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Background: The diuretic activity of the Cucumis dipsaceus leaf, which is used in indigenous medicine, has been claimed but has not 
yet undergone scientific evaluation.
Objective: The objective of this study was to assess the diuretic activity of the aqueous and 80% methanol extracts derived from the 
leaves of Cucumis dipsaceus in rats.
Methods: For the extraction process, the maceration technique was employed to obtain the aqueous and 80% methanol extracts from 
the Cucumis dipsaceus leaves. Male rats were then divided randomly into eight groups, with six rats in each group. These groups 
consisted of a negative control group, a positive control group, and three different groups for each extract at varying doses. The urine 
output volumes, the concentrations of urinary electrolytes (sodium, potassium, and chloride) and urinary pH, were measured and 
analysed to compare the results among the different groups.
Results: Both the aqueous and 80% methanol extracts of Cucumis dipsaceus leaves demonstrated a significant increase in urinary 
output at doses of 200mg/kg body weight (p<0.01) and 400mg/kg body weight (p<0.001). When comparing the urinary electrolyte 
excretion with the negative control group, the groups treated with the 400mg/kg body weight dose of the aqueous extract showed 
significant differences in the urinary excretion of sodium (p<0.05), chloride (p<0.01), and K+ (p<0.01). Similarly, the urinary excretion 
of K+ and Cl- also exhibited significant differences at moderate doses (K+: p<0.01, Cl-: p<0.05) and the highest doses (both: p<0.01) 
of the 80% methanol extract. Furthermore, the highest doses of both the aqueous (p<0.01) and 80% methanol (p<0.01) extracts 
demonstrated significant differences in saluretic effect.
Conclusion: Both crude extracts of C. dipsaceus leaves have significant diuretic activity, providing support for the traditional use of 
the plant as a diuretic agent.
Keywords: Cucumis dipsaceus, diuretic activity, electrolyte excretion, Na+/K+ ratio

Introduction
Diuretics are medications that cause the kidney to excrete more sodium and water from the body. Their primary effect is 
to reduce the reabsorption of sodium and chloride from the filtrate, resulting in increased water loss due to salt excretion. 
This can be accomplished by either directly acting on nephron cells or indirectly modifying the filtrate content.1 In 
technical terms, “natriuresis” refers to an increase in renal sodium excretion, whereas “diuresis” indicates an increase in 
urine volume. Important natriuretic medications are typically referred to as diuretics because they typically also increase 
water excretion; the increase in sodium excretion is presumed.2

The primary action of most diuretics is to hinder the reabsorption of sodium in different segments of the renal tubular 
system or a combination of these locations.3 The mechanisms of different types of conventionally used diuretics revolve 
around specific membrane transport proteins present in renal tubular epithelial cells. For instance, loop diuretics like 
furosemide, torsemide, azosemide, bumetanide, and ethacrynic acid block the Na+/K+/2Cl− co-transporter mainly in the 
medullary and thick ascending loop of Henle. This action leads to reduced reabsorption of Na+, K+, and Cl− from the 
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urine, resulting in increased excretion of sodium and water.4,5 Thiazides, such as hydrochlorothiazide, chlorthalidone, 
indapamide, metolazone, and chlorothiazide, exert their diuretic effect by blocking the apical Na+/Cl− co-transporter 
(NCC) in the cortical thick ascending limb and early distal convoluted tubules (DCT). However, thiazides are generally 
less potent diuretics compared to loop diuretics.2,6 Potassium-sparing diuretics primarily act in the cortical part of the 
collecting duct and to a lesser extent in the late distal and collecting tubules. They achieve this by either blocking 
mineralocorticoid receptors, such as spironolactone and eplerenone, which are competitive antagonists of aldosterone or 
by blocking epithelial Na+ channels in the luminal/apical membrane of the late distal tubule and collecting duct, as seen 
with amiloride and triamterene. These agents have a limited ability to promote sodium excretion due to the small amount 
of sodium reabsorbed in these areas.6,7

Other diuretics, such as osmotic diuretics, including Mannitol, urea, glycerin, and isosorbide, are substances that 
freely pass through the glomerulus and are not easily reabsorbed. They have minimal pharmacological activity.1 Their 
osmotic properties hinder the passive reabsorption of water and reduce sodium reabsorption by lowering the concentra-
tion of sodium in the tubular fluid.8 Carbonic anhydrase inhibitors, such as acetazolamide and methazolamide, function 
by blocking the enzyme CA in the proximal convoluted tubule (PCT). This interference disrupts bicarbonate (HCO3

−) 
reabsorption, leading to increased excretion of Na+, HCO3

−, and water in the urine.9 Naturally occurring diuretics like 
caffeine inhibit the reabsorption of Na+, and alcohol inhibits the secretion of anti-diuretic hormone (ADH).10

Even, in the absence of overt oedema, patients with nephropathy or heart failure may have a 10 to 30% increase in 
extracellular and blood volume.11 The use of a diuretic to prevent cardiovascular complications is critical in the treatment 
of arterial hypertension. Diuretics cause a decrease in blood pressure, a decrease in blood volume, and a decrease in 
resistance to blood flow by increasing the drainage of water and sodium into the urine.12 In the vast majority of 
hypertensive patients, they lower both systolic and diastolic blood pressure. They are as effective as the majority of other 
antihypertensive medications.13 Diuretics are used alone or in combination with other antihypertensive medications to 
treat hypertensive patients.14 Thiazides are commonly prescribed in conjunction with other drugs for hypertension. Loop 
diuretics are primarily reserved for patients with renal failure, resistant hypertension, or heart failure.15 In several 
poisoning conditions, high ceiling and osmotic diuretic agents are also used to increase poisoning agent excretion.16,17

Several countries use natural products derived from plant extracts/fractions as the best source of medicine/novel 
therapeutic agents for various infectious and degenerative diseases, and plants are the source of the most potent drugs.18 

Various plant parts (root, stem, flower, fruit, twig exudates, and modified plant organs) are used in herbal medicines. To 
use these plants, which are collected on a small scale by local communities and folk healers, numerous other plants are 
collected in large quantities as raw material for herbal industries.19

Medicinal plants have long been used in the treatment of some renal diseases and have been widely used as diuretics 
since time immemorial.20,21 Several plants used in ethnomedicine have been shown to have diuretic activity in animal 
models.22 The safety and efficacy of these plants for their claimed medicinal use, on the other hand, have not been 
thoroughly studied and will require further investigation. Traditional healers’ preparation techniques are generally not 
standardized and, in most cases, do not meet the requirements of good manufacturing practice.23

A growing number of studies claim diuretic effects from traditional medicines.22 Pharmacological research on some 
traditional medicinal plants has supported their folkloric use as diuretics in Ethiopia. Some of the plants showing promise 
in this regard include: Carissa edulis,24,25 Rumex abyssinicus,26 Ajuga remota,27 Thymus serrulatus28 and Moringa 
stenopetala.29,30

Cucumis dipsaceus C.G. Ehrenb ex Spach is an annual climbing and flowering plant in the genus Cucumis L., family 
Cucurbitaceae. It originated in Ethiopia and is cosmopolitan in distribution (Africa (Ethiopia, Kenya, Somalia, Tanzania, 
Uganda, Sudan, and Southern Egypt) and Asia: India, with approximately 52 species worldwide.31,32 It is known by 
several common names, including “teasel gourd”, “Arabian cucumber”, and “hedgehog”. Cucumis has traditionally been 
used to treat a variety of ailments. Cucumis dipsaceus leaves are typically consumed as a leafy vegetable;33 its fruit juice 
is topically applied to prevent hair loss.34 The poultice is prepared from leaves and tendrils for the treatment of wounds. 
In case of poisoning, fruit juice acts as an antidote.35 Its stem decoction is used to treat nausea. Its fruit is used to treat 
gastrointestinal disorders such as diarrhea, stomach pain, constipation, and meningitis. Hepatitis, local application, 
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snakebite, carnivore bite, and gallstones are all treated with the roots. Fresh leaf extract is used to treat hemorrhoids and 
rabies. The seeds are diuretic; the fruit juice is used as a nutritive and as a demulcent in anti-acne lotions.36

Another study on the antioxidant activity of Cucumis dipsaceus revealed that both aqueous and methanol extracts 
of the plant exhibited significant reducing capacity. In a study assessing their impact on nitric oxide production, both 
extracts were examined for their ability to inhibit the release of nitric oxide. The methanolic extract displayed 
superior free radical scavenging activity compared to the aqueous extract when exposed to NO-induced free radical 
release.37

Cucumis dipsaceus Ehrenb. C.G. Ex Spach38 with a vernacular name of “Hare Goge” (Afan Oromo) or “Yewef 
Hareg” (Amaharic) is claimed to be for the treatment of gonorrhea, urinary retention and skin fungus in indigenous 
system of medicine. To achieve diuresis and treat urinary retention, traditional healers gather fresh leaves, crush them, 
and then take the resulting filtrate orally. There is no scientific study on the diuretic activity of the plant to date. It is 
necessary to investigate those plants scientifically which have been used in traditional medicine to improve the quality of 
natural medicines. Hence, the aim of present study was to evaluate the diuretic activity using the aqueous and 80% 
methanolic extract of Cucumis dipsaceus leaves.

In clinical practice, diuretics such as mannitol, thiazides, furosemide, and ethacrynic acid are used. However, the 
majority of them are associated with a wide range of undesirable effects, such as ototoxicity, electrolyte abnormalities 
(hypokalemia, hyperuricemia, hypercalcemia, hypomagnesemia, and hyponatremia), acid-base imbalance, metabolic 
abnormalities (hyperglycemia and hyperlipidemia), and acute hypovolemia,39 Photosensitivity dermatitis and 
hypersensitivity.40 Due to these reasons, still there is a search for more effective and less toxic diuretic agent. Many 
indigenous drugs have been claimed to have diuretic properties in the Ayurvedic medical system, but they have not been 
thoroughly investigated.41 As a result, there is a need to investigate comparatively more effective and less toxic diuretics 
derived from local plant materials.

Materials and Methods
Materials
Chemicals and Drug
During the experiment, distilled water (Ethiopian pharmaceutical manufacturing, Ethiopia) and furosemide (Kawasan 
perindustrian Bandar Baru Bangi, 43000 Kajang, Selangor Darul Ehsan, Malaysia) were used as the positive and negative 
controls, respectively. The plant was extracted using absolute methanol (Carlo Erba, France) [which diluted to 80% using 
distilled water for extraction purpose], distilled water, and NS (Aculife Health Care, India).

Experimental Animals
Adult healthy Swiss albino rats, either male (for diuretic activity testing) or female (for acute toxicity testing), weighing 
200–300g and aged 6–8 weeks, were used and obtained from the animal house unit of Addis Ababa University’s School 
of Pharmacy. The animals were kept in polypropylene cages (8–10 animals per cage) for one week to acclimate under 
standard environmental conditions on a 12h light-dark cycle. The animals had free access to a standard laboratory pellet 
diet as well as tap water. All animals were fasted for 15 hours prior to the experiment, with water available ad libitum. 
The animals were cared for and handled in accordance with internationally accepted guidelines for the use of experi-
mental animals.42,43

Methods
Plant Material Collection and Authentication
In April 2018, fresh leaves of Cucumis dipsaceus (Cucurbitaceae) were collected in Dengego Valley, Dengego district, 
Dire Dawa. The area is 515 kilometers east of Addis Abeba. In December 2017, a small amount of plant leaves was 
collected for identification and submitted to taxonomists at Addis Ababa University’s National Herbarium, College of 
Natural Sciences and Computation. Plant identification and authentication were completed, and plant specimens were 
deposited with a voucher number of 001 for future reference.
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Extraction and Preparation of the Plant
After collecting the fresh plant leaves, it was thoroughly washed with distilled water. The plant leaves were then dried for 
two weeks at room temperature in the shade. It was then finely powdered with a pestle and mortar before being used for 
extraction.

Preparation of 80% Methanol Extract
In an Erlenmeyer flask, a sample of 250g powdered Cucumis dipsaceus leaves was macerated with 2500 mL of 80% 
methanol for 72 hours at room temperature. The plant material and solvent were continuously shaken on a horizontal orbit 
shaker (Stuart, UK) to ensure proper mixing. The extract was filtered first with cotton gauze and then with Whatman filter 
paper, No. 1, and the marcs were re-macerated once with the same volume of solvent to extract the plant material 
completely. At 40°C, methanol was extracted from the extract using Rota vapour (Buchi, Switzerland) under reduced 
pressure. The extract was then dried using a lyophilizer (Operon, Korea) to remove the remaining water, the resulting dried 
80% methanol extract of the plant was weighed, and the percentage yield was calculated before being stored in −20°C and 
reconstituted with distilled water for oral administration immediately before the experiment.

Preparation of Aqueous Extract
In an Erlenmeyer flask, 250 grams of dried powdered Cucumis dispaceus leaves were cold macerated with 2500mL of 
distilled water. The sample was then allowed to stand at room temperature for 72 hours. To ensure proper mixing, the 
plant material and solvent mixture were shaken continuously on a horizontal orbit shaker (Stuart, UK). After that, the 
mixture was filtered through gauze. Marcs from the plant were then re-macerated once more with the same volume of 
solvent to extract the material completely. To remove water, the filtrate was freeze-dried in a Lyophilizer (Operon, 
Korea). The plant’s freeze-dried extract was weighed, and the percentage yield was calculated. Finally, it was placed in 
a plastic vial and refrigerated at −20°C until it was used in the experiment. During the experiment, it was reconstituted 
with distilled water for oral administration immediately before administration.

Acute Toxicity
The study was conducted using a limit test in accordance with OECD 425 guideline.43 The Limit test was used to determine 
whether the toxicity of a test substance is greater than or less than a specified dose. Female Swiss albino rats weighing 200– 
300 g and aged 6–8 weeks were divided into three groups of six animals each in this study. The animals were fasted for 15 
hours prior to the experiment, and water was provided ad libitum. The animals were weighed on the day of the experiment, 
and the negative control group received distilled water, while the other two groups received a limit dose of 2g/kg BW 
aqueous and 80% methanol extract orally. The animals were carefully observed continuously for the first 4 hours after 
administration for any obvious signs of toxicity and death, and then for the next 24 hours. They were then kept under close 
observation for up to 14 days to look for signs of morbidity or mortality. The weight of each animal was then recorded on 
the seventh and fourteenth days of administration to confirm any weight changes that had occurred.

Screening and Dosing for Diuretic Activity
Using the method described by Kau,44 each extract was tested for diuretic activity. Male Swiss albino rats weighing 200– 
300g were divided into eight groups of six rats each for the screening of each extract. The animals were housed in 
a typical metabolic cage. 15 hours before the experiment, food but not water was withheld. The test substance, distilled 
water, and standard drug were given to the animal based on its weight. Both extracts were first dissolved in distilled water 
to achieve the required concentrations before being administered orally. Before the experiment, all of the animals were 
given normal saline (2mL/100g, BW) orally.

As a negative control, Group 1 was given distilled water (20 mL/kg of BW), while Group 2 was given furosemide (10 mg/ 
kg BW), a common diuretic medication. Aqueous extract was given to groups 3 through 5 and 80% methanol extract test 
substances were given to groups 6 through 8 at dose levels of 100, 200, and 400 mg/kg BW, respectively. After five hours, the 
total amount of urine excreted was calculated for each group, and the urine was stored at −20°C for later examination. 
According to Mukherjee45 and Durairaj,46 the parameters considered to compare the effects of the test doses of the extract with 
the negative control and standard drug, Furosemide, on diuresis were total urine volume, diuretic action, diuretic activity, 
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urinary excretion, saluretic activity, natriuretic activity, and urinary electrolyte concentration of Na+, K+, and Cl−. The volume 
of urine excreted during the 5 hour study period is expressed as a percentage of the liquid (Distilled water) administered, 
yielding a measure of “urinary excretion” independent of animal weight, that is, urinary excretion was calculated as total 
urinary output divided by total liquid administered (Formula-1). The ratio of urinary excretion in the test group to urinary 
excretion in the control group was used to assess diuretic action (Formula-2). The diuretic action, also known as the “Diuretic 
Index”, Indices of 1.0 or higher are considered positive effects or potent diuretics. Because the diuretic index is prone to 
variation, the Lipschitz value, a less variable parameter, was calculated. To calculate the Lipschitz value, the urine volume of 
the treated rats was compared to that of the control group, which is known as diuretic activity. The diuretic activity was also 
calculated as the ratio of the test substances’ diuretic action to that of the standard drug (Formula-3).45,47

The ratio of urinary excretion in test group and control group was denoted “Diuretic action”, which will used as the 
measure of degree of diuresis.

Determination of Urine Excreted and Plant Extracts of Electrolyte Concentration
The experimental, negative control and standard drug-treated groups’ five-hour urine electrolyte concentrations (Na+, K+, 
and Cl−) were measured. Urinalysis was performed according to the user instruction manual of the Biochemical kits 
available in the laboratory of the Ethiopian Public Health Institute (EPHI) using the Ion Selective Electrode (ISE) 
analysis method for chloride and Flame photometry for sodium and potassium (Cobas6000, Roche, Germany). A digital 
automated pH meter (Sigma-Aldrich, USA) was used to measure the pH of the fresh urine sample.

Parameters considered in urinary Electrolyte excretion include:
Natriuretic activity (Na+/ K+ ratio)

Na+/K+:- Ratio of concentration of sodium ion in the urine of the test group to concentration of potassium ion in the urine 
of the same group. Estimate Natriuretic activity. Values greater than 2.0 indicate a favorable natriuretic effect and values 
greater than 10.0 indicate a potassium-sparing effect.

Saluretic index: Is the ratio of concentration of electrolyte in the urine of group to concentration of electrolyte in the urine 
of control group. The sum of Na+ and Cl− excretion was estimated for saluretic activity.

The ratio [Cl−] / [Na+] + [K+] (ion quotient) in the urine was derived to estimate carbonic anhydrase inhibition. Carbonic 
anhydrase inhibition can be excluded at ratios between 1.0 and 0.8, with decreasing ratios; slight-to-strong carbonic 
anhydrase inhibition can be assumed.42

Statistical Analysis
The experimental results were analyzed using the Statistical Package for Social Sciences (SPSS), version 20 software. 
The study’s results were expressed as mean ± standard error of the mean (SEM). One-way analysis of variance (ANOVA) 

Journal of Experimental Pharmacology 2024:16                                                                                   https://doi.org/10.2147/JEP.S456449                                                                                                                                                                                                                       

DovePress                                                                                                                         
261

Dovepress                                                                                                                                                      Asefa and Nedi

Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


and the Tukey post hoc test for multiple comparisons were used to determine statistical significance. Additionally, 
a significance threshold of P < 0.05 was applied.

Ethical Approval
The experimental protocol for the use of laboratory animals was approved by Institutional Review Committee of the 
College of Veterinary Medicine and Agriculture, Addis Ababa University with reference No.VM/ERC/01/05/16/2024; in 
accordance of Animal Research Ethics Guideline: based on Directive 2010/63/EU of the European Parliament and of the 
council on the protection of animals used for scientific purpose.

Result
Acute Toxicity Test
In the acute toxicity study, rats were observed for two weeks after oral administration of the test substances at a dose of 2g/kg 
body weight to see if the extracts had a toxic effect. All of the rats survived even after 14 days with progressive weight gain. 
This means that both extracts were found to be safe up to the highest dose tested. This was demonstrated by the absence of 
major toxicity signs such as tremors, weight loss, lethargy, paralysis, stress, or adverse behaviours, as well as the absence of 
diarrhoea. During this time period, no treated rats died. This indicates that the LD50 is greater than 2g/kg.

Diuretic Activity
Effect on Urine Volume
Aqueous Extract 
All aqueous crude extract treated groups had increased urinary volume excretion beginning with the first hour and 
increasing significantly by the fifth hour, as shown in Table 1, for the lowest dose (AQ100) 77.66%, medium dose 
(AQ200) 97.72%, and highest dose (AQ400) 120.94%. However, when compared to NC, AQ100 had no significant 
effect on diuresis. When compared to NC, the AQ200 treated group had a significant difference in urinary excretion at 
the third hour (83.80%, p<0.05) and fifth hour (84.30%, p<0.01), but increased insignificantly by 80.23% at the 
fourth hour. Furthermore, as shown in Table 1, rats treated with the maximum dose (AQ400) had an increased diuresis 
beginning with the first hour of urine collection, but a significant diuresis began with the second hour (110.71%, p <0.01) 
and continued to the fifth hour (132.26%, p<0.001) when compared to NC.

Furosemide-treated rats produced significantly more diuresis and showed a significant difference beginning at the 
first hour (316.67%, p<0.05) and continuing until the end of the fifth hour (132.26%, p<0.001) when compared to NC. 
Starting from the third hour to the end of the fifth hour, the standard drug SF10 had a significantly greater diuretic effect 
than AQ100 (p<0.05), but a comparable significant diuretic effect with AQ400 (p <0.001).

Table 1 Urinary Output at Different Time Intervals After Oral Administration of Aqueous Crude Extract of Cucumis Dipsaceus 
Leaves in Rats

Groups 1hr 2hr 3hr 4hr 5hr UE 
(Vo/Vi) *100%

Diuretic 
action

Diuretic 
activity

NC 0.78±0.19 2.80±0.0.21 3.58±0.0.31 4.20±0.40.33 4.65±0.0.28 58.71 1 –
SF10 3.25±0.61* 7.33±0.59***b 8.95±0.52***b 9.83±0.91***a 10.80±0.68***b 129.34 2.20 1

AQ100 2.33±0.57 4.05±0.45 5.20±0.39 6.32±0.71 6.78±0.62 77.66 1.32 0.60

AQ200 3.08±0.55 5.12±0.55 6.58±0.47* 7.57±0.68 8.57±0.72** 97.72 1.67 0.76
AQ400 2.73±0.33 5.90±0.52** 7.85±0.44*** 9.67±0.54*** 10.80±0.72***d 120.94 2.06 0.94

Notes: Each value represent the mean ± SEM (n = 6). The mean difference is significant at the levels of: *p< 0.05 against NC. **p<0.01 against NC.***p<0.001 against 
NC. ap < 0.05 against AQ100. bp<0.01 against AQ100. dp < 0. 01 against AQ100. UE = Urinary Excretion; Vo = Volume of urine output, Vi = Volume of liquid 
administered. NC= Negative Control group receiving vehicle. SF = Standard drug furosemide; SF10 = Furosemide 10mg/kg receiving group. AQ = Aqueous extract; 
AQ100 = Aqueous extract 100mg/kg body weight receiving group; AQ200 = Aqueous extract 200mg/kg body weight receiving group; AQ400 = Aqueous extract 400mg/ 
kg body weight receiving group.
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The diuretic activity of AQ400 was 0.94 when compared to the standard drug SF10, as indicated in Table 1. This 
result also reveals that their diuretic effects are comparable. In contrast, AQ100 and AQ200 had lower diuretic activities 
of 0.60 and 0.76, respectively.

The highest dose, AQ400, produced greater diuresis than AQ100 and this difference was significant by the end of the 
fifth hour (p<0.01) when the three doses of the aqueous extracts treated groups were compared to each other. As 
compared to AQ100, the SF10 significantly increased (p<0.01) in diuresis starting in the second hour when the aqueous 
extract-treated group was compared to the standard.

80% Methanol Extract 
Table 2 demonstrates that, at the lowest dose (HM100), medium dose (HM200), and highest dose (HM400) at the fifth hour, 
the crude 80% methanol extract increased urinary volume excretion almost as effectively as the aqueous extract. However, 
the onset of significant diuresis was less pronounced than with the aqueous extract. While the diuresis for the medium dose 
(HM200) was statistically significant at the third hour (82.12%, p<0.05) and fifth hour (88.17%, p<0.01), it increased 
insignificantly by 74.29% at the fourth hour when compared to NC. Furthermore, compared to NC, the highest dose of 
HM400 caused a significant diuresis beginning at the end of the third hour (94.13%, p<0.01) and continuing until the end of 
the fifth hour (112.90%, p<0.001). In the fifth hour, the lowest dose, HM100, increased diuresis by 63.01% without 
significantly differentiating from NC. The lowest dose (HM100) treated group at the third hour produced a significantly 
(p<0.01) lower diuretic effect as compared to the standard, SF10, as a result of the 80% methanol extract treated groups. On 
the other hand, when the three doses were increased, the diuretic activity increased by 0.70, 0.82, and 0.90, respectively.

Effect on Electrolyte
Aqueous Extract 
Urine samples were taken over a period of five hours, and the electrolyte content of Na+, K+, and Cl− was determined, as 
indicated in Table 3. The medium dose (AQ200), despite being raised by 55.10%, did not result in a statistically significant 
difference when compared to the NC, while the lowest dose (AQ100) in sodium loss was equal to that of the NC. Urinary 
sodium loss was significantly different at the highest dose (AQ400) from NC (105.10%; p<0.05). Comparing SF10 to NC, 
the standard drug-treated group showed the greatest urinary Na+ loss (122.45%; p<0.01).

Comparing the highest dose, AQ400, to NC, urinary K+ excretion revealed a statistically significant kaliuresis effect 
(210.10%; p<0.01). Comparing the lowest and medium treatment groups to NC, there was a slight increase in potassium 
loss of 59.58% and 76.50%, respectively. Along with having the lowest effect on potassium excretion when compared to 
groups treated with aqueous extract, the group treated with standard medication also demonstrated a 41.62% increase in 
potassium loss when compared to NC.

When urinary Cl− losses were present, AQ400 increased by 177.30% (p <0.01). When compared to NC, AQ100 (36.68%) 
and AQ200 (85.66%) had insignificantly higher urinary Cl− excretion. The chloride loss in the standard drug-treated group 
was 225.33% higher (p<0.001) than in the NC group, with the highest losses observed in the aqueous extract-treated groups.

Table 2 Urinary Output at Different Time Intervals After Oral Administration of 80% Methanol Crude Extract of Cucumis Dipsaceus 
Leaves in Rats

Groups 1hr 2hr 3hr 4hr 5hr UE 
(Vo/Vi)*100%

Diuretic 
action

Diuretic 
activity

NC 0.78±0.19 2.80±0.0.21 3.58±0.0.31 4.20±0.40.33 4.65±0.0.28 58.71 1 –
SF10 3.25±0.61* 7.33±0.59*** 8.95±0.52***c 9.83±0.91*** 10.80±0.68*** 129.34 2.20 1

HM100 2.52±0.53 5.15±0.62 5.75±0.73 7.13±0.77 7.58±0.83 90.45 1.54 0.70

HM200 2.78±0.77 5.18±0.71 6.52±0.80* 7.32±0.97 8.75±0.90** 106.32 1.81 0.82
HM400 2.68±0.50 5.13±0.0.51 6.95±0.83** 8.75±0.86** 9.90±0.88*** 115.79 1.97 0.90

Notes: Each value represent the mean ± SEM (n = 6). The mean difference is significant at the levels of *p < 0.05 against NC; **p < 0.01 against NC; ***p < 0.001 
against NC. cp < 0.01 against HM100.UE = Urinary excretion, Vo = Volume of urine output, Vi = Volume of liquid administered NC= Control group receiving vehicle. 
SF = Standard drug Furosemide; SF10 = Furosemide 10mg/kg receiving group. HM =80% methanol extract; HM100 = 80% methanol extract 100mg/kg receiving group; 
HM200 = 80% methanol extract 200mg/kg receiving group; HM400 = 80% methanol extract 400mg/kg receiving group.
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Table 3 displays the increasing saluretic activity with increasing dose for the lowest, medium, and highest doses 
relative to NC: 16.90%, 94.44%, and 138.36%, respectively. When compared to the NC, the groups treated with the 
standard drug (169.84%, p<0.001) and the aqueous extract at the highest dose (138.36%, p<0.01) had significantly higher 
urinary excretions of salt. For the extract at the lowest, medium, and highest doses, respectively, the saluretic index of 
Na+ (1, 00, 1.55, and 2.05), K+ (1.60, 1.77, and 3.10), and Cl− (1.37, 1.86, and 2.77) was discovered. In comparison to 
NC, the saluretic index of SF10 for Na+, K+, and Cl− was found to be 2.22, 1.42, and 3.25, respectively.

Urinary electrolyte excretion was compared between the aqueous extract and standard drug-treated groups; Na+ for AQ400 
(p<0.05) and Na+ and Cl− for SF10 (p<0.001) were significantly higher than those of AQ100. Comparing the AQ400 treated 
group to the AQ100 and SF10 treated groups, there was a noteworthy increase (p<0.05) in K+ urinary excretion.

Furthermore, the Na+/K+ ratio (Natriuretic activity) of the extract-treated groups was found to be less than SF10 
(1.29), with the lowest value (0.58) at the lowest dose (AQ100) and the highest value (0.77) at the medium dose 
(AQ200), across all doses. The Na+/K+ ratio did not differ significantly from the NC in either the aqueous extract-treated 
or standard medication-treated groups. All groups treated with varying doses of the extract were comparable to one 
another (0.40, 0.41, and 0.41 in increasing dose), but less than SF10 (0.69), according to the CI−/ (Na+ + K+) calculation.

The 80% Methanol Extract 
Table 4 illustrates that urinary Na+ excretion increased as extract dose increased, with the lowest, medium, and highest 
doses exhibiting 9.18%, 46.94%, and 57.14%, respectively, and no discernible difference when compared to NC. When 
comparing the K+ urine excretion to NC, it was found to be significantly higher at the highest dose (184.24%, p<0.01) 
and medium dose (179.07%, p<0.01), but not significantly higher at the lowest dose (88.37%). When CI− urinary 

Table 3 Effect of Aqueous Crude Extract of Cucumis Dipsaceus Leaf on 5h Urinary Electrolyte Excretion and Other Parameters in Rats

Treatment Dose  
(mg/kg)

Urinary electrolyte excretion Saluretic Index Na+ + Cl− Na+/K+ Cl−/ 
(Na+ + K+)

Na+ K+ Cl− Na+ K+ Cl−

NC 20mL/kg 19.60±1.23 24.17±2.85 16.74±2.37 36.34±3.33 0.86±0.12 0.38±0.04

SF 10 43.60±5.53**a 34.23±1.83 54.46±4.73***a 2.22 1.42 3.25 98.06±10.06***a 1.29±0.19g 0.69±0.02***h

AQ 100 19.60±2.37 38.57±7.56 22.88±3.75 1.00 1.60 1.37 42.48±5.25 0.58±0.10 0.40±0.02

200 30.40±3.75 42.66±8.21 31.08±7.66 1.55 1.77 1.86 61.48±11.33 0.77±0.09 0.41±0.03

400 40.20±4.99*b 74.95±13.27**c 46.42±3.88** 2.05 3.10 2.77 86.62±7.38**d 0.63±0.15 0.41±0.03

Notes: Each value represent the mean ± SEM, n = 6, *p< 0.05 against NC; **p< 0.01 against NC; ***p<0.001 against NC; ap<0.01 against AQ100. bp < 0.05 against AQ100 & HM100 
cp<0.05 against SF10 and AQ100; dp<0.05 against AQ100; fp<0.05 against AQ200; gp< 0.01 against AQ100 & AQ400. hp<0.001 against AQ100 & AQ400 NC= Control group 
received vehicle; SF = Standard drug furosemide; AQ = Aqueous extract. Na+/K+: Ratio of concentration of sodium ion in the urine of the group to concentration of potassium ion 
in the urine of the same group. Cl−/ (Na+ + K+) (Ion quotient): Is derived to estimate Carbonic anhydrase inhibition; Na+ + Cl−: Estimate saluretic activity.

Table 4 Effect of 80% Methanol Crude Extract of Cucumis Dipsaceus Leaf on 5h Urinary Electrolyte Excretion and Other Parameters 
in Rats

Treatment Dose  
(mg/kg)

Urinary electrolyte excretion Saluretic Index Na+ + Cl− Na+/K+ Cl−/(Na+ + K+)

Na+ K+ Cl− Na+ K+ Cl−

CN 20mL/kg 19.60±1.23 24.17±2.85 16.74±2.37 36.34±3.33 0.86±0.12 0.38±0.04

SF 10 43.60±5.53**a 34.23±1.83 54.46±4.73*** 2.82 1.42 3.25 98.06±10.06***a 1.29±0.19g 0.69±0.02***hij

HM 100 21.40±1.81 45.53±10.01 31.10±8.09 1.09 1.88 1.86 52.50±9.62 0.54±0.88 0.44±0.04

200 28.80±4.09 67.45±5.75** 43.30±2.83* 1.47 2.79 2.57 72.10±5.02 0.45±0.09 0.45±0.04

400 30.80.00±4.38 68.70 ±5.25** 50.66±4.91** 1.56 2.84 3.03 81.46±9.07**e 0.46±0.07 0.52±0.05

Notes: Each value represent the mean ± SEM, n = 6, *p<0.05 against CN. **p< 0.01 against CN. ***p<0.001 against CN; ap<0.01 against HM100. ep<0.05 against 
AQ100. gp< 0.01 against HM100, HM200 & HM400. hp<0.001 against HM100; iP<0.01 against HM200; jp< 0.05 against HM400 NC= Control group received vehicle; 
SF = Standard drug furosemide; HM = Hydro methanol extract. Saluretic index: Is the ratio of concentration of electrolyte in the urine of test group to concentration 
of electrolyte in the urine of control group. Na+/K+:- Ratio of concentration of sodium ion in the urine of the group to concentration of potassium ion in the urine of 
the same group. Estimate Natriuretic activity. Cl−/(Na+ + K+) (Ion quotient): Is derived to estimate Carbonic anhydrase inhibition; Na+ + Cl−: Estimate saluretic activity.
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excretion was compared to NC, HM200 and HM400 increased significantly by 158.66% (p<0.05) and 202.63% (p<0.01), 
respectively, while HM100 increased insignificantly by 85.78%.

When 80% methanol extract and SF10 treated groups were compared for urinary electrolyte excretion, the SF10 
treated group had a significantly higher urinary Na+ excretion than HM100 (p<0.01). Regarding K+ and CI−, no 
discernible variation was found between the reference value and the three distinct dosages of the 80% methanol extract. 
Additionally, there was no discernible difference in the urinary electrolyte loss between the three doses of 80% methanol 
extract treated groups.

Table 4 demonstrates that, in comparison to NC, the saluretic activity was insignificantly increased by 44.47% and 
98.40% for the lowest and medium doses, respectively, and significantly increased for the standard drug (SF10; 169.84%; 
p<0.001) and highest dose (HM400; 124.16%; p<0.01) treated groups. Additionally, saluretic indices were computed, 
yielding results for K+ (1.88, 2.79, and 2.84), Na+ (1.09, 1.47, and 1.56), and CI-(1.86, 2.57, and 3.03) for the lowest, 
medium, and highest doses, respectively, in comparison to NC. By increasing the extract doses, values of 0.54, 0.45, and 
0.46 the quotient of Na+/K+, or natriuretic activity were obtained. The greater result was demonstrated for SF10 (1.29). 
Comparably, the value of [CI−] / [Na++K+] was also computed, yielding values for HM100, HM200, and HM400 of 0.44, 
0.45, and 0.52, respectively. These findings were found to be lower than SF10’s (0.69).

When the two extracts were compared for urinary electrolyte excretion at the highest aqueous, AQ400, the treated 
group had significantly higher levels of Na+ and K+ (p<0.05) than the HM100 treated group. However, when compared to 
the AQ100 treated group, the highest dose, HM400, the treated group showed a significant (p<0.05) increase in urinary 
excretion of Cl− and saluretic activity.

Effects on pH
The various treatment groups of both aqueous and 80% methanol extracts produced comparatively alkaline urine, 
according to a urinary pH test (Figures 1 and 2). At doses of 100, 200, and 400 mg/kg BW, respectively, the five-hour 
mean ± SEM urinary pH was found to be 8.48 ± 0.06, 8.82 ± 0.05, and 8.64 ±0.10 for the aqueous extract and 8.39±0.06, 
8.56±0.05, and 8.69±0.07 for the 80% methanol extract of urine sample. Furthermore, during the course of the five-hour 
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Figure 1 Urinary pH of rats treated with aqueous crude extract of C. dipsaceus leaves. 
Notes: Each value represent the mean ± SEM, n = 6, NC= Negative Control group receiving vehicle; SF = Standard drug furosemide; SF10 = Furosemide 10mg/kg received 
group; AQ = Aqueous extract; AQ100 = Aqueous extract 100mg/kg body weight received group; AQ200 = Aqueous extract 200mg/kg body weight received group; AQ400 
= Aqueous extract 400mg/kg body weight received group.
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urine collection, the results for the standard drug-treated group and the negative control group were 8.17±0.08 and 7.70 ± 
0.02, respectively. When the aqueous extract, 80% methanol extract, and standard drug-treated groups were compared to 
the NC, no statistically significant differences were found. The highest pH value was produced by a 200 mg/kg dose of 
aqueous extract, and the lowest pH value was produced by SF10, which made the urine less alkaline (Figures 1 and 2).

Electrolyte Content of the Extracts
The electrolyte content of aqueous and 80% methanol extracts was studied. The aqueous extract yielded the following 
results: Na+ (2.06, 4.11, and 8.10mmol/lit), K+ (14.41, 28.71, and 56.37mmol/lit), and Cl− (6.46, 12.87, and 25.26mmol/lit) 
contents for the lowest, medium, and highest doses, respectively. The lowest, medium, and highest doses of the 80% 
methanol extract revealed Na+ (2.15, 4.37, and 8.42mmol/lit), K+ (15.86, 32.29, and 62.20mmol/lit), and Cl− (10.69, 21.76, 
and 41.92mmol/lit) content, respectively. The Na+ content of both extracts was nearly identical, but the K+ and Cl− contents 
of the 80% methanol extract were higher.

Phytochemical Test
The leaf of Cucumis dipsaceus was subjected to qualitative phytochemical analyses using standardized techniques. The 
outcomes were confirmed based on the intensity of the characteristic color, indicating the presence of various chemical 
compounds. Saponins, Tannins, flavonoids, Terpenoids, and Cardiac glycosides were detected at varying levels ranging 
from (+) to (+++) (Table 5).

Discussion
Medicinal plants provide a natural defense against disease and are an important treatment for some diseases. As diuretics, 
a variety of mono- and poly-herbal preparations are used. Many studies have also been conducted to support the diuretic 
effects of many traditional herbal medicines.48 Diuresis is characterized by two components: an increase in urine volume 
and a net loss of electrolytes in the urine.1 Therefore, to assess the diuretic activity of the plant extracts, measurements of 
urine volume and electrolyte excretion were made in the current study. Comparing the aqueous and 80% methanol 
extracts of C. dipsaceus leaf to the negative control, it was found that both extracts increased urine volume output and 
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Figure 2 Urinary pH of rats treated with 80% methanol crude extract of C. dipsaceus leaves. 
Notes: Each value represent the mean ± SEM, n = 6, NC = Negative Control receiving vehicle, HM =Hydro methanol extract; HM100 = Hydro methanol extract 100mg/kg 
received group; HM200 = Hydro methanol extract 200mg/kg received group; HM400 = Hydro methanol extract 400mg/kg received group.
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electrolyte loss. The groups treated with AQ200, HM200, and HM400 extracts were able to produce significant diuresis 
as early as the third hour, as indicated in Tables 1 and 2. When compared to the negative control, the highest dose of 
aqueous extract AQ400 was able to cause a noticeable diuresis as early as the second hour. Beginning in the third hour, 
the AQ400 showed similar significant differences with the standard medication. When comparing groups treated with 
extract and standard drugs, the group treated with standard drug SF10 experienced a rapid and notable diuresis within the 
first hour of oral administration.

During the collection period, the urinary excretion was measured. Later, the diuretic action and urinary excretion were 
computed and used to create the final diuretic activity equation. When the two C. dipsaceus leaf extracts were compared, 
it was found that both extracts increased diuresis, with the effect being greatest at the highest dosages. For instance: as 
Tables 1 and 2 demonstrate, AQ400’s (2.06) diuretic action was greater than HM400’s (1.97). In a similar vein, AQ400’s 
diuretic activity (0.94) exceeded HM400’s (0.90), which was still below the maximum aqueous extract doses. The 
diuretic effect of the aqueous extract was superior to that of the 80% methanol extract. Therefore, it is plausible to 
propose that the plant’s active ingredient or substances, which provide the diuretic effect, maybe more polar and thus 
more readily extracted in water than in 80% methanol. In particular, at AQ400 (2.06), the diuretic action of the plant 
extracts was quantitatively equivalent to that of SF10 (2.20). Given that C. dipsaceus’s diuretic activities at their highest 
doses were 0.94 and 0.90 for AQ400 and HM400, respectively, they were comparable to SF10.

The diuretic activity numerical results are categorized as follows, per Pérez:49 If diuretic activity is less than 0.50, it is 
deemed null, moderated if it is between 0.89 and 0.70, low if it is between 0.69 and 0.50, and high if it is greater than or 
equal to 0.90. The diuretic activity of C. dipsaceus leaf extracts at both higher doses was therefore deemed to be high for 
AQ400 (0.94) and HM400 (0.90); moderate for AQ200 (0.76), HM100 (0.70), and HM200 (0.82); and low for AQ100 
(0.60), as indicated by the results displayed in Tables 1 and 2. Consequently, these findings utilizing the plant 
C. dipsaceus’s crude aqueous and 80% methanol leaf extract indicate that the plant has a diuretic effect on rats.

The five hours of urine collection were used to measure the levels of urinary sodium, potassium, and chloride, as 
indicated in Tables 3 and 4. Urinary ionic excretion mirrored the increases in diuresis brought on by AQ and HM extract 
in comparable ways. When compared to NC, there was a significant increase in Na+, K+, and Cl− urinary loss in the 
AQ400, and a significant increase in K+ and Cl− urinary loss in the HM200 and HM400. Excretion of Cl− and Na+ were 
significantly higher in the positive control group than in the NC and AQ100, and urinary excretion of Na+ was also 
significantly higher than in the HM100. When compared to the NC, the extracts’ effect on water excretion appeared to be 
accompanied by an increase in the excretion of salt and electrolytes in the urine. This suggests that C. dipsaceus’s diuretic 
action was of the saluretic type, as opposed to the aquaretic type, which is characteristic of most diuretic agents.50

The Na+/K+ ratio can predict the nature of the diuretic mechanism.51 A Na+/K+ ratio of greater than one indicates 
a satisfactory diuresis without excessive urinary potassium loss.52 Values greater than 2.0 indicate a favorable natriuretic 
effect, if the ratio exceeds 10.0, it would have potassium-sparing effect.42 The ratio of Na+/K+ was calculated as an 
indicator of natriuretic activity and this observation suggests that the plant material has no potassium sparing activity.

Table 5 Phytochemical Screenings of Aqueous and Hydro 
methanol Extract of Cucumis Dipsaceus Leaf

Test for Aqueous extract Hydro-methanol  
extract

Saponin +++ +

Tannin ++ +
Alkaloids +++ +++

Terpenoid ++ ++

Flavonoid ++ +++
Cardiac glycosides ++ +++

Steroid +++ ++

Notes: Key: +: presence of phytochemical; +++ > ++ > +: according to the 
intensity of characteristic color.
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The Cl−/ (Na+ + K+) ratio was calculated and showed the extent of CA inhibitory effect. CA inhibition can be 
excluded at ratios between 1.0 and 0.8. With decreasing ratios slight to strong CAI can be assumed.42 Thus, the current 
study suggests that AQ may have the strongest CA inhibitory effect, with values of 0.40, 0.41, and 0.41 for the lowest, 
medium, and highest aqueous extract-treated doses, respectively; however, these results were found to be greater in the 
case of 80% methanol, with values of 0.44, 0.45, and 0.52 for increasing doses, respectively. Even though the lowest dose 
had the lowest CI−/Na++ K+ ratio for aqueous and 80% methanol extracts, the highest doses produced the greatest 
diuresis, implying that there must be another mode of action that manifested at higher doses.

One possibility for the observed diuretic properties could be due to direct action of K+ content of C. dipsaceus leaves 
extracts caused by highest potassium ion content.53 An increment of urinary output in rats might result from high potassium 
content in the plant infusion.32 Potassium overloading, which occurs when the kidney tubules are incapable of absorbing it, 
produces urinary excretion of the osmotic type.54 Quantitative determinations of the electrolytes present in the AQ and HM 
of Cucumis dipsaceus revealed the presence of high amount of K+. The leaves of C. dipsaceus were also analyzed and 
quantified, for the presence of important macro- and micronutrients, the results shows the leaf sample is found to have N, K, 
Na, Ca, P, and Fe in a well appreciable amount.55 This suggests that diuretic activity of the extract might seem to be an 
osmotic type, as K+ content of the extract was high to account for the diuretic activity. It was confirmed that the diuretic 
action of most active fraction should not be attributed exclusively to the presence of their potassium content but also to 
other constituents.54 Plant extracts may be inhibiting potassium absorption or stimulating potassium secretion, or both, 
leading, in either case, to more potassium retention in the lumen of the kidney tubules and osmotic water flow.56

According to previous study, as the leaves of Cucumis dipsaceus extract were analyzed and quantified it possess carbohy-
drates, proteins, amino acids, alkaloids, saponins, phenolic compounds, tannins, flavonoids, cardiac glycosides, phytosterols and 
fixed oils and fats and confirmed that it has an antioxidant activity.11,55,57 The beneficial medicinal effects of plant materials 
typically result from the secondary products present in the plant, although it is usually not attributed to a single compound but 
a combination of the metabolites. The results revealed that the plant has potential phytochemicals with important biological 
activities. These phytochemicals also indicate the richness medicinal value in leaf.55 The information of our study do not show 
specific mechanisms involved in the observed effects. The AQ and HM appears to have multiple mode of diuretic action, which 
could be due to the presence of several secondary metabolites in the plant extract that act synergistically or antagonistically to 
produce a resultant effect. Multiple mode of diuretic action is reported with some herbal medications.22

Previous studies confirmed that there are several compounds which could be responsible for the plants diuretic effects 
in different plant extracts such as flavonoids, saponins, organic acids/ ascorbic acid, carbohydrates, phenolic compounds, 
terpenoids/triterpenes, alkaloids, glycosides, sterols, sesquiterpenes/or lactones, amino acids and carotinoids58 have 
diuretic activities. So, one can suppose that the identified natural compounds in the most active extract of Cucumis 
dipsaceus might be responsible for the observed diuretic activity and that they may act individually or synergistically 
promoting an initial vasodilatation59 thereby increasing renal blood flow.50

Conclusions
Observing the data from both aqueous and 80% methanol crude extracts of C. dipsaceus leaves revealed a significant 
diuresis and saluretic effect in rats. Both extracts had high diuretic activity at maximum doses because their values were 
greater than or equal to 0.90. Furthermore, as the dose was increased, the values of diuretic activity increased. Based on 
the electrolytes and urinary pH, it was possible to conclude that the plant could have multiple modes of action, one of 
which was the CAI mechanism. Finally, the data appear to indicate that the presence of active principles of a more polar 
nature in the plant extract, where flavonoids, saponins, steroids, and so on, may be the main chemical character for this 
activity. The plant’s safety, combined with the evidenced diuretic effect from both extracts in the current study, provides 
additional support to conclude that the current studies support the ethno-medical use of C. dipsaceus as a diuretic agent.
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