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Abstract

The current study investigated the toxic effects of cadmium chloride (CdCl,) on the livers of Wistar rats using both histopathological and
genetic features as indicators. Here, 12 rats were randomly categorized into 3 groups (4 animals/group). One group received 8mg/kg B.W IP of
CdCl; daily for 30 days (8G). Another group was given 4mg/kg B.W IP of CdCl, daily for 30 days (4G). The last group was subjected to
distilled water only, a control group, (CG). After the 30-day experiment, all animals were sacrificed, and samples from liver tissues and bile
ducts were collected for p53 gene expression (P53GE), using real time PCR (RT-PCR), and histopathological tests. The histopathological
findings revealed lesions such as hepatic degeneration, vacuolation of the hepatocytes, hyperplasia in the bile ducts, and dilatation of
sinusoids. For the P53GE, significant increases were shown in the 4G, 6.672, greater than those in the 8G, 2.838, when compared with the CG,
0.971. In conclusion, CdCl, induces detrimental toxic effects shown via the histopathological changes in the liver and the bile duct tissues. The
P53 increased expression in the 4G might indicate suppressing action against a possible activation of CdCl,-induced cancer in those tissues.
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INTRODUCTION

Cadmium (Cd) is a well-known heavy metal for its
toxicity, and it is present in the environment in different forms.
Industries involving cadmium are huge in numbers such as
battery, plastic, fertilizer, cigarette, mobile chargers, and paints
productions. No good strategic use of this toxic element leads to
contamination of soil and water in the affected areas. Direct
contact with Cd may induce toxicity to all body organs and
tissues. People and animals are affected by such toxicity via direct
or indirect contact with Cd such as via inhalation or skin contact
1,2).

Many studies showed that CdCl, causes excessive
production of reactive oxygen species (ROS) and leads to
damages in the affected tissues of humans or animals (3,4).
Another scenario of CdCl, toxicity is that DNA damage induced
via lipid peroxidation (5). For certain pathways, CdCl, settles
down in the kidney and liver tissues, and it results in changes in
the histopathological and the gene expression levels of tumor-
suppressor genes such as p53 (6,7). P53 gene codes for a protein
called TP53 that has some important roles in cell cycle, apoptosis
and growth arrest, suppressing cancer cell, and repairing DNA
damages. DNA-related damages induce more production of p53
protein (8-10). Many reports showed, using microtome,
histopathological changes induced in acute and chronic toxicities
via the exposure to CdCl, (11-13).

The main purpose of the current study was to
understand the effects of CdCl, on some tissues such as those
belong to livers and bile ducts in Wistar rats. The study also was
focused on the effects of CdCl, on the expression of the p53 gene
via the estimation of gene expression by a RT-PCR technique.

MATERIALS AND METHODS

Animals and Experimental design

Here, 12 Wistar male and female rats, 200-220gm, were
purchased from the animal housing in the College of Veterinary
Medicine, University of Al-Qadisiyah, Diwaniyah, Iraq. The
animals were randomly categorized into 3 groups (4
animals/group). One group received 8mg/kg B.W IP of CdCl,
daily for 30 days (8G). Another group was given 4mg/kg B.W IP
of CdCl, daily for 30 days (4G). The last group was subjected to
0.2ml of distilled water only, a control group, (CG). The CdCl,
was obtained from the Central Laboratories of the same
university. The rats were housed during the experiment period, 30
days, in suitable plastic cages placed in well-ventilated rooms,
25+2 °C in the College of Veterinary Medicine, University of Al-
Qadisiyah, Diwaniyah, Iraq, and 12/12hrs of light/dark cycle was
provided. Food as pellets was given plus water was provided ad

libitum. After the 30-day experiment, all animals were sacrificed,
and samples from liver tissues and bile ducts were collected.
Samples were placed in 1.5ml tubes preloaded with DEPC water
and snapped frozen in liquid nitrogen to be stored in a -20 °C
freezer in the same college. P53 gene expression (P53GE), using
real time PCR (RT-PCR), and histopathological tests were
performed in the mentioned college. For the histopathological
examination, 2cm? of liver tissues was obtained, fixed in a 10%-
formaldehyde solution, and processed using a histokinette (SLEE
medical, Germany). The technique used were followed from (14).
Total RNA extraction

The kit used for the total RNA extraction was Accuzol®
reagent kit (Bioneer, Korea). The instructions accompanied the kit
were followed. To initiate the process, 200mg of liver or bile duct
tissues was used. The resulted extract of RNA was kept frozen in -
20 °C. DNase |, DNase | Kit (Promega, USA), was used, to get
rid of any remaining of genomic DNA, according to the Kit
instructions.
Reverse-transcription and RT-PCR

To reverse-transcribe mRNA into cDNA, AccuPower®
RocktScript RT PreMix (Bioneer, Korea). The kit instructions
were followed to perform the process. The temperatures used for
the process were 50 °C for 1hr to synthesize cDNA (RT step), and
95 °C for 5min to inactivate heat. RT-PCR was used to quantitate
p53GE using the 2-AACT Livak method (15). The PCR system
used was from (BioRad, USA) using SYBER Green dye gPCR
master mix. The primers for the p53 gene, NM_030989.3, were F:

ATCCTATCCGGTCAGTTGTTGG and R:
AATGCAGACAGGCTTTGCAG to amplify a 143bp region. The
B-actin primers, NM_031144.3, were F:
CTAGGCACCAGGGTGTGATG and R:

GTCAGGATGCCTCTCTTGCTC to amplify an 85bp region.
The master mix solutions were generated using AccuPowerTM
2XGreen Star gPCR master mix kit (Bioneer, Korea). The
instructions for the kit were followed. The condition temperatures
used were 50 °C for 1hr to begin the denaturation for 1 cycle, 45
cycle (95 °C for 20s to do the main denaturation and 60 °C for 30s
to do the annealing/extension/detection), and 60-95 °C for 0.5s for
1 cycle.

RESULTS
Histopathological changes
The histopathological findings revealed lesions such as
hepatic degeneration, vacuolation of the hepatocytes, infiltrations
of inflammatory cells, hyperplasia in the bile ducts, dilatation of
sinusoids, mild congestion of the central vein, and mild dilatation
of sinusoid, figure 1, 2, 3, 4, 5, and 6.
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Figure 1: Histological section of liver of rat treated
with CdCl, (8G). It shows fatty-degenerated
hepatocyte characterized by signate like shape,
peripheral nuclei, and hepatocyte vaccoulation
(40XH&E).

Figure 2: Histological section of liver of rat
treated with CdCl, (8G) shows infiltration of
inflammatory cells in the hepatic tissue
(40XH&E).

Figure 3: Histological section of liver of rat Figure 4: Histological section of liver of rat
treated with CdCl, (8G) shows hyperplasia of treated with CdCl, (8G) shows mild congestion
bile duct (green arrow) with dilation of the of the central vein (green arrow) and mild
sinusoid (10XH&E). dilatation of sinusoid (10XH&E).

Figure 5: Histological section of liver of rat Figure 6: Histological section of liver of rat
treated with CdCl, (4G) shows mild congestion of treated with CdCl, (4G) shows cytoarchitecture
the central vein (green arrow) and mild dilatation of hepatic lobules consisting of central veins

of sinusoid (10XH&E). and radially arranged hepatocytes (10XH&E).
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Figure 7: Relative mRNA level of p53 in the liver of rats injected with CdCl, (4G, 4mg/kg B.W) and (8G, 8mg/kg B.W) for 30th days
was determined using RT-PCR.

P53 gene expression

For the P53GE, significant increases were shown in the
4G, 6.672, greater than those in the 8G, 2.838, when compared
with the CG, 0.971, figure 7.

DiSCUsSION

The current study showed severe histopathological
changes in the livers of the treated rats with CdCl, as the liver is
the main metabolizing site of this agent. These results agree with
(16,17) who found vacuolar- and granular-based degeneration,
dilatation in the sinusoids and the portal triad in the liver
histopathological pictures of rat exposed to Cd. Some researchers
found that Cd induced dilatation of sinusoids, mild inflammation,
and micro and macrosteatosis (12). The present findings the
current study also match up with (18) who showed spread hepatic
steatosis, diffuse necrobiosis, and infiltrations of inflammatory
cells. For the genetic-based changes, (19) indicated that exposure
to Cd at 50mg for 12 weeks induced compact of chromatin.
Moreover, liver cell cytoplasm became light, and trabecular
structure was blurred, foamy and vacuolated. The cells were
enlarged with small nucleoli. However, mononuclear cells
accumulation in the sinusoids pycnotic with condensed chromatin
and accumulation of Kupffer cells in the walls of sinusoids
disagreed with the current study results. The presence of
inflammatory cells infiltrations indicates severe histopathological
reactions generated against Cd (20,21).

Significant increases in the p53 gene expression was
higher in 4G than that in 8G. Such increases are linked to the
lower dose, 4mg, in the 4G that may have not induced heavily
damages in the genetic materials, DNA, and p53 was still
activated. However, the higher dose,8mg, in 8G might have been
enough to destroy all the DNA and no more p53 was induced
(22). The P53GE results agree with (23,24) who found genetic
response via p53 expression that was linked to the dose of Cd
taken. P53-dependent pathway induces apoptosis via the exposure
to Cd (24). When p53 is inactivated or lost, this might increase the
occurrence rate of malignant tumors (25). The loss of p53 may
induce failure in the cell arrest during the G1 phase of the cell
cycle when exposing to DNA damage (26). So, this could be a
protection mechanism induced in the cells affected by Cd. In
conclusion, CdCl, induces detrimental toxic effects shown via the
histopathological changes in the liver and the bile duct tissues.
The P53 increased expression in the 4G might indicate

suppressing action against a possible activation of CdCl,-induced
cancer in those tissues. This heavy metal must be controlled to
keep it out the acceptable concentrations in the environment.
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