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ABSTRACT:

The pharmacophore group found in N-benzoyl-N -(4-fluorophenyl) thiourea is the same as the urea derivative
which has anti-cancer activity, such as hydroxyurea. Because of the presence of these pharmacophore groups,
this compound is worthy of being used as parent compound for further development through structural
modification. Structural modification as an effort to design the new drug is done by changing the substituted
gmup.hich will cause changes in physicochemical properties. The change in physicochemical properties can
affect the pharmacokinetics process, toxicity and activity of each compound that can be predicted through
molecular modeling. The aims of this present study are to obtain the N-benzoyl-N'-(4-fluorophenyl) thiourea
derivatives which is predicted to have the best anticancer activity and 1s not toxic based on the in silico approach.
One of the mechanism of action of the N-benzoil- N'-(4-fluorophenyl) thiourea derivative as an anti-cancer is to
inhibit the Sirtuinl enzyme (SIRT1). The inhibition of the enzyme causes over expression of p53 which is the
gene responsible for negative regulation of the cell cyele by using the Chem Bio Draw Ultra 13.0 program which
can predict physico-chemical properties of Log P, MR and Etot. Pharmacokinetic properties (ADME) and
toxicity were determined using the on]e pkCSM program. The in silico test is carried out by documenting
compounds which will be predicted by the ta&t enzyme SIRT1 with PDB ID: 4151. Documentation results in
the form of bond energy which is illustrated by the value of the Rerank Score (RS), using the MVD program
(Molegro Virtual Docker). Compounds that have small RS values are predicted to have a large activity. From the
results of the in silico test using the MVD program and the online pkCSM program it can be seen that 4 (four) N-
benzoyl-N'-(4-fluorophenyl)thiourea derivatives are predicted to have good pharmacokinetics (ADME)
properties, causing relatively low toxicity except N-4-trifluoromethyl-benzoyl-N’-(4-fluorophenyl)thiourea
which can cause hepatotoxics. All compounds have cytotoxic activity greater than the comparative ligand
415 601. Compounds of N-4-chlorobenzoyl-N'-(4-fluorophenyl) thiourea are compounds that are predicted to
have the most activity and are not toxic.

KEYWORDS: Molecular modeling, N-benzoyl-N"-(4-fluorophenyl) thiourea, Physico-chemistry, ADME
prediction.

INTRODUCTION:

The effort to develop drugs can be done by designing a
drug. The purpose of drug design is to get new drugs
with better activity and have lower toxicity. Drug design
can be done through structural modification. Structural
modification is done by synthesizing a number of parent
compound derivatives, identifying the structure and
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chemical properties will cause changes in the biological
activity of the compound??,

Before synthesizing, an effort is needed to predict the
physico-chemical properties, pharmacokinetic
properties, biological activity and toxicity of the
compound to be synthesized. The method now being
developed is molecular modeling**®.  Molecular
modeling which is also called the in silico test has a very
important role in the field of medical chemistry in order
to design, find and optimize bioactive compounds in the
process of drug development”®?!°. The way to do the in
silico test is by documenting the molecules that will be
predicted for their activity on the selected target cell.
Doking is an attempt to harmonize between ligands that
are small molecules into the target cell which are large
protein molecules!!'2. The in silico test produces bond
energy values or Rerank Score (RS). Bond energy shows
the amount of energy needed to form bonds between
ligands and receptors. The smaller the bond energy
means the more stable the bond 1s. The more stable the
ligand bond with the receptor can be predicted that the
activity will also increase?.

The increasing number of cancers has encouraged the
development of anti-cancer drugs. The number of cancer
patients in the world reached 14.068 million people,
8.202 million were dead from cancer and 32.455 million
people were diagnosed with cancer in the last 5 years. It
is estimated that cancer will increase by 14 million new
cases from 2012 to 2022314,

In 2010 Saeed et al. has conducted research on thiourea
derivatives by adding benzothiazole groups and found
that several thiourea derivatives have anti-cancer activity
in MCF-7 cells and HeLa cells', In the same vyear Li et
al. has conducted research on N-benzyl-N-(X-2-
hydroxibenzyl)-N-phenylthiourea  derivatives  which
show activity as breast anti-cancer'®. There are several
urea derivatives, such as thienopyridine urea derivative,
aminopirazolopyridine urea dernivative, and

indenopirazole, which act as anticancer by inhibiting
VEGFR2 receptors'" 1519,

In 2017 Ruswanto and his colleagues have researched 1-
benzoyl-3-methylthiourea derivatives as candidates for
anti-cancer drugs by documenting molecules against
ribonucleotide reductase enzymes, and predicting their
absorption, distribution, toxicity and activity. The results
of the study were predictions that the derivative had
better activity than hydroxyurea, as well as its absorption
and distribution predictions, and had relatively low
toxicity?.

Nasyanka (2017) has synthesized ;‘\’-l:u.enn’l-;'\I (4=
fluorophenyl) thiourea compounds and three derivatives
and determined their cytotoxic activity againJMCF-7
cell lines. In silico tests have been conducted to predict

cytotoxic  activity four  N-benzoyl-N'-(4-
fluoro)phenylthiourea  derivatives  namely:  N-4-
methylbenzoyl-N’-(4-fluorophenyl)thiourea, N-4-

methoxybenzoyl-N'-(4-fluorophenyl)thiourea, si N-4-
tert-butylbenzoyl-N'-(4-fluorophenyl)thiourea with the
target enzyme Sirtuin-1 pdb code. 4151. The results of
the study were predictions that the four N-benzoyl-NgX4-
fluorophenyl) thiourea derivative compounds have
greater cytotoxic activity than ligand compounds
(415 601) and hydroxyurea®'.

In this present study, molecular docking as anticancer
activity will be conducted on the target receptor SIRT1
using the Molegro Virtual Docker program and predict
their absorption. distribution, elimination and toxicity
(ADMETEJ of N-benzoyl-N'-(4-fluorophenyl) thiourea
and four derivatives, namely: N-4-chlorobenzoyl-N"-(4-
fluorophenyl) thiourea, N—2dichlorobcnzoy]-;\”-(él-
fluorophenyl) thiourea,  N-4-bromobenzoyl-N'-(4-
fluorophenyl) thiourea and N-4-trifluoromethyl-benzoyl-
N’'-(4-fluorophenyl) thiourea.

Physicochemical —and  pharmacokinetic  properties
predicted by online pkCSM  program.  The
physicochcmicalopcrlics obtained are Molecular
Weight (BM), logarithm of octanol/water partition
coefficidfll (Log P). number of bonds between rotating
atoms (Torsion), Hydrogen Bond Acceptors (HBA),
Hydrogen Bond Donors (HBD), and Polar Surface
Acliay (PSA). The pharmacokinetic properties obtained
are: absorption, distribution, metabolism, excretion and
toxieity.

MATERIAL AND METHODS:

Instrument and Program:

ER1ovo computer, operating system Windows 10, 64bit,
Intel Core i5-§§00U, CPU @ 250 GHz 270 GHz, 8.00
GB RAM. Chem Bio Draw Ultra WVersion 12
(Cambridge Soft), Chem Bio 3D Ultra Version 1
(Cambridg eSoft), Molegro Virtual Docker Ver5.5
(Molegro ApS), SMILES Translator, pkCSM. and
Protoxonline tool.

Procedure:

Downloading the target protein (Sirtuin-1 enzyme):
The molecular structure @Fhe Sirtuinl enzyme can be
downloaded through protein data bank's site
(http://www.resb.org/pdb/home/home.do). In this study
the enzyme Sirtuinl was chosen with the code PDB.
4151, because it contains amino ligands (2-chloro-
6.7.8.9.10.10a-hexahydro-cyclo-hepta  [b] indol-6-yl)
methanol (indole analogue, code 415 601). The ligand
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contains the -COHNH2 group which functions as a
pharmacophore in the ligand-receptor interaction
process, and the N-benzoyl-N-(4-fluorophenyl) thiourea
derivative contains similar groups. namely -CSNH-,
which is also expected to function as pharmacophore??.

Prediction of  physico-chemical properties,
pharmacokine@nd toxicity of compounds:
Prediction of physicochefff3hl properties such as:
Molecular Weight (BM), logarithm of octanol/water
partition coefficient (Log P), molar refraction (MR) and
Total Energy 1s carried out using Chem Bio Draw Ultra
2-D and 3-D progr, Prediction of pharmacokinetic
properties (ADME: absorption, distribution, metabolism
and excretion) and the toxicity of N-benzoyl-N"-(4-
fluorophenyl)thiourea derivatives were also carried out
using the online tool pkCSM program'*®. Four
derivatives of N-benzoyl-N'-(4-fluorophenyl)thiourea
and comparative compounds 415 601 were drawn 2-D
molecular structure with Chem Bio Draw Ultra Version
12 program, then copied to the Chem Bio 3D Ultra
Version 12 program to create a 3-D structure, then stored
in the form of *sdf or * pdb files. Then the N-benzoyl-
N’-(4-fluorophenyl)thiourea derivative compound and
415 60 comparative compound, the structure was
FAnslated into the SMILES format by using the help of
Online SMILES Translator
(https://cactus.nci.nih.gov/translate/). It is in the
SMILES format that compounds are processed using the
@SM online tool
(http://biosig.unimelb.edu.au/pkCSM/prediction) to
predict ADME and compound toxicity.

Molecular Docking:

The compound that will be docking is drawn by a 2-D
molecular structure with the Chem Bio Draw Ultra
version 12 program, then copied to the Chem Bio 3D
Ultra Version 12 to create a 3-D structure. After
measuring the minimum energy, it is then stored in the
form of anmol2 {SYBYL2 (* Mol2)}. After being stored
then the doctoring process of the enzyme sirtuin-1
pdb 4151 uses a Molegro Virtual Docker Version 5.5
program. The results obtained in the form of the Rerank
Score (RS) value, which is the energy needed in the
ligand-receptor interaction process, and from these
values can be predicted anticancer activity of compounds

through the inhibition of SIRT1 enzyme®2223:24,
RESULTS:
The chemical structure of the N-benzoil-N'-(4-

fluorophenyl) thiourea derivative compounds and the
comparative indole analog compounds (415_601) can be
seen in Table 1.

structure of the
and  the

Table 1. The chemical
fluorophenyl)thiourea  compounds
comparative compounds (415_601)

T
S

OH

N-benzoyl-N'-(4-
indole analog

Derivatives of N-benzoil-N"-(4-fluorophenyl) tiourea Indole analoge
compounds

Number | Compounds
1 N-benzovl- N'-(4-fluorophenvljthiourea
2 N-4-chlorobenzovl-N"-(d-fluoropheny!)thiourea
3 N-2.4-dichlorobenzovl-N "-(d-fluorophenyljthiourea
4 N-4-bromobenzovl-N"-(4-fluoro)phenylthiourea
5 N-d-trifluoromethyl-benzoyl-N"-(4-
fMuorophenyl)thiourea
6 Standard (indole analog compound)
7 Hydroxyurea
Physicochemical  properties of  N-benzoyl-N '-(d-

fluorophenyl) thiourea derivatives using a program
Using the ChemBioDraw Ultra 13.0 program, can be
seen in Table 2.

Table 2. Physicochemical properties of N-benzoyl-N'-(4-

fluorophenyl) thiourea derivatives
Compounds | BM LogP MR Etot

em®/mol | keal/mol

1 27431 346 T74.46 -2.0125
2 308.76 402 79.07 -7.1277
3 343.20 458 83.08 -15.392
4 353.21 429 82.16 -6.5277
3 34231 438 80.97 21.898
6 264.75 264 72.37 -10.601
7 76.06 -1.12 14.69 -43.386

The pharmacokinetics of N-benzoyl-N -(4-fluorophenyl)
thiourea derivatives using the online pkCSM program
can be seen in Table 3. Prediction of cytotoxic activity
(RS) of  N-benzoyl-N'-(4-fluorophenyl)  thiourea
derivative compounds and comparison using Molegro
Virtual Docker programs can be seen in Table 4.
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Table 3. In silico prediction of pharmacokinetic properties (ADME), toxicity, and cytotoxic activity (Rerank Score) of N-benzoyl-N'-(4-
fMuoroplideRthiourea derivatives and comparative compounds using pkCSM online tool and Molegro Virtual Docker

Absorption Distribution Metabolism Eiiretion Toxicity
No | Intestinal Skin per- Dss BBB per- | CYP2D6 | CYP2 | Total Renal Ames LDsg Hepato
absorption meability (human) | meability | substrate | D6 Clearance | OCT2 Toxicity | (mgk | -toxic
(heamian) flog Kp, flogL'kg | (logBB) inhibi | (log ml substrate 2)
(%) emv'h) J for /min'kg)
1. 88.798 -3.054 -0.176 0,359 No No -0.341 No No 2092 No
2. 89.055 -3.078 -0.100 0.388 No No -0.563 No No 2221 No
3. 87.853 -3.046 0,102 0.243 No No -0.37 No No 2264 No
4. 88.988 -3.076 -0.085 0.337 No No -0.584 No No 2225 No
5. 87.496 -3.064 -0,228 0,307 No No -0.513 No No 2288 Yes
6. 90.052 -2.979 -0.802 0.027 No No 0.674 Yes Yes 3024 No
7. ES JA27 -4.319 -0.495 -0.545 No No 0.659 No Yes 2116 No

Note: VDgq: Steady State of Volume Distribution, BBB: Blood Brain Barrier, CYP2D6: Cytochrome P2D6, Renal OCT2: Renal Organic Cation
Transporier 2.

_ -115.58-
E 10817+ —
(=9
£ -110.991
Q
O 11277 4
.105.95 1
2140 -120 -100 80 -60 40 20 0

RS (kcal/mol)

® Hydroxyurea

m Standard (indole analog compound)

= N-4-trifluoromethyl-benzoyl-N’-(4-fluorophenyl)thiourea
© N-d-bromobenzoil-IN’-(4-fluoro) feniltiourea

W N-2.4-dichlorobenzoyl-N'-(4-fluoro)phenylthsiourea

# N-4-chlorobenzoyl-N’-(4-fluorophenyl)thiourea

u N-benzoyl-N"-(4-fluorophenyl)thiourea

Fig 1. Cytotoxic activity (RS) of N-benzoyl-V'-(4-fluorophenyl)thiourea derivatives and its comparison using the Molegro Virtual Docker
program.

Table 5. Amino acids which become the targets of Sirtuin-1 enzyme receptor pdb code. 4151 which are involved in interactions with N-

A<}

(benzoyl)}-N"-(4-fluorophenyl) thiourea derivatives and its comparative comj ds (analogues of indole comp
No Compounds Hidrogen Bond Steric Bond
1 N-benzoil-N"-(4-fluoro) phenyithiourea Leu 443(A). Ser 44 1(A) Phe 273(A)
Ser 442(A). Gly 440(A)
2 N-4-chlorobenzovl-N "-(4-fluorophenyl) thiourea Asn 465(A) Asn 465(A). Ser 442(A), Glu 467(A)
3 N-2 4-dichlorobenzoyl-N"- (4-fluoro}-phenylthiourea | Asn 465(A) Arg 2THA), Arg 466(A)
4 N-4-bromobenzoyl-N"-(4-fluoro)-phenylthiourea Ser 275(A). Asp 272(A) Arg 272(A)
5 N-d-trifluoromethyl-benzoyl-N"-(4- Ser 275(A), Arg 274(A) Arg 272(A)
fluoro)phenylthiourea
6 Standand (indole analog compound) Arg 274(A). Glu 467(A) Phe 273(A)
7 Hydorxyurea Gly 319(A), Gln 320(A) Leu 350(A)
Asp 348(A). Phe 321(A)
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Fig 2. Figure of 2-D interactions between N-(benzoyl)-V-(4-fluorophenyl)thiourea (A) parent compound and its derivative N-4-
chlorobenzoyl-N-(4-fluorophenyl)thiourea (B) with SIRT1 target receptor. The H-bond interaction is illustrated by a dashed blue line

and the Steric-van Der Walls bond is illustrated by a dashed red line.
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Fig 3. Figure of 3-D) interactions between N-(benzoyl)-N'-(4-fluorophenyl)thiourea (A) parent compound and N-4-chlorobenzoyl-N-(4-

fluorophenyl)thiourea derivative (B) with SIRT1 target receptor.

DISCUSSION:

In 1997 Lipinski et al. has analysed 2,245 drugs from the
basic data of the World Drugs Index?. This analysis is
known as the five Lipinski law because all values are
multiples of five The conclusion from this analysis states
that the compound will be difficult to absorb and the
permeability i1s low if the molecular weight 1s greater
than 500, has a log coefficient of octanol/water (log P)
greater than +5: has donor H-bond (HBD), which is
expressed by the number of O-H and N-H groups,
greater than 5: and has an H-receptor (HBA) bond,
which 1s expressed by the number of atoms O and N,
greater than 10. From Table 2 it can be seen that the
compound studied has a molecular weight of less than
500 and a logP value of less than 5. Of all the structure
of the compound examined the number of OH and NH
groups 1s not more than 5, while the number of O and N
atoms is less than 10. From this fact it can be said that all
the compounds studied are easily absorbed and the
permeability is high.

The compound is have good absorption if the absorption
value 1s = 80%, and the absorption 1s bad 1if < 30%. The
intestine 1s the main place for absorption of drugs given
orally. From Table 3 it can be seen that all the
compounds studied have absorption 80, so that
absorption can be expressed well. According to Pires et
al. (2015), the compound is said to have relatively low
skin permeability if it has a value of Skin Permeability
(log Kp) = -2.5. From Table 3 it can be seen that all
compounds have log values of Kp < -2.5, meaning that
all compounds have good permeability on the skin®.

mtrihuliun volume (VDSS) is the theoretical volume
that the total dose of the drug needs to be distributed
evenly to give the same concentration as in blood
plasma. The higher the VD value, the more drugs are
distributed on the network rather than plasma. According
to Pires et al. (2015), the compound is said to have a low
Distribution Volume 1f the Log VD value 1s < -0.15, and
high if > 0.45. From Table 3 it can be seen that
compound number 2, 3 and 4 have a log value of VD > -
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0.15 so that it can be said to have a fairly good
distribution volume®., While compounds 1,5 and
comparative compounds have logVD wvalues < -0.15,
which means the distribution volume 1s low.

The ability of the drug to penetrate the Blood Brain
Barrier 1s an important parameter to reduce the side
effects and toxicity or to increase the efficacy of drugs
whose pharmacological activity is in the brain. Brain-
blood permeability is measured in vivo in animal models
as logBB, namely the logarithmic ratio of the brain to
Mmaz{‘. According to Pires et al. (2015), the compound
to be able to penetrate the Blood Brain Barrier well if it
has a Log BB value of > 0.8)and cannot be distributed
properly if log BB is < -1%. From Table 3 it can be seen
that compounds 1, 2, 4 and 5 can penetrate the blood-
brain barrier because they have a log BB wvalue = 0.3.
While compound 3 has a logBB value of 0.243 and is
almost close to 0.3 and the comparison has a log BB
value < 03. This means that the compounds of
compound 3 are low, whereas the comparison compound
cannot penetrate the blood-brain barrier because the

logBB value is 0.027.

It 1s generally known that most metabolic reactions will
involve the oxidation process. Cytochrome P450 is an
important detoxification enzyme in the body, and is
mainly found in the liver. It works by oxidizing foreign
organic compounds, including drugs, and facilitating the
excretion of these compounds. These enzyme inhibitors,
such as grapefruit juice, can affect the metabolism of
drugs so they are contraindicated against cytochrome
P450 enzymes®. Therefore it is important to assess the
ability of compounds that can inhibit cytochrome P450,
which in this study was represented by cytochrome
P2D6 isoform (CYP2D6). From Table 3 it can be seen
that all compounds and comparative compounds do not
affect cytochrome P450.

To predict the compound exeretion process can be done
by measuring the total clearance (CLTOT) and Renal
Organic Cation Transporter 2 (OCT2) substrate. CLTOT
is a combination of hepatic clearance (metabolism in the
liver and bile) and renal clearance (renal excretion). This
is related to bio-availability, and it is important to
determine dosage levels in achieving steady-state
concentration®®. The excretion of the compounds studied
when viewed from Table 3 shows that the CLTOT
values ranged from -0.341 to -0.584 (log ml/min/kg),
from this value it was predicted the rate of excretion of
the compound.

Organic C4{[h Transporter 2 (OCT2) is a transporter in
the Lmy that plays an important role in the disposition
and clearance of drugs and endogenous compounds.
OCT2 substrate also has the potential to cause side
interactions when given together with OCT2 inhibitors™,

From Table 3 it can be seen that all the compounds
studied did not affect the OCT2 substrate, so that the N-
benzoyl-N-(4-fluorophenyl)thiourea derivative could be
predicted. It was not an OCT2 substrate.

To determine the toxicity of the compound can be done
by the Ames Toxicity test. Ames Toxicity Test is a
method that 1s widely used to assess the mutagenic
potential of compounds using bacteria. Positive test
results indicate that the compound is mutagenic and
therefore can act as a carcinogen®®, From Table 3 it can
be seen that compounds 1 to 4 do not have mutagenic
potential and are not hepatotoxic. The LD50 value in
mice is 2092 to 2288 (mg/Kg). From this value it can be
predicted that all the compounds studied have low
toxicity. Because to kill 50% of animals, a dose of 2092
mg/'kg body weight or 2,092 g/kg body weight is needed.

The in silico test to predict the cytotoxic activity (RS) of
N-benzoyl-N"-(4-fluorophenyl)thiourea derivatives and
comparison using Molegro Virtual Docker program can
be seen in Table 3. From the table it can be seen that
compound 5 which is N-4-trifluorometilbenzoyl-N"-(4-
fluorophenyl)thiourea has the smallest RS value of -
115.58 + 12.55. However, from the prediction of the
toxicity of this compound, it is predicted that it can cause
hepatotosic, therefore compound 2 is N-4-chlorobenzoyl-
N'-(4-fluorophenyl)thiourea which has RS -112/77 +
1.93 and does not have the potential to cause mutagenic
and not hepatotoxic.

CONCLUTIONS:

From the description above it can be concluded that the
predicted compounds have good pharmacokinetic
properties, the highest compound which has cytotoxic
activity and not mutagenic and not hepatotoxic is N-4-
chlorobenzoyl-N"-(4-fluorophenyl) thiourea.

ACKNOWLEDGEMENT:

The authors are grateful to the Faculty of Pharmacy,
Airlangga University for the fund provided in the form
of PUF 2018. I would also like to express my most
sincere appreciation to Prof. Dr. Siswandono, Apt., MS
for the provision of Molegro Virtual Docker program.

CONFLICT OF INTEREST:

The authors declare no conflict of interest.

REFERENCES

1 iswandono. Pengembangan Obat. In : Siswandono.
ﬁulisina] 1. Surabaya : Airlangga University Press. 2016

2. Hardjono, 8. Modifikasi strukwr 1-(benzoiloksi)urea dan
hubungan kuantitatif struktur-aktivitas sitotoksiknya. Disertasi .
Surabaya: Fakultas Farmasi Universitas Airlangga. 2012

3 ﬁrdjuuo 5. Siswandono, Purwanto, Darmanto W. Quaniiative
Structure-Cytotoxic Activity Relationship l-(Benzo}'lnxy)tlr&nd
Its Derivative, Current Drug Discovery Technology. . 2016: 13(2):
101-108.

Kimia

2165




6.

20.

21,

22.

Research J. Pharm. and Tech. 12(3): May 2019

Schlick T. Molecular Modeling and  Simulation, An

Interdisciplinary  Guide. 2" ed.. ew York: Springer

Science+Business Medi. 2010

Venkatesh Kamath, Aravinda Pai. Application of Molecular

Descriptors  in - Modem  Computational Drug  Design  —An

Overview. Research J. Pharm. and Tech. 2017; 10(9): 3237-3241.

Anwesha Barua, Keerthi Kesavan, Sivaraman Jayanthi. Molecular

Docking Studies of Plant Compounds to Identify Efficient
hibitors for Ovarian Cancer. Research J. Pharm. and Tech 2018;
0): 3811-3815.

Hinchliffe A. Molecular Modeling for Beginners, 2™ ed.

Chichester: John Wiley and Sons Lid. 2008

Siswandono. Pengembangan Obat Baru, Airlangga University

Press, Surabaya. 2016,

ﬁnya Khare, Amit  Alexander, Ajazuddin, Nisha Amit.
Biomedical Applications of Nanobiotechnology for Drug Design,
Delivery and Diagnostics. Research J. Pharm. and Tech. 7(8):

gust 2014 Page 915-925.

am Shankar Misra, V. Ravichandiran, M. Vijey Aanandhi.
Design. Synthesis and In Silico Molecular Docking Study of N-
carbamoyl-6-oxo0-1-phenyl-1,  6-dihvdropyridine-3-carboxamide
derivatives as Fibroblast growth factor 1 inhibitor. Research J.
Pharm. and Tech. 2017: 10(8): 2527-2534.

. Jenzen F. Introduction to Computational Chemistry, 2* Ed.

Odense, Denmark, 2007: 415-416.

. Habeela Jainab N, Mohan Mamga Raja. In Silico Molecular

Docking Studies on the Chemical Constituents of Clerodendrum
phlomidis_for its Cyiotoxic Potential against Breast Cancer
Marke search J. Pharm. and Tech 2018; 11(4): 1612-1618.

. WHO. http://www.who.int/mediacentre/facisheets/fs297/en/. 2012.

Download at 28 Juli 2015

. Myungsun Yi, Young Mi Ryu. The Effects of Breast Health

“ducation in Women with Breast Cancer. Research J. Pharm. and
ch, 2017; 10(7): 2295-2302.

. Saced. S.. Rashud, N., Jones, P. G, Ali, M., and Hussain, R.

Synthesis. characterization and biological evaluation of some

thiourea derivatives bearing benzothiazole moiety as potential

timicrobial and anticancer agents. European Joumal of
icinal Chemistry. 2010; 45:1323-1331

. Li, H., Yan, T, Yang, Y., Shi, L., Zhou, C., and Zhu, IH. Synthesis

and  structure-activity relationships  of N-benzyl-N-  (X-2-
droxybenzyl}-Mi-phenylureas and thioureas as antitumor
ts. Bicorganic and Medicinal Chemistry. 2010; 18:305-313

. Dai, Y., Hartandi, K., Soni, N.B., Pease, L.J.. Reuter, D.R., Olson,

AM., Osterling, D.I., Doktor, 8.Z., Albert, D.H., Bouska, J.J.,
Glaser, K.B.. Marcotte, P.A.. Stewart, K.D., Davidsen, S K., and
Michaelides, M.R. Identification of aminopyrazolo-pyridine ureas

potent VEGFR-PDGFR.  multitargeted  kinase  inhibitors,
ﬁ:organic and Medicinal Chemistry Letters. 2008; 18:386-390.

. Usui, T., Ban, H.S., Kawada, J.. Hirokawa, T., and Nakamura, H.

Discovery of indenopyrazoles as EGFR and VEGFR-2 tyrosine
inase inhibitors by in  silico  high-throughput screening.
rganic and Medicinal Chemistry Letters. 2008; 18: 285-288

. Curtin, M.L., Frey, RR. Heyman, H.R.., Soni, N.B., Marcotte,

P.A., Pease, L.J.Glaser, KB., Magoc, T.J.. Tapang, P.. Albert,
DH.. Osterling, D.J., Olson. AM.Bouska, JI. Guan, Z.
Preusser, L.C., Polakowski, I.S., Stewart, K.D., Tse, C..Davidsen,
S.K., Michaelides, M.R. Thienopyridine ureas as dual inhibitors of
ﬁ VEGF and Aurora kinase families. Bioorganic and Medicinal
emistry Letters. 2012; 22: 3208-3212.
Ruswanto, Siswandono, Richa M., Tita, N.. Tresna, L. Molecular
Docking of 1-Benzoyl-3-methylthiourea as Anti Cancer Candidate
and Its Absorption. Distribution, and Toxicity Prediction. Journal
of Pharmaceut cience and Research. 2017; 9(5): 680-684.
Nasyanka AL. Hubungan Kuantitatif Struktur Aktivitas Sitotoksik
Dari  Senyawa Induk N-Benzoil-N"-(4-flurorfeniltiourea dan
runannya Terhadap Sel Line MCF-7, Tesis, Surabaya : Fakultas
a'masi Universitas Airlangga. 2017.
Zhao, 8., Ohara, 5., Kanno, Y., Midorikawa, Y., Nakayama, M.,
Makimura, M., and Inouve, Y. HER2 overexpression-mediated

24,

25;

26.

2166

. Widiandani T,

inflammatory  signaling enhances mammosphere formation

through  up-regulation  of aryl  hydrocarbon  receptor

transcription. Cancer letters., 2013; 330(1): 41-48.

Siswandono, Meiyanto E., Purwanto, BT,

Sulistyowati, ML, Hardjono & New N-Allylthiourea derivatives:

Synthesis. molecular docking and in vitro cytotoxicity studies.

Tropical Journal of Pharmaceutical Research. 2018:17(8): 1607-

1613

Widiandani L, Arifianti L, Siswandono. Docking, Synthesis and

Cytotoxicity Test on Human Breast Cancer Cell Line (147d) of N-
|ylcarbamothioyl) Benzamide. Intemational Joumnal of

rmaceutical and Clinical Research. 2016, 8(5): 372-37

Lipinski CA, Lombardo F, Dominy BW, Feeney PJ. Experimental

and computational approaches to estimate solubility and
rmeability in drug discovery and development settings. Adv.

g Del Rev. 2001:46(1-3): 3-26.

Pires. D.E., Blundell, T.L. and Ascher, D.B., pkCSM: Predicting

Smallmolecule Pharmacokinetic and Toxicity Properties using

Graph-based Signatures, J. Med. Chem. 20135; 38(9): 4066-4072.

DOI:10.1021/ acs jmedchem. 5b00 104




Molecular Docking of N-benzoyl-N'-(4-fluorophenyl) thiourea
Derivatives as Anticancer Drug Candidate and Their ADMET
prediction

ORIGINALITY REPORT

18. 16. 12 0.

SIMILARITY INDEX INTERNET SOURCES  PUBLICATIONS STUDENT PAPERS
PRIMARY SOURCES
repository.ubaya.ac.id 70
Internet Source A)
jifi.farmasi.univpancasila.ac.id
2 %
Internet Source Y
Hamza M. Abosadiya, El Hassane Anouar, Siti 1 o
(0]

Aishah Hasbullah, Bohari M. Yamin. "Synthesis,
X-ray, NMR, FT-IR, UV/vis, DFT and TD-DFT
studies of N-(4-chlorobutanoyl)-N'-(2-, 3- and 4-
methylphenyl)thiourea derivatives",
Spectrochimica Acta Part A: Molecular and
Biomolecular Spectroscopy, 2015

Publication
studentsrepo.um.edu.my 1
%
Internet Source Y
www.tandfonline.com 10
Internet Source A)
n bmcbiol.biomedcentral.com 10
Internet Source A)



tanoshikuyakugaku.blogspot.com 1 Y
0

Internet Source

ipsr.pharmainfo.in
jpsr.p 1%

Internet Source

Ana C. Mafud, Marcos P.N. Silva, Geandra B.L. 1 o
Nunes, Milene A.R. de Oliveira et al. °
"Antiparasitic, structural, pharmacokinetic, and
toxicological properties of riparin derivatives”,

Toxicology in Vitro, 2018

Publication

Laura Llorach-Pares, Alfons Nonell-Canals, <1 o
Melchor Sanchez-Martinez, Conxita Avila. °
"Computer-Aided Drug Design Applied to

Marine Drug Discovery: Meridianins as

Alzheimer’'s Disease Therapeutic Agents”,

Marine Drugs, 2017

Publication

—
—

skripsi.co <1 o

Internet Source

www.pharmasm.com <1 o
(0]

Internet Source

RN
w

Ajazuddin, Siddique Sabahuddin, Alexander
Amit, Yadav Pooja et al. "Nanomedicines:
Challenges and perspectives for future
nanotechnology in the healthcare system”,
Scientific Research and Essays, 2019

<1%



Publication

eprints.manipal.edu

IntErnet Source p <1 %
www.omicsonline.or

Internet Source g <1 %
jshs.org.cn

JInternet Sougrce <1 %

Suman Jyoti Deka, Sukhamoy Gorai, Debasis <1 o
Manna, Vishal Trivedi. "Biochemical Studies and °
Virtual Screening of Phytochemical Reservoir
from Northeastern Indian Plants to Identify Anti-
Cancer Agents", Journal of Biologically Active
Products from Nature, 2018
Publication

Ronald L. Bartzatt. "Utilizing a D-Amino Acid as <1 y
a Drug Carrier for Antineoplastic Nitrogen °
Mustard Groups", Drug Delivery, 2008
Publication

RamakKrishna Munnaluri, Saikiran Reddy Peddi, <1 o

Sree Kanth Sivan, Vijjulatha Manga.
"Computational studies on N-phenyl pyrrole
derivatives as MmpL3 inhibitors in
Mycobacterium tuberculosis"”, Computational
Biology and Chemistry, 2019

Publication

etheses.uin-malang.ac.id



Internet Source

<1%

Cécile Dury-Brun, Pascale Chalier, Stéphane <1 o
Desobry, Andrée Voilley. "Multiple Mass °
Transfers of Small Volatile Molecules Through
Flexible Food Packaging", Food Reviews
International, 2007

Publication

Exclude quotes Off Exclude matches Off
Exclude bibliography On



Molecular Docking of N-benzoyl-N'-(4-fluorophenyl) thiourea
Derivatives as Anticancer Drug Candidate and Their ADMET
prediction

GRADEMARK REPORT

FINAL GRADE GENERAL COMMENTS

/ O Instructor

PAGE 1

PAGE 2

PAGE 3

PAGE 4

PAGE 5

PAGE 6

PAGE 7




	Molecular Docking of N-benzoyl-N'-(4-fluorophenyl) thiourea Derivatives as Anticancer Drug Candidate and Their ADMET prediction
	by Tri Widiandani

	Molecular Docking of N-benzoyl-N'-(4-fluorophenyl) thiourea Derivatives as Anticancer Drug Candidate and Their ADMET prediction
	ORIGINALITY REPORT
	PRIMARY SOURCES

	Molecular Docking of N-benzoyl-N'-(4-fluorophenyl) thiourea Derivatives as Anticancer Drug Candidate and Their ADMET prediction
	GRADEMARK REPORT
	FINAL GRADE
	GENERAL COMMENTS
	Instructor




