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ABSTRACT

In vivo ADME analysis is costly, laborious and puts animal lives at danger, whereas in silico ADME
analysis is not dangerous, simpler, and quicker. This study will use in silico methodologies from
SwissADME and pkCSM as an integrated online platform for precise and complete predictions to
determine In Silico ADME/T Properties of Artemisinin and its Derivatives. The studied compounds'
structures were converted to canonical SMILES files and then sent to the SwissADME and pkCSM
webserver tools, which provide free access to different properties of compounds. A compound's
ADME/T characteristics are critical for future study and the results obtained will be of beneficial
use for researchers. Additionally, the results of this study give great guidance and show that
chemical alterations to the reference molecule artemisinin can enhance its ADMET capabilities.
The webservers used in this work are free, and several comparison trials show that pkCSM and
SwissADME performed are better than a number of other frequently used methods. The designing
or engineering of a novel drug molecule primarily requires knowledge of the features of ADME/T

of the new drug compound.
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Introduction

Artemisinin is a sesquiterpene based lactone
along with a peroxide component [[1], [2]]. It is
obtained from the leafy sections of artemisia annua,
which is a herb and medicinal plant herb that has
been used for ages to cure fever and chills [3].
Artemisinin, also known identified as Qinghaosu,
was the first to be isolated. Dihydroartemisinin
(DHA) was the main derivative to be created by
converting the carbonyl groups to hydroxyl groups
[2]. Others, for instance the more water-soluble
artesunate and the further oil-soluble artemether
and arteether, followed [4]. These compounds were
ten times more effective than artemisinin [2], with
artesunate getting a more beneficial
pharmacokinetic-pharmacodynamic profile [5].

Artemisinins and their derivatives are
preferentially taken up by parasite-infected
erythrocytes and then localized in parasite
membranes such as the mitochondrial, digesting
vacuole, and parasite limiting membrane [[2], [4]].

All versions of medicine have an endoperoxide
bridge (C-O-O-C) that is vital for its anti-malarial
impact, where the molecule itself is stimulated by
iron or heme to create free radicals. The latter free
radicals subsequently alkylate malaria membrane-
associated proteins, killing the parasite [4]. They
have been discovered to be useful versus various
strains of malaria, particularly those resistant to
established gold standard medications. They are
very effective, needing just nanomolar doses in vitro
[4]. They are also fast-acting, with therapeutic ability
as early as 20 hours following treatment.
Furthermore, artemisinins have a comparatively
low-profile toxicity, with the LDso of 4223 mg/kg.
Furthermore, despite the widespread use of the
medicine, there was no indication of neurotoxicity in
neuronal cells or animals at high-level doses [[2],
[4]].

Artemisinin and its derivatives revealed further
characteristics in illnesses other than malaria.
Artesunate, for example, demonstrated anti-cancer
effects as evidenced by its cytotoxic action versus 55
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cancer cell lines via the control of numerous
processes such as the damage of DNA and repair,
apoptosis, as well as proliferation [[6], [7]].
Artesunate inhibited the creation of interleukin (IL)-
1, IL-6, and IL-8 in TNF-stimulated rheumatoid
arthritis fibroblast-like synoviocytes (RA FLS) via the
NF-B and phosphoinositide 3 kinases (PI3K)
pathways [8]. It also has antiviral characteristics,
since artemisinin suppressed the duplication of
human cytomegalovirus (HCMV) [9]. Several of
these pathophysiological routes are also marked in
respiratory illnesses. Hence, artemisinin and its
derivatives might be used to treat respiratory
illnesses as well. Because developing novel
molecules for disease therapy is a difficult
procedure, we provide in the current study a
cheminformatic examination of a sequence of five
artemisinin derivatives (Fig. 2).

The goal of this study is to use SwissADME [10]
and pkCSM [11] webservers to forecast the
physicochemical qualities, drug-likeness properties,
ADME (absorption, distribution, metabolism, and
excretion), and toxicity of five artemisinin
derivatives to understand their pharmacokinetic
behaviour. In addition to being free, the webservers
utilized in this work have undergone several
comparison trials that show that SwissADME and
pkCSM present as well as or improved than
numerous other frequently used techniques [[10],
[11], [12], [13], [14], [15], [16]].

We did the same in silico investigation on the
molecule for comparative reasons with artemisinin
derivatives on which structural alterations were
done. Information on a molecule's ADME/T
characteristics is mostly required in the
development of a novel medicinal compound [[12],
[14], [15]].

Materials and Methods

1.1 Materials

ChemDraw software Professional 16.0 from
Cambridge was wused to drwa structures..
SwissADME from the Swiss Institute of

Bioinformatics and pkCSM from the Biosig Lab
University of Melbourne were utilized as ADMET
prediction servers. SwissADME is a free of charge
web tool for assessing compounds' physicochemical
qualities, pharmacokinetics, drug-likeness, and
medicinal chemistry easiness. It is extensively
utilized due to its simplicity in determining the drug-
likeness profile of compounds by including Lipinski's
rule, which evaluated orally active substances to
determine physicochemical parameters for the high
chance of becoming an oral drug. The pkCSM
technique predicts and optimizes pharmacokinetic
and toxicity properties. The cut-off scanning idea
was extended by pkCSM to create a prediction
simulation of ADME/T characteristics for drug
advance. The pkCSM program performed well in the
outer validation dataset, with an accuracy of a value
of 83.8% in the mutagenicity check. pkCSM has
numerous endpoints, including LDsp, Ames test,
highest daily dosage, and hepatotoxic.

1.2 Methods
Structures of artemisinin derivatives were

generated with ChemDraw Professional 16.0. The
derivatives were subsequently converted into
canonical SMILES (simple molecular-input line-entry
system) format [17] and run using SwissADME and
pkCSM for ADMET Lipinski's so-termed Rule-of-Five
established a link between pharmacokinetic and
physicochemical characteristics [18]. Table 1 shows
the code of each compound's SMILES.

Figure 1 — The chemical structures of artemisinin.
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Figure 2 — The chemical structures of artemisinin and its derivatives

Table 1. The SMILES code of all artemisinin derivatives

No. Derivatives CANONICAL SMILES
Artemisinin CC1CCC2C(C(=0)0C3c24c1ccc(o3)(o04)C)c
2 Artesunate CC1CCC2C(Cc(0C3C24C1CCC(03)(004)C)0Cc(=0)Cccc(=0)o)c
Artemether CC1CCC2C(Cc(0c3c24c1ccc(o3)(oo4)c)oc)c

Arteether (Artemotil) CCOC1C(C2CCC(C3C24C(01)0C(CC3)(004)C)C)C

5 Artemisitene CC1CCC2C(=C)C(=0)0C3C24C1CCC(03)(004)C

[[16], [19], [20], [21], [22], [23]]. For the desired

Results and Discussion molecule to be established and used as a drug, the

subsequent step in the computer-aided drug model

Computational approaches in biology and pipeline to deal with is the pre-clinical optimization.
chemistry are crucial in many fields impacting life, A wide range of in silico techniques (e.g., pkCSM,
notably drug design (computer-aided drug design)  preADMET [24], admetSAR [25]) contribute to the
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Table 2. In silico calculated physicochemical properties of artemisinin and its derivatives

No. | Derivatives | Formula MwW HBD HBA LogP | NRB PSA MR LogS | Violat
ions
1 Artemisinin | CisH220s | 282.336 0 5 2.75 0 53.99 70.38 -3.42 0
2 Artesunate | CigH280s | 384.425 1 8 2.62 0 100.52 | 92.46 -3.08 0
3 Artemether | CisH260s 298.379 0 5 3.19 1 46.15 76.07 -3.85 0
4 Arteether | Ci7H280s | 312.406 0 5 3.50 2 46.15 80.88 -4.10 0
(Artemotil)
5 Artemisitene | CisH200s 280.320 0 5 2.62 0 53.99 69.90 -3.27 0

goal of calculating ADMET parameters from the
molecular structure but change in their
computational methodology.

Physicochemical Parameters

The physicochemical property is a molecular
attribute which affects efficacy, safety, or
metabolism and can be anticipated utilizing
Lipinski's rule of five, Veber's rule, or Muegge's rule.
In this research, we employed Lipinski's rule to
create an orally active medication, which proves the
number of hydrogen bonds acceptor (HBA) of less or
equal to 10, hydrogen bonds donor (HBD) of less or
equal to 5, molecular weight (MW) of less than 500
Da, and Log P of less or equal to 5 [16]. Artemisinin,
as a reference chemical, and its synthesized variants
are uploaded to the SwissADME website one by one
in the standard SMILES format..

Lipophilicity and solubility are the other two
major determinants that are examined for optimal
medication development. Table 2 summarizes the
physicochemical properties of artemisinin and its
derivatives predicted by SwissADME. Table 2
indicates that all compounds match each single
condition of Lipinski's rule of five and hence totally
conform the rule. As a result, all the examined
compounds exhibit a favourable drug-likeness
profile, as they are predicted to be rapidly absorbed
and to have great permeability and bioavailability.

Furthermore, the molecular refractivity of a
drug molecule must not exceed 130 m3.mol? and
must not be less than 40 m3mol? [16]. All
derivatives have a m3.mol? range of 69.90 - 92.46
m3.mol™?. According to the work of Cerqueira and
colleagues, for optimal medication distribution and
absorption, PSA readings must be greater than 140
and less than 20 A, implying that a molecule with
PSA larger than 140 A or less than 20 A is not a
(good) therapeutic candidate. The PSA values of the

complete artemisinin derivatives range from 46.15
to 100.52 A, indicating an excellent therapeutic
profile of druggability. Artesunate has the maximum
PSA value (100.52 A) of the further derivatives,
allowing for stronger interaction with the receptor.

The sum of rotatable bonds (NRB) in a molecule
is a further indicator of its flexibility. When a
medication candidate has more than 9 rotatable
bonds (too flexible), it is projected that it would not
be orally accessible [16]. As a result, artemisinin
derivatives are versatile and are expected to be
bioavailable. Solubility is another important factor
regulating absorption. Many drug development
tasks are substantially facilitated by having a soluble
molecule, particularly the simplicity of handling and
formulation. The compound's solubility is described
as insoluble if it is more negative than -10. It varies
from weakly soluble to very soluble, with a value
ranging from -10 to higher than zero. The weakly
soluble chemicals have values between -10 and -6. A
value more than -6 and less than -4 is considered
somewhat soluble.

The solubility of the compounds varies between
-4 and -2. Values between -2 and 0 are extremely
soluble, whereas values greater than zero are
extremely soluble. Because their solubility values
range between -4 and -2, all artemisinin derivatives
are soluble.

Prediction of ADMET Properties

Because the design and advancement of new
drugs is both laborious and expensive, particularly
when it comes to through an experiment assessing
the compound's pharmacokinetic outline. In fact, a
good computational method can provide the same
information as an experimental result rather than
one that produces the same outcomes as
experimentation. A compound's pharmacokinetic
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Table 3. The pharmacokinetic profile and toxicity prediction of artemisinin and its derivatives

Parameter Artemisinin | Artesunate | Artemether | Arteether (Artemotil) | Artemisite
ne
Absorption
o -3.678 -3.097 -3.927 -3.908 -3.643
Water solubility (log mol/L)
Caco-2 permeability (log Papp, 1.295 0.863 1.311 1.332 1.291
cm/s)
HIA (%) 97.543 72.19 96.855 96.488 97.69
Skin permeability (log Kp) (cm/s) -3.158 -2.735 -2.929 -3.345 -3.161
BioS (from SwissADME) 0.55 0.56 0.55 0.55 0.55
(Bioavailability Score)
Distribution
0.457 0.172 0.611 0.448 0.453
VDss (human) (log L/kg)
BBB permeability (log BB) 0.235 -0.954 0.861 0.253 0.235
BBB perm. (SwissADME) Yes No Yes Yes Yes
Metabolism
No No No No No
CYP2D6
CYP3A4 Yes Yes Yes Yes Yes
Excretion
0.98 0.969 1.031 1.068 1.082
Total clearance
Renal OCT2 substrate No No No No No
Toxicity
Yes No No No Yes
AMES test
Hepatotoxicity No No No No No
Oral rat acute toxicity (LDso, in
2.459 3.112 2.429 2.32 2.449
mol/kg)
profile describes its absorption, distribution, utilized as an in vitro example of the human

metabolism, and excretion (ADME) characteristics.
Through the early phases of drug study, the
chemical chosen as a hit must be noncarcinogenic
and non-hepatotoxic  [[16], [26]]. Toxicity
assessment (ADMET, T for Toxicity) predicts
mutagenicity and carcinogenicity, among other
things. The toxicity endpoints used include Ames
toxicity, hepatotoxicity, and oral rat acute toxicity
(LDso). The lethal dosage (LDso) was selected since its
value and the Globally Harmonized System (GSH)
categorization of chemical toxicity allow for the
prediction of a substance's toxicity degree. Table 3
contains a list of these ADMET options. The ADMET
characteristics of artemisinin and its derivatives
demonstrate that they have strong solubility, which
indicates their good absorption and enhanced
elimination through the urinary system.
The values of human intestinal absorption (HIA) are
extremely high-level, indicating that artemisinin and
all derivatives except artesunate (72.19) have a
more than 95% chance of being absorbed by the
human intestine. The Caco-2 cell line is generally

intestinal mucosa to calculate drug absorption by
assessing the log of the apparent permeability
coefficient (log Papp; log cm/s). A chemical is
considered to have high-level Caco-2 permeability
for the pkCSM webserver if its log Papp value is more
than 0.90 cm/s. Table 3 shows that all artemisinin
and its derivatives have high Caco-2 permeability,
except for artesunate (0.863 cm/s).

The recommended value of skin permeability
(log Kp), which is a significant factor for enhancing
drug effectiveness and is especially relevant in the
creation of transdermal drug administration, is more
than -2.5 cm/h [27]. The calculated log Kp values for
all compounds differ from -2.735 to -3.345 cm/h. As
a result, all artemisinin derivatives are expected to
have high skin penetration. The bioavailability score
of 0.55 shows that all examined compounds have
excellent absorption because they may have greater
than 10% bioavailability in rats [28].

The volume of supply at steady state (VDss) and the
blood-brain barrier (BBB) are two significant factors
to consider when evaluating a drug's capacity to be




KomnnekcHoe Ucnonb3oBaHne MuHepanbHoro Cbipbs. No2(325), 2023

ISSN-L 2616-6445, ISSN 2224-5243

dispersed in the body. The higher the VD, the more
medication is delivered to tissue rather than plasma.
This type is based on the estimate of the steady-
state volume of distribution (VDss). Pires et al.
observed that a chemical has good dispersion if its
VDss value is greater than 0.45 [16]. Except for
artesunate, practically all artemisinin derivatives
have VDss values of 0.45 or greater (0.172).

In terms of the BBB, which determines a drug's
capacity to enter the brain while boosting
effectiveness (fewer adverse effects), a molecule is
capable of moving across the blood-brain barrier
quickly when log BB is greater than 0.3. As a result,
because the log BB values of all examined
derivatives are less than 0.3, they can only cross the
blood - brain barrier marginally [[16], [29]]. Table 3
also includes BBB permeability findings from the
SwissADME website, revealing significant
differences between pkCSM and SwissADME results.

The parameters of excretion (also known as
elimination) consisting of total clearance and OCT2
(organic cation transporter 2) substrate are supplied
in the lower portion of table 3. The OCT2 protein
transporter plays an important role in the renal

overall clearance is directly proportional to renal
0OCT2.

Assessing a suggested compound's transfer by
OCT2 provides significant information about not just
its clearance but also its possible contraindications
[29]. Amazingly, pKCSM predicts that all artemisinin
derivatives are not OCT2 substrates. The toxicity
studies show that all artemisinin derivatives are not
mutagenic, however, they are hepatotoxic.

Conclusions

The major goal of the current study was to
determine the pharmacokinetic profile and toxicity
of five artemisinin derivatives utilizing SwissADME
and pkCSM in silico or computational approaches. A
compound's ADME/T characteristics are critical for
future study, particularly when assessing its
pharmacological actions. The findings of this study
offer outstanding guidelines and determine that
chemical modifications to artemisinin as a reference
compound can enhance its ADMET chracteristics, as
all examined derivatives are expected to have a good

therapeutic profile of druggability as well as being
safe, regardless of some slight weaknesses.

uptake, disposition, and clearance of
pharmacological molecules. This suggests that
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SwissADME :xkaHe pkCSM 6onkay Beb-cepBepnepi: APTEMU3UHUH KdHe
OHbIH, TYbIHAbINAPbIHbIH, in Silico ADME/T KacueTTepiH A9 KoHe XaH-XKaKTbl
6on)KayFa apHaNFaH UHTerpaumuanaHfaH oHNalH-NaaTtdopma
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TYWIHAEME

In vivo ADME cbiHafbl KbiMBaT, yaKbITTbl KaXKeT eTehi »KaHe )aHyapnapapblH, emipiHe Kayin
TeHaipeai, an silico ADME cbiHafbl Kayincis, KapamambiM KaHe Kblagamblpak. byn 3eptrey
SwissADME kaHe pkCSM cunuKo agictemenepiHge Artemisinin }KoHe OHbIH, TybIHAbIAPbIHbIH,

Makana kengij: 19 kaymap 2022 . : .
Silico ADME/T KacueTTepiH aHbIKTay YWiH A9/ X3He KaH-XaKTbl 6o/Kampapfa apHasifaH

CapantamagaH etri: 05 cayip 2022 . . . .

bipikTipinreH oHnaiiH nnatdopma peTiHAe naidanaHbinagbl. 3epTTenreH KoCblblCTapablH,

Kabbingavabl: 19 mameiz 2022 . .. .
KypblabiMaapbl KaHoOHAbIK SMILES niwimiHe ayaapbingpl, coaaH KeliH KOCbIIbICTapablH, apTypAi
KacueTTepiHe epKiH KON KeTki3yai KamTamacbi3 eTeTiH SwissADME »kaHe pkCSM Beb-cepsep
KypangapbiHa xibepingi. Kocbinbictbi, ADME/T cunattamanapbl 6onaluak 3eprrey yuwiH ete
MaHbI3Abl XKOHE aNblHFAaH HaTUXKeNep 3epTTeyLlinep ywiH nangansl 6onagpl. COHbIMEH KaTtap, byn

3epTTeYAiH, HaTUKeNepi YIKeH HYCKAy/biK 6epesi aHe apTeMU3UHUH CINTEME MOJIEKYNACbIHbIH,
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XUMUANDBIK e3repictepi oHbiH ADMET MyMKiHAIKTEPiH »KaKcapTa anaTtbiHblH KepceTeai. byn
JKYMbICT@ MavifanaHbinaTblH Beb-cepBepsiep aKpICbl3 KaHe bipHelle CcanbiCTbipy CbIHAKTAPbI
opbiHaanfaH pkCSM skaHe SwissADME 6acka »ui KongaHblnaTbiH 34icTep KaTapblHAH XaKCblpak,
eKeHiH KepceTesi. HaHa [apinik monekynaHbl obanay Hemece obanay, eH, anabIMeH, KaHa
A43pinik kocbinbicTbi, ADME/T epekweniktepin 6inyai Tanan etegi.

TyiiiH ce30ep: SwissADME, artemisinin TybiHAbInapbl, ChemDraw, kpemHuinai 6on3kay, pkcs.
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Beb6-cepBepbl SWisSsADME n pkCSM nporHo3MpoBaHUA: UHTErPUPOBaHHaA
OHNaMH-NNaTdopMa ANA TOUHOTO U BCECTOPOHHEro NPOrHo3MpoBaHUA CBOMUCTB In
Silico ADME/T apTemMu3snMHuHa U ero npousBogHbIX

XanayH M. Anb A3zam

AmmaHckuli yHusepcumem Ano-Axaus, AMmaH 19328, MopoaHus

Noctynuna: 19 aHeaps 2022
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MpuHATa B nevatb: 19 asaycma 2022

AHHOTALMA

TectupoBaHve ADME in vivo AaBnaeTca AOPOrocToOAWMM, TPYAOEMKUM U NOABEPraeT PUCKY XKU3Hb
JKMBOTHbIX, TOrAa Kak TectupoBaHue ADME in silico 6e3onacHee, npouie u 6bicTpee. B atom
nccnepoBaHny byayT Ucnonb3oBaTbCcA meTogonormu in silico ot SwissADME n pkCSM B Kauectse
WHTErpUpPOBaHHOW OHNAWH-NNATPOPMbI ANA TOUHBIX U BCECTOPOHHMX NPOrHO30B A/19 ONpeAeieHuns
CBOWCTB apTeMM3MHMHA M ero npomssogHbix In Silico ADME/T. CTpyKTypbl uccaesyembix
coeguHeHW 6binn nepeBedeHbl B KaHOHM4Yeckuit dopmat SMILES, a 3atem nepegaHbl B
MHCTpyMeHTbl Beb-cepeepa SwissADME u pkCSM, KoTtopble obecneumnsatoT cBo6OAHbIN JOCTYN K
PasNNYHbIM CBOMCTBAM COeAMHeHMI. Xapaktepuctukm ADME/T coefuHeHus MMeroT peluatouiee
3HayeHWe ana  Oyaylwmx WUCCNefOBaHWW, W NONYYeHHble pesynbTatel OyayT nosesHbl
nccneposatenam. Kpome Toro, pesynbtaTbl 3TOr0 UCCAEA0BaHNUA AAIOT OT/IMYHbIE PEKOMEHAALMUN U
NOKa3bIBalOT, YTO XMMUYECKME U3SMEHEHWA B 3TA/IOHHOI MOIEKY/1Ie apTEMU3UHUHA MOTYT YY4YLLUTD
ero Bo3amoxkHoctu ADMET. Beb-cepBepbl, Ucnosib3yemble B 3TON paboTte, 6ecnnaTHbl, U HECKONbKO
CPaBHUTE/IbHBIX UCMbITaHWI NOKasbiBatoT, 4To pkCSM n SwissADME paboTatoT fiydwle, Yem pag
APYrUX 4acto MCMo/b3yemblX MeToaoB. [1IpOeKTMpoBaHME WM CO3AaHWEe HOBOW MOAEKy/bl
NeKapCTBEHHOTO CPeACTBa B NepBylo ovepedb TpebyeT 3HaHWA ocobeHHocTelr ADME/T HoBoro
NEeKapCTBEHHOro coeAnHEHUA.
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XangyH M. Anb A3zam

UHdopmayus o6 aemopax:

Jokmop ¢unocogpuu, doueHm Kagedpsbi hapmayesmuyeckux Hayk, LleHmp ¢papmakonoaudeckux u
duaeHocmuyeckux uccnedosaHuli (PDRC), papmayesmuueckuli pakynomem, AMMaHCKul
yHusepcumem Anb-Axnus, AMmaH 19328, MopdaHus. E-mail: azzamkha@yahoo.com

(1]

(2]

(3]

(4]

(5]

Reference

Cheong DHJ, Tan DWS, Wong FWS, Tran T. Anti-malarial drug, artemisinin and its derivatives for the treatment of
respiratory diseases. Pharmacol. Res. 2020;158:104901. doi: 10.1016/j.phrs.2020.104901
Tu Y. The development of the antimalarial drugs with new type of chemical structure—qinghaosu and dihydroginghaosu.

Southeast Asian J. Trop. Med. Public Health. 2004;35:250-251. https://pubmed.ncbi.nim.nih.gov/15691118/
Cheng C, Ho WE, Goh FY, Guan SP, Kong LR, Lai W-Q, et al. (2011) Anti-Malarial Drug Artesunate Attenuates Experimental

Allergic Asthma

via

Inhibition of the Phosphoinositide 3-Kinase/Akt Pathway. PLoS ONE 6(6): e20932.

https://doi.org/10.1371/journal.pone.0020932

Meshnick SR., Taylor TE, Kamchonwongpaisan S. Artemisinin and the antimalarial endoperoxides: from herbal remedy to
targeted chemotherapy. Microbiol. Rev. 1996;60:301-315. doi: 10.1128/mr.60.2.301-315.1996

Karunajeewa H. Artemisinins: Artemisinin, Dihydroartemisinin, Artemether and Artesunate, in Milestones in Drug Therapy.
2012;157-190. doi:10.1007/978-3-0346-0480-2_9



mailto:azzamkha@yahoo.com
mailto:azzamkha@yahoo.com
https://pubmed.ncbi.nlm.nih.gov/15691118/
https://doi.org/10.1128%2Fmr.60.2.301-315.1996
http://dx.doi.org/10.1007/978-3-0346-0480-2_9

KomnnekcHoe McnonbzoBaHme MuHepanbHoro Coipba. No2(325), 2023 ISSN-L 2616-6445, ISSN 2224-5243

[6] Efferth T, Sauerbrey A, Olbrich A, Gebhart E, Rauch P, Weber HO, Hengstler JG, Halatsch ME, Volm M, Tew KD, Ross DD,
Funk JO. Molecular modes of action of artesunate in tumor cell lines. Mol. Pharmacol. 2003;64:382-394. doi:
10.1124/mol.64.2.382

[7] Efferth T, Dunstan H, Sauerbrey A, Miyachi H, Chitambar CR. The anti-malarial artesunate is also active against cancer. Int.
J. Oncol. 2001;18:767-773. doi: 10.3892/ijo.18.4.767

[8] XuH, HeY, Yang X, Liang L, Zhan Z, Ye Y, Yang X, Lian F, Sun L. Anti-malarial agent artesunate inhibits TNF-alpha-induced
production of proinflammatory cytokines via inhibition of NF-kappaB and PI3 kinase/Akt signal pathway in human
rheumatoid arthritis fibroblast-like synoviocytes, Rheumatology (Oxford). 2007;46:920-926. doi:
10.1093/rheumatology/kem014

[9] Efferth T, Romero MR, Wolf DG, Stamminger T, Marin JJ, Marschall M. The antiviral activities of artemisinin and artesunate.
Clin. Infect. Dis. 2008;47:804-811. doi: 10.1086/591195

[10] Daina A, Olivier M, Zoete V. SwissADME: a free web tool to evaluate pharmacokinetics, druglikeness and medicinal
chemistry friendliness of small molecules. Sci. Rep. 2017;7:42717. https://doi.org/10.1038/srep42717

[11] Pires DE, Blundell TL, Ascher DB. pkCSM: Predicting small-molecule pharmacokinetic and toxicity properties using Graph-
Based Signatures. J. Med. Chem. 2015;58:4066-4072. https://doi.org/10.1021/acs.jmedchem.5b00104

[12] Mpiana PT, Ngbolua KN, Tshibangu DST, Kilembe JT, Gbolo BZ, Mwanangombo DT, Inkoto CL, Lengbiye EM, Mbadiko CM,
Matondo A, Bongo GN, Tshilanda DD. Identification of potential inhibitors of SARS-CoV-2 main protease from Aloe vera
compounds: A molecular docking study. Chem. Phys. Lett. 2020;754:137751. https://doi.org/10.1016/j.cplett.20
20.137751

[13] Matondo A, Kilembe JT, Mwanangombo DT, Nsimba BM, Mawete DT, Gbolo BZ, Bongo GN, Ngbolua KN, Tshilanda DD,
Tshibangu DST, Mudogo V, Mpiana PT. Facing COVID-19 via anti-inflammatorymechanism of action: Molecular docking and
pharmacokinetic studies of six-antiinflammatory compounds derived from Passiflora edulis. J. Compl. Altern. Med. Res.
2021;12:35-31. doi: 10.9734/JOCAMR/2020/v12i330211

[14] Matondo A, Kilembe JT, Ngoyi EM, Kabengele CN, Kasiama GN, Lengbiye E M, Mbadiko CM, Inkoto CL, Bongo GN, Gbolo
BZ, Falanga CM, Mwanangombo DT, Opota DO, Tshibangu DST, Tshilanda DD, Ngbolua K- te-N, Mpiana PT. Oleanolic acid,
ursolic acid and apigenin from ocimum basilicum as potential inhibitors of the SARS-CoV-2 main protease: A Molecular
docking study. Int. J. Path. Res. 2021;6:1-16. doi: 10.9734/I1JPR/2021/v6i230156

[15] Tunga KA, Kilembe JT, Matondo A, Yussuf KM, Nininahazwe L, Nkatu FK, Tshingamb MN, Vangu EK, Kindala JT, Mihigo SO,
Kayembe SJ, Kafuti YS, Clement A, Taba KM. Computational analysis by molecular docking of thirty alkaloid compounds
from medicinal plants as potent inhibitors of SARS-CoV-2 main protease. J.C.C.M.M. 2020;4:487-503. doi:
10.25177/ICCMM.4.4.RA.10699

[16] Mvondo JGM, Matondo A, Mawete DT, Bambi SMN, Mbala BM, Lohohola PO. In Silico ADME/T Properties of Quinine
Derivatives using SwissADME and pkCSM Webservers. Int. J. Trop. Dis. Health. 2021;42:1-12, Article no.lJTDH.71544.
doi: 10.9734/ijtdh/2021/v42i1130492

[17] National Cancer Institute, Online SMILES Translator, United States; 2020. https://cactus.nci.nih.gov/

[18] Lagorce D, Douguet D, Miteva MA, Villoutreix BO. Computational analysis of calculated physicochemical and ADMET
properties of protein-protein interaction inhibitors. Sci. Rep. 2017;46277. https://doi.org/10.1038/srep46277

[19] Matondo A, Thomas R, Tsalu PV, Mukeba CT, Mudogo V. a-methylation and o-fluorination electronic effects on
theregioselectivity of carbonyl groups of uracil by H and triel bonds in the interaction of U, T and 5FU with HCl and TrHs (Tr
=B, Al). J. Mol. Graph. Model. 2019;88:237-246. https://doi.org/10.1016/j.jmgm.2019.02.006

[20] Matondo A, Mukeba CT, Muzomwe M, Nsimba BM, Tsalu PV. Unravelling synand anti-orientation in the regioselectivity
of carbonyl groups of 5-fluorouracil an anticancer drug toward proton donors. Chem. Phys. Lett. 2018;712:196-207.
https://doi.org/10.1016/j.cplett.2018.09.074

[21] Nsimba BM, Basosila NL, Kayembe J-CK, Mbuyi DM, Matondo A, Bongo GN, Ngbolua KN, Mpiana PT. Semi-empirical
Approach on the Methanogenic Toxicity of Aromatic Compounds on the Biogas Production. Asian J. Appl. Chem. Research.
2020;5:34-50. doi: 10.9734/AJACR/2020/v5i430146

[22] Kasende OE, Matondo A, Muya JT, Scheiner S. Interaction between temozolomide and HCl: preferred binding sites. Comput.
Theor. Chem. 2016;1075:82-86.https://doi.org/10.1016/j.comptc.2015.11.017

[23] Kasende OE, Matondo A, Muzomwe M, Muya JT, Scheiner S. Interaction between temozolomide and water: Preferred
binding sites. Comput. Theor. Chem. 2014;1034:26-31. https://doi.org/10.1016/j.comptc.2014.02.005

[24] Lee SK, Chang GS, Lee IH, Chung, JE, Sung KY, No KT. The preADME: PCbased program for batch prediction of ADME
properties. EuroQSAR. 2014;9:5-10. http://www.bmdrc.org/preadmet/

[25] Cheng F, Li W, Zhou Y, Shen J, Wu Z, Liu G.; Lee, P.W.; Tang, Y. admetSAR: a comprehensive source and free tool for
assessment ofchemical ADMET properties. J. Chem. Inf. Model. 2012;52:3099-3105. https://doi.org/10.1021/ci300367a

[26] Alamri MA. Pharmacoinformatics and molecular dynamic simulation studies to identify potential small-molecule inhibitors
of WNK-SPAK/OSR1 signaling that mimic the RFQV motifs of WNK kinases. Arab. J. Chem. 2020;13:5107-5117.
https://doi.org/10.1016/j.arabjc.2020.02.010.

[27] Cerqueira NM, Gesto D, Oliveira EF, Santos-Martins D, Bras NF, Sousa SF, Fernandes PA, Ramos MJ. Receptor-based
virtual screening protocol for drug discovery. Arch. Biochem. Biophys. 2015;582:56—67. doi: 10.1016/j.abb.2015.05.011.

[28] Martin YC. A bioavailability score. J. Med. Chem. 2015;48:3164-3170. https://doi.org/10.1021/jm0492002

[29] Pratama MRF, Poerwono H, Siswodiharjo S. ADMET properties of 5 novel 5 Obenzoylpinostrobin derivatives. J. Basic Clin.
Phys. Pharm. 2019, 20190251. doi: 10.1515/jbcpp-2019-0251.



https://doi.org/10.1038/srep42717
https://doi.org/10.1021/acs.jmedchem.5b00104
https://doi.org/10.1016/j.cplett.20%2020.137751
https://doi.org/10.1016/j.cplett.20%2020.137751
https://doi.org/10.9734/ijtdh/2021/v42i1130492
https://cactus.nci.nih.gov/
https://doi.org/10.1038/srep46277
https://doi.org/10.1016/j.cplett.2018.09.074
https://journalajacr.com/index.php/AJACR/article/view/30146
https://journalajacr.com/index.php/AJACR/article/view/30146
https://doi.org/10.1016/j.comptc.2014.02.005
http://www.bmdrc.org/preadmet/
https://doi.org/10.1021/ci300367a
https://doi.org/10.1021/jm0492002

