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Abstract: Background: Operculina turpethum (OT) is widely known for its use in traditional
treatment practices to heal several diseases, such as bronchitis, pectoralgia, arthralgia, diarrhea,
obesity, helminthiasis, gastropathy, ascites, sporadic fever, leucoderma, inflammation, pruritis,
ulcers, erysipelas, tumors, jaundice, hemorrhoids, ophthalmia, etc. In this report, the antidiarrheal
potential of the O. turpethum (EEOT) stem was assessed in an animal model along with a molecular
docking study of previously isolated compounds to determine the mechanism involved in
identifying prospective phytocompounds against diarrhea. Methods: Ethanolic stem extract was
used in a mouse model of castor oil-induced in vivo antidiarrheal syndrome. In silico molecular
docking analysis was performed using the ‘“Vina Wizard’ program in PyRx — Python Prescription 0.8.
Results: At 250 and 500 mg/kg, the EEOT stem dose-dependently demonstrated significant
differences in antidiarrheal potential. During molecular docking analysis, out of four previously
isolated compounds from O. turpethum stem, three (22,23-dihydro-a-spinosterol-3-D-glucoside, 3-
(4-hydroxy-phenyl)-N-[2-(4-hydroxy phenyl)-ethyl]-acrylamide and [-sitosterol-B-D-glucoside)
have shown satisfactory binding affinity against the target M3 muscarinic acetylcholine receptor
compared with the reference standard drug loperamide. Conclusion: The EEOT stem has significant
potential to prevent diarrhea, which can be rationalized by molecular docking analysis, in which
secondary plant metabolites were found to bind promisingly to their target receptor.

Keywords: Anti-diarrheal; plant extract; molecular docking; ADMET analysis
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Diarrheal diseases (DDs) pose a significant challenge in developing nations and are responsible
for the deaths of millions of people each year [1]. Diarrhea can be described as a change in typical
bowel movement and is attributed to an increase in water content, volume, or stool rate [2]. The global
population under the age of five is facing one in ten deaths, making up to approximately 8,00,000
deaths per year [3]. There are 2.8 billion incidents of diarrhea in children (> 5 years of age), adults,
and adolescents [4]. Multiple influential factors are implicated in the pathophysiology of diarrhea,
including poor intestinal absorption, gut motility, hypersensitivity of the stomach, susceptibility to
microbial infection, metabolic insufficiency, genetic predisposition, irritation caused by chemicals, a
weak immune system, and a plethora of secretory stimuli, such as bacterial enterotoxins, hormones,
dihydroxy bile acids, hydroxylated fatty acids and inflammatory cytokines [5]. Effective treatment
strategies and preventive measures for treating diarrheal infections should include continuous
breastfeeding, oral electrolyte rehydration therapy, maintenance of better hygiene, zinc
supplementation, immunization programmes, and antibiotics [6]. Plants are vital sources of new drug
molecules. A myriad of plant species are still being investigated for constituents with medicinal
activity. Therapeutic plants are an auspicious source of antidiarrheal drugs and molecules [7].
Compounds such as 1,8-cineole, friedelin, stachysrosane (1), stachysrosane (2), and apigenin have
potent antidiarrheal activity and are plant-derived compounds [8]. For this reason, the World Health
Organization (WHO) has encouraged studies relating to the remedy and preclusion of diarrheal
diseases using traditional medical practices [9,10].

Plant-derived substances have long been used as reliable origins of various biologically active
metabolites that are rich in numerous pharmacological agents. Nearly 80% of men, especially those
from developing and underdeveloped countries, rely directly or indirectly on plant-based
medications from traditional sources [11,12]. Natural substances from plant sources have advantages
over synthetic molecules because of their better drug likeness and friendliness to the body’s biological
system, allowing them to be better postulants for potential research and drug development [13,14].

Operculina turpethum (L.) belongs to the Convolvulaceae family and is a formidable therapeutic
plant known for its use in both Unani and Ayurvedic practices. This indigenous Asian plant resides
in Bangladesh, India, Nepal, Sri Lanka, Pakistan, China, Taiwan, and Myanmar [15]. In traditional
Unani practice, O. turpethum roots are prescribed for conditions such as colic constipation paralysis,
helminthiasis, gastropathy, ascites, leucoderma, pruritis, ulcers, and hemorrhoids [16]. The O.
turpethum stem is rich in phenols, flavonoids, phytosterols, terpenoids, and cardiac glycosides [17].
To date, four natural metabolites have been isolated from the chloroform extract of the stem of this
plant, namely, {3-sitosterol-B-D-glucoside, 22,23-dihydro-a-spinosterol-3-D-glucoside and salicylic
acid [18,19] and 3-(4-hydroxy-phenyl)-2-(4-hydroxy phenyl)-ethyl]-acrylamide [20] (Figure 1).
According to our literature search, no study has been conducted on the antidiarrheal activity of O.
turpethum stems until recently, providing the rationale for conducting in vivo and in silico assessments
of the ethanolic extract of the stem.
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Figure 1. Previously isolated compounds from O. turpethum. A) 3-(4-Hydroxy-phenyl)-N-[2-(4-hydroxy
phenyl)-ethyl]-acrylamide, B) 22,23-dihydro-a-spinosterol-3-D-glucoside, C) §3-sitosterol--D-glucoside, and D)

salicylic acid.

2. Materials and Methods

Drugs and Chemicals

We acquired ethanol from Merck (Darmstadt, Germany) and Tween 80 from BDH Chemicals
Limited. The standard drug loperamide (produced by Square Pharmaceuticals Ltd.) was obtained
from a local pharmacy. and castor oil was procured from a neighboring chemical market. All the
chemicals and drugs employed in this study met the analytical standards.

Plant Collection, Identification, and Preparation of the Ethanol Extract

For the present investigation, O. turpethum stems were collected from the campus of Khulna
University and its surrounding area, and the plant was identified by experts at the Bangladesh
National Herbarium, Mirpur, Dhaka, where a voucher specimen was submitted (voucher specimen
no. 46484 DACB) for future reference. A total of 210 gm of ground dry powder of O. turpethum was
taken into a flat-bottomed glass container, which was cleaned properly and submerged in 800 ml of
96% ethanol. The container was then corked, sealed appropriately and stored for 14 days. Occasional
shaking and stirring were performed between these two periods. Coarse filtration of the whole
mixture was performed by utilizing a piece of thoroughly cleaned cloth succeeded by filtration using
Whatman no. 1 filter paper. Eventually, the filtrate was evaporated via a rotary evaporator to yield
the ethanolic extract of the O. turpethum stem. The extract had a yield of 3.58% and was stored in a
refrigerator at 4°C for further analysis.

Experimental Animals

To conduct the in vivo assessment, we used Swiss albino mice, which were aged approximately
4-6 weeks and weighed approximately 22-28 gm. The mice were procured from the animal research
branch of the International Centre for Diarrheal Disease and Research, Bangladesh (ICDDRB). Mice
were kept under standard laboratory conditions for one week to ensure better adaptation. All the
experimental animals were given standard laboratory food and clean tap water and were maintained
within a natural day-night cycle. The whole experiment was performed in the noiseless and isolated
pharmacological laboratory of Pharmacy Discipline, Khulna University, Khulna-9208, Bangladesh.
The experiment was approved by the Animal Ethics Committee of Khulna University [Ref: KUAEC-
2018-01-08].

Antidiarrheal Activity Assessment in Patients with Castor Oil-Induced Diarrhea
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A method previously described by [1] was followed in this study. Initially, all the mice were
monitored for diarrhea by administering 0.5 ml of castor oil. After administration, only the mice that
exhibited diarrhea were considered for the final experiment. The four groups were as follows: control
(1% Tween 80 in water, 10 mL/kg body weight oral dose), positive control (loperamide, 3 mg/kg body
weight oral dose), test-I (OT, 250 mg/kg body weight oral dose), and test-II (OT, 500 mg/kg body
weight oral dose). The mice were subsequently split according to the groups. All four groups
contained five mice in each group. Each animal was kept in a separate cage, while the blotting paper
was lined with the floor. After every hour, the floor lining was altered. Thirty minutes after the above
treatments, diarrheal induction was conducted via oral administration of 0.5 ml of castor oil to each
mouse. The mice were closely observed for 4 h. During this time, the total amount of fecal output and
amount of diarrheal feces were recorded. The percentage inhibition of diarrhea (%) was calculated in
comparison with that of the negative control group by manipulating the following equation:
inhibition (%) = [(TD control — TD test groups)/TD control] x 100, where TD control represents the
total number of diarrheal feces of the negative control group and TD test groups represents the total
number of diarrheal feces of either the test groups or the standard drug.

Selection of Compounds for the Molecular Docking Study

[-Sitosterol-3-D-glucoside, 22,23-dihydro-a-spinosterol-f3-D-glucoside, salicylic acid, and 3-(4-
hydroxy-phenyl)-N-[2-(4-hydroxy phenyl)-ethyl]-acrylamide were selected for molecular docking
studies [18,19,21]. The chemical structures of the compounds were downloaded from the PubChem
database.

Preparation of the Ligands

Of the five ligands, four, 3-(4-hydroxy-phenyl)-N-[2-(4-hydroxy phenyl)-ethyl]-acrylamide
(PubChem CID: 5372945), loperamide (PubChem CID: 3955), salicylic acid (PubChem CID: 338) and
[-sitosterol-B-D-glucoside (PubChem CID: 5742590), were downloaded from PubChem
(https://pubchem.ncbi.nlm.nih.gov/) [22]. The 3D structure of 22,23-dihydro-a-spinosterol-£-D-
glucoside was drawn in Avogadro (Avogadro: an open-source molecular builder and visualization
tool, Version 1.2.0 http://avogadro.cc/) due to unavailability of the mentioned structure. The drawn
structure mimics the 2D structure depicted in other studies [19]. After that, all the ligands were
optimized using the same program, Avogadro, where the universal force field (UFF) was employed
during the process. Finally, the ligands were saved in .pdb (Protein Data Bank) format and used for
docking.

Preparation of the Protein

The M3 muscarinic acetylcholine receptor (PDB ID: 4U14) [23] was obtained from the ‘Protein
Data Bank’ (http://www.rcsb.org/) [24]. The downloaded protein was cleaned with PyMOL (The
PyMOL Molecular Graphics System, Version 2.0 Schrodinger, LLC) and then optimized with Swiss-
PdbViewer (Swiss-PdbViewer/DeepView, v4.1 by Nicolas Guex, Alexandre Diemand, Manuel C.
Peitsch, & Torsten Schwede).

Validation of the Protein Structure

By using criteria such as preferred, allowed, and outside amino acid residue locations,
Ramachandran plots were generated using the VADAR server to validate the predicted protein
structures.

Molecular Docking and Visualization

Molecular docking between the receptor and the ligands (separately) was performed using the
‘Vina Wizard’ program in PyRx — Python Prescription 0.8 [25]. The ligands (separately) and the
receptor were loaded into the program with the proper declaration of the compound, i.e., ligand or
macromolecule.
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Afterward, the docked ligands (separately) and the receptor were combined with PyMOL (The
PyMOL Molecular Graphics System, Version 2.0 Schrodinger, LLC). For visualization, each combined
structure was opened with Discovery Studio (BIOVIA, Dassault Systéemes, Discovery Studio
Visualizer, v4.5.0.15071, San Diego: Dassault Systemes, ©2005-15). The ligand interactions were
observed, and snapshots were taken of the best poses.

Pharmacokinetic Parameters

Basic pharmacokinetic parameters were analyzed with the SwissADME web server
(http://www.swissadme.ch/) to assess the probability of drug use [26]. SMILES or structures were
used as input, and the SwissADME program was used.

Statistical Analysis

GraphPad Prism software (version 8, USA) was used to analyze all the experimental data, and
the data are presented as the mean + SEM (standard error of the mean). Here, P values less than 0.05
were considered to indicate statistical significance.

3. Results
Castor Oil-Induced Diarrhea

The ethanolic OT stem extract dose-dependently demonstrated significant antidiarrheal activity,
especially at a dose of 500 mg/kg (Table 1). The inhibition of defecation was almost 51% (Figure 2B)
for the 500 mg/kg dose, for which the mean latency period was 134+3.7 min (Figure 2A), which is
comparable with that of the standard drug loperamide, which resulted in 89% inhibition of
defecation, with a mean latency period of 153+3.11 min. Similarly, the inhibitory effect of the 250
mg/kg dose was approximately 31%, with a mean latency period of 80+2.07 min.

Table 1. Effect of O. turpethum stem extract on the fecal count in castor oil-induced diarrhea mice.

d0i:10.20944/preprints202503.0436.v1

Treatment Mean Latent | Mean Number of | % Inhibition of
Period (min) Feces Defecation

Negative control 18.6+1.86
35.2+2.63

Positive control 2+0.32" 89.24
153+3.11

250 mg/kg EEOT 31.18
80+2.07" 12.8+0.37

500 mg/kg EEOT 50.53
134+3.7* 9.2+0.37*
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Figure 2. A) Effect of OT stem extract on prolongation of the latent period in castor oil-induced diarrheal
episodes in mice and B) effect of OT stem extract based on % inhibition of defecation in castor oil-induced

diarrheal episodes in mice.

Molecular Docking Study

Loperamide was used as the standard for this docking study. Ramachandran plot (Figure 3A)
of the M3 muscarinic acetylcholine receptor (PDB ID. 4U14) contained 86% amino acids in the favored
region, 11% in the allowed region, and 3% in the generously allowed or disallowed region (Figure
3B). This finding suggested that the protein is favorable for molecular docking studies. The docking
was then carried out with a maximized grid box dimension (Table 2).

Table 2. Grid generation.

X Y Y4
Centre 7.9825 20.6062 367.0162
Dimensions (Angstrom) | 60.9444 60.2098 86.2207

Ramachandran Plot

A)

% of Amino acid residues
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1

L £ i i i x i i T T
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Figure 3. A) Ramachandran plot of the M3 muscarinic acetylcholine receptor showing amino acids in the favored

and allowed regions and B) percentage of amino acids in different regions.

Upon completion of the process, the resulting data were obtained along with the docked
structures. Table 3 shows the data for the docked complexes with the lowest binding energies with
the corresponding amino acid of the receptor, revealing the best-docked complex for each ligand.
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Loperamide binds to the M3 muscarinic acetylcholine receptor and has a binding energy of -8.3
kcal/mol. All the ligands except for salicylic acid showed satisfactory interactions with the receptor
and thus inhibited M3 muscarinic acetylcholine receptor activity. If all the ligands are kept in
descending order according to their success in binding with the receptor, 22,23-dihydro-a-
spinosterol-3-D-glucoside will be at the top, followed by 3-(4-hydroxy-phenyl)-N-[2-(4-hydroxy
phenyl)-ethyl]-acrylamide, loperamide, 3-sitosterol-3-D-glucoside, and salicylic acid respectively.

Thus, it can be conjectured that 22,23-dihydro-a-spinosterol-3-D-glucoside is the best candidate
among the four ligands. 3-(4-Hydroxy-phenyl)-N-[2-(4-hydroxy phenyl)-ethyl]-acrylamide performs
slightly less than the former but outperforms the standard drug loperamide. (3-Sitosterol-{3-D-
glucoside performed marginally less than the standard, although the binding affinities of both of the
compounds were similar. In contrast, salicylic acid may not be a potential candidate for use as an
antidiarrheal agent, as its binding affinity is considerably less than that of the standard. Figures 4 and
5 show the 2D and 3D interactions between the ligands and the protein, respectively.

Table 3. Docking results along with interacting amino acids.

Binding
Ligand name affinity Rmsd/ub | Rmsd/lb Interacting amino acids
(kcal/mol)
3-(4-hydroxy-phenyl)-
(thy y-phenyl TYR254, THR257, GLU258,
N-[2-(4-hydroxy
-8.9 0 0 LEU482, LYS487, ALA1093,
phenyl)-ethyl]-
VAL1094 and TRP1158
acrylamide
PHE124, TYR127, TRP143,
22,23-dihydro- o -
LEU144, TYR148, ILE222,
spinosterol-3-D- -94 0 0
LEU225, ASN513, ASP517,
glucoside
LYS522, TRP525 and TYR529
Salicylic Acid -5.7 0 0 TYR148 and CYS532
LEU198, TRP199, PRO201,
[-sitosterol-f3-D- o 0 0 ALA202, PHE205, TRP206,
glucoside PHE209, PHE224, ILE230,
ALA237 and ALA238
TYR104, SER108, CYS111,
Loperamide -8.3 0 0 ILE146, VAL149, ILE18S,
TRP192, PHE196 and ALA200

d0i:10.20944/preprints202503.0436.v1
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colors indicate the type of bond interactions the ligands have with the protein residue that are manifested via

dotted lines.
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Figure 5. 3D interaction of the best-ranked pose of for (A) 22,23-dihydro-a-spinosterol-8-D-glucoside (B) 3-(4-
hydroxy-phenyl)-N-[2-(4-hydroxy phenyl)-ethyl]-acrylamide (C) (3-sitosterol-p-D-glucoside, (D) Salicylic acid
and (E) loperamide in the binding pocket of M3 muscarinic acetylcholine receptor (PDB ID: 4U14).

ADMET Analysis

The drug likeliness potential of the three ligand molecules was assessed using absorption,
distribution, metabolism, and elimination (ADME) properties from the “Swiss ADMET web server”
(http://www.swissadme.ch/). The ADME properties of 3-(4-hydroxy-phenyl)-N-[2-(4-hydroxy
phenyl)-ethyl]-acrylamide,  B-sitosterol-B-D-glucoside, and 22,23-dihydro-a-spinosterol-3-D-
glucoside are presented in Table 4. The chosen parameters in the simulated ADME analysis notably
impact the cell permeation, bioavailability, and metabolic properties of the ligands. Here, the
predicted properties of 3-(4-hydroxy-phenyl)-N-[2-(4-hydroxy phenyl)-ethyl]-acrylamide were
satisfactory enough to fulfill Lipinski’s rule of five to be considered a potentially drug-like compound.
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Table 4. Pharmacokinetic properties of the ligands with good binding affinity.

3-(4-hydroxy-phenyl)-N-

B-sitosterol-B-D-

22,23-dihydro-a-

Properties [2-(4-hydroxy phenyl)- . spinosterol-8-D-
. glucoside .
ethyl]-acrylamide glucoside
Molecular Formula C17H17NO3 C35H6006 C33H5605
Molecular weight 283.32 g/mol 576.85 g/mol 532.79 g/mol
TPSA 69.56 A2 99.38 A2 79.15 Az
Consensus Log Pojw
2.46 5.51 5.65
(Lipophilicity)
Poorly Poorly
. Soluble/Moderately
Water Solubility bl soluble/Moderately | soluble/Moderately
soluble
soluble soluble
GI absorption High Low High
BBB permeant Yes No No
P-gp substrate No No No
CYP2D6 inhibitor Yes No No
CYP3A4 inhibitor Yes No No
Log Kp (skin
) -6.10 cm/s -4.32 cm/s -4.21 cm/s
permeation)
No; 2 violations:
o o Yes; 1 violation:
Lipinski | Yes; no violations MW>500,
MW>500
MLOGP>4.15
No; 4 violations: No; 4 violations:
MW>480, MW>480,
- Ghose Yes WLOGP>5.6, WLOGP>5.6,
e MR>130, MR>130,
likeness
#atoms>70 #atoms>70
Veber Yes Yes Yes
No; 1 violation:
Egan Yes Yes
WLOGP>5.88
No; 1 violation: No; 1 violation:
Muegge | Yes
XLOGP3>5 XLOGP3>5
Bioavailability Score 0.55 0.55 0.17
No; 3 violations: No; 3 violations:
Lead-likeness Yes MW>350, Rotors>7, | MW>350, Rotors>7,
XLOGP3>3.5 XLOGP3>3.5
Synthetic accessibility 2.28 (easy) 8.02 (difficult) 7.49 (difficult)

XLOGP3: This is an atomistic and knowledge-based method for calculating Log Po/w and can be calculated by
the XLOGP program, version 3.2.2, courtesy of CCBG, Shanghai Institute of Organic Chemistry. WLOGP:

Atomistic method for calculating Log Po/w implemented from Wildman SA and Crippen GM, 1999 ], Chem, Inf, Model.

MLOGP: The topological method for calculating Log Po/w was implemented by Moriguchi I, et al. 1994 Chem, Pharm, Bull,
and Lipinski PA, et al. 2001 Adv, Drug, Deliv, Rev.
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Table 5. Bonds shown in the 2D diagram:.
Favorable Hydrogen Bonds Classical Conventional
Hydrogen Bond
Non-Classical Carbon Hydrogen
Bond
Hydrophobic Pi Hydrophobic (Same | Pi-Pi Stacked
color) Pi-Pi T-shaped
Amide-Pi Stacked
Alkyl Hydrophobic Alkyl Both Alkyls
Mixed Pi/Alkyl Pi-Alkyl have the
Hydrophobic same color
Pi-Sigma
Miscellaneous Sulfur Pi-Sulfur
Unfavorable Acceptor/Donor clash Unfavorable Donor-
Donor

4. Discussion

The ethanolic OT stem extract was verified for its possible antidiarrheal effect on mice, and the
results showed that O. turpethum significantly attenuated diarrhea induced by castor oil in
comparison with the marketed drug loperamide. The phytochemicals that are present in O. turpethum
stems, i.e., phenols, flavonoids, phytosterols, terpenoids, and cardiac glycosides [17], are well known
to possess antidiarrheal properties [27,28]. Flavonoids, tannins [29] and saponins [30] have been
implicated in the calcium channel blocking (CCB) effect. This might also explain its therapeutic use
in treating diarrhea.

Hydrolysis of castor oil results in the formation of ricinolic acid in the gastrointestinal tract,
which in turn induces diarrhea in mice [31], alters water and electrolyte transport, and causes a
hypersecretory response and massive contraction of the intestine [32]. Thus, phytochemicals present
in EEOT may exert this particular effect by hindering gut motility as well as electrolyte outflux.
Compared with that of loperamide, the effect of EEOT stem extract on diarrhea was quite acceptable
(Table 1), suggesting that EEOT has an inhibitory effect on gut motility or electrolyte outflux. To
further confirm the possible inhibitory effect of OT on gut motility, we used four previously isolated
compounds, namely, 22,23-dihydro-a-spinosterol-f3-D-glucoside, 3-(4-hydroxy-phenyl)-N-[2-(4-
hydroxy phenyl)-ethyl]-acrylamide, (3-sitosterol-f3-D-glucoside, and salicylic acid, for in silico studies.

A summary of the pathological process of diarrhea concerning gut motility has shown the
association of the M3 muscarinic acetylcholine receptor [33]. The autonomic parasympathetic nerves
are responsible for controlling the activity of multiple organs in the body. Anticholinergic drugs
relieve gastrointestinal and urinary tract troubles by decreasing intestinal and bladder muscle spasms
[34]. The M3 subtype of the muscarinic acetylcholine receptor (MAChR) is competitively antagonized
by anticholinergic drugs. The M3 MAChR is a member of the G protein-coupled receptor family that
eases the response to acetylcholine [35] and effectuates an increase in the intracellular calcium ion,
which usually leads to shrinkage of smooth muscles [36]. The contraction of smooth muscles is
dependent upon an increase in cytoplasmic free calcium ions, which activate contractile elements
[37]. Therefore, an antagonist of this receptor decreases constriction and free calcium ion reflux to
provide an antidiarrheal effect. These are the important considerations that we had to keep in mind
when we chose this particular receptor to dock with our four ligands as well as the standard drug
loperamide. Among the four compounds, 22,23-dihydro-a-spinosterol-3-D-glucoside, 3-(4-hydroxy-
phenyl)-N-[2-(4-hydroxy phenyl)-ethyl]-acrylamide, and [(3-sitosterol-(3-D-glucoside exhibited
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excellent binding affinity with the M3 muscarinic receptor. Therefore, these compounds may exert
significant antidiarrheal effects by inhibiting the M3 muscarinic acetylcholine receptor (PDB ID:
4U14) and blocking free calcium ion reflux in the cytoplasm. Conversely, salicylic acid may not be a
potential inhibitor of the M3 muscarinic acetylcholine receptor, but the presence of salicylic acid in
the stem may play a synergistic role because it can competitively inhibit prostaglandin formation
[38]. Prostaglandins cause contractions in the intestines to produce a range of GI disorders,
including diarrhea [39].

We noticed from the ADME analysis of all four compounds that only 3-(4-hydroxy-phenyl)-N-
[2-(4-hydroxy phenyl)-ethyl]-acrylamide satisfied Lipinski’s rule of five, the Ghose rule, the Veber
rule, the Egan rule, and the Muegge rule and was considered a potential drug-like molecule. This
compound is easier to synthesize than the other two molecules and has a good GI absorption rate.
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