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medicinal benefits in traditional medicine. The current study aimed to assess the acute and

subacute toxicity profiles of pomegranate extract in male and female Sprague Dawley rats. In
acute toxicity investigation, rats of both sexes were administered 1g/kg body weight of extract
intraperitoneally. In the subacute toxicity trial, that was administered the extract (1g/kg body weight)
intraperitoneally every 24 hours for 15 days, whereas the control group received distilled water. Daily
food consumption and drink intake and rats' body weight changes were carefully recorded and
documented for two weeks. Hematological measures of complete blood count (CBC), serum
biochemical parameters of liver, heart, and kidney function, and lipid profile were evaluated to
identify the principal harmful effects on tissues. There were no behavioral changes or mortality
recorded in the treated groups. The LD50 value was greater than 1g/Kg body weight. There were no
significant differences (p<0.05) in body weight gain, food, and water intake in groups. The
hematological and biochemical parameters and the organ weights showed no significant alterations
(p<0.05) between the treatment and control groups. Group 1, which received doses of 1 g/kg body
weight of extract 2, exhibited superior outcomes in most of the parameters under investigation. This
included improvements in behavior, food and water intake, average body weight, relative organ
weights, and serum biochemical markers. The overall finding of this study reveals that pomegranate
extract is safe up to 1g/Kg body weight intraperitoneal administration in male and female Sprague
Dawley rats, and we conclude from prior results that pomegranate extract is safe.

POmegranate (Punica granatum L.) fruit is often consumed as fresh fruit and juice. Its varied

Keywords: Punica granatum (L), pomegranate extract, acute toxicity, subacute toxicity, safety.

Introduction

Many plant extracts appeared to have therapeutic numerous herbal extracts have been cited as potential
values with respect to diseases [1]. Clinical reservoirs for the development of novel
pharmacologists have distinguished natural products pharmaceuticals. [2, 3].
and herbal medicines with antimicrobial and antiviral Pomegranate belongs to a fruit family in the
effects with increasing interest. Traditional medicine Mediterranean climate. Fruit contains a lot of
represents the sole healthcare option available to saccharides, polyphenols, and essential minerals. The
millions of individuals. The safety and reduced physical and chemical properties of pomegranate
occurrence of adverse effects associated with have been evaluated in Turkey and Italy [4, 5]. The
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peel (pericarp), seeds, and aril (around the seeds)
comprise the fruit. The peel includes minerals and
several bioactive polyphenolic chemicals, including
structurally different ellagitannins and derivatives
such as alpha-/beta-punicalagin, punicalin, and
punigluconin. The arils are mainly composed of
water and contain phenolics and flavonoids.
Anthocyanins, flavonoids found in arils, are
responsible for the fruit's and juice's red color [6].
Pomegranate is a rich source of anthocyanins. One of
the main characteristics of its quality is the red color
of its seeds and juice. The red color depends on the
concentration and type of anthocyanins contained in
the fruit. Delphinidin derivatives give blue and
purple shades, whereas pelargonidin is responsible
for orangish red shades [7].

Pomegranate juice contains more than 100
phytochemicals.  For  thousands of  years,
pomegranate fruit has been employed as a medicine,
and pomegranate juice is currently under
investigation for its multiple health benefits. It may
aid in preventing cancer, fertility, and immunological
support. Pomegranate juice has more antioxidants
than the majority of fruit juices. Additionally, it
contains three times the antioxidants found in green
tea and red wine. Pomegranate juice contains
antioxidants that help eradicate free radicals, defend
cells from damage, and reduce inflammation [6].
Pomegranate juice has broader antiviral activity
against enveloped viruses like influenza, including
the potential pandemic H5N1, pox). The Efficacy of
Pomegranate on herpes viruses can also be
ultrafiltered to separate low-molecular-weight
nutraceuticals called enveloped virus-neutralizing
compounds (EVNCs). Pomegranate juice includes
HIV-1 entrance inhibitors, which adsorb on maize
starch. The resulting complex blocks virus binding to
CD4 and CXCR4/CCRS5 and inhibits infection by
primary virus clades A to G and group O [8]. While
no long-term human studies have been performed to
indicate that pomegranate juice protects or reduces
the risk of cancer, having it in your diet cannot harm
you. Trials have given excellent outcomes, and
researchers are conducting more thorough studies.
The antioxidants in the juice, plus their high
concentration, are thought to inhibit the progression
of Alzheimer's disease and preserve memory [9].
Pomegranate juice is a powerful anti-inflammatory
beverage due to its rich antioxidant content. It has the
potential to alleviate inflammation across the body,
safeguard against oxidative stress, and deter damage
caused by it. Researchers are presently investigating
its potential impact on conditions like osteoporosis,
rheumatoid arthritis, as well as various forms of
arthritis and joint inflammation. Furthermore, it is
being considered as one of the most heart-friendly
juices, with potential benefits for heart and artery
protection. Consistent consumption of pomegranate
juice on a daily basis might also contribute to
reducing systolic blood pressure.

Nevertheless, more studies need to be done
to determine if pomegranate juice can decrease
overall blood pressure in the long term [10].
Pomegranate juice, rich in vitamin C and other
immune-boosting elements like vitamin E, can help
avoid disease and infection. They were also shown in
laboratory tests as antibacterial and antiviral. They
are being examined to determine how they impact
common diseases and viruses. Pomegranate juice is
high in folate, potassium, vitamin K, and vitamins C
and E. It is fueled with many antioxidants and can
affect oxidative stress, which makes it a potential
fertility aid. Oxidative stress has been shown to cause
sperm dysfunction and decrease fertility in women
[11]. The juice was also shown to help reduce
oxidative stress in the placenta. Pomegranate was
traditionally used as a remedy for diabetes in the
Middle East and India [12].

Pomegranate extracts represent one of various
herbs that have been found to have significant
therapeutic  benefits. In ayurvedic medicine,
pomegranate is reported as “a pharmacy unto itself
and is used as a “blood tonic” to heal many health
problems [8]. Pomegranate extracts are being
investigated as a potential therapy for viral
infections. The antimicrobial activity of pomegranate
clearly demonstrated a broad spectrum against both
bacteria and fungi, viruses, and parasites [13, 14]. In
culture, pomegranate extracts preferentially prevent
the growth of breast, lung, colon, and prostate cancer
cells. In preclinical animal studies, oral consumption
of pomegranate extracts inhibited the growth of lung,
skin, colon, and prostate tumors [15, 16]. Studies in
the realm of research indicate that pomegranates
offer advantages for various health conditions,
encompassing  cardiovascular  disease  [17].
Pomegranates have positive effects on oral or dental
health [18]. These activities could be attributed to the
presence of phytochemical compounds in the
extracts, such as phenols, tannins, and flavonoids,
which are significant active ingredients. Certainly, it
has been documented that in Brazil, the bark, leaves,
blossoms, and fruits of the pomegranate tree are
extensively employed as natural remedies [13].

Pomegranate and pomegranate extracts contained
polyphenols in a hydro-ethanolic extract that
prevented HS5N1 and SARS-CoV-2 infections,
according to Ganapathy [19], Maiti and Banerjee
[20], Eggers, Jungke, Wolkinger, Bauer, Kessler and
Frank [21]. Several studies have proved that
polyphenolic  compounds have many good
characteristics, such as antibacterial, antioxidant,
anti-inflammatory, antiproliferative, and broad-
spectrum antiviral activity, by inhibiting viral DNA
and RNA, and directly binding the viral particles,
providing antiviral activity during intracellular
replication, and DNA repair activities and thus can
be used as a good alternative for systemic drugs
problems [8, 22, 23]. Flavanols in pomegranate juice
may help block the inflammation contributing to
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osteoarthritis  and  cartilage = damage [10].
Anthocyanins have been demonstrated to decrease
the release of chemokine monocyte chemotactic
protein 1, which attracts monocytes to inflammatory
areas. The anthocyanins delphinidin and cyanidin
have been shown to prevent the expression of
vascular endothelial growth factor, a compound that
stimulates atherosclerosis [24].

The primary objective of this research is to
comprehensively evaluate the acute and subacute
toxicity profiles of pomegranate extract in male and
female Sprague Dawley rats. This assessment
includes investigating the potential toxicity at a dose
of 1g/kg body weight of the extract administered
intraperitoneally, explicitly focusing on behavioral
Pomegranate fruit extract

Pomegranate fruits were peeled by hand,
then, the seeds were stored in a refrigerator at -4°C.
The seeds were mixed inside a high-speed blender at

changes, mortality, and LD50 value determination.
Additionally, the study aims to analyze the impact of
pomegranate extract on daily food and water
consumption, body weight changes, hematological
parameters  (complete  blood count), serum
biochemical parameters related to liver, heart, and
kidney function, as well as lipid profiles. By
assessing these various aspects, the study aims to
establish the safety profile of pomegranate extract
and provide evidence to support its safe
administration at the mentioned dose in both male
and female Sprague Dawley rats.

Material and Methods

(2000 rpm) for 15 min. The mixture was filtered to
gain the juice. A list of these components is
presented in Table 1.

TABLE 1. Percentage of pomegranate fruit components

Type Weight* Percentage % to fruit
Fruit (5180g) 100%
Juice (2010g) 38.87%
Seeds (2660g) Ash (400.2g) Seeds 51.4% 7.73%
Loose (249.8g) 4.80%
Peel 2340g 45.2%
Loose 180g 3.4%

*Each 1.015g of pomegranate juice = 1ml of pomegranate juice.
The ratio of pomegranate juice in fruit equals 38.87% but in seed = 75.60%.

The juice was divided into three parts: the first
part (177ml) of natural pomegranate juice (P.J) was
placed at -4°C as a stock. The second part (100ml) of
natural juice was lyophilized at -50°C, 0.1mbar for
three days, then was left for three days in glass
container containing CaO to absorb humidity, and
finally was placed under ambient conditions inside
small jar (25ml) firmly closed pomegranate
lyophilized juice (P.J.L). while the third part
(902.875ml) of Pomegranate juice was centrifugated
at 6573.84 Xg force for 15 minutes.

After centrifugation the mixture was categorised
into aqueous pomegranate supernatant (Extract 2)
and the dark pink colour pomegranate pellet (Extract
1) which was lyophilized at -50°C for three days at
0.lmbar before being placed under CaO for three
days to absorb humidity. Thereafter Extract 1 was
grinded into a powder, and was exposed to ambient
conditions. The precipitate's colour changed from
dark pink to brownish pink, as shown in Fig. 1 [25-
29].

pomegranate Juice (P.J)

Centrifuged at 6573.8Xg for 15 min.

Lyophilized at -50 °C,
0.1mbar for three days.

The pellet Pomegranate
lyophilized pellet
(Extract 1)

The supernatant
Aqueous Pomegranate
supernatant (Extract 2)

Fig. 1. Algorithm for preparation of pomegranate extracts.
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Characterization and Identification Techniques

The functional groups and the structure of the
compounds were identified by using FTIR. Thin
films were formed by compression-molding the
resultant products with KBr pellets, and FTIR spectra
were obtained on (JASCO FTIR 6100 spectrometer,
64 scans with 4 cm™ resolution) in the range of
4000-400 cm’'. Nanomaterial size, concentration,
and aggregation state evaluated by UV-Vis analysis.
The UV—Vis’s spectra were obtained using a double
beam spectrophotometer Model JASCO V-670,
Japan. The spectra were determined in the
wavelength range 190-1000 nm. The compounds
were dissolved in ethanol and measured in a quartz
cuvette.

Based on the results obtained from both infrared
(IR) and ultraviolet (UV) analyses, it was evident
that extract 2 contained higher levels of flavones and
polyphenolic compounds compared to the other
extracts. Consequently, we opted to conduct a more
in-depth investigation into its toxicological effects
specifically related to polyphenols.

Experimental animals and housing conditions
Acute toxicity study

The toxicological studies on pomegranate
extracts were carried out to determine the acute
toxicity in male and female rats.

To achieve this objective, we divided a total of
thirty rats into five groups, each consisting of six rats
with a body weight ranging from 150 to 170 grams.
These rats were administered the studied aqueous
extract via intraperitoneal injection, with doses
varying from 1 to 5 grams per kilogram of body
weight.

Sub-acute toxicity study:

An animal experiment was performed to evaluate
the toxicity of Extract 2; the investigation is a 2-week
sub-acute toxicity study in vivo. All experimental
protocols were in accordance with the national and
international Guidelines for Ethical Care of
Experimental Animals. The study was approved by
the ethics committee of NRC (Approval number:
NRC-18040), and all procedures and experiments
were performed according to the approved protocol.
Male and Female Sprague-Dawley (SD) rats (10
weeks old) weighing about 150-170g were purchased
from the Holding Company of Production of
Vaccines Sera and Drugs (VACSERA), Giza-Egypt.
They were housed in the animal facility of the NRC,
Egypt (3 per cage) in standard experimental
conditions of temperature at 24+1°C, light of 12h

dark-12h light cycle, free access to drinking water,
and basic pelleted diet till the end of the experiment
(2 weeks). Rats were deprived of food except water
12 h before blood sampling.

Sub-acute toxicity assessment of Extract 2 in male
and female Sprague Dawley rats for 2 weeks

A total of thirty-six rats, comprising an equal
number of males and females, were segregated into
six male groups and six female groups, with each
group consisting of three animals, as visually
represented in Fig. 2, so that weight differences did
not exceed +20% of the average body weight among
groups. The Extract 2 was administered
intraperitoneally at concentrations of 1, 0.5, 0.25,
0.125, and 0.0625g/kg body weight daily for two
weeks with a control group receiving an equivalent
volume of distilled water. Food consumption and
water intake were monitored daily. Rats’ body
weight changes were carefully observed and
recorded day after day for two weeks. At the end of
the experiment, animals were sacrificed under excess
ketamine anesthesia, and the morphological look of
the kidneys, liver, heart, and brain were carefully
observed, and any specious or significant features or
differences from the normal were recorded.

Hematological and biochemical analyses

Blood was taken in 2 ml plain tubes and 1 ml in
heparinized tubes from the abdominal aortas of all
sacrificed rats. The Plain tubes were centrifuged at
3000x, and sera were obtained and stored frozen at -
20°C until use for biochemical parameters. While the
heparinized tubes were used for hematological
parameters of complete blood count (CBC) were
analyzed using an automatic hematology analyzer
(Sysmex-XT- 1800 Germany): red blood cells
(RBCs); white blood cells (WBCs); hemoglobin
concentration (HGB); mean corpuscular volume
(MCV); mean corpuscular hemoglobin (MCH); mean
corpuscular hemoglobin concentration (MCHC);
platelet count (PLT); content of mixed cells MXD
(monocyte, basophiles, eosinophils); Neutrophils
(NEUT); hematocrit (HCT) and; lymphocytes
(LYM). Later on, the serum biochemical parameters
for liver function, alanine aminotransaminase (ALT),
Aspartate aminotransferase (AST), and albumin
(ALB) were estimated. Besides the determination of
Creatine kinase MB (CK-MB), Troponin I for the
heart as well as urea and creatinine for kidney
function. Also, lipid profile were measured to
investigate any toxic effects in tissues using a
biochemistry auto analyzer (Olympus 640 Japan) and
lipid profile.

Statistical analysis

Before proceeding with the statistical analysis,
“data values were checked for normality using the
Shapiro test and heteroscedasticity using the Brown-
Forsythe test. The data are presented as means + S.E.
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Data were processed by one-way ANOVA followed
by Bonferroni post-hoc testing test except for the
scoring, statistical analysis was carried out by
nonparametric Kruskal-Wallis H-test, followed by

Dunn’s test. GraphPad Prism software (version 9;
GraphPad Software, Inc., San Diego, CA, USA) was
employed to perform the statistical analysis and to
establish the graphical representation”.

LD50 Assessment of the pomegranate extract
supernatant in male and female Sprague Dawley rats

ow
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Fig. 2. Experimental Protocol 1 (2-week toxicity test).

Results

Characterization and identification of compounds
Fourier Transform-Infrared (FT-IR)Characterization
The strongest peaks of hydroxyl at 3419 cm™, a,
B- unsaturated ketone band at 1710 cm™, olefin band
at 1610 cm’, primary and secondary alcohols
functionalities bands at 1043 cm™ as well as the
peaks around 3000 and 1400 cm™ attribute to

aliphatic C-H stretching and bending modes. Peaks at
3408 cm-1, 1717 cm-1, and 1629 cm-1 correspond to
hydroxyl, oxidized ester carbonyl, and conjugated
carbonyl groups, as illustrated in Fig. 3. In contrast to
P.J.L. or Extract 1, Extract 2 has stronger absorption
bands for the functional groups OH and C=O of
polyphenolic acids and flavone, respectively.
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Fig. 3. FT-IR spectra of different compounds. FT-IR of (a) P.J.L. (b) Extract 1 (c) Extract 2.

UV-Visible spectrophotometer

The UV-Visible spectra illustrated that the
potential source of the absorptions was explored in
order to provide a chemical explanation of the
loadings. Particularly, the spectral regions between
250 and 300, which are respectively characterized by
pomegranate extract loading values, may be

connected to ellagitannins specific to the Punica
botanical gender (such as ellagic acid, punicalagin
isomers, etc.) and to a pattern of antho-cyanins,
which is characteristic of pomegranate (i.e., cyanidin,
delphinidin, and pelargonidin 3-glucosides and 3,5-
diglucosides). The polyphenols, which are abundant
in the fruit and are phenolic rings with many
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hydroxyl groups, are the primary class of
pomegranate phytochemicals. Condensed tannins
(proanthocyanidins), hydrolysable tannins

(gallotannins and ellagitannins), and flavonoids
(flavanols and anthocyanins) are all components of
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pomegranate polyphenols whereby strong absorption
bands are greater in Extract 2 than P.J.L. or Extract
1, as shown in Fig. 4 with bathochromic shifted of 4
max.
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Fig. 4. UV-visible spectra of the different compounds. UV of (a) P.J.L. (b) Extract 1 (c) Extract 2.

Acute and Subacute toxicity study of Extract 2

In the present study, the Ig/kg body weight
concentration used here was the Extract 2. Thus, the
LD50 value for Extract 2 for intraperitoneal toxicity
is greater than this value. The effect of 15 days of
eleven intraperitoneal administrations of Extract 2 on
the general behavior and hematological and
biochemical parameters in rats were recorded.
Administration of Extract 2 doses of 1, 0.5, 0.25,
0.125, and 0.0625g/kg body weight every 24h for 15
days did not record any mortality in the tested rats.
There were no indications of apparent toxicity over
the entire study period. There were no significant
changes in the external physical structure of the
tested rats. Behavioral changes like irritability,
shivering, labored breathing, shock, and convulsion
weren’t noted in examined rats during the experiment
Table 2 a & b till the end of the investigation. There
were no significant differences in body weights, food
consumption, or water intake between Extract 2
treated groups in relation to control Table 3. At the
end of the experiment (2 weeks), Growth curves,
average body weights of control and treated male rats
with different doses of Extract 2 during the subacute
toxicity test shown in Fig. 5 a & b and Table 4 a & b,
the absolute and relative organs weights of liver, left
and right kidneys, heart, and brain were recorded as
shown in Table 5 a & b. Statistical analysis revealed
no significant differences between treated and
control rats.

Effect of (Extract 2) on complete blood count (CBC)

The majority of the assessed hematological
factors listed in Table 6 for the treated groups,
including WBC (white blood cell), RBC (red blood
cell), HGB (hemoglobin), HCT (hematocrit), MCV
(mean corpuscular volume), MCH (mean corpuscular
hemoglobin), MCHC (mean corpuscular hemoglobin

concentration), PLT (platelet count), LYM
(lymphocyte), MXD (mixed cell content, including
monocytes, basophils, eosinophils), and NEUT

(neutrophils), were examined for both male and
female rats. Starting with the male rats, the
hematological parameters were evaluated as shown
in Table 6.a. in the treated groups such as WBC,
LYM, RBC, HGB, MCV, MCH, MCHC, RDW-CV,
PLT, MPV(F1), PCT (%) and P-LCR were not
significantly different from control rats received
distilled water. In contrast, LYM counts were
significantly increased in group 1 by 11%. However,
in groups 2, 3, and 5 by 9%, MID counts were
significantly decreased by 3.5% in group 1 and by
1.5% in groups 2 and 3, GRAN% recorded a
significant decrease with group 1 by 9%, GRAN
recorded significant reduction with group 1 by 0.5
(10°/uL), HCT% were decreased with group 1 by
3%, RDW-SD (fL) were reduced in group 1 and 4 by
2.5 (fL) and PDW (%) were decreased in group 1 by
3.23% with all examined doses as compared to
control. On the other hand, in female rats, the
evaluated hematological parameters Table 6.b. in the
treated groups such as WBC, LYM, MID, GRAN,
RBC, HGB, HCT, MCH, MCHC, MPV(F1), PDW,
PCT (%) and P-LCR were not significantly different
from control rats received distilled water. While
LYM counts were significantly decreased in group 1
by 7%, groups 2 by 3%, and 4 by 6.5%, MID were
significantly increased by 2.5% in group 1 and by
4.5% in groups 4, GRAN% recorded significant
increase with group 1 by 4%, group 2 by 2% and
group 4 by 1.6%, MCV recorded significant increase
with group 1 by 2.2 (fL), group 4 by 3.5 (fL) and
group 5 by 2.5 (fL), RDW-SD (fL) were increased in
group 1 and 4 by 3.5 (fL) but group 5 increased by 3
(fL), RDW-CV were increased in group 2 by 1.8%
and PLT(10°/uL) were decreased in group 1 by
328.39 (10°/uL) and group 2 by 345 (10°/uL) with all
examined doses as compared to control.

Serum Biochemistry

Effect on liver function parameters

The biochemical parameters of the liver function
of all examined rats are shown in Table 7. Table 7
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demonstrates the impact of Extract 2 on serum liver
function parameters in untreated and treated male
rats. Compared to the normal ones, statistical
analysis revealed no significant differences in
Alanine transaminase (ALT), Aspartate
aminotransferase (AST), and Albumin (ALB). On
the other hand, Table 7 displays the effect of Extract
2 on serum liver function parameters by control and
treated female rats. Compared to the control ones,
statistical analysis revealed no significant differences
in Aspartate aminotransferase (AST) and Albumin
(ALB), but Alanine transaminase (ALT) recorded a
significant decrease in group 1 by 60.6ug/L and
group 2 decreased by 46.5ug/L.

Effect on serum kidney function parameters:

The Urea and Creatinine levels of serum
concentrations in the sera of all groups were
measured as indicators for renal function in tested
rats Table 8. Urea and creatinine displayed non
substantial changes in tested doses among the tested
groups recieving to male or female rats Table 8 with
Extract 2 compared to the control group.

Effect on serum Heart function parameters:

The Troponin I, CKMB (creatine kinase
myocardial band), and LDH (lactate dehydrogenase
test) levels of serum concentrations in the sera of all
groups were measured as indicators for heart
function in tested rats Table 9. The effect of Extract 2
on serum heart function parameters by control and
treated male rats is illustrated in Table 9. Troponin
was significantly increased with a very weak positive
in groups 1, 2, and 3, There were no notable
variations in the administered doses of Extract 2
among the tested groups when compared to the
control group or with respect to other parameters
related to heart function. Secondly, the effect of
Extract 2 on serum heart function parameters by
control and treated female rats is illustrated in Table
9. Troponin was significantly elevated, with a very
weak positive in group 2. Similarly, LDH was
increased in groups 2 and 4 by 220 and 1200,
respectively, while there were no significant
differences in tested doses between the tested groups
administered with Extract 2 in relation to the control
group or other heart function parameters.

Effect on serum lipid profile:

The effect on the serum lipid profile of male and
female rats is presented in Table 10. Firstly, the
impact of Extract 2 on serum lipid profile parameters
by control and treated male rats is illustrated in Table
10. a. Cholesterol (CHO) was significantly decreased

in group 1 by 10pug/dL. Likewise, very low-density
lipoprotein (VLDL) was significantly increased in
groups 1 and 5 by 0.7 and 5pg/dL, respectively, and
low-density lipoprotein (LDL) recorded a significant
increase in group 4 by 4ug/dL. Counterwise, the
triglyceride (TG) was significantly increased in
group 5 by 8pg/dL, While the high-density
lipoprotein (HDL) had no significant differences
compared to the control. On the other hand, the effect
of Extract 2 on serum lipid profile parameters by
control and treated female rats is illustrated in Table
10. b.  Cholesterol (CHO) were significantly
increased in group 1 by 3.78ug/dL, and the high-
density lipoprotein (HDL) recorded a significant
increase in group 1, 2, 3, 4, and 5 by 6.99, 13.45,
1523, 9.88, and 13.24ug/dL  respectively.
Triglyceride (TG), very low-density lipoprotein
(VLDL), and low-density lipoprotein (LDL) had no
significant differences compared to the control.

In the present study, the lg/kg body weight
concentration used here was the Extract 2. Thus, the
LD50 value for Extract 2 for intraperitoneal toxicity
is greater than this value. The effect of 15 days of
eleven intraperitoneal administrations of Extract 2 on
the general behavior and hematological and
biochemical parameters in rats were recorded.
Administration of Extract 2 doses of 1, 0.5, 0.25,
0.125, and 0.0625g/kg body weight every 24h for 15-
days did not record any mortality in the tested rats.
There were no indications of apparent toxicity over
the entire study period. There were no significant
changes in the external physical structure of the
tested rats. Behavioral changes like irritability,
shivering, labored breathing, shock, and convulsion
weren’t noted in examined rats during the experiment
Table 2 a & b till the end of the investigation. There
were no significant differences in body weights, food
consumption, or water intake between Extract 2
treated groups in relation to the control Table 3. At
the end of the experiment (2 weeks), Growth curves,
average body weights of control and treated male rats
with different doses of Extract 2 during the subacute
toxicity test shown in Fig. 5 a & b and Table 4 a & b,
the absolute and relative organs weights of liver, left
and right kidneys, heart, and brain were recorded as
shown in Table 5 a & b. Statistical analysis revealed
no significant differences between treated and
control rats.

Since no secondary symptoms were observed,
and it was established that extract 2 is safe up to a
dosage of 1g/kg in both male and female rats without
any impact, it can be concluded that extract 2 does
not affect the sexual characteristics of either gender.
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TABLE 2. a. Gross observed behavioral observations accompanied with treatment with Extract 2 with male rats

Group Dose (g/kg) Symptoms Score
G1 lg/kg Irritability (0) Tremor (0) Labored breathing (0) Staggering ~ Good More active than control
(0) Convulsion (0) Death (0)
G2 0.5g/kg Irritability (0) Tremor (0) Labored breathing (0) Staggering ~ Good More active than control
(0) Convulsion (0) Death (0)
G3 0.25g/kg Irritability (0) Tremor (0) Labored breathing (0) Staggering Good Normal activities
(0) Convulsion (0) Death (0)
G4 0.125g/kg Irritability (0) Tremor (0) Labored breathing (0) Staggering Good Normal activities
(0) Convulsion (0) Death (0)
G5 0.625g/kg Irritability (0) Tremor (0) Labored breathing (0) Staggering Good Normal activities
(0) Convulsion (0) Death (0)
G6 ImL/kg (distilled Irritability (0) Tremor (0) Labored breathing (0) Staggering Normal
water) (0) Convulsion (0) Death (0)

TABLE 2. b. Gross observed behavioral observations accompanied with treatment with Extract 2 with female rats

Group Dose (g/kg) Symptoms Score

Gl lg/kg Irritability (0) Tremor (0) Labored breathing (0) Staggering Good More active than control
(0) Convulsion (0) Death (0)

G2 0.5g/kg Irritability (0) Tremor (0) Labored breathing (0) Staggering Good More active than control
(0) Convulsion (0) Death (0)

G3 0.25g/kg Irritability (0) Tremor (0) Labored breathing (0) Staggering Good Normal activities
(0) Convulsion (0) Death (0)

G4 0.125g/kg Irritability (0) Tremor (0) Labored breathing (0) Staggering Good Normal activities
(0) Convulsion (0) Death (0)

G5 0.625g/kg Irritability (0) Tremor (0) Labored breathing (0) Staggering Good Normal activities
(0) Convulsion (0) Death (0)

G6 ImL/kg (distilled Irritability (0) Tremor (0) Labored breathing (0) Staggering ~ Normal

water) (0) Convulsion (0) Death (0)

TABLE 3. Food consumption and water intake by control and treated rats with different doses of Extract 2
during the subacute toxicity test (Mean= SD for 3 determinations).

Group Dose (g/kg) Food consumption (g/day) Water intake (ml/2 days)
Male Female Male Female

G1 lg/kg 22.65+0.3% 22.3+0.3* 41.8+0.4% 41.9+0.4%
G2 0.5g/kg 2240.7 22.3+0.7 41.2+0.4 41.7+0.4
G3 0.25g/kg 21.5+1.0 21.8£1.0 40.9£0.5 41.7+0.5
G4 0.125g/kg 21.9£1.3 22.1+1.3 40.9+0.8 41.4+0.8
G5 0.625g/kg 21.9+0.7 22+0.7 41.0+0.4 41.5+04
Go6 ImL/kg (distilled water) 22.4+1.3 22.5%1.3 42.5+0.4 42.4+0.4
a: Means £+ S.D.

TABLE 4. a. Growth curves, average body weights of control and treated male rats with different doses of Extract 2
during the subacute toxicity test (Mean+ SD for 3 determinations)

Experimental days

Groups /does (g/kg)

2 0 3 5 7 9 11 13
1 ek 166.66= 167~ 183.661  192.665  202.66-  22333f  235% 23233+
(g/kg) 1939 2443 294 2177 2272 19.60 20.07 20.84
G2 (050K 163.66= 167+ 182+ 18133« 201+ 21466+ 22233+ 221.66+
(0.5g/kg) 13793 19.46 14.73 2510  6.082 351 404 3.785
166+ 166+ 176+ 185.66= 188+ 188334 20266+  197.66+
G3 (0.25g/kg) 264 2913 3517 E31.65 3204 32.33 33.84 33.17
15933 162.66+  169.66+ 185+ 189 207.665  214.66= 210+
G4 (0.125g/kg) 13.86 18.33 8.082 6.55 6.92 10.969 9.60 10
153334 15133 168+ 170.66+ 16733 178+ 189+ 185+
G5 (0.625¢/kg) 11541 057 4.00 5.686 5.13 5 2.64 435
G6 (ImL/kg (distilled  157.33+  153.66+ 17433+ 18633+ 194+ 20833+ 21333% 21133+
water)) 12.09 11.71 1537 1882 21.79 2484 20.50 17.925
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TABLE 4. b. Growth curves, average body weights of control and treated female rats with different doses of Extract 2
during the subacute toxicity test (Mean+ SD for 3 determinations)

Experimental days

Groups/does (g/kg)

-2 0 3 5 7 9 11 13

G1 (1g/kg) 177.67+  179.00+  190.00+  199.33+ 209.00+ 220.33+ 224.00+ 218.00+
30.89 37.32 30.51 31.34 3143 32.62 32.92 30.32

G2 (0.5g/kg) 183.67= 189.67+  196.00+  188.33% 201.67+ 219.33+ 220.67+ 215.67+
17.01 17.01 30.32 26.56 26.65 28.36 28.04 24.54

G3 (0.25g/kg) 176.00+  179.33+  191.33+  187.67+ 183.67+ 208.00+ 208.33+ 210.00+
14.11 20.55 15.04 14.19 12.90 16.52 19.86 22.72

G4 (0.125g/kg) 178.67=  178.00&  173.33+  190.67+ 198.67+ 213.00+ 220.33+ 214.67+
42.77 48.54 43.04 44.47 41.88 37.27 34.44 30.66

G5 (0.625g/kg) 176.00=  179.00&  195.33+  205.00+ 213.00+ 226.67+ 231.67+ 235.00+
4.58 8.54 6.66 10.15 11.14 14.01 16.17 14.53

G6 (ImL/kg (distilled 154 67+ 17133+  170.67+  169.33+ 189.00= 200.33+ 193.67= 189.67+
water)) 12.90 16.65 16.17 16.26 21.28 18.23 12.90 12.58

(a) Growth curves average body weights of control and treated male rats with different doses

’g of Extract 2 during the subacute toxicity test (Mean+ SD for 3 determinations)
«
& 20 —e—G1 (1g/ke)
2 200 —8—G2 (0.5g/kg)
d.)
i 150 G3 (0.25g/kg)
=
g 100 G4 (0.125g/kg)
& 50 G5 (0.625g/k
s —8—G?5 (0.625g/kg)
z 0 —e—G6 (1ml/kg (distilled water))
2- 0 3 5 7 9 11 13
Experimental days
(b) Growth curves average body weightsof control and treated female rats with different doses of
Extract 2 during the subacute toxicity test (Mean+ SD for 3 determinations)
m
§ 250 =0—G]1 (1g/kg)
%” 200 =@ G2 (0.5g/kg)
.-g” 150 G3 (0.25g/kg)
0
; 100 G4 (0.125g/kg)
2 50 =@=— G5 (0.625g/kg)
S . —e—G6 (ImL/kg (distilled water))
ot
L
z 2- 0 3 5 7 9 11 13

Experimental days
Fig. 5. (a).Growth curves, average body weights of control and treated male rats with different doses of Extract 2
during the subacute toxicity test. (b) Growth curves average body weights of control and treated female rats
with varying doses of Extract 2 during the subacute toxicity test. Each value represents the mean of three
samples +SD.
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Table 5. a. Absolute and Relative Organ Weights of Control and Treated Male Rats with Extract 2

Group Dose Avg. body : : .Organs :
(g/kg) weight(g) Liver L. Kidney R. Kidney Heart Brain
Gl lgke 232332208 30 ¢ 0'?(?;35?,“ o.zgég.)(gsa OZgj‘i-)?)ga 1'?(%3_)%43
G2 05gkg 22167437 6'(937?251[,5& o.zg.ﬂ;g.)(gla 0'233252“ 0-Z02§g~)(gl“ 1-?@25243
G3  02sgkg  197.67433.17 ° (g(’;;l)g o.gglﬂ;g.)iza °~f§§g-)£2a o) 12" 1-?(‘)‘;%5%83
G4  0125gkg  210.00+10 6'(33%;)[;43 0'?33%?,? 0'?(%%?,” 0?33?-)2” ) 12°
G5 0625gkg 18500435 4?2%6[2511,73 0'(58;%9,? 0'?3325?,2a Ofgj;-)?}a 1%&2-)253
G6 (%{Ei%gd 2113317.02 ! a 0'?53%?,“ 0'?33%?,“ 0'?83?')?)73 1?8%)%“

a: Values are Means + S.D (for three determinations) of absolute weight.; b: Numbers between parenthesis is relative organs
weights: Relative organ wt.= Mean organ wt. /Mean b. wt. X100 (%); *: Significant vs. control (G6).

TABLE 5. b. Absolute and Relative Organ Weights of Control and Treated Female Rats with Extract 2

Group Dose Avg. body Organs
(g/kg) weight(g) Liver L. Kidney R. Kidney Heart Brain
G1 l1g/kg 218.00+30.31  6.71+1.20°  0.82+£0.12°  0.84+0.13"  0.82+0.13%  1.70+0.44°
(3.07)° (0.38)° (0.39)° (0.38)° (1.45)°
Gy 0Seke 215.67+24.5 6.58£0.97°  0.80+0.10*°  0.82+0.10°  0.81+0.11*  1.68+0.36°
(3.05)° 0.37)° (0.38)° 0.37)° (1.45)°
3 0-25gke 210.0+22.7 6.25£0.90°  0.76+£0.09*°  0.78+0.10°  0.77£0.10*  1.60+0.33
(2.98)° 0.36)° 0.37)° 0.37)° (1.45)°
s 0125gke 214.67£30.66  6.52+1.22°  0.80£0.13*  0.82+0.13*  0.80£0.13°  1.67£0.45°
(3.04)° 0.37)° (0.38)° 0.37)° (1.45)°
cs  0625gke 235.00£14.52  7.68+0.578"  0.94£0.06°  0.96£0.06  0.94+0.06°  1.70£0.21°
(3.26)° (0.40)° (0.41)° (0.40)° (1.45)°
Ge  Imlikg 189.67+12.58  6.20£0.50°  0.76+0.05°  0.78+0.05a  0.70+0.05*  1.55+0.18°
(dist.water) (3.28)" (0.40)° (0.41)b (0.37)° (1.45)°

a: Values are Means + S.D (for three determinations) of absolute weight.; b: Numbers between parenthesis is relative organs
weights: Relative organ wt.= Mean organ wt. /Mean b. wt. X100 (%); *: Significant vs. control (G6).
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TABLE 6. a. Effect of Extract 2 on the hematological parameters of Control and Treated Male Rats

Group No. G1 G2 G3 G4 G5 G6
WBC (10°/uL) 5.10£0.20 10.10+6.08 9.80+1.84 6.45+1.20 8.30+0.20 10.90+5.94
LYM (%) 77.9+0.20 * 74.10+4.38 * 73.60+1.27 * 58.80+£12.16 72.70+0.20 * 62.154+4.17
MID (%) 11.30+0.20 * 10.654+2.90 * 11.85+1.34 * 13.75+1.63 14.30+0.20 16.90+1.84
GRAN (%) 10.80+0.20 * 15.25+1.48 14.55+0.07 27.45+£10.54  13.00+0.20 20.95+2.33
LYM (10°/uL) 4.00+0.20 7.35+4.03 7.25+1.48 3.85+1.48 6.00+0.20 6.90+4.10
MID (10*/uL) 0.60+0.20 1.15+0.92 1.15+0.07 0.85+0.07 1.23+0.25 1.80+0.85
GRAN (10°%uL)  0.57+0.12 * 1.60£1.13 1.40+0.28 1.75+0.35 1.13£0.15 2.20 +0.99
RBC (10%/uL) 5.68+0.20 5.94+0.78 5.79+0.06 5.58+0.06 6.214+0.02 5.55+0.27
HGB (G/DIl) 10.60+0.20 11.60+1.98 11.20+0.42 10.80+- 12.50+0.20 10.10+0.14
HCT (%) 33.10+0.20 * 34.45+4.60 31.10+0.42 31.55+0.21 35.50+0.20 29.35+0.92
MCYV (fL) 58.30+0.20 58.00+0.14 53.85+0.21 56.70+0.99 57.30+0.20 53.05+4.31
MCH (pg) 18.60+0.20 19.45+0.78 19.30+0.57 19.30+0.14 20.10+0.20 18.15+0.64
MCHC (g/dL) 32.00+0.20 33.50+1.27 35.95+0.92 34.15+0.21 35.20+0.20 34.40+1.56
RDW-SD (fL) 36.30+0.20 * 37.40+4.53 30.95+1.48 37.40£1.56 *  34.20+0.20 30.95+1.48
RDW-CV (%) 16.60+0.20 17.104£2.12 14.95+0.78 17.50+0.42 15.90+ 0.20 15.25+0.21
PLT (10°/uL) 1,503. 0£Y.+0 858.0+306.88  940.0+261.63  885.5+259.51 498.94+425.24  1,223.0£708.5
MPV(FI) 9.10+£0.20 7.65+ 0.64 6.95+0.64 7.20+0.14 7.30+£0.20 7.55+0.64
PDW (%) 12.80+0.20 * 10.00+1.84 8.45+1.48 9.20+0.71 10.00+0.20 8.80+0.57
PCT (%) 1.36 £0.20 0.67+£0.29 0.66+0.24 0.63+0.17 0.54+0.02 0.94+0.61
P-LCR 16.70+0.20 5.55+0 5.25 +£3.04 2.05+2.90 5.70+0.20 8.10+8.20

Values are means + S.D. (for Three determinations); WBC, white blood cell; RBC, red blood cell; HGB, hemoglobin; HCT,
hematocrit; MCV, mean corpuscular volume; MCH, mean corpuscular hemoglobin; MCHC, mean corpuscular hemoglobin
concentration; PLT, platelets count; LYM, lymphocyte; MXD, the content of mixed cells (monocyte, basophiles,
cosinophils); NEUT, Neutrophils; g/dl (grams per deciliter); fL (femto liters); pg (picograms); *: Significant vs. control (G6).

TABLE 6. b. Effect of Extract 2 on the hematological parameters of Control and Treated Female Rats

Group No. G1 G2 G3 G4 G5 G6
WBC (10°/uL) 10.40+0.20 10.40+0.20 11.8542.05 9.30+0.20 13.85+1.20 9.53+2.80
LYM (%) 69.30+0.20 * 72.80+0.20 * 74.75+1.20 69.40+0.20 *  YY,3:£5.09 78.07+1.58
MID (%) 13.80+0.20 * 12.50+0.20 13.80+1.13 16.20+0.20 *  11.95+0.64 11.13+0.46
GRAN (%) 16.90+0.20 * 14.70+0.20 * 11.45+0.07 14.40+0.20 *  14.15+4.45 * 10.80+1.73
LYM (10°%uL) 7204020 7.600.20 8.90+1.70 6.50+0.20 10.20+0.14 7.43+2.16
MID (10°%uL) 1404020 1.30£0.20 1.60+0.14 1.50£0.20 1.65£0.21 1.07£0.31
GRAN (10°/uL) 1.80+0.20 1.50+0.20 1.35+0.21 1.30+0.20 2.00+0.85 1.03+0.35
RBC (10%/uL) 5.88+0.20 6.13£0.20 6.34+1.47 5.96+0.20 5.66+0.37 6.27+0.27
HGB (G/DI) 11.5040.20 11.50+0.20 12.6542.90 1150020  11.45£0.78 11.9340.57
HCT (%) 33.10+0.20 32.60+0.20 35.80+5.80 34.30+0.20 33.95+0.35 33.20+1.82
MCV (fL) 56404020 % 53204020  57.05+4.03 57704020 % 60.2543.46 *  53.03+1.01
MCH (pg) 19.50+0.20 18.70+0.20 19.95+0.07 19.20+0.20 20.20 - 19.00+0.56
MCHC (g/dL) 34.70+0.20 35.20+0.20 35.10+2.40 33.50+0.20 33.65+1.91 35.90+0.69
RDW-SD (fL) 29.9040.20 34.20+0.20 * 34.20+6.08 34.20+£0.20 *  36.35+3.04 * 29.20+1.21
RDW-CV (%) 14.10+0.20 16.70+0.20 * 15.70£1.98 15.70+0.20 16.05+0.49 14.30+0.46
PLT (10%L) LU6.0+0.20 - 109902020 4g5. 0471418 1.814.04020  1,466.04186.68 2.151.6£707.21
MPV (FI) 7.5040.20 7.30£0.20 8.25+0.07 8.10+0.20 8.35+0.49 7.43+0.42
PDW (%) 10.00+0.20 8.70+0.20 11.10+£1.27 9.70+0.20 12.40+1.27 9.20+0.30
PCT (%) 0.83+0.20 0.80+0.20 1.224+0.58 1.46+£0.20 1.23+0.23 1.61+£0.60
P-LCR 7.9040.20 o 10.65+2.05 11904020  12.75+1.20 7.43+ 4.44

Values are means + S.D. (for Three determinations); WBC, white blood cell; RBC, red blood cell; HGB, hemoglobin; HCT,
hematocrit; MCV, mean corpuscular volume; MCH, mean corpuscular hemoglobin MCHC, mean corpuscular hemoglobin
concentration; PLT, platelets count; LYM, lymphocyte; MXD, the content of mixed cells (monocyte, basophils, eosinophils);
NEUT, Neutrophils; g/dl (grams per deciliter); fL (femto liters); pg (picograms); *: Significant vs. control (G6).
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TABLE 7. Effect of Extract 2 on Serum Liver Function Parameters by control and treated rats.

Group Dose (g/kg) ALT (SGPT) AST (SGOT) ALB

Male Female Male Female Male Female
Gl1 1g/kg 48.33+12.34 33.03+6.94 * 230.33+£60.58  271.0+119.6 4.00£0.95 4.83+1.52
G2 0.5g/kg 46.13+7.38 50.1+4.24 * 242.66+72.50  250.33+£16.50 5.16£1.20 4.11+0.20
G3 0.25g/kg 48.96£12.88 87.83+22.54 241.66+131.7  217.66£32.12 5.47+£2.28 3.41+0.33
G4 0.125g/kg 39.77£13.88  99.74+25.68 252.66+102.7  207.86+124.15 4.16£1.48 3.94+0.60
G5 0.625g/kg 49.15+6.85 101.0£21.0 274.5£51.61 261.66+76.86 4.70+£0.88  3.12+0.13
G6 ImL/kg 47.33£17.56 189.3+88.43 269.33+£72.39  231.0+192.82 2.8740.93  3.11+0.82

(distilled water)

Values are means = S.D. (for 3 determinations); ALT: Alanine transaminase; AST: Aspartate aminotransferase; ALB:

albumin; 1U/1: international unit. *: Significant vs. control (G6).

TABLE 8. Effect of Extract 2 on Serum kidney Function Parameters by control and treated rats.

Urea Creatinine

Group Dose (g/kg) Male Female Male Female
Gl1 lg/kg 43.13£11.57 50.50+2.63 0.60+0.16 0.67+£0.04
G2 0.5g/kg 40.99+9.10 43.43+1.40 0.57+0.13 0.64+0.11
G3 0.25g/kg 30.50+12.18 60.13+18.11 0.43+0.17 0.54+0.16
G4 0.125g/kg 43.13+£2.88 50.20+6.29 0.60+0.04 0.56+0.07
G5 0.625g/kg 45.75+0.0 40.33+30.96 0.64+0.0 0.68+0.15

ImL/kg 1.03+0.54
G6 (dist.water) 45.75+3.22 56.70416.07 0.64+0.05

Values are means + S.D (for 3 determinations); Troponin I, CKMB: Creatine kinase myocardial band; LDH: lactate

dehydrogenase test; v.w.pos.,: very weak positive. *: Significant vs. control (G6).

TABLE 9. Effect of Extract 2 on Serum Heart Function Parameters by control and treated male rats.

Grou  Dose (g/kg) CKMB Troponin LDH

P Male Female Male Female Male Female

G1 lg/kg <3 <3 V.W.pos., * Negative 3510.6£1635.19  2637.33+723.11

G2 0.5g/kg <3 <3 V.W.pos., * V.W.pos., * 3237.6£1534.8 3822.334£253.7 *

G3 0.25g/kg <3 <3 V.W.pos., * Negative 3361+1346.44 3460+2154.64

G4 0.125g/kg <3 <3 Negative Negative 3327.6£1534.09  5227+665.32 *

G5 0.625g/kg <3 <3 Negative Negative 1776.0£219.20 4600+2630.34

Go6 ImL/kg (dist. <3 <3 Negative Negative 3211+1938.89 3066+282.42
water)

Values are means + S.D (for 3 determinations); mmol/L, Millimoles per Liter. *: Significant vs. control (G6).

TABLE 10. a. Effect of Extract 2 on Serum Lipid Profile by control and treated male rats.

Group  Dose (g/kg) CHO Mg/dl TG Mg/dl HDL Mg/dl  VLDL Mg/dl LDL Mg/dl
Gl lgkg 65.87+2439  41.336.11 40.6749.29 8.27 £1.22% 16.93£10.59
G2 05gkg 57.2040.72*  50.0 £20.66  42.67 +2.89 10.0 +4.13 4.53 +3.60
G3  0.25gkg 51.93+14.51  45.87+420.65 36.67+16.44  9.17+4.13 6.09 +2.24
G4  0.125g/kg 59.77+13.63  42.67+16.44  36.67+13.80  8.53+3.29 14.57+3.46*
G5  0.625g/kg 64.60 £0.57 79.0 £22.06*  48.50 +7.78 15.80 +4.41%  4.06 +2.80
G6  ImL/kg (distilled water) ~ 73.83 +15.51  32.53+15.78  57.33+10.69  4.88 +1.42 7.32+0.25

Values are means + S.D.; No. of rats tested: = 3; CHO: Cholesterol; TG: Triglyceride; HDI: High-density lipoprotein; VLDL:

very low-density lipoprotein; LDL: Low-density lipoprotein; *: Significant vs. control (G6).

TABLE 10. b. Effect of Extract 2 on Serum Lipid Profile by control and treated female rats.

Group  Dose (g/kg) CHO Mg/dl TG Mg/dl HDL Mg/dl VLDL Mg/dl LDL Mg/dl
G1 1g/kg 69.07 £5.90 145.00+64.71 51.67£10.97*  29.00+12.94 11.6+£19.36
G2 0.5g/kg 60.40 +£5.11 41.03 £22.53 50.67 £3.51* 8.21 +4.51 1.53+6.17
G3 0.25g/kg 70.87 £10.77* 63.83 +28.81 57.33 £8.39* 12.77 £5.76 0.77 £5.60
G4 0.125g/kg 54.40+3.92 66.77£29.44  45.67 £2.08* 13.35+5.89 4.62+7.51
G5 0.625g/kg 61.4049.11 102.33£10.73 58.67+11.72%  20.47 £2.15 17.73£7.70
G6 ImL/kg (dist.water)  51.57 £4.75 79.97 £28.75  27.43 +£6.28 15.99 +£5.75 8.14+12.26

Values are means + S.D.; No. of rats tested: = 3; CHO: Cholesterol; TG: Triglyceride; HDI: High-density lipoprotein; VLDL:

very low-density lipoprotein; LDL: Low-density lipoprotein; *: Significant vs. control (G6).
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Discussion

As previously mentioned, medicinal plants have
antimicrobial activities [30]. Pomegranate fruits are
rich in polyphenols, such as ellagitannins (ETs),
mainly including o and B isomers of punicalagin
(PC), gallic acid (GA), ellagic acid (EA) and its
glycosylated derivatives, and anthocyanins. Several
studies showed similarities to the present study as
demonstrated the antiviral potential of some classes
of polyphenols against influenza virus and other
viruses causing respiratory tract-related infections as
revealed by Ganapathy [19], Tito, Colantuono,
Pirone, Pedone, Intartaglia, Giamundo, Conte,
Vitaglione and Apone [31], Reddy, Gupta, Jacob,
Khan and Ferreira [32], Lin, Lin, Chen, Hsu, Liu,
Hwang and Wan [33], Zang, Xie, Deng, Wu, Wang,
Peng, Li, Ni, Luo and Liu [34]. Ganapathy [19],
Maiti and Banerjee [20], Eggers, Jungke, Wolkinger,
Bauer, Kessler and Frank [21], Tito, Colantuono,
Pirone, Pedone, Intartaglia, Giamundo, Conte,
Vitaglione and Apone [31], Frank, Conzelmann,
Weil, GroB, Jungke, Eggers, Miiller, Miinch and
Kessler [35]

The IR spectrum reading, demonstrated that the
pomegranate extracts obtained many peaks. Several
works, such as that of Magne [36], Abboud, Saffaj,
Chagraoui, El Bouari, Brouzi, Tanane and Ihssane
[37], have reported similar observations. Peaks were
observed at 3408 cm™, 1717 cm”, and 1629 cm™.
Agree with the hydroxyl, oxidated ester carbonyl, and
conjugated carbonyl groups, respectively. Ascorbic
acid (natural vitamin C), polyphenols, and other
phytonutrients found in Extract 2, which has strong
absorption bands bigger than P.J.L. or Extract 1, are
principally necessary for the bioreduction process.
This is because of the scavenging properties of their -
OH groups. Polyphenolic substances' antioxidant
properties are mainly due to their redox
characteristic, enabling them to function as reducing
agents [38].

The UV-Visible spectrum indicated the potential
source of the absorptions was explored to provide a
chemical explanation of the loadings. Particularly,
the spectral regions between 250 and 300, which are,
respectively, defined by loading values for Extract 2
that are higher than those for P.J.L. and Extract 1,
may be connected to ellagitannins specific to the
Punica botanical gender (such as ellagic acid,
punicalagin isomers, etc.) and to a pattern of
anthocyanins, which is characteristic of pomegranate
(i.e., cyanidin, delphinidin, and pelargonidin 3-
glucosides and 3,5-diglucosides). Polyphenols, which
are abundant in fruit and are phenolic rings with
many hydroxyl groups, are the primary class of
pomegranate phytochemicals. Condensed tannins
(proanthocyanidins), hydrolysable tannins
(gallotannins and ellagitannins), and flavonoids
(flavanols and anthocyanins) are all components of

pomegranate polyphenols. A comparable occurrence
was noted by Gil, Tomas-Barberan, Hess-Pierce,
Holcroft and Kader [39], Barzinjy, Hamad, Esmaeel,
Aydm and Hussain [40].

In the current study no mortality was recorded at
the dose of lg/kg body weight of Extract 2 ( the
maxmium soluble dose in 10ml/kg of body weight of
rats). Therefore, the LD50 wvalue for Extract 2
intraperitoneal toxicity is believed to be higher than
this value. During the course of 15 days, we closely
monitored the general behavior, as well as
hematological and biochemical parameters, in rats
that received eleven intraperitoneal doses of (Extract
2). It's important to note that none of the rats
subjected to these doses, which ranged from 1 to
0.625g/kg body weight administered every 24 hours
for 15 days, exhibited any signs of mortality. No
apparent toxicity was found at any point over the
entire testing period. The studied rats' outward
physical structure did not change significantly. Our
results showed no behavioral alterations, such as
shivering, irritability, shocking, Laboured breathing,
or convulsion, were seen in the investigated rats
during the trial period. Compared to the control
groups, there were no appreciable differences in body
weights, food intake, or water intake between the
groups treated with Extract 2. The liver and kidneys,
heart, and brain weights were weighed at the end of
the experiment (two weeks), and the results showed
no appreciable differences between treated and
controlled rats, according to statistical analysis.

Most of the hematological parameters evaluated
Table 6 have shown the WBC, RBC, HGB, HCT,
MCV, MCH, MCHC, PLT, LYM, MXD, and NEUT
counts for male and female rats. Their hematological
parameters analyzed did not differ noticeably from
the control rats receiving distilled water.

The blood levels of biochemical indicators linked
with liver function, namely ALT, AST, and ALB,
were measured in each group of rats given the test
compound. In addition, the amounts of urea and
creatinine in the serum were measured to evaluate
renal function, while troponin I, CKMB, and LDH
were measured to evaluate cardiac function. In
addition, the influence of the extract on the lipid
profile of male and female rats was evaluated. There
were no statistically significant changes in the serum
function parameters affected by Extract 2 in untreated
and treated rats.

Jacinto [41], Bhandary, Sharmila, Kumari and
Bhat [42] revealed no behavior change or death in
the treated groups. More than 2000 mg/kg of body
weight was the LD50 value. No significant
differences (p<0.05) were seen between the test
groups regarding weight gain, food intake, or water
intake. According to the current findings, neither the
hematological, biochemical parameters nor organ
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weights showed appreciable changes (p<0.05)
between the treatment and control groups, as
demonstrated by the present results.

Pomegranate toxicity tests in rats revealed LD50
of 217mg/kg body weight intraperitoneally and >5
g/kg body weight orally. Clinical observation, body
weight, ocular examination, food consumption, and
organ weight all had no statistically significant value.
Differences from the control were seen in serum
chemistry and hematology measures, but there was
no evidence of a harmful effect on biological
variation as presented by Lestari, Soemardji and
Fidrianny [43], Patel, Dadhaniya, Hingorani and Soni
[44].

According to the literature, the microencapsulated
pomegranate juice (MPJ) was tested for toxicity in
Wistar rats and CD-1 mice to see whether there were
any fatalities or adverse side effects after large
dosages of 5000 mg/kg were given orally to rats for
14 days, showing there was no subacute toxicity.
Like this, CD-1 mice given 3000 mg/kg MPJ daily
for 90 days did not exhibit subacute toxicity. MPJ
prevented both rats and mice from gaining weight.
Using the Alamar blue assay, MPJ had no
cytotoxicity in epithelial cell culture. Additionally,
the absence of toxicity in CD-1 mice, as shown by
Alvarez-Cervantes, Izquierdo-Vega, Moran-Leon,
Guerrero-Solano, Garcia-Pérez, Cancino-Diaz,
Belefant-Miller and Betanzos-Cabrera [45] was
confirmed by histological examination of the kidney
and liver. This agrees with the current research
results; Extract 2 did not exhibit subacute toxicity,
but it differed because it caused both rats and mice to
gain less weight.

At levels typically employed in the current
system of medicine, animal studies have failed to
document any toxicities, as signified by Jacinto [41],
Bhandari [46], Vidal, Fallarero, Pefia, Medina, Gra,
Rivera, Gutierrez and Vuorela [47].

Clinically, Aviram, Rosenblat, Gaitini, Nitecki,
Hoffman, Dornfeld, Volkova, Presser, Attias and
Liker [17], Bhandari [46] demonstrated that juice
consumption (121 mg/LEA equivalents) for up to
three years was shown by 10 patients with carotid
artery stenosis to have no harmful effects on the
blood chemistry analysis for kidney, liver, or heart
function.

Numerous investigations confirmed similarities to
the current study; there were no adverse changes in
blood or urine test values in human trials utilizing
doses of pomegranate fruit extracts up to 1,420
mg/day (870 mg gallic acid equivalents), for 28 days
Jacinto [41], Heber, Seeram, Wyatt, Henning, Zhang,
Ogden, Dreher and Hill [48].

The overall finding of this study suggests that
Extract 2 from Punica granatum is safe up to 1g/kg

body weight intraperitoneal administration and can
be considered nontoxic.

Conclusion

The results of toxicity characteristics in vivo in
male and female Sprague Dawley rats proved a safety
dose of pomegranate extract by 1g/Kg. We conclude
from the previous results that pomegranate extract is
safe.

Conflict of interest:None

Funding Statements: No funding was received for
conducting this study.

Acknowledgment: The author is grateful to Egypt's
National Research Centre (NRC), where the
extraction of pomegranate has worked out and
where the experiment on the animals has been
conducted.

Ethical approval

Animals were treated according to the national and
international ethics guidelines. The study was
approved by the ethics committee of NRC
(Approval number: NRC-18040), and all
procedures and experiments were performed
according to the approved protocol.

References

1. Lakshmanan, S.B. Gold/copper sulphide and gold
nanoparticles for application in cancer therapy. (2012).

2. Abedini, A., Roumy, V., Mahieux, S., Gohari, A.,
Farimani, M., Rivi¢re, C., Samaillie, J., Sahpaz, S.,
Bailleul, F., and Neut, C. Antimicrobial activity of
selected Iranian medicinal plants against a broad
spectrum of pathogenic and drug multiresistant
microorganisms. Letters in applied Microbiology, 59,
(4), 412-421 (2014),

3. Wikaningtyas, P. and Sukandar, E.Y. The antibacterial
activity of selected plants towards resistant bacteria
isolated from clinical specimens. Asian Pacific Journal
of Tropical Biomedicine, 6 (1), 16-19 (2016).

4. Ozkan, Y. Determination  of  pomological
characteristics of Niksar district pomegranates (Punica
granatum L.) of the Tokat province’, in Editor
(Ed.)/(Eds.).Book Determination of pomological
characteristics of Niksar district pomegranates (Punica
granatum L.) of the Tokat province’ pp. 199-203 (2001,
edn.).

5. Abdulrahman, A.A.M., Huda Jamal , Talb, Sonia and
Omar, Ali.Physicochemical Properties and Phenolic
Contents of Fresh and Concentrated Juice of Four
Pomegranate Cultivars in Iraq’. Proc. Fourth
International ~ Conference for Agricultural and
Sustainability Sciences. Earth and Environmental
Science, 910(1),012093 (2021).

6. Viuda-Martos, M., Fernandez-Lopez, J. and Pérez-
Alvarez, J. Pomegranate and its many functional
components as related to human health: a review.

Egypt. J. Vet. Sci. Vol. 55, No. 2 (2024)



TOXICOLOGICAL EVALUATION OF POMEGRANATE FRUIT EXTRACT IN MALE ...

581

10.

11.

12.

13.

14

15.

16.

17.

18.

Comprehensive reviews in food science and food
safety, 9 (6), 635-654(2010).

Harborne, J.B. Introduction to ecological biochemistry.
Academic press (2014).

Howell, A.B. and D'Souza, D.H. The pomegranate:
effects on bacteria and viruses that influence human
health. Evidence-Based =~ Complementary  and
Alternative Medicine,2013, 606212 (2013).

Banihani, S.A., Fashtaky, R.A., Makahleh, S.M., El-
Akawi, Z.J., Khabour, O.F. and Saadeh, N.A. Effect of
fresh pomegranate juice on the level of melatonin,
insulin, and fasting serum glucose in healthy
individuals and people with impaired fasting glucose.
Food Science & Nutrition, 8(1), 567-574 (2020).

Newman, R.A., Lansky, E.P. and Block, M.L.
Pomegranate: The most medicinal fruit. Basic Health
Publications, Inc., (2007).

Sau, S., Sarkar, S., Deb, P. and Ghosh, B. Super-fruit:
as a potential option to mitigate malnutrition in Indian
subcontinent. Asian Journal of Pharmaceutical and
Clinical Research, 9(1), 18-22 (2016).

George, N., AbuKhader, M., Al Balushi, K., Al Sabahi, B., &
Khan, S. A. An insight into the neuroprotective effects and
molecular targets of pomegranate (Punica granatum) against
Alzheimer’s disease. Nutritional Neuroscience, 26, (10),975-
996(2023).

https://www.medicalnewstoday.com/articles/323648.php

Mathabe, M., Nikolova, R., Lall, N. and Nyazema, N.
Antibacterial activities of medicinal plants used for the
treatment of diarrhoea in Limpopo Province, South
Africa. Journal of Ethnopharmacology, 105 (1-2), 286-
293 (2006).

. Houston, D.M., Bugert, J.J., Denyer, S.P. and Heard,

C.M. Potentiated virucidal activity of pomegranate rind
extract (PRE) and punicalagin against Herpes simplex
virus (HSV) when co-administered with zinc (II) ions,
and antiviral activity of PRE against HSV and
aciclovir-resistant HSV. PLOSe One, 12(6), 0179291
(2017).

Adhami, V.M., Khan, N. and Mukhtar, H. Cancer
chemoprevention by pomegranate: laboratory and
clinical evidence.Nutrition and Cancer, 61(6), 811-815
(2009).

Celiksoy, V. and Heard, C.M. Antimicrobial Potential
of Pomegranate Extracts.Pomegranate’ IntechOpen
(2021).

Aviram, M., Rosenblat, M., Gaitini, D., Nitecki, S.,
Hoffman, A., Dornfeld, L., Volkova, N., Presser, D.,
Attias, J. and Liker, H. Pomegranate juice consumption
for 3 years by patients with carotid artery stenosis
reduces common carotid intima-media thickness, blood
pressure and LDL oxidation. Clinical Nutrition, 23 (3),
423-433 (2004).

Menezes, S.M., Cordeiro, L.N. and Viana, G.S. Punica
granatum (pomegranate) extract is active against dental
plaque. Journal of Herbal Pharmacotherapy, 6(2), 79-
92 (2006).

19.

20.

2

—

22.

23.

24.

25.

26.

27.

28.

29.

30.

Ganapathy, R. In Vitro Analysis of the Anti-influenza
Virus Activity of Pomegranate Products and Fulvic
Acid. Masters Theses, pp. 527 (2009).

Maiti, S. and Banerjee, A. Epigallocatechin gallate and
theaflavin gallate interaction in SARS- CoV- 2 spike-
protein central channel with reference to the
hydroxychloroquine interaction: bioinformatics and
molecular docking study. Drug Development Research,
82(1), 86-96(2021).

.Eggers, M., Jungke, P., Wolkinger, V., Bauer, R,

Kessler, U. and Frank, B. Antiviral activity of plant
juices and green tea against SARS- CoV- 2 and
influenza virus. Phytotherapy Research, 36(5), 2109-
2115 (2022).

Sawai-Kuroda, R., Kikuchi, S., Shimizu, Y.K., Sasaki,
Y., Kuroda, K., Tanaka, T., Yamamoto, T., Sakurai, K.
and Shimizu, K. A polyphenol-rich extract from
Chaenomeles sinensis (Chinese quince) inhibits
influenza A virus infection by preventing primary
transcription in vitro. Journal of Ethnopharmacology,
146 (3), 866-872 (2013).

Das, S., Tanwar, J., Hameed, S., Fatima, Z. and
Manesar, G. Antimicrobial potential of
epigallocatechin-3-gallate (EGCG): a green tea
polyphenol. J. Biochem. Pharmacol. Res., 2(3), 167-
174 (2014).

Jaber, A.G. Induction, Elicitation and Determination of
Total Anthocyanin Secondary Metabolites from In vitro
Growing Cultures of Arbutus andrachne L., Palestine
Polytehnic University & Bethlehem University (2014).

Dhumal, S., Karale, A., Jadhav, S. and Kad, V. Recent
advances and the developments in the pomegranate
processing and utilization: a review. Journal of
Agriculture and Crop Science, 1(1), 1-17 (2014).

Gil, M., Artes, F. and Tomas-Barberan, F. Minimal
processing and modified atmosphere packaging effects
on pigmentation of pomegranate seeds. Journal of
Food Science, 61(1), 161-164 (1996).

Amri, Z., Zaouay, F., Lazreg-Aref, H., Soltana, H.,
Mneri, A., Mars, M. and Hammami, M. Phytochemical
content, fatty acids composition and antioxidant
potential of different pomegranate parts: comparison
between edible and non edible varieties grown in
Tunisia.  International  Journal of  Biological
Macromolecules, 104, 274-280 (2017).

Nuncio-Jauregui, N., Calin-Sanchez, A., Carbonell-
Barrachina, A. and Hernandez, F. Changes in quality
parameters, proline, antioxidant activity and color of
pomegranate (Punica granatum L.) as affected by fruit
position within tree, cultivar and ripening stage.
Scientia Horticulturae, 165, 181-189 (2014).

Hernandez, F., Melgarejo, P., Tomas-Barberan, F. and
Artes, F. Evolution of juice anthocyanins during
ripening of new selected pomegranate (Punica
granatum) clones. European Food Research and
Technology, 210(1), 39-42 (1999).

Mehta, K. Antibacterial and Antifungal Potentiality of
Leaf Extract of Phyllanthus Fraternus Webster: An

Egypt. J. Vet. Sci. Vol.55, No. 2 (2024)



582

ABD EL-AZEEM M. EL-SHEIKH et al.

31.

32.

33.

34.

35.

36.

37.

38.

39.

Ethnomedicinal.American Journal of Microbiological
Research, 2 (2), 74-79 (2014).

Tito, A., Colantuono, A., Pirone, L., Pedone, E.,
Intartaglia, D., Giamundo, G., Conte, 1., Vitaglione, P.
and Apone, F. A pomegranate peel extract as inhibitor
of SARS-CoV-2 Spike binding to human ACE2 (in
vitro): a promising source of novel antiviral drugs’,
bioRxiv (2020).

Reddy, M.K., Gupta, S.K., Jacob, M.R., Khan, S.I. and
Ferreira, D. Antioxidant, antimalarial and antimicrobial
activities of tannin-rich fractions, ellagitannins and
phenolic acids from Punica granatum L. Planta
Medica, 53(05), 461-467 (2007),

Lin, C.J., Lin, H. J., Chen, T. H., Hsu, Y. A., Liu, C. S.,
Hwang, G.-Y. and Wan, L. Polygonum cuspidatum and
its active components inhibit replication of the
influenza virus through toll-like receptor 9-induced
interferon beta expression. PLoS One, 10(2),
¢0117602(2015).

Zang, N., Xie, X., Deng, Y., Wu, S., Wang, L., Peng,
C.,, Li, S., Ni, K., Luo, Y. and Liu, E. Resveratrol-
mediated gamma interferon reduction prevents airway
inflammation and airway hyperresponsiveness in
respiratory syncytial virus-infected
immunocompromised mice. Journal of Virology, 85,
(24),3061-13068 (2011).

Frank, B., Conzelmann, C., Weil, T., GroB3, R., Jungke,
P., Eggers, M., Miiller, J.A., Miinch, J. and Kessler, U.
Antiviral activity of plant juices and green tea against
SARS-CoV-2 and influenza virus in vitro. Phytother.
Res., 36(5), 2109-2115 (2022).

Magne, P. Immediate dentin sealing: a fundamental
procedure for indirect bonded restorations. Journal of
Esthetic and Restorative Dentistry, 17(3), 144-154
(2005).

Abboud, Y., Saffaj, T., Chagraoui, A., El Bouari, A.,
Brouzi, K., Tanane, O. and Ihssane, B. Biosynthesis,
characterization and antimicrobial activity of copper
oxide nanoparticles (CONPs) produced using brown
alga  extract  (Bifurcaria  bifurcata).  Applied
Nanoscience, 4(5) ,571-576 (2014).

Barrio, L., Liu, P., Rodriguez, J.A., Campos-Martin,
JM. and Fierro, J.L.Effects of hydrogen on the
reactivity of O2 toward gold nanoparticles and
surfaces. The Journal of Physical Chemistry C, 111,
(51), 19001-19008 (2007).

Gil, M.I., Tomas-Barberan, F.A., Hess-Pierce, B.,
Holcroft, D.M. and Kader, A.A. Antioxidant activity of
pomegranate juice and its relationship with phenolic

40.

4

—

42.

43.

44

45.

46.

47.

48.

. Jacinto,

composition and processing. Journal of Agricultural
and Food chemistry, 48(10), 4581-4589 (2000).

Barzinjy, A.A., Hamad, S.M., Esmaeel, M.M., Aydin,
S.K. and Hussain, F.H.S. Biosynthesis and
characterisation of zinc oxide nanoparticles from
Punica granatum (pomegranate) juice extract and its
application in thin films preparation by spin-coating
method. Micro & Nano Letters, 15(6), 415-420 (2020).

AM.T. Review of the phytochemical,
pharmacological and toxicological properties of Punica
granatum L., (Lythraceae) Plant. Int. J. Food Sci.
Agric., 2,71-83 (2018).

Bhandary, B.S.K., Sharmila, K., Kumari, N.S. and
Bhat, S.V. Acute and subacute toxicity study of the
ethanol extracts of Punica granatum (Linn). Whole fruit
and seeds and synthetic ellagic acid in swiss albino
mice. Asian J. Pharm. Clin. Res., 6, (4), 192-198
(2013).

Lestari, M.W., Soemardji, A.A. and Fidrianny, I.
Review of traditional use, pharmacological effects and
toxicity of medicinal plants for women’s health in
Indonesia. Asian J. Pharm. Clin. Res., 9(1), 32-37
(2016).

. Patel, C., Dadhaniya, P., Hingorani, L. and Soni, M.

Safety assessment of pomegranate fruit extract: acute
and subchronic toxicity studies. Food and Chemical
Toxicology, 46(8), 2728-2735 (2008).

Alvarez-Cervantes, P., Izquierdo-Vega, J.A., Moran-
Leén, J., Guerrero-Solano, J.A., Garcia-Pérez, B.E.,
Cancino-Diaz, J.C., Belefant-Miller, H. and Betanzos-
Cabrera, G. Subacute and subchronic toxicity of
microencapsulated pomegranate juice in rats and mice.
Toxicology Research, 10(2), 312-324 (2021).

Bhandari, R. Pomegranate (Punica granatum L).
Ancient seeds for modern cure? Review of potential
therapeutic applications. International Journal of
Nutrition, Pharmacology, Neurological Diseases, 2 (3),
171 (2012).

Vidal, A., Fallarero, A., Pefia, B.R., Medina, M.E., Gra,
B., Rivera, F., Gutierrez, Y. and Vuorela, P.M. Studies
on the toxicity of Punica granatum L.(Punicaceae)
whole fruit extracts. Journal of Ethnopharmacology, 89
(2-3),295-300 (2003).

Heber, D., Seeram, N.P., Wyatt, H., Henning, S.M.,
Zhang, Y., Ogden, L.G., Dreher, M. and Hill, J.O.:
‘Safety and antioxidant activity of a pomegranate
ellagitannin-enriched polyphenol dietary supplement in
overweight individuals with increased waist size.
Journal of Agricultural and Food Chemistry, 55(24),
10050-10054 (2007).

Egypt. J. Vet. Sci. Vol. 55, No. 2 (2024)


https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9111003/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9111003/

TOXICOLOGICAL EVALUATION OF POMEGRANATE FRUIT EXTRACT IN MALE ... 583

O AR &l g 5983 B cla ) AgSE aliiieial and) andill

“ddjknmi,:’de.\ﬁ.\ui"ZGJJ@L....“@,UJ.&"als#mi"@&Slwﬁ&m*\a

s — aad (e Aaala — o slall IS a gl s Sl and by pdll At
s — el (e Aaala — o lall BIS - cLa A saal) oLl A

emn— Crsaall o il S all — slaall Gl gy g pail) sl alad) aail S e

Clalal) 8 "Aad) ) AW Glall ey | juac 5 A jUa 4¢SS (Punica granatum L.) ole)l) 286 eblgiul o3 L Ule
salall aay alad) dpand) adhe s ) Adlad) Al all Caxgd gl Calall 8 de gitad) dylal) o) b Cany Apaal) 5 Aapadl)
a8 AEAY) Lall Lgua gl (salall aladiny A5y 1 e o) 8 &) 5 583 8 Punica granatum (L) oaliiud
csalall caa Apend) 5 A gl cay gl Al palatiad) e aall (55 (e aaS/p0 s ) )l plae | &5 Galald) daedd)
Cali Lty g V0 saad Aele YE JS Jigill Caysatll Jala ((mend) 0535) paS/ala V) paliiusal) o) il cllae)
O ot il 355 pand i ¢ saad B3a) I8N 5 aladall (g o sall ALY Jimasi 5 sl sle Aailiall de sandll
lall g 2l KU a8 ) gall il Adaadle aig Ay jaill Ales (B il il Ul gl o 5 W5 Aliey Gl 6l aaee
a3 ) G Al Al il GLESILY | palall pa g (e @l paind o A sade e (6 a5 cAlin g ladll
JMa G adll | 8 4 gl Al el 3303 & ¢ (CBC)JlS adll 3 gem Qi J3A (0 pall Gialyal yulae dnili
Anlall Sle ganall (b Alasa iy ) A8 sl Sl jpas lin (K5 Al G gaall cale GlliS 5 ¢ S5 ) 5 2SI Cailda g Jullas
) s 8305 (A (P <0.05) dslan] AV 3 3558 dllin (85 ol (amad) 35) paS/plon ) e ST LDg dad cilS
o (P <0.05) 508 & a5 ol elae Y1 () 55l GlAS ol e jules el ol HLEAY) e gane 3 olall Jliiy o122l
2aS/ela ) s (el Punica granatum (L) oaldiue of dl 5l 03] ddleay) daiill Cod€s ddajall s &Ml Cile gane
Caliive of ALl il (e iy« Jdly 1o OB S5 5583 (B gl iyl JAb Al vie (aual) 0))5)

Ol

Al aladl caad A el saladl dpadl (el aldiiie <Punica granatum (L) <ad)al) calalsty

Egypt. J. Vet. Sci. Vol.55, No. 2 (2024)



