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Abstract | The neem plant, Azadirachta indica, is one of Asia’s and Africa’s most important medicinal plants. This re-
search intended to explore the immunological potential of dietary neem leaves extract prenatal exposure on male Wistar
albino rats’ offspring. In this experiment, 18 adult female and 6 male Wistar rats were used. All experimental animals
were kept in the same environment which was suitable, away from stresses and of adequate hygiene was provided. They
were alienated into two groups. Control and treated with neem leaves extract groups; they were allowed to mate. Neem
extract was administered from gestation day 1 (GD1) till full term. The weight of birth was recorded. At postnatal day
40, the body weight was recorded, hematological analysis, peripheral lymphocyte transformation, lymphocytes’ comet
assay, splenic immunohistochemistry for interleukin-6 (IL-6), nuclear factor kappa B (NFKB) and tumor necrosis
factor-alpha (TNF-a) and histopathology for spleen and thymus were performed. Oral administration of neem extract
to pregnant female rats caused significant (P<0.05) declines in birth and final body weights of male offspring and their
thymus absolute weight (P<0.05). It also caused significant neutrophil (%) promotion (P<0.05) and lymphocyte (%)
reduction (P<0.05), reduced serum TAC levels statistically (P<0.05), and affected DNA and lymphoid tissues evidenced
by increased (P<0.05) immunohistochemical expression of IL-6, NFKB and TNF-a in addition to induced spleen and
thymus histopathological alterations. The study concluded that methanolic neem leaves extract has a cytotoxic effect
that affects the histo-architecture of lymphoid organs, promoted inflammatory markers and the mononuclear cells’
DNA damage that seemed to be as a result of neem extract oxidative stress. This effect could be implemented on both
human and animals with future prospective studies suggestion to estimate the dose dependent effect of prenatal neem
extract exposure.
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INTRODUCTION

regnancsy is a sensitive time for the embryo and

fetus development; exposure to certain compounds
throughout their stages can lead to immunomodulation
(Hertz-Picciotto e al, 2008), which includes
immunodeficiency and increased susceptibility to both viral
and chronic diseases. Alternatively, the immune system
may become more immunoreacted, which might result in
autoimmune diseases, hypsersensitivity, inflammation, or
allergies and the development of tumor cells. In addition,
these compounds may cause natural hormone elimination,
which is important for regulating homeostasis in the
development processes (Hertz-Picciotto e al., 2008).

Herbal treatments made from medicinal plants are utilized
traditionally in many parts of the world (Brahmachari,
2004), according to estimates from the World Health
Organization (WHO), up to 80% of individuals worldwide
obtain their prime medical care from traditional herbal
remedies (Eid ez al.,2017). Azadirachta indica (neem) is one
of the utmost adaptable medicinal plants with a wide range
of biological activity. Neem trees possess a diverse spectrum
of pharmacological activities, including antifungal,
antibacterial, antiulcer, repellent, antifeedant, inhibitor,
pesticide and sterilant effects in all plant parts (Eid ez a/.,
2017). Besides treating a range of conditions, including
jaundice, ulcers in the stomach, and parasitic infections
like malaria, chicken pox, and leprosy. In addition to being
used as a diuretic and for diabetes, infusions and teas made
from leaves have been used to treat various skin conditions,
intestinal complaints, dental issues, headaches, stimulating
appetite, and heartburn. It is common knowledge that
head lice can be treated using aqueous seed extracts. Neem
oil has strong antibacterial properties; India has long
employed neem-based products derived from Azadirachta
indica for pest-control in gardening and agriculture (Eid
et al.,2017). Neem leaf have immuno-stimulatory activity
for instance, Beuth ez /. (2006) reported that neem leaves
increased the weight of the spleen and enhanced the
peritoneal macrophage activity, beside activated marker

CD-44 expression Beuth ez /. (2006).

Neem plant was reported to have a wide range of safety
margin where Raizada ¢7 a/. (2001) demonstrated that no
acute toxicity symptoms for Azadirachta were observed
in male and female rats. They added that 500, 1000 and
1500 mg/kg/day Azadirachta for successive 90 days to both
male and female rats did not produce any mortality, signs
of toxicity, changes in tissue weight, serum parameters,
hematology and pathology except aggressiveness
symptoms in rats, which was time and dose dependent.
Deng et al. (2013) showed that neem oil administration
to mice at dose the dose of 1600 mg/kg/day for 4 weeks

produced retrogressive changes in testes, liver and kidney

histoarchitecture with reduction of food consumption at 3™
and 4* weeks of treatment. They added that acute exposure
to high dose 45 mg/ kg induced slow movement, hypesthesia
and convulsions with gut swelling and fluid accumulation
at necropsy. Gbotolorun e 2/. (2004) observed that diarrhea
was the common side effect in female Sprague Dawley rats
administered neem seeds methanolic extract. They reported
no deaths and no teratogenic effect However, Partial
ovulation blockage and estrous pattern perturbations were
noted. Mbaya ez /. (2010) had found anorexia, malaise,
dehydration, respiratory depression, coma and death in
male and female Wistar rats given i.p. 100, 200, 400, 800,
1600 and 3200 mg/kg of A. indica stem bark ethanolic
extract for 24 h. They found also histopathological changes
in the trachea, lungs, bronchioles, bronchi, and kidney.
They observed that the later effects were dose dependent.
Another study conducted by Ashafa ez a/. (2012) revealed
that neem ethanolic extract at 50, 100, 200 and 300 mg/kg
resulted in weight of the kidney, liver, lungs and heart of
male Wistar rats besides significant reduction in leukocytes
count.

Most herbal treatment can be used without prescription
and without specific dose, more studies are required to
detect the influences of this herbal treatment on human
health and especially during pregnancy to detect the effect
of the exposure of this treatment on the immune system
of the offspring. Therefore, this study aimed to explore the
maternal exposure of neem leaf extracts in diet on some
immunological parameters of rats’ offspring via estimation
of the hematological analysis, peripheral lymphocyte
transformation, lymphocytes’ comet assay, splenic
immunohistochemistry for interleukin-6 (IL-6), nuclear
factor kappa B (NFKB), and tumor necrosis factor-alpha
(TNF-a) and histopathology for spleen and thymus.

MATERIALS AND METHODS

PLANT EXTRACT

According to Mamoon-ur-Rashid ez /. (2011), the leaves
of the Azadirachta indica tree were dried, then ground and
homogenized with distilled water in an electric blender.
Triple-folded gauze was used to filtrate the homogenate.
Before use, a rotary vacuum evaporator was used to
evaporate the solvent, and 70% dilation of the extracts was

prepared.

EXPERIMENTAL ANIMALS

'This study cast off 18 mature regular cyclic female rats (5.5
6 months; 181-200g) and 6 males (6-6.5 months; 190-
218g) of the Wistar strain. The rats were acquired from
Laboratory Animal House, Faculty of Veterinary Medicine,
Suez Canal University, Ismailia, Egypt. They were kept in

polyethylene cages, 3 animals/ cage at room temperature
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(24°C + 1°C) and natural daylight cycles. Water and feed
were given ad libitum. Suitable environment away from
noises, cold, or any overstresses and adequate hygiene were
provided for the rats during the experiment. Rats were kept
for 1 week to adapt. The experimental procedures were
adhered to the ethical rules for the utilization of animals in

laboratory settings at the Faculty of Veterinary Medicine,
Suez Canal University, Egypt (SCU-VET- REC 2024041).

DESIGN OF THE EXPERIMENT

Eighteen pregnant females were split into two groups;
the control group (n = 9) that given a basal diet misted
with 150 mL distilled water/kg diet, and the neem extract
group (n = 9) that fed a basal diet misted with 10 mL neem
leaves extract mixed with 140 mL distilled water with a
dose 10 mL neem leaves extract /kg diet as mentioned by
Al-Awadhi ez al. (2024). A total of 200 g diet was offered /
cage. The experimental diet was offered daily, starting from

GD1 till birth. The sample size was calculated according to
Charan and Kantharia (2013).

SAMPLING

At the end of 40 days after birth and weaning, the male
oftspring were weighed and under tetrahydrofuran
inhalation blood was drawn from retro-orbital venous
vessels and put in ethylenediaminetetraacetic acid, lithium
heparin, and plain tubes. The sere were separated by
allowing the plain tubes to clot and then centrifugated at
3000 rpm. Sera were kept at -70 °C. The thymus and spleen

were dissected.

FEED INTAKE AND WEIGHT GAIN OF DAMS AND RELATIVE
LYMPHOID ORGAN WEIGHTS

The feed intake for each pregnant female and maternal
weight gain were recorded all over the gestation period. The
remaining food was subtracted from the offered food, and
the obtained value was divided by the number of rats per
cage. Body weights of male pups were recorded at postnatal
day 1 (PND1) and at PNDA40. The dissected thymus
and spleen were weighed, and their relative weights were

obtained as follows (organ weight/body weight X100).

HemMATOLOGY

Blood specimens in EDTA were imperiled to manual
routine hematological examination of red and white cell
count (RBCs and WBCs), hemoglobin (Doudi and Setorki),
hematocrit, blood indices, and differential white cell count

according to Washington and Van Hoosier (2012).

ToTAL ANTIOXIDANT CAPACITY (TAC)
'The serum TAC of both groups was assessed by means of
a calorimetric kit (Biodiagnostic, Egypt). All analysis steps

were performed following the manufacturer’s protocol.

LYMPHOCYTE TRANSFORMATION ASSAY

Blood samples collected in lithium heparinized tubes were
promptly placed on cold packs and immediately transported
to the laboratory for lymphocyte transformation assay. In
summary, the isolated buffy coat was rinsed with RPMI-
1640 medium (Cat. No. R8758, Sigma-Aldrich, Egypt),
and the resulting sedimented lymphocytes were suspended
in 1 ml of RPMI-1640 medium enriched fetal calf serum
(FCS) 10% (Cat. No. F2442, Sigma-Aldrich, Egypt)
following the protocols of Boyum (1968) and Burrells and
Well (1977). The quantification of viable lymphocytes per
milliliter of RPMI medium was assessed using the method
mentioned by Hudson and Hay (1980). The lymphocytes
transformation assay was conducted using MTT staining
techniques, as mentioned by Abdelrazek ez a/. (2019). All
samples were run in triplicate, and the average of the three
measurements were obtained. Negative control wells were

established and contained RPMI-1640 medium + 10%
FCS only.

COMET ASSAY

'The steps of the test were done according to that mentioned
by Abdelrazek ez al. (2015). All the steps are done dimly
to diminish DNA damage artifacts. A positive control
of H)O, treated cells to give standard DNA breaks was
implemented and examined as well as negative control of
untreated cells. Analysis was done at a 100x magnification
power by using a light microscope (Olympus, China). A

minimum of 100 cells were scanned and examined per slide.

HisToPATHOLOGY

The thymus and spleen were dissected and put in 10%
formalin solution for 24 hours. Afterward, after treatment,
they were immersed in paraffin wax with a series of steps,
including dehydration, clearing with xylene, infiltration,
and embedding in paraffin wax. After that, they were cut
into sections using a microtome. Then, the slices were
deparaffinized using xylene, followed by alcohol and water,
before being stained with hematoxylin and eosin (H and E),
as mentioned by Bancroft and Gamble (2008). The stained
sections were mounted in D.PX. and allowed to dry for
image capture and interpretation. Five tissue sections per
organ were examined by the same person who was blinded
to treatment.

A semiquantitative lesion scoring was used to assess the
severity of histopathological changes in the spleens and
thymus of the control and neem-treated group. Six slides
from six rats in the experimental group were examined
to grade histopathological changes in the mentioned
tissues at 100x magnification using a light microscope.
Histopathological lesions were scored based on the
following criteria: mild (+) for < 25% area, moderate (++)
for 25-50% area and severe (+++) for > 50% area (Sayed
and Younes, 2017).
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IMMUNOHISTOCHEMISTRY

'The spleen specimens were managed using an automated
tissue processor, entrenched in paraffin blocks, and then
cut into 5 pum thick sections with a rotary microtome.
The tissue slices were then mounted on glass slides that
were positively charged. The paraffin sections underwent
de-paraffinization by passing through xylene, graded ethyl
alcohol concentrations, and Q_water. The tissue slices were
boiled in citrate buffer for 5 minutes was used to prepare them
for proper retrieval of the antigen. HRP/DAB kit (Abcam,
United Kingdome) was used for immunohistochemistry.
'The primary antibodies of the examined cytokines’ were
applied in the following dilutions: interleukin 6 (IL-6)
1:400, tumor necrosis factor-alpha (TNF-a) 1:100, and
nuclear factor kappa B (NFKB) 1:300. The slices of tissue
were treated with primary antibodies, then incubated with
horseradish peroxidase (HRP) conjugate, followed by DAB
substrate. Finally, the tissue slices were counterstained with
Mayer Hematoxylin for examination by light microscope.
Three slides/ animal were examined. Eight fields per slide
were eamined by the same person who was blinded to
treatment.

STATISTICAL ANALYSIS
Shapiro-Wilk test for

univariate normality —was

implemented to test data normality. The present work
results were examined by student t-test. Then the data was
demonstrated as a mean * standard error (mean+SE), p
< 0.05 is considered statistically significant. Correlations
between tested parameters were performed. All of the
analyses were carried out using the R programming

language (Team, 2021).

RESULTS AND DISCUSSION

FEED INTAKE AND WEIGHT GAIN OF DAMS AND RELATIVE
LYMPHOID ORGAN WEIGHTS

Table (1) declared that there were statistical (p<0.05)
declines in birth and final body weights of male offspring in
the neem leaves extract group in comparison to the control
group. However, maternal feed intake and maternal weight
gain showed no statistical variation between both groups
(control and neem leaves extract group). In comparison to
the control, the thymus absolute weight showed a statistical
(p = 0.0341) decline in the males administered neem leaves
extract during prenatal period. Relative thymus weight,
as well as absolute and relative spleen weights, were non-
statistically altered.

Table (1): Influence of Neem leaves extract on male rats’ body weights and relative spleen and thymus weights.

Groups Control (0 % neem Neem extract (10 mL neem P-value
i leaves extract/kg diet)  leaves extract / kg diet)

Maternal feed intake (g/day) 25.60 + 0.70 25.40 £ 0.56 = 0.8344
Maternal weight gain during gestation (g/day) 9.08+1.35 7.67+1.20 =0.439
Birth body weight (g) 4.20 + 0.05 3.50+0.09" <0.0001
Final body weight (g) 49.00 + 1.02 44,50 + 1.48" =0.0165
Thymus absolute weight (g) 0.06+ 0.01 0.05 +0.01" =0.0341
Thymus relative weight 0.125 + 0.01 0.09 + 0.02 =0.1379
Spleen absolute weight (g) 0.12 + 0.01 0.11 + 0.01 = 0.4037
Spleen relative weight 0.24 + 0.01 0.23 +0.02 =0.7297

Values were expressed as mean + SE (n = 20 /group). According to the statistical analysis T-test, the mean with the * sign in the same
row is significantly different at p < 0.05. Relative weight = (Organ weight/body weight) x 100.

Table (2): Hematological profiles and blood indices of male albino rats treated with neem leaves extract.

Groups Control (0 % neem leaves extract/ Neem extract (10 mL neem leaves P-value
TR kg diet) extract / kg diet)

Hb (g/dL) 8.63 = 0.33 9.43 +0.24 =0.0812
RBCs count (10 pL) 7.92 +0.68 9.31 +0.36 =0.1009
PCV (%) 26.00 = 0.99 28.60 = 0.69 = 0.0562
TLC count (10%/pL) 12326 + 1220 12675+ 1495 = 0.8601
Neutrophils (%) 18.00 = 0.45 23.30 £ 0.56 * <0.0001
Eosinophils (%) 2.00 + 0.63 2.67 = 0.62 =0.4671
Basophils (%) 0.500 + 0.224 0.33+0.21 =0.5995
Lymphocytes (%) 74.80 + 1.19 68.70 + 0.56 * - 0.0009
Monocytes (%) 4.67 +0.62 5.00 + 0.26 =0.6279

Values were expressed as mean + SE (n = 9 samples /group). According to the statistical analysis T-test, the mean with the * sign in
the same row is significantly different at p < 0.05. Hb: hemoglobin concentration, RBCs: red blood cell, PCV: Packed cell volume.

TLC: total leukocyte count.
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HEMATOLOGY

The red blood corpuscle count (p= 0.1009), packed cell
volume (PCV) at p= 0.0562, hemoglobin (Hb) at p=
0.0812 and total leucocyte count (TLC) at p= 0.8601
were non-significantly altered between both experimental
groups. The neutrophils % revealed a significant (p<0.0001)
promotion in the neem leaves extract group. Meanwhile,
lymphocytes % showed a significant (p= 0.0009) reduction
in the males administered neem leaves extract at prenatal
period compared to the control group. Eosinophils (p=
0.4671), monocytes (p= 0.6279), and basophils (p= 0.5995)
percentages exhibited non-significant alterations between
the two groups (Table 2).

TotaL ANTIOXIDANT CaraciTy (TAC)

Exposure to neem leaves extract during gestation
significantly (p= 0.0001) reduced serum TAC in male
offspring in comparison to the control rats (Figure 1).

LYMPHOCYTE TRANSFORMATION ASSAY AND COMET
ASSAY

'The lymphocyte transformation denoted by optical density
was shown in Table 3. The neem leaves extract group
revealed significantly (p<0.0001) reduced LT'T values as
matched to the control group. The prenatal neem leaves
extract exposure produced a statistical intensification in
the percentage of DNA damage (p<0.0001), tail length (p=
0.0081), DNA percentage in the tail (p= 0.0131), and tail
moment (p<0.0001) than control (Table 3, Figure 2).

HisToPATHOLOGY

The histopathological findings of stained tissues from
the spleen and thymus of both the control and neem-
treated groups were depicted in Figures (3) and (4). Table
(4) presented the severity of histopathological alterations
observed in the examined tissues.

The control spleen exhibited a normal architecture with
well-differentiated hematogenous red pulp and white
pulp (Figure 3A). During the prenatal period, the H and
E-stained sections of neem -extract-treated male rats showed
degeneration of white pulp; the follicles that formed the

white pulp seemed atrophied (atrophied follicles) and were
not bounded by a marginal zone. In addition, the germinal
center appeared absent in these follicles (Figure 3B).

TAC

p = 0.0001
1.5 I !

nmol/mL

Group

Figure (1): Effect of neem methanolic extract on serum
TAC levels. Values were expressed as mean + SE at p < 0.05
(n=10 samples/group). According to the statistical analysis
T-test, a column with the * sign is significantly different at

p <0.05.

a b

Figure (2): Comet assay images of blood mononuclear cells
in control male offspring group (a) and neem methanolic
extract prenatally treated (b) male rat offspring.

Table (3): LT'T and comet assay data in the blood of male albino rats treated with neem leaves extract.

Groups Control Neem extract P-value
Parameters (0 % neem leaves extract/kg diet) (10 mL neem leaves extract / kg diet)

LTT 0.500 + 0.01 0.400 = 0.01* <0.0001
Percentage of damage 7.02 £0.10 12.20 + 0.43* <0.0001
Tail length 6.72 £ 0.53 8.49 £ 0.29* = 0.0081
Percentage of DNA in tail 12.80 + 0.81 15.30 + 0.47* =0.0131
Tail moment 0.78 £ 0.02 1.37 £ 0.04* <0.0001

Values were expressed as mean + SE (n = 20 samples /group). Based on the T-test statistical analysis, the mean with the asterisk (¥)

in the same row is significantly different at p < 0.05. LI'T: Lymphocyte transformation assay.
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Table (4): Scoring the detectable lesions in the spleen
and thymus tissues of male Albino rats treated with neem
leaves extract.

Lesion type Experimental group
Control (0%  Neem extract (10
neem leaves mL neem leaves
extract/kg diet) extract/kg diet)

Spleen

Atrophied follicles - 4+

Depletion of white blood cells - +++

Depletion of Mz - +4

Dilated veins - ++

Dilated sinusoids = +

‘Thickening of endothelium - -

Fibrosis - -

Thymus

Depletion of thymocytes - —

Reticular cell proliferation - +

Apoptotic debris - ++

Absent (-) (no lesions); mild (+) < 25% section area; moderate
(++) 25-50% section area; severe (+++) > 50% section area.

Other follicles appeared shrunken. White blood cells,
including lymphocyte cells, were depleted from the red
pulp, and depletion of splenic parenchyma was frequently
seen (Figure 3B, D). Large dilated splenic sinusoids and
veins with signs of thickening endothelium and fibrosis
and disturbed trabeculae were also seen (Figure 3C, D).

'The normal thymus in the control group, as shown in
Figure 4A, was composed of a darkly stained cortex with
densely packed small and immature lymphocytes. The
medulla had a paler staining and less dense cellular content
than the cortex, and it contained more mature lymphocytes
and reticular cells. The neem extract-treated thymus during
the prenatal period exhibited a severe reduction in the
lymphocyte (thymocyte) population in both the cortex
and medulla, with significantly moderate macrophages
engulfing apoptotic debris. Additionally, a mild increase in
reticular cell proliferation was observed (Figure 4B).

IMMUNOHISTOCHEMISTRY

Asshownin Figure 5,sections of the spleen treated prenatally
with neem leaves extract and immunohistochemically
stained displayed increased expression of IL-6 (Figure 5B),
TNF-a (Figure 5D), and NFKB (Figure 5F) in positive
immune cells. These cells were primarily situated in the
red pulp, with some dispersed in the white pulp and
around splenic sinusoids and veins. There were statistically
significant intensification in the immune stained area
percentage of NFKB, I1-6 and TNF- a on neem methanolic
extract male offspring than control ones (Figure 5G).

Wi
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T e :
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Figure (3): Splenic tissue sections (H an
male rats’ offspring following prenatal exposure to neem
leaves extract. (A) control spleen exhibited a normal
architecture with well-differentiated red pulp (RP) and
white pulp (Wp). The red pulp (Rp) mainly consists of
red blood cells, with some white blood cells, including
lymphocytes. Lymphoid follicles (LF) of white pulp (WP)
include distinct compartments such as the germinal center
(GC), mantle (M), and marginal zone (MZ). Trabeculae
(T) were also observed. (B-D) treated splenic tissues
illustrated that all the white and red pulp compartments
were similarly affected and changed in size and cellularity.
Decreased Wp in size (*), atrophied Wp (*), depletion
of Mz (red arrows), depletion of white blood cells of the
red pulp (green arrows), depletion of splenic parenchyma
(black arrows), and disturbed trabeculae (DT). In addition
to dilated splenic sinusoids (Ds), dilated splenic veins (Dv),
thickening of endothelium (<), and fibrosis (f) were also

seen.

Figure (4): Thymus tissue sections (H and E x 200) from
male rats’ offspring following prenatal exposure to neem
leaves extract. (A) control thymus exhibited a normal
cortex and medulla with regular cellularity of thymocytes
or lymphocytes and reticular cells. (B) treated thymus
tissues showed a decrease in the lymphocyte (thymocyte)
population in both cortex (¢) and medulla (*) with
macrophages phagocytized apoptotic debris (red arrows).
In addition, a proliferation of reticular cells (black arrows)
was also seen.
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Table (5): correlation between tested parameters of control and neem extract group.

Treatment Variables Body weight DNA damage IL-6 TNF- a NFKB
r P r P r P r P r P
Control Body weight  1.000 - 0285 0.363 0.656  0.369 0.889 -0.419 0.105
DNA damage 1.000 - 0.287 0.366  0.025 0.939 -0.018 0.957
IL-6 1.000 = -0.377  0.136  0.496 0.043
TNF-a 1.000 = -0.052  0.843
NFKB 1.000 =
Neem - ex- Body weight  1.000 -0.125 0.699 -0.082 0.484  0.182 0.484 -0.132 0.613
ac DNA damage 1.000 - -0.184 0567  0.591 0.043  0.424 0.170
IL-6 1.000 = 0.231 0.373  0.097 0.712
TNF- o 1.000 = -0.187  0.473
NFKB 1.000 -

Control

5t

TNF-a IL-6

NFKB

-6 TNF-a NFKB
Pp <0.0001 p<o0.0001
—_ —_— <0.
40 " 40 * 50° [ e
—_
£ 2 *
g 3 z 3¢ £ &
H
2 = 3 30
I 2 I 20 3
& g RS
£ by B
2 10 = 10
10
o o o
> & > S &
&
= & v & 0 &
« & &
G Group H Group 1 Group

Figure (5): Immunohistochemical staining of IL-6 (A and
B), TNF-a (C and D), and NFKB (E and F) on splenic
tissue sections of male albino rats after 40 days of trial. (x
200). Compared to the control spleen sections (A, C,and E),
the Neem-treated spleen exhibited an increased expression
of IL-6 (B), TNF-a (D), and NFKB (F) positive immune
cells predominantly in the red pulp of the spleen. (G), (H)

and (I) graphs showed the integrated intensity percentage
analysis of immunostaining for IL-6, TNF-a, and NFKB,
respectively; according to the statistical analysis T-test, a
column with the * sign is significantly different at p < 0.05.

CORRELATION OF PARAMETERS

In the control group there was a statistical (P<0.043)
positive correlation between NFKB and IL-6. In neem
extract group, TNF- o revealed a statistical (P<0.043)
positive correlation with DNA damage. There were non-
significant correlations between the other parameters to

each other (Table 5).

The research into new medications has been primarily
tocused on plant-based medications, with neem, Azadirachta
indica, being extensively studied for its various medicinal
properties and effectiveness (Alzohairy, 2016; Islas ez al.,
2020; Hemdan ez al.,2023). However,animal toxicity studies
are often used to assess potential health risks from plant
extract effects on humans (Braga ¢# a/., 2021). Rat model
has a similar immune similarity to human where it has been
widely used for several research to understand immune
response of developmental immunotoxicology (Skaggs ez
al.,2019), T cells in autoimmune diseases (Wildner, 2019),
human skin immune response to infection (Agarwal ez al.,
2020). Neem extracts have been investigated previously for
their antioxidant activity (Veerendrakumar ez a/.,2023). On
the other hand, it has been identified and recognized that
neem leaves contains a specific glycoprotein group that is
thought to have an immune-modulatory effect when tested
on mammals and may be able to limit tumor development
by altering both systemic and local immunity (Kundu ez
al.,2015).

Despite the growing usage of neem and its products for
therapeutic and other purposes, there is limited information
available regarding their toxicity in comparison to their

application level. This highlights the need for further
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research to approve the safety of neem extracts and
compounds for numerous applications. The current study
aimed to explore the influence of the prenatal exposure
to neem leaves extract on the hematological and some
immune parameters of male rat offspring.

Hematological parameters are crucial for diagnosis the
functional and structural status of animals’ exposure to a
material. Whereas, hematological parameters are extremely
subtle to physiological, environmental changes and health
conditions (Kwawukume, 2013). The current data showed
that treatment with a 10 mL neem leaves extract/kg diet
produced non-significant alterations in the TLC, RBCs,
Hb, and PCV. This finding contradicts the previous study,
which stated that neem extract increased total TLC, RBCs,
and Hb after administering toxic substances to animal
hematology (Kaur ez a/., 2019). Meanwhile, Ikwuka e a/.
(2020) reported that there is no significant difference in
PCV.In addition, Chibuike e£ a/. (2020) detected that neem
extract had non-significant variation in the values of TLC,
PCV, RBCs, and Hb in Wistar rats, which is consistent
with the current study’s findings.

Evaluating the differential count of WBCs is vital for
detecting the specific effects of a given substance influence
on the immune system of the body. A rise in any type
of WBCs can indicate an immunological reaction to
an infection or allergy (Chibuike e a/., 2020). In the
neem leaves extract treated rats, there was an increase in
neutrophils count compared to the control group. Similar
results were also observed by Ashafa ez 4/.(2012). The present
study demonstrated that neutrophils and lymphocytes were
affected. Whereas there were nonaffected percentages of
eosinophils, monocytes, and basophils between the control
and neem-treated groups, as previously confirmed by
Chibuike e# a/. (2020). Physiologically, neutrophils assist
in healing damaged tissues and resolving infections. Their
levels naturally increase in response to injuries, infections
and other categories of stress (Ogbuewu ez a/., 2010). This
might confirm the stressful influence of methanolic neem
leaves extract, which led to the increase in neutrophil
percentage in this study. Also, lymphocyte percentage in the
neem-treated group was statistically lesser than the control
one; this finding was supported by the histological lesion
of lymphocyte depletion in both spleen and lymphoid-
examined tissues in this study. However, it has been
reported that neem leaves extract increased lymphocytes
count without exhibiting any cytotoxic effects in the body
(Parshad ez al., 1994).

One of the primary active components in neem extract is
quercetin, which induces the formation of reactive oxygen
species (ROS) in somatic cells, probably through two
distinct mechanisms (Subapriya and Nagini, 2005). One

possible explanation is that quercetin transforms into

radicals in the form of quercetin-O after scavenging the
peroxyl radical (Lee ez al, 2010). Another mechanism
involves the inhibition of antioxidant molecules such as
glutathione and thioredoxin by quercetin (Pelicano ez 4/,
2004; Jeong et al., 2009). Therefore, these explanations
supported the current study’s finding that neem leaves

extract decreased the levels of TAC in the blood of male
offspring.

As the spleen witnesses many lymphocytes passage daily
extra than other lymphoid tissue, it types the spleen the
utmost crucial secondary lymphoid organ in the lymphoid
system (Bajénoft ez a/., 2008). Examining the spleen tissues
of male rats’ offspring after exposure to neem leaves before
birth showed that both the white and red pulp areas were
affected. There were changes in their size and cellularity, and
the main lesion observed was a decline in the percentage
of lymphocytes. In addition, the thymus also displayed a
depletion of lymphocytes in the neem-treated group that
could attributed to the observed decrease in thymus weight.

These alterations might result in the decreased levels of
TAC detected in this study as an indication of increased
ROS. Another previous study reported that exposure to
ethanolic neem extract orally induced spleen alterations
in male albino rats (Chibuike ez a/., 2020). Moreover,
LTT is significantly deteriorated in neem leaves extract
group due to increased oxidative load. LT'T is a crucial
pointer for lymphocytes blastogenesis throughout the
adaptive immunity emergence toward attacking pathogen
(Miszczyk et al., 2014). Therefore, neem extract seems to
diminish number and function of lymphocytes.

In the current study, administering neem orally increased
immunohistochemical expression of I1L-6, NFKB and
TNF-a,in positiveimmune cells in spleen sections. Inversely,
Ruslie and Darmadi (2020) found that administering neem
leaves extract decreased IL-6 and TNF-a expressions in
rats induced with dextran sodium sulfate-induced colitis.
Our observation contrasted with the findings of several
studies reporting that the extract of 4. indica leaves has an
inhibiting inflammatory effect (Schumacher ez a/., 2011,
Lee et al., 2017; Sarkar es al., 2021). The depletion of
antioxidant system by neem extract prenatal exposure was
prone by the reduced TAC. The resulted oxidative stress is
capable of causing DNA breaks that was reflected by the
increased DNA damage %, tail length, moment and % of
DNA in tail of peripheral blood mononuclear cells. This

reflected impaired immunological function.

Furthermore, oxidative stress can promote NFKB expression
(Lingappan, 2018) which is responsible for various aspects
of adaptive and innate immunological functions and assists
as a fundamental mediator regarding the inflammatory

responses (Liu ¢z al., 2017). well-recognized role of NFKB
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is guideline of inflammation responses. Whereas, NFKB
intercedes initiation of several innate immune cells
especially neutrophils, pro-inflammatory genes, regulates
the differentiation, activation and influences function of
T inflammatory cells (Tak and Firestein, 2001; Lawrence,
2009). Among pro-inflammatory genes NFKB induced
array; IL-6 and TNF-a from M1 cells are existed (Wang
et al., 2014) where NFKB activation binds to DNA
promotor of the 2 genes initiating their expression (Collart
et al., 1990; Galien ez al., 1996). The expression of the later
cytokines was significantly promoted in neem leaves extract
group as a consequence for NFKB promotion in this group.
This denoted the existence of an active inflammatory state
in neem extract exposed male offspring where IL-6 and
TNF-a encourage infiltration of leukocytes, inflammation
and is considered as a motivator of other inflammatory
cytokines that aggravate inflammation and may predispose
autoimmune response (Jeong e al., 2002; Tanaka ez al.,
2014).’The promotion of inflammatory cytokines especially
TNF-a aggravates apoptosis (Rath and Aggarwal, 1999)
as noted by the increased DNA damage in comet in
neem extract group. This was confirmed by the existence
of statistically significant positive correlation between

TNF-o and DNA damage percentage.

CONCLUSIONS AND
RECOMMENDATIONS

Orally administering pregnant female albino rats to
methanolic neem leaves extract (70%) at a dosage of 10
mL extract/kg diet has a cytotoxic effect on offspring by
decreasing birth body weight, inducing inflammation and
antioxidant inhibition, and causing DNA damage and
lymphoid tissue histopathological alterations. These results
suggest that neem may have a potential cytotoxic effect
in prenatal use as a therapeutic agent or contraceptive,
as documented several times previously. Oxidative stress
induction seems to be the definite mechanism behind
neem prenatal immune-toxic effect that triggers DNA
fragmentation of blood mononuclear cells as well as
cytokines expression in splenic tissue. Administration
of neem during pregnancy should be avoided in animals
and human. This study has several limitations; the study
lacks dose dependent effect to determine the safety margin
for using neem extract without side effects that would be
relevant to human exposure limit. This point should be
addressed in future research. Also, lack of time interval
for immunological evaluation that would confirm whether
this effect is permanent or could be reversed after certain
time that should be addressed in future research that will
correspond to human cases. Identifying the key signaling
pathways involved in the inflammatory response and
exploring how neem extract modulates these pathways are
deficient in the present study. Therefore, potential targets

could include cytokine receptors, transcription factors
involved in inflammation, or enzymes related to DNA
repair mechanisms should be addressed in future studies.

ACKNOWLEDGMENT

'The authors sincere gratitude should be presented to Prof.
Dr. Dalia M. Hamed for her guidance and help in the
execution of the work. Furthermore, the authors would like
to acknowledge Dr. Marwa S. Kamel, Department of Plant
Protection, Faculty of Agriculture, Suez Canal University,
Ismailia, Egypt for providing the extract material.

NOVELTY STATEMENT

'This research article provides a new scope on prenatal neem
exposure immunological disturbances in malerat offspring.

AUTHOR’S CONTRIBUTION

EMA, HMAA: Conceptualization. HMAA, HMA,NAA,
AMZ, SES,NAE: Metshodology. EMA, HMAA: Formal
analysis. HMA, NAA, AMZ, SES, NAE: Investigation.
HMAA, EMA: Resources. HMA, NAA, AMZ, SES,
NAE: Writing- original draft preparation. HMAA, EMA,
NAE: Writing-review and editing. All authors have read

and agreed to the published version of the manuscript.

FUNDING SOURCE
'The authors received no financial support for this article’s
research, authorship, and/or publication.

DDATA AVAILABILITY
The manuscript incorporates all datasets produced or
examined throughout this research study.

ETHICS STATEMENT
Not applicable.

INFORMED CONSENT STATEMENT
Not applicable.

CONFLICT OF INTEREST
The authors have declared no conflict of interest.

REFERENCES

Abdelrazek H, Yusuf M, Ismail S, Elgawish R (2015). Effect

of probiotic strains mixture administration on serum

interleukins  concentration, lymphocyte proliferation
and DNA damage in rams. https://doi.org/10.22358/
jafs/65612/2015

Abdelrazek HM, Mahmoud MM, Tag HM, Greish SM,
Eltamany DA, Soliman MT (2019). Soy isoflavones

2024 | Volume 12 | Special issue 1 | Page 412

o, o R
Qols Links
OResearchers


https://doi.org/10.22358/jafs/65612/2015
https://doi.org/10.22358/jafs/65612/2015

OPENaACCESS

Advances in Animal and Veterinary Sciences

ameliorate metabolic and immunological alterations of
ovariectomy in female Wistar rats: Antioxidant and estrogen
sparing potential. Oxid. Med. Cell. Long.,2019(1): 5713606.
https://doi.org/10.1155/2019/5713606

Agarwal Y, Beatty C,Ho S, Thurlow L, Das A, Kelly S, Castronova
I, Salunke R, Biradar S, Yeshi T (2020). Development of
humanized mouse and rat models with full-thickness human
skin and autologous immune cells. Sci. Rep., 10(1): 1-11.
https://doi.org/10.1038/s41598-020-71548-z

Al-Awadhi RM, Abdelrazek HMA, Abouelhassan EM, Kamel
MS, Attia NA, Awad AA, Saad MR (2024). Neem leaves
extract reduces sex steroids and gonadal function in female
wistar albino rats. Biomed. Pharmacol. J., 17(3). https://doi.
org/10.13005/bpj/2957

Alzohairy MA (2016). Therapeutics role of Azadirachta indica
(Neem) and their active constituents in diseases prevention
and treatment. Evidence-based complementary and
alternative medicine: eCAM, pp. 7382506. https://doi.
org/10.1155/2016/7382506

Ashafa AOT, Orekoya LO, Yakubu MT (2012). Toxicity profile
of ethanolic extract of Azadirachta indica stem bark in male
Wistar rats. Asian Pac. J. Trop. Biomed., 2(10): 811-817.
https://doi.org/10.1016/52221-1691(12)60234-2

Bajénoff M, Glaichenhaus N, Germain RN (2008). Fibroblastic
reticular cells guide T lymphocyte entry into and migration
within the splenic T cell zone. J. Immunol. (Baltimore,
Md. : 1950), 181(6): 3947-3954. https://doi.org/10.4049/
jimmunol.181.6.3947

BancroftJD, Gamble M (2008). Theory and practice of histological
techniques. Elsevier health sciences.

Beuth J, Schneider H, Ko HL (2006). Enhancement of immune
responses to neem leaf extract (Azadirachta indica) correlates
with antineoplastic activity in BALB/c-mice. In vivo
(Athens, Greece), 20(2): 247-251.

Boyum A (1968). Isolation of mononuclear cells and granulocytes
from human blood. Scand. J. Clin. Lab. Invest., 21: 77-89.

BragaTM, Rocha L, Chung T'Y, Oliveira RE, Pinho C, Oliveira Al,
Morgado J, Cruz A (2021). Azadirachta indica A. juss. In vivo
toxicity. An updated review. Molecules (Basel, Switzerland),
26(2). https://doi.org/10.3390/molecules26020252

Brahmachari G (2004). Neem an omnipotent plant: A
retrospection. Chembiochem, 5(4): 408-421. https://doi.
0rg/10.1002/cbic.200300749

Burrells C, Wells P (1977). In wvitro stimulation of ovine
lymphocytes by various mitogens. Res. Vet. Sci., 23(1): 84-
86. https://doi.org/10.1016/50034-5288(18)33230-2

Charan J, Kantharia ND (2013). How to calculate sample size in
animal studies? J. Pharmacol. Pharmacother., 4(4): 303-306.
https://doi.org/10.4103/0976-500X.119726

Chibuike ID, Nwobodo E, Anyaehie BU, Umegbolu EL (2020).
Hematological and histological effect of fractionated neem
leaf extract in healthy Wistar rats. J. Physiol. Pharmacol.,
24(4): 314-321. https://doi.org/10.32598/ppj.24.4.60

Collart MA, Baeuerle P, Vassalli P (1990). Regulation of
tumor necrosis factor alpha transcription in macrophages:
Involvement of four kB-like motifs and of constitutive and
inducible forms of NF-kB. Mol. Cell. Biol., https://doi.
0rg/10.1128/mcb.10.4.1498-1506.1990

Deng YX, Cao M, Shi DX, Yin ZQ, Jia RY, Xu J, Wang C, Lv C,
Liang XX, He CL, Yang ZR, Zhao ] (2013). Toxicological
evaluation of neem (Azadirachta indica) oil: Acute and
subacute toxicity. Environ. Toxicol. Pharmacol., 35(2): 240-
246. https://doi.org/10.1016/j.etap.2012.12.015

Doudi M, Setorki MJNJ (2014). Acute effect of nano-copper on
liver tissue and function in rat. 1(5).

Eid A, Jaradat N, Elmarzugi N (2017). A review of chemical
constituents and traditional usage of Neem plant (4zadirachta
Indica). Palestinian Med. Pharma. J., 2(2): 3. https://doi.
0rg/10.59049/2790-0231.1060

Galien R, Evans HF, Garcia T (1996). Involvement of CCAAT/
enhancer-binding protein and nuclear factor-kappa B
binding sites in interleukin-6 promoter inhibition by
estrogens. Mol. Endocrinol., 10(6): 713-722. https://doi.
0rg/10.1210/mend.10.6.8776731

Gbotolorun S, Oremosu A, Noronha C, Okanlawon O (2004).
The effect of alcohol extract of Neem seed on ovulation,
estrous cycle, and the fertility of adult cyclic Sprague—Dawley
Rats. Niger. J. Health Biomed. Sci., 3(2): 116-119. https://
doi.org/10.4314/njhbs.v3i2.11523

Hemdan BA, Mostafa A, Elbatanony MM, El-Feky AM,
Paunova-Krasteva T, Stoitsova S, El-Liethy MA, El-Taweel
GE, Abu Mraheil M (2023). Bioactive Azadirachta indica
and Melia azedarach leaves extracts with anti-SARS-CoV-2
and antibacterial activities. PLoS Omne, 18(3): €0282729.
https://doi.org/10.1371/journal.pone.0282729

Hertz-Picciotto I, Park HY, Dostal M, Kocan A, Trnovec T,
Sram R (2008). Prenatal exposures to persistent and non-
persistent organic compounds and effects on immune system
development. Basic Clin. Pharmacol. Toxicol., 102(2): 146-
154. https://doi.org/10.1111/j.1742-7843.2007.00190.x

Hudson L, Hay F (1980). Practical immunology, Black well
scientific publication. Oxford, London, Edinburg, Boston,
Melbourne.

Ikwuka D, Nwobodo E, Anyachie B, Umegbolu E (2020).
Hematological and histological effect of fractionated neem
leaf extract in healthy Wistar rats. Physiol. Pharmacol., 24:
314-321. https://doi.org/10.32598/ppj.24.4.60

Islas J, Acosta E, G-Buentello Z, Delgado-Gallegos J, Moreno-
Trevino M, Escalante B, Moreno-Cuevas ] (2020). An
overview of Neem (Azadirachta indica) and its potential
impact on health. J. Funct. Foods, 74. https://doi.
org/10.1016/}.jf£.2020.104171

Jeong HJ, Koo HN, Na HJ, Kim MS, Hong SH, Eom JW, Kim
KS, Shin TY, Kim HM (2002). Inhibition of TNF-o and
IL-6 production by aucubin through blockade of NF-xkB
activation in RBL-2H3 mast cells. Cytokine, 18(5): 252-259.
https://doi.org/10.1006/cyt0.2002.0894.

Jeong JH, An JY, Kwon YT, Rhee JG, Lee Y (2009). Effects of
low dose quercetin: Cancer cell-specific inhibition of cell
cycle progression. 106(1): 73-82. https://doi.org/10.1002/
jcb.21977

Kaur Y, Dhawan A, Holeyappa SA, Thammegowda N (2019).
Hematological responses of common carp Cyprinus carpio
administered with Neem (Azadirachta indica) leaf extraction.
53(2): 161-167. https://doi.org/10.18805/ijar.B-3494

Kundu P, Barik S, Sarkar K, Bose A, Baral R, Laskar S (2015).
Chemical investigation of neem leaf glycoprotein used as
immunoprophylactic agents for tumor growth restriction.
Int.J. Pharm. Pharm. Sci., 7: 195-199.

Kwawukume A (2013). The effects of Azadirachta indica (Neem)
leaf extract on white blood cell count and the immune
response of chickens vaccinated with newcastle disease
vaccine. Int. J. Curr. Sci., 7: 23-31.

Lawrence T (2009). The nuclear factor NF-«kB pathway in
inflammation. Cold Spring Harbor perspectives in biology,
1(6): 2001651. https://doi.org/10.1101/cshperspect.a001651

2024 | Volume 12 | Special issue 1 | Page 413

o, o R
Qols Links
OResearchers


https://doi.org/10.1155/2019/5713606
https://doi.org/10.1038/s41598-020-71548-z
https://doi.org/10.13005/bpj/2957
https://doi.org/10.13005/bpj/2957
https://doi.org/10.1155/2016/7382506
https://doi.org/10.1155/2016/7382506
https://doi.org/10.1016/S2221-1691(12)60234-2
https://doi.org/10.4049/jimmunol.181.6.3947
https://doi.org/10.4049/jimmunol.181.6.3947
https://doi.org/10.3390/molecules26020252
https://doi.org/10.1002/cbic.200300749
https://doi.org/10.1002/cbic.200300749
https://doi.org/10.1016/S0034-5288(18)33230-2
https://doi.org/10.4103/0976-500X.119726
https://doi.org/10.32598/ppj.24.4.60
https://doi.org/10.1128/mcb.10.4.1498-1506.1990
https://doi.org/10.1128/mcb.10.4.1498-1506.1990
https://doi.org/10.1016/j.etap.2012.12.015
https://doi.org/10.59049/2790-0231.1060
https://doi.org/10.59049/2790-0231.1060
https://doi.org/10.1210/mend.10.6.8776731
https://doi.org/10.1210/mend.10.6.8776731
https://doi.org/10.4314/njhbs.v3i2.11523
https://doi.org/10.4314/njhbs.v3i2.11523
https://doi.org/10.1371/journal.pone.0282729
https://doi.org/10.1111/j.1742-7843.2007.00190.x
https://doi.org/10.32598/ppj.24.4.60
https://doi.org/10.1016/j.jff.2020.104171
https://doi.org/10.1016/j.jff.2020.104171
https://doi.org/10.1006/cyto.2002.0894
https://doi.org/10.1002/jcb.21977
https://doi.org/10.1002/jcb.21977
https://doi.org/10.18805/ijar.B-3494
https://doi.org/10.1101/cshperspect.a001651

OPENaACCESS

Advances in Animal and Veterinary Sciences

Lee JW, Ryu HW, Park SY, Park HA, Kwon OK, Yuk HJ,
Shrestha KK, Park M, Kim JH, Lee S, Oh SR, Ahn KS
(2017). Protective effects of neem (Azadirachta indica A. Juss.)
leaf extract against cigarette smoke- and lipopolysaccharide-
induced pulmonary inflammation. Int. J. Mol. Med., 40(6):
1932-1940. https://doi.org/10.3892/ijmm.2017.3178

Lee YK, Hwang JT, Kwon DY, Surh Y], Park OJJCL (2010).
Induction of apoptosis by quercetin is mediated through
AMPKo1/ASK1/p38 pathway. 292(2): 228-236. https://
doi.org/10.1016/j.canlet.2009.12.005

Lingappan K (2018). NF-«B in oxidative stress. Curr.
Opin. Toxicol., 7: 81-86. https://doi.org/10.1016/j.
cotox.2017.11.002

Liu T, Zhang L, Joo D, Sun SC (2017). NF-kB signaling in
inflammation. Signal Trans. Target. Therapy, 2(1): 17023.
https://doi.org/10.1007/978-1-4939-6786-5_12

Mamoon-ur-Rashid M, Abdullah M, Hussain S (2011). Toxic
and residual activities of selected insecticides and neem oil
against cotton mealybug, Phenacoccus solenopsis Tinsley
(Sternorrhyncha: Pseudococcidae) under laboratory and field
conditions. Mortality, pp. 10100.

Mbaya AW, Ibrahim UI, God OT, Ladi S (2010). Toxicity and
potential anti-trypanosomal activity of ethanolic extract of
Azadirachta indica (Maliacea) stem bark: An iz vivo and in
vitro approach using Trypanosoma brucei.]. Ethnopharmacol.,
128(2): 495-500. https://doi.org/10.1016/j.jep.2010.01.013

Miszezyk E, Walencka M, Rudnicka K, Matusiak A, Rudnicka
W, Chmiela M (2014). Antigen-specific lymphocyte
proliferation as a marker of immune response in guinea pigs
with sustained Helicobacter pylori infection. Acta Biochim.
Polonica, 61(2): 295-303.  https://doi.org/10.18388/
abp.2014_1899

Ogbuewu IP, Okoli IC, Iloeje MU (2010). Evaluation of
toxicological effects of leaf meal of an ethnomedicinal plant-
neem on blood chemistry of puberal chinchilla rabbit does.
Rep. Opin., 2(2): 29-34.

Parshad O, Singh P, Gardner M, Fletcher C, Rickards E, Choo-
Kang E (1994). Effect of aqueous neem (Azadirachta indica)
extract on testosterone and other blood constituents in male
rats. A pilot study. The West Indian Med. J., 43(3): 71-74.

Pelicano H, Carney D, Huang PJDRU (2004). ROS stress in
cancer cells and therapeutic implications. 7(2): 97-110.
https://doi.org/10.1016/j.drup.2004.01.004

Raizada RB, Srivastava MK, Kaushal RA, Singh RP (2001).
Azadirachtin, a neem biopesticide: Subchronic toxicity
assessment in rats. Food Chem. Toxicol., 39(5): 477-483.
https://doi.org/10.1016/50278-6915(00)00153-8

Rath PC, Aggarwal BB (1999). TNF-induced signaling in
apoptosis. J. Clin. Immunol., 19(6): 350-364. https://doi.
org/10.1023/A:1020546615229

Ruslie RH, Darmadi D (2020). Administration of neem
(Azadirachta indica A. Juss) leaf extract decreases TNF-a and

IL-6 expressions in dextran sodium sulfate-induced colitis
in rats. J. Adv. Vet. Anim. Res., 7(4): 744-749. https://doi.
org/10.5455/javar.2020.g476

Sarkar S, Singh RP, Bhattacharya G (2021). Exploring the role
of Azadirachta indica (neem) and its active compounds in the
regulation of biological pathways: An update on molecular
approach. 3 Biotech, 11(4): 178. https://doi.org/10.1007/
s13205-021-02745-4

Sayed AH, Younes HAM (2017). Melanomacrophage centers
in Clarias gariepinus as an immunological biomarker for
toxicity of silver nanoparticles. J. Microsc. Ultrastruct., 5(2):
97-104. https://doi.org/10.1016/j.jmau.2016.07.003

Schumacher M, Cerella C, Reuter S, Dicato M, Diederich
M (2011). Anti-inflammatory, pro-apoptotic, and anti-
proliferative effects of a methanolic neem (Azadirachta
indica) leaf extract are mediated via modulation of the nuclear
factor-kB pathway. Genes Nutr., 6(2): 149-160. https://doi.
0rg/10.1007/s12263-010-0194-6

Skaggs H, Chellman GJ, Collinge M, Enright B, Fuller CL,
Krayer J, Sivaraman L, Weinbauer GF (2019). Comparison
of immune system development in nonclinical species and
humans: Closing information gaps for immunotoxicity
testing and human translatability. Reprod. Toxicol., 89:178-
188. https://doi.org/10.1016/j.reprotox.2019.06.005

Subapriya R, Nagini SJCMCACA (2005). Medicinal properties
of neem leaves: A review. 5(2): 149-156. https://doi.
org/10.2174/1568011053174828

Tak PP, Firestein GS (2001). NF-«kB: A key role in inflammatory
diseases. J. Clin. Invest., 107(1): 7-11. https://doi.
org/10.1172/JCI11830

Tanaka T, Narazaki M, Kishimoto T (2014).1L-6 in inflammation,
immunity, and disease. Cold Spring Harb Perspect. Biol.,
6(10):  a016295.  https://doi.org/10.1101/cshperspect.
2016295

Team RCR (2021). A language and environment for statistical
computing. R Foundation for Statistical Computing, Vienna,
Austria.

Veerendrakumar P, Neralla M VB, Satheesh T (2023). Comparative
extraction and bioactive potential of the leaf extracts of
azadirachta indica for combatting postoperative head and
neck infections: An iz vitro study. Cureus, 15(12): €51303.

Wang N, Liang H, Zen K (2014). Molecular mechanisms
that influence the macrophage M1-M2 polarization
balance. Front. Immunol., 5614. https://doi.org/10.3389/
fimmu.2014.00614

Washington IM, Van Hoosier G (2012). Clinical biochemistry
and hematology, In: The laboratory rabbit, guinea pig,
hamster, and other rodents. Elsevier, pp. 57-116. https://doi.
org/10.1016/B978-0-12-380920-9.00003-1

Wildner G (2019). Are rats more human than mice?
Immunobiology, 224(1): 172-176. https://doi.org/10.1016/j.
imbio.2018.09.002

2024 | Volume 12 | Special issue 1 | Page 414

o, o R
Qols Links
GResearchers


https://doi.org/10.3892/ijmm.2017.3178
https://doi.org/10.1016/j.canlet.2009.12.005
https://doi.org/10.1016/j.canlet.2009.12.005
https://doi.org/10.1016/j.cotox.2017.11.002
https://doi.org/10.1016/j.cotox.2017.11.002
https://doi.org/10.1007/978-1-4939-6786-5_12
https://doi.org/10.1016/j.jep.2010.01.013
https://doi.org/10.18388/abp.2014_1899
https://doi.org/10.18388/abp.2014_1899
https://doi.org/10.1016/j.drup.2004.01.004
https://doi.org/10.1016/S0278-6915(00)00153-8
https://doi.org/10.1023/A:1020546615229
https://doi.org/10.1023/A:1020546615229
https://doi.org/10.5455/javar.2020.g476
https://doi.org/10.5455/javar.2020.g476
https://doi.org/10.1007/s13205-021-02745-4
https://doi.org/10.1007/s13205-021-02745-4
https://doi.org/10.1016/j.jmau.2016.07.003
https://doi.org/10.1007/s12263-010-0194-6
https://doi.org/10.1007/s12263-010-0194-6
https://doi.org/10.1016/j.reprotox.2019.06.005
https://doi.org/10.2174/1568011053174828
https://doi.org/10.2174/1568011053174828
https://doi.org/10.1172/JCI11830
https://doi.org/10.1172/JCI11830
https://doi.org/10.1101/cshperspect.a016295
https://doi.org/10.1101/cshperspect.a016295
https://doi.org/10.3389/fimmu.2014.00614
https://doi.org/10.3389/fimmu.2014.00614
https://doi.org/10.1016/B978-0-12-380920-9.00003-1
https://doi.org/10.1016/B978-0-12-380920-9.00003-1
https://doi.org/10.1016/j.imbio.2018.09.002
https://doi.org/10.1016/j.imbio.2018.09.002

