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Abstract

In their native habitat, avians are exposed to external toxicity factors, the most prominent of which are chemical
lead compounds that threaten human and animal health. The goal of this investigation was to estimate the
adverse effects of lead acetate (Pb(CHsCOO), (H20)s) on the health status of Japanese quail (Coturnix
japonica). 18 adult male Japanese quails (Coturnix coturnix japonica) were employed in this investigation.
After two weeks of acclimatization, the birds were randomly divided into three groups: the control group
received no Pb*?, the Low Dose Group received 50 mg/kg of Pb*? as lead acetate Pb(CH3COO), (H20)s in the
diet, and the High Dose Group received 100 mg/kg of Pb*2 as lead acetate Pb(CH3COQO),(H20)s in the diet, for
30 days. Results showed that the Pb bioaccumulation was recorded at the highest values in the liver compared
with the kidney, and as expected, the ranges of the lead accumulation were significantly higher in the animals
who received 100 mg/kg Pb compared with animals who received 50 mg/kg Pb and the control group. In the
high dose group, serum content showed significantly increased levels (P<0.05) of aminotransferase enzymes
(ALT and AST ), glucose, creatinine, and uric acid levels compared to other groups, while antioxidant enzymes
(CAT, GSH, and GSH-PX) levels in the liver and kidney were significantly reduced (P<0.05). The results
showed that the MDA appeared to be significantly increasing (P<0.05) in the high dose group compared to the
other groups. Compared to the low dose and control groups, the high dosage group produced substantial
histological abnormalities in the liver and kidney.
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1. Introduction

Lead (Pb) is a common metal and one of the first
human-discovered metals. The distinct characteristics
of lead, such as ductility, high malleability, softness,
low melting point, and corrosion resistance, have led to
its widespread use in various industries, including
automobiles, paint, ceramics, and plastics (1). As a
result, the presence of free Pb*2 ions in biological
processes and the inert environment has increased
significantly. Lead is considered a hazardous
occupational toxin with well-known toxicity effects.

Lead's inability to biodegrade is the main cause of its
long-term survival in the environment. Lead poisoning
in humans and animals is a big concern worldwide.
Lead poisoning is an especially dangerous threat and
has the potential to have long-term health
consequences, it is known to alter several biological
functions, most notably in the central nervous,
hematopoietic, hepatic, and renal systems, resulting in
significant diseases (2, 3). Oxidative stress is generated
by a mismatch between free radical production and the
biological system's ability to quickly detoxify reactive
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intermediates or repair oxidative stress-induced
damages (4). It has been recognized as an important
mechanism of lead poisoning. The initiation of
oxidative stress occurs as a result of two separate
pathways acting concurrently under the impact of lead:
first, the formation of ROS such as hydroperoxides
(HO,), singlet oxygen, and hydrogen peroxide (H-0-),
and second, the depletion of antioxidant reserves (5).
Because avians are significantly more resistant to
clinical lead poisoning than other mammalian species,
lead accumulation in eggs with no apparent clinical
sickness in the bird may be significant, posing a
potential public health danger in these unmanaged
flocks, in addition to the above Because their biology
is well understood, birds are ideal for biomonitoring,
they live a relatively long time, and depending on the
species, they feed at various levels of the food chain.
As a result, birds are one of the most acceptable
indicators for determining heavy metal levels in the
environment (6). The current study aimed to investigate
the histopathological and oxidative stress profiles on
male Japanese quail's hepatic and renal systems that
experienced dietary lead toxicity.

2. Materials and Methods

2.1. Study Design and Experimental Procedure
Adult male (n=18) of Japanese quails (Coturnix
coturnix japonica) were used in this study. After two
weeks of acclimatization, the birds were randomly
divided into three groups: the control group received no
Pb*2, the Low Dose Group received 50 mg/kg of Pb*2
as lead acetate Pb(CH3COO), (H20)s in the diet, and
the High Dose Group received 100 mg/kg of Pb*? as
lead acetate Pb(CH3COO)2(H:0)s in the diet, for a
period of 30 days. The diet formulation consisted of the
following ingredients: Corn (35%), soybean meal
(35%), wheat grain (15%), corn gluten (9%), calcium
diphosphate (1%), calcium carbonate, DL-methionine,
lysine hydrochloride, common salt, L. threonine, and
other vitamins and minerals were added in the dietary
composition. Birds were housed under standard

controlled conditions (30£3°C), relative humidity (30-
45%), and a 12 h light-dark cycle. The birds were given
free access to chow and drinking water during the
experiment.
2.2. Sample Preparation and Detecting

The lead bioaccumulation in the liver and kidney
tissues was determined using the MOOPAM standard
method as previously described (ROPME, 1999).
2.3. Biochemical Analyses

The aspartate aminotransferase (AST), alanine
aminotransferase (ALT), and glucose were analyzed
using commercial kits on a computer process-
controlled multi-parametric auto-analyzer (mindray
analyzer device BC- 3000 plus made in china).
Creatinine (CR) concentrations in the blood were
determined using a modified version of Larsen's
kinetic Jaffé reaction (7). The method for testing uric
acid in plasma was a modification of the uricase
method first described by Bulgar and Johns (8) and
afterward modified by Kalckar (9). A set of liver and
kidney tissue (1 g /15 ml buffer) was homogenized in
phosphate buffer (0.1 M, pH 7.4); this homogenate
was divided into aliquots to determine the enzyme
activity level of CAT, GSH, and GSH-Px. The
Cytosolic catalase activity (CAT), (GSH), and
glutathione peroxidase (GSH-PX) level in tissue was
established by the spectrophotometric method
described by Goth (10), (11, 12) respectively. The
malondialdehyde (MDA) generated in the tissue
indicated how lipids are oxidized to synthesize lipid
peroxides as the main product. MDA levels were
commonly calculated using the spectrophotometric
approach described by (13).
2.4. Histology Study

Each Japanese quail bird was sacrificed after being
anesthetized by inhaling vaporized chloroform
solvent. Specimens were clarified, and the liver and
kidney samples were isolated and fixed in 10%
formalin. Then, they were dehydrated in an ethanol-
graded series, then cleared in xylene, and
incorporated into paraffin blocks, sections were cut
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to a thickness of (5mu), and all sections were stained
with the standard hematoxylin and eosin (H&E)
staining technique (14).
2.5. Statistical Analysis

SPSS 18.0 was used to conduct the statistical
analysis, the one-way ANOVA was performed, and the
statistical tests of Least Significant Difference (LSD)
were used, while the significant p-values were less than
P<0.05.

3. Results

3.1. Lead Bioaccumulation
The concentrations of Pb in the liver and Kidney of
the bird groups are given in table 1. The higher values
(P<0.05) were recorded in the High Dose Group during
the 30 days of the experiment compared with other
groups.
Table 1. Showing levels of lead (ug/g DW) in liver and

kidney tissues in the different experimental groups after the
exposure period (30 days)

Experiment Group

Organs Control Low Pb High Pb
group group group
Liver NS 1.78% 3.87*
Kidney NS 0.98* 1.87*

*statistically significant differences (P<0.05) in comparison to

the control group
3.2. Serum Biochemical Parameters

The ALT, AST, glucose, creatinine, and uric acid
values of the blood serum are presented in figure 1 A-
E. The ALT level was significantly increased
(P<0.05) in serum of a low and high Pb group (50 and
100 mg/kg feed), respectively, compared to the
control group after 15 and 30 days of experiment time,
while AST enzyme level in the low and high Pb dose
groups was a higher significant (P<0.05) after 30 days
in comparison to the control group. The glucose level
appeared significantly increase (P<0.005) only by a
high dose after 15 days of experiment time. The serum

creatinine (CR) was at elevated levels (P<0.05) in
birds after 15 and 30 days of experiment time in the
low and high Pb groups compared to the control
group. The wuric acid values were increased
significantly (P<0.05) only in the high Pb group
during 15 and 30 days of experiment time. CPK
levels appeared to change significantly (P<0.05) in
birds in low and high Pb groups at 15 and 30 days of
experiment time.

3.3. The Oxidative Stress Factors

Figure 2F-M showed the CAT, GSH, GSH-PX, and
MDA values analyzed in the liver and kidney tissues.
The CAT, GSH, and GSH-PX values in the liver and
kidney were significantly lower in the high Pb group
(100 mg/ kg feed) than in the other group after 30 days
of the experiment. MDA levels in liver and kidney
tissue are the highest (P<0.05) in the lower and higher
Pb groups (50 and 100 mg/ kg feed), respectively, after
30 days of experiment time compared to other times
and control groups.

3.4. The Histological Analytic

The control group's liver and kidney histological
examination showed typical architecture (Figure 1
and 2A). The Low Dose Group exhibited sinus
dilation, hepatic cell hypertrophy, and degeneration,
but the high Pb group exhibited severe hepatic
histological abnormalities, including hepatic cell
hypertrophy, bleeding, acute congestion, sinus
dilation, pyknotic hepatic nuclei, and necrosis
(Figure 1B, 1C, and 1D). The histological changes in
the renal tissue showed slightly markers, represented
by glomerulus atrophy, degeneration of renal
epithelium cells, and necrosis of renal tubular cells
(Figure 2B), while the histological changes were
more pronounced higher Pb group, noticed
glomerulus atrophy, degeneration, and necrosis of
tubular epithelium, hemorrhage, and severe
congestion, and infiltration inflammation cells
(Figure 2C and 2D).
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4, Discussion

Pb is a hazardous metal that produces oxidative stress
by forming reactive oxygen species (ROS), which has
been identified as a driving force behind (Pb*?) toxicity
(15). According to the results of this study, lead toxicity
led to a significant increase (P<0.05) in ALT and AST
enzyme levels, glucose, creatinine, and uric acid values
in the blood serum, whereas the oxidative stress
parameters including CAT, GHS, and GHS-PX enzyme
in the liver and Kkidney appeared to decrease
significantly (P<0.05), and the MDA values increased
significantly (P<0.05). According to Richardson (16),
the higher AST and ALT levels may be due to liver
injury, as evidenced by histological alterations such as
hepatic degeneration and necrosis, as well as an
increase in the number of Kupffer cells in the liver (17).
Recent research shows that the variations in enzyme
activity are linked to the result of hepatotoxicity (18,
19). Suljevic, Handzic (20) found that lead exposure
alters serum biomarkers in Coturnix japonica birds,
which is congruent with the results of the present study.
These alterations in serum analytes have been linked to
liver damage caused by metallothionein, a protein
generated within the liver with a high affinity for heavy
metals, which allows the lead metal to be distributed
rapidly in the hepatic tissue resulting in hepatotoxicity
(21). The lead toxicity demonstrated a significant
values increase in blood glucose, creatinine, and uric
acid in Coturnix japonica treated with a 0.4 mg/kg diet
meal of lead acetate for twenty-one days; These
findings are consistent with those of our study,
Furthermore, increased glucose levels in the lead
groups could be due to a variety of factors, including
lead metal poisoning, reduced carbohydrate
metabolism, increased cell energy requirement, cellular
ATP reduction, or even lower acetyl-cholinesterase
levels, while a high creatinine and uric acid level could
indicate glomerular filtration and renal disease (22). Pb
poisoning has been documented to cause oxidative
stress and enhance the generation of reactive oxygen
species (ROS), resulting in structural cell damage and
lipid peroxidation (23). Many of the body's endogenous

and exogenous antioxidant (enzymatic or non-
enzymatic) systems eliminate free radicals. CAT and
GSH-Px are enzymatic antioxidants, whereas
glutathione (GSH) is a non-enzymatic antioxidant (24).
The results of the current study were similar to Kou, Ya
(25), which mentioned that the hepatic tissue of quail
males and females subjected to lead poisoning, CAT,
and GPx activities was dramatically reduced.
According to Almasmoum, Refaat (26), the drinking
water containing (1g /L) of Phbs(OH)4(CHs;COO);
caused a dramatically increased (P<0.05) MDA
concentration in the hepatic and renal tissue in the rats.
Excess free radicals are created in conditions such as
cytotoxic stress, causing histological structural
alterations and cell malfunction (27). Usually, the
kidney and liver are the main organs for lead deposition
in birds (28). This is consistent with our results, which
showed that histological alteration in the liver and
kidney of the high Pb dose toxicity groups were
significantly altered than other groups. Lead may
interact with proteins and enzymes in the hepatic and
renal interstitial tissue, interfering with the antioxidant
defense mechanism and resulting in the generation of
reactive oxygen species (ROS), which may mimic the
inflammatory response, necrosis, and Pyknotic nuclei
of the liver and renal cells (29). Cell necrosis and
vacuolization caused by lead toxicity, as shown by the
present study, were revealed previously by other
investigations such as (30). In fact, from our view,
which represents our own opinion, we think that the
necrosis of the liver and renal tissue cells caused by
prolonged lead exposure may indicate oxidative stress
on these cells caused by glutathione deficiency. Lead
increases the phagocytic activity of sinusoidal cells by
raising the number of Kupffer cells, according to the
findings of this study. The injury to the hepatic tissue
caused by lead intoxication may be connected with the
Kupffer cells hyperplasia, which may constitute a
detoxifying defensive mechanism and contribute to
hepatic oxidative stress. Increased autophagy in hepatic
and renal tissue also aids in removing deposited lead
and its metabolites, with lysosomes involved in
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intracellular breakdown into small metabolic products
(32).
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