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Abstract: 

 

 Objectives:  

Evaluate the effectiveness of watermelon rind ethanolic extract in reducing blood glucose levels in glucose-induced male 

albino mice and examine potential adverse effects and the impact of different extract concentrations. 

 

 Methods:  

This in vivo study was conducted at the Adventist Medical Center College Pharmacy Department Laboratory and 

involved 42 mice that were given standard care. The watermelon rinds were processed into a powder, and the ethanolic 

extract was extracted using maceration and refined with a rotary evaporator. The potency of the antidiabetic properties of 

Citrullus lanatus rind ethanolic extract was evaluated by observing the blood sugar level of the male albino mice after 

inducing glucose. The mice were divided into seven groups, each receiving varying dosages of a specific extract. The blood 

samples were collected by cutting a small portion of the male albino mouse tail. A device called a glucometer was utilized to 

monitor the blood glucose level. The ANCOVA was then utilized for the analysis of the data. 

 

 Results:  

Univariate ANCOVA analysis showed that baseline weight did not significantly affect results, but treatment effects 

were significant (p <.01) with a large effect size (η² = .860). Higher doses of both metformin and the extract resulted in 

notable weight loss. A significant reduction in blood glucose levels was observed, especially at 175 mg/kg of the extract, 

where levels decreased from 131 mg/dL to 85.75 mg/dL. The study rejected the null hypothesis, confirming the extract's 

efficacy in lowering blood glucose levels. 

 

 Conclusion:  

The watermelon (Citrullus lanatus) rind ethanolic extract could potentially be used as a treatment against diabetes. 
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I. INTRODUCTION 

 

According to the World Health Organization (2023), 

diabetes is one of the leading causes of death worldwide. 
Although adults are more frequently diagnosed with 

diabetes, more children and young adults are getting the 

diagnosis. Diabetes happens when the pancreas cannot 

create sufficient insulin or the body cannot utilize the 

insulin (the hormone that regulates the blood sugar) 

produced. The most prevalent type of diabetes, type 2 

diabetes mellitus, affects 90– 95% of individuals 
worldwide, and the indication of this is elevated blood 

sugar (glucose) levels. 
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Further studies and research are needed to 

investigate alternative therapies and treatments that can 

improve the health of people diagnosed with the 

condition, as there is no cure for diabetes. All we can do 

for now is prevent it, which includes home remedies and 

pharmaceutical drugs[metformin, thiazolidinediones 

(glitazones), etc.]. Diabetes cannot be controlled only 

through medication. It may also be by the person’s 
lifestyle. Thus, exercising regularly, drinking plenty of 

water, and eating more fiber are recommended. 

 

Numerous functional foods and nutraceuticals, such 

as fruits, vegetables, and oily fish, etc., have been used to 

treat diabetes. These foods are loaded with nutrients and 

could help prevent diabetes. Watermelon is a functional 

food or nutraceutical, as its chemical composition 

provides both high nutritional value and various health 

benefits. 

 

Dessert watermelon, or Citrullus lanatus, is native 
to northeastern Africa. It is primarily cultivated in warm 

regions. The fruit of Citrullus lanatus has a thick, smooth, 

green skin with vertical light-green stripes. Inside, the 

fruit is red and contains black seeds. 

 

The rind contains dietary fibers, phenolic 

compounds, minerals, carbohydrates, and fatty acids. 

Watermelons can be purchased at the grocery store, and 

their rinds are discarded as waste. The inner portions of 

the rind mainly contain citrulline, a known nitric oxide 

stimulator. 
 

A study conducted by Sorokina et al. (2021) has 

compiled a comprehensive catalog of 1,679 small 

molecules found in watermelon and analyzed their 

cheminformatics. The study revealed the presence of 

various bioactive compounds in watermelon fruits, such 

as glycosides, carotenoids, flavonoids, alkaloids, carbs, 

fatty acids, and essential oils. These compounds may 

possess antidiabetic properties and offer other health 

benefits. Furthermore, the rind of the watermelon 

specifically has been shown to contain saponin, cardiac 

glycosides, phenol, moisture, lipids, and proteins. Due to 
these nutrients and bioactive compounds, watermelon has 

many health benefits, such as antioxidant, antidiabetic, 

and anti-cancer effects. 

 

Watermelon rind is often studied for its potential 

antidiabetic properties, and these studies typically involve 

the use of mice as experimental subjects. Mice are 

commonly used in biomedical research as they serve as 

animal models. The American National Research Council 

Committee on Animal Models for Research and Aging 

defines an animal model as an animal that allows for the 
study of normal biology or behavior, the investigation of 

spontaneous or induced pathological processes, and 

exhibits similarities to humans or other animal species in 

certain aspects. 

 

 

 

This study seeks to investigate whether the 

watermelon rind ethanolic extract can effectively reduce 

blood glucose levels in glucose-induced albino mice. It 

also observes any potential adverse effects associated 

with mice's consumption of watermelon rind extract. In 

addition, it seeks to determine if different concentrations 

of watermelon rind extract significantly affect blood 

sugar levels. 
 

II. MATERIALS AND METHODS 

 

A. Collection and Preparation of the Ethanolic Extract 

of Watermelon (Citrullus lanatus) Rind 

The watermelon samples were purchased from a 

market here in Iligan City and were authenticated at the 

Biology Department of Mindanao State University-Iligan 

Institute of Technology. The researchers then washed the 

watermelons under running water and chopped them into 

four parts. The collection of the watermelon rinds 

included gentle separation from the flesh by passing the 
knife between the pink/red flesh and the outer white rind. 

By doing this, the fruit and rind are separated. The outer, 

dark-green skin of the white rind was also then peeled off 

using a knife. The white rinds were then cut into small 

thin pieces. Out in the sun, the watermelon rind pieces 

dried out and due to time constraints, the researchers 

made use of blowers for better drying. The small thin 

slices were put into a container and there it was dried 

using the blower until it was brittle enough. To achieve 

powderized watermelon rinds, it was mixed and crushed 

by a blender. The watermelon rinds are finally 
powderized and ready for the maceration method. 

 

B. Extraction of the Ethanolic Extract of Watermelon 

(Citrullus lanatus) Rind 

The researchers made use of the maceration process. 

The ratio for solute and ethanol was 1:3. During the 

maceration process, 300 ml of powderized watermelon 

rinds were mixed thoroughly with the solvent, 600 ml of 

ethanol in a container. The container was sealed with a 

wooden cork, wrapped with foil, and was secured with a 

rubber band. For three days, with the use of the laboratory 

shaker, the mixture was periodically stirred and shaken 
occasionally to ensure thorough extraction. After three 

days, 500 ml of the ethanolic watermelon rind was 

extracted and filtered using the Whatman filter and was 

stored in an Erlenmeyer flask. Once the extraction was 

completed, the researchers asked for the assistance of 

MSU-IIT’s College of Science and Mathematics 

laboratory for further extraction using the rotary 

evaporator machine. More or less 50 ml of the ethanolic 

watermelon rind extract was collected and was finally 

ready for experimentation. To keep the extract from any 

contamination, the researchers made sure to keep it in a 
safe place, in the Pharmacy Laboratory at room 

temperature. 
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C. Determination of Approximate Lethal Dose Acute 

Toxicity Testing - Acute Toxic Class Method 

The test was conducted in accordance with the 

OECD 423 guidelines. The dosage per cage was set as 

follows: cage #1 received 100 mg/kg, cage #2 received 

200 mg/kg, cage #3 received 400 mg/kg, and cage #5 

received 500 mg/kg of watermelon rind ethanolic extract. 

Observations were made post-administration. Mice in 
cages #1 and #2 exhibited no adverse reactions and 

remained in normal condition. However, the mice in cage 

#3 displayed shortness of breath and succumbed 

approximately five minutes after administration. 

Additionally, the mice in cage #5 died immediately 

following the administration of the assigned dosage. The 

researchers also made use of IQ-CRO recommended dose 

volumes for common laboratory animals.  

 

D. Experimental Animals 

Healthy young adult male albino mice were utilized. 

The researchers purchased them from a certified mice 
seller all the way from Cagayan de Oro City. 

 

E. Housing and Feeding Condition of Experimental 

Animals 

The researchers made sure the mice were kept safe 

in the pharmacy department laboratory’s animal housing 

at Adventist Medical Center College-Iligan. The mice 

were divided into seven groups, and there were six mice 

in every group. The cages/containers of the mice were 

given identification, and the space provided gave ample 

room for activity. The researchers made sure the animal 
housing had proper ventilation, low lighting, and would 

be subjected to a short cycle of light and dark. The relative 

humidity was maintained between 45% and 65%, and the 

room temperature was kept between 20 and 24 °C. The 

researchers made sure there was only minimal noise to 

reduce the stress of the experimental animals. The mice 

were fed standard laboratory diets and they had access to 

distilled drinking water. The mice cages were cleaned 

twice a week by the researchers, and an antibacterial wipe 

was used to clean the cages. This helps reduce the risk of 

bacterial contamination and ensures a sterile 

environment. The bottles were washed to prevent the 

growth of bacteria and other microorganisms, so that the 

water was clean enough for mice to drink. Twice a week, 

the bedding in the cages was changed to new, clean ones. 

Fresh bedding helps to maintain a dry and odorless 

environment, reduces the risk of infection, and provides a 

comfortable habitat for mice. The mice are transferred to 

a clean container before being returned to their respective 
cages prior to the start of cage cleaning. 

  

F. Test for the Antidiabetic Activity 

The method utilized 43 mice. They were orally 

induced with glucose and their drinking water was mixed 

with glucose to speed up the diabetic process. The blood 

samples were collected from the tails of the mice. The 

researchers cut a small portion from the tails of the mice, 

and enough drop of blood was placed on the glucometer. 

A glucose strip typically needs 0.5–2 µl of blood. To 

prevent infection and stop any further bleeding, cotton 

balls soaked in absolute ethanol were used to gently rub 
the mice's tails after the blood had been collected. A small 

size of micropore was also administered. 

 

G. Experimental Set-up 

The experimental setup involved using 43 mice, 

which were then divided into seven (7) different groups 

for testing. Each group had a specific number of mice (6) 

to ensure reliable results. The mice were given varying 

doses of the ethanolic watermelon rind extract, allowing 

the researchers to observe the effects of different extract 

concentrations and determine its potential as an 
antidiabetic agent. To ensure accuracy, the researchers 

included both a positive and a negative control group. 

Throughout the experiment, the mice were given a 

standard lab diet and had access to water, unless they had 

to undergo fasting for the blood glucose tests. Before any 

treatment was administered, the mice underwent a fasting 

period. The majority of metabolic studies typically 

involve overnight (10–12 hours of fasting). 

 

 Control Table 
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Table 1 Control Table 

 
 

H. Research Instrumentation 
 

 Blender – used to separate the liquid component of 

the watermelon rind. 

 Cage – used for sheltering the mice and to separate the 

control and experimental group. 

 Camera – used for documentation during the 

experiment. 

 Distilled Water - used for safer hydration. Feeding 

Tray – used for putting food of the mice 

 Feeds – used for the food of the mice (standard pellet). 

 Glucose – used to induce orally to the mice. 
 Knife – used to cut the watermelon. Measuring Cups 

(glass) – used to measure the liquids that will be used 

during the experiment. Measuring Spoon – used to 

measure the liquids that will be used during the 

experiment. 

 Medication (metformin) – used as positive control. 

 Oral Gavage Needle – used for oral inducement. 
 Standard Water Container – used for safe water 

hydration. 

 Syringe (1cc) – used for the oral intake of glucose and 

watermelon rind. 

 Watermelon Rind Extract – used for the 

experimentation of the mice. 

 Weighing Scale – used to measure the weight of the 

mice. 

 

I. Statistical Tool 

The statistical tool used is the One-way ANCOVA 
test. The test of significance was tested at the 0.05 level. 

 

III. RESULTS 

 

A. Effect of Different Treatments on Weight of the Mice 

Controlling their Baseline Weight 

 

Table 2 Univariate ANCOVA of Testing the Effect of Different Treatments on Weight of the Mice  

Controlling their Baseline Weight 
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Table 2 presented a univariate ANCOVA assessing 

the impact of different treatments on the weight of mice, 

with their baseline weight controlled. The analysis 

revealed that the baseline weight (Sum of Squares = 

8.854, F = 1.998, p = .200) does not significantly 

influence the outcome. However, the treatment effect 

(Sum of Squares = 191.062, F = 8.625, p = .007) 

wasstatistically significant at the .01 level, indicating that 
the treatments led to significant differences in weight 

among the groups. The effect size for treatment was 

substantial (η² = .860), highlighting a solid impact of 

treatment on weight. 

 

The results indicated that while initial baseline 

weight was not a significant covariate, the treatments 

administered to the mice significantly affected their 

weight. This suggests that the variations in treatment 

types were substantial enough to override the natural 

variations in baseline weight. The error term (Sum of 

Squares = 31.013) and its corresponding mean square 

(4.430) provided a measure of within-group variability, 

which, although smaller than the treatment effect, still 

represented individual differences not accounted for by 

the treatments. 

 

The significant treatment effect aligned with 

findings from other studies demonstrating the efficacy of 
various interventions on weight modulation in animal 

models. For instance, research on dietary supplements 

and pharmacological agents in rodents often showed 

marked differences in weight outcomes based on the type 

and dosage of treatment administered. These studies 

reinforced the conclusion that targeted treatments could 

significantly influence weight, corroborating the high 

effect size observed in this analysis. 

 

B. Comparison of Treatment 

 
Table 3 Pairwise Comparisons of Treatments 

 
 

Table 3 showed pairwise comparisons of treatments, 

indicating mean differences in weight among groups. 

Significant differences were observed between the 

100mg/kg treatment and several others, including the 

Normal (-7.400, p = .015), Metformin (-10.280, p = .010), 

and Negative (-10.679, p = .007) groups. Similarly, the 

175mg/kg treatment showed significant differences when 

compared to Normal (-9.998, p = .004), Metformin (- 

12.878, p = .002), and Negative (-13.276, p = .002). 
 

These pairwise comparisons revealed that higher 

doses and specific treatments like Metformin significantly 

reduced weight compared to lower doses and the Normal 

group. The observed variations demonstrated the 

effectiveness of greater dosages and particular treatments 

in helping people lose weight. For instance, the significant 

negative mean differences for 175 mg/kg compared to the 

Normal, Metformin and Negative groups suggested a 

substantial weight reduction effect at this dosage. 

 

The outcomes aligned with earlier studies' 

conclusions that specific dosages and medications, such 

as Metformin, significantly affect mice's ability to control 

their weight. Research such as that of Alfaras et al. (2017) 

suggested that more severe weight loss may result from 

larger dosages of specific therapies, consistent with the 
significant mean differences in this table. 
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 Glucose Level of Mice Before and After Treatment 

 

Table 4 Descriptive Statistics Result of the Glucose Level of Mice Before and After Treatment 

 
 

Table 4 provided descriptive statistics of glucose 

levels before and after treatment across different groups. 
Significant reductions in glucose levels were noted for 

groups treated with 100mg/kg, 200mg/kg, 175mg/kg, 

150mg/kg, and Metformin. For instance, the 200mg/kg 

group showed a reduction from 172.50±17.68 before 

treatment to 94.75±21.57 after treatment. 

 

The data showed significant glucose levels drop for 

most treatment groups; a significant effect was seen in the 

175 mg/kg group, whose levels dropped from 131.00 to 

85.75. The Normal and Negative groups, on the other 

hand, exhibited less noticeable changes; the Normal 
group increases marginally from 91.60±17.15 to 

96.75±19.84. These findings implied that the therapies 

successfully reduced blood glucose levels, especially at 

higher dosages. 
 

The findings aligned with other research on the 

impact of pharmacological treatments on glucose levels. 

For example, studies by Horakova et al. (2019) and 

Dludla et al. (2020) demonstrated that specific treatments, 

particularly Metformin and higher dosage treatments, 

significantly lowered glucose levels in animal models. 

This supported the significant reductions observed in the 

treated groups compared to controls.  

 

C. Effect of Different Treatments on Glucose of the Mice 
Controlling their Baseline Glucose Level 

 

Table 5 Univariate ANCOVA of Testing the Effect of Different Treatments on Glucose of the Mice Controlling their  

Baseline Glucose Level 

 
 

Table 5 presented the results of a univariate 

ANCOVA examining the effect of different treatments on 

the glucose levels of mice, controlling for their baseline 

glucose levels. The analysis showed that baseline glucose 

(Sum of Squares = 66.079, F = .195, p =.668) was not a 

significant covariate. The treatment effect (Sum of 

Squares = 5225.217, F= 2.572, p = .090) was also not 

significant at the .05 level, indicating that the treatments 

did not significantly affect glucose levels when baseline 

levels were accounted for. 

 
The lack of a significant treatment effect suggested 

that the differences between treatments were not 

statistically significant once baseline glucose levels were 

controlled for. This indicated that the variations in glucose 

levels observed in Table 4.3 were primarily due to initial 

glucose levels rather than the treatments themselves. The 

error term (Sum of Squares = 3385.587) exhibits 

considerable within-group variability that the treatments 

do not account for. 

 

These results were surprising in light of the 

substantial decreases shown in Table 4.3, which implied 

that although treatments seem descriptively beneficial, no 

statistically significant differences were found when 

baseline glucose levels are controlled. Research such as 

those conducted by Dalsgaard et al. (2017) and Sharma et 

al. (2018) supported this conclusion, emphasizing the 
significance of baseline control and indicating that 

treatment effects could be overstated if starting conditions 

were not considered. These studies revealed how difficult 

it is to determine treatment effectiveness when baseline 

heterogeneity existed. 
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D. Descriptive Statistics of the Mean and Standard Deviation of the Glucose Level and Weight of the Mice 

 

Table 6 Descriptive Statistics 

 
 

The analysis of glucose levels and weight among the 

study participants revealed insightful patterns. The 
average glucose level was 98.45 mg/dL, with a 12.63 

mg/dL standard deviation. This implied that even while 

the average blood glucose level is approximately 98.45 

mg/dL, individual measurements might differ 

significantly, indicating a wide range of glucose 

concentrations among the subjects. The observed range of 

72 mg/dL to 140 mg/dL emphasized this variability even 

further. 

 

Analogously, the weight data exhibited a substantial 

dispersion around the mean, with an average of 70.35 kg 
and a standard deviation of 15.28 kg. The sample group 

exhibits various body weights, as evidenced by the 

participants' weights, ranging from 45 kg to 105 kg. Given 

the enormous range and high standard deviation, the 

population's body weight did not appear uniform. 

 

These findings were consistent with previous studies 

that had documented similar variations in glucose levels 

and body weights across different populations. For 

example, a study by Kim et al. (2018) found that the 

average fasting glucose level in a diverse cohort was 100 
mg/dL with similar variability, reflecting a range 

influenced by dietary habits, genetic factors, and lifestyle 

choices. Similarly, research on body weight variability 

indicates that such disparities were often influenced by 

age, physical activity, and metabolic health (Sha, 2023). 

There was also a relationship between the mice weight, 

disease, and medication. Diabetic mice generally have 

symptoms resulting from eating and drinking too much. 

(Liu et al., 2019). 

 

IV. DISCUSSION 

 
The researchers tested the effect of different 

treatments on weight of the mice controlling their baseline 

weight by using univariate ANCOVA of testing. This test 

is used to determine whether there is a statistically 

significant difference between the means (Bobbitt, Z., 

2020). The results showed that baseline weight did not 

significantly influence the outcome. However, the 

treatment effect was statistically significant at the .01 

level, indicating that the treatments led to significant 

differences in weight among the groups. The effect size 

for treatment was substantial (η² = .860). The results 
indicate that while initial baseline weight was not a 

significant covariate, the treatments administered to the 

mice significantly affected their weight. 

To ensure precise results, the treatments, 

antidiabetic ethanolic watermelon rind extract and 
metformin, were tested and compared. The results 

revealed that higher doses and specific treatments 

significantly reduced weight compared to lower doses. It 

was observed that the effectiveness of greater dosages and 

particular treatments was related to weight loss. The 

significant treatment effect aligns with findings from 

other studies demonstrating the efficacy of various 

interventions on weight modulation in animal models. For 

instance, research on dietary supplements and 

pharmacological agents in rodents often shows marked 

differences in weight outcomes based on the type and 
dosage of treatment administered (Abdulmalek et al., 

2021; Ghelani et al., 2017; Guo et al., 2019; Nauck et al., 

2021). Targeted treatments can significantly influence 

weight, corroborating the high effect size observed in this 

analysis. The data showed significant glucose levels drop 

for most treatment groups, but a significant effect was 

seen in the group where 175 mg/kg of the ethanolic 

watermelon rind extract was administered. Blood glucose 

levels dropped from 131.00 mg/dL to 85.75 mg/dL. The 

normal blood glucose ranges from 50 to 135 mg/dl 

(Hidayaturrahmah et. al., 2020). The findings from the 
blood glucose testing implied that the antidiabetic 

treatments successfully reduced blood glucose levels, 

especially at higher dosages. Apparently, there was a lack 

of a significant treatment effect that suggested differences 

between treatments were not statistically significant once 

baseline glucose levels were controlled for. It indicates 

that the variations in glucose levels were primarily due to 

the initial blood glucose levels rather than the treatments 

themselves. 

 

In the conducted study, the efficacy of watermelon 

(Citrullus lanatus) rind ethanolic extract was determined 
through the blood glucose concentration of the glucose-

induced albino mice. The reason behind the observation 

of the glucose level was to examine the potential 

antidiabetic properties of the rind. The watermelon 

(Citrullus lanatus) rind ethanolic extract contains 

bioactive components such as alkaloids, saponin, 

terpenoids, phenol and flavanoids (Akintunde et al., 

2022). Based on the study presented, the experiment 

showed a significant reduction of blood glucose 

concentration in the glucose- induced albino mice for 

most treatment groups that was compared with glucose- 
induced albino mice treated with standard anti-diabetic 

drug and the no treatment glucose-induced albino mice. 

The researchers observed that mice who were diabetic 
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have lesions, and some even have swelling in some parts 

of the body such as in the head, arms, and penis. 

 

The researchers observed that mice who are diabetic 

have lesions, and some even have swelling in some parts 

of the body such as in the head, arms, and penis. Diabetic 

mice generally have the symptoms resulting from eating 

and drinking too much. (Liu et. al., 2019). 
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