3-D & 3-F).

On comparing osteocalcin
expression between both groups, CdCl.
decreased its level in all times with

statistically significant difference between

CdCl; and control groups as shown in table

).

17 Ds-1U
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Figure 3: Photomicrographs showing a section of the developing rat molar tooth (A) Section of control group at

17" gestational day (GD17) positive cytoplasmic reaction to osteocalcin (OCN) observed in newly differentiated

odontoblast at the cusp. (C) Section of control group at 10" postnatal day (PND10) showing positive reaction the

cell body of odontoblasts and within the predentin layer. (E) Section of control group at 20" postnatal day (PND

20) showing more intense positive reaction of the odontoblasts, its process and the predentin layer. (B) Section of

cadmium chloride (CdCly) group at GD17 showing positive reaction of the cells within the enamel organ. (D)

Section of CdCl,group at PND10 showing less. positive reaction to OCN within the cell body of the odontoblasts

and within the predentin layer. (F) Section of CdCl, group at PND20 showing less positive reaction to OCN in

odontoblasts and dentin (Osteocalcin X 200).
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Table 1: Comparison of osteocalcin expression (Area) between cadmium chloride and control
groups using student t-test.

Duration of Control group CdCl, group value
exposure Number of pups | MeantSD | Number of pups | Mean+SD P
GD17 15 4.31+0.31 10 3.22+0.36 0.03*
PND10 13 3.31+0.34 12 2.13+0.12 0.01*
PND 20 13 1.45+0.19 11 1.05+0.03 0.01*

CdCl,: cadmium chloride; GD17: 17" gestational day 17, PND10: 10" postnatal day; PND 20:
20" postnatal day. p-value is representing measured value against control group with
significance level at p < 0.05 as significant. *: significant.

111.4. Caspase-3 staining and evaluation:

Control group: The cytoplasmic
positively stained cells were observed in all
time periods. The tooth germ expressed
positive reaction to caspase-3 in GD17
sections. Positive reaction was observed in
the cell body of odontoblast in both PND10
and PND20 sections. With the PND20
sections showed the strongest reaction
(Figures 4-A, 4-C & 4-E).

Cadmium chloride group: Number of
positively brown stained cells increased in

all time periods relative to the control group.
Odontoblasts expressing positive staining
showed stronger reaction in comparison to
control group in PND10 and 20 (Figures 4-
B, 4-D & 4-F).

On comparing caspase-3 expression
between both groups, CdCl> increased its
level in all times with statistically significant
difference between CdCl, and control

groups as shown in table (2).

Table 2: Comparison of Caspase-3 expression between cadmium chloride and control groups

using student t-test.

Duration of Control group CdCl, group value
exposure Number of pups | Mean+SD | Number of pups | Mean+SD P
GD17 15 2.04+0.26 10 4.07+0.16 0.01*
PND10 13 1.17 +0.43 12 1.26+0.32 | 0.018*
PND 20 13 1.48+0.22 11 2.52+0.24 0.02*

CdCl,: cadmium chloride; GD17: 17 gestational day 17, PND10: 10" postnatal day; PND 20: 20™
postnatal day. p-value is representing measured value against control group with significance level at p
< 0.05 as significant. *: significant
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Vol. (20) No. (1) Jan. 2022



Cadmium Chloride Developmental Toxicity on Teeth 22

[ Control

S El e g

17 Ds-1U

10 Ds

20 Ds

A) Section of control group at

17" gestational day (GD17) positive cytoplasmic reaction to caspase-3 observed within the cells of the enamel

organ reaction. (C) Section of control group at 10™ postnatal day (PND10) showing positive cytoplasmic reaction

in the cell body of odontoblast cells. (E) Section of control group at 20" postnatal day (PND 20) showing more

intense positive reaction within the cell body of the odontoblast cells. (B) Section of cadmium chloride (CdCly)

group at GD17 showing more positive cells to caspase 3. (D) Section of CdCl; group at PND10 showing more

reaction within the cell body of odontoblast cells. (F) Section of CdCl, group at PND20 showing intense reaction
within the cell body of odontoblast cells. (Caspase-3 X 200).

V. DISCUSSION:

chloride,

Cadmium widely
distributed environmental toxicant, was
found to induce toxic effect on teeth through
affecting tooth mineral content and inducing
histological and morphological changes
(Ratnasari et al., 2016; Swietlicka et al.,
2019). In addition, CdCl: s able to cross the
placenta and produces multiple fetal

anomalies (Dharmadasa et al., 2017).
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However, the exact effect of in utero
exposure to CdClz on tooth development
either intrauterine or after birth is still not
clear. From these points, the aim of the
present study was to investigate the
developmental toxicity of CdClz on rats’
first molar histological structure, teeth
mineralization through osteocalcin staining
and evaluating caspase-3 expression as
potential target, both intrauterine and after
birth.
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In the present study, pregnant female
rats showed high rate of fetal resorption and
reduced number of pubs. These data are in
accordance with El Sayed et al. (2013)
findings on administration of CdCI2 to
pregnant females. Tooth development is the
result of a complex interaction between the
epithelium of the first arch and the
ectomesenchyme, which is derived from
neural crest cells. through a series of well-
defined stages epithelial thickening, bud, cap
and bell the tooth is formed (Beeman and
Kronmiller, 1994). Results of the control
group showed early bell stage with early
differentiation of odontoblasts at the cusp
region at the GD17, fully differentiated
odontoblasts along the pulpal wall with
deposited dentin at PND10 sections and at
PND20 fully formed crown with central cup
penetrating the oral mucosa. These findings
are in agreement with control group of
previous researches (Lukinmaa et al., 2001,
Silva et al., 2010; Prasanth and Saraswathi,
2012). Meanwhile, CdCI2 group data
showed delayed stages in comparison with
the control group in all time periods. Fetal
growth retardation, a range of congenital
malformation, abnormalities of embryonic
development and congenital disorders of
structure and function of some tissues were
reported with CdCl, exposure during
pregnancy and its enrich in the embryo
(Salvatori et al., 2004; Ling et al., 2017). As

regard defective calcification in the present
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results, reports of CdCl, affecting calcified
tissue can contribute to explaining the
observation of interglobular dentin at
PND20 section indicating developmental
defect in the calcified globules (Kakei et al.,
2009). The possible underlying mechanism
for these changes may be either indirectly
through  affecting the calcium and
phosphorus storage in bone (Uchida et al.,
2010) or

dysfunction and apoptosis (Ma et al., 2021).

directly through osteoblast

Odontoblasts secrete both tooth
specific proteins as dentin sialoprotein and
dentin phosphoprotein. Dentin is the major
component of tooth hard structure with most
of its protein composition is to both dentin
and bone. These proteins are type 1, 11l and
V of the collagen family, osteocalcin,
osteopontin, and osteonectin (Butler and
Ritchie, 1995). Previous studies reported
expression of osteocalcin in odontoblasts
and their process within mature dentin and in
pre-dentin in rats and in human (Bronckers
et al., 1998; Papagerakis et al., 2002). On
CdCl> exposure, odontoblasts expressed
osteocalcin but at a decreased level when
compared to control. Similar results were
reported by Youness et al. (2012) who
reported significant reduction of osteocalcin
serum levels after adding cd to drinking
water.

Apoptosis during tooth development
has been described in rodent animal model,

caspase-3 positive cells were observed in the
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tooth germ in embryo day 12" to 19%
(Shigemura et al., 2001). Also, the number
of apoptotic cells increase but without any
loss of the cell mass in postnatal
morphogenesis (Matalova et al., 2004,
Lungova et al., 2011). These data are in
accordance with our research data for
control group. The results of CdCl, group
revealed increased number of positive cells
to caspase-3 relative to the control. This is
similar to results of previous studies on
CdCl, treated rat embryos that showed
increase number of apoptotic cells by
confocal microscopy (Jimi et al., 2004). In
addition, CdCI2 administration in mice
during pregnancy caused increased primary
DNA damage and activation of apoptotic
pathway in their pups (Ferndndez et al.,
2003). Apoptosis induction by CdCI2 was
explained to be through inhibition of
antioxidant enzymes activity (El-Boshy et

al., 2015).
V. Conclusion:

In conclusion, results of the present
study demonstrated the hazardous effect of
exposure to CdCl during tooth development
which leads to delay in the developmental
stages of the first molar teeth beside its effect
on the mineralization of dentin and the
delayed eruption of the teeth. In addition,
increasing caspase 3 expression is possible

pathway for these effects.
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VI. RECOMMENDATION:
Further studies on females with high CdCl»

exposure during pregnancy and the exact
effect on tooth development after birth is

recommended.
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