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ABSTRACT

Background: Argemone mexicana L. (A. mexicana) has traditionally been used to treat hypertension, urinary
issues, and constipation. In this study, we assessed the diuretic activity of the ethanolic crude extract of A.
mexicana.

Methods: Phytochemical tests were conducted using standard reagents and methods widely accepted in the field.
The diuretic test was performed in metabolic cages using a mouse model, with furosemide (5 mg/kg) as the
standard drug. Molecular docking was carried out in PyRx using Autodock Vina 4.2. To assess the stability of the
protein-ligand complexes formed during docking, we conducted molecular dynamics (MD) simulations for the f3-
amyrin-6PZT protein complex and the furosemide-6PZT protein complex. Various parameters, including RMSD,
RMSF, Rg, SASA, and hydrogen bonds, were calculated for all protein-ligand complexes.

Results: Phytochemical screening revealed the presence of alkaloids, flavonoids, glycosides, steroids, terpenoids,
saponins, and tannins in the crude extract. The crude extract exhibited significant (p < 0.05) diuretic activity
compared to the control group. Furthermore, we detected the presence of electrolytes (Na+, K+, and ClI-) in the
urine of mice treated with the crude extract. In the molecular docking study, among the eighteen compounds
studied, B-amyrin displayed superior diuretic potential. The results of the molecular dynamics simulation for the
B-amyrin-6PZT protein complex indicated good stability, comparable to the reference drug, furosemide.
Conclusion: The crude extract of A. mexicana demonstrates significant diuretic effects that could be valuable for
edema treatment. The findings from the molecular docking and molecular dynamics simulations suggest the
potential for further research in developing a novel drug.
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1. INTRODUCTION

Many plants are rich sources of various
phytochemicals that can be utilized in designing and
synthesizing medicines. It is well-established that
numerous medicinal plants possess potent diuretic
properties, and they are commonly employed in
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conventional  treatments for renal  disorders®“.
Additionally, the diuretic properties of various plants used
in ethnomedicine have been verified through animal
studies®.

Diuretics are medications that enhance the excretion of
sodium ions (Na+) and urine production. They find
application in the management of various clinical
conditions, including hypertension, congestive heart
failure, renal failure, and nephrotic syndrome, to regulate
the volume and composition of body fluids. Diuretics can

also influence the renal regulation of uric acid and the
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levels of various ions such as potassium (K+), hydrogen
(H+), calcium (Ca2+), and magnesium (Mg2+), as well as
anions like chloride (Cl-), bicarbonate (HCO3-), and
dihydrogen phosphate (H2PO4-), in addition to altering
Na+ excretion®,

Diuretics, whether used alone or in combination with
other medications, are employed in the treatment of
conditions like congestive heart failure, ascites, and
pulmonary edema’™!. Thiazides and furosemide, two
commonly prescribed diuretics, have been associated with
several side effects, including electrolyte imbalances,
metabolic syndromes, and activation of the renin-
angiotensin—neuroendocrine system” 2, Consequently, there
is a need for new diuretics with fewer adverse effects, such as
those derived from plants, which are generally considered
safer.

The Na-K-2ClI cotransporter-1 (NKCC1), also known as
6PZT, is an electroneutral Na+-dependent transporter
responsible for the simultaneous transport of Na+, K+, and
Cl— ions into cells*> 13, In human tissue, 6PZT plays a vital
role in regulating cytoplasmic volume, fluid intake, chloride
balance, and cell polarity'**¢. Furosemide and other loop
diuretics, frequently used to manage edema and hypertension,
inhibit this transporter'” 8, Our computer-aided molecular
modeling of the binding sites of loop diuretics at 6PZT was
prompted by these findings.

A. mexicana L., also known as Ghamoya and a member
of the Papaveraceae family, is a rare weed that originated
in South America but is now common in many Asian
nations, including China and India*® ?°. The plant is an
annual herb, reaching a height of approximately 1 meter;
its leaves typically measure 5-11 cm in length and are
spiny?L. The flowers are 4-5 cm in diameter and yellow??,
Various parts of this plant have been reported to be used in
the treatment of conditions such as hypertension, oliguria,
diarrhea, ulcers, asthma, and other intestinal afflictions?®
23-301

Furthermore, researchers have identified various
bioactive compounds in the plant, including alkaloids such as
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berberine, (+)-reticuline, allocryptopine, (-)-cheilanthifoline,
(+)-argenaxine, (+)-higenamine, and N-
demethyloxysanguinarine®® ¥, flavonoids, e.g., eriodictyol,
isorhamnetin-3-O-B-Dglucopyanoside, quercetin, quercetrin,
mexitin 333, terpenoids, e.g., trans-phytol, B-amyrin 32 3
steroids, e.g., p-sitosterol ¥; miscellaneous, e.g., a-
tocopherol, adenosine, adenine, myristic acid, oleic acid,
linoleic acid %3, amino acids, e.g., cysteine, phenylalaning3.

Upon literature survey, based on ethnopharmacological
uses of A. mexicana in hypertension, oliguria %, the entire
plant was selected for evaluating its diuretic properties in a
mouse model. This was followed by a molecular docking and
molecular dynamics simulation analysis of the previously
reported compounds.

2. MATERIALS AND METHODS

2.1 Collection and identification of A. mexicana

The whole plant of A. mexicana was collected for this
investigation from the Chuknagar area of Jashore,
Bangladesh, in January 2017. A voucher specimen of A.
mexicana was submitted to the Bangladesh National
Herbarium in Mirpur, Dhaka (DACB Accession number:
43825) for future reference.

2.2 Drying, grinding, and Cold extraction

The collected whole plants were cleaned and carefully
inspected to remove any unwanted objects, other plants, or
weeds. They were air-dried for a week. Subsequently, the
plant material was ground into a coarse powder using a
suitable grinder. The resulting powder was stored in an
airtight container, maintaining a cool, dark, and dry
environment until the extraction process.

Approximately 800 g of the powdered material was
placed in a clean, flat-bottomed glass container and
dissolved in 1500 mL of ethanol. The glass container was
covered with aluminum foil, and the mixture was allowed to
sit for 14 days with intermittent stirring. Afterward, the
contents of the glass container were filtered, first through a
piece of cotton and then through Whatman® filter paper.
The resulting filtrate was subjected to evaporation using a
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rotary evaporator, yielding a sticky dark gummy crude
extract weighing 18.12 g, with a yield of 2.26%.

2.3 Phytochemical screening

Phytochemical testing was conducted to identify
chemical groups present in the test extracts. Various
phytochemical experiments on the crude extract were
performed using standard techniques®®-43,

2.4 Experimental animal

Swiss-albino mice were sourced from Jahangirnagar
University in Savar, Bangladesh, and then raised for one
week under standard conditions in the animal lab of the
Pharmaceutical Department at Khulna University,
Bangladesh. These animals were kept in a natural lighting
environment and provided with standard laboratory food
and water. The study employed young Swiss albino mice,
aged 4-5 weeks, with an average weight of 25-30 g. All
procedures adhered to the animal ethical standards
established by the Life Science School at Khulna
University, Bangladesh (Reference: KUAEC-
2018/05/10).

2.5 Acute toxicity study

The acute toxicity assessment was conducted in mice
following the recommendations of the Organization for
Economic Co-operation and Development (OECD)*48,
The crude extract was administered to three groups of mice
at doses of 1000, 2000, and 3000 mg/kg, and differences
in mortality and body weight were recorded in comparison
to a control group. Individual post-dose observations were
made during the first 30 minutes, periodically over the first
24 hours, and daily over the subsequent 14 days.

2.6 Diuretic activity evaluation

The diuretic test procedure followed a pre-established
methodology adapted by Golla and colleagues with minor
modifications*’-*,

In brief, twenty-four mice of both sexes, weighing 27-30
g, were divided into four groups of six each. Each group
underwent an 18-hour fasting period without access to food
or water before the test. The first group received normal saline
(6x2 mL) as a control. The second group (standard) received

furosemide (5 mg/kg) as a positive control. The third and
fourth groups were administered the crude extract at doses of
200 and 400 mg/kg, respectively. Each group received a total
volume of 6 x 2 mL (Vi). Following dosing, the animals were
placed in metabolic cages. Throughout the six-hour
experiment, the mice were deprived of food and water, and
the cages were maintained at a constant temperature of
25.0£0.5 °C. Urinary output (\V0) was measured hourly, and
the urine was stored at 0-4 °C for later electrolyte
measurement. The urinary excretion was estimated using the
ratio of urine output (VO) to the total liquid delivered (Vi)
(Formula-I). The diuretic action was calculated as the ratio of
urinary excretion in the test group (UET) to that in the control
group (UEC) (Formula-Il). Diuretic activity was determined
by the ratio between the diuretic action in the test group
(DAT) and that in the control group (Formula-111).

Total urinary output ( V)

Urinary excretion = x 100 ... (D)

Total liquid administered (V;)

Urinary excretion of treatment groups (H)

Diuretic action =

Urinary excretion of the control group

Diuretc sctivity = ARSI (1D

2.7 Analysis of Urine Sample for different cations
and anions

The D-50 Series Portable Water Quality Meters from
HORIBA Scientific® were employed to measure the pH
and conductivity of the preserved urine samples. The
concentrations of Na+ and K+ in the samples were
determined using a flame photometer, specifically the
Janeway Corp. model PFP7. Flame intensity was
measured for Na+ and K+ concentrations with appropriate
filters, aligning with calibration standards. Results were
displayed graphically, and Na+ and K+ concentrations
were calculated from the standard curve and expressed in
mMEQ/L5!. The Cl- content was determined through
titration with a 0.05 N silver nitrate solution, utilizing 5%
potassium chromate solution as an indicator® %3, To
predict the mechanism of action of diuretic drugs, several
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indices were calculated for the preserved urine samples,
including the saluretic index, natriuretic index (Na+/K+
ratio), kaliuretic index (K+/Na+ ratio), and carbonic
anhydrase inhibition (CAI) index.

Here,

Saluretic index
Urinary excretion of electrolytes in the test group

" Urinary excretion of electrolytes in the control group

Urinary excretion of Sodium ion

Natriuretic Index = — - - -
Urinary excretion of Potassium ion

isorhamnetin

stigmast-4-ene-3,6-dione

dehydrocorydalmine
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. L. Urinary excretion of Potassium ion
Kaliuretic index =

Urinary excretion of Sodium ion

CAl index
Urinary excretion of Chloride ion

Sum of Urinary excretion of Sodium and Potassium ions

2.8 Molecular docking analysis

Preparation of the ligands

3D structures of already reported eighteen compounds
(Figure 1) % were retrieved from PubChem
(https://pubchem.nchi.nim.nih.gov/). PyRx was then used
for energy minimization %4,

quercetin
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Figure 1: Structure of eighteen compounds reported from A. mexicana and furosemide.
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Figure 3: (a) Furosemide and (c) f-amyrin protein complex with 6PZT; (b) furosemide and (d) f-amyrin 2D interaction.

— [3-AMYriN-6PZT protein complex

furosemide -6PZT complex

apo-protein
Preparation of the protein Bank (https://www.rcsh.org). Using Discovery Studio
The 6PZT protein was obtained from the Protein Data Visualizer, the retrieved protein underwent cleaning, and
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polar hydrogen atoms were added. Since 6PZT forms a dimer
with two-fold symmetry, we considered a single chain for
docking®. Additionally, SwissPDB Viewer was utilized for
energy minimization®.

Molecular docking and visualization

Amino acid residues were selected for docking using
AutoDock Vina 4.2 in PyRx%. The grid box was
maximized to cover the entire protein. LigPlot Plus 2.2.4
was employed to analyze the outcomes. Through
molecular docking, we identified interactive amino acids
with the target proteins and determined the binding
affinities of the selected drugs.

Molecular dynamics simulations

GROMACS 2021 was utilized in simulations of
molecular dynamics (MD) using the charmm36 force
field>” %8, The ligands parameters were generated using the
CGenFF server for CHARMM General
(cgnff.umaryland.edu)®. A decahedron box with a TIP3P
model was used to dissolve protein-ligand
complexes. The system was neutralized by the use of Na*
and CI" ions. Following minimization, the system was run

water

with coupled temperature and pressure control using the
NVT and NPT ensemble at 310 K and 1 bar. The final MD
run lasted 100 nanoseconds. To assess relative stability,
root mean square deviation (RMSD), root mean square
fluctuations (RMSF), radius of gyration (Rg), solvent-
accessible surface area (SASA), and hydrogen bond
analyses were performed.

2.9 Statistical Analysis

Data were analyzed using Student's unpaired t-test in
GraphPad Prism Version 5.03, and the results were presented
as Mean + Standard Error of Mean (S.E.M) (GraphPad
Software, San Diego, CA, USA). All in vivo study outcomes
were compared with those of the control group, and a
significance level of P < 0.05 was applied.

3. RESULT

3.1 Preliminary phytochemical study

This study consisted of testing several chemical groups
found in the extract. The outcome of the phytochemical
study of the crude extract is summarized in Table 1.

Table 1: Results of phytochemical study of A. mexicana crude extract

Phytochemical groups

Results

Reducing sugars

Tannins

Flavonoids

Saponins

Steroids

Alkaloids

Glycosides

Terpenoids

Acidic compounds

o e o o I I I S

Here, + indicates Presence; — indicates Absence

3.2 Acute toxicity study

This investigation provided evidence of the extract's
non-toxicity. None of the doses used resulted in fatalities
or adverse responses until the end of the trial period,
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mg/kg.

3.3 Diuretic activity test
The different parameters for assessing diuretic activity
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in the extract, control, and standard groups are presented the electrolyte concentrations (Na+, K+, Cl-) in mEq/L,
in Tables 2, 3, and 4. Table 2 displays information on urine saluretic index, Na+/K+ ratio, and CAl in the urine of
volume, urinary excretion, diuretic action, and diuretic animals treated with the extract, furosemide, and untreated
activity. Table 3 presents data on the diuretic index, pH, control groups.

and conductivity, while Table 4 provides information on

Table 2: Effects of A. mexicana crude extract on volume of urine, urinary excretion, diuretic action and diuretic
activity in mice

Cumulative urine Urinary . . . Diuretic
Group volume (Vo mL) after excretion D'FJEUICS ctl)on activity (Dat/

6h {(Vo/Vi) X 100} ETlHEC Dar)
Control (Normal 3.35+0.15 27.91 1.00 -
Saline)
Furosemide (5 5.1+0.10° 42.50 1.52 1.00
ma/kg)
Crude Extract
(200 mg/kg) 3.85+0.25 32.08 1.14 0.75
Crude Extract a
(400 mg/kg) 4.9+0.80 40.83 1.46 0.96

Values are expressed as Mean = S.E.M; n = 6; 2P < 0.05, °P < 0.001, compared to the control group

Table 3: Effects of A. mexicana crude extract and furosemide on urinary volume, diuretic index, conductivity and

pH in mice
Group Diuretic Index pH Conductivity (mS/cm)
Control (Normal Saline) 1 7.14+£0.02 6.05+ 0.45
Furosemide (5 mg/kg) 1.52 7.36 + 0.04° 16.77 £ 0.02¢
Crude extract (200 mg/kg) 1.14 7.05+0.03 15.74 + 0.01°
Crude extract (400 mg/kg) 1.46 7.79 + 0.04° 11.59 + 0.05°

Values are expressed as Mean+S.E.M; n = 6; Diuretic index = Urine volume of test group/ Urine volume of control group;
3P < 0.05. °P < 0.01, °P < 0.001, compared to the control group (Student’s unpaired t-test).
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Table 4: Effect of the crude extract and furosemide on urinary electrolytes excretion in mice

Cumulative Concentrations -
Group . Saluretic Index CAI{CI/
of ions (mEq/L/6h) (Na* +
Na*/K* | K*/ Na* .
Na* K* cr Na* | K* | cI K}
Control (Normal
. 49.546.13 29.5+0.74 | 63.3+3.63 - - - 1.67 0.59 0.80
Saline)
Furosemide
134.446.13° | 53.4+1.47° | 78.3+2.20° | 2.71 | 1.81 | 1.23 2.51 0.39 0.41
(5 mg/kg)
Crude Extract (200
187.5+6.13° | 36.3+1.54% | 91.742.20% | 3.79 | 1.23 | 1.44 5.17 0.19 0.40
mg/kg)
Crude Extract (400
kg) 215.8+9.36° | 73.2+1.29° | 95.0+1.44° | 4.36 | 2.48 | 1.50 2.94 0.33 0.32
mg/kg

Values are expressed as Mean + S.E.M; n = 6; 2P < 0.05, °P < 0.01; °P < 0.001; compared with the control group (Student’s unpaired t-test).

3.4 Effect on urine volume, pH, and conductivity

The urine volume for both doses (200 and 400 mg/kg)
of the crude extract (3.85 ml, 4.90 ml) was found to be
higher compared to the control (3.35 ml) (Table 2).

The pH of the urine increased dose-dependently at both
doses for the crude extract (7.05, 7.79) compared to the
control (7.14) (Table 3). Additionally, specific
conductivity was enhanced by the crude extract (15.74,
11.59) compared with the control (6.05) (Table 3).

3.5 Effects on electrolyte excretion

Our findings demonstrated that the excretion of Na+
(measured in mEg/L) from the crude extracts increased at
both 200 and 400 mg/kg (187.5, 215.8). Furthermore, an
increase in the excretion of potassium ions was observed
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for the crude extracts (36.3, 73.2) at both 200 and 400
mg/kg. Additionally, an elevation in the excretion of
chloride ions at both 200 and 400 mg/kg for the crude
extracts (91.7, 95.00) was found (Table 4). The saluretic
index, natriuretic index, kaliuretic index, and CAl index
increased dose-dependently for the crude extract (Table 4).

3.6 Molecular docking analysis

B-Amyrin displayed a superior binding affinity (-8
kcal/mol) with the protein compared to the standard
furosemide (-5.8  kcal/mol).  Additionally, other
compounds such as protopine, both chelerythrine and
Stigmast-4-ene-3,6-dione, rutin, and angoline also
exhibited better binding affinities of 7.7, 7.3, 7.2, and 7.1
kcal/mol, respectively (Table 5).
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Table 5: Docking results of the selected reported ligand compounds with 6PZT protein

Compounds Name

Binding Affinity

Interacting amino acids

(kcal/mol)

Isorhamnetin —6.6 Phe488, Val729, Ala492, 11e730, Pro676, Ser489, Asn731, Asn672,
Ala734

Stigmast-4-ene-3,6- -7.3 1le324, Leu531, Thr530, Met325, Val534, Val321, Thr328, Leu527,

dione 11e526, Thr332, Leu523

Rutin -7.2 11e677, Asn731, Val673, Val729, Pro676, I1e730, Thr486, 11e493,
Asn672, Ser489

Dehydrocorydalmine -6.5 11e677, Val673, Asn731, 1le730, Pro676, Phe488, Ala492, Thr486,
Ser489, Val729, Glu484

Phytol -5.4 Phe488, Val729, 11e730, Ala492, Ser489, Pro676, Asn731, Asn672,
Ala734, Trp733,Val673,11e677, Phe681, Asn680

Quercetin -6.8 Glu484, 11e493, Asn672, Glu485, Pro676, Asn680, Ile730, Asn731,
11e677, Ala734

Reticuline -6.3 Ser489, 11e493, Asn672, Glu485, Pro676, Asn731, 11e677, Ala734,
Asn680, Phe681

Angoline -7.1 Ser489, Asn731, Pro676, 11e730, Val673, Ala734, Trp733, 11e677,
Asn680

Higenamine —6.4 Asn672, Val673, Asn731, Glu485, Pro676, Ser489, 1le730, Phe488,
Thr486

Allocryptopine =7 11e677, Asn731, Pro676, 11e730, Thr486, Phe488, Ser489, Val729

Ferulic acid -5.1 Phe488, Ser489, Asn731, 11e730, Pro676, 11e677, Asn680, Ala734,
Val673

Caffeic acid -5.1 Ala434, Leu612, Ser613, Leu438, GIn435, Leu297, Arg294

Jatrorrhizine —6.7 Gly664, Phe665, Trp733, 11e677, Asn731, Pro676, Ala734, Asn680

Oxyberberine -6.9 11e677, 11668, Trp733, Val673, Asn731, Pro676, Ser489

Columbamine -6.1 Leu523, Leu527, Thr332, Thr328, Val321, Val534, Thr530

Protopine 1.7 11e677, Pro676, Asn731, Phe488, 11e730, Ser489, Val729, Thr486

Chelerythrine -7.3 Ala734, 1le677, Asn680, Asn731, Pro676, Ala492, 1le730

B-Amyrin -8 11e677, Val673, Pro676, Asn731, Ser489, 1le730, Thr486, Val729,
Phe488

Furosemide -5.8 Val729, Phe488, Ser489, Asn731, Asn680, I1e730, Pro676, Val673,

Ala734, le677

Compounds marked bold indicated the better binding affinities.
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3.7 Molecular dynamics simulation

RMSD considers deviations between two three-
dimensional structures over time®. Over the course of 100
ns, we analyzed the RMSD of backbone atoms in the apo-

RMSD
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protein, furosemide-protein complex, and [-amyrin-
protein complex to assess the stability of all systems
(Figure 4a).

RMS fluctuation

L \| frlh I -
| |; | |"I m | r‘l
F { l ‘.ﬁ \ Jl‘\' L‘J{'J'\ W ‘

|I\ ‘!F " ‘G |

k i
LA

] |
) L1 § Ml )
w’w“_} ‘ u‘\.«"’wa"w

250

400 500 600 700 800

Residue

300

Solvent Accessible Surface

240 - B

80000

40000 BODOO
Time (ps)

) L |
0 20000

le+05

Figure 4: a) Plot of RMSD of backbone atoms vs. time (in nano seconds), b) RMSF of backbone atoms versus
residue number, ¢) Radius of gyration (Rg) versus time (in pico seconds), d) solvent accessible surface area (SASA)
versus time (in pico seconds) for -amyrin-6PZT protein complex (black), furosemide -6PZT complex (red), and for
apo-protein (green)

In the initial 20 ns, structural rearrangements were
followed by minor conformational alterations in all
systems. Apoprotein underwent multiple conformational
changes throughout the investigation. The RMSD value of
the B-amyrin-protein complex fluctuated between 0.0005
and 0.58 nm, with an average value of 0.42 nm and no
significant spikes, indicating that B-amyrin effectively
stabilized the protein by binding to it. In contrast, the
furosemide-protein  complex exhibited a steadily
increasing trend in RMSD.

Regarding the overall RMSD for all systems, the apo-
protein fluctuated within the range of 0.006-0.34 nm, with

an average RMSD of 0.26 nm. On the other hand, the

RMSD of the B-amyrin-protein complex and the
furosemide-protein complex ranged from 0.0005 nm up to
0.42 nm and 0.50 nm, respectively. Our comprehensive
RMSD analysis suggests that -amyrin is more effective
than furosemide in stabilizing the protein.

RMSEF is the fluctuations observed in residues or atoms
present in a macromolecule®®. In this study, we assessed
the RMSF of backbone residues in both the apo-protein
and all protein-ligand complexes (Figure 4b). Even in
regions experiencing the most significant changes, the
RMSF graphs exhibited a similar profile, with average
RMSF wvalues of 0.21 nm for the PB-amyrin-protein
complex and 0.18 nm for the furosemide-protein complex.
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However, our RMSF analysis indicated that the -amyrin-
protein complex stabilizes the protein in a manner similar
to that of the furosemide-protein complex.

Rg is a routinely used parameter to predict the
compactness of macromolecules®. In this study, we
analyzed the Rg of the apo-protein and all protein-ligand
complexes (Figure 4c¢). The B-amyrin-protein complex
exhibited a higher Rg until 40 ns, after which it showed a
lower Rg, indicating stability. However, the average Rg
value of the B-amyrin-protein complex was 2.36 nm,
which was comparable to that of the furosemide-protein
complex (average Rg value = 2.34 nm).

A molecule’s surface area that interacts with the solvent
molecules is its solvent-accessible surface area . The p-
amyrin-protein complex and the furosemide-protein complex
had average SASA values of 254.54 nm? and 255.21 nm?,

Hydrogen Bonds

Number

| L |
0 - :
0 20000 40000 60000

Time (ps)

|
80000 lel0s
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respectively (Figure 4d). Based on the SASA values for all
complexes, it appeared that the furosemide-protein complex
was more exposed to water solvent than the B-amyrin-protein
complex. Our results indicate that the protein coupled with 3
amyrin was highly stable and compact.

Number of hydrogen bonds

Hydrogen bond interactions play a crucial role in
stabilizing macromolecules and are directly related to
binding affinity and drug efficacy®* . Figure 5 illustrates
the number of hydrogen bonds formed during the 100 ns
simulation run as a result of interactions between the
protein and ligand combinations. Based on our hydrogen
bond observations, all compounds maintained optimized
hydrogen bonding for up to 25 ns. This suggests that the
chemical can have the necessary impact on drug
specificity, metabolism, and adsorption.

Hydrogen Bonds

80000 le+0s

L }IW

60000

20000 40000
Time (ps)

Figure 5: Plot of Number of hydrogen bonds versus time (in picoseconds) for -amyrin-6PZT protein complex
(black), furosemide -6PZT protein complex (red)

4. DISCUSSION

The phytochemical tests conducted on the extract
revealed the presence of several important constituents,
including tannins, flavonoids, glycosides,
steroids, etc. Previous studies have shown that these types
of phytochemicals are responsible for diuretic activity
57, Therefore, these compounds may be responsible for the
traditional medicinal uses associated with diuretic activity.
Consequently, further studies targeting the assessment of
the diuretic potential of the plant were conducted.

saponins,
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The current study aimed to assess the diuretic
properties of the extract. Two key indicators of diuresis are
an increase in net urinary volume and elevated excretion
of electrolytes in the urine®. These processes result from
the inhibition of water and electrolyte reabsorption into the
circulation in the renal tubules. Thiazide diuretics restrict
the Na+/Cl— symporter (co-transporter system) in the
distal tubule by competing for the Cl— binding site, while
the standard loop diuretic drug, furosemide, increases
urinary Na+ excretion by inhibiting the Na+/K+/Cl—
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symporter in the thick ascending limb of the loop of
Henle®. Therefore, in this study, both urine volume and
electrolyte concentrations were evaluated to assess the
diuretic effect of the A. mexicana crude extract. In the
current investigation, a dose of 5 mg/kg of furosemide
produced significant diuresis in mice for 6 hours. Our
findings indicate that the extract increased urine volume
and urinary excretion (Table 2). We observed a notable
and significant increase in the excretion of Na+, K+, and
Cl— compared to the control group, similar to what was
observed with furosemide (Table 3). Additionally, the
extract exhibited a progressive increase in electrolyte
excretion (Na+, K+, and Cl-) in a dose-dependent manner
(Table 4).

A saluretic activity metric was defined as the amount
of Na+, K+, and Cl— excretion®. The extract exhibited
dose-dependent electrolyte and water excretion to varying
degrees. To assess natriuretic activity, the ratio of Na+ to
K+ was calculated® 70, Values greater than 2.0 indicate a
beneficial natriuretic effect, while ratios greater than 10.0
suggest a potassium-sparing effect’*. The Na+/K+ values
(Table 4) for the crude extract at their respective doses of
200 and 400 mg/kg were 2.94 and 5.17, respectively. This
result falls within the acceptable value range of 2,
suggesting that the extract possesses a potent natriuretic
effect.

Previous studies have reported that several bioactive
compounds contribute to the diuretic effect, including
flavonoids, saponins, triterpenoids’® 7274 glycosides . 7
75, tannins 7% 72 and steroids . These phytochemicals may
induce the diuretic effect by stimulating regional blood
flow, initial vasodilation, inhibiting water and electrolyte
reabsorption by tubules, or enhancing renal circulation,
ultimately leading to diuresis’. The preliminary
phytochemical study of the extract confirmed the presence
of the aforementioned phytochemicals. Therefore, it can
be inferred that these phytochemicals, alone or in
combination, may be responsible for the diuretic activity
of the plant. Additionally, compounds such as quercetin’,

caffeic acid 8, and rutin 7 present in the plant, have been
reported to exhibit diuretic activities. These compounds
could contribute to the diuretic properties of the A.
mexicana crude extract.

The human cation—chloride cotransporter NKCCL is the
target protein for the standard drug Furosemide. Inhibiting
this cotransporter is the mechanism of action for loop
diuretics®. Therefore, the activity of the test ligands was
assessed against this cotransporter protein and compared
with the standard, Furosemide. Among the previously
reported compounds from this plant, B-Amyrin, a triterpene
alcohol, displayed a binding affinity of —8 kcal/mol, which
is almost 1.4 times greater than that of Furosemide (—5.8
kcal/mol) (Table 5), and the binding site of these two
compounds is identical, as shown in Figure 2. While the
standard drug Furosemide interacted with amino acids
Phe488, Ser489, Val673, Pro676, 1le677, Asn680, Val729,
11e730, Asn731, and Ala734, B-amyrin interacted with
amino acids Thr386, Phe488, Ser489, Val673, Pro676,
11e677, Val729, 11730, and Asn731. Amino acids Phe488,
Ser489, Val673, Pro676, lle677, Val729, 11e730, and
Asn731 are common to both compounds (Figure 3).
Furosemide formed a hydrogen bond with the VVal673 amino
acid, and B-amyrin formed a hydrogen bond with Val729.
Hydrogen bonding is crucial for protein stabilization as it
maintains specific shapes. Here, the presence of the
hydrogen bond indicates the stable protein complex of -
amyrin with 6PZT. Other amino acids, such as Phe488,
Ser489, Pro676, 1le677, 11730, and Asn731, all formed
hydrophobic interactions with the protein. Therefore, -
amyrin could also play a role in diuretic activity. Our
literature findings also revealed that terpenoid-enriched
plant extracts promote diuresis, which supports this result™.

5. CONCLUSION

The results of in vivo studies on diuretic activity
support the ethnopharmacological use of A. mexicana for
treating urinary problems. In the molecular docking study,
among the eighteen reported compounds, B-amyrin, a
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triterpene alcohol, exhibited superior diuretic potential.
RMSD, RMSF, Rg, hydrogen bonds, and energy analysis
all demonstrated the stable binding of the B-amyrin-6PZT
protein complex. This stable binding supports the diuretic
activity of Argemone mexicana. Therefore, this evidence
can be utilized for discovering the mechanism of action
and  investigating the  pharmacodynamic  and
pharmacokinetic parameters.
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i 5 eelld e sdle . Aailiall e genall pa 4lae (P <0.05) Lisiee Jsall jae Unlii alall aliiadll ekl
call sl duhs b alall paldtiadl dalled) ol Jsr 8 Cl) 5 K+ ¢ (Na +abuls i< asag o0
Blas Ao copglal LJad) byl e AR 58 B-amyrin ass dgie il de 4ol L) Gn e
cmaall g sl A5lae s Bhiiad B-amyrin-6PZT (g nll el Aial) ilSualinal)
Ao el 38 . Aedgll 0l Lgalatind (Ko Joall 500 il 4l AL mexicana ge alall aliid) :dadal)
s elgd gl iluhall (e je ehal G Al Glulinll 5lSlasg Jujall alaaly)

B-amyrin ¢ Asall o) (Jsall s Papaveraceae <Argemone mexicana : Al cilalsl)

rdal) Clgall”
nnathbiswas@gmail.com < m/pests S it o

bokshi06@pharm.ku.ac.bd Zg-“‘}'d s fad
2023/4/28 yiall alsd fjlis 2022/9/19 anall i) gl

- 639 -


mailto:nnathbiswas@gmail.com
mailto:nnathbiswas@gmail.com

