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Background: Cadmium (Cd) is an industrial and environmental pollutant that affect adversely a

Material and Methods: Male Balb/c mice weighing 30-32 gm, 60 days old, were treated
wt. /CdCI2). The body weight, liver weight,
histological examination of liver, SEM, metal analysis along with DNA ladder for apoptosis.

Results: Cadmium induced both a time, and dose dependent increase in apoptotic, severity of
necrosis. Liver weight, body weight decreased with increase of dose, while metal content was

Conclusion: It has been concluded that cadmium caused necrotic effect on liver and apoptotic as
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Introduction:

Cadmium (Cd) is an industrial and environmental
pollutant that affects adversely a number of organs
in humans and other mammals, including the
kidneys, liver, lungs and placenta'™. The liver and
kidney are the primary organs involved in the
elimination of systemic cd °. In addition to the
direct cytotoxic effects that can lead to apoptotic
and/or necrotic events, Cd can have potent
carcinogenic effects in target organs, in fact, based
on epidemiological and toxicological and also
findings indicate that the carcinogenic effects of Cd
are related to the activation of protooncogenes™. In
contast, acute exposure leads to accumulation of cd
mainly in the liver®. Therefore, it is not unexpected
that the liver is the target organ in acute cd
poisoning. The manifestations of acute cd
hepatotoxicity include hepatocyte swelling and fatty
change, as well as focal, zonal, and massive
necrosis” At the ultrastructural level, the
hepototoxic effects of cd include dilatation of the
rough endoplasmic reticulum, loss of membrane-
associated ribosomes, and nuclear condensation®.

Apoptosis is a mode of cell death with
morphological features quite distinet from those of
necrosis’. Apoptosis features in the toxicity of
many chemical toxicants, DNA is often the target of
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toxicants, and DNA damage is currently thought to

be leading candidates for initiating the process of
apoptosis'". Cd has been shown to iduce apoptosis
in isolated bovine liver nuclei .

Therefore, the present study had the apoptosis is
an important and currently unrecogenized process
occurring in acute cd-induced hepatotoxicity.

Material and Methods:

Adult male mice, weighing 30-32gm of Balb/c,
60 days old. The animals were treated
intraperitoneally (ip), with different doses of
cadmium chloride (CdCI2) daly for 15 days, as
follows (1mg/kg body wt., Smg/kg body wt., and
10mg/kg body wt). The animals were divided into
four groups each group having 6 mice (one control
group on normal diet and water).

Body and tissue weights:

The body weight and liver weight from treated
groups was taken along with control after 15 days,
when the mice were dissected and percentage
change was calculated by the following formula:

Weight of tissue of treated group — weight of tissue

of control group x100
Weight of tissue of control group

While body weight after 15 days, weight was taken
by the formula:

Weight of body of treated group — weight of body

of control group x100
Weight of body of control group

Histological studies:
The liver was cut into small pieces and fixed in
Bouins fixative. Histological examination of liver
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was carried out by standard histological techniques.
Sections of 5»um thickness were cut and stained
with hematoxylin: eosin (H/E).

Metal analysis:

Tissue sample were digested in nitric acid:
perchloric acid mixture (2:1), extracted and
quantitatively diluted prior to analysis. CdCI2 levels

were determined usisng GBC 902 atomic
absorption spectrophotometer by acetylene-air
flame.

Scanining Electron Microscopy studies (SEM):
The liver was cut into small pieces, washed in
phosphate buffer and fixed in 2.5% glutaraldehyde
in phosphate buffer. The sample was examined
under JSM 6100 scanining Electron microscope
(SEM).

DNA ladder for apoptosis: The method'?, used for
apoptosis, which appears as a ladder in a garose gel
electrophorsis, was modified from".

Statistical analysis: Results are reported as mean +
SE . In experiments where the CdCI2 dose was
varied, data was analyzed by using student's "t" test.

Fig.1. Dose dependent change in body weight of mice treated with CdCl2 for 15 days.
(Mean # SE, n=6)

Cont y wt 5mg/kg body wt.

trol 1mg/kg body wt. 10mg/kg body wt
(* non-significant ** significant from control) Moy bedy

Fig.2. Dose dependent change in liver weight of mice treated with CdCI2 for 15 days.
+SE,n=6)

C

5mglkg body wt 10mglkg body wt.

ontrol 1m body wt.
(* non-significant s%ﬁﬂca’fyn from control)

(mean

Fig.3. A. liver of control mice showing normal
kupffer cells (kc), Sinusoids (si) and hepatocytes
(HC). ( X40)

B. Hepatocytes showing necrosis, pycontic nuclei
(arrow) with mild degenerative change after
exposure to 10mg/kg body wt.,CdCI2.

Results:

The intake of feed and water by. treated mice
reduced as compared to control. Moreover, the
decrease was dose dependent. The liver weight and
body weight significant decrease with increased of
doses. (Figs. 1,2 ). Histological observation of liver
after various doses of CdCI2 treatment showed
marked alteration (Fig.3,A,B). The metal treatment
cased marked changes in liver such as swelling and
massive fatty degeneration in hepatocytes and large
vacuoles in cytoplasm. Cytoplasm of hepatocytes
showed vacuoles and nuclei were pycontic and
staining affinity of nucleus was comparatively poor.
The degree of apoptosis was quantified
histologically with SEM study, the sinusoids were
wide and bound by hepatic cells, these have kupfter
cells (Fig.4,A). The sinusoids were covered with
debris due to necrosis of cells as seem in (Fig.4,B).
due to damage to hepatic cells after treatment with
CdCI2. The damage of hepatic cells increased with
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increase of dose were observed. Apoptosis was
observed at 10 mgkg  body wt, CdCI2
administration (Fig.5).

The metal content in hiver of different groups
studicd. there was progressive incrcase in the
hepatic content in liver of animals after the
treatment. (Fig.0)

Fig.4. Scanming Electron Microscopy (SEM) of liver of
mice showing.
A. Hepatic cells (HC). with sinusoids (Si) having kupffer
cells (kc). Control. X2500.
B. Obscrve the depris of badly damaged hepatic
cells.(10mg’kg body.wt., CdC12).x2500.
Fig.S. Autoradiograph of agarose gel analysis of liver
DNA fragmentation after Cd injection (labels indicate
doses of ¢d injected ip. in mg'kg body wt.) DNA
ladders were evident at 10mg /kg lane 3, lane 2.
from control mice, lane 3, Img/kg. lane 4, Smg/kg.
showed no ladder. Lane 1. indicate DNA molecular
weight marker.

Fig 6. Dose dependent change in hepatic control of edci2 in mice treated with CdCI2 for 15 days

(mean # SE. n=6)

wgcdigm tissue
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Discussion:

Necrosis as a feature of acute Cd hepatotoxicity
is well  established. This report  characterizes
apoptosis in the liver. and its relationship to liver
necrosis,  following  acute  cdmium  poisoning.
Several approaches were applied to investigate
apoptosis in the liver following ip injection of Cd
into mice. The result demonstrate that apoptosis is
an important mode of climinating damaged cclls in
Cd hepatotoxicity.

Liver necrosis resulting from Cd toxicity is well
documented '*. Focal necrosis was observed carly
(3h after 30 upmole cd/kg ip). Zonal nccrosis
(periportal) was present by 9hr, and wassive
necrosis was seen by 24h. This progression of
necrosis is consistent with carliar reports’. In the
dose-response studies. focal, zongal and massive
necrosis  were  also observed and  were  dose-
dependent. The dose dependence was reflected in
the histology and decreased in weight of liver. The
progression of necrosis in consistent with earliar
observation'""”

Peliosis hepatis. "blood lakes" in the liver
showing no endothelial has lining, peliosis hepatis
is usually a complication of androgenic’ anabolic
steroid therapy'”. The pathogenesis of peliosis is
unknown, but one ultrastructural study. suggested
that damage to sinusoidal endothelium'".

In  the dose-response  studies.  liver  cell
regeneration was dose- dependent. Apoptosis and
liver cell regeneration are also observed in chronic
Cd- induced hepatotoxicity'".

The mechanism by which ¢d induces apoptosis in
the liver 1s unknown. Cd is rendered mert in liver
by being complexed to metallothionein. alow-
molecular-  weight scavenger protein, rich in
cysteine residues. Excess free ed in the cytoplasm
binds to cellular organelles. ncluding the nucleus,
and disrupts their functions. Cd 1s genotoxic in
vitro. causisng single- strand breaks in DNA'™,
frame-  shifi  mutation'”.  and  chromosomal
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aberrations™. Acute cd exposure induces the
immediate early response genes c-jun, c-fos, and c-
myc, and the tumor suppressor gene p53%"%2. These
genes play various roles in apoptosis®, thus partly
explaining the presence of apoptosis in cd toxicity.

In summary, we have presented evidence that
apoptosis is an important and predictable event in
acute Cd hepatoxicity. Apoptosis shows consistent
time- course and dose- reponse patterns, and it
precedes necrosis. While Cd - induced liver
necrosis is sustained for at least 10mg/kg and also
induced apoptosis. The early occurrence of
apoptosis in acute cd poisoning in the mouse. The
early occurrence of apoptosis in acute cd
hepatotoxicity suggests a role for apoptosis in the
elimination of critically injured liver cells while
attempting to preserve the structural and functional
integrity of the liver.
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