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ABSTRACT

We carried out sub chronic toxicity study on water melon rind to investigate its
safety for consumption and also its effect on the liver and kidney of rats.
Twenty rats were used for the experiment and were divided into four groups
with five animals per group. Group A animals served as the control, whereas
groups B, C and D animals were orally administered 500, 1500 and
3500 mg/kg extract of watermelon rind, respectively, for 28 days. The activity
of alanine amino transferase (ALT) and aspartate amino transferase (AST)
were determined in the serum of the rats. Levels of malondialdehyde (index of
lipid peroxidation), glutathione (GSH) and activities of antioxidant enzymes -
superoxide dismutase (SOD) and catalase were evaluated in the liver and
kidney of the rats.

There was no significant increase in the activity of ALT and AST in the serum
of rats administered the extract when compared with control group. Also, there
was no induction of lipid peroxidation and no significant change in glutathione
concentration and activities of superoxide dismutase and catalase in rats
administered the extract compared with control group.

These results show that water melon rind extract does not have adverse effect
on the liver and kidney of the rats and may therefore be safe for human
consumption. However there is a need for further study on the rind of water
melon in order to investigate its medicinal properties and also its effect on
other organs.

Introduction

reactive species via cascades of reactions in order to

To enjoy a disease free and healthy life, it is
necessary to eat fresh fruits and vegetables
(Bhowmik et al., 2012). The consumption of fruits
and vegetables lowers high blood pressure which
reduces the risk of cardiovascular discases, and also
prevents certain types of cancers (Hobbs et al., 2012).
Vegetables and fruits are recognized as natural
sources of antioxidants (Huang et al., 2013; Shebis
et al., 2013; Goldberg, 2012). Most vegetables and
fruits possess antioxidant activities which allow
them to get rid of reactive oxygen species and
modulate certain cellular enzyme activities (Nimse
and Pal, 2015). Antioxidants are substances that
hinder cellular oxidation by reactive species.
Antioxidants act by mediating the production of
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overcome their potentially injurious action
(Rajendran et al., 2014). A number of synthetic
antioxidants like butylated hydroxyanisole (BHA),
butylated hydroxytoluene (BHT) and tert-
butylhydroquinone (TBHQ) are available (Carocho
and Ferreira, 2013). These synthetic antioxidants are
added to food to increase its shelf life, by delaying
lipid peroxidation, in order to prevent food
deterioration during processing and storage.

Watermelon (Citrullus lanatus) is a vine-like
flowering plant that originated from South Africa
(Koocheki et al., 2007). The watermelon fruit has a
smooth exterior rind which could be green, yellow
and sometimes whitish in colour. It also has an
interior flesh which is juicy and sweet. The colour
of the flesh is usually deep red to pink but
sometimes orange, yellow and even green if not ripe
(Koocheki et al., 2007). Watermelon is from the
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family Cucurbitaceae and specie Citrullus lanatus
(Guo et al., 2013). It is rich in minerals, lycopene,
and vitamins (Shahzad et al., 2014; Naz et al,
2014). It is also a source of amino acid citrulline
which is present in all parts of the fruit (Collins et
al., 2007). Water melon flesh is usually consumed
while the rind and seeds are seen as waste and
discarded by most people. However, watermelon
rind is used in Chinese traditional medicine in
treating some diseases such as diabetes, jaundice,
kidney problems, oedema and erectile dysfunction.
Most people avoid eating water melon rind due to
its unpleasant flavour and fear of being toxic. The
analysis of the rind of watermelon confirmed the
presence of moisture, ash, fat, protein, crude fibre
and carbohydrate (Erukainure et al., 2010). It has
been shown by some researchers that the rind of
most fruits has higher antioxidant activity than the
pulp (Fatemeh et al., 2012). Watermelon rind has
also been reported to be rich in antioxidants
(Johnson et al., 2012); however, there is a need for
toxicological evaluation of the watermelon rind for
human consumption.

Therefore, in this study we carried out sub chronic
toxicity study on watermelon rind o to investigate
its effect on some serum markers of liver damage
and markers of oxidative stress in the liver and
kidney of rats.

Materials and methods
Source of watermelon fruit

Fresh watermelon fruits were obtained from Orita -
Challenge market in the city of Ibadan, Oyo State,
Nigeria.

Preparation of vind extract

The rinds were peeled off from the whole fruit. The
rind extract was prepared by grating the rind into a
pulp using a grater. The crushed pulp was filtered to
obtain the rind extract, while the residue was
discarded. The extract was stored in the refrigerator
for further use.

Experimental animals

Male Wistar albino rats of approximately 150 - 200 g
obtained from Shalom farm, Iwo road Ibadan, Oyo
State, Nigeria were used for all the experiments. The
animals were kept in a well-ventilated cage (12 hr
light/12 hr dark cycles) and fed with a commercial
pellet diet (Ladokun feeds, Mokola Ibadan) and clean
drinking water ad libitum.
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Experimental design and animal treatment

Twenty male rats were divided into four (4) groups
with five animals per group.

Group A: Rats administered distilled water orally
by gavage for 28 days (Control).

Group B: Rats administered 500 mg/kg body
weight watermelon rind extract orally by gavage
for 28 days.

Group C: Rats administered 1500 mg/kg body
weight watermelon rind extract orally by gavage
for 28 days.

Group D: Rats administered 3500 mg/kg body
weight watermelon rind extract orally by gavage
for 28 days.

Serum and tissue preparation

At the end of the 28 days administration of the
extract, the blood was collected from each rat via
the retro orbital sinus of the eye by ocular puncture
and put into plain bottles. The rats were then
sacrificed by cervical dislocation and the liver and
kidney harvested. The serum was prepared by
centrifugation of the blood for 10 minutes at
3000 rpm wusing a table centrifuge. After
centrifugation, the supernatant (the serum) was
carefully removed and stored at -4 'C. The livers
and kidneys were homogenized with ice cold Tris-
HCL buffer (0.1 M, pH 7.4). The homogenate was
centrifuged at 4 'C at 12500 rpm for 10 minutes
and the resultant supernatant was used for different
biochemical assays.

Biochemical analysis

Protein concentration was determined by the Biuret
method as described by (Gornall et al., 1949). Catalase
activity was estimated according to the method of
Sinha (1972). The glutathione—S—transferase activity
was determined according to the procedure of (Habig
et al., 1974). Super oxide dismutase activity was
estimated by the method of (Misra and Fridovich,
1972). Lipid peroxidation was estimated by measuring
the formation of thiobarbituric acid reactive substances
(TBARS) according to the method of (Varshney and
Kale, 1990).

Statistical analysis

Results are expressed as means + SEM of 5 rats. The
significant  difference  between  groups was
determined by using the one-way analysis of variance
(ANOVA) followed by the t-test. Statistical test was
done using prism graph pad, version 6.0.
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Results

The effect of different doses of watermelon rind
extract on AST and ALT activity in Wistar rats

There was no significant difference in the activity of
AST and ALT in rats given graded doses
(500, 1500 and 3500 mg/kg body weight) of the
extract compared with control. Results are shown in
Table 1.

The effect of different doses of watermelon rind
extract on reduced glutathione (GSH) concentration
in rat tissues

The effect of different doses of watermelon rind
extract on reduced glutathione (GSH) concentration
in the experimental animals is presented in Table 2.
There was no significant change in GSH level in
livers and kidneys of rats given graded doses of water
melon rind extract compared with the control group.

The effect of different doses of watermelon rind
extract on superoxide dismutase (SOD) activity

Superoxide dismutase activity in livers and kidneys
of the rats is shown in Table 3. Compared with the
control group, oral administration of watermelon
rind extract at the doses of 500, 1500 and 3500
mg/kg body weight did not significantly affect SOD
activity in the liver and kidney of the experimental
animals.

The effects of different doses of watermelon rind
extract on catalase activity in rat tissues

Catalase activity in livers and kidneys of the
experimental animals is shown in Table 4. There
was no significant difference in catalase activity in
rats administered oral doses of watermelon rind
extract at 500, 1500 and 3500 mg/kg body weight
compared with control.

Table 1. The effect of different doses of watermelon rind extract on AST and ALT activity

Experimental Group AST(U/N) ALTUN)
Control 18.20 £2.01 14.14 +£2.31
500 mg/kg body weight 18.00 +£2.68 16.33 £0.81
1500 mg/kg body weight 1930 +1.77 14.50 = 1.90
3500 mg/kg body weight 9.80 + 3.63 15.26 £0.54

Table 2. The effect of different doses of watermelon rind extract on reduced glutathione (GSH) concentration in livers and

kidneys of rats
Experimental Group Liver GSH (nmol/mL) Kidney GSH (pmol/mL)
Control 57.60 +£2.07 57.00 £ 1.41
500 mg/kg body weight 55.67 £0.58 58.00 +0.00
1500 mg/kg body weight 56.20 +1.09 58.00 £0.00
3500 mg/kg body weight 56.00 = 0.50 50.75 +1.89

Table 3. The effect of different doses of watermelon rind extract on superoxide dismutase (SOD) activity in livers and kidneys

of rat
Experimental Group Liver SOD Kidney SOD
(U/g tissue) (U/g tissue)
Control 1.52+£0.59 1.23 +£0.07
500 mg/kg body weight 1.40 £0.28 1.43+£0.02
1500 mg/kg body weight 1.36 +0.21 1.56 +0.01
3500 mg/kg body weight 1.33+0.46 1.27+0.11

Table 4. The effects of different doses of watermelon rind extract on catalase activity in livers and kidneys of rats

Experimental Group Liver Catalase Kidney Catalase
(umol/mg protein) | (umol/mg protein)
Control 29.50+1.71 21.00 +1.58
500 mg/kg body weight 23.00+1.08 16.55+1.25
1500 mg/kg body weight 25.50 £0.65 20.25 +0.48
3500 mg/kg body weight 24.75 £0.85 18.75 +£1.32
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The effect of different doses of watermelon rind
extract on tissue protein of Wistar rats

Protein concentration in livers and kidneys of the rats
are shown in Fig 1. Compared to the control group,
oral administration of watermelon rind extract at the
doses of 500, 1500 and 3500 mg/kg body weight did
not significantly affect the level of protein in livers
and kidneys of the experimental animals.

The effects of different doses of watermelon rind
extract on MDA level in rat tissues

Figure 2 presents the effect of different doses of
watermelon rind on MDA level (an index of lipid
peroxidation) in livers and kidneys of Wistar rats. There
was a decrease in MDA level in livers of rats given
graded doses of the extract compared with control,
though the decrease was not statistically significant
while there was no difference in MDA level in kidneys
of rats given the extract compared with control.

Discussion

The determination of serum activities of a number of
biochemical markers such as serum activity of AST
and ALT is often used to determine the extent of liver
damage (Kim et al.,, 2008). These enzymes are
normally present in the liver at high concentration but
they are released from the liver cells due to certain
disease conditions and their levels in the blood are
therefore increased (Giannini et al., 2005). The
present study reveals no significant increase in the
activity of AST (aspartate amino transferase) and
ALT (alanine amino transferase) in rats given graded
doses of the extract compared with the control group.
The experimental animals in group D (animals given
3500 mg of watermelon rind extract per kg body
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weight) even showed a decrease in AST activity
compared to the control group. This suggests that
the extract may have hepatoprotective potential.
Malondialdehyde (MDA) is one of the marker
indices of lipid peroxidation. Hence, the higher the
MDA level in tissues, the higher/ bigger the degree
of lipid peroxidation (Pandey et al., 2012). In the
present study, there was no significant increase in
MDA level in livers and kidneys of rats given the
extracts when compared to control. This is an
indication that the extract did not cause lipid
peroxidation in the organs. In fact, there was a
decrease in MDA level in livers of rats given graded
doses of the extract compared with control; this
confirms as well that the extract might have
hepatoprotective potential.

Glutathione (GSH) is an important antioxidant
capable of preventing damage to important cellular
components caused by reactive oxygen species
(Sharma et al., 2012). Superoxide dismutase (SOD)
catalyzes the dismutation of the superoxide radical
into either ordinary molecular oxygen (O;) or
hydrogen peroxide (H,0,) (Fridovich, 2011). In the
present study, there was no significant difference in
GSH concentration and SOD activity in livers and
kidneys of rats given oral administration of
watermelon rind when compared to the control
group.

Catalase is an essential component of the cellular
antioxidant defence system. It catalyses the
breakdown of hydrogen peroxide which results from
SOD activity and other normal body metabolism. It
also detoxifies other toxic substances including
phenols and alcohols (Mates, 2000). As with SOD
and GSH, the present study shows no significant
difference in catalase activity in livers and kidneys
of rats given oral administration of watermelon rind
extract when compared to the control group.

B control
M= 500 mg/kg body weight
=1 1500 mg/kg body weight

Bm 3500mg/kg body weight

Fig. 1. The effect of different doses of watermelon rind extract on tissue protein in livers and kidneys of rats
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Fig. 2. The effects of different doses of watermelon rind extract on malondialdehyde level in livers and kidneys of rats

Conclusion

Overall, the results of this study show that there was
no significant increase in the levels/activities of the
tested biochemical markers of toxicity in livers and
kidneys of rats administered watermelon rind extract
when compared to control group. Hence, it could be
concluded that watermelon rind does not have
adverse effect on the livers and kidneys of the rats
and may therefore be safe for consumption. However,
there is need for further study on the rind of water
melon to further elucidate its medicinal properties
and investigate its effect on other organs apart from
the liver and kidney.

References

Bhowmik, D., Kumar, K.S., Paswan, S. and Srivastava, S.
(2012): Tomato -a natural medicine and its health
benefits. J. Pharmac. Phytochem. 1(1), 33- 43.

Carocho, M., Ferreira, I.C. (2013): A review on antioxidants,
prooxidants and related controversy: natural and
synthetic =~ compounds, screening and analysis
methodologies and future perspectives.
Food. Chem. Toxicol. 51, 5-25.
https://doi.org/10.1016/j.£ct.2012.09.021.

Collins, J.K., Wu, G., Perkins-Veazie, P., Spears, K.,
Claypool, P.L., Baker, R.A., Clevidence, B.A. (2007):
Watermelon consumption increases plasma arginine
concentrations in adults. Nutrition. 23, 261-266.
https://doi.org/10.1016/j.nut.2007.01.005.

Erukainure, O.L., Oke, O.V., Daramola, A.O., Adenekan,
S.0., Umanhonlen, E.E. (2010): Improvement of the
biochemical properties of watermelon rinds subjected to
Saccharomyces cerevisiae solid media fermentation.
Pakistan J. Nutr. 9(8), 806-809.
http://dx.doi.org/10.3923/pjn.2010.806.809.

Fatemeh, S. R., Saifullah, R., Abbas, F. M. A., Azhar, M. E.
(2012): Total phenolics, flavonoids and antioxidant
activity of banana pulp and peel flours: influence of
variety and stage of ripeness. Int. Food Res. J.19,
1041-1046.

Fridovich, 1. (2011): Superoxide dismutases: anti-versus pro-
oxidants? Anti-Cancer Agents in Medicinal Chemistry
(Formerly Current Medicinal Chemistry-Anti-Cancer
Agents). 11(2), 175-177.

Giannini, E.G., Testa, R., Savarino, V. (2005): Liver
enzyme alteration: a guide for clinicians.
Canadian  Med.  Assoc. J. 172(3), 367-379.
https://doi.org/10.1503/cmaj.1040752.

Goldberg, I. (2012): Functional foods: designer foods,
pharmafoods, nutraceuticals. Springer ISBN 978-1-
4613-5861-9.

Gornall, A.G., Bardawill, C.J., David, M.M. (1949):
Determination of serum proteins by means of the biuret
reaction. J. Biol. Chem. 177 (2), 751-766.

Guo, S., Zhang, J., Sun, H., Salse, J., Lucas, W.J., Zhang, H.,
Zheng, Y., Mao, L., Ren, Y. (2003): Antioxidant
activities of peel, pulp and seed fractions of common
fruits as determined by FRAP assay. Nutr. Res. 23(12),
1719-1726.
https://doi.org/10.1016/j.nutres.2003.08.005.

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

Hobbs, D.A. Kaffa, N., George, T.W., Methven, L.,
Lovegrove, J.A. (2012): Blood pressure-lowering
effects of beetroot juice and novel beetroot-enriched
bread products in normotensive male subjects.
Brit. J Nutr. 108 (11), 2066-2074.
https://doi.org/10.1017/S0007114512000190.

Huang, W.Y., Davidge, S.T., Wu, J. (2013): Bioactive natural
constituents from food sources-potential use in
hypertension prevention and treatment. Crit. Rev. Food
Sci Nutr. 53 (6), 615-630.
https://doi.org/10.1080/10408398.2010.550071.

Johnson, J.T., Iwang, E.U., Hemen, J.T., Odey, M.O., Efiong,
E.E., Eteng, O.E. (2012): Evaluation of anti-nutrient
contents of  watermelon  Citrullus  lanatus.
Ann. Biol. Res. 3(11), 5145-5150.

Kim, W., Flamm, S.L., Di Bisceglie, A.M., Bodenheimer,
H.C. (2008): Serum activity of alanine aminotransferase
(ALT) as an indicator of health and disease.
Hepatology. 47(4), 1363-1370.

Koocheki, A., Razavi, S.A., Milani, E., Monghadam, T.M.,
Alamatiyan, S., Izadkhah, S. (2007): Physical properties

177



Oluwatosin Arojojoye et al., / Short term toxicity study ... / Croat. J. Food Sci. Technol. / (2018) 10 (2) 173-178

of watermelon seed as a function of moisture content
and variety. Int. Agrophysics 21, 349-359.

Matés, M. (2000): Effects of antioxidant enzymes in the
molecular control of reactive oxygen species toxicology.
Toxicology 153(1), 83-104.

Misra, H.P., Fridovich, 1. (1972): The role of superoxide
anion in the autoxidation of epinephrine and a simple
assay for superoxide dismutase. J. Biolog. Chem.
247(10), 3170-3175.

Naz, A., Butt, M.S., Sultan, M.T., Qayyum, M.M.N., Niaz,
R.S. (2014): Watermelon lycopene and allied health
claims. EXCLI journal. 13, 650.

Nimse, S.B., Pal, D. (2015): Free radicals, natural
antioxidants, and their reaction mechanisms. RSC
Advances 5 (35), 27986-28006.

Pallavi S., Ambyj B.J., Rama S.D., Mohammad P. (2012):
Reactive Oxygen Species, Oxidative Damage, and
Antioxidative Defense Mechanism in Plants under
Stressful Conditions. J. Bot., Article ID 217037, 26
pages, doi:10.1155/2012/217037.

Pandey, M.K., Mitra, P., Maheshwari, P.K. (2012): The lipid
peroxidation product as a marker of oxidative stress in
epilepsy. J. Clinical. Diagnostic Res. 6(4), 590-592.

Rajendran, P., Nandakumar, N., Rengarajan, T., Palaniswami,
R., Gnanadhas, E.N., Lakshminarasaiah, U., Gopas, J.,

178

Nishigaki, I. (2014): Antioxidants and human diseases.
Clin. Chim. Acta. 436, 332-347.
https://doi.org/10.1016/j.cca.2014.06.004.

Shahzad, T., Ahmad, 1.J.A.Z., Choudhry, SHAHN.A.Z.,
Saeed, M.K., Khan, M.N. (2014): DPPH Free radical
scavenging activity of tomato, cherry tomato and
watermelon: lycopene extraction, purification and
quantification. Int. J. Pharm. Pharma. Sci. 6 (2), 223-
228.

Shebis, Y., Iluz, D., Kinel-Tahan, Y., Dubinsky, Z.,
Yehoshua, Y. (2013): Natural antioxidants: function and
sources. Food  Nutr. Sci. 4 (06), 643.
http://dx.doi.org/10.4236/fns.2013.46083.

Sinha, A.K. (1972): Colorimetric assay of catalase. Anal.
Biochem. 47(2), 389-394.
https://doi.org/10.1016/0003-2697(72)90132-7.

Varshney, R., Kale, RK. (1990): Effects of calmodulin
antagonists on radiation-induced lipid peroxidation in
microsomes. Int. J. Rad. Biol. 58 (5), 733-743.

Wang, Z., Min, J. (2013): The draft genome of watermelon
(Citrullus lanatus) and resequencing of 20 diverse
accessions. Nature Gen. 45(1), 51-58.
https://doi.org/10.1038/ng.2470.



