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Abstract

UR research sought to clarify the impact of Neem Leaf Powder (NP) as a feed supplement in

reducing the harmful effects of CdCI2 toxicity in Nile tilapia. Acclimated 360 fish were
allocated randomly into 4 treatments with 3 repetitions in each group, including control group, CdCI2
intoxicated group (2 mg/L in water), and 2 groups fed on NP at 2 and 4 g/kg feed with exposure to 2
mg/L of CdCI2 for 60 days. Digestive enzymes, total protein, albumin, liver function indices (AST,
ALT, and LDH), total cholesterol, and triglycerides, besides liver oxidant/antioxidant biomarkers
(superoxide dismutase, catalase, glutathione peroxidase, glutathione S transferase) were measured
using a spectrophotometer. Intestinal PCNA expression was detected using immunohistochemistry.
Our data exhibited that tilapia exposed to water CdCI2 toxicity showed a significant decline in growth
performance, feed utilization, fish survival, and intestinal digestive enzymes (protease, lipase, and
amylase). Furthermore, CdCI2-intoxicated fish showed a substantial downregulation in hematological
parameters, total protein, globulin, and some antioxidant indicators, including catalase, glutathione s-
transferase, total and reduced glutathione, besides superoxide dismutase. Additionally, CdCI2 toxicity
substantially upregulated albumin, glucose, liver enzymes, total cholesterol, triglycerides, glutathione
peroxidase, and lipid peroxidation (LPO). The CdCI2 residues in the liver, gills, and muscles were
significantly increased, particularly in hepatic tissues in the CdCl2-intoxicated group. Treatments
with NP at both 2 and 4 g/kg diet impeded these deleterious effects by upregulating the growth
parameters, hematological parameters, intestinal, hepatic, and antioxidant enzymes activities, with
downregulation of LPO and lipid profile parameters with improvement in intestinal histoarchitecture.
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Introduction

Heavy metals from various sources, including
industrial and anthropogenic  activities, can
significantly contaminate natural water systems [1].
The accumulation of heavy metals in aquatic animal
tissues may reach to dangerous levels for people [2].
Cadmium (Cd) is a heavy metal with significant
detrimental impacts on fish. Cadmium can harm the
gills [3] and splenic tissue [4] of common carp. Nile
tilapia can collect cadmium in their organs, resulting
in histopathological changes in multiple tissues,
especially the hepatic tissue, characterized by
significant fatty change, hepatocellular necrosis, and
vascular  congestion.  Furthermore, it causes
significant histological changes in the intestine and
pronounced glomerular atrophy and necrosis in the
kidneys [5]. Toxicity of any toxicant arises when
metabolic and detoxifying processes, along with
excretory and storage activities, fail to mitigate
absorption [6]. Cadmium is among the 126
contaminants identified by the US Environmental
Protection Agency and is carcinogenic for multiple
organs [7]. Also, by activating node-like receptor
pyrine-3  (NLRP3) inflammasome, cadmium
exposure in common carp produces pyroptosis of
splenic lymphocytes [8].

In most tropical nations, a big evergreen tree
Azadirachta indica (A. indica) with aromatic leaves
and fruit that can be eaten, sometimes known as
Margosa or neem, has possible therapeutic use due to
its immunological, anti-inflammation, and anti-ulcer
qualities [9, 10]. Furthermore, every component of
neem tree has strong medicinal properties against
several fungal, bacterial, and viral diseases as well as
increasing antioxidant capacity [10, 11] and
antidiabetic effect [12]. Likewise, some neem-based
substances have been extensively utilized in
aquariums for managing different fish parasites and
fry predators during their culture in place of some
hazardous pesticides or antibiotics. Although neem
has been identified for its possible broad-spectrum
preventive and therapeutic value, no studies on the
diet supplemented with neem have been published to
regulate Cd toxicity in tilapia. Thus, the aim of our
work is to shed light on the possible beneficial
effects of NP to mitigate water-born CdCI2 toxicity
in O. niloticus via the upregulation of hematological
markers, and antioxidant status and downregulation
of inflammatory markers.

Material and Methods

Sources and collection of plant material

Freshly developed leaves of the neem tree were
gathered from several sites in the Beni-Suef
governorate. The gathered specimens were promptly
enclosed in plastic bags. These specimens were kept
at a temperature of 4 -C till the process of extraction.
Then, it was rinsed with water and, afterward, with
distilled water to eliminate dust. The specimens were
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dried in the shade at ambient temperature for three
days. About 1000 grams of leaf samples were
pulverized for 20 seconds using a grinding mill. The
dried leaf specimens were ground into a powder.
Neem leaf powders were extracted following the
methodology outlined by Hossain et al. [13] .

Proximate analysis of Neem plant powder
Proximate Compositions

The proximate composition of the specimens,
including moisture, fat, protein, ash, and crude fiber,
was determined in duplicate using methods outlined
by Onwuka [14]. Nitrogen content was assessed via
the micro Kjeldahl method, and protein content was
calculated by multiplying nitrogen values by 6.25 as
described by Onwuka [14]. The total carbohydrate
content was estimated by subtracting the sum of the
other components from 100%. The proximate
analysis  yielded crude fiber, protein, and
carbohydrate content values.

Vitamin A Estimation

Using a ceramic mortar, 1g sample was
homogenized with 10 ml of distilled water and then
filtered through filter paper. A 2 mL aliquot of the
filtrate was shaken for 1 minute and heated at 60 °C
for 20 minutes. After that, 2 mL of xylene was
added, mixed thoroughly, and centrifuged for 10
minutes at 1500 rpm. The upper layer was gathered
and relocated to a test tube. Before and after
irradiating the extract for 30 minutes, the absorbance
was estimated at 335 nm against xylene . [15]

Vitamin A concentration (Cx) was calculated using
the following formula:

Cx = (Al - A2) x 22.23, where Al and A2 are the
absorbance values before and after irradiation
respectively.

Vitamin C Estimation

Using a ceramic mortar and pestle, 0.5 g of the
specimen was mixed with 5 ml of 2% HCI and then
filtered through filter paper. A 5 ml aliquot of the
filtrate was moved to two conical flasks after it had
been diluted to 100 mL. lodole phenol dye was used
to titrate the solution, and the titer value was noted.
The result was calculated as (0.5 / 13.1) x titer value,
which was then multiplied by 100 and divided by 5.
The result was expressed in mg/100 mL [15].

Mineral Analysis

The specimen's mineral composition was
analyzed by dry-ashing and spectroscopic methods.
One g sample was ashed at 500 °C, then dissolved in
HCI and analyzed by Atomic Absorption
Spectrophotometer for mineral elements, flame
photometry for sodium and potassium, and
colorimetry  (vanadomolybdate method, AOAC
975.03) for phosphorus [16].
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Experimental fish and rearing
Diet formulation

Neem powder (NP): moisture (9.50 %), crude
protein (1.50 %), crude lipids (2.20 %), crude fiber
(5.90 %), ash content (2.80 %), and carbohydrate
(78.10 %); Crude protein (CP); Vitamin premix: each
kg contains vitamin A (8000000 IU), vitamin D3
(2,000,000 IU), vitamin E (7000 mg), vitamin K3
(1500 mg), biotin (50 mg), pantothenic acid (7000
mg), folic acid (700 mg), nicotinic (20,000 mg),
vitamin B1 (700 mg), vitamin B2 (3500 mg), vitamin
B6 (1000 mg), vitamin B12 (7 mg); Mineral premix:
each kg contains copper sulfate (2.7 g), iron sulfate
(20 g), zinc sulfate (4.0 g), manganese sulfate (5.3 g),
sodium selenite (70 mg), calcium iodine (0.34 @),
cobalt sulfate (70 mg), and calcium phosphate
dibasic dihydrate up to 1 kg (Table 1) [17].

Experimental design

Based on preliminary studies and laboratory
facilities, 360 Tilapia Oreochromis niloticus (weight
45 + 2 gram) were purchased from Aquaculture
farms of Kafr EI-Sheik governorate, Egypt, and were
transferred to the laboratory at Alexandria
University. Fish were acclimatized for two weeks
and provided with a ration purchased from Alar
Aqua feed company 3 times/day (3% of the fish
weight). The physicochemical conditions of the
water in all tanks were similar (water temperature 28
+ 2 °C, 6 ml/l dissolved Oxygen, 8.3 pH, and
Ammonia 0.03 £ 0.01 ml/l). After acclimatization
time, 360 fish were selected randomly and were
divided into 4 treatments with 3 repetitions (30 fish
in each repetition). Control group: without CdCI2
treatment in water. Cdcl2 group: 2 mg/L of CdCI2 in
water [18]. 2.0 NP group: Basal diet + 2.0 g/kg feed
of NP + 2 mg/L of CdCI2 [19]. 4.0 NP group: Basal
diet + 4.0 g/kg feed of NP + 2 mg/L of CdCI2 [9] .

After completion of the study, individual fish
weights were recorded to assess feed efficiency and
growth performance using pre-established formulas
[20-23].

The calculated parameters included:

Weight gain (WG): final body weight (FBW) - initial
body weight (IBW)

Feed intake: total feed offered / total number of fish
Feed conversion ratio (FCR): FI / (FBW - IBW)

Survival rate: (final number of fish / initial number of
fish) x 100

Hepatosomatic index (HSI): (liver weight/body
weight) x 100

Relative intestinal length (RIL): Intestine length
(mm) / body mass (g)

Blood and tissue collection

After 60 days, fish were restricted from food for a
whole day and anesthetized with 0.02% benzocaine
solution to minimize stress. Three randomly chosen
fish from each aquarium (9 fish/treatment) were
sampled, and two blood specimens were taken from
the caudal vein via sterile syringes and aliquoted into
2 test tubes: one with heparin for hematological
analysis and another without anticoagulant, which
was permitted to clot at room temperature for 30
minutes. The tube with the clotted sample was then
centrifuged at 1500 x g for 15 minutes for serum
separation. Then, samples of serum were kept at -
20°C for subsequent biochemical analysis.

Hepatic and intestinal tissue specimens were
gathered after the desiccation of the fish. For the
histoarchitecture analysis, these tissue samples were
reserved in 10% neutral buffered formalin solution.
Hepatic homogenate was prepared by
homogenization of the tissue specimens. For
additional examination, the supernatants were then
gathered in a cool Eppendorf and stored at -80°C.

Digestive enzyme analysis

To study the impact of the NP on digestive
enzyme activities (protease, lipase, and amylase),
desecration of three randomly chosen fish from each
aquarium (9 fish/treatment) were sampled under
aseptic circumstances, and their intestinal tissue was
gathered and washed with cold distilled water. The
intestinal contents were then homogenized in
phosphate-buffered saline (PBS) at 4°C. The
homogenate was then centrifuged at 5000g for 20
minutes at 4°C. The homogenate supernatants were
placed at 4°C for analysis of digestive enzymes,
including protease, lipase, and amylase by using a
commercial kit (Sigma-Aldrich) and a
spectrophotometer as directed by the instructions of
the manufacturer [24].

Hematological Investigation

Hematological parameters, including red and
white blood cell counts (RBCs and WBCs) and
differential leukocytic counts, were estimated [25].
The packed cell volume (PCV %) was evaluated as
described by Stoskopf [26]. While hemoglobin (Hb)
level was estimated using commercial colorimetric
cyanmethemoglobin kits rendering to van Kampen
and Zijlstra [27].

Serum biochemical analysis

Serum biochemical parameters were analyzed
following the manufacturer’s instructions for Kkits
from Spinreact® Co., Spain. Colorimetric analysis
was used to assess both total protein and albumin
levels [28]. While subtracting albumin from total
protein levels to calculate the globulin levels [29].
The activities of alanine aminotransferase (ALT) and
aspartate aminotransferase (AST) were measured
calorimetrically using Reitman and Frankel's method
[30]. Lactate dehydrogenase (LDH) activity was
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assessed using Bergmeyer and Bernt method [31].
Additionally, serum levels of total cholesterol and
triglycerides (TG) were evaluated
spectrophotometrically based on Allain, Poon [32]
and Fossati and Prencipe [33], respectively.
Additionally, serum glucose levels were assessed
utilizing Trinder [34] method, respectively.

Liver Oxidant/Antioxidant Stress Biomarkers

Hepatic superoxide dismutase (SOD) activity was
assessed using technique at 560 nm [35]. Catalase
(CAT) was detected by estimating the resultant
quinonimine dye at 510 nm [36]. Also, the activity of
glutathione peroxidase (GSH-Px) was assessed by
methyl catechol reaction at 340 nm as described by
Paglia and Valentine [37]. Additionally, the activity
of glutathione S transferase (GST) was assessed by
following the rise in absorbance at 340 nm [38]. The
reduced glutathione (GSH) concentration was
measured according to the methods recorded by
Beutler, Duron [39]. Total glutathione (TG),
including the reduced (GSH) and all oxidized
disulfide forms as oxidized glutathione (GSSG),
were measured according to the method of Griffith
[40]. Malondialdehyde (MDA) is considered a lipid
peroxidation (LPO) indicator and was measured
spectrophotometrically Ohkawa, Ohishi [41] using
the thiobarbituric acid at 532 nm. As directed by the
manufacturer, all parameters were measured
spectrophotometrically using certain commercial
diagnostic kits from Bio diagnostic Co., Giza, Egypt.

Estimation of cadmium in tissues

Tissue specimens (liver, gill, and muscle) were
collected from each group, and cadmium (Cd) levels
were measured according to Begum, Mustafa [42].
[43]Results were stated as micrograms per gram of
moist tissue.

Histopathological studies

Formalin-fixed hepatic and intestinal specimens
were dehydrated in a graded alcohol series. Then,
xylene clearing was performed, then routine paraffin
embedding. The tissues were cut into 5 um sections
and stained with hematoxylin and eosin (H&E) and
Alcian blue/Periodic acid Schiff [44].

Immunohistochemical protein assay

Slides  underwent  deparaffinization  and
dehydration, then immersion in a 10 mM sodium
citrate buffer and transferred to a microwave for
antigen retrieval. Then, 3% hydrogen peroxide was
applied for 30 minutes to block endogenous
peroxidase and to hinder non-specific binding. For
sixty minutes, 10% normal blocking serum was
applied at room temperature. Rat monoclonal
antibodies were used to incubate the slides against
PCNA (Catalog # (F-2): sc-25280, 1:50 dilution,
Santa Cruz). After that, a biotinylated secondary
antibody and horseradish peroxidase reagent were
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applied for 30 minutes at 37°C. Following every
step, the slides underwent 3 times of rinsing with
phosphate-buffered saline. Then, slides were
incubated with 3,3'-diaminobenzidine
tetrahydrochloride reagent for 3 min. The slides were
then washed with distilled water, counterstained with
Mayer's hematoxylin, and mounted with DPX. The
control negative slides have been created by
eliminating the primary antibody incubating stage
[45]. The percent of brown-positive immune-stained
areas were quantified using Fiji image analyzer in 10
randomly selected fields for each fish [46, 47].

Real-time PCR analysis of hepatic Immune and
antioxidant-related genes

Following the  procedure  outlined by
Chomczynski [48], 100 mg of total RNA was
extracted from the hepatic specimen using the TRIzol
reagent (Invitrogen, Life Technologies, Carlsbad,
CA, USA). RNA quantity was quantified using a
nanodrop  spectrophotometer  (Quawell, USA).
Subsequently, cDNA was generated utilizing the
High-Capacity cDNA Reverse Transcription Kits
(Fermentas, Waltham, MA, USA), adhering to the
manufacturer's guidelines. The extracted RNA and
cDNA were thereafter preserved at —80 °C until
required for application. The mRNA transcripts for
immune-related genes as Colony-stimulating factor 1
receptor (CSF1R), Immunoglobulin heavy chain
(IgMH) interferon 1 alpha-like (INFla), and
antioxidant genes as catalase (CAT), superoxide
dismutase (SOD) and glutathione reductase (GR)
were investigated by real-time PCR (ABI PRISM
7500) using SYBR Green PCR Core Reagents. Also,
we detected mRNA expressions of inflammatory
genes such as 11-8, 11-10, and HSP70. The elongation
factor 1 o (EFla) and PB-actin functioned as the
reference (housekeeping) gene with primer set (Table
2). The mRNA expression computation was derived
from the Ct values collected, employing the 2—AACT
approach [49].

Statistical analysis

The homogeneity of data variance and normality
were assessed using Levene's test and the
Kolmogorov-Smirnov  test, respectively, with
GraphPad Prism software (version 10.5). One-way
ANOVA was employed to analyze the data, and
significant differences between treated groups were
estimated using Tukey's test (P < 0.05) [50]. Villar
necrosis was evaluated using the Kruskal-Wallis test
followed by Dunn's test. Statistical findings are
presented as means * standard error of the mean
(means £ SEM) [51].

Results
Phytochemical analysis

As depicted in Table 3, phytochemical analysis of
NP showed the highest concentrations of tannin,
trypsin inhibitor, total carotenoids, and oxalate.
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Quantitative phytochemicals of NP present are total
ash content, protein, fat, fiber, carbohydrates, vitamin
A and vitamin C. Mineral constituents of fresh leaves
of Azadirachta indica powder showed the result after
1st, 2nd and third 3 readings of calcium, sodium, and
phosphorus with the highest concentration of
potassium (Table 4). As shown in Tables 5 and 6, in
the preliminary phytochemical investigations of
ethanolic extract of the Azadirachta indica, it was
observed that the quantitative phytochemical
components were carotenes, carotenoids, oxalate,
phytate, terpenoids, trypsin inhibitor, saponins, total
phenol, alkaloids, xanthophyll, and flavonoids.

Growth performance indices, feed efficiency, and
survival rate

The growth performance indices, feed utilization
and survivability of O. niloticus were significantly
influenced (P < 0.05) by Cd toxicity and NP exposure
(Fig. 1) for a 60-day trial. The results showed that
CdClI2 intoxication resulted in a noticeable drop in
final weight (P<0.05), weight gain besides feed
intake as compared to control fish. At the same time,
these growth parameters showed a considerable
increment (P <0.05) in treatment groups relative to
the CdCI2 intoxicated one with highest increment in
4.0 NP treated group.

Regarding FCR, CdClI2 intoxication resulted in a
significant increment (P <0.05) in comparison to the
control fish while substantially decreased (P <0.05)
in treatment groups in contrast to the CdClI2
intoxicated group with the lowest FCR in 4.0 NP
treated group. Also, CdCI2 intoxication significantly
decreased (P <0.05) fish survival rate (%) relative to
the control group and this decrement was
substantially upregulated (P <0.05) in treatment
groups with the highest survival rate (%) in the 4.0
NP treated group (Fig. 1).

Hepatosomatic and intestinal index

As shown in Fig. 1, HIS and RIL displayed a
noteworthy downregulation (P <0.05) in the fish
intoxicated with CdCI2 by 25.98% and 48.57%,
respectively if compared with the control group. The
dietary supplementation of NP at different
concentrations to intoxicated fish exhibited a
significant  upregulation (P<0.05) in the
abovementioned parameters by 60.63% and 77.7%,
respectively in 2.0 NP treated group and by 75.53%
and 100% in 4.0 NP treated group when compared
with the Cd-intoxicated group. The most
improvements were observed in 4.0 NP treated

group.
Intestinal digestive enzyme activities

According to Fig. 2, intestinal digestive enzymes
(protease, lipase, and amylase) revealed a
considerable decline (P <0.05) in waterborne CdCI2
exposed fish by 69.15%, 39.66% and 39.12%,
respectively in contrast to the control group. While,

following neem exposure, protease and amylase
activities indicated a substantial rise (P <0.05)
57.98% and 49.28% in 2.0 NP group and by 122.9%
and 92.91% in 4.0 NP treated group relative to Cd
exposed fish. Also, the lipase activity showed non-
significant change in 2.0 NP treated group and
significant raise in 4.0 NP treated group by 40.92%
relative to CdCI2 exposed fish.

Hematological findings

As shown in Fig. 3, the CdCI2 intoxicated fish
revealed a substantial drop (P<0.05) in RBCs,
WBCs counts, Hb, PCV %, neutrophils and
lymphocytic % without any significant (P >0.05)
change in monocyte % relative to the control fish.
While the treatments with NP at different
concentrations  showed  significant  increments
(P <0.05) in the aforementioned parameters relative
to CdCI2-intoxicated fish.

Serum biochemical analysis

According to biochemical parameters in Fig.4,
the fish intoxicated with CdCI2 displayed a
considerable decline (P <0.05) in serum total protein
and globulin with a substantial increase in liver
enzyme activities (AST, ALT and LDH), glucose,
total cholesterol, triglyceride levels compared to the
control group. While the dietary supplementation
with NP at two concentrations to intoxicated fish
showed significant biochemical improvement as
noticed a remarkable increase (P <0.05) in serum
levels of total protein and globulin with a substantial
decrease (P <0.05) in other abovementioned
parameters if compared with the CdCl2-intoxicated
group.

Hepatic Oxidative and antioxidant markers

As presented in Fig.5, the intoxication of drinking
water of fish with CdCI2 resulted in substantial
decrements (P <0.05) in hepatic SOD, CAT, GST
activities, TG and GSH levels with an observable
increment (P <0.05) in LPO (MDA) level and GSH-
PX activity when contrasted with the control group.
While the addition of NP at two concentrations in the
feed of CdCl2-intoxicated fish showed a significant
increase (P <0.05) in the activities of the
aforementioned  antioxidant enzymes with a
substantial decrease (P <0.05) in LPO level and
GSH-PX if compared with the CdCl2-intoxicated

group.
CdCI2 residue in fish organs

The CdCI2 residue in the liver, gills and muscles
were remarkably increased (P <0.05) in the CdCI2
intoxicated fish by 11.35%, 4fold and 414%,
respectively relative to the control one with more
substantial (P <0.05) increment in liver then gills
then muscular tissue. Meanwhile, tested organs of
treatment groups presented a considerable decline
(P <0.05) by 44.93%, 25.56% and 61.71% in 2.0 NP
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treated group and 51.34%, 54.09% and 74.28% in 4.0
NP treated group relative to the CdCI2 intoxicated
group with a considerably lowest concentration in
4.0 NP treated group (Fig.6).

Histopathological investigation

Histopathological examination of control group
intestinal tissue revealed normal histoarchitecture of
intestinal villi lined by simple columnar epithelium,
submucosal glands, tunica muscularis and serosa
(Fig. 7A). Conversely, the CdCI2 group showed
villar  necrosis  with  intense  mononuclear
inflammatory infiltrates that destroy the submucosal
glands (Fig. 7B). The addition of NP at different
concentrations in the feed of CdCI2-intoxicated fish
showed dose-dependent improvement of intestinal
histoarchitecture (Fig. 7C-D). Semi-quantitative
analysis of the intestinal necrosis score showed a
noteworthy increase (P<0.05) in CdCI2 treated
group relative to control group. While addition of 2.0
NP showed a non-significant change in Villar
necrosis score but 4.0 NP displayed a substantial
downregulation (P <0.05) in villar necrosis score
when compared with the CdCl2-intoxicated group
(Fig. 7E).

ABJ/PAS stain showed intense blue goblet cells
staining in control group (Fig. 8A) while CdCI2
group exhibited week AB stained goblet cells (Fig.
8B). While, addition of NP at different
concentrations showed moderate to mild blue goblet
cells staining. (Fig. 8C-D). Semi-quantitative
analysis of the goblet cell area% score showed a
noteworthy decrease (P <0.05) in CdCI2 treated
group relative to control group. While addition of 2.0
NP and 4.0 NP displayed a substantial upregulation
(P <0.05) in goblet cell area% score when compared
with the CdCI2-intoxicated group (Fig. 8E).

Regarding to immunohistochemical examination
of PCNA, intestinal tissue of O. niloticus in control
group showed an intense PCNA immunoreactivity
(Fig. 9A) while, CdCI2 group exhibited weak and
mild PCNA immunoreactivity (Fig. 9B). While
addition of NP at different concentrations showed
mild to moderate PCNA immunoreaction (Fig. 9C-
D). Semi-quantitative analysis of PCNA area% in
CdCI2 group revealed a significant downregulation
(P <0.05) in PCNA immunoexpression as compared
to control group. While the addition of NP at
different concentrations presented a considerable
increment (P <0.05) in PCNA area% if compared
with the CdCl2-intoxicated group with pronounced
decline in G4 (Fig. 9E).

Effect of Neem Leave powder (NP) against cadmium
toxicity on the expression of immune and
antioxidant-related genes

As presented in Fig. 10A-E, the intoxication of
drinking water of fish with CdCI2 resulted in
substantial decrements (P < 0.05) in the expression of
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immune-related genes (CSF1R, IgMH and INFla)
by 12.93%, 34.05% and 36.08%, respectively with a
significant upregulation (P <0.05) in HSP70 by
31.20% relative to the control group. The addition of
NP at different concentrations in the feed of Cd-
intoxicated fish showed noticeable increments
(P<0.05) in the mRNA expressions of CSFIR
(20.14% and 47.24%, respectively) and INFla
(12.87% and  31.13%,  respectively) and
downregulation in HSP70 (15.6% and 17.83%,
respectively) compared with the Cd-intoxicated
group. Additionally, gene expression of Ig MH in 2.0
NP showed no discernible difference (P >0.05)
relative to Cd-intoxicated fish, while 4.0 NP group
showed a significant improvement in IgMH mRNA
expression by 35.59% relative to the Cd-intoxicated
group.

As shown in Fig. 10F-H, SOD and CAT mRNA
expressions demonstrated a noteworthy
downregulation (P <0.05) by 45.09% and 40.19%,
respectively, while mRNA expressions of GR
showed a substantial upregulation (P <0.05) by
19.29% in the Cd-intoxicated group relative to the
control group. Whereas the addition of NP at
different concentrations in the feed of Cd-intoxicated
fish displayed non-significant change in 2.0 NP
group and a noteworthy increase (P <0.05) in 4.0 NP
group of SOD and CAT expressions with a
substantial downregulation (P<0.05) in GR
expression by 12.47% and 20.09% if compared with
the Cd-intoxicated fish. The most improvements
were observed in 4.0 NP group.

Discussion

The growth performance is a vital index that
signifies the health and developmental status of fish
[52]. In our investigation, CdCI2 intoxication in O.
niloticus resulted in a significant decline in growth,
feed utilization, survival rate, and hepatosomatic
index with an increment in FCR. Additionally, the
exposure of O. niloticus to CdCI2 caused a
significant decrease in the digestive enzyme’s
activities of (protease, amylase and lipase) in
comparison with control. These findings could be
attributed to the presence of Cd in fish farming
water, resulting in a decline in fish feed
consumption, resulting in a reduction of growth rate,
and body weight. Also, exposure to Cd may provoke
inflammation in fish viscera and hepatopancreas.
Consequently, there is a notable decline in the
hepatosomatic index and intestinal length of fish
[53]. Lastly, Cd may provoke significant enteritis and
diminish the activity of digestive enzymes which is
the hallmark of digestive efficiency [54], with
subsequent impeding the absorption and utilization
of feed by fish [55]. These results parallel previous
studies [56, 57]. Furthermore, Hani, Turies [58]
demonstrated a substantial decline in the digestive
enzymes activities of three-spined stickleback
(Gasterosteus aculeatus) after long-term exposure to
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Cd. This may be returned firstly to the ability of Cd
to bind with thiol groups specifically cysteine
residues in the active centers of digestive enzymes,
leading to inhibition of both lipase and amylase
activities [59]. Secondly, Cd stress can induce
intestinal oxidative stress leading to intestinal
necrosis, disturbances in both antioxidant and
immune systems, and inhibition of the activities of
digestive enzymes [57, 60]. Also, Lucia et al.[61]
reported the role of Cd to hinder the synthesis of
fatty acid reducing the lipase activity.

The addition of NP at different concentrations in
the feed of CdCl2-intoxicated fish showed a
significant increase in growth indices, feed
utilization, survival rate, and hepatosomatic index
with a decline in FCR. These observations are in line
with these reported by Talpur and Ikhwanuddin [9]
who reported that Azadirachta indica (neem) leaf-
supplemented diets efficiently restored growth rate
and feed utilization with enhancement in survival
rate for Vibrio harveyi-infected Asian seabass.
Another trial conducted by Abdel Rahman, Amer
[62] reported that neem seed protein hydrolysate
effectively restored the loss of feed intake and
consequently body weight in Aeromonas veronii-
infected O. niloticus. Also, the increments in the
activities of digestive enzymes after neem
supplementation at different concentrations increased
indicating its role in improving intestinal
performance. This result accords with Radwan et al.
[19] who reported the role of ethanolic neem extract
(1 and 2g/kg diet for 60 days) to increase the
activities of lipase, amylase, and chymotrypsin in
Nile tilapia juveniles relative to control fish. Also,
Abdel Rahman, Amer [63] displayed that
administration of neem seed protein hydrolysate for
two months (10, 20, 30 and 40 g/kg diet)
significantly increased lipase and amylase enzyme
activity dependently on the dose. This could be
explained by the capability of neem to enhance the
bacteria in the intestine to improve its secretory
action to digestive enzymes and facilitating the
nutrient absorption[9, 63]. Also, da Silva [64]
returned the improved digestion and absorption in the
neem group to its role in exciting the release of
digestive enzymes.

Hematological examination is one of the tools
commonly used to evaluate the health and welfare of
fish, and to assess the influence of environmental
factors on fish [65]. An accurate fish hemogram
analysis is associated with a substantial elevation in
RBCs, Hb, and hematocrit level (Ht) [53]. The
current study reveals that the exposure of O. niloticus
to CdCI2 resulted in a substantial reduction in RBCs,
Hb and Ht, WBCs, neutrophils, and lymphocytes %
relative to the control.

These outcomes are consistent with the outcomes
of Abdel-Tawwab, Khalil [53] who stated a
substantial reduction in RBCs count, Hb and Ht,

WBCs count in O. niloticus fish exposed to Cd CI2
(2 mg/L water) for 60 days. This reduction might be
due to the inhibition of erythrocyte production
resulting from the reduction of haemosynthesis or
hemolytic crisis that leads to the destruction of
mature RBCs leading to severe anemia in fish after
exposure to various contaminants as cd [66]. Or
could be returned to the abnormalities in the
hemopoietic organ and the metabolic status
associated with fish intoxicated with Cd [53, 67]. On
the other hand, the leukopenia induced by Cd
associated with a decrease in the neutrophilic and
lymphocytic % may be attributed to a general stress
response induced by toxicity or immunosuppression
caused by Cd's toxic action on circulating leukocytes
[68]. On the other hand, the treatment with different
concentrations of NP showed an improvement the
general health of fish by inducing significant
increases in RBCs, Hb, Ht levels, neutrophilic and
lymphocytic % in comparative to those intoxicated
with Cd. These results agree with Radwan, Manaa
[19] who found that the dietary treatment of Nile
tilapia juveniles with aqueous and ethanolic extract
of neem at 1 and 2g/kg feed for 60 days increased
RBCs, WBCs, Hb, and Ht levels compared to control
fish. They returned these results that neem can
improve the synthesis of erythropoietin, increasing
the synthesis of RBCs and inducing the capacity of
blood to transport oxygen to tissues. Consistently, the
increment of WBCs and lymphocytes play various
roles in the immunity as triggering the lymphoid
tissues to regenerate lymphoid follicles and
promoting the maturation of T lymphocytes in
lymphoid organs [69, 70]. Other results of Oniovosa,
Aina [71] disagree with our results as they found that
dietary treatment of catfish with neem extract at 3.5
and 7% LC50 for 4 weeks decreased RBCs, WBCs,
Hb and Ht and increased both neutrophils and
lymphocytes. This disagreement might be returned to
different species, dose and environmental conditions.

The colony-stimulating factor 1 receptor
(CSF1R), often referred to as the macrophage
colony-stimulating factor receptor (M-CSFR), is
essential for the proliferation, survival, and migration
of macrophages [72]. Also, INF-1a is crucial for the
presentation of antigen and the suppression of virus
replication [73]. Our results showed that CdCI2
intoxication resulted in a decline in immune-related
genes such as CSFIR, IgMH, and INFlo and an
increase in HSP70 mRNA transcript. They found that
the immune-related enzymes of C. auratus
indigentiaus were suppressed by high Cd
concentrations. This reduction may lead to damaging
the immune function and consequently increase
vulnerability to infection [74]. These results indicate
the role of long-term exposure to Cd CI2 in
suppressing innate immunity leading to harmful
effects on the health of fish. Also, Xia, Ding [75]
reported a significant decrease in IgM gene
expression and consequently, a decrease its level in
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serum in the Cd-exposed group (1.0 mg/L) of C.
auratus indigentiaus). Furthermore, a study by
Jabeen, Ishaq [76] showed higher levels of
metallothionein and HSP70 gene expression after
sublethal Cd exposure to grass carp juveniles for 28
days. The addition of neem at different
concentrations to Cd-exposed fish improved the
immunity in a manner that is depending on dosage.
In line with those findings, neem supplementation
with high doses of powder resulted in an
upregulation in immune-related genes such as
CSF1R, IgMH and INF1-o and downregulation in
HSP70 mRNA transcript. These consequences might
result from the bioactive substances in neem that
stimulate and boost cellular and humoral mediated
pathways and induce antibody production [77].
Additionally, neem leaf contains terpenoids that have
powerful antioxidative effect improving overall
health and immunologic functions [78]. Additionally,
it is approved that plants with immunostimulant
effects can adjust and enhance the immune gene
expression [79].

When investigating the impact of metal
contamination on fish health, ecotoxicological
investigations may employ serum biochemical
parameters as sensitive biomarkers. Our results
showed that exposure of O. niloticus to Cd caused a
significant increase in the serum AST, ALT, and
LDH activities, glucose, total cholesterol, and
triglyceride levels. These results come in accordance
with Heydarnejad, Khosravian-Hemamai [80] who
found that exposure of rainbow trout to the sub-lethal
concentrations of Cd (3 pg/l) for 30 days increased
TP, AST, ALT, total cholesterol and triglyceride
except for glucose which appears without changes in
comparison with control. Also, Abdel-Tawwab,
Khalil [53] demonstrated a substantial increment in
AST, ALT, LDH activities, glucose, triglyceride and
total cholesterol levels in gilthead seabream (Sparus
aurata L.) exposed to waterborne Cd toxicity (1 and
2.0 mg Cd/L) for 60 days. According to the
proteinogram, our results presented a noteworthy
decrement in both TP and globulin with a significant
increment in albumin level. This agrees with Kori-
Siakpere, Ake [81] who recorded that the exposure of
Clarias graiepinus to Cd ( 0.5 and 1 mg Cd/ I)
showed a substantial decline in the level of protein
and Kumar [82] who recorded a significant reduction
in protein levels in Clarias batrachus exposed to 1 mg
of CdSO4 for 32 days. Also, Al-Asgah, Abdel-
Warith [83] reported a substantial reduction in serum
TP of O. niloticus exposed to CdCI2 at 10%, 20%
and 30% of the LC50 for 10, 20 and 30 days. This
decrement may be due to the decrease the protein
synthesis due to liver damage [84]. Or increase the
loss of protein due to renal damage and decrease the
resorption [85]. While disagreeing with Elarabany,
Bahnsawy [86] who reported that the exposure of
African catfish to sub-lethal doses of Cd (10% and
30% LC50) increased TP level without changes in
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albumin in  comparison with control. This
hyperproteinemia may be due to kidney damage [87].
The hyperalbuminemia recorded in our study in O.
niloticus exposed to Cd can be explained by
increasing the albumin synthesis in the liver in
response to Cd exposure to protect against metal-
induced damage as reported by Firat and Kargin [88].
Also, Fabisiak, Sedlov [89]stated that the redox
modification of albumin modulates its physiological
function and acts as an oxidative stress biomarker.
Halliwell and Gutteridge [89] suggested that binding
metal with albumin in an inactive form prevents the
degradation of peroxides and prevents the production
of hydroxyl radicals so, concluded the role of
albumin as an antioxidant.

The metabolism of proteins and amino acids
depends deeply on ALT and AST. The liver damage
induced by Cd leads to an increase in the cell
membrane permeability and increases the release
into the bloodstream [90, 91]. In addition, chronic
stress may cause various physiological changes in
glucose levels as hyperglycemia [92]. So, the
elevation of glucose levels in our study may be due
to stimulation of glycogenolysis which means the
release of glucose from glycogen stored in muscles
and the liver by stress hormones as cortisol [93].
While the increment in triglycerides and total
cholesterol levels may be attributed to the inhibitory
effect of Cd on the thyroid gland functions as it is
reported that Cd causes hypothyroidism that is
associated with hypertriglyceridemia or may be due
to liver dysfunction leading to disturbance of lipid
metabolism [94].

While, the addition of different concentrations of
NP in the feed of fish improved the previous
biochemical parameters as they displayed a
substantial increase in serum TP and globulin with a
substantial decline in liver enzymes, glucose,
triglyceride and total cholesterol levels. These come
in agreement with Adamu, Aliyu-Paiko [11] that
found decrease in the serum levels of triglycerides,
cholesterol, and glucose either significantly or
insignificantly in African catfish after treatment with
different doses of Azadirachta indica Leaf powder
(0.192, 0.096, 0.048 mg/L). They returned this
decrement to that the fish can utilize different
sources of energy to produce its metabolic energy in
the presence of the leaf powder as the fish utilized
the lipid as a source of metabolism. Also, the
decrease in serum triglyceride may be due to increase
the lipolysis rate during the exposure period to the
plant [95]. Also, Yarmohammadi, Mehri [96]
explained the hypolipidemic and the hypoglycemic
effects of neem by its role in inducing the antioxidant
system and inhibiting oxidative stress. Also,
Radwan, Manaa [19] reported the role of ethanolic
extract of neem at 1 and 2g/g diet to increase the
serum total protein and globulin with decrease in the
serum activities of AST and ALT in Nile tilapia
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juveniles if compared with the control. Also, agree
with Abdel Rahman, Amer [62] who proved the
modulatory hepatic functional effect of dietary neem
extract. This may be returned to the ability of neem
to improve the hepatic functional status [97] leading
to an increase the protein synthesis due to containing
several bioactive components as rutin, quercetin, and
azadirachtin- that decreases hepatocellular necrosis
and restoring its normal function [77].

Concerning oxidative and antioxidant markers,
the exposure of fish to CdCI2 in water led to a
noteworthy increment in the LPO and GSH-Px
associated with a significant decrement in the
antioxidant system if compared with the control fish.
These results align with previously published
findings by Al-Asgah, Abdel-Warith [83] who
returned these changes to the accumulation of Cd in
the liver after long-term exposure of O. niloticus to
Cd. As, the liver is thought to be the primary organ
where Cd accumulates and is crucial to its
metabolism and transformation in many fish species.

The accumulation of cd in the liver may lead to
various hepatocellular changes and damage due to
the Cd ability to bond with disulfide, sulfhydryl, and
amine groups of many cellular components such as
proteins, nucleus, mitochondrial membranes, and
lysosomes leading to homeostasis disruption and
induction of oxidative stress [98]. Also, EI-Sokkary,
Nafady [99] and Arroyo, Flores [100] reported that
Cd can stimulate oxidative stress, causing increased
lipid peroxidation causing membrane and protein
damage. The antioxidant defense system involves
both enzymatic as SOD, GPx, GST, CAT and non-
enzymatic antioxidants (GSH) which protect tissue
against the damaging effects of metal [101]. This
antioxidant system plays an important role in
scavenging ROS. According to the present finding,
the total hepatic antioxidant level significantly
decreased in Cd-exposed O. niloticus fish. This
decrement may be due to disruption in the synthesis
of both enzymatic and non-enzymatic antioxidants
that make the fish more susceptible to oxidative
stress and cellular damage as reported by a Drag-
Kozak, Pawlica-Gosiewska  [102] in  the
hepatopancreas of Prussian carp (Carassius gibelio
Bloch). Also, Liu, Deng [103] recorded a substantial
increase in SOD and CAT in the hepatopancreas of
Macrobrachium nipponensis after cd exposure in
water. Also, Zhang, Xie [104] found a significant
decrease in the hepatic gene expressions related to
CAT, SOD and GST in O. niloticus exposed to
waterborne Cd (2mg/L) leading to decrease their
activities. In our study, the Cd led to an increase in
hepatic GSH-PX similar to Messaoudi, Barhoumi
[105] that reported an increment in the GSH-PX
activity in marine fish (Salaria basilisca) after 14
days of exposure to Cd. They considered this
increment to be an indication of a good response to
counterbalance the damaging oxidative stress

induced by Cd accumulation. The upregulation of
GSH-PX may be attributed to the Cd toxic excitant
effect, leading to the development of an
overcompensation mechanism that induces the
upregulation of antioxidant expression to facilitate
the elimination of ROS in vivo mitigating the
oxidative damage [106]. Also, Lee, Choi [107]
showed upregulation of GSH-PX levels in the gills of
olive flounder (Paralichthys olivaceus) after exposure
to cd stress to eliminate the produced ROS. In
contrast, addition of neem at different concentrations
alone or in combination significantly increased the
hepatic aforementioned enzymes activities and total
glutathione levels with a substantial reduction in
LPO levels and GSH-PX activities relative to Cd-
exposed fish. The increments are greater in the
groups with the highest dose and the combined ones.
These findings indicated the role of neem in
improving antioxidant activity and decreasing LPO.
These antioxidant effects are associated to the active
components of neem as flavonoids and phenolics that
enhance the antioxidative status, reducing the LPO
and decreasing the production of free radicals [79,
108]. It was discovered that flavonoids play an
antioxidant role by shielding healthy cells from
damage caused by free radicals[109]. Abdel Rahman,
Amer [63] demonstrated that the high content of
antioxidants in A. indica extract can prevent LPO
and improve the body's antioxidant status. The
decrement of GSH-PX may be returned to its
consumption to overcome the oxidative stress. These
results come in accordance with Radwan, Manaa
[19], who reported the role of ethanolic neem extract
(1 and 2g/kg diet) to decrease the hepatic MDA
levels and increasing the SOD and CAT activities in
juveniles of Nile tilapia relative to the control.
Likewise, Ibrahim, Elshopakey [108] reported a
noteworthy reduction in serum MDA level with a
notable increase in GSH level and CAT activity after
treatment of bacterial infected O niloticus fish with
chitosan neem nanocapsule (1mg/l). Also, Abu-Elala,
Khattab [110] reported that the addition of neem leaf
powder for 2 weeks can induce a substantial decline
in hepatic MDA with increment of GSH level in lead
intoxicated O. niloticus fish.

In the present investigation Cd residue in the
liver, gills and muscles was considerably higher in
the group of fish intoxicated with CdCI2 than in the
control group with a higher accumulation liver then
gills but muscular tissue had the lowest levels.
Furthermore, the findings of the current investigation
align with the data presented by Filipovi¢ Mariji¢
and Raspor [111], who stated that prolonged
exposure to metals resulted in their accumulation in
storage organs such as the hepatic and renal tissue.
Research conducted on many freshwater fish species
has demonstrated that the liver is the primary organ
for metal accumulation and significantly contributes
to the preservation, redistribution, elimination, or
transformation of metals [112]. According to our
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study, Al-Asgah, Abdel-Warith [83] discovered that
the muscular tissue of O. niloticus had the lowest
quantities of metals after fish exposure than the gills
and liver. While. the addition of neem powder at
different concentrations to Cd-exposed fish showed a
considerable decline in Cd residue as compared to
the CdCI2 intoxicated group. Sharma and
Bhattacharyya [113] showed that neem leaf powder
had a significant promise for use as an adsorbent for
Cd in aqueous solutions.

As far as we are aware, our research is the first to
show the impact of neem extract powder against Cd
bioaccumulation in various tissues. Building on the
observed benefits of neem powder supplementation
at 4 g/kg in mitigating CdCI2 toxicity in fish, future
studies should explore the long-term effects of this
dietary intervention on various fish species under
different environmental conditions. Investigations
into more molecular and immunological mechanisms
by which neem confers protection could provide
deeper insights into its therapeutic potential.
Additionally, optimizing the dosage and formulation
(e.g., encapsulation, fermented forms) may enhance
its bioavailability and effectiveness. Comparative
studies with other phytogenic additives may also help
validate neem as a cost-effective and sustainable
solution for aquaculture. Finally, field-scale trials in
commercial fish farms are recommended to assess
the practicality, scalability, and economic feasibility
of incorporating neem powder into standard feeding
protocols.

Conclusion

Waterborne  CdCI2  toxicity  significantly
negatively influenced the growth performance,
digestive in O. niloticus. Thus, the reduction of
antioxidant responses and immune biomarkers in
Nile tilapia may function as a biomarker for heavy
metal contamination as cadmium as presents in our
study. This discovery provides significant insights
for monitoring of water contamination. Additionally,
our study's results indicated that incorporating neem
leaf powder in specified quantities into fish diets
could enhance their heme synthesis, immune
responses, and anti-oxidant status So, it is
recommended to use neem powder especially at 4
g/kg in the diet of fish to enhance the general all
health condition of fish, reducing mortality rates
following Cd toxicity and so increase its economic
benefits.
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TABLE 1. Ingredients and chemical analysis of the formulated experimental diets

Formulated diet groups

Ingredients Control NP 2% NP 4%
Yellow corn 23.50 % 21.50 % 19.50 %
Soybean meal (46% CP) 26.00 % 26.00 % 26.00 %
Fish meal (65% CP) 20.00 % 20.00 % 20.00 %
Corn gluten meal (60% CP) 8.50 % 8.50 % 8.50 %
Wheat bran 10.00 % 10.00 % 10.00 %
Corn oil 3.00 % 3.00 % 3.00 %
Cod liver oil 2.00 % 2.00 % 2.00 %
Starch 4.00 % 4.00 % 4.00 %
Vitamin premix 1.00 % 1.00 % 1.00 %
Mineral premix 2.00 % 2.00 % 2.00 %
Neem powder 2% 4.00 %
Total percentages 100 % 100 % 100 %
Chemical analysis of formulated diets

Crude protein 32.88% 32.73% 3258 %
Crude fat 8.99 % 8.99 % 8.97 %
Crude fiber 3.40 % 3.49% 3.56 %
Digestible energy 4135 kcal/kg 4095 kcal/kg 4055 kcal/kg
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TABLE 2. Primer design used for gene expression in the study

Gene nhame Primer sequence (5'—3’) Reference

Elongation factor 1- alpha F: AGAACGTCTCCGTCAAGGAA [114]
R: TGATGACCTGAGCGTTGAAG

Colony-stimulating factor 1 receptor F: CAAGCTCATTTCAACGGTCA [114]

(CSFIR) R: CGAAGGAAGTTCAGCAGGTC

Immunoglobulin heavy chain (IgMH) F: GCAAAGGGATGATGCTGTCT [114]
R: GAGGTCAATGCGGTTTTTGT

Interferon 1 alpha-like (INF1a) F: ATGGGAGGAGAACACAGTGG [114]
R: TGTCGTATTGCTGTGGCTTC

Catalase (CAT) F: ATGAGGAGGAGCGACAGAGA [114]
R: AATTCTCGACCATGCGTTTC

Super oxide dismutase (SOD) F: GGAGGTGAACCACAAGGAGA [114]
R: TACAGCCACCGTAACAGCAG

Glutathione reductase (GR) F: TCTGCACGATCATGGTGATT [114]
R: TGCGATTTAGGTGACTGACG

11-10 F: 5-CTGCTAGATCAGTCCGTCGAA-3' [115]

R: 5-GCAGAACCGTGTCCAGGTAA-3'
HSP70 F:5'-CATCGCCTACGGTCTGGACAA-3' [116]
R:5-TGCCGTCTTCAATGGTCAGGAT-3'
p-actin F: 5-AGCAAGCAGGAGTACGATGAG-3’ [117]

R: 5-TGTGTGGTGTGTGGTTGTTTTG-3’

TABLE 3. Phytochemical constituent of powder from the leaves of neem samples

Phytochemical Result
Tannin (mg/kg) 987.0
Oxalate (mg/kg) 89.4
Phytate (mg/kg) 9.3
Terpenoids (mg/kg) 20.4
Trypsin inhibitor (mg/kg) 109.5
Total phenol (mg/kg) 224
Total Carotenoids (g/kg) 102.58
Total Carotenes (g/kg) 82.7
Xanthophyll (g/kg) 28.6
Flavonoids (g/kg) 72.3
Saponins (%) 7.8

TABLE 4. Proximate composition and mineral constituents of fresh leaves of neem

Parameters Result
1% reading 2" reading 3" reading

Moisture % 9.50 9.55 9.61
Ash content % 2.87 2.82 2.92
Protein % 1.52 1.55 144
Fat % 2.12 2.09 2.16
Fibre % 5.95 5.91 5.84
Carbohydrate % 78.09 78.13 78.03
Total 100 100 100
Vitamin A (mg/100 g) 175 189 168
Vitamin C (mg/100 g) 262 248 277
Potasium (mg/100 g) 229.24 235.63 231.74
Calcium(mg/100 g) 162.18 170.05 159.49
Sodium(mg/100 g) 169.17 180.65 163.67
Phosphorus (mg/100 g) 4421 39.34 47.29
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Fig. 1. Effects of different levels of dietary Neem Leave powder (NP) and waterborne cadmium chloride (CdCI2)
toxicity on growth parameters, feed utilization and survival rate of Nile tilapia (O. niloticus) fed on
experimental diets during 60 days. (A) Initial weight (g). (B) Final weight (g). (C) Weight gain (%0). (D) feed
intake (g). (E) Feed conversion ratio (FCR). (F) Fish survival (%). (G) Hepatosomatic index (HSI, g). (H)
Relative intestinal length (RIL, mmg). Data presented as meanzt standard error (MSE). Statistical significance

indicated by *: <0.05%; ** : <0.01%0, ***: <0.001%, ****: <0.0001%.
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Fig. 2. Effects of different levels of dietary Neem Leave powder (NP) against waterborne cadmium toxicity on
intestinal digestive enzymes activities of Nile tilapia (O. niloticus) fed on experimental diets during 60 days. (A)
Protease (U/mg protein). (B) Lipase (U/mg protein). (C) Amylase (U/mg protein). Statistical significance

indicated by *: <0.05%; ** : <0.01%, ***: <0.001%0, ****: <0.0001%.
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Fig. 3. Effects of different levels of dietary Neem Leave powder (NP) against waterborne cadmium chloride (CdCI2)
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et
>k | -
Guds | ki P
P
*E s g
*
g =

Atbumin (g)
*
*
*
7]
2 g
*
H
*
%
x
i
*
*

Total protein (g/)
B2 g8 & 8
x
2 "t iy
Globulin (g/)
Glucose (mgfdL)

ALT (Uimg protein)
8

% & 10 20-
. . ) ‘ .
3 O o S H o S & & M o R I
& FEE & & &S EE &
“"t@‘#@f@"o "’i@ & FLELSL TS ‘fa & @‘P
e e aeg_w“_a e ""Sﬁ‘ﬂ
,‘9: 9‘\\ P 20 o SR
F G H I -

s fad

P P

o fad
% s
0s ¢
bk i

> *FE Pad

s s

ok g oo
2 £ = - P
- g e s — = 2°
£ s 5w £ S
g ® g * 3 ze
a — E
3 4 = 0 =
2w 2 g 810
£ I 2 £
3 g 3 ]
2 3 100 2
& 3 F
z FEE S i,
ﬁo S &9 RN e :ﬁf S o & & &
& S Ry & 3 J J
o 2 o & o T e
& & ¥ & F &8
20 0 20 S O

Fig. 4. Effects of different levels of dietary supplementation of Neem Leave powder (NP) against waterborne cadmium
chloride (CdCI2) toxicity on serum biochemical parameters of Nile tilapia (O. niloticus) fed on experimental
diets during 60 days. (A) Total protein (g/l). (B) Albumin (g/l). (C) Globulin (g/1). (D) Glucose (mg/dl). (E)
Alanine aminotransferase (ALT, U/mg). (F) Aspartate aminotransferase (AST, U/mg). (G) Lactate
dehydrogenase (LDH, U/mg). (H) Total cholesterol (mg/dl). (1) Triglyceride (mM). Data presented as meant
standard error (MSE). Statistical significance indicated by *: <0.05%; ** : <0.01%, ***: <0.001%, ****:
<0.0001%.
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Fig.5 Effects of different levels of dietary Neem Leave powder (NP) against waterborne cadmium toxicity on
antioxidant indicators in liver tissues of Nile tilapia (O. niloticus) fed on experimental diets during 60 days. (A)
Superoxide dismutase (SOD). (B) Catalase (CAT). (C) Glutathione peroxidase (GSH-Px). (D) Glutathione s-
transferase (GST). (E) Total Glutathione (TG). (F) Reduced Glutathione (GSH). (G) Lipid Peroxidation
(LPO). Data presented as meanz standard error (MSE). Statistical significance indicated by *: <0.05%; ** :
<0.01%, ***: <0.001%, ****: <0.0001%.
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Fig.6. Cadmium residues (mg kg™ wet weight) in liver, gills and muscles of Nile tilapia, O. niloticus, experimentally
exposed to 2.5 mg Cd L™ and feeding on different levels of Neem Leave powder (NP) -supplemented diet for 60
days. (A) Liver. (B) Gills. (C) Muscles. Statistical significance indicated by *: <0.05%; ** : <0.01%, ***:
<0.001%, ****: <0.0001%.
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Fig. 7.

Effects of different levels of dietary neem Leave powder (NP) against waterborne cadmium chloride (CdCI2)
toxicity on hepatopancreatic histopathological alterations of Nile tilapia (O. niloticus) fed on experimental diets
for 60 days. (A) Control group showing typical intestinal villar histoarchitecture, submucosal glands, tunica
muscularis and serosa. (B) CdCI2 group showing villar necrosis and sloughing besides necrosis of submucosal
glands (arrow) with intense inflammatory infiltrates. (C) 2.0 g/kg feed of NP + CdCI2 group showing moderate
preservation for villar histoarchitecture. (D) 4.0 g/kg feed of NP + CdCI2 group showing congestion and
dilatation of villar vessels with intraepithelial lymphocytic invasion (arrow). (1) Intestinal histopathological
grading score. H & E. Bar (A-D)=100 pm. Bar (inset)=50 pm. Score was analyzed by Kruskal-Walli’s test
followed by Dunn’s post-hock test. Statistical significance indicated by *: <0.05%; ** : <0.01%, ***: <0.001%,
*xxx: <0.0001%.
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Fig.8. Effects of different levels of dietary neem Leave powder (NP) against waterborne cadmium chloride (CdClI2)

toxicity on hepatopancreatic histopathological alterations of Nile tilapia (O. niloticus) fed on experimental diets
for 60 days. (A) Control group. (B) CdCI2 group. (C) 2.0 g/kg feed of NP + 2 mg/L of CdCI2 treated group.
(D) 4.0 g/kg feed of NP + 2 mg/L of CdCI2 treated group. Alcian blue/Periodic acid Schiff stain. Arrows
indicate Alcian blue positive goblet cells. Bar=20 pm. Statistical significance indicated by *: <0.05%; ** :
<0.01%, ***: <0.001%, ****: <0.0001%.
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Fig. 9. Effects of different levels of dietary neem Leave powder (NP) against waterborne cadmium (CdCI2) toxicity on
hepatopancreatic histopathological alterations of Nile tilapia (O. niloticus) fed on experimental diets for 60
days. (A) Control group. (B) CdCI2 group. (C) 2.0 g/kg feed of NP + 2 mg/L of CdCI2 treated group. (D) 4.0
g/kg feed of NP + 2 mg/L of CdCI2 treated group. PCNA (Proliferating cell nuclear antigen) immunostaining.
Arrows indicate brown-pesitive nuclear immunoreactivity for PCNA. Bar=50 pm. Data presented as mean+
standard error (SEM). Data were analyzed by one Way ANOVA followed by Tukey’s test for multiple
comparisons. Statistical significance indicated by *: <0.05%; ** : <0.01%, ***: <0.001%, ****: <0.0001%.
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Fig.10. Effects of different levels of dietary Neem Leave powder (NP) against waterborne cadmium toxicity on relative
gene expression of immune, inflammatory and antioxidant-related genes in liver of Nile tilapia (O. niloticus)
fed on experimental diets during 60 days. (A) Colony-stimulating factor 1 receptor (CSF1R) mRNA
transcript. (B) Immunoglobulin heavy chain (IgMH) mRNA transcript. (C) Interferon 1 alpha-like (INF1a)
mRNA transcript. (D) Interleukin 10 (IL-10) mRNA transcript. (E) Heat shock protein 70 (HSP70) mRNA
transcript. (F) Super oxide dismutase (SOD) mRNA transcript. (G) Catalase (CAT) mRNA transcript. (H)
Glutathione reductase (GR) mRNA transcript. Statistical significance indicated by *: <0.05%; ** : <0.01%,
**%: <0.001%, ****: <0.0001%.
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