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Abstract

Phytochemical analysis of medicinal plants has become increasingly popular in recent years due to plants'
ability to supplement current pharmacological needs. Active compounds among candidates can be
augmented using computer mechanics techniques such as in silico screening and pharmacokinetic screening,
and mechanisms of action of medicinal plants can be identified using in silico screening and pharmacokinetic
screening. The plant is well-known for its anti-tuberculosis activity. It has been shown to have cytotoxicity,
antibacterial activity, antioxidant activity, anti-diarrheal activity, and hepatoprotective activity. The current
study focuses on using the Swiss ADME in silico ADME tool for pharmacological and pharmacognostic
characterization of Terminalia arjuna.Researchers can use the findings of these investigations to conduct in

vitro and in vivo studies to discover the pharmacological keystones of phytochemicals.

Keywords: SwissADME, Teminalia arjuna, Phytoconstituents

*L2Department of Physics, Government Arts College (Autonomous), Kumbakonam-612002, Affiliated to

Bharathidasan University, Tiruchirapalli.

*Corresponding Author: - Padmavathy.B
Email- drbpkk90@gmail.com

Introduction

The paleolithic people were well aware of the
medicinal plant tradition as herbal medicines.
Most of the persons in developing nations rely on
traditional medicine, and humans rely on plants
for basic needs such as food, clothing, flavour,
shelter, scent, and medications. Drug discovery
from medicinal plants provides better leads, in
addition to a wide range of pharmacological
properties such as cytotoxicity, anti-diarrhea,
antibacterial, anti-inflammatory, antioxidant,
anthelmintic, anti-nociceptive, and hemolytic
activity. The plant is widely renowned for its anti-
tuberculosis activity. According to Ayurvedic
teachings, Terminalia arjuna is one of the most
essential medicinal herbs for the treatment of
ilinesses (Biljana Bauer Petrovska, 2012).
Terminalia arjuna (Roxb.) is an evergreen tree
commonly known as Arjun in India. It is a tree
that grows to a height of 20-30 m and belongs to
the Combretaceae family. T. arjuna has been cited
in ancient Indian literature, Ayurveda, for cardiac
disease; it has also been mentioned by Charaka in
his treatise Charak Samhita and practised by
Ayurvedic practitioners like Chakradatta and
Bhava-Mishra. Ayurvedic words characterise the
plant's stem bark as acrid, pleasant, cooling,
styptic, tonic, antidysenteric, and febrifuge
(Kumar and Maulik, 2013). According to the
pathophysiological condition, it has been
proposed to be used as a powder, decoction,
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hydroalcoholic extract, bark powder with Ghrita
(fat), or bark powder heated in milk (kshirpaak).
The study of phytocompound absorption,
distribution, metabolism, and excretion (ADME)
has increased in recent years. Chemical ADMET
characteristics are important in all stages of drug
research and development. Pharmacokinetic
studies are now being used in medication
development.To be effective, a drug molecule
must reach its target in sufficient concentration in
the body. One of the primary reasons for
medication development failure is a failure to
address pharmacokinetic parameters.As a result,
our primary responsibility is to evaluate the
physicochemical and pharmacokinetic properties
of the phytochemical elements of T.arjuna using
Swiss ADME, publicly available online software
(Wu et al., 2020).

Materials and Methods

Swiss ADME (www.swissadme.ch)

GCMS analysis

According to previous reports, T. arjuna has been
identified with 20 phytochemicals, and these
compounds have been considered to identify the
Swiss ADME properties (Mandal et al., 2013;
Gupta and Kumar, 2017; Subasini Uthirapathy
and Javed Ahamad, 2019). Swiss ADME software
from the Swiss Institute of Bioinformatics
(http://www.sib.swiss) was accessible in a web
server that displays the Swiss ADME Submission
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page in Google was used to estimate individual
ADME  behaviors of phytochemicals of
Terminalia arjuna. The list is constructed with
one input per molecule, as defined by a simplified
molecular-input line-entry system (SMILES), and
the results are presented for each molecule.

Computer-based drug design is currently
frequently used in the prediction of ADMET
properties of medicines, which leads to early-
stage drug discovery. The motivation for these
Insilco techniques is due to the lower cost time
factor involved when compared to regular
ADMET profiling. For example, it takes a minute
in an Insilco model to screen 20,000 or more
molecules, but it takes 20 weeks in a "wet"
laboratory. Because of the accumulating ADME
data available with this software in the late 1990s,
several pharmaceutical companies are now
adopting computer models that, in some
situations, are replacing the "wet" screens. As a
result of this paradigm shift, various theoretical
approaches for predicting ADMET parameters
have been developed (Simoneet al., 2021).

Bio-availability Radar

The bioavailability radar provides a preliminary
look at the drug-likeness of compounds of interest
by considering six physicochemical properties:
LIPO (Lipophilicity), SIZE, POLAR (Polarity),
INSOLU (Insolubility), INSATU (Insaturation),
and FLEX (Flexibility). Lipophilicity: XLOGP3
between -0.7 and + 5.0, size: MW between 150
and 500 g/mol, polarity: TPSA between 20 and
130 0A2, solubility: log S less than 6, saturation:
fraction of carbons in the sp3 hybridization less
than 0.25, and flexibility: no more than 9 rotatable
bonds.

Lipophilicity

Lipophilicity is a critical characteristic in drug
discovery and design since it complements the
single most informative and  successful
physicochemical property in medicinal chemistry.
It has been experimentally demonstrated as
partition coefficients (log P) or distribution
coefficients (log D). Log P depicts the partition
equilibrium of a unionized solute between water
and an immiscible organic solvent. Greater
Lipophilicity corresponds to higher log P values.
Swiss ADME provides five publicly available
models to analyse the Lipophilicity character of a
molecule, namely XLOGP3, WLOGP, MLOGP,
SILICOS-IT, and iLOGP. XLOGP3, an atomistic
accost with corrective elements and a knowledge-
based library; WLOGP, a completely atomistic
technique based on the fragmental system.
MLOGP is an archetype of the topological

Eur. Chem. Bull. 2023,12(Regular Issue 4), 1413 -1419

Section A-Research paper

technique proposed on a linear connection with 13
molecular  descriptors incorporated (Morak-
Mtodawska and Jelen M, 2022). SILICOS-IT, a
hybrid method based on 27 fragments and 7
topological descriptors; iLOGP, a physics-based
method based on solvation free energies in n-
octanol and water determined by the generalized-
born and solvent accessible surface area (GB/SA)
model; The arithmetic mean of the values
anticipated by the five recommended approaches
is the consensus log P o/w (Riyad iet al., 2021).

Water Solubility

The solubility of a substance is heavily dependent
on the solvent used, as well as the ambient
temperature and pressure. The saturation
concentration is the point at which adding more
solute does not increase its concentration in
solution.

A medication is termed very soluble when the
highest dose strength is soluble in 250 mL of
aqueous media with a pH range of 1 to 7.5. The
use of the ESOL model (Solubility class: Log S
Scale: Insoluble<10 poorly<6, moderately<4
soluble<2 very<highly) is one of two topological
techniques incorporated in Swiss ADME to
predict water solubility.

Although they deviate from the fundamental
universal solubility equation in that they do not
include the melting point parameter, the linear
correlation between predicted and experimental
values was strong (R2=0.69 and 0.81,
respectively). SILICOS-IT produced the third
predictor of Swiss ADME (Solubility class: Log S
Scale: Insoluble-10  poorly-6, moderately-4
soluble-2  veryOhighly), where the linear
coefficient is corrected by molecular weight
(R2=0.75). All anticipated values are the decimal
logarithm of the molar solubility in water (log S).
Swiss ADME also gives solubility in mol/l and
mg/ml units, as well as qualitative solubility
classes.

Pharmacokinetics

On a plot of two calculated parameters; ALOGP
versus PSA, the delineation exists in a zone with
acceptable qualities for Gl absorption. The zone
most occupied by well-absorbed molecules is
elliptical; it was named Egan egg, and it is used to
assess the predictive capacity of the model for Gl
passive absorption and prediction for brain access
by passive diffusion to finally lay the BOILED-
Egg (Brain or Intestinal Estimate D permeation
predictive model).

The BOILED-Egg model generates a quick,
spontaneous, efficient, yet raucous technique for
forecasting passive Gl absorption, which is useful
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for drug discovery and development. The white
region contains molecules that are more likely to
be absorbed by the GI tract, whereas the yellow
region (yolk) contains chemicals that are more
likely to permeate the brain. Cytochrome p450
(CYP) isoenzymes bio transform more than 50-
90% of medicinal compounds from its five
primary isoforms. P-gp is widely distributed in
intestinal epithelium, where it pumps xenobiotics
back into the intestinal lumen and from brain
capillary endothelial cells back into the
capillaries. Swiss ADME uses the support vector
machine  (SVM)  technique  for  binary
classification of datasets containing known
substrates/non-substrates ~ or  inhibitors/non-
inhibitors. The resulting molecule will return
"Yes" or "No" if the molecule under examination
is considered to be a substrate for both P-gp and
CYP. The P-gp substrate SVM model was
constructed on 1033 compounds (training set) and
tested on 415 molecules (test set), with 10 fold
CV: ACC=0.72/AUC=0.77 and External:
ACC=0.88/AUC=0.94 respectively. The SVM
model for Cytochrome P-450 1A2 inhibitor
molecule was constructed on 9145 molecules
(training set) and tested on 3000 molecules (test
set), with a 10 fold CV of ACC=0.83/AUC=0.90
and an external ACC=0.84/AUC=0.91.The SVM
model for Cytochrome P-450 2C19 inhibitor
molecule was trained on 9272 molecules (training
set) and tested on 3000 molecules (test set), with
10 fold CV: ACC=0.80/AUC=0.86, and external:
ACC=0.80/AUC=0.87. The SVM model for
Cytochrome P-450 2C9 inhibitor molecule was
trained on 5940 compounds (training set) and
tested on 2075 molecules (test set), with 10 fold
CV: ACC=0.78/AUC=0.85, External:
ACC=0.71/AUC=0.81. The SVM model for
Cytochrome P-450 2D6 inhibitor molecule was
constructed on 3664 molecules (training set) and
tested on 1068 molecules (test set), with the
following 10 fold CV: ACC=0.79/AUC=0.85,
External: ACC=0.81/AUC=0.87. The SVM
model for Cytochrome P-450 3A4 inhibitor
molecule was trained on 7518 compounds
(training set) and tested on 2579 molecules (test
set), with 10 fold CV: ACC=0.77/AUC=0.85, and
external: ACC=0.78/AUC=0.86.

Drug likeness

Swiss ADME filters chemical libraries to reject
compounds  with  characteristics that are
incompatible with an acceptable pharmacokinetic
profile, using five distinct ruled-based filters from
major pharmaceutical companies in order to
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improve the quality of proprietary chemical
collections. The Lipinski filter (Pfizer) is the first
of five pioneer rules for characterising tiny
compounds based on their physicochemical
property profiles, which include Molecular
Weight (MW) less than 500, N or O 10, MLOGP
4.15, NH or OH 5. Lipinski strictly views all
nitrogens and oxygens as H-bond acceptors and
all nitrogens and oxygens containing at least one
hydrogen as H-bond donors.

Furthermore, aliphatic fluorines are acceptors, but
alinine nitrogen is neither donor nor acceptor. The
Ghose filter (Amgen) defines tiny molecules
based on their physicochemical properties, the
presence of functional groups, and their
substructures. The qualifying range includes
molecular weight between 160 and 480 Da,
WIlogP between -0.4 and 5.6, molar refractivity
(MR) between 40 and 130 for a total number of
atoms; the qualifying range is between 20 and 70
atoms in a tiny molecule. The Veber filter (GSK
filter) model represents compounds as drug-like if
they have 10 rotatable bonds and a TPSA equal to
or less than 140 2 with 12 or fewer H-bond
donors and acceptors.

The Egan filter (Pharmacia filter) predicts the
drug absorption is dependent on mechanisms
involved in the membrane permeability of the
small molecule. These models represent
molecules as drugs, such as if they had WLOGP
5.88 and TPSA 131.6, respectively. The Egan
computer model for human passive intestinal
absorption (HIA) of small compounds allowed for
active transport and efflux pathways and will thus
be robust in predicting medication absorption
(Mahantheshet al., 2020). Muegge filter (Bayer
filter) is a self-contained Pharmacophore point
filter that separates drug-like and non-drug-like
compounds. These models represent molecules as
a medication if they have a molecular weight
between 200 and 600 Da, TPSA 150, number of
rings 7, XLOGP between -2 and 5, number of
carbon atoms > 4, number of heteroatoms > 1,
number of rotatable bonds 15, H-bond acceptor
10, H-bond donor 5, and so on. The Abbott
bioavailability score aims to estimate the
likelihood of a chemical having at least 10% oral
bioavailability in rats or observable Caco-2
permeability, which predicts the likelihood of a
substance having F>10% based on the
predominant charge at biological pH in a rat
model. It focuses on rapid screening of chemical
libraries in order to pick the best compounds for
synthesis (Ranjith and Ravikumar, 2019).
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Tablel: General characteristics of Phyto-chemicals of Terminalia arjuna.

SI.No Name of compounds Drug Likeness — Lipinski Role of 5 Solubility Pharmacokinetics Lipinski Drug
Violations | Likeness
MW HBD | HBA | HBR log P Log S Log S Log S Gl CYP
g/mol (ESOL) | (Ali) | (SILICO | absorption | enzymes
S-IT) inhibitors
1. Anethole 148.20 0 1 2 2.55 -3.11 -3.17 | -2.98 High No 1 Yes
2. 1,1-Diethoxy-3-methylbutane 160.25 g/mol 0 2 6 2.81 -2.03 -2.55 -2.21 High No 0 Yes
3. S)-(+)-2-Amino-3-methyl-1-butanol 239.22 g/mol 6 8 5 1.15 1.90 1.83 -0.09 Low No 1 Yes
4, Ethyl pipecolinate 157.21 g/mol 1 3 3 1.79 -1.03 -1.04 -1.56 High No 0 Yes
5. Glycerin 92.09 g/mol 3 3 2 0.45 0.83 1.00 1.08 High No 0 Yes
6. Pentanoic acid 102.13 g/mol 1 2 3 1.32 -1.15 -1.78 -0.78 High No 0 Yes
7. Cyclopropane carboxyli cacid, 1-amino- 177.20 g/mol 2 3 2 0.97 -0.10 0.84 -2.00 High No 0 Yes
8. Benzeneacetaldehyde 120.15 g/mol 0 1 2 1.33 -2.07 -1.76 -2.70 High No 0 Yes
9. Glycine, N-(2-methyl-1-oxo-2-butenyl)-, 229.35 g/mol 1 3 6 2.89 -2.18 -2.87 -2.11 High No 0 Yes
methyl ester, (E)-
10. 2,4-Dihydroxy-2,5-dimethyl-3(2H)-furan-3-one | 144.13 g/mol 2 4 0 1.24 -0.68 -0.87 -0.18 High No 0 Yes
11. 1-Methoxyhexane 116.20 g/mol 0 1 5 2.56 -1.75 -2.25 -2.36 High No 0 Yes
12. 9-Oximino 2,7-diethoxyfluorene 283.32 g/mol 1 4 4 -4.34 -4.89 -5.71 -5.71 High Yes 0 Yes
13. Heptadecane, 9-hexyl 324.63 g/mol 0 0 19 6.20 -8.40 -12.40 -8.76 Low Yes 1 Yes
14. 9,10 Secocholesta 5,7,10(19) triene 3,24,25 432.64 g/mol 4 4 7 4.29 -4.56 -5.37 -3.90 High No 0 Yes
triol
15. Butanoic acid, 2,3 dihydroxypropyl ester 162.18 g/mol 2 4 6 1.28 -0.34 -0.78 -0.46 High No 0 Yes
16. 2-Naphthalene methanol 158.20 g/mol 1 1 1 2.08 -2.76 -2.27 -3.89 High No 0 Yes
17. 9,12,15-Octadecatrienoic acid, methyl ester, 392.57 g/mol 0 4 16 5.77 -5.30 -71.22 -5.45 High Yes 0 Yes
(2,2,2)
18. 3-Hydroxyspirost-8-en-11-one 428.60 g/mol 1 4 0 3.94 -5.14 -5.07 -4.82 High No 0 Yes
19. Protriptyline 263.38 g/mol 1 1 4 3.26 -4.43 -4.38 -6.70 High No 0 Yes
20. Olean-12-ene-3,15,16,21,22,28- 506.71 g/mol 6 6 1 2.94 -5.22 -5.90 -3.30 High No 0 No
hexol,(3a,15a,160,210,22a)

Bioavailability Radar
The bioavailability radar assesses a compound's drug-likeness quickly. As shown in Fig.1, the pink area represents the optimal range of each parameter; when
considering the parameters of a phytocompound, the radar plot of the compound must fall in the pink area in order to be considered drug-like; thus, the ligands are
either predicted to be orally bioavailable or not orally bioavailable via the radar plot (Bojarska et al., 2020). Flexibility (FLEX) and polarity (polar) are two important
qualities that affect chemical bioavailability. Flexibility is determined by rotatable bonds; compounds with rotatable bonds > 10 are projected to have low oral
bioavailability, whereas polarity, as indicated by topological polar surface, predicts that molecules with TPSA > 20 2 130 2 have good oral bioavailability (\Veber et al.,
2002; Daina e tal., 2017s). Fourteen phytochemicals (1,1-Diethoxy-3-methylbutane, (S)-(+)-2-Amino-3- methyl-1- butanol, Ethyl pipecolinate, Glycerin, Pentanoic
acid, Glycine, N-(2-methyl-1-oxo0-2-butenyl)-, methyl ester, (E)-2,4-Dihydroxy-2, 5-dimethyl-3 (2H)-furan 3- one, 1-Methoxyhexane, 9,10 Secocholesta 5,7,10 (19)

triene 3,24,25 triol, Butanoic acid, 2,3 dihydroxypropyl ester, 3-Hydroxyspirost-8-en-11-one, Protriptyline, and Olean-12-ene-3,15,16, 21, 22,28-hexol, (Fig. 1).
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Boiled Egg for Prediction of Gl Absorption
and Brain Penetration

The BOILED-Egg model provides a quick,
simple, readily repeatable, and statistically
unparalleled robust technique for predicting the
passive gastrointestinal absorption and brain
access of small compounds relevant for drug
discovery and development. Figure 2 depicts the
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BOILED-EGG (Naveed et al., 2023). The user
may add the WLOGP and tPSA for up to 100
molecules, and the associated spots are mapped
onto the BOILED-Egg. One molecule is
anticipated not to be absorbed and not to be BBB
permeant since it is beyond of the plot's range
(Antoine Daina and Vincent Zoete, 2016).

Figure.l Biocavailability Radar and its Significance
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Figure.2. The BOILED egg Model prediction of
Gl absorption and BBB penetration of the Phyto-
constituents of T.arjuna by using swissADME

Conclusion

CADD has dramatically reshaped the research
and development pathways in drug candidate
identification due to the rapid increase in
chemical and biological information.
Computational techniques are widely used in the
drug discovery and development process because
they save money and time. This study presents a
freely available Swiss ADME, a web-based tool
for evaluating the ADME properties of
phytoconstituents found in Terminalia arjuna.
The phyto constituents of the plants were enlisted
through the software includes Fourteen
phytochemicals  (1,1-Diethoxy-3-methylbutane,
(S)-(+)-2-Amino  -3-methyl-1- butanol, Ethyl
pipecolinate, Glycerin, Pentanoic acid, Glycine,
N-(2-methyl-1-oxo-2-butenyl)-, methyl ester,
(E)-2,4-Dihydroxy-2, 5-dimethyl-3
(2H)-furan3-one, 1-Methoxyhexane, 9,10
Secocholesta5,7,10(19) triene 3,24,25 triol,
Butanoic acid, 2,3 dihydroxypropyl ester, 3-
Hydroxyspirost-8-en-11-one, Protriptyline, and
Olean-12-ene-3,15,16,21,22,28-hexol.As a result,
the physicochemical and pharmacokinetic
properties of the phytoconstituents were
investigated, as shown in the tables and figures.
Furthermore, researchers and scientists can use
the values as guidelines when developing
potential semisynthetic and synthetic drugs for a
variety of applications.

Reference

1. Antoine Daina, Vincent Zoete, 2016. A
BOILED-Egg To Predict Gastrointestinal
Absorption and Brain Penetration of Small
Molecules, Chem Med Chem, 6;11(11):1117-
21. doi: 10.1002/cmdc.201600182.

2. Biljana Bauer Petrovska, 2012. Historical

Eur. Chem. Bull. 2023,12(Regular Issue 4), 1413 -1419

Section A-Research paper

review of medicinal plants’ usage,
Pharmacogn Rev. 6(11): 1-5.
doi: 10.4103/0973-7847.95849

3. Bojarska J, Remko M, Breza M, Madura ID,
Kaczmarek K, Zabrocki J, Wolf WM. A, 2020.
Supramolecular Approach to Structure-Based
Design with A Focus on Synthons Hierarchy
in  Ornithine-Derived Ligands: Review,
Synthesis, Experimental and in Silico
Studies. Molecules, 25(5):1135.
https://doi.org/10.3390/molecules25051135.

4. Daina A, Michielin O, Zoete V, 2017.
SwissADME: a free web tool to evaluate
pharmacokinetics, drug-likeness and medicinal
chemistry friendliness of small molecules. Sci
Rep., 3;7:42717. doi: 10.1038/srep42717.
PMID: 28256516; PMCID: PMC5335600.

5. Gupta D, and Kumar M, 2017. Evaluation of
in vitro antimicrobial potential and GC-MS
analysis of Camellia sinensis and Terminalia
arjuna. Biotechnol Rep (Amst), 13:19-25.

6. Kumar S, S.K. Maulik, 2013. Chapter 39 -
Effect of Terminalia arjuna on Cardiac
Hypertrophy. Bioactive Food as Dietary
Interventions for Cardiovascular Disease,673-
680.

7. Mahanthesh MT, Ranjith D, Raghavendra
Yaligar, Jyothi R, Narappa G and Ravi MV,
2020. Swiss ADME  prediction  of
phytochemicals present in Butea monosperma
(Lam.) Taub, Journal of Pharmacognosy and
Phytochemistr, 9(3): 1799-1809.

8. Mandal S, Patra A, Samanta A, Roy S, Mandal
A, Mahapatra TD, 2013. Analysis of
phytochemical profile of Terminalia arjuna
bark  extract with antioxidative and
antimicrobial properties. Asian Pac J Trop
Biomed, 3(12):960-966

9. Morak-Mtodawska B, Jelen M, 2022.
Lipophilicity and Pharmacokinetic Properties
of New Anticancer Dipyridothiazine with
1,2,3-Triazole Substituents. Molecules.
13;27(4):1253.
doi: 10.3390/molecules27041253.

PMID: 35209047; PMCID: PMC8878114.

10.Naveed M, Shabbir MA, Ain N-u, Javed K,
Mahmood S, Aziz T, Khan AA, Nabi G,
Shahzad M, Alharbi ME, Alharbi M,
Alshammari A, 2023. Chain-Engineering-
Based De Novo Drug Design against
MPXVgp169 Virulent Protein of Monkeypox
Virus: A Molecular Modification
Approach. Bioeng, 10(1):11.
https://doi.org/10.3390/bioengineering100100
11.

11.Ranjith D and Ravikumar C, 2019.
SwissADME predictions of pharmacokinetics

1418


https://chemistry-europe.onlinelibrary.wiley.com/doi/10.1002/cmdc.201600182
https://chemistry-europe.onlinelibrary.wiley.com/doi/10.1002/cmdc.201600182
https://chemistry-europe.onlinelibrary.wiley.com/doi/10.1002/cmdc.201600182
https://chemistry-europe.onlinelibrary.wiley.com/doi/10.1002/cmdc.201600182
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3358962/
https://doi.org/10.4103%2F0973-7847.95849
https://doi.org/10.3390/molecules25051135
https://www.sciencedirect.com/science/book/9780123964854
https://www.sciencedirect.com/science/book/9780123964854
https://doi.org/10.3390/bioengineering10010011
https://doi.org/10.3390/bioengineering10010011

Swiss Adme Properties Screening Of The Phytochemical Compounds Present In Terminalia Arjuna

and drug-likeness properties of small
molecules present in Ipomoea mauritiana
Jacq, Journal of Pharmacognosy and
Phytochemistry, 8(5): 2063-2073.
12.Riyadi P H, Romadhon, I D Sari , R A
Kurniasih, T W Agustini, F Swastawati, V E
Herawati, W A Tanod. 2021. SwissADME
predictions  of  pharmacokinetics  and
druglikeness properties of small molecules
present in Spirulina platensis, IOP Conf.
Series: Earth and Environmental Science 890,
012021,
doi:10.1088/1755-1315/890/1/012021.
13.Simone Q. Pantaledo, Philipe O. Fernandes,
Prof. José Eduardo Gongalves, Prof. Vinicius
G. Maltarollo, Prof. Kathia Maria Honorio,
2021. Recent Advances in the Prediction of
Pharmacokinetics Properties in Drug Design
Studies: A Review, First published:
https://doi.org/10.1002/cmdc.202100542
14.Subasini Uthirapathy, Javed Ahamad, 2019.
Phytochemical analysis of different fractions
of Terminalia arjuna bark by GC-MS. Int.
Res. J. Pharm.10(1):42-48
http://dx.doi.org/10.7897/2230-8407.10018
15.Veber DF, Johnson SR, Cheng HY, Smith BR,
Ward KW, Kopple KD, 2002. Molecular
properties that influence the oral bioavail-
ability of drug candidates. J Med Chem.,
6;45(12):2615-23.
doi: 10.1021/jm020017n. PMID: 12036371.
16.Wu F, Zhou Y, Li L, Shen X, Chen G, Wang
X, Liang X, Tan M and Huang Z, 2020.
Computational Approaches in Preclinical
Studies on Drug Discovery and Development.
Front. Chem. 8:726.
doi: 10.3389/fchem.2020.00726.

Eur. Chem. Bull. 2023,12(Regular Issue 4), 1413 -1419

Section A-Research paper

1419


https://chemistry-europe.onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=Pantale%C3%A3o%2C+Simone+Q
https://chemistry-europe.onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=Fernandes%2C+Philipe+O
https://chemistry-europe.onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=Gon%C3%A7alves%2C+Jos%C3%A9+Eduardo
https://chemistry-europe.onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=Maltarollo%2C+Vin%C3%ADcius+G
https://chemistry-europe.onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=Maltarollo%2C+Vin%C3%ADcius+G
https://chemistry-europe.onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=Honorio%2C+Kathia+Maria
https://doi.org/10.1002/cmdc.202100542

