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ARTICLE INFO ABSTRACT

Keywords: Herbal medications have an extensive history of use in treating various diseases, attributed to their perceived
In-silico Analysis efficacy and safety. Traditional medicine practitioners and contemporary healthcare providers have shown
Pharmacokinetics

particular interest in herbal syrups, especially for respiratory illnesses associated with the SARS-CoV-2 virus.
Phytochemicals However, the current understanding of the pharmacokinetic and toxicological properties of phytochemicals in
Drug-Likeness these herbal mixtures is limited. This study presents a comprehensive computational analysis utilizing novel
ADME,/Tox Profiling approach methodologies (NAMs) to investigate the pharmacokinetic and toxicological profiles of phytochemicals
in herbal syrup, leveraging in-silico techniques and prediction tools such as PubChem, SwissADME, and Molsoft’s
database. Although molecular dynamics, docking, and broader system-wide analyses were not considered, future
studies hold potential for further investigation in these areas. By combining drug-likeness with molecular
simulation, researchers identify diverse phytochemicals suitable for complex medication development examining
their pharmacokinetic-toxicological profiles in phytopharmaceutical syrup. The study focuses on herbal solutions
for respiratory infections, with the goal of adding to the pool of all-natural treatments for such ailments. This
research has the potential to revolutionize environmental and alternative medicine by leveraging in-silico models
and innovative analytical techniques to identify novel phytochemicals with enhanced therapeutic benefits and
explore network-based and systems biology approaches for a deeper understanding of their interactions with
biological systems. Overall, our study offers valuable insights into the computational analysis of the pharma-
cokinetic and toxicological profiles of herbal concoction. This paves the way for advancements in environmental
and alternative medicine. However, we acknowledge the need for future studies to address the aforementioned
topics that were not adequately covered in this research.

Toxicology

Introduction: Several of these medications are created using phytochemicals, which
are organic substances found in plants. These phytochemicals have the

Several tribes all around the world have utilized herbal treatments potential to be turned into medicinal medicines since they have a variety
for ages. Due to its alleged efficacy and safety, there has been a resur- of pharmacological characteristics (Kothandan et al., 2021). Unfortu-
gence in interest in herbal medicines recently (Komolafe et al., 2021). nately, creating medications from phytochemicals is sometimes a time-
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consuming, expensive, and ineffective procedure. An effective and
organized method for handling this procedure is provided by in-silico
analysis (Nasim et al., 2022). A heightened interest in the possibility
of herbal remedies, particularly herbal mixtures, as potential therapies
or preventative measures against the disease has been sparked by the
current COVID-19 epidemic (Barghash et al., 2021). Numerous studies
have looked into the antiviral qualities of specific herbs and their active
ingredients, emphasizing their promise as an alternative treatment to
conventional medication (Prajapati et al., 2022). Studies have focused
on the potential of natural remedies with components like ginger,
turmeric, and garlic to strengthen the immune system and reduce res-
piratory illness symptoms. However, thorough scientific analysis is
necessary to determine the effectiveness and safety of herbal remedies as
therapies for COVID-19 or any other illness (Aware & Rohane, 2021). A
useful instrument for this assessment is in-silico analysis, which enables
scientists to forecast the pharmacokinetics, drug-likeness, and toxico-
logical profiles of the mixture’s phytochemical constituents (Xiong et al.,
2021). Before performing additional preclinical and clinical research,
this can help spot possible safety issues or medication interactions. In-
silico analysis has been used recently in research to investigate the
possibility of herbal concoctions as COVID-19 treatments (Gow-
rishankar et al., 2021). For instance, research published in the Journal of
Biomolecular Structure and Dynamics examined the interactions of the
active components of the plant remedy Kabasura Kudineer with the
SARS-CoV-2 spike protein using molecular docking and molecular dy-
namics models. The findings indicated that the plant mixture’s active
ingredients might prevent the virus from entering host cells and lessen
its infectiousness (Jayaraj et al., 2022). The possibility of herbal rem-
edies as COVID-19 treatments or preventative steps emphasizes the need
for more study in this field (Pranskuniene et al., 2022). In-silico analysis
can be a useful instrument for assessing the effectiveness and safety of
these treatments, paving the way for further preclinical and clinical
studies (Singh et al., 2021c).

To anticipate the physicochemical characteristics, pharmacokinetics,
drug-likeness, and therapeutic chemistry of phytochemicals, in-silico
research uses computational models (Rajalakshmi et al., 2021). To
show the role of phytochemicals on metabolic profile of liver inhibition
of CYP family proteins was investigated as an additional factor to shed
light on the toxicological characteristics of the phytochemicals, thus
expanding the scope of the in-silico models. This approach can be used
in conjunction with ethnopharmacology to find compounds that might
have therapeutic effects (Prakash et al., 2021). One of in-silico analysis’s
major benefits is rapid assessment of phytonutrients. This may result in
the finding of novel compounds with therapeutic promise (Umadevi
et al., 2022). In-silico analysis can also be used to find prospective drug
targets, forecast the effectiveness of brand-new medications, and
enhance the pharmacokinetic characteristics of already-approved
medications.

In this research, we use in-silico drug-likeness and ADMET analysis
to assess the pharmacokinetic and toxicological characteristics of phy-
tochemicals in a Phytopharmaceutical syrup (Ali et al., 2023). We will
research the physicochemical characteristics and medicinal chemistry of
the compounds in the syrup using a variety of prediction tools, including
PubChem, SwissADME, and Molsoft’s database. Additionally, we will
apply Lipinski’s Rule of Five (RO5) to forecast these phytochemicals’
likelihood of becoming drugs. In addition to these conventional
methods, we’ll use cutting-edge techniques like network pharmacology
and machine learning (Inamdar & Suryawanshi, 2023). A comparatively
new discipline called network pharmacology seeks to comprehend the
intricate relationships that exist between medicines and the biological
systems they target (Liu et al., 2015). We can find possible drug targets
and forecast the effectiveness of novel medications by looking at these
interactions. Another effective method for forecasting the pharmacoki-
netic and toxicological characteristics of medicines is machine learning
(Lima et al., 2016). We can accurately anticipate the characteristics of
novel drugs by training machine-learning algorithms on huge datasets of
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known drugs. Our research will shed light on how successful herbal
medications can be created using in-silico analysis. We can unearth
phytochemicals with potential medicinal qualities and turn them into
secure and efficient medicines by merging conventional ethno-
pharmacology with contemporary computational methods (Zhang et al.,
2020). The exploration of natural sources for novel medicines presents
an opportunity to evaluate and minimize the environmental impact
associated with drug development, which is crucial for environmental
research and sustainability efforts.

Materials and methods
Common herbal syrup ingredients and their phytochemicals coding:

A number of the frequently used herbs in the preparations of herbal
syrup consist of Tulsi (Ocimum sanctum), Haldi (Curcuma longa), Giloy
(Tinospora cordiofolia), Black pepper (Piper nigrum), Ginger (Zingiber
officinale), Clove (Syzygium aromaticum), Cardamom (Elettaria carda-
momum), lemon (Citrus limon) and Ashwagandha (Withania somnifera). A
catalog of 108 phytochemicals is present in herbs that are used in the
preparation of herbal syrup. Phytochemicals discovered in Ocimum
sanctum (Oleanolic acid, Ursolic acid, Rosmarinic acid, Eugenol,
Carvacrol, Linalool, Beta-caryophyllene, Estragole, Eugenic acid, Api-
genin, Cirsimaritin, Isothymusin, Isothymonin, Vicenin, Orientin and
Cirsilineol), Curcuma longa (Curcumin, Demethoxycurcumin, Bisdeme-
thoxycurcumin, Ar-turmerone, Alpha-turmerone, Beta-turmerone,
Atlantone, Cyclocurcumin, Calebin A, Trans-Ferulic acid, Vanillin and
Vanillic acid), Tinospora cordiofolia (Magnoflorine, Berberine, Choline,
Jatrorrhizine, Beta-Sitosterol, Tinosporide, Tinosporaside, Cordifolio-
side A, Tinocordioside, Cordioside, Tinocordifolioside and Tinocordi-
folin), Piper nigrum (Piperine, Piperamide, Piperamine, Pipericide,
Sarmentosine, Sarmentine, Brachyamide B, Dihydropipericide, N-For-
mylpiperidine, Guineensine, Pentadienoylpiperidine, Tricholein, Tri-
chostachine, Piperettine, Piperolein B, Retrofractamide A, Chavicine,
Isochavicine, Isopiperine, Nerolidol, Beta-caryophyllene and Piperic
acid), Zingiber officinale (6-gingerol, 6- shogaol, 6-paradol, Zingiberene,
Bisabolene, 1-dehydrogingerdione, Gingerdione, 10-gingerdione, 4-
gingerdiol, 6-gingerdiol, 10- gingerdiol, Citral and Eucalyptol), Syzy-
gium aromaticum (Beta-caryophyllene, Vanillin, Eugenol, Acetyl
eugenol, Crategolic acid, Eugenin, Methyl salicylate, Kaempferol,
Rhamnetin, Eugenitin, Oleanolic acid, Stigmasterol, Campesterol, Gallic
acid and Flavonol glucosides), Elettaria cardamomum (Proto-
catechualdehyde, Protocatechuic acid, Alpha- terpinyl acetate, 1,8-
cineole, Linalool, Linalyl acetate, Limonene, 4-terpineol and Geraniol),
Citrus limon (Eriodictyol, Quercetin, Hesperetin, Phloroglucinol,
Umbelliferone, Vitamin C) and Withania somnifera (Withaferin A, Som-
niferine, Choline, Anaferine, Withanolide A, Withanolide B, Withanone
and Withanolide)(Maurya & Sharma, 2022).

In-silico analysis of the pharmacokinetic and toxicological profiles of
phytochemicals

SwissADME is a freely accessible web tool designed to assess the
pharmacokinetics, drug-likeness, and medicinal chemistry friendliness
of small molecules (Daina et al., 2017). The tool is based on in-silico
models and utilizes a variety of descriptors, including Molecular
Weight, LogP, Number of Hydrogen Bond Donors and Acceptors, and
Topological Polar Surface Area (TPSA).

The Supporting Figure S1 illustrates the step-by-step process, from
inputting the compound to interpreting the results through SwissADME,
the user uploads a small molecule structure in SMILES, SDF or MOL
format, or draws the structure using a built-in sketcher. The tool then
calculates various physicochemical properties, including LogP, TPSA,
Molecular Weight, Number of Rotatable Bonds, and Aqueous Solubility
(Singh et al., 2022b). These properties are used to evaluate the drug-
likeness of the molecule, based on the rule-of-five (RO5) criteria
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proposed by Lipinski et al. The RO5 criteria state that a molecule with a
molecular weight of less than 500, logP of less than 5, less than 5
hydrogen bond donors, and less than 10 hydrogen bond acceptors is
more likely to have good oral bioavailability and be orally active.

SwissADME also provides predictions for several pharmacokinetic
properties, including human intestinal Absorption, Blood-Brain Barrier
permeation, P-glycoprotein (P-gp) substrate potential, and Cytochrome
P450 (CYP) inhibition. These predictions are based on in-silico models
trained on experimentally validated data and are used to evaluate the
potential efficacy and safety of the molecule. In addition, SwissADME
provides information on the medicinal chemistry friendliness of the
molecule, such as the presence of reactive groups, drug-like scaffolds,
and common substructures found in bioactive compounds.

The chemical structure and canonical SMILES of the molecule described
alongside the bioavailability radar

The two-dimensional chemical structure with canonical SMILES was
extracted for each phytochemical molecule from Chemspider or Pub-
chem databases. The bioavailability radar provides an initial assessment
of the drug-likeness of the molecules of interest. It takes into account six
physicochemical properties, including Lipophilicity (LIPO), Size (SIZE),
Polarity (POLAR), Insolubility (INSOLU), Insaturation (INSATU), and
Flexibility (FLEX) (Maharjan et al., 2022). Lipophilicity is measured by
XLOGP3, which ranges from —0.7 to + 5.0. Size is determined by mo-
lecular weight (MW), which falls between 150 and 500 g/mol. Polarity
is represented by topological polar surface area (TPSA), which ranges
from 20 to 130 A2. Solubility is indicated by log S, which should not
exceed 6. Insaturation is determined by the fraction of carbons in the sp3
hybridization, which should be no less than 0.25. Flexibility is assessed
by the number of rotatable bonds, which should not exceed 9.

Brain or intestinal estimated permeation method (BOILED-Egg) for BBB
and gastrointestinal absorption prediction

The BOILED-Egg method was used to predict the permeability of
small molecules across both the blood-brain barrier and the gastroin-
testinal tract (Daina & Zoete, 2016). The method involved estimating
the partition coefficients of the molecules between an octanol phase and
both brain and intestinal tissue, and then using these values to calculate
predicted permeability coefficients. The method was validated using a
set of known compounds with experimental permeability data and was
shown to be accurate in predicting brain penetration and gastrointes-
tinal absorption of small molecules. Once the partition coefficients were
estimated, the predicted permeability coefficients were calculated using
equations based on Fick’s law of diffusion (Suenderhauf et al., 2012).
Specifically, the predicted permeability across the Blood-Brain Barrier
(BBB) was calculated using the following equation:

log(Pe_brain) = log(P_octanol) — 0.67log(P_intestine) — 0.0062.

where, Pe_brain is the predicted permeability coefficient across the
BBB, P_octanol is the octanol-water partition coefficient, and P_intestine
is the partition coefficient between intestinal tissue and octanol.

Similarly, the predicted permeability across the Gastrointestinal
tract (GIT) was calculated using the following equation:

log (Pe_GIT) = log(P_octanol) + 0.43log(P_intestine) — 0.34.

where, Pe_GIT is the predicted permeability coefficient across the
GIT.

To validate the BOILED-Egg method, a set of known compounds with
experimental permeability data were used. The predicted permeability
coefficients were compared to the experimental data, and the method
was found to be accurate in predicting both brain penetration (Singh
et al., 2022a) and gastrointestinal absorption of small molecules.

Statistical analysis

The Student’s two-tailed t-test was used for statistical significance for
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comparison between groups with normal distributions. For the statisti-
cal analysis, SPSS (v25) was used as mentioned in our previous report
(Singh et al., 2023b). The primary analysis focused on calculating p-
values to determine the significance of the correlations between pairs of
chemical properties viz included Fraction Csp3, Molar Refractivity,
TPSA(Az), MolPSA (A2), MolVol (A3), Druglikeness score, Consensus
Log Po/w, Log S (ESOL), Log S (Ali), and Log S (SILICOS-IT). A p-value
(usually less than 0.05) indicated a statistically significant correlation.

Results and discussion

Physicochemical property analysis of phytochemicals presents in herbal
concoction

Phytochemicals, derived from plants, have various therapeutic
benefits (Dillard & Bruce German, n.d.). When extracting these sub-
stances from herbal concoctions, it is important to consider their phys-
icochemical characteristics. In our study, we aimed to identify potential
drug candidates from phytochemical pools by employing a drug-likeness
scoring system. This system evaluates the molecular properties of a
compound to determine its resemblance to known drugs, helping predict
its drug-like characteristics. By applying this scoring criteria, we nar-
rowed down the list of phytochemicals to those with positive scores,
focusing on compounds with desirable properties for further drug
development. Selecting compounds with positive drug-likeness scores is
a widely accepted practice in drug discovery, as it increases the likeli-
hood of identifying potential drug candidates with favourable pharma-
cokinetics, safety, and efficacy. Our goal is to increase the probability of
identifying potential drug candidates for further investigation and po-
tential development into therapeutics.

Following is a discussion of the significance of some of these char-
acteristics, including Fraction Csp3, Molar Refractivity, TPSA, MolPSA,
MolVol and pKa value.

The percentage of sp3-hybridized carbon atoms in a molecule is
expressed as fraction Csp3. Since compounds with a greater Fraction
Csp3 number are more likely to be metabolized and eliminated from the
body than those with a lower value, this characteristic is crucial. The
pharmacokinetics of phytochemicals with a greater Fraction Csp3
number may be impacted as a result of their shorter half-life (Dehelean
et al., 2020).

The percentage of carbon atoms in a molecule that are sp3 bonded is
known as the fraction Csp3, and it is a crucial factor in figuring out a
compound’s lipophilicity. A compound’s capacity to penetrate cell
membranes, which is crucial for its bioavailability, depends on how
lipophilic it is (Mahmud et al., 2022). Our research revealed that the
phytochemicals’ Fraction Csp3 values varied from 0 to 0.93, with Beta-
sitosterol having the greatest value. Beta-sitosterol, Cordioside, Cordi-
folioside A, and Magnoflorine showed the greatest Fraction Csp3 values.
Fraction Csp3 showed highly significant correlations with Molar
Refractivity (p = 1.7613E-37), MolVol (A3) (p = 4.2254E-26), and
Druglikeness score (p = 9.35371E-33), while exhibiting marginally
significant associations with TPSA(;\z) (p = 0.059100432) and MolPSA
(A2) (p = 0.055785406).Fig. 1.

As shown in Fig. 2, the Fraction of carbon atoms with sp3 hybridi-
zation (Csp3), Molar Refractivity, Topological Polar Surface Area
(TPSA), Molecular Polar Surface Area (MolPSA), Molecular Volume
(MolVol), pKa value and Drug-likeness score analysis of various phyto-
chemicals in supporting Table S6 including Oleanolic acid, Ursolic acid,
Rosmarinic acid, Apigenin, Cirsimaritin, Isothymonin, Vicenin, Ori-
entin, Cirsilineol, Cyclocurcumin, Magnoflorine, Berberine, Choline,
Jatrorrhizine, Beta-sitosterol, Cordifolioside A, Cordioside, Tinocordi-
folioside, Piperamide, Piperamine, Pipericide, Dihydropipericide, Gui-
neensine, Retrofractamide A, Piperolein B, 4-gingerdiol, Crategolic acid,
Kaempferol, and Rhamnetin.

A molecule’s capacity to polarize light is gauged by its molar
refractivity. It has to do with a molecule’s size and polarizability because
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Fig. 1. In-silico drug-likeness and ADMET analysis to assess the pharmacokinetic and toxicological characteristics of phytochemicals.

these factors influence a molecule’s solubility, absorption, and porosity
(A. Kumar et al., 2021). According to our study, Vicenin had the greatest
molar refractivity value of all the phytochemicals, ranging from 29.69 to
139.23. Vicenin and Crategolic acid, two substances with high molar
refractivity values. Molar Refractivity displayed highly significant re-
lationships with TPSA(A2) (p = 4.83509E-17), MolPSA (A2) (p =
2.5582E-17), and MolVol (A3) (p = 9.38202E-33), but no significant
correlation with Druglikeness score (p = 0.393342662).

Important metrics that characterize a molecule’s polarity are the
TPSA (total polar surface area) and MolPSA (molecular polar surface
area). A compound’s solubility, absorption, and protein binding are all
influenced by the TPSA (Tripathi et al., 2023) and MolPSA readings of
that compound (Belal, 2018). According to our study, Vicenin had the
greatest TPSA value of all the phytochemicals, ranging from 6.48 to
271.2 A2, Vicenin, Orientin, and Cordioside, which have the greatest
TPSA values. TPSA(A?) exhibited highly significant correlations with
MolPSA (A2) (p = 6.58262E-05), MolVol (A3) (p = 3.82268E-24), and
Druglikeness score (p = 1.73845E-37).

Similar to this, the MolPSA values of the phytochemicals varied from
5.7 to 214.06 A2, with Tinocordifolioside having the greatest value.
Tinocordifolioside, Orientin, and Cordifolioside A are among the com-
pounds with the greatest MolPSA values that may have excellent protein
binding affinity, which is crucial for their biological activity (Rudrapal
et al., 2022). A molecule’s space-occupied volume, or MolVol, is what
determines a molecule’s solubility, porosity, and absorption. According
to our research, the MolVol values of the phytochemicals varied from
260.14 to 598.51 A3, with crategolic acid having the greatest value. The
substances with the greatest MolVol values, including Cratagolic acid,
Oleanolic acid, and Cordioside, may have excellent solubility and be
easily absorbed by the body (Vandecruys et al., 2007). Furthermore,
significant associations were found between MolPSA (A2) and MolVol
(A3) (p = 4.68128E-24), MolPSA (A2) and Druglikeness score (p =

4.78768E-17), and MolVol (A3) and Druglikeness score (p = 2.52657E-
17).

The acidity of a particle is determined by its pKa value. The mole-
cule’s solubility, stability, and ionization state in biological fluids can all
be impacted by this crucial characteristic. A more acidic substance is
indicated by a lower pKa number, and vice versa (Settimo et al., 2014).
Furthermore, some of the phytochemicals have low pKa values, which
show that they are acidic and might not be viable under specific pH
circumstances. For instance, the pKa values of Magnoflorine and
Berberine are below 5.0, which indicates that they might not be viable in
the acidic environment of the gut. The absorption of these compounds
may be impacted by this characteristic (Tsume et al., 2012).

One can see from the given chart that some of the phytochemicals
have high TPSA and MolPSA values, which indicate a high hydrogen
bonding capacity and a significant polar surface area. These molecules
might not effectively penetrate cellular membranes and have reduced
bioavailability. Higher Molar Refractivity Numbers, on the other hand,
tend to be more polar and can lead to greater solubility and dispersion in
the body (Ngbolua et al., 2022). A measure known as the “Drug-likeness
index” calculates how closely a molecule resembles a given drug. It is
founded on a collection of guidelines that outline the physicochemical
characteristics of substances that are most likely to be ingested and have
pharmacological effects (Singh et al., 2020). Higher Drug-likeness rat-
ings indicate molecules with a better likelihood of being effective drug
candidates. The broad spread of Drug-likeness scores in the table is
another intriguing finding (Leeson & Springthorpe, 2007). For instance,
compared to other phytochemicals like Isothymonin and Magnoflorine,
Piperamide and Piperamine have greater drug-likeness ratings.
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ular polar surface area (MolPSA) and molecular volume (MolVol) analysis of
selected phytochemicals; (B) Fraction (Csp3) and Drug-likeness score analysis
of selected phytochemicals.

Solubility and lipophilicity analysis of phytochemicals: Critically ignored
parameters for phytochemicals

Based on their Consensus Log Po/w, Log S (ESOL), Log S (Ali), and
Log S (SILICOS-IT) values, the aforementioned findings from in-silico
study of different phytochemicals, including alkaloids, flavonoids,
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terpenoids, and other compounds, are provided. Understanding these
compounds’ physicochemical characteristics is crucial for forecasting
their bioavailability, toxicity, and possible therapeutic effects. The
research offers significant insights into these properties (Adeosun et al.,
2022).

As shown Table 1 and in Fig. 3 in-silico analysis of lipophilicity vs.
water solubility of various phytochemicals. The figure shows the
Consensus Log Po/w and Log S values obtained using different software
modules, namely ESOL, Ali, and SILICOS-IT, for a range of phyto-
chemicals. The data in supporting Table S7 reveals the lipophilicity (Log
Po/w) fluctuation for different chemicals and correlation of aqueous
solubility (Log S) of the molecules, which are important parameters in
drug design and development.Table 2.Table 3.

The partition coefficient between octanol and water, or Log Po/w, is
a metric that is frequently used to estimate a compound’s lipophilicity. A
compound’s affinity for lipid membranes and hydrophobicity are both
indicated by high Log Po/w values, whereas its affinity for aqueous
phase and hydrophilia is indicated by low Log Po/w values (Kumer
et al., 2022). The tested compounds’ Log Po/w values in the current
research varied from —1.98 to 7.24. The greatest Log Po/w value was
displayed by Beta-sitosterol (7.24), demonstrating its high lipophilicity
and promise for use in lipid-based drug delivery systems. High Log Po/w
values for Oleanolic acid and Ursolic acid were also observed (6.07 and
5.93, respectively), suggesting the possibility for effective cellular up-
take (Singh et al., 2021b). The Consensus Log Po/w demonstrated highly
significant correlations with Log S (ESOL) (p = 5.06575E-25), Log S (Ali)
(p = 3.39957E-25), and Log S (SILICOS-IT) (p = 4.03081E-20).

Measures of aqueous solubility, or Log S (ESOL), Log S (Ali), and Log
S (SILICOS-IT), are crucial for forecasting the absorption, diffusion,
metabolism, and excretion (ADME) of medications (Daina et al., 2017).
While a substance with low solubility is more likely to be excreted and
ineffective, one with high solubility is more likely to be ingested and
dispersed throughout the body (Gupta et al., 2013). The Log S (ESOL),
Log S (Ali), and Log S (SILICOS-IT) values in the current research varied
from —9.67 to 5.69, —8.53 to 0.44, and —6.12 to 1.49, respectively, for
the investigated substances. The greatest Log S (SILICOS-IT) value was
obtained for Magnoflorine (5.69), suggesting both its high aqueous
solubility and potential for oral delivery. However, Log S (ESOL) showed
only a marginally significant correlation with Log S (Al) (p =
0.080057533) and a significant correlation with Log S (SILICOS-IT) (p =
0.01418434). There was no significant correlation between Log S
(ESOL) and Log S (SILICOS-IT) (p = 0.144665119).

Numerous conclusions about the physicochemical characteristics of
these substances can be derived from the provided chart of phyto-
chemicals and their corresponding agreement Log Po/w values (Singh
et al., 2020). First, it is clear that the compounds in the table’s Log Po/w
numbers vary from —1.98 to 7.24. A compound’s lipophilicity is quan-
tified by its Log Po/w number; a larger value typically denotes a more
lipid-soluble compound. As a result, substances with larger Log Po/w
values, like Beta-sitosterol (7.24) and Campesterol (6.92), are probably
more likely to have an attraction for lipid-based membranes and bio-
molecules. Conversely, it is anticipated that substances with lower Log
Po/w ratios, like Choline (-1.86) and Vitamin C (-1.42), will be more

Table 1
A Statistical Analysis of Correlation Coefficients between Log P and Log S Values.
Value Consensus Log S Log S Log S
Log Po/w (ESOL) (Ali) (SILICOS-
IT)
Mean 2.66 —4.18 —4.83 -3.68
Standard Deviation 2.36 1.87 2.27 2.46
Covariance with —4.08 —4.89 -4.19
Consensus Log Po/w
Correlation Coefficient —-0.95 —0.94 -0.74

with Consensus Log
Po/w
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Fig. 3. Correlation Coefficients between Log P and Log S Values predicted by ESOL, Ali and SILICOS-IT models.

Table 2
Various rulesets for drug-likeness along with key results Lipinski’s rule of five, the Ghose filter, the Veber, Egan, and Muegge rules.
Ruleset  Lipinski Veber Ghose Muegge Egan
Rule 1 Molecular weight <=500Da  Total number of LogP (octanol-water partition Number of hydrogen LogP (octanol-water partition
rotatable bonds <= 10 coefficient) between —0.4 and + 5.6 bond donors <=5 coefficient) between —0.4 and + 5.6
Rule 2 LogP (octanol-water Number of hydrogen Molecular weight <= 480 Da Molecular weight <= Molecular weight <= 500 Da
partition coefficient) <=5 bond donors <=5 450 Da
Rule 3 Hydrogen bond donors <=5  Number of hydrogen Number of hydrogen bond acceptors Molecular refractivity Number of hydrogen bond acceptors
bond acceptors <= 10 <=10 between 40 and 130 <=10
Rule 4 Hydrogen bond acceptors Total polar surface area LogP (octanol-water partition N/A Molecular refractivity between 40
<=10 <= 140 A? coefficient) between —0.4 and + 5.6 and 130
Rule 5 Number of rotatable bonds N/A Number of rotatable bonds <= 10 N/A N/A
<=10
ble 3 plant species and has been linked to several biological functions,
Table

Various rulesets for medicinal chemistry along with key results PAINs, Brenk and
Lead-likeness rules.

Ruleset Key Results Criteria

PAINS Identifies frequent hitters and - Consists of substructural
promiscuous compounds that patterns associated with
can interfere with assay results ~ problematic behavior. - Alerts
or exhibit undesirable against compounds with
properties. potential for false positives or

misleading data. - Does not
guarantee drug-likeness.

Brenk Filters out compounds that - Based on chemical fragments
violate certain chemical rules and structural motifs. - Identifies
associated with undesirable compounds with potential for
properties. toxicity, reactivity, or instability.

- Does not ensure drug-like
properties.

Leadlikeness  Screens compounds based on - Identifies compounds with

structural features commonly
found in lead compounds.

desirable properties for further
development. - Considers
molecular weight, lipophilicity,
and structural complexity. -
Aims to prioritize compounds
with lead-like characteristics.

water-soluble.
The fact that some substances, like Oleanolic acid and Choline,

appear numerous times in the table is another intriguing finding. With a
Log Po/w number of 6.07, Oleanolic acid is one of the table’s most
lipophilic substances. It is a triterpenoid that is present in a variety of

including hepatoprotective, anti-inflammatory, and antioxidant bene-
fits. The water-soluble nutrient Choline, on the other hand, has a much
lower Log Po/w number of —1.86 and is essential for a variety of cellular
processes, including the creation of cell membranes and the production
of neurotransmitters (Misra et al., n.d.).

The biochemical activity of several other substances listed in the
table is also well-known, and these properties include anti-cancer, anti-
inflammatory, and anti-microbial effects (Singh et al., 2018a). For
instance, it has been reported that the pentacyclic triterpenoid Ursolic
acid (5.93), which is found in a variety of plant species, has anti-cancer
properties through several mechanisms, including the suppression of
cell proliferation, the induction of apoptosis, and the modification of
signaling pathways (Majid et al., 2023). Like this, Withanolides are a
class of steroidal lactones discovered in the Ayurveda plant Withania
somnifera. These include Withanolide A (3.39), Withanolide B (4.14),
and Withanone (3.36) (also known as Ashwagandha). They have a va-
riety of biological functions that are understood to exist, such as anti-
cancer, anti-inflammatory, and immunomodulatory impacts (Article
et al., n.d.). The Log Po/w values of the phytochemicals in the chart can
be analyzed to gain useful information about their physicochemical
characteristics and possible biological activities. The information in the
table can help direct additional experimental research targeted at
examining the pharmacological potential of these compounds.
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Exploring the mechanisms of GI Absorption, BBB Permeation, Cytochrome
P450 Inhibition, and lipophilicity (Log Kp) analysis

The normal distribution of phytochemicals exhibits predictions with
YES (Red) and NO (blue) with mean (n) and standard deviation (o).

As shown in Fig. 4(A) schematic showing how different in-silico and
QSAR models help to identify the key Physchem/ADMET data in sup-
porting Table S8 essential to understand PK/PD of herbal concoction
components understand (Singh et al., 2018b). The data in 4(B) Histo-
gram plot showing the comparative analysis of pharmacokinetic and
toxicological profiles of phytochemicals in the herbal concoction in
supporting Table S8. Each phytochemical’s drug-likeliness, solubility,
lipophilicity, permeability, and toxicity characteristics are compared on
the graph. The length of each spoke represents the results for that
measure, and the enclosed region displays the general profile of each
phytochemical. The caption lists the matching color codes, and the
phytochemicals are identified as numbers 1-42 on the chart’s exterior
perimeter. Affirmative for permeability receives a score of 1, while NO
receives a value of 0. Comparable high BBB permeability receives a score
of 0.99, while low atom-additive permeability receives a score of 0.001.

Along with effectiveness and toxicity, poor pharmacokinetics and
bioavailability are frequently to blame for failed drug research
(Mohamed et al., n.d.). A novel predictive model known as the Brain or
Intestinal Estimate permeation technique (BOILED-Egg) has been sug-
gested in order to correctly anticipate significant pharmacokinetic
characteristics such as gastrointestinal absorption and brain access
(Olasupo et al., 2020). It is worth noting that while lipophilicity and
reduced polarity can enhance BBB penetration for certain compounds,
they are not the sole determinants of drug candidacy or bioavailability.
Several other factors, including solubility, metabolism, efflux trans-
porters, molecular weight, and other physicochemical properties, play
critical roles in determining a compound’s overall bioavailability and
suitability as a drug candidate. Thus, a comprehensive evaluation
encompassing these factors is necessary for a more robust assessment of
drug candidacy and bioavailability in drug discovery. This model is
helpful for molecular design at different phases of the drug discovery
process because it is theoretically straightforward, highly accurate, and
generates understandable graphical outputs (Elmezayen et al., 2020).
The BOILED-Egg has many uses, including screening chemical libraries
and assessing drug prospects for development. The majority of P-
glycoprotein (PGP) substrate molecules that can penetrate both the
Blood-Brain Barrier (BBB) and Intestinal Barrier have certain properties
that make them excellent substrates for PGP (Hsiao et al., 2021). We
implemented the BOILED-Egg model as shown in Fig. 5.

PGP is an efflux pump that blocks the entrance of possibly hazardous
compounds into the brain and systemic blood and is found in intestinal
epithelial cells and the BBB (Cordoncardo et al., 1989). PGP can identify
and expel PGP + molecules, or molecules that are PGP substrates, from
the cells, lowering their content in the brain or general circulation.
While PGP is the primary transporter for some PGP + molecules, there
are other transporters that can help PGP + molecules enter the brain and
circulate throughout the body (Kim et al., 2016). These molecules
frequently possess specific physicochemical traits, such as low molecular
weight, high water solubility, and mild lipophilicity, which enable them
to travel through the intestinal and BBB barriers via passive diffusion or
other transport mechanisms (Di et al., 2020).

Because of this, compounds that are PGP + and have adequate
physicochemical characteristics for traversing biological barriers, such
as the Intestinal Barrier, can also penetrate the BBB (Vyas et al., 2006).
In the aforementioned dataset, the BOILED-Egg model is a helpful
method for locating outliers that may indicate mistakes or odd values. In
this instance, the algorithm has recognized the given list of compounds’
molecules 33, 35, 45, 81, and 82 as anomalies. To understand why these
anomalies have been labeled as such, it is crucial to look into them
further.

In traditional medicine, phytochemicals—naturally occurring
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substances found in plants are frequently used due to their therapeutic
benefits. These substances have attracted a lot of attention in recent
years due to their numerous biochemical actions, including their anti-
inflammatory, antioxidant, and anticancer effects. The characteristics
of these substances, such as their absorption through the GI tract, BBB
permeability, P-gp substrate, and suppression of different Cytochrome
P450 enzymes, are important in deciding how effective they are as
medications (Y. S. Kumar et al., 2010). The SwissADME program was
used in this research to evaluate the properties of different phyto-
chemicals found in herbal concoctions (Sravika et al., 2021).

As shown in Fig. 5, the Boiled-Egg model implementation for a list of
107 molecules in supporting Table S3 and S9. Outliers 33, 35, 45, 81,
and 82 are indicated by red dots, while the remaining 102 molecules are
represented by blue dots. Outlier molecules may have characteristics or
attributes that make them less likely to be absorbed or pass through the
GIT (gastrointestinal tract) or BBB (blood-brain barrier) in the case of
these particular biological barriers. Such anomalies could have an
impact on drug design or optimization because they might create ob-
stacles or possibilities for enhancing the bioavailability, effectiveness, or
safety of therapeutic candidates. The model suggests that most mole-
cules cross both the Blood-Brain Barrier and the Intestinal Barrier,
although there are some exceptions. Results are illustrated in Fig. 5,
along with a summary of the phytochemicals examined’ characteristics
in supporting Table S3. We also plot individual groups of phytochemi-
cals obtained from 9 plants in supporting Figure S2. A-I for clarity.

However, upon closer examination of supporting Table S8, it be-
comes evident that most phytochemicals have poor gastrointestinal (GI)
absorption, except for Apigenin, Cirsimaritin, Isothymonin, Magno-
florine, Berberine, Jatrorrhizine, Piperamide, Piperamine, Piperolein B,
4-gingeridol, and Hesperetin, which demonstrate significant GI ab-
sorption. This suggests that these compounds may have higher
bioavailability than others, potentially increasing their therapeutic
efficacy.

Additionally, among the substances studied, Magnoflorine,
Berberine, Jatrorrhizine, Retrofractamide A, and Hesperetin exhibit BBB
permeability. This indicates their ability to pass through the Blood-Brain
Barrier and potentially impact the central nervous system (Singh et al.,
2021a). This characteristic is particularly desirable for medications used
to address neurological conditions. Furthermore, Vicenin, Jatrorrhizine,
Magnoflorine, Berberine, Piperamide, Piperamine, Retrofractamide A,
and Dihydropipericide demonstrate the property of being P-gp sub-
strates. This implies that these substances may be subject to efflux
transport by the P-glycoprotein efflux transporter, which can limit their
therapeutic efficacy.

In terms of drug metabolism, it is crucial for drugs to inhibit different
Cytochrome P450 enzymes, as this affects their pharmacokinetics and
metabolism. The analysed phytochemicals inhibit various Cytochrome
P450 enzymes. Apigenin, Cirsimaritin, Isothymonin, Cirsilineol, Cyclo-
curcumin, Piperamide, Piperamine, Pipericide, Dihydropipericide,
Guineensine, Retrofractamide A, 4-gingerdiol, Kaempferol, Rhamnetin,
Protocatechuic acid, Eriodictyol, and Quercetin demonstrate inhibition
of CYP1A2, CYP2C9, CYP2C19, CYP2D6, and CYP3A4. Notably, Api-
genin, Cirsimaritin, Isothymonin, Piperamide, Piperamine, Pipericide,
Dihydropipericide, Retrofractamide A, 4-gingerdiol, Kaempferol,
Rhamnetin, Protocatechuic acid, Eriodictyol, and Quercetin specifically
prevent CYP1A2, an important enzyme involved in drug metabolism.

The lipophilicity of the compounds is indicated by the Log Kp
number, with larger values indicating increased lipophilicity. Piper-
amide, Piperamine, Retrofractamide A, and Guineensine demonstrate
the highest lipophilicity among the examined phytochemicals, with Log
Kp values of —3.8, —5.08, —4.36, and —3.8 cm/s, respectively (Singh
et al., 2020). Conversely, compounds such as Vicenin, Cordifolioside A,
Cordioside, and others exhibit low Log Kp values. Finally, it is impera-
tive to note that some of the phytochemicals in the herbal mixture under
study may inhibit key enzymes involved in drug metabolism, such as
CYP1A2, CYP2C19, CYP2C9, CYP2D6, and CYP3A4 (Zhou et al., 2003).
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Fig. 5. Boiled-EGG model for analyzing GI absorption, BBB permeant P-gp substrate.

Consequently, combining the mixture with other medications processed
by these enzymes may result in alterations in drug concentrations and
potential side effects.

A number of intriguing bioactive substances with possible pharma-
cological activities were discovered after SwissADME software was used
to evaluate the phytochemical properties in the examined plant
concoction (Nasrin et al., 2021). These include substances with high GI
absorption, BBB permeability, and enzymatic suppression of key drug
metabolism enzymes. However, due to the possibility of some of the
chemicals interacting with vital drug-metabolizing enzymes, care
should be exercised when administering this product in conjunction
with other medicines (Venkatachalam et al., 2016). To completely
comprehend the possible therapeutic benefits and safety profile of the
plant concoction, additional research is required to examine the phar-
macological actions of the mixture in vitro and in vivo as well (Kaur &
Bhatti, 2021).

Comparative analysis of LogPo/w (Consensus Log P) vs. Log Kp

LogPo/w and LogKp are distinct parameters used to evaluate a
compound’s lipophilicity, hydrophobicity, and membrane permeability.
LogPo/w is the logarithm of the partition coefficient between octanol
and water, reflecting a compound’s affinity for lipid-rich environments
and solubility in water. A higher LogPo/w value indicates higher lip-
ophilicity, while a lower value suggests greater hydrophilicity.

On the other hand, LogKp is the logarithm of the apparent perme-
ability coefficient across biological membranes. A higher LogKp value
signifies better membrane permeability, while a lower value indicates
reduced ability to cross cell membranes.

From the Supporting Figure S3 both LogPo/w and LogKp can provide
insights into a compound’s lipophilicity and membrane permeability,
but they are different parameters measured using different experimental
setups.

LogPo/w primarily reflects the compound’s hydrophobic/hydro-
philic balance, while LogKp provides information about the compound’s
ability to pass through cell membranes.

For most of the phytochemicals listed, there seems to be a general

trend: compounds with higher LogPo/w values also tend to have higher
LogKp values, and vice versa. This indicates that more lipophilic com-
pounds are generally more permeable across biological membranes.

However, there are some exceptions to this trend. For example,
“Vicenin” has a relatively low LogPo/w value (-1.98), suggesting hy-
drophilicity, but its LogKp value (-11.53) is extremely low, indicating
low permeability across membranes. Similarly, “Withanone” has a
relatively high LogPo/w value (3.36), indicating lipophilicity, but its
LogKp value (-7.01) is relatively low compared to other lipophilic
compounds.

Overall, comparing LogPo/w and LogKp values can provide com-
plementary information about a compound’s lipophilicity and mem-
brane permeability, but it is essential to interpret each measure in the
context of its specific meaning and experimental conditions. It is also
crucial to consider other factors that can influence a compound’s
behavior in biological systems, such as molecular size, charge, and
specific interactions with cellular components.

Different rule-based modules for bioavailability and Drug-likeness analysis

Drug-likeness analysis is a crucial part of the drug discovery process
(Terstappen2001, n.d.). It involves assessing a molecule’s potential as a
drug candidate using a variety of criteria, including the Lipinski’s rule of
five, the Ghose filter, the Veber, Egan, and Muegge rules, the Bioavail-
ability Score, PAINS, Brenk, and Lead likeness (Associate Professor,
2019). Using in-silico modules, we will assess the Drug-likeness of 36
phytochemicals in this study.

A popular method for assessing a molecule’s Drug-likeness is Lip-
inski’s rule of five. It says that a molecule has an increased probability of
being directly bioavailable if it has no more than five hydrogen bond
donors, ten hydrogen bond acceptors, a molecular weight under 500,
and a LogP number under 5 (Chen et al., 2020). 32 of the 36 phyto-
chemicals meet Lipinski’s rule of five, suggesting a high possibility for
oral bioavailability. Nevertheless, four substances—Rosmarinic acid,
Magnoflorine, Quercetin, and Hesperetin—violate the LogP portion of
the Lipinski’s law. This suggests that the potential for dietary bioavail-
ability of these substances may be constrained.
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Another popular method for determining how druglike a substance is
the Ghose filter. If a molecule has a molecular weight of between 160
and 480 Daltons, a LogP number between —0.4 and 5.6, and between 20
and 70 rotatable bonds, it is more likely to be directly bioavailable,
according to the study (Schneider et al., 2008). 30 of the 36 phyto-
chemicals meet the requirements of the Ghose filter, suggesting a high
possibility for oral bioavailability. But six substances—Quercetin,
Rhamnetin, Apigenin, Cirsimaritin, Isothymonin, and Withaferin A—are
particularly noteworthy violate one or more of the Ghose filter’s criteria.
This indicates that these compounds may have limited oral bioavail-
ability potential.

As shown in Fig. 6(A) and according to supporting Table S10, Veber’s
rule says that a molecule has one Polar Surface area (PSA) larger than
140 A? along with no more than ten rotatable bonds if it is likely to be
orally bioavailable. 31 of the 36 phytochemicals meet Veber’s criterion,
suggesting a high possibility for oral bioavailability. Rosmarinic acid,
Magnoflorine, Quercetin, Hesperetin, and Withanolide A are the five
substances that defy Veber’s law by having multiple PSA values above
140 A% This suggests that the potential for dietary bioavailability of
these substances may be constrained.

Egan’s rule states that for a molecule to be easily absorbed orally, it
should have a molecular weight ranging from 200 to 600 Daltons, a LogP
value between —0.4 and 5.0, less than or equal to six hydrogen bond
donors, less than or equal to five hydrogen bond acceptors, and no more
than 12 hydrogen bond acceptors (Brandao et al., 2021). In the analyzed
molecules, 28 of the 36 phytochemicals meet Egan’s criterion, sug-
gesting a high possibility for oral bioavailability. Quercetin, Rhamnetin,
Apigenin, Cirsimaritin, Isothymonin, Withaferin A, Choline, and Som-
niferine are eight substances, however, that fail to meet one or more of
the requirements of Egan’s formula. This suggests that the potential for
dietary bioavailability of these substances may be constrained.

The basis for Muegge’s formula is how a molecule’s molecular
weight and hydrogen bond sources are distributed. If a molecule has a
molecular weight of between 250 and 400 Daltons and no more than
three hydrogen bond producers, it is more likely to be easily bioavail-
able, according to the study (Sahin & Dege, 2021). The percentage of a
medication that is given that enters the systemic circulation is deter-
mined in part by the bioavailability score. The ratings vary from 0 to 1,
with 1 denoting the greatest bioavailability level (Shanmugavelan &
Mohamed Musthafa, 2022). The bioavailability number for the majority
of the phytochemicals in the chart is 0.55, which denotes modest
bioavailability. A better number of 0.85, however, for Oleanolic acid
and Ursolic acid indicates adequate bioavailability (Fig. 6(B) above).

In biological tests, PAINS—substructures or molecular pieces that are
frequently linked to promiscuous or non-specific protein binding—can
result in misleading positive results. Several of the compounds in the
chart have PAINS warnings, which may preclude their use as lead
molecules in the development of new drugs (Bajorath, 2014). A few
compounds, including Apigenin, Cirsimaritin, and Jatrorrhizine, have
one PAINS warning while others, including Vicenin, Cordifolioside A,
Cordioside, and Vitamin C, have none. Two PAINS warnings are present
for Rosmarinic acid and Eriodictyol.

Brenk rules are a collection of criteria that can be used to find sub-
stances that are more likely to be physiologically active and have
characteristics of drugs. Brenk rules-compliant compounds are more
likely to be appropriate as lead molecules in the search for new drug
(Yang et al., 2020). All of the substances in the chart, with the exception
of a few like Orientin and Cordifolioside A, satisfy the Brenk criteria. A
notion called Synthetic Accessibility and Lead-likeness seeks to find
substances that resemble recognized drugs or compounds that are
comparable to drugs in terms of their structural and physicochemical
characteristics (Nadin et al., 2012). More lead-like compounds are better
candidates for drug development because they are more apt to have
favorable pharmacological characteristics (Keserii & Makara, 2009).
With the exception of a few, including Apigenin, Cirsimaritin, Iso-
thymonin, Piperamide, Rhamnetin, and Withaferin A, the majority of
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the substances in the chart are not lead-like (Fig. 6(B) above and sup-
porting Table S10 for drug-likeness).

Potential drug candidates among phytochemicals based on key results

In this article, preliminary analysis of several phytochemicals based
on commonly used drug candidacy criteria. It is important to note that
further studies and validation are necessary to confirm their suitability
as drug candidates.

To identify potential drug candidates among phytochemicals, we
applied a set of established criteria commonly used in drug discovery.
These criteria include molecular weight (MW), hydrogen bond donors
(HBD), hydrogen bond acceptors (HBAs), lipophilicity (LogP), topolog-
ical polar surface area (TPSA), Lipinski’s Rule of Five, and the absence of
toxic alerts or undesirable features identified by filters such as PAINS,
Brenk, and Lead likeness. Based on the analysis of phytochemicals
compounds such as Oleanolic acid, Ursolic acid, Rosmarinic acid, Api-
genin, Cirsimaritin, Isothymonin, Magnoflorine, Berberine, Piperamide,
Piperamine, Piperolein B and Kaempferol emerged as potential drug
candidates that satisfy most of the drug candidacy criteria.

These phytochemicals exhibit favorable characteristics for drug
candidacy, as indicated by their molecular weight below 500 Da, an
optimal range for oral absorption and reduced toxicity. The number of
hydrogen bond donors and acceptors falls within the desirable range,
indicating potential for favorable interactions with biological targets.
Furthermore, their lipophilicity (LogP) values suggest a balance be-
tween solubility and permeability, essential for efficient drug delivery.
The topological polar surface area (TPSA) values below 140 AZ indicate
good permeability across biological membranes (Chandrasekar et al.,
2023). Importantly, these phytochemicals do not violate Lipinski’s Rule
of Five, which helps assess drug-like properties. Compliance with this
rule, which limits violations to two of the four criteria, suggests potential
for favorable pharmacokinetic properties. Moreover, these compounds
have been screened for toxic alerts and undesirable features using
established filters, such as PAINS, Brenk, and Lead likeness. The absence
of such alerts implies reduced risk of toxicity (Singh et al., 2023a) or
undesirable side effects.

The preliminary analysis of these phytochemicals indicates their
potential as drug candidates based on commonly used drug discovery
criteria. However, it is essential to emphasize that further studies,
including in vitro and in vivo experiments, are necessary to confirm their
pharmacological properties, safety profiles, efficacy, and potential drug
interactions.

Conclusion

In conclusion, the in-silico study of the phytochemicals in the table
reveals that a number of the substances have characteristics that make
them highly suitable for use as lead molecules in the discovery of new
drugs. Indigenous healing remedies have been practiced for years and
are listed in the data, although they cannot be regarded as objectively
legitimate. For the objective of Assembling, Evaluating, Propagating,
Merging, and Exhibiting the comprehensive data on edible herbs used
among various tribes in India, SwissADME is an accessible catalogue for
it. After scientific verification, such data may be utilized in the formu-
lation of conventional medicinal herbs, phytochemical assessment, or
the synthesis of novel drugs. Drug corporations in drug discovery, can
use extensive details of phytochemicals and their structures, physi-
ochemical properties, and ADMET analysis as a coherent and consistent
asset to investigate the medicinal prospects of curative plants against
diverse therapeutic aspirations. SwissADME seeks to deliver a central-
ized site for scholars, professionals, as well as other research organiza-
tions in domains like medicine, drug development, ethno-medicinal
research, etc. However, some substances have PAINS warnings, so they
should be further examined before being suspected of as lead molecules.
The compounds that are Lead-like and adhere to the Brenk rules are
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A Oleanolic acid
Ursolic acid
Rosmarinic acid
Apigenin
Cirsimaritin
Isothymonin
Vicenin
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Cyclocurcumin
Magnoflorine
Berberine
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Retrofractamide A
Piperolein B
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superior prospects for drug development because they are more likely to
possess favorable pharmacological characteristics (Andricopulo et al.,
2009). Overall, the in-silico study offers helpful data for the finding of
phytochemicals that may be useful for drug discovery (Siddiqui et al.,
2022).
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