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Abstract
The objective of this work is to design in silico new thiourea derivatives with improved potential anticancer activities of the breast of the MCF-7 strain. Fifty (50) new molecules were generated. All the generated compounds belong to the applicability domain of the model. Only three (3) compounds have values ​​of anticancer activity of the breast higher than that of the most active basic molecule and can be formed spontaneously. But only two (2) molecules respect the Lipinski rules. The study of absorption, distribution, metabolism, excretion and toxicity (ADMET) parameters showed that these two (2) new thiourea derivative compounds have a good pharmacokinetic profile, therefore can be administered orally and used as drugs in the treatment of breast cancer.
Keywords: Breast cancer; thiourea derivatives , Lipinski's rules; area of ​​applicability; ADMET.

1. INTRODUCTION
   Breast cancer became the commonest  and the major cause of mortality between women worldwide [1,2].There are many risk factors because the breast cancer is a metastatic cancer and can commonly transfer to distant organs such as the bone, liver, lung and brain, which mainly accounts for its incurability. Detection of breast cancer metastasis at the earliest stage is important for the management and prediction of breast cancer progression Early diagnosis of the disease can lead to a good prognosis and a high survival rate [3,4] .
    Thiourea derivatives are important organic compounds, exhibiting diverse pharmacological properties. They possess diverse pharmacological properties, and their analogs confer a great structural diversity, which is particularly advantageous for the search for new therapeutic agents. Thiourea derivatives, which exhibit beneficial antitumor activities, are generally considered as the central core of various anticancer derivatives.The anticancer activity of synthesized thiourea derivatives has been examined on a number of cancer cell lines such as MCF-7 breast cancer. Most of thiourea derivatives revealed significant cytotoxic effect, in some cases greater than the doxorubicin[6] . Thiourea is important class of organic compounds having N- and S- atoms. The structure of thiourea is similar to urea, except that the O- atom is replaced by the S- atom. Thiourea can be classified on the bases of groups attached to thiourea moiety into mono N-substituted thioureas, disubstituted thioureas, trisubstituted thioureas, pseudo-thioureas, mono S-substituted thioureas, and guanyl thioureas[7].
      The discovery of safe and effective drugs is a risky, expensive and time-consuming process, relying on methods. Considerable progress has been made thanks to efficient alternative methods in drug design reducing the cost of drug development[8].Computer experiments play an increasingly significant role in science today. The advent of high-performance computing has enabled virtual experimentation in silico as a tool which allows for interpolation between laboratory experiments and theory[9]. In silico prediction of absorption, distribution, metabolism, excretion and toxicity (ADMET)  is an important component and in the estimation of pharmacokinetic properties in the early phases of drug discovery[10]  .



2. MATERIAL AND METHODS
2.1 Computational Theory Level
This work is based on the work of Doumbia et al [11] on the RQSA study of breast cancer on the MCF-7 strain for one of the thiourea compounds at a concentration of 10μM. In this study the molecules were optimized and the calculations were at the level of theory DFT/ B3LYP/6-31+G (d, p) were obtained using the Gaussian 09 software [12] with its graphical interface GaussView 05. The biological activity (anti-breast cancer activity is expressed as a logarithmic decimal logAA as a function of the inhibition potential PI from the molar volume concentration. This is defined by equation (1) [13]:

                                                  logAA =log  - log                                    (1)
2.2 Molecular descriptors

The molecular descriptors used are the lipophilicity LogP, the bond lengths d(C=N1) and d(N2-Cphen1), the bond angle A(O-C - Cphen2) and the number of fluorine atoms F in the molecule whose geometric parameters are given in Figure 1 below.
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Figure 1: Bond lengths d(C-N1) et d(N2-Cphen1) et l’angle de liaison A(O-C- Cphen2)

2.3  Calculation of thermodynamic quantities

The determination of thermodynamic quantities, namely the entropy, enthalpy and free enthalpy of formation of the compounds studied, is carried out according to the following formulas proposed by Otchersky et al.[14].



With :

: Atomization energy ;
: Total energy of the molecule:;
: Zero point energy of the molecule ;
: Enthalpy corrections for atomic elements. These values ​​are included in the Janaf table[15] ; 

 : Molecule enthalpy correction ;
: Thermal correction enthalpy .


: Number of atoms of X in the molecule



2.3 Druglikness
    2.3.1  Lipinski’s rule ( rule of five )

The "Rule of 5", based on the physicochemical profiles of drugs in the first phase of design, is compatible with the structural limitations of the protein targets and the drug's target ligands. Three (3) of the four (4) parameters of this "Rule of 5" are fundamental for the structure of both target and drug binding sites [16]. This rule, formulated by Christopher Lipinski, constitutes a reference standard and is based on solid, easy and rapid research. It is the most used for the identification of "drug-like" compounds; a substance will be better absorbed or penetrated if [17,18]:
- Its molecular mass is less than or equal to 500 g/mol
- It has fewer than or 5 hydrogen bond donors (HBD).
- It has fewer than or 10 hydrogen bond acceptors (HBA). - Its log P value is less than or equal to 5.
The molecular structures were analyzed using the SwissADME server [19] to verify whether the compounds comply with Lipinski's rule (Rule of Five).

2.3.2 ADMET study (Prediction of Absorption Distribution Metabolism Excretion Toxicity) 

1) HIA (%) is the percentage of human intestinal absorption (from 0 to 20% poor absorption; from 20 to 70% moderate absorption; from 70 to 100% high absorption).

2) Caco-2 (nm/s) and MDCK (nm/s) predict the intestinal permeability of a compound on Caco-2 cells (<4 poor permeability, between 4 and 70 moderate permeability, >70 high permeability) and MDCK cells.

3) PPB (Plasma Protein Binding %) predicts the degree of drug binding to proteins in the blood (<90 weak binding, >90 strong binding).

4) BBB (Blood–Brain Barrier %) predicts blood–brain barrier penetration (<0.1 low CNS uptake, 0.1–2 medium CNS uptake, and >2 high CNS uptake).

5) P450 cytochromes (CYP2D6, CYP2C19, CYP2C9, and CYP2A4) are important in the oxidative metabolism of compounds.

6) hERG (human Ether-à-go-go-Related Gene) inhibition, carcinogenicity and mutagenicity
hERG (human Ether-à-go-go-Related Gene) is an ion channel (potassium) that releases potassium from its cell. hERG (human Ether-à-go-go-Related Gene) toxicity is a highly recommended study in the early evaluation of the cardiovascular effects of a drug candidate [20].

7) The Ames test is a biological test used to determine the mutagenic potential of a chemical compound. It is a simple, rapid, and robust biological test that provides an estimate of the compound's mutagenic or carcinogenic potential [21]. It follows a protocol that examines whether a compound is capable of inducing specific mutations in certain strains of Salmonella typhimurium. The strains used carry a mutation that influences the synthesis of the amino acid histidine. The Ames test then evaluates the compound's ability to cause a mutation that allows a return to growth on a medium without histidine.

The different molecular structures were analyzed using the PreADMET server .


3. RESULTS AND DISCUSSION
3.1 Determination of the basic structure for the design of new molecules

We will propose new thiourea derivative molecules with improved anti-breast cancer activities. To achieve this, we will choose a basic structure for design based on the most active molecules from the QSAR study of Doumbia et al. [11] from the series of thiourea derivatives studied by Bai et al. [22].
The first three (3) most reactive experimental molecules are ranked in order of decreasing anticancer activity. Table 1 includes the 2D structures of these molecules and the values of the experimental logAAC MCF 7 anticancer activity and their percentage PI MCF-7 inhibition of these first three (3) most active molecules.

Table 1: 2D structure of the first three (3) experimental molecules of decreasing logAAC MCF 7 anticancer activity and their percentage of PI inhibition MCF-7 of the breast most active

	Molecules
	2D Structure 
	PI exp MCF-7
	logAACexp

	
THS21
	

	
78,8
	       
5,570


	
THS17
	

	
57,1
	      
5,124


	
THS25
	

	
52,2
	
5,038





In order to improve the anticancer activity of the breast, in view of this table, we should propose molecules of thiourea derivatives that can give logAAC values higher than the highest experimental value of the set, that is to say logAACexp MCF-7 = 5.570. Thus the desired value of the percentage of inhibition must be higher than PI MCF-7 = 78.8%; which corresponds to that of the experimental molecule which is THS21. The anticancer activity logAAC MCF-7 as well as the values of the parameters of the model namely:
The effects of substituents on breast anticancer activity were also analyzed. In order to identify the substituents that most influence breast anticancer activity, we will determine the substituents of the first five most active thiourea derivatives given by the previous classification. These substituents are thus considered to be the best ones that influence the descriptor concerned according to the model equation. These substituents are provided in Table 2.
Table 2: Substitutes of the top three (3) most active MCF-7 breast cancer investigational compounds

	Molécules
	Core A 
	Core B 
	-R 

	


	 THS21
	3,5-(CF3)2 
	o-H 
	-Phen 

	 THS17
	3,5-(CF3)2 
	o -H 
	-CH2-Phen 

	THS25
	m-NO2 
	o -H 
	-CH3 



According to this classification, two trifluoromethyl (-CF3) substituents placed in positions 3 and 5 on the A ring of the thiourea derivative provide the best results in breast cancer activity. The trifluoromethyl (-CF3) group is derived from a methyl group in which the three hydrogen atoms have been replaced by three fluorine atoms. It is a group with high electronegativity often described as intermediate between those of fluorine and chlorine. It helps reduce basicity and confer particular solvation properties to a compound. It is used in many bioactive compounds or drugs or to create biosteres by substituting a methyl or chloride group to adjust the electronic or steric properties of a compound mainly due to its polar influence and its effects on the lipophilicity of the compounds  [23]. Trifluoromethyl groups are electron-withdrawing substituents (-I) because they have a higher electronegativity than carbon. A trifluoromethyl group (-CF3) has three fluorine atoms bonded to a carbon atom. In general, the fluorine atom is of fundamental importance because it significantly modifies the physicochemical properties related to penetration, transport, and electronic distribution in the modulation of metabolism and affinity for a target. Fluorinated groups are lipophilic, hence their interest in the field of life where the lipophilicity of a molecule is often directly linked to its bioavailability [24].
For the design of new thiourea derivatives, the choice of substituents must above all take into account their positive or negative contributions to each of the molecular descriptors influencing anti-breast cancer activity.


3.2 Structures and Calculation of the Anti-Breast Cancer Activity of New Thiourea Derivatives

3.2.1 Molecular Structures of New Thiourea Derivative Molecules
Based on the basic structure of the various molecules most active in breast and liver cancers, we were able to generate a virtual library of fifty (50) molecules coded from MD01 to MD50. Table 3 presents the molecular structures of the new theoretical thiourea derivatives.
Table 3: 2D structure of the molecular structures of the new theoretical thiourea derivatives
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3.2.2 Calculating the Anti-Breast Cancer Activity of New Thiourea Derivatives

For each of the model descriptors, the logAACpred MCF-7 anti-cancer activity was predicted from the various values ​​obtained for the fifty (50) molecules coded from MD01 to MD50 proposed using the model equation. Their lever values ​​were also calculated. The results of these different calculations are shown in Table 4.

Table 4: Predicted Values ​​of the Descriptors, the LogAAC Pred MCF-7 Breast Cancer Anti-Cancer Activity, and the Levers of the new Thiourea Derivatives

	Molecules
	Log P
	d(C=N1)
	d(N2-Cphen1)
	A(O-C- Cphen2)
	F
	logAACpréd MCF-7
	hii

	MD01
	7,91
	1,37378
	1,41102
	120,84389
	6
	4,73380975
	0,116979

	MD02
	7,09
	1,37443
	1,41221
	120,88256
	6
	4,5644437
	0,101459

	MD03
	8,1
	1,37366
	1,41256
	120,78218
	6
	5,01020897
	0,123855

	MD04
	8,7
	1,3739
	1,41047
	121,04882
	6
	4,69956844
	0,162121

	MD05
	7,85
	1,37368
	1,41164
	120,88492
	6
	4,70409314
	0,113291

	MD06
	8,45
	1,37397
	1,41125
	121,05252
	6
	4,6839126
	0,144107

	MD07
	5,77
	1,37385
	1,41169
	120,87133
	6
	4,01253817
	0,149573

	MD08
	4,37
	1,36879
	1,42404
	120,82022
	1
	5,31342568
	0,188714

	MD09
	4,86
	1,36979
	1,40937
	120,94057
	0
	4,31969008
	0,254376

	MD10
	6,87
	1,37178
	1,40896
	120,84599
	0
	5,30841738
	0,409511

	MD11
	6,78
	1,37092
	1,42074
	120,90313
	3
	5,51766693
	0,142158

	MD12
	7,41
	1,37174
	1,40943
	120,85679
	3
	4,86086303
	0,136992

	MD13
	8,1
	1,37149
	1,41958
	121,23115
	6
	4,83250785
	0,200800

	MD14
	4,73
	1,37137
	1,41212
	120,95815
	3
	3,99050855
	0,078828

	MD15
	4,59
	1,36876
	1,40829
	120,77213
	3
	3,59124419
	0,096010

	MD16
	4,29
	1,36749
	1,41173
	120,82523
	3
	3,60174631
	0,080127

	MD17
	4,84
	1,36968
	1,41307
	120,82442
	6
	3,46812531
	0,195072

	MD18
	4,64
	1,37230
	1,42114
	120,95956
	3
	4,8604803
	0,068868

	MD19
	4,73
	1,37175
	1,41061
	120,87454
	4
	3,78254702
	0,110034

	MD20
	4,45
	1,37325
	1,41243
	120,92584
	3
	4,14576052
	0,111781

	MD21
	3,39
	1,37498
	1,43144
	121,27228
	3
	5,1922163
	0,192324

	MD22
	5,45
	1,37196
	1,42239
	120,92030
	3
	5,27719184
	0,078097

	MD23
	5,17
	1,37151
	1,42090
	120,90592
	3
	5,02002718
	0,065965

	MD24
	3,93
	1,37977
	1,41367
	121,56486
	3
	3,82688686
	0,255192

	MD25
	3,83
	1,35322
	1,42005
	120,66617
	3
	3,01755324
	0,423768

	MD26
	4,73
	1,37149
	1,42371
	121,3221
	1
	4,99259966
	0,05797015

	MD27
	4,55
	1,37307
	1,41216
	121,37417
	3
	3,51299124
	0,04866278

	MD28
	3,93
	1,37294
	1,41142
	121,39316
	3
	3,19046948
	0,06978453

	MD29
	4,91
	1,37258
	1,4242
	120,88938
	3
	5,32516673
	0,04238158

	MD30
	3,98
	1,37485
	1,43134
	121,63506
	3
	4,8660859
	0,11668187

	MD31
	3,94
	1,36705
	1,4312
	121,34453
	2
	4,69991026
	0,0831193

	MD32
	3,71
	1,36703
	1,43148
	121,15678
	2
	4,89329367
	0,08641186

	MD33
	3,78
	1,36707
	1,43151
	121,15443
	1
	5,15705312
	0,08010886

	MD34
	4,02
	1,37041
	1,42592
	120,88314
	4
	4,73581813
	0,13263402

	MD35
	4,48
	1,3612
	1,43116
	120,90982
	0
	5,35790316
	0,14632067

	MD36
	4,92
	1,36389
	1,43146
	120,88172
	1
	5,60875982
	0,11636795

	MD37
	4,31
	1,37295
	1,40973
	121,27934
	0
	4,01298949
	0,09098326

	MD38
	4,30
	1,36942
	1,41885
	122,17696
	0
	3,28956877
	0,04866278

	MD39
	7,41
	1,37157
	1,40954
	120,84169
	3
	4,84745527
	0,06978453

	MD40
	6,59
	1,37261
	1,41068
	120,89506
	3
	4,69179672
	0,04238158

	MD41
	5,97
	1,37235
	1,41032
	120,94455
	3
	4,35015844
	0,11668187

	MD42
	7,39
	1,37181
	1,41318
	120,78674
	6
	4,57699746
	0,0831193

	MD43
	6,72
	1,36990
	1,42179
	120,96167
	3
	5,38701231
	0,08641186

	MD44
	7,46
	1,37347
	1,42448
	120,84274
	6
	5,70664823
	0,08010886

	MD45
	6,48
	1,37471
	1,41197
	120,92790
	6
	4,24110171
	0,13263402

	MD46
	7,35
	1,36903
	1,43259
	120,98997
	6
	5,77142036
	0,14632067

	MD47
	3,69
	1,37748
	1,41776
	121,24381
	0
	5,00633598
	0,11636795

	MD48
	4,92
	1,37813
	1,40827
	120,75467
	1
	5,07015344
	0,09326077

	MD49
	3,54
	1,37450
	1,40995
	121,27582
	0
	3,9174808
	0,0770731

	MD50
	3,09
	1,37031
	1,42504
	121,14496
	0
	4,88795676
	0,0585856



All the proposed molecules have their levers lower than the threshold lever h*=1.06. They therefore all belong to the domain of applicability of the breast anticancer activity model. Of the fifty (50) theoretical thiourea molecules predicted, three (3) have higher breast anticancer activities than that of the most active experimental molecule. These are the molecules MD 36, MD 44, and MD 46.

3.3 Determination of the thermodynamic formation parameters of the most active breast cancer molecules

To verify whether the formation of the three (3) most active theoretical breast cancer molecules is thermodynamically possible, we determined the various thermodynamic formation parameters, namely the enthalpy of formation ΔfH° (kcal/mol), the entropy of formation ΔfS° (kcal/molK), and the free enthalpy of formation ΔfG° (kcal/mol) using the formula of Otchersky et al. [14]. Calculations of the optimized molecules were performed at the B3LYP/ 6-31+G (d, p) level. The values of the thermodynamic formation parameters are shown in table 5.

Table 5: Thermodynamic quantities of formation of the most active theoretical molecules optimized at the B3LYP/ 6-31+G(d, p) level

	
	Molécules
	
	
	

	

	
	MD36
	-3638,469

	-1,465122

	-3201,6428757


	
	MD44
	-4548,293
	-1,643607
	-4058,25157295

	
	MD46
	-4325,540
	-1,752478

	-3803,0386843




The results show that the values of the standard thermodynamic quantities of molecule formation are negative. These negative values of the enthalpy and free energy of the other compounds indicate an exothermic reaction and a spontaneous reaction, respectively, under the conditions of the study. The negative values of the entropy of these compounds indicate a decrease in disorder.

3.4 Druglikeness Prediction

To be considered a drug, a molecule must comply with a number of rules, including Lipinski's rule. This molecule must be soluble and stable. It must have pharmacokinetic and pharmacodynamic properties of absorption, distribution, metabolism, excretion, and toxicity (ADMET). To do this, we will first verify Lipinski's rule for our most active theoretical molecules predicted using the swissADME server and then apply the ADMET prediction to them from the PreADMET server.

3.4.1 Lipinski's Rule (Rule of Five) Applied to the Most Active Theoretical Breast Anticancer Molecules

The molar mass (M), the number of hydrogen donors (HBD), the number of hydrogen acceptors (HBA), and lipophilicity (MlogP) are the parameters characterizing the Lipinski rule. The values ​​of these parameters were determined and listed in table 6.

Table 6: Lipinski's Rule Applied to the Most Active Theoretical Breast and Liver Anticancer Molecules

	Molecules
	M(g/mol)
	HBD
	HBA
	MlogP

	Rules
	<500
	≤ 5
	≤ 10
	<4.15

	

	MD36
	510,58
	4
	5
	3,47

	MD44
	698,75
	5
	10
	4,62

	MD46
	587,52
	4
	9
	3,84



Analysis of the table shows that for breast cancer, only two (2) of the three (3) most active theoretical molecules designed, namely MD36 and MD46, comply with Lipinski's rules. These two (2) molecules have good water solubility, better gastric tolerance, and efficient elimination by the kidneys. They can be administered orally. The other molecules, particularly the most active ones, do not comply with Lipinski's five rules. Other routes of administration must therefore be considered for them.

                          3.4.2 Prediction of Absorption, Distribution, Metabolism, Excretion, and Toxicity (ADMET) of New Thiourea Molecules

Absorption parameters such as Human Intestinal Absorption (HIA), in vitro Caco-2 cell permeability, in vitro MDCK (Mandin Darby Canine Kidney) cell permeability, and distribution parameters, namely plasma protein binding (PPB) and blood-brain barrier (BBB) ​​penetration, are given in table 7.

Table 7: Prediction of Absorption and Distribution Parameters of New Compounds with Improved Anticancer Activity in Breast and Liver

	
	Molecules
	Absorption
	Distribution
	

	
	
	HIA
	Caco-2
	MDCK
	PPB
	BBB
	

	

	
	MD36
	95,270637
	33,5213
	4,86704
	90,718864
	0,424263
	

	
	MD46
	94,900617
	27,7063
	0,0438429
	91,100620
	5,12095
	



The analysis of table 7 shows us that at the absorption level, the values of Human Intestinal Absorption (HIA) of each of the two compounds are greater than 70%. These two (2) molecules have a high absorption in the human intestine, and therefore capable of being well assimilated by it. For the permeability on the Caco2 cell, the values of the compounds are between 4 ~ 70; which corresponds to an average permeability. For the permeability on the MDCK cell, the results show that these compounds are also permeable on MDCK cells
For the distribution process, the values of the degree of binding to plasma proteins (PPB), which indicates the degree of fixation of drugs on proteins in the blood are all greater than 90% which shows a strong fixation on plasma proteins for these two (2) molecules. As for the BBB distribution parameter (Blood–Brain Barrier %) which predicts the penetration of the blood-brain barrier, only the MD36 molecule has a value between 0.1 and 2 which indicates an average absorption of the Central Nervous System (CNS) while the MD46 compound whose BBB value is greater than 2, has a high absorption at the level of the blood-brain barrier of the CNS
For metabolism, the results of cytochrome P450 enzyme inhibition parameters (CYP2D6, CYP2C9, CYP2C19, CYP2A4) are shown in table 8.

Table 8: Inhibition Parameters (CYP2D6, CYP2C9, CYP2C19, CYP2A4)

	Molecules
	Metabolism

	
	CYP2D6
Inhibition
	CYP2D6
Substrat 
	CYP2 C19
Inhibition
	CYP2C9
Inhibition
	CYP3A4
Inhibition
	CYP3A4
Substrat
	

	

	MD36
	No
	No
	No
	Yes
	No
	weak
	

	MD46
	No
	No
	No
	Yes
	Yes
	Substrate
	



Regarding metabolism, neither compound is an inhibitor or substrate of the CYP2D6 and CYP2C19 enzymes. However, both are inhibitors of the CYP2C9 enzyme. Thus, these two molecules can be easily metabolized by CYP2C9 enzymes. Compound MD46 is an inhibitor and substrate of the CYP3A4 enzyme, while compound MD36 is not an inhibitor and is a weak substrate for this enzyme.

Regarding toxicity, the toxicity parameters hERG (human ether-à-go-go-related gene) inhibition, carcinogenicity, and mutagenicity are listed in table 9.

Table 9: Toxicity Parameters hERG (human ether-à-go-go-related gene) inhibition, carcinogenicity, and mutagenicity

	Molecules
	Toxicity

	
	hERG 
 Inhibition
	Carcinogenicity
	Ames test
	

	
	
	Mouse
	Rat
	
	

	MD36
	Medium Risk
	Negative
	Positive
	
	Mutagen
	

	MD46
	Medium Risk
	Positive
	Negative
	
	Not Mutagenic
	



For the toxicity test, the two (2) compounds MD36 and MD46 present a moderate risk for hERG inhibition. Compound MD36 is non-carcinogenic for mice and is carcinogenic for rats, while the opposite is true for compound MD46. Compound MD36 has mutagenic potential according to the AMES test.
Following the ADMET study, all these different results show that the two (2) proposed new molecules MD36 and MD46 have good absorption, distribution, metabolism, and toxicity properties. These compounds can therefore be used as drugs.

CONCLUSION 
At the end of this chapter, the analysis of the effect of substituents on the most active experimental molecules of breast and liver cancers has made it possible to design fifty (50) new theoretical compounds of thiourea derivatives. All the compounds generated belong to the domain of applicability of the model in breast cancer of the MCF-7 strain because their different lever values are lower than that of the threshold lever 1.06. However, of the fifty (50) new theoretical molecules generated, only three (3) for breast cancer have anticancer activity values higher than that of the most active basic molecule. The calculation of the thermodynamic quantities of formation showed that all the molecules can be formed spontaneously. However, out of the three (3) remaining new active molecules, two (2) comply with Lipinski's rules, namely MD36 and MD46. The study of absorption, distribution, metabolism, excretion and toxicity (ADMET) parameters showed that these two (2) compounds have a good pharmacokinetic profile and can therefore be administered orally and used as drugs in the treatment of breast cancer.
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