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Traditional medicine is a vital and often underestimated part of health care delivery
services worldwide. It has a long and reputable history of use in the maintenance of
health and in disease prevention and treatment, particularly for the management of
chronic illnesses.1 Plants have been traditionally used as diuretics since time immemorial.2 Diuretics are drugs that increase urine output. They are used in edematous
conditions such as cardiac failure, cirrhosis, and nephritic syndrome that lead to fluid
overload in the body.3 Diuretics are used as part of therapeutic strategies to control fluid
overload manifesting as ankle swelling, ascites, and/or pulmonary edema, help balance
fluid, and help shift fluid out of the interstitium, leading to significant symptomatic
relief and improved health-related quality of life in patients.4
Majority of the available diuretics, such as the loop and thiazides, are associated with
several adverse effects such as electrolyte abnormalities (hypokalemia, hyperuricemia,
and hyponatremia), acid–base imbalance, metabolic abnormalities (hyperglycemia and
hyperlipidemia), and acute hypovolemia.5 It is, therefore, imperative to search for a
diuretic that is comparatively free from such untoward and sometimes devastating adverse
effects. The leaves of Thymus serrulatus, a plant indigenous to Ethiopia, are extensively
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Abstract: The present study was undertaken to investigate the diuretic activity and acute toxicity
profile of the crude aqueous extract and solvent fraction of the leaves of Thymus serrulatus in
saline-loaded Swiss albino mice. Mice of either sex were divided into six groups (five animals
in each group). The control group received normal saline (25 mL/kg), while the reference group
received hydrochlorothiazide (10 mg/kg). Group III to Group VI received the test substances at
dose levels of 125, 250, 500, and 1,000 mg/kg orally, respectively. At the end of the fifth hour, urine
was collected, and total volume of urine excreted by each animal was recorded. Concentrations
of urinary Na+ and K+ were determined, and the Na+/K+ ratio was calculated to make comparison
among the groups. The acute toxicity of the most active fraction was also evaluated. The findings
demonstrated that the crude aqueous extract of T. serrulatus leaves showed significant diuretic
(P<0.01), natriuretic (P<0.01), and kaliuretic (P<0.01) effects. At the dose of 1,000 mg/kg, the
n-butanol fraction demonstrated the highest diuretic activity comparable to the reference drug.
It also showed a good natriuretic activity. The dichloromethane fraction, however, did not have
significant diuretic activity. Both the crude aqueous extract of the leaves of T. serrulatus and its
n-butanol fraction have diuretic activity with high concentration of urinary electrolytes in mice.
Further studies, however, need to be pursued on the possible mechanism(s) of diuretic action.
Keywords: Thymus serrulatus, diuretic activity, electrolyte excretion, Na+/K+ ratio
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used as a diuretic agent in Ethiopian Folkmedicine.6 They are
also used to add flavor to food and drinks as well as being an
important condiment in the kitchen. Aside from their economic
significance, Thymus species have a meaningful contribution
as a remedy in different illnesses ranging from infectious to
chronic disorders in Ethiopia.7 The plant is also employed for
the treatment of cough, headache, hypertension, stomachache,
earache, liver disease, and gonorrhea.8
No scientific reports exist concerning its diuretic activity to date. The aim of the present study was, therefore, to
evaluate the diuretic activity of the crude aqueous extract
of T. serrulatus and solvent fractions and to determine the
acute toxicity of the most active fraction in a mouse model.

Materials and methods
Animals
Healthy Swiss albino mice of either sex weighing 20–25 g
were used for the study. All animals used for this study were
bred in the animal breeding facility of the Ethiopian Public
Health Institute (EPHI). They were allowed to acclimatize
to laboratory conditions for a week before commencing the
actual experimental sessions; all animals had free access to
standard pellet diet and water. The laboratory conditions
were maintained on a 12/12 hours light/dark cycle, with an
ambient temperature of 25°C.
Ethics approval for this study was obtained from the
Scientific and Ethical Review Committee of Ethiopian
Public Health Institute. The animals were treated with care
throughout the study period and were kept in a well-controlled
area according to the National Guide for the Care and Use
of Laboratory Animals.

Grouping and dosing
The animals were divided into six groups, each with five
mice. Group I received 25 mL/kg normal saline (NS) solution
or 2% Tween 80 in NS (dichloromethane fraction) and served
as control, Group II received 10 mg/kg hydrochlorothiazide
(HCTZ), the standard diuretic drug. Groups III, IV, V, and
VI received 125, 250, 500, and 1,000 mg/kg, respectively, of
the test substances (aqueous crude extract, dichloromethane,
and n-butanol fractions).

Chemicals
HCTZ tablets (Esidrix 25 mg; Novartis International AG,
Basel, Switzerland), absolute methanol from Techno PharmChem (India), n-butanol from E. Merck (Darmstadt, Germany), and dichloromethane (Chromasolv, Sigma-Aldrich,
Irvine, UK) were used. All the chemicals used in the study were
purchased from reliable sources and were of analytical grade.
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Plant material
The leaves of T. serrulatus were collected from the mountains of
Debre Sina, 190 km North of Addis Ababa. The plant was identified by a taxonomist Dr Dawit Abebe at EPHI, and a voucher
specimen (No. TS-2103) was deposited at the herbarium of Traditional and Modern Medicine Research Directorate of EPHI.

Preparation of aqueous crude extract
Three hundred fifty grams of the powdered leaves of T. serrulatus were soaked in hot distilled water with continuous
shaking on an electric shaker for 1 hour. Then, the suspension was filtered through gauze and the filtrate lyophilized
(Labconco, Kansas City, MO, USA) to give an amorphous
powder. The extract was then collected in a vial and kept in
silica gel desiccators until further use. The percentage yield
was calculated to be 9.3%.

Fractionation of crude aqueous extract
Twenty-five grams of aqueous crude extract was dissolved in 50
mL of warm distilled water. The suspension was shaken with 50
mL of dichloromethane three times to get the dichloromethane
fraction and the aqueous residue. The aqueous residue was then
shaken with 50 mL of n-butanol three times to obtain n-butanol
fraction. The resulting fractions were oven dried at a temperature of 40°C. The percentage yield was calculated to be 4.8%
and 9.2% for dichloromethane and n-butanol, respectively.

Screening for diuretic activity
All extracts were screened for their diuretic activity using
the Kau et al’s9 method with some modification. The animals
were placed in a standard metabolic cage. Food and water
were withdrawn 18 hours prior to the experiment. All extracts
were dissolved in NS solution to make the required concentrations and were administered orally by gavage.
The cumulative urine excreted was measured at the end of
the fifth hour in all groups. The parameters taken were total
urine volume and urinary concentration of Na+ and K+. The
ratio of urinary excretion in the test group to urinary excretion in the control group is used as a measure of the diuretic
action for the given dose of a drug. As the diuretic action is
prone to variability, a parameter known as diuretic activity
was calculated. To obtain diuretic activity, the diuretic action
of the test substance was compared to that of the standard
drug in the test group. The ratio of urinary excretion in the test
group and control group was expressed as “diuretic action”,
which was used to be the measure of degree of diuresis.10
Urinary excretion (UE) = Total urinary output (Vo) ×100
Total liquid administered (Vi)
Diuretic action = Urinary excretion in test group (UEt)
Journal of Experimental Pharmacology 2016:8
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Urinary excretion in control group (UEc)
Diuretic activity = Diuretic action of test group (DAt)
Diuretic action of standard drug (DAH)
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Determination of urinary Na+ and K+
The content of urinary Na+ and K+ was determined using a
flame photometer with Instrumentation Laboratory Model
243 (Instrumentation Laboratory, Delhomme, France).

Acute toxicity study
In this study, Swiss albino mice of either sex weighing between
20 and 25 g were divided into two groups having six animals
each. Before the day of the experiment, the animals were
deprived of food for 18 hours and water was given ad libitum.
The control group received saline; the other group received a
limited dose of 5,000 mg/kg of the n-butanol fraction of the
aqueous crude extract orally. The animals were then observed
continuously for 24 hours, with more attention paid to the first 4
hours to observe overt signs of morbidity and mortality. The animals were kept under observation for up to 14 days thereafter.11

Phytochemical screening
All extracts used for the in vivo study were subjected to
phytochemical screening following methods described by
Trease and Evans.12
The extracts along with negative controls were tested for
the presence of alkaloids, saponins, polyphenols, flavonoids,
terpenoids, anthraquinones, tannins, phytosterols, and glycosides as follows:

Diuretic activity of extract and fractions of T. serrulatus leaves in mice

Flavonoids
To 2 mL of aqueous solution of the extract, four drops of 2%
lead acetate solution was added. Development of yellow or
orange color confirmed the presence of flavonoids.

Terpenoids (ketonic)
One milliliter of 2,4-dinitrophenylhydrazine solutions (0.5 g
dissolved in 100 mL of 2 M HCl) was added to 2 mL aqueous solution of the extract. The formation of yellow-orange
coloration indicated the presence of ketonic terpenoids.

Anthraquinones
Borntrager’s test: five milliliter of the extract was dried and
shaken with 3 mL petroleum ether. The filtrate was added to
2 mL of a 25% ammonia solution. The mixture was shaken,
and the formation of a red coloration was taken as an indication of the presence of free anthraquinones.

Tannins
Three drops of 5% ferric chloride solution was added to
1 mL of the extract solution in water. A greenish or blue
coloration or precipitation was taken as an indication of the
presence of tannins.

Phytosterols and withanoids
Five drops of 3% vanillin in concentrated H2SO4 was added
to a concentrated chloroform solution of extracts. The formation of a rose or reddish brown color indicated the presence
of anoids or phytosterols.

Alkaloids

Test for glycosides (Keller–Kiliani’s test)

One and half milliliter of 10% HCl was added to 0.5 mg of the
extracts in a test tube. The mixture was heated for 20 minutes.
It was then cooled and filtered. To 1 mL of the filtrate, five
drops Mayer’s and Dragendorff’s reagents each were added.
The formation of cream and orange colored precipitates,
respectively, indicated the presence of alkaloids in the extracts.

To 0.5 g of each extract suspended in 5 mL water, 2 mL of
glacial acetic acid containing one drop of ferric chloride
hexahydrate (FeCl3·6H2O) solution was added. This was
mixed with 1 mL of concentrated H2SO4 and observed for a
brown ring at the interface or a violet ring below the brown
ring; alternatively, acetic acid was added and observed for a
greenish ring above the brown ring, which gradually spread
throughout this layer.

Saponins
The Froth test was used to test for saponins. An aqueous
solution of 0.5 mg of the extract was vigorously shaken for 2
minutes in a test tube. Foam that persisted for 30 minutes and
did not disappear upon warming was taken as an indication
of the presence of saponin in the extract.

Polyphenols (phenolic compounds)
Three drops of a mixture of 1 mL 1% FeCl3 and 1% K3Fe(CN)6
each were added to 2 mL of extracts. The formation of green
or blue color was taken as an indication of the presence of
polyphenols.
Journal of Experimental Pharmacology 2016:8

Statistical analysis

Results are expressed as mean ± standard error of mean.
Statistical analysis was performed using one-way ANOVA,
and a P-value <0.05 was considered significant.

Results
Urinary output
The crude aqueous extract of T. serrulatus significantly
increased the urine volume starting at a dose of 250 mg/kg
as shown in Table 1. The highest urine output for the crude
submit your manuscript | www.dovepress.com

Dovepress

Powered by TCPDF (www.tcpdf.org)

63

Dovepress

Journal of Experimental Pharmacology downloaded from https://www.dovepress.com/ by 3.216.79.60 on 25-Nov-2020
For personal use only.

Melka et al

extract was observed at the highest dose (1,000 mg/kg) with
an appreciable diuretic activity of 92% in comparison with
the standard drug, HCTZ. The crude aqueous extract failed
to show a significant urine output only at 125 mg/kg, the
lowest dose administered.
The dichloromethane fraction of the aqueous extract of T.
serrulatus failed to exhibit a significant increase in urinary
output at all given doses. Although there was a slight increment in the urine output, which was constant for the three
test doses (250, 500, and 100 mg/kg), it was not statistically
significant compared to the control. Moreover, there was an
apparent reversal of presumed effect at the lowest dose, 125
mg/kg (Table 2).
On the other hand, the n-butanol fraction significantly
increased the urine output at all test doses. As shown in
Table 3, even the lowest test dose of this fraction exhibited
a significant (P<0.05) diuretic activity of 70%. The highest
diuretic activity of the fraction was demonstrated at 1,000
mg/kg, which was about 94%.

Table 2 Effect of the dichloromethane fraction of aqueous
extract of Thymus serrulatus on the urine volume in mice

Urinary electrolyte excretion

Table 3 Effect of the n-butanol fraction of aqueous extract of
Thymus serrulatus on the urine volume in mice

The aqueous crude extract of T. serrulatus significantly
increased the urinary excretion of Na+ and K+ at all given
doses. Even though 1,000 mg/kg of the extract induced a
statistically significant natriuresis (P<0.01), it was less than
the one induced by the standard drug HCTZ. The a queous
extract also induced significant kaliuresis at all doses
(Table 4). Conversely, the dichloromethane fraction did not
increase the urinary excretion of both Na+ and K+ at all doses
(Table 5). The n-butanol fraction also significantly increased

Table 1 Effect of the crude aqueous extract of Thymus serrulatus
on the urine volume in mice
Treatment

Cumulative
volume of
urine (mL)

Urinary
excretion
(Vo/Vi) ×100

Diuretic
Diuretic
action
activity
(UEt/UEc) (DAt/DAH)

Control NS
HCTZ
10 mg/kg
T. serrulatus
125 mg/kg
T. serrulatus
250 mg/kg
T. serrulatus
500 mg/kg
T. serrulatus
1,000 mg/kg

4.0±0.51
6.25±0.86***

80
125

1.0
1.56

–
1.0

3.5±0.32

87.5

1.09

0.69

5.25±0.97*

105

1.31

0.83

5±0.63*

90

1.12

0.71

5.75±0.84**

115

1.44

0.92

Notes: Cumulative values are expressed as mean ± SEM. *P<0.05, **P<0.01,
***P<0.001.
Abbreviations: NS, normal saline; HCTZ, hydrochlorothiazide; SEM, standard
error of mean.
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Treatment

Cumulative
volume of
urine (mL)

Urinary
excretion
(Vo/Vi) ¥100

Diuretic
Diuretic
action
activity
(UEt/UEc) (DAt/DAH)

Control (2%
Tween 80 in
0.9% NS)
HCTZ
10 mg/kg
T. serrulatus
125 mg/kg
T. serrulatus
250 mg/kg
T. serrulatus
500 mg/kg
T. serrulatus
1,000 mg/kg

3.5±0.15

70

1.0

–

6.25±0.21**

125

1.79

1.0

3.0±0.08

60

0.86

0.48

3.5±0.45

70

1.0

0.55

4.0±0.75

80

1.14

0.63

4.0±0.81

80

1.14

0.63

Notes: Cumulative values are expressed as mean ± SEM for n=5. **P<0.01.
Abbreviations: NS, normal saline; HCTZ, hydrochlorothiazide; SEM, standard
error of mean.

Treatment

Cumulative Urinary
Diuretic
Diuretic
volume of excretion action
activity
urine (mL) (Vo/Vi) ×100 (UEt/UEc) (DAt/DAH)

Control NS
HCTZ 10 mg/kg
T. serrulatus
125 mg/kg
T. serrulatus
250 mg/kg
T. serrulatus
500 mg/kg
T. serrulatus
1,000 mg/kg

84
4.2±0.65
7.25±1.53*** 14
130
5.0±0.47*

1.0
1.7
1.2

–
1
0.70

6.5±1.02**

130

1.6

0.94

5.8±0.85*

116

1.4

0.82

6.7±0.71**

134

1.6

0.94

Notes: Cumulative values are expressed as mean ± SEM. *P<0.05, **P<0.01,
***P<0.001.
Abbreviations: NS, normal saline; HCTZ, hydrochlorothiazide; SEM, standard
error of mean.

Table 4 Effect of the crude aqueous extract of Thymus serrulatus
on electrolyte excretion in mice
Treatment
Control NS
HCTZ 10 mg/kg
T. serrulatus125 mg/kg
T. serrulatus 250 mg/kg
T. serrulatus 500 mg/kg
T. serrulatus 1,000 mg/kg

Electrolyte concentration (mEq/L)
Na+

K+

Na+/K+

66.7±1.25
127.2±2.11***
72.0±1.69*
95.6±1.87**
91.5±1.44**
100.4±1.96**

45.2±1.21
54.4±1.09**
50.9±1.06**
60.4±1.11***
53.3±1.38**
64.2±2.01***

1.47
2.33
1.41
1.58
1.71
1.56

Notes: Cumulative values are expressed as mean ± SEM. *P<0.05, **P<0.01,
***P<0.001.
Abbreviations: NS, normal saline; HCTZ, hydrochlorothiazide; SEM, standard
error of mean.
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Table 5 Effect of the dichloromethane fraction of aqueous
extract of Thymus serrulatus on the electrolyte excretion in mice
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Treatment

and overt behavioral changes at the oral limit dose of 5,000
mg/kg of n-butanol fraction of the aqueous crude extract.
Also, no mortality was seen during the observation period.

Electrolyte concentration (mEq/L)

Control NS
HCTZ 10 mg/kg
T. serrulatus 125 mg/kg
T. serrulatus 250 mg/kg
T. serrulatus 500 mg/kg
T. serrulatus 1,000 mg/kg

Na+

K+

Na+/K+

76.2±1.51
97.9±1.25**
68.5±1.40
75.3±1.51
76.3±1.03
76.0±1.67

40.5±1.32
45.6±1.28*
43.7±0.78
40.9±0.85
40.3±1.18
41.5±1.33

1.87
2.14
1.56
1.84
1.89
1.83

Phytochemical screening
Basic investigations of the extracts for their major phytocompounds are vital as the active principles of many drugs
are these secondary metabolites found in plants. The various phytochemical screening tests performed on the crude
extracts and solvent fractions T. serrulatus leaves revealed
the presence of different secondary metabolites (Table 7).

Notes: Cumulative values are expressed as ± mean SEM. *P<0.05, **P<0.01.
Abbreviations: NS, normal saline; HCTZ, hydrochlorothiazide; SEM, standard
error of mean.

Discussion

Table 6 Effect of the n-butanol fraction of aqueous extract of
Thymus serrulatus on the electrolyte excretion in mice
Treatment

Numerous mono- and polyherbal preparations are used as
diuretics. There are also a number of studies that have been
carried out to support the diuretic effects of many traditional
herbal medicines.14 Thyme tea is consumed for the management of both renal diseases and hypertension, and the tea is
prepared by soaking the fresh leaves of T. serrulatus in warm
water, following which the filtrate is drunk.15 The in vitro
vasodilatory activity of the aqueous crude extract in both
intact and denuded guinea pig aorta was reported by Geleta
et al.6 On the other hand, the acute and subchronic toxicity
study reported that the aqueous crude extract has LD50 >10
g/kg and was safe in mice.13 However, there is no scientific
report on the diuretic activity of the plant. In view of these
facts, the present study attempted to corroborate the diuretic
effect of the crude aqueous extract of the leaves of T. serrulatus and its solvent fractions at different doses.
The outcome of the present study implies that the crude
aqueous extract of the leaves of T. serrulatus and its n-butanol
fraction both have a diuretic action at all doses, further substantiating its use for hypertension. The results also illustrate that
the aqueous crude extract and the n-butanol fraction increased
urinary excretion of both sodium and potassium significantly.
The Na+/K+ ratio can predict the nature of the diuretic
mechanism.16 A Na+/K+ ratio of >1 indicates a satisfactory

Electrolyte concentration (mEq/L)

Control NS
HCTZ 10 mg/kg
T. serrulatus 125 mg/kg
T. serrulatus 250 mg/kg
T. serrulatus 500 mg/kg
T. serrulatus 1,000 mg/kg

Na+

K+

Na+/K+

70.2±1.27
113.5±1.48***
87.4±1.06**
115.2±1.34***
92.7±1.16**
112.8±1.55***

45.5±1.30
53.5±1.42*
50.0±1.23*
64.9±1.51**
58.1±1.01**
69.4±1.71**

1.54
2.12
1.74
1.77
1.59
1.62

Notes: Cumulative values are expressed as mean ± SEM. *P<0.05, **P<0.01,
***P<0.001.
Abbreviations: NS, normal saline; HCTZ, hydrochlorothiazide; SEM, standard
error of mean; X, mean.

the urinary excretion of Na+ and K+ (P<0.001 and P<0.01,
respectively) at all doses (Table 6). This fraction at the dose
of 1,000 mg/kg exhibited the highest natriuretic activity and
a higher kaliuretic activity than HCTZ.

Acute toxicity test
Since the acute toxicity profile of the aqueous crude extract
had already been determined using the limit test by Debelo
et al,13 it was only necessary to determine the acute toxicity
profile of the n-butanol fraction (the most active solvent
fraction). The animals showed no clinical signs of toxicity

Table 7 Phytochemical screening of aqueous crude extracts and solvent fractions of Thymus serrulatus leaves
Type of extract Alkaloids Saponins Polyphenols Flavonoids Terpenoids Anthraquinones Tannins Phytosterols Cardiac
glycosides
Aqueous crude
Dichloromethane
fraction
n-Butanol fraction
Negative control
(vehicle)

+
−

+
+

+
−

−
+

−
−

−
−

+
+

+
+

−
−

+
−

+
−

+
−

−
−

−
−

−
−

+
−

+
−

−
−

Notes: +, present; −, absent.
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diuresis without excessive urinary potassium loss.17 The plant
material does not seem to be a potassium sparing diuretic as
the Na+/K+ ratio in all cases was found to be >1.
The dichloromethane fraction of the aqueous extract did
not result in a significant diuresis as well as electrolyte excretion at all given doses. This suggests that most of the nonpolar components of this plant may not have diuretic activity.
Moreover, the disproportional dose–response correlation that
was evident with the crude extract’s urinary excretion might
be due to the presence of various phytoconstituents, which
might interact with each other or possibly interfere with the
absorption, distribution, or binding to the receptor of the
active components present in the extract.
The lowest test dose of the crude aqueous extract
(125 mg/kg) failed to show diuretic effect perhaps due to
the low concentration of the active principle(s) present in
the extract. From these observations, one can only suggest
that high doses of crude aqueous extracts of T. serrulatus
as well as its n-butanol fraction have substantial diuretic
activity. The essential oil of the leaves of T. serrulatus was
found to contain p-cymene (13%), γ-terpinene (13%), and
thymol (49%) as major components.18 The pharmacological
activities of the plant are mainly attributed to its thymol
content, which is an monoterpene phenolic compound.19
The phytochemical screening of the powdered dried leaves
of T. serrulatus revealed the presence of alkaloids, tannins, saponins, and phytosterols.20 Phenolic compounds are
secondary metabolites that are known to have a significant
diuretic activity.21,22 The superiority of diuretic activity of
the n-butanol fraction as compared to the crude extract can
possibly be attributed to the relative higher solubility of the
active phytoconstituent(s) in alcohols.23,24 From this study,
however, the exact components responsible for the observed
activity of the plant cannot be confirmed.

Conclusion
As evidenced by the outcome of this study, it is reasonable
to infer that the crude aqueous extract of T. serrulatus leaves
and its n-butanol fraction possess a significant diuretic activity in mice. Further in-depth studies are required to assess
the diuretic activity of other crude extracts of the leaves of
T. serrulatus and to elucidate possible mechanism of action.
Moreover, efforts should also be geared toward identifying
the specific phytochemicals responsible for the observed
activity.
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