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ARTICLE INFO ABSTRACT

Handling Editor: Dr. Bryan Delaney Background: Emesis is a complex physiological phenomenon that serves as a defense against numerous toxins,
stressful situations, adverse medication responses, chemotherapy, and movement. Nevertheless, preventing

Keywords: emesis during chemotherapy or other situations is a significant issue for researchers. Hence, the majority view

Emesis contends that successfully combining therapy is the best course of action. In-vivo analysis offers a more

SDC;:;ZIne comprehensive grasp of how compounds behave within a complex biological environment, whereas in-silico

evaluation refers to the use of computational models to forecast biological interactions.

Objectives: The objectives of the present study were to evaluate the effects of Sclareol (SCL) on copper sulphate-
induced emetic chicks and to investigate the combined effects of these compounds using a conventional co-
treatment approach and in-silico study.

Methods: SCL (5, 10, and 15 mg/kg) administered orally with or without pre-treatment with anti-emetic drugs
(Ondansetron (ODN): 24 mg/kg, Domperidone (DOM): 80 mg/kg, Hyoscine butylbromide (HYS): 100 mg/kg,
and Promethazine hydrochloride (PRO): 100 mg/kg) to illustrate the effects and the potential involvement with
5HT3, Dy, M3/AChy;, Hi, or NK; receptors by SCL. Furthermore, an in-silico analysis was conducted to forecast the
role of these receptors in the emetic process.

Results: The results suggest that SCL exerted a dose-dependent anti-emetic effect on the chicks. Pretreatment with
SCL-10 significantly minimized the number of retches and lengthened the emesis tendency of the experimental
animals. SCL-10 significantly increased the anti-emetic effects of ODN and DOM. However, compared to the
ODN-treated group, (SCL-10 + ODN) group considerably (p < 0.0001) extended the latency duration (109.40 +
1.03 s) and significantly (p < 0.01) decreased the number of retches (20.00 + 0.70), indicating an anti-emetic
effect on the test animals. In in-silico analysis, SCL exhibited promising binding affinities with suggesting
receptors.

Conclusion: SCL-10 exerted an inhibitory-like effect on emetic chicks, probably through the interaction of the
5HT3 and D, receptors. Further studies are highly appreciated to validate this study and determine the precise
mechanism(s) behind the anti-emetic effects of SCL. We expect that SCL-10 may be utilized as an antiemetic
treatment in a single dosage form or that it may function as a synergist with other traditional medicines.
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1. Introduction

Emesis, commonly termed “vomiting”, is a fairly frequent symptom
that is specifically linked to gastrointestinal motor movements. It is
often thought of as a defensive mechanism wherein unwanted items are
promptly expelled from the stomach through the mouth (Stern et al.,
2011). A broad range of gastrointestinal and non-gastrointestinal trig-
gers can induce emesis - the phenomenon where noxious contents are
ejected with force (Lang, 1999). These include ingesting an external
toxin, digestive issues, infections, foodborne illness, dizziness, extreme
pain, and hormonal and metabolic disturbances (Mohammad et al.,
2018; Gallo et al., 2020). Additionally, it is the most frequent adverse
reaction to several drugs, radiation therapy, chemotherapy for cancer,
brain tumors, pregnancy, and other medical conditions (Bonfield and
Engh, 2012). This means that while vomiting may be a physiologically
homeostatic reaction to ingested toxins, proximity to damaged food-
stuffs, or movements, it can also be the consequence of gastrointestinal
(GI) illnesses, organs nearby the gastrointestinal system malfunctioning,
or conditions of the central nervous system (Reintam Blaser et al., 2012).
Emesis is now treated using a range of antiemetic medicines, which can
be divided into categories such as anti-dopaminergic medications, cor-
ticosteroids, serotonin antagonists, butyrophenones, antihistamines,
anticholinergic treatments, benzamides, NKj-receptor blockers, canna-
binoids, and agonist anti-emetics (Ahmed et al., 2013; Hauser et al.,
2018). Anti-emetic drugs are often well tolerated, but they can come
with a range of adverse effects. It might be more frequent, such as
moderate headaches or vertigo, chills, fatigue, hypersensitive reaction,
malaise, sleepiness, hypotension, or unusual, anaphylactic shock, he-
patic failure, hypokalemia, constipation, serotonin syndrome, CNS
depression, xerostomia, aggravation of narrow-angle glaucoma and
other unusual conditions including extrapyramidal responses like dys-
tonia, dyskinesia, and akathisia might occur (Leung and Robson, 2007;
Hendren et al., 2015; Schaefer and Zito, 2018; Theriot et al., 2020; Bhuia
et al., 2023a,b).

When activated by diverse stimuli, 5-HT produced from the GIT
stimulates 5-HT3 receptors on the vagal afferent system that trigger the
vomiting center (Naylor and Inall, 1994). A vomiting area within the
brain stem that is isolated from the blood by the blood-brain barrier
must be stimulated to cause emesis (Andrews and Horn, 2006). Through
a number of central neurologic routes, it is stimulated by convergent
afferents. A number of receptors are expressed in the vomiting center
and have significance in the regulation of emesis, including muscarinic
acetylcholine (AChM), dopamine (D2), neurokinin (NK;), selective se-
rotonin receptor (5HT3), and histamine 1 (H;) (Ahmed et al., 2013;
Bhuia et al., 2023a,b). The vomiting center receives emesis impulses
from the cerebral cortex, while signals from the vestibular regions are
sent to CTZ and the vomiting center (Oman and Cullen, 2014). There-
fore, anti-emetic effects are present in receptor antagonists implicated in
the modulation of nausea and vomiting. Physical, pharmacological, and
peripheral GI receptors are excited by external agents and internal
components that build up during infection, ischemia, and irritation. For
an emetic stimulus, serotonergic (5-HT3 and 5-HT4), D2, AChy;, and NK;
are largely preserved, whilst gamma amino butyric acid (GABAg),
serotonergic (5-HTpp), cannabinoids (CB;), and opioids (py) have
anti-emetic actions (Sanger and Andrews, 2006; Drewes et al., 2020).
Additionally, the gastrointestinal mucosa has 5-HT3 receptors, which are
also present in the area postrema of the brain, as well as Dy, 5-HT3,
5-HT4, AChy;, NKj, and po. When substance P binds to NK; receptors, it
can cause nausea, but the 5-HT, receptors in the myenteric plexus need
ACh as a mediator (Fleming et al., 2020).

The purpose of antiemetic research is to develop methods and drugs
that help prevent or lessen nausea and vomiting, which can be brought
on by a variety of conditions, including chemotherapy, surgery, motion
sickness, and pregnancy (Nunes et al., 2020). Many nations in the world
use anti-dopaminergic medications e.g., domperidone extensively as an
antiemetic treatment. In addition to affecting upper GI motility, they are
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efficient at preventing stimuli that activate the CTZ (Glare et al., 2008).
Numerous findings to date indicate that 5-HT3 receptor antagonists such
as ondansetron do give a much-improved result in battling emesis after
chemotherapy and there is also a paucity of thorough research on an-
tihistamines’ (e.g., promethazine) ability to cure emesis (Kris et al.,
2005; Patanwala et al., 2010). Antihistamines are not the first line of
therapy for emesis due to a lack of information and their overall sedative
action (Kassel et al., 2018). At muscarinic receptors in the gut and CNS,
anticholinergic agents interact with Ach (Moulton and Fryer, 2011). The
drug in this family that has both anti-emetic and anti-spasmodic activity
in the gut wall is scopolamine, which is the most often used (Sharkey and
Wallace, 2011). The chemoreceptor trigger zone (CTZ), nucleus tractus
solitarii (NTS), and GI tract all have a significant number of NK; re-
ceptors. The drugs in this family, which target the NK; receptor to block
the release of substance-P, a key regulator of vomiting, are highlighted
by the aprepitant and fosaprepitant (Martinez and Philipp, 2016; Die-
munsch and Grélot, 2000). Despite their psychoactive side effects, syn-
thetic cannabinoids like dronabinol and nabilone have been investigated
for Chemotherapy-induced nausea and vomiting (CINV) and exhibit
potential activities (Ward et al., 2021). For better results, particularly for
CINV, dexamethasone and other corticosteroids have been used with
other antiemetics but also has side effects (Celio et al., 2019).
Acupressure and acupuncture may be helpful alternative treatments for
treating nausea and vomiting, according to some research, but they may
have some drawbacks, such as the possibility of fever, infection, skin
issues, bleeding, bruising, and discomfort at the insertion sites (Zheng
et al., 2023; Berger et al., 2021). These medications have a history of
causing side effects, which should be managed to provide optimal
antiemetic therapy for people.

The experimental gap in the earlier finding of an emetic treatment
signifies the absence of a complete understanding or inadequate
knowledge about certain parts of the impacts, mechanisms, or pro-
spective uses of the medication. It’s unclear how exactly the medication
interacts with the body to cause emesis since the molecular pathways
and receptors involved may not have been fully explained. It is possible
that the link between the emetic medication’s dosage and the degree of
emesis it causes has not been fully described, leaving questions
regarding the right dosing regimens for various situations. There may be
some doubt about the recurrent use of emetic medication because the
long-term effects of exposure to it have not been fully analyzed. It’s
possible that the medication’s selectivity for particular body targets is
not completely known, which might have unwanted effects on systems
other than the targets. Its therapeutic usage may be constrained by
incomplete research on its side effects, possible toxicity, and interactions
with other medications or substances, which might endanger patient
safety. The effectiveness of the drug in actual clinical settings could not
match what was anticipated based on preliminary experimental results,
underscoring the need for more research. For improving our compre-
hension of the features, possible uses, and safety concerns of the emetic
drug, overcoming these gaps through continuous research and evalua-
tion is essential. Our goal is to find a novel antiemetic medication with a
lower toxicity profile, which will eventually result in better patient care
and more informed medical decisions.

In order to find novel anti-emetic medicines, researchers are
continuing to focus on mechanism-based strategies that include specific
molecular and cellular targets. Numerous phytochemicals discovered
via ethnomedical data have so far been demonstrated to have antiemetic
properties in various animal models (Ashraf et al., 2017). Naturally
derived secondary metabolites are trusted sources of novel medications
as they frequently exhibit significant structural diversity (H. Wang et al.,
2022; Freitas et al., 2021; Sahin et al., 2023). There are many different
phytochemicals with a wide range of structural variations and intriguing
pharmacological effects in nature (Kocyigit et al., 2023; Ferrarini et al.,
2022; Fernandez et al., 2021; Rahaman et al., 2023). Numerous studies
indicate that phytochemicals produced from plants have a wide range of
biological activities, including those that are anticancer, antidiabetic,
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anti-nociceptive, anti-inflammatory, and beneficial for treating allergy
and cardiac conditions as well as cancer. Antioxidant, antibacterial, and
many others (Chy et al., 2021; Bachheti et al., 2022; Mitra et al., 2022;
Akpoveso et al., 2023; Cerqua et al., 2022; D’Avino et al., 2023). As a
result, raw natural products with antiemetic efficacy are frequently
submitted to analytical research to identify the active ingredients. Fla-
vonoids, cannabinoids, polysaccharides, hydroxycinnamic acids, chal-
cones, lignans, diarylheptanoids, glucosides, phenylpropanoids,
saponins, and terpenes are among the chemicals in this family that have
been shown to have antiemetic properties thus far (Ahmed, 2014). Ac-
cording to some studies, many natural compounds with antiemetic
characteristics have not yet passed thorough scientific examinations and
rigorous evaluation of their side effects (Houghton, 1995). To create
effective anti-emetics with no toxicity and minimal side effects, it is
crucial to comprehend the physiology and pharmacology of emesis
(Pleuvry, 2012). Additional clinical studies are required to confirm the
therapeutic potential of the discovered anti-emetic natural compounds
because the evidence of activity in an animal model cannot be regarded
as an unequivocal confirmation of efficacy in people. While the under-
lying mechanisms for certain potential natural compounds have been
clarified, further research is needed for the overwhelming majority of
natural anti-emetic drugs.

The herbal and flavoring plant Salvia sclarea L. produces in-
florescences that contain the diterpene alcohol sclareol (SCL, Labd-14-
ene-8, 13-diol), which is enriched in capitate oil glands of the calyx
(Schmiderer et al., 2008; Caissard et al., 2012). Because of its thera-
peutic potential and long history of usage in herbal remedies, this lab-
dane class phytochemical has garnered notable interest (Qadirifard
et al., 2021). S. sclarea’s empirical medicine concentrated on treating a
variety of illnesses, including rheumatoid arthritis, oral inflammation,
and digestive tract disorders (Peana and Moretti, 2002; Kostic et al.,
2017). However, SCL had more comprehensive and remarkable bio-
logical properties, such as anti-tumor, anti-inflammation, and
anti-pathogenic microbe effects, as well as effects against diabetes and
high blood pressure (Zhou et al., 2022). The use of SCL may be thought
of as a key strategy in the prevention of cancer in light of the numerous
effects that have been shown in recent studies, mostly through testing on
human and animal models (Dimas et al., 2007; Paradissis et al., 2007;
Afshari et al., 2020). SCL is currently being studied as a possible treat-
ment for Parkinson’s disease and novel coronavirus disease 2019
(Covid-19) (P. Wang et al., 2022; Zhou et al., 2022). In this research, we
highlighted the therapeutic potential of the bioactive phytochemical
SCL and its molecular mechanism(s) of anti-emetic effects for further
examining its involvement in emetic therapy using in-vitro and in-silico
approaches.

2. Materials and methods
2.1. In-vivo study

2.1.1. Chemicals and reagents

Sclareol 98% (SCL) [Cas No. 515-03-7] was purchased from Sigma-
Aldrich (Merck KGaA, Darmstadt, Germany), while ondansetron
(ODN) and domperidone (DOM), hyoscine butylbromide (HYS) and
promethazine hydrochloride (PRO) were collected from Incepta Phar-
maceuticals Ltd. (Dhaka, Bangladesh) and Opsonin Pharmaceuticals Ltd.
(Barishal, Bangladesh), respectively. The emesis inducer copper sul-
phate pentahydrate (CuSO4.5H20), and emulsifying agent tween-80
were purchased from Loba Chemie Pvt. Ltd., Mumbai, Maharashtra,
India (Fig. 1.).

2.1.2. Experimental animals

We purchased young chickens (Gallus domesticus) from Nourish
Grand Parent Ltd. In Rangpur, Bangladesh. The chicks were of either sex,
2 days old, and weighed between 40 and 45 g (Grade-A). Before the
experiment, all chickens were kept for an extra two days in stainless steel
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cages which were opened in the top hood at room temperature with a
12-h light/dark period and were free access to eat (standard food) and
drink (water ad libitum). This study was performed between 10:00 a.m.
to 2:00 p.m. after a 2-h fasting period. This project was approved by the
Department of Pharmacy and Animal and Human Ethical Committee of
Bangabandhu Sheikh Mujibur Rahman Science and Technology Uni-
versity (BSMRSTU), Gopalganj, Bangladesh [#bsmrstu/phr17-50/21].

2.1.3. Study design
(see Table 1)

2.1.4. Copper sulphate-induced emesis in chicks

With a small modification, the procedures of (Akita et al., 1998) were
followed in the conduct of this research. Twelve groups of five birds each
were created from the entire flock. Each chick spent 10 min in a large
transparent plastic container before the treatments. The test sample
(SCL) was produced in three dosages of 5, 10, and 15 mg/kg and sup-
plied orally using the syringe feeding method after being dissolved in a
0.9% NaCl solution and 1% tween 80. Ondansetron (ODN), domper-
idone (DOM), hyoscine butylbromide (HYS), and promethazine hydro-
chloride (PRO) were given orally as positive controls at dosages of 24,
80, 100, and 100 mg/kg per body weight, respectively. Additionally, to
see possible agonistic/antagonistic or modulatory effects of SCL it was
combined with the reference drugs at 10 mg/kg. The control (NC)
consisted of the vehicle as mentioned above. For inducing emesis,
CuS04.5H0 was given orally to each chick at a dosage of 50 mg/kg per
body weight, after 30 min of all treatments. Then, the first retching and a
total number of retches of each animal were noted within 10 min after
receiving the emetic inducer (CuSO4.5H20) (Fig. 2.). According to the
following formulae, the percentage increases in latency and decreases in
retches in comparison to the NC group were determined.

%Increase in retches = x 100

x 100

%Decrease in latency =

Where, A and B mean number of retches observed in NC and test and/or
standard groups, respectively. C and D mean the latency observed in NC
and test and/or standard groups, respectively.

2.1.5. Statistical analysis

Antiemetic activity values are displayed as mean + SEM (standard
error of the mean). Applying the statistical program GraphPad Prism
(version 9.5) accessed on May 1, 2022, we conducted an analysis of
variance (ANOVA) and a t-Student-Newman-Keuls posthoc test to
compare the experimental groups with the vehicle (control) group. P
values (p < 0.05) were considered significant at 95% confidence in-
tervals, while P values (p < 0.0001) were considered the most signifi-
cant (Bappi et al., 2023).

2.2. Inssilico study

2.2.1. Homology model of selected receptors and macromolecules

SWISS-MODEL, an excellent online tool (https://swissmodel.expasy.
org/interactive), was used to undertake homology modeling of the se-
rotonin (5HT3,), dopamine-2 (D3), muscarinic-3 (Ms), histamine-1 (H;),
and neurokinin-1 (NK;) receptors (Biasini et al., 2014). Prior to
modeling, sequences from UniProt (https://www.uniprot.org/) (Con-
sortium, 2015) were obtained, and the NCBI BLAST tool (Ye et al., 2012)
was used to do a BLAST analysis to determine the best templates. The
Ramachandran plot was used to evaluate the homology models. PRO-
CHECK and ProSA were used to verify the model quality. (Mia et al.,
2023; Sobolev et al., 2020). To clarify the binding method of these re-
ceptors, molecular docking of SCL and standard medicines was carried
out.



M.H. Bappi et al. Food and Chemical Toxicology 181 (2023) 114068

HC~— @
_oH
\ °
3 ;
N
\ o
CHs
Sclareol Ondansetron Hyoscine butylbromide
OYH c|:l-|3
O N
HN\( N - i /\’/ S CH,
s CHy
N NN N H—CI
Domperidone Promethazine hydrochloride

Fig. 1. Chemical structures of sclareol and conventional standards.

Table 1
Groups designed for the emetic experiment.
Treatment Groups  Description Dose (p.o.)
Gr.-I: NC Vehicle (0.05% Tween 80 + 0.9% NaCl 10 mL/kg
solution)
Gr.-II: ODN Standard 1: Ondansetron [Serotonin 24 mg/kg
(5HT3,) antagonist]
Gr.-III: DOM Standard 2: Domperidone [Dopamine-2 80 mg/kg
(D,) antagonist]
Gr.-IV: HYS Standard 3: Hyoscine butylbromide 100 mg/kg
[Muscarinic-3 (M3) antagonist]
Gr.-V: PRO Standard 4: Promethazine Hydrochloride 100 mg/kg
[Histamine-1 (H;) antagonist]
Gr.-VI: SCL-5 Test sample: Sclareol-5 (Lower dose) 5 mg/kg
Gr.-VII: SCL-10 Test sample: Sclareol-10 (Middle dose) 10 mg/kg
Gr.-VIII: SCL-15 Test sample: Sclareol-15 (Upper dose) 15 mg/kg
Gr.-IX: (Gr.-VII + Sclareol + Ondansetron 10 mg/kg +
Gr.-1I) 24 mg/kg
Gr.-X: (Gr.-VII + Sclareol + Domperidone 10 mg/kg +
Gr.-11I) 80 mg/kg
Gr.-XI: (Gr.-VII + Sclareol + Hyoscine butylbromide 10 mg/kg +
Gr.-1V) 100 mg/kg
Gr.-XII: (Gr.-VII + Sclareol + Promethazine 10 mg/kg +
Gr.-V) 100 mg/kg
*Vomiting Copper sulphate pentahydrate 50 mg/kg
inducer agents (CuS04.5H,0)
Copper sulphate pentahydrate
(CuS04.5H20) Cut off time —l
Fasting period ‘ 30 min ‘ (10 min observation) |

Groups & Treatment

™\

First retching
(Latency)

Fig. 2. Work outline of anti-emetic test in chicks.

2.2.1.1. Ligand preparation. Before docking, we used the Swiss-PDB
Viewer software program (version 4.1.0, accessed on July 16, 2022) to
minimize the energy of the crystal structure (Islam et al., 2022). Addi-
tionally, the 3D chemical structure of sclareol (SCL) (PubChem ID: 163,

263), as well as conventional medications (PubChem ID: 4595, 3151, 6,
852,391, 6014, and 135,413,536), was retrieved from the PubChem
database in the ‘sdf’ format. Chem3D Pro 20.1.1 software packages
(PerkinElmer Informatics, Inc., accessed on April 7, 2021) were used to
optimize all of the ligands’ internal energies (Kamli et al., 2023; Maljuri¢
et al., 2018).

2.2.1.2. Docking protocol. Molecular docking simulation is a computa-
tional strategy for drug design used in pharmaceutical research. By
analyzing and aligning molecules to target binding sites using the PyRx
(version 0.8, Scripps research institute, accessed on July 22, 2022) vir-
tual screening tool (Meshram et al., 2021), this method is being utilized
to evaluate the pharmacodynamic properties of an active substance. The
outcome of docking determines the degree of ligand binding with the
particular receptor’s active site. Receptor’s active binding regions are
identified using PyMol Edu (version 1.7.4.5, accessed on December 11,
2020) (Manochitra and Parija, 2017) as the ligand’s coordinates in the
original target receptor grids, and they are examined using BIOVIA
Discovery Studio (version 21.1.0, Dassault Systems, accessed on
December 15, 2021) (Gholam et al., 2022).

2.2.2. Pharmacokinetics and drug-likeness properties

Pharmacokinetics is the statistical study of how the body responds to
drugs provided throughout exposure (ADMET properties). Initial phar-
macokinetic property evaluation is essential in the in-silico strategy since
it aids in the development of a compound to become a successful
medication (Shaker et al., 2021). A qualitative criterion known as
“drug-likeness” is used in the research and development of medications
to evaluate how closely a chemical molecule resembles a pharmaceu-
tical in various contexts (Ursu et al., 2011). Thus, using the SwissADME
database (http://www.swissadme.ch/) (Daina et al., 2017), the pkCSM
online application (Pires et al., 2015), and the openly available
ProTox-II servers (https://tox-new.charite.de/protox_II/) (Banerjee
et al., 2018), the pharmacokinetic functionalities and drug-likeness
properties of SCL and the standards were evaluated.

2.2.3. Molecular dynamic (MD) simulation study

MD simulation can be more useful for identifying and characterizing
the impact of ligand-receptor complexes which obtained from molecular
docking. It provides a visual representation of the behavior or
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conformational changes over time, that are utilized to assess the stability
of the receptor-ligand complex. The chosen receptor-SCL and receptor-
standards complexes were simulated using MD in the current study.
All-atoms MD simulation for a 20 ns timespan was performed. The three-
dimensional structures of five receptors were modeled using the
Charmm 27 force field (Bjelkmar et al., 2010), and the SwissParam
online (https://www.swissparam.ch/) server (Zoete et al., 2011) was
employed to generate the topology of sclareol and antagonist drugs. The
receptor-ligand systems were solvated using the TIP3P water model and
immersed in a truncated octahedron box. The required number of so-
dium and chloride ions was added to neutralize the system. The physi-
ological pH was retained by maintaining the ionic strength of 0.15 M.
The temperature for the whole simulation time was maintained at 300 K
through the Langevin thermo-stat (Liu et al., 2016). The collision fre-
quency was set to 2 ps?l at 1 atm using Monte Carlo barostat
(Fernandez-Pendas et al., 2014) with volume conversation attempts
every 100 fs? The integration step was kept with a 2fs step. The SHAKE
algorithm (Hess et al., 2008) further was implemented for the covalent
bond constrained associated with hydrogens. The particle mesh Ewald
method was considered for -range electrostatics. The equilibration of the
system was performed for a 10 ns time span consisting of rounds of
Canonical ensemble (NVT, where three parameters including the num-
ber of atoms (N), the volume (V), and the absolute temperature (T) are
fixed throughout the simulation) and Isothermal-isobaric ensemble
(NPT, where the number of atoms (N), the pressure (P), and the absolute
temperature (T) are fixed) (Zheng et al., 2019). In order to assess the
stability and behavior of the system, several parameters including
root-mean-square deviation (RMSD), root-mean-square fluctuation
(RMSF), solvent-accessible surface area (SASA), the radius of gyration
(gyrate), and PCA analysis were explored.

3. Results
3.1. In-vivo study

In the in-vivo antiemetic activity test, the administration of ODN (24
mg/kg), DOM (80 mg/kg), HYS (100 mg/kg), and PRO (100 mg/kg)
reduced the number of retches, while enhancing the onset of retching
(latency) in chicks compared to the control vehicle group. Furthermore,
in contrast to the NC, the administered doses of SCL-10 remarkably
decreased the number of retches and increased the latent period. How-
ever, pretreatment of SCL-10 in the combined groups caused significant
changes. SCL-10 alone (each dose) or in its combination (SCL-10 +
ODN) significantly (p < 0.0001) increased the latency period and also
exhibited a similar/reduced number of retches significantly (p < 0.01)

150 (A)

abcedefg

100

Latency (sec)

2

Treatment groups

Latency (sec)

Food and Chemical Toxicology 181 (2023) 114068

to ODN treated group. Fig. 3 Suggests that chicks pretreated with (SCL-
10 + ODN) group took the time to retch (109.40 + 1.03 s), whereas the
lowest time (12.00 & 0.83 s) observed for the first retch is for the NC
group.

In comparison to the NC, HYS, and PRO groups in the chicks, which
had values of the number of retches (75.40 4+ 0.51, 29.80 £ 1.28, and
38.20 + 1.15, respectively) for the intermediate dose SCL-10 group
(26.20 + 0.66) demonstrated superior activity. The combined groups
showed fewer retches than the NC group, and the group with the fewest
retches was the (SCL-10 + ODN) group (20.00 + 0.70), according to
Fig. 4.

For the intermediate dosage of SCL-10, a percentage increase in la-
tency inspection of NC of 84.17% was noted. The highest percentage
increase in latency (89.03%) for combined groups was observed in the
(SCL-10 + ODN) group. The same group, however, also experienced the
highest %decrease in NC retches inspection. The SCL-10 group has the
best value of 65.25% for the %decrease in retches of the sample group’s
inspection of NC, as shown in Table 2 (see Table 3).

3.2. In-silico study

3.2.1. Homology model of selected receptors

By significantly reducing the disparity between experimentally
observed receptor molecules and known receptor sequences, homology
modeling has developed into an important structural biology approach
(Waterhouse et al., 2018). Establishing proper receptor mappings and
having quick and clear access to modeling innovations, simulation, and
evaluation is made possible by the use of fully automated platforms and
databases, which simplify and standardize the homology modeling
process (Muhammed and Aki-Yalcin, 2019). The Uniprot database
contains the amino acid sequences for the serotonin (5HT3y),
dopamine-2 (D3), muscarinic-3 (Mg), histamine-1 (H;), and
neurokinin-1 (NK;) receptors (Uniprot accession ID: P46098, P14416,
P20309, P35367, P25103; and PDB ID: 6np0, 7jvr, 7dfl, 4daj, 7rmg
respectively). The nearest homologous templates of (SHT34, Do, M3, Hy,
and NK;), produced by the Swiss model, were then chosen using the
NCBI Blast Program. The 3D homology models of chosen receptors are
depicted in Fig. 5. The Swiss-PDB Viewer software program (v4.1.0) was
used to optimize the emetic models prior to docking. The PROCHECK
server submitted PDB data (Khare et al., 2022) to the PDBsum (htt
p://www.ebi.ac.uk/thornton-srv/databases/pdbsum/) online site to
validate the homology models and which produced the most favored
regions of the selected receptors (Bappi et al., 2023). Which is shown in
Suppl. Fig. 1.

A rapid method to observe the distribution of torsion angles in a
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Table 2
Comparison of latency and retches among the test controlled groups.

Treatment Groups %Increase in latency %Decrease in retches

NC - -
ODN 77.10 66.31
DOM 61.53 65.78
HYS 55.22 60.48
PRO 40.00 49.34
SCL-5 77.01 58.36
SCL-10 84.17 65.25
SCL-15 89.83 62.86
SCL + ODN 89.03 73.47
SCL + DOM 79.66 64.20
SCL + HYS 67.21 53.85
SCL + PRO 82.46 48.1

receptor structure is the Ramachandran plot. For assessing the caliber of
three-dimensional receptor structures, it also specifies the boundaries of
torsion angle values that are allowed and prohibited. The Ramachan-
dran plot represents the ®-¥ torsion angles for each residue in the
structure (except those at the chain termini). Triangles are used to
indicate glycine residues since they are not limited to the plot areas
designated for the other side chain classes. The map’s color and shade
represent the many portions that have been mentioned; the “core” areas,
or darkest areas, correlate to the most advantageous ®-¥ value combi-
nations. The most favored residues are displayed in red, while those that
are authorized are displayed in yellow and those that are widely
permitted are displayed in a fainter yellow. Remains in the restricted
area are indicated by the white color. In an ideal scenario, these “core”
areas would include over 90% of the leftovers. The percentage of resi-
dues located in the “core” areas is considered one of the most consistent
predictors of stereochemical integrity (Suppl. Fig. 1).

In order to assess the validity of the receptor model, the ProSA
quality measurement online tool (https://prosa.services.came.sbg.ac.
at/prosa.php/) was used (Kwofie et al., 2018). The ProSA program
compares the receptor’s total model quality score to that of empirically
addressed receptor structure models in the PDB and the results are
plotted (Suppl. Fig. 2). A more successful receptor model is implied by a
higher negative z-score (Yakubu et al., 2017). According to Ram-
achandran plot statistics, the residues in the most favored regions and
Rama-Z score for 5HT3a, Dy, M3, Hj, and NK; receptors were approxi-
mately 90.03 % and —4.49; 92.30 % and —2.06; 89.60 % and —3.0;
89.70 % and —4.39; 94.90 % and —3.06, respectively.

3.2.1.1. Interaction of sclareol (SCL) with selected receptors. SCL had a
strong affinity for the 5HT3a, Do, M3, Hj, and NK; receptors. The cor-
responding binding affinities were —7.6, —8.7, —8.1, —7.6, and —8.2
kcal/mol, respectively. Through one carbon H-bond with TRP472, nine
alkyl bonds, and five pi-alkyls, SCL is attached to the 5HT3s. SCL
confirmed a binding affinity with Dy through two H-bonds (conventional
and carbon) with TYR408, and THR412 respectively, one alkyl bond
with VAL115, and ten pi-alkyl bonds. Through one H-bonds (conven-
tional), with ILE223, one alkyl bond with LEU226, seven pi-alkyl bonds,
and two pi-sigma bonds, SCL showed binding interactions with Ms.
Furthermore, SCL exhibited a binding affinity for H; through two alkyl
bonds with LEU104 and ILE454 and nine pi-alkyl bonds. Moreover, SCL
displayed binding interactions with NK; through three alkyl bonds,
eight pi-alkyl bonds, one pi-sigma bond with TYR287, and no H-bond.
Fig. 6 Depicts the 2D and 3D structures of the non-bond interactions
between SCL and chosen receptors.

3.2.1.2. Interaction of antagonist drugs with their specific receptors. The
Suppl. Table 1. Shows that Ondansetron (ODN), Domperidone (DOM),
Hyoscine butylbromide (HYS), Promethazine Hydrochloride (PRO), and
Aprepitant (APT) had a strong affinity with their specific receptors
5HT3p, Dy, M3, Hj, and NK;. The corresponding binding affinities were
—8.5, —9.5, —8.3, —6.6, and —10.0 kcal/mol, respectively. Through one
conventional H-bond, one pi-pi T-shaped bond, five pi-alkyls, and one
pi-cation, ODN is attached to the 5HT34. DOM confirmed a binding af-
finity with D through two carbon H-bonds, two alkyl bonds, five pi-pi
bonds, and five pi-alkyl bonds. Through two H-bonds (conventional
and carbon), one pi-alkyl, and one pi-pi stacked bond, HYS showed
binding interactions with Ms. Furthermore, PRO exhibited a binding
affinity for H; through one alkyl bond, one pi-alkyl bond, four pi-pi
bonds as well as one pi-sulfur bond. Moreover, APT displayed binding
interactions with NK; through five H-bonds, one pi-pi bond, two alkyl
bonds, two pi-alkyl bonds, and four halogen bonds. Fig. 7 Depicts the 2D
and 3D structures of the non-bond interactions between antagonist
drugs and chosen receptors.

3.2.2. Pharmacokinetics and drug-likeness properties

The precise investigation and collection of pharmacokinetic data are
crucial for the therapeutic use of medicines since it is a key factor in drug
development. Currently, building biological models, data analysis, and
other techniques are the major ways that researchers and developers of
novel medications gather their pharmacokinetic characteristics. On the
basis of prior research, we have proof that SCL has substantial
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Best binding affinity results and non-bond interactions of sclareol with emetic receptors.

Sclareol (SCL) & Protein Binding affinity H-bond Hydrophobic bond Other bonds [Electrostatic (E) or,
(Receptor) (Kcal/mol) Others (0)]
Residues  Bond Bond Types Residues  Bond Bond Residues  Bond Bond
length (&) length (&) Types length (&) Types
A) -7.6 TRP472 2.56 Carbon LEU304 5.43 Alkyl -
SCL and Serotonin Hydrogen ILE305 5.01
(5HT3,) VAL246  4.77
LEU250 3.64
LEU468 4.70
LEU471 4.90
LEU250 5.35
ILE305 5.04
LEU468 4.57
PHE166 4.22 Pi-Alkyl
PHE166 4.91
PHE166 4.71
TYR308 4.91
TRP475 4.60
(B) -8.7 TYR408 2.18 Conventional VAL115 3.85 Alkyl -
SCL and Dopamine-2 TRP386 3.99 Pi-Alkyl
(D2) TRP386 4.22
PHE389 4.02
PHE389 4.68
THR412  2.53 Carbon PHE389 5.43
Hydrogen PHE389 4.76
PHE390 5.26
PHE390 4.78
HIS393 5.11
TYR416 4.51
©) -8.1 ILE223 2.27 Conventional LEU226 4.72 Alkyl -
SCL and Muscarinic-3 PHE222 2.49 Pi-sigma
(M3/Achy) TYR530 2.86
PHE125 4.94 Pi-Alkyl
PHE125 4.90
TRP144 4.92
PHE222 4.73
PHE222 4.80
TYR530 4.54
TYR530 3.88
(D) -7.6 - LEU104 5.12 Alkyl -
SCL and Histamine-1 ILE454 3.90
(Hy) TRP103 4.53 Pi-Alkyl
TYR108 4.67
TYR108 3.97
TYR108 5.38
TYR108 5.27
TRP158 4.46
TRP428 5.10
PHE432 5.08
PHE432 4.42
(E) -8.2 - TYR287 3.76 Pi-Sigma -
SCL and Neurokinin-1 ALA93 4.01 Alkyl
(NK;) ILE283 5.26

PRO271 3.75
TYR92 4.39
PHE267 4.72
PHE267 4.93
PHE268 4.83
PHE268 4.50
TYR278 4.15
TYR287 4.47
TYR287 4.31

Pi-Alkyl

antiemetic properties. Additionally, we performed in-silico simulation to
forecast the physicochemical properties, biological functions, and haz-
ardous risk of the chosen phytochemical using the standards since a
substance needs to satisfy specific requirements in order to be classified
as a medication. These characteristics may be an early warning sign that
a product won’t fail in clinical trials for potential causes that may have
been identified and ignored. All computed variables for SCL compared to
the standards, including those for its physiochemical characteristics,
lipophilicity, water solubility, GI absorption, potential CYP family
metabolism, and permeability during synthesis, were within the

acceptable range, as shown in Table 4. SCL’s toxicity profile has also
been deemed to be outstanding in terms of organ toxicity, carcinoge-
nicity, immunotoxicity, mutagenicity, and cytotoxicity (see Table 5).

The term “drug-likeness” denoted the consistency between structural
characteristics and other molecular attributes that influence the devel-
opment of new drugs. The major factor in the development of pharma-
ceuticals is the five Lipinski guidelines. Since SCL doesn’t break these
criteria, it is considered to be a drug-like substance (Fig. 8.).



M.H. Bappi et al.

Food and Chemical Toxicology 181 (2023) 114068

Fig. 5. Homology model of 5HT34, Dy, M3, Hy, and NK; receptors through the SWISS-MODEL.

3.2.3. Molecular dynamic (MD) simulation study

Fig. 9. A shows the Root Mean Square Deviation (RMSD) values over
time of the 5HT3p receptor’s backbone when it bound to ODN and SCL
were almost less than 1 nm, For SCL and DOM with D5 receptor (Fig. 9.
B), the RMSD values have fluctuated less than 0.8 nm. The average
fluctuation of the position is calculated by Root Mean Square Fluctua-
tion (RMSF) values of each residue to check the mobility or flexibility of
the residues of a receptor during a simulation. The RMSF values of the
antagonist drugs and their specific receptors and compared with SCL-
bound targeted receptors (Fig. 9. C&D). In order to investigate the
overall effect of SCL on selected targets and compare it with standards
and with their specific receptors, Radius of Gyration (Rg) values were
calculated for each complex. Rg values exhibited identical behavior for
SCL and standards and with their specific receptors except Rg for SCL-
bound and ODN-bound 5HT3a receptors where SCL decreased the
compactness of 5HT3p receptors (Fig. 9. E&F). Furthermore, Solvent
Accessible Surface Area (SASA) for the complexes was analyzed and
shown in Fig. 9. G&H. We can observe all SCL-bound receptors and
antagonist-receptors are similar to the standard drugs.

4, Discussion

The brain’s fourth ventricle and a section of it known as the CTZ
serve as the site of the vomiting center. It is also known as the area
postrema, and when the CTZ is triggered, vomiting can occur (Gan,
2007). The CTZ is important in emesis, however, there are additional
locations that also communicate with the vomiting center to cause
emesis, such as the GI system, the vestibular system, and the higher
centers in the brain and thalamus (Becker, 2010). The CTZ causes
vomiting to start when its receptors find emetogenic chemicals in the
blood and cerebrospinal fluid (CSF) and transmit this data to the adja-
cent NTS. This is also where abdominal vagal afferents detect possibly
emetogenic compounds in the lumen end (Hornby, 2001). The NTS is the
start of the ultimate common channel via which all emetic stimuli cause
vomiting (Miller and Leslie, 1994). CTZ can be activated by exogenous
stimuli to cause emesis, and receptors including 5-HT3, AChy, Dy, NKj,
and H;, etc. Have an impact on the regulation of emesis generation.

Many of these receptors are found both in the periphery, such as the
gastrointestinal tract, and vagal afferents, and in the brainstem dorsal
vagal complex, such as the area postrema (Navari, 2014; Zhong et al.,
2021).

The gastrointestinal system is thought to be a susceptible target of
toxicity, according to existing human and animal studies. Many cases of
nausea, vomiting, and stomach discomfort in persons who consume
copper-tainted drinks or water have been documented (Dorsey and
Ingerman, 2004). Intragastric infusion of CuSO4) an irritant to the
stomach lining and corrosive to the mucosal surfaces of the gastroin-
testinal tract (Wang and Borison, 1951), is the standard stimulus for the
GI vagal afferent component of emesis (Horn et al., 2014). Peripheral
activities influence emesis by stimulating visceral afferent nerve fibers in
the stomach, which then convey the impulses to the vomiting center
(Andrews and Lawes, 2020).

Instead of frogs, the novel assay technique was invented to test anti-
emetic substances of natural origin using young chicks. The benefits of
the new approach over earlier ones were entirely parallel outcomes as
well as lowering standard errors (Akita et al., 1998). Other techniques
need lengthy experiment courses (the frog method, for instance, takes
90 min) and are only capable of screening anti-emetic action on a
limited scale. However, the new approach that used young chicks had
advantages including being simple to handle, affordable, requiring only
a 30-min trial, and making it simple to count the retching action.

The process of discovering and developing new drugs is complex,
protracted, and multidisciplinary. In-silico molecular modeling has been
increasingly popular in recent years as part of CADD (Computer Aided
Drug Design). The fundamental advantage of in-silico drug design is that
it makes pharmaceutical research and development more affordable
(Terstappen and Reggiani, 2001). From the preclinical phase through
the late stage, this technique can contribute significantly to all aspects of
drug development. The diverse facets of fundamental study and appli-
cation are merged and motivate one another in the large field of in-silico
approach (Rao and Srinivas, 2011). The discipline makes use of
contemporary methods including homology modeling, Ramachandran
plot, molecular docking, structure-based design, molecular dynamic
simulation, and the rising amount of chemical and biological databases
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Fig. 6. The 2D and 3D structure of molecular docking interactions of (A) 5HT3,, (B) Do, (C) M3, (D) H;, and (E) NK; receptors with sclareol (SCL).

(Wadood et al., 2013).

By using a similar homologous receptor’s experimental 3D structure
and its amino acid pattern, a technique known as homology modeling
may be used to create an atomic-resolution model of the target receptor
(Bertoni et al., 2017). The Ramachandran plot, which illustrates the
primary chain conformation angles (® and ¥) of the polypeptide chain
of a receptor molecule, is vital in establishing the stereochemical
integrity of the receptor model (Gopalakrishnan et al., 2007). In order to
find and enhance treatment prospects, molecular docking examines and
simulates the interactions between the ligands and the target macro-
molecules. Docking studies generate and select the best-suited ligand
conformations and orientations (Jakhar et al., 2020). The statistical
assessment procedure that converts the interaction energy into numer-
ical values called docking scores, determines how well a molecule
docking experiment is performed (Kumar et al., 2019). The score sim-
ulates the possible energy shift that might occur when the receptor and
ligand interact with one another. In other words, a very negative score
indicates a strong connection, whereas a less negative or even positive
value indicates a minimal or nonexistent interaction (Korb et al., 2009).
The physical underpinnings of the structure and operation of biological

macromolecules can be better understood with the help of molecular
dynamics simulations. It is used to determine the stability of
ligand-receptor complexes (Shen et al., 2021). Thus, in-silico approaches
have proved crucial for identifying targets and for making predictions
about new medications.

In this study, all the standards enhanced the latency duration and
decreased the number of retches in the chick groups in comparison to
the NC group. Among all of the standards in chicks, the ODN ingested
group had the fewest retches (25.40 + 0.92) in comparison to the NC
group (75.40 £ 0.51). In terms of the latency period, the ODN group also
has the highest average latency in comparison to the NC group. Inter-
estingly, SCL-10 reduced the number of retches (26.20 + 0.66) and
augmented the latent period (75.80 + 1.28 s) in comparison to the NC
group (12.00 + 0.83 s). And the value is similar to all of the standard
groups. Additionally, to comprehend the synergistic activity, we mixed
the median SCL dosage (SCL-10) with all the standards. A synergistic
effect, also known as synergism, is a pharmacological phenomenon in
which the combined effects of two or more drugs are larger than the
outcomes of the drug delivered individually (Garcia-Fuente et al., 2018).
As evidence of the synergistic impact, the combined drug therapy in this



M.H. Bappi et al.

Food and Chemical Toxicology 181 (2023) 114068

- Hydrogen bond
Pi-cation bond

I Ayl bond
- Pi-pi T shaped

[ Fi-alkyl bond
Pi-pi stacked

- Pi-sigma bond
- Others bond

Fig. 7. The 2D and 3D structure of molecular docking interactions of (A) 5HT3a, (B) Do, (C) M3, (D) H;, and (E) NK; receptors and with their specific antago-

nist drugs.

experiment produced better results in the chick groups for both sce-
narios (e.g., the number of retches and the latency duration). According
to the results of our in-vivo investigation, the group of chicks pretreat-
ment with (SCL-10 + ODN) exhibited the longest delay before the first
retching (109.40 + 1.03 s) and the fewest retches (20.00 + 0.70).
SCL-10 or its combination (SCL-10 + ODN) significantly (p < 0.0001)
increased the latency period and also exhibited a similar/reduced
number of retches significantly (p < 0.01) to the ODN-treated group.
Additionally, the highest percentage increase in latency (89.03%) for
combined groups was observed in the (SCL-10 + ODN) group. The same
group, however, also experienced the highest %decrease (73.47%) in NC
retches inspection. The SCL-15 group has the best %increase (89.83%) in
latency duration, on the other hand, the SCL-10 group has the best value
of 65.25% for the %decrease in retches of the sample group’s inspection
of NC.

Our in-silico research indicates that the optimal receptors for mo-
lecular docking simulation have been extracted using the homology
modeling approach. SCL demonstrated outstanding docking perfor-
mance against 5HT3a, Dy, M3, Hy, and NK; with docking scores of —7.2,

10

—8.7, —8.1, —7.6, and —8.2 kcal/mol, respectively, which are compa-
rable to and/or sometimes even better to the standards. According to the
analysis of drug-receptor interaction, D, and SCL have more similar
binding sites as DOM. TRP386 and PHE389 are two examples of amino
acid residues in D5 that have hydrophobic bonds and are similar to those
in ligands. We also evaluate SCL’s pharmacokinetic and drug-likeness
properties to all the standards since these two factors are essential for
a chemical to qualify as a medication. When compared to standards,
SCL’s physicochemical and pharmacokinetic characteristics were
favorable. According to Table 4, all estimated characteristics including
molecular weight, the number of H bonds acceptors and donors (Cavalli
et al., 2002), the octanol/water partition coefficient (QPlogPo/w), and
aqueous solubility (QPlogS) (Jorgensen and Duffy, 2002) were within a
desirable range. The BBB is a sophisticated structure that isolates the
peripheral tissue from the CNS. It helps to maintain homeostasis and
contributes to the removal of cellular waste products and toxins from the
brain into circulation (Matkiewicz et al., 2019). BBB permeability values
for SCL were estimated to be 0.073. The principal cytochromes (CYP) of
the P450 family were inhibited in order to determine metabolism. The
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Best binding affinity results and non-bond interactions of antagonist drugs and with their specific emetic receptors.

Antagonist drug & Protein Binding H-bond Hydrophobic bond Other bonds [Electrostatic (E) or, Others
(Receptor) affinity (Kcal/ 0)1
moD) Residues  Bond Bond Types Residues  Bond Bond Residues  Bond Bond Types
length length Types length
A &) A
A) -8.5 TYR86 2.99 Conventional TYR148 5.81 Pi-pi T- ARG87 4.91 Pi-cation (E)
Ondansetron and Serotonin shaped
(5HT34) TRPS5 4.81 Pi-Alkyl
TRP85 4.09
ILE134 4.95
ARGS87 4.49
ILE66 4.86 Pi-sigma
(B) -9.5 TYR408 3.01 Carbon PHE389 4.16 Pi-Pi
Domperidone and Hydrogen PHE389 4.71 Stacked
Dopamine-2 (D5) TRP386 5.23 Pi-Pi T-
TRP386 4.95 shaped
TRP386 5.21
ALA177 3.63 Alkyl
THR416  2.35 ILE183 5.25
VAL111 4.52 Pi-Alkyl
ALA177 5.36
CYS182 4.79
VAL111 4.61
CYs182 4.56
© -8.3 TYR149 2.54 Conventional TRP526 5.28 Pi-Alkyl
Hyoscine butylbromide and TYR149 2.18
Muscarinic-3 (M3/Achyy) TYR530 2.60
TYR530 2.50
LEU226 3.01 Carbon TYR530 3.96 Pi-pi
LEU226 2.86 Hydrogen stacked
ASN514 2.70
D) —6.6 PHE184 4.27 Pi-Pi TYR185 5.80 Pi-sulfur (O)
Promethazine PHE184 5.33 Stacked
Hydrochloride and TYR185 5.37 Pi-Pi T-
Histamine-1 (H;) TYR185 5.23 shaped
LEU157 4.60 Alkyl
PRO161 5.35 Pi-Alkyl
(E) —10.0 ASN89 2.08 Conventional TYR92 5.72 Pi-Pi T- ASN96 2.90 Halogen
Aprepitant and Neurokinin- shaped (Fluorine)
1 (NK;) ASN96 2.90 ALA93 4.41 Alkyl ALA93 2.26
ASN89 2.06 TYR92 2.94
ALA93 2.26 Carbon PHE25 4.32
CYS180 2.70 Hydrogen TYR92 4.33 Pi-Alkyl ASN96 3.01
TYR287 4.99

main enzyme responsible for metabolizing medications having a limited
therapeutic index is CYP2C9 (Daly et al., 2017). As with other conven-
tional inhibitors, SCL was expected to probably inhibit CYP2C9.

A drug’s bioavailability is connected to its excretion rate, which
typically happens as a mixture of hepatic and renal clearance. Excretion
is crucial for figuring out dosage levels to reach steady-state concen-
trations (Pires et al., 2015). Applying the total clearance feature of
pkCSM for SCL, excretion values (0.914 mL/min/kg) were calculated.
We also forecast acute oral rat toxicity and hepatotoxicity (LDsq values)
(Dominguez-Villa et al., 2021). The estimated LDs( for SCL was 1.848
mol/kg. Xenobiotics and medicines are bio-transformed by the liver, an
essential organ that is critical for energy exchanges. It always interferes
with proper metabolism when injured and may cause liver failure (Daina
et al.,, 2017). ODN, DOM, HYS, and APT were predicted to be hepato-
toxic by the hepatotoxicity feature, whereas our phytochemical SCL has
not proven toxic. The categorization and prediction models for hepa-
totoxicity, cytotoxicity, mutagenicity, and carcinogenicity are built
using the Random Forest (RF) method (Breiman, 2001). In comparison
to all the standards, SCL’s toxicity profile has again been considered to
be exceptional. SwissADME was used to determine the drug-likeness
characteristics (MW < 500 Da, HBDs <5, HBAs <10, and LogP <5)
chosen according to the Lipinski guidelines, which indicate a com-
pound’s excellent absorption (Daina et al., 2017). Analysis of the SCL
revealed no violations of these guidelines, demonstrating that it will
exhibit good absorption.

11

Molecular dynamic simulation (MDs) is one of the most popular
computational techniques employed for the research of biological sys-
tems. Further, it serves as one of the best techniques for comprehending
interactions’ stability and dynamic activity. It is complex at different
periods due to a variety of factors, including fast internal movement and
delayed structural changes (Ponnulakshmi et al., 2019). Our investiga-
tion of the MDs data demonstrates that (Fig. 9.) SCL effectively attaches
to the active regions of 5HT35 and D, receptors. RMSD, RMSF, Rg, and
SASA revealed that SCL has effects on the dynamic properties of target
receptors that are almost identical to those of conventional medicines. It
has been conclusively proven that SCL may be employed in copper
sulphate-induced emetic chicks by confirming the overall analysis of
in-silico findings and showing that the in-vivo experiments are compa-
rable with the in-silico statistics.

The inflammatory signaling system is triggered by a variety of
stimuli and chemotherapy medicines, which also upregulate the pro-
duction of cytokines to cause gastrointestinal mucositis, leading to
emesis (Zhao et al., 2022). They could stimulate cytokine storm syn-
drome by activating monocytes, macrophages, and dendritic cells with
excessive levels of pro-inflammatory cytokines (such as IL-6, IL-1p, IL-1,
IFN-y, TNF-a, COX-2, iNOS, NF-kB, IkBa, and T reg cells) (Zhang et al.,
2021). Numerous bodily organs along with the digestive system might
be harmed by the systemic inflammatory response. Thus, these cyto-
kines activated the vomiting center (5-HT3, Do, NK;, M3/AChy;, H; re-
ceptors) (Zhang et al., 2021). Meanwhile, SCL has potential activity in
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Table 5
Pharmacokinetic profiles and Drug-likeness properties of SCL and standards.
Properties Factors ODN DOM HYS PRO APT SCL
Physico-chemical Formula C18H;19N30 C22H24CINsO2 Ca1H3oBrNO4 Cy7H21CIN,S Ca3H21F7N4O3 CooH3602
Properties MW (g mol 1) 293.36 425.91 440.37 320.88 534.43 308.50
Heavy atoms 22 30 27 21 37 22
Arom. Heavy atoms 14 18 6 12 17 0
H-Bond acceptor (HBAs) 2 3 4 1 12 2
H-Bond donor (HBDs) 0 2 1 0 2 2
Molar refractivity 87.39 124.08 112.69 97.03 118.82 95.43
Lipophilicity Log Po/w (XLOGP3) 2.29 3.90 3.22 5.61 4.20 4.93
Water solubility Log S (ESOL) Soluble Moderately Moderately Moderately Moderately Moderately
soluble soluble soluble soluble soluble
Drug likeness Lipinski Yes Yes Yes Yes Yes Yes
Absorption (A) GI absorption High High High High Low High
Aqueous solubility (Log mol/L) =) =) =) =) =) =)
3.175 2.892 1.627 4.019 3.821 4.988
Caco-2 permeability (Log Papp (€3 (€3] ) ) - +)
in 10-6 cm/s) 1.685 0.81 1.33 1.379 1.146 1.60
Intestinal absorption (% 99.93 77.42 82.03 88.28 87.23 90.824
Absorbed)
Distribution (D) Blood brain barrier (log BB) +) =) (+) [CD)] ) )
0.213 0.836 0.146 1.119 2.076 0.073
CNS Permeability (Log PS) -) ) (-) -) =) (-)
1.737 2.264 3.05 1.687 2.389 2.517
Metabolism (M) CYP1A2 inhibitor Yes Yes No Yes No Yes
CYP2C9 inhibitor No No No No Yes No
Excretion (E) Total clearance (Log ml/min/kg) 0.817 0.946 1.609 1.063 0.379 0.914
Organ Toxicity (T) Hepatotoxicity Yes Yes Yes No Yes No
Other Toxicity (T) Carcinogenicity Inactive Inactive Inactive Inactive Inactive Inactive
Immunotoxicity Inactive Active Inactive Inactive Inactive Inactive
Mutagenicity Active Inactive Inactive Inactive Inactive Inactive
Cytotoxicity Inactive Inactive Inactive Inactive Inactive Inactive
Oral Rat Acute Toxicity (LDso, 2.321 2.477 2.310 3.430 2.714 1.848
mol/kg)
Toxicity class 111 v v Il v %
using data from our in-vivo and in-silico study. Additional investigation is
LIPO required to confirm our experimental data and determine the precise
role played by SCL in emetic action. Fig. 10 depicts a possible
anti-emetic mechanism of SCL based on in-vivo and in-silico
investigations.

FLEX SIZE Studies using certain laboratory animals provide necessary and
important data regarding the beneficial and harmful effects of new drug
candidates and their possible biopharmaceutical considerations (White,
1997). Thus, each pre-clinical study helps medicinal scientists evaluate
biologically active molecule’s potential for clinical studies. These
studies allow for the determination of test dose and dosage frequency,
the right administration routes, the drug metabolism profile, and the
development of error correction machines during clinical trials. In this
study, we have seen that all standard anti-emetic drugs inhibit the
emesis tendency in animals. The test sample’s SCL also exerted

INSATU POLAR dose-dependent anti-emetic effects in animals. In comparison to the
control and standard groups, SCL exerted strong anti-emetic effects in
animals, which opens a platform to expand the possibility of testing this
hopeful bioactive compound in larger animal models (i.e., those that are
closely related to human physiology, such as mice, guinea pigs, rats,

INSOLU rabbits, etc.) prior to starting clinical investigations. Although this new

Fig. 8. ADMET properties of Sclareol generated by SwissADME [The colored
zone is the suitable physicochemical space for oral bioavailability. LIPO (Lip-
ophilicity): —0.7 < XLOGP3 < +5.0; SIZE: 150 g/mol < MV < 500 g/mol;
POLAR (Polarity): 20 A2 < TPSA <130 A% INSOLU (Insolubility): —6 < Log S
(ESOL) < 0; INSATU (Insaturation): 0.25 < Fraction Csp 3 < 1; FLEX (Flexi-
bility): 0 < NUM. rotatable bonds <9].

the regulation of the inflammatory response by reducing inflammatory
cytokines which express anti-emetic action (Huang et al., 2012; Hsieh
et al., 2017). In our study, animal models and computational data
showed excellent antiemetic activity of SCL. We hypothesize that SCL
could have a possible antiemetic function on inflammatory signaling
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drug candidate has yet to undergo extensive toxicological studies in
animal models, in this study SCL treatment did not show any toxico-
logical phenomena, nor did it cause the death of any chicks, which
demonstrates its safety in this animal model. Moreover, our in-vivo
findings also corroborate the outcomes of in-silico studies, demonstrating
the possibility of considering this bioactive in the emesis of laboratory
animals.

5. Conclusion

In the Young Chick model, SCL substantially decreased the number
of retches and increased delay time. Our in-vivo findings suggest that
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Fig. 10. A possible anti-emetic mechanism of sclareol.

acute SCL administration has an antiemetic-like effect on CuSO4.5H50-
induced emetic chicks. SCL alone or in combination such as the (SCL +
ODN) group considerably (p < 0.0001) extended the latency duration
and significantly (p < 0.01) decreased the number of retches. Further-
more, the in-silico results exhibited by SCL were similar to traditional
medications. When combined with standards that target specific re-
ceptors, the compound also exhibits synergistic activity. The observa-
tions provide additional support for the hypothesis that SCL has an
outstanding ability to interact with the 5HT3 and D5 receptors to pro-
duce inhibitory-like effects. With other receptors including M3, H;, and
NKj, SCL also binds to them satisfactorily. Analysis of the pharmacoki-
netics and drug-like properties further demonstrates an excellent
ADMET profile of SCL. Additional research is required to validate this
effectiveness and determine the precise mechanism(s) of action. Our
investigations may be used in clinical practice using this strategy.
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