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The aim of this work was to evaluate diuretic activity of the ethanol extract of Euphorbia hirta leaves and elu-
cidate the possible mechanism of its action. The diuretic activity was studied on male albino rats in compari-
son to furosemide as a standard drug. Two doses of E. hirta extract (300 and 600 mg/kg) were administered
and the urinary volume and electrolyte (Na*, K*) concentrations were measured. Results showed that adminis-
tration of the ethanol extract of E. hirta led to significantly increased urinary volume and excretion of urinary
electrolytes such as sodium, potassium and chloride in 24 h urine compared to that for normal animals.
Among the two selected doses, 600 mg/kg body weight exhibited higher diuretic activity level than 300 mg/kg
dose. Although both these levels were statistically significant when compared to control in respect of all pa-
rameters, these levels were lower compared to the standard drug. Hence, the ethanol extract of E. Airta exhib-
ited a dose dependent diuretic activity. Upon the isolation and identification of active compounds from E.
hirta ethanol extract, it was found that lupeol and quercetin were the major constituents responsible for the di-
uretic activity in rats. The present study confirmed validity of the ethnopharmacological use of E. hirta as a di-

uretic agent under experimental conditions studied.
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1. INTRODUCTION

Euphorbia hirta is an erect, small ascending annual hairy
weed growing up to a height of 50 cm, with stems of reddish
or purplish colour, rounded hairy, and abundant milk sap
(white latex) [1]. The plant leaves are simple, elliptical, dark
green on the upper and pale on lower surface, hairy on both
surfaces particularly at the lower surface veins, 1 -3 cm
long with finely dentate margin. Leaves are arranged in op-
posite pairs on the stem. Flowers are unisexual, dense auxil-
iary cymes 1 mm in length at each leaf node, and purplish to
greenish in color. No petals generally occur on a stalk. Fruits
are three celled, yellow color, tiny keeled capsules 1 — 2 mm
in diameter. Fruits contain four-sided reddish-brown, smooth
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young wrinkled and angular seeds. Pharmacological proper-
ties reported for E. hirta include anti-inflammatory, antioxi-
dant, antitumor, antifungal, antibacterial, antidiarrheal,
antimalarial, sedative, anxiolytic, analgesic, antipyretic, anti-
asthmatic, larvicidal, and diuretic activity [2, 3].

2. METHODS AND MATERIALS

2.1. Chemicals and Reagents

Ethanol and other chemicals of analytical grade were ob-
tained from Sigma Chemical Co. (United States). Furose-
mide standard drug was obtained from domestic national in-
dustry.

2.2. Plant Material

Herbs collection and extract preparation. Fuphorbia
hirta weed was collected, identified and authenticated. Spec-
imen voucher is housed at the herbarium of Adhiparasakthi
Agricultural College, Kalavai (Tamil Nadu) under registra-
tion No. 1380. The botanical materials were shade dried in
room temperature and grounded to powder. The extraction
was performed by hot percolation method using Soxhlet ap-
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paratus. The solvent was eliminated at 40°C on a rotary evap-
orator yielding semi-solid extract.

Standardization of plant material. Plant material was
standardized in terms of physico-chemical constants includ-
ing ash values (total ash, acid insoluble ash, water-soluble
ash), loss on drying, and fluorescent analysis by following
the standard method as described in Indian Pharmacopoeia.
Preliminary phytochemical investigation (carbohydrates,
proteins, amino acids, alkaloids, flavonoids, saponins, tan-
nins and phenols, steroids, terpenoids, glycosides, fat and
oils, gums and mucilages) of the ethanol extract of E. hirta
leaves was accomplished to check the existence of various
phytochemical constituents by using the corresponding
chemical tests.

2.3. Experimental Design

The diuretic activity of E. hirta ethanol extract was eval-
uated on albino male rats by using the method of Lipschitz,
et al. [4] with some modifications of Kau, et al. [5] adopted
for this test. All animals were fasted 18 h prior to experiment
with free access to water. The experimental rats (weighing
160—200 g) were divided into four groups of six animals
each (IAEC/APCAS/01/2013/02). Then, normal saline
(0.9% NacCl at 5 mL/kg body weight (bw) dose) and drug so-
lutions were given as oral loading to all animals as follows:

Group [: Normal — 5 mL/kg bw in saline;

Group II: Furosemide — 25 mg/kg bw in saline;

Goup III: Ethanol extract of E. hirta — 300 mg/kg bw in
saline;

Group IV: Ethanol extract of E. hirta — 600mg/kg bw in
saline.

All drugs, including the the vehicle, standard drug and
plant extract, were administered orally. Immediately after
dosing, the animals in each group were placed individually in
metabolic cages to collect urine in a graduated measuring
cylinder for a period of 24 h. The volume of urine excreted
during 24 h from each animal in each test group (groups II,
III and IV) were compared with the volume of urine pro-
duced in the control group (group I) after the administration
of normal saline. In the present study, the set of parameters
taken for analysis included sodium, potassium and chloride
concentrations in the excreted urine.

Diuretic activity evaluation. The ratio between urinary
excretion of treated group and control group was used to esti-
mate the diuretic action of E. hirta ethanol extract as follows:

. . . Urinary excretion of treatedgrou
Diuretic action = Y group

Urinary excretion of controlgroup

. . .. Diuretic action of testdrug
Diureticactivity =

Diuretic action of standard drug

Analytical procedures. Using the collected urine, the
electrolyte concentrations of Na“ and K were measured on a
flame photometer calibrated with standard solutions of vari-
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ous Na" and K concentrations [6]. Electrolyte Cl" concentra-
tion was determined titrimetrically [7].

Isolation and structural elucidation of bioactive com-
pounds. The major active compounds present in the ethanol
extract of E. hirta leaves were isolated by preparative HPLC,
the collected fractions were analysed by UV spectroscopy
and LC-MS/DAD, and the structure confirmation was car-
ried out using data of 'H and *C NMR spectroscopy mea-
surements.

2.4. Statistical Data Analysis

Results obtained for four pairs of rats, expressed as
mean £ S. D. values, were processed by means of the analy-
sis of variance (ANOVA) sofrware. Statistically significant
differences between the control group and treated groups and
among the selected doses were determined by Tukey test.
The level of P <0.05 was considered as statistically signifi-
cant. Statistical analysis employed the SPSS 11.0 software.

3. RESULTS AND DISCUSSION

3.1. Study of E. hirta Extract as Diuretic Agent

Standardization of plant material, physicochemical char-
acteristics such as ash values, extractive values, loss on dry-
ing and phytochemical analysis of extracts were carried out
in the previous study [8]. Diuretics are defined as drugs that
increase the urine output and urinary excretion of sodium.
Under certain medical circumstances, such drugs are used to
regulate the volume in addition to the composition of body
fluids. Hence, these drugs are helpful in the treatment of dis-
eases connected with the maintenance of fluids. On the oppo-
site, countless herbal diuretics can be well thought-out as
gentle and high-quality drugs, in assessment to other diuret-
ics used at the present time.

In the traditional system of medicine, the Swahili and
Sukumas people used E. hirta as a diuretic agent [9]. Two
separate mechanisms involved in diuresis are (a) increased
urine (i.e. water) volume and (b) net loss of (electrolyte) sol-
utes (i.e. saluretic effect) [10, 11]. These processes result
from the inhibition of renal tubular re-absorption of electro-
lytes (water) and elimination of low molecular weight or-
ganic compounds into the bloodstream. As an outcome, this
suppression promotes the formation of urine [10, 12]. John-
son, et al. [13] reported that E. hirta extracts (water and etha-
nol) contained some compounds that mediated diuretic ef-
fects by increasing the rate of urine output as well as electro-
lyte excretion.

3.2. Effect of Plant Extract on 24 h Urinary Excretion
Volume in Rats

TABLE 1 shows data on the urinary volume in (mL/100 g/
24 h) units in the control, standard furosemide, and E. hirta
ethanol extract in 300 and 600 mg/kg bw dose groups. The
values of 24 h urinary excretion volume are 3.68 £ 0.48
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(control), 6.02 + 0.84 (furosemide), 4.95 £ 0.49 plant extract
(300 mg/kg bw) and 5.06 £ 0.63 plant extract (600 mg/kg
bw) in (mL/100 g/24 h) units. Furosemide, a reference di-
uretic drug, significantly (P < 0.01) increased the urine out-
put as compared to the control group I with a diuretic index
of 1.63. It should be pointed out that the outcome of a single
dose of the reference diuretic drug was more rapid and suc-
cessful than that of the plant extract. The effect of oral ad-
ministration of the ethanol extract of E. hirta in two different
doses was comparable with that in the control group. The
24 h cumulative urinary excretion was found to be signifi-
cantly greater compared to the control after treatment. The
administration of test drug (E. hirta extract) at 300 mg/kg
dose resulted in significant increase (P < 0.05) in the urine
volume and a diuretic index of 1.34 as compared to the con-
trol. The results demonstrated that 600 mg/kg dose of
E. hirta produced significantly (P <0.05) increased urine
volume and a diuretic index of 1.37 compared to control
group. Thus, the E. hirta leaves extract exhibited a dose-de-
pendent diuretic activity compared to control group. The
most apparent and very significant effect of the extract was
obtained at a dose of 600mg/kg as seen in results of the 24 h
period study.

3.3. Effect of Plant Extract on 24 h Urinary Electrolyte
Excretion

TABLE 2 shows data on the electrolyte sodium excretion
(mEq/100 g/24 h) in urine samples of the E. hirta extract
treated, furosemide treated, and control rats. The results for
sodium are 2.70 + 0.49 (normal), 5.12 £ 0.70 (furosemide),
3.94+£0.33 (plant extract 300mg/kg bw) and 4.23 +0.73
(plant extract 600 mg/kg bw) mEq/100 g/24 h, respectively.
From these results, it was found that the extract in both doses
produced significant increase (p < 0.05 and p <0.01 for 300
and 600 mg/kg dose, respectively) in sodium excretion com-
pared to the control group. The standard drug group also
showed significant (p <0.001) increase in the urinary so-
dium level as compared to the control group. Thus, the plant
extract caused a dose depended urinary excretion of sodium
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TABLE 1. Effect of Oral Administration of Ethanol Extract of
E. hirta Leaves on Urinary Volume* in Albino Male Rats

Urinary volume Diuretic index Diuretic activity
Treatment group

(mL/100 g/24 h) (24 hperiod) (24 h period)
Control 3.68 £0.48 - -
Furosemide 6.02+0.84" 1.63 -
E. hirta extract 4.95+0.49" 1.34 0.82
(300 mg/kg)
E. hirta extract 5.06+0.63"" 1.37 0.84
(600 mg/kg)

* Values are expressed as mean + S. D. (ANOVA one-way analy-
sis): * p < 0.01 compared to the control group which received saline;

f

** 1 < 0.05 compared to the control group which received saline; '
p <0.05 compared to group III which received 300 mg/kg of ex-
tract.

electrolyte in rats, i.e., 600 mg/kg (p < 0.01) dose induced a
higher activity of sodium than did 300 mg/kg dose of extract.

TABLE 2 also shows the effect of plant extract orally ad-
ministered at different doses on 24 h urinary potassium level
in rats. The higher dose (600 mg/kg) produced moderate in-
crease in the urinary excretion of potassium (1.18 £ 0.36 vs.
1.04 £ 0.19 mEq/100 g/24 h, p < 0.001) as compared to con-
trol rats. The lower dose (300 mg/kg) had only slight effect
on the urinary excretion of potassium (1.13£0.27 vs.
1.04 £0.19 mEq/100 g/24 h, p <0.01) as compared to the
control group. However, the dose of 600 mg/kg (p <0.05)
caused a dose dependent increase in potassium excretion
compared to the 300 mg/kg dose of plant extract. The stan-
dard drug furosemide at 24 h increased the urinary excretion
of potassium in urine (1.32+0.36 vs. control 1.04 +
0.19 mEq/100 g/24 h, p < 0.001) as compared to the control.

In addition, Table 2 shows the level of chloride ion ex-
cretion in urine of the normal, furosemide and extract treated
groups. As was the case with a dose of 600mg/kg, there was
significant increase in chloride excretion with urine after ex-

TABLE 2. Effects of Oral Administration of Ethanol Extract of E. hirta Leaves on Urinary Electrolyte Excretion in Albino Male Rats

Treatment Urine electrolyte concentration (mEq/100 g/24 h)

Saluretic index

group Na' K al Na* - o Na'/ K"
Group I 2.70 +0.49 1.04+0.19 2.93+0.61 - - - 2.62
Group II 5.12+0.70"" 1324036 531+0.80"" 1.89 1.28 1.81 3.87
Group III 3.94+0.33" 1134027 4.16+0.49™ 1.45 1.09 1.41 3.48
Group IV 423407371 1.18+0.36™"7 50103577 1.56 1.14 1.70 3.58

Values are expressed as mean + S.D for six rats: ***p <0.001, **p <0.05, *p <0.01 compared to the control group using ANOVA one-way anal-

ysis and Tukey’s post hoc test; Tp < 0.05 compared to Group III which received 300 mg/kg of extract; i

Tp < 0.01 compared to Group III which

received 300 mg/kg bw dose. Group I (control), Group II (furosemide treated), Group III (ethanol extract of E. hirta, 300 mg/kg bw), and Group
IV (ethanol extract of E. hirta, 600 mg/kg bw); Saluretic index = mEq. extract group/mEq. control group.
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Fig. 1. Lupeol structure.

tract administration (5.01 £ 0.35 mEq/100 g/24 h vs. 2.93 +
0.61 mEq/100 g/ 24 h, p <0.001) compared to the control
chloride excretion. Also, there was a significant change
(p <0.05) noticed in urine electrolyte chloride concentration
after E. hirta treatment at a dose of 300 mg/kg (4.16 £ 0.49
vs. control 2.93 £0.61 mEq/100 g/24 h). These results re-
vealed that 600 mg/kg dose of E. hirta extract was more po-
tent (p <0.05) for chloride excretion in a dose dependent
manner. The standard drug furosemide also caused increased
urinary chloride excretion at 24 h as compared to the control
group L. Thus, with regard to the urinary electrolyte excretion,
E. hirta extract increases this in a dose dependent manner.

With regard to saluresis and natriuresis, higher indices
were observed for 600 mg/kg dose of E. hirta ethanol extract
treated animals (Na®, 1.56; CI", 1.70; Na'/K", 3.58) com-
pared to control group. At the same time, 300 mg/kg dose of
E. hirta ethanol extract produced moderate saluresis and
natriuresis condition (Na*, 1.45; CI", 1.41; Na"/K", 3.48)
with inferior indices compared to 600 mg/kg dose of E. hirta
extract, hence, a dose dependent activity was manifested.
Furosemide exhibited higher values of saluresis and
natriuresis (Na*, 1.89; CI°, 1.81; Na"/K", 3.87) compared to
control and extract treated animals. Hence, the obtained data
seem to show that 600 mg/kg dose of E. hirta ethanol extract
is more potassium sparing compared to furosemide as a stan-
dard reference diuretic drug.

The present study examined diuretic potential of E. hirta
leaf extract in rats. Similarly to the way of extract adminis-
tration to humans in traditional medicine, oral treatment was
used in this work. The mechanism of diuretic action induced
by the orally administered ethanol plant extract was investi-
gated in a normal adult male albino rats and also compared
with a reference drug, furosemide [14, 15] and control group.
Furosemide is quite protective but, in spite of this, it is able
to cause ototoxicity, hypokalemia, hypomagnesemia, meta-
bolic alkalosis and hyperuricemia [16]. Furosemide, a sul-
phonamyl derivative, is a highly effective diuretic acting on
the medullary ascending limb of Henle’s loop, distal tubule
and collecting duct.

In this work, a dose dependent significant increase in the
urine output and electrolyte excretion was observed in the
rats treated with ethanol extract of E. hirta [17]. The plant
extract exert its diuretic activity by inhibiting tubular re -ab-

Sivaji Asha et al.

sorption of water and its associated anions [18, 19]. With re-
spect to the results of, from the existing diuretic activity of
E. hirta seemed to be mediated through a change in potas-
sium transport. Thus, we can say that plant extracts may in-
hibit potassium absorption or stimulate potassium secretion,
or both, leading, to more potassium retention in the lumen of
the kidney tubules and osmotic water flow [20].

The acute treatments of rats with the plant extract derive
a significant diuretic activity in a dose-dependent manner.
Results showed that the higher dose 600 mg/kg of E. hirta
possesses a strong diuretic activity when given orally at a
single dose. Stimulation of diuretic activity by plant extracts
continued for at least 24 h after their administration to ani-
mals. Concerning electrolyte excretion, we observed signifi-
cant increase in urinary excretion of Na“ and higher K" con-
centrations under the action of plant extract in the present
study.

Like the ethanol extract of E. hirta plant, the standard di-
uretic drug furosemide also showed obvious changes in the
urinary volume and excretion of sodium, potassium and
chloride in urine [21 —23]. These results suggest a similar
mechanism of action in both cases. Resembling other loop
diuretics, furosemide inhibit the luminal Na®, K", 2CI°
symporter located in the thick ascending limb of Henle’s
loop. The loop diuretics inhibit the Na*, K*, 2CI transporter
and thus reduce the reabsorption of NaCl in the kidney and to
reduce the lumen-positive potential that derives from K" re-
cycling.

In the adopted model, the elimination of urinary electro-
lytes Na*, K" and CI” after administration of the ethanol ex-
tract, the results showed enhanced natriuretic and kaliuretic
effect with raising doses [23]. In this study, marked
natriuresis was evident possibly because of the inhibition of
Na' reabsorption in the nephron[24], thereby increasing the
urinary output. Calculation of the saluretics index showed
that the maximum dosage of E. hirta increased the elimina-
tion of Na“, K" and CI” in urine with respect to control group.
The Na'/K" ratio also describes the diuretic action of plant
extracts in a dose dependent manner. These features proved
that the extract of E. hirta leaves acts in a similar way as
furosemide acts. Because of the similar diuretic and saluretic
index of the ethanol extract of E. hirta and furosemide, it is
likely stated that active components of the E. hirta leaves ex-
hibit a furosemide-like action as compared to control.

On the other hand, the fact that increased concentration
of E. hirta extract raises water excretion and ionic excretion
and also increases probability of the proposed mechanism of
diuretic action. It is possible that E. hirta at high concentra-
tion (600 mg/kg) increases its diuretic activity by inhibiting
tubular reabsorption of water and sodium.

In short, we ascertain that E. hirta leaves extract exhibits
a notable diuretic effect in various doses relative to
furosemide. Furthermore, E. hirta extract is very safe with-
out toxicity and with K'-saving effect at a concentration of
300 and 600 mg/kg. These characteristics strongly suggest
that E. hirta leaves extract is acting as a loop diuretic. The
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Fig. 2. Quercetin structure.

Na”K*/CI” co-transport system in the thick ascending loop
of nephron is inhibited by loop diuretics and in doing so it in-
creases both natriuresis and kaliuresis [26, 20].

The reported diuretic effect of E. hirta leaves extract
agrees with previous findings reported by many other au-
thors [17, 25, 27 — 31]. Further studies were concerned with
isolation and structural elucidation of bioactive compounds
in the ethanol extract by chromatography and spectroscopic
analysis. Results obtained from this analysis showed that
lupeol (Fig. 1) and quercetin (Fig. 2) are probably the major
constituents present in the E. hirta leaves extract which may
be responsible for diuresis. Detailed mechanisms of action of
these compounds are yet to be elucidated.

4. CONCLUSION

Results observed for E. hirta extract in a 600 mg/kg dose
suggest that the active components like lupeol and quercetin
in the ethanol extract of E. hirta leaves had diuretic spectrum
similar to that of the reference drug furosemide. For
300 mg/kg dose, there is increased urine output and en-
hanced Na*, K*, CI levels compared to control group, but it
showed lower capacity compared to 600 mg/kg. In the pres-
ent study, it is reliably established that E. hirta leaves extract
exhibits very potent diuretic activity. In particular,
600 mg/kg dose of extract showed an almost level of diuretic
activity, hence it is taken for further studies. It is strongly
regimented from the present diuretic activity that E. hirta has
significant diuretic and contractile effects which makes it
useful in the propulsion of urinary stones.
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