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Abstract

This study evaluates the therapeutic potential of Pomegranate Peel Extract (PPE)
in 104 individuals over a 12-week period. A total of 66 moderately obese
participants (groups 4, 5 and 6) received 2000 mg of PPE, while 38 healthy
individuals (groups 1, 2 and 3) received 1500 mg, with and without adherence to a
healthy diet. Hematological indices [Red Blood Cell (RBC) and White Blood Cell
(WBC) count, platelet (PLT), haemoglobin (HGB) levels and hematocrit (HCT)
percentages], biochemical markers [glucose, lipid profiles - Total Cholesterol (TC),
triglycerides (TG) and Low-Density Lipoprotein (LDL), High-Density Lipoprotein
(HDL)] and liver enzymes - Aspartate aminotransferase (AST), Alanine
Aminotransferase (ALT before and after the study period. Additionally, body mass
index (BMI), systolic and diastolic blood pressure recorded. Results showed
significant increases in HGB, PLT, WBC and HDL levels particularly in moderately
obese individuals who consume PPE alongside a healthy diet (group 6). This
group also exhibited notable reductions in glucose, TC, TG, LDL, ALT, AST, BMI,
systolic and diastolic blood pressure. These results suggest that PPE may serve as
a promising natural intervention for managing obesity and improving metabolic
health due to its anti-glycemic, hepatoprotective, cardio-protective, weight
management and metabolic regulation effects. However, further clinical studies
are required to determine optimal dosages and long-term effects across diverse
populations.

Keywords

cardiometabolic protection; hematological and biochemical parameters;
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Introduction

Obesity is a long-term complex condition marked by an abnormal accumulation
of body fat that can detrimentally impact health (1). It results from a disparity
between calorie intake and energy expenditure, typically influenced by interplay
combination of genetic, lifestyle and environmental factors (2). This condition is
associated with various health complications, including type 2 diabetes,
cardiovascular disorders and respiratory issues. These complications ultimately
diminish quality of life and heighten the risk of early mortality. (3).

On a societal scale obesity presents substantial public health challenges,
placing considerable pressure on healthcare systems worldwide due to the
expenses involved in managing obesity related conditions (4). Obesity is a major
contributor to the rising rates of non-communicable diseases globally with its
prevalence continuing to increase and affecting millions across various age
groups and socio-economic groups (5). Additionally, obesity’s links to
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psychological issues such as depression and diminished self-
esteem, underscore its significant impact on mental health as
well (6).

Managing obesity frequently requires a multifaceted
approach, including lifestyle adjustments, dietary changes,
enhanced physical activity and in some instances, medical
treatments such as pharmacotherapy or bariatric surgery (7).
Behavioural therapy and support networks also play an
essential role in helping individuals attain long-term weight
loss and enhance overall health (8). Recently, studies on
natural compounds-such as those present in pomegranates
have indicated promising potential in aiding weight control
and alleviating obesity-related complications (9).

Punica granatum L, commonly known as pomegranate,
is a nutrient-rich fruit originally from the Mediterranean region
but now cultivated worldwide, where it grows as a small tree or
shrub (10). Pomegranates are loaded with bioactive
compounds, including major phenolics, tannins and flavonoids
(11-12). Edible parts like seeds, peels and juice are widely used
in products such as beverages and jams, while pomegranate
peels can also be repurposed as animal feed (11-15). This
versatile plant has multiple useful parts including peels, seeds,
oils, roots, trunk, leaves, flowers and rinds, each offering
potential applications (16).

Recently, research has focused on extracting bioactive
compounds from pomegranate peel, leading to the
development of various extraction methods to maximize the
benefits of these compounds from both peels and seeds (17).
Pomegranate peels, in particular have demonstrated
significant pharmaceutical potential offering benefits like anti-
proliferative, anti-inflammatory and anti-cancer effects (18-20).
Additionally, pomegranates show documented anti-obesity
properties (21). Studies on liver health reveal that
pomegranate fruit extract (PGF) can reduce liver weight,
triglyceride levels and lipid droplet formation while enhancing
fatty acid oxidation and alleviating obesity-related fatty liver
disease (22).

Multiple bioactive compounds from pomegranate peels
were identified by employing various solvents, including water,
ethanol, acetone, chloroform and petroleum ether. Among
these, the ethanol and aqueous extracts of the peel were found
to contain the highest concentrations of active compounds.
The aqueous extract included a wide range of components,
such as carbohydrates, tannins, saponins, flavonoids,
alkaloids, quinones, cardiac glycosides, terpenoids, phenols,
coumarins and steroids (23).

The compounds in pomegranate peel and their
anti-obesity effects have prompted interest in examining the
impact of aqueous PPE on obese individuals. This study aims
to assess the physiological effects of aqueous PPE on blood
parameters, liver enzymes, lipids level, Body Mass Index (BMI)
and blood pressure, both with and without dietary
interventions along with regular health monitoring to
determine the extent of improvements in these biomarkers in
moderate obese men.

Materials and Methods
Study participants

This research was a randomized open-label trial with two
unparallel groups conducted from February 2023 to January
2024. The study was registered in the Department of
Pharmacology, College of Pharmacy, University of Thi Qar
[IQR20230781N13]. The research sample was 104 person (38
healthy people who did not suffer from any health problems
and 66 people who suffered from moderate obesity.
Individuals with severe cardiac conditions or a history of
previous heart attacks were excluded). Tables 1 and 2 show the
details of the initial data for the two groups.

The healthy group was divided into 3 groups and the
obese group into 31 groups as well, as shown in the Fig. 1.

From observing the figure above, it is noted that there are 6
groups in the current study:

¢ G1 (healthy individual who received 1500 mg PPE without
adherence to a healthy diet) = 15

e G2 (healthy individual who did not received PPE but
adherence to a healthy diet) = 13

e G3 (healthy individual who received 1500 mg PPE and
adherence to a healthy diet) = 10

¢ G4 (moderately obese participants who received 2000 mg
of PPE without adherence to a healthy diet) =26

e G5 (moderately obese participants who did not receive
PPE but adherence to a healthy diet) =28

e G6 (moderately obese participants who received 2000 mg
of PPE and adherence to a healthy diet) =12

All participants were informed about the study's
purpose, underwent clinical examinations to confirm their
health status and provided consent to be included as part of
the study sample.

The health status of all participants in the study was
monitored at Um Al-Baneen Center in Nasiriyah / Thi- Qar
every two weeks throughout the 12-week study period.

Pomegranate Peel Extract preparation

Atotal of 350 kg of pomegranate peels were collected from the
market in Nasiriyah City, thoroughly washed by water to
remove impurities and dried in an oven at 40-50 °C to preserve
their bioactive compounds. Once dried the peels were ground
into a fine powder, which was then used for extraction. To
prepare the aqueous extract, 100 g of pomegranate peel
powder was mixed with 1 L of distilled water in a conical flask
and placed on a shaker at room temperature for 24 hrs to
ensure the release of bioactive compounds. The mixture was
kept in the dark to prevent degradation of light-sensitive
compounds. After extraction the liquid was separated from the
solid residue using Whatman No. 2 filter paper, with repeated
filtration to ensure purity. To concentrate on the extract, the
solvent was evaporated using a water bath at 40-50 °C,
maintaining continuous stirring until the extract became
viscous and thick. For powder formation, the concentrated
extract was further dried by spreading it onto a parchment-
lined tray and placing it in an oven at a low temperature (40-50
°C) until all moisture was removed.
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Table 1. Parameters level in all persons of study sample before starting study period

Parameters Reference or normal range healthy group (n=38) Study group (n=66)
RBCs (10° cells / mL3) 49-5.4 4.8+0.22 499+0.3
PLT (platelet / pl) 150-400 255.91 + 40.68 289.74 + 45.97
HGB (g/ 100 mL) 14-16 13.67+£0.94 14.42£1.08
HCT (%) 43-45 41.47+1.06 43.86+1.27
WBCs (103 cells / mL3) 5-7 6.28+0.32 7.12+£0.23
Glucose level (mg/dL) 70-120 122.54+3.2 148.23+10.5
AST(IU/L) 0-38 33.34 £3.2 34.81 +2.87
ALT(IU/L) 0-40 35.9+£2.32 44.63 +2.68
Total cholesterol (TC) (mg/dL) <200 180.34 +11.56 215.08 £15.75
Triglycerides (TG) (mg/dL) 40-160 101.93+9.94 154.33 +13.34
High Density Lipoprotein (HDL) (mg/dL) >40 34.27+4.34 30.93 +4.92
Low Density Lipoprotein(LDL) (mg/dL) <160 128.3+7.28 154.9 £13.32
Systolic blood pressure (mmHg) 120-130 128.5+3 137.5+5
Diastolic blood pressure (mmHg) 70-80 81.4+4 91.2+5

Table 2. Age, height, weight and BMI in all persons of study sample before starting study period

Parameters healthy group (n=38) Study group (n=66)
Age (year) 33.31+3.22 35.79+3.56
Height (102 cm) 1.85+0.04 1.73+0.05
Weight (kg) 81.59+3.34 116.92 +8.53
BMI 23.96+1.73 39.26+3.8
Total=120 Group take research sample. Each capsule contained 500 mg of PPE. The
PPE without .. .
:ea:fhyg diet (G1)=15 dosage was administered, three times a day to groups 1, 3, 4
lecline

Healthy men
=38

Group do not
take PPE with
diet (G2)=13

Moderate
obese men (4
withdrew, 10

not comply
with current

study)

Group take
PPE with diet
(G3)=10

roup take
PPE without

Two diet (G4)= 26

groups

Group do not
take PPE with
diet (G5)= 28

Moderate
Obesemen =
66

Group take
PPE with diet
(G6)=12

Fig. 1. Research sample division.

The dried material was then ground into a uniform,
fine powder, ensuring purity and consistency. The extraction
process was conducted at the Medical Drugs Laboratory,
College of Pharmacy, University of Thi-Qar by using
equipments - oven, water bath, rotary evaporator and
analytical balance- while the final capsule formulation (500
mg per capsule) was carried out in the Industrial Laboratory
at the same institution by using equipment's - powder
blender, hot air oven and capsule filling machine. The
biochemical composition of PP was analyzed in the Organic
Chemistry Laboratory. The major components of PP powder
are as follows: crude protein (3 %), carbohydrates (94 %),
crude fiber (8.2%) and moisture (6.1 %).

Dose and study design

In this study, the dosage of the pomegranate peel
supplement was determined based on previous research
findings (24, 25). The dose conversion formula considers the
body weight ratio between humans and the tested animal
models to ensure a safe dosage for humans without causing
any complications. Additionally, prior research has indicated
no adverse effects associated with this dosage. For these
reasons, the dose given in this study was 1500 mg per day for
healthy individuals and 2000 mg per day for moderately
obese individuals, depending on the body weight of the

and 6. Healthy participants (group 1 and 3) were given the
capsule 3 times a day (1 at breakfast, 1 at lunch, 1 at dinner),
while moderately obese participants (group 4 and 6) were
also given it 3 times a day (1 at breakfast, 2 at lunch, 1 at
dinner). The capsules were administered over a 12-week
period.

The diet for the groups (2 - 6) was defined by a high
protein intake, moderate carbohydrate levels and low-fat
content (55 % protein, 30 % carbohydrates and 15 % fat) (26).
Thus each meal (breakfast, lunch and dinner) individually
provided 500 kcal.

Data and laboratory analysis

Data was collected at baseline and after 12 weeks to assess
changes in health parameters such as weight, height, age,
BMI and blood pressure. A 5 mL blood sample was drawn at
the beginning and after the end of the study period and used
to analyze the complete blood count, glucose level, liver
enzymes- Aspartate aminotransferase (AST), Alanine
aminotransferase (ALT) and lipids profile level.

Statical analysis

All results are expressed as mean + S.D. The data was
analyzed using t-tests and ANOVA in SPSS program. A p-value
of less than 0.05 was considered statistically significant.

Results

Table 3 presents the results that reflect various hematological
measurements before and after the study period across six
different groups. Significant changes in various parameters
were observed after the study. Across all the groups, significant
increases were observed in RBCs, hemoglobin (HGB) and
hematocrit (HCT) after the study period. Regarding platelets
(PLT), no significant changes were observed in any group.
However, White Blood Cell (WBC) counts exhibited a significant
increase in groups 1, 4 and 6. Overall, the results highlighted
notable improvements in RBC, HGB, HCT and WBC levels
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across specific groups, indicating positive hematological
responses to the interventions. Across all groups, significant
increases were observed in RBCs, HGB and HCT after the study
period, with WBCs showing notable increases particularly in
groups 4 and 6 which were taken PPE.

Table 4 presents glucose levels, liver enzymes and lipids
profile before and after the study period. After analyzing the
results, several variables showed significant changes across
the groups. Glucose levels showed a significant reduction in all
groups after the study period. AST levels decreased
significantly in groups 1 and 6, while ALT levels experienced a
notable reduction in groups 1, 3, 5 and 6. Similarly Total
Cholesterol (TC) showed significant reductions in groups 1, 3, 4,
5 and 6. Triglycerides (TG) also decreased significantly in
groups 1,4, 5 and 6, while HDL levels increased significantly in
groups 2, 3 and 4. Lastly, LDL levels demonstrated significant
reductions in groups 1, 2,4, 5 and 6.

Table 5 shows the average weight, BMI and blood
pressure of the six study groups. After the study period, all
groups demonstrated significant changes in various
parameters. For body weight (W), all groups exhibited a
significant reduction compared to baseline measurements.
Regarding BMI, similar trends of significant decreases were
observed in all groups, indicating effective weight
management interventions across the study. In systolic blood
pressure, every group showed significant reductions in post
intervention, suggesting improvements in cardiovascular

health. A comparable significant decrease was also observed
in diastolic blood pressure across all groups, further
supporting the positive effects of the intervention on blood
pressure regulation. These findings underline the overall
effectiveness of the study's intervention in reducing weight,
BMI and blood pressure parameters in all study groups.

After the study period, the results in table 6 showed
various changes in blood parameters across the groups. For
RBCs, all groups showed a consistent range of values with no
significant differences between them, indicating that the
intervention did not have a major impact on RBC count.
Regarding PLT, group 4 and group 5 showed a significant
increase compared to other groups, suggesting a potential
effect of the intervention on platelet count in these groups.
For HGB, group 3 and group 6 displayed a notable increase
compared to the baseline, but these differences were not as
pronounced across other groups. As for HCT, groups (3, 4 and
6) showed improvements, but group 4 achieving the highest
levels, indicating a positive influence of the intervention on
blood volume and oxygen-carrying capacity. Finally, WBCs
showed a significant increase in group 6 compared to the
other groups, suggesting a possible immune system
response. In group 4 and group 5 also demonstrated
increased WBC counts, although to a lesser extent than group
6.

Table 7 presents the biochemical parameter changes
across study groups, revealing varying impacts of the

Table 3. RBCs, PLT, HGB and WBCs account in all persons of study sample before and after study period

Para. RBCs PLT HGB HCT (%) WBCs
Groups study (10° cells / ml3) (platelet / pl) ( g/ 100 ml) (10® cells / ml3)
G1 (n=15) B.R. 4.84 +0.21 255.9 +40.67 13.66 +0.93 41.47 +1.06 6.27 +£0.32
A.R. 5.5+0.37* 260.65 +£7.39 14.86 +1.4* 44,15 +4.04 6.83 +0.74
G2 (n=13) B.R. 4.83+0.21 255.42 +40.37 13.58 +0.95 41.54 +£1.05 6.25+0.31
A.R. 5.48 +0.37* 259.92 +7.48 14.23 +1.08 42.93 +3.04 6.34 +0.72
G3 (n=10) B.R. 4.83+0.19 258.59 £39.92 13.61 +£0.96 41.06 £0.96 6.26 +0.31
A.R. 5.46 +0.48* 262.54 +7.87 15.38+1.43 46.35 +4.09* 6.85+0.71
G4 (n=26) B.R. 4.96 £0.29 288.68 +46.29 14.42 £1.07 43.73 +1.15 7.1 £0.21
A.R. 5.61+0.33* 290.549.35 15.5+1.36 46.47 +4.11 7.63+0.64*
G5 (n=28) B.R. 5.02+0.34 290.65 +46.91 14.42 +1.08 43.86 +1.32 7.09 £0.24
A.R. 5.45+0.35* 289.89 +5.58 14.8+1.73 44.16 £5.04 7.36+0.73
G6 (n=12) B.R. 5.01+0.25 292.2 +47.82 14.28 +1.12 43.92+1.44 7.24 +0.24
A.R. 5.55+0.32* 292.55+11.06 15.65+1.16 46.88 +3.52 8.2 +0.88

Data are expressed as mean + SD; G= group; n= the number of individuals; B.R. =before research period; A.R.= after research period; para.= parameters;
PLT=Platelet ; HGB= Hemoglobin ; HCT= Hematocrit . *Represents significant at P<0.05.

Table 4. Liver enzymes and lipids profile levels in all persons of study sample before and after study period

Gro::sr:;u dy GLU (mg/dL) AST(IU/L)  ALT(IU/L) TC(mg/dL) TG (mg/dL) HDL(mg/dL) LDL (mg/dL)

61 (n=15) B.R 122.13+42.92 33534258  3547+22  181.73+11.44 101.53+9.22  34.6+6.98  128.936.61

AR 11822+4337* 31.3342.63* 33.34+223" 164.33+10.68* 86.49+6.96* 35964555 114.14+8.17*

B.R 122.08+2.98 33384275 35314225 183.92+10.64 101.2349.44  33.9247.01  129.2347.07

G2 (n=13) AR 119.5+4.44*  32.0542.59  34.22+2.12  170.89+8.36  89.1846.87  37.2945.16  115.82+9.04*
B.R 122.443.06  33.742.45 353424 181541039  103249.72  32.6+7.42  127.6+7.31

63 (n=10) A.R. 117.55+3.46  30.53+1.64 32.61+2.78" 160.94+8.98* 82.74+10.49  35.92+7.28* 112.78+10.17

_ B.R 149.23+10.67 34.88+2.73  44.6242.29 216.46+15.59 153.15+13.11 30.96+4.181 153.85+12.89

64 (n=26) AR 135.87+8.06* 32.6242.35  42.92+2.62 189.2+13.76* 132.16+10.5* 33.73+4.36* 125.61+7.63"

B.R 148.64+10.62 3443426  44.68+2.32 214.82+1521 15421+1321 31.46+4.25 155.14+13.34

G5 (n=28) AR 138.5147.68* 334+149  40.61+2.46* 19223+13.59* 134.85+11.4* 33714501  127.4+7.32%
p— B.R. 1485+10.93 34584267 445239 215424158 151.92+13.17 30.25+4.12  153.0+13.29

A.R. 130.6347.93* 31.9242.39* 39.36+1.61* 185.364829* 129.45+9.88*  32.514594  122.26+6.51"

Data are expressed as mean + SD; G= group; n= the number of individuals; B.R. =before research period; A.R.= after research period; para.=parameters; GLU=
Glucose; AST=Aspartate aminotransferase ; ALT= Alanine transaminase ; TC= Total Cholesterol; TG= Triglyceride; HDL= High Densty Lipoprotein; LDL= Low Densi-

ty Lipoprotein .
*Represents significant at P<0.05.
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Table 5. Weight, BMI, Systolic and Diastolic blood pressure in all persons of study sample before and after study period

Gro:::i;udy W (kg) BMI (kg/m?) SBP (mmHg) DBP (mmHg)

61 (n=15) B.R. 81.5943.33 23.96£1.73 129.49+3.18 82.0643.11
AR. 79.2343.38* 23.26 +1.67* 126.68 £2.89* 78.86 +3.22*

62 (n=13) B.R. 80.96 +3.01 23.51£1.35 129.0143.03 81.8543.2
AR. 77.86 +2.8* 22.6+1.15* 127.17 £2.43* 79.16 +4.05

63 (n=10) B.R. 80.65+2.93 23.26+1.39 129.6143.19 81.6443.49
A.R. 76.85+2.82* 22.16+1.25* 125.32 +2.8* 78.01+3.94

64 (n=26) B.R. 117.35+7.91 39.52 43.54 137.68+1.77 91.2743.07
A.R. 109.46 +7.21* 36.82 +2.75* 132.17 £2.68* 87.43£2.56*

65 (n=28) B.R. 117.8447.8 39.51+4.17 137.86£1.75 91.1742.98
A.R. 107.76 +7.64* 36.14 +3.97* 134.42 £3.04* 88.7343.64*

66 (n=12) B.R. 115.3+9.77 38.72+2.2 137.5+1.64 91.27+3.18
A.R. 104.8 +8.34* 35.27+2.92* 131.32£2.7* 85.29+2.82*

Data are expressed as mean + SD; G= group; n= the number of individuals; B.R. =before research period; A.R.= after research period; para.=parameters; W=weight ;
BMI= Body Mass Index ; SBP= Systolic Blood Pressure; DBP=Diastolic Blood Pressure *Represents significant at P<0.05.

intervention. Glucose (GLU) levels showed minimal significant
changes across most groups, with group 6 exhibiting a slight
decrease compared to baseline, though no consistent pattern
was observed. AST levels remained largely stable with group
4 and group 5 showing slight increases, though not
statistically significant compared to other groups. ALT levels
increased significantly in group 4 and 5, suggesting potential
alterations in liver function due to the intervention. TC levels
rose significantly in groups 4 and 5 compared to baseline,
indicating changes in lipid metabolism, while group 1 and 3
displayed smaller increases. TG also showed a marked
increase in groups (4, 5 and 6), further supporting alterations
in fat metabolism due to the intervention. HDL levels
remained stable across all groups, with no significant
changes observed, implying that the intervention had a
minimal effect on HDL levels. Finally, LDL levels increased
significantly in groups 4, 5 and 6. Overall, the results
highlighted the most substantial effects on lipid metabolism
in group 4 and group 5, with increased cholesterol and
triglyceride levels.

Table 8 presents significant changes in various
physical parameters across study groups. Weight (W)

decreased in groups 1, 2 and 3 but the changes were not
statistically significant compared to baseline. However,
groups 4, 5 and 6 exhibited a significant decrease in weight
compared to their baseline values, with group 6 showing the
greatest reduction. BMI significantly decreased in groups 4, 5
and 6 compared to baseline, suggesting a beneficial impact
of the intervention on weight management. Systolic blood
pressure decreased across all groups, with groups 4, 5 and 6
showing significant decreases compared to baseline values,
while groups 1, 2 and 3 showed minimal changes. Diastolic
blood pressure significantly decreased in groups 4, 5 and 6
after the intervention, whereas groups 1, 2 and 3 showed only
minor changes. These findings suggest that the intervention
had a stronger effect on reducing SBP, DBP, BMI and weight
in groups 4, 5 and 6 indicating potential cardiovascular and
metabolic benefits.

Discussion

The results of the current study, which aimed to examine the
effect of 2000 mg aqueous PPE on moderately obese
individuals, revealed that pomegranate peel has a beneficial

Table 6. Compare mean of RBCs, PLT, HGB and WBCs account between all groups of study after study period

Para. RBCs PLT (platelet/ HGB HCT (%) WBCs
Groups study (106 cells / mL3) pL) (g/ 100 mL) (10® cells / mL3)
G1 (n=15) 5.5+0.37a 260.65 +7.39a 14.86 +1.4a 44.15 +4.04a 6.83+0.74a
G2 (n=13) 5.48+0.37a 259.92 +7.48a 14.23+1.08a 42.93+3.04a 6.34+0.72a
G3 (n=10) 5.46 +0.48a 262.54+7.87a 15.38+1.43a 46.35 +4.09a 6.85+0.71a
G4 (n=26) 5.61+0.33a 290.5+9.35b 15.5 +1.36ab 46.47 +4.11a 7.63 +0.64bc
G5 (n=28) 5.45+0.35a 289.89 +5.58b 14.8 +1.73a 44.16 +5.04a 7.36 £0.73c
G6 (n=12) 5.55+0.32a 292.55 +11.06b 15.65 +1.16ab 46.88 +3.52a 8.2 +0.88bcd

Data are expressed as mean + SD; G= group; n=the number of individuals; PLT=Platelet ; HGB= Hemoglobin ; HCT= Hematocrit . Difference in letters a, b, ¢, d, e, f

represents significant at P<0.05

Table 7. Compare means of liver enzymes and lipids profile levels between all groups of study after study period

Para.

GLU

—Groups study (me/dL) AST (IU/L) ALT (1U/L) TC (mg/dL) TG (mg/dL)  HDL (mg/dL)  LDL (mg/dL)
G1 (n=15) 118.22+3.37a  31.33#2.63ac  33.34+2.23a  164.33+10.68a  86.49+6.96a  35.96%5.55a  114.14+8.17ad
G2 (n=13) 119.5 +4.44a 32.0542.50a  34.22#2.12a  170.89 +8.36a 89.1846.87a  37.2915.16a  115.8249.04a
G3 (n=10) 117.55+3.46a  30.53tl.64ac  32.61+2.78a  160.94+8.98ac  82.74+10.49a 35.92+7.28a  112.78+10.17ad
G4 n=26) 135.8748.06b  32.62+2.35a  42.92+2.62b  189.2+13.76b  132.16+10.5b  33.73+4.36b  125.61+7.63bc
G5 (n=28) 138.51+7.68b 33.4£1.49b  40.61:2.46b  192.23:13.59b  134.85:11.4b  33.71#5.0lb  127.417.32bc
G6 (n=12) 130.6347.93c  31.92+2.39a  39.36:1.61b  185.3648.29b  129.45+9.88b 32.51%5.94a  122.2616.51b

Data are expressed as mean + SD; G= group; n= the number of individuals; GLU= Glucose; AST=Aspartate aminotransferase ; ALT=Alanine transaminase ; TC= Total
Cholesterol; TG= Triglyceride; HDL= High Density Lipoprotein; LDL= Low Density Lipoprotein . Difference in letters a, b, ¢, d, e, f represents significant at P<0.05
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Table 8. Compare means of weight, BMI, systolic and diastolic blood pressure between all groups of study after study period

Para.

Groups study W (kg) BMI (kg/m?) SBP (mmHg) DBP (mmHg)
G1 (n=15) 79.23 £3.38a 23.26+1.67a 126.68 +2.89a 78.86 +3.22a
G2 (n=13) 77.86+2.8a 22.6+1.15a 127.17 +2.43a 79.16 +4.05a
G3 (n=10) 76.85+2.82a 22.16 +1.25a 125.32 +2.8a 78.01 £3.94a
G4 (n=26) 109.46 £7.21b 36.82 +2.75b 132.17 +2.68bc 87.43 +2.56bcd
G5 (n=28) 107.76 £7.64b 36.14 £3.97b 134.42 +3.04b 88.73 £3.64bc
G6 (n=12) 104.8 +8.34b 35.27 £2.92b 131.32+2.7bc 85.29 +2.82bd

Data are expressed as mean + SD; G= group; n= the number of individuals; W=weight ; BMI= Body Mass Index ; SBP= Systolic Blood Pressure; DBP=Diastolic Blood

Pressure; Difference in letters a, b, ¢, d, e, f represents significant at P<0.05

impact on hematological and biochemical markers associated
with glucose, liver enzymes and blood lipid profiles.
Additionally, it was found to improve weight, BMI and blood
pressure.

The hematological improvements observed in RBCs,
HGB and HCT indicate that PPE positively influences blood
health. These changes may stem from the antioxidant
properties of PPE, which reduce systemic inflammation and
protect blood cells from oxidative damage (27). Furthermore,
the increase in PLT and WBCs suggests an overall
enhancement in immune function, possibly driven by the anti
-inflammatory effects of PPE (28, 29).

The results showed a decrease in blood sugar levels in
moderate obese individuals, especially those who followed a
diet and consumed PPE, compared to healthy individuals.
This finding differs from the findings of previous study (30).
Differences in fasting blood glucose results between this
study and others could arise from variations in participants’
health conditions, such as diabetes, long-term metformin
therapy and the absence of dietary guidelines in other
studies. In contrast, our study included specific dietary
recommendations and calorie restriction, which might have
influenced the outcomes. Animal studies present mixed
findings on the effect of pomegranate peel on serum glucose
levels. While some studies have demonstrated significant
reductions in glucose levels in diabetic rats (31-33), others,
like a study on rats with induced diabetes, found no
significant changes in weight or glucose levels (34). These
discrepancies could be attributed to differences in
intervention doses, sample characteristics and study designs.

Hypoglycemic effect of PPE, as observed in the current
study's results, may be attributed to the presence of
polyphenols in pomegranate peel, such as ellagic acid and
punicalagin. Notably, these compounds are known to enhance
carbohydrate metabolism and insulin sensitivity by inhibiting
alpha-glucosidase and alpha-amylase enzymes (35, 36).

The observed decrease in liver enzyme levels suggests
a hepatoprotective effect of PPE in moderately obese
individuals. This result is supported by multiple studies (37,
38). The reductions in ALT and AST suggest that PPE may
have hepatoprotective effects. These findings are supported
by previous study (38), which revealed that PPE reduces liver
inflammation and oxidative stress in animal models of
metabolic syndrome. The hepatoprotective properties of PPE
can be linked to its ability to neutralize reactive oxygen
species and inhibit lipid peroxidation in liver tissues (37-40).

The lipid profile improvements in this study, marked
by reductions in TC, TG and LDL, along with modest increases
in HDL. A study (41) demonstrated that PPE reduce LDL

oxidation and improve lipid metabolism in hyperlipidemic
patients. Similarly pomegranate polyphenols modulate lipid
profiles by reducing oxidative stress and enhancing
cholesterol clearance mechanisms (42). Animal studies
provide additional insights into the lipid-lowering effects of
pomegranate peel. For instance, PPE has been shown to
inhibit key enzymes involved in lipid metabolism, such as
pancreatic lipase, HMG-CoA reductase and ACAT, resulting in
decreased cholesterol and triglyceride levels (43).
Furthermore, polyphenolic compounds like ellagic acid,
punicalagin and gallic acid in pomegranate peel have been
demonstrated to activate PPAR receptors, enhancing
cholesterol metabolism and reducing cardiovascular risk
factors (44). Catechins in the peel also inhibit intestinal fat
absorption and lipid biosynthesis (45). These mechanisms
likely underlie the significant lipid profile improvements
observed in this study.

The observed reductions in body weight and BMI
across the groups highlight the potential of PPE as a natural
intervention for weight management. This effect may be
attributed to the polyphenolic compounds in pomegranate
peel, which have been reported to enhance fat metabolism
and suppress adipogenesis (46). Furthermore, pomegranate
polyphenols may regulate appetite and energy expenditure
through their interaction with metabolic pathways (47). These
findings were agreed with previous works who reported a
significant decrease in waist circumference among participants
receiving pomegranate peel supplementation (31). But in study
(48) found no significant changes in BMI among osteoarthritis
patients after consuming PPE. Animal studies further support
this study findings regarding weight management. For
instance, a study involving rats on a high-fat diet revealed that
those consuming cake with 15 % pomegranate peel powder
experienced less weight gain compared to controls (49). This
consistent with evidence suggesting that pomegranate peel
exhibits stronger appetite-suppressing effects under high-fat
diet conditions. Similarly, a study demonstrated a significant
reduction in leptin levels in overweight rats supplemented
with pomegranate peel powder (50). In this study, there was a
somewhat positive effect of taking pomegranate peel
supplements on the appetite of individuals, which was
observed in the first and fourth groups, as these two groups
did not follow the diet specified in the study, but there was an
improvement in the weights of individuals and the body mass
index. This may be attributed to animal studies that linked
the appetite-suppressing effects of pomegranate peel with its
effect on leptin regulation.

The improvements in systolic and diastolic blood
pressure observed in this study agree with previous findings
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supporting the cardioprotective properties of PPE. Notably,
while a study observed a significant trend just in systolic blood
pressure reduction (48), significant decreases in both systolic
and diastolic pressures (31). These beneficial effects are
primarily attributed to PPE's high antioxidant content, which
enhances nitric oxide bioavailability and promotes vascular
relaxation (51). Additionally, the anti-inflammatory properties
of pomegranate extracts have been shown to reduce arterial
stiffness and improve endothelial function, both of which are
essential for maintaining healthy blood pressure levels (52)
and were not measured in the current study. The reason of
antihypertensive effects of pomegranate peel can be largely
attributed to its polyphenols, which inhibit angiotensin-
converting enzyme activity and enhance vasodilation through
nitric oxide pathways (52, 53).

Conclusion

Overall, these findings in the current study suggest that PPE
represents a promising natural approach for managing
obesity and its related complications by supporting
hematological health, improving lipid and liver function,
facilitating weight loss and promoting cardiovascular health.
However, the study has some limitations, including the small
sample size and the lack of long-term follow-up to assess the
sustainability of the effects. Further research is needed to
confirm these findings. Future studies should consider
employing randomized controlled trials with larger sample
sizes and extended follow-up periods to validate the efficacy
of PPE in managing obesity and its associated risks.
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