| VE Y TY sadgl O gDl (ualuad) aam) dac gl Ayl 4t dsalad) ddaal) |

Effect of pulp and rind water melon (Citrullus lanatus) powder on
gentamicin-induced nephrotoxicity in rats

Fathya G. EI-Nahas! and Amira Hamdy Abd Elhaleem?
Home Economic Dep., Faculty of Specific Education, Menoufia University, Egypt.

2Nutrition and Food Science Dep. , Faculty of Home Economic, Menoufia University,
Egypt.

Abstract

This study was assessed to determine the chemical composition of
pulp and rind powder and the therapeutic effects of treating water melon
(Citrullus lanatus) as pulp and rind powder at three levels (2.5%, 5% and
7.5%) on kidney functions, liver enzymes, some serum minerals, blood
alucose and antioxidant enzymes of gentamicin-induced nephrotoxicity rats.
Forty adult female healthy albino rats (Sprague-Dawley strain) were divided
into eight groups, the first group was normal rats as a negative control group
while the other seven aroups were fed a basal diet and injected with
gentamicin to induce nephrotoxicity . One of them was the positive aroup,
other groups (3, 4,5) and (6,7,8) were fed a basal diet containing 2.5%, 5%
and 7.5% of pulp and rind from water melon powder respectively for 28 days
as period of the experiment . The results revealed that the content of moisture,
dietary fiber, carbohydrates, total calories, total phenols, total flavonoids and 2,
2-diphenyl-1-picrylhydrazyl (DPPH%) of dried watermelon pulp were
significantly higher than its content in the watermelon rind while the content of
tested minerals in the watermelon rind were significantly higher than the pulp
except for the content of iron and potassium. In addition, levels of AST, ALT,
ALP, GGT, urea, uric acid, creatinine, MDA, and blood alucose were
dramatically decreased in the nephritic watermelon pulp treated groups while
levels of Tp, Alb, GPX, SOD, CAT, GSTs, and TACwere greatly increased.
Reagarding levels of K and P, they decreased while levels of Na and Ca
increased in nephritic treated groups with pulp and rid powder especially at
7.5% . So, this study proved that pulp and rind powder has great effectiveness
in treating kidney diseases and protecting against complications associated
with them it alsocontains many vital compounds that play an important and
effective role in metabolic processes and performance during the life cycle.

Key words: kidney functions- blood glucose — malondialdehyde - antioxidant
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Introduction

The kidney serves as the primary organ indispensable for the human
body to accomplish and execute various critical functions. These include but
are not limited to preserving bone density, regulating hormonal balance,
producing erythrocytes, and maintaining fluid homeostasis and blood pressure.
They also play a part in the metabolism of carbohydrates, proteins, lipids, and
other nutrients, as well as filtering and eliminating nitrogenous and xenobiotic
toxicants, including potentially dangerous chemical substances in the
environment, because of their special biochemical, anatomical, and
physiological characteristics. The kidney's multitude of metabolizing enzymes
and transporters, incredibly high renal blood flow, and capacity to collect
various solutes during the formation of urine are all characteristics that
contribute to the kidney's great sensitivity to xenobiotics (Molaei et al., 2021).

Kidney diseases can be categorized according to the onset time of an
illness into acute kidney injury (AKI) and chronic kidney disease (CKD)
which is a progressive decrease in kidney function lasting longer than three
month and is referred to as CKD .the production of ROS and reactive
nitrogen species (RNS) is associated with both AKI and CKD . AKI is mostly
caused by sepsis, ischemia reperfusion injury, diabetic nephropathy and
exposure to nephrotoxic reagents. AKI patients are more likely to progress to
CKD, and whether tubular cells recover sufficiently is a major factor in
whether this happens (Nephrotoxicity). Nephrotoxicity is characterized as the
swift decline in renal function resulting from the deleterious impact of
chemicals and pharmaceuticals. Nephrotoxicity is a term used to describe the
hazardous impact of some substances on the kidney, including both toxins and
medications (Perazella and Rosner, 2022). Nephrotoxins are substances
displaying nephrotoxicity. Moulds and fungi, chemotherapy drugs like
cisplatin, antibiotics like gentmicine, nonsteroidal anti-inflammatory drugs
(NSAIDs), and metals like lead, arsenic, and mercury are some of the different
substances that can cause nephrotoxicity. Drug-induced nephrotoxicity
represents approximately 19-26% of all hospital cases . Numerous
mechanisms contribute to drug-induced nephrotoxicity, including altered
glomerular hemodynamics ,altered glomerular hemodynamics renal tubular
cytotoxicity,crystal  nephropathy, inflammation ,rhabdomyolysis, and
thrombotic microangiopathy (Yu et al., 2021). These consequences can be
mostly attributed to increased ROS production by the renal mitochondria,
which harms cellular macromolecules like proteins, lipids, and DNA and
eventually causes the death of kidney cells (Ali et al.,2021).

Gentamicin (GM), a key member of the AGs class of bactericidal
antibiotics, was first identified in 1963 and is frequently prescribed to treat
serious Gram-negative bacterial infections. These infections induce
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endocarditis, sepsis, pneumonia, pelvic inflammatory disease, meningitis,
urinary tract infections, and bone infections (Balakumar et al., 2010) .
Nephrotoxicity and ototoxicity, including vestibular and/or cochlear damage,
are among the major side effects of GM . GM's primary dose-limiting adverse
effect is nephrotoxicity . The recent mechanisms of GM-ind for kidney
complications are oxidative stress, apoptosis, fibrosis, inflammation crystal
nephropathy, rhabdomyolysis, and thrombotic microangiopathy . These
consequences can be mostly attributed to increased ROS production by the
renal mitochondria, which harm cellular macromolecules like proteins, lipids,
and DNA and eventually cause the death of kidney cells (Huang et al., 2020
and Althunibat et al., 2022) . Watermelon (Citrulluslanatus) is a Cucurbitacea
family tropical plant. It is most prevalent in South East Asia and Africa. The
melon (Cucumis melo L.) is a member of the family Cucurbitaceae.lIt contains
antioxidants such as vitamin C, beta-carotene, citrulline, and others that are
found naturally. Additionally, red flesh watermelon is a rich source of
lycopene. The seventeen compounds present in watermelon are classified into
the following five groups: acids, alcohol, ketone, epoxy compounds, and
hydrocarbons. In addition, watermelon is an excellent source of numerous
antioxidant molecules, including L-citrulline, which serves as a precursor for
L-arginine in the kidney, in addition to both essential and non-essential amino
acids (Rahman et al., 2013). L-arginine serves as the substrate for nitric oxide
synthase during the synthesis of nitric oxide. Nitric oxide functions as a novel
hydroxyl radical scavenger and is an essential signaling molecule involved in
the regulation of a wide variety of physiological and cellular processes
(Naknaen et al., 2016).

As a laxative fruit, melons aid in the elimination of waste products and
urine sediments, and they are also highly effective in the treatment of
constipation.  Antiulcerogenic, antidiabetic, anti-plasmodial, analgesic,
antimicrobial, laxative, anti-inflammatory, antioxidant, and hepatoprotective
properties are all attributed to watermelon (Oyenihi et al., 2016 and Renner
et al., 2017). The pink flesh of the watermelon is consumed uncooked or
incorporated into juices and salads, while the rind is disposed of as an
unnecessary byproduct.It is frequently consumed as a pickle in the southern
region of the United States and has been proposed as a possible dietary fiber
substitute for wheat flour in the preparation of cookies and cakes (Naknaen et
al., 2016 and Oyenihi et al., 2016).

Therefore, The aim of this study was to determine whether varying
concentrations of watermelon pulp and rind powder affected biochemical
parameters in nephrotoxic rats.
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Materials and Methods
Materials
Plant material

Watermelon (Citrullus lanatus) was procured from the nearby market in
Shebin-El kom City, Menoufia Governorate, Egypt, in accordance with the
specifications provided by the Menoufia University Agriculture Crops
Department.

Animals

The agriculture crop department of the agriculture faculty at Menoufia
University procured watermelon (Citrullus lanatus) from the local market in
Shebin-EI kom City, Menoufia Governorate, Egypt, as per its definition.

Chemicals

Chemical kits and GM (aminoglycoside antibiotics) were obtained from EI-
Gomhoria Company for Trading Drugs, Chemicals and Medical Instruments,
Cairo, Egypt.

Methods
Preparation of watermelon pulp and rind powders

The watermelon rind, which had been isolated from the freshly washed
watermelon fruits, was sliced into small segments using a sharp knife in order
to extract water before being distributed in air dryer trays. The pulp and rind
were dried at 50.5°C for a duration of 48 hours, or until their moisture content
reached 11%. Following this, the dehydrated components were reduced to
powder using a laboratory disc mill (Braun AG Frankfurt Type: KM 32,
Germany) and subsequently stored at 4°C for subsequent analysis
(Russo, 2001).

Chemical composition of watermelon pulp and rind powder

The moisture, protein, fat, ash, and dietary fiber contents of watermelon
pulp and rind powder (Triplicate sample) were identified in accordance with
A.O.A.C. (2005) through the determination of their chemical composition. The
difference in these components was utilized to calculate the total
carbohydrates.

Determination of minerals content

The mineral concentration was determined using atomic absorption
spectrophotometry (Perkin—Elmer Instrument Model 2380, Germany), in
accordance with the guidelines set forth by the A.O.A.C. (2012).

Determination of some vitamins

The concentrations of thiamine (B1), ascorbic acid (vitamin C),
Riboflavin(B2) , niacin (B3), and pyridoxine (B6) were ascertained using the
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spectrophotometric techniques documented by Onwuka (2005). In contrast,
the determination of beta carotene and lycopene was carried out according to
the method outlined by Okwu and Josiah (2006).

Determination of total flavonoid

A colorimetric method for aluminum chloride developed by Park et al.
(1997). Determination of total phenols

The identification of phenolic compounds in DDP was accomplished by
employing the Singleton and Rossi (1965) method and the folin Ciocalteu
reagent.

Determination of 2,2-diphenyl-1-picrylhydrazyl (DPPH)
The DPPH free radical scavenging capabilities of DDP were assessed
using the method proposed by Xu and Chang (2007).

Nephrotoxicity induction

Normal healthy male albino rats were injected with 10 mg of GM
(aminoglycosides antibiotics) /kg once daily for 10 days (Farombi and Ekor,
2006).

Experimental design

A total of forty adult female healthy albino rats (Sprague-Dawley strain)
weighing (1355 g) were maintained in wire cages in the laboratory under
hygienic conditions with adequate ventilation. During the adaptation period of
seven consecutive days, these rats were fed a basal diet consisting of the
following components: corn starch (69.5%), casein (10%), corn oil (10%), salt
mixture (4%), vitamin mixture (1%), barn (5%), methionine (0.3%), and
choline chloride (0.2%) (AIN, 1993). Rats were introduced to new diets using
specialized non-scattering feeding cups in order to prevent feed contamination
and loss. Daily inspections were conducted to ensure that water tubes
protruding through the wire cage from inverted bottles supporting the side of
the cage were supplying water to the rats.

Five rats comprised each of the eight groups; the weights of the rats in
each group were nearly identical. The initial group (G1) served as the negative
control and was provided with a basal diet. As a positive control, the second
group consisted of nephrotoxicity rats that were administered a basal diet and
injected with GM. Nephrotoxicity rats comprised Groups (3, 4, 5), and (6, 7,
8); for the duration of the experiment (28 days), they were provided with basal
diets supplemented with 2.5%, 5%, and 7.5% watermelon pulp or rind powder,
respectively.

Collection of blood

The experiment concluded with the rats fasting overnight and for two
hours for water. Subsequently, the rats were anesthetized, sacrificed, and blood
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samples were extracted from the aorta. Following a 10-minute centrifugation at
3000 rounds per minute (r.p.m.), the blood samples were filtered to separate
the serum. The collected serum was then transferred to a dry, sterile Eppendorf
and stored at -20°C until further use (Schemer,1967).

Assay of serum biochemical parameters

The following methods were utilized to determine kidney function
parameters: urea, uric acid, and creatinine: Patton & Crouch (1977); Fossati
et al. (1980); and Bonsens & Taussky (1984), in that order.

Liver functions included alkaline phosphatase (ALP),aspartate
aminotransaminase (AST) and alanine aminotransferase (ALT), total protein
(Tp), serum gamma-glutamyltransferase (GGT),albumin (Alb), globulin (Glb)
and albumin/globulin ratio (Alb/Glb ratio) which were determined by the
methods of Henry(1974); Yound(1975) ;IFCC (1983);Gowenlock et
al.(1988) ; Spencer &Price(1977) and Srivastava et al.(2002) respectively.

potassium (K), Sodium (Na), phosphorus (P) and calcium (Ca) were
described by Nicoli (2003).

catalase (CAT), Glutathione peroxidase (GPX), glutathione s-transferases
(GSTs), superoxide dismutase (SOD), malondialdehyde(MDA) and total
antioxidant capacity (TAC) were measured by the methods of Zhao(2001);
Sun et al.(1988); Aebi, (1983); Schumann and Klauke( 2003);
Koracevic(2001) and Ohkawa et al.(1979) respectively.

Statistical analysis

The statistical package for social sciences SPSS (Statistic Program Sigmastat,
Statistical Soft-Ware, SAS Institute, Cary, NC) was utilized to conduct
analysis of variance on the data. A one-way analysis of variance (ANOVA)
test was employed to examine the impacts of various treatments. Duncan's
multiple range test was utilized to determine significance between groups, and
a p-value of less than 0.05 was utilized to denote this (Snedecor and
Cochran, 1967).

Results and discussion

Table (1) reveals the chemical constitutes of dried watermelon pulp and
its rind . The table presents the results indicating that the moisture, dietary
fiber, carbohydrate, and total calorie contents of dried watermelon pulp were
significantly greater than those found in the watermelon rind. Conversely, the
protein, fat, and ash contents of the rind were significantly higher in
comparison to those of the pulp powder. In the same table , the content of all
tested minerals in the watermelon rind (WR) were significantly higher than
that pulp, except for the content of iron and potassium.

The dry weight percentages of ash, fat, and protein in WR were
determined by Al-Sayed and Ahmed (2013) to be 11.17%, 2.44, and 13.09
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percent, respectively. The fiber content of watermelon rind, as determined by
dry weight, surpasses that of sample pulp. Consequently, the health benefits
associated with fiber food consumption have been the subject of the most
extensive research.(Malkki, 2001).

According to Abu-Hiamed (2017), watermelon rinds contained
10.61% moisture, 13.09% ash, 2.44% fat, 11.17% protein, and 56.00% total
carbohydrates. These percentages indicate that watermelon rinds have the
potential to be utilized as dietary materials to treat various diseases. The K
content within the flesh and rind of watermelon fruits is significantly elevated
in comparison to that of other minerals. The concentration of the minerals
under investigation in this study was found to be greater in the rind than in the
sample pulp( Huang et al. 2016). The chemical parameters of WR minerals
were determined by Gladvin et al. (2017) to be 254.25 mg of calcium, 268.28
mg of phosphorous, 345.48 mg of magnesium, and 12.76 mg of iron, in that
order.

Table (1): Chemical composition of 100 g dried watermelon pulp and its

Aue sl Auasi) 4081 Asalall Alnal :

rind

Constitutes Pulp powder Rind powder
Moisture 13.02+2.56° 10.17+1.93°
Protein 1.05+0.06° 11.97+0.58°

Fat 0.81+0.02° 2.02+0.02°
Dietary fiber 33.01+2.65° 43.)Y£3.11°
Ash 2.45+0.05" V+.79+0.79°
Carbohydrates 49.66+5.22° 21.93+6.83°
Calories 210.13+7.88° 153.78+8.34"
Calcium 181.66+7.88" 243.56+6.21°
Phosphorous 234.64+9.03" 276.93+4.22°
Sodium 137.54+2.86" 512.84+8.11°
Magnesium 18.76+0.65° 301.77+5.38°
Iron 15.32+1.03° 13.08+1.21°
Potassium 315.76+5.33° 289.92+4.66"

Zinc 1.12+0.05° 2.87+2.64°
Selenium 2.43+0.33° 23.33+0.93°

Values are expressed as mean = SD; n = 3, Values in the same row having different
superscripts letters are significantly (p<0.05)

The concentrations of the vitamins (C, B1, lycopene, B2), beta
carotein, Niacin, and Pyridoxine ) in the pulp and rind powder of watermelon
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are shown in Table (2). Vitamin C and lycopene concentrations in the pulp of
watermelon are remarkably high compared to the rind content while the other
vitamins (B2 , B1, carotene, B3 and pyridoxine) in the WR are higher than
their contents in the pulp. The concentration of provitamin A (beta-carotene) in
the interior pulp is significantly greater than that in the rind. The beta-carotene
values in this study are significantly greater than the values of carotenoids
reported by Johnson et al. (2013) for watermelon pulp and rind (15 and 76.9
mg/100 g, respectively). The watermelon fruit possesses antioxidant
properties, as indicated by the concentrations of lycopene, vitamin C, and beta-
carotene. These compounds function to counteract the harmful effects of
oxidative stress and the associated ailments they cause. (ESHA, 2017).

Adults are advised to consume 60 mg of vitamin C per day, whereas
children are prescribed 20 mg (Asghar et al., 2013). Vitamin C is necessary
for the production of blood, collagen, and hormones. In addition, it prevents
scurvy, promotes bone and tooth development, and functions as an antioxidant
against free radicals. Vitamin C inhibits, reduces, and terminates the formation
of free radicals through the donation of an electron and hydrogen, thereby
converting vitamin C to dehydro vitamin C and thereby altering its chemical
structure. Vitamin A functions as an antioxidant in the human body and is
critical for physiological processes such as reproduction, bone development,
and eyesight. (Generali¢ et al., 2019).

Table (2): Vitamins content of dried watermelon pulp and its rind

Aue sl Auasi) 4081 Asalall Alnal :

Vitamins Pulp powder Rind powder

Vit.C(mg) 32.97+8.54° 12.93+0.36"
Thiamine mg 0.06+10.43° 1.03+0.25%
Lycopene (provitamin A) mcg 4467.54+9.76° 27.54+2.44°
Riboflavin mg 0.12+0.03" 2.13+0.86°

Carotein (provitamin A) mg 18.65+1.34° 80.78+7.92°
Niacin mg 0.11+0.01° 1.95+0.12°
Pyridoxine mg 0.13+0.02° 3.43+0.04°

Values are expressed as mean £ SD; n = 3, Values in the same row having
different superscripts letters are significantly (p<0.05)

The percentages of total phenols, total flavonoids, and 2, 2-diphenyl-1-
picrylhydrazyl (DPPH%) found in the pulp and rind of watermelons were
determined for this study, as shown in Table 3. The three parameters were
significantly higher in the pulp than the rind ,Total phenols were higher in the
pulp and rind than the total flavonoids. The DPPH assay was utilized to
evaluate the antioxidant property due to its extensive application in screening
antioxidant activity and its capability to detect active compounds even at low
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concentrations (Sreedhar et al., 2010). The assay results indicated that both
the rind and the peel exhibited scavenging activity surpassing 50%, a level
comparable to that of vitamin C, a widely recognized antioxidant. The pulp
exhibited significant scavenging activity. This finding is consistent with a
previous study (Asghar et al., 2013) which demonstrated that peel extracts of
watermelon fruit exhibited substantial free radical scavenging activity. The
correlation between the antioxidant activity and the total phenolic compound
was observed in the present study. The pulp contained the highest
concentration of phenolic compounds, while the rind contained the lowest.
This suggests that the antioxidant effects observed may be attributed to the
presence of these phenolic compounds. Phenolics and flavonoids function as
antioxidants through the elimination of free radicals, chelation of metals, and
inhibition of lipid peroxidation. Position C3 of the flavonoid composition
contains a —OH, which participates in chelating and scavenging processes.
(Generali¢ et al., 2019).

Table (3): Total phenols, total flavonoids and DPPH of dried watermelon pulp

and its rind
Compounds Pulp powder Rind powder
Total phenols ppm 1050.76+4.87° 375.87+2.07°
Total flavonoid ppm 431.05+6.83° 287.96+6.94"
DPPH (%) 59.65+ 5.32° 51.75%5.04"

Values are expressed as mean £ SD; n = 3, Values in the same row having
different superscripts letters are significantly (p<0.05)

The mean levels of creatinine, urea, and uric acid in rats with GM -
induced nephrotoxicity, as influenced by the concentrations of watermelon
pulp and rind powder, are presented in (Table 4). It was shown that these levels
of nephritic in the positive control group were significantly greater than those
in the negative control group (P<0.05). The kidney function of all nephritic rats
that were fed diets containing pulp and rind powder at concentrations of 2.5%,
5%, and 7.5% was significantly impaired when compared to the nephritic
positive control group. 7.5% was the best level in both tested materials on
kidney functions while this level in pulp groups were more effective than the
rind group . Groups fed on 5% rind powder and 2.5% pulp powder showed
nonsignificant changes between each other and also, the same result was
detected between the level 7.5% rind powder and 5% pulp powder. Consistent
with previous studies indicating that WR is an abundant source of bioactive
and antioxidant molecules (e.g., betacarotene, lycopene, alkaloids, vitamin C,
saponin, flavonoids, cardiac glycosides, moisture, phenol, protein, lipid,
carbohydrates, and fiber), the results of this study demonstrate that
WRenhances antioxidant defense. Similarly, an increase in serum nitric oxide
was observed in response to watermelon rind. This finding is consistent with a
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study that documented the abundance of citrulline, a well-established nitric
oxide stimulant, in WR (Mandel et al., 2005). Nitric oxide enhances resistance
to oxidative stress through its mechanism of action as a hydroxyl radical
scavenger, according to subsequent studies (Akashi et al., 2004). Therefore,
the current study's findings regarding the reduction in oxidative stress in rats
treated with WR may be attributed to a mechanism dependent on nitric oxide.

Watermelon pulp is an excellent source of lycopene and provitamin A
carotenoids. It is significant to mention that the carotenoid confers health
benefits to the body due to its antioxidant properties. Melon pulp is an
excellent source of fat, vitamin C, and flavonoids. Furthermore, it is regarded
as a significant reservoir of B-carotenean, as well as a vital supply of vitamins
B1 and B6, as well as minerals including ca and magnesium. Due to the
diuretic properties and high water content of watermelon and honeydew
melon, a number of these fruits may aid in reducing creatinine levels and
preventing renal damage. Adequate hydration is critical for healthy kidney
operation and efficient elimination of waste (Garcia et al., 2012 and Siddiqui
etal., 2018).

Table (3): Creatinine, urea, and uric acid of gentamicin-induced nephrotoxicity rats as
affecting by watermelon pulp and rind powder levels (mg/dl)

Aue sl Auasi) 4081 Asalall Alnal :

Groups Creatinine Urea Uric acid
Negative control (Gy, 0.76+0.011" 15.99+1.82° 1.88+0.34°
Positive control (G2) 14320.04° 30121327 | 4212004
mizrme‘;g‘; riﬁQ(G3§-5% 1.40+0.03° 34.50£1.12% | 4.07+0.02°
\?Vgirmelfggrind((’&) 5% | 136+0.012° | 30.86+0.82° | 3.73+0.07°
mizrme‘;g‘; rir?S(GS;E% 1.300.032¢ | 2555+043° | 3.21+0.11°
mgrme‘;gﬁ pulg” (G62)-5% 1.3540.01° 32.64+1.72° | 3.86+0.19"
\I?vgi?armel?r?pulpo(réﬂ 5% | 1 2340.07¢ 25.67+1.09° | 3.31+0.06°
@girme‘;(e)i pulgn(GS;-E’% 1.1140.02° 18.83+1.32° | 2.91+0.16°
) 0.03 5.08 0.16

Values are expressed as mean = SD; n = 3, Values in the same row having
different superscripts letters are significantly (p<0.05)

The levels of K and phosphorous increased in the nephrotic-positive
control group, while ca and Na decreased. Significant differences were
observed in (Na), (Ca), (K), and (P) values between the nephritic positive
control group and the negative control group (Fig. 1). Nephritic rats that were
provided with diets supplemented with watermelon pulp powder at
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concentrations of 2.5%, 5%, and 7.5% exhibited significantly increased levels
of N) and Ca (P<0.05), while these same levels decreased significantly
(P<0.05) in K and P. The effects of WR powder were consistent with the
aforementioned results. Low antioxidant activity and chronic inflammation are
both associated with CKD. The antioxidant status impairment associated with
watermelon pulp may be more pronounced in populations with multiple
comorbidities and chronic kidney disease. Watermelon pulp and rind powder
contain lycobene, vitamin C, author phenols, and betacaroten, all of which
have been shown to be effective against diabetes, arthritis, asthma, cancer,
inflammatory bowel syndrome, Parkinson's disease, and Alzheimer's disease.
Magnesium, calcium, and p, among others, were among the macroelements in
greater abundance. These are the most vital minerals. Powdered WR is
distinguished by its abundance of the most examined minerals (both
macroelements and microelements) and its diuretic properties. Research has
demonstrated that the excretion of Na+ and K+ ions was reduced, resulting in
elevated concentrations in the blood (hypernatremia, hyperkalemia), reduced
levels in the urine (hyperuricemia), and elevated concentrations in the serum
(urea, hyperuricemia, urinary creatinine) (Guo & Wang, 2013; Aderiye et al.,
2020; Nkoana et al., 2022). K is an essential component of bodily fluids and
the cells responsible for monitoring blood pressure and heart rate. Strokes and
coronary heart disease are both prevented by potassium. Both ca and K are
essential for osmotic progression in the body to maintain electrolytic balance
and the degree to which body fluids contribute to an alkaline body pH (Lee et
al., 2018).
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Fig.(1): Sodium (Na), potassium (K), calcium (Ca) and phosphorus (P) of

gentamicin-induced nephrotoxicity rats as affecting by watermelon pulp and
rind powder levels
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The liver enzymes of all nephrotoxicity-treated rats on a basal diet
supplemented with varying percentages (2.5, 5 percent, and 7.5 percent) of
watermelon pulp and rind powder were found to be significantly reduced
(P<0.05) in comparison to the positive control group (Table 4). The highest
effect was measured at 7.5%, and watermelon pulp contained more beneficial
compounds than its rind. The group that was provided with 7.5% pulp powder
did not differ significantly from the negative control group. Similarly, there
were no significant alterations observed between the positive control group and
the group that was fed 2.5% rind powder. Powdered watermelon pulp aids the
liver in the digestion of ammonia (a byproduct of protein synthesis), thereby
relieving renal burden and facilitating fluid elimination. Potassium-rich
watermelon is an excellent natural electrolyte that aids in the regulation of
nerve and muscle function. In addition to aiding in the fight against
inflammation, the vitamin C's high content serves as an antioxidant that is vital
for optimal metabolic processes. contain polyphenols, which are antioxidants
that may aid in protecting the liver from damage. Lycopene is abundant in
watermelon juice, which contains approximately 40% more than raw
tomatoes.The antioxidant properties of water melon juice have been ascribed
to its significant lycopene content, which activates the antioxidant response
element transcription system and stimulates enzymes of the cellular
antioxidant defense systems, according to studies.
(Erhirhie and Ekene, 2013 & Chaturvedi et al., 2014). WR enhances
hepatic function by inhibiting the activity of enzymes that lead to liver
damage. The capacity for this could be attributed to its highly potent
phytochemical components, which have demonstrated antioxidant
characteristics. Carotenoids, citrulline, pectin, and citrulline comprise WR.
These compounds are abundant in functional groups, including carboxylic
(hydroxyl) and hydroxyl (cellulose) groups (watermelon rind).
In addition to aiding in the fight against inflammation, the vitamin C's high
content serves as an antioxidant that is vital for optimal metabolic processes. K
is an essential element that supports proper nerve and muscle function.
Lycopene significantly reduces the levels of serum ALT, AST, glutathione,
and superoxide dismutase, according to Jiang et al. (2016).

44




i Vo VoYY Laadel O gLl (el daad)

Aue sl Auasi) 4081 Asalall Alnal :

Table (4): Liver enzymes of gentamicin induced nephrotoxicity rats as

affecting by watermelon pulp and rind powder levels.

Groups AST ALT ALP GGT
Negative control (G, 36.21+2.82° | 34.44+2.877 | 75.44+0.747 | 3.22+0.09°
Positive control (G2) 57.31+1.32% | 53.61+1.65% | 96.33+2.47% | 5.22+0.12°
@giserm';‘ign o (ég;%’ 55.65+2.41° | 50.31£0.99° | 94.2241.45° | 5.08+0.17°
@gisermgﬁ)dn rin%n(e4)5% 51.55+1.05" | 46.63+0.91° | 88.54+1.26° | 4.36+0.32°
0,

Evgiserm';ﬁgn o (ég)/" 47.22+43.10° | 41.32+2.19° | 83.76£0.87° | 3.75+0.61°
0,

Evgiserm';ﬁgn pﬁ?p (2é%)/0 50.6142.22° | 48.96+1.88° | 92.97+1.39" | 4.65+0.52"
0,

Evgise r mgﬁjdn puf;(m‘?/" 44.55+1.89° | 42.63+3.05° | 86.54+2.44° | 4.0640.65°
0,

Evgise r m‘;ﬁg ) pﬁ?p (é'g)/" 30.08+3.11° | 36.32+2.04° | 79.99+0.75¢ | 3.31+0.03°

LSD 322 3.89 3.20 032

Values are expressed as mean + SD; n = 3, Values in the same column having
different superscripts letters are significantly (p<0.05)

Glb ,Alb, Serum T) and (Alb /Glb ratio) of treated and non-treated GM -
induced nephrotoxicity rats are revealed in Table (5) .There are no significant
differences of levels Alb , Glb ,Tp and Alb/Glb in groups with 5% rind and
2.5% pulp powder and also, among 7.5% rind and 5% watermelon pulp
powder . All treated groups in levels of rind and pulp caused significant
decreases in Tp, Alb, Glb and Alb/GIb when compared to the positive control
group. The serum protein fractions exhibited optimal performance in the 7.5%
pulp powder group. The most prevalent protein present in the bloodstream is
Alb. Maintaining osmotic pressure, the mechanism that prevents fluids from
escaping blood vessels and into surrounding tissues, is its primary function.
Glbs are a class of blood proteins that are present in various configurations.
Beta and alpha Glbs inhibit certain enzymes and function as transporters.
Immuno Glbs, or gamma Glbs, function as antibodies. They serve a crucial
function in the immune system by binding to pathogens such as viruses. While
the liver is the primary producer of both Alb and Glb, certain types of Glb are
also synthesized by white blood cells. A normal albumin-to-globulin ratio is
typically observed to be between 1.1 and 2.5; however, this range may differ
among laboratories conducting the analysis. Due to the fact that Alb is
typically slightly more abundant in the blood than Glb, a normal ratio is
marginally greater than 1. As an illustration, the typical range for total Alb in

45




[G YOy aadel Ol (ualad) daad) dae gil) Aul) At daled) dlaal) ]
the blood is 34 to 54 g/L, while the recommended range for total Glb is 20 to
39 g¢/L (Janice, 1990; Finlayson, 2012). The data that was acquired
corresponds to the results reported by Kiczorowska et al. (2016). Watermelon
contains the essential amino acid L-arginine, which promotes wound healing
and functions in the reproductive, respiratory, renal, gastrointestinal, hepatic,
and immune systems (Adebayo et al., 2018). The results obtained were
consistent with the assertions made by Omotoso (2018) that Citrullus lanatus
lycopene possesses potential as a nutraceutical and, as an antioxidant, offers
defense against oxidative damage and free radicals. Bazabang et al. (2018)
found that the consumption of watermelon pulp significantly decreased plasma
concentrations of AST, ALT, ALP, and protein (P0.05).

Table(5): Protein status of gentamicin induced nephrotoxicity rats as affecting
by watermelon pulp and rind powder levels

Groups Total Albumin Globulin Alb/Glb
E)r/ot)ein (o/L) (g/dl) ratio
o/L
Negative control (G, 67.24+2.207 | 37.18+4.187 | 29.06+2.49¢ | 1.28+0.53°
Positive control (G2) | 86.14+2.41° | 55.33+3.00° | 30.81¢3.33° | 1.80+0.78°
0,
\?v:irngn ‘r’::] ] (262)/" 84.15+2.22% | 53.64+1.52° |30.51+2.57% | 1.762+0.02°
0,
\?inSermeodn rin%”(m‘;’/" 78.81+5.75° | 48.72+1.51° | 30.09+1.20° | 1.62+0.07"
0,
\?inSermE}gn ?::1 ; (762)/" 74.84+550° | 45.06+1.27° | 29.78+1.71¢ | 1.51+0.01°
0,
\?ﬁzrmgelgn p?]?p (Zé%f 78.82+2.22° | 48.54+1.52° | 30.28+2.57° | 1.60+0.02°
0,
mirm;eodn pu?S(G?S)/O 72.92+45.75° | 43.32+1.51° | 29.60+1.20° | 1.46+0.07°
0,
\?vgizrngn p‘:?p (Z;'g’)/" 67.094550% | 38.76+1.27°¢ | 20.23¢1.71¢ | 1-33200 1
LSD 3.34 2.16 0.30 0.09

Values are expressed as mean £ SD; n = 3, Values in the same row having
different superscripts letters are significantly (p<0.05)

Comparing the positive nephritic control group to the group consuming

watermelon pulp and rind powder, the levels of these substances significantly
increased GPX, SOD, and CAT (Table 6). Respiratory enzyme repair was
observed to be the most effective effect of the 7.5% pulp treatment in nephritic
rats. Arginine's bioavailability is enhanced by the rapid absorption of 80% of
the ingested aggregate of citrulline from watermelon. In addition to its
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antioxidant and vasodilatory properties, citrulline regulates nitric oxide in
humans. Citracil significantly impacts a wide range of human health domains,
including skeletal and muscular strength, diabetes, immunology, and
neurology (Perkins et al., 2012). Lycopene is the carotenoids that give
watermelons their characteristic red hue. As widely recognized antioxidants,
lycopene and vitamin C offer numerous health advantages to humans.
Numerous chronic diseases, including oncogenesis and diabetes, may be
inhibited by lycopene. Central to the protective antioxidant mechanism is the
capacity to scavenge singlet oxygen. Attributable to the generation of free
radicals and their interactions with macromolecules, the oxidation of proteins,
lipids, and DNA induces a multitude of metabolic system disorders. Regarding
pathogenic infections, lycopene plays a crucial defensive role (Sase et al.,
2013). Lycopene protects the DNA of white blood cells as one of its
antioxidant functions. Furthermore, it is worth noting that watermelon juice,
which weighs around eight ounces, contains a multitude of vitamins and
nutrients, including lycopene, potassium, anthraquinones, and vitamin C and A
(Lee et al., 2018). Watermelon fruit extracts, which contain anthraquinones
and have moderate concentrations of phenolic compounds, have historically
been utilized to treat constipation and stomachache.

Table (6):Glutathione pyroxidase (GPX), superoxide dismutase (SOD)
and catalase (CAT) of gentamicin-induced nephrotoxicity rats as affecting by
watermelon pulp and rind powder levels

Aue sl Auasi) 4081 Asalall Alnal :

Groups GPX (ng/dl) | SOD (U/L) CAT(mmolL/L)
Negative control (Gy 82.13+3.07° | 53.05+0.99° 70.04+0.97°
Positive control (G2) 52.14+1.95" | 28.24+2.11' 37.61+2.06'
0,
@Zﬁirmﬂ ri‘r’]g (Gg)"r’/" 57.32+41.33° | 31.13+1.01° 42.86+1.64°
0,
Eiiirmefgﬂ - do(”G " 5% | 623342229 | 35.76+1.88° 46.93+2.04
Rats fed on 7.5% . . ¢
watermelon rind (G5) | 67.083.07° | 39.67£2.75 51.95+1.24
Rats fed on 2.5% § § d
watermelon pulp (G6) | 60.99£0.85¢ | 34562217 44.09+0.34
0,
Rats  fed on 5% q750 094c | 3933+239° 50.06:£0.94°
watermelon pulp (G7)
0,
Rats fed on = 7.5% | .5 cci9130 | 44.03+1.03° 56.45+1.08"
watermelon pulp (G8)
LSD 311 2.89 3.46

Values are expressed as mean = SD; n = 3, Values in the same row having
different superscripts letters are significantly (p<0.05)
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In comparison to the positive control group, administration of
watermelon pulp and rind powder at a concentration of 7.5% resulted in a
significant increase in the mean values of GST and TA). Conversely,
administration of the same level of MDA decreased the mean values
significantly, owing to its impact on antioxidant enzyme enhancement (Table
7). The data presented in the same table validated that the nephritic control
group exhibited significant reductions in GST and TAC, whereas (MDA)
demonstrated significant increases in comparison to the negative control group.
These changes were significantly reversed by treatment with watermelon juice,
which also significantly decreased MDA levels in both organs, indicating that
watermelon juice has protective effects against ethanolic-induced oxidative
damage. Prior to ethanol administration, the glutathione levels in the liver and
brain of rats treated with water melon juice increased significantly (P < 0.05).
This increase could be attributed to either the direct scavenging of reactive
oxygen species (ROS) by water melon juice or an upregulation of GSH
synthesis (Lee et al., 2018).

Oxidative stress etiology serves as the fundamental precursor to a
multitude of metabolic dysfunctions. ROS production can be significantly
increased through uncontrolled oxidation. The accumulation of free radicals
may contribute to the destruction of endothelium-dependent vasodilation and
atherosclerosis via nitric oxide inactivation. Robust ROS are continuously
produced in conventional metabolic pathways. Diet, smoking, environmental
factors, and exercise may all contribute to an increase in ROS accumulation.
Lycopene plays a role in metabolism-based therapy by preventing the
oxidative destruction of lymphocytes and in the short-term development of
LDL oxidation ( Erdman_et al., 2009).

The generation of ROS disrupts the oxidative equilibrium, initiates lipid
oxidation, and continuously generates double allylic hydrogen atoms. The
generation of hypochlorous acid serves as the foundation for cellular
destruction facilitated by neutrophil-catalyzed oxidative damage. The human
body produces antioxidant enzymes such as SOD and GPX in response to this
circumstance. It fulfils a crucial role in the initial line of defence by converting
singlet oxygen into hydrogen peroxide via superoxide dismutase. The process
by which hydrogen peroxide is converted to water is CAT and GSH-Px
enzymes. Disruption may ensue subsequent to necrosis or apoptosis if an
excessive amount of ROS are generated; otherwise, these enzymes operate
synchronously. Lycopene in the diet may serve to inhibit disproportionate ROS
production (Pinto et al., 2014).

Oxidative stress is widely recognized as being highly pronounced in
chronic diseases. A wide range of diseases, including but not limited to cancer,
osteoporosis, cardiovascular complications, cataract formation, and diabetes
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pathogenesis, are frequently linked to free radicals. Lycopene decreased MDA
and lipid peroxide levels in hypertensive patients in a manner comparable to
that of the SOD, GSH-Px, and reduced glutathione. Lycopene was discovered
to effectively increase GSH levels and decrease MDA levels in coronary artery
disease. An investigation was conducted on the effects of lycopene on
cisplatin-induced lipid peroxidation and nephrotoxicity in male Wistar rats.
The lycopene-fed rats exhibited a significant decrease in renal bax protein, an
indicator of low oxidative stress. Additionally, the impact of lycopene
supplementation on markers of oxidative stress was assessed. For a duration of
two months, human subjects were administered lycopene in order to assess its
impact on subsequent LDL and MDA assessments. In order to identify any
potential adverse effects, lymphocytes were also examined. A significant
decrease of 17% in LDL oxidation and 21% in TBARS value were observed in
the control group of subjects that were provided with lycopene (Akshaya et
al., 2014 and Cai et al.,2016).

Table (7): Antioxidant enzymatic glutathione transferase (GST), total
antioxidant capacity (TAC) and oxidant enzymatic malondialdehyde (MDA) of
gentamicin-induced nephrotoxicity rats as affecting by watermelon pulp and
rind powder levels

Aue sl Auasi) 4081 Asalall Alnal :

Groups GST(mmoL/L) | TAC(nmoL/L) | MDA(nmoL/L)

Negative control (G, 35.11+2.08° 1.87+0.01° 16.03+2.11°

Positive control (G2) 16.22+0.97' 0.87+0.11" 33.89°+0.89
0,

Cﬁzrme‘;gi rir?g(G?))z'M 19.45+0.08° 0.90+0.15° 30.11+0.67"
0,

\?VZiSermel';e:rin dc(’g4) 5% | 535041 36¢ 0.94+0.12¢ 27.62+1.46°
0,

\?v:irme];ii rir?;(GS)Y.S/O 27.28+2.04° 0.99+0.07°¢ 24.71+0.75°
0,

\?Vgirmefgﬂ pulg” (662)'5/" 21.11+1.33¢ 0.92+0.07¢ 26.65+1.23°
0,

\?VZirmelger?pulp"(’én 5% | 56.0042.01° 0.97+0.11° 22.99+0.89¢
0,

fviiirmefliﬂ pulg”(GSZ'S/" 31.04+1.32° 1.04+0.14° 18.71+0.75°

LSD 2.86 0.04 3.01

Values are expressed as mean £ SD; n = 3, Values in the same row having
different superscripts letters are significantly (p<0.05)
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The findings illustrated in Figure 2 the progressive hypoglycemic impact
of watermelon pulp and rind powder on the fasting blood glucose levels of rats
with nephroritis. Results in the same table described that level glucose in
nephritic control group was very higher than negative control group. All
nephritic rats fed on diet containing 7.5 followed by 5% watermelon pulp and
rinds powder showed significant decreasing in glucose compared to positive
nephritic control  group. The potential hypoglycemic and antioxidant
properties of plant secondary metabolites, such as flavonoids and polyphenols,
found in watermelon rind, contribute to its anti-diabetic effects. In addition,
watermelon is among the limited number of foods that possess citrulline, an
effective precursor for the synthesis of arginine, by nature. Arginine has been
documented to possess a multitude of biological activities (Abdel Gawad et
al., 2016). In diabetic rats, dietary arginine supplementation reduces the
concentration of glucose in the serum. Watermelon consumption was reported
to increase plasma arginine concentration in humans, which is an intriguing
finding. The watermelon rind possesses the capacity to stimulate the
proliferation of quiescent cells and replenish depleted cells. While the precise
mechanism remains unknown, it has been demonstrated that the regeneration
of pancreatic B cells is induced by the active constituents (flavonoids and
polyphenols, among others), which may act singly or synergistically. Lycopene
provides human beings with protection against a wide range of pathogenic
assaults, including those that give rise to numerous metabolic syndromes. The
protective properties are attributed to the ability to scavenge singlet oxygen. In
addition, numerous authors have documented that lycopene possesses
protective properties against oxidative damage and free radicals, in addition to
its potential as a nutraceutical. Lycopene is involved in the regulation of
cellular division and differentiation.The presence of mitotic figures between
islet cells in this group of animals may be explained in this way. (Perkins et
al.,2012 and Pinto et al., 2014). Ahn et al. (2011) reached the conclusion that
lycopene possesses the capacity to enhance glucose metabolism and insulin
sensitivity. Additionally, Kolawole et al. (2016) stated that watermelon rind
extract is regarded as a hypoglycemic and hyperinsulinemic concentrated
source of nutrients.
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Fig. (2):Blood glucose of gentamicin-induced nephrotoxicity rats as affecting
by watermelon pulp and rind powder levels
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