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ARTICLE INFO ABSTRACT

Thiazolidinedione (TZD) has been an interesting scaffold due to its proven antidiabetic activity and encouraging
findings in anticancer drug discovery. We synthesised benzylidene thiazolidinedione derivatives which exhibited
PCNA excellent antiproliferative effects in chronic myeloid leukemic cells K562 and the most active compounds 3t and
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Cyclin D1 3x had GIs value of 0.9 and 0.23 pM respectively. Both the compound was found to arrest the growth of K562
E::;’Zeg cells in GO/G1 phase in a time and dose dependent manner. Further, western blot analysis revealed that 3t and
Apoptosis 3x could also inhibit the expression of cell proliferation markers, PCNA and Cyclin D1 and compound 3x up-
In vivo regulated apoptosis markers, cleaved PARP1 and activated caspase 3, which could be a possible mechanism for
In vitro the excellent antiproliferative effects exhibited by these compounds. In vitro combination studies of 3t and 3x
Cell cycle with Imatinib found to potentiate the antitumor effects of Imatinib. Further in vivo efficacy in K562 xenografts, of
Antiproliferative 3t and 3x alone and in combination with Imatinib was found to be promising and far better than control group

and combination treatment was found to be more effective as compared to only Imatinib treated or test com-
pound treated animals. Thus, our findings suggest that these compounds are promising antitumor agents and
could help to enhance the anticancer effects of Imatinib and other tyrosine kinase inhibitors, when used in

combination.

Cancer is a dreadful multicellular disease which can arise from any
cell types and organs with multi-factorial etiology. Cancer cells often
obtain their proliferative advantage over their normal counterparts at
least, in part, because of their inability to undergo terminal differ-
entiation. They remain in the proliferative pool, providing themselves
with a growth advantage.' Activation of nuclear receptors has been
identified as an approach to induce differentiation and inhibit pro-
liferation of cancer cells.

Activation of PPARYy results in decreased concentration of serum
glucose in diabetes, which led to the development of PPARy agonists,
thiazolidinediones (TZDs) containing glitazones such as Pioglitazone
that are in clinical use as antidiabetic drugs.” Apart from established
metabolic actions, PPARy agonists induces apoptosis, cell cycle arrest,
and terminal differentiation in several malignant cell lineages. During
last two decades, studies have reported antitumor effects of various
PPARy ligands on almost every kind of tumor cell.”

Some glitazones have also been inducing apoptosis by the intrinsic
pathway in a PPARy- independent manner.”” To help discern the
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PPARy-dependent and PPARy-independent properties of TZD con-
taining glitazones, Shiau et al. developed A2-PG, A2-TG, A2-CG, ben-
zylidene derivatives of Pioglitazone, Troglitazone and Ciglitazone , re-
spectively, lacking PPAR-y activity (Fig. 1). These derivatives have a
double bond adjoining the terminal thiazolidine-2,4-dione ring (ben-
zylidene double bond) which abolishes/decreases ligand binding to
PPAR-y.° Both Troglitazone and A2-TG induced cytochrome C release
and DNA fragmentation in PC3 and LNCaP cells, attributing to the
growth inhibition by apoptosis. These results and further several re-
ports suggest that TZDs can induce apoptosis and cell cycle arrest in-
dependent of PPARy activation.”>“'? Interestingly, these TZD deriva-
tives have also been reported to possess anti-inflammatory effects,' "
which could be of benefit to relieve the pain associated with cancer.
These findings initiated further research to assess the potential of
Thiazolidinediones, as promising new therapeutics for cancer.

Since more than a decade, we are exploring the therapeutic poten-
tial of TZDs as anticancer agents targeting various pathways in cancer.
In one of our reports, we had reported the derivatives of benzylidene
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Fig. 1. Structures of most active compounds 3t and 3x, Pioglitazone (PG), Ciglitazone (CG) and their PPARy inactive analogues A2-PG and A2-CG respectively.

TZD’s with antiproliferative effects in sub-micromolar range in panel of
cell lines'® and the promising antiproliferative effects exhibited by
these compounds gave us impetus to take this work further to find the
exact molecular mechanism involved in the antiproliferative effects of
these derivatives. These derivatives were designed as to circumvent the
toxicity concerns associated with marketed glitazones.'*'> We started
designing of our compounds with Pioglitazone by considering two
major modifications. Firstly, introduced of easily metabolizable amide
linkage as linker between lipophilic tail and central aryl ring. This
amide linkage may act as metabolic soft spot (diverting metabolism
from TZD ring) and cleave in the presence of amidases in liver, thus
rendering them inactive and improving their metabolic profile as
compared to Pioglitazone. Also, toxicity of glitazones has lately been
correlated with the full agonistic activity of the TZDs. Discovery of
novel PPARy sparing TZDs such as MCC-555 or A2 derivatives similar to
that of reported by Shiau et al. might help in dodging the PPARy related
side effects.® Hence, secondly, we considered the addition of benzyli-
dene double bond in between central aryl ring and TZD ring, as this
may give rise to the compounds which may act by PPARy independent
manner or partial agonistic manner.

To further study the structure activity relationship, in addition to
previously reported 3a-3j, we synthesized more derivatives 3k-3y by
retaining of the amide linkage and benzylidene double bond, and by
varying the aromatic (Ar) moiety (Scheme 1). We tried substituting
various electron donating and withdrawing groups on already active
molecules from previous series. In newly selected Ar group, we also
incorporated amines having mono substituted halogens like chlorine,
fluorine and bromine. Further, the derivatives 3a-3y were evaluated in
vitro to find out the molecular mechanism of antiproliferative effects
and in vivo efficacy.

The final derivatives were synthesised in three steps as described
earlier'’® and detailed synthetic procedures has been included in
Supplementary Section 1.1. Molecular structures of 3k-3y were con-
firmed by using infrared (IR) spectroscopy, proton nuclear magnetic
resonance (1H NMR) spectroscopy, carbon nuclear magnetic resonance
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Scheme 1. Synthetic scheme for synthesizing 3a-3y. Reagents and conditions.
(A)Toluene, piperidinium benzoate, reflux 5-6 hrs., (B) Chloroacetyl chloride,
DCM, K,COg, stir rt., (C) DMF, K>COs3- stir, rt. overnight.

(*3C NMR) and mass spectroscopy. The formation of Knoevenagel
product was confirmed on the basis of proton NMR wherein the ben-
zylidene proton exhibits a singlet signal in the range of at &
7.8-7.9 ppm. Formation of chloroacetylated product was confirmed by
the presence of singlet of -CH, proton resonating at § 4.0-4.8 ppm. The
IR spectra of the chloroacetylated aryl amines exhibited characteristic
band in the range of 1680-1660 cm ™' corresponding to (C=0)—NH.
The presence of resonance assigned to the —CH, protons provide evi-
dence for formation of -CH,-O-linkage in the final product, these pro-
tons resonated in 4.64-5.60 ppm region as singlet. *3C NMR spectrum
showed characteristic peaks of -CH,-O in the range of 67 ppm and
carbonyl peaks between 167 ppm for all the moieties. Spectral details
have been included in Supplementary Section 3.

Toxicity to the untransformed hepatocytes was determined by MTT
(3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide) assay.
Details of the experimental methods are presented in Supplementary
Data. The TZDs, 3a-3y portrayed a differential inhibition; with MTT
reduction ranging between 70 and 93% (Fig. 2, Supplementary Table
S1). Since, all the compounds showed MTT reduction of above 65%
against the vehicle control, we could significantly state that none of the
compounds exerted any severe hepatotoxic effect. With this data, we
moved ahead and screened the molecules for their antiproliferative
potential.

The antiproliferative effects of 3a-3j have already been reported®
and have been included for comparison purpose in Table 1 below, 3k-3y
were evaluated in same panel of cell lines to find antiproliferative ac-
tivity.

Interestingly, all the molecules displayed considerable activity in
MCF?7 (breast cancer), oral Cancer (GURAV) and chronic myeloid leu-
kemia cell line (K562). GIso values of molecules 3k-3y for MCF7 cell
line were in the range of 28-74.5 uM and for GURAV Gls, were in the
range of 35.6-75 pM. However, lower range of GIs, (0.23-24 uM) were
found for K562 cell line, suggesting potential of these molecules in
chronic myeloid leukemia (CML). Few molecules also showed activity
in other cell lines. Molecule 3f from previous series was found to be
active on PC3 and MCF7 cell lines with GIso values 28.18 pM and
25.11 pM respectively. Addition of methyl group on para position of
phenyl ring of compound 3f leads to 3k, which exhibited higher GIso
values on PC3 (> 100 uM) and MCF7 (61.2 uM) cell lines. However, 3k
showed moderate Glso on K562 (45.8 uM) and GURAV (58.7 uM) cell
lines. Another interesting molecule is 3i from previous series. In the R
group of 3i, we substituted methyl group which led to 3 1. Compound 3i
had showed notable antiproliferative activity on HOP62 (GIso-
2.29 uM)), PC3 (GI50-29.51 uM)) and MCF7 (GI5(-29.51 pM)) cell lines.
However, methyl substituted derivative, 3 1 exhibited higher Glsq va-
lues on HOP62 (Gl5¢-81.4 uM), PC3 (GlI5¢-58.3 uM)) and activity on
MCF7 (GIs(-28.3 uM)) remained unchanged. It is also important to note
that, 31 exhibited substantial effect on K562 (GIso-10.7 uM)), GURAV
(Gl50-60.9 uM)) and KB (Gl50-75 uM)) cell lines, whereas 3i had not
shown activity on these three cell lines. Addition of methyl as R group
of 3f and 3i increased the activity in some cell lines and decreased
activity in others. Molecule 3t which has di-substituted fluorine showed



H. Joshi, et al.

Bioorganic & Medicinal Chemistry Letters 30 (2020) 127561

MTT Reduction in untransformed hepatocytes

100
90 T T
80 n
70 T
60
50
40
30
20
10

% Growth

3a 3b 3c 3d 3e 3f 3g 3h 3i 3j 3k 31 3m3n 30 3p 3q 3r 3s 3t 3u 3v3w3x 3y

Fig. 2. Reduction of MTT by 3a-3y against control value of 100% in untransformed hepatocytes. Values are presented as Mean * SD. The error bars represent the

standard error in individual determinations.

significant GIso value on K562 cell line. Addition of chlorine at para
position of R group of 3e leads to 3x, which was also found to be active
on K562 cell line with significant GIso value of 0.23 uyM. When com-
pared to Pioglitazone, almost 70% of the compounds exhibited better
antiproliferative effects in K562 cells.

In second level of antiproliferative assays, the promising compounds
from 3a to 3y were further treated with the other variants of lung
cancer (A549, NCI-226), prostate (DU145), breast (MDA-MB-435 —
triple negative breast cancer cell) and leukemic (Jurkat, Mot-4, HL60,
U937) cell lines, Glso values are presented in Table 2.

Although compounds 3a, 3c and 3f exhibited significant GIs, values

in HOP62 cell line, they did not show greater or equal activities on
other selected lung cancer cell lines (A549, NCI-H266). Rest of the
compounds (3e, 3o, 3q, 3t, 3x, 3y) which were found to be active on
K562 cell line, showed activity at higher concentrations on selected
leukemic cell lines (Jurkat, MOLT-4, HL-60, U973). Molecule 3e was
found to be active on prostate cancer (PC3) cell line with lower GIso
value and was further evaluated on DU145 cell line. 3e exhibited Glso
value at 59.2 uM on DU145 cell line. Since all the synthesized com-
pounds found to exhibit discernible activity on K562, we continued our
work with this cell line.

To find the effect on phase distribution of cell cycle in K562 cells,

Table 1
Gls values of 3 k-3y on panel of 6 cancer cell lines.
o
=
Ar joﬁo %o
Compounds  Ar HOP62 GIso ptM  PC3 GIso ptM MCF7 GIso ptM K562 GIso utM GURAV GIso uM KB GIso pM
3a 10H-Phenothiazin-10-yl 0.19 29.5 29.51 > 100 > 100 > 100
3b 1,5-Dimethyl-3-oxo-2-phenyl-2,3-dihydro-1H-pyrazol-4-yl ~ 0.186 > 100 > 100 > 100 > 100 > 100
3c 5-Methylthiazol-2-yl 0.169 2.2 > 100 2.23 0.194 > 100
3d 2-Butyl-4-ox0-1,3-diazaspiro[4,4]non-1-en-3-yl 29.51 > 100 28.18 > 100 > 100 > 100
3e 3-(Trifluromethyl) phenyl > 100 2.51 0.194 0.186 0.186 2.2
3f Benzo[d]thiazol-2-yl 0.99 28.18 25.11 > 100 > 100 > 100
3g 5-Nitrothiazol-2-yl > 100 > 100 > 100 > 100 > 100 > 100
3h 1,2-Benzothiazol-3(2H)-one-1,1-dioxide > 100 > 100 37.15 2.69 31.62 > 100
3i Pyridine-2-yl 2.29 29.51 29.51 > 100 > 100 > 100
3j 5-Methylisoxazol-3-yl > 100 > 100 39.81 2.75 38.9 > 100
3k 4-Methyl-benzothiazol-2-yl > 100 > 100 61.2 45.8 58.7 > 100
3l 6-Methyl-pyridin-2-yl 81.4 58.3 28.3 10.7 60.9 75
3m 4-Nitro-phenyl > 100 > 100 72.5 29.5 > 100 > 100
3n 3-Nitro-phenyl > 100 > 100 58.5 20.5 71.5 > 100
30 4-Fluoro-phenyl 68 > 100 54.6 9.6 56.8 > 100
3p Phenyl > 100 > 100 74.5 17.6 57 > 100
3q 4-Chlorophenyl 36.1 83.4 51.1 7.4 35.6 50.3
3r 4-Bromo-phenyl 45.4 86.6 55.1 23.4 54.4 321
3s 4-Bromo-2-methylphenyl > 100 > 100 66.8 20.7 69.7 > 100
3t 2,4-Diflurophenyl > 100 > 100 65.8 0.9 61.4 > 100
3u 3-Chloro-4-methylphenyl > 100 > 100 61.8 19.6 71.4 99.6
3v 4-Bromo-2,6-diflurophenyl 75.2 > 100 57.3 23.1 64.1 > 100
3w 2-Chloro-4-trifluromethylphenyl > 100 > 100 67.4 16.3 99.3 78.6
3x 4-Chloro-2-trifluromethylphenyl > 100 > 100 49.7 0.23 86.8 > 100
3y 2,6-Dichlorophenyl > 100 > 100 61.7 6.7 56.8 > 100
Doxorubicin - <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
Pioglitazone - NE NE NE 40.07 NE NE

GIs, values are presented as mean of three independent experiments. HOP62- Lung cancer, PC3-Prostate cancer, MCF7- Breast cancer, K562- acute myeloid leukemia,
Gurav- Oral cancer, KB-Oral cancer cell lines. Values are presented as mean of 3 independent experiments.*NE-not evaluated.
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Gls, values of selected compounds on variants of lung, prostate and leukemic cells.
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Compounds Glsp values in pM
A549 NCI-H226 Jurkat Molt-4 HL60 U937 DU145 MDA-MB 435

3a > 100 82.1 NE NE NE NE NE NE

3c 88.7 57.8 NE NE NE NE NE NE

3f 46.9 26.5 NE NE NE NE NE NE

3e NE NE 26.5 47.3 73.3 49.1 59.2 > 100
30 NE NE 59.9 53.5 61.1 63.9 NE NE

3q NE NE > 100 42.7 52.4 46.3 NE NE

3t NE NE 34.6 40.3 47.8 35.6 NE NE

3x NE NE 28.9 32.5 56.7 67.5 NE NE

3y NE NE 21.9 > 100 97.6 60 NE NE

*NE- not evaluated. HOP62, A549, NCI-H266-non-small cell lung carcinoma cell line, Jurkat, Molt-4, HL60, U973- leukemic cell line, DU145- Prostrate cancer cell
line, MDA-MB-435 - breast triple negative cell line. Values are presented as mean of 3 independent experiments.
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Fig. 3. Effect of treatment of 3t and 3x on cell cycle of K562 cells. The cells were treated with 3 concentrations 5 pM, 10 pM and 20 uM and the analysis was done a
three time points of 24 h, 48 h and 72 h. The untreated cells serve as negative control and DMSO treated cells as vehicle control. The error bars represent standard
errors of mean (SEM). The statistical analysis was performed with two tail students ‘t’ test, n = 3, P < 0.05.
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flowcytometric analysis of compounds 3x and 3t was carried out. Cells
were incubated with three concentrations of test compounds Viz., 5 uM,
10 pM and 20 uM and samples were withdrawn at 24-, 48- and 72-hours
time points. Details of experimental methodology and statistical ana-
lysis have been included in Supplementary section (Supplementary
Tables S2-S7). At lower dose of 5 uM and 24 h of treatment with 3t and
3x, the K562 cells started to accumulate in GO/G1, S, and G2/M phases.
As the treatment time increased to 48 and 72 h and treatment con-
centrations increased to 10 uM and 20 uM, the cell distribution was
significantly altered in all the phases compared to the control cells.
Thus, as shown in Fig. 3, after exposure of K562 cells 3t and 3x, there
was dose dependent and time dependent effects on distribution of cells
in various phases. The number of cells in GO/G1 phase was found to
increase significantly in comparison with control cells. Also, a sub-
sequent decrease in the number of cells in the S and G2/M phases re-
lative to the control cells were observed. Thus, compounds 3t and 3x
causes the growth arrest of K562 cells in GO/G1 phase in dose and time
dependent manner. The G1 phase is considered a cell differentiation
phase. The arrest of the G1 phase for the cell cycle can be used as in-
dicator of induced differentiation.'®'” Effect of thiazolidinedione
treatment on distribution of cells in various phases of cell cycle have
been studied and reported previously. The glitazones like Pioglitazone,
Ciglitazone and Troglitazone were found to arrest the growth of cells in
G1/GO phase in cancer cell lines from colon,'® ovarian,'® melanoma®’
and adrenocortical®’ cancers. Thus, our newly synthesized TZD ana-
logs, 3t and 3x leads to cell cycle arrest in GO/G1 phase, which is
consistent with the reported results.

Based on cell cycle analysis and antiproliferative data we decided to
analyze the protein levels of proliferative cell nuclear antigen (PCNA)
and cyclin D1. The co-relation of these proteins and PPARy in hema-
tological cancer is well explained.””>* Moreover, many studies sub-
stantiate that PPARy ligands inhibits the expression of these proteins by
PPARy dependent or independent mechanisms. PCNA an auxiliary
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factor of DNA polymerase, is not only essential for eukaryotic replica-
tion but also plays pivotal role in several DNA damage responsive
pathways. PCNA is a well-known marker for cell proliferation. Glita-
zones in the promotion of G1 cell-cycle arrest has been correlated to the
downregulation of cyclin D1 in several cell lines.”> Cyclin D1 is in-
volved in regulation of Gl to S phase transition in the cell cycle.
Overexpression of cyclin D1 in normal non cancerous cells leads to
malignant phenotype whereas downregulation of cyclin D1 in malig-
nant cells results in loss of the malignant phenotype.”® Treatment of
10 uM and 20 uM concentrations of compound 3t inhibited cyclin D1 at
48 and 72 h, however it did not inhibit PCNA at 48 hrs. Effect of 3t on
PCNA was observed at 20 uM at 72 h. Whereas, compound 3x inhibited
PCNA with 48 h and at 72 h treatments at both concentrations, 10 and
20 pM. 3x significantly inhibited cyclin D1 at 10 uM & 20 puM. Both the
molecules did not show any effect at 24 h (Fig. 4).

Accumulation of subG1 phase cells at higher doses suggests that the
compounds could be inducing apoptotic death of the cells. To de-
termine this, we studied the expression of apoptosis markers PARP1%’
and caspase 3°°* in the K562 cells treated with 3x and results were
compared with Vehicle (DMSO) control cells. Compound 3x was treated
at three concentrations of 5 uM, 10 uM and 20 puM, keeping DMSO
control for 72 hrs. Fig. 5 elucidates the action of 3x on apoptotic
markers. There was an increase in the expression of cleaved PARP1 and
activated caspase 3 with increasing concentration of 3x, confirming the
contribution of apoptotic death of cells to the antiproliferative effects
exerted.

Recently in phase II trial, the addition of thiazolidinedione
(Pioglitazone) to patients taking Imatinib leading to complete mole-
cular remission has been reported. Out of 24 assessable patients, the
cumulative incidence rate in the treated group reached 57% versus 27%
(P = 0.02) for a historical group of patients having received Imatinib
alone, thus indicating that clinical evidence of efficacy can be detected
even after very brief treatment and early analysis.>® Also, the addition
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Fig. 4. Western blot analysis of markers associated with cell proliferation (PCNA and Cyclin D1), in 3t and 3x-treated cells and controls. (A) K562 cells were treated
with 3t at concentrations of 10 uM and 20 puM for 24 h, 48 h and 72 h and subjected to Western blotting. (B) cells were treated with 3x at the concentrations of 10 pM
and 20 pM for 24 h, 48 h and 72 h and subjected to Western blotting. (C) Cyclin D1 and PCNA bands were quantified and normalized to actin bands. Data are shown

as means of three separate experiments, P < 0.05; bars, SD.
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Fig. 5. Western blot analysis of 3x to
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of various TZDs to Imatinib, Nilotinib and Dasatinib has been found to
increase the activity of these tyrosine kinase inhibitors as evident by
latest reports.®’** Thus, it was of an interest to find if our compounds
which are modified Pioglitazone derivatives, also potentiates the anti-
tumor effects of Imatinib when used in combination with it, hence in
vitro and in vivo efficacy was determined in K562 cell line and xenograft
model respectively. The in vitro combination study was performed by
treating K562 cells with Imatinib (1 uM), 3t (1 pM) and 3x (1 uM) alone
and the combination of Imatinib (1 puM) + 3t (1 pM) and Imatinib
(1 pM) + 3x (1 uM) by MTT assay as described above. The treatment of
K562 cells with Imatinib, 3t and 3x led to 71%, 62% and 65% inhibition
of proliferation, respectively. However, 3t and 3x in combination with
Imatinib led to 79% and 82% inhibition respectively. Thus, it was ob-
served that these compounds hold the capacity to potentiate the anti-
tumor effects of Imatinib.

With hopeful in vitro effects of combination were observed, we
proceeded further to determine in vivo efficacy of compounds 3t and 3x
alone and in combination with Imatinib. First the acute toxicity and
maximum tolerated dose was determined in healthy mice after oral
administration of increasing doses of 3t and 3x. All the animals were
observed for weight loss, behavioral changes and mortality. None of the
mice in any group showed decrease in weight or mortality. Dose was
gradually increased over the period if previous dose was found to be
well tolerated. Both the molecules were found to be well tolerated upto
2000 mg/kg. MTD results are summarized in Supplementary section,
Table S8. Further to assess the in vivo efficacy, tumors were induced by
subcutaneously injecting 6 x 10° K562 cells/100 ul/mouse mixed with
50% matrigel into the right rear flank of the mouse. All animal work
was approved by Institutional Animal Ethics Committee (IAEC/PR/
2014-2015/03). Treatment was initiated when the tumors were around
300 mm?® in size. Body weight and tumor size were measured every
other day until day 30 after treatment. Tumor size or volume was
calculated as V = (L X W2) x 0.52, where L is the length and W is the
width of the xenograft. The Dunnet’s test was used to determine the
significant reduction in tumor volume as compared to control. Tumor
growth data are expressed as mean tumor volumes + SEM. For all
data, differences were considered significant at P < 0.05. Encouraging
results were obtained when 3t and 3x were combined with Imatinib.

The combination of treatment results in significant (p < 0.01) de-
crease in the tumor volume at 30 days. Single drug (without Imatinib)
oral dose administration of 3t and 3x also moderately inhibited the
tumor volume (p < 0.05) (Fig. 6, Supplementary Table S9). Our re-
sults suggest that 3t and 3x could be used along with Imatinib to
overcome resistance and enhance the activity in chronic myeloid leu-
kemia. However, clinical studies are required to validate the results.

Pre-clinical pharmacokinetic characteristics can help predict drug
behavior. The rapid HPLC method was developed and validated by
using rat plasma to study the pharmacokinetic behavior of 3t and 3x
and has been reported elsewhere.> Both the compounds found to ex-
hibit comparable Pharmacokinetic behavior to the clinical TZD con-
taining glitazones, Pioglitazone.

In conclusion, a series of benzylidene thiazolidine-2,4-diones were
synthesized. All the derivatives were screened to determine their in vitro
cytotoxic activity against panel of tumor cell lines consisting of HOP62,
K562, GURAV, KB2, Hep G2, MCF7, PC3 and their variants. The com-

pounds 3c, 3e, 30, 3q, 3t, 3x and 3y exhibited promising
1000
900 1 —e—Control
~ 800 -
=
g 700 —-Imatinib (100mg/kg)
'S 600
5 500 —4—31(200 mg’kg)
[
~ 400
< ——3x (200 mg’kg)
£ 300
E
T200 —+—Ima (100 mg/kg)+ 3t
100 (100 mg/kg)
0 ‘ =o~-Ima (100 mg/kg) +3x

(100 mg/kg)

5

10 15 20 25 30
Days of treatment

Fig. 6. Graph of tumor volume vs. time in K562 xenografts treated intra peri-
toneally with 3t and 3x, alone at 200 mg/kg i.p. (up triangle and cross re-
spectively), 3t and 3x in combination with Imatinib, 100 mg/kg + 100 mg kg
Imatinib (asterisk and circle respectively), Imatinib 100 mg/kg (square), saline
(diamond), The Dunnet’s test was used to determine the significant reduction in
tumor volume as compared to control, n = 6. p < 0.05.
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antiproliferative effects. Several molecules exhibited better anti-
proliferative profile in K62 cells as compared to non-benzylidene TZD
derivative, Pioglitazone proving that the benzylidene derivatives are
more effective anticancer agents. The most potent antiproliferative
compounds were 3t and 3x against K562 cells with GIs, value of 0.9 uM
and 0.23 pM respectively. Both the derivatives, further in flow cyto-
metric analysis, were found to exhibit growth arrest of K562 cells in
GO/G1 phase in time and dose dependent manner. The western blot
analysis revealed that 3t and 3x reduces the expression of cell pro-
liferation markers, PCNA and Cyclin D1. Additionally, antiapoptotic
effects were proved with the modulation of apoptosis marker proteins
PARP1 and caspase 3. Thus, excellent antiproliferative effects of 3t and
3x can be correlated with the dose dependent inhibition of expression of
these cell proliferation and apoptosis markers. Further the in vitro cell
line study and in vivo efficacy study in K562 xenografts in combination
with Imatinib was found to be promising, in line with the reported
effects of combination of TZD’s and tyrosine kinase inhibitors. The
compounds 3t and 3x also possesses the desirable pharmacokinetic
profile making them drug like molecules. Thus, our findings indicate
that these compounds are promising antitumor agents and could help to
enhance the anticancer effects of Imatinib and other tyrosine kinase
inhibitors when used in combination.
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