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ABSTRACT

Bangladesh is endowed with an abundance of excellent medicinal plant resources. A well-known traditional medicinal plant Piper
chaba H. from the Piperaceae family is rich in bioactive phytochemicals that have antidiarrheal, antimicrobial, analgesic, antiox-
idant, anticancer, and cytotoxic effects. This plant is locally known as “Chuijhal,” and the stem is used as spices. In the current
research program, the stems of the P. chaba plant were selected and its chemical and biological investigations such as antidiarrheal,
antimicrobial, and analgesic effects were performed. Moreover, docking models were accomplished by exploiting PyRx-Virtual
Screening software and implied that isolated compounds of P. chaba exert different pharmacological activity by inhibiting their
targeted receptors. Phytochemical investigations revealed the isolation of Chingchengenamide A, a relatively rare alkaloid from
the stems of P. chaba. Another alkaloid Chabamide I which is a piperine dimer was also isolated. Their structures were confirmed
by comparing these compounds'’ spectral data (‘H and !3C NMR) with their previously published spectral data. Antidiarrheal activ-
ity shows a percent reduction of diarrhea by 46.67% and 40%, respectively, for Chabamide I and Chingchengenamide A (at 20 mg/
kg b.w.) compared with an 80% reduction by standard loperamide. Similarly, the percent reduction of writhing was 53.06% and
42.86%, respectively, for Chabamide I and Chingchengenamide A at similar doses compared with an 80% reduction by diclofenac
sodium considered as standard. Both the alkaloids showed auspicious outcomes against test microorganisms during disk diffu-
sion antimicrobial assay. Molecular docking and ADME/T analysis of the alkaloids also validate a potent pharmacological basis
for the traditional utilization of P. chaba in treating diarrhea, pain, and microbial infection. These results emphasize the need to
investigate P. chaba as a potential source of natural therapies for common health issues, laying the foundation for future research.

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium, provided the original work is
properly cited.
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1 | Introduction

Herbal medicines have been vital to the advancement of human
civilization (Hosseinzadeh et al. 2015). A wide range of plants
with therapeutic qualities are referred to as medicinal plants.
Compounds from these plants are abundant and can be utilized
to create new drugs (Rasool Hassan 2012). Due to a lack of access
to modern healthcare services, and the effectiveness of traditional
medicines, herbal medicines offer developing nations a cheap al-
ternative (Mesa et al. 2021; Sultana et al. 2022). For 80% of people
globally, traditional medicine is their major source of health care,
according to the World Health Organization (WHO) (Atanasov
et al. 2021; Balandrin, Kinghorn, and Farnsworth 1993; Riaz
et al. 2012).

In traditional medicine and folk medicine, secondary plant me-
tabolites (such as alkaloids, phenolics, and carotenoids) play a
significant role in the treatment of various illnesses (Bachhar
et al. 2024a; Bachhar et al. 2024b). Several plant-derived sec-
ondary metabolites, the human body is affected by these
substances pharmacologically such as cytotoxicity, hepatopro-
tection, antioxidants, and antidepressants, have been shown
to benefit the liver (Jiko et al. 2024). This is because of their
exceptional biological activity, which includes tannins, phe-
nolic compounds, alkaloids, cyclitol (Al-Suod et al. 2019), and
flavonoids (Duraipandiyan, Ayyanar, and Ignacimuthu 2006).
Because of this, it's becoming more and more popular to ex-
tract, separate, and purify secondary metabolites from plants.
A variety of separation techniques are used in this process (Al-
Suod et al. 2019).

Diarrhea, marked by heightened liquid excretion and abdom-
inal distress, presents a significant health burden (Tadesse
et al. 2014). Especially prevalent in impoverished regions, it
stands as a primary contributor to malnutrition and mortality
(Zhao et al. 2018), accounting for over 4,800,000 child fatalities
annually (Agbor et al. 2014). Despite the availability of basic
remedies such as oral saline and antibiotics, diarrhea persists
as a formidable health challenge. Plant extracts have drawn in-
terest because of their potential to reduce the symptoms of diar-
rhea by promoting the absorption of water, reducing the loss of
electrolytes, and modifying the movement of food through the
gastrointestinal tract (Agbor, Léopold, and Jeanne 2004; Shifah
et al. 2020).

A wide range of detrimental consequences, including destruc-
tion, deterioration, and various exudative reactions, is caused
by inflammation, which is characterized by a multitude of com-
plex pathways and heterogeneous mediators (Medzhitov 2008).
Pain and inflammation are treated by using analgesic pharma-
ceuticals, which include opioids like morphine and fentanyl,
nonsteroidal anti-inflammatory drugs (NSAIDs), and newer
forms of treatment such as gabapentin, carbamazepine, and
ketamine. Moreover, glucocorticoids elicit a complex reac-
tion through receptor binding, which induces elevated levels
of anti-allergic proteins (e.g., IL-1 antagonist) and simultane-
ous downregulation of activated transcription factors (e.g.,
NF-xB) (Barnes 1998). Through their pharmacological ac-
tion, NSAIDs obstruct the activity of cyclooxygenase enzymes
(COX-1 and COX-2), which are essential for the manufacture of

many inflammatory mediators. Despite the commercial avail-
ability of an assortment of NSAIDs, their protracted usage is
associated with substantive side effects, notably gastrointes-
tinal ulceration, liver toxicity, and renal impairment (Sostres
et al. 2010). Consequently, there exists a discerning interest in
exploring novel phytochemical compounds as potential alter-
natives, as espoused by Liu (2007).

Infectious diseases represent a distinct class of clinical mal-
adies, accounting for a staggering 25% of hospital admis-
sions and 20% of annual mortality rates (Thabit, Crandon,
and Nicolau 2015). Interestingly, bioactive phytoconstitu-
ents have shown encouraging therapeutic potential in the
fight against these illnesses (Rios and Recio 2005; Barnes
and Heinrich 2004). Even with the abundance of commer-
cially accessible antibacterial medications, new therapeutic
strategies are still needed because of the growing threat of
resistance patterns and the resulting increase in mortality
(Roberts et al. 2010). Furthermore, the mounting healthcare
expenditures and mortality rates underscore the imperative
for the discovery of novel antimicrobial agents endowed with
diminished side effects, aimed at mitigating the burden of
mortality (Roberts et al. 2009). With a variety of antibacterial
properties, plants and their products can be considered a supe-
rior substitute. Various phytochemicals, such as neophytadi-
ene, phytol, stigmasterol, squalene, are proven antimicrobial
agents present in plant extract (Bachhar et al. 2024a; Bachhar
et al. 2024b).

The Piperaceae family is well known for its medicinal im-
portance. Numerous diseases, including fever, headache,
diarrhea, joint pain, boils, scabies, and digestive issues,
are treated with the consumption of piper species (Tsai
et al. 2005; Chakraborty and Shah 2011; Sharkar et al. 2013;
Umoh et al. 2013; Aziz, Hama, and Alam 2015). Additionally,
they work well in the management of breathing conditions
(Mohamad et al. 2011). The species have hepatoprotective and
gastrointestinal properties (Kumar et al. 2010). Additionally,
extracts from Piper species have been shown to exhibit anti-
oxidant and anti-inflammatory attributes (Vaghasiya, Nair,
and Chanda 2007; Sarkar et al. 2008; Sarkar et al. 2013).
This species exhibits antidiabetic, antihypertensive, immu-
noprotective, neuroprotective, and anticarcinogenic effects
(Shandhi 2024).

A member of the Piperaceae family, the flowering vine Piper
chaba (P. chaba) (Figure 1) is reported to be grown in Indonesia,
Singapore, Sri Lanka, Bangladesh, and some parts of India, in-
cluding Tripura, Kerala, and West Bengal (Joshi et al. 2024;
Haque et al. 2018). The medicinal plant is known as Chuijhal
in Bangladesh, Tripura (India), and West Bengal (India) (Islam
et al. 2020). Though the roots have a stronger scent than the
stems, they are nonetheless costlier than the stems in Bangladesh.
The leaves, stems, and seeds of medicinal piper species are widely
grown for their strong scent and acridity taste, which makes
them valuable spices.

In Bangladesh, Chuijhal is a special kind of traditional medic-
inal plant. Other than this, P. chaba is utilized in many foods
and for other purposes and does have nutritional and antioxidant
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FIGURE1 | P chaba H.(Chuijhal) plant, stems, and powdered stem.

qualities. Additionally, P. chaba is said to be edible and nontoxic
(Prajapati and Kumar 2023). The antioxidant activity of its leaf
extract is prominent and important fatty acids have been found
in its leaf extract (Shandhi 2024). Specialized carbamide piper-
ine dimer and alkaloids with pharmacological and antibacterial
qualities are found in the stems of P. chaba (Rukachaisirikul
et al. 2002; Alam et al. 2024). Many studies demonstrate the nu-
merous powerful pharmacological characteristics of piperine,
including its antipyretic (Sabina et al. 2013), anticancer (Manayi
et al. 2018), antitumor, anti-analgesic (Dhargawe et al. 2021), an-
tidiarrheal (Alam et al. 2020), anticoagulant (Zayed et al. 2020),
antimicrobial (Hikal 2018), and antioxidant (Mittal and
Gupta 2000). The anti-inflammatory properties of piperine are
demonstrated (Mujumdar et al. 1990). The activation of the
TRPV1 receptor causes a burning sensation (Dong et al. 2019;
Correa et al. 2010; Chen et al. 2013). Chemicals extracted from
P. chaba H.'s fruits and roots (Morikawa et al. 2004) have phar-
macological activity against various illnesses. In rats with liver
damage generated by lipopolysaccharide and D-galactosamine
(D-GalN), an aqueous acetone extract of P. chaba fruits exhib-
its hepatoprotective properties (Matsuda et al. 2008; Matsuda
et al. 2009; Morikawa 2010).

The present investigation emphasizes the pharmacological
analysis, separation of the bioactive substances from P. chaba
H. stems, and structural clarification using NMR spectros-
copy. Furthermore, the analgesic, antimicrobial, and antidiar-
rheal qualities of isolated phytochemicals were investigated.
Additionally, the activities of the phytochemicals were predicted
and supported through the application of molecular docking.
Understanding the mechanism behind the potential pharmaco-
logical action in the drug design paradigm is a crucial step. We
have structurally exposed the active phytoconstituents and di-
verse pharmacological potential including antidiarrheal, analge-
sic, and antimicrobial activity. In this study, we utilized advanced
computer-aided drug design techniques to establish the exact an-
tidiarrheal, analgesic, and antimicrobial targets that these phyto-
chemicals bind to exert pharmacological action. The fact that P.
chaba is a safe food and spice means that it will have a significant
impact on people's health concerns. Synthetic drugs have several
adverse effects, so research on medicinal plants will help to dis-
cover safe drugs for mankind. That's why this area is given a big
interest.

2 | Materials and Methods
2.1 | Plant Source

Forty stems of P. chaba (Locally known as Chuijhal) ranging
in age from 4 to Syears (mean age 4.5years) and weighing be-
tween 200g and 300g (mean weight 250g) were collected from
Borobari, Kurigram, the northern part of Bangladesh at 25.8133°
N, 89.6483° E coordinate in September 2023. A taxonomist
named Sajib Rudra from the Botany Department, University of
Chittagong, Bangladesh, determined the plant's taxonomy. Next,
the plant (accession no.: CTGUH SR-7928) was placed in storage
for more examination.

2.2 | Chemicals and Instruments

All solvents and reagents used during the investigation were pro-
cured by Merck (Germany) and BDH (England). The solvents,
which were commercial-grade, were distilled before use. Kofler
type melting point apparatus was used for melting point mea-
surement. Shimadzu UV-1601, a UV spectrophotometer, and a
Shimadzu IR prestige-21(FT-IR) spectrometer were used for UV
and IR. NMR was taken in CDCIl, and CD,0D on a BRUKER
NMR DPX-400MHz instrument (BCSIR, Dhaka, Bangladesh)
at 400 MHz for protons and 100 MHz for carbons using TMS as
the internal standard. All NMR spectra were obtained using the
standard Bruker software. The UV lamp Mineralight device,
multiband UV-254/366 nm obtained from UVP Inc., USA, was
used for TLC plate visualization. Column chromatography (CC)
was carried out over silica gel (230-400 mesh; ASTM, Merck),
and TLC was carried out with silica gel 60 pre-coated plates F-
254 (Merck).

2.3 | Test Microorganisms

Toconducttheantimicrobial assay, aselection offive gram-positive
bacteria (Bacillus megaterium [ATCC 25918], Staphylococcus
aureus [ATCC25923], Bacillus cereus [clinical isolates|, Bacillus
subtilis [ATCC6633], and Sarcina lutea [clinical isolates]) and
seven gram-negative bacteria (Salmonella typhi [clinical isolates],
Escherichia coli [ATCC25922], Salmonella paratyphi [clinical
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isolates|, Pseudomonas aeruginosa [ATCC27833|, Vibrio mim-
icus [clinical isolates], Shigella dysenteriae [clinical isolates], and
Vibrio parahemolyticus [clinical isolates]) were employed.

2.4 | Test Animal Models

To carry out the in vivo experiment, Swiss albino mice aged
between 4 and 5weeks, of both genders, were obtained from
the Animal Resource Branch of the International Centre for
Diarrheal Diseases and Research, Bangladesh (ICDDR, B) (the
size of the animal population, n=5). The mice were housed
in standard polypropylene cages with a 12-h light-dark
cycle. Additionally, optimal conditions such as a controlled
room temperature of 24°C+2°C and a relative humidity of
60%-70% were upheld. They were provided with ICDDR, B-
formulated rodent food, and water ad libitum. The research
protocol was approved by the Animal Ethics Committee of the
State University of Bangladesh, Dhaka (2023-01-04/SUB/A-
ERC/003) before initiating the study. Throughout the exper-
iments, strict adherence to guidelines for the use and care of
laboratory animals was ensured. Recognizing the sensitivity
of mice to environmental variations, they were acclimatized to
the experimental conditions for a minimum of 3-4 days before
the commencement of the experiment. Furthermore, all ethi-
cal protocols and regulations were strictly adhered to during
the design and execution of the research experiments. At the
end of the experiment, an anesthesia overdose (Ketamine
HCI [100mg/kg] and Xylazine [7.5mg/kg]) through the in-
traperitoneal route was given to the mice models followed
by euthanasia, following the previously delineated protocols
established by Zimmermann (1983) and Davis (2001) (Alam
et al. 2021; Davis 2001; Zimmermann 1983). All tests were
carried out in abiding with the guidelines for the care and use
of laboratory animals, as approved by the institutional ethical
committee.

2.5 | Extraction and Isolation

Plant samples were collected, cleaned, and dried for several
days before being processed into a coarse powder (Figure 1).
Following that, the 750 g of powdered stem samples was soaked
in ethanol for 10-15days at room temperature while being peri-
odically shaken. The extracts of the stem samples were filtered
by cotton and filter papers. The excess solvent was then removed
using a rotary evaporator. After the solvent evaporation, a solid
residue (15g) was recovered and refrigerated for later use.

The extract was then soaked in water and fractionated using
several solvents. n-hexane (HEX), dichloromethane (DCM),
and ethyl acetate (EAC) with increasing polarity, solvent-sol-
vent partitioning was carried out by Kupchan's method, which
was updated by VanWagenen et al. (1993). The fractionates were
then evaporated to dryness (Rolta et al. 2022; Rolta et al. 2020).
The amount of different fractionates was n-hexane (3.5g), DCM
(6.0g), ethyl acetate (2.44 g), and aqueous (2.84 g).

The DCM extract was taken to TLC analysis to see the presence
of phytochemicals in the extract. Then, the DCM (~6.0g) part
was subjected to CC and eluted with nonpolar to polar solvents.

The fractions were collected and then repeated the process to
collect different fractions. The fractions were subjected to pre-
parative TLC to purify the compounds and characterized by
the NMR spectroscopy method. Two compounds were isolated
purely. Compound 1 (6 mg) was found in a white crystalline solid
from 10% n-hexane in DCM, and compound 2 (~8 mg) was found
in a powdered solid from 5% EAC in DCM. The purity of com-
pounds was detected by confirming a single spot in the TLC plate
(Figure 2).

2.6 | InVivo Acute Oral Toxicity

Under standard laboratory circumstances, the oral toxic-
ity test was done with the fixed-dose method according to the
“Organization for Environmental Control Development” stan-
dards (OECD: standards 420) (Van den Heuvel 1984; Rudra
et al. 2020), and following the mice's oral administration of
large doses (2000 mg/kg), some parameters were monitored over
the next 72h. Therefore, following oral administration of the
ethanol-soluble compounds, extract of P. chaba, no mortality,
no behavioral alteration (sedation, excitability), and no allergic
reaction were found. For the antidiarrheal activity investigation,
dosages of 200 and 400 (mg/kg, b.w.; p.o.) have been chosen in
consideration of the safe dosage adjustment concerning oral
acute toxicity.

2.7 | Antimicrobial Assay
2.7.1 | Disk Diffusion Test

To assess the antimicrobial efficacy of the compounds
Chabamide I and Chingchengenamide A isolated from P. chaba,
we employed the disk diffusion method by Huys, Huys, and
D'haene, K. and Swings, J. (2002) with little modification. For
the susceptibility assay, we selected three commonly utilized
antibiotic agents available in the market: azithromycin, amoxi-
cillin, and ciprofloxacin. The nutrient-agar medium dishes were
pre-inoculated with the following sample disks, test bacterial
strains, standard antibiotic disks, and control disks were deli-
cately placed onto the agar surface. For a whole day, the plates
were incubated at 37°C. Although the standards were employed
at 30 ug/disk, isolated phytochemicals were measured at 100 ug/
disk. Following incubation, the diameters of the clear zones sur-
rounding each disk were meticulously measured to assess the
antimicrobial activity.

2.8 | Antidiarrheal Assay
2.8.1 | Castor Oil-Induced Diarrhea Test

The antidiarrheal potential of the compounds Chabamide I and
Chingchengenamide A isolated from P. chaba was scrutinized
employing the castor oil-induced method, as delineated by Shoba
and Thomas (2001) with slight adjustments. In this investiga-
tion, mice were judiciously randomized into four cohorts, each
consisting of six subjects. Before experimentation, the mice un-
derwent an overnight fasting period with unrestricted access to
water. Subsequently, 0.5mL of castor oil was applied to induce
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Chabamide I

Chingchengenamide A

FIGURE 2 | (a) Structure of the compound 1 as Chabamide I along with purity assessment of Chabamide I in TLC plate; (b) Structure of the

compound 2 as Chingchengenamide A along with purity assessment of Chingchengenamide A in TLC plate.

diarrhea, with only those exhibiting symptomatic manifestations
selected for further analysis.

Group I, designated as the control, received vehicle solutions
comprising distilled water with 1% Tween-80. Group II, the
positive control or standard drug cohort, was subjected to lop-
eramide, a recognized antimotility drug, at a dose of 5mg/kg
body weight. Groups IIT and IV, representing the test cohorts,
received isolated phytochemicals individually at oral dosages
of 10 and 20mg/kg body weight, respectively. An additional
0.5mL of castor oil was applied to all subjects 1 h after the initial
application of test samples. Subsequently, individual mice were
placed in enclosures with floors lined with transparent paper.

Throughout the observational timeframe, diverse parameters
were meticulously monitored, encompassing the initiation of
diarrhea, quantification of wet stools in terms of number and
weight, and the cumulative number and weight of fecal output.

The observation persisted until 4h before the subsequent appli-
cation of castor oil, with the calculated mean values being desig-
nated as the definitive results.

2.9 | Analgesic Assay
2.9.1 | Acetic Acid-Induced Writhing Test

The analgesic efficacy of the isolated compounds, Chabamide
I and Chingchengenamide A, was assessed utilizing the acetic
acid-induced writhing test, following the methodology outlined
by Ahmad et al. (2010). Groups I and II were administered
tween-80 (10mL/kg; b.w, p.o) and acetylsalicylic acid (10mg/kg;
b.w, i.p.), respectively, serving as positive and negative controls.
Conversely, Groups III and IV received individual alkaloids at
doses of 10 and 20mg/kg; b.w, p.o., respectively. Subsequently,
an intraperitoneal injection of acetic acid solution (0.6% v/v) was
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administered. The frequency of writhing responses was meticu-
lously recorded at 5-min intervals post-acetic acid injection and
monitored over 25min.

2.9.2 | Statistical Analysis

The statistical interpretation was presented in the format of
mean *standard error of the mean (SEM). The acquired val-
ues underwent a comparative analysis with those of the control
group, and statistical significance was discerned (***p<0.001,
**p<0.01, and *p<0.05). This analysis was followed by a one-
way analysis of variance (ANOVA) accompanied by Dunnett's
test for further validation. All statistical computations were me-
ticulously executed utilizing GraphPad Prism Version 5.2 (San
Diego, CA).

2.10 | In Silico Studies
2.10.1 | Optimization of Geometry

In developing new drugs, using computer tools to forecast the
characteristics of novel substances is becoming increasingly com-
mon. Biological features, including geometric patterns, thermody-
namics, molecular orbital (MO), electrostatic potential (ESP), and
spectral analysis, are easily predicted without costly experiments
(Uzzaman et al. 2021). The online PubChem server (https://pubch
em.ncbi.nlm.nih.gov/) is used to compile the original chemical
composition of Chabamide I and Chingchengenamide A. The
conformer with the highest stability, and the lowest energy was
identified using the anticipated AMBER potential value obtained
using the Gabedit software (Allouche 2011). The Gaussian 09 W
software was utilized for all quantum chemistry computations,
with the CAM-B3LYP 6311G basis set of density functional theory
(Lapointe and Weaver 2007). If the terms potentiality (w), hard-
ness (1), softness (S), and HUMO-LUMO energy gap (AE) are
mentioned, the following equations (Afrin et al. 2023) were used
to determine them:

Gap (AE) = [eLUMO — eHOMO]

. [eLUMO + eHOMO]
- 2

n= [eLUMO — eHOMO]

2.10.2 | Preparing Proteins, Docking Molecules,
and Computing Interactions

The RCBS Protein Data Bank in PDB format is the source of
the three-dimensional crystal structures for prostaglandin-2
(PDB ID: 6COX) (Kurumbail et al. 1996), aspirin-acetylated
human cyclooxygenase-2 (PDB ID: 5F19) (Lucido et al. 2016),
delta-opioid receptor (PDB ID: 4RWD) (Fenalti et al. 2015),
kappa opioid receptor (PDB ID: 6VI4) (Che et al. 2020),

beta-ketoacyl-acyl carrier protein synthase III (PDB ID:
1HNIJ) (Qiu et al. 2001), and antibacterial protein (PDB ID:
1AJ6) (Holdgate et al. 1997). The Discovery Studio Visualizer
2020 program eliminated all water molecules, unexpected
chains, heteroatoms, undesirable chains, and co-crystallized
ligands. To eliminate any unwanted interactions between
the medication and protein, the protein chain was energy
reduced using the conjugate gradient technique using the
Swiss-PdbViewer (Version 4.1.0) program (Ciucx and Peitsrh
Urctrophuresis 1997). PyRx Autodock vina has been utilized
to assess the relationship between the isolated compounds
of P. chaba and proteins. The grid box was generated in the
box center with an active site. Finally, the Discovery Studio
Visualizer 2020 was used to compute the nonbonded interac-
tion and analyze the docking data. (Prajapati et al. 2022).

2.11 | ADMET Prediction

When evaluating the safety and efficacy of a drug candidate as a
therapeutic agent, attributes about absorption, distribution, ex-
cretion, metabolism, and toxicity (ADMET) are crucial. Because
of this, medicinal chemistry and computational chemistry have
emerged as the most effective methods for predicting ADMET
features in recent decades. Two isolated and identified com-
pounds of P. chaba are used for ADMET characteristics predic-
tion using the ADMET SAR (http://Immd.ecust.edu.cn/admet
sarl) website.

3 | Results
3.1 | Isolated Phytochemicals

Compound 1 was a white crystalline solid (~6 mg); R,=0.65 (90%
DCM: 10% HEX); 'H and '*C NMR(TMS) data were found simi-
lar to the previously published data in Table 1.

The 'H-NMR spectrum (400MHz, CDCl,) of compound 1
showed peaks at § 4.14 (dt), 6.05 (ddd), 6.28 (br, s), 6.56 (br, s), 3.85
(m), 1.32-1.79 (m), 5.93 (d), 5.82 (d), 3.15 (t), 2.94 (dd), 6.24 (br, s),
6.46 (d), 6.07 (br, ), 2.57 (m), and 0.92 (d) ppm (Figure S1). The
13C-NMR spectrum (100MHz, CDCL,) of compound 1 showed
main chemical shift at 162.77, 55.80, 122.29, 130.44, 55.93,
131.38, 111.69, 147.92, 149.10, 107.95, 120.65, 46.93, 28.95, 28.65,
28.73, 178.53, 100.92, 101.06, 41.25, 38.30, 34.79, 54.68, 109.49,
146.49, 143.15, 105.40, 120.21, 46.48, 29.34, 20.13, and 19.89 ppm
(Figure S2).

Compound 2 was powdered solid (~8mg); R;=0.36 (95% DCM:
5% EAC); 'H and *C NMR (TMS) data were found similar to the
previously published data in Table 1.

The 'H-NMR spectrum (400MHz, CDCL,) of compound 2
showed peaks at 5.94 (d), 7.19 (dd), 6.14 (m), 2.42 (q), 2.64 (t), 6.64
(br, ), 6.72 (d), 6.60 (d), 5.90 (s), 3.57 (t), 1.4-1.8 (m), and 0.92 ppm
(Figure S3). The '*C-NMR spectrum (100MHz, CDCL,) of com-
pound 2 showed main chemical shift at 165.88, 121.19, 141.02,
129.48, 142.63, 35, 135.17, 108.84, 147.59, 145.74, 108.17, 119.03,
100.8, 45.85, 29.71, and 24.65 ppm (Figure S4).
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TABLE1 | '*Cand'H NMR spectral data of compounds 1 and 2 (100, 400 MHz, DMSO-d,, and TMS).

Compound 1

Compound 2

Position no. S, 8y (Jin Hz) S, 8y (Jin Hz)
1 162.77 — 165.68 —
2 55.80 Overlapping (1H) 121.19 5.94 (1H, d)
3 122.29 4.14 (1H, dt) 141.02 7.19 (1H, dd)
4 130.44 6.05 (1H, ddd) 129.48 6.14 (1H, m)
5 55.93 Overlapping (1H) 142.63 6.14 (1H, m)
6 131.38 — 35 2.42(2H, q)
7 111.69 6.28 (1H, br,s) 35 2.64 (2H, t)
8 147.92 — — —
9 149.10 — — —
10 107.95 6.56 (1H, d) — —
11 120.65 Overlapping (1H) — —
4 46.93 3.85(2H, m) 45.85 3.57 (2H, t)
2 28.95 1.32-1.79 (2H, m) 29.71 1.4-1.8 1H, m)
3’ 28.65 Overlapping (2H) 24.65 0.92 (3H)
4 28.73 Overlapping (2H) 24.65 0.92 (3H)
5 41.25 3.85(2H, m) — —
6’ J— J— J— J—
1 178.53 — 135.17 —
2 38.3 3.15(1H, t) 108.84 6.64 (1H, br,s)
3’ 34.79 2.94 (1H, dd) 147.59 —
4 54.68 — 145.74 —
5 109.49 6.24 (1H, br,s) 108.17 6.72 (1H, d)
6 146.49 — 119.03 6.60 (1H, d)
7" 143.15 — — —
8’ 105.40 6.46 (1H, d) — —

! 120.21 6.07 (1H, br,s) — —
1 46.48 2.57 2H, m) — —
2" 29.34 Overlapping (1H) — —
3 20.13 0.92 (3H, d) — —
4" 19.89 0.92 (3H, d) — —
Methylene di-oxy 100.92 5.93 (2H, d) 100.8 5.90 (2H, s)

101.06 5.82 (2H, d)

Compound 1 exhibited benzene ring proton signals at 6.28 (br,s),
6.56 (d), 6.24 (br,s), 6.46(d), and 6.07 (br,s) ppm in its 'H NMR
spectrum (400 MHz, in CDCL,). At 6.56 ppm, the signals from the
proton at location 10 and position 11 overlapped and the isopro-
pyl methyl [(CH,),CH-] signals at & 0.92 (6H, d) ppm. The signals
at 1.32-1.79 ppm multiplets for protons of methylene (-CH,-) and
the signal of the proton of C-2""” position overlapped at 1.32-1.79
(m) ppm. Multiplets were obtained at 2.57ppm from another

methylene proton of the C-1"" position. The two methylene di-
oxy protons produced doublet at 5.93 and 5.82 ppm.

The multiplets at 3.85ppm were produced by the four protons
attached to methylene(-CH,-) carbon (attached to nitrogen) at
positions 1” and 5. The methine (-CH-) protons at positions 3
and 4 showed signals at 4.14 (dt) and 6.05 (ddd) ppm, which were
downfield due to double bond carbon (deshielded), whereas the
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signals for 3° carbon protons of positions 2" and 3" were at 3.15 (t)
and 2.94 (dd)ppm, which were upfield due to single bond carbon
(shielded). At 3.85 ppm, the signal of two protons from 3° carbons
2 and 5 overlapped as multiplets. We observed a quadrupole wid-
ening for nitrogen atoms at 5.5ppm, and the Lessaigne test also
confirmed the presence of nitrogen.

The presence of two aromatic rings in compound 1 was explained
by its 1*C NMR spectrum (100 MHz, in CDCL). In two benzene
rings, there were six quaternary carbon atoms in total. Of these,
four were oxygenated and produced signals farther downfield
than the other carbon atoms in the rings. The signals for the qua-
ternary carbons at positions 8,9, 6", and 7 were found to be 147.92,
149.10, 146.49, and 143.15ppm, respectively. The signals for the
remaining two quaternary carbons were found to be 131.38 and
54.68 ppm. Methine (-CH-) carbons made up six more carbons of
the two benzene rings; signals were seen at 111.69, 107.95, 123.7,
109.49, 105.40, and 120.21 ppm. Signals at 100.92 and 101.06 ppm
for two benzene rings were detected that have two methylene di-
oxy (-OCH,0-) groups linked to them. Additionally, there were
two indications for carbonyl groups at 162.77 and 178.53 ppm.
Methylene (-CH,-) carbons attached to the nitrogen displayed
signals at 46.48, 46.93, and 41.25ppm. Signals were detected at
28.95, 28.65, and 28.73ppm by three additional methylene car-
bons with the nitrogen ring.

Two -CH, carbon signals at 20.13 and 19.89ppm and one -CH-
carbon signal at 29.34 ppm indicated the presence of an isopropyl
[(CH,),CH-] group in compound 1. The last six carbon atoms were
arranged in a ring with a double bond; two methine (-CH-) carbons
in this ring were in the double bond contact and produced signals
at 122.29 and 130.44ppm. At 55.80, 55.93, 38.30, and 34.79 ppm,
the signals for the remaining four tertiary carbons were detected,
which were upfield than protons in methine (-CH-).

From the physical characteristics and spectral analysis (H-NMR
and 3C-NMR) data of compound 1, and comparing the previously
published '"H-NMR and '3C-NMR spectral data of Chabamide I,
the structure of compound 1 was established as Chabamide I
having the structure as Figure 2.

Compound 2 exhibited benzene proton signals at 6.64 (br,s), 6.72
(d),and 6.60 (d) ppm in its "H NMR spectrum (400 MHz, in CDCL,)
spectrum. The remaining signals for compound 2 for isopropyl
methyl [(CH,),CH-] at § 0.92 (6H) ppm. At 5.90 (s) ppm, there
was only one methylene di-oxy signal. Signals were detected at
2.42ppm as a quartet and 2.65ppm as a triplet by two methylene (-
CH,,-) protons of the side chain. The signals at 5.94 (d), 7.19 (d), and
6.14 (m) ppm verified the existence of four methine (-CH-) protons
in the side chain. The last methylene (-CH,-) next to the nitrogen
produced a signal for two protons at 3.57 (t) ppm. The quadrupole
broadening at 1.81 ppm indicated the presence of a nitrogen atom.

The presence of an aromatic ring was confirmed by the 3C NMR
spectrum (100 MHz, in CDCI,) of compound 2. Two downfield sig-
nals were observed at 147.59, and 145.74 ppm from two oxygenated
carbon atoms in the benzene ring, which were found to be differ-
ent from other carbon atoms in the ring. A signal was detected at
135.17ppm for the benzene ring's quaternary carbon atom. The
remaining three carbons of the benzene ring were methine (-CH-)
carbons, with signals detected at 108.84, 108.17, and 119.03 ppm.

The signals were detected at 121.19, 141.02, 129.48, and
142.63ppm for the other four methine (-CH-) carbons in
the long side chain that are connected to one another by a
double bond. The presence of methylene di-oxy (-OCH,0-)
groups linked to the benzene ring was shown by the signal
at 100.8 ppm. At 165.68 ppm, a carbonyl group signal was de-
tected. The methylene (-CH,-) carbon next to nitrogen was de-
tected at 45.85ppm for the nitrogen atom. The Lessaigne test
revealed that nitrogen was present.

There were two methylene group (-CH,-) carbons in the side
chain, with signals at 35ppm. The indications of two -CH, car-
bons at 24.65 ppm and one CH carbon at 29.71 ppm indicated the
presence of an isopropyl [(CH,),CH-] group in compound 2.

From the physical characteristics and spectral analysis (*H-
NMR and 3C-NMR) data of compound 2 and comparing
the reported value of 'H-NMR and 3C-NMR spectral data of
Chingchengenamide A, the structure of compound 2 was estab-
lished as Chingchengenamide A having the structure as Figure 2.

3.2 | Effect of Chabamide I
and Chingchengenamide A on Disk Diffusion Assay

Chabamide I and Chingchengenamide A compounds were as-
sayed for antimicrobial activities against five gram-positive bac-
teria and seven gram-negative bacteria. As a reference standard
azithromycin, amoxicillin, and ciprofloxacin were taken for
testing the respective antimicrobial activity (Figure 3). The zone
of inhibition (ZOI) of the test samples ranged from 11mm to
21 mm, summarized in Table 2. As per ZOI, the test compound

FIGURE 3 | Antimicrobial efficacy evaluation (disk diffusion
method) of Chabamide I and Chingchengenamide A along with the
standards.
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TABLE 2
bacterial strains.

| Antimicrobial activity of Chabamide I and Chingchengenamide A along with standards against gram-positive and gram-negative

Zone of Inhibition (mm)

Azithromycin Amoxicillin Ciprofloxacin = ChabamideI Chingchengenamide

Test microorganisms (30 ng/disk) (30 ng/disk) (30 ng/disk) (100 ng/disk) A (100 ng/disk)
Gram-positive bacteria

Bacillus cereus 35 33 30 20 17

Bacillus megaterium 33 29 29 15 14

Bacillus subtilis 32 26 33 11 13

Staphylococcus aureus 39 36 34 18 15

Sarcina lutea 37 32 28 16 16
Gram-negative bacteria

Escherichia coli 39 37 34 18 17

Pseudomonas 42 38 37 21 21

aeruginosa

Salmonella paratyphi 32 32 26 18 14

Salmonella typhi 38 31 35 21 12

Shigella dysenteriae 38 30 34 18 15

Vibrio mimicus 33 28 27 15 16

Vibrio parahemolyticus 40 35 34 16 15

Chabamide exerted notable antimicrobial activity against
Bacillus cereus, Pseudomonas aeruginosa, and Salmonella typhi,
whereas Chingchengenamide showed considerable activity
against Pseudomonas aeruginosa with a ZOI of 21 mm.

3.3 | Effect of Chabamide I
and Chingchengenamide A on Castor Oil-Induced
Diarrhea

Chabamide I and Chingchengenamide A at 10 and 20mg/kg
doses exhibited significant (p <0.05, p<0.01, p <0.001) reduction
in the number of feces (Figure 4). In terms of wet feces number,
Chabamide I and Chingchengenamide A demonstrated percent-
ages of diarrhea inhibition respectively by 43.33% and 33.33% at
10mg/kg dose, whereas at 20 mg/kg dose, the values were 46.67%
and 40%, respectively, and whereas the value of the standard lop-
eramide was 80%.

3.4 | Effect of Chabamide I
and Chingchengenamide A on Acetic Acid-Induced
Writhing in Mice Model

ChabamideIand Chingchengenamide A at 10 and 20 mg/kgboth
of the doses exhibited significant (p<0.05, p<0.01, p<0.001)
analgesia with a considerable percent reduction of acetic acid-
induced writhing compared with the standard diclofenac so-
dium (Figure 4). Chabamide exhibited dose-dependent percent
reduction by 40.82% (at 10mg/kg) and 53.06% (at 20 mg/kg),
also together with Chingchengenamide by 34.69% (at 10 mg/kg)

and 42.86% (at 20mg/kg) when compared to the standard with
77.55% reduction.

3.5 | Molecular Docking Study
3.5.1 | MEP Analysis

The MEP analysis (Figure 5) indicates that hydrogen atoms have
the highest positive potentiality, and oxygen atoms have the larg-
est negative potentiality. Chabamide I has the highest positive
potentiality in our investigation, indicating the largest potential
for nucleophilic attack. Furthermore, the highest negative poten-
tiality for Chingchengenamide A indicates the most potential for
an electrophile attack.

3.5.2 | Molecular Docking and Nonbonded Interactions

Without considering the ligand-receptor interaction or the
chemical or physical properties of receptors and ligands, mo-
lecular topology has proven to be a valuable tool for molecular
drug design. It was transitioning from an appealing possibility
to a cornerstone in the search and development of new drugs.
It can be used as a distinct drug design and development par-
adigm to identify new hits and leads without the need for geo-
metric or physical magnitudes (Zanni et al. 2015). It can be
used to construct an effective QSAR method based on topolog-
ical variables. It helps in the rapid and inexpensive discovery
of drugs with superior pharmacodynamic, pharmacokinetic,
and toxicological qualities compared with those currently on
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[ Antidiarrheal and Analgesic potentials of isolated alkaloids from P. chaba
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FIGURE 4 | Antidiarrheal and analgesic effect of Chabamide I and Chingchengenamide A along with the standards respectively on castor oil-
induced and acetic acid-induced tests in mice (values are expressed as Mean £ SEM (n =5); CTL, negative control; STD, positive control; ***p <0.001,

**p<0.01, *p <0.05 compared with control and negative control).
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FIGURE 5 |
isolated compounds of P. chaba, where (a) denotes Chabamide I and (b) denotes Chingchengenamide A.

Molecular electrostatic potential map of isolated compounds of P. chaba, and boiled egg figures regarding the ADMET analysis of

the market. It can be utilized to determine the mode of ac-
tion behind a drug's therapeutic effect in conjunction with
quantum-mechanical calculations, docking, and molecular

dynamics simulation (Amigo, Galvez, and Villar 2009). It also
enables the discovery of new lead compounds with minimal
information acquired from mathematical topological patterns
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and the interpretation of results in structural and physicochem-
ical terms. As a result, a direct connection between chemical
structures and experimental qualities can be made (Diudea,
Gutman, and Jantschi 2001).

Nonbonding interactions with docking score were utilized
as the consideration for the binding affinity and interactions
of the isolated compounds from P. chaba, along with several
standard drugs, including diclofenac, loperamide, ciprofloxa-
cin, amoxicillin, and azithromycin. In the case of the analgesic
assay, we investigate the interactions between isolated com-
pounds and prostaglandin-2 and aspirin-acetylated human
cyclooxygenase-2 receptor protein. According to our findings,
the most significant binding affinities to the prostaglandin-2
receptor are exhibited by carbamide I (—8.2kcal/mol), which
is greater than the standard drug diclofenac (—7.7kcal/mol)
and the aspirin-acetylated human cyclooxygenase-2 receptor
by chingchengenamide A (—7.4kcal/mol), which is closer to
diclofenac (—8.4kcal/mol) represented in Table 3. The carba-
mide I-6COX complex is stabilized by four hydrogen bonds as
well as four hydrophobic contacts involving LEU171, LYS459,
LYS459, LEU171, PRO162, PRO162, LEU171, and ARG456
amino acid residues. In contrast, six hydrogen and alkyl bonds
are involved in the interaction between Chingchengenamide A
and target cyclooxygenase enzyme through ARG44, GLN461,
CYS36, ARG469, CYS41, GLU465, ARG44, LEU152, PRO153,
ARG469, LEU152, and CYS36 amino acid residues. In the case
of antidiarrheal activity, the isolated compounds from p. chaba
in this investigation have been docked against the kappa and
delta-opioid receptors. The isolated compounds’ docking scores
ranged from —6.4 to 8.6kcal/mol for the delta-opioid receptor
and from -7.6 to —9.7kcal/mol for the kappa opioid receptor,
which is greater than the standard drug loperamide (—8.7kcal/
mol). It is perceived that Chabamide I forms two hydrophobic
contacts with CYS210 and TYR312 amino acid residues, as
well as two hydrogen bonding interactions with TYR139 and
ASP138 amino acid residues. Chingchengenamide A-kappa
opioid receptor complex is stabilized by multiple interactions
involving alkyl, pi-alkyl, and pi-sulfur interactions as well as
hydrogen bonds through THR111, ASP138, ASP138, TYR320,
ILE290, ILE290, ILE316, TRP287, and TRP287 amino acid res-
idues. The antibacterial protein and beta-ketoacyl-acyl carrier
protein synthase III were docked with the isolated compounds
of P. Chaba. Based on the docking score results, Chabamide I
was shown to have the highest binding affinity to the 1AJ6 re-
ceptor. Their docking score ranges from —6.2 to —8.5kcal/mol,
which is closer to the standard drug amoxicillin (7.3 kcal/mol),
ciprofloxacin (-7.7 kcal/mol), and azithromycin (-9.1 kcal/mol).
The docking score ranking was found to be in the following
order: Chabamide I > Chingchengenamide A for the antimicro-
bial effect of this plant. Four hydrogen-bonded interactions with
amino acid residues ASN46, ARG76, ASP49, and ASN46, and
five alkyl interactions with amino acid residues ALA100, ILE94,
ILE78,ILE94, and ILE78 are observed in the Chabamide I-1AJ6
complex. ALA100, THR165, HIS99, ASN46, ASP73, GLY117,
ILE78, ILE94, and ILE78 are the involved amino acid residues
in stabilizing the chingchengenamide A-1AJ6 complex through
hydrogen bonds as well as alkyl interactions. The nonbonded in-
teractions between amino acid residues of the target receptor for
analgesia, diarrhea, microbial infection, and the highest docking
scored compounds shown in Table 3 and Figure 6 were analyzed

further employing the Biovia Discovery Studio Visualizer 2021
program. As hydrophobic interactions are the major driving
forces involved in ligand-receptor interactions, these amino acid
residues with lower interatomic distances (<5A) form strong
bonds; hence, they have a greater binding affinity.

3.5.3 | ADMET Prediction

Both P. chaba isolated compounds show a good response for
human intestinal absorption (HIA) in the current study. Greater
HIA values were detected, indicating that they were quickly ab-
sorbed from the gastrointestinal tract (GIT) after being taken
orally. According to tabulated ADMET data (Table 4) and
(Figure 5), Chingchengenamide A permeates all Caco-2 cells
and shows greater C2P values, suggesting that the molecule is
entirely absorbed from the GIT with an elevated permeability
coefficient. Both substances react favorably to the blood-brain
barrier (BBB), indicating increased central nervous system
(CNS) permeability. In this case, Chingchengenamide A does
not inhibit p-glycoprotein, suggesting that changing the phar-
macokinetic profile of medications is unlikely. Cytochrome
P4502C9 (CYP2C9) enzymes metabolize both separated com-
pounds, and this is the leading cause of the significant differ-
ence in the pharmacokinetics of many therapeutically essential
medicines. Chingchengenamide A was found to have a higher
clearance of 0.334, and both compounds showed a modest
inhibitory effect on the human ether-a-go-go related gene
(hERG). The LD, , values of the isolated P. chaba compounds in
this study range from 2.712 to 3.365mol/kg, which is a reason-
ably low-risk range.

4 | Discussion

Bioactive phytochemicals with diverse pharmacological char-
acteristics are abundant in medicinal plants. Determining a
medicinal plant's bioactive profile is a well-established method
that involves the extraction and identification of phytochemi-
cals. Various chromatographic techniques, including GC, TLC,
HPLC, PTLC, and CC, can be employed in phytochemical anal-
ysis to isolate bioactive chemicals from plant extracts. In our
investigation, we used ethanol to extract P. chaba stems, and
then we used the TLC analysis, column chromatographic tech-
nique, and PTLC analysis. Two amide alkaloids Chabamide I
and Chingchengenamide A were isolated from P. chaba stem
extracts. Alkaloids are an intriguing class of substances that
have a variety of effects on human and animal bodies, both
beneficial and harmful. Alkaloids have a wide range of physio-
logical effects, including anticancer, antibacterial, antimitotic,
hypnotic, anti-inflammatory, antitumor activity, analgesic, psy-
chotropic, local anesthetic properties, and many others (Adamski
et al. 2020). Chingchengenamide A was a derivative of piperine.
Structure-activity relationship showed that this compound has
greater biological activity than piperine (Shinta, Choodej, and
Pudhom 2021). In the case of amide alkaloids, double bonds
in the side chain will not be responsible for biological activity.
Structure-activity relationship study recommended that both al-
kaloids Chabamide I and Chingchengenamide A demonstrated
inhibitory effectiveness against at least one of eight tested human
tumor cell lines. The 3,4,5-trimethoxy substitution in the phenyl
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TABLE 3 | Molecular docking and nonbonded interaction of isolated compounds of P. chaba.

Binding
Receptor Compounds name affinity Bond Amino acid residues
Cyclooxygenase 2 C1 -8.2 Conventional hydrogen bond LEU171, LYS459, LYS459
(6COX)
Alkyl PRO162, LEU171, ARG456
C2 -7.5 Conventional hydrogen bond ARG44, GLN461, CYS36,
ARG469, CYS41, GLU465
Alkyl ARG44, LEU152,
ARG469, CYS36
Diclofenac Sodium =77 Conventional hydrogen bond LYS468, ARG469
Carbon-hydrogen bond SER471
Pi-Alkyl LYS468
Kappa opioid C1 -9.7 Conventional hydrogen bond TYR139, ASP138
receptor (6VI4) Alkyl CYS210
Pi-Alkyl TYR312
C2 7.6 Conventional hydrogen bond THR111, ASP138
Pi-Sulfur TYR320
Alkyl ILE290, ILE316
Pi-Alkyl TRP287
Loperamide -8.4 Conventional hydrogen bond ARG202
Carbon-hydrogen bond CYS210, ASN122
Alkyl VAL108, VAL207, VAL118
Pi-Anion ASP138
Pi-Alkyl VAL134
Antibacterial C1 —-8.5 Conventional hydrogen bond ASN46, ARG76, ASP49
protein (1AJ6) Alkyl ILE78, ALA100, ILE94
Cc2 -6.7 Conventional hydrogen bond ALA100, THR165, HIS99,
ASN46, ASP73, GLY117
Alkyl ILE78,ILE94, ILE78
Azithromycin -9.1 Conventional hydrogen bond GLY77
Carbon-hydrogen bond ASP73
Alkyl PRO79
Ciprofloxacin -7.7 Conventional hydrogen bond GLY77, THR165
Carbon-hydrogen bond ASN46, GLY119
Alkyl ILE94, ILE78
Pi-Alkyl ILE78
Amoxicillin -7.3 Conventional hydrogen bond VAL97, ASN46
Alkyl ILE78, PRO79, ILE94
Pi-Alkyl ILE94, ALA100

ring of amide alkaloids improved selectivity against MDR subline
KBvin. However, the 4-methoxy group in this pattern is neces-
sary for cytotoxic action (Wang et al. 2014).

The current study revealed the isolation of two alkaloids from
P. chaba including Chabamide I and Chingchengenamide A.
According to the best of our knowledge, Chingchengenamide A
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FIGURE 6 | Docked conformation, nonbonding interactions, and hydrogen-bond surface area of isolated compounds of P. chaba at the inhibition
binding site of the receptor protein (a) 6COX (analgesic), (b) 6V14 (antidiarrheal), and (c) 1AJ6 (antimicrobial).

isisolated from P. chaba stems for the first time. This alkaloid was
isolated for the first time from the China piper species Piper oto-
noids (Gomez-Calvario et al. 2019). On the contrary, Chabamide
Iwas isolated earlier from P. chaba (Rukachaisirikul et al. 2002).

Instances of inflammation, such as microbial intrusion or tis-
sue trauma, elicit the recruitment of defensive leukocytes to the
affected site, a meticulously coordinated response mediated by

receptors like toll-like receptors (TLRs) and NOD-like receptors
(NLRs) (Abdel Motaal and Abdel Maguid 2005). Concurrently,
an extensive array of inflammatory mediators, including eico-
sanoids, cytokines, chemokines, and vasoactive amines, are
unleashed, contributing to the intricate orchestration of in-
flammatory cascades (Sun, Sit, and Feinberg 2014). Previous
research indicates that alkaloids possess the capability to inhibit
phospholipase A2, consequently reducing the accessibility of
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| ADMET predictions data of isolated compounds of P. chaba.

TABLE 4

Acute

Lipophilicity

Rat LD50
(mol/kg)

HERG

Inhibition

Oral
Toxicity

Lipinski

Log Po/w
(iLOGP)

Solubility
Log S (ESOL)

Clearance Violation Carcinogens

CYP2CY

P-Gpl

BBB

Cc2p

HIA

Name

3.365

WI (0.9309)

NC (0.8213)  II1(0.7133)

1; MW > 500

0.04

0.905 1(0.8730) NI (0.6181)

4.18

—0.55  MS(~5.89)

1

Chabamide I

0.334 0 NC (0.8624) 111 WI (0.9808) 2.712
(0.6087)

1(0.5713)

0.9788 NI (0.5372)

67

3.

S (—4.00)

0.5851

1

Chingchengenamide A

arachidonic acid, a precursor essential for prostaglandin syn-
thesis (Hayfaa, Sahar, and Awatif 2013). Plant extracts rich in
alkaloids have been noted to modulate the activity of cyclooxy-
genase 1 and 2 (COX-1 and COX-2), which are used to produce
inflammatory mediators. (Mishra, Seth, and Maurya 2016).

Additionally, some researchers have theorized that the analgesic
effects of plant extracts may stem from their ability to suppress
the release of interleukin-1f and interleukin-8 by resident peri-
toneal cells or to hinder the production of prostaglandins and
bradykinin (Hayfaa, Sahar, and Awatif 2013). Both Chabamide
I and Chingchengenamide A showed prospective analgesic ac-
tivity in the mice model though chabamide showed relatively
better outcomes, which ascertains a better prospect of dimeric
alkaloid as an analgesic drug candidate.

Castor oil, esteemed for its potent laxative attributes, func-
tions as a proficient inducer of diarrhea owing to its hydroly-
zation in the upper small intestine, resulting in the generation
of ricinoleic acid. This compound orchestrates fluid secretion
while concurrently impeding water and electrolyte absorp-
tion, alongside diminishing active Na* and K* absorption and
Nat*, Kt, “ATPase activity in both the small intestine and colon
(Ammon, Thomas, and Phillips 1974). These effects are as-
cribed to the irritant properties of ricinoleic acid, released upon
exposure to pancreatic acid (Mbagwu and Adeyemi 2008).
Additionally, ricinoleic acid elicits the release of prostaglan-
dins, pivotal regulators of gastrointestinal function, thereby
instigating motility and secretion, culminating in diarrhea (Hu
et al. 2009; Agunu et al. 2005). Recent elucidations concern-
ing molecular mechanisms propose the activation of the EP3
prostanoid receptor by ricinoleic acid, thereby mediating the
pharmacological effects of castor oil. This receptor activation
in intestinal and uterine muscle cells elucidates the intricate
cellular and molecular pathways underlying castor oil's lax-
ative action. Furthermore, the antidiarrheal efficacy of two
isolated alkaloids may operate through diverse mechanisms,
including the modulation of prostaglandin secretion (Tunaru
et al. 2012). Chabamide I displayed a more potent action com-
pared with Chingchengenamide A. From this investigation, it
can be postulated that dimeric alkaloid is a better candidate
than monomeric leads. At 20mg/kg b.w. dose, both alkaloids
showed better results than 10mg/kg b.w. dose despite the ab-
sence of a dose-dependent pattern.

Antibacterial agents possess the capacity to disrupt the struc-
tural integrity of bacterial cell walls, resulting in the leakage of
cytoplasmic contents and subsequent coagulation, particularly
notable in gram-positive bacterial strains. Analogously, phyto-
chemical constituents identified within the methanol extract of
C. gigantea leaves are speculated to intercede in various bacte-
rial biosynthetic pathways, potentially functioning as inhibitors
of cell wall, DNA, lipid, and/or protein synthesis (Frassinetti
et al. 2020). The principal antibacterial mechanisms attributed
to alkaloids encompass the inhibition of bacterial cell wall syn-
thesis, alteration of cell membrane permeability, suppression of
bacterial metabolism, and interference with nucleic acid and
protein synthesis (Yan et al. 2021). Unlike the antidiarrheal
effect, both Chabamide I and Chingchengenamide A demon-
strated noteworthy antibacterial efficacy against gram-positive
and negative bacteria compared with standards.
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Molecular docking can be employed to screen great libraries
of bioactive chemicals involved in modifying the activity and
function of a biological protein. It is now a valuable tool for
predicting the shape of the ligand-target complex, identifying
new ligands and chemical probes, and improving hit rates (Agu
et al. 2023). To determine the category of nonbonded interac-
tions underlying the stability of compound-target complexes, all
isolated compounds were docked with the active site of diverse
receptors, such as prostaglandin-2, aspirin-acetylated human
cyclooxygenase-2, delta-opioid receptor, kappa opioid receptor,
beta-ketoacyl-acyl carrier protein synthase III, and antibacterial
protein. The active compounds (C1-C2) of P. Chaba had dock-
ing scores of —7.3, —7.4, —7.5, —8.2, —8.5, and —9.7kcal/mol to
the chosen target, in that order. Developing nonbonding inter-
actions, such as hydrogen bonds, hydrophobic interactions, and
van der Waals interactions with major amino acids, is a crucial
phase in ligand docking in favorable conformations, as indi-
cated by the docking score. When the docking poses are iden-
tified using the Pyrx Virtual Screening tool, the results show
that conventional hydrogen bonds, carbon-hydrogen bonds,
pi-alkyl, alkyl, and pi-sulfur primarily involve interactions
between isolated compounds and selected targets. The molec-
ular ESP depicts the molecules’ electrical distribution and nu-
clear charge in their immediate surroundings. Additionally, it
deliberates electronegativity, dipole moment, molecular char-
acteristics, chemical reactivity, and intermolecular interaction
(Murray and Politzer 2011). Hydrogen bonding and biological
recognition are both explained by MEP. It can be helpful when
examining the reaction locations for nucleophilic and electro-
philic attacks on the chosen molecules. The most negatively
charged areas are indicated by a deep red color, which suggests
an electron-rich area that would be perfect for an electrophilic
attack. On the contrary, dark blue represents the most advan-
tageous feature, which is suited for nucleophilic assault as it
is electron-free (Weiner et al. 1982). In the early stages of drug
design and development, ADMET analysis is a key focus to ex-
clude subpar substances based on their pharmacokinetic profile,
which includes absorption, distribution, metabolism, excretion,
and toxicity (Davis and Riley, 2004). AdmetSAR uses a 0-1 scale
to quantify the Admet scores of 18 different qualities; a 1 indi-
cates the best, and a 0 indicates poisonous or detrimental. The
human intestinal epithelial Caco-2 cell has developed into a gold
standard model for predicting HIA of drugs, apparent perme-
ability coefficients, the role of intestinal CYP isozymes in me-
tabolism, and intestinal phase II drug-metabolizing enzymes.
This model makes early drug development more efficient and
repeatable (Van Breemen and Li 2005). The CNS is not protected
from the negative effects of ligands because they can all easily
pass across the BBB (Nisha et al. 2016). Depending on its roles,
the p-glycoprotein substrate can act as an inducer or an inhibi-
tor. Inducing p-glycoprotein would decrease the drug's bioavail-
ability. However, p-glycoprotein inhibition may affect a drug's
pharmacokinetic characteristics (Ahmed Juvale et al. 2022).
Chingchengenamide A metabolic CYP2C9 enzyme inhibitory
function increases the likelihood of drug-drug interactions,
which may significantly alter the pharmacokinetic profile of
pharmaceuticals. As chabamide I is not engaged in CYP2C9 in-
hibition, there is little chance that the pharmacokinetic profile
of medications or the interactions that accompany them would
change (Shirasaka et al. 2013). In postmarketing surveillance,
the main cause of cardiotoxicity such as long QT syndrome

(LQTS), ventricular fibrillation, ventricular arrhythmia, and
sudden death is inhibition of the human ether-a-go-go-related
gene (hERG), which encodes the voltage-gated potassium
channel (Kv11.1) (Creanza et al. 2021). One compound's com-
puted molecular weight of more than 500 g/mol indicates that it
breaches the ROS5 criterion, according to the SwissADME com-
puted data. This RO5 rule mostly applies to medications pas-
sively absorbed across cell membranes. Adverse consequences
arising from acute oral toxicity suggest that chemicals affect liv-
ing things, including people, through various biochemical pro-
cesses. Acute cutaneous, inhalation, and oral rodent toxicity are
crucial factors to consider when assessing substances’ toxico-
logical effects (Lagunin et al. 2011). Moreover, both substances
exhibit noncarcinogenicity and acute oral toxicity in category
IT1, indicating their comparatively reduced toxicity. For rodent
acute toxicity, the median lethal dose (LD,) is a commonly used
method for categorizing substances according to their likely
toxicity to human health after direct exposure. Compared with
other conventionally available medications for the treatment of
pain, diarrhea, and microbial infection, Chingchengenamide
A may be a better potential candidate for the development of
novel analgesic, antidiarrheal, and antimicrobial agents due to
its excellent docking score, nonbonding interactions with cyclo-
oxygenase-II enzyme, kappa opioid receptor, and antibacterial
protein, as well as its excellent pharmacokinetic characteristics
and drug-likeness screening test.

5 | Conclusion

From this research work, two compounds were isolated through
the phytochemical study of the P. chaba stems. These com-
pounds were identified by spectroscopic techniques (*H and
13C NMR) as Chabamide I and Chingchengenamide A. The
separated plant metabolites may have therapeutic value. The
analgesic, antibacterial, and antidiarrheal qualities of isolated
phytochemicals were significant. Computer-simulated molecu-
lar docking and ADME/T analysis also confirmed that isolated
compounds of P. chaba have high affinity with selected targets
as well as good efficacy. The results of this pioneering study pro-
vide a scientific basis for the traditional uses of P. chaba as a
remedy for various complications and potential leads for novel
drug discovery and therapeutic advancement. However, more
investigation is required to ascertain more secondary metab-
olites from P. chaba that may be in charge of more extensive
bioactivities. In addition, clinical research is still recommended
in light of the available data to confirm the plant's purported
pharmacological properties along with their safety, efficacy, and
toxicological parameters.

Author Contributions

Shabiba Parvin Shandhi: conceptualization (lead), formal analysis
(equal), investigation (lead), software (equal), supervision (equal), val-
idation (equal), visualization (equal), writing — original draft (equal).
Fahmida Tasnim Richi: conceptualization (equal), data curation
(equal), formal analysis (lead), investigation (equal), methodology
(lead), resources (equal), software (equal), validation (equal). Safaet
Alam: conceptualization (lead), data curation (lead), investigation
(equal), methodology (equal), software (equal), supervision (equal), vi-
sualization (equal). Kutub Uddin Ahamed: conceptualization (equal),

10694

Food Science & Nutrition, 2024



data curation (equal), formal analysis (equal), methodology (equal),
software (lead), writing — review and editing (equal). Nazim Uddin
Emon: conceptualization (equal), data curation (equal), formal analysis
(equal), resources (equal), software (equal). Najneen Ahmed: concep-
tualization (equal), data curation (equal), investigation (equal), meth-
odology (equal), resources (equal), software (equal), validation (equal).
Chuxiao Shao: data curation (equal), formal analysis (equal), investiga-
tion (equal), software (equal), supervision (equal), visualization (equal),
writing - original draft (equal), writing - review and editing (equal).
Shuanghu Wang: data curation (equal), formal analysis (equal), meth-
odology (equal), resources (equal), software (equal), validation (equal),
visualization (equal), writing - original draft (equal), writing - review
and editing (equal). Peiwu Geng: formal analysis (equal), methodol-
ogy (equal), software (equal), validation (equal), visualization (equal),
writing - original draft (equal), writing - review and editing (equal).
Abdullah Al Mamun: data curation (equal), formal analysis (equal),
funding acquisition (lead), investigation (equal), resources (equal), soft-
ware (equal), supervision (lead), validation (lead), visualization (lead),
writing - review and editing (lead).

Conflicts of Interest

The authors declare no conflicts of interest.

Data Availability Statement

The data that support the findings of this study are available from the
corresponding author upon reasonable request.

References

Abdel Motaal, N. A.,and A. Abdel Maguid. 2005. “Effect of Fractionated
and Single Doses Gamma Irradiation on Certain Mammalian Organs.”
Egyptian Journal of Hospital Medicine 19, no. 1: 111-122.

Adamski, Z., L. L. Blythe, L. Milella, and S. A. Bufo. 2020. “Biological
Activities of Alkaloids: From Toxicology to Pharmacology.” Toxins 12,
no. 4: 210.

Afrin, M. F.,, E. Kabir, M. R. O. K. Noyon, et al. 2023. “Spectrochemical,
Biological, and Toxicological Studies of DDT, DDD, and DDE: An In-
Silico Approach.” Informatics in Medicine Unlocked 39.

Agbor, G. A., T. Léopold, and N. Y. Jeanne. 2004. “The Antidiarrhoeal
Activity of Alchornea Cordifolia Leaf Extract.” Phytotherapy Research:
An International Journal Devoted to Pharmacological and Toxicological
Evaluation of Natural Product Derivatives 18, no. 11: 873-876.

Agbor, G. A, F. Longo, E. A. Makong, and P. A. Tarkang. 2014.
“Evaluation of the Antidiarrheal and Antioxidant Properties of Justicia
Hypocrateriformis.” Pharmaceutical Biology 52, no. 9: 1128-1133.

Agu, P. C., C. A. Afiukwa, O. U. Orji, et al. 2023. “Molecular Docking
as a Tool for the Discovery of Molecular Targets of Nutraceuticals in
Diseases Management.” Scientific Reports 13, no. 1.

Agunu, A., S. Yusuf, G. O. Andrew, A. U. Zezi, and E. M. Abdurahman.
2005. “Evaluation of Five Medicinal Plants Used in Diarrhoea Treatment
in Nigeria.” Journal of Ethnopharmacology 101, no. 1-3: 27-30.

Ahmad, N. S., A. Waheed, M. Farman, and A. Qayyum. 2010. “Analgesic
and Anti-Inflammatory Effects of Pistacia Integerrima Extracts in
Mice.” Journal of Ethnopharmacology 129, no. 2: 250-253.

Ahmed Juvale, I. 1., A. A. Abdul Hamid, K. B. Abd Halim, and A. T. Che
Has. 2022. “P-Glycoprotein: New Insights Into Structure, Physiological
Function, Regulation and Alterations in Disease.” Heliyon 8, no. 6.

Alam, S., N. U. Emon, S. Shahriar, et al. 2020. “Pharmacological and
Computer-Aided Studies Provide New Insights into Millettia peguensis
Ali (Fabaceae).” Saudi Pharmaceutical Journal 28, no. 12: 1777-1790.

Alam, S., M. A. Rashid, M. M. R. Sarker, et al. 2021. “Antidiarrheal,
Antimicrobial and Antioxidant Potentials of Methanol Extract of

Colocasia gigantea Hook. f. Leaves: Evidenced From In Vivo and
In Vitro Studies Along With Computer-Aided Approaches.” BMC
Complementary Medicine and Therapies 21, no. 1: 119.

Alam, S., F. T. Richi, H. Hasnat, et al. 2024. “Chemico-pharmacological
evaluations of the dwarf elephant ear (Colocasia affinis Schott) plant
metabolites and extracts: health benefits from vegetable source.”
Frontiers in Pharmacology 15: 1428341.

Allouche, A. R. 2011. “Gabedita - A Graphical User Interface for
Computational Chemistry Softwares.” Journal of Computational
Chemistry 32, no. 1: 174-182.

Al-Suod, H., I. A. Ratiu, A. Krakowska-Sieprawska, L. Lahuta, R.
Gorecki, and B. Buszewski. 2019. “Supercritical Fluid Extraction in
Isolation of Cyclitols and Sugars From Chamomile Flowers.” Journal of
Separation Science 42, no. 20: 3243-3252.

Amigo, J. M., J. Galvez, and V. M. Villar. 2009. “A Review on Molecular
Topology: Applying Graph Theory to Drug Discovery and Design.”
Naturwissenschaften 96: 749-761.

Ammon, H. V., P. J. Thomas, and S. F. Phillips. 1974. “Effects of Oleic
and Ricinoleic Acids on Net Jejunal Water and Electrolyte Movement.
Perfusion Studies in Man.” Journal of Clinical Investigation 53, no. 2:
374-379.

Atanasov, A. G., S. B. Zotchev, V. M. Dirsch, and C. T. Supuran. 2021.
“Natural Products in Drug Discovery: Advances and Opportunities.”
Nature Reviews Drug Discovery 20, no. 3: 200-216.

Aziz, D. M., J. R. Hama, and S. M. Alam. 2015. “Synthesising a Novel
Derivatives of Piperine From Black Pepper (Piper nigrum L.).” Journal
of Food Measurement and Characterization 9: 324-331.

Bachhar, V., V. Joshi, A. Gangal, M. Duseja, and R. K. Shukla. 2024a.
“Identification of Bioactive Phytoconstituents, Nutritional Composition
and Antioxidant Activity of Calyptocarpusvialis.” Applied Biochemistry
and Biotechnology 196, no. 4: 1921-1947.

Bachhar, V., V. Joshi, S. Shekher Mishra, R. K. Shukla, S. Bhargava, and
M. Duseja. 2024b. “In-Vitro Antimicrobial, Antidiabetic and Anticancer
Activities of Calyptocarpus Vialis Extract and Its Integration With
Computational Studies.” ChemistrySelect 9, no. 35: €202401414.

Balandrin, M. F., A. D. Kinghorn, and N. R. Farnsworth. 1993. “Plant-
Derived Natural Products in Drug Discovery and Development: An
Overview.”

Barnes, J., and M. Heinrich. 2004. Fundamentals of Pharmacognosy
and Phytotherapy. Edinburgh: Churchill Livingstone.

Barnes, P. J. 1998. “Anti-Inflammatory Actions of Glucocorticoids:
Molecular Mechanisms.” Clinical Science 94, no. 6: 557-572.

Chakraborty, D., and B. Shah. 2011. “Antimicrobial, Antioxidative,
and Antihemolytic Activity of Piper betel Leaf Extracts.” International
Journal of Pharmacy and Pharmaceutical Sciences 3, no. 3: 192-199.

Che, T., J. English, B. E. Krumm, et al. 2020. “Nanobody-Enabled
Monitoring of Kappa Opioid Receptor States.” Nature Communications
11, no. 1: 1145.

Chen, C.Y.,W.Li, K. P. Qu, and C. R. Chen. 2013. “Piperine Exerts Anti-
Seizure Effects via the TRPV1 Receptor in Mice.” European Journal of
Pharmacology 714, no. 1-3: 288-294.

Ciucx, N., and M. C. Peitsrh Urctrophuresis. 1997. “SWISS-MODEL
and the Swiss-PdbViewer: An Environment for Comparative Protein
Modeling.” Electrophoresis 18: 2714-2723.

Correa, E. A., E. D. Hogestitt, O. Sterner, F. Echeverri, and P. M.
Zygmunt. 2010. “In Vitro TRPV1 Activity of Piperine Derived Amides.”
Bioorganic & Medicinal Chemistry 18, no. 9: 3299-3306.

Creanza, T. M., P. Delre, N. Ancona, G. Lentini, M. Saviano, and G.
F. Mangiatordi. 2021. “Structure-Based Prediction of hERG-Related
Cardiotoxicity: A Benchmark Study.” Journal of Chemical Information
and Modeling 61, no. 9: 4758-4770.

10695



Davis, A. M., and R. J. Riley. 2004. “Predictive ADMET Studies, the
Challenges, and the Opportunities.” In Current Opinion in Chemical
Biology 8, no. 4: 378-386.

Davis, J. A. 2001. “Mouse and Rat Anesthesia and Analgesia.” Current
Protocols in Neuroscience 15: A.4B.1-A.4B.17.

Dhargawe, N., S. Mahakalkar, B. Mohod, and J. P. Raj. 2021. “Evaluation
of Analgesic, Anti-Inflammatory, and Antipyretic Activity of Piperine:
An Experimental Study.” Pharmacognosy Research 12, no. 2.

Diudea, M. V., I. Gutman, and L. Jantschi. 2001. Molecular Topology,
332. Huntington, NY, USA: Nova Science Publishers.

Dong, Y., Y. Yin, S. Vu, et al. 2019. “A Distinct Structural Mechanism
Underlies TRPV1 Activation by Piperine.” Biochemical and Biophysical
Research Communications 516, no. 2: 365-372.

Duraipandiyan, V., M. Ayyanar, and S. Ignacimuthu. 2006.
“Antimicrobial Activity of Some Ethnomedicinal Plants Used by Paliyar
Tribe From Tamil Nadu, India.” BMC Complementary and Alternative
Medicine 6: 1-7.

Fenalti, G., N. A. Zatsepin, C. Betti, et al. 2015. “Structural Basis for
Bifunctional Peptide Recognition at Human 8-Opioid Receptor.” Nature
Structural and Molecular Biology 22, no. 3: 265-268.

Frassinetti, S., M. Gabriele, E. Moccia, V. Longo, and D. Di Gioia.
2020. “Antimicrobial and Antibiofilm Activity of Cannabis sativa L.
Seeds Extract Against Staphylococcus Aureus and Growth Effects on
Probiotic Lactobacillus Spp.” Lwt 124: 109149.

Gomez-Calvario, V., and M. Y. Rios. 2019. “1H and 13C NMR Data,
Occurrence, Biosynthesis, and Biological Activity of Piper Amides.”
Magnetic Resonance in Chemistry 57, no. 12: 994-1070.

Haque, M. E., A. C. Roy, M. Rani, and I. Ntroduction. 2018. “Review
on Phytochemical and Pharmacological Investigation of Piper Chaba
Hunter.” International Journal of Scientific and Engineering Research 9:
937-941.

Hayfaa, A.A.S.,A.M.A.S.Sahar,and M. A. S. Awatif. 2013. “Evaluation
of Analgesic Activity and Toxicity of Alkaloids in Myristica fragrans
Seeds in Mice.” Journal of Pain Research 6: 611-615.

Hikal, D. M. 2018. “Antibacterial Activity of Piperine and Black Pepper
Oil.” Biosciences Biotechnology Research Asia 15, no. 4: 877.

Holdgate, G. A., A. Tunnicliffe, W. H. J. Ward, et al. 1997. “The Entropic
Penalty of Ordered Water Accounts for Weaker Binding of the Antibiotic
Novobiocin to a Resistant Mutant of DNA Gyrase: A Thermodynamic
and Crystallographic Study.” Biochemistry 36: 9663-9673.

Hosseinzadeh, S., A. Jafarikukhdan, A. Hosseini, and R. Armand.
2015. “The Application of Medicinal Plants in Traditional and Modern
Medicine: A Review of Thymus vulgaris.” International Journal of
Clinical Medicine 6, no. 9: 635-642.

Hu, J., W. Y. Gao, N. S. Ling, and C. X. Liu. 2009. “Antidiarrhoeal and
Intestinal Modulatory Activities of Wei-Chang-An-Wan Extract.”
Journal of Ethnopharmacology 125, no. 3: 450-455.

Huys, G., G. Huys, K. D'haene, and J. Swings. 2002. “Influence of
the Culture Medium on Antibiotic Susceptibility Testing of Food-
Associated Lactic Acid bacteria With the Agar Overlay Disc Diffusion
Method.” Letters in Applied Microbiology 34, no. 6: 402-406.

Islam, M. T., J. Hasan, H. S. H. Snigdha, et al. 2020. “Chemical Profile,
Traditional Uses, and Biological Activities of Piper Chaba Hunter: A
Review.” Journal of Ethnopharmacology 257: 112853.

Jiko, P. A., M. Mohammad, F. T. Richi, et al. 2024. “Anti-Inflammatory,
Analgesic and Anti-Oxidant Effects of Shirakiopsis Indica (Willd). Fruit
Extract: A Mangrove Species in the Field of Inflammation Research.”
Journal of Inflammation Research: 5821-5854.

Joshi, V., V. Bachhar, S. S. Mishra, R. K. Shukla, A. Gangal, and M.
Duseja. 2024. “GC-MS Fingerprinting, Nutritional Composition,

In Vitro Pharmacological Activities and Molecular Docking Studies of
Piper Chaba From Uttarakhand Region.” 3 Biotech 14, no. 6: 158.

Kumar, N., P. Misra, A. Dube, S. Bhattacharya, M. Dikshit, and S.
Ranade. 2010. “Piper betle Linn. A Maligned Pan-Asiatic Plant With an
Array of Pharmacological Activities and Prospects for Drug Discovery.”
Current Science 6: 922-932.

Kurumbail, R. G., A. M. Stevens, J. M. Gierse, et al. 1996. “Structural
Basis for Selective Inhibition of Cyclooxygenase-2 by Anti-Inflammatory
Agents.” Nature 384: 644-648.

Lagunin, A., A. Zakharov, D. Filimonov, and V. Poroikov. 2011. “QSAR
Modeling of Rat Acute Toxicity on the Basis of PASS Prediction.”
Molecular Informatics 30, no. 3: 241-250.

Lapointe, S. M., and D. F. Weaver. 2007. “A Review of Density Functional
Theory Quantum Mechanics as Applied to Pharmaceutically Relevant
Systems.” Current Computer-Aided Drug Design 3: 290-296.

Liu, R. H. 2007. “Whole Grain Phytochemicals and Health.” Journal of
Cereal Science 46, no. 3: 207-219.

Lucido, M. J., B. J. Orlando, A. J. Vecchio, and M. G. Malkowski. 2016.
“Crystal Structure of Aspirin-Acetylated Human Cyclooxygenase-2:
Insight Into the Formation of Products With Reversed Stereochemistry.”
Biochemistry 55, no. 8: 1226-1238.

Manayi, A., S. M. Nabavi, W. N. Setzer, and S. Jafari. 2018. “Piperine as a
Potential Anti-cancer Agent: A Review on Preclinical Studies.” Current
Medicinal Chemistry 25, no. 37: 4918-4928.

Matsuda, H., K. Ninomiya, T. Morikawa, D. Yasuda, I. Yamaguchi,
and M. Yoshikawa. 2008. “Protective Effects of Amide Constituents
From the Fruit of Piper Chaba on d-Galactosamine/TNF-a-Induced
Cell Death in Mouse Hepatocytes.” Bioorganic & Medicinal Chemistry
Letters 18, no. 6: 2038-2042.

Matsuda, H., K. Ninomiya, T. Morikawa, D. Yasuda, I. Yamaguchi,
and M. Yoshikawa. 2009. “Hepatoprotective Amide Constituents
From the Fruit of Piper Chaba: Structural Requirements, Mode of
Action, and New Amides.” Bioorganic & Medicinal Chemistry 17, no.
20:7313-7323.

Mbagwu, H. O. C., and O. O. Adeyemi. 2008. “Anti-Diarrhoeal
Activity of the Aqueous Extract of Mezoneuron Benthamianum Baill
(Caesalpiniaceae).” Journal of Ethnopharmacology 116, no. 1: 16-20.

Medzhitov, R. 2008. “Origin and Physiological Roles of Inflammation.”
Nature 454, no. 7203: 428-435.

Mesa, C. L., O. Ranalison, L. N. Randriantseheno, and G. Risuleo.
2021. “Natural Products From Madagascar, Socio-Cultural Usage, and
Potential Applications in Advanced Biomedicine: A Concise Review.”
Molecules 26, no. 15: 4507.

Mishra, A., A. Seth, and S. K. Maurya. 2016. “Therapeutic Significance
and Pharmacological Activities of Antidiarrheal Medicinal
Plants Mention in Ayurveda: A Review.” Journal of Intercultural
Ethnopharmacology 5, no. 3: 290.

Mittal, R., and R. L. Gupta. 2000. “In Vitro Antioxidant Activity
of Piperine.” Methods and Findings in Experimental and Clinical
Pharmacology 22, no. 5: 271-274.

Mohamad, S., N. M. Zin, H. A. Wahab, et al. 2011. “Antituberculosis
Potential of Some Ethnobotanically Selected Malaysian Plants.” Journal
of Ethnopharmacology 133, no. 3: 1021-1026.

Morikawa, T. 2010. “Search for TNF-Alpha Sensitivity Degradation
Principles From Medicinal Foods-Hepatoprotective Amide
Constituents From Thai Natural Medicine Piper Chaba.” Yakugaku
Zasshi: Journal of the Pharmaceutical Society of Japan 130, no. 6:
785-791.

Morikawa, T., H. Matsuda, I. Yamaguchi, Y. Pongpiriyadacha, and M.
Yoshikawa. 2004. “New Amides and Gastroprotective Constituents
From the Fruit of Piper Chaba.” Planta Medica 70, no. 2: 152-159.

10696

Food Science & Nutrition, 2024



Mujumdar, A. M., J. N. Dhuley, V. K. Deshmukh, P. H. Raman, and S. R.
Naik. 1990. “Anti-Inflammatory Activity of Piperine.” Japanese Journal
of Medical Science and Biology 43, no. 3: 95-100.

Murray, J. S., and P. Politzer. 2011. “The Electrostatic Potential: An
Overview.” Wiley Interdisciplinary Reviews: Computational Molecular
Science 1, no. 2: 153-163.

Nisha, C. M., A. Kumar, P. Nair, et al. 2016. “Molecular Docking and In
Silico Admet Study Reveals Acylguanidine 7a as a Potential Inhibitor of
B -Secretase.” Advances in Bioinformatics 2016: 1-6.

Prajapati, D., M. K. Brahmbhatt, C. Shah, and M. Brahmbhatt. 2022.
“A Review on Computational Chemistry Software for Drug Designing
and Discovery.” World Journal of Pharmaceutical Research 11: 830-851.

Prajapati, K. S., and S. Kumar. 2023. “Piper Chaba, an Indian Spice Plant
Extract, Inhibits Cell Cycle G1/S Phase Transition and Induces Intrinsic
Apoptotic Pathway in Luminal Breast cancer Cells.” Cell Biochemistry
and Function 41, no. 8: 1230-1241.

Qiu, X., C. A. Janson, W. W. Smith, M. Head, J. Lonsdale, and A. K.
Konstantinidis. 2001. “Refined Structures of §-Ketoacyl-Acyl Carrier
Protein Synthase II1.” Journal of Molecular Biology 307, no. 1: 341-356.

Rasool Hassan, B. A. 2012. “Medicinal Plants (Importance and Uses).”
Pharmaceut Anal Acta 3, no. 10: 2153-2435.

Riaz, M., N. Rasool, I. H. Bukhari, et al. 2012. “In Vitro Antimicrobial,
Antioxidant, Cytotoxicity and GC-MS Analysis of Mazus Goodenifolius.”
Molecules 17, no. 12: 14275-14278.

Rios, J. L., and M. C. Recio. 2005. “Medicinal Plants and Antimicrobial
Activity.” Journal of Ethnopharmacology 100, no. 1-2: 80-84.

Roberts, R. R., B. Hota, I. Ahmad, et al. 2009. “Hospital and Societal
Costs of Antimicrobial-Resistant Infections in a Chicago Teaching
Hospital: Implications for Antibiotic Stewardship.” Clinical Infectious
Diseases 49: 1175-1184.

Roberts, R. R., I. I. R Douglas Scott, B. Hota, et al. 2010. “Costs
Attributable to Healthcare-Acquired Infection in Hospitalized Adults
and a Comparison of Economic Methods.” Medical Care 48, no. 11:
1026-1035.

Rolta, R., M. Goyal, S. Sharma, et al. 2022. “Bioassay Guided Fractionation
of Phytocompounds From Bergenia Ligulata: A Synergistic Approach to
Treat Drug Resistant Bacterial and Fungal Pathogens.” Pharmacological
Research - Modern Chinese Medicine 3: 100076.

Rolta, R., V. Kumar, A. Sourirajan, N. K. Upadhyay, and K. Dev. 2020.
“Bioassay Guided Fractionation of Rhizome Extract of Rheum Emodi
Wall as Bio-Availability Enhancer of Antibiotics Against Bacterial and
Fungal Pathogens.” Journal of Ethnopharmacology 257: 112867.

Rudra, S., S. U. Sawon, N. U. Emon, et al. 2020. “Biological Investigations
of the Methanol Extract of Tetrastigma leucostaphylum (Dennst.) Alston
ex Mabb. (Vitaceae): In Vivo and In Vitro Approach.” Journal Of Advanced
Biotechnology And Experimental Therapeutics 3, no. 3: 216-224.

Rukachaisirikul, T., S. Prabpai, P. Champung, and A. Suksamrarn.
2002. “Chabamide, a Novel Piperine Dimer From Stems of Piper
Chaba.” Planta Medica 68, no. 9: 853-855.

Sabina, E. P., A. Nasreen, M. Vedi, and M. Rasool. 2013. “Analgesic,
Antipyretic and Ulcerogenic Effects of Piperine: An Active Ingredient of
Pepper.” Journal of Pharmaceutical Sciences and Research 5, no. 10: 203.

Sarkar, D., S. Kundu, S. De, et al. 2013. “The Antioxidant Activity
of Allylpyrocatechol Is Mediated via Decreased Generation of Free
Radicals Along With Escalation of Antioxidant Mechanisms.”
Phytotherapy Research 27, no. 3: 324-329.

Sarkar, D., P. Saha, S. Gamre, et al. 2008. “Anti-Inflammatory Effect
of Allylpyrocatechol in LPS-Induced Macrophages Is Mediated by
Suppression of iNOS and COX-2 via the NF-xB Pathway.” International
Immunopharmacology 8, no. 9: 1264-1271.

Shandhi, S. P. 2024. “Antioxidant Profile, and Fatty Acids Analysis
of Leaves of Medicinal Plant Piper Chaba H.(Chuijhal): A Promising
Source of Antioxidant and Fatty Acids.” Vegetos: 1-8.

Sharkar, P., M. M. Rahman, G. Z. Haque Masum, M. A. Nayeem,
M. M. Hossen, and A. K. Azad. 2013. “Ethnomedicinal Importance
of the Plants in Villages in Kushtia Sador and Mirpur Upozila,
Bangladesh.” Journal of Herbs, Spices & Medicinal Plants 19, no. 4:
401-417.

Shifah, F., A. M. Tareq, M. A. Sayeed, et al. 2020. “Antidiarrheal,
Cytotoxic and Thrombolytic Activities of Methanolic Extract of
Hedychium Coccineum Leaves.” Measurement 11: 12.

Shinta, D. N., S. Choodej, and K. Pudhom. 2021. “Synthesis of Piperine
Amide Derivatives and Evaluation of Their Anti-Inflammatory
Activity.” In Proceedings of the 6th RSU International Research
Conference, vol. 30. Thailand: Muang.

Shirasaka, Y., J. E. Sager, J. D. Lutz, C. Davis, and N. Isoherranen. 2013.
“Inhibition of CYP2C19 and CYP3A4 by Omeprazole Metabolites and
Their Contribution to Drug-Drug Interactions.” Drug Metabolism and
Disposition 41, no. 7: 1414-1424.

Shoba, F. G., and M. Thomas. 2001. “Study of Antidiarrhoeal Activity
of Four Medicinal Plants in castor-Oil Induced Diarrhoea.” Journal of
Ethnopharmacology 76, no. 1: 73-76.

Sostres, C., C. J. Gargallo, M. T. Arroyo, and A. Lanas. 2010. “Adverse
Effects of Non-steroidal Anti-Inflammatory Drugs (NSAIDs, Aspirin
and Coxibs) on Upper Gastrointestinal Tract.” Best Practice & Research
Clinical Gastroenterology 24, no. 2: 121-132.

Sultana, A., M. J. Hossain, M. R. Kuddus, et al. 2022. “Ethnobotanical
Uses, Phytochemistry, Toxicology, and Pharmacological Properties
of Euphorbia neriifolia Linn. Against Infectious Diseases: A
Comprehensive Review.” Molecules 27, no. 14: 4374.

Sun, X., A. Sit, and M. W. Feinberg. 2014. “Role of miR-181 Family
in Regulating Vascular Inflammation and Immunity.” Trends in
Cardiovascular Medicine 24, no. 3: 105-112.

Tadesse, W. T., A. E. Hailu, A. E. Gurmu, and A. F. Mechesso. 2014.
“Experimental Assessment of Antidiarrheal and Antisecretory Activity
of 80% Methanolic Leaf Extract of Zehneria Scabra in Mice.” BMC
Complementary and Alternative Medicine 14: 1-8.

Thabit, A. K., J. L. Crandon, and D. P. Nicolau. 2015. “Antimicrobial
Resistance: Impact on Clinical and Economic Outcomes and the Need
for New Antimicrobials.” Expert Opinion on Pharmacotherapy 16, no.
2:159-177.

Tsai, I. L., F. P. Lee, C. C. Wu, et al. 2005. “New Cytotoxic Cyclobutanoid
Amides, a New Furanoid Lignan and Anti-Platelet Aggregation
Constituents From Piper Arborescens.” Planta Medica 71, no. 6:
535-542.

Tunaru, S., T. F. Althoff, R. M. Niising, M. Diener, and S. Offermanns.
2012. “Castor Oil Induces Laxation and Uterus Contraction via
Ricinoleic Acid Activating Prostaglandin EP3 Receptors.” Proceedings
of the National Academy of Sciences 109, no. 23: 9179-9184.

Umoh, I, S. Oyebadejo, E. O. Bassey, and N. Udoh. 2013.
“Histomorphological Study of the Effect of Chronic Consumption of
Abelmoschus Esculentus and Piper guineense on the Gastric Mucosa of
Albino Wistar Rats.” International Journal of Pharmaceutical Research
and Allied Sciences 2: 31-37.

Uzzaman, M., M. K. Hasan, S. Mahmud, K. Fatema, and M. M. Matin.
2021. “Structure-Based Design of New Diclofenac: Physicochemical,
Spectral, Molecular Docking, Dynamics Simulation, and ADMET
Studies.” Informatics in Medicine Unlocked 25: 100677.

Vaghasiya, Y., R. Nair, and S. Chanda. 2007. “Investigation of Some
Piper Species for Anti—Bacterial and Anti—Inflammatory Property.”
International Journal of Pharmacology 3, no. 5: 400-405.

10697



Van Breemen, R. B., and Y. Li. 2005. “Caco-2 Cell Permeability Assays
to Measure Drug Absorption.” Expert Opinion on Drug Metabolism &
Toxicology 1, no. 2: 175-185.

Van den Heuvel, M. 1984. “A New Approach to the Classification of
Substances and Preparations on the Basis of Their Acute Toxicity: A
Report by the British Toxicology Society Working Party on Toxicity.”
Human Toxicology 3, no. 2: 85-92.

VanWagenen, B. C., R. Larsen, J. H. Cardellina, D. Randazzo, Z. C. Lidert,
and C. Swithenbank. 1993. “Ulosantoin, a Potent Insecticide From the
Sponge Ulosa ruetzleri.” Journal of Organic Chemistry 58, no. 2: 335-337.

Wang, Y. H., M. Goto, L. T. Wang, et al. 2014. “Multidrug Resistance-
Selective Antiproliferative Activity of Piper Amide Alkaloids and
Synthetic Analogues.” Bioorganic & Medicinal Chemistry Letters 24, no.
20:4818-4821.

Weiner, P. K., R. Langridge, J. M. Blaney, R. Schaefer, and P. A. Kollman.
1982. “Electrostatic Potential Molecular Surfaces (Nucleic Acids/
Proteins/Drug-Nucleic Acid Interactions/Protein-Ligand Interactions).”
Proceedings of the National Academy of Sciences of the United States of
America 79: 3754-3758.

Yan, Y., X. Li, C. Zhang, L. Lv, B. Gao, and M. Li. 2021. “Research
Progress on Antibacterial Activities and Mechanisms of Natural
Alkaloids: A Review.” Antibiotics 10, no. 3: 318.

Zanni, R., M. Galvez-Llompart, R. Garcia-Domenech, and J. Galvez.
2015. “Latest Advances in Molecular Topology Applications for Drug
Discovery.” Expert Opinion on Drug Discovery 10, no. 9: 945-957.

Zayed, A., W. M. Babaresh, R. S. Darweesh, T. El-Elimat, and S.
S. Hawamdeh. 2020. “Piperine Alters the Pharmacokinetics and
Anticoagulation of Warfarin in Rats.” Journal of Experimental
Pharmacology 12: 169-179.

Zhao,S.S.,D.X.Ma, Y. Zhu, et al. 2018. “Antidiarrheal Effect of Bioactivity-
Guided Fractions and Bioactive Components of Pomegranate (Punica gra-
natum L.) Peels.” Neurogastroenterology and Motility 30, no. 7: e13364.

Zimmermann, M. 1983. “Ethical Guidelines for Investigations of
Experimental Pain in Conscious Animals.” Pain 16, no. 2: 109-110.

Supporting Information

Additional supporting information can be found online in the
Supporting Information section.

10698

Food Science & Nutrition, 2024



	Isolation, Structure Elucidation, and Bioactivity Evaluation of Two Alkaloids From Piper chaba H. Stem: A Traditional Medicinal Spice and Its Chemico-Pharmacological Aspects
	ABSTRACT
	1   |   Introduction
	2   |   Materials and Methods
	2.1   |   Plant Source
	2.2   |   Chemicals and Instruments
	2.3   |   Test Microorganisms
	2.4   |   Test Animal Models
	2.5   |   Extraction and Isolation
	2.6   |   In Vivo Acute Oral Toxicity
	2.7   |   Antimicrobial Assay
	2.7.1   |   Disk Diffusion Test

	2.8   |   Antidiarrheal Assay
	2.8.1   |   Castor Oil-Induced Diarrhea Test

	2.9   |   Analgesic Assay
	2.9.1   |   Acetic Acid-Induced Writhing Test
	2.9.2   |   Statistical Analysis

	2.10   |   In Silico Studies
	2.10.1   |   Optimization of Geometry
	2.10.2   |   Preparing Proteins, Docking Molecules, and Computing Interactions

	2.11   |   ADMET Prediction

	3   |   Results
	3.1   |   Isolated Phytochemicals
	3.2   |   Effect of Chabamide I and Chingchengenamide A on Disk Diffusion Assay
	3.3   |   Effect of Chabamide I and Chingchengenamide A on Castor Oil-Induced Diarrhea
	3.4   |   Effect of Chabamide I and Chingchengenamide A on Acetic Acid-Induced Writhing in Mice Model
	3.5   |   Molecular Docking Study
	3.5.1   |   MEP Analysis
	3.5.2   |   Molecular Docking and Nonbonded Interactions
	3.5.3   |   ADMET Prediction


	4   |   Discussion
	5   |   Conclusion
	Author Contributions
	Conflicts of Interest
	Data Availability Statement
	References


