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INTRODUCTION

Cancer is one of the leading global health problems and the second major cause of death in
the developing countries ™ with increasing incidences every year. The advanced treatment
opportunities of these cancers haven't overcame the major problems of chemotherapy such as
drug resistance and severe side effects due to the lack of specificity and high toxicity.
Therefore identification of novel molecules with potent anti-proliferative activity, low

toxicity and with minimum side effects is necessary.

Sulphur Compounds continues to generate intense research interests through interesting
[3,4,5]

biological, pharmaceutical, industrial and/or materials properties.
Thioamide and derivatives, sulphur compounds, have interesting anticancer activity, in
particulary, benzhydrylpiperazine thioamide derivatives that were recently screened against
breast (MCF-7) and colorectal (HCT-116) cancer cell lines.

In 2008, Kapanda et al., showed that other thioamides, in particular phenyl (morpholino)
methanethione derivatives, inhibit the activity of the enzyme MGL (Monoacylglycerol
Lipase) and FAAH (Fatty Acid Amide Hydrolase).!”

Some phenyl (morpholino) methanethione derivatives synthesed as that phenyl (morpholino)
methanethione and dimethylaminophenyl (morpholino) methanethione were discussed for
their toxicity on larvae of Artemia salina Leach and trypanocide activity!® thougth our study

and reported.

In a continuation of our work, a series phenyl (morpholino) methanethione derivatives was

synthesed, characterized and reported.

The paper presents cytotoxicity of these phenyl (morpholino) methanethione derivatives is
reported. These compounds were evaluated for their antiproliferative potency against cancer
cell lines (MCF-7) and (HCT-116) respectively of the breast and colon which has never been

studied, to our knowledge.

Structure-activity relationship of phenyl (morpholino) methanethione derivatives based on

their results of cytotoxicity and toxicity on Artemia salina Leach was determined.
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MATERIAL AND METHODS

Cytotoxicity on MCF-7 and HCT-116

Cytotoxicity of samples were estimated respectively on the MCF-7 and HCT-116 cancer cell
lines of the breast and colon respectively as described by Bekir et al®® with some

modifications.

Cells were incubated for 24 h at 37 ° C and distributed in 96-well plates at 12000 cells/well in

100 pL before the treatment with the sample solution.

The sample solution of 100 uM concentration is obtained by dissociating an amount of the
sample (pure molecule) in 5% DMSO. After 48 h at 37 ° C ; cell growth was estimated by the
test of 3- (4-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium (MTT) bromide. MTT is a yellow

water soluble tetrazolium salt. Optical density was measured at 540 nm.

The results are expressed as a percentage of survival relative to untreated cells according

according to the following formula:

0D mean of treated cells

%Cell viability = OD mean of controlled cells

Toxicity against Artemia salina Leach

This test was performed on larvae of brine shrimp (Artemia salina Leach) by method of
Michael et al ™ resumed by Vanhaecke et al ™2 and by Sleet Sleet and Brendel.[**! Thus,
encysted Artemia salina eggs are incubated in seawater at pH 7-8 (48h). Then, series of
solutions of test substances at varying concentrations and progressive were prepared in
DMSO (dimethyl sufoxide)/seawater. A defined number of larvae introduced into each
solution. All solution sand control solutions containing no active substance were left stirring
for 24hours.Counting under a microscope the number of death larvae in each solution used to
evaluate the toxicity of the solution. In the case where there was death in the control medium,

the data was corrected by Abbott's formula.™

% déCéS - test - contol % 100

control

Data (dose-response) are transformed by logarithm and the half-lethal concentration LCsq is

determined by linear regression.!*®
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Statistical analysis
All data were expressed as means * standard deviations of triplicate measurements. The
confidence limits were set at p<.05. Correlations and regressions were carried using Excel

program. Data analysis procedure (ANOVA) was performed in to assess the data.

RESULT AND DISCUSSION
The series of thiobenzamides™™ that constitute this study has a general chemical structure

illustrated in “fig. 1”.

Theoretical study based on the pharmacokinetic properties rules™*” and drug availability of
compounds of the series of thiobezamides are summarized in the table 1. The scaffold has
advantageous properties as low molecular weight, reasonable Clog P, good hydrogen bond

donating and accepting capabilities (Table 1), easy and economical synthetic routes.

It showed that they constitute good candidates drugs if they have interesting biological

activities.!*”]

Clog P estimated Lipophilicity which is a main physico-chemical determinant influencing the

bioavailability, permeability and frequently the toxicity of drugs.!*”)

A substance is the more lipophilic as log P is positive. The log P values were calculated using
Chem Draw Ultra 8.0.[*®]

Figure 1: General chemical structure of thiobenzamides synthesed (scaffold).
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Table 1: Properties compatible with reasonable pharmacokinetics and drug availability,

Rules of Lipinski applied to thiobenzamides.

O

=
=

-

Ay
Compounds Molecular | Clog P | No of No of H No of
weight H bond | bond donor | criteria met
(g.mol™) donors acceptors
X Y
a H H 207.07 1.581 0 3 all
b | NO, H 252.06 1.519 0 4 all
c H NO; 252.06 1.519 0 4 all
d OH H 223.07 0.749 1 3 all
e H OH 223.07 0.749 1 3 all
f OH OH 39.06 0.152 2 4 all
g H | N(CHs),| 250.11 1.416 0 2 all
h H | COOH 251.06 1.351 1 4 all
Rules < 500 <5 =5 < 10 At least 3

log P values were calculated using ChemDrawUltra 8.0

Cytotoxicity
The compounds synthesed are good drug candidate through their bioavailability; they have

been submitted to cytotoxicity and toxicity evaluation.

The LCsp values on larvae of Artemia salina and the 100 uM inhibitory concentration (1Csg)
values of the compound on cells of the cancer cell lines MCF-7 and HCT-116, respectively

cancer cell lines of breast and human colon cancer, are summarized in Table 2.
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Table 2: Cytotoxic activities and toxicity on Artemia Salina Leach of thiobenzamides.

Compounds Inhibition (1Csp) of 100pM Activity on larvae of
Compounds Artemia salina
MCF-7 HCT-116 LCsoen uM Toxicity
i 14.80+0.30 | 58.10+1.50 | 1463.06 + 7.00 | no toxic
O)L na na 309.95+ 9,20 | no toxic
/@)‘7\ na na 309.95 + 0.70 no toxic
@)}\ na na 248.50 + 3.30 actif
/@)L na na 246.03+ 0.60 actif
D)k 35.70 £ 3.10 1.20+0.10 242.07 £ 0.30 actif
na na 214.00 +9.00 actif
N joge
/@)7\ na na 294.51 + 5.00 no toxic
Toxicity by using Lapachol value (ICso = 281mM) as reference;  na : no actif.

Cytotoxicity on MCF-7 and HCT-116
Inhibition potential study with 100 puM of each compound on the cells of the MCF-7 and

HCT-116 cancer cell lines, respectively cancer cell lines of breast and human colon cancer
showed that the compounds (f) and (a) have an activity on MCF-7 and HCT-116 cells.

Thus, in our series of thiobenzamide molecules, (a) is more active on HCT-116 cells (58.1 +
1.5%) and (f) more active on MCF-7 cells (35.7 + 3, 1%).
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Moreover, a structure-activity relationship shows that the substitution of the groups: NOg;
N(CHgs),, OH, -COOH on the phenyl group of (a) attenuated the cytotoxicity of the molecules
on HCT-116 cells.

Although the substitution of two hydroxyl groups at positions (meta) and (para) on the
aromatic ring decreased the inhibitory activity on HCT-116 cells (58.1 to 1.2%), it
significantly increased inhibitory activity on MCF-7 cells (14.8 to 35.7%).

The presence of phenolic hydroxyl groups in the structure of molecule is responsible for its
antioxidant activity!*® allow so to cytotoxic effects interesting in particular on the breast
human cancer.?” So, the presence of phenolic hydroxyl groups in the structure of compound

(F) could explicate the increase cytotoxic activity observed on MCF-7 cells.

Toxicity to Artemia salina Leach

Lapachol [2-hydroxy-3-(3-methylbut-2-enyl) naphthalene-1,4- dione] (LCsp = 281 puM) a
reference compound was used as positive control. According to Santos-Pimenta et al ! and
Angelia et al 2 a compound having an LCsp less than 281 uM, was active on larvae of

Artemia salina.

The toxicity test on larvae of Artemia salina shows that compounds (d), (f) and (g) are active,

so toxic on the larvae.

A structure - toxicity relationship of these thioamides shows that bioactivity is enhanced by
the attachment of a substituent to the phenyl group.

Taking as reference the thiobenzamide not substituted namely phenyl (morpholin-4-yl)
methanethione (a), the attachment of a nitro group in the ortho position to the aromatic ring
(b) (309.95 + 9.20 uM) induced the toxicity of thiobenzamide (a) (1463.06 £ 7 uM).

This induced toxicity remains the same if this substituent was in the para (c) position (309.95
+ 0.70uM). However, a changement of this nitro group with dimethylamino increased this

toxicity (g) (214 = 90 uM); thus making this compound most toxic on Artemia salina.

Furthermore, binding of a hydroxyl group in the meta position to the aromatic ring (d)
(248.50 = 3.30 uM) of (a) also increased the toxicity considerably compared to its nitro
homolog (b). Toxicity is increased when two hydroxyl groups are attached to meta and para
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(F) (242 £ 0.30 uM), respectively. We can deduce that the hydroxyl substituents favour the

toxicity of thiobenzamide relative to the nitro homolog.

Compound (h) (294 + 50 uM) where a carboxylic group is in the para position is not active
on the larvae. The introduction of this substituent has nevertheless increased the toxicity with
respect to the molecule (a) (1463 £ 70 uM).

Regarding the mesomeric effect of each group, it is clear that mesomeric donor effect groups
on benzene ring have increased actively this toxicity. The position of this donor mesomere
groups and degree of mesomere effect influence this toxicity.

The changement a hydroxyl group (donor group) the meta position (d) to para position is
increased the toxicity (248.50 - 246.03 uM). This increase is observed too with
dimethylamino group (g; 214.00 uM) that are a superior effect than hydroxyle group (d;
248.50 uM).

Correlation; toxicity of the shrimp larvae and anticancer agents

Study of the toxicity on larvae of Artemia salina is interesting. Many studies have shown the
existence of a good correlation between the test of toxicity on Artemia salina larvae and
many other biological activities.??324

The toxicity of the shrimp larvae and cytotoxicity on MCF-7 relationship of these thioamides
shows that cytotoxicity on MCF-7 induced the toxicity on shrimp larvae.

The high degree of correlation between the cytotoxicity of the shrimp larvae and MCF-7 has
already been observed by Ramesh et al (2009) during his work on piperidinyl-
diethylstilbestrol (DES) and pyrrolidinyl-diethylstilbestrol (DES)!® and others studies.!?®2"!

The present work also revealed that there is a correlation between cytotoxicity on MCF- 7

and toxicity of the shrimp larvae for phenyl (morpholino) methanethione derivatives.

(3,4-dihydroxyphenyl) (morpholin-4-yl) methanethione (f) owned an activity interesting on
MCEF-7 cell is active on shrimp larvae.

A correlation exists too between this toxicity on the larvae of Artemia salina and cytotoxicity
on cells 9PS and 9KB of carcinoma human, on the one hand®® A - 549 cells of pulmonary
carcinoma and HT-29 colon carcinoma cells, on the other hand.*® Therefore phenyl(
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morpholino)methanethione derivatives of less LCsy than 281 puM could be used in the

treatment of these cancers.

CONCLUSION

In this study, eight (08) phenyl (morpholino) methanethione derivatives were evaluated for
their biological potential activity. It is revealed that a larger series of phenyl
(morpholino)methanethione derivatives would be potential sources of anticancer molecules
especially on the cancer cells MCF-7 and HCT-116. To our knowledge, this is the first time
that the anti-cancer activities of these molecules are evaluated on the cancer cells MCF-7 and
HCT-116. The toxicity on the larvae of Artemia salina showed a structure - toxicity
relationship and a correlation between cytotoxicity on MCF-7 and toxicity.

These compounds with their good pharmacokinetic properties open an interesting opportunity
for exploration of other biological study.

ACKNOWLEDGMENTS

Acknowledgements sinceres to Dr. Jalloul Bouajila of Laboratoire des Interactions
Moléculaires et Réactivités Chimiques et Photochimiques de 1’Université Paul Sabatier de
Toulouse 3 — France for the antitumor activity essay. We also thank Dr. Justin M. Kohoundé

and Clément Gandonou for the team work.

CONFLICT OF INTEREST STATEMENT
The authors declared no conflict of interest.

REFERENCES

1. Seffrin JR, Hill D, Burkart W, Magrath I, Badwe RA, Ngoma T, Mohar A, ; Grey N. “It
Is Time to Include Cancer and Other Noncommunicable Diseases in the Millennium
Development Goals”. Cancer. J. Clin., 2009; 59: 282-284.

2. Gao X, LuY, Fang L, Fang X, Xing Y, Gou S, Tao X. “Synthesis and anticancer
activity of some novel 2-phenazinamine derivatives”. Eur J Med Chem., 2013; 69: 1-9.

3. Gangjee A, Zeng Y, Talreja T, Mc Guire JJ, Kisliuk LR, Queener FS. “Design and
Synthesis of Classical and Nonclassical 6-Arylthio-2,4-diamino-5-ethylpyrrolo[2,3-
d]pyrimidines as Antifolates”. Med. Chem., 2007; 50 (13): 3046 - 3053.

www.wipps.com | Vol 9, Issue 11,2020. | 1SO 9001:2015 Certified Journal | 2593




Hyacinthe et al. World Journal of Pharmacy and Pharmaceutical Sciences

10.

11.

12.

13.

14.

15.

Giri BS, Pandey RA. “Biological treatment of gaseous emissions containing dimethyl
sulphide generated from pulp and paper industry”. Bioresource. Tech., 2013; 142:
420- 427.

Kazemi M and Lotfi S. “Thioesters synthesis: recent adventures in the esterification of
thiols”. J. Sulf. Chem., 2015; 36: 613 — 623.

Gurdal EE, Durmaz I, Cetin-Atalay R, Yarim M. “Synthesis and cytotoxicity studies of
novel benzhydrylpiperazine carboxamide and thioamide derivatives”. J. Enzyme Inhib
Med Chem., 2014; 29(2): 205-214.

Kapanda CN, Muccioli GG, Labar G, Draoui N, Lambert DM, Poupaert JH. “Search for
monoglyceride lipase inhibitors: synthesis and screening of arylthioamides derivatives”.
Med Chem Res., 2009; 18: 243-245.

Agnimonhan HF., Ahoussi AL, Kpoviessi SDS, Gbaguidi AF, Kapanda CN, Bero J,
Hannaert V, Quetin-Leclercq J, Moudachirou M, Poupaert HJ, Accrombessi CG.
“Synthesis, characterization, anti-trypanosomal activity and toxicity against Artemia
salina Leach of thiobenzamides and derivatives”. J. Appl. Pharma. Science., 2012 ; 02
(06) : 62-66.

Agnimonhan HF, Ahoussi AL, Glinma B, Kohoudé MJ, Gbaguidi AF, Kpoviessi SD S,
Poupaert HJ, Accrombessi CG. “Willgerodt-Kindler Reaction’s Microwave-Enhanced
Synthesis of Thiobenzamides Derivatives in Heterogeneous Acid Catalysis with
Montmorillonite K-10”. Organic Chemistry: Current Research, 2017; 6(2): 1-5.

Bekir J, Mars M, Souchard JP, Jalloul B. “Assessment of antioxidant, an anti-
inflammatory, anti-cholinesterase and cytotoxic activity of pomegranate (Punica
granatum) leaves”. Food and Chemical Toxicology, 2013; 55 : 470-475.

Michael AS, Thompson CG, Abramovitz M. Artemia salina as a test organism for
bioassay. Science, 1956; 123 (3194): 464.

Vanhaecke P, Persoone G, Claus C, Sorgeloos P. “Proposal for a short-term toxicity test
with Artemia nauplii”. Ecotoxicol. Environ. Safety, 1981; 5: 382-387.

Sleet RB, Brendel K. “Improved methods for harvesting and counting synchronous
populations of Artemia nauplii for use in developmental toxicology”. Ecotoxicol Env
Safety., 1983; 7: 435- 446.

Abbott WS. “A method of computing the effectiveness of an insecticide”. J. Econ.
Entomol., 1925; 18: 265- 267.

Hafner E, Heiner E, Noack E. “Mathematical analysis of concentration—response
relationship”. Arzneim. Forsch., 1977; 27: 1871- 1873.

www.wipps.com | Vol 9, Issue 11,2020. | 1SO 9001:2015 Certified Journal | 2594




Hyacinthe et al. World Journal of Pharmacy and Pharmaceutical Sciences

16. Lipinski CA, Lombardo F, Dominy BW, Feeney PJ. “Experimental and Computational
Approaches to Estimate Solubility and Permeability in Drug Discovery and Development
Settings”. Adv. Drug Delivery Rev., 1997; 3: 3-25.

17. Lipinski CA, Lombardo F, Dominy WB, Feeney JP. “Experimental and computational
approaches to estimate solubility and permeability in drug discovery and development
settings”. Advanced Drug Delivery Reviews, 2001; 46: 3-26.

18. Ghose AK, Crippen GM. “Atomic physicochemical parameters for 3-dimensional-
structure-directed quantitative structureactivity- relationships. 2. Modeling dispersive and
hydrophobic interactions”. J Chem Inf Comput Sci., 1987; 27: 21-35.

19. Zhang JY, Tao LY, Liang YJ, Chen LM, Mi YJ, Zheng LS, Wang F, She ZG, Lin YC,
To KK, er al. “Anthracenedione derivatives as anticancer agents isolated from secondary
metabolites of the mangrove endophytic fungi”. Mar. Drugs., 2010; 8: 1469 —1481.

20. Sawadogo WR, Schumacher M, Teiten MH, Cerella C, Dicato M, Diederich M. “A
Survey of Marine Natural Compounds and Their Derivatives with Anti-Cancer Activity”.
Molecules, 2013; 18: 3641-3673.

21. Santos- Pimenta LP, Pinto GB, Takahashi LGF, e Silva LG, Boaventura MAD.
“Biological screening of Annonaceous Brazilian medicinal plants using Artemia salina
(Brine Shrimp Test”. Phytomedicine., 2003; 10: 209-212.

22. Angelica EG, Felipe SV, Alzir AB, Sonia RW., Roberta L.Z, Leticia RT, Heloisa B. “2-
Pyridinoformamide-derived thiosemicarbazone and their iron (I11) complexes: potential
antineoplastic activity”. Polyhedron, 2008; 27: 547-551.

23. McLaughlin JL, Rogers LL, Anderson JE. “The use of biological assays to evaluate
botanicals”. Drug Information Journal. 1998; 2: 513-524.

24. Wanyoike GN, Chhabra SC, Lang’at-Thoruwa CC, Omar SA. “Brine shrimp toxicity and
antiplasmodial activity of five Kenyan medicinal plants”. J. Ethnopharm., 2004; 90:
129-133.

25. Ramesh BB, Selina FDR, Patrick J, John SC, Lekan ML, Carl BG. “Selective Cytotoxic
Activities of Two Novel Synthetic Drugs on Human Breast Carcinoma MCF-7 Cells”.
Anticancer Research, 2009; 29: 2993-2996.

26. Anderson JE, Goetz CM, McLaughlin JL. “A blind comparison of simple bench-top
bioassays and human tumor cell cytotoxicities as antitumor prescreens”. Phytochem Anal.
1991; 2: 107-111.

www.wipps.com | Vol 9, Issue 11, 2020. | 1SO 9001:2015 Certified Journal | 2595




Hyacinthe et al. World Journal of Pharmacy and Pharmaceutical Sciences

27.Badisa RB, Badisa VLD, Walker EH, Latinwo LM. “Potent cytotoxic activity of
Saururus cernuus extract on human colon and breast carcinoma cultures under normoxic
conditions”. Anticancer Res, 2007; 27: 189-194.

28. Pelka M, Danzl C, Distler W, Petschelt A. “A new screening test toxicity testing of dental
materials”. J Dent, 2000; 28: 341-345.

29. Carballo JL, Hernandez-Inda ZL, Pilar Perez, Garcia- Gravalos MD. “A comparison
between two brine shrimp assays to detect in vitro cytotoxicity in marine natural
products”. BMC Biotechnology, 2002; 2(17).

www.wipps.com | Vol 9, Issue 11,2020. | 1SO 9001:2015 Certified Journal | 2596




