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A B S T R A C T

Naturally occurring substance, D-pinitol (DPL) belongs to the significant inositol family has numerous pharma-
cological activity. In this study we evaluated the anti-emetic effect as well as modulation activities of DPL on the
recent market drugs aprepitant (APR), domperidone (DOM), hyoscine butyl bromide (HYS), and ondansetron
(ODN) on emesis in the chick model. To highlight the possible anti-emetic activity in copper sulfate induced
emesis chick models, we use several reference drugs, such as APR (26 mg/kg), DOM (7 mg/kg), OND (5 mg/kg),
and HYS (21 mg/kg), as positive controls, while the vehicles serve as negative controls. All reference drugs are
given alone or in combined groups to evaluate their anti-emetic and modulation effects. The results suggest DPL
(25 or 50 mg/kg) increases the mean number of latency in the chicks compared to vehicles, and the combination
groups, DPL (25 mg/kg) showed better anti-emetic effects with DOM and ODN while DPL (50 mg/kg) reduces the
number of retches compared to vehicles and combined drug therapy with reference drugs. Additionally, A variety
of computational algorithms were used to visualise ligand–receptor interactions and quantify the binding affin-
ities of DPL and other ligands towards the dopamine receptors (D2 and D3), muscarinic acetylcholine receptors
(M1–M5), and serotonin receptor (5HT3). The molecular docking study indicated that DPL exhibits the highest
binding affinity towards subtypes M2 (having a docking score of �5.7 kcal/mol) and D3 (having a docking score
of �5.7 kcal/mol) in comparison to certain standards for these receptors, which have docking scores of DOM
(�9.7 kcal/mol) and HYS (�7.1 kcal/mol) for M2 and D3, respectively. Our findings suggest that DPL has anti-
emetic properties in chicks, possibly through interactions with the M2 and D3 receptor pathways.
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Abbreviations

5HT3 Serotonin receptor
ADME Absorption, Distribution, Metabolism, and Excretion
ANOVA Analysis of variance
APR Aprepitant
ARRIVE Animal Research: Reporting of In Vivo Experiments
BSMRSTU Bangabandhu Sheikh Mujibur Rahman Science and

Technology University
CSF Cerebrospinal fluid
CTZ Chemoreceptor trigger zone
CYP2C19 Cytochrome P450 2C19 enzyme
D2, D3 Dopamine receptors
DOM Domperidone
DPL D-pinitol
GIT Gastrointestinal tract
GSTU Gopalganj Science and Technology University
H1 Histamine receptor
HBA Hydrogen bond acceptor

HBD Hydrogen bond donor
HYS Hyoscine butyl bromide
LD50 Median lethal dose
M2, M3, etc. Muscarinic acetylcholine receptors
MR Molar refractivity
MW Molecular weight
NK1 Neurokinin 1 receptor
ODN Ondansetron
P-gp P-glycoprotein
PK Pharmacokinetics
SEM Standard error of the mean
TPSA Topological polar surface area
PDB ID Protein Data Bank identification code
CHB Conventional hydrogen bond
CaHB Carbon-hydrogen bond
Pi-DHB Pi-donor hydrogen bond
MF Molecular formula
CYP2C19 int CYP2C19 inhibitor
BIO score Bioavailability score
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1. Introduction

Vomiting, also known as emesis, is a generally unpleasant manifes-
tation that occurs by an explosive expulsion of stomach contents via the
mouth by a variety of central and peripheral indicators [1,2]. The un-
pleasant feeling that comes before vomiting is known as nausea [3]. Since
nausea and vomiting are so frequently linked together, they are typically
viewed as a single process [4]. Toxins in the gut lumen or irritation of the
stomach through the mucosal chemoreceptors of the gastrointestinal
tract (GIT) are the twomain causes of vomiting. Vomiting and nausea can
result from many illnesses in addition to eating poisons or irritants, such
as food poisoning, gastroenteritis (diarrhea), motion sickness, hangovers,
head injuries, intestinal obstruction, appendicitis, postoperative com-
plications, and high intracranial pressure [5].

Numerous stimuli that trigger nausea and vomiting act on the
“vomiting center" in the brain's medulla oblongata [6]. Chemoreceptors,
which receive input from several locations and are located in the vom-
iting center, can either induce or suppress nausea and vomiting. The
chemoreceptor trigger zone (CTZ) for vomiting, the GI tract, the vestib-
ular apparatus in the temporal lobe, and the cerebral cortex are the four
main locations that provide information to the vomiting center [7]. When
emetogenic poisons are identified by the CTZ in the cerebrospinal fluid
(CSF) and bloodstream, emesis is initiated [8]. Numerous receptors in-
side the CTZ, including the opioid receptors, histamine (H1), dopamine
receptors (D2, D3), muscarinic acetylcholine receptors (M1–M4), sero-
tonin receptor (5HT3), and neurokinin 1 receptor (NK1) for substance P,
enhance this detection. The adjacent NTS receives a signal from these
receptors as soon as they identify the emetogenic poisons [5]. The NTS
provides a thorough final pathway by acting as the primary mechanism
via which all emetic stimuli induce the physiological reaction of vomit-
ing. The lower esophageal sphincter relaxes during an episode of emesis,
allowing stomach contents to pass through the oral cavity and causing
retching and retrograde contraction of the abdominal muscles [9,10].

The anti-emetic medications used to treat nausea and vomiting
nowadays fall into several categories, including corticosteroids, NK1-
receptor inhibitors, 5-HT1A, gamma-aminobutyric acid B (GABAB), and
CB1-agonists, anti-dopaminergic, antihistamines, anticholinergic medi-
cations, and serotonin antagonists. Traditional medicine, such as apre-
pitant (APR), domperidone (DOM), hyoscine butyl bromide (HYS), and
ondansetron (ODN), pays close attention to the adverse reactions of the
prolonged use of these anti-emetic medications. such as muscle weak-
ness, spasms, or convulsions [5,11]. Natural goods have a specific
2

chemical variety, which causes variation in biological capabilities and
drug-like effects [12]. The continued usage of natural goods will help to
solve the critical need for the development of effective pharmaceuticals
[13]. Many natural compounds have been discovered to exhibit phar-
macological activities and are utilised as the basis for many medications
used to treat different diseases due to their low side effects, simplicity of
availability, and cost efficiency [14].

The investigation of novel anti-emetic medications that are derived
from natural sources continues to emphasize mechanism-based ap-
proaches that involve specific molecular and cellular targets. Favonoids,
alkaloids, cannabinoids, glucosides, polysaccharides, phenylpropanoids,
diarylheptanoids, hydroxycinnamic acids, saponins, and terpenes are
employed to identify potential novel anti-emetic drugs [15]. D-pinitol
(DPL) is a pharmacologically active, naturally occurring chemical that
frequently belongs to the important inositol family. 3-O-methyl-D-chiroi-
nositol is what pinitol is. Although it was initially discovered in sugar
pine, it may be isolated from a wide range of plants [16]. DPL has
numerous therapeutic properties, including a diuretic effect,
anxiolytic-like effects, anticonvulsant activity, antidepressant-like ef-
fects, sedative and locomotor effects, anti-diabetic/anti-hyperglycemic
activity, memory enhancer, wound healing activity, antidiarrheal activ-
ity, anti-inflammatory activity, antinociceptive activity, antimicrobial
activity, and anticancer [17].

This study aims to evaluate the effect of DPL on copper sulfate pen-
tahydrate (CuSO4⋅5H2O)-induced emesis in young broiler chicks (Gallus
gallus domesticus). Furthermore, an in silico investigation was conducted
to ascertain possible molecular interactions with the emesis-producing
receptors that underlie the observed effect. This study highlights the
potential of DPL as a natural and effective alternative or adjunct to
conventional anti-emetic drugs, offering promising implications for safer
therapeutic strategies in veterinary and possibly human medicine.

2. Materials and methods

2.1. Chemicals and reagents

DPL (Product code: 1002887049, CAS No. 89-83-8) was purchased
from Sigma-Aldrich (USA), and CuSO4.5H2O and 1% tween 80 were
purchased from Merck (India). ODN and DOM as reference drugs were
obtained from Bangladeshi pharmaceutical companies Incepta Pharma
Ltd. and Team Pharma Ltd., respectively. APR and HYS were both
collected from Opsonin Pharma Ltd., Bangladesh.
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2.2. In vivo investigation

2.2.1. Experimental animals
Young chicks (40–42 g) of 2-day olds purchased from Gopalganj-

Gopinathpur bazar and were maintained at the Pharmacology Lab
Gopalganj Science and Technology University (GSTU), for the present
study. The animals were allowed free access to standard food and water ad
libitum. They were kept under controlled lighting (12-h dark/light cycle) at
27 � 1 �C until the test commenced. The present experiment was con-
ducted from 08:00 a.m. to 3:00 p.m., and the animals were monitored for
17 h to check their possible mortality after the study. The GSTU Animal
Ethics Committee gave its approval to this study [#GSTU/RC2024
(20PHR001)2]. Additionally, all procedures were conducted according to
the proper guidelines and legislation, and all the procedures have been
reported following the ARRIVE principles (https://arriveguidelines.org).

2.2.2. Study design (copper sulfate pentahydrate-induced emesis in chicks)
The study was conducted following the procedure described by Akita

et al. [18], with a fewmodifications. Briefly, the chicks were divided into
eleven groups of six each. Before receiving the treatments, each bird was
retained in a sizable, clear plastic container for 10 min. Using distilled
water (DW), the test sample (DPL) was prepared in two different doses
(12.5, 25, and 50 mg/kg), which were then administered orally. The
reference drugs APR, DOM, HYS, and OND were orally given at doses of
26, 7, 21, and 5 mg/kg b.w., respectively. DPL at 25 mg/kg was com-
bined with the reference drugs. DW with a small amount of tween 80
(0.5%) was used as a control group (vehicle). It was given orally at a dose
of 150 mL/kg b.w. Each chick specimen had a 30-min treatment period
before having emesis caused by the oral gavage of CuSO4⋅5H2O at a dose
of 50 mg/kg of b.w. The latency period is the time between the admin-
istration of CuSO4⋅5H2O and the occurrence of the first retch; then, the
total number of retches within 10 min after receiving CuSO4⋅5H2O was
carefully noted. Table 1 shows the name of the treatments, their dose,
and target receptor. The percentage of incidence of emesis was calculated
using the following formula:

Emesis incidence (%) ¼ [(Number of retches in control group -
Number of retches in test group) � Number of retches in control group]
� 100.

2.2.3. Statistical analysis
The results are presented as mean � S.E.M. (standard error of the

mean) (n ¼ 5). The data were analyzed using GraphPad Prism (version
6.5) through analysis of variance (ANOVA), followed by t-Student-
Newman-Keuls as a post-hoc test with multiple comparisons at P< 0.05 at
95% confidence intervals.
Table 1
Name of treatments, their dose, and target receptor. Here, all treatments are
given at 10 ml/kg via oral gavage (p.o.)”.

Treatment
group

Composition Dose Target receptor

Gr-I Vehicle (0.5% Tween 80
dissolved in normal saline)

10 ml/kg –

Gr-II D-pinitol (DPL) 12.5 mg/kg Under
investigationGr-III 25 mg/kg

Gr-IV 50 mg/kg
Gr-V Aprepitant (APR) 26 mg/kg NK1
Gr-VI Domperidone (DOM) 7 mg/kg D2
Gr-VII Hyoscine butylbromide (HYS) 21 mg/kg M3
Gr-VIII Ondansetron (ODN) 5 mg/kg 5-HT3
Gr-IX DPL-25 þ APR-26 25 mg/kg þ

26 mg/kg
Under
investigation

Gr-X DPL-25 þ DOM-7 25 mg/kg þ
7 mg/kg

Under
investigation

Gr-XI DPL-25 þ HYS-21 25 mg/kg þ
21 mg/kg

Under
investigation

Gr-XII DPL-25 þ ODN-5 25 mg/kg þ
5 mg/kg

Under
investigation

3

2.3. In silico investigations

2.3.1. Selection and preparation of proteins
According to the literature review, we have targeted ten significant

receptors responsible for emesis. The 3D experimental structures of the
selected proteins in PDB format were collected by inspecting the RCSB
protein data bank (https://www.rcsb.org/). The PDB identity of the re-
ceptors is: NK1 (PDB ID: 6HLP) [19], D2 (PDB ID: 6CM4) [20], D3 (PDB
ID: 3PBL) [21], H1 (PDB ID: 7DFL) [22], M1 (PDB ID: 6WJC), M2 (PDB
ID: 5ZK8), M3 (PDB ID: 8EA0), M4 (PDB ID: 7V6A), M5 (PDB ID: 6OL9)
[23], and 5HT3 (PDB ID: 6Y5B) [24]. After retrieval, the proteins were
refined by removing all unnecessary molecules like heteroatoms, water
molecules, lipids, and ligand molecules and keeping the preferred chain
fold from the sequence of target proteins via the PyMol software package,
version 2.4.1 [25]. Finally, the structures' energy minimization and
geometrical optimization were carried out using the GROMACS96 force
field algorithm in the SwissPDB Viewer software package [26]. Then, the
optimized PDB file was saved to perform the molecular docking.

2.3.2. Ligands retrieval and preparation
3D conformers of D-pinitol (Compound CID: 164619), domperidone

(Compound CID: 3151), hyoscine butyl bromide (Compound CID:
6852391), ondansetron (Compound CID: 4595), and aprepitant (Com-
pound CID: 135413536) were retrieved in SDF format from the PubChem
chemical database (https://pubchem.ncbi.nlm.nih.gov/). Then, the en-
ergy of the retrieved 3D conformers (ligands) was minimized through the
Chemm3D 16.0 program package, and the structure was finally opti-
mized by utilizing Gaussian view software (v5.0). The bioactive com-
pounds' two-dimensional (2D) image is demonstrated in Fig. 1.

2.3.3. Molecular docking
Molecular docking was performed using the PyRx software package

to anticipate the ligands' active binding potential against the receptors'
active sites [27]. Before docking, the energy of the ligands was mini-
mized and converted into PDBQT format in the PyRx [28], and the re-
ceptor grid box was generated for each target based on active sites. The
docking result is saved in (.csv) format, and the protein-ligand complex is
collected in PDB format for assembling the ligand in PDBQT format [29].
Finally, the interaction complex of protein-ligand was visualized to
observe the active binding residues and their interacting mode by
employing the BIOVIA Discovery Studio Visualizer (v21.1.020298) and
PyMol (v2.4.1) program packages [30,31].

2.3.4. Assessment of pharmacokinetic and drug-likeness properties
Drug-likeness is a qualitative metric used in drug design and devel-

opment to evaluate how closely a chemical compound resembles a drug
in terms of bioavailability and ADME (absorption, distribution, meta-
bolism, and excretion). Various software and servers can predict a
chemical compound's drug-likeness and pharmacokinetics (PK). In this
study, we assessed the compound's physicochemical properties and pre-
dicted the drug-likeness of the selected molecules by incorporating the
web server SwissADME (http://www.swissadme.ch/) [32,33].

2.3.5. Assessment of toxicity profiling
In our investigation, we employed the Protox III web server to fore-

cast the toxicity of DPL, APR, DOM, HYS, and ODN. To examine the
designated toxicity qualities, information from PubChem was entered
into Protox III's search bars, including ligands encoded in SMILES
(Simplified Molecular Input Line-Entry System) notation [34].

3. Results

3.1. In vivo investigation

During the in vivo experiment, it was noted that the administration of
three different doses of DPL caused a significant dose-dependent

https://arriveguidelines.org
https://www.rcsb.org/
https://pubchem.ncbi.nlm.nih.gov/
http://www.swissadme.ch/


Fig. 1. Chemical structures of the test sample and reference drugs.
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elevation in the onset of retching in the chicks, as compared to the vehicle
(NC) group. The latency for the NC group was 0.75 � 0.01 min. Simul-
taneously, the latency of the DPL-12.5, DPL-25, and DPL-50 groups was
0.42 � 0.01, 1.08 � 5.72, and 2.43 � 0.01 min, respectively. The stan-
dard groups, APR, DOM, OND, and HYS, demonstrated a higher latency
period as compared to the NC group. Their latency periods are 0.92 �
4.85, 5.48 � 0.02, 0.57 � 5.14, and 5.27 � 0.02 min, respectively. It is
noteworthy that combining DPL with these positive controls (PCs)
resulted in a higher latent period than the PCs or their individual groups.
The highest latency period was observed in the DPL-25 mg/kg þ OND-5
group, and the animal in this group delayed initiating the retching by
20.8 � 1.39 min. The onset of retching for the other two combined
groups was noted at 19 � 2.03, 25.4 � 1.35, and 21.8 � 3.36 min for the
DPL-25 þ HYS-21, DPL-25 þ DOM-7, and DPL-25 þ APL-26 groups,
respectively (Table 2).

The NC group exhibited the highest number of retches (57.60 �
1.89). The frequency of retching in the experimental group decreased
progressively as the dosage of the test sample (DPL) increased. For
instance, DPL-12.5, DPL-25, and DPL-50 demonstrated 24.80 � 2.04,
Table 2
Latent period and number of retches observed in test and/or control groups.

Treatment group Latency (Min) Retches

Gr-I 0.75 � 0.01 57.60 � 1.89
Gr-II 0.42 � 0.01 24.80 � 2.04*
Gr-III 1.08 � 5.72*bd 19.6 � 2.41*
Gr-IV 2.43 � 0.01*abd 17.2 � 1.78*ad

Gr-V 0.92 � 4.85*c 12.6 � 1.01*ad

Gr-VI 5.48 � 0.02*abd 7.6 � 2.68*abd

Gr-VII 0.57 � 5.14 18.8 � 1.19*a

Gr-VIII 5.27 � 0.02*abd 3.2 � 1.193*abcd

Gr-IX 0.95 � 3.85*d 21.8 � 3.36*
Gr-X 0.18 � 3.54 25.4 � 1.35*
Gr-XI 0.55 � 0.01 19 � 2.03*
Gr-XII 0.52 � 7.50 20.8 � 1.39*j

Values are Mean � SEM (standard error of mean) (n ¼ 5); One-way ANOVA
followed by t-Student–Newman–Keuls's as post-hoc test; *P < 0.05 compared to
the Vehicle group; aP <0.05 compared to the Gr-III; bP < 0.05 compared to the
Gr-V; cP < 0.05 compared to the Gr-VI; dP < 0.05 compared to the Gr-VII; eP <

0.05 compared to the Gr-VIII; Gr-I: Vehicle; Gr-II: (DPL) 12.5 mg/kg; Gr-III: DPL
25 mg/kg; Gr-IV: DPL 50 mg/kg; Gr-V: (APR) 26 mg/kg; Gr-VI: D, (DOM) 7 mg/
kg; Gr-VII: (HYS) 21 mg/kg; Gr-VIII: (ODN) 5 mg/kg; Gr-IX: DPL-25 þ APR-26;
Gr-X: DPL-25 þ DOM-7; Gr-XI: DPL-25 þ HYS-21; Gr-XII: DPL-25 þ ODN-5.

4

19.6 � 2.41 and 17.2 � 1.78 retches, respectively; thus, this is a dose-
dependent response. On the other hand, the animals receiving standard
drugs also revealed a significant diminishing in the frequency of retching,
and we observed a number of retchings of 12.6 � 1.01, 7.6 � 2.68, 18.8
� 1.19, and 3.2 � 1.193 for APR, DOM, HYS, and ODN, respectively. In
the combination groups, the lowest number of retches exhibited was in
the Gr-XI (DPL-25 þ HYS-21) by 19 � 2.03.

Emesis reduction and emesis incidence profiles of test and/or controls
suggest that Gr-VIII showed the highest emesis reduction capacity
(94.44%) in comparison to the vehicle (Gr-I), followed by Gr-VI
(86.81%), Gr-V (78.13%), Gr-iv (70.14%), Gr-VII (67.36%), Gr-XI
(67.01%), Gr-III (65.97%), Gr-GII (63.89%), Gr-IX (62.15%), Gr-II
(56.94%), and Gr-X (55.90%). DPL-25 (Gr-III), when combined with
the reference drugs (Gr-V-VIII), augmented emesis reduction only by Gr-
XI. However, in comparison to the reference groups (Gr-V-VIII), Gr-III
(DPL-25) did not reduce emesis capacity in the combined groups (Gr-
IX-XII). Both Gr-VI (DOM-7) and Gr-VIII (ODN-5) showed an emesis
incidence of 80%. All of the other groups experienced 100% emesis
(Table 3).
3.2. In silico findings

3.2.1. Molecular docking study
Molecular docking is performed to predict the potential binding af-

finity and bonding interaction between the drugs and receptors. In our
Table 3
Emesis reduction and emesis incidence profiles of test and/or controls.
(Percentage).

Treatment group Emesis reduction (%) Emesis incidence (%)

Gr-I 0.00 100
Gr-II 56.94 100
Gr-III 65.97 100
Gr-IV 70.14 100
Gr-V 78.13 100
Gr-VI 86.81 80
Gr-VII 67.36 100
Gr-VIII 94.44 80
Gr-IX 62.15 100
Gr-X 55.90 100
Gr-XI 67.01 100
Gr-XII 63.89 100
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study, APR was screened against the NK1 receptor. Moreover, the po-
tential binding affinity against NK1 is �11.3 and �5.1 kcal/mol for APR
and DPL, respectively. DOM is a dopamine receptor antagonist. DOM
scored �9.7 kcal/mol and �9.6 kcal/mol against D2 and D3 receptors,
respectively, while DPL scored �5.7 kcal/mol against D3, the highest
binding affinity score for DPL against an emesis-producing receptor. HYS
is the muscarinic Ach receptor (mAChR) antagonist. The potential
binding score against mAChR is �6.5, �7.1, �6.0, �5.6, and �7.5 kcal/
mol for M1, M2, M3, M4, and M5 receptors, respectively. The DPL ex-
hibits �5.7 kcal/mol against M2, the highest binding affinity among
mAChRs receptors. The docking score of DPL against the 5HT3 is �4.7
kcal/mol, whereas the standard drug ODN scored �7.5 kcal/mol. DPL
scored �4.9 kcal/mol against the H1 histamine receptor. The binding
affinity of each drug to the selected receptors is shown in Table 4.

3.2.2. Visualization of nonbond interactions between drugreceptor
complexes

DPL provides binding and solid interaction with the dopamine D3
receptor by forming different types of bonds, such as conventional and
carbon-hydrogen bonds. DPL created four CHBs with THR62, ASN65,
and ASN387 and two CaHBs with THR64 and ARG323 amino acid resi-
dues of the D3 receptor. On the other hand, standard DOM formed three
CHB bonds with GLY1030, VAL1103, and GLU1011 and a single CaHB
bond with GLY1030 residues. They also formed three electrostatic bonds:
one pi-cation with ARG1145 and two pi-anion bonds with GLU1011. In
addition, two hydrophobic bonds formed, one pi-pi stacked with
PHE1104 and one alkyl bond with LEU1032 amino acid residues of D3,
respectively. Besides D3, DPL interacts with the 5HT3 (serotonin) re-
ceptor to ameliorate the anti-emetic effect. DPL bonds through three
hydrogen bonds with PHE72, LEU19, and ALA21 amino acid residues of
5HT3. In contrast, the standard drug ODN interacted with the respective
receptor by forming one CHB and one Pi-DHB bond with the HIS18
residue. Besides, seven hydrophobic bonds were formed with the active
site residues of the 5HT3 receptor: two pi-pi stacked bonds with PHE72,
one pi-pi t-shaped bond with HIS18, and four pi-alkyls with HIS18,
PHE72, LYS24, and VAL27 amino acid residues of 5HT3. Furthermore,
DPL interacts with muscarinic (M3) receptors to provide an anti-emetic
effect. DPL formed four hydrogen bonds with THR101, ASN548, and
ARG177 active site residues of M3. The reference drug HYS interacts with
M3 by forming two hydrogen bonds with ARG184 and TYR176 residues.
They have also formed three hydrophobic bonds: two pi-alkyls with
PHE164 and LYS179, and one pi-pi-t-shaped with TYR176 amino acid
residues in M3. Additionally, DPL interacts with the histamine (H1) re-
ceptor to exhibit anti-emetic activity. DPL is firmly attached through
eight hydrogen bonds with LYS179, GLU447, CYS444, ASN446, and
ASP178 active site amino acid residues of H1. The drug-receptor in-
teractions (DPL, DOMwith D3; DPL, ODNwith 5HT3; DPL, HYS withM3,
and DPL with H1) and active binding sites of the receptors (D3, 5HT3,
M3, H1) are demonstrated in Fig. 2 and Table 5.

3.2.3. Prediction of pharmacokinetic and drug-likeness properties
The drug-likeness of a drug candidate, which characterizes its mo-

lecular properties, is an essential criterion for developing a chemical
compound into a drug and assessing its pharmacokinetics. MW, HBA,
Table 4
Molecular docking scores (kcal/mol) of D-pinitol and selected reference standards.

Ligands Receptors

Common Name NK1 D2 D3 5HT3

PDB ID 6HLP 6CM4 3PBL 6Y5B

APR �11.3 – – –

DOM – �9.7 �9.6 –

HYS – – – –

ODN �7.5
DPL �5.1 �5.4 �5.7 �4.7

5

HBD, Log P, andMR are the significant parameters used to evaluate drug-
likeness. Except for APR, the molecular weight of all the drugs in our
study remained below 500 Da, with APR having 12 HBA (Table 6). Ac-
cording to Lipinski's rule of five, except for APR, the values of HBD (�5),
HBA (�10), MW (�500 Da), and Log P (�5) are within the limit. DPL
exhibits the highest water solubility, ODN is soluble in water, and others
are moderately soluble. APR and DPL are somewhat absorbable through
the gastrointestinal (GI) membrane, but others are highly absorbable.
Table 6 provides values for other pharmacokinetic parameters, including
P-gp substrate, BBB permeability, CYP2C19 inhibitor, molar reactivity,
topological polar surface area (TPSA), and bioavailability score.

3.2.4. In silico toxicity predictions
The toxicity parameters were predicted using the ProTox-III web

server. During our computer-based toxicity analysis, DPL demonstrated
an LD50 of 804 mg/kg body weight, indicating a toxicity class of 4.
Nevertheless, DPL did not exhibit any adverse effects on hepatotoxicity,
immunotoxicity, or cytotoxicity. On the other hand, it has been noted
that conventional drugs, specifically DOM and ODN, displayed immu-
notoxicity and mutagenicity toxicity, respectively. However, it has been
established that HYS does not exhibit toxicity in all evaluated criteria
(Table 7).

4. Discussion

It is believed that nausea and vomiting are defensive reactions used to
clear the stomach and intestine of harmful chemicals and stop them from
being consumed again. Three phases make up the complex process of
emesis: the pre-ejection phase (consisting of retro-peristalsis and gastric
relaxation); retching (a respiratory muscle contraction rhythmic to
vomiting, involving contraction of the diaphragmatic, intercostal, and
abdominal muscles against a closed glottis); and the ejection phase
(consisting of intense contraction of the abdominal muscles and relaxa-
tion of the upper oesophagal sphincter). Medication administration,
especially cancer chemotherapy medicines, increases the intensity of
vomiting [35]. It is essential to prevent cytotoxic agent-induced nausea
and vomiting when managing cancer patients [36]. Because poisonous
CuSO4.5H2O is an oxidizing agent and corrodes the mucous membranes
of the gastrointestinal tract, oral consumption of it can cause a unique
vagal emetic reaction [37]. Nowadays, 5-HT3-receptor antagonists are
thought to be the most effective option for treating emesis since they
effectively manage acute nausea and vomiting and have a much higher
tolerability profile than earlier-generation conventional antiemetics
[36]. As per recent research, the stimulation location contains 5HT3, D2,
D3, H1, and M1-M5 receptors, all of which are involved in emesis in-
duction. Emesis brought on by chemotherapy agents can be prevented or
greatly reduced by antagonists of the 5HT3, D2, D3, H1, and M1-M5
receptors [38,39].

The selected standard medication, DOM, demonstrated D2 and D3
receptor antagonistic peripheral selectivity. The intended therapeutic
benefits are facilitated by its mechanism of action, which involves the
inhibition or antagonism of these receptors, which are situated near the
site of CTZ in the brain [40]. The findings reveal that the integration of
DPL with reference medications (APR, DOM, HYS, ODN) produced
M1 M2 M3 M4 M5 H1

6WJC 5ZK8 8EA0 7V6A 6OL9 7DFL

– – – – – –

– – – – – –

�6.5 �7.1 �6.0 �5.6 �7.5 –

– – – – – –

�5.3 �5.7 �4.8 �4.7 �5.3 �4.9



Fig. 2. Depicted the active sites and the drug-receptor interactions among drugs (DPL, DOM, ODN, and HYS) and receptors (D3, 5HT3, M3, and H1).
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diverse outcomes regarding the frequency of retching. Certain combi-
nations, notably DPL-25 in conjunction with HYS-21, demonstrated a
decrease in retching occurrences (19 � 2.03 min), while others did not
show a significant enhancement in anti-emetic efficacy when compared
to DPL-25 administered alone. Specifically, the combination of DPL-25
and ODN (Gr-XII) resulted in an extended latency period (20.8 � 1.39
min) but did not significantly improve the reduction of emesis relative to
ODN used independently. These values are very similar to those of the
standard groups. These results may imply a potential antagonistic rela-
tionship between DPL and some reference drugs; however, additional
research is required to validate this hypothesis. The inconsistent im-
provements observed with the combinations might also stem from
experimental constraints, such as dosing or the timing of interactions. A
more thorough investigation into these combination effects would pro-
vide greater insight into their capacity to enhance anti-emetic treatment.

Synergistic effect, also known as synergism, is the term used in
pharmacology to describe the situation in which the combined effect of
several drugs is greater than the individual effects seen when each agent
is delivered separately [41]. According to prior research, anti-emetic
medication effectively delays the onset of nausea or vomiting in
response to acute toxicity or chemotherapy-induced nausea (Perwitasari
et al., 2011). Our study observed that the test combined group Gr-XII
(DPL-25 þ OND-5) displayed a significantly prolonged latency period
of 7.50 � 0.52 min compared to the NC group.

Wang and Borison [42] and Niijima et al. [43] conducted a study that
found that CuSO4.5H2O does not show the anticipated reaction to
6

stimulation of the vagal nerve. More precisely, the researchers noted that
vagotomy was ineffective in preventing emesis, which is a surgical
operation that involves cutting the lower part of the vagus nerve in the
gastrointestinal system [44]. These findings indicate that the emetic re-
action to CuSO4.5H2O may be mediated by chemoreceptor signaling.
Furthermore, many studies have demonstrated that D-pinitol has neu-
roprotective benefits by reducing inflammation, oxidative stress, and
apoptosis through the modulation of Bcl-2 genes and the MAPK pathway
[45]. Fig. 3 displays the potential anti-emetic mechanisms of DPL and
conventional medications.

2A computer approach known as “molecular docking" is used to
examine ligand-receptor binding site compatibility while accounting for
geometric and energetic aspects [40,46]. By measuring their binding af-
finities, ligands and receptors' interaction levels can be estimated [46,47].
Computer-based simulations and modeling, or “in silico" investigations, are
essential to contemporary research for some reasons. Their ability to
integrate various 'omics' data makes it possible to comprehend biological
systems in their entirety [48,49]. Both experimental and clinical studies
are supported by in silicomodeling, which helps with data integration and
hypothesis formulation in research. Furthermore, by finding new bioactive
compounds from natural resources, these methods help to speed up the
drug discovery process [49–51]. When considering other receptors impli-
cated in emesis induction, the binding interactions between DPL and the
D3 receptor were shown to be greater. The conventional DOM had a
binding energy of�9.6 kcal/mol, while the binding energy of DPL with D3
was �5.7 kcal/mol.



Table 5
Amino acid residues of non-bonding interaction between ligands and target
receptors.

Drug–receptor
complex

Non-bond interactions

Amino acid residues Bond type

Hydrogen
bond

Others

DOM-D3 GLY1030, VAL1103,
GLU1011

CHB –

GLY1030 CaHB –

ARG1145 – Pi-Cation
GLU1011, GLU1011 – Pi-Anion
PHE1104 – Pi-Pi

Stacked
LEU1032 – Alkyl

DPL-D3 THR62, ASN65, ASN387,
ASN65

CHB –

THR64, ARG323 CaHB –

ODN-5HT3 HIS18 CHB –

HIS18 Pi-DHB –

PHE72, PHE72 – Pi-Pi
Stacked

HIS18 – Pi-Pi T-
shaped

HIS18, PHE72, LYS24,
VAL27

– Pi-Alkyl

DPL-5HT3 PHE72, LEU19, ALA21 CHB –

HYS-M3 ARG184 CHB –

TYR176 CaHB –

TYR176 – Pi-Pi T-
shaped

PHE164, LYS179 – Pi-Alkyl
DPL-M3 THR101, ASN548, ARG177,

ASN548
CHB –

DPL-H1 LYS179, GLU447, CYS444,
ASN446, GLU447

CHB –

GLU447, ASP178, GLU447 CaHB –
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The binding sites for DPL and DOM were THR62, ASN65, ASN387,
ASN65, THR64, and ARG323, according to the drug-receptor interaction
Table 6
Pharmacokinetic and drug-likeness properties of D-pinitol predicted by SwissADME.

Parameters APR DOM

MF C23H21F7N4O3 C22H24ClN5O2

MW (g/mol) 534.4 425.9
HBA 12 3
HBD 2 2
Log Po/w (MLOGP) 4.05 3.28
MR 118.82 124.08
TPSA (Å2) 83.24 78.82
Solubility (water) Moderately soluble Moderately soluble
GI absorption Low High
BBB permeant No Yes
P-gp substrate Yes Yes
CYP2C19 int No Yes
BIO score 0.55 0.55
Lipinski rule (Violate) Yes (1) Yes (0)

Table 7
Toxicity profiling of the test sample and reference anti-emetic drugs.

Parameters Test sample and reference drugs

DPL APR

Toxicity LD50 804 mg/kg 1700 m
Toxicity Class 4 4
Hepatotoxicity Inactive Active
Carcinogenicity Inactive Inactive
Immunotoxicity Inactive Inactive
Mutagenicity Inactive Inactive
Cytotoxicity Inactive Inactive
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visualization, and GLY1030, VAL1103, GLU1011, GLY1030, ARG1145,
PHE1104, and LEU1032 for DOM. DPL efficiently blocks the D3 re-
ceptor's response, which impedes dopamine release. Consequently, in
comparison to other receptors implicated in emesis, DPL demonstrates a
strong inhibitory activity for the D3 receptor. The study suggests that
(DPL) interacts with D3, M2, and 5-HT3 receptors, potentially inhibiting
emesis. Molecular docking results indicate that DPL has a binding affinity
of �5.7 kcal/mol for both D3 and M2 receptors, suggesting a significant
interaction similar to (DOM) and (HYS), which are known antagonists of
these receptors. DPL forms hydrogen and carbon-hydrogen bonds with
key amino acid residues in D3 (THR62, ASN65, ASN387, THR64, and
ARG323), potentially impeding dopamine release. Additionally, DPL
interacts with the 5-HT3 receptor via hydrogen bonding with PHE72,
LEU19, and ALA21, similar to (ODN), though with a lower binding af-
finity (�4.7 kcal/mol vs.�7.5 kcal/mol). For M2 receptors, DPL exhibits
interactions that may contribute to the reduction of emetic responses,
though its binding affinity is lower than that of standard drugs like HYS.
Overall, these findings suggest that DPL's anti-emetic activity is mediated
through receptor antagonism, although further in vivo validation is
needed to confirm its specific molecular mechanism beyond docking
studies.

The process of drug research and development is a lengthy, costly,
and risky endeavor, typically lasting between 10 and 15 years [52]. The
process of approving a new medicine for use in clinical settings typically
involves a cost that is greater than $1 to $2 billion [53]. Before advancing
to the phase I clinical trial, the drug candidate undergoes meticulous
optimization during the preclinical stage [54]. Approximately 90% of
potential drugs do not successfully advance through clinical research,
particularly during phase I, II, and III trials, mostly due to concerns
regarding toxicity and insufficient clinical effectiveness [55].

In silico toxicological studies are very important for the creation of
safe and cost-effective medications [56,57]. Toxicology studies are con-
ducted as part of the drug development process, with the primary
objective of assessing the efficacy of potential medicine candidates.
Determining the risk to human individuals by interpreting animal re-
actions is the intended outcome [47,58,59]. Our research indicates that
HYS ODN DPL

C21H30BrNO4 C18H19N3O C7H14O6

440.4 293.4 194.18
5 2 6
1 0 5
�1.25 1.75 �2.81
112.69 87.39 40.54
59.06 39.82 110.38
Moderately soluble Soluble Highly soluble
High High Low
No Yes No
Yes Yes Yes
No Yes No
0.55 0.55 0.55
Yes (0) Yes (0) Yes (0)

DOM ODN HYS

g/kg 715 mg/kg 95 mg/kg 1275 mg/kg
4 3 4
Inactive Inactive Inactive
Inactive Inactive Inactive
Active Inactive Inactive
Inactive Active Inactive
Inactive Inactive Inactive



Fig. 3. The proposed anti-emetic mechanism of the selected test compound (DPL) compared to the selected typical drugs [DPL; APR; DOM; OND; HYS] against H1,
5HT3, D3, M2, and M3 receptors.
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the DPL did not exhibit any of the following toxicity effects: cytotoxicity,
mutagenicity, hepatotoxicity, carcinogenicity, and immunotoxicity-type
toxicity effects. In contrast, reference drugs APR, DOM, and OND
demonstrated hepatotoxicity, carcinogenicity, and mutagenicity,
respectively. As a result, more research techniques will be required to
lower toxicity in order to improve its safety and effectiveness as a novel
therapeutic component.

The study suggests that DPL has notable anti-emetic properties in
response to emesis generated by CuSO4.5H2O, possibly due to its capacity
to counteract D3 receptors. The results obtained from experiments con-
ducted on living organisms also indicate that the ability of DPL to prevent
nausea and vomiting is stable and reliable even when given in a lower
amount. Research conducted employing specific laboratory animals
yields essential and significant information concerning the advantageous
and detrimental impacts of potential new drugs and their potential bio-
pharmaceutical considerations [60].

Medicinal scientists use pre-clinical investigations to determine the
best dosage, methods of administration, and drug metabolism in order to
assess the potential of bioactive chemicals for clinical trials. According to
our research, DPL had dose-dependent anti-emetic effects in chicks that
were more effective than controls and standards and did not result in any
toxicological side effects or mortality. Furthermore, our experimental
results support the findings of computational docking and ADMET
analysis, indicating that this bioactive substance may contribute to the
vomiting response in laboratory animals.

The study has several limitations. Some results suggest that combi-
nation therapy with DPL and reference drugs increased the number of
retches in certain cases. There are several reasons for this drawback.
First, differences in the physiological parameters of the animal models,
8

such as stomach shape and prior digestion, may have influenced the
outcomes. Second, the animals' responses and behavior could have been
affected by environmental factors, such as noise levels and lighting
conditions in the facility. Finally, the study's conclusions are based on
physiological data, which are subject to variability and require further
research to identify the precise mechanisms involved.

5. Conclusion

In conclusion, CuSO4⋅5H2O-induced chick model, DPL exhibited
dose-dependent anti-emetic effects, including a significant increase in
latency and a decrease in retches, suggesting its potential therapeutic
utility. DPL also showed modulatory effects when combined with com-
mon anti-emetic medications such as APR, DOM, HYS, and ODN. How-
ever, these effects were not consistently synergistic, indicating the need
for further research. DPL's receptor-mediated action was further sup-
ported by in silico findings, which revealed strong interactions with D3
and M2 receptors. Moreover, DPL demonstrated no significant toxico-
logical hazards and satisfied key drug-likeness criteria. Although addi-
tional studies, including human clinical trials, are necessary to fully
elucidate its mechanisms and optimize its clinical applications, our study
suggests that DPL is a promising phytotherapeutic candidate for anti-
emetic therapy.
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