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ABSTRACT

Cadmium (Cd) is a heavy metal in the environment and contaminated food causes a serious
risk to biodiversity and human health. Cd affects Cell proliferation, differentiation, and apoptotic
pathway. A growing attention is now towards the severely damaging effects of Cd and its relation
to different cancers. Unfortunately, few reports found about Cd effects on salivary tissues. In our
study, we will investigate the effect of Cd on Rats major salivary glands and the level of Caspase
3 in their blood. Fourteen albino Rats were allotted randomly into 2 equal groups, control group I
and group II which received Cd orally by gavage needle for 24 days. Parotid and submandibular
salivary glands were carefully dissected and blood samples were collected from Rats. Paraffin
blocks of the salivary glands were prepared and stained with Haematoxyline and Eosin (H&E)
stain, examined by light microscope examination. Caspase 3 levels were measured in the sera of
Rats by enzyme immunoassay (EIA) using Rat Caspase 3 ELISA kit. Cd treated group revealed
especially in the parotid glands more than submandibular glands a sever hydropic degeneration
with areas of necrosis containing apoptotic cells (cellular toxicity). The serous acini appeared
with loss of its acinar outlines, multiple intracellular vacuoles with compressed pyknotic nuclei.
Additionally, few signs of cellular atypia appear. Our ELISA test results of Caspase 3 confirmed
the apoptosis induction in Cd treated group with a high significant difference among the control
group. In conclusion, our results revealed that Cd induces apoptosis and cellular toxicity in Rats
major salivary tissues indicating that exposure to Cd in the environment and food is quite harmful.
Our results shed a light on Cd which can be used with other heavy metal complexes as an antitumor
drug in an optimized dosage.

INTRODUCTION Mercury, Arsenic and Cadmium (Cd) are universal

Heavy metals in the aquatic environment cause a and have harshly damaging effects'. According to

serious risk to biodiversity and human health. Among ~ Worldwide request for Cd, approximately 30,000

heavy metals dispersed in the environment, Lead, tons of Cd is on the rampage into the environment
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each year. This heavy metal is not degraded in the
environment, which escalates the risk of human

exposure >

. Cd will consistently be present in
our society, either in beneficial products in the
form of nickel-cadmium batteries, dyes, plastics,
electrochemistry, paint pigments or in controlled
wastes as a major source of pollution, in water and as
a component of food material *¢. Cd is a widespread
heavy metal which enters the biological systems
from natural sources, such as volcanic emissions,
weathering of rocks, mining processes as well as
from industrial applications, agricultural practices

and human usages °.

Cd emissions into the environment are normally
continuous between the three main environmental
compartments, air, water and soil. The majority
of Cd exposure arises from ingestion of food
substances due to uptake of Cd by plants from
fertilizers, sewage, sludge, manure and atmospheric
deposition®.  Chronic exposure to low-level
cadmium is associated with a number of health
outcomes, such as end-stage renal failure, early
onset of diabetes, renal complications, osteoporosis,
disrupted blood pressure regulation, and increased
cancer risk 7'°. Very recently Cd contaminated rice
fields in Mae Sot District, Tak Province, Thailand
was reported by Songprasert et al. 2015 !'. Clinical
and epidemiological data have shown that Cd exerts
toxic effects not only on the kidneys, liver, lung
and testis but also on the central nervous system

(CNS)™.

Programed cell death which called apoptosis is
a physiological cell suicide program prominently
involving the mitochondria®®. Caspases play an
important role in apoptotic mitochondrial damage,
where aspartic acid specific protease, caspase-9, is
the initiator '*. Apoptosis is characterized by distinct
morphological characteristics, such as cell shrinkage
and convolution, pyknosis and karyorrhexis, intact
cell membrane, lack of inflammation and finally,
the breakdown of the cell into apoptotic bodies
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followed by secondary necrosis. Pro-caspase-9
cleavage generates its active form that further

triggers effector Caspases '°

. Activated Caspase
cascade culminates in altered apoptotic phenotypes,
of which nuclear fragmentation is a major one '°.
Caspase-3 is a regularly activated death protease,
catalyzing the specific cleavage of many key cellular
proteins '". Therefore, caspase-3 is important for
definite processes related to the disassembling of
the cell and the formation of apoptotic bodies, but
it may also function before or at the stage when

commitment to loss of cell viability is made '®.

Apoptosis is recognized as an early cellular
indicator of toxicity '°. Oxidative stress usually
occurs in cells exposed to Cd, and may overcome
antioxidative defense systems, leading to cellular
dysfunction '°. Reactive oxygen species (ROS), an
important indicator of oxidative stress, can occur
in response to Cd exposure, resulting in damage
to critical organelles, especially the mitochondria,
eventually leading to apoptosis or necrosis '?%.
(SOD),

glutathione peroxidase and reductase (GR) are the

Superoxide dismutase catalase, and
major cellular defenses against ROS ?'. Accordingly,
the relationship between redox homeostasis and
apoptotic mechanisms of Cd-induced toxicity
needs further investigation. Studies have strongly
suggested that oxidative mechanisms and Caspases

initiated and executed Cd-induced apoptosis 222,

Appropriately, few reports found about Cd
effects on salivary tissues. Those which done on
Rats indicated that Cd causes morphological and
functional changes in Rat salivary glands ***°. The
role of apoptosis induction on the salivary tissues
and its confirmation is still deficient.

In our study, we will investigate experimentally
the effect of Cd on Rats major salivary glands.
Furthermore, the level of Caspase 3 in these Rats
blood will be measured to assess the apoptotic
response to Cd uptake.
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MATERIALS AND METHODS

Fourteen male albino Rats (age: 8 to 10 weeks
and about 150 to 180 g body weight) were obtained
from Experimental Animal Center of Faculty of
Medicine, Mansoura University. The Rats were
maintained on the commercial soft diets and water
regimens under standard temperature (22-25°C),
ventilation and hygienic conditions. After one week
of acclimatization, the Rats were allotted randomly
into 2 equal groups.

Grouping of animals and treatment

The animals were randomly divided into two
groups of 7 animals each, control group (I) and
cadmium chloride group (II), both groups were given
a standard Rat chow and water. Rats in Cd group
were given treatments orally by gavage needle for
24 days. The dose was daily 2 ml dose of a solution
containing 10 mg/kg body weight of monohydrated
cadmium chloride orally 2. The cadmium chloride
(CdCI2) used in this study was obtained from Sigma
Chemical Company (St. Louis, MO, USA)with the
following specifications: hydrate minimum 98%,
water content approximately 2.5 mole/mole).

ELISA test

At the end of the experimental period, blood
samples were collected from the retro-orbital
venous plexus of each Rat. The blood samples
were collected, left to clot at room temperature 10-
20 minutes, centrifuged at 2000-3000 rpm for 20
minutes, and then the serum was separated & stored
at -20°C.

Caspase 3 levels were measured in the sera
by enzyme immunoassay (EIA) for the in vitro
quantitative measurement of Rat Caspase 3 (Sun
Red Biological technology; Rat Caspase 3 ELISA
kit) according to the manufacturer instructions.

Haematoxyline and Eosin examination

Animals of each group were sacrificed

by exposure to ether anesthesia. Parotid and
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submandibular salivary glands were carefully
dissected and fixed in 10% formal saline. Paraffin
blocks were prepared and 5p sections were stained
using regular Haematoxyline and Eosin (H&E) stain
procedures, and then processed for light microscope
examination.

Statistical analysis of ELISA test results

Data from ELISA tests were tabulated, coded
then analyzed using the computer program SPSS
(Statistical package for social science) version 17.0.
Descriptive statistics were calculated in the form of
mean + Standard deviation (SD) and Student’s t-test
for the Caspase 3 Eliza results.

RESULTS

Clinical observations were as follow, three Rats
were excluded from group (II) during our study, and
one Rat died after first week of Cd uptake. A further
two Rats died after three weeks of Cd induction.
Finally, two Rats had a big abscess in their neck. All
these Rats were compensated by others.

H&E results of Control group (I)

The parotid gland showed the lobular pattern of
the gland, the serous acini appeared densely packed
with large basally located nuclei, intralobular ducts
and surrounding connective tissue capsule fig A
(1,2).

The submandibular gland of control group
showed the normal histological appearance of
mixed acini, densely packed small serous acini,
large mucous acini with compressed flat nucleus
and multiple granular convoluted tubules fig A (3.4).

H&E results of Cadmium chloride group (II)

The parotid glands of cadmium treated group
showed sever hydropic degeneration with areas of
necrosis. The serous acini appeared with loss of
its acinar outlines, multiple intracellular vacuoles
with compressed pyknotic nuclei, areas of necrosis
fig B (1,2).
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The less

pathological changes in forms of atrophy in the

submandibular gland revealed
shape of some serous acini with variable degree of
cytoplasmic vacuolization and fusion of granular
convoluted ducts fig B (3.4).

Finally,areas of necrosis which contains apoptotic
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cells with nuclear fragmentations (pyknosis and
karyorrhexis) were obvious (figure C). Finally, few
tissues of the parotid glands showed acinar cells
in Cd treated group with some signs of atypia as
hyperchromatism, polymorphism, abnormal mitotic

figures and some nuclei’s is vesicular (figure C)

Fig. (A) (1,2) photomicrograph of parotid gland of control
group showing the lobular pattern of the gland with
densely packed serous acini and basally located nuclei,
intralobular ducts and surrounding connective tissue
capsule. (3./4) submandibular gland of control group
showing the normal histological appearance of serous
acini, striated duct, granular convoluted tubules,
excretory duct and connective tissue septa (H&E stain,
x100, x400) .

Fig. (C) Photomicrograph showed acinar cells in Cd treated
group with areas of necrosis which contains apoptotic
cells with nuclear fragmentations (pyknosis and karyor-
rhexis) and few signs of atypia appears as hyperchro-
matism, polymorphism, abnormal mitotic figures and
some nuclei’s is vesicular (H&E stain, x400).

Fig. (B) (1,2) photomicrograph the parotid gland of cadmium
treated group showing separation of lobules with increased
connective tissue septa in between, sever hydropic
degeneration with massive atrophy of serous acini and
large numbers of vacuoles with pyknotic nuclei, some
areas of necrosis (3,4) submandibular gland of cadmium
treated group showing some areas of necrosis, atrophy
in the shape of some serous acini with variable degree
of cytoplasmic vacuolization and fusion of granular
convoluted ducts (H&E stain, x100, x400).

Results of Caspase 3 ELISA test of Rats blood

In the statistical comparison between the
different groups, the significance of difference was
tested using Student’s t-test (Paired) to compare
between mean of two related groups of numerical
(parametric) data. There was a different Caspase
3 level in the blood of both groups. In the control
group the mean + standard deviation sera level of
caspase3 showed (1.93+.19); while in the cadmium
group was (2.66+.28) and there was a high significant
difference between the two groups (figure D,
Table 1).
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TABLE (1) Caspase 3 ELISA test of Rats blood

results
Groups
Control Cd 'Pvalue
group group
« Mean 1.93 2.66
% o w
38 .
s g’b-g 5 +SD .19 28
EE 2% ##5<0.001
8 < E £ | Minimum | 1.63 2.16
g 5 < O
© Maximum | 2.20 3.09

* P value represents significance difference between control and
cadmium groups

**All results are expressed as mean =+ standard deviation (SD).

" Significant: at P < 0.05, Non-significant: at P >0.05.

CONCENTRATION

 Control group ®CD group

1.93
2.66

MEAN1SD

CONTROLGROUP CD GROUP
- J

Fig. (D) Bar graph showing significant difference between con-
trol and cadmium group among Caspase 3 ELISA test
results.

DISCUSSION

Current studies had shown that Cd affects Cell
proliferation and differentiation, and demonstrated
that Cd can cause cell apoptosis '*?’. Cd indorses an
early oxidative stress and subsequently contributes to
the development of serious pathological conditions,
as results of its long retention in some tissues 2.
A growing and recent reports are now been draw
the world attention towards the severely damaging
effects of Cd and its presence in our environment
and contaminated food '3,
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In general, the present results in this study
have shown that Cd treated group revealed a sever
hydropic degeneration with areas of necrosis con-
taining apoptotic cells (cellular toxicity) especial-
ly in the parotid glands more than submandibular
glands. The serous acini appeared with loss of its
acinar outlines, multiple intracellular vacuoles with
compressed pyknotic nuclei. In accordance with our
results an earlier research indicated that Cd caused
morphological and functional changes in Rat sali-
vary glands. Additionally, it was concluded that
the extent of tubular and acinar damage equals the
degree of gland dysfunction®*?. Furthermore, our
results indicated that Cd induced apoptotic mecha-
nisms this is in accordance with the results of Zhao
et al. 2015, as they investigated the effects of Cd on
osteoblasts in Rats the results of their study clarified
that Cd has direct cytotoxic effects on osteoblasts,
which are mediated by Caspases and mitogen-ac-
tivated protein kinase (MAPK) pathways in Cd-in-
duced apoptosis of osteoblasts 2.

Our ELISA test results of the Rats blood of
Caspase confirmed the apoptosis induction in Cd
treated group with a high significant difference
among the control group. Induction of Caspase 3
have been reported by Shih et al. 2004 indicated
that Cd induced Caspase-independent apoptosis
through a mitochondria- reactive oxygen species
pathway *. Another affirmed results explaining that
Cd-induced apoptosis was thought to be mediated
by at least two pathways; Caspase-dependent Bid
cleavage, and calpain-mediated mitochondrial Bax
cleavage 3'. Continuously, another explanation by
Permentar et al. 2011, studying the effects of heavy
metals (nickel, chromium, or Cd) on Rats liver
derived cell lines they suggested that Cd agitated
genes related to endoplasmic reticulum stress and
raised the unfolded protein response leading to
apoptosis 2.

Furthermore, from our results Cd caused few
cellular typia which may be a sign of carcinogenesis
and might be these signs were exaggerated if the
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Cd dosage was higher and its exposure time was
longer. Supportive to our hypothesis, recently
Nawrot et al. 2015 stated that
epidemiological evidence of the last decade steadily
identifies low-level environmental exposure to

“there are an

cadmium as a risk factor for total cancer and lung
cancer”®. Interestingly, Sherief et al. 2015, they
investigated Cd status among pediatric cancer
patients in Egypt and concluded that there is a
positive association between Cd exposure and
pediatric malignancy®*. Contrary, Eriksen et al.
2015 did not find an association between dietary
cadmium intake and prostate cancer risk in a cohort
of Danish men *.

Finally, in an astonishing findings a research
done by He et al. 2015, they affirmed the induction
of apoptosis by Cd with other heavy metals on
glioma tumors and the availability to use an
optimized mixture of heavy metals as an antitumor
drug to induce glioma cell toxicity *¢. Moreover,
another research have been done by Zhang et al.
2015 their results suggested that L-Ornithine Schiff
base-copper and Cd complexes have proteasome-
inhibitory capabilities and have the potential to be

3 Earlier

developed into novel anticancer drugs
study suggested that Cd organic complexes are
capable of inhibiting tumor cellular proteasome
activity and consequently induce cancer cell-specific
apoptotic death. These results start a new era of the
usage an optimized dosage of Cd and other heavy

metals as therapeutic antitumor drugs *.

In conclusion, our results revealed that Cd
induces apoptosis and cellular toxicity in the
salivary tissues of the tested group with a significant
increase in the Caspase 3 level in Rats blood. The
previous results affirmed that the gradual increase
of exposure to Cd in the environment and food is
quite harmful. It is recommended that advanced
epidemiological and environmental studies should
be done on the harmful effects of Cd. On the other
hand the affirmed induction of apoptosis by Cd
can be used with other heavy metal complexes as
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an antitumor drug in an optimized dosage. Further
researches on the last point are recommended with
a more experimental and clinical trials on different
cancers to open a new hope to a new antitumor
therapy.
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