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Summary

This investigation was conducted to determine the potential of Punica granatum as a protective treatment
for ulcerative colitis and for nephroprotection. The aqueous extract of Punica granatum peel (APPE) was
subjected to phytochemical examination by qualitative and quantitative techniques. Sulfasalazine at a dose of
600 mg/kg and APPE at doses of 200 and 400 mg/kg were orally administrated to male Wistar rats during 21
days. On day 17, the rats were transrectally given acetic acid to induce ulcerative colitis. A comparative analysis
was conducted using a positive control group with colitis and a negative control group without colitis. Colon
macroscopic damage, ulcer index, oxidative stress markers, histological investigation, and anti-inflammatory
factors were evaluated. Nephroprotective activity was investigated in an animal model of sulfasalazine-induced
kidney damage. The phytochemical analysis of APPE revealed the presence of various bioactive compounds, and
the HPLC-UYV profile of APPE revealed an important content of polyphenolic compounds, such as resveratrol
(552.17 pg/ml), chlorogenic acid (376.15 pg/ml), and 3,4-dihydroxybenzoic acid (329.00 pg/ml). The results
obtained show that APPE exhibited activity against ulcerative colitis by significantly modulating antioxidant
defense mechanisms, namely superoxide dismutase (SOD), catalase (CAT), and glutathione (GSH), in the colon
tissues of APPE-treated groups in comparison with the positive group. The histopathological assessment showed
a notable decrease in microscopic damage in groups receiving sulfasalazine and APPE at 400 mg/kg, which
facilitated mucosal healing and reduced inflammatory cell infiltration. The examination of the kidneys revealed
histopathological changes confirmed by tubulointerstitial necrosis. Nevertheless, the biochemical parameters
were substantially improved in rats pre-treated with graded oral doses of the extract in a dose-related manner.
The extract provided the most effective nephroprotection at 400 mg/kg/day. It would be interesting to conduct
further tests in the use of APPE extracts as a pre-treatment for ulcerative colitis and nephropathy.
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Ulcerative colitis (UC) is frequently associated
with problems outside of the intestines. Extra diges-
tive manifestations can affect virtually any organ. The
joints, skin, eyes, liver, and bile ducts are the most
often affected, with spleen and liver damage occur-
ring in 4-23% of cases (1, 2). At present, there is an
increasing understanding of renal signs and problems
in individuals with inflammatory bowel disease (IBD),
primarily because of increased attention from health-
care professionals. The most frequent problems are
renal lithiasis, glomerulonephritis, tubule interstitial
nephritis, and type AA secondary amyloidosis (3).
According to recent research, oxidative stress is im-
plicated in the development of intestinal inflammation
through a number of underlying processes, such as the
generation of excessive reactive oxygen species (ROS),
immune cell infiltration, and overexpression of inflam-
matory cytokines (4, 5). Furthermore, sulfasalazine,
the first-line drug for treatment of ulcerative colitis,
can cause renal injuries, such as kidney enlargement,
interstitial nephritis, tubular atrophy, and renal necro-
sis (6, 7). Drug-induced nephrotoxicity continues to
be a significant issue due to the inevitable usage of
nephrotoxic medicines in clinical settings. Moreover,
some studies have demonstrated a decline in kidney
function following sulfasalazine treatment (8, 9), with
a potentially irreversible damage (10, 11).

The specific mechanism underlying kidney damage
caused by sulfasalazine remains unexplained. Several
investigations have demonstrated the involvement of
reactive oxygen species and oxidative stress in the or-
gan damage caused by this medication (12, 13). There
is currently no specific therapeutic treatment available
for organ lesions caused by sulfasalazine. Medicinal
plants have substantial value and effectiveness in treat-
ing ailments and are the main source of several recently
discovered medications (14). Historically, pomegranate
peel has been utilized in various cultures for medicinal
purposes. The Romans employed it as an anthelmintic,
while some ethnic groups in the Middle East and South
America have used boiled pomegranate peel for treat-
ing dysentery (15). In traditional Chinese medicine,
pomegranate peel is regarded as a potent astringent and
anti-inflammatory agent used to treat traumatic bleed-
ing, infections, and gastrointestinal disorders, such as
diarrhea (16). The diversity of the medicinal functions
of pomegranate peel has been attributed to its bioactive
components (17). Prior studies have revealed many
pharmacological activities of pomegranate (Punica
granatum L.), including antioxidative, antimicrobial,
and anticancer activities (18, 19). The objectives of this
study were to analyze the qualitative composition of
APPE by phytochemical screening and to determine its
quantitative composition by HPLC-UYV, to conduct an
acute toxicity study at a dose of 5 g/kg, and to evalu-
ate the cyto-protective effects of the aqueous extract
of Punica granatum (APPE) in ulcerative colitis and
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in an experimental model of sulfasalazine-induced
kidney injury.

Material and methods

Preparation of the samples

The aqueous extract of the basic plant product was pre-
pared according to a method described by Guede-Guina et
al. (20). In fact, 50 grammes of Punica granatum L. peel
powder was dissolved in 500 milliliters of distilled water
and homogenized with a blender. The homogenate was left
to macerate for 48 hours and then filtered through cotton
wool and Whatman paper. The filtrate was oven-dried at
40°C for 48 hours to obtain the aqueous extract (APPE).

Qualitative analysis of phenolic compounds by pre-
liminary phytochemical screening

Qualitative analysis was performed to identify the main
secondary metabolites in the APPE extract, such as steroids,
alkaloids, glycosides, flavonoids, anthocyanins, tannins,
coumarins, terpenoids, and sterols (21). For that purpose
multiple chemical assays were used based on color and/or
precipitation reactions.

Quantitative analysis of phenolic compounds by
high-performance liquid chromatography Ultra-violet
(HPLC-UV)

Preparation of samples for HPLC-UV analysis. APPE
(2 mg/ml) was diluted in methanol. Before injecting sample
solutions into an HPLC-UV device, they were filtered
through a Millipore nylon filter disk with a Millipore 0.45 m.

Preparation of polyphenol standards. Analytical stan-
dards (all with purity > 98%), dihydrocaffeic acid, benzoic
acid, 3,4-dihydroxybenzoic acid, 2,3,4-trihydroxybenzoic
acid, 3,5-dihydroxybenzoic acid, 3-hydroxybenzoic acid,
gallic acid, syringic acid, catechol, 4-methylcatechol,
homovanillic acid, catechol, pyrogallol, phloroglucinol,
hydrocinnamic acid, chlorogenic acid, 3-methoxyhydro-
cinnamic acid, trans-cinnamic acid, and resveratrol were
purchased from Sigma-Aldrich. HPLC-grade methanol,
acetonitrile, and HPLC-grade acetic acid were purchased
from Sigma-Aldrich. Ultra-pure water was obtained from
a Mega Purity water purification system (Billerica, MA,
USA).

Stock standard solutions of each compound were pre-
pared by dissolving 6 mg of analytical standard in metha-
nol. To ensure complete dissolution, ultra-sonication was
performed for 10 min. All solutions were stored at 4°C.

Chromatographic instruments and HPLC-UV analy-
sis conditions. HPLC is the most common way to deter-
mine the various phytochemical components of APPE.
The analysis was performed using HPLC-UV. At room
temperature 25°C, 25 pl of the analyte solution was injected
with a Terumo syringe into an Agilent Technologies 1200
Series HPLC valve. Phenolic compounds were separated
on a Thermo Scientific (HPLC RP 18) ZORBAX column
(150 mm*4,6 mm*1.8 p) packed with C18 stationary phase
at a mobile phase flow rate of 0.5 ml/min.

The mobile phase consisted of a binary solvent system
comprising bi-distilled water (solvent A) and with 95%
acetic acid (solvent B). In order to identify chromatographic
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peaks, we compared the retention times of our analyses with
those of reference chemicals (6). The phenolic composition
was quantified by plotting a standard curve with respective
standards.

Reagents

The chemicals and reagents used in this study were of
high analytical quality and were purchased from Sigma (St.
Louis, MO), Merk (Mannheim, Germany), Biochemical
(Germany) and (Troikaa Pharmaceuticals, India). Methanol
(MeOH) was an HPLC grade.

Animals and housing

Adult male and female Wistar rats were obtained from
the animal breeding division of Pasteur Institute (IPA) of
Kouba (Algiers, Algeria). The rats were housed in an animal
facility (ENSV Oued Smar, Algiers) in separate stain-
less steel cages under controlled conditions of humidity,
lighting, and temperature (50 £ 10% RH, 12-h light/dark,
23 + 2°C). They were given water and standard diet ad
libitum throughout the experiment. The feed consisted of
49.80% carbohydrate, 23.50% protein, 5% fat, and 5.7%
mineral-vitamin complex.

All experiments were carried out in compliance with the
institutional guidelines for animal care as well as the guide-
lines of the Algerian Association of Experimental Animal
Sciences (AASEA) following approval by the local Ethical
Committee of the Houari Boumediene University of Sci-
ences and Technology (USTHB), Algeria (approval number
45/DGLPAG/DVA.SDA.14).

Acute toxicity study

The acute oral toxicity was evaluated in female rats fol-
lowing OECD Guideline No. 423 (22). The rats (n = 3)
were administered a single oral APPE dose of 5000 mg/
kg body weight, while the vehicle-treated control group
(n = 3) received the same volume of water. Both groups
were observed closely for any toxic effects within the first
6 hours and then at regular intervals for a total period of 14
days. Surviving rats were observed to determine the onset of
toxic reactions. Special attention was given to the first three
hours after the administration of the complex. Behavioral
changes and other parameters, such as body weight, urina-
tion, food intake, water intake, respiration, convulsions,
tremors, temperature, constipation, and changes in eye and
skin color, were carefully monitored.

Colitis induction technique and experimental groups

Induction of colitis. Acetic acid-induced colitis is an
animal model that replicates certain acute inflammatory
reactions observed in ulcerative colitis. The induction of
colitis in rats with acetic acid is a well-established technique
employed to create an experimental model of human inflam-
matory bowel disease. On day 17, after one day of absolute
fasting with only water, the rats were given anesthesia,
and a medical-grade polyurethane tube for feeding (with
an external diameter of 2 mm) was inserted into their anus
(23). The tube was then advanced 7 cm towards the proxi-
mal end, away from the anus verge. Subsequently, a volume
of 1 ml of 4% acetic acid was administered into the colon.
The animals were euthanized on day 21. The distal colons
were incised in an ice bath, carefully washed with normal
saline, and thereafter evaluated for macroscopic scores.

Afterwards, the colons were divided into two identical
portions, one for histopathological examination (preserved
in 5 ml of 10% formalin) and the other for the analysis of
biochemical markers. The colons were quickly removed,
rinsed with cold water followed by isotonic saline, and then
blotted with filter paper. Next, the tissues were homogenized
using Tris-HCI buffer (0.1 M) at pH 7.4.

Experimental groups. The control group consisted of
rats with ulcerative colitis. These rats were given oral saline
every day for 21days and received an intra-rectal injection
of acetic acid on day 17. The APPE groups consisted of
rats with induced ulcerative colitis that received the APPE
extract orally at daily doses of 200 and 400 mg/kg body
weight for 21 days. On day 17, these rats were also injected
rectally with acetic acid (2 mL of 3% (v/v) in 0.9% NacCl).
The reference group consisted of rats with ulcerative colitis
that were given sulfasalazine (100 mg/kg/day) orally for 21
days as areference drug. On day 17, they were injected intra-
rectally with acetic acid (2 mL of 3% (v/v) in 0.9% NacCl).

Determination of ulcer index

The macroscopic scoring was conducted using a magni-
fying glass according to the following criteria (24):

The scoring system used was: 0 = no damage, 1 = patch-
type superficial hyperemia, 2 = generalized patch-type
hyperemic regions with normal mucosa in between, 3 =
generalized hyperemia and hemorrhage. After the macro-
scopic analysis, tissue samples of full thickness were taken
from the distal parts of the colon adjacent to the rectum.

To assess the microscopic characteristics, the tissue
was preserved in formaldehyde buffered with phosphate,
embedded in paraffin, and sliced into 5-mm pieces. The
tissue was stained with hematoxylin and eosin for the light
microscopy analysis. A histological grading scale was used
in which each of the specific parameters assessed, includ-
ing inflammation intensity, inflammation extent, and crypt
damage, was assigned a score ranging from 0 to 3. A score
of 0 indicated no change, while scores of 1, 2, and 3 indi-
cated mild, moderate, and severe changes, respectively (25).
The parameters assessed were erosion, ulceration, mucosal
necrosis, mucosal hemorrhage, edema of the lamina propria
and submucosa, and infiltration of inflammatory cells. The
magnitude of alterations was assessed subjectively and
compared to those in the standard group.

Nephrotoxicity induction technique and experimen-
tal groups

The study was designed for 14 days, according to the
procedure previously described by Nazari-Khanamiri et
al. (29). Animals were randomly assigned to four groups of
six rats each. Group I (n = 6) was the vehicle-treated con-
trol group. Group II (n = 6) consisted of rats that received
sulfasalazine orally at 600 mg/kg for 14 consecutive days
to induce renal impairment. Group III (n = 6) received sul-
fasalazine (600 mg/kg) and 200 mg/kg of APPE, both once
daily by gavage for 14 days. Group IV (n = 6) received
sulfasalazine (600 mg/kg) and 400 mg/kg of APPE, both
once daily by gavage for 14 days. On day 15, the rats were
intramuscularly euthanized with ketamine (100 mg/kg).
The kidneys were quickly removed and preserved in 10%
formalin.
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Blood sampling

Blood samples were obtained after a 12 hour fasting
period by puncture at the retro-orbital sinus, using a Pasteur
pipette. Blood for biochemical and oxidative analysis was
collected into EDTA-coated tubes and immediately centri-
fuged. Plasma was prepared by centrifugation at 3500 rpm
for 15 minutes and stored at —20°C until analysis.

Biochemical analysis

Biochemical parameters and oxidative stress were mea-
sured by spectrophotometry. Common plasma biochemical
parameters, i.e. urea, creatinine, total protein (PT), and albu-
min levels, were measured with standard and colorimetric
commercial kits (SPINREACT, Sant Esteve De Bas (GI).
SPAIN) following the manufacturers’ protocols.

Catalase concentration

500 pl of 0.2% H,0, solution was placed in a spectro-
photometer cell; then 950 ul of 0.1 M PBS buffer and 50 pl
of heart tissue supernatant were added. After mixing, the
absorbance was measured at 240 nm, and CAT content was
expressed as pug/100 mg per tissue (¢ = 39.4 umol/L/cm).

SOD Activity Assay

The activity of SOD was measured by a modified method
of Heikkila and Cabbat. The method is based on the mea-
surement of the inhibitory effect of SOD on the spontane-
ous autoxidation of 6-hydroxydopamine (6-OHDA). Stock
solution of 6-OHDA was prepared daily in 1 mM KCl1,
at pH 2.0. Soluble oxygen was removed from the stock
solution by passing pure N2 through pyrogallate solution.
During the experiments, stock solution was preserved in N,
media at +4°C. An autoxidation rate of 6-OHDA (0.4 mM)
in 0.1 M phosphate buffer (pH 7.4) saturated by air O,
(8.2 mg/1) at 20°C was determined by observing absorbance
changes over time at 490 nm and 20°C. 1 U of superoxide
dismutase activity is the amount of superoxide dismutase
required for 50% inhibition of the initial rate of 6-hydroxy-
dopamine autoxidation.

Reduced Glutathione (GSH) Assay

Plasma glutathione content (nmol/mL) was evaluated
by measuring the absorbance of free thiol (SH) groups
at 412 nm. 150 mL of plasma was mixed with 300 mL of
0.25% sulfosalicylic acid and incubated at +4°C for 1 h.
Afterward, all was centrifuged at 3000 g for 10 min at room
temperature. 200 mL of the resulting supernatant contain-
ing free SH groups was mixed with 100 mL of 0.004%
5,5 dithiobis2-nitrobenzoic acid (DNTB) and 800 mL
of 200 mM phosphate buffer, pH = 8. The values were
expressed as mmol mL™!, where € = 13.6 mmol mL".

Histological analysis

Colon and kidney were fixed in 10% formol and embed-
ded in paraffin. Sections of 5 um were stained with hema-
toxylin and eosin and examined under a light microscope.
Microscopic observation was performed to verify changes
in tissues. Digital images were obtained with a Leica optical
microscope connected to an AmScop 3.7 camera.

Data and statistical analysis

All values are expressed as means =+ standard error of
mean in SPSS (version 19.0, Chicago, USA). One-way
analysis of variance was employed for analyzing the data,
followed by Tukey’s test for multiple comparisons. Statisti-
cal significance was assigned when p < 0.05.
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Abbreviations
Abbreviations used in the manuscript are explained in
Table 1.

Tab. 1. List of abbreviations

APPE Aqueous Punica granatum peel extract

HPLC-UV High-performance liquid chromatography ultra violet

IBD Inflammatory bowel disease

uc Ulcerative colitis

AA Acetic acid

0ECD Organisation for Economic Co-operation and Development
LD50 Median lethal dose

S0D Superoxide dismutase

CAT Catalase

GSH Reduced glutathione

Results and discussion

Identification and qualification of phenolic com-
pounds in APPE

The phytochemi-
cal analysis of APPE
revealed the presence
of various bioactive
compounds, including
flavonoids, tannins,
polyphenol, coumarins,

Tab. 2. Phytochemical screening
results for APPE

Secondary metabolites

Tannins +
Flavonoids +
Anthocyanins -

flavanols, saponosides, | Polyphenol +
triterpenoids, steroids, | Saponosides +
reducmg compounds, | Triterpenoids +
alkalmds, sterols, aqd Steroids .
triterpenes. APPE did ,
. Mucilages =
not contain anthocya- i
nins (Tab. 2). Coumarins +
Identification and Reducing compounds +

Cardenolides derivatives -
Alkaloids -
Sterols and triterpenes +

quantification of phe-
nolic compounds in
APPE

The HPLC-UV con-
ditions used to identify
and quantify polyphe-
nolic compounds in APPE were the same as those
for standards. Phenolic acids and flavonoids present
in the APPE samples were identified by compar-
ing their retention times with those of 25 standards
available in the laboratory, whereas their amounts
were determined using the equations obtained from
standard calibration curves after a necessary dilution
of samples if needed. Among the standards tested, 24
were found in APPE. The most abundant phenolic
acids (Fig. 1) were resveratrol (552.17 pg/mL), chlo-
rogenic acid (376.15 pg/mL), 3,4-dihydroxybenzoic
acid (329.00 pg/mL), hydrocinnamic acid (284.64
png/mL), 3,5-dimethoxyphenol (168.79 pg/mL), and
dihydrocaffeic acid (123.55 pg/mL). In addition to
these major compounds, 3-methoxyhydrocinnamic
acid and 3-methoxycinnamic acid were also present

Explanations: (+) — positive; (-)
— negative
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Tab. 3. Retention times (min) and concentrations of phenolic
compounds detected in APPE

Standards Chem&al | BT (min) | [uy/mL]
Gallic acid C,H;0, 4.58 12.78
3,4-dihydroxybenzoic acid C,Hs0, 8.18 329.00
2,3,4-trihydroxybenzoic acid C,H;0; 9.19 54.93
Catechol C¢Hq0, 12.82 37.719
Phloroglucinol C¢Hq0; 18.47 44.96
3,5-dihydroxybenzoic acid C,H;0, 18.98 0.54
Homovanillic acid C,H,,0, 19.07 2.16
3-hydroxybenzoic acid C,H;0, 20.02 1.80
4-methylcatechol C,H,0, 20.76 1.92
Pyrogallol C¢Hq05 21.81 1.69
Phenol C¢H0 23.00 0.20
Syringic acid C¢H,,05 25.91 34.85
Dihydrocaffeic acid C.H,,0, 28.31 123.55
Chlorogenic acid C,Hy504 31.19 376.15
2-acetylresorcinol C¢Hg0 32.48 7.00
Caffeic acid phenethyl ester C,;H,;0, 42.73 13.80
3-methoxyhydrocinnamic acid C,oH,00; 44.71 93.16
Lawsone C,oHq0; 47.85 43.80
Benzoic acid C.H;0, 48.31 17.00
3,5-dimethoxyphenol C¢H,,0; 50.73 168.79
Hydrocinnamic acid C,H,,0, 51.08 284.64
Resveratrol C,H,,0, 54.20 552.17
Tert-butylhydroquinone CoH,,0, 54.81 55.88
Trans-cinnamic acid C,H;0, 55.83 38.43

in amounts not exceeding 100 mg/mL (Tab. 3). The
structures of these major compounds are presented in
Figure 2. The nature, number, and amount of phenolic
compounds identified in the extracts depended on the
solvent used for their extraction.
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Fig. 1. Chromatographic profile of APPE
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Fig. 2. The structure of major phenolic compounds detected
in APPE

Acute toxicity study

In our study, all animals that received an APPE dose
of 5000 mg/kg body weight were alive during the test
period and did not exhibit any obvious pathological
abnormalities, toxicity, or mortality.

Effect of APPE on colon macroscopic changes in
rats with acetic acid-induced colitis

On day 4 of colitis induction, instillation of acetic
acid into the colon of rats caused a strong inflam-
matory response. The distal colon displayed severe
macroscopic edematous inflammation. The mucosa
exhibited inflammation, ulceration, hyperemia, and
hemorrhage, unlike the mucosa of the control group
(Fig. 4 A). Nevertheless, the administration of APPE
and sulfasalazine (100 mg/kg/day) directly into the
colon reduced visible damage and improved the overall
scores for the effects observed (Tab. 4). Sulfasalazine,
administered at a dose of 100 mg/kg, effectively pro-
tected the colon of rats from harm caused by acetic
acid. An APPE dose of 200 mg/kg resulted in an im-
provement in macroscopic dam-
age scores compared to those in
the AA group, reducing the score
from 4 to 3.21. However, an
APPE dose 0f 400 mg/kg caused
a more significant decrease to
1.8, with no statistically signifi-
cant difference compared to the
sulfasalazine group (Tab. 4).

Effect of APPE on colon his-
topathology of rats with acetic
acid-induced colitis

The histological analysis
in the control group revealed
a normal structure of colonic
mucosa, characterized by intact
epithelium, without any evidence
of inflammation or necrosis

xyhydrocinnamic acide
acide

ethoxypheno!

affeic acide phenethyl ester
icocinnamic

acetylresorcinol
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Tab. 4. Macroscopic and histological scoring under preventive APPE treatment
Group Dose (Per Os) Wet weight/length of the colon (g/8 cm) Macroscopic damage score Histological damage score
Control (distilled water) 10 mi/kg 0.49 + 0.00° 0.00 +0.00* 0.00 + 0.00°
Acetic acid 1.19+£0.03¢ 4.00 +£0.03¢ 3.80 £ 0.09¢
Sulfasalazine 100 mg/kg 0.53 +0.01 1.70 £ 0.03" 2.08 £0.03°
e 200 mg/kg 0.88 = 0.00° 3.21+0.10° 3.12 £ 0.02
400 mg/kg 0.69 + 0.03" 1.86 £ 0.04° 2.10 £0.05°
Explanations: Each value is expressed as mean £ SEM (n = 6). Means with different letters within the same column are significantly
different (p < 0.05)
Control In the groups treated with sulfasalazine
e T — . apd APPE at 400 mg/kg and 200 mg/kg,
histological abnormalities were reduced,
(a) Sulfasalazine notably so for the first two groups, as
evidenced by the healing of the mucosa,
AFER-200 decrease in edema, and reduction in the
APPE 400 number of inflammatory cells recruited

SErT

B
» ARG -..v.'-

Fig. 3. Effect of APPE on the colon macroscopy (a) and histopathology (b) of
rats with acetic acid-induced colitis. Panel (a): The control group exhibited
an intact colon. Severe edematous inflammation was observed in the AA
group. Groups treated with APPE-400 mg/kg and Sulfasalazine-100 mg/kg
showed an apparent reduction in colon damage. A slight improvement was
observed under the effect of APPE-200 mg/kg. Panel (b): The colon of the
control group (A) maintained its structural integrity showing highly or-
ganized crypts (beehive cell appearance). The AA group (B) showed focal
ulceration, severe necrosis, and moderate to severe crypt destruction with
lymphocyte and plasma cell infiltration, indicating the initiation of inflam-
mation. The group treated with APPE-200 mg/kg (C) exhibited a slight
crypt damage and necrosis with mild inflammation. A notable decrease in
microscopic damage was observed in the groups treated with APPE-400
mg/kg and sulfasalazine (D and E), which facilitated mucosal healing and
reduced inflammatory cell infiltration

(Fig. 3A). The colon of the AA-
treated group (Fig. 3B) showed

tive stress

(Fig. 3D and E). No significant differ-
ence was observed between these groups,
which showed a significant decrease in
the pathological scores to 2.02 and 2.1,
respectively, compared to that of the AA
group (Fig. 3; Tab. 4). The AA group ex-
hibited focal breakdown of the epithelium
and the presence of inflammatory cells in
lamina propria.

Effect of APPE on colitis-induced
colon oxidative stress

The colon tissues of all experimental
groups were evaluated for their antioxidant
activity. As indicated in Table 5, the group
with AA-induced colitis showed a signifi-
cant reduction in oxidative stress markers,
namely superoxide dismutase (SOD),
catalase (CAT), and glutathione (GSH),
compared to the control group. The levels
of oxidative stress markers were increased
after treatment with APPE at a dose of
200 mg/kg and significantly increased for
APPE at 400 mg/kg. The latter dose ap-
pears to be quite effective, as it resulted
in levels close to those in the reference
group (sulfasalazine). Higher doses could
potentially restore these levels to normal.

Tab. 5. Effect of APPE on SOD, CAT, and GSH levels in colitis-induced colon oxida-

multiple areas of tissue necrosis, Treatment Dose (mg/kg) | SOD (U/g protein) CAT (U/g protein) | GSH (nmol/g protein)
hemorrhage, submucosal edema, | control 56.71 £1.00° 54.72 + 0.49° 72.69 + 0.07:
and a significant infiltration of |, 32.73 + 0.08¢ 26.64 £0.17° 31.32 + 0.03°
white blood cells in the mucosa. | ¢ e 100 52.60 + 0.09% 53.85 £ 1.20° 67.49 £1.12%
The “inflammation propagated APPE 200 41.20 £ 0.66° 32.91+0.48 41.92 £0.03°
through the muscular layer and S Shhie Sext
submucosa. The crypts had been | APPE 400 48.17 £0.75" 52.23 £ 0.31° 61.41£1.02°

deformed, and the surface layer
of cells was extensively damaged.

Explanations: Each value is expressed as mean + SEM (n = 6). Means with different letters
within the same column are significantly different (p < 0.05)
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Tab. 6. Effect of the plant extract on urea, creatinine, total protein, and albumin levels in rats with sulfasalazine-induced
nephrotoxicity

Treatment Dose (mg/kg) | Plasma urea (mmol/L) | Plasma creatinine (mmol/L) | Plasma total protein (g/dl) Plasma albumin (g/dl)
Control 2.67+0.11 0.064 + 0.004 11.22+0.78 3.43+0.17
Sulfasalazine 600 6.47 £ 0.11 0.165 + 0.009 6.82 +0.19 1.22+0.13
Sulfasalazine + APPE | 600 + 200 3.41 £ 0.1 **> 0.079 + 0.003*** 9.05 + 0.26** 3.02 £ 0.25***
Sulfasalazine + APPE | 600 + 400 3.00 £ 0.04*** 0.067 + 0.002*** 10.07 £ 0.51*** 3.24 £0.11***

Explanations: Data are mean + SEM; #p < 0.05 and ##p < 0.001 compared to control group; * p <0.05, ** p<0.01, and *** p <0.001

compared to sulfasalazine group

Nephroprotective activities

Serum biochemical analysis

The administration of sulfasalazine at a dose of 600
mg/kg/day for 14 days resulted in a significant impair-
ment of kidney function. This was evidenced by sig-
nificantly elevated levels of serum urea and creatinine
and a notable reduction (p < 0.05) in total protein and
albumin, compared to the control group (p < 0.05).
However, rats treated with APPE at doses of 200 mg/
kg and 400 mg/kg had significantly lower levels of
these parameters, compared to the group receiving
sulfasalazine alone (Tab. 6). In terms of the levels of
total protein and albumin, sulfasalazine caused a sta-
tistically significant reduction compared to the control
group. These parameters appeared to be significantly
increased in the groups that received APPE at doses
of 200 mg/kg and 400 mg/kg (Tab. 6).

It is interesting to note that there was no significant
difference in the levels of the four parameters (Tab. 6)
between the control group and the groups treated with
APPE extract at doses of 200 mg/kg and 400 mg/kg. In
the case of the higher dose of APPE, the values were
almost identical to those in the control group.

Effect of APPE in histopathological evaluation

Examination of the control group (Fig. 4 A) showed
normal histoarchitecture of the kidney tissues, while in
the sulfasalazine group it revealed a severe inflamma-
tory cell infiltration, irregularly dilated lumina, inter-
stitial hemorrhage, vacuolated cytoplasm, and tubular
epithelial injury with widened Bowman’s space along
with congestion in capillaries of the glomerulus. The
groups treated with APPE at doses of 200 mg/kg and
400 mg/kg showed improvement in the renal tissue
architecture, which appeared more pronounced for the
higher dose (Fig. 4 D).

Major adverse effects, treatment failure, and high
costs of current medications justify exploring plant-
based remedies with fewer side effects and multi-target
actions. In this context, we evaluated the anti-inflam-
matory effect of aqueous pomegranate peel extract
(APPE) in an animal model of acetic acid-induced
ulcerative colitis. As sulfasalazine is the treatment of
choice for ulcerative colitis, we evaluated the nephro-
protective effect of APPE in an animal model of kid-
ney injury in Wistar rats. An acute toxicity study was
conducted beforehand.
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zine-induced nephrotoxicity and APPE treatment (hematoxy-
lin-eosin staining). (A) Control group: the normal appearance
of glomeruli. (B) Group of rats treated with sulfasalazine:
degeneration and necrosis in renal tubules and infiltration of
inflammatory cells (neutrophils). (C): Group of rats treated
with APPE 200 mg/kg: a clear nephroprotective effect, with
moderate degenerative changes in the glomeruli. (D): Group
of rats treated with APPE 400 mg/kg: an almost normal ap-
pearance of glomeruli

Phytochemical screening confirmed the presence of
tannins and terpenoids in the aqueous Punica granatum
peel extract (APPE). HPLC profiling further identified
abundant phenolic acids and flavonoids — especially
resveratrol, chlorogenic acid, 3.,4-dihydroxybenzoic
acid, hydrocinnamic acid, 3,5-dimethoxyphenol, and
dihydrocaffeic acid — in line with prior reports on
APPE. In addition, 3-methoxyhydrocinnamic acid
and 3-methoxyhydrocinnamic acid were also detected.

The results presented in this study are similar to
those of other authors (50), who reported that Punica
granatum peel extract is a good source of phenolic and
flavonoid compounds, which are abundantly present
in APPE. These compounds have anti-inflammatory
properties, which can be linked to their ability to pre-
vent ulcers (17-19).

Phenolic acids and flavonoids, the major compounds
with a total quantity 0f 2296.99 ng/mL, represent 80%
of'the compounds identified in the APPE sample. These
results are consistent with those obtained by other
authors (33-37).



Toxicological evaluation of medicinal plants is
essential to assess the potential toxicity of aqueous
pomegranate peel extract (APPE) and ensure its safety
as a therapeutic candidate. An acute toxicity study at
the dose of 5000 mg/kg indicates that APPE can be
considered non-toxic to the animals tested.

The acetic acid-induced UC model is a reproducible
model that recreates pathological pathways resembling
human UC histologically and biochemically. The ace-
tic acid-induced UC model is widely acknowledged
as a reliable model for experimental investigation of
inflammatory bowel disease (38).

Changes indicating inflammation of the intestinal
tract were significantly correlated with a notable rise
in the wet weight/length of the colon specimens. The
oral administration of sulfasalazine and APPE signifi-
cantly improved the inflammatory indices after ulcer
induction. These findings are consistent with those of
previous research (39). Macroscopic examination of
the colon demonstrated a significant increase in the
weight-to-length ratio of the colon. This phenomenon
can be attributed to substantial tissue oedema, goblet
cell hyperplasia, and infiltration of inflammatory cells.
The results obtained are consistent with those of previ-
ous research (40).

The intestinal content of rats treated with APPE and
sulfasalazine consisted of well-formed faecal pellets
with no visible traces of blood or mucus. This can be
attributed to the role of the mucus layer in facilitating
the restoration of chemically damaged epithelium
(41). This observation indicates the extract’s potential
therapeutic efficacy in reducing colonic ulceration and
inflammatory scores.

The intra-rectal administration of AA resulted in
notable histological changes, including the thickening
of the colon, excessive growth of goblet cells, and the
presence of inflammatory infiltrations (42, 43). The re-
sults of histopathological evaluation demonstrated that
the administration of APPE to rats effectively main-
tained the structural integrity of the colonic mucosa
while also suppressing the infiltration of inflammatory
cells, congestion, ulceration, erosion, necrosis, and
hyperplasia induced by acetic acid. This also demon-
strates the extract’s capacity to safeguard the animals
and hinder the progress of the disease.

Experimental studies indicate that oxidative stress
results from a shift in equilibrium between the pro-
oxidant and anti-oxidant systems in favor of the pro-
oxidant system as a result of excessive production of
free oxygen radicals (44).

The importance of enzymatic and non-enzymatic
antioxidant systems in safeguarding tissues against
pro-oxidants is widely recognized. The equilibrium
between these systems plays a significant role in the
pathogenesis of diverse disorders (45). SOD and CAT
are naturally occurring enzymatic antioxidants, while
GSH is a non-enzymatic antioxidant (46). These
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molecules serve as a defense mechanism for cells and
organisms against harmful free oxygen radicals. The
AA treatment reduced the levels of SOD and CAT in
the tissue.

The glutathione (GSH) cycle is an important intra-
cellular mechanism for antioxidant defense. The sub-
stance serves as a substrate for the enzymatic activity of
several antioxidants. Reduced GSH activity heightens
oxidative stress and results in the buildup of harmful
substances (47).

In this study, we demonstrated that the in vivo ad-
ministration of APPE enhances SOD, CAT, and GSH
activity in colonic tissue of rats compared with those in
the AA-induced colitis group. The antioxidant capacity
of APPE could be attributed to the presence of several
phytochemical components.

Sulfasalazine is widely used as the first-line drug
for the treatment of rheumatoid arthritis and other
inflammatory-mediated disorders, such as Crohn’s dis-
ease in humans, but exposure to it is usually associated
with nephrotoxicity caused by stress, inflammation,
and apoptosis due to the generation of reactive oxygen
species (ROS). The treatment with 600 mg/kg of sul-
fasalazine resulted in kidney damage, as evidenced by
a noticeable increase in urea and creatinine levels and
a decrease in total protein and albumin levels. The lit-
erature documents many cases of sulfasalazine-induced
renal injury (48, 49). Kidneys of sulfasalazine-treated
rats showed the presence of inflammatory collections
and cell necrosis. The APPE-treated group showed no
necrosis and a minimal inflammatory environment with
normal renal architecture, which demonstrates a high
degree of nephroprotective action.

This study demonstrates that APPE exhibited a pro-
tective effect, as indicated by its ability to cause serum
creatinine and urea to decrease and total proteins and
albumin to increase.

In conclusion, our study demonstrates that Punica
granatum peel extracts (APPE) exhibit notable anti-
oxidant and anti-inflammatory properties, which sug-
gests their potential use as protective agents in renal
and inflammatory disorders. More research is needed
to move toward a clinical application, which should
include testing standardized methods of extraction,
pharmacokinetics studies, and review studies of long-
term toxicology.

References

1. Rothfuss K. S., Stange E. F., Herrlinger K. R.: Extraintestinal manifestations
and complications in inflammatory bowel diseases. World. J. Gastroenterol.
2019, 12 (30), 4819.

2. Treffel M., Champigneulle J., Meibody F., Laurain E., Frimat L., Busby-
Venner H.: Tubulointerstitial nephritis and Crohn’s disease, nephrotoxicity
or extraintestinal manifestation of Crohn’s disease? About a case. Nephrol.
Ther. 2019, 15 (1), 59-62.

3.Zhang C., Peng J., Liu Zhou Q.: Kidney involvement in autoinflammatory
diseases. Kidney. Dis. 2023, 9 (3), 157-172.

4. Hosseinzadeh H., Modaghegh M. H., Saffari Z.: Crocus sativus L. (saffron)
extract and its active constituents (crocin and safranal) on ischemia-reperfusion
in rat skeletal muscle. J. Evid. Based. Complementary. Altern. Med. 2009,
6 (3), 343-350.



Med. Weter.

S5.Yao G. D., Cheng Z. Y., Shang X. Y, Gao P. Y., Huang X. X., Song S. J.:
Coumarins from the bark of Juglans mandshurica exhibited anti-hepatoma
activities via inducing apoptosis. J. Asian Nat. Prod. Res. 2017, 19 (11), 1134-
1142.

6. Dwarakanath A., Michael J., Allan R.: Sulphasalazine induced renal failure.
Gut. 1992, 33 (7), 1006-1007.

7. Molnar T, Farkas K., Nagy F., Ivanyi B., Wittmann T.: Sulfasalazine-induced
nephrotic syndrome in a patient with ulcerative colitis. Inflamm. Bowel Dis.
2010, 16 (4), 552-553.

8. Pardi D. S., Tremaine W. J., Sandborn W. J., McCarthy J. T.: Renal and urologic
complications of inflammatory bowel disease. Official Journal of the American
College of Gastroenterology ACG 1998, 93 (4), 504-514.

9. Gisbert J. P, Gonzalez-Lama Y., Maté J.: 5-Aminosalicylates and renal func-
tion in inflammatory bowel disease: A systematic review. Inflamm. Bowel
Dis. 2007, 13 (5), 629-638.

10. Linares V., Alonso V., Albina M. L., Bellés M., Sirvent J. J., Domingo J. L.,
Sanchez D. J.: Lipid peroxidation and antioxidant status in kidney and liver
of rats treated with sulfasalazine. Toxicol. 2009, 256 (3), 152-156.

11. Linares V., Alonso V., Domingo J. L.: Oxidative stress as a mechanism un-
derlying sulfasalazine-induced toxicity. Expert. Opin. Drug. Sa. 2011, 10 (2),
253-263.

12. Guil-Guerrero J. L., Giménez-Giménez A., Rodriguez-Garcia 1., Torija-Isasa
M. E.: Nutritional composition of Sonchus species (S asper L, S oleraceus L
and S tenerrimus L). J. Sci. Food Agric. 1998, 76 (4), 628-632.

13. Najmi A., Javed S. A., Al Bratty M., Alhazmi H. A.: Modern approaches in the
discovery and development of plant-based natural products and their analogues
as potential therapeutic agents. Molecules 2022, 27 (2), 349.

14. Vieira B., Barreto R.: First record of Bremia lactucae infecting Sonchus olera-
ceus and Sonchus asper in Brazil and its infectivity to lettuce. J. Phytopathol.
2006, 154 (2), 84-87.

15.Ge S., Duo L., Wang J., Gegen Z., Yang J., Li Z., et al.: A unique understanding
of traditional medicine of pomegranate, Punica granatum L. and its current
research status. J. Ethnopharmacol. 2021, 271, 113877, doi: 10.1016/j.jep.
2021.113877.

16. Mo J., Panichayupakaranant P, Kaewnopparat N., Nitiruangjaras A.,
Reanmongkol W.: Topical anti-inflammatory and analgesic activities of stan-
dardized pomegranate rind extract in comparison with its marker compound
ellagic acid in vivo. J. Ethnopharmacol. 2013, 148 (3), 901-908, doi: 10.1016/
jjep.2013.05.040.

17. Chaabna N., Naili O., Ziane N., Bensouici C., Dahamna S., Harzallah D.:
Neuroprotective and antioxidant activities of Algerian Punica granatum L.
peel extracts. Curr. Enzyme. Inhib. 2023, 19 (3), 202-210.

18. Elfalleh W., Hannachi H., Tlili N., Yahia Y., Nasri N., Ferchichi A.: Total
phenolic contents and antioxidant activities of pomegranate peel, seed, leaf
and flower. J. Med. Plant Res. 2012, 6 (32), 4724-4730.

19. Magangana T. P, Makunga N. P, la Grange C., Stander M. A., Fawole
0. A., Opara U. L.: Blanching pre-treatment promotes high yields, bioactive
compounds, antioxidants, enzyme inactivation and antibacterial activity of
‘Wonderful’ pomegranate peel extracts at three different harvest maturities.
Antioxidants 2021, 10 (7), 1119.

20. Guede-Guina F., Tsai C. S., Smith M. O., Vangah-Manda M., Washington B.,
Ochillo R. F: The use of isolated functional heart to pharmacologically
characterize active ingredients in the aqueous extracts of Mareya micrantha.
J. Ethnopharmacol. 1995, 45 (1), 19-26.

21. Harbone J.: Phytochemical Methods. London. Chapman and Hill 1973.

22. OECD.: OECD Guidelines for the Testing of Chemicals. 1994: OECD.

23. Noubissi P. A., Njilifac Q., Tagne M. A. F., Nguepi M. S. D., Fondjo A. F,
Emégam N. K., Mukam J. N., Zintchem R., Wambe H., Fankem G. O.:
Anxiolytic and anti-colitis effects of Moringa oleifera leaf-aqueous extract on
acetic acid-induced colon inflammation in rat. Biomed. Pharmacother. 2022,
154, 113652.

24. Morris G. P, Beck P. L., Herridge M. S., Depew W. T., Szewczuk M. R., Wallace
J. L.: Hapten-induced model of chronic inflammation and ulceration in the rat
colon. Gastroenterol. 1989, 96 (2), 795-803.

25. Murthy S., Cooper H. S., Shim H., Shah R. S., Ibrahim S. A., Sedergran D. J.:
Treatment of dextran sulfate sodium-induced murine colitis by intracolonic
cyclosporin. Dig. Dis. Sci. 1993, 38, 1722-1734.

26. Hp M.: The role of superoxide anion in the autoxidation of epinephrine and
a simple assay for superoxide dismutase. J. Biol. Chem. 1972, 247,3170-3175.

27. Takahara S., Hamilton H. B., Neel J. V., Kobara T. Y., Ogura Y., Nishimura
E. T: Hypocatalasemia: A new genetic carrier state. J. Clin. Invest. 1960,
39 (4), 610-619.

28. Habig W. H., Pabst M. J., Jakoby W. B.: Glutathione S-transferases: The first
enzymatic step in mercapturic acid formation. J. Biol. Chem. 1974, 249 (22),
7130-7139.

29. Nazari-Khanamiri F., Jafari A., Esmaeilzadeh Z., Ghasemnejad-Berenji M.:
Biochemical and histopathological evidence for beneficial effects of
Empagliflozin pretreatment on acetic acid-induced colitis in rats. BMC.
gastroenterol. 2023, 23 (1), 332.

30. Kobuchi S., Shintani T., Sugiura T, Tanaka R., Suzuki R., Tsutsui H., Fujii T,
Ohkita M., Ayajiki K., Matsumura Y.: Renoprotective effects of y-aminobutyric
acid on ischemia/reperfusion-induced renal injury in rats. Eur. J. Pharmacol.
2009, 623 (1-3), 113-118.

31. Yarijani Z. M., Najafi H., Shackebaei D., Madani S. H., Modarresi M., Jassemi
S. V.: Amelioration of renal and hepatic function, oxidative stress, inflamma-
tion and histopathologic damages by Malva sylvestris extract in gentamicin
induced renal toxicity. Biomed. Pharmacother. 2019, 112, 108635.

32. Anwar F., Saleem U., Rehman A. U., Ahmad B., Ismail T., Mirza M. U., Kee
L. Y., Abdullah I., Ahmad S.: Toxicological screening of 4-Phenyl-3, 4-dihy-
drobenzo [h] Quinolin-2 (1 H)-one: A new potential candidate for Alzheimer’s
treatment. ACS omega 2021, 6 (16), 10897-10909.

33.Azmat F., Safdar M., Ahmad H., Khan M. R. J., Abid J., Naseer M. S.,
Aggarwal S., Imran A., Khalid U., Zahra S. M., Islam F., Cheema S. A.,
Shehzadi U., Ali R., Kinki A. B., Ali Y. A., Suleria H. A. R.: Phytochemical
profile, nutritional composition of pomegranate peel and peel extract as
a potential source of nutraceutical: A comprehensive review. Food Sci. Nutr.
2024,8,12(2),661-674, doi: 10.1002/fsn3.3777; PMID: 38370077, PMCID:
PMC10867480.

34. Singh J., Kaur H. P, Verma A., Chahal A. S., Jajoria K., Rasane P, Kaur S.,
Kaur J., Gunjal M., Ercisli S., Choudhary R., Bozhuyuk M. R., Sakar E.,
Karatas N., Durul M. S.: Pomegranate peel phytochemistry, pharmacological
properties, methods of extraction, and its application: A comprehensive review.
ACS Omega 2023, 19, 8 (39), 35452-35469, doi: 10.1021/acsomega.3c02586.

35.Man G., Xu L., Wang Y, Liao X., Xu Z.: Profiling phenolic composition
in pomegranate peel from nine selected cultivars using UHPLC-QTOF-
MS and UPLC-QQQ-MS. Front Nutr. 2022, 24, 8, 807447, doi: 10.3389/
fnut.2021.807447.

36. Badshah S. M., Sultana N., AlI-Rawi M. B. A., Tariq Z., Lin K. S., Hussain A.,
Syed W., Ahmed D., Hussain J., Khan B., Rehman F. U.: Phytochemical profil-
ing, biological potential and in silico identification of anticancerous compound
from Pakistani pomegranate peel. Sci. Rep. 2025, 23, 15 (1), 26689, doi:
10.1038/s41598-025-03596-2.

37. Tumbarski Y., Ivanov L., Vrancheva R., Mazova N., Nikolova K.: Pomegranate
peels: A promising source of biologically active compounds with potential
application in cosmetic products. Cosmetics 2025, 12, 169, doi: 10.3390/
cosmetics12040169.

38.Hagar H. H., El Medany A., El Eter E., Arafa M.: Ameliorative effect of pyr-
rolidinedithiocarbamate oacetic acid-induced colitis in rats. Eur. J. Pharmacol.
2007, 554 (1), 69-77.

39. Hartmann R. M., Morgan Martins M. L, Tieppo J., Fillmann H. S., Marroni
N. P: Effect of Boswellia serrata on antioxidant status in an experimental model
of colitis rats induced by acetic acid. Dig. Dis. Sci. 2012, 57, 2038-2044.

40. Rehman I. U., Saleem M., Raza S. A., Bashir S., Muhammad T., Asghar S.,
Qamar M. U., Shah T. A., Bin Jardan Y. A., Mekonnen A. B.: Anti-ulcerative
colitis effects of chemically characterized extracts from C alliandra haema-
tocephala in acetic acid-induced ulcerative colitis. Front. Chem. 2024, 12,
1291230.

.Darroudi S., Eslamiyeh M., Jaber Al-Fayyadh K. K., Zamiri Bidary M.,
Danesteh S., Hassanzadeh Gouji A., Darban R. A., Esmaily H., Ghayour-
Mobarhan M., Moohebati M.: Prognostic factors associated with sleep dura-
tion: serum pro-oxidant/antioxidant balance and superoxide dismutase 1 as
oxidative stress markers and anxiety/depression. Int. J. Public Health. 2023,
68, 1606014.

.Jomova K., Raptova R., Alomar S. Y., Alwasel S. H., Nepovimova E., Kuca K.,
Valko M.: Reactive oxygen species, toxicity, oxidative stress, and antioxidants:
Chronic diseases and aging. Arch. Toxicol. 2023, 97 (10), 2499-2574.

43. Bizon A., Chojdak-Lukasiewicz J., Budrewicz S., Pokryszko-Dragan A.,
Piwowar A.: Exploring the relationship between antioxidant enzymes,
oxidative stress markers, and clinical profile in relapsing—remitting multiple
sclerosis. Antioxidants 2023, 12 (8), 1638.

44. Niknahad H., Heidari R., Mohammadzadeh R., Ommati M. M., Khodaei F.,
Azarpira N., Abdoli N., Zarei M., Asadi B., Rasti M.: Sulfasalazine induces
mitochondrial dysfunction and renal injury. Ren. Fail. 2017, 39 (1), 745-753.

45. Refaat B., El-Boshy M.: Protective antioxidative and anti-inflammatory actions
of B-caryophyllene against sulfasalazine-induced nephrotoxicity in rat. Exp.
Biol. Med. 2022, 247 (8), 691-699.

46. Peterle L., Sanfilippo S., Borgia F,, Cicero N., Gangemi S.: Alopecia areata:
a review of the role of oxidative stress, possible biomarkers, and potential
novel therapeutic approaches. Antioxidants 2023, 12 (1), 135.

47. Corica D., Romano C.: Renal involvement in inflammatory bowel diseases.
Journal of Crohn’s and Colitis 2016, 10 (2), 226-235.

48. Vaskova J., Kocan L., Vasko L., Perjési P.: Glutathione-related enzymes and
proteins: a review. Molecules 2023, 28 (3), 1447.

49. Lamraoui A., Adi-Bessalem S., Laraba-Djebari F.: Immunopathologic effects
of scorpion venom on hepato-renal tissues: Involvement of lipid derived
inflammatory mediators. Experimental and Molecular Pathology 2015, 99,
286-296.

50. Jeevarathinam A., Muthulakshmi M.: Evaluation of phytochemicals and
antioxidant potential of pomegranate peel. Human Journals 2017, 8 (3).

4

—_

4

S

Corresponding author: Prof. Dr. Nora Mimoune; e-mail: nora.mimoune@
gmail.com



