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Background: Croton macrostachyus (Euphorbiaceae) extract is a folk medicine tradition-
ally used for treating a number of disorders, including edematous conditions. The present 
study aimed to evaluate the diuretic effects of aqueous and 80% methanol leaf extracts of 
Croton macrostachyus in saline-loaded rats.
Methods: Rats of either sex were randomly assigned into eight groups of eight animals per 
group. The animals were treated with vehicle (distilled water), standard (furosemide 10 mg/ 
kg), and three doses (100, 200, and 400 mg/kg) of aqueous and 80% methanol leaf extracts 
after loading of normal saline (15 mL/kg). Then, urine volume, electrolyte concentration, and 
pH were measured as parameters of evaluation. Concentrations of urinary Na+ K+, and Cl– 

were determined and Na+:K+ and Cl−:Na+ + K+ ratios calculated to reveal possible 
mechanisms.
Results: The aqueous extract at 200 mg/kg had produced significant diuresis by hour 3, while 
the same dose of 80% methanol extract had produced substantial diuresis by the end of hour 4. 
Both extracts at 400 mg/kg produced significant diuresis from hour 2 to hour 5. In terms of effect 
on electrolysis, 400 mg/kg aqueous extract produced significant natriuresis, and a kaliuresis 
effect was observed for both extracts at higher doses and 200 mg/kg aqueous extract.
Conclusion: The findings collectively indicated that both aqueous and 80% methanol 
extract showed significant diuretic activity, thereby justifying the plant’s traditional use as 
a diuretic agent.
Keywords: Croton macrostachyus, diuretic activity, electrolyte, leaf, rats

Background
Since ancient times to this date, medicinal plants have been commonly used as 
a source of treatment for human disorders. Particularly in developing countries, 
a majority of people depend on herbal medicines to treat various illnesses.1 Diuretic 
effect is one of the fields of application for botanicals, and herbal medicines are 
used to treat edematous disorders, such as heart failure, cirrhosis, and nephritic 
syndrome, that contribute to body-fluid overload.2

Croton macrostachyus (C.macrostachyus) is a well-known medium-sized multi-
purpose tree that grows up to 30 m, and is in the family Euphorbiaceae, commonly 
known as the spurge family.3 The genus Croton contains around 1,300 species, and 
eight of these, including C. macrostachyus, are found in Ethiopia. C. macrostachyus 
is commonly known as bisana in Amharic,6 tanbuk in Tigrigna,7 and bakanisa in 
Afaan Oromoo.8
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There is tremendous interest in the medicinal uses and 
pharmacological properties of C. macrostachyus. It has 
a long role in traditional use for the management of hyperten-
sion and edematous conditions worldwide, including Africa, 
Asia, and South America,4,5 particularly throughout its dis-
tributional range in tropical Africa.3 C. macrostachyus is 
used for the management of different disease ailments. For 
example, its roots and fruit are used for constipation, dia-
betes, and malaria in Cameroon.9 In Kenya, a concoction 
made by boiling its bark is used to treat respiratory 
disorders.10 The plant has many traditional medicinal uses 
in various regions of Ethiopia. In the Tigray region, decoc-
tion of leaves of the plant is used for urinary retention 
treatment.7,11 In other areas, stem-bark powder is mixed 
with milk and given orally to treat heart failure.12

Although C. macrostachyus is well recognized in tradi-
tional Ethiopian medicine as having numerous medicinal 
effects on various ailments, there are no scientific data 
regarding its diuretic effect to support the claimed ethnome-
dical use. Therefore, this study aimed to provide scientific 
evidence for this claim and help in obtaining an alternative 
diuretic by identifying active compounds that can be used as 
a potential drug or lead compound through evaluating the 
diuretic effects of orally administered aqueous and 80% 
methanol extracts of C. macrostachyus leaves in rats.

Methods
Chemicals and Reagents
Chemicals and solvents used in this study were absolute 
methanol (Lova Chemie, India), distilled water (Social 
Pharmacy and Pharmaceutics Laboratory, Addis Ababa 
University), normal saline (Addis Pharmaceutical 
Factory, Ethiopia), and furosemide (Epharm, Ethiopia). 
All chemicals used were of analytical grade.

Plant Material
Fresh leaves of C. macrostachyus were collected in 
March 2019 from Sebeta, about 25 km southwest of 
Addis Ababa. The plant was authenticated by a taxono-
mist, Melaku Wondafrash, and a voucher specimen 
(ST001) was deposited at the National Herbarium, 
College of Natural and Computational Sciences, Addis 
Ababa University for future reference.

Experimental Animals
Healthy Sprague Dawley rats of either sex (age 6–8 weeks, 
body weight 180–260 g) were used for the experiment. All 

animals were obtained from the animal house of the 
School of Pharmacy, Addis Ababa University. The animals 
were housed in polypropylene cages (eight to ten per 
cage). They were acclimatized to laboratory 
conditions for a week, then each animal was placed in an 
individual metabolic cage (Techniplast, Italy) 24 hours 
prior to commencement of the actual experiment. Rats 
were fed a standard pellet diet and water ad libitum. 
Handlings of the animals was in accordance with interna-
tionally accepted guidelines.13,14 The protocol was 
approved by the ethics review board of the School of 
Pharmacy (ERB/SOP/11/2//02/2019).

Extraction of the Plant
Leaves of C. macrostachyus were thoroughly washed with 
tap water to remove dirt and soil, sliced into small pieces 
manually, and dried under shade. The dried leaves were 
then crushed using a mortar and pestle to get a fine pow-
der. This was then divided into two portions and subjected 
to extraction.

Preparation of Aqueous Extract
Decoction was used for extraction. The dried and pow-
dered leaves (200 g) were boiled in 2 L distilled water for 
30 minutes, then cooled to room temperature for 15 
minutes.15 It was then filtered with muslin cloth, followed 
by Whatman grade 1 filter paper. The filtrate was then 
frozen at −20°C and lyophilized (Operon, South Korea) 
until dried. The dried aqueous extract was then packed in 
a bottle and stored in a desiccator until use. The calculated 
percentage yield for the aqueous extract was 11.18% 
(w:w).

Preparation of 80% Methanol Extract
Maceration was used for extraction. The plant powder (100 
g) was macerated with 400 mL 80% methanol for 72 hours. 
The extract was filtered using Whatman grade1 filter paper. 
The filtrate was then concentrated under reduced pressure 
using an R200 Büchi Rotavapor at 40°C. The extract 
obtained was frozen at −20°C and lyophilized until dried. 
Then, the dried plant extract was placed in a bottle and 
stored in a desiccator until use. The calculated yield of the 
80% methanol extract was 14.44% (w:w).

Grouping and Dosing of Animals
Rats of either sex were randomly assigned into eight 
groups of eight animals per group. Negative controls 
were treated orally with the vehicle used for reconstitution 
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(2 mL/100 g distilled water) and positive controls with the 
standard drug furosemide at 10 mg/kg (F10). Groups III–V 
received aqueous extract of plant material and groups VI– 
VIII 80% methanol extract. In both cases, test doses were 
100, 200 and 400 mg/kg. Dose selection was based on data 
obtained from previous studies.16,17

Determination of Diuretic Activity
Diuretic activity was determined following methods used 
by earlier studies.18,19 All animals were subjected to fast-
ing overnight with free access to water. They were pre-
treated with normal saline (0.9% NaCl) at an oral dose of 
15 mL/kg to impose a uniform water and salt load. Each 
group then received furosemide, water, and various doses 
of the extract. After dosing, rats were placed in metabolic 
cages (one per cage). Urine was then collected, measured, 
and pH determined at 1, 2, 3, 4, and 5 hours. Finally, the 
urine was stored at −20°C for electrolyte analysis. The 
parameters measured for each rat were total urine volume, 
urine concentration of Na+, K+, and Cl–, and urine pH. 
Urinary excretion was calculated as total urinary output 
divided by total liquid administered (Equation 1). The 
ratio of urinary excretion in a test group to urinary excre-
tion in the control group was used as a measure of diuretic 
action of a given dose of an agent (Equation 2). In addi-
tion, in order to measure diuretic activity, the diuretic 
action of the extract was compared to that of furosemide 
(Equation 3).

Urinary Excretion ¼
Total urinary output

Total liquid administered
� 100%

(1) 

Diuretic Action ¼
Urinary excretion of treatment groups

Urinary excretion of control group
(2) 

Diuretic Activity ¼
Diuretic action of test drug

Diuretic action of standard drug
(3) 

Analytical Procedure
Levels of sodium, potassium, and chloride in urine and the 
plant extract were analyzed. Urinary sodium, potassium, 
and chloride concentrations were determined using an ion- 
selective electrode analyzer (AVL 9181; Roche, Germany) 
at the Ethiopian Public Health Institute. Ratios of electro-
lytes; — Na+:K+ and Cl−:K+ + Na+ — were calculated. pH 
was directly determined on fresh urine samples using a pH 

meter (Mettler Toledo, Columbus, OH, USA). The salt 
content of the different doses of both extracts was deter-
mined to rule out its contribution to urinary electrolyte 
concentration.

Statistical Analysis
All statistical analyses were performed using SPSS version 
25. Statistically significant differences among groups were 
evaluated by one-way ANOVA followed by Tukey post 
hoc tests. Results are expressed as means ± SEM. 
Statistical significance was set at p<0.05.

Results
Diuretic Activity: Effect on Urine Volume
Aqueous Extract
The lower dose (CMAE100) of the extract produced 
a significant difference in urine volume compared to the 
negative group at hour 5 (44%, p<0.05). On the other 
hand, the middle dose (CMAE200) started to produce 
significant effects from hour 3(51.7%, p<0.05) to hour 5 
(77%, p<0.001). The maximum effect was observed with 
the higher dose (CMAE400), which started showing an 
effect from hour 2 (128%, p<0.001), which continued 
to hour 5 (108.54%, p<0.001; Table 1). Comparison 
among the different doses of the aqueous extract showed 
that CMAE400 produced significant diuresis compared to 
lower and middle doses at different time points.

The diuretic actions of CMAE200 and CMAE400 were 
1.77 and 2.03, with urinary excretion of 77.68% and 
91.41%, respectively (Table 1). Urinary excretion with 
the last two doses was higher than the negative control 
(52.86%).

Methanol Extract
Both 100 mg/kg (CMME100) and 200 mg/kg 
(CMME200) of the 80% methanol extract produced sig-
nificant diuresis at hours 4 (p<0.01) and 5 (p<0.05). 
In contrast, 400 mg/kg of the extract (CMME400) pro-
duced significant diuresis from hour 2 (109.26%, p<0.01) 
onward. There was no statistically significant difference in 
diuresis when the different doses of 80% methanol extract 
were compared to one another, with the exception of 
CMME400, which exhibited significant diuresis compared 
to CMME100 at hour 5 (p<0.05; Table 2).

The aqueous extract had slightly better diuretic activity 
than the 80% methanol extract, yet there was no apparent 
difference between equivalent doses of aqueous and 80% 
methanol extracts when compared to each other. When 
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different doses were compared, CMAE400 produced sig-
nificant diuresis at the hours 3 (p<0.05), 4 (p<0.05), and 5 
(p<0.05) compared to CMME200 and CMME100. On the 
other hand, CMME400 significantly increased urine 
volume at hours 4 (p<0.01) and 5 (p<0.05) compared to 
CMAE100, while a statistically significant difference in 
diuresis was observed only at hour 2 (p<0.01) compared to 
CMAE200 (Table 1).

Saluretic Activity
Aqueous Extract
Electrolyte contents (Na+, K+, and Cl–) from the urine 
samples over the 5-hour period are presented in Table 3. 
CMAE400 caused significantly increased sodium (78.8%, 
p<0.05) and chloride (72.9%, p<0.05) loss compared to the 
negative control. On the other hand, both CMAE200 
(187.5%, p<0.001) and CMAE400 (199.9%, p<0.001) 
caused increased potassium loss compared to the negative 
control. F10 produced the maximum sodium excretion 
(133.5%, p<0.001), significantly greater than the negative 
control and the first two doses of the extract (CMAE100, 
p<0.001; CMAE200, p<0.05). A similar pattern was 
observed for F10 in terms of potassium (157.9%, 
p<0.01) and chloride (94.6%, p<0.001) excretion when 

compared to the negative control, though no apparent 
difference was noted when compared to the middle and 
higher doses of the extract for chloride excretion. As 
shown in Table 3, the saluretic indices of F10 for Na+ 

(2.33) and Cl− (1.95) were slightly higher than CMAE400 
(1.79 for Na+ and 1.73 for Cl−). Interestingly, saluretic 
indices of K+ for CMAE200 (2.87) and CMAE400 
(2.99) were somewhat higher than F10 (2.58). 
Furthermore, Na+:K+ ratios of CMAE100 (0.65), 
CMAE200 (0.62), and CMAE 400 (0.69) were lower 
than furosemide (1.10). The carbonic anhydrase–inhibitory 
activity of CMAE200 and CMAE400 was 0.51 and 0.57, 
respectively, which appeared to be closer to that of 
F10 (0.61).

Methanol Extract
Electrolyte contents (Na+, K+, and Cl–) from the urine 
samples over the 5-hour period are presented in Table 4. 
No apparent differences were observed between 
CMME100/CMME200 and negative controls in loss of 
measured electrolytes. On the other hand, CMME400 pro-
duced significant K+ (193.1%, p<0.001) and Cl– (67.2%, 
p<0.05) loss, with a lesser effect on Na+ excretion. In 
contrast, F10 caused a significant loss of all ions compared 

Table 3 Effect of aqueous leaf extract of Croton macrostachyus on 5-hour urinary electrolytes in rats

Group Urinary electrolyte concentration (mmol/L) Saluretic index Na+:K+ Cl–:Na+ + K+

Na+ K+ Cl− N+ K+ Cl–

DW 27.62±1.71 23.25±3.34 39.25±6.44 — — — 1.19 0.77

F10 64.50±8.31a***,b***,c* 59.98±4.22a** 76.38±5.78a***,b* 2.33 2.58 1.95 1.10 0.61
CMAE100 32±4.1 48.78±4.73 47.13±4.03 1.16 2.09 1.20 0.65 0.58

CMAE200 41.13±3.9 66.84±8.02a*** 55.38±6.49 1.49 2.87 1.41 0.62 0.51

CMAE400 49.38±7.38a* 69.73±7.75a*** 67.88±10.47a*,d*,e* 1.79 2.99 1.73 0.69 0.57

Notes: Each value represents mean ± SEM; (n=8), Analysis was performed by one-way ANOVA. aAgainst negative control; bagainst CMAE100; cagainst CMAE200; dagainst 
CMME100; eagainst CMME200. *p<0.05; **p<0.01; ***p<0.001. Numbers following F and CMAE indicate dose/kg. 
Abbreviations: DW, distilled water; F, furosemide; CMAE, Croton macrostachyus aqueous extract.

Table 4 Effect of 80% methanol leaf extract of Croton macrostachyus on 5-hour urinary electrolyte in rats

Group Urinary electrolyte concentration (mmol/L) Saluretic index Na+:K+ Cl–:Na+ + K+

Na+ K+ Cl– N+ K+ Cl−

DW 27.62±1.71 23.25±3.34 39.25±6.44 — —– – 1.19 0.77

F10 64.50±8.31a***,d***,e*** 59.98±4.22a**,d**,e** 76.38±5.78a***,d***,e*** 2.33 2.58 1.95 1.10 0.61

CMME100 30.13±2.3 46.76±7.43 31.38±3.36 1.10 2.01 0.80 0.64 0.41
CMME200 31.00±2.1 47.21±6.29 33.00±1.55 1.12 2.03 0.84 0.66 0.42

CMME400 39.25±3.4 68.15±5.84a*** 65.63±3.56a*,d*,e* 1.42 2.93 1.67 0.60 0.61

Notes: Each value represents mean ± SEM (n=8), Analysis was performed by one-way ANOVA. aAgainst negative control; dagainst CMME100; eagainst CMME200. *p<0.05; 
**p<0.01; ***p<0.001. Numbers following F and CMAE indicate dose/kg. 
Abbreviations: DW, distilled water; F, furosemide; CMME, Croton macrostachyus methanol extract.
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to the negative control. Saluretic indices of F10 for Na+ 

(2.33) and Cl– (1.95) were higher than all three doses of 
80% methanol extract, while the K+ index for CMME400 
(2.93) was slightly higher than F10 (2.58). F10 and 
CMME400 had identical carbonic anhydrase–inhibitory 
activity (0.61).

Higher doses of the aqueous and 80% methanol 
extracts exhibited a relatively comparable effect on urinary 
electrolyte excretion. CMAE400 (p<0.05) produced 
a significant difference in chloride excretion when com-
pared to CMME100 and CMME200.

Electrolyte Content of Extracts
Water-soluble salts can present in extracts and conse-
quently interfere with the urinary excretion of electrolytes. 
In order to rule out this possibility, Na+, K+, and Cl– 

content in both extracts was determined. There were 
detectable levels of the three ions in both extracts. 
However, the K+ level was higher than the other two 
ions at different doses of both extracts. K+ content (from 
the lowest to highest dose) was found to be 59.9, 90.2, and 
171.1 mmol/L for aqueous and 33.2, 71.6, and 132.2 
mmol/L for 80% methanol extracts of C. macrostachyus.

Urinary pH
Urinary pH measurement revealed that both aqueous and 
80% methanol leaf extracts produced comparatively alka-
line urine (Figure 1). CMAE100 (p<0.01), CMAE200 
(p<0.001), and CMAE 400 (p<0.01) produced signifi-
cantly higher pH than the negative control. The same 
was true of 80% methanol extract. Furthermore, 

furosemide (7.92) produced alkaline urine intermediate 
between the treatment and control groups (7.41).

Discussion
Diuretics are mainly used to adjust the volume and com-
position of body fluids in a variety of disorders, including 
hypertension, congestive heart failure, hepatic cirrhosis, 
and nephrotic syndrome.20,21 This adjustment is mainly 
achieved through inhibition of reabsorption of water and 
electrolytes across tubular epithelial cells into the 
bloodstream.22 In this study, urine volume and electrolyte 
concentrations were measured to evaluate the diuretic 
activity of the leaf of C. macrostachyus. Regarding toxi-
city of the experimental plant, previous acute-toxicity stu-
dies have shown that aqueous and 80% methanol extracts 
of the plant are safe at doses of 2 g and 5 g/kg, suggesting 
that the LD50 of the extract is >5 g/kg.16,17

Several medicinal plants have been proven to improve 
conditions of volume overload resulting from retention of 
electrolytes and water, with better safety profiles.23,24 

Therefore, it is very necessary to demonstrate effective-
ness of plant extracts in the presence of electrolytes and 
water,25 and so normal saline was loaded to simulate 
edema.

The present study reports the aquaretic and pronounced 
kaliuretic effects of aqueous and 80% methanol leaf 
extracts of C. macrostachyus. With regard to urine output, 
both extracts resulted in an increase in urine excretion in 
a dose-dependent manner. The effect turned out to be more 
significant at higher doses tested compared to the negative 
control, possibly due to increased concentration of active 

a** a*** a** a** a** a***
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Figure 1 Urinary pH of rats treated with aqueous and 80% methanol extracts of the leaves of Croton macrostachyus. 
Notes: Each value represents mean ± SEM (n=8), Analysis was performed by one-way ANOVA. aCompared to negative control; **p<0.01; ***p<0.001. Numbers following F, 
CMAE, and CMME indicate dose/kg. 
Abbreviations: DW, distilled water; F, furosemide; CMME, Croton macrostachyus methanol extract; CMAE, Croton macrostachyus aqueous extract.
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components. Compared to the 80% methanol extract, the 
aqueous extract produced slightly better diuresis. The 
slight increment in diuresis observed with the aqueous 
extract could possibly be explained by polar 
ingredients in the plant material, which may be responsible 
for increasing urine output. On the other hand, the medium 
dose of the aqueous extract was able to produce apparent 
effects from hour 3, while the same dose of the 80% 
methanol extract produced effects from hour 4.However, 
both extracts at lower doses did not produce any appreci-
able effect, probably owing to insufficient active 
components responsible for induction of diuresis.

In terms of onset of action, delayed onset of diuresis 
was observed for both extracts when compared to furose-
mide, which induced rapid and significant diuresis within 
60 minutes of administration. This was expected, as 
extracts are crude and no match for pure substances like 
furosemide. In addition, slightly better values were 
obtained for the aqueous than the 80% methanol extract 
regarding diuretic action and activity. The higher doses of 
both extracts resulted mild diuretic activity: 0.91 and 0.87 
for CMAE400 and CMME400, respectively. Diuretic 
activity is considered good if it is >1.50, moderate if 
1.00–1.50, mild if 0.72–0.99, and nil if<0.72.19

In view of electrolyte composition of urine, patterns of 
effect on ion excretion of the aqueous and 80% methanol 
extracts were a bit different. The higher dose of aqueous 
extract produced significant increases in urinary excretion 
of all ions compared to the negative control, but a similar 
dose of the 80% methanol extract promoted less Na+ 

excretion with notable effects on K+ and Cl– levels. 
Urinary excretion of Na+, K+, and Cl– was not elevated 
significantly at the lower and middle doses of aqueous and 
80% methanol extract, with the exception of CMME200 
which significantly increased urinary K+ excretion. The 
excessive K+ excretion observed in this study might have 
been due to high K+ concentration in the extracts.

The of Na+:K+ ratio was calculated for natriuretic activ-
ity. Values >2 indicate a favorable natriuretic effect, whereas 
ratios >10 indicate a potassium-sparing effect.26 

Increased Na+:K+ implies more Na+ excretion than K+, 
which is regarded a very good profile for diuretic agents. 
However, neither aqueous nor 80% methanol extracts 
increased the Na+:K+ ratio, indicating that the plant has low 
natriuretic potential but a pronounced kaliuretic effect. The 
observed K+-wasting effects of the extracts may not be 
enough to comment on whether the plant has a potassium- 
sparing effect or not, since when there is an increase in 

potassium intake, there will be an increase in its excretion 
as well.27 When potassium overloading occurs, the kidney 
tubules are unable to absorb it and consequently produce 
urinary excretion of the osmotic type, which promotes 
water diuresis.28

It was evident that both leaf extracts had the potential 
to augment the volume of urine; however, they did not 
have much effect on electrolyte excretion, as seen from the 
saliuretic indices of the extracts. Therefore, it is possible 
that the diuretic effect of the extracts of C. macrostachyus 
is more of an aquaretic than saluretic type.29 Aquaretics 
are believed to work by enhancing glomerular filtration 
rate via increasing renal blood flow.30

The Cl−:Na+ + K+ ratio is used to estimate carbonic 
anhydrase inhibition. Carbonic anhydrase inhibition can be 
excluded for ratios of 0.8–1. With decreasing ratios, slight 
to strong carbonic anhydrase inhibition can be assumed.26 

CMAE200 and CMAE400 had carbonic anhydrase indices 
of 0.51 and 0.57, respectively. Likewise, the higher dose of 
the 80% methanol extract had a carbonic anhydrase index 
of 0.61. Therefore, it is possible to presume that these 
extracts act by inhibiting carbonic anhydrase enzymes in 
the renal tubule. These findings, together with the signifi-
cant increment in urinary pH values compared to controls, 
strengthen the notion that carbonic anhydrase inhibition as 
one of the possible mechanisms of action of the plant.

With regard to the patterns of urine output and excre-
tion of electrolytes (K+, Na+, and Cl–), together with the 
diverse bioactive principles present in the crude aqueous 
and 80% methanol extracts, it appears that the plant may 
have mechanisms of action similar to some herbal medica-
tions suggested to have a wide range of diuretic 
mechanisms.31,32 As such, in addition to the suggested 
carbonic anhydrase–inhibitory activity, osmosis-like 
effects and increased glomerular filtration rate might be 
another mode of action that contributes to the diuretic 
effect of the plant.

The exact nature of the active principle responsible for 
the observed activities of C. macrostachyus extracts is not 
well known, but it is may be that secondary metabolites 
are responsible for this action. For example, saponins, 
tannins, and terpenoids are responsible for diuretic activity 
by exerting favorable effects on physiological processes of 
the kidney, such as increasing potassium-sparing capacity, 
blockade of adenosine A1 receptor or possibly by inhibit-
ing tubular reabsorption of water and accompanying 
anions.30 Flavonoids and saponins are presumed to be 
responsible for the observed diuretic effect of the plant 
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via promoting vasodilatation in the afferent arterioles of 
the renal vasculature, thereby increasing the rate of glo-
merular filtration, which in turn promotes increased urine 
formation.33,34

Phytochemical screening of the aqueous extract of 
the current medicinal plant revealed the presence of 
alkaloids, steroids, terpenoids, saponins, tannins, and 
flavonoids,35 whereas 80% methanol extract constitutes 
tannins and anthocyanins.36 The slight superiority 
of aqueous extracts over 80% methanol extract of 
C. macrostachyus might be due to the presence of 
more water-soluble active phytoconstituents responsible 
for diuretic activity.

Conclusion
Collectively, the results of this study revealed that that 
both aqueous and 80% methanol extracts of 
C. macrostachyus possessed significant diuretic activity. 
Specifically, the larger doses of both extracts produced 
notable diuresis. Urinary pH and electrolyte analysis 
showed that the extracts have many modes of action. 
This study thus substantiates this plant’s traditional claim 
as a diuretic agent.
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