Animal Health Research Journal Vol. 7, No. 4, November 2019 pp. 182-199

ISSN: 2356-7767

Case history.Acute toxicity of cadmium in quail and treatment with N-Acetyl
cystine
Sahar, M. El-Sheshtawy*; Naglaa, F. Al-Shap*; Marwa, M. Nada* *
and Nesrin, A. Shawky***

*Toxicology, Animal Health Research Institute, Tanta Branch.
**Histopathology’ Department Animal Health Research Institute, Dokki, Egypt.
*** Pharmacology, Animal Health Research Institute, Zagazi, Laboratory.
Agriculture Research Central (ARC)

Received in 13/09/2019
Accepted in 17/10/2019

Abstract

Cadmium (Cd) is a hazardous environmental and industrial toxicant so, the primary objective of this
study was to investigate the protective effects of NAC on a case history of cadmium toxicities in
quail birds. Eighty quails in same weight and age were used in this study and classified into 4 groups
20 quail for each .Forty quail chicks were taken from a farm with pervious case history of cadmium
toxicity in water, and forty apparently healthy quail chicks were obtained from a farm. G1 was con-
trol group. G2 (collected from toxicated farm) supplied with normal water intoxicated with cadmium
chloride to reach the same dose of cadmium in the farm with case history of cadmium toxicity.

.G3 (collected from toxicated farm) supplied with normal water intoxicated with cadmium chloride
to reach the same dose of cadmium in G2 and treated with N-acetylcysteine. G4 normal quail birds
treated with NAC only. This study conducted for 3 weeks. Liver function tests (AST, ALT and total
bilirubin), renal function test (serum creatinine and uric acid), determination of cadmium residues in
serum and liver, growth hormone (GH) and cortisol hormone were measured in serum, tumor ne-
crosis factor TNF-a was measured in liver in addition to histopathological changes in liver of quails
were conducted. Our results showed that, cadmium significantly increased AST, ALT, bilirubin, cre-
atinine, uric acid, Cortisol hormone level, TNF-a expression in liver and cadmium residues in serum
and liver while significantly decreased serum albumin and growth hormone (GH). Biochemical data
were well supported by histopathological, residual estimation and TNF findings. NAC supplementa-
tion have protective role in cadmium toxicity in quail chicks and improve different estimated param-
eters toward control values. This treatment with NAC exhibits potent antitumor responses result
from an early inhibition of TNF-a expression .
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Introduction effects and a variety of diseases such as cancer,
Cadmium (Cd) was found to be a major heavy genetoxicity, reproductive disorders and infer-
metal utilized in different agricultural and in- tility, arteriosclerosis, immune toxicity, and
dustrial processes. However, exposure to this anemia (SKkipper et al., 2016).

element was found to cause serious environ- The toxicity of Cd might be due to its metabo-
mental pollution and induce deleterious effects lites in the liver leading to the generation of
on human and animal health (Abd-El-Moneim reactive oxygen species (ROS) that include
et al., 2018). hydrogen peroxide and superoxide anion .ROS
This metal accumulates mostly in liver and can attack cellular biomolecules in several or-
kidney, although its toxicity can extend to oth- ganisms resulting in deleterious oxidation of
er organs such as lung , bladder, brain , bone, protein, formation of lipid peroxidation, reduc-
and reproductive system. It causes deleterious tion of antioxidant parameters, DNA damage,
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chromosomal aberrations, alterations of gene
expression, and apoptosis (Kaur and Sharm
2015).

It is also well known that Cd impacts the anti-
oxidant enzyme system and inflammatory reac-
tion. Cd accumulates in the liver and kidney
and presents as a complex bound to the metal-
binding protein metallothionein (MT). Cd-MT
complex is a temporary detoxifying mecha-
nism of Cd demonstrated by humans and other
mammals, Cd toxicity induced the release of
TNF-o and IL-6 in rats, which is associated
with systemic oxidative stress and may be in-
volved in the Cd toxicity mechanism, Oxida-
tive stress and apoptosis were induced by Cd
due to depletion of antioxidant enzymes. Expo-
sure to Cd for 28 days induced hepatic toxicity
in quail by measuring body weight and bio-
chemical parameters. illustrated that the high
messenger RNA (mRNA) expression of HSPs
and inflammatory cytokines may play a role in
the resistance of liver toxicity in ducks induced
by Mo and Cd (Cao et al., 2015).

An Endocrine Disrupting Chemical (EDC) is
an exogenous substance that causes adverse
effects on health in intact organisms and their
progeny, secondary to changes in endocrine
function (European Environment Agency
1996).

Growth hormone (GH) is the most abundant
and perhaps one of the most important peptide
hormones secreted by the hypophysis. This
molecule, a 191-amino-acid polypeptide, is
important not only in growth action but also in
very wide fields, such as carbohydrate and li-
pid metabolism. GH has multiple actions on
different target tissues, which include bone,
cartilage, adipose tissue, muscle, the heart, and
the immune system (De Palo et al., 2001).

Domesticated Japanese quail (Coturnix
coturnix japonica) is medium-sized fowl which
more eaten by Egyptians due to its low cost,
rapid growth, early onset of lay, high reproduc-
tion rates, and low feed intake. Japanese quail
meat is high protein content (19.6%), low-fat
content (12.1 mg/100 g meat), low calorific
value (192 g kcal/100 g meat), the highest
amount of omega 3 fatty acids and vitamin A

(Ahmed et al., 2017).

N-acetylcysteine (NAC) is an organosulfur an-
tioxidant derived from Allium plants. It is re-
ported to exert a hepato protective activity;
NAC has both mucolytic and ant carcinogenic
properties. As a source of sulthydryl groups,
NAC is able to restore endogenous antioxidant
potential, promote detoxification and act as a
strong scavenger of toxic radicals such as OHe
and H202. NAC was also shown to have anti-
inflammatory and immunomodulatory effects,
leading to increase of liver repair. It is a stand-
ard chemo protective drug against the toxicity
of carcinogenic metals. Additionally, NAC has
cyto protective effect caused by inorganic arse-
nic (Abu El-Saad et al., 2016).

N-acetylcysteine (NAC), a small molecule
containing a thiol group and a precursor of re-
duced glutathione (GSH), It acts as a protective
agent of the liver and kidney due to its ant oxi-
dative properties and as a chelating agent in the
elimination of metals due to its thiol group
(Kaplan et al., 2008).

N-acetylcysteine (NAC) is a direct antioxidant
and a GSH precursor; previous studies showed
that NAC prevented Cd-induced oxidative
stress and liver toxicity (Guo et al., 2018).

Jicang et al., (2014) recorded that Cadmium
(Cd) is a hazardous environmental and indus-
trial toxicant that has been classified as a type |
carcinogen. Cd can indirectly promote the gen-
eration of ROS such as superoxide anions, hy-
droxyl radicals, and hydrogen peroxide and
considered NAC as agent has a beneficial role
in protecting cells against Cd-induced toxicity
and ROS production

The primary objective of this study was to in-
vestigate the protective effects of NAC on
some biochemical parameters, growth hor-
mone, cortisol hormones, residues of Cd in se-
rum and liver, TNF-a and histopathological
changes in liver of Cd intoxicated quail chicks.

Materials and Methods

Total eighty Japanese quails weighted (70-80
g), two weeks age , were used in this study.
Forty Japanese quail chicks were taken from a
farm with pervious history of cadmium toxicity
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and forty apparently healthy Japanese quail
chicks were taken from a private farm. Water
and ration samples were taken from both farms
to measure the cadmium residues. Each water
sample (100 ml) was collected using clean tube
sampler and kept refrigerated on icebox. Fur-
thermore, each feed sample (100 g) was col-
lected and kept in clean polyethylene bags. All
samples were transferred for analysis.

Twenty Japanese quails from non-toxicated
quails were feed ration and normal water
which cadmium residue within permissible
limits for 3 weeks (G1) as control group.

Twenty quails (collected from toxicated farm)
(G2) were supplied with normal water intoxi-
cated with cadmium chloride to reach the same
dose of cadmium in the farm with case history
of cadmium toxicity .

Twenty Japanese chicks (collected from toxi-
cated farm) were feed with ration mixed with
N-acetyl cysteine (800mg/kg ration) and nor-
mal water intoxicated with cadmium chloride
to reach the same dose of cadmium in the farm
with case history of cadmium toxicity for 3
weeks to study the effect of NAC on cadmium
toxicity in quails (G3).

Twenty Japanese quails  were feed ration
mixed with NAC (800mg/kg ration) and nor-
mal water for 3 weeks (G4).

Quail chicks were reared during the experi-
mental period in conventional type cages and
kept under the same managerial, hygienic and
environmental conditions. Birds were exposed
to 23h light: 1 h dark, were fed on a standard
ration with chemical composition of Crude
protein % 18,digestible energy Kcal/kg of diet
2600 ,crude fiber % 10-12, Ca% 1.2, Ph.% 0.8
lysine % 0.75, methionine and cysteine % 0.65.
The drinking water was available ad libitum
throughout the study. Drinkers and feeding
troughs were daily cleaned. The birds’ health
status was monitored throughout the trial. The
basal experimental diet was formulated to cov-
er the nutrient requirements of growing Japa-
nese quail chicks as recommended by National
Research Council (1994). cadmium residue
estimated in water 3.12 ppm and ration

0.54ppm table (3)

Sampling:

After three weeks blood samples were collect-
ed from quails (G1, G2, G3, and G4) into plain
centrifuge tubes. Samples were centrifuged at
3500 rpm for 15 min and serum was separated
and stored at —20°C for serum biochemical
analysis. Samples of liver were obtained from
slaughtered quail for cadmium residue analy-
sis, tumor necrosis factor TNF-a expression
and histopathological examination.

Serum biochemical analysis:

Serum biochemical parameters were deter-
mined: aspartate amino transferase (AST), ala-
nine amino transferase (ALT) activities accord-
ing to Reitman and Frankle (1957), total bili-
rubin Watson and Rogers., (1961) and albu-
min as described by Dumas et al., (1971). De-
termination of uric acid level and serum creat-
inine carried out according to Caraway,
(1963) and Giorio, (1974), respectively. Were
estimated in serum using commercial biodiag-
nostic kits.

Cadmium residue:

Cadmium residue were estimated in water, ra-
tion , serum and liver collected from slaugh-
tered birds by using Atomic Absorption Spec-
trophotometer model SensAA Australia ac-
cording to (AOAC, 1990)

Growth hormone and Cortisol hormone:
Serum concentration of GH and cortisol hor-
mone was assayed by ELISA technique and
ELISA kit (ELISA kit, Cusabio, China) ac-
cording to the manufacturer’s instruction.

Expression Tumor necrosis factor (TNF-a)
in liver :

RNA extraction. RNA extraction from tissue
samples was applied using QIAamp RNeasy
Mini kit (Qiagen, Germany, GmbH) where 30
mg of the tissue sample was added to 600 pl
RLT  buffer containing 10 pul  B-
mercaptoethanol per 1 ml. For homogenization
of samples, tubes were placed into the adaptor
sets, which are fixed into the clamps of the Qi-
agen tissue Lyser. Disruption was performed in
2 minutes high-speed (30 Hz) shaking step.
One volume of 70% ethanol was added to the
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cleared lysate, and the steps were completed
according to the Purification of Total RNA
from Animal Tissues protocol of the QIAamp
RNeasy Mini kit (Qiagen, Germany, GmbH).
N.B. On column DNase digestion was done to
remove residual DNA.

B. Oligonucleotide Primers. Primers used

were supplied from Metabion (Germany) are
listed in table (2).

C. Tagman rt-PCR. PCR amplifications were
performed in a final volume of 25 pl contain-
ing 3 pl of RNA template, 12.5 pl of 2x Quan-
tiTect Probe RT-PCR Master Mix, 8.125 pl
PCR grade water, 0.5 pl of each primer of 20
pmol concentration and 0.125 pl of each probe
(30 pmol conc.) and 0.25 pl of QuantiTect RT
Mix. The reaction was performed in a Strata-
gene MX3005P real time PCR machine.

D. Analysis of rt-PCR results. Amplification
curves and ct values were determined by the
stratagene MX3005P software. To estimate the
variation of gene expression on the RNA of the
different samples, the CT of each sample was
compared with that of the positive control
group according to the "AACt” method stated
by Yuan et al., (2006) using the following ra-
tio: (27°P).

Histopathological examination:

For histopathological examination, the collect-
ed specimens were fixed in 10% neutral buff-
ered formalin for at least 24 hours and then
routinely processed by conventional method
and finally stained by Heamatoxylene and Eo-
sin (Suvarna et al., 2012).

Statistical analysis:

Data were expressed as the mean + standard
error of the mean (SEM) for each group. Dif-
ferences between groups were analyzed using
one-way analysis of variance (ANOVA). P val-
ue of <0.05 was considered to be statistically
significant SPSS 14 (2006).

Result and Discussion

Serum biochemical results:

Our results are shown in Table (1)

Our results showed that toxicated birds group
revealed significant increase in the activities of

serum AST, ALT, and bilirubin level com-
pared with that in control group, These result
agreed with the findings of (Srinivasan &
Ramprasath 2011). While NAC supplementa-
tion improves the values of these enzymes ac-
tivity and decreases their activities in treated
group, but still higher than normal.

AST enzyme is found mainly in liver and heart
cells. Therefore, any minor damage, inflamma-
tion and necrosis of liver cells release the en-
zyme then increase its level in serum. The ALT
is transaminase enzyme mainly found in the
cytoplasm of liver cells and to lesser extent in
kidney, heart, skeletal muscle, plasma, and
pancreas Ebrahimi A. (2011). Increasing ac-
tivity of this enzyme plays an important role in
the use of amino acids in the oxidation process
or glycogenesis. It can be considered a useful
clinical index to detect damages in liver. In ad-
dition, heart failure, muscular dystrophy, bile
duct obstruction, hemolytic anemia increases
level of this enzyme in plasma (Rao et al,
20006).

Regarding to the results in table (1) serum al-
bumin levels were significantly decreased in
toxicated birds and non-significantly decreased
in treated group Dilek et al., (2016). revealed
that NAC protects the liver cells from the dam-
age caused by CCl4. NAC can enter to the
cells easily and it is used in vivo and in vitro
studies as an antioxidant. It protects the liver
cells by increasing GSH levels in cells
(Odewumi et al., 2011). Similarly, results of
the present study showed that NAC protect the
liver cell from damage caused by Cd (Fig 4).

Hassan et al. (2012) reported a significant hy-
poalbuminema in Cd-administered rabbits; this
decrease was attributed to the focal hemorrhag-
es in liver parenchyma which ultimately result-
ed in decreased albumin genesis from hepato-
cytes. Hpoalbuminemia can be caused by vari-
ous conditions, including nephrotic syndrome,
hepatic cirrhosis, heart failure, and malnutri-
tion; however, most cases of hypoalbu-
minemia are caused by acute and chronic in-
flammatory responses. Serum albumin level is
an important prognostic indicator of liver func-
tion ( Uyanik et al 2001).

Regarding to the effect of Cd on renal function
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there was significant increases in serum creati-
nine and uric acid in toxicated chicks com-
pared to control, while treated group show
lowered levels than toxicated birds but still
higher compared to control ones, this indicated
that Cd leads to renal damage. Abou-Kassem
et al. (2016) are in line with our results as they
reported a dose-dependent increase in uric acid
and serum creatinine levels in the quail fed
with different levels of Cd polluted ration. The
elevation in creatinine and uric acid level was
due to the effect of Cd on renal tubules and
glomeruli.

Cadmium residues:

The obtained results from samples collected
from a farm with pervious history of cadmium
toxicity in water, revealed that the mean resid-
ual concentration levels of cadmium in water
samples for toxicated farm were 3.12 ppm and
was 0.54ppm for feed ration samples.

The World Health Organization WHO (2011)
set recommended limits to drinking water for
livestock; these permissible limits were
0.05ppm for cadmium.

The Egyptian Organization for Standardization
and Quality Control (EOS, 2010) set the per-
missible limit for cadmium in poultry meat
which must be not exceeding than 0.05 mg/kg.
The cadmium residues in both serum and liver
samples, in toxicated birds showed highest val-
ues which are significantly increased compared
to control. The average level of Cd in serum
and liver of quail in NAC treated group record-
ed lowered values than toxicated group but still
higher than control group. Cd residues in the
serum and liver were decreased in the birds
treated with NAC in diet than those unsupple-
mented group.

The recorded values are higher than the per-
missible limits. While adding NAC to ration
decreases the residual values comparing to tox-
icated group but still high compared to control
values. Tissue Cd concentrations in animals are
closely related to Cd levels in feedstuffs and
the duration of Cd load (Nkansah and Ansah,
2014). Nutritional and vitamin status, such as
iron status, age and sex and a wide range of
factors controlling absorption and accumula-

tion of Cd in tis-sue (T.H. Reem et al., 2012).
The obtained results came with agree with
those obtained by Herzig et al. (2007) and
Youssef and Mansour, (2014), who recorded
0.3 mg Cd./kg in Egyptian poul-try meat rec-
orded higher results of cadmium concen-tration
levels in quail meat. Cadmium is poorly ab-
sorbed in the body, but as soon as absorbed
and slowly excreted, like different metals, and
accumulated. Cadmium is endo-crine demand-
ing substance and may cause the devel-opment
of prostate and breast cancers in addition to
kidney and skeletal damage in humans, (Saha
and Zdwan, 2012).

N-acetylcysteine (NAC), is a small molecule
containing thiol group and act as a precursor of
reduced glutathione (GSH) it also has clinical
usefulness in the treatment of acute heavy met-
al poisoning, its antioxidative properties and as
a chelating agent in the elimination of metals
due to its thiol group (Odewumi et al, 2011).
Several reports have also indicated that GSH
can form a complex with Cd and that it de-
creases the uptake of Cd into the cells and pre-
vent toxicity of this metal (Kimura ef al,
1997).

In agreement with our results, Odewumi et al.,
(2011), found that Vit. C supplementation de-
crease Cd accumulation in liver of quail. On
other hand Herzig et al. (2007). Reported that
antioxidants supplementation did not decrease
the concentration of Cd in the kidney.

Cortisol level

Regarding to serum cortisol level (table 1) cor-
tisol level was significantly increased in toxi-
cated birds as affected by Cd toxicity, com-
pared to control. Treatment with NAC decreas-
es cortisol level toward control values. Various
studies are in agreement with our results,
Chowhdury et al, (2004) and Wu et al
(2007) have indicated that the primary re-
sponse to Cd-induced stress is an indication of
the elevation of serum cortisol level. The gen-
eral adaptation response of the animal to stress-
ors is the increase of cortisol secretion. It has
been reported that animals living in contami-
nated environments for longer duration experi-
ences periods of high metabolic activity that
could eventually lead to impaired cortisol se-
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cretion and cellular alterations. The direct toxic
effect of Cd on adrenal tissue causes an elevat-
ed ACTH and hence, an increased serum corti-
sol level (Yin et al. 2000). Laflamme et al,
(2000) recorded that plasma cortisol levels
were generally higher in sampled adult yellow
perch from different lakes after cd exposure.

Growth hormone (GH)

Regarding to GH results recorded in table (1),
toxicated group showed significantly decreased
values and has the lowest vales compared to
control group. Treated group recorded higher
values than that of toxicated ones, but still low-
ered than control.

Earlier studies on assessment of growth hor-
mone (GH) levels in Cd-administered rabbits
have revealed that decrease in body weight is
caused by alterations in the GH levels
(Lafuente et al., 2000). Cadmium exposure
decreased the dopamine metabolism in all
brain areas studied, and plasma levels of pro-
lactin, GH, and ACTH were diminished. The
Cd concentration did not increase in hypothala-
mus or in the pituitary after the metal exposure.
These results suggest that Cd inhibits the secre-
tion of these pituitary hormones and this inhib-
itory effect is not mediated by dopamine or the
degree of metal accumulation (Lafuente ef al.,
2002). As reported by Lafuente et al. (2003),
the effect of Cd on GH levels might vary ac-
cording to the doses.

Exposure of developing rainbow trout to a
nominal cadmium concentration resulted in a
rapid accumulation of the metal from the sur-
rounding water. This exposure resulted in a
delay of GH transcription and translation until
a later organogenic period compared with the
control group. This interruption in GH expres-
sion may be due to somatotroph damage as
previous authors have reported that cadmium
exposure resulted in pituitary necrosis in a va-
riety of vertebrate species ( Xiao ef al., 2018).

Tumor necrosis factor (TNF -a) expression
in liver

The results of TNF-o was shown in table (2),
Fig. (1 & 2) toxicated birds showed the most
higher level of TNF-a comparing to all other
groups, while treating with NAC decreasing

the values of TNF toward normal levels. Treat-
ed birds showed an improvement in TNF val-
ues but still higher than control.

The mechanisms of harmful effects of cadmi-
um in cells include loss in anti-oxidant cababil-
ity decrease in thiol status, activation of signal-
ing pathways, inhibition of DNA methylation
and DNA repair, and cell damage (Czeczot &
Skrzy- cki, 2010).

Cadmium is also thought to have carcinogenic
characteristic the International Agency of Re-
search on Cancer classified this metal and its
compounds as Group 1 human carcinogens
(IARC, 2012).

The crucial components of the inflammatory
response are the vascular and cellular respons-
es. Inflammation, either acute or chronic, is
mediated by a multiple of chemical substances
(proteins, lipids, lipoproteins) secreted by cells
participating in the inflammatory process either
directly and/or responding to the inflammatory
stimulus (Das, 2011).

The Tumor-necrosis factor (TNF), a cytokine
released by activated macrophages in response
to infection, toxin and other harmful stimuli, is
a necessary and sufficient mediator of local
and systemic inflammation. TNF-o enhances
and prolongs the inflammatory response by
activating other cells to re- lease both cyto-
kines such as IL-1, and mediators like eico-
sanoids, nitric oxide and reactive oxygen spe-
cies, which promote further inflammation and
tissue injury (Tracey, 2002).

The review of literature varied differential ef-
fects of cadmium exposure on TNF-a produc-
tion and gene expression, depending on bio
logical system studied (Afolabi et al, 2012;
Cormet-Boyaka et al., 2012). However rather
large concentrations of CdCI2 were needed to
stimulate TNF-a secretion (Dong et al., 1998).
The scientist discovered a dose-response con-
nection between Cd concentration and TNF-a
production (Haase et al., 2010). Cadmium
exposure caused the release of TNF-o in THP-
1 people monocytic leukemia cell line (Freitas
& Fernandes, 2011). CdCI2 treatment (2.5
mg/kg b.w.) of ICR mice significantly in-
creased the expression level of TNF-a mRNA
in liver tissue as compared to control (Lee &
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Lim, 2011). chronic treatment of Wistar rats to
15 ppm Cd generate a significant elevation in
TNF-a values in cardiac tissue (Cd: 793 pg/g
tissue, con- trol: 402 pg/g tissue) (Yazihan et
al,, 2011). A treatment of a 7-week exposure
of rats to 50 and 100 ppm cadmium by drink-
ing water resulted in 336% and 470% increase
in TNF-a plasma values, respectively, as com-
pared to controls (Afolabi ef al., 2012).

Zhao et al., (2006) investigated acute inflam-
matory response in the intestines of mice fol-
lowing CdCI2 oral exposure. The scientific dis-
covered that both in mice orally treated with
25 mg/kg b.w. of CdCI2 and those with 100
mg/kg b.w. of CdCl12, the expression of TNF-a
mRNA in duodenum and jejunum did not dif-
fer substantially from the control value from 0
to 24 hours with cadmium administration .

In the present study, all the birds in G4 (control
birds treated with NAC only) behaved normal-
ly; their values for different parameters are
near values of control group. Serum biochemi-
cal results, residue and histopathological re-
sults in these groups are normal as compared
with the control group.

Since NAC is a thiol antioxidant precursor of
glutathione (GSH), it reduced TNF-a and 4-
HNE-protein adducts levels, inflammation,
creatine kinase levels, and myonecrosis in dia-
phragm muscle (De Senzi ef al., 2013).

Victor et al. (2003) investigated the effects of
NAC on the reducing condition of peritoneal
macrophages and lymphocytes in a fatal endo-
toxic shock model experimentally created in
rats. In the study, 150 mg/kg intraperitoneal
NAC treatment administered 30 minutes after
the lipopolysaccharide (LPS) procedure was
found to reduce reactive oxygen species, TNF-
o, MDA levels, and the oxidized reduced GSH
rate. NAC was shown to prolong the survival
of rats. NAC treatment suppressed the release
of inflammation markers TNF-a, IL-6 and IL-
10 in organ insufficiency related to endotoxin
shock. It was claimed that liver, heart and kid-
ney injuries were minimized with this useful
effect of NAC (Gul et al, 2011). NAC, has
been shown to improve cardiac performance
and liver functions via improving the hepato-

splanchnic perfusion (Del Sorbo and Zhang,
2004).

On other hand, NAC induced a dose-dependent
increase of membrane TNFa expression on 16-
hour-stimulated T cells. This increase was sig-
nificant from 4 to 96 hours (Delneste et al.,
1997).

Histopathological findings:

The liver Control of quail revealed normal
arranged hepatic acini and surrounding
sinusoids (Fig. 3A) In the cadmium treated
groups the liver showed abundant abnormally
divided hepatocytes (Fig.3B) and increase in
mitotic division of the hepatocytes represented
by more than one nuclei, the hepatocytes
revealing pleomorphic anisokaryotic cells
giving malignant hepatocellular carcinoma
(HCC) (Fig. 3C) The control cadmium treated
groups revealed abundant liver cells with
trabecular pattern hepatocellular carcinoma
(Fig3.D) that results were in agreement with
(Margeli, et al., 1994, Elwakil et al., 2017)
who reported that Cadmium toxicity related to
the interaction with nucleic acid biosynthesis
and the rate of DNA synthesis was suppressed
markedly in the cadmium pretreated group and
the first peak of liver regeneration was
delayed. @ The rate-determining enzyme
thymidine kinase was suppressed in the liver
cadmium-treated groups also. The other
microscopic lesions in Cd treated liver
exhibited perivascular fibrosis and dilation of
the portal vein (Fig. 4E) Multiple focal area of
necrosis invaded by inflammatory cells were
also observed (Fig.4F) that results were
supported by Elwakil ef al.,, (2017), Karina
Martinez-Flores et al., 1978) who stated that
exposure to environmental pollution of
cadmium was associated with hepatic
necroinflammation. Cadmium exposure
causing hepatocyte swelling, fatty changes,
focal necrosis, hepatocyte degeneration the
damaged liver infiltrated by
polymorphonuclear neutrophils (PMN), which,
in addition to Kupffer cells contribute to the
hepatotoxicity by enhancing inflammatory
mediators and promoting necrosis that
activated Kupffer cells release a number of
inflammatory mediators that subsequently
enhance the expression of adhesion molecules
that initiate a cascade of cellular and humoral
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responses leading to inflammation and

secondary liver damage during Cd-induced

hepatotoxicity it is known that activated
Kuppfter cells, release a variety of cytotoxic
mediators  that can  directly damage
hepatocytes ,necrosis and vaccuolation of
epithelial lining bile ducts and sloughing of
necrotic cells into the lumen with severe
vacuolation of the muscular medial layer of the
portal artery were recorded in Cd treated
groups (Fig. 4G) That supported by Arroyo et
al., (2012) who stated that liver is the main
target organ of Cd toxicity following both
acute and chronic exposure and the
mechanisms of Cd toxicity in the liver.
Included the disruption of the cellular
antioxidant system and the decrease in thiol
status, the generation of reactive oxygen
species and oxidative stress, the interference of
biological metal homeostasis, involvement of
inflammatory mediators, disruption of cell
adhesion and cell damage leading to cellular
apoptosis.  Severely dilated portal vein and
coagulated red blood cells in the vein, newly
formed bile ductules and portal fibrosis were
also shown in the Cd treated groups (fig4.H)

Kocak and Akgil (2006) explored in cadmium
exposed rats shortening in prothrombin time
and activating partial thromboplastin time.
Protein C and antithrombin decreased to
statistically significantly lower levels in rat
plasma after cadmium exposure, number of
thrombocytes was also decreased. They
concluded that chronic cadmium toxicity sets
the stage for hypercoagulation and hence
increases the risk of thrombosis. In the group
treated by Cd +NAC lysis of the coagulated
accumulated red blood cells and forming of
tunnel was observed in the central vein (Fig5.1)
Regeneration of the epithelial lining of the bile
ducts which retain to normal histologic
structure was seen in group treated by Cd and
N acetyl cysteine as in (Fig.5J). That results
were in agreement with Khoshbaten et al.,
(2010) who stated that N-Acetylcysteine
improves liver function in patients with Non-
Alcoholic ~ Fatty  Liver  Disease.  N-
Acetylcysteine (NAC) has a protective effect
against liver injury.and recorded improvement
of liver histopathology and reduction of
oxidative stress by NAC They recorded a
significant decrease in liver steatosis and

fibrosis in patients with fatty liver NAC. They
added that NAC have the ability to block the
propagation of lipid peroxidation. Cd
treatment+NAC groups exihibited hepatocytes
with normal morphological histological
structure except for small vaccuolation of the
hepatocytes (fig5.K). Also revealed regression
of the necrotic area and minimize of the
inflammatory cells invaded (Fig.3K) that
agreed with M Z.E. Hala (2016) and El-
Serafi et al, (2018) who recorded that
hepatotoxicity showed significant atteneuation
in the histological structure of liver treated
with NAC and considered (NAC) as a
glutathione precursor used in the treatment of
acetaminophen hepatotoxicity

Groups treated with NAC only revealed hea-
molysis of red blood cells in portal vein
(Fig.6L) that supported by Jang et al., (2013)
who recorded that N-acetylcysteine (NAC) ar-
tificially elevates prothrombin time (PT). All
factors II, VII, IX, and X activity had a signifi-
cant decrease with the addition of NAC. Also
NAC treated groups showed filling of hepato-
cytes by vacuuolations making plumping of
hepatocytes (Fig. 6M)

Conclusion

In our study Cd toxicity elected hepatotoxicity
and nephrotoxicity, this was proven by differ-
ent serum biochemical tests and histopatholog-
ical findings. High levels of cadmium residues
were recorded in serum and liver. High level of
TNF-a are recorded. Adding NAC improve all
tested parameters finding towored normal lev-
els. Our study proves the protective effect of
NAC against cadmium toxicity.
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Table (1): The effect of N acetyl cysteine ( NAC) in cadmium toxicated quail chicks on serum biochemical
parameter (n=5)

Groups
(G1) (G2) (G3) (G4)
Control Toxicated by cadmium Cadmiun + NAC NAC
Parameters
1353 13.78+1.5 61.78 +8.5° 30+ 5.8° 16.38 2.1
‘(‘us); 18.6 +0.75¢ 78.6£2.91° 71.243.42° 3424227
T. bilirubin 0752 +0.08° 1.404 = 0.04® 0.98+ 0.04° 0.71 £ 0.06°
(mg/dl)
Albumin 3.9 £0.16* 2.820.06° 3.64 40,05 3.82£0.41°
(g/dD)
Creatinine 0.68 £0.07¢ 1.77 +0.12° 0.99 + 0.03¢ 0.645+0.08¢
(mg/dl)
Uric acid 2.62+0.13¢ 6.92+0.388" 3.2640.32% 2.9+0.09°
(mg/dl)
Serum Cadmi-
um residue 0.01 +0.002¢ 0.34 +0.04* 0.17 £0.02° 0.016+0.01¢
(ppm)
Liver Cadmium | o, ( o1 1.76 +0.30° 0.45 +0.06° 0.09+0.01°
residue (ug/g)
Cortisol hor-— 159 ¢, 14.80¢ 608 + 27.05° 391 +10.54° 291:417.43%
mone (ug/dl)
GH ab € ¢ 2
3.34+0.25 1.06 +0.05 2.66+0.19 3.67+0.29
(ng/ml)

AST: Aspartate transaminase, ALT: Alanine transaminase, (TB) total bilirubin, Alb.: albumin, Uric acid, (GH) growth

hormone. Means within each raw bearing common superscript do not differ significantly (P<0.05).

Table (2). The effect of NAC in cadmium toxicated quail chickens on TNF-a. Expression in liver.

28S rRNA Tnf alpha
Gp ID.
CT CT Fold change

G1)

Control 20.87 + 0.04 22.19+0.28
(G2)

Toxicated by 2081+ 0.33 19.10+ 0.47 8.1492 + 0.80°
cadmium
(G3)
Cadmiun + NAC 20.23 +0.48 20.27 +0.41 2.434+0.13¢

(G4)
NAC 19.99+ 0.5 21.40 +0.53 0.9417 + 0.05¢
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Table (3). Cadmium residue in water and ration administered to the quails
Group (<2)
(G1) ! (G3) (G4)
Control Toxicated by Cadmiun + NAC NAC
cadmium
Residue
Cd residue in water 0.182 3.12 3.12 0.182
ppm
Cd residue in ration 054 054 054 054

ppm

"

:
:

Fig. (1): The effect of NAC in cadmium toxicated quail chickens on 28S rRNA

Fluorescence (dRn)

Fig. (2): The effect of NAC as protective agent in cadmium toxicated quail chickens on TNF-a expression in liver
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Fig. (3): (A) control nomral arranged hepatic acini (yellow arrows) and surrounding sinusoids (blue arrows)
(StainH&EX400), (B) Liver quail intoxicated by cd showing abundant abnormally divided hepatocytes the
hepatocytes revealing pleomorphic anisokaryotic cells giving malignant hepatocellular carcinoma
(StainH&EX400) (C) High power of previous picture showing increase mitotic division of the hepatocytes
represented by hepatocytes with more than one nuclei (yellow arrow), the hepatocytes revealing pleo-
morphic anisokaryotic hepatocytes giving malignant hepatocarcinoma (StainH&EX600) (D) Cd Controle
showing abundant liver cells with trabecular pattern hepatocellular carcinoma with fatty vaccuolations

hepatocellular carcinoma (StainH&EX200).
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Fig. (4): (E) (Cd intoxicated liver showing perivascular fibrosis (yellow arrow) and dilation of the portal
vein (Stain H&EX600) (F) Cd intoxicated showing multiple focal area of hepatocellular necrosis invaded
by inflammatory cells (Stain H&EX400) (G) Cd intoxicated showing necrosis and vaccuolation of epitheli-
al lining bile ducts and sloughing of necrotic cells into the lumen (yellow arrow) severe vacuolation of the
muscular medial layer of the portal artery (green arrow) (Stain H&EX200) (H) Cd treatment showing se-
verely dilated portal vein and coagulated red blood cells in the vein (thrombus ) (yellow arrow) ,newly
formed bile ductules (green arrows), portal fibrosis (blue arrow) (Stain H&EX200)
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I. o s SN A
Fig. (5): (I) Cd intoxicated +NAC showing lysis of the coagulated accumulated red blood cells and forming
of tunnels (Stain H&EX400 (J) Cd treatment +NAC retain the to normal histologic structure (yellow arrow)
(Stain H&EX400) (K) Cd intoxicated+NAC showing normal hepatocytes with normal morphological histo-
logical structure except for small vaccuolation of the hepatocytes (Stain H&EX400

Fig. (6): (L) NAC Liver showing lysis of red blood cells (yellow arrow) in portal vein, vaccuolation of
hepatocytes (green arrows) (Stain H&EX200) (M) NAC showing filling of hepatocytes by vacuolations
making plumping of hepatocytes (Stain H&EX400)
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