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ABSTRACT

A series of novel 2-[(substitutedphenyl/heteroamiho]-3-phenyl-1,3-thiazolidin-4-onegld-g) were synthesized
and structurally confirmed by elemental analysis,"H NMR, MS spectral data. All the synthesized ligethidin-
4-one analoguesté-g) at various concentrations (10, 20, 50, 100 an@ g&&:g/ml) have been evaluated for in vitro
cytotoxicity against Dalton’s lymphoma ascites (pLéancer cell line by trypan blue exclusion method,
comparison with standard drug doxorubicin hydrocftde. Out of these seven compounds, five compo@zZjs2-
[(3,4-dimethylphenyl)imino]-3-phenyl-1,3-thiazolidd-one  da), (22)-3-phenyl-2-(1,3-thiazol-2-ylimino)-1,3-
thiazolidin-4-one 4c), (22)-3-phenyl-2-(pyrimidin-2-ylimino)-1,3-thididin-4-one @b), (2E)-3-phenyl-2-(pyridin-
3-ylimino)-1,3-thiazolidin-4-one 4() and (22)-2-[(2,6-dimethylphenyl)imino]-3-phenyBithiazolidin-4-one 4g)
inhibited 100%, 95%, 80%, 73% and 62% DLA tumotscat 100 mcg/ml concentration, whereas standanatydr
doxorubicin exhibit 100% DLA inhibition at a contetion of 100 mcg/ml. From the above study, complota,
compounddb, compoundic, compounddd and compoundlg which showed better results (> 60% inhibition) at
lowest concentration were further selected for enieg in vivo anticancer activity against Daltorlianphoma
ascites (DLA) cancer cell line at the dose of 5@kmdpody weight/i.p. in comparison with 5-fluoroaila(20 mg/kg
body weight/i.p.) by determining different paramgtéke body weight analysis, packed cell volumable tumor
cell count, increase in life span (%), followed tigmatological profiles [red blood cell (RBC), whitood cell
(WBC), hemoglobin (Hb) and platelet count] and serbiochemical parameters [aspartate aminotransferas
(AST), alanine aminotransferase (ALT), alkaline ggteatase (ALP), total cholesterol (TC) and triglydes (TG)]

of DLA bearing mice. In the in vivo anticancer axatlon, among five compounds screened, compdarainerged
as more potent inhibitor of DLA with an increasdifa span (ILS) of 88.23%, whereas standard drifuérouracil
exhibit ILS of 92.13%. The in vivo anticancer expental results indicated that, compousa and 5-fluorouracil
showed significant (p < 0.01) decrease in body Weigain, packed cell volume, viable tumor cell doand
increased the life span of DLA tumor bearing mfopwed by hematological and serum biochemicalffifgs were
significantly restored to normal levels in compouiacand 5-Fluorouracil (p < 0.01) treated groups aswpared to
DLA control mice

Keywords: Isothiocyanatobenzene, chloroacetic acid, 1,3-ttidin-4-one, anticancer activity.

INTRODUCTION

Cancer is believed to result from unlimited growfta given cell, due to inability of cells to underdifferentiation
and/ or apoptosis [1]. Two major concerns with ently available anticancer drugs are their inapilib
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discriminate between normal and tumor cells andc@ampleasant drug toxicities and development sistance
due to expression of drug transporters. Hence etiag of proliferative pathways resulting in celeadh via
apoptosis or prevention of cell division via cejicle arrest, are considered effective strategiedi¢iiting this
disease. Hence the discovery and development otinenapeutic agents without side effects is thalrdehe hour.
Therefore, a more reasonable approach would bgntbesize novel compounds which are effective agaancer
while at the same time exhibiting minimal toxicitynormal cellular functions.

1,3-thiazolidin-4-one derivatives have been foumaxhibit diverse biological activities such aslgeaic [2], anti-
inflammatory [3], antiangiogenic [4], anti-HIV [5]in vitro anti-Toxoplasma gondii[6], antimicrobial [6],
antimycobacterial [7], antimalarial [8], trypanoald9], antischistosomal [10], anticonvulsant [1ahtihistaminic
[12], antidiabetic [13], antiarrhythmic [14] andténypertensive properties [15].

To search for more specific and novel 1,3-thiazoldtone analogues with a wide therapeutic windaw the
cytoselective anticancer activity, we synthesizeohes novel 2-[(substitutedphenyl/heteroaryl)imineptdenyl-1,3-
thiazolidin-4-ones and evaluated them for theivitro andin vivo antitumor activity against Dalton’s lymphoma
ascites (DLA) cells by trypan blue exclusion method

MATERIALS AND METHODS

Experimental

3,4-dimethylaniline, pyrimidin-2-amine, 1,3-thiazZdlamine, pyridin-3-amine, 4-methylpyridin-2-amineé,5-
dimethylaniline, 2,6-dimethylaniline, isothiocyanbenzene, doxorubicin hydrochloride and chloroacatid were
commercially obtained from Aldrich (Milwaukee, WITriethylamine, anhydrous sodium acetate, diethiker
hexane, chloroform, ethylacetate, sodium hydroxédeljum chloride, sodium bicarbonate, dimethyl kokde and
silica gel-G were purchased from Merck, Mumbai, i&nd4-aminoantipyrine, potassium ferricyanide, 2,4-
dinitrophenylhydrazine and 5-fluorouracil were abtal from Himedia Laboratories Pvt. Limited, Mumbkrdia.
Melting points were determined in open capillafyds using Veego melting point apparatus (Model: VIV and
are uncorrected. The purity of the compounds walad by thin layer chromatography (TLC) on silgsl-G
plates of 0.5 mm thickness using Hexane: Ethylaed®5:0.5 v/v) and Benzene: Chloroform (1:1 \d8)a solvent
system and the spots being visualized under iogagours. Concentration of the solution after thactien
completion involved the use of a rotary evaporéEyela, Japan) operating under reduced pressuraréd (IR)
spectra were recorded on a Jasco FTIR-4100 spéactapeter (Jasco Ltd, Tokyo, Japan) using KBr pelisc
technique in the range of 4000-400tmH NMR spectra were recorded on a Bruker DPX 30@(@jing at 300
MHz) and Bruker DPX 600 (operating at 600 MHz) NMpectrometer using CDEChs solvent and TMS as internal
standard (chemical shifts & ppm). Spin multiplets are given as s (singlet)sh(broad singlet), d (doublet), t
(triplet), q (quartet) and m (multiplet). Mass sppadMS) were recorded on a Q-TOF micromass spegter by
using electronspray ionization (ESI) technique. Elemental analyses (C, H, N) were performed usirRerkin-
Elmer 2400 CHN analyzer. Analyses indicated bysymbols of the element were within £0.4% of theotletical
values. 1,3-thiazolidin-4-one derivativetafg) were synthesized as per the reactions outlingbderScheme 1. The
respective physico-chemical characteristics oftalsynthesized compounds have been presentedia Ta

Synthesis of 1-(substitutedphenyl)-3-phenylthioured-phenyl-3-(heteroaryl)thiourea(3a-g)

A mixture of different aromatic/heteroaromatic aggnlla-g) (3,4-dimethylaniline 1a), pyrimidin-2-amine 1b),
1,3-thiazol-2-amine 1c), pyridin-3-amine 1d), 4-methylpyridin-2-amine 1), 3,5-dimethylaniline Xf) and 2,6-
dimethylaniline {g)) (0.01 mol) and isothiocyanatobenze@g (0.01 mol) dissolved in absolute ethanol (20 ml) in
presence of catalytic amount of triethylamine (thf was refluxed for 6-8 h. The progress of thectea was
monitored by TLC using Hexane: Ethylacetate (4%Mv) as eluents. After the completion of the teeg the
reaction mixture was concentrated under rotary waglcooled and kept overnight in the refrigeraldre solid thus
separated out was filtered, washed with diethykie(Bx5 ml), dried and crystallized from chloroforAdopting the
above procedure seven different thioure@esd was synthesized. Percentage yield, melting poidtRihvalue of
the synthesized compounsiafg) were determined and presented in Table 1.

Synthesis of 2-[(substitutedphenyl/heteroaryl)iminy 3-phenyl-1,3-thiazolidin-4-ones (4a-g)

A mixture of 1-(substitutedphenyl)-3-phenylthiouteghenyl-3-(heteroaryl)thioure8€-g) (0.01 mol), chloroacetic
acid (0.01 mol) and anhydrous sodium acetate (6l in absolute ethanol (30 ml) was refluxed fet@h. The
progress of the reaction was monitored by TLC usBenzene: Chloroform (1:1 v/v) as eluents. Aftee th
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completion of TLC, absolute ethanol was removedenmdduced pressure. The final residue obtainedpsasad
into crushed ice and the separated solid was ditewashed with cold water, dried and crystalliZezm
chloroform. Adopting the above procedure severediffit 1,3-thiazolidin-4-one analoguda{g was synthesized.
Percentage yield, melting point and Rf value ofgimethesized compoundd-g were determined and presented in
Table 1.

Scheme 1: Synthetic route for the preparation of neel 2-[(substitutedphenyl/heteroaryl)imino]-3-pheny-1,3-thiazolidin-4-ones (4a-g)

R-NH,  + ©/ X . S)/—NH

(la-g) (2)

(3a-g)

CICH,COOH
CH;COONa / EtOH

S
R"N;A_\A\O + HCl + HO0

N

(4a-g)

Compound f

In vitro Evaluation of Antitumor Activity

Cell lines

Dalton’s lymphoma ascites (DLA) cells were maingnin vivo in Swiss albino mice by intraperitoneal
transplantation (0.2 ml of 1 x i@ells/ml). DLA cells (9 days old) were aspiratedrfi the peritoneal cavity in
mice, washed with saline and given intraperitoryealdevelop ascites tumor.

All the synthesized 1,3-thiazolidin-4-one analog(#s-g) were studied for short terim vitro cytotoxicity using
Dalton’s lymphoma ascites (DLA) cells. The DLA celvere maintained in Swiss albino mice by intrapegal
transplantation of 1xf0cells/mice. The tumor (DLA) cells were aspiratedni the peritoneal cavity of tumor
bearing mice were washed thrice with normal sa{lh@% NaCl w/v) and checked for viability usinggan blue
dye exclusion method [16].

The DLA suspension (1xf@ells in 0.1 ml) was added to tubes containingffer@nt concentrations (10, 20, 50,
100 and 200 mcg/ml) of the test compounds and ttheme was made up to 1 ml using phosphate buffeaéide
(PBS). Control tube contained only cell suspensizoxorubicin hydrochloride was used as standar@és&€hassay
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mixtures were incubated for 3 h at 37° C and peeggnof dead cells were evaluated by Trypan blwtusion
method. The antitumor screening results were pteden Table 2 and Figure 1.

Acute toxicity study of the synthesized compounds

Animals

Swiss albino mice of 8-10 weeks old (20 + 5 g bedight) of either sex were acclimatized to the talbary

conditions for 2 weeks before performing the experits. The animals were housed in sterile polydesgycages
and maintained under controlled room temperatuBe{2° C) and relative humidity (55 + 5%) with 12:f light

and dark cycle. All the animals were provided wittmmercially available standard mice food pellétsfustan

Lever Ltd., Bangalore, India) and watat libitum. The guidelines of the Committee for the Purpds€antrol and

Supervision on Experiments on Animals (CPCSEA, Rég. 367) were followed and the study was apprdwved
the University Animal Ethics Committee of Jadavjniversity, Kolkata, India.

Acute toxicity study

The LDsg value of synthesized 1,3-thiazolidin-4-one anabsycompound4a, compound4b, compound4c
compound4dd and compoundg) in Swiss albino mice was determined [17] andasviound to be 500 mg/kg body
weight/i.p. The biological evaluation was carrieat @t 1/18' of maximum tolerated dose, i.e., 50 mg/kg body
weight/i.p.

In-vivo Pharmacological Screening

Based upon th@n-vitro cytotoxicity assay result®-vivo pharmacological screening of few selected compsund
(compound4a, compoundib, compoundic, compoundtd and compoundg) were further selected for screening
vivo anticancer activity against Dalton’s lymphoma tsci(DLA) cancer cell line at the dose of 50 mghayly
weight/i.p. in comparison with 5-fluorouracil (20ghkg body weight/i.p.) by determining different pareters like
body weight analysis, packed cell volume, viablendu cell count, increase in life span (%), followeg
hematological profiles [red blood cell (RBC), whitéood cell (WBC), hemoglobin (Hb) and platelet nguand
serum biochemical parameters [aspartate aminotasd (AST), alanine aminotransferase (ALT), afieli
phosphatase (ALP), total cholesterol (TC) andydgtides (TG)] of DLA bearing mice (Table 3-Tablaid Figure
2-Figure 4).

Anticancer Activity

Animals

Swiss albino mice of 8-10 weeks old (20 + 5 g bedight) of either sex were acclimatized to the talary

conditions for 2 weeks before performing the experits. The animals were housed in sterile polydesgycages
and maintained under controlled room temperatuBe{2° C) and relative humidity (55 + 5%) with 12:f light

and dark cycle. All the animals were provided wittmmercially available standard mice food pellétsfustan

Lever Ltd., Bangalore, India) and watat libitum. The guidelines of the Committee for the Purpds€antrol and

Supervision on Experiments on Animals (CPCSEA, Rég. 367) were followed and the study was apprdyed
the University Animal Ethics Committee of Jadavjniversity, Kolkata, India.

Preparation of test solution of compounds

Synthesized 1,3-thiazolidin-4-one analogues (comgodia, compound4b, compound4c, compound4d and
compound4g) were weighed and dissolved in 0.1% v/iv DMSO tdawob the required concentrations and
administered intraperitoneally on day 1 to day 1@umor inoculation in the volume of 0.1 ml/10 gami All the
compounds were tested at the dose of 50 mg/kg wedyht/i.p. The dose of 5-Fluorouracil (5-FU) seééetwas 20
mg/kg body weight/i.p [18].

Transplantation of tumor and treatment schedule

Antitumor activities of synthesized 1,3-thiazoliglrone analogues (compoudd, compounddb, compound4c,

compound4d and compoundlg) were determined by using Dalton’s lymphoma asc{feLA) tumor model in
mice. Swiss albino mice were divided into eightug® (n = 12). The Dalton’s lymphoma ascites (DLA&gbng
mice (donor) were used for the study, 15 days afteror transplantation [19]. Tumor viability wastelenined by
trypan blue exclusion test and cells were counsedgihaemocytometer. Cell viability was always fdua be 95%
or more. The ascitic fluid was suitably dilutedriarmal saline to get a concentration of t8lls/ml of tumor cell
suspension [19].
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All the animals were injected with DLA cells (0.2l wf 1x1& cells/mouse) intraperitoneally except the normal
group, for the development of ascites tumor [2@]e Thice were weighed on the day of tumor inocutaind then
once in two days thereafter. In this instance, tug®ls multiplied relatively freely within the peoneal cavity.
Ascites were developed in the cavity. A day of ipation was allowed to establish the disease irbtity before
starting the administration of the drug. Group rived as normal and group Il served as the tumorAjDdontrol.
These two groups received 0.2 ml of 0.1% v/v DMRQ][ Group Il served as a positive control and wasted
with 5-fluorouracil (20 mg/kg body weight/i.p.) [IL8Group IV to Group VIII were treated with synthieed 1,3-
thiazolidin-4-one analogues (compoufd compounddb, compound4c, compounddd and compoundlg) at 50
mg/kg body weight/i.p., respectively. All theseatmments were given 24 h after the tumor inoculat@rce daily
for 10 days [22]. After the last dose and 24 hifgstsix mice from each group were sacrificed toe study of
antitumor, hematological and biochemical paramefEing rest of the animals were kept to check trerame life
span and change in the body weight.

Tumor growth response

The anticancer effect of 1,3-thiazolidin-4-one agales (compounda, compoundib, compounddc, compoundid
and compoundlg) was assessed by the determination of body wejgimt (g), packed cell volume (%), viable cell
count and increase in life span (%).

Determination of packed cell volume

The mice were dissected and the ascitic fluid vedlected from the peritoneal cavity. The volume wasasured by
using graduated centrifuge tube, and packed célinve was determined by centrifuging at 1000 rpmSanin.
From the packed cell volume (PCV), the percentddamor inhibition was calculated [23].

Estimation of viable and non-viable tumor cell couh

The ascitic fluid was taken in a white blood c8EC) pipette and diluted 100 times. Then a drophef diluted
suspension was placed on the Neubauer countinglmraamd the cells were then stained with trypar §u4%
w/v) dye. The cells that did not take up the dyeemédable (non stained) and those took the stairewen-viable.
Those viable and non-viable cells were counted.

(numbercetls x dilution factor)

Cell count =
(areahickness of liquid film)

Determination of mean survival time and percentagéncrease in life span

The effect of compounds (compoudd, compound4b, compound4dc, compounddd and compoundig) on tumor
growth was monitored by recording the mortalitylgléor a period of 6 weeks and percentage incréadiée span
(% ILS) was calculated. Median survival time (MS®) each group was noted and anticancer activitiheftest
compounds was compared with that of control gropmieasuring increase in life span [24]. Total numifedays
an animal survived from the day of tumor inoculatiwas counted; subsequently the mean survival tirae
calculated. The percentage increase in life spahv2s calculated by using the formula:

Mean survival time* = [(day of first death + daylakt death)/2]

*Time denoted by number of days.
Increase in life span (%) = [(MST of treated groM&T of control group)-1] x 100
Increase in life span of 25% or more over thatarftml was considered an effective antitumor respd26].

Body weight

Body weights of the experimental mice were recordetth in the treated and control group at the b@gin of the
experiment (day 0) and sequentially on evéfyd2y during the treatment period. An average péaggnincrease in
body weight as compared to day zero was determined.

Hematological parameters

At the end of the experimental period, the next dégr an overnight fasting blood was collectednfréreely
flowing tail vein and used for the estimation oftfaglobin (Hb) content [25], red blood cell (RBC)utut [25, 27],
white blood cell (WBC) count [2&nd platelet count by standard procedures.
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Serum biochemical parameters

The blood for serum biochemistry was allowed td eloroom temperature and was centrifuged at 3pa0for 10
min for serum separation [29]. The serum thus okthiwere used for the estimation of serum biochamic
parameters included aspartate aminotransferase )(4A8d], alanine aminotransferase (ALT) [30], alkeli
phosphatase (ALP) [31], total cholesterol (TC) [aRY triglycerides (TG) [33] by standard colorineaissays.

Aspartate aminotransferase (AST) and alanine amineansferase (ALT)
Aminotransferases (AST and ALT) were determinedediag to the method of Reitman and Frankel (193@).

Serum alkaline phosphatase (ALP)
Serum alkaline phosphatase activity was assayethdynethod of Kind and King (1954) [26] as desality
Wright et al. (1972) [31].

Total Cholesterol and Triglycerides
Total Cholesterol and Triglycerides in serum westneated according to the method of Wybenga €t18i70) [32]
and Mendez et al. (1975) [33], respectively.

Statistical analysis

All values were expressed as mean + standard efttbe mean (SEM). Results were analyzed statlstibg using
one way-analysis of variance (ANOVA) followed bywmaan-Keuls multiple range test. Valuesk®k 0.05 andP
< 0.01 were considered significant.

RESULTS AND DISCUSSION

Chemistry

In the present study, a series of novel 2-[(sultstitphenyl/heteroaryl)imino]-3-phenyl-1,3-thiazahidl-ones 4a-

g) were synthesized according to scheme 1. Aronmatiefoaromatic aminesld-g on condensation with
isothiocyanatobenzene)(in presence of catalytic amount of triethylamineabsolute ethanol resulted in the
formation of 1-(substitutedphenyl)-3-phenylthioufephenyl-3-(heteroaryl)thiourea3d-g with 54.7 - 74.5%
yields (scheme 1). The physical data of the syftbdscompounds3@a-g) and @a-g) are presented in Table 1. The
purity of the compounds was checked by thin layepmatography (TLC) showed disappearance of reasfzot
on silica gel-G plates of 0.5 mm thickness usingaie: Ethylacetate (4.5:0.5 v/v) and Benzene: ©fidkom (1:1
vlv) as a solvent system and the spots being vimdalunder iodine vapours. The structure of thettmgized
compounds3a-g was confirmed on the basis of elemental analysisiR and*H NMR spectral data (Results and
discussion part). The FT-IR spectra of the synt#teesicompounds3@-g) showed absorbtion bands ranging from
3337.21 - 3208.97 cifor N-H, secondary amine and 1256.4 - 1018.23 &wn C=S stretch, 3141.47 - 3023.84 cm
! for aromatic C-H and 1667.16 - 1405.85tfor C=N & C=C ring stretch of phenyl ring. The Bpectra of
compound 8a-g) displayed bands at about 1352.82 - 1322.93 and 742.46 - 603.61 chmssociated with C-N
stretch, secondary aromatic amine and C-S fungtitm the IR spectra of compoun8afg), some significant
stretching bands due to methyl C-H asymmetric aethyh C-H symmetric, were observed at 2965.02 -7281
cm® and 2882.09 - 2858.95 cmrespectively. In théH NMR spectra of compound4), aromatic (5H) protons
appeared as a multiplet (5H) &t7.090 - 7.183 ppm, NH proton appeared as a broeaes (2H) ats 7.8 ppm,
aromatic (3H) protons appeared as a multiplet @3)7.386 - 7.399 ppm and methyl protons appearedsasgéet
(6H) atd 2.249 ppm, which proved the formation of 1-(substidphenyl)-3-phenylthiourea.

Compounds3a-g), which on cyclisation with chloroacetic acid insalute ethanol in presence of anhydrous sodium
acetate offered the corresponding 2-[(substitutedpltheteroaryl)imino]-3-phenyl-1,3-thiazolidin-f&te @a-g in
65.8 - 78.3% vyields (scheme 1). The structure efsynthesized compounda-g was established on the basis of
elemental analysis, FT-IR afd NMR and mass spectral data (Results and disaugsid).

The FT-IR spectrum of compoundia-g) showed strong absorbtion band at 1725.98" dor C=0O of 1,3-
thiazolidin-4-one, while the band at 2936.09 - 2938cni', 2866.67 - 2804.96 ch 1374.03 - 1329.68 cih
754.031 - 601.682 chmand 3116.4 - 3013.23 ¢ respectively confirms the presence of methylenél C
asymmetric, methylene C-H symmetric, C-N stretcleofiary aromatic amine, C-S and aromatic C-HtskreThis
is considered to be a strong confirmation for th&-thiazolidin-4-one nucleus formation. The IR dpam of
compound 4a-g) displayed bands at about 2981.41'c2866.67 critand 1672.95 - 1407.78 chassociated with

355
Scholar Research Library



G. Nagalakshmiet al Der Pharmacia Lettre, 2013, 5 (3):350-366

methyl C-H asymmetric, methyl C-H symmetric, C=Nl@@=C of aromatic ring functions. In th#&i NMR spectra
of compound 4a), aromatic (5H) protons appeared as a multiplef) @t 7.238 - 7.544 ppm, methyl (6H) protons
appeared as a singlet (6H) at 2.279 ppm, aromalti protons appeared as a multiplet (3H) at 6.83072 ppm
and methylene (2H) protons of 1,3-thiazolidin-4-diyeH appeared as a singlet (2H) at 3.924 ppm, whiciegad
the closure of 1,3-thiazolidin-4-one ring. The feswf elemental analyses were within £0.4% of theoretical
values.The physico-chemical data of the synthesized camg® Ba-g) and @a-g) were presented in Table 1.

Table 1: Physical data of 1-(substitutedphenyl)-34penylthiourea/1-phenyl-3-(heteroaryl)thiourea (3a-§ and 2-
(substitutedphenyl/heteroaryl)imino]-3-phenyl-1,3-hiazolidin-4-ones (4a-g)

Compound Mol. Formula/ Yield (%) M.p. (C) *Rf
Mol. Weight
3a CisH1N2S/256.37  71.8 (1.84g) 142.6-144.4 0.43
3b CuH1N,S/230.29 54.7(1.26¢g) 188-190 0.74
3c C10HoN3S,/235.33  68.4 (1.61g) 134-136 0.71
3d CiH1N;S/229.3  59.3(1.36g) 155-157  0.69
3e CiH1N;S/243.33 64.9(1.58g) 160-161 0.57
3f CisH16N2S/256.37  69.8 (1.79¢g) 173-175 0.51
3g CisH1eN;S/256.37  74.5(1.91g) 203-205 0.46
4a CiH1N,0S/296.39 64.1 (1.90 g) 188.2-190.4 0.77
4b C13H10N,0S/270.31 50.3 (1.36 g) 232.4-234.2 0.55
4c C1HoN:0S/275.35 61.4 (1.69g) 182.2-184.4 0.52
4d C1H1N:0S/269.32 52.9 (1.43g) 193.5-194.2 0.48
4e Ci15H1aN30S/283.35 58.6 (1.66 g) 207.2-208.9 0.73
4f Ci7H16N20S/296.39 56.7 (1.68 g) 218.4-219.9 0.84
49 C17H16N20S/296.39  65.5 (1.94 g) 249.5-250.8 0.80

*Hexane: Ethylacetate (4.5: 0.5 v/v) for compouBatd) and Benzene: Chloroform (1:1 v/v) for compoudetd)

1-(3,4-dimethylphenyl)-3-phenylthiourea (3a)

IR (KBr, cm™): 3141.47, 3061.44 (aromatic C-H), 1613.16, 15861532.17, 1504.2, 1448.28, 1407.78 (C=C
aromatic ring), 3252.36 (N-H, secondary amine),8L32 (C-N, secondary aromatic amine), 2917.77 (gheZhH,
vas CH), 1256.4, 1018.23 (C=S), 875.524, 815.742, 718.88B8.538 (out-of-plane ring C-H bend), 1532.17HN-
bending, secondary aromatic aming); NMR (CDCk, & ppm): 7.090-7.183 (m, 5H, Ar-H), 7.386-7.399 (rh,3
Ar-H), 7.8 (br s, 2H, NH), 2.249 (s, 6H, 2gHAnal. calcd. for gHgN,S: C, 70.27; H, 6.29; N, 10.93. Found: C,
70.31; H, 6.33; N, 10.90.

1-phenyl-3-pyrimidin-2-ylthiourea (3b)

IR (KBr, cm'): 3117.37, 3045.05 (aromatic C-H), 1667.16, 15951%546.63, 1490.7, 1407.78 (C=N, C=C aromatic
ring), 3216.68 (N-H, secondary amine), 1330.64 (CsWcondary aromatic amine), 1200.47, 1095.37, .6@34
(C=S), 958.448, 903.487, 838.883, 741.496, 693.@a84-of-plane ring C-H bend), 1546.63 (N-H bending,
secondary aromatic aminéld NMR (CDCk, & ppm): 7.168-7.683 (m, 8H, Ar-H, PymH), 8.683 (br2si, NH).
Anal. calcd. for GHoN,S: C, 57.37; H, 4.38; N, 24.33. Found: C, 57.424H4; N, 24.35.
1-phenyl-3-(1,3-thiazol-2-yl)thiourea (3c)

IR (KBr, cm'): 3117.37, 3044.09 (aromatic C-H), 1595.81, 153616191.67, 1407.78 (C=N, C=C aromatic ring),
3215.72 (N-H, secondary amine), 1330.64 (C-N, sdapnaromatic amine), 1199.51, 1094.4, 1034.62 JC=S
742.46, 693.284, 603.61 (C-S), 1546.63 (N-H bendserondary aromatic aminéld NMR (CDCk, & ppm):
7.092-7.190 (m, 5H, Ar-H), 7.390-7.404 (d, 2H, #uke-H), 7.701 (br s, 2H, NH). Anal. calcd. fof8gNsS,: C,
57.04; H, 3.85; N, 17.86. Found: C, 57.12; H, 319]117.88.

1-phenyl-3-pyridin-3-ylthiourea (3d)

IR (KBr, cm™): 3136.65, 3091.33, 3039.26 (aromatic C-H), 16341564.95, 1530.24, 1489.74, 1405.85 (C=N,
C=C aromatic ring), 3221.5 (N-H, secondary amid8€p2.82, 1322.93, 1270.86 (C-N, secondary aronzetiine),
1180.22, 1115.62, 1030.77 (C=S), 942.056, 899.63,9%%3, 807.063, 751.138, 689.427 (out-of-plang @H
bend), 1530.24 (N-H bending, secondary aromatimajntH NMR (CDCl, 5 ppm): 6.840-6.848 (d, 1H, Ar-H),
7.239-7.271 (m, 4H, Ar-H), 7.394-7.434 (m, 2H, PyH)%79-7.706 (m, 1H, PyH), 8.084-8.093 (d, 1H, PyHA.318
(br s, 1H, NH), 13.738 (br s, 1H, NH). Anal. calédr C;,H;;NsS: C, 62.86; H, 4.84; N, 18.33. Found: C, 62.92; H,
4.88; N, 18.35.
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1-(4-methylpyridin-2-yl)-3-phenylthiourea (3e)

IR (KBr, cm™): 3136.65, 3091.33, 3039.26 (aromatic C-H), 1634.1530.24, 1488.78, 1405.85 (C=N, C=C
aromatic ring), 3220.54 (N-H, secondary amine), 2188, 1322.93 (C-N, secondary aromatic amine), 880
(methyl C-H,yas CH), 2882.09 (methyl C-Hys CH), 1179.26, 1115.62, 1030.77 (C=S), 942.056, 863.95
807.063, 751.138, 689.427 (out-of-plane ring C-kid)e 1530.24 (N-H bending, secondary aromatic ajnifté
NMR (CDCl, & ppm): 6.837-6.845 (d, 1H, Ar-H), 7.240-7.275 (ni, ZAr-H), 7.395-7.434 (m, 2H, Ar-H, PyH),
7.691-7.705 (m, 2H, PyH), 8.082-8.091 (d, 1H, Py8i%21 (s, 1H, NH), 13.733 (s, 1H, NH), 2.358 (4, &H; at
C4-Py). Anal. calcd. for GH13NsS: C, 64.17; H, 5.39; N, 17.27. Found: C, 64.255H5; N, 17.29.

1-(3,5-dimethylphenyl)-3-phenylthiourea (3f)

IR (KBr, cm'): 3023.84 (aromatic C-H), 1592.91, 1539.88, 14491408.75 (C=C aromatic ring), 3208.97 (N-H,
secondary amine), 1336.43 (C-N, secondary aronaaiice), 2965.02, 2928.38, (methyl C4s CH), 2867.63
(methyl C-H,ys CH), 1193.72, 1130.08, 1047.16 (C=S), 929.521, 83%99.066, 689.427 (out-of-plane ring C-H
bend), 1539.88 (N-H bending, secondary aromatimajntH NMR (CDCk, & ppm): 7.102-7.261 (m, 5H, Ar-H),
7.396-7.423 (m, 3H, Ar-H), 8.559 (br s, 2H, NH)324 (s, 6H, 2Ck). Anal. calcd. for GHgN,S: C, 70.27; H,
6.29; N, 10.93. Found: C, 70.36; H, 6.38; N, 10.92.

1-(2,6-dimethylphenyl)-3-phenylthiourea (3g)

IR (KBr, cm'): 3140.51 (aromatic C-H), 1588.09, 1530.24, 149GZC aromatic ring), 3337.21 (N-H, secondary
amine), 1343.18 (C-N, secondary aromatic amineg028 (methyl C-Hyas CH), 2858.95 (methyl C-Hys CHy),
1246.75, 1205.29, 1029.8 (C=S), 931.45, 846.59B.186, 748.245, 699.069 (out-of-plane ring C-H Bend
1530.24 (N-H bending, secondary aromatic amifid)NMR (CDCk, & ppm): 6.830-6.838 (d, 1H, Ar-H), 7.242-
7.266 (m, 2H, Ar-H), 7.399-7.425 (m, 2H, Ar-H), 7667.689 (d, 2H, Ar-H), 8.076-8.085 (d, 1H, Ar-i)660 (br

s, 2H, NH), 2.350 (s, 6H, 2GH Anal. calcd. for GH¢N,S: C, 70.27; H, 6.29; N, 10.93. Found: C, 70.336135;

N, 10.95.

(22)-2-[(3,4-dimethylphenyl)imino]-3-phenyl-1,3-thazolidin-4-one (4a)

IR (KBr, cmi'): 3116.4, 3043.12 (aromatic C-H), 1671.98, 15951815.67, 1491.67, 1442.49, 1407.78 (C=N, C=C
aromatic ring), 1725.98 (C=0, 1,3-thiazolidin-4-pn2981.41 (methyl C-Hyas CH), 2866.67 (methyl C-Hys
CH,), 2928.38 (methylene C-Has CH), 2804.96 (methylene C-H;s CH,), 1373.07, 1329.68 (C-N, tertiary
aromatic amine), 740.531, 690.391, 629.644, 601(683);'H NMR (CDCkL, & ppm): 6.830-6.863 (m, 2H, Ar-H),
7.088-7.172 (m, 1H, Ar-H), 7.238-7.544 (m, 5H, A);l2.279 (s, 6H, 2Ck), 3.924 (s, 2H, 1,3-thiazolidin-4-ong-C
H). ESI-MS: m/z 297 [M + 1] Anal. calcd. for GHgN,OS: C, 68.89; H, 5.44; N, 9.45. Found: C, 68.935H48;

N, 9.48.

(22)-3-phenyl-2-(pyrimidin-2-ylimino)-1,3-thiazolidin-4-one (4b)

IR (KBr, cm™): 2932.23 (methylene C-Has CH), 2866.67 (methylene C-Hs CH,), 3116.4, 3043.12 (aromatic
C-H), 1671.98, 1595.81, 1545.67, 1490.7, 1441.58)7/8 (C=N, C=C aromatic ring), 1725.98 (C=0, 1,3-
thiazolidin-4-one), 1373.07, 1329.68 (C-N, tertiarpmatic amine), 740.531, 689.427, 629.644, 6@L(68S);'H
NMR (CDCl, 8 ppm): 6.997-7.258 (m, 3H, PymH), 7.311-7.679 (M, Br-H), 4.628 (s, 2H, 1,3-thiazolidin-4-one
Cs-H). ESI-MS: m/z 271 [M + 1] Anal. calcd. for @H1oN,OS: C, 57.76; H, 3.73; N, 20.73. Found: C, 57.82; H
3.79; N, 20.71.

(22)-3-phenyl-2-(1,3-thiazol-2-ylimino)-1,3-thiazadin-4-one (4c)

IR (KBr, cm): 3098.08 (aromatic C-H), 1633.41, 1568.81, 158012160.81, 1400.07 (C=N, C=C aromatic ring),
1725.98 (C=0, 1,3-thiazolidin-4-one), 2918.73 (my&the C-H,yas CH), 2820.38 (methylene C-His CH,),
1364.39 (C-N, tertiary aromatic amine), 754.0316.697, 625.788 (C-S}H NMR (CDClL, & ppm): 7.325-7.551
(m, 5H, Ar-H), 7.690-7.704 (d, 2H, thiazole-H), B9(s, 2H, 1,3-thiazolidin-4-ones&). ESI-MS: m/z 276 [M +
1]*. Anal. calcd. for GHgN;OS,: C, 52.34; H, 3.29; N, 15.26. Found: C, 52.423187; N, 15.28.

(2E)-3-phenyl-2-(pyridin-3-ylimino)-1,3-thiazolidin-4-one (4d)

IR (KBr, cni'): 3098.08, 3050.83, 3013.23 (aromatic C-H), 163;11668.81, 1531.2, 1460.81, 1400.07 (C=N, C=C
aromatic ring), 1725.98 (C=0, 1,3-thiazolidin-4-pnE364.39 (C-N, tertiary aromatic amine), 291%éthylene C-

H, yas CH), 2858.95 (methylene C-Hs CH,), 754.031, 696.177, 625.788 (C-&t NMR (CDCk, § ppm): 6.843-
6.850 (d, 1H, Ar-H), 7.239-7.274 (m, 4H, Ar-H), 987.435 (m, 2H, PyH), 7.679-7.715 (m, 1H, PyHD8%-8.095
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(d, 1H, PyH), 4.120 (s, 2H, 1,3-thiazolidin-4-ongH). Anal. calcd. for GH;;N3OS: C, 62.43; H, 4.12; N, 15.60.
Found: C, 62.48; H, 4.18; N, 15.62.

(2E)-2-[(4-methylpyridin-2-yl)imino]-3-phenyl-1,3-thiazolidin-4-one (4€e)

IR (KBr, cm™): 3116.4, 3044.09 (aromatic C-H), 1671.98, 15951%16.63, 1490.7, 1441.53, 1407.78 (C=N, C=C
aromatic ring), 1725.98 (C=0, 1,3-thiazolidin-4-pn2981.41 (methyl C-Hyas CH), 2866.67 (methyl C-Hys
CHs), 2932.23 (methylene C-Has CH), 2812.67 (methylene C-H;s CH,), 1374.03, 1329.68 (C-N, tertiary
aromatic amine), 740.531, 690.391, 629.644, 602(648);'H NMR (CDCk, & ppm): 6.838-6.847 (d, 1H, Ar-H),
7.240-7.275 (m, 2H, Ar-H), 7.395-7.434 (m, 2H, A);H.692-7.705 (m, 2H, PyH), 8.083-8.092 (d, 1HHR.360

(s, 3H, CH at C-Py), 4.098 (s, 2H, 1,3-thiazolidin-4-one-8). ESI-MS: m/z 284 [M + 1] Anal. calcd. for
CysH13N30S: C, 63.58; H, 4.62; N, 14.83. Found: C, 63.624186; N, 14.85.

(2E)-2-[(3,5-dimethylphenyl)imino]-3-phenyl-1,3-thazolidin-4-one (4f)

IR (KBr, cni'): 3116.4, 3043.12 (aromatic C-H), 1671.98, 15951%15.67, 1491.67, 1442.49, 1407.78 (C=N, C=C
aromatic ring), 1725.98 (C=0, 1,3-thiazolidin-4-pn2981.41 (methyl C-Hyas CH), 2866.67 (methyl C-Hys
CHs), 2936.09 (methylene C-Has CH), 2812.67 (methylene C-H;s CH), 1373.07, 1329.68 (C-N, tertiary
aromatic amine), 741.496, 690.391, 629.644, 602(648);'H NMR (CDCk, & ppm): 7.109-7.261 (m, 5H, Ar-H),
7.396-7.432 (m, 3H, Ar-H), 2.340 (s, 6H, 2gH3.998 (s, 2H, 1,3-thiazolidin-4-ones-&). Anal. calcd. for
C,7H16N,0S: C, 68.89; H, 5.44; N, 9.45. Found: C, 68.985153; N, 9.43.

(22)-2-[(2,6-dimethylphenyl)imino]-3-phenyl-1,3-thazolidin-4-one (49)

IR (KBr, cm™): 3116.4, 3044.09 (aromatic C-H), 1672.95, 15951815.67, 1490.7, 1407.78 (C=N, C=C aromatic
ring), 1725.98 (C=0, 1,3-thiazolidin-4-one), 298l.4nethyl C-H,yas CH), 2866.67 (methyl C-Hys CH),
2932.23 (methylene C-Has CH), 2812.67 (methylene C-Hs CH,), 1374.03, 1329.68 (C-N, tertiary aromatic
amine), 741.496, 690.391, 602.646 (C-$);NMR (CDCk, & ppm): 6.832-6.839 (d, 1H, Ar-H), 7.242-7.266 (m,
2H, Ar-H), 7.399-7.425 (m, 2H, Ar-H), 7.676-7.689 @H, Ar-H), 8.088-8.092 (d, 1H, Ar-H), 2.361 G, 2CH),
4.186 (s, 2H, 1,3-thiazolidin-4-ones-€l). ESI-MS: m/z 297 [M + 1] Anal. Calcd. for ¢H;¢N,OS: C, 68.89; H,
5.44; N, 9.45. Found: C, 68.95; H, 5.50; N, 9.47.

Antitumor Activity

Chemotherapy is the primary therapeutic modalityreétment for the both localized and metastaticess. The
newly synthesized 1,3-thiazolidin-4-one analogués-d at different concentration (10, 20, 50, 100 ar@ 2
mcg/ml) were evaluated fam vitro cytotoxicity against DLA cancer cells by trypamuelexclusion method. The
vitro screening results are summarized in Table 2 agar&il.

Table 2: In vitro cytotoxicity of some novel 2-[(substitutedphenyligteroaryl)imino]-3-phenyl-1,3-thiazolidin-4-ones (4-g) against
Dalton’s lymphoma ascites (DLA) cells

Percentage cell death, concentration ipg/ml

Compound 10 20 50 100 200
4a 38 57 82 100 100
4b 20 27 64 80 100
4c 73 80 90 95 100
4ad 40 43 65 73 88
4e 05 14 19 24 53
af 04 04 08 15 19
4q 10 16 24 62 83

Doxorubicin 20 55 75 100 100

Control tube contains only 1 dead cell.

Screening results oin vitro antitumor activity (Table 2 and Figure 1) revebhhtt compound @-2-[(3,4-
dimethylphenyl)imino]-3-phenyl-1,3-thiazolidin-4-en @a), (22)-3-phenyl-2-(1,3-thiazol-2-ylimino)-1,3-
thiazolidin-4-one 4c), (22)-3-phenyl-2-(pyrimidin-2-ylimino)-1,3-thiazolidid-one éb), (2E)-3-phenyl-2-(pyridin-
3-ylimino)-1,3-thiazolidin-4-one 4d) and (Z)-2-[(2,6-dimethylphenyl)imino]-3-phenyl-1,3-thiaiin-4-one @g)
inhibited 100%, 95%, 80%, 73% and 62% DLA tumodsek 100 mcg/ml concentration, whereas standaug dr
doxorubicin exhibit 100% DLA inhibition at a condestion of 100 mcg/ml. At 100 mcg/ml concentration,
compoundde and compoundf inhibited 24% and 15% of DLA tumor cells, exhibitedld antitumor activity. 2-
[(substitutedphenyl/heteroaryl)imino]-3-phenyl-1tBazolidin-4-ones 4a-g) exhibited dose-dependent significant
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increase in cytotoxicity when compared to thosedokorubicin as a standard drug. From the aboveystud
compoundda, compounddb, compounddc, compounddd and compoundlg which showed better results (> 60%
inhibition) at lowest concentration were selectedtheirin vivo anticancer activity against DLA cancer cell line b

trypan blue exclusion method.

Figure 1: Antitumor Activity of Synthesized 1,3-thiazolidin-4-one Analogues (4a-g) against Dalton’s Iogphoma Ascites Cells
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In-vivo Pharmacological Screening

Based upon th@n-vitro cytotoxicity assay result®-vivo pharmacological screening of few selected compsund
(compoundda, compoundib, compounddc, compoundid and compoundg) were further selected for screening
Vivo anticancer activity against Dalton’s lymphoma &sci{DLA) cancer cell line at the dose of 50 mgkagly
weight in comparison with 5-fluorouracil (20 mg/kgdy weight) by determining different parameteke Ibody
weight analysis, packed cell volume, viable tumell count and increase in life span (%), followeg b
hematological profiles [red blood cell (RBC), whitéood cell (WBC), hemoglobin (Hb) and platelet nguand
serum biochemical parameters [aspartate aminogasd (AST), alanine aminotransferase (ALT), afieli
phosphatase (ALP), total cholesterol (TC) andydgtides (TG)] of DLA bearing mice.

Anticancer Activity

Antitumor parameters

Antitumor activity of 1,3-thiazolidin-4-one analogg (compoundta, compound4b, compounddc, compounddd

and compoundig) against Dalton’s lymphoma ascites (DLA) bearinigenwas assessed by the parameters such as
body weight gain, viable tumor cell count, packetl eolume and increase in life span (%). The rssate shown

in Table 3 and Figure 2.

The treatment with compourh, compounddb, compounddc, compounddd and compoundg at 50 mg/kg body
weight significantly p < 0.01) increased the average life span of DLAringamice from 46.02% to 88.23, 85.16,
86.31, 84.02 and 81.19%, respectively, when congpasth the DLA control group < 0.001). The standard drug
5-Fluorouracil (20 mg/kg) also significantly € 0.01) increased the life span to 92.13% (Takd@@ Figure 2). The
average weight gain of DLA bearing mice was 7.1M% g, whereas it was reduced to 4.65 + 0.607®, £.0.62 g,
4.66 +0.48 g, 4.75 £ 0.56 g, 4.82 £ 0.70 g and 30.40 g for the groups treated with compodiagdcompound
4b, compounddc, compounddd, compounddg (50 mg/kg) and 5-fluorouracil (20 mg/kg), respeely. Compound
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4a, compounddb, compounddc, compounddd, compound4g and 5-fluorouracil significantlyp(< 0.01) reduced
the body weight gain on day-11 as compared to DbAtml| (Table 3 and Figure 2). The compoutal compound
4b, compound4c, compound4dd and compoundig treated groups exhibited reduction in body weightue to
decreased tumor burden and the compatamaompounddb, compounddc, compounddd and compoundg were

effective in suppressing the proliferation of tuncets.

In Table 3, the packed cell volume (%) of the DL&ntrol group was 31.60 * 3.48. When compared to @bAtrol
group, the packed cell volume was reduced sigmiflgap < 0.01) to 20.54 + 2.88, 21.35 + 2.70, 21.22 152.6
21.75 £ 2.62, 21.88 + 2.58 and 18.32 * 2.40%, retspy, following treatment with compounth, compoundib,
compound4c, compound4d, compound4g and 5-fluorouracil. The viable tumor cell count wisind to be
significantly @ < 0.001) increased in DLA control when comparedhwnormal control. Intraperitoneal
administration of compounda, compounddb, compound4c, compound4d and compoundtg at the dose of (50
mg/kg) significantly p < 0.01) decreased the viable tumor cell count wtmmpared with DLA control (Table 3
and Figure 2). All these results clearly indicampound4a, compound4b, compound4c, compound4d and
compound4g has a remarkable capacity to inhibit the growthsofid tumor induced by DLA cell line in
experimental animals.

In DLA-bearing mice, a regular rapid increase imit®s tumor volume was noted. Ascites fluid is thieect
nutritional source for tumor cells and a rapid ease in ascitic fluid with tumor growth would benaans to meet
the nutritional requirement of tumor cells [34].€Tfeliable criteria for judging the value of anytieancer drug are
prolongation of life span of the animals [35] aretkase of WBC from blood [36]. Treatment with counpd 4a,
compound4b, compound4c, compound4d and compoundig caused significant reduction in increased body
weight, packed cell volume and viable tumor cellmofollowed by significant increase in the lifeasp of
compound treated animals when compared with DLAtrobnindicating the potent anticancer propertiésl (3-
thiazolidin-4-one analogues (compoufal compoundib, compoundic, compoundid and compounddg).

Andreaniet al [37] have suggested that an increase in thesfiten of ascites bearing animals by 25% is congidere
as an indicative of significant drug activity. Ramet al [38]., reportedin vitro antiproliferative activity against
human colon cancer cell lines of 1,3-thiazolidim#e and few 1,3-thiazolidin-4-one possess vitro
antiproliferative activity by acting as inhibitoo$ translation initiation process. Various 1,3-#uldin-4-one [39]
have been reported for antitumor activities [40].

Hematological parameters

As shown in Table 4, hemoglobin content, RBC aradgbét count in the DLA control was significantly< 0.001)
decreased, compared to normal group. Treatment coithpoundda, compounddb, compound4dc, compound4d
and compoundtg (50 mg/kg) significantly < 0.01) increased the hemoglobin content, RBC@atklet count to
near-normal levels. The total WBC count was fouadbé increased significantly in DLA control groughen
compared with nhormal group € 0.001). Administration of compourth, compoundtb, compoundic, compound
4d and compoundlg (50 mg/kg) in DLA-bearing mice significantly (< 0.05) reduced the WBC count when
compared with DLA control (Figure 3).

Usually, in cancer chemotherapy the major problehz are being encountered are of myelosuppressith
anaemia [41, 42]. The anaemia encountered in tubearing mice is mainly due to reduction in RBC or
haemoglobin percentage, and this may occur eithertd iron deficiency or due to hemolytic or myedtygc
conditions [43]. Treatment with compourdd, compound4b, compound4c, compound4d and compoundig
brought back the haemoglobin content, RBC, WBC platelet count more or less to normal levels. Thiicates
that compoundta, compound4b, compound4c, compounddd and compoundlg possess protective action on the
hemopoietic system.

Serum biochemical parameters

Alterations in the activities of biochemical pardaere like aspartate aminotransferase (AST), alanine
aminotransferase (ALT), alkaline phosphatase (At®&tgl cholesterol (TC) and triglycerides (TG) metserum of
DLA-bearing mice is summarized in Table 5 and Fégdir The levels of serum marker enzymes such as ABT,
ALP, TC and TG were found to be significantly € 0.001) increased in DLA control, when compardthwhe
normal group, whereas treatment with compodiadcompoundtb, compounddc, compounddd and compoundg

(50 mg/kg) and 5-fluorouracil (20 mg/kg) decreatwssllevel of AST, ALT, ALP, total cholesterol amibtycerides
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in compound4a, compoundib, compoundic, compounddd and compoundg treated mice when compared to that
of DLA control group p < 0.01) as depicted in Table 5 and Figure 4.

Elevated levels of serum enzymes, ALT and AST iadécative of cellular leakage and loss of functidngegrity of
cell membrane in liver [44]. Alkaline phosphatasgivity on the other hand is related to the fungiiy of
hepatocytes, increase in its ability being duentwéased synthesis in the presence of increasadylpressure [45].
Liver damage induced by tumor cells generally wfledisturbances in liver cell metabolism, whicladeto
characteristic changes in serum enzyme activifibg. increased levels of AST, ALT and ALP in seruraynbe
interpreted as a result of liver damage or as ofmrig membrane permeability indicating the sevedty
hepatocellular damage by DLA [46]. Treatment wittimpound4a, compoundtb, compound4c, compoundid and
compound4g decreased the serum levels of AST, ALT and ALP tawaheir respective normal value that is an
indication of stabilization of plasma membrane &H &s repair of hepatic tissue damage caused #y. DL

Liver diseases also exhibit changes in blood cheteklevels. The significant increase in choledtented in serum
in this study might have been due to the inabitifythe diseased liver to remove cholesterol froncuation.
Hepatocellular damage also causes a modest hygpgratidemia, which is due to biochemical changéscting
transport of triglycerides out of the liver [47].Wias reported that the presence of tumor in huroarxperimental
animals is known to affect many functions of thiahorgans especially in the liver, even when ke of the tumor
does not interfere directly with organ functions8]j[4The significant restoration of all the above ntiened
biochemical parameters towards normal by treatmatfit compoundda, compound4b, compounddc, compound
4d and compoundg (50 mg/kg) in the present study indicates theqmtidn of vital organs from damage induced
by DLA.

Table 3: Anticancer activity of 2-[(substitutedpheryl/heteroaryl)imino]-3-phenyl-1,3-thiazolidin-4-ones in Dalton’s lymphoma ascites
(DLA) bearing mice

Groups Increase in body Packed cell volume Viable cell count (x16 Increase in life span
weight (g) (%) cells/iml) (%)
Normal (0.1% DMSO) 2.20+0.46 - - -

DLA control (1x16 cells/ml per 7.70+0.92 31.60 + 3.48 2.76 +0.38 46.02
mice)

4a (50 mg/kg) + DLA 4.65+0.60 20.54 +2.88 1.49+0.48 88.23

4b (50 mg/kg) + DLA 472 +0.62 21.35+2.70 1.65+0.42 85.16

4¢ (50 mg/kg) + DLA 4.66 +0.4° 21.22 +2.6° 1.55 +0.4° 86.3]

4d (50 mg/kg) + DLA 4.75+0.58 21.75 £ 2.62 1.68 0.4 84.02

49 (50 mg/kg) + DLA 4.82+0.70 21.88+2.58 1.70 £0.52 81.19

5-Fluorouracil (20 mg/kg) + 3.70 £0.40 18.32 £2.4b 1.28+0.28 92.13
DLA

Values are expressed as mean +S.E.M., n = 6 n@cgmup. Data were analyzed by using one-way AN@Uéwed by Newman-Keuls
multiple range test.
#P<0.001: between normal and DLA control group.
P<0.01: between compound treated groups and DLArobn

The present study clearly demonstrated the tuntabitory activity of the 1,3-thiazolidin-4-one deatives against
transplantable tumor cell line (Table 3-Table %).the DLA bearing mice, cells were present in tlegitpneal

cavity, and the compounds were administered dyrétb the peritoneum. Thus, tumor inhibition midig due to
the direct effect of the compounds on the tumotscé&lhe standard drug 5-fluorouracil acts cytostdly by

interfering with nucleotide metabolism in S phaééhe cell cycle [49].

In thein vivo anticancer evaluation, among five compounds seecompounda was the most active, emerged as
more potent inhibitor of DLA with an increase irelispan of 88.23%, whereas compoutiy compound4c,
compound4d and compoundg exhibited good activity.

From thein vitro andin vivo antitumor activity data reported in Table 2-Tabldt may be inferred that antitumor
activity is strongly dependent on the nature ofghbstituent at C-2 and N-3 of the 1,3-thiazolidione ring. In a
particular, a high activity level was observed fcompoundd4a possessing 3,4-dimethyphenylimino group
substituted at C-2 and phenyl ring at N-3 positibd,3-thiazolidin-4-one nucleus.
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Figure 2: Effect of Compounds (50 mg/kg) and 5-Flumuracil (20 mg/kg) on Antitumor Parameters in Dalton’s Lymphoma Ascites
Bearing Mice
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Values are expressed as mean +S.E.M., n = 6 nécgmup. Data were analyzed by using one-way AN@Uéwed by Newman-Keuls

multiple range tesfP<0.001: between normal and DLA control grotp<0.01: between compound treated groups and DLArobn

Treatment

Table 4: Effect of 2-[(substitutedphenyl/heteroaryjimino]-3-phenyl-1,3-thiazolidin-4-ones on hematolgical parameters in Dalton’s
lymphoma ascites (DLA) bearing mice

WBC (1C° cells/ml) _ Platelets (1Bcells/mn?)

Groups Hb content (g%) RBC (106 cells/mn)

Normal (0.1% DMSO) 12.55 +2.36 4.42 £0.90 10.22+1.35 3.20 £0.90

DLA control (1x16 cells/ml per mice) 7.18 £0.98 2.45+0.48 14.65 + 2.52 1.62+0.48
4a (50 mg/kg) + DLA 11.52+2.10 3.98 +0.54 13.52+1.88 2.92£0.99

4b (50 mg/kg) + DLA 11.45+1.96 3.90 +£0.50 13.65 +1.98 2.86 +0.92

4c¢ (50 mg/kg) + DLA 11.46 +1.7° 3.95+0.5° 1355 +2.1¢ 2.90+0.9°

4d (50 mg/kg) + DLA 11.40+1.78 3.88 £0.42 13.78 +2.08 2.70+0.70

49 (50 mg/kg) + DLA 11.24+£1.2% 3.76 £0.40 13.84 £2.12 2.62+0.62
5-Fluorouracil (20 mg/kg) + DL, 11.62+1.8° 4.08 +0.8° 11.58 £ 1.7° 2.68£0.7°

Values are expressed as mean +S.E.M., n = 6 nécgqup. Data were analyzed by using one-way AN@Uéwed by Newman-Keuls
multiple range test.
#P<0.001: between normal and DLA control group.
P<0.01,°P<0.05: between compound treated groups and DLArobn
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Figure 3: Effect of Compounds (50 mg/kg) and 5-Flumuracil (20 mg/kg) on Hematological Parameters ifbalton’s Lymphoma Ascites

Bearing Mice
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Values are expressed as mean +S.E.M., n = 6 n@cgmup. Data were analyzed by using one-way AN@Uéwed by Newman-Keuls
multiple range tesfP<0.001: between normal and DLA control grofip<0.01,°P<0.05: between compound treated groups and DLArobn

Table 5: Effect of 2-[(substitutedphenyl/heteroary)imino]-3-phenyl-1,3-thiazolidin-4-ones on serum lmchemical parameters in Dalton’s
lymphoma ascites (DLA) bearing mice

Groups

AST (IUIL) __ALT (IU/L)

ALP (IU/L) Total chole sterol (mg/dl)

Triglycerides (mg/dl)

Normal (0.1% DMSO)

DLA control (1x1C° cells/ml per mice
4a (50 mg/kg) + DLA
4b (50 mg/kg) + DLA
4c¢ (50 mg/kg) + DL/
4d (50 mg/kg) + DLA
49 (50 mg/kg) + DLA
5-Fluorouracil (20 mg/kg) + DLA

38

40+1.22 36.30+1.34

90.6 +3.77  65.22 +2.4°
61.36+3.45 41.32+1.6D
63.48 +2.36 42.78 +2.33

62.

55+22° 42.60+1.7°

65.42+2.45 42.85+2.4b
68.86 +3.70 44.32+1.88
55.38 + 256 38.42 +1.82

127.10 £ 2.25

245.78 + 4.4°
180.55 * 3.66
183.60 + 3.68
182.35 +3.3"
184.40 + 3.42
186.32 +3.48
162.34 +3.20

100.12 £3.72

142.90 + 4.6°
119.45 + 3.20
120.42 +3.78
120.12 +3.4°
120.48 +3.42
121.12 +3.5%
113.60 + 3.52

122.86 + 3.46

210.22 + 6.6°
160.46 + 5.52
162.54 + 4.32
162.16 +55°
165.40 + 4.22
166.95 + 4.20
156.48 + 4.6D

Values are expressed as mean +S.E.M., n = 6 n@cgmup. Data were analyzed by using one-way AN@Wéwed by Newman-Keuls
multiple range tesfP<0.001: between normal and DLA control grod}<0.01: between compound treated groups and DLArobn
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Figure 4: Effect of Compounds (50 mg/kg) and 5-Flumuracil (20 mg/kg) on Serum Biochemical Parameters Dalton’s Lymphoma
Ascites Bearing Mice
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Values are expressed as mean +S.E.M., n = 6 nécgmup. Data were analyzed by using one-way AN@Uéwed by Newman-Keuls
multiple range testP<0.001: between normal and DLA control grofip<0.01: between compound treated groups and DLArobn

CONCLUSION

In this study, compound Z-2-[(3,4-dimethylphenyl)imino]-3-phenyl-1,3-thiaidin-4-one @a), (22)-3-phenyl-2-
(1,3-thiazol-2-ylimino)-1,3-thiazolidin-4-one 4€), (22)-3-phenyl-2-(pyrimidin-2-ylimino)-1,3-thiazolidid-one
(4b), (2E)-3-phenyl-2-(pyridin-3-ylimino)-1,3-thiazolidin-4ne @d) and (Z)-2-[(2,6-dimethylphenyl)imino]-3-
phenyl-1,3-thiazolidin-4-one4f) exhibited significant antitumor activity agair3tA cells in vitro. In thein vivo
anticancer evaluation, among five compounds sceezmnpoundta was the most active, emerged as more potent
inhibitor of DLA with an increase in life span 08 23%. However, further investigations are neededhniderstand
the mechanism of action of the compounds and tmethe possible utility of the compounds in cartberapy.
These compounds could be considered as useful atespdr leads for the future development and fustreictural
variation to obtain more potent, selective and tesi& antitumor agents.
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