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ABSTRACT

N-benzoyl-N'-phenylthiourea (BFTU) compound is similar to amprenavir derivatives in the urea compound,
chloroquine in the -NH group, and the benzene ring, which is a potent antiviral. This study evaluated the effect of
lipophilic, electronic, and steric parameters of the BFTU compound on the antiviral activity of Covid-19. In silico
docking using Autodock 4.2 to confirm the activity and pkCSM webserver to predict bioavailability and toxicity. The
SARS-CoV-2 receptor was binding pocket with the Protein Data Bank (PDB) code 6LU7. Two and three dimensions
of BFTU were generated using Marvin Sketch 20.4 and UCSF Chimera. Steric parameters affected the antiviral
activity more than lipophilic and electronic parameters. A linear relationship was obtained on lipophilic, steric, and
electronic parameters on activity, and a non-linear was on bioavailability and toxicity. The best activity was predicted
for the N-benzoyl-N'-2,4-dichloro-phenylthiourea compound with a docking score of -9.12 kcal/mol. BFTU
compounds are more potent as antiviral activity of Covid-19 compare to the reference drugs.
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INTRODUCTION

Coronavirus Disease 2019 (COVID-19), a coronavirus derivative discovered at the end of 2019, is the cause
of global-scaled respiratory diseases. This new variant from Wuhan is closely related to Severe Acute
Respiratory Syndrome Corona Virus (SARS-CoV) and Middle East Respiratory Syndrome Corona Virus
(MERS-CoV)."? It will bind to the Angiotensin-Converting Enzyme 2 (ACE-2) receptor to enter human
cells with an estimated incubation period of about 14 days.® The urea-based compound of amprenavir and
its derivative are known to possess antiviral activity.*® The similitude between N-benzoyl-N'-
phenylthiourea (BFTU) with amprenavir and chloroquine arguably makes this compound potentially
possess antiviral activity. Topliss modification on the aromatic ring of the BFTU compound can be used to
design derivates that will affect the parameters of the physicochemical properties in the Hansch model, such
as lipophilic, electronic, and steric parameters. Lipophilic parameters play a role in drug penetration into
cell membranes, electronic parameters are in drug solubility in distribution, and steric parameters are related
to the strength of drug interactions with receptors.®® Calculated log P (ClogP) and Hansch constant (7)
values are lipophilic parameters, c Hammet and Etot are electronic parameters, as well as Calculated Molar
Refractivity (CMR) and ES are steric parameters.’ The effect of lipophilic, electronic, and steric parameters
of BFTU compound and its derivatives on antiviral activity was observed using the reference drugs,
including chloroquine, oseltamivir, hydroxychloroquine, remdesivir, and favipiravir. COVID main protease
(PDB ID:6LU7), was used in this study for molecular docking.!® The activity of BFTU compounds and
their derivatives as COVID-19 antivirals will be carried out in silico method using the QSAR approach.

EXPERIMENTAL
Aspire ES 11 operated by Windows 10 Home, Intel® Celeron N3050 Dual-Core (1.6 GHz), 64-bit, hard
disc drive 500 GB, and RAM 2 GB DDR3 were used to run the molecular docking process. In silico docking
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using Autodock 4.2 to predict activity, pkCSM through
http://www.biosig.unimelb.edu.au/pkesm/prediction to predict physicochemical, bioavailability, and
toxicity properties, ProteinPlus through http://www.proteins.plus/ to observe the interaction of N-benzoyl-
N'-phenylthiourea (BFTU) compound and its derivatives against SARS-CoV-2 receptor.
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Fig.-1: Chemical Structure of BFTU, Oseltamivir, Hydroxychloroquine, Chloroquine, Remdesivir, and Favipiravir

The model of two and three dimensions of BFTU and its derivatives were optimized using Marvin Sketch
20.4 and UCSF Chimera. The SARS-CoV-2 receptor was obtained from http://www.rcsb.org/pdb with the
Protein Data Bank (PDB) code 6LU7. Bioactive compounds, such as oseltamivir, hydroxychloroquine,
chloroquine, remdesivir, and favipiravir were downloaded from http://www.pubchem.ncbi.nlm.nih.gov .!*
BTo determine the quantitative relationship between the physicochemical properties of BEFTU compounds
and its derivatives to their bioavailability, activity, and toxicity as antivirus through the IBM SPSS 24
statistical program.

RESULTS AND DISCUSSION

The Topliss approach on the BFTU compound resulted in 20 compounds with selected substituents,
including H, 4-Cl, 3,4-diCl, 3-CF3-4-Cl, 3-CF3-4-NO, 4-CF3, 4-Br, 4-1, 2,4-diCl, 4-NO., 3-Cl, 2-Cl, 2-
OCHjs, 4-F, 4-C(CHs)s, 3-CFs, 3,5-diCl, 4-OCHs, 4-NH- and 4-OH.° Table-1 shows the value of intestinal
absorption (human) of compounds 4-OCHs-BFTU (18), 2-OCHs-BFTU (13), and 4-F-BFTU (14) higher
than the derivatives of other N-benzoyl-N'-phenylthiourea compounds and the reference drugs, so it can be
predicted to have good bioavailability (F). The molecular docking process in this study used PDB ID: 6LU?7,
as a protein target which represents the main protease of SARS-Cov-2. This protein has native ligand of N-
[(5-methylisoxazol-3-yl)carbonyl]alanyl-L-valyl-N~1~-((1R,2Z)-4-(benzyloxy)-4-oxo-1-{[(3R)-2-

oxopyrrolidin-3-yl]methyl } but-2-enyl)-L-leucinamide (N3) with a value of Root Mean Square Deviation
(RMSD) 2,13 A, indicating acceptable reliability and validity.'* The best docking score (DS) results were
three compounds derived from BFTU, including 2,4-diCI-BFTU (9), 2-CI-BFTU (12), and 4-C(CHzs)s-
BFTU (15), had a lower value than the reference drugs, including oseltamivir, hydroxychloroquine,
chloroquine and favipiravir, but the docking score of remdesivir was lower. The lower the docking score,
the more stable the bond that will be formed.!> The result showed low Lethal Dose 50 (LD50) values for
BFTU derivatives, 3-CF;-4-CI-BFTU (4), 3,4-diCI-BFTU (3), and 3,5-diCI-BFTU (17), the test compound
was toxic and resulted in the death of the test animal.'® The reference drugs, oseltamivir,
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hydroxychloroquine, remdesivir, and favipiravir had a lower LD50 value, while the LD50 value of
chloroquine was higher.

Table-1: Physicochemical Properties and /n Silico Analysis of BFTU Compound, its Derivatives, and the Reference

Drugs
Physicochemical Properties In Silico Analysis
Lipophilic Electronic Steric Intestina
Parameters Parameters Parameters 1 Docking Lethal
Compounds Absorpti Score Dose
Es on (Kcal/m >0
logP 11 Etot c MR Taft | (Human) o) (mol/k
(Percent) &)

(1) BFTU 3,56 0 -1,09 0 77,83 1,24 89,68 -7,84 2,436

(2) 4-CI-BFTU 4,08 0,7 -3,37 0,23 82,63 0,27 88,30 -8,01 2,551
(3) 3,4-diCI-BFTU 4,6 1,25 2,63 0,52 87,43 0,54 88,02 -8,38 2,745%
“) 333%}31}4_(:1_ 4,96 1,59 0,3 0,66 88,6 -0,89 85,03 -8,11 2,802*
OIFCEANO | aop | 06 | 435 | 121 | 8937 | 201 | 8539 | 830 | 2689
(6) 4-CFs-BFTU 4,45 0,88 23,92 | 0,54 83,8 -1,16 86,41 -7,74 2,725
(7) 4-Br-BFTU 4,36 0,86 -2,61 0,23 85,45 0,08 88,23 -8,26 2,555
(8) 4-I-BFTU 4,55 1,12 -1,91 0,18 91,19 | -0,16 88,87 -8,51 2,531
(9) 2,4-diCI-BFTU 4,6 1,42 10,63 | 0,46 87,43 0,54 86,64 -9,12% 2,664
(10) 4-NO--BFTU 3,34 -0,28 5,09 0,78 83,4 -1,28 88,67 -8,37 2,618
(11) 3-CI-BFTU 4,08 0,76 -4,76 0,37 82,63 0,27 88,94 -8,52 2,615
(12) 2-CI-BFTU 4,08 0,71 18,64 | 0,23 82,63 0,27 88,02 -8,74* 2,562
(13) 2-OCHs-BFTU | 3,31 -0,02 10,83 | -0,27 | 84,29 0,69 89,84* -7,87 2,436
(14) 4-F-BFTU 3,7 0,14 -4,78 0,06 78,04 0,78 89,26* -7,60 2,374
(INTACEE 1 si0 | o8 | 1273 | 02 | 9649 | -154 | 87.51 | 870% | 2.58
(16) 3-CFs-BFTU 4,45 0,88 18,44 | 043 83,8 -1,16 86,41 -1,75 2,725
(17) 3,5-diCI-BFTU 4,6 1,25 -14,12 | 0,75 87,43 0,52 87,74 -8,61 2,735%
(18) 4-OCHs-BFTU | 3,31 -0,04 -2,38 | -0,27 | 84,29 0,69 90,75* -8,06 2,437
(19) 4-NH2-BFTU 2,78 -1,23 -16,02 | -0,66 | 82,53 0,63 87,90 -8,19 2,154
(20) 4-OH-BFTU 3,28 -0,61 -12,25 | -0,37 | 79,81 0,69 87,67 -8,17 2,017
(21) Oseltamivir - - - - - - 79,33 -7,07 2,467
Hydroxy(zlfl)oroquine ) ) ) ) ) ) 88,98 -8,03 2,692
(23) Chloroquine - - - - - - 88,28 -7,84 2,805
(24) Remdesivir - - - - - - 64,20 -9,44 2,027
(25) Favipiravir - - - - - - 83,22 -5,38 2,008

Table-2 shows the interaction of the BFTU compound and its derivatives with the SARS-CoV-2 receptor,
influenced by the type of bond involved, namely hydrogen bond and hydrophobicity. The ligand (N3) has
hydrophobic bonds to the amino acids Leu4 dan Thr25, and hydrogen bonds to the amino acids Ala2,
Phe140, Gly143, Cys145, His164, Met165, Glul166, GIn189, and Thr190. Based on the results of the study,
it was found that the hydrophobic bond of the compound 2-OCHs-BFTU (13) which binds to the amino

ANTIVIRAL ACTIVITY OF COVID-19 BY IN SILICO

1447

D. Kesuma et al



RASAYAN J. Chem.
Vol. 15 | No. 2 |1445-1449| April - June | 2022

acids His164, Glul66, and GInl189 had the highest bond similarity with the comparison compound
oseltamivir (His164, Glul66 dan GInl189), hydroxychloroquine and chloroquine (Glul66), remdesivir
(Glul66 dan GInl89), so it can be predicted that these compounds have the same interactions with the
reference drugs. Lipinski's Rule of Five is used to determine the physicochemical properties of a
compound in penetrating cell membranes based on the following requirements: molecular weight
less than 500 Da, log P value less than 5, number of hydrogen bond donors less than 5, and number
of hydrogen bond acceptors less than 10.!7 BFTU compounds and its derivatives meet these
requirements and are predicted to have the ability to penetrate cell membranes well so that more
test compounds can bind to receptors.

Table-2: Ligand Interaction of BFTU Compound, its Derivatives, and the Reference Drugs

Compounds Ligand Interaction
@) His164, Glul 66
(2) Glul66, GIn189
3) Gly143, Cysl145
©) His164, Glul66, GIn189
(5) Gly143, Glul66
(6) Glul66, GIn189
(7 Gly143, His164
8) His164, GIn189
©) His164, Glul66, GIn189
(10) Met165, GIn192
(11) GIn189
(12) His164, Glul 66
(13) His164, Glul66, GIn189
(14) -
(15) Glul66, GIn189
(16) -
17 His164
(18) GIn189, GIn192
(19) Glul66, GIn189
(20) GIn192
(21) Gly143, His164, Glul66, GIn189
(22) Leul41, Glul66
(23) Glul66
(24) Cysl145, Glul66, Argl188, GIn189
(25) Phe140, His163

Correlation analysis using Pearson Correlation Matrix shows that there is a quantitative relationship
between the physicochemical properties of BFTU compounds and their derivatives with lipophilic (ClogP
dan m), electronic (¢ Hammet dan Etot) and steric (CMR and ES) parameters on bioavailability, activity
and toxicity as an antivirus for COVID-19. Regression analysis was performed on all test parameters using
one parameter, two parameters, and three parameters. The results of the regression analysis showed that
steric parameters affected the antiviral activity of COVID-19 compared to lipophilic and electronic
parameters. The best similarity between the physicochemical properties of BFTU compound and its
derivatives on bioavailability (F) = -0,905 n? + 0,659 © — 1,873 ¢ + 0,407 Es + 88,908 (n = 20, r = 0,799,
SE =0,98925, F = 6,604, Sig = 0,003), activity (DS) = 0,004 Etot — 0,050 MR — 4,036 (n =20, r = 0,559,
SE = 0,34083, F = 3,856, Sig = 0,042) and toxicity (LD50) =— 0,010 n* + 0,138 © - 0,234 6 + 2,418 (n =
20,1r=0,921, SE =0,08459, F = 29,627, Sig = 0,000).

CONCLUSION
There is a linear relationship of steric and electronic properties of BFTU and its derivatives to activity
prediction, the non-linear relationship of lipophilic, steric, and electronic properties to bioavailability
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prediction, and the non-linear relationship of lipophilic and electronic properties to in silico toxicity
prediction. The best Quantitative Structure-Activity Relationship (QSAR) equation can be used for the
development of new antiviral drugs for COVID-19. The best compound against the SARS-CoV-2 receptor
in this study was N-benzoyl-N'-2,4-dichloro-phenylthiourea.
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PHYTOCHEMICAL SCREENING AND ANTIDYSLIPIDEMIC ACTIVITY OF CORIANDER LEAF ETHANOL EXTRACT (Coriandrum
sativum L.) IN WISTAR MALE RATS

— S.M. Sinaga, H. Cintya, M. Batubara, |. Zilena and H.D. Syahputra

OPTIMIZATION OF CONTINUOUS MICROWAVE INACTIVATOR FOR POLYPHENOL OXIDASE INACTIVATION ON GREEN TEA
PROCESSING USING RESPONSE SURFACE METHODOLOGY

— S.U. Handayani, Sutrisno, D. Ariwibowo, R. Amalia and M.E Yulianto

SPREAD PREDICTION OF COVID-19 IN ANDHRA PRADESH BASED ON ENVIRONMENTAL CHEMISTRY

— Habibulla Mohammad, Ch Gangadhar, Riazuddin Mohammed and K. Phani Rama Krishna

EFFECT OF HYBRID Mg(OH)2/CHITOSAN ON THE HYDROPHILICITY AND ANTIFOULING OF POLYETHERSULFONE (PES)
MEMBRANE

— U. Fathanah, I. Machdar, M. Riza, N. Arahman, M. Y. Wahab, S. Muchtar, C. M. Rosnelly, S Mulyati, Y. Syamsuddin, S. Juned and F. Razi

PHASE FORMATION BEHAVIOR ON MECHANICALLY ACTIVATED ANNEALING OF ALl-RICH PERITECTIC Al-Cr
COMPOSITIONS

— KY. Karuna, J. Joardar, AV.L.N.S.H. Hariharan and K. Ram Mohan Rao

APPLICATION OF JENGKOL PEEL (Pithecollobium jiringa) AS IRON CORROSION INHIBITORS IN HYDROCHLORIC ACID
MEDIUM

— Rondang Tambun, Melani D. Fitri, Rafika Husna and Vikram Alexander

ANTIMICROBIAL STUDY AND SYNTHESIS OF MIXED LIGAND COMPLEX OF Ni(ll) ION DERIVED FROM ISATIN SCHIFF BASE
AND HISTIDINE

— Shobhana Sharma, Poonam Yadav, Seema, Suman Kumari and Mamta Ranka

AN ECO-FRIENDLY PREPARATION OF 2,6- DIARYLPIPERIDIN-4-ONES USING A GLUCOSE-CHOLINE CHLORIDE DEEP
EUTECTIC SOLVENT

— K. Hemalatha and D. Ilangeswaran

ISOLATION OF SECONDARY METABOLITE COMPOUNDS FROM Elaeocarpus mastersii KING STEM BARK AND THEIR
BIOLOGICAL ACTIVITY EVALUATION

— Tia Okselni, Adlis Santoni and Mai Efdi

THE ROLE OF NATURAL PRODUCTS AGAINST COVID-19: A REVIEW

— D. Dutta, B. R. Chhetri, J. Biswas and N. K. Bhattacharyya

MOLECULAR DOCKING AND DYNAMICS SIMULATIONS OF FENOLIC CONTENTS ON HENNA PLANT (Lawsonia inermis L.)
AS ANTIDIBETIC THROUGH INHIBITION OF DIGESTIVE ENZYME a-AMYLASE

— Mus Ifaya, Ida Musfiroh, Sahidin, Gofarana Wilar, Yasmiwar Susilawati, Syawal abdurrahman and Dwi Syah Fitra Ramadhan

BIOETHANOL PRODUCTION USING TARO ROOTS WASTE (Colocasia esculenta) FROM BOGOR INDONESIA AND
ANALYSIS OF CHEMICAL COMPOUNDS

— Rosalinal, Askal Maimulyanti, Anita Herawati Permana, Maman Sukiman, Henny Rochaeny and Nurdiani

THE DESIGN, SYNTHESIS AND BIOLOGICAL EVALUATION OF THE PEPTIDE DERIVATIVES CONTAINING GUANIDINE
MOIETY WITH 5-CHLORO-THIOPHENE-2-CARBOXYLIC ACID CONJUGATES

— Sunil Tivari, Siddhant V. Kokate, Uttam B. Shelar and Yashwantsinh Jadeja

FUNCTIONALIZATION OF SILICA FROM BAGASSE ASH WITH PRIMARY AMINES: FTIR ANALYSIS

— N.A. Rahman, W. Widiyastuti and S.PA. Anggraini
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ACID AND BIO-ACTIVATION OF CARBON PREPARED FROM CORNCOB FOR ADSORPTION OF Cd(ll) FROM AQUEOUS
SOLUTION

— A. A Qjo, I. Osasona, A.0. Olawole and J.A. Johnson

SELECTED INDIAN MEDICINAL PLANTS FOR MITIGATING POLYCYSTIC OVARIAN SYNDROME: A REVIEW

— K. Shalini, V. Chitra and K. Ilango

CURCUMINOID NANOEMULSION FROM Curcuma xanthorrhiza EXTRACT AND ITS ACTIVITY AS ANTIOXIDANT,
ANTIBACTERIAL AND ANTIFUNGAL

— S. Atun, A. Sinardekawati, A.C. Purpratama, N. Aznam and A. Sangal

RESEARCH OF THE PROCESS OF SYNTHESIS OF DIAMMONIUM PHOSPHATE FROM EXTRACTIVE PHOSPHORIC ACID
FROM BALANCED PHOSPHATESILICON SHAPES OF THE KARATAU BASIN

— KT Zhantasov, AA. Kadirbayeva, N.D. Torebay, G.S. Shaimerdenova, ZA. Makhanova, K.U. Nyshanbayeva, A.B. Seitkhanova and E.B. Mussirepova

THE POTENTIAL OF GARLIC AND VIRGIN COCONUT OIL AS SARS-CoV-2 ANTIVIRAL: A REVIEW

— Suryana, J. Kusmoro, B. Mayawatie, Y. Deawati and A.R. Noviyanti

THE IDENTIFICATION OF MOLECULAR MECHANISMS FROM BIOACTIVE COMPOUNDS IN Sansevieria trifasciata PLANT
AS ANTI-ALOPECIA: In-Silico APPROACH

— Henny Kasmawati, Resmi Mustarichie, Eli Halimah, Ruslin and Arfan

PHYTOCHEMICAL CONSTITUENTS AND CYTOTOXIC ACTIVITY FROM Scoparia dulcis LINN OF INDONESIA ORIGIN

— Hasnawati, S. Wahyuono, R. A. Susidarti and D. Santosa

BSA ADSORPTION, ANTIBIOFILM, AND ANTIBIOFOULING BEHAVIOR OF POLY (N-TERT-AMYLACRYLAMIDE-
COACRYLAMIDE /AMPSNa) HYDROGELS

— K. Jayanthi and P. Pazhanisamy

SYNTHESIS, CHARACTERISATION AND ANTIMICROBIAL EVALUATIONS OF ACETYLOXYPHENYL-1,2,3-
TRIAZOLOTETRAMETHYL HEXAHYDROACRIDINEDIONES

— P.Shanmugasundaram, R. Sujatha, M. Vijey Aanandhi, K. Saravanan and P. Subbramaniyan

MODIFICATION OF GELATIN/CARBONATED HYDROXYAPATITE MEMBRANE WITH CHITOSAN TO IMPROVE THE TENSILE
STRENGTH

— M. Mahmudi, B. Pidhatika, S. Suyanta and N. Nuryono

In-vitro EVALUATION OF THE A-GLUCOSIDASE INHIBITORY, ANTI-CHOLESTEROL, AND DPPH SCAVENGING POTENTIAL
OF LEAVE EXTRACTS OF Rhaphidophora pinnata

— Masfria, Y.M Permata and Faizar

POTENTIOMETRIC DETERMINATION OF STABILITY CONSTANTS OF METFORMIN COMPLEXES WITH METALS IN AQUEOUS
MEDIA

— Ahmed Zain A. Thabet, Mohammad Mohsin, Fahd Saleh T. Saleh and Mohamad Asif

RP-HPLC ANALYTICAL METHOD DEVELOPMENT AND VALIDATION FOR NEWLY SYNTHESIZED ISOEUGENOLINDOLE-
3-ACETIC ACID

— A Nishad, R. R. Badekar, S. K. Sharma, R. S. Lokhande and V. R. Patil

INFLUENCE OF STRUCTURAL AND MOLECULAR FEATURES OF CHRYSOTILE ON INTERACTION WITHIN ACID-CHRYSOTILE
SYSTEM

— AK. Dikanbayeva, A.P. Auyeshov, M.S. Satayev, LV. Pirminova, Ch.Z. Yeskibayeva and KT. Arynov
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THE EFFECT OF KAEMPFEROL, ETHYL-pMETHOXYCINNAMATE, AND THE ETHANOL EXTRACT OF Kaempferia galanga
RHIZOME ON THE PRODUCTION OF PROSTAGLANDIN BY In-vitro AND In-silico STUDY

— 1. S. Wahyuni, I. Sufiawati, W. Nittayananta, N. M. Saptarini and J. Levita

CAMBRIDGE STRUCTURE DATABASE ANALYSIS OF MOLECULAR INTERACTION ENERGIES IN BROMINESUBSTITUTED
COUMARIN STRUCTURES

— Jigmat Stondus and Rajni Kant

CARBON NANOTUBES (MWCNTs) ADDED BIODIESEL BLENDS: AN ENGINE ANALYSIS

— Chiranjeeva Rao. Seela

POLYANILINE/CARBOXYMETHYL GUAR GUM NANOCOMPOSITES: AS BIODEGRADABLE, CONDUCTIVE FILM

— ). Meena, S. K. Verma, R. Rameshwari and D. K. Verma

BIOETHANOL PRODUCTION FROM CASSAVA AND BAGASSE BY THERMAL HYDROLYSIS PROCESS AND LOCAL YEAST
FERMENTATION

— F. M. Djuned, R.F. Adinda, H. Kamila and M. Faisal

IDENTIFICATION AND ANTIOXIDANT ACTIVITY TEST FOR FRACTIONATED COMPOUND FROM ETHANOL EXTRACT OF THE
SINGKUT RHIZOME (Molineria latifolia Dryand)

— D. Roza, R. Selly, D.Z. Hayati and G. Fadhilah

THE KINETIC RELEASE AND In-vivo STUDY OF ALGINATECHITOSAN ENCAPSULATED METFORMIN AGAINST TYPE Il
DIABETES MELLITUS

— Sari Edi Cahyaningrum, Amaria and Fitriari Izzatunnisa Muhaimin

EVALUATION OF ACTIVATED CARBONS OBTAINED FROM COLOMBIAN MINERAL COALS FOR ADSORPTION OF CAFFEIN

— S. Ortiz-Home, H. CA’rdoba-Bueno, D. GA*mez-RAos, H. RamArez-MaluleA and . Guerrero-PA®rez

MICROWAVE-ASSISTED SYNTHESIS OF 4-METHYL COUMARINS, THEIR ANTIOXIDANT AND ANTIBACTERIAL ACTIVITIES

—D. U. C. Rahayu, R. S. Al-Laily, D. A. Khalwani, A. Anjani, S. Handayani, E. Saepudin, H. Dianhar and P. Sugita

GREEN SOLVENT ENHANCED MECHANICAL EXTRACTION OF PALM KERNEL OIL

— EK. Sitepu, A. Candra, E.F. Zaidar, A. Vika, F. Sebayang, F.R. Dewi, J.A. Karo-karo and J.Br. Tarigan

DITIZHONE-IMMOBILIZED NICKEL SLAG FOR THE ADSORPTION OF SILVER(1) ION

— N. H. Aprilita, M. Lugman and A. Suratman

IN SILICO DOCKING STUDIES OF PHYTOSTEROL COMPOUNDS SELECTED FROM Ficus religiosa AS POTENTIAL
CHEMOPREVENTIVE AGENT

— H.D. Syahputra, M. Masfria, PA.Z Hasibuan and I. Iksen

BIOCHEMICAL CHARACTERIZATION, ANTIPROLIFERATIVE AND CYTOTOXICITY EFFECT OF PURIFIED L-ASPARAGINASE, AN

ANTI-LEUKEMIA ENZYME ISOLATED FROM NEW BACTERIA Myroides Gitamensis

— VSSL Prasad Talluri, S. S. Lanka, B. Mutaliyeva, A. Sharipova, A. Suigenbayeva and A. Tleuova

CHEMICAL COMPOUNDS CONTAINED Saurauia vulcani (Korth.) AND ITS ANTIBACTERIAL ACTIVITY AGAINST
Staphylococcus aureus AND Escherichia coli

— Eka Kartika Silalahi, Tamrin, Lamek Marpaung and Rikson Siburian

O NOM RO NONNONNONNONNONINOBINOBINONNONNORNINO

EFFICIENT SYNTHESIS OF 2-AMINO-4-(2-CHLORO-5-(4- SUBSTITUTEDPHENYL) PYRIDIN-3-YL)-1-(4-SUBSTITUTED
PHENYL)-7,7-DISUBSTITUTED-5-0X0-14,5,6,7,8- HEXAHYDROQUINOLINE-3-CARBONITRILE DERIVATIVES AND THEIR
MICROBIAL SCREENING

— K. V. Goswami,S. P. Vyas, K. P. Damor, Kokila A. Parmar and Sarju N. Parajapati
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ADSORPTIVE MICELLAR FLOCCULATION AND CLOUD POINT EXTRACTION AS PRE-CONCENTRATION METHODS FOR THE
DETERMINATION OF PHENOSAFRANINE DYE IN AQUEOUS SOLUTIONS

— K. Arunakumari, P. Shyamala, SK. Ameerkhan and D. B. N. S. Varma

APPROACHES, CHALLENGES, AND PROSPECTS OF LIFE CYCLE ASSESSMENT APPLIED IN NANO BIOREMEDIATION OF
CONTAMINATED SITES

— G. Pandey, S. Bajpai, S. Tripathi, Reeta Chauhan and Pratima Sharma

COMBINATION OF COCONUT COIR AND BENTONITE AS A BIOSORBENT FOR REMOVAL OF LEAD (Pb) IN WASTEWATER

— 1. P.Bako, M. Igbal, S. Muchtar and Mariana

COMPUTATIONAL EXAMINATION OF FLAVONOID COMPOUNDS: UTILIZATION OF MOLECULAR SIMULATION TO
DISCOVER DRUG CANDIDATES FOR COVID-19

— Rafi Firdaus Wisnumurti, Solmaz Aslanzadeh and Arli Aditya Parikesit

THE EFFECT OF CALCINATION TEMPERATURE ON SILICAALUMINA CHARACTER FROM LAPINDO MUD EXTRACT BY
TEMPLATE CATFISH BONES GELATIN

— R. Nuryanto, D.S. Widodo, A. Suseno, W. Trisunaryanti and Triyono

ADSORPTIVE REMOVAL OF HEXAVALENT CHROMIUM USING RESPONSE SURFACE METHODOLOGY AND ARTIFICIAL
NEURAL NETWORK

— P. Roy

INVESTIGATION OF ENHANCING THE PERFORMANCE AND DEPOSITION CHARACTERISTICS OF COPPER (I1) METHANE
SULPHONATE SALT COMPLEXED WITH DMANNITOL BATH

—S. Jothilakshmi, S. Rekha, A. Alvin Kalicharan and R. Ranjani

BIO-MICROBEADS FROM BACTERIAL CELLULOSE INCORPORATED WITH ANTIMICROBIAL OF CHITOSAN AND MORINGA
LEAVES FLAVONOID

— S. Silviana, V. F. Giraldi, L. A. Purnomo, A. N. Sad€™adah and F. Dalanta

BIOCATALYTIC EFFECT OF Simarouba glauca LEAF PHYTOCHEMICALS ON BIOLOGICALLY ACTIVE SILVER
NANOPARTICLES YIELD AND ABTS ANTIOXIDANT ACTIVITY: GREEN SYNTHESIS

— D. Sivaselvi, N. Vijayakumar, R. Jayaprakash, V. Amalan, R. Rajeswari and M. Reddi Nagesh

POTENTIAL OF Navicula salinicola EXTRACT, A MICROALGAE FROM MALUKU ISLANDS, AS AN ANTIINFLAMMATORY
AGENT USING THE HUMAN RED BLOOD CELLS (HRBC) METHOD

— D. Kurnia, Idar, V. |. Angraeni, I. Musfiroh , R. Hendriani, A. Asnawi and Z. Nurachman

MOLECULAR DOCKING STUDY, ANTIOXIDANT ACTIVITY, PROXIMATE CONTENT, AND TOTAL PHENOL OF Lemna
perpusilla Torr. GROWN IN SUMEDANG, WEST JAVA, INDONESIA

— Y. Andriani, Y. Mulyani, Iskandar, S. Megantar and J. Levita

DFT STUDY ON THE CONFORMATIONAL CHANGE IN -1t STACKING INTERACTION OF NAPHTHALENE, a - NAPHTHOL
AND B-NAPHTHOL SYSTEMS

— Ibrahim Ali, Benzir Ahmed, Mrinal | Bezbaruah, Pratyashee Barukial, Madhab Upadhyaya, and Bipul Bezbaruah

COBALT(I1) AND NICKEL(Il) COMPLEXES OF A SCHIFF BASE: SYNTHESIS, CHARACTERISATION AND ANTIMICROBIAL
INVESTIGATIONS

— Jesna K. Sebastian , M. K. Muraleedharan Nair and Sreesha Sasi

ACTIVATION OF ZINC-PHOSPHATE WITH SILVER FOR ENHANCED ANTIMICROBIAL ACTIVITY

— A.L. Arunachalam, PS. Raghavan, S. Induja and V. Parthasarathy
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PHYTOCHEMICAL AND ANTIOXIDANT ACTIVITY OF SOURSOP (Annona muricata L.) LEAVES KOMBUCHA ENRICHED
WITH GALACTOMANNAN FROM ENDOSPERM OF Arenga pinnata

— ACandra, B.E. Prasetyo, J.B. Tarigan, E. Zaidar and A. Hasibuan

EFFECT OF GOLD MODIFICATION ON THE PROPERTIES AND PHOTOACTIVITY OF Fe304/Si02/Ti02 IN THE
DEGRADATION OF NITROBENZENE

— K. Mauludi, N. Nuryono, R. Roto, M.L.D. Mardjan and E.S. Kunarti

INTEGRATED EXTRACTION BY PERCOLATION, DISTILLATION, AND SOXHLET EXTRACTION TO SEPARATE BIOACTIVE AND
BIOENERGY COMPOUNDS FROM SPENT COFFEE GROUND

— Askal Maimulyanti and Anton Restu Prihadi

NEW DECAHYDROACRIDINE-1,8-DIONES DERIVED FROM 3-AMINOCYCLOHEX-2-EN-1-ONE: SYNTHESIS
CHARACTERIZATION, ANTIOXIDANT, In-vitro, AND In-silico ANTI-INFLAMMATORY ACTIVITY

— |. P.Sari, H. Hariyanti, A. Yanuar and H. Hayun

CHARACTERIZATION OF NANOPARTICLES FROM Polymesoda Erosa CLAMSHELL POWDER FOR MATERIAL APPLICATION

— J. Cahyadi, M. Lubis, M.H.S Ginting and G.E. Ayu

CHEMICAL NUTRIENT CONTENT OF SARGASSUM LIQUID FERTILIZER PRODUCED FROM SHIPHON-CONNECTED
DECOMPOSERS

— Nurhayati, F. Huslina and A.P. Asmara

In-silico SCREENING OF FLAVONOIDS AS AgrA INHIBITORS BY MOLECULAR DOCKING, NORMAL MODE ANALYSIS, AND
ADMET STUDY

— Hriday Kumar Basak, Uttam Paswan, Sujoy Karmakar and AbhikChatterjee

DESIGNING AND VIRTUAL SCREENING OF QUINAZOLINONE ANALOGUES AS POTENTIAL PHARMACOPHORES FOR
ANTITUBERCULAR ACTIVITY

— Susmita Dhar, Samaresh Datta and Soumya Ranjan Pradhan

INVESTIGATION OF THE CONVERSION PROCESS OF CALCIUM CHLORIDE OF SODA PRODUCTION DISTILLER LIQUID IN
THE PRESENCE OF MIRABILITE AND THENARDITE

— AA. Anarbayev, G.M. Ormanova, B.N. Kabylbekova, B. Kh. Kucharov, and M. B. Kenzhekhanova

ANTIBACTERIAL PEPTIDE FROM SOLID PHASE EXTRACTION (SPE) FRACTIONATION ON TRYPSIN HYDROLYSIS OF
JATROPHA (Ricinus communis) SEED PROTEIN ACID EXTRACT

— D. R. Atmawati, Z. Andriana, R. T. Swasono and T. J. Raharjo

DEVELOPMENT OF MOLECULARLY IMPRINTED POLYMER MICROSPHERES MADE BY SURFACE IMPRINTING FOR
PURIFICATION OF ANDROGRAPHOLIDE

— W. Winingsih, S. Ibrahim and S. Damayanti

INVESTIGATION OF TOTAL PHENOLIC CONTENT, FLAVONOID CONTENT, AND HEMOSTATIC ACTIVITY OF BEETROOT (Beta

vulgaris. L) EXTRACT IN HEPARININDUCED THROMBOCYTOPENIA RAT

— S.E. Nugraha, E. Suwarso, Yuandani and R.A. Syahputra

STUDIES ON GLASS FIBRE REINFORCEMENT OF COMMERCIAL VINYL ESTER/FURAN RESIN HYBRID MATRIX RESIN
SYSTEM

— Priyanka Bhargava, H.C. Kataria, and Sandesh Kumar Jain

STATISTICAL OPTIMIZATION OF PROCESS PARAMETERS FOR HYDROGEN PRODUCTION IN Halobacterium salinarium
IMMOBILIZED WITH CALCIUM ALGINATE AND Escherichia coli

— Brijesh, R.R. Sivakiran and Jagadish H. Patil
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GREEN SYNTHESIS OF CHROMIUM OXIDE NANOPARTICLES USING CHROMIUM (I1I) COMPLEX AS A SINGLE ROUTE
PRECURSOR: ANTI-OXIDANT ACTIVITY

— Richa Kothari and Anjali Soni

PREPARATION AND CHARACTERIZATION OF CHITOSAN FROM GOLDFISH SCALES FOR ANTI-DANDRUFF SHAMPOO

— Eldi Firmansyah, Rini Hardiyanti, Artha Klara Samosir, Minanda Payungta Beru Sitepu and Nurmiahayati Boru Siagian

SYNTHESIS AND IN VITRO CYTOTOXIC EVALUATION OF NOVEL TRIAZOLE-BENZIMIDAZOLE EMBODIED PYRAZOLE
DERIVATIVES AGAINST BREAST CANCER

MOLECULAR DOCKING AND MOLECULAR DYNAMIC STUDIES: SCREENING PHYTOCHEMICALS OF Acalypha indica
AGAINST BRAF KINASE RECEPTORS FOR POTENTIAL USE IN MELANOCYTIC TUMOURS

— A Asnawi, LO. Aman, Nursamsiar, A. Yuliantini, and E. Febrina

THE MOLECULAR APPROACH OF NATURAL PRODUCTS AS PANCREATIC CANCER TREATMENT: A REVIEW

— M. F. Lubis, P. A. Z. Hasibuan, U. Harahap, D. Satria, H. Syahputra, M. Muhammad and R. Astyka

Papuacerdrus papuana (f. Muell) h.Lli., A NEW SOURCE FOR TWO BIOACTIVE DITERPENES: FERRUGINOL AND
transCOMMUNIC ACID THAT VIRTUALLY ACTIVE AGAINST SARS-COV-2

— A. Agusta, D. Wulansari, Praptiwi, A. Fathoni, L. Oktavia and A.P. Keim

QUANTITATIVE ANALYSIS OF AMLODIPINE BESYLATE AND VALSARTAN IN TABLET DOSAGE FORM BY ABSORPTION
FACTOR SPECTROPHOTOMETRY METHOD

—S. M. Sinaga, N.N. Pertiwi and Muchlisyam

SYNTHESIS AND CHARACTERISATION OF SOME Pb(l1) MACROCYCLIC COMPLEXES

— Arpit Srivastava, Ashish Rajak, Ramakant, Subhash Chandra Shrivastava, Rafat Saba and Shekhar Srivastava

NEW METHOD DEVELOPMENT AND VALIDATION FOR HYDRAZINE IN PANTOPRAZOLE SODIUM SESQUIHYDRATE USING

RP-HPLC

— SudharshanaCharyulu S., T. Krishnamohan, N. Sundara Rao, V.V.K.P.L.N.Murty, Y.L.N. Murthy and ). V. Shanmukha Kumar

WOOD VINEGAR AS A SUPPORTING ACTIVE INGREDIENT AND NEEM OIL DISPERSANT IN A NANOEMULSION SYSTEM

AND THEIR BIOACTIVITY

— A. H. Prianto, Y. Yulizar, Budiawan and P. Simanjuntak

In-silico ANALYSIS AND MOLECULAR DOCKING STUDIES OF NOVEL THIAZOLIDINEDIONE DERIVATIVES AGAINST PPAR-y

— B. Geetha, N. Harikrishnan, P. Sharmili, E. Esther Rani, A. Haripriya and C. N. Hemalatha

GREEN SYNTHESIS AND EVALUATION OF In-vitro ANTICANCER (MCF-7) AND MOLECULAR DOCKING STUDIES OF V2+

AND CO2+ COMPLEXES OF SCHIFF BASE

— R. Geetha, K. Rajasekar and S. Balasubramaniyan

PURIFICATION OF UNDERGROUND WATER USING SORBENT BASED ON SILICONY ROCK-FLASK OF WEST KAZAKHSTAN

— S.A. Montaey, S.S. Satayeva, K.A. Narikov, A.F. Urazova , G. Zh. Sdikova, M.B. Mambetova, and D.S. Nazarova

STRUCTURE MODIFICATION: EFFECT OF LIPOPHILIC, ELECTRONIC, AND STERIC PARAMETERS OF N-BENZOYLN'-
PHENYLTHIOUREA COMPOUNDS ON ANTIVIRAL ACTIVITY OF COVID-19 BY IN SILICO

— D. Kesuma, C.H.A. Makayasa, F. Suhud, Azminah, T. A. Yuniarta, I. G. A. Sumartha, R. R. Risthanti and F. F. Dani

QSAR STUDY OF PYRAZOLE-UREA HYBRID COMPOUNDS AS ANTIMALARIAL AGENT VIA PROLYL-tRNA SYNTHETASE
INHIBITION

— 1. G. A. Sumartha, TA. Yuniarta and D. Kesuma
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APPLICATION OF TARTARIC ACID DERIVATIVES IN ENANTIOSEPARATION OF RS-IBUPROFEN

— D.N. Jadhav, P. Nag, R. S. Lokhande, J. G. Chandorkar, and S. K. Sharma

A COMPREHENSIVE ANALYTICAL APPROACH FOR QUALITY EVALUATION OF FLAVONOID-RICH EXTRACT OF Glycyrrhiza
glabra (GutGard®)

— Vineet Kumar Singh, Rojison Koshy, Deepak Mundkinajeddu and Jothie Richard Edwin

EFFICIENT PHOTOCATALYTIC ACTIVITY AND DEFLUORIDATION STUDIES OF METAL OXIDE/CLAY NANOCOMPOSITES

— P. Mariselvi and T. AnanthaKumar

THE MORPHOLOGICAL AND CHEMICAL CHARACTERIZATION OF ENCAPSULATED POWDER IN RODENT TUBER MUTANT
PLANT (Typhonium flagelliforme) EXTRACT

— N. F. Sianipar, S. Yuliani, K. Assidgi and R. Purnamaningsih

MOLECULAR DOCKING AND BIOLOGICAL ACTIVITY OF N- (4-METHOXY)-BENZOYL-N'-PHENYLTHIOUREA AND N-(4-
TRIFLUORO)-BENZOYL-N'-PHENYLTHIOUREA AS ANTIBREAST CANCER CANDIDATES

— D. Kesuma, Siswandono and A. Kirtishanti

MULTIPLE RESPONSE OPTIMIZATION OF THE GREEN TEA DE-CAFFEINATED PROCESS FOR STIMULATING THE HUMAN
ANTIBODY

— V. Paramita, M.E. Yulianto, |. Hartati, E. Yohana, D. Rohdiana, S. Shabri, D. Ariwibowo, T. Sutrisno and B. Wijayanto

SCREENING OF GENETIC VARIANTS, PHYTOCHEMICAL ANALYSIS, CHARACTERIZATION AND ANTIMICROBIAL ACTIVITY OF
Physalis minima FRUITS EXTRACT

— Sobiya Pradeepkumar, Suriyavathana Muthukrishnan, Anandhi Eswaran, Nirubama Kumar, Thamaraiselvi Ganesan and R. Jayaprakash

UPLC-MS/MS METHOD FOR SIMULTANEOUS DETERMINATION OF METFORMIN AND GLIMEPIRIDE IN HUMAN PLASMA: A
GREEN APPROACH TO ENVIRONMENT

— Chung Duong Dinh, Yen Nguyen Thi Ngoc and Dung Phan Thanh

DETERMINATION OF PHENOLIC, FLAVONOID CONTENT, ANTIOXIDANT AND ANTIBACTERIAL ACTIVITIES OF SERI
(Muntingia calabura L) LEAVES ETHANOL EXTRACT FROM NORTH SUMATERA, INDONESIA

— Suharni P. Sinaga, Damson A. Lumbangaol, Iksen , R.ER. Situmorang and K. Gurning

INHIBITORY ACTIVITY, METABOLITE CONTENTS DETERMINATION, AND IN SILICO PREDICTION OF PARSLEY LEAVES
FRACTION (Petrocelinum crispum MILL) AS ANTIFUNGAL AGENT OF Malassezia furfur

— S. Hasanuddin, Erisman, E. Meilanda, D.S.F. Ramadhan, D. Gozali, M. Arba and R. Mustarichie

STRUCTURE AND RHEOLOGICAL PROPERTIES OF WATER SOLUTIONS OF SODIUM CARBOXYMETHYL STARCH OBTAINED
IN SOLID PHASE

— S.S. Saparov, M.AA. Makhkamov, N.A. Abdullaeva, U. Mirzakulov and I.B. Gulomova

ANTIOXIDANT ACTIVITY OF ALKALOID FRACTIONS AND COMPOUNDS FROM Litsea cubeba Lour. Fruits

— A.Dalimunthe, PA.Z. Hasibuan, H. Nufus, M. Muhammad and D. Satria

EVALUATION OF MICRONUTRIENT STATUS WITH PHYSICO-CHEMICAL PROPERTIES OF SOME AGRICULTURAL SOILS OF
SELECTED AREAS OF PENDURTHI MANDAL, VISAKHAPATNAM DISTRICT, ANDHRA PRADESH

— Syeda Bano and Anima S. Dadhich

ANTIOXIDANT AND CELL PROLIFERATION INDUCTION ACTIVITIES COMBINATION OF HYDROALCOHOL EXTRACT OF
Artocarpus lacucha Buch. Ham. LEAVES AND Anredera cordifolia (Ten) Steenis. LEAVES

OB NONN RON NORN NONNNONN NORNON NONN NONNNONN NONNONNNO

— Nazliniwaty, O.A Hanafiah, D. Pertiwi, M. I
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