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ABSTRACT: Two hundred and fifty Japanese quail chicks, seven days old
without sexing were used in this study to investigate cadmium's harmful
impacts on performance and immunological parameters, as well as their
regulation by various levels of milk thistle plant seed powder (Mthsp) in
growing quail. The quails were separated into five equal groups, each with 50
chicks, and each group was assigned five replicates (10 each). Group 1 served
a basal diet with no supplements (T1), group 2, fed 0.10 g cadmium
chloride/kg diet (T2), groups 3, 4, and 5 fed on 0.10 g cadmium chloride/kg
diet supplemented with either of 4, 8 and 12g (Mthsp) /kg diet, respectively.
Cd caused a significant (P < 0.0land 0.001) increase in white blood cell
(WBCs) count and a decrease in hemoglobin (HGB) and a numerical decrease
in packed cell volume (PCV) as compared with those of the control free of Cd
supplementation. While a nonsignificant decrease in red blood cell (RBC)
count was detected. Cd intoxicated quail had a nonsignificant (P > 0.05)
reduction in serum catalase, and a significant (P < 0.05) decrease in total
antioxidant capacity, although MDA was significantly (P < 0.01) elevated in
contrast to the control group. These results mean that dietary supplemented
with (Mthsp) /kg diet might be useful on performance, and hematological
parameters induced by Cd and alleviated the adverse effect of Cd on

antioxidative.
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INTRODUCTION

Heavy metal exposure can cause a wide range
of health problems, and this is a global topic of
concern (Patra et al. 2011 and Adnan et al.,
2022).

Environmental pollutants, in particular metals
that are heavy, have been found to pose major
risks to animal and human health. These threats
are typically chronic, as heavy metals tend to
accumulate in the body over extended periods of
exposure (Lippmann, 2009). Adham et al.
(2001), showed that there is a documented
presence of metals including lead, cadmium, zinc,
and mercury in the food and water supplies of
animals and birds. These metals are widely
utilized in farming and industrial chemical
manufacturing.

One of the main hazards to the environment
and workers is cadmium (Cd). Cadmium exposure
in animals mostly occurs through consumption or
inhalation. The recent surge in mining activities
and unregulated industrialization has led to an
increase in environmental cadmium
contamination. Plants easily absorb cadmium
from the soil, leading to its accumulation in
various parts (Bingham et al., 1975). Certain fish

species and shellfish, including scallops, oysters,
and mussels can also gather cadmium. When fish
meal or oyster shell grit is added to animal feed as
a calcium supplement, this can pose a serious risk
to poultry and other livestock (Alisauskas et al.,
2007; Krishnakumar and Bhat, 2006). The
respiratory, skeletal, digestive, reproductive, and
cardiovascular systems, as well as important
organs like the liver and kidneys, are among the
systems that are harmed by cadmium's high
toxicity (Jama et al., 2013; Charkiewicz et al.,
2023). Exposure to Cd increases the production of
hydroxyl radicals, hydrogen peroxide, and
reactive oxygen species (ROS), which destabilize
the balance of calcium and sulfhydryl, enhance
peroxidation of lipid peroxidation, and cause
oxidative stress and destruction of DNA
(Sevcikova et al., 2011; Ebrahimi et al., 2023).
These toxic effects can impair performance, alter
hematology, and negatively impact serum
biochemical parameters, causing damage to the
kidneys, liver, and bursa of Fabricius.

The use of antioxidants as feed additives has
grown in popularity because they shield cells
from the harmful effects of xenobiotics, toxicants,
medications, and carcinogens (Akter et al., 2008;
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Zeweil et al., 2013; Nagori et al., 2023). These
natural antioxidants are often used as preventive
measures to counteract toxic substances that lead
to peroxidation (Aboubakr et al., 2014; Abd ElI-
Hack et al., 2018, 2021, 2023; Abdel Baset et
al., 2020; El-Shall et al., 2020; Hussein et al.,
2020). However, herbs, though rich in active
compounds, should be used with caution as they
can cause side effects or interact with other
treatments and should be administered under the
guidance of a botanical medicine specialist.
Herbs, spices, and various plant extracts have
shown potential as alternatives to antibiotic
growth promoters in animal diets.

Phytogenic plants serve as excellent sources
of antioxidants and are generally safe for
organisms and the environment. However, their
phytogenic content can vary widely depending on
factors such as processing methods, botanical
origin, agricultural practices, and environmental
conditions (Windisch et al., 2008). Wu et al.
(2009) noted that the milk thistle plant (Silybum
marianum) contains various phytochemicals,
including silymarin, which comprises the
flavanolignans silybin, silydianin, and
silychristine, with silybin being the most
biologically  active.  Silymarin  is  most
concentrated in the fruit but is also present in the
leaves and seeds. The active component,
silymarin, constitutes about 4% of the dried seeds
or aerial parts of the milk thistle plant (Pradhan
and Girish, 2006; Rajiha, 2012). Kshirsagar et
al. (2013) demonstrated that silymarin is an
effective antioxidant, capable of scavenging
reactive oxygen species (ROS) and inhibiting
lipid peroxidation, thereby protecting cells from
ROS-induced damage.

Given these findings, chickens raised in field
conditions might be exposed to cadmium as an
environmental pollutant, leading to various toxic
effects and increased cadmium accumulation in
their bodies, which could also pose a risk to
humans. Therefore, this study aims to explore the
toxic effects of cadmium exposure and assess the
potential protective effects of milk thistle seed
powder.

MATERIALS AND METHODS

The study was carried out experimentally
from March to April 2022 at the Poultry Research
Laboratory, which is part of the Animal and Fish
Production Department of the Faculty of
Agriculture (Saba Basha), Alexandria University.

MATERIALS. The source of cadmium chloride
was Nasr Pharmaceutical Chemicals Co. in Egypt.

Dehydrated milk Thistle plant seeds
were gathered from Abeis village in the El-Behera
governorate, and they were processed using an
electric dry mill to a fine powder. The powder is
kept at room temperature (about 25°C) in tightly
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sealed black plastic bags until it is needed to
create the trial diets.

Experimental design. Two hundred and fifty
Japanese quail chicks, growing seven days old
without sexing were used. The quail were
weighed individually and then divided into 5
experiments, each containing fifty chicks. For
each group, five replicates, each containing ten
chicks, were created in a totally randomized
fashion. First, a basal diet free of additives was
provided to the group. In addition to the same
basic diet, the second group was given 100 mg of
cadmium chloride per kg of diet. The third,
fourth, and fifth groups received the basic diet
along with 4, 8, and 12 g of Mthsp/kg of diet,
respectively. The quail were housed in open-
house wire cages for the duration of the six-week
testing period, which started at one week of age.

For the whole five-week study, feed and
water were freely available. All birds were
exposed to 23 hours of continuous light every day
during the development season. The experimental
period lasted for 16 weeks.

The environmental, sanitary, and
administrative  settings under which each
experimental chick was grown were identical.
Table 1 displays the experimental basal diet's
composition and chemical analysis.

MEASUREMENTS
Performance evaluation

Weekly measurements of quail body
weight, weight gain, and feed intake were taken.
The feed conversion ratio was computed as (g
feed / g gain).

Hematological and biochemical evaluation

Three birds per treatment group had
individual blood samples drawn at six weeks of
age in order to assess the various hematological
and biochemical traits. After collection, blood
samples were split into two equal halves.
According to Hawk et al. (1965), the first portion
of the blood was drawn using heparin as an
anticoagulant (0.1 ml of heparin to 1 ml of blood)
in order to calculate the total leukocyte count
(WBC) in accordance with Natt and Herrick
(1952). To measure the differential leukocyte
count, blood smears were prepared and stained
(Cook, 1959). To separate the blood serum, the
second portion of each blood sample was
centrifuged for 15 minutes at 4000 rpm. Until
analysis, the collected serum was stored frozen at
-18 °C. Using the designated kits, serum samples
were subjected to biochemical analysis.

Lymphoid organs weight:

At the conclusion of the trial, three birds
were chosen at random from each treatment,
fasted for a duration of 12 hours, were weighed,
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had their jugular wveins sliced, and were
subsequently scalded and defeathered. After
meticulously dissecting the carcasses, they were
weighed. The following organs were removed,
weighed individually, and their weights were
reported as a proportion of the starting weight: the
spleen, bursa of Fabricius, and thymus.

Statistical analysis.

One-way ANOVA was used to
statistically evaluate the differences between the
treatments using the SPSS® (2007) statistical
software package for Windows version 23.0.
Using Duncan's Multiple Range Test (Duncan,
1955), the important variations in treatment
means were identified.

RESULTS AND DISCUSSION
Growth performance
Live body weight and body weight gain:

The effects on the live BW and BW gain
of developing Japanese quail of both pure
cadmium poisoning and cadmium poisoning in
combination with a milk thistle plant seed powder
(Mthsp) food supplement are displayed in (Table
2).

Table 2 shows that the experimental
birds were randomly distributed among the
treatments and that there were no significant
differences in the birds' initial body weights
across treatments.

Up to one weeks of age, the results
indicated no significant effect of the various
treatments; however, throughout the entire
experimental period, body Throughout the entire
experimental period, from 1-3, 3-6, and 1-6 weeks
of age, there was a substantial effect on body
weight gain, and there were significant (P < 0.01)
variations in body weight. When T2 received
supplemental dietary cadmium, their body weight
decreased by 21% between the ages of 2 and 6
weeks in comparison to the control group, which
did not receive any supplements.

Nutrient availability determines how
much weight can be gained. Thus, the observed
decrease in weight gain may be explained by a
reduced feed intake or by an accelerated
breakdown of lipids and proteins due to cadmium
poisoning (Erdogan et al., 2005). Cadmium
toxicity's effects on intestinal absorption can lead
to weight loss (Graef, 1994). Sant'Ana et al.
(2005) linked the significant reduction in body
weight seen in growing Japanese quail given 100
ppm cadmium chloride for 28 days to the role of
metallothionein’s (MT). MTs help retain
cadmium in tissues, acting as a protective
mechanism, but they also contribute to cadmium-
induced hepatic toxicity. The weight loss
observed in our study
due to cadmium exposure could result from
cadmium's widespread toxic effects on the birds'
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bodily processes. The results that chronic
cadmium exposure has been found to induce
oxidative stress in the kidneys and liver (Yiin et
al., 1999) and to change enzymes involved in
energy metabolism and glycogenesis in the liver
and muscles (Tourry et al., 1985) provide weight
to this notion. Additionally, according to Jarup et
al. (1998), prolonged exposure to cadmium can
exacerbate the advancement of leukemia,
hypertension, osteoporosis, and diabetic renal
problems in both humans and animals. Cadmium
exposure may also cause an increase in body
weight loss in those animals. Additionally,
cadmium may reduce body weight by impacting
nutrient absorption in the small intestine or by
causing renal tubule dysfunction that disrupts
nutrient metabolism (Abaza, 1996). Due to
competition between iron and cadmium at the
intestinal iron transport system binding sites,
prolonged exposure to dietary cadmium can cause
iron deficiency anemia (Schafer and Forth,
1985).

As reported by Abdo and Abdulla
(2013), chickens that received 10 mg/l of Cd in
their drinking water grew at significantly slower
rates than the control group, which resulted in
significantly smaller final body weights. While
supplementation did not fully restore these
features to normal levels, adding Mthsp at varied
amounts to the diets of quail intoxicated with
cadmium enhanced BW at 6 weeks of age and
BW gain over the course of the whole trial period,
significantly (P < 0.01). Though levels did not
revert to those of the control group, Comparing
the group receiving only cadmium, the CdCI2-
intoxicated quails treated with 12 g Mthsp
significantly (P<0.05) increased their body weight
and weight gain.

These results imply that adding Mthsp to
the diet may help counteract the weight growth
and decrease in body weight caused by cadmium,
hence reducing its negative effects. However,
there was no improvement in these negative
effects observed in the group fed a diet containing
29 Mthsp/kg. In contrast, compared to other
experimental feed additives employed in this
study, 4, 8, and 12g Mthsp/kg diet were more
successful in reducing the detrimental impacts on
weight and weight gain.

Dietary Silybum marianum extract was
found to boost both daily weight gain and final
body weight under high temperatures, as verified
by Zarei et al. (2016). Additionally, Chand et al.
(2011) discovered that supplementing broiler hens
with milk thistle led to a considerable increase in
body weight gain. In a similar vein, Muhammad
et al. (2012) found that supplementing broiler
chicks with milk thistle (10 g/kg diet) greatly
increased their body weight gain. According to
Tedesco et al. (2004) and Gowda and Sastry
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(2000), introducing silymarin phytosome® at 600
mg/kg feed to lessen aflatoxin B1 toxicity caused
an increase in body weight. Chakarverty and
Parsad (1991) similarly observed increased
weight gain in a group that used milk thistle
supplements.

According to Khaleghipour et al.
(2019), from 7 to 35 days, birds fed diets
supplemented with 1000 mg silymarin/kg showed
a daily weight growth of 0.4g, or 6.35%, more
than control quails (p<.05). Sureshkumar et al.
(2022) have reported a linear rise in BWG with
increasing dietary silymarin supplementation
from 0% to 0.06% from days 7 to 21 (p = 0.013)
and throughout the entire period (p = 0.043). But
during the course of the experiment, there was no
discernible impact on FI, FCR, or mortality rate
(%).

The exact process underlying the
increased body weight gain is unclear, although
it's possible that Silybum marianum-treated birds
boosted immune systems (IgG and IgM) are to
blame.

Feed intake and feed conversion ratio:

The influence of the poisoning of
cadmium and varying dosages of Mthsp
supplementation on the consumption of feed and
the FCR in growing Japanese quail are displayed
in Table2. At 1-3, 3-6, and 1-6 weeks of age,
there was a significant (P < 0.001 and 0.01)
difference in feed intake depending on the level of
Mthsp supplementation. Over the course of the
trial, dietary cadmium supplementation increased
feed intake by 1% and significantly (P < 0.001)
improved FCR relative to the control group by
30.6%. During the 1-6-week of age period, quail
fed 2 g of milk thistle seed powder per kg meal
showed a substantial decrease in feed intake
relative to the other treatment groups.

The cadmium group showed a
considerable reduction in feed consumption when
compared with the control cohort; nevertheless,
our findings differ from those of Cinar et al.
(2011). Over six weeks, Erdogan et al. (2005)
found that cadmium at a rate of 25 mg/L
significantly decreased feed efficiency (FE),
although feed consumption (FC) was not
significantly impacted. More recently, Olgun
(2015) found that feed intake was reduced with
increasing supplementation of dietary cadmium
(20, 40, and 80 mg/kg) but had no effect at doses
as high as 10 mg/kg. On the other hand, certain
research has demonstrated that modest dietary
supplements of water (1.5 mg/L) or cadmium (3

mg/kg) improved performance metrics
(Pribilincova and Marettova, 1996; Toman et
al., 2005).

Adding Mthsp to diets of quail

intoxicated with cadmium led to a non-significant
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(P £0.05) increase in feed consumption at the age
of six weeks and FCR for the duration of the trial.
These findings are in line with those published by
Khaleghipour et al. (2019), who discovered that,
in quails fed diets containing 2000 mg
silymarin/kg for a period of 7-35 days, the FCR
decreased by 0.22 units (6.6%) and daily weight
growth rose by 0.4 g (6.35%).

According to Zarei et al. (2016), feed
conversion at high temperatures was enhanced by
dietary feeding Silybum marianum extract.
According to Chand et al. (2011), supplementing
broilers with milk thistle greatly increased their
FCR. In a similar vein, Muhammad et al. (2012)
found that supplementing with milk thistle at a
rate of 10 g/kg diet greatly enhanced feed intake
and enhanced feed conversion rate. Other
researchers that fed milk thistle to broiler
chickens indicated good effects also reported the
same results. On the other hand, Sureshkumar et
al. (2022) discovered that during the whole trial,
dietary silymarin supplementation had no
discernible impact on Fl or FCR.

Hematological parameters Hematology profile:

The hematological parameters in animals
serve as a crucial indicator of their physiological
or pathophysiological state (Khan and Zafar,
2005). Both people and animals' hematopoietic
systems and hematological profiles may be
altered or damaged as a result of heavy metal
exposure (Costa et al., 2004).

The findings shown in Table 3
demonstrate that, in comparison to the control
group, which did not receive a cadmium
supplement, cadmium exposure considerably (P <
0.001) raised white blood cell (WBC) counts and
significantly (P < 0.001) decreased hemoglobin
(HGB) levels. Additionally, there was a
nonsignificant drop in the packed cell volume
(PCV) and red blood cell (RBC) counts. Except
for eosinophils, which significantly (P < 0.05)
decreased in cadmium-intoxicated groups, Table
3 shows that the percentages of lymphocytes,
heterophils, monocytes, and the H/L ratio were
not significantly affected by cadmium or different
levels of milk thistle seed powder compared to the
control group. The additives did not influence on
the eosinophils' toxicity caused by cadmium.
These hematological results imply that quail
exposed to cadmium developed macrocytic
hyperchromic anemia, except for eosinophils,
which were considerably (P < 0.05) reduced in the
cadmium-intoxicated groups as compared to the
control group. The various doses of milk thistle
seed powder were unable to protect eosinophils
from the harmful effects of cadmium. However,
the hematological results of this investigation
indicate that quail treated with cadmium may
have acquired macrocytic hyperchromic anemia.
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Al-Hamdany (2010) observed
comparable results, indicating a substantial
elevation in white blood cell counts in rats
subjected to cadmium chloride exposure, which
was ascribed to inflammation and increased
production. The accumulation of metal within red
blood cells is probably the cause of the notable
drop in hemoglobin, which may be caused by an
inhibition of the ferrochelatase enzyme, which
oversees attaching iron to the globin protein. Rats
given heavy metal treatments also showed
elevated WBC counts, which may be the
consequence of an inflammatory reaction acting
as a defense mechanism, according to studies by
Ekanem et al. (2015) and Sharaf et al. (2017).

Following a 6-week exposure to greater
cadmium concentrations (100 mg/kg), Szilagyi et
al. (1994) detected considerably lower WBC and
RBC counts in chickens. Comparably, in hens fed
drinking water containing 10 mg of cadmium/L
daily for 30 days, Abdo and Abdulla (2013)
showed substantial declines (P < 0.05) in
hemoglobin, hematocrit, and total erythrocyte
count. According to Wintrobe (1978), cadmium-
treated hens may have had their hematological
parameters reduced as a result of mature RBCs
being destroyed and erythrocyte formation being
inhibited—a process that is impacted by pollution.

According to Khangarot and Tripathi
(1991), hematopathology or acute hemolytic crisis
may be connected to a drop in red blood cell
count. This could result in severe anemia in a
variety of vertebrates, including chicken species,
that are exposed to diverse environmental
contaminants. Moreover, James et al. (1992)
suggested that the loss of red blood cells (RBCs)
could result in severe anemia due to a decline in
growth and other utilization of food measures. By
reducing the quantity of iron absorbed from the
digestive tract, cadmium may also inhibit the
synthesis of heme, claim El-Sharkawy and El-
Nisr (2012).

After a month of treatment, Abdo and
Abdulla (2013) observed substantial reductions
(P<0.05) in the RBC count, hemoglobin content,
and hematocrit value in chickens treated with
cadmium when compared to controls. Higher
dosages of cadmium significantly decreased
WBCs, RBCs, HGB, and PCV in comparison to
the control birds, according to recent research by
Andjelkovic et al. (2019).

Our findings align with previous
research that employed distinct animal models,
exposure pathways, and dosage schedules, all of
which witnessed declines in RBC, HGB, and
HCT (El-Boshy et al., 2017; Abdou and
Hassan, 2014; Mladenovi¢ et al., 2014; Sharma
etal., 2010, 2011).

In this study, quail exposed to cadmium
without treatment exhibited larger erythrocytes on
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average than healthy controls, which were
normally loaded with hemoglobin. This suggests
regenerative anemia due to intense hemolysis,
rather than iron deficiency, which would result in
smaller erythrocytes with less hemoglobin. In a
similar vein, Gross and Siegel (1983) showed
that the heterophil / lymphocyte (H/L) ratio is a
valid measure of immunological activity
connected to heat stress in laying hens. According
to Nicol et al. (2009) and Cravener et al. (1992),
physical and physiological stressors cause a rise
in the H/L ratio and a decrease in hematocrit
levels in birds that are subjected to heat stress.
These findings may also be used as a guide for
hen welfare.

According to Abdalla et al. (2018),
meals supplemented with silymarin increased
phagocytic activity, the phagocytic index, the H/L
ratio, and lymphocyte numbers significantly when
compared to controls. These results are consistent
with a large body of clinical research and trials
conducted on cattle, which has demonstrated that
supplementing with silymarin diet can improve
health and productive performance, especially in
relation to hepatic function (Quarantelli et al.,
2004). Moreover, silibinin has been reported by
Das et al. (2008) and Kshirsagar et al. (2009) to
possess membrane-protective qualities and to
potentially shield blood components from
oxidative damage. Silymarin functions as a
powerful antioxidant, scavenging free radicals
(reactive oxygen species) and preventing lipid
peroxidation, according to Bhattachrya (2011)
and Kshirsagar et al. (2013).

High concentrations of antioxidants,
including silibinin, silidianin, and silichristin,
have been found in the popular herbal remedy
Silybum marianum, according to Borges et al.
(2018). In addition to being utilized to treat liver
disease and cancer, this antioxidant property has
been widely used to reduce the potentially
dangerous in vivo effects of numerous oxidative
agents. Previous research has also examined
Silybum marianum’s ability to prevent cadmium-
induced DNA damage in human blood cells.

Antioxidative parameters

In Table 2, blood serum lipid
peroxidation, total antioxidant capacity, and
catalase are compared to the control group for
chicks that were cadmium-intoxicated and quail
that were co-administered cadmium with varied
amounts of milk thistle seed powder (Mthsp).
When quail were exposed to cadmium, their
serum catalase levels decreased numerically, and
their serum total antioxidant capacity decreased
significantly (P < 0.05). Comparing the
experimental group to the control group did not
result in a significant (P < 0.01) increase in
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malondialdehyde (MDA), an indication of lipid
peroxidation and oxidative stress.

Cadmium has been shown to induce
oxidative stress and observable alterations of
membranes in the central nervous system.
Decreased activity of acetylcholinesterase
increased oxidative stress markers, and decreased
levels of antioxidants such as glutathione,
catalase, glutathione-S-transferase, superoxide
dismutase 2, and glutathione are some of these
indications (Shagirtha et al., 2011). The
activation  of  calcium/calmodulin-dependent
protein kinase Il may have resulted in the
apparent death of cortical cells in the central
nervous system as a result of these changes (Chen
et al., 2011). Cadmium can also block the entry of
calcium through calcium channels (Bodereau-
Dubois et al., 2012).

Conversely, as previously reported
(Erdogan et al., 2005; Hudecova and Ginter,
1992), Cadmium-induced lipid peroxidation was
significantly (P < 0.01) decreased when ascorbic
acid and/or dried garlic powder were included
into the diet. Serum MDA concentrations
significantly decreased (P < 0.01) to support this.
When compared to birds that had been intoxicated
with cadmium, there was no significant (P < 0.05)
decrease in the overall antioxidant capacity or
catalase activity.

Cadmium-intoxicated quail were shown
to have a significant (P < 0.05) drop in catalase
but a nonsignificant decrease in serum total
antioxidant  capacity, according to recent
observations by Dosoky et al. (2024). On the
other hand, MDA, a marker of oxidative stress,
was much (P < 0.01) higher in the experimental
group than in the control group.

Likewise, Hashem et al. (2019)
discovered that quail exposed to cadmium
poisoning had a considerable rise in MDA level
(3.9+0.09 and 51.33+0.88, respectively), but there
was also a significant drop in serum GPX activity
(0.05+0.005) when compared to the control group
(0.48+0.017).

This imbalance between oxidant and
antioxidant actions may be due to cadmium's
effects or the release of ROS, NO, and H20 (L. et
al., 2013; Liu et al., 2015; Eriyamremu et al.,
2008). Cadmium exposure has also been
connected to decreased GPX levels and increased
renal lipid peroxidation, as seen in hens (Yang et
al., 2012). According to Kant et al. (2011),
reduced blood glutathione levels is possibly
brought on by more oxidative stress and the
depletion of GSH reserves, which are important
defenses against cadmium toxicity.

Our results are consistent with those of
Pari et al. (2007), who observed a significant
decline in SOD and CAT activity in groups
exposed to cadmium. This is probably because
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cadmium directly inhibits these enzymes (Patra
et al., 1999; Casalino et al., 2002). Due to its
increased utilization in combating ROS and lipid
peroxidative products, GPx may be depleted
(Singhal et al., 1987). Comparably, Jurczuk et
al. (2004) found that drinking water with 50 mg
Cd/l caused a drop in the liver's SOD activity and
a rise in the kidney's SOD activity. The drinking
water also caused CAT activities to decrease in
both the liver and the kidney.

All doses of Mthsp supplementation
were associated with higher blood activities of
total antioxidant capacity (TAC) and catalase,
indicating improved antioxidant status in
developing Japanese quail fed diets polluted with
cadmium. The groups receiving 12g of powdered
milk thistle seed/kg diet had the best TAC values,
followed by 8g and 4g, in that order. As a
measure of oxidative stress and lipid peroxidation,
malondialdehyde (MDA) was nonsignificantly
reduced in all treatments when compared to T2
(Table 3). The group supplemented with 12g
Mthsp/kg diet had the lowest MDA levels, most
likely because silymarin has potent antioxidant
effects.

In agreement with this, Abdalla et al.
(2018) discovered that MDA levels were much
lower (between 27.0% and 27.6%) in comparison
to the control group, and TAC was significantly
raised in a diet supplemented with 25g milk
thistle/lkg compared to other supplemented
groups. Silymarin is a strong antioxidant that
lowers blood cholesterol, stimulates the
regeneration of liver cells, and helps prevent
cancer, according to Soto et al. (2004). According
to various clinical research and experiments
conducted on cattle, silymarin supplementation
can improve health and productive performance,
especially with regard to hepatic function
(Quarantelli et al., 2004). Our results are in line
with these findings. Furthermore, silibinin may
protect blood components from oxidative damage
and has membrane-protective qualities, according
to studies by Das et al. (2008) and Kshirsagar et
al. (2009). Silymarin functions as a powerful
antioxidant, scavenging free radicals, preventing
lipid peroxidation, and enhancing the non-
enzymatic and enzymatic antioxidant defense
systems of cells, such as reduced glutathione,
superoxide dismutase, and catalase (Bhattachrya,
2011; Kshirsagar et al., 2013).

Lymphoid organ weights

Table (4) provides a summary of the
impact of various treatments on the characteristics
of the Lymphoid organ. The findings indicate that
there were substantial (P < 0.001 or 0.01)
alterations in the relative weights of the bursa and
spleen in the cadmium-intoxicated group. In
contrast to the control group, there was no
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discernible difference in the relative weights of
the bursa, thymus, and spleen. Additionally, the
results showed that adding various levels of
Mthsp to the cadmium-intoxicated diet led to
significant (P < 0.01) enhancements in most of
these parameters. This suggests that dietary
supplementation with different levels of Mthsp
may help reverse the reductions in absolute and
relative lymphoid organ weights induced by
cadmium, alleviating the negative effects on these
organs of cadmium. Additionally, the different
levels of Mthsp tended to reverse the depressive
effects of cadmium on the relative weights of the

thymus and spleen, making these organs
comparable to those in the control group.
Researchers Abdalla et al. (2018)

demonstrated that groups fed various treatments
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had considerably higher relative weights of the
spleen and bursa when compared to the control
group. Among the experimental groups, the group
given a meal containing 259 MTh/kg had the
highest relative weight of the bursa. But the
relative weights of the thymus were unaffected by
supplementing with various substances in a
meaningful way. Fani et al. (2013) observed that
supplementing with SMS had no significant effect
on spleen weight. According to a recent study by
Khaleghipour et al. (2019), birds given diets
containing silymarin had greater proportional
testis weights and lower percentages of the liver
and spleen (P<0.05).

Table (1): Composition and calculated analysis of the basal experimental diet.

Ingredients %
Yellow corn 57.44
Soybean meal (48 %) 39.85
Mono-calcium phosphate 0.820
Limestone 0.880
Sunflower oil 0.100
Vit. and min. mix. * 0.400
Salt (NaCl) 0.400
L-Lysine HCI 0.020
DL-Methionine 0.090
Total 100
Calculated analyses:

Crude protein, % 24.05
ME (Kcal/ Kg diet) 2907.10
Ether extract, % 2.44
Crude fiber, % 3.63
Methionine, % 0.76
Methionine + cystine, % 0.88
Lysine, % 1.42
Calcium, % 1.11
Av. Phosphorus, % 0.39

* Each kg of vitamin and minerals mixture contained: Vit. A, 4,000,000 IU; Vit. D3, 500,000 1U; Vit, E, 16.7 g.,
Vit. K, 0.67 g., Vit. B1,0.67 g., Vit. B2, 2 g., Vit. B 6, .67 g., Vit. B12, 0.004 g., Nicotinic acid, 16.7 g.,
Pantothenic acid, 6.67 g., Biotin, 0.07 g., Folic acid, 1.67 g., Choline chloride, 400 g., Zn, 23.3 g., Mn, 10 g., Fe, 25

g., Cu,1.67g.,1,0.259.,Se, 0.033 g. and,Mg, 133.4 g.
t According to NRC (1994).
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Table (2): Effect of milk thistle plant seed powder (Mthsp) on growth performance of Japanese quail exposed to cadmium toxicity during the period from 1 to 6

weeks of age

Dietary treatments*

P value MSE TS5 T4 T3 T2 T1 Items
Live body weight (g/bird/period)

1.000 0.200 32.57 32.58 32.60 32.64 32.63 7 days

0.0001 0.919 88.73b¢ 87.01b° 85.76° 91.71b 107.902 21days

0.0001 1.549 180.13° 170.05°¢ 161.26¢ 164.40% 208.182 42days
Body weight gain (g/bird/period)

0.0001 0.886 56.16b° 54.42hb° 53.15¢ 59.07° 75.272 1-3 Weeks

0.0001 1.311 91.02° 83.04° 75.51¢ 72.69¢4 100.282 3-6 Weeks

0.0001 1.520 147.18P 137.47°¢ 128.66¢ 131.76% 175.552 1-6 Weeks
Feed consumption (g/bird/ period)

0.0001 2.314 162.40° 163.06° 158.84b 184.042 155.60° 1-3 Weeks

0.003 3.885 295.602 285.742b 259.02¢ 273.04b¢ 295.902 3-6 Weeks

0.008 4,263 458.002 448.80°2 417.86° 457.082 451.502 1-6 Weeks

Feed conversion ratio

0.0001 0.084 2.902 3.022 3.002 3.152 2.07° 1-3 Weeks

0.025 0.088 3.262 3.46%0 3.512 3.802 2.95P 3-6 Weeks

0.0001 0.071 3.182 3.322 3.332 3.332 2.55P 1-6 Weeks

*Cd: Cadmium chloride, Mthsp: milk thistle plant seed powder, T1: Control, T2: Control+100 mg Cd /kg diet, T3: Control+ 100 mg Cd /kg diet + 4g Mthsp /kg diet, T4: Control+ 100 mg Cd
/kg diet + 8g Mthsp /kg diet, T5: Control+ 100 mg Cd /kg diet+ 12g Mthsp /kg diet.
Different lower case letters indicate significant differences (P<0.05).
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Table (3): Effect of Effect of milk thistle plant seed powder (Mthsp) on hematological and antioxidative parameters of Japanese quail exposed to cadmium toxicity

at 6 weeks of age

Dietary treatments*

P value MSE T5 T4 T3

T2

T1

ltems

Hematological parameters

0.002 0.222 20.90%° 20.13%° 20.21b¢ 21.89% 19.43¢ White blood cells (WBCs10%/m?)
0.092 0.124 3.02 2.97 2.88 2.86 3.24 Red blood cells (RBCs10%/mm?)
0.001 0.124 10.38° 10.28° 10.22° 10.08° 11.442 Hemoglobin (Hb g/dl)
0.927 0.124 42.74 42.22 43.5 42.46 44.18 Packed cell volume (PCV %)
1.000 0.894 62.6 63.6 63.4 66.2 59.2 Lymphocytes%
0.816 0.865 31.00 29.40 29.60 28.00 31.00 Heterophils%
0.787 0.021 0.498 0.475 0.468 0.448 0.530 H/L ratio
0.122 0.244 4.40 4.60 4.60 3.80 5.80 Monocytes%
0.046 0.247 2.00° 2.40° 2.40° 2.00° 4.002 Eosinophils%

Antioxidative parameters
0.001 0.001 0.426%® 0.425% 0.422P¢ 0.417¢ 0.4312 Total antioxidant capacity (mg/dl)
0.126 4.47 391.56 397.17 374.41 373.77 402.71 Catalase (mg/dl)
0.203 0.134 10.35 10.43 10.52 11.08 10.10 Malondialdehyde MDA (nmol/ml)

*Cd: Cadmium chloride, Mthsp: milk thistle plant seed powder, T1: Control, T2: Control+100 mg Cd /kg diet, T3: Control+ 100 mg Cd /kg diet + 4g Mthsp /kg diet, T4: Control+ 100 mg Cd

/kg diet + 8g Mthsp /kg diet, T5: Control+ 100 mg Cd /kg diet+ 12g Mthsp /kg diet.
Different lower case letters indicate significant differences (P<0.05).

Table (4): Effect of milk thistle plant seed powder (Mthsp) on lymphoid organ weights%oof Japanese quail exposed to cadmium toxicity at 6 weeks of age

Dietary treatments*

Items T1 T2 T4 T5 MSE P value
Spleen 0.060° 0.310? 0.070° 0.110° 0.028 0.006
Bursa 0.210 0.190 0.160 0.140 0.019 0.766
Thymus 0.150°¢ 0.3002 0.210° 0.230° 0.012 0.001

*Cd: Cadmium chloride, Mthsp: milk thistle plant seed powder, T1: Control, T2: Control+100 mg Cd /kg diet, T3: Control+ 100 mg Cd /kg diet + 4g Mthsp /kg diet, T4: Control+ 100 mg Cd

/kg diet + 8g Mthsp /kg diet, T5: Control+ 100 mg Cd /kg diet+ 12g Mthsp /kg diet.
Different lower case letters indicate significant differences (P<0.05
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