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Implication for health policy/practice/research/medical education:
Hemidesmus indicus and Decalepis hamiltonii ethanolic extracts at various doses showed significant diuretic activity. The diuretic 
potential of D. hamiltonii at a high dose (800 mg/kg) was higher than H. indicus and hence, D. hamiltonii may be considered as 
potential diuretic drug.
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Introduction: Diuretic drugs are commonly prescribed as primary or adjuvant therapy in 
various diseases, including congestive cardiac failure and hypertension. However, the adverse 
effects limit their usage to specific populations. There is an excellent opportunity for drugs 
with effective diuretic action and limited side effects. The present research was designed to 
assess the diuretic potential of ethanolic extract of Hemidesmus indicus (HIEE) and Decalepis 
hamiltonii (DHEE).
Methods: A total of 8 groups (n=6) of Wistar rats were used in the study to assess the diuretic 
activity of HIEE and DHEE. Group I was treated with 0.5% carboxymethyl cellulose (CMC), 
group II with furosemide (10 mg/kg, p.o), groups III-V with HIEE, and groups VI-VIII with 
DHEE, respectively, at 200, 400, and 800 mg/kg doses. After the treatment, animals were 
individually shifted to metabolic cages for urine collection at 5 and 24 h intervals and studied 
the urinary electrolytes. Saluretic and natriuretic effects and the index of HIEE and DHEE 
were calculated.
Results: The results revealed that both extracts considerably (P < 0.05) increased the urine 
volume and electrolytes (Na+, K+, Cl–) compared to the normal control except low dose 
treatment. DHEE extract at 800 mg/kg dose showed higher diuretic potential than HIEE in 
the total volume of urine and urinary electrolytes (P < 0.05). 
Conclusion: HIEE and DHEE possess diuretic potential, which should be confirmed in 
human studies.
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A B S T R A C T

Introduction 
Since many centuries, herbal medicines have been used 
in India to treat or prevent various diseases and for 
healthy living. Medicinal plants and their derivatives are 
standard components of Indian indigenous traditional 

medicinal systems, including Ayurveda, Siddha, and 
Unani (1). World Health Organization (WHO) accredited 
the importance of herbal medicines in a notable role in 
meeting the needs of the population living in rural areas, 
particularly in developing and underdeveloped countries 
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(2). However, the traditional medicinal system is popular 
and extensively practiced in India to treat or mitigate 
ailments (3). Medicinal plants have recently gained more 
interest in developing new drug molecules as they hold 
pleiotropic pharmacological actions (4). India is one of 
the world’s largest repositories of medicinal plants, and 
the rural population considers alternative therapeutic 
systems as the primary treatment choice. However, proper 
scientific validation of plants and formulations must be 
screened with modern scientific methods and techniques 
to convert them into a better choice of drugs (5). 

The kidney plays an essential role in maintaining body 
water content homeostasis, serum electrolytes, blood 
pressure, and elimination of waste materials and toxins 
from the body. Diuretics are used in edematous diseases, 
congestive cardiac failure, and hypertension (6). However, 
these drugs’ chemical nature has adverse effects that may 
lead to life-threatening conditions, such as hypokalemia, 
hyponatremia, and acid–base imbalance (7). In spite 
of the diuretic action of some natural compounds like 
caffeine, theophylline, and ginger, they have other specific 
pharmacological effects causing mental confusion and 
sleeplessness (8). Similarly, some ethno-medicinal 
compounds have been proven as diuretics in experimental 
animals (9). Hence, it is necessary to discover novel drugs 
with potential diuretic activity and fewer side effects that 
could potentially transform into clinical use prospectively.

Hemidesmus indicus (L.) R. Br., belongs to the family 
of Apocynaceae and is commonly known as Indian 
sarsaparilla. Its vernacular names include Sugandhi pala in 
Telugu, Anantumula and Sugandha in Sanskrit, Nannari 
in Tamil, and Hindisalsa in Hindi (10). The plant’s root 
has medicinally been used in various Ayurveda and 
Siddha formulations to treat diseases, including kidney 
stones and digestive problems. The roots are woody, 
sweet, and possess a cooling effect, principally used as a 
diuretic to increase the free flow of urine (11). The known 
pharmacological activities of H. indicus include anti-
atherogenic, antispasmodic, memory enhancing, immune-
potentiating, and anti-inflammatory activities (12). 

Decalepis hamiltonii is a climbing shrub in the Apocynaceae 
family and is an indigenous medicinal plant that grows in 
India’s western ghats and Deccan Peninsula (13). In south 
India and other Asian countries, including Sri Lanka and 
Indonesia, the roots are used as a locally manufactured 
health drink Nannari sharbat, which reduces body heat 
(14). According to the ancient literature, D. hamiltonii 
roots can be used to treat kidney and nutrition disorders 
(15). D. hamiltonii possesses several pharmacological 
actions, including anti-inflammatory, antimicrobial (16), 
neuroprotective, hepatoprotective (17), cytoprotective, 
and antioxidant activities (18). Natural products have 
played a crucial function in combating human ailments 
for a long time (19,20). Though HIEE has been used as a 
coolant and reported with diuretic activity, DHEE has not 

been reported. Hence, the work was designed to assess the 
effects of HIEE and DHEE for their diuretic and urinary 
electrolyte management in experimental rats. 

Materials and Methods 
Chemicals
Furosemide (CAS Number 54-31-9) was procured from 
Sigma Aldrich and other analytical grade chemicals from 
the Merck company. 

Collection of plant roots
The roots of H. indicus and its adulterant D. hamiltonii 
were collected during summer from Salem District 
of Tamil Nadu, India. They were authenticated by the 
Research Officer (Pharmacognosy) of Siddha Central 
Research Institute and the voucher specimens (D072 and 
C018 for H. indicus and D. hamiltonii respectively) were 
deposited in the herbarium unit. 

Preparation of ethanolic extract of H. indicus and D. 
hamiltonii
The collected H. indicus and D. hamiltonii roots were 
cleaned thoroughly with water and shade-dried. Dried 
roots were ground to a coarse powder and sieved through 
mesh number 40. About 5 kg of both plants were soaked 
with 10 l of 95% ethanol for 48 hours separately, the extracts 
were filtered, concentrated under reduced pressure using 
Rota vapor R-300 (Buchi Labortechnik AG Switzerland) 
to get residue, and stored at -20 oC for further use.

In vivo study
Animals 
Both sexes of Wister albino rats (170-220 g) were used in 
this research. All the animals were housed under standard 
laboratory conditions in polypropylene cages, with a room 
temperature of 25±2 oC, relative humidity of 55±5%, and 
12 hours light/dark cycle. The animals were allowed to 
eat standard pellets with drinking water ad libitum. The 
animal experiments were strictly followed the guidelines 
published by the National Research Council (21). The 
study was approved by the Institutional Animal Ethics 
Committee (IAEC).

Experimental schedule 
Animals (48 rats) were designated into eight groups, 
each with six rats. The rats in Group I were treated as the 
control group and given 0.5% carboxymethyl cellulose 
(CMC). Group II rats were given furosemide (10 mg/kg 
body weight). Animals in groups III, IV, and V received 
HIEE 200, 400, and 800 mg/kg body weight dissolved in 
0.5% CMC. Group VI, VII, and VIII animals received 
DHEE 200, 400, and 800 mg/kg body weight dissolved in 
0.5% CMC. All the drugs were administered orally using a 
rat oral gauge needle. 
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Analysis of urine
Animals were individually housed in metabolic cages for 24 
hours before the experiments for adaptation and training. 
Immediately after the administration of furosemide, 
experimental rats were transferred to individual metabolic 
cages to collect urine. During this period, the food was 
withheld and drinking water was allowed. Urine samples 
of individual animals were collected and measured at 5 
and 24 hours to calculate the diuretic activity. 

The collected urine samples were further used for 
qualitative analysis like pH, glucose, protein, blood cells, 
bilirubin, urobilinogen, ketone bodies, nitrites, leucocytes, 
and hemoglobin (using Urocolor strips Dekaphan 
Laura, Erba Mannheim, Germany). Similarly, urinary 
electrolytes, including sodium, chloride, and potassium 
were estimated (Diestro electrolyte analyzer 103 AP V4, JS 
Medicina electronica, Argentina), and their indices were 
calculated as follows: 

Ion index = ion concentration in the test group/ ion 
concentration in the control group

Assessment of diuretic activity and action 
The diuretic action was calculated by considering the 
urine volume in the test and control animals. Diuretic 
activity was calculated by urine volume in the test and 
furosemide groups (22).

Natriuretic, saluretic and carbonic anhydrase inhibition 
(CAI) effects
Calculations were made to assess the saluretic activity by 
measuring eliminated Na+ + Cl–. Natriuretic activity was 
calculated by measuring the ratio of Na+/ K+. To evaluate 
CAI potential, the Cl–/ (Na+ + K+) ratio was computed. A 
positive natriuretic effect was indicated by values >2.0, 
while a potassium-sparing effect was indicated by values 
>10.0 (23).

Statistical analysis 
All results were shown as mean ± SEM (n = 6). The data 
was analyzed by one-way analysis of variance (ANOVA) 

and Dunnet as post parametric test, analyzed with the 
software GraphPad Prism 5.0. A P value of <0.05 was 
defined as statistically significant.

Results 
Effect of H. indicus and D. hamiltonii on urinary pH
The urine pH of the control animals was found to be 
acidic, while furosemide-treated ones gave an alkaline pH. 
Similarly, both mid and high doses of extracts made the 
urine slightly alkaline (Table 1). 

Effect of Hemidesmus indicus and Decalepis hamiltonii on 
qualitative parameters 
Effects of HIEE and DHEE on various urine parameters, 
like specific gravity, glucose, protein, blood cells, bilirubin, 
urobilinogen, ketone bodies, nitrites, leucocytes, and 
hemoglobin, were qualitatively tested using a strip method 
and the results were presented in Table 2.

Effect of Hemidesmus indicus and Decalepis hamiltonii on 
urine volume and diuretic activity
The results of HIEE and DHEE on urinary volume, 
diuretic activity, and diuretic action at 5 and 24 hours 
of administration were tabulated in Table 3. Animals 
treated with furosemide showed a considerable (P < 0.05) 

Table 1. Effect of Hemidesmus indicus ethanolic extract (HIEE) and 
Decalepis hamiltonii ethanolic extract (DHEE) on urinary pH

Treatment groups pH

Control (10 mL/kg) 5.91±0.18

Furosemide (10 mg/kg) 8.08±0.13

HIEE (200 mg/kg) 6.93±0.08

HIEE (400 mg/kg) 7.10±0.29

HIEE (800 mg/kg) 7.26±0.29

DHEE (200 mg/kg) 6.83±0.16

DHEE (400 mg/kg) 7.38±0.17

DHEE (800 mg/kg) 7.86±0.24

All data are shown as mean ± SEM with (n=6). The results were analyzed 
by one-way ANOVA and post-parametric Dunnet test.

Table 2. Effect of Hemidesmus indicus ethanolic extract (HIEE) and Decalepis hamiltonii ethanolic extract (DHEE) on qualitative analysis of urine

Treatment groups Specific 
gravity Glucose Protein Blood Bilirubin Urobilinogen Ketone 

bodies Nitrite Leucocytes Hemoglobin

Control (10 ml/kg) 1 - 0.01 - - BDL - + - -

Furosemide (10 mg/kg) 1.030 - 0.01 - - BDL - + - -

HIEE (200 mg/kg) 1.010 - 0.01 - - BDL - + - -

HIEE (400 mg/kg) 1.005 - 0.01 - - BDL - + - -

HIEE (800 mg/kg) 1.005 - 0.01 - - BDL - + - -

DHEE (200 mg/kg) 1.005 - 0.01 - - BDL - + - -

DHEE (400 mg/kg) 1.030 - 0.01 - - BDL - + - -

DHEE (800 mg/kg) 1.000 - 0.01 - - BDL - + - -

BDL: Below detection limit; -: Absent; +: Present.
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increase in urine output at 5 and 24 hours compared 
with the normal control group. Experimental animals 
administered with HIEE and DHEE increased the urine 
volume at 400 and 800 mg/kg for both extracts and 200 
mg/kg only in DHEE compared with the normal control 
rats. The diuretic action of high dose (800 mg/kg) of HIEE 
was double when compared to normal group; however, the 
mid dose (400 mg/kg) and high dose (800 mg/kg) effects 
of DHEE were double compared with normal group after 
5 hours of drug administration.

Effect of Hemidesmus indicus and Decalepis hamiltonii on 
urinary electrolytes excretion 
Urinary excretion of electrolytes Na+, K+, and Cl– were 
increased considerably (P < 0.05) in the furosemide-
treated animals and test drug-treated animals at all doses 
(200, 400, and 800 mg/kg) compared to the normal control 
animals (Table 4). 

The natriuretic and saluretic effects of Hemidesmus 
indicus and Decalepis hamiltonii
HIEE and DHEE significantly exhibited persuasive 

natriuretic and saluretic effects at all the selected doses 
compared to the normal group animals (Table 5). 

Discussion 
Diuretic drugs are essential in managing fluid and salt-
associated disorders like hypertension, heart failure, 
nephrotic syndrome, and edemas. A drug with natriuretic, 
saluretic, and diuretic action will significantly benefit 
the treatment (24). A plant with principal bioactive 
compounds is an essential part of the validation process 
for the optimal use of its material (25). Diuresis occurs 
by increasing the output of urine volume and urinary 
electrolytes. H. indicus and its adulterant, D. hamiltonii, 
are widely used in Indian and complementary medicinal 
systems to treat various diseases, including kidney diseases 
(11). H. indicus and D. hamiltonii root extracts are used as 
a local drink called Nannari during summer as a cooling 
and flavoring agent (14,26). Exploring the significant 
biological actions of these plants helps the general public 
as they are consumed regularly. The present study showed 
that HIEE and DHEE possess significant diuretic activity. 
The urine output had increased at 5 and 24 hours after 

Table 3. Effect of Hemidesmus indicus ethanolic extract (HIEE) and Decalepis hamiltonii ethanolic extract (DHEE) on urine output

Groups

Drug administration

After 5 h After 24 h

Urine output (mL) Diuretic action Diuretic activity Urine output (mL) Diuretic action Diuretic activity

Control (10 ml/kg) 1.36±0.12 1 3.65±0.21 1 -

Furosemide (10 mg/kg) 3.77±0.09* 2.77 1 7.16±0.13* 1.96 1

HIEE (200 mg/kg) 1.74±0.07 1.28 0.46 3.96±0.12 1.08 0.55

HIEE (400 mg/kg) 2.56±0.07* 1.88 0.68 4.61±0.16* 1.26 0.64

HIEE (800 mg/kg) 2.78±0.13* 2.05 0.74 5.75±0.16* 1.58 0.80

DHEE (200 mg/kg) 1.97±0.07 1.45 0.52 4.51±0.26 1.24 0.63

DHEE (400 mg/kg) 3.03±0.26* 2.23 0.80 5.40±0.17* 1.48 0.75

DHEE (800 mg/kg) 3.25±0.19* 2.39 0.86 6.10±0.17* 1.67 0.85

All data are shown as mean ± SEM with (n=6). The results were analyzed by one-way ANOVA and  post parametric Dunnet tests. *P<0.05 compared 
with the control group. 
Diuretic action = Urine output of the test group animals/Urine output of the normal control group animals.
Diuretic activity = Urine output of the test group animals/Urine output of the positive control (furosemide) group animals.

Table 4: Effect of Hemidesmus indicus ethanolic extract (HIEE) and Decalepis hamiltonii ethanolic extract (DHEE) on the excretion of urinary electrolytes

Groups
Urinary electrolytes (mmol/L)  Index

Na+ K+ Cl- Na+ K+ Cl- 

Control (10 mL/kg) 107.2±2.59 61.33±1.62 74.63±3.19 1 1 1

Furosemide (10 mg/kg) 189.2±3.9* 122.6±2.32* 134.0±2.80* 1.764 1.992 1.795

HIEE (200 mg/kg) 123.3±7.92 69.43±2.47 84.16±2.77 1.150 1.132 1.127

HIEE (400 mg/kg) 138.3±2.3* 82.21±1.68* 98.50±4.19* 1.290 1.340 1.319

HIEE (800 mg/kg) 143.7±1.7* 95.93±2.22* 107.7±3.72* 1.340 1.564 1.443

DHEE (200 mg/kg) 131.5±2.01 79.67±2.39 87.00±3.45 1.226 1.299 1.165

DHEE (400 mg/kg) 147.9±2.1* 83.46±1.30* 105.7±2.01* 1.379 1.360 1.416

DHEE (800 mg/kg) 160.1±3.6* 106.0±1.38* 117.5±2.50* 1.493 1.728 1.574

All data are shown as mean ± SEM with (n=6). The results were analyzed by one-way ANOVA and post parametric Dunnet tests. *P<0.05 compared 
with the control rats.
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administration of HIEE and DHEE to experimental 
animals with the doses of 200, 400, and 800 mg/kg and the 
diuretic effect showed to be dose dependent. The diuretic 
action of DHEE (800 mg/kg) was considerably higher 
than HIEE, indicating the helpfulness of consuming 
the extract for hypertensive and edematous patients but 
dehydration and electrolyte loss should be monitored. 
The present study agrees with Gadge et al results that 
the HIEE has shown potent diuretic action in rats (24). 

Similarly, the urinary pH of animals treated with mid and 
high doses of HIEE and DHEE revealed mild alkaline pH 
similar to furosemide-treated animals compared to the 
normal control rats. Alkaline urine helps in eliminating 
the majority of drugs and favors less formation of urinary 
calculi (27). Hence, consuming these root extracts as 
flavoring or cooling agents may protect the kidneys.

The root extracts and furosemide significantly 
increased the excretion of urinary electrolytes in rats. 
The diuretic effects of HIEE and DHEE are remarkable 
and may increase the saluretic and natriuretic effects of 
extracts. Furosemide possesses a marked diuretic effect 
by inhibiting the Na+/K+/2Cl– co-transport mechanism of 
nephrons. Thus, it causes an increase in the elimination 
of the said urinary electrolytes (28). Our study revealed 
similar results by the increase of Na+, K+, and Cl- 
concentrations in urine principally. A high dose (800 mg/
kg) of DHEE possessed markable saluretic and natriuretic 
effect. This indicates the possibility of phytochemical 
components of both extracts interacting with Na+/K+/2Cl- 
co-transporter of nephrons to exhibit the diuretic effect.

Hemidesmus indicus and D. hamiltonii have many 
phytochemical substances, such as glycosides, steroids, 
polyphenols, triterpenoids, and coumarins, which 
may contribute to the diuretic potential of both plants. 
In our previous study, the crucial terpenoids lupeol 
acetate, lupeol, common steroid β-sitosterol, phenolic 
compounds, such as proto-catechuic acid and ρ-coumaric 
acid, were screened and a method was developed for 
their quantification in the H. indicus and D. hamiltonii 
root extracts (20).  The comparative study revealed that 

the content of lupeol was found higher in D. hamiltonii 
than H. indicus, whereas lupeol acetate was found higher 
in H. indicus than D. hamiltonii and ρ-coumaric acid was 
found only in H. indicus and proto-catechuic acid only in 
D. hamiltonii.

On the other hand, HPTLC pattern of D. hamiltonii 
comprised more phyto-compounds with different Rf 
values that may cling to higher diuretic activity than 
that of H. indicus. Many researchers have revealed that 
flavonoids, triterpenoids, and other phenolic compounds, 
like gallic acid, possess diuretic actions (29-32). D. 
hamiltonii reported to have more number of phenolic 
compounds, such as caffeic acid, protocatechuic acid, 
gentisic acid, syringic acid, ferulic acid (19), ellagic acid 
(33), and (2S)-5,7,4-trihydroxy flavanone 4-O-β–d-
glucoside (a flavonoid) (34), which are not present in H. 
indicus. This may contribute to higher diuretic activity 
of D. hamiltonii than H. indicus. Due to the shortage of 
H. indicus for commercial use, D. hamiltonii may be a 
replacement, with better activity. 

Conclusion 
The present research concludes that HIEE and DHEE at 
various doses possess significant diuretic activity within 24 
hours. The diuretic effect further enhances the excretion 
of urinary electrolytes and may help in managing various 
diseases like hypertension and congestive heart failure. 
The diuretic potential of DHEE at a high dose (800 mg/
kg) was higher than HIEE. However, additional studies 
are warranted for clarifying their mechanism action. 
Isolation of more phytochemicals with diuretic effects 
from H. indicus and D. hamiltonii Is also recommended.
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