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Abstract: The Curcubitaceae family includes the significant horticultural crop known as watermelon (Citrulus lantus). Many
researchers have demonstrated watermelon's nutraceutical potential, making it a superior option for a functional diet.
Numerous illnesses, including those connected to age, obesity, diabetes, ulcers, and several kinds of cancer, have been treated
with watermelon.

Citruline, lycopene, and other polyphenolic substances are among the significant phytochemicals of pharmacological
significance that provide watermelon its therapeutic qualities. Watermelon serves as a crucial supplier of I-citrulline, a neutral-
alpha amino acid that serves as a precursor to l-arginine, an essential amino acid required for the synthesis of proteins.
Numerous health benefits were demonstrated in both in vitro and in vivo trials when I-citrulline and lycopene supplements were
given.

In the same way, the dietary similarly, watermelon consumption has been shown to be beneficial as a functional meal for weight
management in people.

In addition to the fruits, the seeds, sprouts, and leaves also showed therapeutic qualities in the extracts that were made from
them. The benefits of watermelon for treating a variety of illnesses are covered in detail in this review.
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L. INTRODUCTION
Eating a diet rich in fruits and vegetables has several health advantages. A plant-based diet is considered healthier due to the
abundance of phytochemicals, including flavonoids, lycopene’s, anthocyanins, phenols, and carotenoids, as well as vitamins and
minerals. It reduces the chances of a number of awful illnesses, including cancer, heart disease, neurological conditions, and
illnesses related to aging.
Plants yield a variety of products in the form of fruits and vegetables that are rich in nutraceutical potential, since they are a vast
source of secondary metabolites that have pharmacological value. Similarly, watermelon consumption has been shown to be
beneficial as a functional meal for weight management in people. In addition to the fruits, the seeds, sprouts, and leaves also showed
therapeutic qualities in the extracts that were made from them. The benefits of watermelon for treating a variety of illnesses are
covered in detail in this review.
A prominent member of the Curcubitaceae family of horticultural crops, watermelon is grown extensively for its mouthwatering
fruits. Approximately 81% of the watermelon produced worldwide is grown in Asian nations. [1]
Watermelon serves as an essential source of rich phytochemicals that have both great nutritional value and potential medicinal
applications. Watermelon, in instance, has high levels of lycopene, vitamin A, vitamin C, and antioxidant potential, making it an
ideal functional food. [2, 3]
The presence of bioactive chemicals in watermelon has been linked to several health benefits, including a lower risk of
cardiovascular disease, aging-related illnesses, obesity, diabetes, and a number of cancer-preventing properties. [4, 5, 6, 7].
Citrulline is a non-essential amino acid that Wada [8] discovered and isolated from watermelon in 1930. It is used in the production
of arginine. Nitric oxide, an essential signaling molecule involved in a variety of neurological and immunological responses in both
humans and animals, is synthesized endogenously by humans and requires the amino acid arginine. [9]
The watermelon seed's high arginine concentration which contributes to its therapeutic properties. [10]
This study discusses watermelon's several nutraceutical potentials and highlights its significance as an antioxidant, anti-
inflammatory, cardiovascular protectant, and anti-cancerous food.
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1. THERAPEUTIC EFFECTS

A. Cardiovascular Protection By Watermelon

Globally, cardiovascular disorders are the primary cause of the rising death rate. Furthermore, treating cardiovascular disease is
expensive. Consequently, adopting a cardio-friendly diet and lifestyle would lower the disease's risk factors. Vegetables and fruits
can counteract the harmful effects of cardiovascular illnesses. L-arginine and L-citrulline have the ability to reduce oxidative stress
and inflammation.[11,12].0On the other hand, consuming l-arginine and I-citrulline directly may cause gastrointestinal distress like
nausea and diarrhea[13,14].Thus, consuming fruits high in I-citrulline—a precursor to I-arginine, an amino acid required for protein
synthesis—Ilike watermelon is essential for receiving the nutrients your body needs. Rats on high fat diets showed improvements in
their lipid profiles, antioxidant status, and anti-inflammatory capabilities when given whole watermelon in powder form as a
supplement [15]. Additionally, eating watermelon affected the expression of genes related to fat metabolism [15]. More specifically,
the addition of watermelon and l-arginine improved the control of endothelial nitric oxide synthase gene expression in the liver. A
ubiquitous signaling molecule that is essential for blood vessel relaxation, nitric oxide (NO) also lowers atherosclerosis by affecting
lipid metabolism [15,16,17].On the contrary, in rats, watermelon supplementation down-regulated genes involved in lipid
metabolism, including nuclear factor-kB (NF-kB), cyclooxygenase-2 (COX2), fatty acid synthase (FAS), 3-hydroxy-3methyl
glutaryl-coA reductase (HMGCR), and sterol regulatory element binding protein (SERB) 1 and 2.[15]
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COX 2: cyclooxygenase 2, CRP: c- reactive protein, CVD: cardiovascular disease, HDL: high density
cholesterol, lipoprotein, LDL: low density lipoprotein, NO: nitric oxide, NOS: nitric oxide synthetase,
TC: total cholesterol, TG: triglyceride.

Fig -1 Cardiovascular protection by Watermelon

Of the aforementioned enzymes, FAS is crucial for the denovo synthesis of fatty acids, while HMGCR limits the rate at which
cholesterol is synthesized [18]. In a similar vein, SREBP-1 and SREBP-2 control the transcription of genes related to the synthesis
of cholesterol and fatty acids, respectively [19].The main causes of atherosclerosis are inflammation and oxidative stress. Serum
levels of C-reactive protein are used as markers for systemic inflammation, which causes heart failure [20, 21]. Rats fed a high-fat
diet had significantly lower blood levels of C-reactive protein after consuming watermelon [22]. Additionally, the expression of the
Cox-2 enzyme, which is involved in the creation of prostaglandins that promote inflammation, was down regulated by watermelon.
Additionally, Hong et al. [22] shown that the mechanism by which watermelon supplementation decreases the activity of Cox-2 and
lowers the inflammatory response is comparable to that of non-steroidal anti-inflammatory medicines. Watermelon can lower
cardiovascular disease risk factors in humans, according to a recent study [23, 24].Connolly et al. [24] reported that consuming
watermelon on a daily basis for four weeks led to significant decreases in blood pressure, waist-to-hip ratio, body weight, and body
mass index. Furthermore, the study states that supplementing with watermelon reduced the levels of triglycerides, low-density
lipoprotein cholesterol, and reactive chemical called thiobarbituric acid, and enhanced antioxidant capacity in individuals who are
obese [24]. Overall, it is clear that eating watermelon on a regular basis lowers the risk factors related to long-term conditions like
cardiovascular disease.
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B. Obesity

Obesity is a worrisome global public health concern that is associated with important metabolic illnesses such as diabetes and
diseases related to lifestyle choices. Obesity is mostly caused by an unhealthy lifestyle and bad eating habits, which include a lot of
fast food and processed meals with greater sugar content in daily diets. The Centers for Disease Control and Prevention (CDC)
released the National Diabetics Statistics Report (2020), which states that 10.5% of adults in the USA have diabetes and 45.8% of
adults are obese [25].Two forms of diabetes (types 1 and 2) can be distinguished based on the etio-pathogenesis. While type 2
diabetes, which is the most prevalent kind, involves resistance to insulin, type 1 diabetes is defined by the death of pancreatic B cells
as a result of the body's autoimmune reaction, which results in an insulin shortage [26].Diabetes causes persistent hyperglycemia,
which can develop in retinopathy, neuropathy, nephropathy, peripheral vascular, cerebrovascular, and ischemic heart disorders [27,
28, 29].Nevertheless the body's inflammatory reactions and degree of oxidative stress are

Crucial in the development of the issues mentioned above.

Reduced endothelial NO production and bioavailability, elevated plasma glucose concentration, free fatty acid, homocysteine, and
methylarginines are the main symptoms of non-insulin-dependent diabetes. [30] Several studies indicate that NO affects human
hemodynamics, insulin sensitivity, and energy substrate oxidation regulation
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Fig 2: Obesity

The overall impact of physiological NO levels on the metabolism of energy substrates. Nitric oxide inhibits GPAT activity, which
lowers TAG production and promotes fatty acid oxidation by decreasing malonyl-CoA availability. Furthermore, NO mediates
leptin-stimulated lipolysis and increases basal lipolysis. In addition, nitric oxide promotes glucose transport in adipose and muscular
tissue, raises glucose oxidation, and lowers the production of glycogen in the liver. Additionally, recent research demonstrated that
NO promotes mitochondrial biogenesis by triggering the production of PGC-1a.

It has been shown through the findings of numerous in vivo and in vitro investigations that feeding I-arginine to diabetic and obese
rats lowers their blood glucose levels [31,32,33].Furthermore, in hyper cholesterol patients [36] and animal models [30,34,35], I-
arginine increased vascular reactivity. Considering the health benefits of I-arginine, it ought to be consumed to reduce the risk of
obesity and diabetes. But I-arginine consumption directly caused gastrointestinal issues, thus l-arginine-enriched meals have taken
over as the preferred option. Watermelon consumption raised plasma l-arginine levels substantially. Wu et al. [9] reported that
adding watermelon juice to Zucker diabetic fatty rats—an animal model commonly used to study non-insulin dependent diabetes—
increased the levels of I-arginine and reduced those of glucose, homocysteine, free fatty acid, and methylarginines(9).Conversely, it
increased tetrahydrobiopterin levels in the heart and acetylcholine-mediated vascular relaxation as well as the activity of GTP
cyclohydroxylase-1.Furthermore, based on their findings in animal models, Wu et al. [9] suggested consuming watermelon juice as
a functional meal to fight obesity and diabetes.

When given orally to human beings, watermelon juice can serve as a useful substitute for arginine supplements. Watermelon juice
improved human immunological function and cardiovascular health while also efficiently regulating the body's metabolism. In a
research by Figueroa et al. [31], watermelon consumption improved vascular function and decreased carotid wave reflection,
brachial blood pressure, and ankle blood pressure in obese middle-aged adults with pre-hypertension. In a similar vein, eating
watermelon caused obese persons to feel fuller and saw reductions in their body weight, body mass index (BMI), and waist to hip
ratio. Additionally, compared to traditional refined carbohydrate snacks, Lum et al. [32] revealed that watermelon can effectively
suppress hunger and support weight management.
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C. Anti-Ulcerative Colitis Property Of Watermelon

One of the common inflammatory bowel diseases that inflames the mucosa across the gastrointestinal tract is ulcerative colitis [33].
The breakdown of goblet cells, crypts, and ulcer formation are hallmarks of ulcerative colitis [34].Furthermore, colon cancer, the
second most widespread disease with the highest death rate, can arise from ulcerative colitis in its chronic phases [35].In addition to
colon cancer, ulcerative colitis is linked to the

Dextran Sodium Sulfate Watermelon
(DSS) (Citrullus lanatus)
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Fig 3: Anti Ulcerative Colitis Property of Watermelon

beginning of other related conditions such psoriasis, ankylosing spondylitis, and rheumatoid arthritis [36].One sign of ulcerative
colitis is a decrease in the absorption of I-arginine by colonocyte [37, 38].The ulcerative colitis patients showed lower levels of I-
arginine, which affected the colon's histology and normal mucosal permeability, as reported by Coburn et al. [39].Additionally, |-
arginine supplementation reduced pro-inflammatory cytokine levels, improved several related clinical parameters, and enhanced
antioxidant activity to relieve ulcerative colitis symptoms. [40, 41].The watermelon's high concentration of I-citrulline, which is a
precursor to l-arginine, has potential therapeutic benefits for ulcerative colitis. A recent study by Hong et al. [22] showed that the
watermelon supplementation induced improvements in cellular kinetics, endogenous nitric oxide levels, and the micro-architecture
of colon crypts. According to Hong et al.'s [22] theory, watermelon boosts NO levels which in turn would synergistically promote
the expression of peroxisome proliferator-activated receptor—y (PPAR—y), which would reduce oxidative stress and inflammation.
Excess of reactive oxygen species production causes oxidative stress, which is fatal to the macromolecular components of the cells
and damages DNA.

This is one of the main factors that worsens the pathogenesis of ulcerative colitis. [42]Specifically, DNA damage from oxidative
stress promotes the development of cancer. For example, the down-regulation of tumor suppressor genes is facilitated by the
production of 8-hydroxydeoxyguanosine (8-OHdG), an oxidized derivative of deoxyguanosine generated by the interaction between
reactive hydroxyl radical and DNA nucleobase [43,44].Rats given DSS had higher than normal amounts of 8-OHdG, according to
Hong et al. [22], but the 8-OHdG content decreased when watermelon was added. The watermelon's high antioxidant profile may
have contributed to the reduction of 8-OHdG levels by reducing oxidative stress and shielding DNA from harm.
This study was designed to find out how watermelon affected rats receiving a high-fat diet and Dextran Sodium Sulfate (DSS) for
colitis. Our hypothesis was that watermelon, through controlling cell homeostasis and preserving the quantity of intact crypts, would
lessen the severity of colitis.

The control diet, control diet + DSS, 0.33% watermelon powder diet, and 0.33% watermelon powder diet + DSS were the four
groups into which the forty rats were split. Following four weeks of specified feeding, rats in the DSS group were given 3% (w/v)
DSS (40 kDa) in their drinking water for two days. Administration of DSS reduced cell differentiation and the amount of intact
colonic crypts, but enhanced colonocyte proliferation and death (P <.05).

The application of watermelon therapy eliminated the impact of DSS on cell proliferation and decreased the loss of colonic crypts
(P<.05. Cyclin D1's mRNA expression was elevated by DSS, however this impact was mitigated by treatment with watermelon.
These findings show that supplementing with watermelon reduces colitis by preserving the typical architecture of the colonic crypt
and regulating the balance between cell division and death.
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D. Antioxident Properties Of Watermelon Seeds

Classified into phenolic acids, flavonoids, lignans, and stilbenes, polyphenolic substances are essential antioxidants. There are two
hydroxyl groups at least joined to an aromatic ring in the structure of polyphenols. Polyphenolic chemicals are primarily responsible
for the antioxidant qualities found in fruits and vegetables. It has been observed by Tilili et al. that the hydrophilic antioxidant
activity of watermelon is due to the presence of polyphenols. The amount of polyphenols in fresh watermelon juice ranges from
16.94 t0 20.23 mg / 100 mL. This means that consuming watermelon as a snack or a beverage might increase the body's antioxidant
capacity and enhance biological processes like adhesion and cell signaling as well as additional biological processes. However, the
antioxidant potentials are determined by the polyphenols' structure, amount, absorption, and bioavailability. The watermelon has a
variety of polyphenols, and only a small number of research have sought to determine their precise composition (Table 1). Abu-
Reidah et al. used high-performance liquid chromatography in conjunction with electrospray ionization—quadrupole time-of-flight
mass spectrometry (HPLC-ESI-QTOF-MS) to evaluate the phytochemicals found in the methanolic extracts of watermelon. [46]

E. Anticancer Properties Of Watermelon Seeds

Cancer is a terrible illness that kills a lot of people in a lot of countries all over the world. The molecular mechanisms behind
carcinogenesis in biological systems can be influenced by the correlation seen between the active components of food and gene
expression in many metabolic pathways. For example, the active ingredient in watermelon, lycopene, can reduce the development of
cancer by acting against tumor spreading and by inhibiting DNA mutation. Nahum et al report that lycopene causes modifications to
the cell cycle machinery, namely by inhibiting the G1 phase in endometrial and breast cancers in humans. [46]In cancer cells,
cyclin-dependent kinase (CDK) 1 and 3 activities were decreased by lycopene injection. Additionally, lycopene's antioxidant
capacity decreases. Furthermore, lycopene's antioxidant qualities lessen oxidative stress and support the anti-proliferative actions
against malignant cells. Lycopene has been shown in several studies to have anti-cancerous properties both in vitro and in vivo.

The detailed molecular reasoning underlying the lycopene-mediated control of gene interaction is still being investigated, though
[47]. Colon cancer ranks second among the malignancies that kill people most often in the globe. An imbalance between the
planned cell death (apoptosis) and growth of cells can lead to colon cancer. But according to research, the majority of colon cancers
may be avoided with the right dietary changes. While rats with colon cancer showed a reduction in cell proliferation when given
watermelon supplements, there was no discernible effect on apoptosis. The presence of copious I-citrulline and its role in the
generation of endothelial nitric oxide (NO) might be the key component contributing to the watermelon's tumoricidal properties.
The addition of watermelon powder to male Sprague-Dawleys' meals, according to Glen et al. Watermelon powder was added to the
meals of male Sprague-Dawley rats that had been given a colon cancer inducer in order to lower the chances of aberrant crypt foci
development by lowering DNA inflammation and oxidative damage. Furthermore, the supplementation of watermelon additionally
altered the expression of DNA repair enzymes to battle the cancer, and an increase in endogenous nitric oxide synthesis added to the
relief of carcinogenic effects.

= Watermelon

----------—’

~

Fig 4: A schematic illustration of the several pathways that the phytochemicals in watermelon extracts cause. The concept for the
figure was developed by an analysis of the material referenced in parts (2—-6). Acetyl-coA carboxylase (ACC); ATP-citrate lyase
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(ACLY); COX1/2, cyclooxygenase; Akt, alpha serine-threonine protein kinase; HMGCS, 3-hydroxy-3-methylglutaryl-CoA
synthase; HMGCR, 3-hydroxy-3-methylglutaryl-CoA reductase; FAS, fatty acid synthase; MUFA, monounsaturated fatty acid; NO,
endogenous nitric oxide; NOS, nitric oxide synthase; PPAR-y, peroxisome proliferator-activated receptor—y; PUFA, polyunsaturated
fatty acid; PGH2, prostaglandin-H2; ROS, reactive oxygen species; SERB, sterol regulatory element binding proteins; TCA,
tricarboxylic acetic acid cycle.[50]. The two most common malignancies in women with the highest death rates are breast and
cervical cancers. Studies have been conducted on breast and cervical cancer cell lines to examine the anti-proliferative properties of
watermelon leaf extracts [49]. Six watermelon cultivars' worth of leaf extracts were examined on cell lines representing cervical
cancer (C33A, HelLa, and SiHa) and breast adenocarcinoma (MCA-MB-231 and MCF-7) [49]. The watermelon leaf extracts' ability
to inhibit the proliferation of both cancer cell lines as compared to normal cells was demonstrated by the in vitro MTT test and
microscopic examination of the cells. On the other hand, the C33A cervical cancer cell line demonstrated a significant level of
sensitivity to the extracts. Microscopic examinations of the cancer cell lines clarified the decrease in cell quantity and cellular cell
size in MCF-7, MDA-MB-231, and C33A lines [49]. The study also proposed that watermelon leaf extracts had anti-cancer
properties that vary depending on the cultivar.

F. Additional Benefits Of Watermelon Seeds

1) Benefits of Watermelon Seed for Health: Watermelon seeds can benefit our bodies in unexpected ways since they are a rich
source of proteins, essential fatty acids, magnesium, and zinc. The following are a few of the noteworthy benefits:

2) Enhances the Condition of the Skin: The sprouted seeds from watermelon, high in vitamin C and other antioxidants, help to
exfoliate your skin. Its oil is commonly used in many cosmetic products to treat acne and the signs of aging beginning.
Watermelon seeds are a great source of magnesium, which improves the appearance of your skin overall. Disorders like eczema
and other dry, itchy skin issues can benefit from it. Watermelon seeds will moisturize your dull, dry skin. The zinc found in
seeds has the ability to accelerate protein synthesis, cell division, and repair, which can delay the aging process.

3) Promotes the Regrowth of Hair: Everyone values having well-maintained hair. So why not use watermelon seeds to achieve
this? Watermelon seeds are rich in proteins, iron, magnesium, zinc, and copper, all of which have been demonstrated to
improve the quality of hair. These seeds promote the growth and fortification of hair. The manganese in the seeds helps to
lessen damage and hair loss.

4) Strengthen your Immune System: Watermelon seeds contain iron and other minerals that support a stronger immune system.
The vitamin B complex that these seeds contain is also helpful in this regard.

5) Avoid bone Thinning: If you experience health issues such as weak bones or osteoporosis, consider adding watermelon seeds.
If ingested frequently, watermelon seeds—which are high in potassium, magnesium, and copper—can help prevent bone
problems.

6) Encourages the Neurological System: Watermelon seeds are a great source of vitamin B, which is important for the health of
your nervous system and brain. It can help with both mood problems and dementia. Watermelon is a great source of zinc,
which is essential for the male reproductive system to function properly. Zinc has the ability to improve sperm quality. [45]

1. WATERMELON SEEDS' NUTRITIONAL VALUE

1. Low in calories Watermelon seeds are low in calories. The calories in about 4 grams of seeds are merely 23 within them

2. Magnesium One nutrient required for proper metabolic operation is magnesium. Because watermelon seeds contain
a lot of magnesium, they help maintain a healthy metabolism. According to estimates from the National
Institutes of Health (NIH), an individual's body needs 420 grams of magnesium each day.

3. Zinc Watermelon seeds are a good source of zinc. In addition to promoting immunity, digestion, and cell
growth, it also keeps your nervous system healthy.

4. Iron Watermelon seeds are a great source of iron. According to the National Institute of Health (NIH), 18

5. Healthy fats Good fats may contain both polyunsaturated and monounsaturated fatty acids, which are recognized as

healthful fats. It helps prevent heart attacks and strokes and lowers cholesterol. A portion of 1.1 grams
of polyunsaturated fat and 0.3 grams of monounsaturated fat are found in 4 grams of watermelon
seeds.(45)
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V. CONCLUSION

Watermelon is a rich source of phytochemicals with significant medicinal value, most of which are linked to the high concentrations
of polyphenols, lycopenes, and citrulline. Supplementing with watermelon extracts helps patients recover from a variety of
pathological conditions as well as from the unavoidable adverse consequences of those conditions. Watermelon tissues, including
seeds, and fruit contain secondary metabolites with nutraceutical potential that act on many potential therapeutic targets related to
illnesses including diabetes, cancer, inflammation, and obesity. To increase the use of phytochemicals in the nutraceutical sectors,
further research on the extraction of the active phytochemical and the molecular regulatory mechanisms of the bioactive substances
in watermelon are necessary. Furthermore, the assessment of phytochemical and pharmacokinetic data of essential secondary
metabolites in watermelons can speed up the process of creating drugs to treat terrible illnesses. Furthermore, consuming
watermelon as a functional diet might delay the beginning of a number of human illnesses. When combined, the knowledge
gathered about the phytochemicals found in fruits and vegetables can be a useful tool in hastening the development of several plant-
based medication candidates with low side effects.
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