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Cucumis melo var. flexuosus Seeds on Obesity and its Complications
Caused by High-Fat Diet in Rats : A Comparative Study

Basma R. Khateib and Mohammed R. Elkabary
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Menoufia University, Shebin El-kom, Egypt.

Abstract: Obesity is a chronic condition affecting more than one-third of
the global population. It causes a burden on human health in both
developed and developing countries. Currently, there is an increasing
need for effective natural obesity therapies. Plant seeds have received a lot
of attention recently due to their efficiency and
biocompatibility. Therefore, the purpose of this study was to know the
potential effects of red pepper seed extract (RPSE) and snake melon seed
extract (SMSE) on obesity and its complications in rats. By analyzing the
biologically active components of RPSE and SMSE, it was found that
RPSE contains higher concentrations of phenolic active compounds than
SMSE.On the other side, the biological experiment indicated that feeding
normal rats an 4-week high-fat diet (model control) resulted in
considerably (p<0.05) higher body weight gain, feed intake, and feed
efficiency ratio when compared to the normal group. However, after four
weeks of feeding obese rats with concentrations of 250 and 500 mg/kg
body weight of both RPSE and SMSE, the serum lipid profile parameters
significantly (p<0.05) improved .Also, the liver functions, cardiac
enzymes (troponin, CK-MB, myoglobin), thyroid hormones (T3, T4,
TSH), levels of TBARS, LPO, total antioxidants (TAS), diabetic
phenotypes( FBG, HOMA-IR, insulin levels) , hormones satiety and
hunger (leptin, ghrelin), and plasma levels of the hormone adiponectin
and resistin were improved when compared to the model group. But, the
effect of RPSE on previous markers was better than SMSE. Therefore,
this study recommends the possibility of adding red pepper seeds to
nutritional supplements to prevent obesity and its complications .

Keywords : adipokines , cardiac biomarkers, HOMA-IR , lipid peroxidation,
snake melon, red chili pepper
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1.Introduction

The rising incidence of obesity worldwide poses a serious public
health concern, mainly due to lifestyle factors such as high-fat meals and
sedentary behaviors that impact both adults and children (Elebeedy et al.,
2022 & Ugbaja et al., 2020). More than 167 million people are expected
to experience obesity-related health difficulties by 2025, according to the
World Health Organization (WHO), which forecasts a startling rise in
these conditions (Shagdarova et al., 2023). Numerous health issues are
associated with this epidemic, such as nonalcoholic fatty liver disease
(NAFLD), metabolic syndrome, diabetes, hypertension, and heart disease
(Elebeedy et al., 2022, Tang et al., 2020 and Shagdarova et al., 2023).
Because synthetic anti-obesity medications have side effects, researchers
are looking to natural substances that have comparable effects. Using
medicinal or functional food plants or their chemicals, which naturally
reduce weight and fat production, is one way to prevent and treat these
dysfunctions (Sung et al., 2018 and Azlan et al., 2022).

One such promising plant might be the snake melon, along with red
pepper. One of the most widely eaten spices worldwide is chili pepper
(Capsicum annuum), which is used in a variety of dishes for flavor, scent,
and to prevent food from spoiling. It is also employed in the
pharmaceutical and food sectors because of its high vitamin C content
(Zhang et al., 2024). Due to its well-regarded medical qualities, which
include anti-obesity as well as anti-inflammatory, anti-analgesic, anti-
diabetic, antilipidemic, and anti-cancer benefits (Lu et al., 2020).
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Although much research has been done on the pulp of red peppers, their
seeds were considered only a valuable by-product. In a recent study, red
pepper seeds decreased fat accumulation in vitro by suppressing the
expression of important adipogenic transcription factors in 3T3-L1
adipocytes, including peroxisome proliferator-activated receptor 7y
(PPARY) and CCAAT/enhancer-binding protein o (C/EBPa) (lIrandoost
et al., 2021). Because red pepper seeds are antioxidant and improve
radical scavenging, they also have anti-mutagenic qualities (Ertekin and
Kececi 2022). Red pepper seeds reduced oxidative damage in rats fed
high-fat diets by activating antioxidative defense systems such as
superoxide dismutase and catalase (Irandoost et al., 2021).

In many regions of the world, snake melon (Cucumis melo, var.
flexuosus (L.), Cucurbitaceae family) is an old crop. It is one of the
natural antioxidants used in medicine and can be eaten raw in
salads(llahy et al., 2022). Its antioxidant properties are caused by a
variety of bioactive phytochemicals, including phenolic compounds,
tannins, alkaloids, and flavonoids (Sayyar et al., 2023). Snake melon is
gaining popularity because of their high nutritional content. According to
Rolnik and Olas (2020). Snake melon is mostly composed of water
(96%) with 1.2% protein, 4.5% carbohydrates, 0.7% fat, and 2% fiber.
According to Sayyar et al.,(2023). Snake melon is a noteworthy provider
of several minerals, including potassium (264%), phosphorus (37%),
calcium (33%), magnesium (27%), and sodium (25%), as well as
vitamins, primarily vitamin C (21.3%). Additionally, polyphenols, lutein
(165%), beta-carotene (14%), and vitamin A (12%)(Sereno et al., 2022).
Based on the foregoing and as a continuation of earlier research, the
objective of this work was to assess the possible effects on obese rats of
ethanolic extracts from red pepper and snake melon seeds by assessing
body weight gain, lipid levels, oxidative stress, diabetic phenotypes, and
the biochemical functions of the liver and heart. This was done in an
effort to clarify any beneficial and detrimental effects.
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2. Materials and Methods
2.1. Materials
2.1.1. Collection, identification, and authentication

The red chili pepper and snake melon were acquired at Galhoum
supermarket in Shebin El-koum, EI-Menoufia, Egypt. The fruits were
collected in plastic thread bags and validated by plant taxonomy
professors at Menoufia University's Faculty of Agriculture in Shebin El
Kom, Egypt.

2.1.2. Chemicals and diets

Alkan Medical Company, based in St. EI Doky, Giza, Egypt,
supplied biochemical assay kits. The EI-Gomhoreya Company in Cairo,
Egypt, provided all further chemicals, and reagents used in this
experiment.

High-fat-Diet (HFD) composition: HFD comprised of normal chew
(54%), sucrose (15%), lard (15%), egg yolk powder (5%), milk powder
(4%), peanut (3%), salt (2%), sesame oil (1%), dicalcium phosphate
(0.6%), and mountain flour (0.4%) as described by Ghoneim et al.,
(2024).

Basal diet (BD): The basal diet was prepared from fine ingredients
in accordance with Reeves et al., (1993) as follows: protein (casein) 12%,
sunflower oil 10%, cellulose 5%, DL-methionine 0.3%, choline chloride
0.2%, vitamin mixture 1% , salt mixture 4% and corn starch up to 100 g.
The componentof the mineral and vitamin mixture that was employed was
prepared in accordance with Reeves et al., (1993)

2.2. Methods
2.2.1. Preparation of red pepper seeeds ethanol extracts (RPSE)

A grinder was utilized to smash the dried red pepper seeds, which
were then incorporated in the cold-storage samples. After combining the
crushed pepper seeds with six batches of 100% ethanol, the extraction
process was run for twenty-four hours at 4 °C. After three iterations of
this procedure, the top liquid was gathered and filtered using filter paper.
A rotary evaporator was used to evaporate the solvent of the combined
extracts at low pressure, and a freeze dryer was used to dry them (Song et
al., 2010).
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2.2.2. Preparation of snake melon seeds ethanol extracts (SMSE)

Snake melon seed extract (SMSE) was prepared according to the
previous description of Sayyar et al., (2023).To put it briefly, the seeds of
the snake melon were separated, dried under shade, and then coarsely
ground using an electric blender (Moulinex, France). The powdered form
(powder to solvent ratio: 1:10 w/v) was soaked in ethanol for 24 hours at
37-40°C while being constantly stirred. In a rotary evaporator operating
at 45 to 50°C and low pressure, the solvent was evaporated. Snake melon
residue, which was semisolid and dark brown in final extract yield
(19.24%), was kept in an airtight container at 4°C until it was needed.

2.2.3. Quantitative determination of phenolic compounds by HPLC

The total phenolic content of the samples (RPSE and SMSE) were
evaluated with the Folin-Ciocalteu technique (Eom et al., 2012). An
Agilent 1260 series was used for the HPLC analysis. For separation, the
Zorbax Eclipse Plus C8 column (4.6 mm x 250 mm i.d., 5 um) was used.
The mobile phase was made up of water (A) and 0.05% trifluoroacetic
acid in acetonitrile (B), and it ran at a rate of 0.9 ml/min. For the mobile
phase, the sequential linear gradient programming looked like this: 82% A
for 18-22 minutes, 82% A for 22-24 minutes, 82% A for 0-1 minute,
75% A for 1-11 minutes, 60% A for 11-18 minutes, and 82% A for O
minute. The multi-wavelength detector was observed at 280 nm. Five
microliters was the injection volume for each sample solution. The
column temperature stayed constant at 40°C.

2.2.4. Biological Experimental
2.2.4.1. Ethical Approval

The experimental and animal care protocol has been authorized
ethically by the Institutional Animal Care and Use Committee (IACUC)
of Menoufia University, Sheibin EI-Kom, Egypt (Approval No.
MUFHE/F/NFS/34/24).

2.2.4.2. Animals

The study utilized 36 adult male albino rats weighing 140+£10 ¢
each, which were acquired from the National Research Center's animal
housing unit in Giza, Egypt.
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2.2.4.3. Experimental Design

A twelve-hour light-dark cycle and a temperature-controlled
environment (22 = 1°C) with a relative humidity of 55 + 10% were
provided for the 36 male Sprague Dawley rats. Each male rat weighs
140£10 g. They had unlimited access to water and a BD. Following a
week-long acclimation phase, the rats were split into two primary groups:
first main group, (n=6 rats); a normal control group, fed on BD over the
experimental period (8 weeks), The second main group, (n=30 rats); was
fed on HFD for 4 weeks to induce obesity as described by Ghoneim et
al., (2024), and then rats were classified into five equal subgroups as
follows: group 2. as a positive control group, fed on HFD, groups 3 and
4. fed on HFD and given a daily dose of 250 mg/kg bw of RPSE and 250
mg/kg bw of SMSE, respectively for another 4 weeks. groups 5 and 6.
fed on HFD and given a daily dose of 500 mg/kg bw of RPSE and 500
mg/kg bw of SMSE, respectively for another 4 weeks. The rats in every
group had been their daily food consumption documented, and every
week their body weight was checked. At the end of the period, all rats
were undergoing an overnight fast followed by an intraperitoneal injection
of 50 mg/kg thiopental sodium to induce anesthesia for the purpose of
taking blood samples and conducting biological and biochemical
analyses.

2.2.5. Biological Evaluation

According to Chapman et al., (1959), the body weight gain (BWG),
feed intake (FI), and feed efficiency ratio (FER) were calculated using the
following formulas: FER = Grams gain in body weight (g/day)/Grams
feed intake (g/day), and BWG = (Final weight minus Initial weight).

2.2.6. Blood Sampling

Following the 4-week experimental phase, rats were anesthetized
with thiopental sodium, and blood samples were taken from the
abdominal aorta following a 12-hour fast. According to Stroev and
Makarova's (1989) instructions, blood samples were drawn into sterile,
dry centrifuge tubes, allowed to clot at room temperature, and then
centrifuged for 10 minutes at 3000 rpm in order to separate the serum.
Before being analyzed, the serum was carefully extracted, moved to
sterile, clean tubes, and frozen at -20°C.
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2.2.7. Hematological Analysis
2.2.7.1. Hormones determination

Plasma leptin and adiponectin levels were determined using ELISA
(catalog numbers 90040 and 80570, respectively, Crystal Chem, Downers
Grove, IL) (Bruder et al., 2005). Plasma resistin was tested using ELISA
(catalog number RD391016200R, BioVendor, Karasek, Czech Republic).
The Rat Acylated Ghrelin Express Elisa kit (catalog number
RA394162405R) was used to evaluate ghrelin plasma levels.

2.2.7.2. Fasting blood glucose (FBG)

Every two weeks, a blood glucose test meter was used to measure
the FBG levels in the tail vein, using the Rat Glucose Assay kit (Crystal
Chem, IL, USA).

2.2.7.3. Insulin and Homeostatic Model Assessment for Insulin
Resistance (HOMA-IR) determination

Following the manufacturer's instructions and using a rat-specific
insulin ELISA kit (EMD Millipore, USA) to quantify the blood insulin
concentration, HOMA-IR was computed using the following formula
(Caumo et al., 2006). HOMA-IR = fasting serum insulin (uIU/ml) x
fasting serum glucose (mg/dl) /405.

2.2.7.4. Serum Lipid Profile

Total cholesterol, triglycerides, low density lipoprotein cholesterol
(LDL-C) and high density lipoprotein cholesterol (HDL-C) were
determined in serum according to the methods of Richmond, (1973),
Fossati and Prencipe, (1982), Islam et al., (2022) and Lopes-Virella et
al., (1977)

2.2.7.5. Oxidative Stress Determination

As stated in commercial kit package inserts (Kandir, 2015 and
Messarah et al., 2011), the levels of plasma total antioxidant status (TAS)
and thiobarbituric acid reactive substances (TBARS) were evaluated using
a colorimetric approach utilizing the Biotek brand ELX800 model ELISA
instrument.A colorimetric technique for determining the amount of lipid
peroxidation (LPO) in serum samples was presented by Tateishi et al.,
(1987).
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2.2.7.6. Thyroid hormones

The quantities of triiodothyronine (T3) and thyroxin (T4) were
measured according to Paczkowska et al., (2020) .Thyroid-stimulating
hormone (TSH) was also measured according to Henning et al., 2014).

2.2.7.7. Heart function

Creatine Kinase (CK), myoglobin (MB) and cardiac troponin | and
troponin T were detected following the procedures of Tateishi et al.,
(1987); Walker et al., (1990) and Omole et al., (2018), respectively.

2.2.7.8. Liver Functions

According to Tietz (1976), Yound (1975), and Vassault et al.,
(1999), serum levels of the enzymes aspartate aminotransferase (AST),
alanine aminotransferase (ALT), and alkaline phosphatase (ALP) were
examined.

2.2.8. Statistical Analysis

A automated Costat program with a one-way ANOVA was used to
statistically analyze all of the data. The mean = standard deviation (SD)
was used to display the results. Significant changes between treatments
were indicated by P-values <0.05. (Snedecor & Cochran, 1967)

3. Results and discussion

3.1. The most phenolic active compounds found in red pepper
and snake melon seeds

The most phenolic active ingredients in red pepper and snake
melon seeds are listed in Table 1. The table shows that, in contrast to
snake melon seeds, which have fewer of these potent components, the
most prevalent phenolic compounds identified in red pepper seeds are
ellagic acid, chlorogenic acid, coffeic acid, cinnamic acid, and daidzein.
Perhaps the increased concentration of these active phenolic compounds
in red pepper seeds compared to snake melon seeds is what explains the
positive active results that the research reached for red pepper seeds
compared to snake melon seeds.

These findings are entirely consistent with Echave et al., (2020),
who found that pepper seeds are high in volatile chemicals and a strong
source of carotenoids, phenolic acids, flavonoids, and vitamins C, E, and
A. The two distinct alkaloids in this genus, capsaicinoids and capsinoids,

9
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have been linked to several beneficial pharmacological and biological
effects, such as anti-inflammatory and antioxidant properties. Lidikova
et al., (2021) investigated the pepper's total polyphenol content, vitamin
C content, and capsaicin content.

Additionally, Sayyar et al., (2023) demonstrate that the
Cucurbitaceae family, which includes snake melon contains a variety of
vital phytoconstituents, such as flavonoids, alkaloids and saponins.
These compounds possess anti-inflammatory, antioxidant, antibacterial,
antifungal, antiviral, antiulcer, antihypertensive, and antiangiogenic
qualities.

Table (1) : The most important phenolic active compounds found in red
pepper and snake melon seeds (ug/g)

red pepper | snake melon red pepper [snake melon
Phenolic seeds seeds Phenolic seeds seeds

SRITHPEUTIES Conc. (ng/g)| Conc. (Hg/g) CEpEES Conc. (ug/g) [Conc. (ug/g)
Gallic acid 29.39 37.43 Vanillin 9.65 14.93
gg(’froge”'c 68.88 40.21 Ferulic acid 6.01 0.00
Catechin 0.00 0.00 Naringenin 12.81 4.79
Methyl gallate | 2.54 1.05 sg;ma”“'c 7.33 0.00
Coffeic acid 27.04 7.60 Daidzein 19.39 10.06
Syringic acid 16.16 6.90 Querectin 6.85 14.07
Rutin 0.00 6.56 Cinnamic acid 3.91 0.91
Ellagic acid 137.61 0.00 Hesperetin 0.00 0.82

3.2. Effect of red pepper and snake melon seeds ethanolic
extract on feed intake (FI), feed efficiency ratio (FER) and body
weight gain (BWG) of obese rats

The impact of red pepper and snake melon seeds ethanolic extracts
on feed intake (FI), feed efficiency ratio (FER) and body weight gain
(BWG) of obese rats is displayed in Table 2 . The results of the table
demonstrated that the obese rats group showed significantly (p <0.05)
higher FI (57.78%) , FER (53.12%) and BWG (141 %) compared to the
normal group . On the other hand , values of FI, FER and BWG of obese
rats were significantly (p <0.05) decreased after receiving red pepper and
snake melon seeds ethanolic extracts ( 250 and 500 mg/kg BW) for 28
days . The percentage of decreases reached -27.61, -7.14 and -32.64%
,-32.70, -30.61 and -53.36 % , -8.13 , -2.04 and -9.84% and -16.78, -
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5.10 and -20.72 % compared to the model group, respectively. The
groups treated with pepper seeds recorded the best results compared to
the snake melon groups, which showed a less effective effect.The
highest concentration of pepper seeds (500 mg/ kg BW ) showed the
best results compared to all treatments used.

These findings are in line with Wang et al.,, (2020), who
demonstrated that a higher body weight, BMI, and risk of overweight
and obesity were linked to higher fat intake and high-fat diets.
Furthermore, a high-fat diet (HFD) is the most common cause of obesity,
according to Syarif et al., (2024).

Feeding rats on pepper seeds extracts showed positive results ,
these findings are in line with Zhang et al., (2024) who showed that
capsaicin, which is present in red pepper seeds, can aid in weight loss
and may be helpful in treating rat obesity. Capsaicin can cause weight
loss because it triggers the release of catecholamine from
catecholaminergic neurons in the brain's rostral ventrolateral medulla
(Akabori et al., 2007) .

According to Ludy and Mattes (2011) and Zanzer et al., (2018),
persons who consumed capsaicin on a regular or occasional basis had
less hunger for food that was high in fat, savory, or sugary. Tobolka et
al., (2021) investigated various pepper parts to identify the part with the
highest capsaicin concentration and they found that the fleshy part of the
pepper contained little capsaicin; the pepper seeds contained larger
amounts. The membrane within the pepper pod where the seeds are
connected has the highest concentration of capsaicin. Furthermore,
large-scale multicentric studies confirmed that eating capsaicinoids
lowers weight, belly fat stores, appetite, and food intake. Consequently,
capsaicinoids can be a useful addition to meals and a dietary supplement
in diet plans that aim to increase metabolism and reduce body weight
(Irandoost et al., 2021). However, clinical trials did not demonstrate
that non-pungent capsinoids significantly affect human weight and
obesity, in contrast to red pepper and capsaicin (Elmas and Gezer,
2022 ; Szallasi 2022).

Also, the groups of rats treated with snake melon seeds showed
good results, even if they were less than the results of red pepper seeds.
Members of the Cucurbitaceae family, such as snake melon are known
for their health advantages since they are high in dietary fiber and

11
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protein. Furthermore, their seeds include vital elements like minerals,
copper, phosphorus, zinc, and more according to Rolnik and Olas
(2020). Jenko Praznikar et al., (2023) reported that eating more dietary
fiber may be a practical way for obese and overweight people to lose
weight and improve their metabolic health. Additionally, Hebbar et al.,
(2024) demonstrated that improving dietary fiber intake can enhance
weight, body composition, and insulin resistance .

Table (2): Effect of red pepper and snake melon seeds ethanolic extract on
feed intake (F1), feed efficiency ratio (FER) and body weight gain (BWG)
of obese rats

FI (g/ day) FER BWG ( g/ day)
Groups Mean + SD |change%| Mean = SD [|change%| Mean +SD |change%
Gl 12.46+.81° - |0.064 £0.004°| ----- 0.8+0.1°

G2 19.66 +£1.38*| 57.78 |0.098 +£0.004%| 53.12 | 1.93+0.052* | 141.25
G3 14.23 £.960° | -27.61 |0.091+0.007%| -7.14 1.3+0.1¢ - 32.64
G4 18.06 +.737%| -8.13 |0.096 + 0.001%3| -2.04 | 1.74+0.055* | -9.84

G5 13.23+.960¢ | -32.70 |0.068 + 0.012°| -30.61 0.9+0.1° -53.36
G6 16.36 +.850° | -16.78 |0.093+ 0.008%| -5.10 1.53+0.152°¢ | -20.72
LSD 173 | - 0.013 - 0177 | -—-

Each value is expressed as mean + SD. Means under the same column with different
superscript letters are significantly different (p< 0.05). G1, Normal control: healthy rats
without intervention; G2, Model control fed on HFD for 4 weeks for obesity, then switched to
be fed on BD for another 4 weeks; G3and G5, Obese rats received 250 and 500 mg/kg bw of
RPSE, respectively; G4 and G6, Obese rats received 250 and 500 mg/kg bw SMSE,
respectively. RPSE, red pepper seeds extract ; SMSE, snake melon seeds extract ; Fl, feed
intake; FER, feed efficiency ratio; BWG, body weight gain.

3.3. Effect of red pepper and snake melon seeds extracts on
leptin, adiponectin , resistin and ghrelin hormones of obese
rats.

Table 3 displays the impact of red pepper and snake melon seeds
extracts on leptin , adiponectin , resistin and ghrelin hormones of obese
rats. Our model group showed a considerable (p<0.05) increase in leptin
(1980.5%) and resistin (93.97%) as compared to normal rats. In contrast,
the model group showed a considerably (p <0.05) lower adiponectin (-
82.82%) and ghrelin ( -83.09% ) than the normal rats.Obese rats showed
significant (p< 0.05) decreases in their leptin and resistin values after
feeding on red pepper and snake melon seeds extracts (250 and 500
mg/kg BW) for 28 days, as compared to the model group. The decreases

12
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were -64.96 and -84.28% , -26.81and - 49.81% , -34.18, -44.49 % and -
9.60 and -24.71% , in that sequence .

On the contrary, the adiponectin and ghrelin values of obese rats
were significantly (p<0.05) higher than those of the model group after
feeding on red pepper and snake melon seeds extracts (250 and 500
mg/kg BW) for 28 days. The increases were 215.64 and 420.94% ,16.34
and 57.82 % , 299.14% , 343.59% and 136.90% in that order. The group
treated with pepper seeds at a concentration of ( 500 mg / kg BW )
showed the best results compared to the groups treated with snake melon
seeds. These findings are in line with those of Liu et al., (2020), who
found that two traits of typical obesity are resistance to body mass
reduction and hyperleptinemia. When compared to T2DM patients with
normal BMI, obese patients showed a disrupted adipocytokine profile,
with significantly higher leptin concentration and lower adiponectin
level. One of the most significant adipokines is resistin, which primarily
regulates inflammation and insulin sensitivity. But in recent years,
research on resistin has become more and more popular as it has been
demonstrated that obesity and obesity-related diseases like diabetes,
cardiovascular disease, and cancer are significantly correlated with high
levels of resistin (Rompou et al., 2024).

Previous hormones are improved by treatment with extracts from
red pepper and snake melon seeds. These outcomes are comparable to
those reported by Seyithanoglu et al., (2016), Wang et al., (2022) and
Oh et al.,, (2023) who found that feeding rats on diet containing
capsaicin reduced liver fat storage and levels of the adipose tissue
hormone leptin. Capsaicinoids upregulate adiponectin and other
adipokines and inhibit the activity of the enzymes responsible for
producing fat in adipose tissue (Lu et al., 2018 ; Oh et al., 2023 ; Zhang
et al., 2024). Additionally, cucumbers like snake melons are high in
phenolic acids like gallic acid, which are the main building blocks for
managing obesity because of their ability to suppress appetite, lower
cholesterol, inhibit pancreatic lipase, and prevent adipogenesis (Jamal et
al., 2022; Behera et al., 2023) . Gallic acid is good for energy
homeostasis (Dludla et al., 2018).

Also, Cucurbits such as snake melon , like most vegetables, are a
rich source of dietary fiber ( Rolnik and Olas, 2020). Long-term use of
dietary fiber has been shown to lower serum leptin levels, but only in
obese individuals( Hassanzadeh-Rostami 2021). According to
Janiszewska et al., (2021), dietary fiber is a component of food that

13
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positively affects adiponectin concentrations.
concentrations were linked to increased fiber intake, which includes fruit
and vegetables .
Table (3) :Effect of red pepper and snake melon seeds extracts leptin ,
adiponectin, resistin and ghrelin hormones

Higher

adiponectin

Leptin Adiponectin Resistin Ghrelin

Groups (ng/ml) (ng/ml) (ng/ml) (ng/ml)
Mean + SD | change% | Mean + SD |change% | Mean = SD |change% |Mean = SD |change%

Gl 159+037F | - 417 £0.65*| --—--- 3.65+0.643° | ------ 203.2+£1.759 -----
G2 33.08+2.66%| 1980.5 [0.716+0.18°| -82.82 [7.08+0.951%| 93.97 |[43.35+2.13f -83.09
G3 1159+ 1.75%| -64.96 |2.26+ 0.20° | 215.64 |[4.66+1.356%° -34.18 [173.03+1.68¢ 299.14
G4 2421+181°| -26.81 [0.833+0.15°| 16.34 |6.4+1.571%| -9.60 |85.13+1.45°| 96.37
G5 52+141° -84.28 |3.73+ 0.64%| 420.94 [3.93+0.550°| -44.49 |192.3+2.33"| 343.59
G6 16.60 £2.19°| -49.81 [1.13+ 0.32°| 57.82 [5.33+0.802*¢ -24.71 |102.7+1.60%| 136.90
LSD 3281 | - 0.740 18 | - 3.294

Each value is expressed as mean = SD. Means under the same column with different
superscript letters are significantly different (p< 0.05). Detailing the numbers for the groups as

shown under Table (2).
3.4. Effect of red pepper and snake melon seeds extracts on
glucose level , insulin and HOMA-IR (Homeostatic Model
Assessment for Insulin Resistance) of obese rats

The effect of red pepper and snake melon seeds extracts on
glucose level , insulin and HOMA-IR of obese rats is displayed in Table
4. The model group had higher values of glucose level (65.10%), insulin
(306.84%), and HOMA-IR (590.60%) compared to normal rats.

Rats fed on red pepper and snake melon seeds extracts (250 and
500 mg/ kg BW) for 28 days had significantly (p < 0.05) lower glucose
level, insulin and HOMA-IR by -16.26 , -59.70 and - 67.27% , -30, -
71.15 and -80.42 %, -8.83, -6.91 and -16.97% and -13.87, -38.80 and -
47.70%, respectively compared to model group. The groups treated with
the highest concentration of pepper seeds recorded the best results
compared to snake melon seeds groups.

These findings corroborated those of Xu et al., (2017), who found
that elevated levels of GGT and ALT enzymes in obesity lead to
metabolic problems like increased fasting blood glucose and insulin
resistance. The relationship between serum liver enzyme levels and
obesity provides evidence of a possible mechanism by which obesity
contributes to the risk of numerous diseases, including diabetes (Jalili et
al., 2022). Liver enzymes play a role in the body's metabolism
(Boregowda et al., 2020 and Chen et al., 2021) . Additionally, obesity
is firmly thought to cause diabetes mellitus , with malfunction of the
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liver, skeletal muscles, and adipose tissue being major contributors
according to Chandrasekaran and Weiskirchen (2024).

After 28 days of intervention with extracts from red pepper and
snake melon seeds (250 and 500 mg/ kg BW), there was a significant
reduction in insulin, HOMA-IR, and glucose levels. These findings are
in line with the findings of VVarghese et al., (2017), who highlighted that
capsaicinoids enhanced insulin  production, supporting weight
management and having favorable effects on the prevention and
treatment of obesity.They can be utilized to prevent and cure oxidative
stress-related disorders like diabetes because of their anti-inflammatory
and antioxidant activities (Uarrota et al., 2021; Gupta et al., 2022 and
Xia et al., 2023). Red papper seeds (RPS) had a direct and significant
inhibitory effect on obesity and insulin resistance in mice fed a high-fat
diet, according to research by Kim et al., (2020a). The mechanism
underlying RPSE's anti-diabetic actions was highlighted by an increase
in the phosphorylation of AMP-activated protein kinase (AMPK) and
forkhead box protein O1 (FOXOL1). Through the activation of FOXO1
and AMPK in obese and diabetic mice, RPSE has the ability to suppress
hepatic gluconeogenesis and enhance glycemic control ( Kim et al.,
2020Db).

The presence of phytoconstituent may be the cause of the
antihyperglycemic effects when snake melon seeds are continuously
administered at greater doses, which decreased blood glucose and
boosted insulin secretion in the diabetic group (Sayyar et al., 2023).
Phytoconstituents such as flavonoids, tannins, and polyphenols have
been shown to decrease blood glucose absorption in the small intestine,
increase peripheral tissue glucose uptake, and enhance glycolysis and
glycogen synthase (Govindarajan et al., 2021). Previous phytochemical
studies have demonstrated that the snake melon seed extract has a high
concentration of flavonoids, alkaloids, saponins, phenols, and tannins
that produce antioxidant and cytoprotective qualities (Sereno et al.,
2022) , These compounds may be the cause of blood sugar reductions.
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Table (4) : Effect of red pepper and snake melon seeds extracts on fasting
blood glucose , insulin and HOMA-IR (Homeostatic Model Assessment for
Insulin Resistance) of obese rats

FBG Insulin
HOMA-IR
Groups (mgy/dl) (uIU/ml)
Mean + SD |change% | Mean+ SD |change% | Mean + SD | change%

Gl 101 + 2.64° 3.8+0.26° | ----- 0.947+0.080° |  -----
G2 166.76 £ 1.62* | 65.10 15.46 +0.55* | 306.84 | 6.54+0.375* | 590.60
G3 139.63+1.589 | -16.26 | 6.23+1.123° | -59.70 | 2.14+0.394% | -67.27
G4 152.03 +2.45" | -8.83 1446+ 2.28* | -6.91 5.43+0.936" | -16.97
G5 116.73 £ 1.27¢ -30 4.46 £ 0.550° | -71.15 1.2840.15¢ -80.42
G6 143.63+1.66° | -13.87 | 9.46+ 0.896° | -38.80 | 3.42+0.295° | -47.70
LSD 3451 | - 2.047 -——- 0824 | -

Each value is expressed as mean = SD. Means under the same column with different
superscript letters are significantly different (p< 0.05). FBG, Fasting blood glucose ; HOMA-
IR, Homeostatic Model Assessment for Insulin Resistance). Detailing the numbers for the
groups as shown under Table (2).

3.5. Effect of red pepper and snake melon seeds extracts on
lipid profiles (TC, TG, HDL and LDL) of obese rats

Table 5 showed the effect of snake melon and red pepper seeds
extract on snake melon and red pepper seeds extract on lipid profiles (
TC, TG, , HDL and LDL) of obese rats. The obese group had higher
values of total cholesterol ( 267.7% ), triglycerides ( 146.07% ) and
low-density lipoprotein (1266.13%) compared to the healthy group. As
for high density lipoprotein, its level took the opposite direction, as it
increased in the healthy group compared to obese group. Feeding rats on
pepper and snake melon seeds extracts reduced the level of TG, TC and
LDL , while increasing the level of HDL. The pepper seeds groups at
different concentrations recorded the best results compared to the snake
melon groups.

These findings corroborated those of Vekic et al., (2023), who
demonstrated that hypertriglyceridemia, a reduction in HDL cholesterol,
and a rise in LDL particles are among the lipid abnormalities seen in
obese patients. Increased hepatic synthesis of VLDL particles and
decreased clearance of TG-rich lipoproteins are the causes of the rise in
serum TG. Serum TG levels rise in correlation with generally low HDL-
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C levels. While tiny dense LDL is increasing, LDL-C values are often
within acceptable limits or only slightly increased.

The effective results of red pepper seeds may be due to
capsaicinoids; they stimulate the oxidation and combustion of fat by heat
dissipation rather than their sparing in adipose tissue. They also promote
the conversion of white adipose tissue to brown (Silvester et al., 2019
and Irandoost et al., 2021). Additionally, they diminish the size of
adipocytes and stimulate the oxidation of fat and carbohydrates
(Mosqueda-Solis et al., 2018 and Irandoos et al., 2021). Furthermore,
according to Wang et al., (2021), capsaicin reduces lipid levels by
modifying gut microbiota and intestinal permeability, which in turn
affects the gut-brain axis. The information at hand shows that capsaicin
and pepper extract can both improve human health and treat a variety of
ilinesses. Additionally, they can decrease fat storage, which impacts the
brain regions in charge of appetite, the gastrointestinal tract's absorption
of nutrients, the condition of adipocytes, the oxidation of fat and
carbohydrates, metabolism, and thermogenesis, among other processes.
Thus, these compounds may prove beneficial in the treatment of obesity,
even with certain potential drawbacks (Sirotkin, 2023).

Additionally, the extract from snake melon seeds dramatically
reduced the triglyceride and total cholesterol levels in diabetic rats. The
effects of the cucumis flexuosus seeds extract may be attributed to the
rich amounts of phytoconstituents like flavonoids and triterpenoids,
which have antioxidant and free radical scavenging properties (Sayyar
et al., 2023)

Table (5): Effect of red pepper and snake melon seeds extracts on lipid
profiles (TC, TG, LDL and HDL) of obese rats

TG HDL LDL
Groups TC my'dh (mg/dl) (mg/dl) (mg/dl
Change Change Change| Mean + SD [Change
Mean + SD % Mean + SD % Mean + SD % o
G1 84.06 + 1.16f 67.46 + 1.98 53.05+1.972 17 5120 2467 | -

G2 309.15+£1.82%| 267.7 166 £1% |146.07|36.73+ 1.27¢ -30.76 |239.21+0.548%1266.13

G3 138.18+2.279 -55.30 | 103+ 29 | -37.95 |45.66+ 1.55% 24.31 |71.91+2.526°| -69.93

G4 282.93+2.43"| -8.48 [141.03+2.15" -15.04 |38.03+ 1.15¢ 3.53 |216.69+0.956° -9.41

G5 117.36+2.03°| -62.03 [92. 7 + 1.60° -44.15 |48.63+1.60°| 32.39 | 50.18+2.72° | -79.02

G6 233.47+2.77°| -24.48 |126.63+1.33¢ -23.71 |41.46+1.97¢| 12.87 |166.67+1.066° -30.32

LSD 3819 | -—--- 3.075 — 2.88 — 2.935
Each value is expressed as mean + SD. Means under the same column with different
superscript letters are significantly different (p< 0.05). ). TC, Total Cholesterol; TG,
Triglyceride; HDL, High density lipoprotein; F.A.A, Free Fatty Acid ; LDL,Low density
lipoprotein. Detailing the numbers for the groups as shown under Table (2).
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3.6. Effect of red pepper and snake melon seeds extracts on
Thiobarbituric acid reactive substances (TBARS), total
antioxidant status (TAS) and Lipid peroxidation (LPO) of
obese rats

Table 6 shows the effects of red pepper and snake melon seeds
extracts on thiobarbituric acid reactive substances (TBARS) , total
antioxidant status (TAS) and lipid peroxidation (LPO) of obese rats. In
comparison to the normal group, obese rats exhibited a substantial (p <
0.05) decrease in TAS (- 42.78%) , as well as a significant increase in
TBARS (125%) and LPO (327.21%). On the other hand, after
consuming red pepper and snake melon seeds extracts for 28 days,
obese rats had significant (p<0.05) increases in their TAS values in
contrast to the model group. Also, when obese rats treated with red
pepper and snake melon seeds extracts, their TBARS and LPO values
were considerably (p<0.05) lower than those of the model group. The
pepper seeds groups at different concentrations recorded the best results
compared to the snake melon groups. The best result was achieved by
group 5.

Total antioxidant status (TAS) is one of the elements of antioxidant
defense mechanisms, whereas thiobarbituric acid reactive substances
(TBARS) is a lipid peroxidation index and one of the significant
indicators of oxygen reactive species (ROS) activities and is linked to
membrane lipid degradation (Ottaviano et al., 2008). The generation of
free radicals during oxidative assaults alters the cellular dimension's
architecture and causes aberrant alterations in macromolecules.
Numerous diseases have their own pathophysiology attributed to these
harmful alterations. An imbalance favoring prooxidant levels over
antioxidant levels leads to oxidative stress. It is a hazardous condition for
the body as a whole and manifests symptoms of human illnesses as
obesity and cancer (Olarewaju et al., 2021).

Research indicated that taking dietary supplements containing
capsaicin may help prevent oxidative stress, Ertekin and Kegeci (2022)
examined the impact of capsaicin on rat TBARS and TAS levels and
found that applying capsaicin is only partly effective in preserving the
oxidant/antioxidant balance. The therapeutic effects of capsaicin have
been linked to several processes, including antioxidation, analgesia, and
apoptosis promotion. While the capsaicin receptor (transient receptor
potential cation channel subfamily V member 1) is thought to mediate
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some of the mechanisms, other mechanisms are thought to operate
independently of the receptor. Capsaicin's short half-life restricts its
clinical utility (Zhang et al., 2024).

Also, Carotenoids, which boost food's nutritional value and safety
because of their antioxidant activity, are abundant in most vegetables in
the Cucurbitaceae family (Yiblet, 2023). Because of its phytochemical
content and nutritious mineral makeup, snake melon has been shown to
be a potent antioxidant (llahy et al., 2022). This suggests that the crop
will become even more significant in the near future.

Table (6): Effect of red pepper and snake melon seeds extracts on
Thiobarbituric acid reactive substances (TBARS) , total antioxidant status
(TAS) and LPO of obese rats

TBARS LPO TAS
Groups (nmol/mL) (nmol-ml) (mmol/L)
Mean * SD |change%| Mean + SD | change% | Mean* SD (change%

Gl 3.2+0.75° 3.16 +0.76¢ | = ----- 1503+£1.18 | -----
G2 7.20+1.07%| 125 | 13.5+1.32° 327.21 8.60+1.7% | _4278
G3 5.26 +0.75%¢| -26.94 6.5+ 1.32° 51.85 11.8+1.47° | 37.20
G4 6.53+0.90° | -9.30 |11.16+ 1.25° 17.33 9.16 + 0. 94% 6.51
G5 3.76 £ 0.80°| -47.77 | 4.8+ 1.08 64.44 13.6 +1.01* | 58.13
G6 5.76+ 1.40% -20 9.16+ 1.04° 32.14 10.8+1.17%¢ | 2558
LSD 173 | - 204 | - 2.25 e

Each value is expressed as mean + SD. Means under the same column with different
superscript letters are significantly different (p< 0.05). ). TBARS, Thiobarbituric acid
reactive substances; LPO, Lipid peroxidation ; TAS, total antioxidant status.
Detailing the numbers for the groups as shown underTable (2).

3.7. Effect of red pepper and snake melon seeds extracts on
thyroid hormones of obese rats

Table 7 shows the effects of red pepper and snake melon seeds
extracts on thyroid hormones ( T3, T4 and TSH) of obese rats. In
comparison to the normal group, obese rats exhibited a substantial (p <
0.05) decrease in T3 (--29.60%) and T4(-67.64% ) as well as a
significant increase in TSH (1295%). On the other hand, after consuming
red pepper and snake melon seeds extracts for 28 days, obese rats had
significant (p<0.05) increases in their T3 and T4 values in contrast to the
obese group. Also, when obese rats treated with red pepper and snake
melon seeds extracts for 28 days, their TSH values were considerably
(p<0.05) lower than those of the model group. Red pepper groups
achieved better results than snake melon groups.

These findings are completely consistent with those of Biondi
(2023), who investigates the relationship between obesity and subclinical
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hypothyroidism. A condition known as subclinical hypothyroidism
(SHypo) occurs when free thyroid hormone levels fall below the lower
bound of their normal reference range. This early stage of thyroid
hormone deficiency elevates serum thyroid-stimulating hormone (TSH),
which is already beyond its recommended limit (Biondi and Cappola
2022). Because hypothyroidism is linked to lower resting energy
expenditure and thermogenesis, there is a strong correlation between
obesity and hypothyroidism (Duntas et al., 2013). According to
Kochman et al., (2021), hypothyroidism causes oxidative damage and
altered lipid metabolism in thyroid cells by reducing antioxidant system
function, which in turn promotes oxidative stress. The protective impact
of nutritional antioxidants against oxidative stress in thyroid disorders is
studied by Macvanin et al., (2023) . For this reason, the efficiency of
both pepper and snake melon seeds in improving thyroid hormone
levels in obese rats could be explained by their high level of naturally
occurring antioxidants.

Table (7) : Effect of red pepper and snake melon seeds extracts
on thyroid hormones of obese rats

T3 (ng/ ml) T4(ng/ ml) TSH (mg/ dl)
Mean * SDj|change%|Mean = SD |change%| Mean £ SD |change%

Gl 80.16 £ 1.25% |  ---- 34+£05% | ---- 0.124 +0.021%] ------

G2 56.43 + 1.55°| -29.60 | 1.1+0.1° | -67.64 | 1.73+0.09° | 1295

G3 70.2 #0.95° | 24.40 [2.06+0.208°| 87.27 |0.82+0.11°| -52.60

G4 58.5+2.29° | 3.66 1.3+ 0.2° | 18.18 1.5 +0.1° -13.29

G5 75.6+1.12° | 33.97 [3.2+ 0.75*| 190.9 | 0.32+0.11¢ | -81.50

G6 63.13+1.88% | 11.87 [1.76+ 0.25° 60 1.33 £0.152°| -23.12

LSD 280 | - 0.717 0.186 | -----
Each value is expressed as mean + SD. Means under the same column with different
superscript letters are significantly different (p< 0.05). T3, Triiodothyronine; T4, Thyroxine;
TSH , Thyroid-stimulating hormone. Detailing the numbers for the groups as shown under

Table (2).
3.8. Effect of red pepper and snake melon seeds extracts on

cardiac Troponin I, Troponin T, CK-MB and myoglobin of
obese rats

Table 8 shows the effect of red pepper and snake melon seeds
extracts on cardiac Troponin | , Troponin T , CK-MB and myoglobin
of obese rats. Rats fed on high fat diet had significantly (p <0.05) higher
levels of Troponin | (2400%), Troponin T (800%), CK-MB(314.9) and
myoglobin (57.43%) in comparison to normal rats. By contrast, feeding
rats on red pepper and snake melon seeds extracts reduced the level of
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myoglobin , CK-MB , cardiac Troponin I and Troponin T of obese
rats. The pepper seeds groups at different concentrations recorded the
best results compared to the snake melon groups.

The findings align with the findings of Welsh et al., (2024), who
noted that obesity significantly increases the chance of developing
established risk factors for cardiovascular disease, including
dyslipidemia, diabetes, hypertension, and chronic renal disease. A high-
fat diet's induction of elevated blood lipid levels is thought to play a
significant role in CVD (Wali et al., 2020). Increases in pulmonary
artery pressure and intracardiac filling pressure are two further
detrimental effects of fat. Over time, obesity-related structural and
hemodynamic changes can make a person more susceptible to systolic
and diastolic heart failure. Obesity-related heart failure is primarily
caused by a cascade of metabolic dysfunction and disease states,
moreover to the direct impact of obesity on the anatomy and
functionality of the heart (Gadde et al., 2018).

Atherosclerosis, cardiomyopathy, hypertension, and stroke can all
be treated with capsaicin. Through an independent and TRPV1-
dependent mechanism, it prevents platelet aggregation. Capsaicin
increases platelet activation via improving ADP and calcium release
from cellular platelet stores mediated by thrombin. Capsaicin reduces
LDL-related protein 1 and increases ATP-binding cassette transporter
Al, which limits atherosclerosis. The heart has capsaicin-sensitive
nerves. Through activation of TRPV1 and substance P, these neurons
control the release of the peptide associated with the calcitonin gene.
Capsaicin causes vasodilation by causing vascular endothelial cells to
release nitric oxide. Via blocking vascular smooth muscle's L-type
calcium channels, it also has antihypertensive effects (Nandagopal and
Nemala, 2024).

Therefore, the research results showed a positive effect of red
pepper seeds on improving heart enzymes.The anti-oxidative, anti-
inflammatory, and radioprotective qualities of GA in snake melon seeds
are linked to possible health advantages (Ferk et al., 2018). According
to a number of studies, Gallic acid may help treat cardiovascular
conditions such as vascular calcification, myocardial dysfunction
brought on by diabetes, and cardiac hypertrophy and fibrosis brought on
by isoproterenol (Ryu et al., 2016). Additionally, recent research has
shown that GA prevents cardiac remodeling, I-NAME (Nw-nitro-I-

21




i 1z 2025 b Osuily salad) aml) Losgil) L jil) A<t Lpalal) Alaal) :

arginine  methyl ester hydrochloride)-induced hypertension, and
myocardial fibrosis brought on by pressure overload (Yan et al., 2019).
Furthermore, gallic acid has been shown by Jin et al. (2018) to be a
promising new therapeutic agent for the treatment of heart failure
fibrosis and cardiac dysfunction.

Also, Fu et al., (2022) investigate the potential benefits of dietary
fiber supplementation on recognized cardiovascular risk factors. Given
that snake melon seeds are an excellent source of GA and dietary fiber,
this helps to explain their beneficial effect on lowering cardiac enzymes.

Table (8) : Effect of red pepper and snake melon seeds extracts on
cardiac Troponin I , Troponin T ,CK-MB and myoglobin of obese
rats

Troponin | Troponin T CK-MB Myoglobin
(ng/ml) (ng/ml (U/L) (ng / ml)
g change chang| Mean+ SD |change
Mean + SD % Mean + SD 0% - % Mean = SD | change%o
Gl 0.02 £ 0.005°| ---- |0.01 +0.008¢ | ----- 6.7+1.21°% | --—-- 53.1+0.95% | ------
G2 0.5+0.1* | 2400 | 0.09+0.01* | 800 | 27.8+1.08* |314.92 | 83.6 +1.46* | 57.43
G3 0.07+0.015°| -86 | 0.04+0.01° |-55.55| 17.06 + 1.61° | -38.63 | 64.6+ 1.34° | -22.72
G4 0.42+0.105*| -16 | 0.08 £0.02* |-11.11| 27.46 £1.02* | -1.22 | 82.2+1.1% -1.67
G5 0.03+0.01°| -94 0.02+0.01*° |-77.77| 11.16 + 1.75 | -59.85 | 57.33+1.56% | -31.42
G6 0.22+0.10° | -56 | 0.07+ 0.01% [-22.22| 22.76 +1.98" | -18.12 | 72.36+1.95" | -13.44
LSD 0.128 | ----- 0.021 — 265 | ----- 2.55 | a—--

Each value is expressed as mean = SD. Means under the same column with different
superscript letters are significantly different (p< 0.05). CK-MB, Creatine Kinase-MB.
Detailing the numbers for the groups as shown under Table (2).

3.9. Effect of red pepper and snake melon seeds extracts on
liver enzymes of obese rats

Table 9 shows the effect of snake melon and red pepper seeds
extract on liver enzymes of obese rats. It is noted from the table that liver
enzymes increased in the obese group fed a high-fat diet compared to
the healthy group .Giving obese rats extracts of both pepper seeds and
snake melon seeds reduced the level of liver enzymes compared to
model group, The most favorable outcomes were noted for the pepper
seeds groups compared to the snake melon seeds groups. These findings
corroborated those of EIl-Eshmawy (2023) , who demonstrated that
abnormal liver function tests (LFT) in obesity were linked to raised
blood levels of transaminases and reduced albumin and bilirubin levels
in the blood . Oxidative damage, insulin resistance and inflammation are
some of the additional underlying factors contributing to the aberrant
LFT observed in obesity.
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Pretreatment with capsaicin shields mice's livers from damage
caused by Con A. It also has a role in controlling the activation and
recruitment of intrahepatic leukocytes, as well as reducing oxidative
stress, inflammatory mediators, and hepatocyte apoptosis (Zhang et al.,
2019). Furthermore, red pepper seeds prevent the buildup of hepatic
lipids by triggering autophagy through AMP-activated protein kinase
(AMPK) activation, according to research by Lee et al., (2022). By
reducing apoptosis and mitochondrial dysfunction, capsaicin guards
against septic acute liver injury (Ghorbanpour et al., 2023).Capsaicin
(CPS) reduces the hepatotoxicity caused by cyclophosphamide (CPM)
by modifying the cytokine pathway, apoptotic signals, and oxidative
stress. As such, CPS may be useful as an adjuvant for patients receiving
chemotherapy (Alam et al., 2023).

Flavonoids, triterpenoids, phenolic compounds, and anthraquinine
are among the phytoconstituents that have been shown to have
hepatoprotective properties (Domitrovi¢& Poto¢njak, 2016). According
to Sayyar et al., (2023), administering extract of snake melon seeds for
30 days resulted in the regulation and normalization of liver enzymes,
further supporting the extract's antidiabetogenic activity. The effects of
the snake melon seeds extract could be explained by the existence of
phytoconstituents like flavonoids and triterpenoids, which are present in
rich amounts.

Table (9) : Effect of red pepper and snake melon seeds extracts on
liver enzymes of obese rats

ALT (U/ L) AST(U/ L) ALP (U/ L)
iz Mean £ SD |change%| Mean £ SD |change%| Mean = SD |change%
Gl 27.8+2.17° 66.73+1.197| - 152.86+2.44f | ------

G2 90.96 £ 1.79%| 227.19 [162.76 +£1.56%| 143.90 |413.46 +2.21%| 170.48

G3 43.4+1.60%| -52.28 | 87.66+2.51¢ | -46.14 | 186.9+ 1.87¢| -54.79

G4 71.12+1.94°| -21.81 | 142.2+ 1.9° | -12.63 308+2° -25.50

G5 30.4+£1.67%| -66.57 |72.63+ 1.02¢| -55.37 |161.73+1.40°| -60.88

G6 54+ 1.15° | -40.63 |120.26+ 1.95°| -26.11 [252.46+2.35°| -38.93

LSD 311 | - 3.138 - 396 | -
Each value is expressed as mean + SD. Means under the same column with different
superscript letters are significantly different (p< 0.05). ALT, Alanine transaminase; AST,
Aspartate transferase; ALT, alkaline phosphatase. Detailing the numbers for the groups as
shown under Table (2).
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4. Conclusion

Oral administration of red pepper and snake melon seeds ethanolic
extracts showed reliable anti-obesity potential to increase metabolism
through two possible mechanisms, lipid-lowering effect and TSH
activation. Moreover, the decline of TBARS concentration confirmed the
free radical defensive function of red pepper and snake melon seeds
ethanolic extracts by increasing total antioxidant status which helped to
reduce obesity complications.The results obtained encourage further
research in this point to ascertain the appropriate dosage and provide
novel theories for the mechanisms of the useful characteristics of red
pepper and snake melon seeds that may be reached. Therefore, the
research results recommended including both red pepper and snake
melon seeds at concentrations up to (500 mg/kg body weight) in our
daily diets, beverages and nutritional supplements.

5. Refrences

Akabori, H., Yamamoto, H., Tsuchihashi, H., Mori, T., Fujino, K.,
Shimizu, T., & Tani, T. (2007). Transient receptor potential vanilloid
1 antagonist, capsazepine, improves survival in a rat hemorrhagic
shock model. Annals of surgery, 245(6), 964-970.

Alam, M. F., Ajeibi, A. O., Safhi, M. H., Alabdly, A. J., Alshahrani, S.,
Rashid, H., & Anwer, T. (2023). Therapeutic potential of capsaicin
against cyclophosphamide-induced liver damage. Journal of Clinical
Medicine, 12(3), 911

Azlan, A., Sultana, S., Huei, C. S., & Razman, M. R. (2022). Antioxidant,
Anti-Obesity, Nutritional and Other Beneficial Effects of Different
Chili Pepper: A Review. Molecules (Basel, Switzerland), 27(3), 898.

Behera, P. K., Devi, S., & Mittal, N. (2023). Therapeutic potential of gallic
acid in obesity: considerable shift!. Obesity Medicine, 37, 100473.

Biondi, B. (2023). Subclinical hypothyroidism in patients with obesity and
metabolic syndrome: a narrative review. Nutrients, 16(1), 87.

Biondi, B., & Cappola, A. R. (2022). Subclinical hypothyroidism in older
individuals. The Lancet Diabetes & Endocrinology, 10(2), 129-141.

Boregowda, U., Aloysius, M. M., Perisetti, A., Gajendran, M., Bansal, P.,
& Goyal, H. (2020). Serum activity of liver enzymes is associated
with higher mortality in COVID-19: a systematic review and meta-
analysis. Frontiers in medicine, 7, 431.

Bruder, E. D., Jacobson, L., & Raff, H. (2005). Plasma leptin and ghrelin in
the neonatal rat: interaction of dexamethasone and hypoxia. The
Journal of endocrinology, 185(3), 477—-484.

24




i 1z 2025 b Osuily salad) aml) Losgil) L jil) A<t Lpalal) Alaal) :

Caumo, A., Perseghin, G., Brunani, A., & Luzi, L. (2006). New insights on
the simultaneous assessment of insulin sensitivity and beta-cell
function with the HOMAZ2 method. Diabetes care, 29(12), 2733-2734.

Chandrasekaran, P., & Weiskirchen, R. (2024). The role of obesity in type
2 diabetes mellitus—An overview. International Journal of Molecular
Sciences, 25(3), 1882.

Chapman, D. G., CASTILLO, R., & CAMPBELL, J. A. (1959). Evaluation
of protein in foods. I. A method for the determination of protein
efficiency  ratios. Canadian  journal of  biochemistry  and
physiology, 37(5), 679-686.

Chen, V. L., Du, X., Chen, Y., Kuppa, A., Handelman, S. K., Vohnoutka,
R. B., ... & Speliotes, E. K. (2021). Genome-wide association study
of serum liver enzymes implicates diverse metabolic and liver
pathology. Nature communications, 12(1), 816.

Dludla, P. V., Nkambule, B. B., Jack, B., Mkandla, Z., Mutize, T.,
Silvestri, S., ... & Mazibuko-Mbeje, S. E. (2018). Inflammation and
oxidative stress in an obese state and the protective effects of gallic
acid. Nutrients, 11(1), 23.

Domitrovié¢, R., & Poto¢njak, I. (2016). A comprehensive overview of
hepatoprotective natural compounds: mechanism of action and
clinical perspectives. Archives of toxicology, 90, 39-79.

Duntas, L. H., & Biondi, B. (2013). The interconnections between obesity,
thyroid function, and autoimmunity: the multifold role of
leptin. Thyroid, 23(6), 646-653.

Echave, J., Pereira, A. G., Carpena, M., Prieto, M. A., & Simal-Gandara,
J. (2020). Capsicum seeds as a source of bioactive compounds:
biological properties, extraction systems, and industrial application.
In Capsicum (pp. 1-37). London: IntechOpen.

Elebeedy, D., Ghanem, A., Saleh, A., Ibrahim, M. H., Kamaly, O. A,
Abourehab, M. A. S., Ali, M. A., Abd El Maksoud, A. I, El
Hassab, M. A., & Eldehna, W. M. (2022). In Vivo and In Silico
Investigation of the Anti-Obesity Effects of Lactiplantibacillus
plantarum Combined with Chia Seeds, Green Tea, and Chitosan in
Alleviating Hyperlipidemia and Inflammation. International journal of
molecular sciences, 23(20), 12200.

El-Eshmawy, M. M. (2023). Impact of obesity on liver function tests: is
nonalcoholic fatty liver disease the only player? A review article.
Porto Biomedical Journal, 8(5).

Elmas, C. and Gezer, C. (2022). Capsaicin and its effects on body weight.
Journal of the American Nutrition Association, 41(8), 831-839.

Eom, S. H,, Lee, S. H,, Yoon, N. Y., Jung, W. K., Jeon, Y. J., Kim, S. K,
Lee, M. S,, & Kim, Y. M. (2012). a-Glucosidase- and a-amylase-

25




i 1z 2025 b Osuily salad) aml) Losgil) L jil) A<t Lpalal) Alaal) :

inhibitory activities of phlorotannins from Eisenia bicyclis. Journal of
the science of food and agriculture, 92(10), 2084—-2090.

Ertekin, F., & Kegeci, T. (2022). The effect of capsaicin on TBARS and TAS
in rats with hypothyroidism. Journal of Istanbul Veterinary
Sciences, 6(2), 98-104.

Ferk, F., Kundi, M., Brath, H., Szekeres, T., Al-Serori, H., Misik, M., ... &
Knasmueller, S. (2018). Gallic acid improves health-associated
biochemical parameters and prevents oxidative damage of DNA in
type 2 diabetes patients: Results of a placebo-controlled pilot
study. Molecular nutrition & food research, 62(4), 1700482.

Fossati, P. & Prencipe, L. (1982). Serum triglycerides determined
colorimetrically with an enzyme that produces hydrogen peroxide.
Clin. Chem., (28), 2077-2080.

Fu, L., Zhang, G., Qian, S., Zhang, Q., & Tan, M. (2022). Associations
between dietary fiber intake and cardiovascular risk factors: an
umbrella review of meta-analyses of randomized controlled
trials. Frontiers in Nutrition, 9, 972399.

Gadde, K. M., Martin, C. K., Berthoud, H. R., & Heymsfield, S. B. (2018).
Obesity: pathophysiology and management. Journal of the American
College of Cardiology, 71(1), 69-84.

Ghoneim, A., Abdou, S., Elsehly, E., Radwan, E., Abdelrahman, A., &
Badr, N. (2024). Evaluating the Anti-Obesity Effects of Chitosan in
High-Fat Diet-Induced Obesity in Rat Model. Journal of Medical and
Life Science, 6(1), 5-19.

Ghorbanpour, A., Salari, S., Baluchnejadmojarad, T., & Roghani, M.
(2023). Capsaicin protects against septic acute liver injury by
attenuation of apoptosis and mitochondrial
dysfunction. Heliyon, 9(3).

Govindarajan, S., Babu, S. N., Vijayalakshmi, M. A., Manohar, P., &
Noor, A. (2021). Aloe vera carbohydrates regulate glucose
metabolism through improved glycogen synthesis and downregulation
of hepatic gluconeogenesis in diabetic rats. Journal of
Ethnopharmacology, 281,114556.

Gupta, R., Kapoor, B., Gulati, M., Kumar, B., Gupta, M., Singh, S. K., &
Awasthi, A. (2022). Sweet pepper and its principle constituent
capsiate: functional properties and health benefits. Critical Reviews in
Food Science and Nutrition, 62(26), 7370-7394.

Hassanzadeh-Rostami, Z., & Faghih, S. (2021). Effect of dietary fiber on
serum leptin level: a systematic review and meta-analysis of
randomized  controlled  trials. Experimental ~and  Clinical
Endocrinology & Diabetes, 129(04), 322-333.

26




i 1z 2025 b Osuily salad) aml) Losgil) L jil) A<t Lpalal) Alaal) :

Hebbar, S., Umakanth, S., Thimmappa, L., & Galbao, J. (2024). Effect of
high dietary fiber intake on insulin resistance, body composition and
weight, among overweight or obese middle-aged women: study
protocol for a  double-blinded randomized  controlled
trail. F1000Research, 13, 396.

Henning, Y., Vole, C., Begall, S., Bens, M., Broecker-Preuss, M., Sahm,
A., Szafranski, K., Burda, H., & Dammann, P. (2014). Unusual
ratio between free thyroxine and free triiodothyronine in a long-lived
mole-rat species with bimodal ageing. PloS one, 9(11), e113698.

llahy, R.; TIili,l.; Benabdallah,A.; Pék,Z.S.; Wasim,M.; Fozia,H and
Helyes, L. (2022). Snake Melon (Cucumis melo var. flexuosus),
CABI, Handbook of Phytonutrients in Indigenous Fruits and
Vegetables.pp. 179-188.

Irandoost, P., Lotfi Yagin, N., Namazi, N., Keshtkar, A., Farsi, F., Mesri
Alamdari, N., & Vafa, M. (2021). The effect of Capsaicinoids or
Capsinoids in red pepper on thermogenesis in healthy adults: A
systematic review and meta-analysis. Phytotherapy Research, 35(3),
1358-1377.

Islam, S.M.T., Osa-Andrews, B., Jones, P.M., Muthukumar, A.R.,
Hashim, I. & Cao, J. (2022). Methods of Low-Density Lipoprotein-
Cholesterol Measurement: Analytical and Clinical Applications.
EJIFCC. 12(4), 282-294.

Jalili, V., Poorahmadi, Z., Hasanpour Ardekanizadeh, N.,
Gholamalizadeh, M., Ajami, M., Houshiarrad, A., ... & Doaei, S.
(2022). The association between obesity with serum levels of liver
enzymes, alanine aminotransferase, aspartate aminotransferase,
alkaline phosphatase and gamma-glutamyl transferase in adult
women. Endocrinology, diabetes & metabolism, 5(6), e367

Jamal, N., Zainol, N. 1., Zakaria, N. A., Jofrry, S. M., Mohamed, R., Man,
F., & Choo,C. Y. (2022). Safety, efficacy, and mechanism of action
of herbs used for obesity management: A thematic review. Obesity
Medicine, 32, 100415

Janiszewska, J., Ostrowska, J., & Szostak-Wegierek, D. (2021). The
influence of nutrition on adiponectin—A narrative review. Nutrients,
13(5), 1394,

Jenko Praznikar, Z., Mohorko, N., Gmajner, D., Kenig, S., & Petelin, A.
(2023). Effects of four different dietary fibre supplements on weight
loss and lipid and glucose serum profiles during energy restriction in
patients with traits of metabolic syndrome: a comparative,
randomized, placebo-controlled study. Foods, 12(11), 2122 .

272


https://www.cabidigitallibrary.org/doi/book/10.1079/9781789248067.0000
https://www.cabidigitallibrary.org/doi/book/10.1079/9781789248067.0000

i 1z 2025 b Osuily salad) aml) Losgil) L jil) A<t Lpalal) Alaal) :

Jin, L., Sun, S., Ryu, Y., Piao, Z. H., Liu, B., Choi, S. Y., ... & Jeong, M. H.
(2018). Gallic acid improves cardiac dysfunction and fibrosis in
pressure overload-induced heart failure. Scientific reports, 8(1), 9302,

Kandir, S. (2015). Ratlarda Deneysel Hipothyroidizm ve Hiper(Jroidizmin
Kan Plazmasinda Bazi1 Serbest Radikal ve An[loksidan Sistem
Parametreleri Uzerine Etkileri. Selguk Universitesi Saghk Bilimleri
Ens[tlsu Veteriner Fizyoloji, Doktora Tezi, KONYA.

Kim, H. J,, You, M. K., Wang, Z., Lee, Y. H., & Kim, H. A. (2020a). Red
pepper seed water extract suppresses high-fat diet-induced obesity in
C57BL/6 mice. Food science and biotechnology, 29, 275-281.

Kim, H. K, Jeong, J., Kang, E. Y., & Go, G. W. (2020b). Red pepper
(Capsicum annuum |.) seed extract improves glycemic control by
inhibiting hepatic gluconeogenesis via phosphorylation of foxol and
ampk in obese diabetic db/db mice. Nutrients, 12(9), 2546.

Kochman, J., Jakubczyk, K., Bargiel, P., & Janda-Milczarek, K. (2021).
The influence of oxidative stress on thyroid
diseases. Antioxidants, 10(9), 1442.

Lee, Y. H,, Kim, H. J,, You, M., & Kim, H. A. (2022). Red pepper seeds
inhibit hepatic lipid accumulation by inducing autophagy via AMPK
activation. Nutrients, 14(20), 4247.

Lidikova, J., Ceryové, N., Snirc, M., Vollmannova, A., Musilova, J.,
Tothova, M., & Hegediisova, A. (2021). Determination of bioactive
components in  selected varieties of pepper (Capsicum
L.). International Journal of Food Properties, 24(1), 1148-1163.

Liu, W., Zhou, X, Li, Y., Zhang, S., Cai, X., Zhang, R., ... & Ji, L. (2020).
Serum leptin, resistin, and adiponectin levels in obese and non-obese
patients with newly diagnosed type 2 diabetes mellitus: a population-
based study. Medicine, 99(6), e19052.

Lopes-Virella, M.F., Stone, P., Ellis, S. & Colwell, J.A. (1977). Cholesterol
determination in high-density lipoproteins separated by three different
methods. Clin Chem. 23(5), 882-884.

Lu, M., Cao, Y., Xiao, J., Song, M., & Ho, C. T. (2018). Molecular
mechanisms of the anti-obesity effect of bioactive ingredients in
common spices: a review. Food & function, 9(9), 4569-4581.

Lu, M., Chen, C,, Lan, Y., Xiao, J., Li, R., Huang, J., Huang, Q., Cao, Y.,
& Ho, C. T. (2020). Capsaicin-the major bioactive ingredient of chili
peppers: bio-efficacy and delivery systems. Food & function, 11(4),
2848-2860.

Ludy, M. J., & Mattes, R. D. (2011). The effects of hedonically acceptable
red pepper doses on thermogenesis and appetite. Physiology &
behavior, 102(3-4), 251-258.

— ) 8




i 1z 2025 b Osuily salad) aml) Losgil) L jil) A<t Lpalal) Alaal) :

Macvanin, M. T., Gluvic, Z., Zafirovic, S., Gao, X., Essack, M., &
Isenovic, E. R. (2023). The protective role of nutritional antioxidants
against oxidative stress in thyroid disorders. Frontiers in
endocrinology, 13, 1092837

Matthews, D. R., Hosker, J. P., Rudenski, A. S., Naylor, B. A., Treacher,
D. F., & Turner, R. C. (1985). Homeostasis model assessment:
insulin resistance and beta-cell function from fasting plasma glucose
and insulin concentrations in man. Diabetologia, 28(7), 412-419.

Messarah, M., Saoudi, M., Boumendjel, A., Boulakoud, M. S., & Feki, A.
E. (2011). OxidaTlve stress induced by thyroid dysfunction in rat
erythrocytes and heart. Environmental Toxicology and
Pharmacology, 31(1), 33-41.

Mosqueda-Solis, A., Sanchez, J., Portillo, M. P., Palou, A., & Pico, C.
(2018). Combination of capsaicin and hesperidin reduces the
effectiveness of each compound to decrease the adipocyte size and to
induce browning features in adipose tissue of western diet fed
rats. Journal of agricultural and food chemistry, 66(37), 9679-9689.

Nandagopal, A., & Nemala, A. R. (2024). Role of Capsaicin in
Cardiovascular Diseases. In Capsaicinoids: From Natural Sources to
Biosynthesis and their Clinical Applications (pp. 373-394).

Oh, M. J,, Lee, H. B., Yoo, G., Park, M., Lee, C. H., Choi, I., & Park, H.
Y. (2023). Anti-obesity effects of red pepper (Capsicum annuum L.)
leaf extract on 3T3-L1 preadipocytes and high fat diet-fed mice. Food
& Function, 14(1), 292-304.

Omole, J. G., Ayoka, O. A, Alabi, Q. K., Adefisayo, M. A., Asafa, M. A.,
Olubunmi, B. O., & Fadeyi, B. A. (2018). Protective Effect of
Kolaviron on Cyclophosphamide-Induced Cardiac Toxicity in
Rats. Journal ~ of  evidence-based integrative  medicine, 23,
2156587218757649.

Ottaviano, F. G., Handy, D. E., & Loscalzo, J. (2008). Redox regulation in
the extracellular environment. Circulation journal : official journal of
the Japanese Circulation Society, 72(1), 1-16.
Olarewaju, O. O., Fajinmi, O. O., Arthur, G. D., Coopoosamy, R.
M., & Naidoo, K. K. (2021). Food and medicinal relevance of
Cucurbitaceae species in Eastern and Southern Africa. Bulletin of the
National Research Centre, 45, 1-7.

Paczkowska, K., Otlewska, A., Loska, O., Kola¢kov, K., Bolanowski, M.,
& Daroszewski, J. (2020). Laboratory interference in the thyroid
function test. Endokrynologia Polska, 71(6), 551-560.

Reeves, P., Nielsen, F. & Fahey, G. (1993). AIN-93 Purified Diets for
Laboratory Rodents: Final Report of the American Institute of
Nutrition Ad Hoc Writing Committee on the Reformulation of the

29




i 1z 2025 b Osuily salad) aml) Losgil) L jil) A<t Lpalal) Alaal) :

Richmond, W. (1973). "Preparation and Properties of a Cholesterol Oxidase
from Nocardia sp. and its Application to the Enzy-matic Assay of
Total Cholesterol in Serum. Clinical Chemistry, 19, 1350-1356.

Rolnik, A. and Olas, B. (2020). Vegetables from the Cucurbitaceae family
and their products: Positive effect on human health. Nutrition, 78,
110788.

Rompou, A. V., Bletsa, G., Tsakogiannis, D., Theocharis, S., Vassiliu, P.,
& Danias, N. (2024). An Updated Review of Resistin and Colorectal
Cancer. Cureus, 16(7).

Ryu, Y., Jin, L., Kee, H. J., Piao, Z. H., Cho, J. Y., Kim, G. R,, ... & Jeong,
M. H. (2016). Gallic acid prevents isoproterenol-induced cardiac
hypertrophy and fibrosis through regulation of JNK2 signaling and
Smad3 binding activity. Scientific Reports, 6(1), 34790.

Sayyar, H. T., Nazir, S., Munir, M., Khan, A., Fatima, M., & Mansoor, M.
(2023). Antidiabetic and antihyperlipidimic activities of ethanol seed
extract of Cucmis melo var. flexuosus & Cucmis melo var.
raticulatus. Rawal Medical Journal, 48(4), 1056-1056.

Sereno, A. B,, Pinto, C. D., Andrade, F. A, da Silva, M. A. B., Garcia, A.
C., Kriger, C. C. H., & de Messias Reason, I. J. (2022). Effects of
okra (Abelmoschus esculentus (L.) Moench) on glycemic markers in
animal models of diabetes: A systematic review. Journal of
Ethnopharmacology, 298, 115544.

Seyithanoglu, M., Oner-lyidogan, Y., Dogru-Abbasoglu, S., Tanrikulu-
Kiiguk, S., Kocak, H., Beyhan-Ozdas, S., & Kocak-Toker, N.
(2016). The effect of dietary curcumin and capsaicin on hepatic
fetuin-A expression and fat accumulation in rats fed on a high-fat
diet. Archives of physiology and biochemistry, 122(2), 94-102.

Shagdarova, B., Konovalova, M., Varlamov, V., & Svirshchevskaya, E.
(2023).  Anti-Obesity  Effects of  Chitosan and  Its
Derivatives. Polymers, 15(19), 3967.
https://doi.org/10.3390/polym15193967

Silvester, A. J., Aseer, K. R., & Yun, J. W. (2019). Dietary polyphenols and
their roles in fat browning. The Journal of nutritional biochemistry,
64, 1-12.

Sirotkin, A. V. (2023). Peppers and their constituents against obesity.
Biologia Futura, 74(3) 247-252.

Snedecor, G.W. & Cochran, W.G. (1967). Statistical Methods, Sixth Edition.
Lowa State University Press, Ames, IA.

Song, W. Y., Ku, K. H., & Choi, J. H. (2010). Effect of ethanol extracts from
red pepper seeds on antioxidative defense system and oxidative stress
in rats fed high-fat- high-cholesterol diet. Nutrition Research and
Practice, 4(1), 11-15.

— 3()




i 1z 2025 b Osuily salad) aml) Losgil) L jil) A<t Lpalal) Alaal) :

Stroev, & Makarova, (1989). Textbook of clinical chemistry, Carl A. Burtis,
3rd ed., WB Saunders, Philadelphia, USA.

Sung, J.,, , Ho, C. T., , & Wang, Y., (2018). Preventive mechanism of
bioactive dietary foods on obesity-related inflammation and
diseases. Food & function, 9(12), 6081-6095.

Syarif, Rasyid, H., Aman, M., Lawrence, G. S., Bukhari, A., Patellongi, 1.,
... & Putra, M. Z. D. A. (2024). The Effects of High Fat Diet on the
Incidence of Obesity and Monocyte Chemoattractant Protein-1 Levels
on Histological Changes in Prostate Wistar Rats. Research and
Reports in Urology, 57-63.

Szallasi , A. (2022). Capsaicin for weight control:“Exercise in a pill”(or just
another fad)?. Pharmaceuticals, 15(7), 851.

Tang D, Wang Y, Kang W, Zhou J, Dong R, Feng Q (2020) Chitosan
attenuates obesity by modifying the intestinal microbiota and
increasing serum leptin levels in mice. Journal of Functional
Foods.64:103659.

Tateishi, T., Yoshimine, N., & Kuzuya, F. (1987). Serum lipid peroxide
assayed by a new colorimetric  method. Experimental
gerontology, 22(2), 103-111.

Temple, R., Clark, P. M., & Hales, C. N. (1992). Measurement of insulin
secretion in type 2 diabetes: problems and pitfalls. Diabetic medicine :
a journal of the British Diabetic Association, 9(6), 503-512.

Tietz, N.W. (1976). Fundamental of Clinical Chemistry. Philadelphia, W.B.
Saunders, 243.

Tobolka, A., Skorpilova, T., DvoFakova, Z., Cusimamani, E. F., & Rajchl,
A. (2021). Determination of capsaicin in hot peppers (Capsicum spp.)
by direct analysis in real time (DART) method. Journal of Food
Composition and Analysis, 103, 104074.

Uarrota, V. G., Maraschin, M., de Bairros, A. D. F. M., & Pedreschi, R.
(2021). Factors affecting the capsaicinoid profile of hot peppers and
biological activity of their non-pungent analogs (Capsinoids) present
in sweet peppers. Critical Reviews in Food Science and Nutrition,
61(4), 649-665.

Ugbaja RN, Akinloye DI, James AS, Ugwor EI, Kareem SE, David G,
Abolade SO, Oyebade OE (2020) Crab derived dietary chitosan
mollifies hyperlipidemia-induced oxidative stress and
histopathological derangements in male albino rats. Obesity
Medicine.20:100300.

Varghese, S., Kubatka, P., Rodrigo, L., Gazdikova, K., Caprnda, M.,
Fedotova, J., & Busselberg, D. (2017). Chili pepper as a body
weight-loss  food. International journal of food sciences and
nutrition, 68(4), 392-401.

312



i 1z 2025 b Osuily salad) aml) Losgil) L jil) A<t Lpalal) Alaal) :

Vassault, A., Grafmeyer, D., Graeve, J., Cohen, R., Beaudonnet, A. &
Bienvenu, J. (1999). Quality specifications and allowable standards
for validation of methods used in clinical biochemistry. Ann Biol Clin
(Paris)., 57(6), 685-95.

Vekic, J., Stefanovic, A., & Zeljkovic, A. (2023). Obesity and dyslipidemia:
a review of current evidence. Current Obesity Reports, 12(3), 207-
222,

Wali, J. A., Koay, Y. C., Chami, J., Wood, C., Corcilius, L., Payne, R. J.,
& O’Sullivan, J. F. (2020). Nutritional and metabolic regulation of
the metabolite dimethylguanidino valeric acid: an early marker of
cardiometabolic ~ disease. American  Journal of  Physiology-
Endocrinology and Metabolism, 319(3), E509-E518.

Walker, H. K., Hall, W. D., & Hurst, J. W. (Eds.). (1990). Clinical
Methods: The History, Physical, and Laboratory Examinations. (3rd
ed.). Butterworths.

Wang, L., Wang, H., Zhang, B., Popkin, B. M., & Du, S. (2020). Elevated
fat intake increases body weight and the risk of overweight and
obesity among Chinese adults: 1991-2015 trends. Nutrients, 12(11),
3272.

Wang, X., Zhang, Y., Zhang, L., Wang, W., Che, H., & Zhang, Y. (2022).
Piperine attenuates hepatic steatosis and insulin resistance in high-fat
diet-induced obesity in Sprague-Dawley rats. Nutrition Research, 108,
9-21.

Wang, Y., Zhou, Y., & Fu, J. (2021). Advances in antiobesity mechanisms of
capsaicin. Current Opinion in Pharmacology, 61, 1-5 .

Welsh, A., Hammad, M., Pifa, I. L., & Kulinski, J. (2024). Obesity and
cardiovascular health. European Journal of Preventive
Cardiology, 31(8), 1026-1035

Xia, Y., Kuda, T., Yamamoto, M., Yano, T., Nakamura, A., & Takahashi,
H. (2023). The effect of Sichuan pepper on gut microbiota in mice fed
a high-sucrose and low-dietary fibre diet. Applied Microbiology and
Biotechnology, 107(7), 2627-2638.

Xu, L., Jiang, C. Q., Schooling, C. M., Zhang, W. S., Cheng, K. K., &
Lam, T. H. (2017). Liver enzymes as mediators of association
between obesity and diabetes: the Guangzhou Biobank Cohort Study.
Annals of epidemiology, 27(3), 204-207.

Yan, X., Zhang, Y. L., Zhang, L., Zou, L. X,, Chen, C., Liu, Y., ... & Li, H.
H. (2019). Gallic acid suppresses cardiac hypertrophic remodeling
and heart failure. Molecular Nutrition & Food Research, 63(5),
1800807.

32




i 1z 2025 b Osuily salad) aml) Losgil) L jil) A<t Lpalal) Alaal) :

Yiblet, Y. (2023). Overview of Cucurbitaceae Families. In Biological and
Abiotic Stress in Cucurbitaceae Crops. IntechOpen

Yound, D. S. (1975). Determination of GOT. Clin. Chem., 22 (5), 21-27.

Zanzer, Y. C., Plaza, M., Dougkas, A., Turner, C., & Ostman, E. (2018).
Black pepper-based beverage induced appetite-suppressing effects
without altering postprandial glycaemia, gut and thyroid hormones or
gastrointestinal well-being: A randomized crossover study in healthy
subjects. Food & function, 9(5), 2774-2786.

Zhang, H., Bai, Y., Gao, M., Zhang, J., Dong, G., Yan, F., ... & Xiong, H.
(2019). Hepatoprotective effect of capsaicin against concanavalin A-
induced hepatic injury via inhibiting oxidative stress and
inflammation. American Journal of Translational Research, 11(5),
3029.

Zhang, W., Zhang, Y. Fan, J., Feng, Z., & Song, X. (2024).
Pharmacological activity of capsaicin: Mechanisms and controversies.
Molecular Medicine Reports, 29(3), 1-8.




i 1z 2025 b Osuily salad) aml) Losgil) L jil) A<t Lpalal) Alaal) :

39549 ylall poa | Jhlidl jgdund dudguibii¥l] wibaliviuaod! dlosiall gt
IR (et (guifitd| ikl b o bl LRLAS L0 § drtuuid| (el sl
ol ylio duil gd : o yuaidl Q

s SN ) ) dana g qubd (Ll day
saan — A gial) daals — 50l SLalBy) A Aaadal) agle g AR acd

Ganl) adla

daa o lie g ollall plSa i g ST e 50 diage Al o8 dieud)
o) salrie dala dlia o A gl ay . dualilly daaiiall lalll e S 8 o))
Lgieli e aga ﬁs;mﬁg gup;s\ SYRURCIURRY I COUN| -8 Y w alade
ilanall bl Ldjea o8 Auhall 038 e ayall LS @l ag sl Lgadlsi,
oL 8 glie Liaas died) o ol sdy paliiuag ea¥) Jalil) j5ds palitiul
5% aliivnag yan Y QA sy Galdiun & Ungley dadall cilisall Jalas DS (e
SLSal (e Aol S o gying aa¥) Jalil jody paldtie (& o ang ¢ oLl
bl 35 o () daslend) duatll cylal « o)Al Al (e L adadall Al gudl
el O35 3 B 8l ) ol (pSal) 7 39a) alad 4 5add el e Jlae sl
s -Amadal) Lo ganally Lgiylae aie olARD) (e Balii] Jaray calaall e 3salally ¢
O oS [ ane 500 5250 i Ao dnad) )il 380 (e gl danf e celld
Db et ¢ S H5hy Gl eV Jaldl) sy Galitis e JS e sl O
Al sy ls e S ity et LS L 5 € < Jeadl) (8 ) 5 a
(ORigfinasy (B Ogarr) Ad)all sarll lisarns ¢(Cuslasaall ¢ LS LS (g )
s e Aol salal) Ll iligiases o(Andyal) 5aall Jeadl) (5 arell ¢ pay il
Logonl) iy igally AN 50 aSY) lalae Lllag ¢ snal) 2wy ymg cluyoiinligil)
((CloeadY) iligiana ¢cplg V) Aaslin caliwall oLl 3 Solall Llat) (€ ull (sl
& Ol (s Ggass Ciligivag ¢(Calpal) (ol goally mudl) ciligasag
o aa¥) QA oy paldiie yEL LSy - zisalll deganas Laginlie 2ie Lo
A Al 038 mg A (o) yody yalitie HEL (e Juad] dpld) ciladlal)
galie Loaasy Aiacd) (he 0l 20000 LKAl ) jea) Jaldll e dila)
aa€gym ¢ Ol Aaglie ol gl iy digall ccli€sna¥) rdalidall cilalkl)
Ol el daldl) ¢ el cpganll

34




