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extracts of the plant were conducted in mice. For the diuretic test, six
treatment groups were administered 100, 200 and 400 mg/kg doses of
rhizome and leaf extracts of the plant. The negative and positive control
groups were treated with distilled water (2 mL/100 g) and furosemide (10
mg/kg), respectively. Cumulative urine volume, diuretic action, diuretic ac-
tivity and saluretic index were then determined. In addition, virtual screen-
ing and molecular docking study of the compounds of the genus Artemisia
were done.

Results: The rhizome and leaf extracts of A abyssinica were found safe
at a dose of 2000 mg/kg. Moreover, both extracts showed a significant
diuretic action (p < 0.05). However, compared to the standard drug fu-
rosemide, the extracts had lower diuretic activity. The rhizome extract in-
creased electrolyte excretion at all doses; particularly at the 200 and 400
mg/kg doses, it exhibited a profound natriuretic, chloruretic and kaliuretic
effect with the concentration of 109 and 110 mmol/L for Na*, 93 and 106
mmol/L for CI and 79 and 86 mmol/L for K*, respectively. These sug-
gested inhibition of Na*-K+-2CI cotransporter as the potential mechanism
of action of the extracts. Accordingly, virtual screening and a molecular
docking analysis of the compounds of the genus Artemisia revealed that a
few of them displayed a strong binding interaction with the cation-chloride
cotransporter NKCC1 (PDB: 7S1Y), further indicating the cation-chloride
cotransporter as a diuretic target of the constituents of the plant.
Conclusion: The current study supports the traditional claim of the plant
for diuresis and recommends further isolation of the active constituents.
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Introduction

Currently, cardiovascular diseases are the
leading global cause of death. In 2021, it was
estimated that hypertension affects 1.39 billion
adult individuals,! while heart failure affects 64
million people worldwide.? These diseases are
approximately equally prevalent in low and high
income nations, 28.5 % and 31.5 %, respectively.?
According to Kibret and Mesfin,* the prevalence
of hypertension in Ethiopia is 19.6 %.

Diuretics are substances that increase urine and
solute production by the kidneys. Most diuretics
exert their action by decreasing renal tubular
sodium reabsorption, thereby reducing the
luminal-cellular osmotic gradient, which limits
water reabsorption and results in diuresis.’
Different types of diuretics are clinically used for
the treatment of various cardiovascular and renal
disorders, such as hypertension, heart failure,
ascites, acute Kkidney injury, ect.®® However,
there are certain adverse effects to using a
diuretic regularly. They cause electrolyte
imbalances and metabolic abnormalities,
including hyponatraemia, hypokalaemia or
hyperkalaemia, hypomagnesemia, acid-base
abnormalities, hyperuricaemia, hyperglycaemia,
hyperlipidaemia and impotence.’ They also show
a variety of drug-drug interactions with other
medications.

In addition to their adverse effects and drug-drug
interactions, the affordability and availability
of diuretics are a major problem in developing
countries as they are long-term prescription
drugs taken on a regular basis. Consequently, the
majority of communities in developing nations
utilise traditional medicine as an alternative or
a combination therapy with a clinically approved
diureticregimen.!! Therefore, scientific validation
and standardisation of these traditional medical
practices are important. Artemisia species are
among the most commonly utilised traditional
diuretic therapeutic plants in this regard.
However, only a few of them have been studied
pharmacologically for their diuretic properties.

Hence, the aim of this study was to analyse the
in silico and in vivo diuretic activity of the 80 %
methanol extracts of the rhizomes and leaves of
Artemisia abyssinica, an indigenous Ethiopian
medicinal plant that has a traditional diuretic
claim.

Methods

Drugs

Drug and chemicals used in this study were:
distilled water, normal saline (0.9 %), absolute
methanol (Carlo Erba, Spain) and the standard
drug furosemide (Epharm, Addis Ababa, Ethiopia).

Plant material

A abyssinica was collected from the Wondo
Genet Agricultural Research Centre found at
Wondo Genet SNNRP, Ethiopia. The plant was
authenticated by Mr Melaku Wondafrash, a
senior botanist at the National Herbarium,
College of Natural and Computational Sciences,
AAU, where a voucher specimen was deposited
(NAOO1 - Artemisia abyssinica Sch. Bip. ex A. Rich)
for future references.

Experimental animals

Five to six-week-old healthy Swiss albino mice
of either sex weighing 18-29 g were employed
during the experiment. The mice were obtained
from the animal house of the School of Pharmacy,
Addis Ababa University and Ethiopian Public
Health Institute and were kept at the School of
Pharmacy animal house with a 12 h/12 h light/
dark cycle. They were allowed access to water
and pellets ad libitum. The handling of the mice
and all procedures followed were in accordance
with the Guide for the Care and Use of Laboratory
Animals!? and were approved by the Institutional
Review Board of the School of Pharmacy, College
of Health Sciences, Addis Ababa University.

Extraction

The dried powdered rhizomes (55 g) and leaves
(200 g) of A abyssinica were separately cold
macerated with 80 % methanol for 72 h. The
extracts were then filtered and the methanol was
removed by a rotatory evaporator (BUCHI Rota
vapor R-200, Switzerland). The remaining water
portions of the extracts were freeze-dried using
a lyophiliser (OPR-FDU-5012, Korea). Finally, the
resulting dried 80 % methanol extracts were
weighed, labelled and filled into sample vials and
their percentage yield was calculated.

Acute toxicity

Acute oral toxicity tests of the 80 % methanol
extracts were carried out as per the producers
of the Organisation for Economic Co-operation
and Development (OECD) guideline 425 (OECD,
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2001). Ten female Swiss albino mice, five for each
extract, were used for the test. First, a single
mouse from each group was administered 2000
mg/kg of the extracts orally. The mice were
fasted for 4 h before and 2 h after the extract
administration. After dose administration, the
mice were observed continuously for the first
4 h with 30 min intervals and until 24 h for any
behavioural changes or signs of toxicity. Since no
death was observed within 24 h, an additional
four mice were successively administered the
same dose of the extracts for the next four days
and a similar procedure was followed. Eventually,
each mouse was followed for 14 consecutive days
with an interval of 24 h for the general signs and
symptoms of toxicity and mortality.!?

Diuretic activity

Diuretic activity was determined following a
protocol applied by Lahlou et al"* with slight
modifications. Eighty mice were randomly
grouped into 10 groups: six treatment groups and
two negative and two positive control groups,
each with 8 mice. The mice were placed in a
metabolic cage 24 h prior to the commencement
of the experiment for acclimatisation and they
were also fasted overnight with free access to
water. The mice were then orally pretreated with
normal saline (0.9 %) at a dose of 0.15 mL/10 g
body weight to impose a uniform water and salt
load.'® Then, each treatment group received 100
mg/kg, 200 mg/kg and 400 mg/kg of the 80 %
methanol extracts of the leaves and rhizomes
of A abyssinica. Negative controls were orally
administered with the vehicles (distilled water)
and positive controls were given furosemide (10
mg/kg) orally. After administration, urine output
was measured every h for 5 h. Finally, the total
urine collected was stored at -20 °C for further
analysis.

The parameters: urinary excretion, diuretic
action and diuretic activity were calculated by

the formulas given below.

Total urinary output

Urinary Excretion = x 100 %

Total liquid administered

Urinary excretion of treatment group

Diuretic Action = x 100 %

Urinary excretion of control group

Diuretic action of test drug

Diuretic Activity = X100 %

Diuretic action of standard drug

Analytical procedures

The electrolyte content (sodium, potassium and
chloride) of the urine was determined using ion-
selective electrode analysis (COBAS 6000, Roche,
USA). Ratios of electrolytes; Na*/K*" and Cl-/K'Na*
were calculated to evaluate the saluretic activity
of the extract. Moreover, the salt content of the
extract had also been determined to rule out its
contribution to urinary electrolyte concentration.
In addition, pH was directly determined on fresh
urine samples using a pH meter (JENWAY 370,
England).

Statistical analysis

Data are presented as mean #* standard error
of mean (SEM). The data were entered into
Statistical Package for Social Sciences (SPSS)
version 26.0 and one-way analysis of variance
(ANOVA) followed by Tukey’s post hoc test was
used to compare differences in mean among the
groups. A p value of less than 0.05 was considered
statistically significant.

Virtual screening and molecular docking study

Virtual screening and molecular docking study
were carried out on crystal structures of Cation-
chloride cotransporter NKCC1 (PDB: 7S1Y) using
SeeSar13.0 software (BioSolvelT, Sankt Augustin,
Germany). The ligands bumetanide found in the
crystal structure of the 7S1Y was identified,
the binding sites were selected for docking and
its binding modes were calculated. The 206
compounds isolated from the genus Artemisia
were loaded as sdf files and docking was carried
out on the target protein in the docking mode.
The best pose solutions were identified and the
physiochemical parameters were computed. The
HYDE score was used to estimate the binding
affinity of the molecules.!®1’

Results

Acute toxicity study

The acute oral toxicity test of the extracts of
the leaves and rhizomes of A abyssinica did not
show any signs of toxicity such as tremor, loss
of weight, lethargy, paralysis, stress or other
adverse behaviours or mortality within 14 days
of follow-up. This entails that the LD_, value of
the extracts was above 2000 mg/kg in mice.
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Diuretic activity

As shown in Table 1, the 80 % methanol rhizome
extracts of A abyssinica were found to have a
significant diuretic action at all dose levels tested
(p < 0.05). Particularly, following 5 h of therapy,
the extracts had a significantly higher diuretic
activity at 200 mg/kg and 400 mg/kg doses,
2.06 and 2.05, respectively, in comparison to the
100 mg/kg dose, 1.80. However, compared to
the positive standard furosemide, the treatment

groups exhibited reduced diuretic action and
activity. Similarly, the 80 % methanol leaf extracts
of A abyssinica showed significant diuretic action
with values of 1.5 and 1.6 at 200 mg/kg and 400
mg/kg doses, respectively, after 5 h of treatment
(Table 2). Nevertheless, the extract displayed no
effect at 100 mg/kg and all the treated groups
had lower activity than the positive control, the
furosemide-treated group.

Table 1: Effect of 80 % methanol extracts of the rhizomes of Artemisia abyssinica on urinary volume excretion in mice

Group Dose Urine volume (mL) Diuretic  Diuretic
(mg/kg) 1h 2h 3h 4h 5h action  activity
Distilled water 0.2mL 012+ 0.04 0.37+0.05 0.12+0.03 0.00 = 0.00 0.050 = 0.02 1.00 -
AAR100 100 0.25 +0.06 0.00+0.00 0.12+0.02 0.00 +0.00 0.090 = 0.032>¢ 1.80 0.27
AAR200 200 0.50+017¢%"  0.43+012 0.00 +0.00 0.30 01120 0103 £0.04>  2.06 0.80
AAR400 400 0.40 = 0.12v 0.37+0.08 0.30+0.08%" 0.20+0.05%"  0.102 =0.022>¢ 2.05 0.82
Furosemide 10 0.75£04770".¢ 040+012 0.250.08 > 015+ 0.04 0.120 = 0.04* 2.40 1.00

Values are presented as mean + SEM; n = 8; a = compared to negative control (Distilled water), b = compared to AAR100, ¢ = compared AAR200, d = compared
to AAR400, e = compared to furosemide; *(p < 0.05); ** (p < 0.01); AAR = 80 % methanol extract of the rhizomes of Artemisia abyssinica; numbers refer to doses

in mg/kg/day.

Table 2: Effect of 80 % methanol extracts of the leaves of Artemisia abyssinica on urinary volume excretion in mice

Group Dose Urine volume (mL) Diuretic Diuretic
(mg/kg) 1h 2h 3h 4h 5h action  activity

Distilled water 0.2mL 0.13+0.03 0.40 = 0.03 012+0.05 0.00=0.00 0.05+0.03 1.0

AAL100 100 013 =0.06 0.00 = 0.00 0.07 £0.03 0.00 = 0.00 0.05 + 0.02 1.0 0.14

AAL200 200 0.45+01120*"  040+007"  0.00+0.00 0.25=0.05%%4¢ (.75 0.05200¢ 15 1.01

AAL400 400 0.50 =0.10>*™  0.45=0.03 017+0.07 013+0.042>¢  0.08 = 0.04%bce" 1.6 0.72

Furosemide 10 0.72 £0172bc"" 051 =010%0%" 0.31+0.09 016+ 0.0420¢ 013+ 0.042007 2.5 1.00

Values are presented as mean + SEM; n = 8; a = compared to negative control (Distilled water), b = compared to AAL100, ¢ = compared AAL200, d = compared
to AAL400, e = compared to Furosemide; *(p < 0.05); ** (p < 0.01); AAL = 80 % methanol extract of the leaves of Artemisia abyssinica; numbers refer to doses

in mg/kg/day.

Saluretic activity

Urine electrolyte was measured from the pooled
urine sample at the end of the fifth hour and the
saluretic index was measured for all test samples.
Accordingly, the rhizome extracts significantly
increased electrolyte (Na*, Cl"and K*) excretion
in a dose-dependent manner at all doses (p <
0.05) (Table 3). It showed a strong natriuretic and
chloruretic effect at 200 and 400 mg/kg doses
with concentrations of 109 and 110 mmol/L for
Na* and 93 and 106 mmol/L for CI, respectively.
It also exhibited noticeably greater kaliuresis

with concentrations of 79 (200 mg/kg) and 86
mmol/L (400 mg/kg). However, compared to
furosemide-treated groups, it has less electrolyte
excretion. Furthermore, leaf extracts displayed
the unexpectedly highest electrolyte loss at 100
mg/kg dose with natriuretic, chloruretic and
kaliuretic concentrations of 120, 154 and 104
mmol/L, respectively (Table 4). Yet, at higher
doses, it showed only mild natriuretic and
chloruretic action (63 and 66 mmol/L) at 400

mg/kg.
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Table 3: Effect of 80 % methanol extracts of the rhizomes of Artemisia abyssinica on 5 h urinary electrolyte excretion in mice

Group Dose Urinary electrolyte concentration (mmol/L) Saluretic Index* Na*/K*  CI/Na* K
(mg/kg) Na* K+ Cl- Na+ K- CI

Distilled water 0.2mL 64.0+6.32 44,9 +0.35 74.4 £ 458 - - - 1.00 0.68

AAR100 100 97.0 + 3.942 " 671 + 7.512 00" 95.0 + 5.37¢a¢" 152 149 128 1.80 0.58

AAR200 200 109.0 + 3.83%¢"  79.5+3.48>¢2¢" 93,5+ 4,293 " 170 177 1.26 2.06 0.50

AAR400 400 110.7 £6.272¢™  86.0£5.92a">%¢" 106.7 + 3.86%">¢¢ 173 192 143 2.05 0.54

Furosemide 10 136.1 £ 6.7480¢4" 104.4 + 598207 118.7 + 4,650 ¢ 213 232 160 2.40 0.49

Values are presented as mean + SEM; n = 8; a = compared to negative control (Distilled water), b = compared to AAR100, ¢ = compared AAR200, d = compared
to AAR400, e = compared to Furosemide; *(p < 0.05); ** (p < 0.07); AAR = 80 % methanol extract of the rhizome of Artemisia abyssinica; numbers refer to doses
in mg/kg/day.

Table 4: Effect of 80 % methanol extract of the leaves of Artemisia abyssinica on 5 h urinary electrolyte excretion in mice

Group Dose Urinary electrolyte concentration (mmol/L) Saluretic Index* Na*/K*  CI/Na*K*
(mg/kg) Na+ K+ cr- Na- K- CF

Distilled water 0.2mL 48.0+4.61 46.6 + 6.35 54.2 + 3.85 - - - 1.02 0.57

AAL100 100 120.0 £ 3.942c07 1042+ 75124”1549+ 537207 250 224 2.86 1.15 0.69

AAL200 200 43.0 £ 5720 35.0 £ 41207 45.3 + 4,290 "¢ 089 075 0.84 1.23 0.58

AAL400 400 63.7 £ 2.832¢" 48.0 £ 4.52°"¢" 66.7 + 3.862 ¢ " 1.33 103 1.23 1.33 0.60

Furosemide 10 88.0 £ 6.742¢"bd" 274 + 598390 98,0+ 4,653 183 059 1.81 3.23 0.85

Values are presented as mean + SEM; n = 8; a = compared to negative control (Distilled water), b = compared to AAL100, ¢ = compared AAL200, d = compared
to AAL400, e = compared to Furosemide; *(p < 0.05); ** (p < 0.01); AAL = 80 % methanol extract of the leaves of Artemisia abyssinica; numbers refer to doses
in mg/kg/day.

Urinary pH

The urinary PH was measured from the pooled groups after 5 h of treatment administration,
sample urine. Figure 1 indicated that there was  except for the leaf extract-treated group at 200
no significant urinary PH disparity among all  mg/kg. It has significantly higher pH compared to
treatment and negative and positive control justthe untreated (negative control) groups.
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Figure 1: Urinary pH of mice treated with
the 80 % methanol extracts of the rhi-
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Values are presented as mean + SEM; n = 8; AAR and AAL refer to 80 % methanol extracts of the rhi-
zomes and leaves of A abyssinica, respectively; numbers refer to doses in mg/kg/day.
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Virtual screening and molecular docking study

Virtual screening of 206 compounds that were
previously reported from the genus Artemisia
and a loop diuretic bumetanide was carried out
on the crystal structures of the target protein Na*-
K*-2CI" cotransporter (NKCC1) (cation-chloride
cotransporter NKCC1) (PDB: 7S1Y). A few of the
compounds showed strong binding interactions
with the target protein. Interestingly, compounds
151 and 53 exhibited stronger affinity than even
the ligand bumetanide. Moreover, they displayed

key hydrogen bond interactions with amino
acid residues in the bumetanide binding site
with HYDE scores of -42.5 and -40.4 k]/mol. The
binding modes of compounds to NKCC1 are shown
in Figure 2. The Table 5 shows docking results and
in silico physicochemical predictions of the four
top-scoring compounds. All the compounds had
optimum drug-like properties, such as Log P, in
the range of 1 to 5.

.

J

Figure 2: The binding modes of compounds to the cation-chloride cotransporter NKCC1 (PDB: 751Y)

bumetanide binding site

a) Ribbon diagram of superimposed top-score compounds in the bumetanide binding site of NKCC1. Bumetanide, the
template compound, is shown in the ball-stick model. b) Binding interaction of bumetanide with amino acid residues of
NKCC1 c¢) Binding interaction of compound 53 with amino acid residues of NKCC1 d) Binding interaction of compound
197 with amino acid residues of NKCC1. Molecular docking was carried out using SeeSar13.0 software (BioSolvelT, Sankt

Augustin, Germany).

Table 5: Docking results and prediction of partition coefficient Log P, aqueous solubility Log S and
hERG toxicity of the top score compounds carried out using SeeSar13.0 software

AGHYDE hERG
Compounds Structure (kJ/mol) Log P Log S LogD pIC,,
H,N
Compound 151 425 3320 2630 1534 49000
o
Compound 53 W -40.4 2.955 3272 2955  5.0670
HO
[¢]
Ho SO,NH,
Bumetanide 0 -39.6 2.522 2357  -0104 44921
\/\/NH©
Compound 197 (?l(o L 8 -37.8 4.703 -0.224 4703 48640
N N
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Discussion

The 80 % methanol rhisomes and leaf extracts of
A abyssinica displayed moderate diuretic activity
(0.72-1.00), especially at 200 and 400 mg/kg.'® 1
Similar urine output and electrolyte excretion
results have been shown in previous in vivo
diuretic studies on other Artemisia (L) species,
such as A annua* and A thuscula.* Moreover,
the rhizome extract exhibited a higher dose-
dependent diuretic action than the leaf extract,
indicating a relatively abundant accumulation
of active secondary metabolites in the rhizomes
of the plant. In addition, the increased efflux of
the electrolytes, especially the sodium, in the
extract-treated groups vis-a-vis the negative
control indicated the inhibition of the Na*-K'-
2CI" symporter in the thick ascending loop of
Henle within the kidney as the potential target
for the diuretic mechanism of action of the
constituents of the plant.?> 23 The less alkalinity
of the urine sample and the higher Cl'/Na*K'ratio
further strengthen the suggestion of Na*-K*-2CI
(NK2CC) cotransporter as a diuretic target of the
extracts than carbonic anhydrase, since carbonic
anhydrase inhibition requires alkalinity of the
urine and a lower Cl'/Na‘K* ratio. The in silico
screening and molecular docking results also
provided an additional insight into the diuretic
mechanism of action of the extracts. To the best
of authors’ knowledge, this is the first study to
examine the diuretic effects of 80 % methanol
extracts of A abyssinica.

Conclusion

e 3
In conclusion, the rhizomes and leaves of A
abyssinica proved to have diuretic activity.
These, together with the absence of toxicity
from the acute toxicity result, support their
ethnobotanical claims. In addition, the virtu-
al screening and molecular docking study of
the compounds signify inhibition of Na*-K'-
2CI' (NK2CC) cotransporter as possible mech-
anism of action of the diuretic constituents of
the plant.

- J
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