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Abstract: In this study, we designed, synthesized and evaluated, in vitro, novel chalcone analogs
containing dialkylamino pharmacophores in the cervical cancer cell line, OV2008. The compound,
DML6 was selective and significantly decreased the proliferation of OV2008 and HeLa cells in sub-
micromolar concentrations, compared to prostate, lung, colon, breast or human embryonic kidney
cell line (HEK293). DML6, at 5 uM, arrested the OV2008 cells in the G2 phase. Furthermore, DML6,
at 5 uM, increased the levels of reactive oxygen species and induced a collapse in the mitochondrial
membrane potential, compared to OV2008 cells incubated with a vehicle. DMLS§, at 5 uM, induced
intrinsic apoptosis by significantly (1) increasing the levels of the pro-apoptotic proteins, Bak and
Bax, and (2) decreasing the levels of 1 the anti-apoptotic protein, Bcl-2, compared to cell incubated
with a vehicle. Furthermore, DMLS6, at 5 and 20 uM, induced the cleavage of caspase-9, followed by
subsequent cleavage of the executioner caspases, caspase-3 and caspase-7, which produced OV2008
cell death. Overall, our data suggest that DML6 is an apoptosis-inducing compound that should
undergo further evaluation as a potential treatment for cervical cancer.

Keywords: cervical cancer; chalcone; dialkylamino; intrinsic apoptosis; mitotic catastrophe; drug dis-
covery

1. Introduction

Cervical cancer is the fourth-leading cause of cancer-related deaths in women world-
wide resulting in an estimated 600,000 new cervical cancer cases and 342,000 deaths,
yearly [1]. About 85% of all cervical cancer cases are from underdeveloped or developing
nations with 18-fold higher mortality rate compared to developed or high-income coun-
tries [2,3]. The majority of cervical cancer is caused primarily due to human papillomavirus
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(HPV) [4,5]. Other causes of cervical cancer includes infections, smoking, higher number
of childbirths and prolonged use of oral contraceptive devices [6,7]. Among all high-risk
types, HPV-16 has the highest carcinogenic capacity accounting for 60% of all cervical
cancer cases [8,9]. The standard treatment of cervical cancer ranges from cervical coniza-
tion, hysterectomy and radiotherapy to chemotherapy, depending on the stage of cervical
cancer [10]. However, adoption of adjuvant chemotherapy along with chemoradiotherapy
to prevent recurrence of locally advanced and metastatic cervical cancers are associated
with increased adverse events, morbidity rate and therapeutic failure [11]. Women with
locally advanced cervical carcinoma have worse prognosis, poor survival and higher
recurrence rate than patients with early-staged cervical cancer [12,13]. Different chemother-
apeutic drugs and their combinations have been used to improve the clinical response
(CR) and overall survival (OS) in patients with advanced cervical cancer [14]. Despite
initial therapeutic response, the majority of patients either undergo relapse or succumb
to the disease as a result of resistance to chemotherapy [15]. Chemoresistance is the most
important factor that decreases or abrogates the efficacy of chemotherapy in many cancers
including advanced cervical cancer, producing an increase in tumor progression, which
results in high rates of cancer-related deaths [16,17]. Many factors contribute to chemore-
sistance, including but not limited to, alterations in DNA damage and repair capacity,
and overexpression of ATP-binding cassette (ABC) transporters, notably the ABCB1 trans-
porter [18,19]. Consequently, there is an urgent need for the discovery and development
of novel chemotherapeutic drugs that can overcome the aforementioned limitations of
therapies used to treat cervical cancer.

Chalcones are an essential structural motif that has been extensively used for many
years to synthesize novel anticancer drugs [20-23]. The basic structure of chalcone, which
consists of two phenyl rings attached to an «,[3-unsaturated carbonyl skeleton at the 1,3
position, provides numerous opportunities for structural alterations to yield novel molecules
that selectivity decreases the proliferation of cancer cells [21,23]. Currently, many chalcone
derivatives have been synthesized and shown to be efficacious in vitro and in vivo in
various cancer cells [20,23]. It has been reported that increasing the rigidity of chalcones
produces heterocyclic analogues that have anti-cancer efficacy [24,25]. The 4,5-dihydro-
1H-pyrazole derivatives synthesized from chalcones have been shown to have potential
anticancer efficacy [26]. The addition of a dimethylamino group to chalcone derivatives
could be important, as this would improve their solubility and anticancer efficacy [27,28].
Indeed, the dimethylamino function is a structural feature in certain anticancer drugs,
such as topotecan [29], pyrvinium [30], and onapristone [31] (Figure 1). Therefore, in
this study, we report the synthesis of novel chalcones and their 4,5-dihydro-1H-pyrazoles
analogues containing the dialkylamine and their in vitro efficacy in various cancer cell lines.
Furthermore, we conducted experiments to determine their mechanism of action.
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Figure 1. Representative structures of chalcone, dihydropyrazoles and dimethylamine functionalized-
derived anticancer compounds.

2. Results and Discussion
2.1. Chemistry

Initially, the target compounds, DML1-DML6, were synthesized using a simple
Claisen-Schmidt condensation reaction, with various substituted acetophenones and 4-
dimethylamino- or 4-diethylamino-substituted benzaldehydes in the presence of 40%
NaOH solution in EtOH, as described in Scheme 1. Further reaction of the dialkylamino
chalcones DML1-DML6 with phenylhydrazine in glacial acetic acid under reflux produced
the respective 1,3,5-triphenyl-4,5-dihydro-1H-pyrazole DML7-DML12 in good (74 to 86%)
yields. The structures of the newly synthesized dialkylamino chalcones DML1-DML6 and
their heterocyclic derivatives, 1,3,5-triphenyl-4,5-dihydro-1 H-pyrazoles DML7-DML12,
were confirmed by microanalyses, FTIR, 'H-NMR and mass spectral analysis. All of the
synthesized compounds produced satisfactory analytical and spectroscopic, data, which
were in full agreement with their proposed structures. The structures, properties and
reaction yield of DML compounds are provided in Table 1.
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Scheme 1. Reagents and conditions: (a) 40% aqueous NaOH, EtOH, RT, stirring; (b) CsHsNHNH,,
CH;3COOH, reflux, 6 h.
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Table 1. Molecular structures, properties and reaction yields of compounds DML1-DML12.

Comp Substitution Molecular Molecular Yield %
Code X Ry R, Rs Ry Formula Weight teld %o
DML1 N H H CHs CHj; C16H16N2O 252.32 84
DML2 N H H CyHs CyHs C18HyoN,O 280.37 82
DML3 CH H OCHj3 CHs CHj C18H19NO; 281.36 86
DML4 CH OCHj3 OCHj3 CHs CHj3 C19H1NO3 311.38 84
DML5 CH H OCHj3; CyHs5 CyH;5 CyoH23NO, 309.41 85
DMLe6 C-Cl H Cl CHs CH3 C17H15C1LNO 320.21 81
DML7 N H H CHs CHj; CooHpoNy 342.45 79
DMLS N H H CoHs CyHs CpgHpgNy 370.50 80
DMLY CH H OCHj3 CHjs CH3 Cp4Hp5N30 371.48 74
DML10 CH OCHj3 OCHj3 CHs CHj; Cy5Hp7N30; 401.51 75
DML11 CH H OCHj3; CyHs CyHs CpreHogN30 399.54 78
DML12 C-Cl H Cl CHj CH3 Cy3H»1CIhN;3 410.34 76

2.2. Structure—Activity Relationships for the Dialkylamine Substituted Chalcones and Their
Corresponding Dihydropyrazoles, Based on Data Obtained Using the 3-(4,5-Dimethylthiazol-2-
yl)-2,5-diphenyltetrazolium Bromide (MTT) Cytotoxicity Assay

All of the synthesized compounds (DML1 to DML12 ) were evaluated to determine
their in vitro antiproliferative efficacy in cervical (OV2008), breast (MDA-MB-231), lung
(A549), colon (LOVO), prostate (DU145) and the normal cell lines, human embryonic
kidney cells (HEK293), human colon fibroblast cells (CRL1459) and Chinese hamster
ovary cells (CHO), using the MTT assay. The newly synthesized compounds were tested
at concentrations from 0.1 to 100 pM. The concentration of the tested compounds that
produced a 50% inhibition of cell growth (ICsp) was determined. The calculated ICsj values
of compounds tested in cancer cell lines are shown in Table 2.

Table 2. The antiproliferative efficacy of the DML1-DML12 compounds on the proliferation of
cancer cell lines (breast, colon, lung, prostate and cervical) and a normal, non-cancerous cell line,
HEK?293.

%‘::35 Kidney Breast Colon Lung Prostate Cervical
HEK293 MDA-MB-231 LOVO A549 DU145 OV2008
DML1 >100 >100 >100 >100 >100 >100
DML2 >100 >100 >100 >100 >100 >100
DML3 >100 >100 >100 >100 >100 >100
DML4  685+21 26.2+23.9 45+226 663+46 225449 13.8 £7
DMLS5 >100 >100 94 + 8.4 >100 >100 79.3 £29.2
DML6 70 £ 424 919 +11.5 651+495 849+214 969444 78+0
DML7 >100 >100 >100 >100 >100 >100
DMLS >100 >100 >100 >100 >100 >100
DML9 >100 >100 >100 >100 >100 >100
DML10 >100 >100 >100 >100 >100 >100
DML11 >100 >100 >100 >100 >100 >100
DML12 >100 >100 >100 >100 >100 >100

Among the 12 compounds evaluated for antiproliferative efficacy, only three chalcone
derivatives, DML4, DML5 and DML6, had moderate to good anti-proliferative efficacy
in a wide range of cancer cell lines, compared to normal cells. Compound DML6, with
a chloro-substitution at X and R, positions and a 4-dimethyl amine group, i.e., R3 = R4
= CHj in chalcone core structure, had significant in vitro antiproliferative efficacy in all
of the cancer cell lines, with ICsg values ranging from 7.8 to 91.9 uM (Table 2). The most
efficacious compound, DML6, had an ICsj value of 7.8 & 0, in the OV2008 cervical cancer
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cells. Similarly, compounds DML4 and DML5 were efficacious in the OV2008 cancer cells,
with ICsg values of 13.8 & 7 uM and 79.3 & 29.2 uM, respectively. DML4, which had a
smaller alkyl substitution at the R3 and Ry positions, had greater antiproliferative efficacy
in the OV2008 cancer cells compared to DML5, which had larger alkyl groups at the same
position. Based on the cytotoxicity results of DML-4 and DML-5, we found that changing
the alkyl chain length of the dialkylamine substituents at the R3 and Ry positions from
methyl to ethyl decreased the antiproliferative efficacy. For the chalcone derivatives, DML1-
DML, the chloro and methoxy substituents produced the highest efficacy in the R; and R;
positions, whereas the 2-pyridyl substituent (X = N) in the chalcone structures decreased
the antiproliferative efficacy in OV2008 cells. Similarly, the result of cytotoxicity assay
performed in another cervical HeLa cells were similar to that of OV2008 cells (Table S1).
DML6 was the most potent agent with an ICsy value of 9.08 & 0.69 uM, whereas the ICsq
values of DML1, and DML5 in HeLa cell line were greater than 70 uM, and DML5 was
around 40 pM, suggesting that DML6 were most effective in cervical cancer.

Among the compounds evaluated in DU145 prostate cancer cells, DML4 had the
highest efficacy, with an ICsq value of 22.5 & 4.9 uM. However, DML6, which was the most
efficacious compound in OV2008 and HeLa cells, had a low antiproliferative efficacy in
DU145 prostate cancer cells, with an ICs value of 96.9 + 4.4 uM. DML4, which has two
methoxy groups at the R; and R; position, had the highest efficacy in all five cancer cell
lines, whereas DMLS5, with only one methoxy group at the R, positions, had a moderate
inhibitory efficacy in the cervical and colon cancer cells. Furthermore, DML4 significantly
decreased the proliferation in breast (MDA-MB-231), lung (A549) and colon (LOVO) cancer
cells, with ICsy values of 26.7 & 23.9, 45 4 22.6, and 66.3 &+ 4.6 uM, respectively. None of
the dialkylamine functionalized dihydropyrazole derivatives, DML7-DML12, had efficacy
in the cancer cells, even at a maximum concentration of 100 pM. Finally, it is important
to note that two of the dimethylamino functionalized chalcone derivatives, DML4 and
DML, inhibited the proliferation of HEK-293 cells at a concentration > 65 pM.

These above results indicate that the chalcone skeleton in compounds DML1-DML6
played an important role in inhibiting the proliferation of the cancer cell lines used in this
study. There was only one structural difference between compounds DML1-DML6 and
compounds DML7-DML12: the former six compounds had the chalcone skeleton. Based
on the structure-activity relationship of these compounds, the «,3-unsaturated carbonyl
system is a key structural characteristic present in the chalcone scaffold that modulates
the antiproliferative efficacy. Furthermore, our study indicates that the dialkylamino
substitution on the chalcone scaffold increased the antiproliferative efficacy. However, for
the dihydropyrazole motif, the same substitution did not significantly increase efficacy.

2.3. DML6 Antiproliferative Efficacy and Selectivity on Cervical Cancer Cell Lines

Overall, our MTT results indicate that compound DML6 was the most optimal can-
didate for further mechanistic investigations, based on its efficacy in cervical cancer cell
lines. In terms of selectivity, DML6 was significantly less efficacious in decreasing the
viability of Chinese hamster ovary cells (CHO) and normal CRL-1459 cells, compared to the
cancer cell lines, as illustrated in Figure 2A. Thus, DML6 significantly inhibited the growth
of the cervical and prostate cancer cells. In contrast, DML6 did not produce significant
cytotoxicity in the normal cells, CRL1459 and CHO cells. Figure 2B shows representative
pictures of the confluence of OV2008 following incubation with the vehicle, 5 or 20 uM of
DML, at 0, 24, 48, and 72 h. The control cells that were incubated with the vehicle grew
over time, reaching their highest confluence after 72 hours of incubation (~70%, Figure 2B).
However, the cells incubated with DML6 grew significantly slower and only had a very
low confluence (~40% and ~10%, respectively, at 5 and 20 uM of DMLS6, Figure 2B) at
72 hours. A detailed graph illustrating the results for DML6 was evaluated at each time
point to determine the cytotoxicity over time. Similarly, the results of the IncuCyte Cytotox
green assay, as seen in Figure 2C indicates that the fluorescence signal emitted by the dead
or non-viable cells incubated with vehicle was very low, suggesting that the cells were
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viable. However, the fluorescent signal increased significantly in OV2008 cells incubated
with DML, indicating that DML6 increased the number of dead cells, i.e., it produced
cytotoxicity over time, compared to cells incubated with a vehicle.
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Figure 2. The efficacy and selectivity of DML-6 in OV2008 and DU145 cancer cells compared to the normal cell lines, CHO
and CRL-1459. (A) The changes in cell morphology produced by the vehicle (0 uM), 5 or 10 uM of DML6 after 72 h of
incubation, the cell-viability curves and the ICsy values of DML6 for these cell lines compared to the normal cell lines. Cell
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survival was determined using the MTT assay. The IC5, values are represented as the means + SD of three independent
experiments performed in triplicate. * p < 0.05, ** p < 0.01, *** p < 0.001. (B) The changes in OV2008 cell morphology
produced by vehicle (0 uM), 5 or 10 uM of DML6 after 0, 24, 48 and 72 h of incubation and its confluence graph. (C) The
real time IncuCyte cytotox green fluorescent reagent assay showing the number of dead OV2008 cancer cells present over
time after incubation with vehicle (0 uM), 5 or 10 uM of DML6. The data are presented as images showing the fluorescence
level at the 0 and 72 h time points. A representative time curve quantitatively summarizing the results at each time point.

The data are presented as the means = SEM of three independent studies. All images were captured in each cell lines

after incubation with the vehicle or DML6 by the IncuCyte® S3 Live-Cell Analysis System at 20 x magnification and a

representative picture, along with its graph, are shown.

2.4. DML6 Induces Oxidative Stress in OV2008 Cells

The total intracellular level of reactive oxygen species (ROS) was determined by
staining the cells with 2,7-dichlorofluorescein diacetate (H2DCFDA). In this assay, cellular
esterases cleave the nonfluorescent H2DCFDA molecule to yield H2DCF, by removing the
lipophilic moiety (a diacetate group) [20]. Subsequently, H2DCF is oxidized by ROS to
2'-7'dichlorofluorescein (DCF), which is a highly fluorescent dye [32]. ROS levels were
quantified based on the fluorescence level of DCF detected using EVOS microscope. The
levels of DCF fluorescence were significantly higher in cells incubated with 5 or 20 pM
DML6, compared to cells incubated with the vehicle (Figure 3), indicating that DML6
induced the formation of ROS.

DML6 Transmitted DCF Overlay

(HM) ROS levels
sokokok
0
%‘ 0.3- sokokok |
@ o.
i)
£
5 0.2-
(%)
&
O 0.1
5 7]
o
]
3
L. Control 5 20
DML6 (uM)
20

Figure 3. The detection of DML6-induced cellular oxidative stress by DCF in OV2008 cells. Repre-
sentative images of fluorescent DCFDA levels following incubation with the vehicle (control) (0 uM),
5 or 20 M of DML6 for 24 h. The images were taken using an EVOS digital fluorescent microscope
at 40 x magnification. A histogram quantitatively summarizing the change in the % of fluorescence
intensity of DCFDA in cells incubated with 5 and 20 uM of DML6 as compared to cells incubated
with the vehicle, is also shown. **** p < 0.0001. The experiment was repeated in triplicate for each cell
line. Scale bar: 100 uM.

2.5. DML6 Arrests the Cell Cycle of OV2008 at G2 Phase

To further determine the mechanisms by which DML6 inhibits cervical cancer cell
proliferation, a cell cycle analysis was conducted using flow cytometry cell cycle analy-
sis with propidium iodide (PI). DML6 produced a significant concentration-dependent
increase in the percentage of cells in the G2 phase in OV2008 cells. The percentage of cells
in the G2 phase increased from 4.18% in cells incubated with the vehicle to 42.56 % and
59.96% with 5 or 20 uM of DML, respectively (p < 0.01, p < 0.001, respectively; Figure 4).
Furthermore, DML6 significantly (p < 0.0001) decreased the percentage of cells in the G1
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phase from 85.99% in the cells incubated with the vehicle, to 16.01% and 27.84% after
incubation with 5 or 20 uM, respectively, of DML6 (Figure 4). DML6, at 5 uM, significantly
(* p < 0.05) increased the percentage of cells in the S phase. However, 20 uM of DML6 did
not significantly increase the percentage of cells in the S phase. Finally, neither 5 or 10 uM
of DML6 significantly altered the percentage of cells in the sub G1 phase.

4
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Figure 4. The effect of DML6 on the cell cycle. A representative figure illustrating the effect of
DML6 on the distribution of the OV2008 cell populations in the cell cycle phases. OV2008 cells
were incubated with the vehicle, 5 or 20 uM of DML6 for 24 h and were subjected to cell cycle
analysis using flow cytometry with propidium iodide (PI) (X-axis)/cell counts(Y-axis); A histogram
quantitatively summarizing the change in the % of cells in each phase of the cell cycle due to DML6,
is also shown. * p < 0.05, ** p < 0.01, *** p < 0.001, **** p < 0.0001. The data represent the means +
SEM of three independent experiments performed in triplicate.

2.6. DML6 Induces Mitotic Catastrophe and Apoptosis in OV2008 Cells

In vitro, DML6 produced morphological features indicative of apoptosis in the OV
2008 cells, including cell shrinkage, cellular membrane blebbing and the formation of
apoptotic bodies, as well as arrest of the cell cycle at the G2 phase. Therefore, we also
determined the effect of DML6 on the nuclear morphology of OV2008 cells, using the
Hoechst 33342 dye. The nuclear changes in OV2008 cells after incubation with the vehicle,
5 or 20 uM of DML6 for 24 were visualized and recorded (Figure 5). As shown in Figure 5,
the cells incubated with the vehicle had a normal nuclear shape, consisting of an oval,
non-condensed shape, with a low level of bright-blue staining (indicative of viable cells).
However, the incubation of cells with 5 uM of DML6 for 24 h increased the number of
cells with condensed, fragmented nuclei, indicating apoptosis. The incubation of OV2008
cells with 20 uM of DML6 resulted in decondensed, multiple micronuclei and some single,
highly condensed nuclei (Figure 5A), indicative of mitotic catastrophe and apoptosis,
respectively. The percentage of apoptotic nuclei produced as a result of DML6 incubation is
significantly higher than control incubated with the vehicle. The prominent morphological
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hallmarks of apoptosis are the presence of apoptotic bodies, i.e., nuclear fragmentation
and chromatin condensation [33]. In contrast, mitotic catastrophe (MC) is characterized by
the presence of nuclei consisting of two or more lobes or micronuclei in a single cell [34].
Cells incubated with various chemotherapeutic drugs die in the interphase or become
arrested at G1 and/or G2 phase [35,36]. The inability of these cells to repair the DNA
damage is due to an impairment in checkpoint functions, which causes cells to enter
into early mitosis [34]. Their fate is dependent on various conditions, which produces
MC, where the cells become viable for a short period of time without replicative capacity
(known as permanent growth arrest) or apoptosis and eventually, cell death [34,37-39].
Interestingly, apoptosis and MC have similar biochemical features, such as mitochondrial
outer membrane permeabilization (MOMP) and the activation of certain caspases [40].
The loss of the MOMP is detrimental as several proteins involved in apoptosis, such as
the apoptotic protease-activating factor (APAF-1) and cytochrome c are present in the
space between the outer and inner membrane of mitochondria [41]. This results in the
loss of mitochondria membrane potential and the disruption of mitochondria function,
producing cell death [42,43]. Therefore, the apoptogenic potential of a compound can
be determined by its efficacy to induce a loss of the mitochondrial membrane potential.
Therefore, we evaluated the induction of apoptosis using MitoTracker™ Red & Annexin V
Alexa Fluor® 488 in OV2008 cells. During apoptosis, phosphatidylserine (PS) is translocated
to the extracellular side from its regular intracellular mitochondrial localization, leading
to phosphatidylserine being present on the extracellular surface [44,45]. The exposed PS
binds with high affinity to the fluorophore-labeled human vascular anticoagulant protein,
annexin V [46]. The fluorescence intensity is positively correlated with the magnitude of
apoptosis induction [47]. As shown in Figure 5B, the majority of OV2008 cells incubated
with the vehicle were primarily in quadrant I (90.86%), which contains viable cells and only
8.41% of the cells were present in quadrant I, containing apoptotic cells. After incubation
with DML, the percentage of live cells in quadrant I decreased to 53.39% (p < 0.01) for
5 uM of DML6 and 22.37% (p < 0.01) for 20 uM of DML6. The percentage of apoptotic cells
in quadrant Il increased to 41.38 % (p < 0.001) for 5 uM of DML6 and 73.67 % (p < 0.001) for
20 uM of DMLS6 (Figure 5B). The loss of the mitochondrial membrane potential is indicated
by a significant shift in the percentage of cells from quadrant I to quadrant II, and this was
dependent on the concentration of DML6. Overall, the results indicate that DML6 induces
cell death by inducing apoptosis and MC in OV2008 cancer cells.
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Figure 5. The effect of DML6 on apoptosis and the mitochondrial membrane potential. (A) Changes
in the nuclear morphology in OV2008 cells incubated with the vehicle (0 uM), 5, or 20 uM of DML6.
The cells were fixed and stained with the DNA binding dye, Hoechst 33342. The nuclear fragmen-
tation and apoptotic chromatin condensation are indicated by red arrows. Multiple decondensed
micronuclei were observed using an EVOS fluorescent microscope at 20x magnification. Scale
bar represents 200 pm. A histogram quantitatively summarizing the % of apoptotic nuclei of cells
incubated with 5 and 20 uM of DML6 as compared to cells incubated with the vehicle, is also shown.
(B) A representative figure showing DML6 induced apoptosis A histogram summarizing the results
is also shown, ** p < 0.01, *** p < 0.001. The data represent the means & SEM of three independent
experiments performed in triplicate.

2.7. DML6 Produces a Concentration-Dependent Increase in the Induction of Apoptosis by
Activating the Intrinsic Apoptotic Pathway

Apoptosis, a form of programmed cell death that results in cell death, is one of the
major mechanisms by which chemotherapeutic drugs achieve their therapeutic efficacy [48].
Morphologically, apoptosis is characterized by cytoplasmic and nuclear shrinkage, chro-
matin condensation at the nuclear periphery, nuclear fragmentations and blebbing of the
plasma membrane [49]. Subsequently, this leads to the production of small apoptotic bodies
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that have an intact cellular membrane and unaltered integrity of the organelles [50]. These
apoptotic bodies are then released and eliminated by phagocytosis in the extracellular
environment [51]. Apoptosis can occur in cells by the activation of either the extrinsic or
intrinsic pathway. The intrinsic pathway, also known as the mitochondrial pathway, is
activated in response to intrinsic stimuli such as DNA damage and cellular stress, and this
signal is transmitted to the outer mitochondrial membrane (OMM) by proteins in the Bcl-2
family [52]. The Bcl-2 protein family consists of 3 subclasses of proteins: pro-survival/anti-
apoptotic proteins, Bcl-2, Bel-X;,, Bcl-W, Al and Mcl-1, which bind to and sequester another
class of proteins, the pore-forming proteins, Bax and Bak and pro-apoptotic BH3-only
proteins, Bid, Bim, Bad, Hrk, Bik, Puma and Noxa [53,54]. The balance between the pro-
apoptotic and anti-apoptotic proteins determines whether the cell dies or survives [55]. In
normal cells, Bak is present in the OMM, whereas the majority of Bax is located in the cy-
tosol and a small fraction is weakly bound to OMM [56]. Upon exposure to intrinsic stimuli,
Bax is translocated from the cytosol to OMM, where Bax and Bak are oligomerized to their
active conformational form [55]. This leads to the formation of pores in the mitochondria,
causing OMM permeabilization and damage. As a result, several apoptogenic molecules,
such as cytochrome ¢ and DIABLO/Smac, are released from the mitochondrial membrane
space to the cytosol which, in turn, activates the aspartate-specific proteases, known as
caspases [51]. First, the initiator caspases, caspase-2, -8, -9, -10, are activated, followed
by the subsequent cleavage and activation of the executioner caspases (caspase-3, -6, -7),
which ultimately activates several cascades of proteins that produce cell death [57]. To
determine whether DML6—induced apoptotic death in OV2008 cells occurs by activation
of the intrinsic pathway, we performed a real-time quantification of apoptosis using the
Caspase-3/7 Green reagent. The incubation of OV2008 cell with 5 or 20 uM of DMLS6 sig-
nificantly increased annexin V green fluorescence over time compared to the OV2008 cells
incubated with the vehicle (Figure 6A). A significant difference in fluorescence intensity
was observed between the control and DML6 after 24 hours of incubation, indicating a
significant apoptosis induction (Figure 6A). DMLS6, at 5 or 20 uM, significantly induced
apoptosis in OV2008 cells in a time-dependent manner by activating caspase-3 and caspase-
7, compared to cells incubated with the vehicle (5 and 20 uM, p < 0.0001) (Figure 6A). The
lowest concentration of DML6 (5 uM) required a longer incubation time (/48 h) to induce
apoptosis, compared to 20 uM of DML6 (<24 h; Figure 6A). These results indicate that
DML6 induces apoptotic cell death at early time points. Furthermore, we analyzed the
levels of certain intrinsic apoptotic proteins using Western blotting. Our results indicate
that 20 pM of DML6 significantly decreased (p < 0.01) the levels of the anti-apoptotic
protein, Bcl-2, and 5 and 20 uM of DML6 significantly increased the expression of the
pro-apoptotic proteins, Bax (p < 0.05) and Bak (p < 0.01). Furthermore, the incubation of
OV2008 cells for 24 hours with 20 uM of DML6 induced the cleavage of initiator caspase-9,
compared to cells incubated with the vehicle. The incubation of OV2008 cells with 5 or
20 uM of DML6 significantly increased the cleavage (and thus, the activation) of caspase-7
(p < 0.05) and caspase-3 (p < 0.01), respectively, compared to OV2008 cells incubated with
the vehicle. These results indicate that DMI16 produces a significant induction of intrinsic
apoptosis in OV2008 cells. Overall, these results indicate that the anticancer efficacy of
DMLS6 is due, in part, to the induction of intrinsic apoptosis.

Thus, our findings suggest that DML6 may be a promising lead compound for pre-
clinical development of anti-cancer agent against cervical cancer. However, there are some
limitations to this study. The preliminary screening of compounds was performed in
only two cervical cancer cell lines: OV2008 and HeLa cells. The cervical cancer cell line
OV2008 used for this study was previously misidentified as an ovarian cancer model [58].
In 2012, genotypic profiling by Korch et. al revealed that OV2008 was identical to another
cervical cancer cell line called ME-180 and was found to be HPV positive [59]. On the
other hand, HeLa cells were not chosen for further in vitro experiments due to its history
of cross-contamination with other cell lines [60,61]. More mechanistic studies should be
conducted on more relevant cervical cancer cell lines. Similarly, in-vivo study using an
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appropriate cervical cancer model is required to determine whether DML is an efficacious
and safe anti-cancer agent in vivo. Additionally, the nature of DNA damage (direct or
indirect) induced by DML6 was not studied in this study, its target identification and effect
on DNA damage response signaling pathway along with alterations in cell cycle pathways
needs further investigation.
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Figure 6. The effect of DML6 on the induction of intrinsic apoptosis. (A) Fluorescence time-dependent experiments to
measure the effect of DML6 on the levels of apoptosis in OV2008 cells. Representative pictures of the fluorescence level of
Cell Event™ Caspase-3/7 Green reagent after 24, 48, and 72 h of incubation. Bar = 100 pm. A histogram quantitatively
summarizing apoptosis induction at different times for the vehicle, 5 or 20 uM of DML, is also shown. The data were
analyzed using a two-way ANOVA analysis of variance, followed by Bonferroni multiple comparison test; **** p < 0.0001.
(B) Western blots for the proteins cleaved caspase-3, cleaved caspase-7, caspase-9, cleaved caspase-9, Bax, Bak and Bcl-2,
following overnight incubation with 20 uM of DML6. The values of the proteins were normalized to 3-actin levels. A
histogram summarizing the levels of each protein is also shown. All data are presented as the means + SEM of four
independent studies with * p < 0.05, ** p < 0.01 vs. control group. Clvd = cleaved; Csp = caspase.
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3. Materials and Methods
3.1. Chemistry

All reagents and solvents used in the synthesis reactions were obtained from com-
mercial sources and used without further purification. The progress of chemical reactions
was monitored by thin layer chromatography (TLC), performed on pre-coated aluminum
plates of silica gel 60 F254. The developed TLC plates were visualized for compound
spots in UV light (254 nm) and/or by exposing the plates to iodine vapor. The sepa-
ration of the compounds was conducted using column chromatography with silica gel
(60-120 mesh). The melting points of the synthesized compounds were measured by an
open capillary method on a semi-automatic digital melting point apparatus (Systonic, S-972,
Panchkula, India) and the melting points were uncorrected. FTIR spectra were recorded
using a spectrophotometer (Perkin Elmer, Spectrum RX-IFTIR). The TH-NMR spectra were
recorded in a CDCls run on a Bruker Avance-II (400 MHz) spectrometer (Bruker, Billerica,
MA, USA), and tetramethylsilane (TMS) was used as the internal standard. The chemical
shifts were reported in ppm relative to TMS and the coupling constants (J) were reported
in Hz. The LCMS mass spectra were recorded on a Q-Tof Micro mass spectrometer with an
electrospray ionization (ESI) interface (Waters, Milford, MA, USA) in the positive mode.

3.1.1. General Procedure for the Synthesis of Dialkylamino Substituted Chalcones
(DML1-DMLS6)

Equimolar mixtures of substituted acetophenone 1la—f (15 mmol) and dialkylamino
substituted benzaldehyde 2a—f (15 mmol) in ethanol (25 mL) were stirred for 10 min. Then,
40% NaOH (5 mL) was added dropwise, with continuous stirring for 2-8 h, at room
temperature. Subsequently, the reaction mixture was poured into crushed ice (200 g) and
neutralized with 10% HCL. The solid precipitate was filtered, washed with cold water and
dried in air. The crude product was purified by recrystallization using absolute alcohol.

(E)-3-[4-(dimethyl amino)phenyl]-1-(pyridin-2-yl)prop-2-en-1-one (DML1). Mp: 126 °C; IR
(KBr) v (cm~1): 3100, 1650, 1521, 1432, 1347; 1TH NMR (400 MHz, CDCl3): § 8.70 (s, 1H),
8.19 (d,1H, ] =7.5),8.09 (d, 1H, | =16.0), 7.94 (d, 1H, ] =16.0), 7.85 (dd, 1H, | = 7.0), 7.65
(dd, 2H, | = 8.0), 7.44 (t, 1H, ] =19.0), 6.68 (dd, 2H, | = 8.5), 3.04 (s, 6H); ESIMS (m/z): 253.13
[M + H]*.

(E)-3-[4-(diethyl amino)phenyl]-1-(pyridin-2-yl)prop-2-en-1-one (DML2). Mp: 142 °C; IR (KBr)
v (cm™1): 3056, 1654, 1518, 1428, 1352; 1H NMR (400 MHz, CDCl;): & 8.47 (s, 1H), 8.22 (d,
1H, ] =7.5),8.14 (d, 1H, ] = 16.0), 7.94 (d, 1H, ] =16.0), 7.89 (dd, 1H, | =7.0), 7.62 (dd, 2H,
] =8.0), 7.38 (t, 1H, ] =19.0), 6.61 (dd, 2H, | = 8.0), 3.02 (s, 6H); 1.01 (m, 4H); ESIMS (m/z):
281.17 M + H]".

(E)-3-[4-(dimethyl amino)phenyl]-1-(4-methoxy phenyl) prop-2-en-1-one (DML3). Mp: 118 °C;
IR (KBr) v (cm~1): 3081, 1605, 1527, 1433, 1252; 1H NMR (400 MHz, CDCl3): 6 8.21 (d, 2H,
J=8),8.14(d, 1H, | =16.0), 7.74 (d, 1H, ] =16.0), 7.59 (d, 2H, | = 8.0), 7.32 (d, 1H, ] = 8.0),
6.98 (d, 1H, ] =19.0), 6.60 (d, 2H, | = 8.5), 3.90 (s, 3H), 3.01 (s, 6H); ESIMS (m/z): 282.16 [M +
HJ*.

(E)-1-[3,4-dimethoxy phenyl]-3-(4-(dimethyl amino)phenyl)prop-2-en-1-one (DML4). Mp: 86 °C;
IR (KBr) v (cm~1): 3052, 1622, 1540, 1429, 1238; 1TH NMR (400 MHz, CDCl5): § 8.19 (d, 2H,
J=8),8.02(d, 1H, ] = 16.0), 7.54 (d, 1H, ] =16.0), 7.23 (d, 2H, ] = 8.0), 7.02 (d, 1H, ] = 8.0),
6.80 (d, 1H, ] =19.0), 6.67 (d, 2H, ] = 8.5), 3.91 (s, 3H), 3.78 (s, 3H), 3.06 (s, 6H); ESIMS (m/z):
312.24 [M + HJ*.

(E)-1-[3,4-dimethoxy phenyl]-3-(4-(dimethyl amino)phenyl)prop-2-en-1-one (DMLS5). Mp: 110 °C;
IR (KBr) v (cm™~1): 3004, 1648, 1534, 1428, 1242; 1TH NMR (400 MHz, CDCl3): 6 8.12 (d, 2H,
J=8),7.89(d, 1H, ] = 16.0), 7.63 (d, 1H, ] = 16.0), 7.23 (d, 2H, ] = 8.0), 6.91 (d, 1H, ] = 8.0),
6.87 (d, 1H, ] =19.0), 6.67 (d, 2H, | = 8.5), 3.87 (s, 3H), 3.07 (s, 4H), 1.12 (s, 6H); ESIMS (m/z):
311.2 [M + H]*.
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(E)-1-[2,4-dichloro phenyl]-3-(4-(dimethyl amino)phenyl)prop-2-en-1-one (DML6). Mp: 73 °C;
IR (KBr) v (cm~1): 3100, 1646, 1568, 1434; 1H NMR (400 MHz, CDCl3): § 8.50 (s, 1H), 8.12
(d,1H,]=75),8.07 (d, 1H, | =16.0), 7.84 (d, 1H, ] =16.0), 7.54 (dd, 1H, | = 7.0), 6.85 (dd,
2H, ] =8.0), 6.66 (dd, 2H, ] = 8.5), 3.02 (s, 6H); ESIMS (m/z): 321.22 [M + H]*.

3.1.2. General Procedure for the Synthesis of Dialkylamino Substituted 1,3,5-Triphenyl-4,5-
dihydro-1H-pyrazole (DML7-DML12)

The substituted chalcones DML1-DML6 (5 mmol) and phenylhydrazine (5 mmol) in
acetic acid (20 mL) were boiled under reflux for 6 h. After completion of the reaction as
indicated by TLC, the reaction mixture was left to cool at room temperature. The solid
separated from reaction mixture was filtered, washed with water and dried in air. The
crude product was purified by recrystallization or silica-gel column chromatography in a
mixture of hexane and ethyl acetate (9:1) as eluent.

N,N-dimethyl-4-[1-phenyl-5-(pyridin-2-yl)-4,5-dihydro-1H-pyrazol-3-yl]aniline (DML7). Mp:
179 °C: IR (KBr) v (cm~1): 3320, 1587, 1490, 1442; 1TH NMR (400 MHz, MHz, CDCl3): & 8.85
(d, 1H, ] = 1.5),8.53 (dd, 1H, | = 5), 8.28 (m, 1H), 7.54 (m, 1H), 7.16 (m, 4H), 7.06 (dd, 2H,
J=75),694(d,2H, | =8.5), 6.83 (t, 1H, | = 3), 5.36 (dd, 1H, | = 7), 3.78 (dd, 1H, | = 12.5),
3.07 (dd, 1H, ] = 7), 2.96 (s, 6H); ESIMS (m/z): 343.17 [M + HJ*.

N,N-diethyl-4-[1-phenyl-5-(pyridin-2-yl)-4,5-dihydro-1H-pyrazol-3-ylJaniline (DMLS8). Mp:
188 °C: IR (KBr) v (cm™1): 3377, 1579, 1488, 1436; 1H NMR (400 MHz, MHz, CDCl;):
58.68 (d, 1H, ] = 1.5), 8.51 (dd, 1H, | = 5), 8.24 (m, 1H), 7.60 (m, 1H), 7.16 (m, 4H), 7.12
(dd,2H,]=75),6.98(d,2H, | =85),6.82(t, 1H, | =3),5.42 (dd, 1H, ] =7), 3.78 (dd, 1H,
] =12.5),3.07 (dd, 1H, ] =7), 3.02 (m, 2H,), 1.01 (s, 6H); ESIMS (m/z): 371.22 [M + H]*.

4-(5-[4-methoxyphenyl]-1-phenyl-4,5-dihydro-1 H-pyrazol-3-yl)-N,N-dimethylaniline (DML9).
Mp: 147 °C: IR (KBr) v (cm~1): 3320, 1568, 1483, 1440; 1H NMR (400 MHz, MHz, CDCl3): &
7.65 (d, 2H, ] = 1.5), 7.23 (m, 4H), 7.06 (m, 2H), 6.91 (dd, 2H, ] = 7.5), 6.71 (d, 2H, ] = 8.5),
6.67 (t,1H, ] = 3),5.13 (dd, 1H, ] =7), 3.81 (s, 3H), 3.69 (dd, 1H, ] = 7), 3.10 (s, 1H), 2.90 (s,
6H); ESIMS (m/z): 372.12 [M + H]*.

4-(5-(3 4-dimethoxyphenyl)-1-phenyl-4,5-dihydro-1 H-pyrazol-3-yl)-N,N-dimethylaniline (DML10).
Mp: 134 °C: IR (KBr) v (cm™1): 3316, 15548, 1478, 1442; 1TH NMR (400 MHz, MHz, CDCl3):
5749 (d, 1H, ] = 1.5),7.18 (m, 4H), 7.10 (m, 2H), 7.03 (dd, 1H, ] = 7.5), 6.83 (dd, 1H, ] = 7.5
Hz), 6.76 (t, 1H, ] = 8.5), 6.69 (d, 2H, | =7),5.17 (dd, 1H, | = 7), 3.97 (s, 3H), 3.89 (s, 3H),
3.78 (m, 1H), 3.10 (m, 1H), 2.90 (s, 6H); ESIMS (m/z): 402.12 [M + H]*.

N,N-diethyl-4-(5-(4-methoxyphenyl)-1-phenyl-4,5-dihydro-1H-pyrazol-3-yl)aniline (DML11).
Mp: 121 °C: IR (KBr) v (cm~1): 3351, 1550, 1447, 1428; 1H NMR (400 MHz, MHz, CDCl3):
57.66(d,2H, ] =7),7.08 (m, 6H), 7.03 (dd, 2H, | =7.5), 6.91 (dd, 2H, ] =7.5), 6.75 (t, 1H,
] =85),6.61(d,2H, ] =7),513(dd, 1H, ] =7), 3.81 (s, 3H), 3.76 (m, 1H), 3.32 (m, 4H), 3.07
(m, 1H), 1.14 (s, 6H); ESIMS (m/z): 402.26 [M + H]*.

4-(5-(2,4-dichlorophenyl)-1-phenyl-4,5-dihydro-1 H-pyrazol-3-yl)-N,N-dimethylaniline (DML12).
Mp: 124 °C: IR (KBr) v (em™1): 3017, 1542, 1469, 1446; TH NMR (400 MHz, MHz, CDCl3): 5
780(d,1H,]=7),7.38(d, 1H, ] =7),7.23 (d, 1H), 7.18 (m, 4H), 7.07 (dd, 2H, ] = 7.5), 6.80 (t,
1H, ] =8.5),6.68 (d, 2H, | =7),5.20 (dd, 1H, | =7), 3.76 (m, 1H), 3.98 (m, 1H), 3.31 (m, 1H),
2.91 (s, 6H); ESIMS (m/z): 410.01 [M + HJ*.

3.2. Biological Studies
3.2.1. Cell Lines and Cell Culture

A panel of cancer cell lines, including cervical (OV2008 and HeLa), breast (MDA-
MB-231), lung (A549) and colon (LOVO), prostate (DU145), human embryonic kidney
cells (HEK293), human colon fibroblast cells (CRL1459), and Chinese hamster ovary cells
(CHO), were grown as adherent monolayers in flasks containing Dulbecco’s modified Eagle
medium (DMEM), supplemented with 10% fetal bovine serum (FBS) and 1% penicillin and
streptomycin, in a humidified incubator with 5% CO, at 37 °C.
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3.2.2. MTT Assay

The cytotoxic efficacy of the novel derivatives in the cancer cell lines was determined
using the 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) assay, as
previously described [62,63]. The cells were seeded evenly (180 uL/well) in 96-well plates,
at a density of 3000-5000 cells/well and incubated with serial dilutions of the compounds
ranging from 0.1 to 100 uM. The MTT dye (4 mg/ml) was added after 72 h of incubation
and incubated with the cells for an additional 4 h at 37 °C, allowing the viable cells
to biotransform the yellow-colored MTT into dark-blue formazan crystals. Following
incubation, the medium was aspirated, and the formazan crystals were dissolved by adding
100 pL of DMSO to each well. Cytation™ 5 and Cytation™ 7 multi-mode detector (Bio
Tek Instruments, Winooski, VT, USA) was used to determine the absorbance readings at a
wavelength of 570 nm. The ICs values were determined based on 3 separate experiments,
with each experiment carried out in triplicate. The selectivity of the compounds was
determined by comparing their IC50 values in cervical cancer compared to the normal
epithelial cell lines, HEK293, CHO, and CRL1459.

3.2.3. Time-Dependent Cytotoxicity Assays
IncuCyte™ Live-Cell Morphology Study

Real-time live cell analysis was performed as previously described [64]. In order
to determine the morphological changes induced by DML6, OV2008 cells were seeded
at 4000 cells/well in a 96-well plate and incubated overnight at 37 °C, with 5% CO, in
an incubator. Subsequently, the cells were incubated with 1, 3 or 30 pM of DML6 or
vehicle (DMEM media with 10% FBS and 1% penicillin and streptomycin) and placed in
an IncuCyte® S3 Live-Cell Analysis System (Ann Arbor, MI, USA). IncuCyte was then
programmed to capture the images at different time points (0, 24, 48 and 72 h), using the
integrated IncuCyte S3 software version 2020B (Essen BioScience, Ann Arbor, MI, USA).

IncuCyte™ Cytotox Green Assay

The IncuCyte cytotox green reagent (Catalog # 4633, Essence BioScience, Ann Ar-
bour, MI, USA) was used for real time quantification of dead OV2008 cells as previously
described [65]. This dye will only penetrate into cells with non-intact membranes (dead
or non-viable cells). As the cells die, the increase in cell membrane permeability allows
the reagent to enter the nucleus and bind to DNA, which emits green fluorescence at an
excitation maximum of 491 nm and emission maximum of 509 nm. OV2008 cells were
seeded (100 uL/well) in a 96-well plate and incubated overnight. The following day, DML6
(0.1-100 uM) was prepared at 3X the final assay concentrations in diluted IncuCyte™ Cy-
totox Reagent and added to each well (50 uL/well). The cells were immediately placed
in the IncuCyte® 53 Live-Cell Analysis System (Essen BioScience, Ann Arbor, MI, USA)
and images were taken every 2 h up to 72 h and analyzed using the integrated IncuCyte S3
software version 2020B (Essen BioScience, Ann Arbor, MI, USA).

3.2.4. Time-Dependent Apoptosis Induction Study

Cell Event™ Caspase-3/7 Green Detection Reagent from (Catalog # C10423, Life
Technologies, Carlsbad, CA, USA), which is a novel fluorogenic substrate for activated
caspase-3/7 that is compatible with living cells, was used to determine apoptosis activation
in real-time in OV2008 cells incubated with DML6. Briefly, OV2008 cells were seeded
in 96-well plates at a density of 1 x 10% cell/well. Twenty-four hours later, the cells
were incubated with the vehicle (DMEM media with 10% FBS and 1% penicillin and
streptomycin), 5 or 20 uM of DML6 for 72 h. Five micromolar of the apoptosis-detecting
reagents were added to the cells immediately after DML6 and were incubated for up to
72 h at 37 °C. Fluorescence was determined every 24h using a live cell imaging system
(IncuCyte Zoom, Essen Bioscience, Ann Arbor, MI, USA, using an absorption/emission
maximum of ~502/530 nm.
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3.2.5. Cell Lysis and Western Blot Analysis

The OV2008 cells were lysed to obtain total cellular protein fractions using Mammalian
Protein Extraction Reagent (Catalog # 78501, M-PER™, Thermo Fisher Scientific, Waltham,
MA, USA). The cells were seeded in 6 mm plates at a density of 1 x 10° and incubated
with 5 or 20 pM of DML6 or 1 pM of doxorubicin (Catalog # T1-2-, TargetMol, Boston,
MA, USA) (a positive control) for 24 h. The following day, the cells were washed with
ice-cold PBS, scraped using a cell scrapper and collected in Eppendorf tubes. The tubes
were centrifuged at 1500 RPM at 4 °C for 5 min. The solution was discarded and replaced
with 70 pL of the cell lysis buffer (M-PER reagent, 100 mM Sodium Orthovanadate (NaOV)
at a final concentration of 2.5 mM) and a 100X protease inhibitor cocktail (Catalog # P8340,
Sigma-Aldrich, St. Louis, MO, USA, final concentration of 1X, containing of aprotinin,
bestatin, E-64, leupeptin and pepstatin). Thirty minutes later, the resulting solution was
centrifuged at 10,000 RPM at 4 °C for 5 min and the supernatant was collected. The
protein concentration of the cell extracts was determined using the bicinchoninic acid
(BCA) (Catalog # 786-570, G-Biosciences, Saint Louis, MO, USA) quantification assay.
The extracted proteins were loaded and separated onto a 10% tris-glycine gel and the
proteins were transferred from the gel onto a 0.45 uM PVDF membrane. After blocking the
membranes using 5% milk prepared in Tris-buffered saline containing Tween 20 (TBST)
for 1 hour, followed by washing for 15 min, the membranes were incubated overnight
with primary antibodies against Rabbit Cleaved caspase-3 (Catalog # 9664S) (1:1000),
rabbit Cleaved caspase-7 (Catalog # 84385)(1:1000), rabbit Caspase 9 (Catalog # 95025)
(1:1000), mouse Cleaved Caspase-9 (Catalog # (1:1000), rabbit Bak (Catalog # 12105T)
(1:1000), rabbit Bax (Catalog # 5023T) (1:1000), mouse Bcl-2 (Catalog # 15071S) (1:1000),
mouse beta-Actin (Catalog # 37005) (1:500) (Cell Signaling Technology, Danvers, MA,
USA). The following day, the membranes were washed for 30 minutes and incubated
for 90 minutes with horseradish peroxidase labeled (HRP) anti-rabbit and anti-mouse
secondary antibodies (1:4000 dilutions) in 5% milk prepared in TBST. Subsequently, the
membranes were washed for 30 minutes with TBST and developed by SuperSignal™ West
Pico PLUS Chemiluminescent Substrate (Thermo Fisher Scientific, Waltham, MA, USA).
Subsequently, G:Box Chemi XX6/XX9 (Syngene, Frederick, MD, USA) was used to detect
the blots. Finally, the amount of protein in each blot was quantified using the Image ]
software (NIH, Bethesda, MD, USA). All data were calculated as a ratio to 3-actin.

3.2.6. Nuclear Staining Using Hoechst 33258 Dye

Nuclear fragmentation and chromatin condensation were detected using the Hoechst
33258 DNA dye as previously described [66]. OV2008 cells were seeded at a density of
250,000 cells/mL in 6-well plates and incubated overnight at 37 °C. The next day, the
cells were incubated with the vehicle (DMEM media with 10% FBS and 1% penicillin and
streptomycin), 5 or 20 pM of DML6 and further incubated overnight at 37 °C. The cells
were fixed and stained with the Hoechst 33258 DNA dye for at least 30 min. The stained
nucleus fluorescence was detected using an EVOS digital microscope at wavelengths of
460490 nm.

3.2.7. Cell Cycle Analysis

Cell cycle analysis was conducted using flow cytometry cell cycle analysis with
propidium iodide (PI) as previously described [67]. OV2008 cells were plated into 6-well
plates at 2.5 x 10° cells/well. The cells were incubated with the vehicle, 5 or 20 uM of
DML6 for 24 h. The next day, the cells were trypsinized with 0.25% trypsin, 2.21 mM
EDTA, 1X, washed, counted, and resuspended in 1ml of ice-cold PBS. The cells were then
stained with 200 pL (50 pg/ml stock solution propidium iodide (PI) dye and incubated for
at least 15 min. The distribution of the cells in each phase of the cell cycle after incubation
with the vehicle or DML6 was determined using A BD FACSCanto™ flow cytometer (BD
Biosciences, Becton-Dickinson, San Jose, CA, USA) and analyzed using FCS Express 7 plus
De Novo software (Glendale, CA, USA).
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3.2.8. Apoptosis and Mitochondrial Membrane Potential Analysis

MitoTracker®Red and Alexa Fluor 488 annexin V kits for flow cytometry (Molecular
Probes Inc., Eugene, OR, USA) were used to determine the mitochondrial membrane
potential and apoptosis, respectively, in OV2008 cells, as previously described [68]. OV2008
cells were seeded in 6-well plates and incubated with the vehicle, 5 or 20 uM of DML6
for 24 h. The following day, the cells were trypsinized using 0.25% trypsin, 2.21 mM
EDTA, 1%, counted and 4 pL of 10 uM MitoTracker®Red working solution was added to
1 mL of the harvested cells. The cells were incubated at 37 °C with 5% CO, for 30 min.
The cells were washed with ice-cold phosphate-buffered saline (PBS), followed by cell
resuspension in 100 pL of the annexin binding buffer. The cell suspensions were then
incubated with 5 pL of Alexa Fluor 488 annexin V for 15 min, followed by adding 400 puL
of the annexin-binding buffer. Finally, flow cytometry was used to detect the fluorescence
of stained cells at the following excitation/emission maximum: Alexa Fluor® 488 annexin
V:499/521 nm; MitoTracker®Red: 579/599 nm, using a flow cytometer BD FACSCanto™
(BD Biosciences, Becton-Dickinson, San Jose, CA, USA) and analyzed using FCS Express 7
plus De Novo software (Glendale, CA, USA).

3.2.9. Reactive Oxygen Species (ROS) Detection

The compound, 2’,7'-dichlorofluorescein (H,DCFDA), was used to detect ROS as
previously described [69]. OV2008 cells were seeded at a density of 250,000 cells/ml. After
24 h of incubation with the vehicle, 5 or 20 uM of DML, the cells were incubated with
H>DCFDA for 30 min at 37 °C. The cells were washed 3 times with 1X PBS for 5 min. The
levels of reactive oxygen species were then determined based on the fluorescence level of
the oxidized DCFDA dye (excitation at 485 nm and emission at 535), using a EVOS digital
fluorescent microscope at 20x magnification.

3.2.10. Statistical Analysis

The data were statistically analyzed with GraphPad Prism9.1.2 software from Graph-
Pad Software (San Diego, CA, USA). The MTT assay data was analyzed using one-way
ANOVA, followed by Bonferroni’s post-hoc analysis. The data from ROS assay and nu-
clear staining were analyzed using the one-way ANOVA, followed by Dunnett’s post-hoc
analysis. Similarly, the statistical analysis of cell cycle assay was computed using two-way
ANOVA, followed by Tukey’s post-hoc analysis. The mitochondrial membrane potential
and time-dependent apoptosis induction study were performed using two-way ANOVA,
followed by Dunnett’s post-hoc analysis, respectively. Finally, the data from the Western
blotting experiment were analyzed using unpaired f-test. All experiments were repeated in
triplicate. The data are expressed as the mean =+ the standard error of mean (SEM). The a
priori significance level for this study was p < 0.05.

4. Conclusions

In conclusion, a series of 12 novel chalcone derivatives were designed, synthesized and
characterized. After screening these compounds in a panel of cancer cell lines to determine
their anti-proliferative efficacy, DML6, had the highest in vitro efficacy, with an ICs5, value
of 7.8 uM and had selectivity for inducing cytotoxicity in the cervical carcinoma cell line,
OV2008 compared to other epithelial cancer cells i.e., HEK293, LOVO, MDAMB-231, DU-
145 and A549. DML6 induced oxidative stress and arrested the cell cycle at the G2 phase.
The incubation of OV2008 cells with DML6 produced a loss of the mitochondrial membrane
potential, resulting in apoptosis and mitotic catastrophe. The apoptotic efficacy of DML6
was due to its inhibition of the anti-apoptotic protein, Bcl-2, and the upregulation of the
pro-apoptotic proteins, Bax and Bak. DML6 activated caspase-9 and cleaved caspase-3 and-
7, producing apoptosis by activating the intrinsic apoptotic pathway. Overall, our results
suggest that DML6 could be a potential lead compound for the pre-clinical development
of novel anti-cancer compounds.
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Supplementary Materials: The following material is available online, Table S1: The antiproliferative
efficacy of the DML1-DML12 compounds on the proliferation of cervical HeLa cancer cell line.
Figure S1. The efficacy of DML6 in HeLa cancer cells.
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Abstract: Breast cancer is one of the important public health problems today and recent treatments have not been found
to be very effective for advanced-stage metastatic disease of the breast. In the present study ten 3,4,5- trihydroxybenzohy-
drazone derivatives (AR 01- AR 10) were synthesized by two different methods viz. reflux and stirring. It was observed
that compounds synthesized by stirring method acquire good yield and require less time in comparison to reflux method.
Further cytotoxicity activity performed on two breast cancer cell lines viz. MDA-MB-468 and MCF-7 revealed moderate
activity in all compounds at 40 pg/mL and 80 pg/mL which has the highest in samples AR 01 and AR 10 for both cell lines.
Considerably all compounds have shown potent antioxidant activity at 50 ug/mL and above concentrations. Tumor in
mice treated with compound AR 01 was found to be smaller in comparison to control and AR 10. Findings revealed that
compound having electron donating group showed more potent activity against breast cancer cell lines both in vitro and
in vivo. Cytotoxicity activity also corelates with QSAR study and showed that compounds having donating group showed
positive contribution towards the toxicity. These findings suggest that gallic acid derivatives were potent cytotoxic against

breast cancer cell lines and may provide potent therapeutic effects against breast cancer.

Keywords: Gallic acid derivatives; cytotoxicity; antioxidant; in vivo; QSAR

1. INTRODUCTION

Polyphenols constitute an important class of che-
mopreventive agents because of its ROS and RNS
quenching and preventing nature [1]. The under-
lying mechanism for the quenching behaviour of
polyphenolic compounds is the characteristic of
benzene rings because of both their acidity (ability
to donate protons) and their delocalized m-elect-
rons (ability to transfer electrons while remaining
relatively stable) [2]. Gallic acid (3,4,5-trihydroxy-
benzoic acid) is a well-known naturally occurring
compound. It is present as hydrolysable tannins in
various natural products with various biological
activities these are antioxidant, anticarcinogenic,
antimutagenic, antibacterial, antifungal, antiviral,
neuroprotective, anti-inflammatory, induces apop-
tosis of tumor cells, direct inhibition of several en-
zyme activities [3-14].

In recent years there is much attention in the de-
velopment of synthetic gallic acid derivatives with
description of their pharmacological and biologi-
cal activities. Various pharmacological activities
have been evaluated of gallic acid derivatives in-
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cluding antioxidant, anticancer and neuroprotec-
tive activities. Indanone derivatives of gallic acid
was found to be cytotoxic against various human
cancer cell lines viz. KB403 (oral and mouth cancer
cells), WRL68 (liver cancer cells), CaCO2 (colon
cancer cells), HepG2 (liver cells) and MCF7 (hor-
mone-dependent breast cancer cells) [15-17]. Gallic
hydrazones containing an indole moiety exhibited
antioxidant and cytotoxicity activities against hu-
man colon cancer cell line (HCT-116) and estrogen
dependent human breast cancer cell line (MCF-7)
[18]. One of the reviews reported the antitumoral
properties of alkyl esters of gallic acid against vari-
ous tumor cell lines [19].

Various mechanisms have been reported for an-
ticancer activity of gallic acid. Some studies re-
vealed that apoptosis is one of the reasons of in-
ducing cancer cell death without harming normal
cells [12, 20, 21]. Subramanian et al., reviewed that
anticancer activity derivatives of gallic acid is re-
lated to generation of reactive oxygen species, reg-
ulation of apoptotic and anti-apoptotic proteins,
suppression of oncogenes and regulation of cell
cycle by arresting it [22]. One of the reviews re-
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ported that high antioxidant activity with ability
to inhibit lipid peroxidation and metal ion chela-
tion is a responsible cause of anticancer activity of
gallic acid derivatives [23]. Effect of gallic acid de-
rivatives on drug metabolizing enzyme through
inhibition of cytochrome P450 activation of indi-
rectly acting mutagens and/or by scavenging of
metabolically generated mutagenic electrophiles
is one of the causes as anticancer agent [24].

Computer-aided drug discovery/design meth-
ods have played powerful tools in the develop-
ment of therapeutically important small molecules
for the study of structure-activity relationships
(SAR) [25]. Recently many Quantitative Structure
Activity Relationship (QSAR) techniques have
been introduced, among them the Free-Wilson
analysis (2D QSAR) is a simple and convenient
method that is suitable for analyzing compounds
with the same parent structure having small set of
compounds [26]. The method can distinguish the
different contributions of each substituent to each
position, and can offer useful information about
the mode of action for selected compounds. Be-
side the QSAR study; in silico study comprises of
docking study. Molecular docking is used for pre-
dicting the preferred orientation of ligands with
large biomolecules, predicting the strength of the
bonding forces and finding the best geometrical
arrangements [27].

Further they were evaluated for in vitro cyto-
toxicity study on two breast cancer cell lines viz.
estrogen receptor positive (MCEF-7) and estrogen
receptor negative (MDA-MB-468) and in vivo
study on CH3/Jax mice tumor model. Free Wilson
(2D QSAR) was analyzed through Valstat soft-
ware for cytotoxicity study on both breast cancer
cell lines. Additionally, different antioxidant ac-
tivities (DPPH, scavenging of superoxide and
iron chelating) of synthesized compounds were
investigated.

2. MATERIALS AND METHODS
2.1. Chemicals

Synthetic materials and reagents were pur-
chased from Sigma Chemicals Co., St. Louis,
USA. All solvents were procured from Merck,
Mumbai, India. All chemicals used were of ana-
lytical grade.

2.2 Synthesis method (Scheme 1)

Step I: Synthesis of methyl 3,4,5-trihydroxyben-
zoate

The selected compounds were synthesized by 3
steps reaction. Structures of compounds with their
code are depicted in Table L.

O,
COOH

dry MeOH, Conc. H,SO4

Reflux, 6-8 hrs
HO OH HO

OH OH

“CHy

) NH——NH,
NH,.NH,.2H,0
Reflux/Stirring
OH HO .
OH
Reflux/Stirring | Ar.CHO
R
CH
V4
(o] NH——N
HO' OH
OH AR 01- AR 10

Scheme 1 Synthesis of 3,4,5-Trihydroxybenzohydrazones (AR 01- AR-10)
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Table I Structure of synthesized compounds with their IUPAC name

Compounds Substituent Compounds Substituent
No. IUPAC name (R) No. IUPAC name (R)
3,4,5-trihydroxy-N’- \o 3,4,5-trihydroxy-N’-
[(1E)-(2,3-dimethoxy- [(1E)-(4-nitrophenyl)
AR 01 phenyl)methylidene]- AR 06 methylidene]benzohy-
benzohydrazide O\ drazide o

. , 3,4,5-trihydroxy-N’-
3,4,5-tr1hydrox.y—N - [(1E)-(4-hydroxy-

AR 02 [(AE)-(3,4,5-trime- 0 AR 07 3-methoxyphenyl) <
thoxyphenyl)methyli- \ meth lidenz]rl))enz}(l)h - A
dene]benzohydrazide y - y

—o0 o— drazide OH
3,4,5-trihydroxy-N’- Nz 3,4,5-trihydroxy-N’- ¢
[(1E)-(2-nitrophenyl) [(1E)-(2-chloro-5-nitro-

AR 03 methylidene]benzohy- AR 08 phenyl)methylidene] | o~

drazide benzohydrazide
3,4,5:trihydroxy- 3,4,5-trihydroxy-N’-
N'“[(1E)-[4- [(1E)-(3,4-dimethoxy- °

AR 04 (dimethylamino) AR 09 ! (HOXY \

: phenyl)methylidene]
phenyl]methylidene] benzohvdrazide o
benzohydrazide /N_ y
3,4,5-trihydroxy-N’'- 3,4,5-trihydroxy-N’- \o
[(1E)-(3-nitrophenyl) [(1E)-(3-methoxy-
ARO5 | 1 ethylidene|benzohy- o, ART0 | henyl)methylidene]
drazide benzohydrazide

A mixture of gallic acid (6.0 g, 10.8 mM), dry
MeOH (120 mL) and Conc. H,SO, (1.20 mL) in a
round bottom (RB) flask were heated under reflux
for 6-8 h. After completion of the reaction, the sol-
vent was evaporated under pressure in vacuum
and extracted with ethyl acetate followed by wash-
ing with sufficient amount of water. The organic
layer was concentrated in vacuum giving the
crude methyl gallate. Recrystallization was done
in hot water to obtain pure methyl gallate.

In the second and third step 3,4,5-trihydroxy-
benzohydrazide and 3,4,5-trihydroxybenzohydra-
zone derivatives respectively were synthesized by
two methodology viz. reflux (method A) and stir-
ring (method B). In method A reflux was used
whereas, in method B only stirring was performed
to synthesiz the same compounds.

Step II: Synthesis of 3,4,5-trihydroxybenzohy-
drazide

Method A

Methyl 3,4,5-trihydroxybenzoate (9.2 g, 50 mmol)
and hydrazine hydrate (45 mL) were taken in RB
flask and stirred under room temperature until
mixed completely. Ethanol (250 mL) was added to
the mixture and was stirred under reflux for 6-8 h

and then kept overnight under room temperature.
The separated white solid was collected on a Bu-
chner funnel filtered, washed with ethanol and
dried over silica gel.

Method B

The synthesis of 3,4,5-trihydroxybenzohydrazide
was tried under stirring conditions at room tempera-
ture methyl 3,4,5-trihydroxybenzoate (9.2 g, 50 mM)
and hydrazine hydrate (45 ml) were taken in 100 mL
conical flask and 40 mL of 50 % ethanol was added
and the reaction mixture was allowed to stir for 1.5-2
h. The separated white precipitate was collected on a
Buchner funnel filtered, dried and recrystallized
from 50 % ethanol and dioxane mixture.

Step III: Synthesis of 3,4 5- trihydroxybenzohy-
drazone derivatives

Method A

3,4,5-trihydroxybenzohydrazide (0.8 mmol) was ref-
luxed with various aromatic aldehydes (0.8 mmol)
in 20 mL of 50% ethanol and one drop of glacial
acetic acid for about 1-1.5 h. The reaction mixture
was poured into excess crushed ice. The solid sep-
arated was filtered, washed with water and recrys-
tallized from suitable solvent.
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Method B

The synthesis of various 3,4,5-trihydroxybenzohy-
drazone was tried under stirring conditions at
room temperature. 3,4,5-trihydroxybenzohydra-
zide (0.8 mmol) was allowed to stir with various
aromatic aldehydes (0.8 mmol) in 20 mL of 50 %
ethanol and one drop of glacial acetic acid for
about 40-50 min. The reaction mixture was
poured into excess crushed ice. The solid separat-
ed was filtered, washed with water and recrystal-
lized from suitable solvent.

2.3 In wvitro cytotoxicity assay

The in vitro cytotoxicity of the extract was deter-
mined using sulforhodamine-B (SRB) on estrogen
receptor positive (MCF-7) and estrogen receptor
negative (MDA-MB-468) breast cancer cell lines as
described previously (Dhingra et al., 2016). Briefly,
cell lines were pre-incubated in Dulbecco’s Modi-
fied Eagle Medium (DMEM) for 24 h at 37 °C in 5%
v/v CO, and compounds were added and incubat-
ed for another 48 h in four different concentrations
(10 pg/mL, 20 pg/mL, 40 ug/mL and 80 pg/mL). Af-
ter incubation, suforhodamine B was added and
plates were incubated at room temperature for
30 min. Finally, the optical densitywas recorded
on ELISA reader at wavelength of 540 nm using
690 nm as reference wavelength. Percent growth
was calculated on a plate-by-plate basis for test
wells relative to control wells.

% Growth =[A, /A ] X 100

where A is the average absorbance of the test well
and A is the average absorbance of the control
well.

2.4 In vivo activity of potent cytotoxic synthesized
compounds

2.4.1 Maximum tolerated dose (MTD) assessment in
C3H/Jax mice

For each drug C3H/Jax mice were randomly divid-
ed into groups (6/group) and received a single i.p.
injection of compounds in DMSO at dose levels
specified in the results. Three doses of compounds
were given on every third day to the group of
mice with the initial dose of 150 mg/kg. The dose
was increased on the basis of the mortality of
mouse/mice. With the single mortality of the
mouse the MTD was decided.

2.4.2 In vivo study

The animal use and care protocol was approved
by the Anti-Cancer Drug screening facility
(ACDSF) at ACTREC, Tata Memorial Centre, Navi
Mumbai. The animals tumors were divided into
various treatment groups and a control group
(6 mice/group). The untreated control group re-
ceived the vehicle only. Compounds were dis-
solved in the vehicle, and were given i.p. at dose of
50 mg/kg thrice a week for four weeks. Relative
tumor volume, tumor/control from relative tumor
volume, animal body weights (in g), survival of
number of mice were measured for the next 30
days. The body weight data obtained was then
converted to percentage body weight changes.
The length and width of tumors were measured
and the volume (v) was calculated using the for-
mula v = (width)*>x (length/2) ™. Relative tumor
volume was calculated by the following formula:

Relative Tumor Volume (RTV) = Tumor volume
on day of measurement/Tumor volume on day 1.
Percentage tumor growth was calculated as T/C
by the following formula:

T/C = (T ~T /C,~C,) x 100
If (T ~T) <0, then T/C = (T ~T)/T, x 100

C,(C,): Tumor weight of day 0 (day n) in the
control group

T (T ): Tumor weight of day 0 (day n) in the
treated group

2.5 QSAR Study

Free Wilson approach has been applied for QSAR
study. Different functional groups on substituted
aldehydes were used for the preparation of the
matrix. Free and Wilson derived a mathematical
model that describes presence and absence of cer-
tain structural features i.e. functional group at
different position (ortho, meta and para) were rep-
resented by 1 and 0 respectively with biological
activity values (Table II).

Log1/C=} ai+u

The values of a, in equation are the biological ac-
tivity groups contributing of the substituents X1,
X2...Xi in the different positions p of compound
and p is the biological activity values of the refer-
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Table II Free-Wilson structural matrix for the compounds
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ence compound, most often the unsubstituted
parent structure of a series.

2.6 Antioxidant activities
2.6.1. DPPH radical scavenging activity

The DPPH radical-scavenging activity was deter-
mined using the method proposed by Dhingra et al.,
(2016). Briefly, DPPH solution (100 uM) was added to
1 ml of polyphenol extracts with 1 mL of methanol.
The mixture was shaken vigorously and allowed to
stand at room temperature in the dark for 10 min.
The decrease in absorbance of the resulting solution
was monitored at 517 nm at 10 min. Butylated hy-
droxytoluene (BHT) was used as standard control
[28]. The percent of DPPH discoloration of the sam-
ple was calculated according to the equation:

% Scavenging [DPPH] = [(A-A,) / A,] X100

where A is the absorbance of the control and A is
the absorbance in the presence of the samples or
standard.

2.6.2. ABTS assay

For ABTS assay, the procedure followed was taken
from that of Arnao et al. (2001) with some modifi-
cations. Compounds (1 mL) were allowed to react
with 1 mL of the ABTS* solution for 2 hrs. in dark
condition [29]. Then the absorbance was taken at
734 nm using the spectrophotometer. The percent
of ABTS radicals of the sample was calculated ac-
cording to the equation:

% inhibition [ABTS] = [(A,-A,) / A,] X 100

where A is the absorbance of the control and A is

the absorbance in the presence of the samples and
standard. The results were expressed as IC,, (ug/
mL).

2.6.3. Scavenging of superoxide

The effect of the extract on superoxide anion radi-
cals was estimated according to the method de-
scribed previously [28]. The reaction mixture con-
tained 1 mL each of riboflavin (3.3x10 mol L), me-
thionine (0.01 mol L?), NBT (4.6x10 mol L) each.
After adding 1 mL of sample of different concen-
trations, the reaction mixture was illuminated at
4000 1x and 25 °C for 30 min. BHT was used as
standard. The absorbance of the reaction mixture
was measured at 560 nm with a spectrophotome-
ter and the scavenging percentage was calculated
according to the following formula:

% Scavenging = [(A,-A,) / A ] X 100

where A is the absorbance of the control and A is
the absorbance of the sample/standard.

3. RESULTS
3.1. Synthesis study

Synthesis of 3,4,5-trihydroxybenzohydrazide
(step II)

According to literature the synthesis of 3, 4, 5-tri-
hydroxybenzohydrazide was carried out by re-
fluxing methyl 3,4,5-trihydroxybenzoate and hy-
drazine hydrate in ethanol under reflux for 6-8 h.
In an attempt to increase the yield and to save the
time we performed the same reaction under stir-
ring condition at room temperature for only 1.5-2
h and the yield was increased from 52 to 74 % (Ta-
ble III).
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Table III Physical and analytical data of the synthesized intermediates and derivatives

Yield (%)
B S/CI‘\)IZW R MP%%Z%Z" Igcl; R, Value Solvent for recrystallization
’ A B
I CH.O, 201-203 | 56 - 0.52* Hot Water
11 CHNO, [167-169| 52 | 74 0.61* Methanol
AR 01 C HNO |169-171 | 76 87 0.78* Ethyl acetate + Chloroform
AR 02 C H, N.O 171-173 | 76 88 0.73* Ethyl acetate + Chloroform
AR 03 C HNO, |170-171 | 77 86 0.51** Ethyl acetate
AR 04 CH.NO, |176-177 | 74 83 0.68* Ethyl acetate + Chloroform
AR 05 C,HNO, [171-:172] 69 | 78 0.76** Ethyl acetate
AR 06 C HNO, |171-172 | 78 87 0.80** Ethyl acetate
AR 07 C.HNO, |[171-173 | 77 92 0.75* Ethyl acetate + Chloroform
AR 08 C H CIN.O, | 168-169 | 82 88 0.62** Ethyl acetate
AR 09 C HNO, |168-169 | 77 86 0.81* Ethyl acetate + Chloroform
AR 10 C.H/NO. |171-173 | 82 87 0.48* Ethyl acetate + Chloroform

A, reflux condition; B, stirring condition; Rf, retardation factor; *Solvent system, Pet ether: Acetone; ** Solvent system CHCI3: MeOH

Synthesis of 3,4,5-trihydroxybenzohydrazone
derivatives (III)

The synthesis of compounds AR 01-10 was car-
ried out by refluxing for 1.5-2 h. The yields ob-
tained were in the range of 69-82 %. The same re-
action was performed under stirring condition
40-50 min. The reaction was successful and the
products were compared with the earlier prod-
ucts. The yield obtained was in the range of 78-
92%. Hence the modified procedure was found to
better one in respect of saving time and yield (Ta-
ble III).

3.2. In vitro cytotoxicity study

For MCEF-7 cells at the lowest concentrations test-
ed (10 and 20 pg/mL) none of the compounds

showed activity whereas at 40 ug/mL out of 10
synthesized compounds three compounds viz.
AR 01, AR 03 and AR 10 showed cytostatic effect
and showed <50 % of growth in comparison to
growth. At the highest concentration tested (80
ug/mL) 7 compounds viz. AR 01, AR 02, AR 03,
AR 07, AR 08, AR 09 and AR 10 showed potent
activity and showed < 50 % control growth
whereas, at the same concentration AR 03
showed cytocidal effect. Among all the com-
pounds, AR 05 and AR 06 were found to be least
active (Figure 1la). Growth inhibition of 50 %
(GL,,) of cells with drug concentration resulting
in a 50% reduction in the net protein increase
was observed for all the compounds. AR 03 and
AR 10 was found to show lowest GI, values of
33.7 and 34.8 pg/mL respectively whereas, other

100+

50

N
»

T
» B

% Control growth

Concentration pg/mL

MCF-7

100+

50+

0 T
10

80
F\—“—\

Concentration (ug/mL)

20 40

% Control growth

MDA-MB-468

Figure 1 Percent control growth of synthesized compounds and standard (ADR) on (a) estrogen receptor positive (MCF-7),
(b) estrogen receptor positive negative (MDA-MB-468) cell lines.
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AR 09

AR 10

Control

AR 10

Figure 2 Cell morphology of MCF-7 cell line.

Figure 3 Cell morphology of MDA-MB-468 cell line

compounds gave the value in range of 48.0 — 73.0
ug/mL. AR 05 and AR 06 showed GI,; of > 80 g/
mL). Most cytotoxic compounds which change
the cell morphology of MCF-7 cells is shown in
Figure 2 AR 10 causes the cytocidal effect and re-
duces the number of the cells. AR 10 was found
to change the morphology at the best followed by
AR 01, AR 03 and AR 09.

At the highest concentration tested (80 ug/mL)
all the compounds showed 50 % control growth
of MDA-MB-468 cells and thus are cytostatic in
nature. AR-09 was found to be the most potent
at the highest concentration tested and showed
cytocidal effect. At 40 ug/mL, AR 01, AR 02, AR
05 and AR 10 were found to be cytostatic, where-

as, at 20 pg/mL only AR 10 was found to be po-
tent and showed cytostatic effect. AR 06 was
found to be least active among all, compounds
towards MDA-MB-468 cells (Figure 1b). AR 10
was found with lowest GL, value followed by
AR 08 with values of 27.7 and 37.8 ug/mL re-
spectively. AR 10, AR 01 and AR 08 were found
to be most potent in respect of IC,; with lowest
values of 32.91, 40.66 and 40.95 ug/mL respec-
tively whereas, other compounds showed mod-
erate activity with values in range of > 40 and
< 50 ug/mL. Similar to MCF-7, AR 10 was found
to be most potent and changes the morphology
of MDA-MB-468 cells followed by AR 01, AR 08
and AR 03 (Figure 3).

Table IV Maximum Tolerated Dose evaluated for the most potent cytotoxic compounds

Drug Maxlzl:::; Lo ml\:ll;";ee; dof %Z;l ! % death Toxicity Criteria Furth]ev;glgse I
AR-01 150 mg/Kg 0/6 0 Well tolerated 300 mg/kg
AR-01 300 mg/Kg 0/6 0 Well tolerated 450 mg/kg
AR-01 450 mg/Kg 0/5 0 Well tolerated 600 mg/kg
AR-01 600 mg/kg 1/6 16.7 Dose Selected
AR-10 150 mg/Kg 0/6 0 Well tolerated 300 mg/kg
AR-10 300 mg/Kg 0/6 0 Well tolerated 450 mg/kg
AR-10 450 mg/Kg 0/6 0 Well tolerated 600 mg/kg
AR-10 600 mg/Kg 1/6 16.7 Dose Selected
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(Table IV). No obvious evidence of toxicity was
observed in treated animals by comparing the
body weight as there was no change in body
weight of mice for both the compounds (Figure
4a). Tumor volumes of all the mice for control, AR
01 and AR 10 were observed and mean relative tu-
mor was calculated (Figure 4b).

Relative tumor volume of compounds in com-
parison to control is shown in Figure 4b. It was
observed that on 18", 21* and 25" day there was
significant difference (p<0.05) between the relative
tumor volume of control and AR 01 whereas, on
28" and 30" day there was highly significant
(p<0.01) difference between the tumor volume of
control and AR 01 and significant (p<0.05) differ-
ence between control and AR 10. Relative tumor
volume on 28" day for control, AR 01 and AR 10
was 31.66, 20.29 and 22.23 respectively. However,
on 30" day it was 35.31, 23.53 and 24.98 for con-
trol, AR 01 and AR 10 respectively (Figure 4b).

Tumor by control (T/C) ratio was measured and
it was observed that AR 01 showed less T/C value
in comparison to AR 10. From 9" to 25" day there
was reduction in T/C value of AR 01 in comparison
to AR 10 whereas, for 28" and 30" day there was
no change in T/C value for both compounds (Fig-
ure 4c). Tumor in treated vs. by control was ex-
pressed as T/C ratio was less in AR 01 as compared
to AR 10. From 9 to 25" day there was reduction
in T/C value of AR 01 in comparison to AR 10,
whereas, for 28" and 30" day there was no change
in T/C value for both the compounds (Figure 7).
Tumor in mice treated with compound AR 01 was
smaller in comparison to control and AR 10.

3.4. QSAR study (Free-Wilson approach)

QSAR study was performed for cytotoxicity activ-
ity for both cell lines. Two best models were se-
lected out of 10 different generated models. The
best QSAR model built using multiple linear re-
gression (MLR) method is represented by the fol-
lowing equation:

For MCF-7

Figure 4 In vivo study of AR 01 and AR 10 for 30 days (a)
change in animal body weight, (b) change in relative tumor
volume and (c) change in tumor/control value

3.3. In vivo study

Maximum tolerable dose (MTD) of compounds AR
01 and AR 10 in mice was found to be 600 mg/kg

Model 1:
BA=4.333 - m-NO, (0.418) - p-NO, (1.5280)
(n =10, r=0.968, v = 0.936, variance = 0.021,
SD=0.143, F=51.771, FIT =739.582, ¢* = 0.822) (1)
Model 2:
BA=4.1385 + m-OCH, (0.1829) - p-NO2 (1.3335)
(n=10,r=0.922, r*=0.849, variance = 0.048, SD =
0.221, F=19.779, FIT = 282.570, ¢ = 0.752)  (2)
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For MDA-MB-468

Model 1:
BA=4.30575 + m-OCH, (0.06245) - p-NO, (0.22875)
(n =10, r = 0.798, r* = 0.638, variance = 0.006,
SD =0.076, F = 6.154, FIT = 87914, ¢4* = 0.462) (3)

Model 2:
BA=4.35386 - m-NO, 0.0604 - p-NO, 0.276857
(n=10, r=0.781, v = 0.611, variance = 0.006,
SD =0.078, F = 5.488, FIT =78.394, ¢* = 0.407) (4)

where, 7 is the number of observations, r is the cor-
relation coefficient, 7 is the squared correlation co-
efficient, SD is the standard error of estimate, p is
the statistical significance with Fisher’s statistic F,
¢*is cross-validated square correlation coefficient.

Model generated for MCF-7 cells cytotoxicity
was statistically highly significant in comparison
to MDA-MB-468 cells. The high correlation coeffi-
cient r (0.96 and 0.9217) indicates the susceptibility
of descriptors to form the above model (1 and 2).
Squared correlation coefficient (r?) of 0.94 and 0.85
explains 94% and 85% variance in biological activ-
ity of the tested compounds. It also indicates the
statistical significance >99.9% with F values
(561.778 and 19.779). Cross-validated square corre-
lation coefficient (g°) by LOO technique was 0.82
and 0.75 which showed a good internal predictive
ability of the model 1 and 2 respectively.

From the contribution values for both MCF-7
and MDA-MB-468 activity it is clear that the elec-
tron-donating group on the phenyl ring had posi-
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oxide and (d) comparison of antioxidant activities.

Figure 5 IC, values of different antioxidant activities (a) DPPH scavenging, (b) ABTS scavenging, (c) Scavenging of super-
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Table V Experimental and predicted values from QSAR models for MCF-7 and MDA-MB-468 cell lines activity

MCE-7 MDA-MB-468
Compounds No. Experimental Predicted Experimental Predicted

pl.0 pIC,, vIC,, vIC,,
AR 01 4.324 4.333 4.391 4.368
AR 02 4.284 4.333 4.314 4.368
AR 03 4.466 4.333 4.321 4.306
AR 04 4.258 4.333 4.314 4.305
AR 05 3.693 3.915 4.199 4.305
AR 06 2.804 2.805 4.077 4.077
AR 07 4.246 4.333 4.296 4.368
AR 08 4.138 3.915 4.388 4.305
AR 09 4.317 4.333 4.356 4.368
AR 10 4.436 4.333 4.482 4.368

tive contribution and electron withdrawing group
had negative contribution toward the activity.
Compounds having nitro group at ortho position
contribute positively toward the activity. The ex-
perimental and predicted values for both the ac-
tivities are given in Table V.

3.5. Antioxidant activities
3.5.1. DPPH scavenging

DPPH scavenging capacities of synthesized com-
pounds have been expressed in IC, values (Figure
6a). All the compounds showed potent activity in
comparison to standard BHT and showed IC, val-
ue n range of 0.075-0.110 mg/mL. AR 07 was found
to be most potent followed by AR 02 and AR 01
with IC _ value of 0.075 = 0.002, 0.077 + 0.001 and
0.079 + 0.002 mg/mL. The values of IC,, for com-
pounds AR 09, AR 10, AR 04, AR 05, AR 03, AR 08,
AR 06 and BHT were 0.082 + 0.001, 0.086 + 0.002,
0.086 + 0.002, 0.090 + 0.001, 0.095 + 0.002, 0.098 +
0.002, 0.110 + 0.001 and 0.132 + 0.002 mg/mL re-
spectively. The DPPH scavenging of compounds
in respect of their IC,, values were in the order of
AR 07>AR02>AR01>AR09>AR 10~ AR 04 >
AR 05> AR 03 >AR 08 > AR 06 > BHT.

At the highest concentration (200 pg/mL) AR
07, AR 02, AR 01 and AR 09 scavenged > 90% of
DPPH. AR 10, AR 04, AR 05 and AR 03 scavenged
>80 % and < 90% whereas; AR 08, AR 06 and BHT
scavenged > 70 % and < 80% of DPPH (Figure 6a).

3.5.2. ABTS scavenging

The IC, values of all the compounds are depicted
in Figure 5b. The order of IC,, values of all the

synthesized compounds is AR 07 > AR 02 > AR 01
> AR 09 > AR 10 > AR 04 > AR 05 > BHT AR 03
>AR 08 > AR 06. The IC, values of all compounds
and standard are in the range of 0.080-0.135 mg/
mL. AR 07 exhibited ABTS scavenging activity
followed by AR 02 and AR 01 with IC, value of
0.080 + 0.002, 0.083 + 0.002 and 0.089 + 0.002 mg/
mL respectively. AR 06 showed lowed ABTS scav-
enging activity with IC, value of 0.126 + 0.003 mg/
mL.

At the highest concentration (200 pg/mL), AR 07
and AR 02 scavenged > 90 % of ABTS, AR 01, AR
09, AR 10 scavenged > 80 % and < 90 % whereas,
AR 04, AR 05, AR 03 and BHT scavenged > 70 %
and < 80 % of ABTS. AR 08 and AR 06 showed
moderate activity with scavenging of > 50 % and <
70 % of ABTS (Figure 6b).

3.5.3. Scavenging of superoxide

All the compounds significantly scavenged the
superoxide radical in dose-dependent manner.
All compounds showed potent superoxide scav-
enging activity in comparison to standard BHT.
Similar to the previous antioxidant activities, AR
07 exhibited highest superoxide scavenging with
IC,, value of 0.075 + 0.001 mg/mL followed by,
AR 02 and AR 01 with IC_; value of 0.076 + 0.001
and 0.078 + 0.001 mg/mL respectively. The scav-
enging of compounds in respect of their IC, val-
ues were in the order of AR 07 > AR 02 > AR 01 >
AR 10 > AR 09 > AR 04 > AR 03> AR 05 >AR 08 >
AR 06 > BHT (Figure 5c). Correlation of IC, val-
ues of all antioxidant activities is depicted in
Figure 5d.

At the highest concentration (200 ug/mL) AR
07, AR 02, AR 01 AR 10 and AR 09 scavenged >
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Figure 6 Percentage scavenging of free radicals by synthe-
sized compounds at five different concentrations a) DPPH
scavenging (b) ABTS scavenging (c) Scavenging of super-
oxide

90% of superoxide whereas, AR 04, AR 03, AR 05
AR 06 and AR 08 scavenged > 75 % and < 90 %
superoxide, BHT showed lowest activity with
scavenging of 60 % of superoxide radicals (Figure
6C).

AR 10

Figure 7 Implanted tumor tissue in control, AR 01 and AR 10.

4. DISCUSSION

Gallic acid, a natural phytochemical, present in
various fruits, vegetables and nuts. It is known to
possess various biological activities such as anti-
tumor, antioxidant and antinflammatory cardio-
protective, neuroprotective and anti-ageing [30,
31]. It has been reported that antiumor activity of
gallic acid is associated with the anti-oxidative
stress nature [32]. Because of its natural origin and
various beneficial activities, the interest in the
synthesized derivatives of gallic acid is still there.
Studies have reported that derivatives of gallic
acid such as schiff base, indanone, hydrazones de-
rivatives and azo exhibited anticancer, antioxidant
ability and neuroprotective effect, scavenging of
free radicals, induction of apoptosis of cancer
cells, etc. [16, 18, 33].

Out of the two methods (reflux and stirring) to
synthesize 3,4,5-trihydroxybenzohydrazone de-
rivatives, stirring method was found to be more
effective with respect of yield, time and energy. In
the reaction, methyl 3,4,5-trihydroxybenzoate un-
derwent a nucleophilic substitution reaction with
hydrazine hydrate to result in the synthesis of
3,4,5-trihydroxybenzohydrazide. The possible
mechanism that the acid hydrazide underwent
Schiff reaction with various aromatic aldehydes to
yield various Schiff bases. This reaction first of all
requires protonation of carbonyl oxygen of alde-
hyde by acetic acid. The nitrogen of free amino
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group of acid hydrazide attacks the electron defi-
cient carbonyl carbon of protonated aldehyde to
form an intermediate known as a carbinolamine.
This carbinolamine is again protonated by acetic
acid, followed by deprotonation and dehydration
to yield the Schiff bases.

There are several studies investigating the cyto-
toxicity effects of gallic acid derivatives on various
cancer types. Alkyl esters of gallic acid are effective
against various cancer cell lines HL60RG (human
promyelocytic leukemia), P388-D1 (mouse lym-
phoid neoplasm), HeLa (human epithelial carcino-
ma), dRLh-84 (rat hepatoma), PLC/PRE/5 (human
hepatoma), and KB (human epidermoid carcino-
ma) cells and these compounds exhibited low tox-
icity in vivo and a relative selectivity to tumor
cells, exhibiting potential antitumor activity [19,
34]. Jara et al. reported that alkyl gallate triphe-
nylphosphonium lipophilic cations showed selec-
tive cytotoxicity mouse mammary adenocarcino-
ma TA3/Ha cell line. Gallic acid based indanone
derivatives exhibited potential cytotoxicity against
various human cancer cell lines viz. cell lines i.e.,
KB403 (oral and mouth cancer cells), WRL68 (liver
cancer cells), CaCO2 (colon cancer cells), HepG2
(liver cells) and MCF7 (hormone-dependent breast
cancer cells) [16,35]. Different mechanisms have
been proposed for the anticancer activity of gallic
acid derivatives. One of the papers reported that
hydrophobic moiety of alkyl gallic acid derivatives
seem to contribute greatly to the activity, presum-
ably by increasing affinity for cell membranes and
permeability [35]. Jara et al. (2014) reported that
mitochondrial membrane potential might be one
of the mechanisms underlying the anticancer ac-
tivity. In vivo activity of alkyl gallate triphe-
nylphosphonium cation at the dose of 10 mg of on
CAF1-Jax mice showed resulted in a survival rate
of mice without significant differences compared
with the control group [35]. Van et al. (1986) re-
ported that gallic acid is non-toxic, even when ad-
ministered at 120 mg/kg/day in rats [37].

In the given study gallic acid derivatives were
found to be cytotoxic against breast cancer cell
lines. In vivo activity of our compounds showed
that at 600 mg/kg of dose they were not toxic. Ma-
jority of the electron donating groups is found to
be more potent against breast cancer cell lines and
thus intracellular antioxidant activity of the com-
pounds might be the reason of their cytotoxicity.
Compounds which comprise of methoxy group
are found to be more potent as compared to com-
pounds containing nitro group. Previously it has

been reported that compounds having hydroxyl
and methoxy group inhibits more growth of ovar-
ian cell than compounds having nitro group.
Compounds having methoxy group at meta posi-
tion are found to be more cytotoxic than com-
pounds having methoxy at para position whereas,
in case of nitro group substituted compounds or-
tho nitro is considered to be more potent than
meta and para nitro substituted compounds. Simi-
lar results were observed for colon cancer too [38].
Our results concord with the given studies. For
MCE-7 cell line compounds having nitro at para
position and methoxy at meta position were found
to be most potent with least IC_, value whereas for
MDA-MB-468 compounds methoxy at meta posi-
tion and di methoxy at ortho and meta position
were more effective. Compounds having nitro at
meta and para position were found to be least ac-
tive with highest IC,, value for both MCF-7 and
MDA-MB-468 cell lines.

The correlation between various descriptors
with biological activity is the most important
means of structure-activity relationship (SAR)
study. Equation is generated with minimum num-
ber of descriptors to obtain best fit. By interpreting
the resulting descriptors from the equations gen-
erated, it is possible to gain some insight into fac-
tors that are likely to govern the cytotoxic activity.
In the given study free Wilson approach was per-
formed which incorporates the contributions
made by various structural fragments to the over-
all biological activity [39-41].

In the given study all the donating group viz.
p-OH, 0-OCH,, m-OCH,, p-OCH, and p-N(CH,),
on phenyl ring had positive contribution to toxici-
ty. Majority of the compounds are positioned at
3, 4" or 5™ position and thus -O will be easy
available to form hydrogen bond with binding
site. It is clear from the equation that o-OCH,
showed very low contribution towards cytotoxici-
ty activity. Group 0-NO, showing positive contri-
bution towards cytotoxicity activity for both cell
lines, could be due to “penetrating effect” which
causes a great change on the electronic cloud on
-OH group [42].

The DPPH and ABTS radical-scavenging assays
are tow common assays to access antioxidant ac-
tivities. Both assays work on the principle of re-
dox functioned proton ion for unstable free radi-
cals and thus stabilize the harmful free radicals in
the human body [43]. Mechanism behind both the
activities is the reduction of unstable free radicals
by hydrogen-donating antioxidants to a stable
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free radical [44-46]. Mechanism behind superox-
ide scavenging is that, superoxide anion, being
weak oxidant, produces dangerous hydroxyl radi-
cals as well as singlet oxygen, both of which con-
tribute to oxidative stress. It is known that donat-
ing group, particularly hydroxyl group plays one
of the major reasons for the antioxidant activity
[47]. The ortho and para hydroxyl substitution is
commonly regarded as important for the radical
scavenging activities. In our study compound AR
07 possessed highest antioxidant activity due to
the presence of hydroxyl group at para position
and one methoxy group at meta position. It is re-
ported that presence of hydroxyl group in place of
methoxy group is prone to make compound more
antioxidant and thus compound AR 02 (three me-
thoxy group) exhibited less antioxidant activity
than AR 07. Compounds AR 05, AR 06 and AR 08
are found to be with least antioxidative activity
due to the presence of electron withdrawing
group (-NQO,). In the given study compounds with
electron donating group are found to be potent
antioxidant in nature.

Conclusion

A total of ten gallic acid analogues were synthe-
sized and were screened for cytotoxicity on breast
cancer cell lines and various antioxidant activities.
It was observed that compounds synthesized by
stirring method acquires more yield and requires
less time. All synthesized compounds showed po-
tent antioxidant activity at 50 pg/mL and above
whereas, compound AR 01 and AR 10 showed po-
tent cytotoxic activity at 40 ug/mL and 80 pg/mL
for both cancer cell lines. Further cytotoxicity ac-
tivity with QSAR study showed that compounds
having donating group showed positive contribu-
tion towards the toxicity. Development of these cy-
totoxic agents against breast cancer cell lines with
significant antioxidant property might be useful
for anticancer drug development in the future.
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ABSTRACT

The aim of current study was to assess the potential Chitosan coated liposomes formulation. Modified ethanol
injection method was adopted and inspects the vesicle morphology. Average particle size was found to be
303.6 nm & entrapment efficiency 7815 %. In vitro release pattern followed 63.5+0.18 in 24hrs. Prepared
formulations have received considerable attention in pharmaceutical and biomedical application, specifically
achieving sustained release controlled formulation. Thus, it is a useful method for prolonging drug release from
dosage forms, reducing adverse effects and to deliver drugs in a controlled manner.

Keywords: Liposomes, Chitosan, Release rate, stability, sustain release

1. INTRODUCTION

Novel drug delivery systems is an essential
requirements, which delivers drug against the
causative agent of the disease being treated by
carrier based drug loaded system and
transported to site of action. The Chitosan coated
drug delivery system like liposome decodes
challenges  against  micro-organism  related
disease. Liposomes are bilayer round or oval

Lipid bilayer

vesicles composed of aqueous volume portion
covered by lipid bilayered. They comprises of
natural or synthetic phospholipids. Liposomes are
colloidal,  vesicular  structure  based on
phospholipids  bilayers. Their  characteristics
depend on the manufacturing protocol and

choice of bilayer components. They range from
20 nm to 100 nm diameter'.

Antibiotics

pH sensitive polymer

Urease inhibitors

Fig.1 Schematic representation of liposome containing antibiotic at the cove and covered with pH
sensitive polymer linked with Urease inhibitor

Liposomes has number of components however
phospholipids and cholesterol being the main
components. It is apparent form the above facts
that liposome is a model drug delivery system for
mucoadhesive preparations incorporating drug
moiety. The coating by Chitosan is required for
more adhesion to the membrane and Urease
inhibitor use to inhibit Urease synthesis, finally
stop the growth of bacteria. Chitosan is a

polycationic, nontoxic, mucoadhesive polymer,
which has been proven to be safe. ?* Chitosan
proposed has gastric retentive property, linked
with the electrostatic interactions between the
cationic amine groups of chitosan and the gastric
mucins that are negatively charged at the
stomach acidic pH. > ¢ Acetohydroxamic acid
(AHA) displays bacteriostatic and bactericidal
effects on H. pylori through competitive inhibitory
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binding site 8. The present study was to prepare

and investigated acquire particle size with the
help of Zeta-seizer. Behaviour mechanism
including Invitro drug release profile having
highest regression coefficient values for Higuchi’s
model. Performance of prepared formulation was
examined by stability testing. In future prepared
formulation can be further used as medicated
product.

2. MATERIAL AND METHODS

2.1 Materials

Generous gift of Chitosan (Fisher Company), &
Amoxicillin (Ranbaxy, Dewas). Acetohydroxamic

acid, all other chemical used in present work is of
Analytical or HPLC grade.

2.2 PREPARATION OF LIPOSOMES

Chitosan coated sustained release preparation
based on modified ethanol injection method were
fabricated according to the procedure suggestive
karn et.al. 20117 (fig2). Ethanolic solution was
prepared and homogeneously mixed in Lecithin:
cholesterol mixture. Simultaneously Chitosan
solution was prepared in glacial acetic acid. Both
solutions were slowly injected in PBS (pH7.4)
buffer solution at stirring speed 300rpm for 4hrs
using mechanical stirrer (Remi, India). Chitosan
coated Liposomes suspension were collected by

acid (AHA) & Lecithin was procured from Sigma-  washing three times and dried at room
Aldrich USA. Cholesterol, Ethanol, Glacial acetic  temperature for 24 hrs.
METHOD OF PREPARATION
Chitosan +glacial acetic acid Ethanol + Drug
. > |
-“"H.H_ T Lercithin + Cholesterol
""'\-\._\_\_\_\_Ht k______--'"---
1 Injection into PBS;PH 7.4
l Stirred at 300 - 350 ypm for 4hrs
Chitosan coated lip osonwes

:

Waxhing, fibbration, drying amd collec fion

Fig .2-Schematic Presentation of Prepared Liposomes

2.3 Characterization of prepared liposomes
2.3.1 Particle size and size distribution
Particle size and size distribution were calculated
microscopically with calibrated ocular
micrometer. Least count of the ocular micrometer
was considered as 16.2 um around 100 particles
from each formulation. Zeta potential was
observed by Malvern Zeta seizer (Malvern
Instrument, UK) and the observed data for each
formulation were recorded.

2.3.2 Shape and surface morphology

Drops of prepared liposomes placed on glass
slide were observed under optical microscopy
(Leitz-Biomed, Germany) and scanning electron
microscope (SEM, Hitachi, Japan) to examine
their shape. In order to examine the surface

morphology, the formulations were viewed under
scanning  electron  microscope.  Prepared
Liposomes powders in double adhesive tape were
lightly shake and then trapped to an aluminium
stub. The stubs were then coated with gold to a
thickness of about 300°A using a sputter water.
The samples were then randomly scanned for
studying surface morphology but show the
images of coating to prove internal surface.

2.3.3 Entrapment efficiency

Prepared Liposomel00 mg formulation was
distributed in 100 ml in PBS solution; (pH 7.4)
and shaken vigorously for 10 min. and
supernatant was kept aside. Similarly, the
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sediment was again treated in the same manner
and second supernatant was mixed with first
supernatant. Formulations were dissolved in 20
ml in PBS solution; (pH 7.4) for 2 hrs centrifuged
at 3000 rpm for 5 min*¢ and then filtered
through 0.45um syringe filter (Millipore Millex
HN, USA) Sample withdrawn at regular interval
and absorbance was taken on Shimadzu UV-
Spectrometry at Amax 228nm. The free drug
detected in supernatant and the percent drug
entrapped was calculated.

2.3.4 Drug release In vitro study in biological
fluids

The dissolution test of prepared Liposomes was
conceded by the paddle type dissolution
apparatus  specified in USP XXII”" 8 10mg
prepared formulation precisely mixed with 100 ml
of dissolution medium maintain perfect sink
condition. The content was rotated at 100 rpm
thermostatically ~ controlled ot  37+0.5°C.
Biological media SGF (pH 1.2) and PBS (pH 7.4)
used to classify release rate of prepared
formulation. The samples were withdrawn and
equivalent amount of fresh medium was added to

Size Distribution Report by Volume
w2 T

release medium. The collected samples were
filtered through 0.45um-syringe filter (Millipore
millex HN) and analyzed spectrophotomatrically.
2.3.5 Stability studies

The Stability of Prepared liposomes is crucial for
market point of view. The formulations developed
were tested for their stability by storing them in
amber coloured glass bottles at 4°C and 27+2°C
for 90 days. Formulation was dissolved in PBS
(pH 7.4) (1:1 v/v) solutions. The product was
filtered and then it was analysed for drug content
using spectrophotometric techniques.

RESULT AND DISCUSSION:

The surface and particle morphology of prepared
formulation was evaluated. The particle attained
plain & spherical surface morphology as depicted
in figure 4.

The average Particle size attributes for Prepared
Liposome was 303.6 nm in figure 3. Zeta

potential factor contain  Electrophoretic  cell
supporting with electric field were found
2.80+0.20mV indicate stability and

mucoadhesive of the formulation.

Ak

Malvern
Sample Details
Sample Name: CCLO11
SOF Mame: aman 1.sop
Geaneral Notes -
File Namwe: CCLO1.des Dispersant Name: Water
Record Number: 1 Dispersant Rz 1.330

Material RI:  1.59 Viscosity (eP): 0.B872
Material Absorbtion: 0.010 Measurement Date and Time: Monday March 12, 2018 12-. .
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Fig.3:Average particle size assessment of prepared liposomes
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(B) Scanning electron microscopy

Fig.4:Microscopic assessment of prepared liposomes

Entrapment efficiency:

The finding suggested physical mechanism for
drug into Chitosan coated liposomes. The
formulation were analyzed UV-Spectrometer and
result was found to be 78+ 5%.

In-vitro Drug Release:

In figure 5, in-vitro drug release profile of the
prepared formulations was presented graphically.
Dialysis method was used to conclude the drug
release and it was found that at 6 hrs the percent
of drug released of formulations was
48.3+0.23%. After 24 hrs the drug release was

70

% cumulative drug release

found to be 63.5+0.18%. In vitro drug release
was carried out in simulated gastrointestinal fluids
of different pH (1.2 & 7.4). It was observed that
the release rate of Amoxicillin from the prepared
formulation was significantly slower than the
conventional dosage forms. The in vitro drug
release study performed in (pH 1.2 & Ph 7.4)
respectively to confirm that prepared formulation
resulted in sustained and prolonged release of
drug in the GIT fluids.

——PBS
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Fig.5: Percentage cumulative drug release of prepared liposomes

Stability study

Prepared formulation was stored at 04+1°C,
25+1°C and at 40+1°C and the residual drug
content of the formulation was measured after
15, 45 and 90 days. The percent residual drug
content of the selected formulation is presented

in table 2. It was observed that the formulation
stored at 04=1°C and 25+1°C was quite
stable as very less drug was degraded on
storage for 30days while it was quite unstable
at 40=1°C as the residual drug content was
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less after storage at 40=1°C for 90 days.

Table 2 Stability study of prepared liposomes

Parameters Initial observation Initial observation Initial observation
(0 day) (45 day) (90 day)
40C 2 50C 400C 40C 250C 400C 40C 2 50C 400C
Particle 302+ 302+ | 321+ 303+03 | 303+ | 332 | 308% | 329+ 336+
size(nm) 04.23 04.23 | 03.42 .22 04.32 | = 04.23 | 03.59 02.49
02.5
9
Residual NA NA NA 83+ 09 | 82+ 56+ | 83+x0 | 69+ 52+ 07
drug content 03 08 9 04
(%)
Surface - - - - - ++ - + ++
morphology
Note: - =No change, + =slight change ++= moderate change
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Abstract

On the basis of rational drug design fourteen novel compounds having benzoic acid
as acidic head, hydrazone as linker and substituted diaryl sulfanyl/aryl-cyclohex-
ylsulfanyl as a hydrophobic tail were synthesized and characterized by physico-
chemical and spectrophotometric (FTIR, Mass, 'HNMR and '*CNMR) analysis.
The spectral data were satisfactory with their structures. The designed compounds
were docked against peroxisome proliferated activated receptors (PPARY) and fur-
ther evaluated for in vitro PPARYy agonist activity and in vivo hypoglycemic activ-
ity in wistar strain of albino rats. Compound 3k and 3m exhibited potent anti-dia-
betic activity without ulcerogenic toxicity and minimum side effects as weight gain.
Therefore these compounds would be considered as promising agents for the devel-
opment of novel antidiabetic agents.

Keywords PPARY agonists - Benzoic acid derivatives - Hydrazone - Thioether -
Anti-diabetic - Ulcerogenic toxicities

Introduction

PPAR(peroxisome proliferator activated receptor) y is a member of the peroxi-
some proliferator activated receptor family and has been the subject of exten-
sive research for mechanistic importance in glucose and lipid homeostasis [1].
The receptor is widely distributed in the spleen, colon, adipose tissue and
macrophages, and found to a lesser extent in the liver, pancreas and skeletal
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muscle [2]. PPARy agonist actions are known to improve hyperglycemia and
hyperlipidemia, and to reduce cardiovascular risk factors such as atherosclero-
sis, arterial hypertension and inflammatory mediators. Hyperlipidemia is usually
associated with hyperglycemia and frequently leads to the development of type-2
diabetes mellitus (T2DM) and cardiovascular disease [3], thus posing a substan-
tial worldwide economic burden [4].

PPARY agonists, such as thiazolidinediones (TZDs) have proven to be effi-
cacious as insulin sensitizing agents in the treatment of persistent hyperglyce-
mia [5-9]. Due to unwanted adverse effects of long term administered TZDs,
such as weight gain and fluid retention, search of new PPARYy agonists without
adverse effects is essential in the development of new antidiabetic agents.

Literature was reported that benzoic acid derivatives stimulated expression
and exhibited PPARYy agonistic activity [10-12]. Benzoic acid possesses a sim-
ple skeleton that belong to open chain acidic group in place of close chain acidic
TZD and that binds comfortably in the active site of PPARy [13, 14]. These find-
ings prompted us to search novel benzoic acid derivatives containing different
hydrophobic tail part as PPARYy agonists.

Design

Compounds having trifunctional unit (acidic head part, hydrophobic tail part
and a connecting part as linker) have been shown good PPARY agonistic activ-
ity [15]. Keeping these structural features in mind novel benzoic acid deriva-
tives were designed. The different hydrophobic tail parts are conveniently
selected according to physicochemical properties such as hydrophobicity and
electronic distribution. The hydrophobic tail part which differs in the com-
pounds is of major interest. In designed compound, the benzoic acid as acidic
head part is linked with substituted aryl/cyclohexylsulfanyl via hydrazone moi-
ety as linker (Fig. 1). Earlier hydrazone was effectively evaluated as anti-dia-
betic agents [16, 17].

S e e e e et e r—r—r—r—r e —— -

Ri =R, = Substituted aryl/cyclohexylsulfanyl

Fig. 1 Design of benzoic acid derivatives
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Experimental section
Molecular docking

The Program Molegro Virtual Docker (MVD 2012. 5.5, Molegro Bioinformatics, Aar-
chus C, Denmark) was employed to generate grid, calculate dock score and evaluate
conformers [18]. The compounds were docked using PPARY protein coordinates. Pro-
tein coordinates were downloaded from the Protein Data Bank, accession code 2PRG
[19]. Chain A was prepared for docking within the MVD by removing chain B and all
water molecules. Maximum number of cavities was fixed to 5 for detection of possible
binding cavities, grid resolution was 0.60 A with center at coordinates x=(—17.45),
y=(—16.26) and z=(18.04) A, and the binding site radius was set to 16 A, while
other parameters was set as default. All compounds were stored in a MVD file and
an original conformation was generated for each compound. Compounds were docked
into the protein coordinates and the highest scoring pose was selected for each of the
compounds. The best docking poses are predicted to be the most stable conformation
of each compound for binding to the PPARYy receptor. The validation of the dock-
ing process was performed and determines whether the molecular docking algo-
rithm is able to recover the crystallographic.

position with root mean square distance value less than 2.0 A [see Supplementary
File 1].

Synthetic materials and methods

All synthetic starting material, reagents, and solvents were procured from Sigma
Aldrich and Merck and used without further purification. Thin-layer chromatography
(TLC) and column chromatography was used to reach the completion of the reaction
and purity of the compounds synthesized respectively. Melting points were recorded
using an open capillary tube electrothermal melting point apparatus and are uncor-
rected. IR spectra were obtained in KBr discs on a Shimadzu 8400S Fourier- transform
infrared (FTIR) spectrophotometer. 'H NMR spectra were recorded on a FT NMR
(400 MHz) and '3C NMR were recorded at 100 MHz on a BRUKER AVANCE II 400
NMR spectrometer; DMSO-d, was used as a solvent. Chemical shifts are reported as 6
(ppm). The Mass spectra were recorded on a Waters Q-TOF Micro mass spectrometer.
Elemental analysis was performed using EURO Vector EA 3000 analyzer. The spot on
sample loaded TLC (E-Merck pre-coated plates) plates were identified by exposing to
UV light and iodine vapour. The CsF-Celite reagent was prepared by stirring an aque-
ous solution of CsF with celite 521 at room temperature for 20 min [20].

Preparation of intermediates
Procedure for preparation of ester

A mixture of substituted benzoic acid (1.0 mmol), methanol (10 mmol) and few
drops of Conc. sulfuric acid as catalyst was refluxed at 70 °C for 4-5 h. and reaction
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was monitored by TLC. After completion of reaction, the reaction mixture was
cooled and filtered. The solid residue (IM1) was washed with distilled water and
dried.

Procedure for preparation of thioether

A mixture of aryl/acylthiol (100 mmol) and CsF-Celite as a solid base (150 mmol)
in 20 ml of acetonitrile containing substituted ester (200 mmol) was refluxed at
80 °C for 03-18 h and the progress of the reaction was monitored by TLC. After
completion of reaction, the reaction mixture was cooled at room temperature and
filtered. The CsF-Celite was separated as residue and thioether as filtrate. The filtrate
was evaporated to get desired product (IM2).

Procedure for preparation of hydrazide

Hydrazide intermediates were obtained from reaction of the substituted thioether
(10 mmol) with excess of hydrazine 90% (10 mmol) under reflux at 110 °C for
45 min. The solid was obtained by cooling the reaction vessels, filtered off and
washed with distilled water and dried to get desired products (IM3).

General method for the preparation of compounds (3a-3n)

The compounds were synthesized by reacting equimolar proportion of substituted
aryl hydrazides (IM3; 10 mmol) and p-formyl benzoic acid (10 mmol) in absolute
ethanol (25 mL) under reflux at 78 °C for 40 min. The precipitate was filtered off
and washed with distilled water and finally recrystallized with dimethylformamide
to obtain 3a-3n.

(1) 4-{[2-(4-Chloro-phenylsulfanyl)-benzoyl]-hydrazonomethyl}-benzoic acid (3a)

White solid; Yield: 83%; mp: 219-221 °C; IR (KBr, v cm™1): 3348(NH), 3059(CH),
2988(0OH), 1749(C=0), 1680 (C=0), 1530(C=C), 1058(C-Cl), 680(C-S). 'HNMR
(DMSO-dg): 6 12.13(s, 1H, COOH), 11.56(s, 1H, NH), 10.10 (s, 1H, -N=CH),
7.95-7.92(d, J=7.37 Hz, 2H), 7.73-7.70 (d, J=6.70 Hz, 2H), 7.59-7.54 (m, 6H),
7.39-7.35. (d, J=8.62 Hz, 2H). '3*C NMR (DMSO-dg): 6 192.35, 171.53, 164.98,
145.32, 138.15, 137.46, 135.33, 129.92, 125.70, 125.19, 125.30, 125.21, 125.19,
125.09, 124.90, 124.84, 124.53, 124.31, 124.17, 124.11, 124.05. MS: m/z. 412.70
(M* +2). Anal. Calcd for C,,H,sCIN,O;S: C, 61.40; H, 3.69; N, 6.83; S, 7.80.
Found: C, 61.37; H, 3.53; N, 6.70; S, 7.47.

(2) 4-{[2-(4-Fluoro-phenylsulfanyl)-benzoyl]-hydrazonomethyl}-benzoic acid (3b)
White solid; Yield: 93%; mp: 229-231 °C; IR(KBr, o cm_l): 3391(NH),

3077(CH), 3019(0OH), 1747(C=0), 1698(C=0), 1527(C=C), 1157(C-F),
683(C-S). 'HNMR (DMSO-d6): 5 12.14(s, 1H, COOH), 11.65(s, 1H, NH), 10.13
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(s, 1H, -N=CH), 7.89-7.86 (d, J=8.93 Hz, 2H), 7.74-7.71(d, J=7.05 Hz, 2H),
7.59-7.50 (m, 6H), 7.46-7.42(d, J=7.23 Hz, 2H). *C NMR (DMSO-d6): &
192.96, 171.34, 166.53, 145.76, 140.34, 138.62, 135.77, 129.88, 125.70, 125.10,
124.47, 124.29, 124.23, 124.21, 124.17, 124.11, 124.07, 124.01, 123.83, 123.76,
123.65. MS: m/z 395.43 (M*). Anal. Calcd for C,;H,sFN,05S: C, 63.94; H, 3.84;
N, 7.11; S, 8.13. Found: C, 63.85; H, 3.64; N, 7.02; S, 8.08.

(3) 4-{[2-(4-Bromo-phenylsulfanyl)-benzoyl]-hydrazonomethyl}-benzoic acid (3¢)

White solid; Yield: 81%; mp: 230-232 °C; IR(KBr, v cm_l): 3388(NH),
3113(CH), 3013(0OH),1758(C=0), 1683 (C=0), 1514(C=C), 1041(C-Br),
669(C-S), '"H NMR (DMSO-d6): § 12.13(s, 1H, COOH), 11.64(s, 1H, NH),
10.09(s,1H, -N=CH), 7.84-7.81(d, J=7.19 Hz, 2H), 7.73-7.70(d, J=7.81 Hz,
2H), 7.61-7.55(m, 6H), 7.47-7.43 (d, J=8.01 Hz, 2H). '3C NMR (DMSO-d6): 6
192.21, 171.11, 165.82, 145.47, 139.46, 135.71, 131.19, 126.47, 125.21, 125.13,
125.01, 124.93, 124.61, 124.18, 124.11, 124.03, 124.95, 124.61, 124.33, 124.13,
124.11.MS:m/z 456.63 (M™ +2). Anal. Calcd for C,,H,sBrN,0,S: C, 55.39; H,
3.32; N, 6.15; S, 7.08. Found: C, 55.35; H, 3.04; N, 6.12; S, 7.03.

(4) 4-[(2-p-Tolylsulfanyl-benzoyl)-hydrazonomethyl]-benzoic acid (3d)

Off-white solid; Yield: 78%; mp: 224-226 °C; IR(KBr,ucm'l):3331(NH),312
1(CH), 3008(OH),1751(C=0), 1689 (C=0), 1521(C=C), 691(C-S). 'H NMR
(DMSO-d6): 6 2.08(s, 1H, COOH), 11.56(s, 1H, NH), 10.11(s, 1H, -N=CH)),
7.88-7.85(d, J=17.03 Hz, 2H), 7.65-7.63(d, J=7.12 Hz, 2H), 7.59-7.53(m, 6H),
7.39-7.35 (d, J=17.33 Hz,2H), 2.22 (s, 3H)."*C NMR (DMSO-d6): § 191.02,
171.51, 165.21, 145.74, 138.52, 135.43, 129.94, 125.71, 125.58, 125.53, 125.33,
125.21,125.10, 125.03, 124.93, 124.77, 124.71, 124.11,123.33, 123.09, 122.70,
21.42. MS: m/z 391.10 (M* +1). Anal. Caled for C,,H,{N,O,S: C, 67.69; H,
4.65; N, 7.17; S, 8.22. Found: C, 67.35; H, 4.64; N, 7.12; S, 8.18.

(5) 4-{[2-(4-Methoxy-phenylsulfanyl)-benzoyl]-hydrazonomethyl}-benzoic acid (3e)

Off white solid; Yield: 89%; mp: 261-263 °C; IR (KBr, v cm‘l); 3359(NH),
3100(CH), 2991(OH), 2831(OCH3), 1733(C=0), 1687(C=0), 1530(C=C),
684(C-S)."H NMR (DMSO-d6): 5 12.10(s, 1H, COOH), 11.63(s, 1H, NH), 10.11(s,
1H, -N=CH), 7.84-7.82(d, J=7.83 Hz, 2H), 7.69-7.67(d, J=6.71 Hz, 2H),
7.60-7.50(m, 4H),7.41-7.37(d, J=5.22 Hz, 2H), 3.43(s, 3H). '*C NMR (DMSO-
d6): & 191.91, 170.40, 167.15, 157.46, 144.97, 138.29, 135.74, 129.52, 125.89,
125.31, 125.28, 125.19, 125.17, 125.14, 125.07, 124.92, 124.71, 124.57, 124.38,
124.17, 124.07, 55.36.MS: m/z 407.08 (M* +1). Anal. caled for Cp,H,sN,0,S; C,
65.05; H, 4.48; N, 6.89; S,7.89. Found: C, 64.95; H, 4.34; N, 6.42; S, 7.68.
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(6) 4-{[2-(2,4-Dimethyl-phenylsulfanyl)-benzoyl]-hydrazonomethyl}-benzoic acid
(3f)

White solid;Yield: 81%; mp: 205-207 °C; IR (KBr, v cm_l); 3369(NH), 3122(CH),
3011(OH), 1724(C=0), 1681(C=0), 1516(C=C), 659(C-S).'"H NMR (DMSO-
d6): 5 12.09(s, 1H, COOH), 11.61(s, 1H, NH), 10.12(s, 1H, -N=CH), 7.85-7.83(d,
J=6.22 Hz, 2H), 7.77-7.73(d, J=5.19 Hz, 2H), 7.61-7.56(m, 5H), 7.42-7.39(d,
J=7.57 Hz, 2H), 2.46(s, 6H).'*C NMR (DMSO-d6): § 191.29, 171.23, 165.41,
145.33, 137.43, 135.46, 130.45, 126.91, 125.62, 125.33, 125.30, 125.21, 125.11,
125.01, 124.73, 124.33, 124.24, 124.17, 124.09, 123.82, 123.71, 22.37, 21.13.
MS: m/z 405.13 (M* +1). Anal. calcd for C,3H,,N,0,S: C,68.32; H,4.95; N, 6.93;
S,7.94. Found: C, 68.03; H, 4.64; N, 6.62; S, 7.78.

(7) 4-[(2-Cyclohexylsulfanyl-benzoyl)-hydrazonomethyl]-benzoic acid (3 g)

White solid; Yield: 67%; mp: 209-211 °C; IR (KBr, v cm‘l): 3311(NH), 3113(CH),
2941(0H), 1733(C=0), 1684(C=0), 1525(C=C), 621(C-S). 'H NMR (DMSO-
d6): 6 11.98 (s, IH,COOH), 11.41(s, 1H, NH), 10.04(s, 1H, -N=CH), 7.84-7.82(d,
J=7.20 Hz, 2H), 7.66-7.64(d, J=5.28 Hz), 7.36-7.33(d, J=5.43 Hz, 2H),
7.11=7.06(m, 2H), 3.33(m, 1H), 1.63-1.39(m, 10 H) '3C NMR (DMSO-d6): &
190.08, 170.03, 164.93, 144.42, 137.12, 135.37, 129.41, 125.61, 125.05, 124.39,
124.33, 124.23, 124.13, 124.09, 123.08, 43.15, 39.43, 39.42, 26.45, 25.19, 25.18.
MS: m/z 383.33(M* +1). Anal. Caled for C,,H,,N,0,S: C, 65.94; H, 5.81; N, 7.33;
S, 8.38. Found: C, 65.83; H, 5.64; N, 7.12; S, 8.08.

(8) 4-{[4-(4-Chloro-phenylsulfanyl)-benzoyl]-hydrazonomethyl}-benzoic acid (3 h)

White solid; Yield: 84%; mp: 278-280 °C; IR (KBr, v cm_l): 3359(NH), 3101(CH),
2989(0OH) 1733(C=0), 1697(C=0), 1518(C=C), 1069(C—Cl), 683(C-S). '"H NMR
(DMSO-d6): 6 12.13(s, 1H, COOH), 11.57(s, 1H, NH), 10.08(s, 1H, -N=CH),
7.93-791(d, J=7.02 Hz, 2H), 7.72-7.70(d, J=8.73 Hz, 2H), 7.58-7.54(m, 6H),
7.37-7.33(d, J=6.88 Hz,2H).*CNMR(DMSO-d6): § 192.32, 171.46, 165.93,
145.72, 139.46, 138.40, 135.33, 129.92, 126.71, 125.60, 125.39, 125.33, 125.21,
125.11, 125.09, 124.48, 124.27, 124.11, 124.03, 123.81, 123.76. MS: m/z
412.94(M" +2). Anal. Calcd for C,,H,5sCIN,O,S: C, 61.40; H, 3.69; N, 6.83; S,
7.80. Found: C, 61.31; H, 3.64; N, 6.60; S, 7.71.

(9) 4-{[4-(4-Fluoro-phenylsulfanyl)-benzoyl]-hydrazonomethyl}-benzoic acid (3i)

White solid; Yield: 93%; mp: 270-272 °C; IR(KBr, v cm‘l): 3402(NH),
3049(CH),3023(OH),1741(C=0),  1701(C=0),  1529(C=C),  1148(C-F),
689(C-S).'H NMR (DMSO-d6): § 12.14 (s, 1H COOH), 11.63. (s, 1H, NH),
10.13(s, 1H, -N=CH), 7.88-7.85(d, J=7.17 Hz, 2H), 7.73-7.71(d, J=7.06 Hz,
2H),7.59-7.54(m, 6H), 7.43-7.39(d, J=8.07 Hz, 2H). 3CNMR (DMSO- d6): &
192.90, 171.74, 166.51, 145.73, 140.12, 138.40, 135.77, 130.31, 126.70, 125.58,
125.41, 125.30, 125.23, 125.11, 124.59, 124.44, 124.31, 124.25, 124.23, 124.19,
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124.10. MS: m/z 395.14 (M™ +1). Anal. Caled for C, H,sFN,O,S: C, 63.94; H,
3.84; N, 6.83; S, 8.13. Found: C, 63.83; H, 3.74; N, 6.70; S, 8.01.

(10) 4-{[4-(4-Bromo-phenylsulfanyl)-benzoyl]-hydrazonomethyl}-benzoic acid (3j)

White solid; Yield: 82%; mp: 279-281 °C; IR (KBr, v cm_l): 3349 (NH), 3101(CH),
2999 (OH), 1719(C=0), 1682(C=0), 1522(C=C), 1051(C-Br), 661(C-S),.'H
NMR (DMSO-d6): § 12.12(s,1H COOH), 11.62(s, 1H, NH), 10.09(s, 1H, -N=CH),
7.85-7.83(d, J=7.20 Hz, 2H),7.73-7.70(d, J=8.03 Hz, 2H), 7.60-7.54(m,
6H),7.47-7.42(d, J=6.91 Hz,2H).">*CNMR(DMSO-d6): § 192.21, 170.11, 165.41,
145.07, 138.40, 136.72, 135.12, 129.91, 125.91, 125.59, 125.41, 125.30, 125.26,
125.18, 125.15, 124.80, 124.61, 124.55, 124.30, 124.09, 124.01.MS: m/z 456.61
(M* 42). Anal. caled for C,;H,sBrN,05S: C, 55.39, H, 3.32, N, 6.15, S, 7.08.
Found: C, 55.27, H, 3.14, N, 6.12, S, 7.06.

(11) 4-[(4-p-Tolylsulfanyl-benzoyl)-hydrazonomethyl]-benzoic acid (3 k)

Off-white solid; Yield: 76%; mp: 256-258 °C; IR(KBr, v cm_l): 3341(NH),
3103(CH), 2943(OH), 1721. (C=0), 1681(C=0), 1527(C=C), 663(C-S). 'H NMR
(DMSO-db6): 6 12.10(s,1H,COOH), 11.58(s, 1H, NH), 10.12(s, 1H, —-N=CH),
7.88-7.85(d, J=6.20 Hz, 2H),7.67-7.65(d, J=5.01 Hz, 2H), 7.61-7.56(m, 6H),
7.37-1.34(d, J=4.97 Hz, 2H), 2.23(s, 3H). 3C NMR (DMSO-d6): § 192.19,
171.10, 166.41, 145.77, 138.40, 135.30, 129.94, 126.71, 125.69, 125.41, 125.33,
125.23, 125.11, 125.05, 124.93, 124.84, 124.71, 124.51, 124.33, 123.19, 123.10,
20.42. MS: m/z 391.02 (M* +1). Anal. caled for Cp,H,{N,O5S: C, 67.68; H, 4.65;
N,7.18; S, 8.21. Found: C, 67.51; H, 4.64; N, 7.02; S, 8.05.

(12) 4-[4-(4-Methoxy-phenylsulfanyl)-benzylidene-hydrazinocarbonyl]-benzoic acid
(31

Off white solid; Yield: 88%; mp: 285-287 °C; IR (KBr, o cm‘l);
3359(NH), 3107(CH), 2979(0OH), 2833(0OCH3),1733(C=0), 1687(C=0),
1533(C=C),684(C-S)."HNMR(DMSO-d6): § 12.10(s, 1H, COOH), 11.61 (s,
1H, NH), 10.15(s, 1H, -N=CH), 7.86-7.82(d, J=7.10 Hz, 2H), 7.70-7.67(d,
J=17.03 Hz, 2H), 7.60-7.57(m, 6H), 7.41-7.38(d, J=6.73 Hz, 2H), 3.44(s, 3H).
13C NMR (DMSO-d6): § 191.66, 170.40, 166.44, 157.34, 144.77, 138.44, 130.44,
125.61, 125.30, 125.22, 125.20, 125.18, 125.11, 125.05, 124.93, 124.80, 124.71,
124.51, 124.23, 124.09, 123.95, 55.48. MS: m/z 407.21 (M* +1). Anal.calcd for
C,,H sN,0O,S: C, 65.05: H, 4.48; N, 6.89; S, 7.90. Found: C, 65.00; H, 4.34; N,
6.42; S, 7.61.

(13) 4-{[4-(2,4-Dimethyl-phenylsulfanyl)-benzoyl]-hydrazonomethyl}-benzoic acid
(3m)

White solid; Yield: 79%; mp: 259-261 °C; IR (KBr, v cm_l); 3311(NH), 3094(CH),
2981(0OH), 1715(C=0). 1680(C=0), 1531(C=C), 653(C-S).'H NMR (DMSO-d6):
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5 12.09(s, 1H, COOH), 11.61(s, 1H, NH), 10.11(s, 1H, -N=CH), 7.84-7.82(d,
J=6.77 Hz, 2H),7.79-7.77(d, J=17.03 Hz, 2H), 7.61-7.56(m, 5H),7.51-7.47(d,
J=5.54 Hz, 2H), 2.43(s, 6H). 3C NMR (DMSO-d6): § 191.11, 171.16, 165.33,
145.75, 138.40, 130.35, 125.94, 125.71, 125.49, 125.33, 125.21, 125.20, 125.11,
125.05, 124.93, 124.74, 124.61, 124.41, 124.23, 124.09, 123.90, 21.62, 20.50.
MS: m/z 405.31(M* +1). Anal. caled for C,3H,,N,0,S: C,68.30; H, 4.95; N,6.92;
S,7.94. Found: C, 68.17; H, 4.64; N, 6.62; S, 7.78.

(14) 4-[(4-Cyclohexylsulfanyl-benzoyl)-hydrazonomethyl]-benzoic acid (3n)

White solid; Yield: 63%; mp:252-254 °C; IR (KBr,» cm_l):3313(NH),3104(CH),
2953(0H), 1742(C=0),1681 (C=0), 1517(C=C), 648(C-S).'"H NMR (DMSO-
d6): 5 12.01(s, 1H COOH), 11.44(s, 1H, NH), 10.02(s, 1H, -N=CH), 7.86-7.83(d,
J=4.26 Hz, 2H), 7.68-7.65(d, J=5.73 Hz, 2H), 7.39-7.35(d, J=5.88 Hz, 2H),
7.15-7.09(m, 2H), 3.41(m, 1H), 1.76-1.43(m, 10H).'*C NMR (DMSO-d6): &
190.10, 170.06, 163.53, 145.72, 138.45, 135.33, 129.52, 125.71, 124.28, 124.21,
124.15, 124.01, 123.12, 123.01, 122.77, 44.14, 39.39, 39.40, 26.43, 25.20, 25.21.
MS: m/z 383.43 (M* +1). Anal. Calcd for C,,H,,N,0,S: C, 65.90; H, 5.80; N,
7.31; S, 8.40. Found: C, 65.67; H, 5.64; N, 7.23; S, 8.11.

Biological studies

Wistar strain of albino rats(normal and hyperglycemic; 150-190 g) were maintained
under standard conditions, i.e., room temperature (25+2 °C) and photoperiod of
12 h day/night cycles each day for 1 week before and during the experiment. The
rats were allowed free access to tap water and pellet diet. Rats were divided into
following five groups for evaluation of intraday, interday hypoglycemic activity, bio-
chemical parameters and body weight measurement:

Group Description

GroupI  Normal control rats treated with vehicles (10% Tween 80 suspension)
Group I  Hyperglycemic control rats treated with vehicles (10% Tween 80 suspension)

Group III  Normal control rats treated with compound 3m (3m in 10% Tween 80 suspension at a dose of
28 mg/kg)

Group IV Hyperglycemic rats treated with rosiglitazone (Rosiglitazone in 10% Tween 80 suspension at
a dose of 10 mg/kg)

Group V. Hyperglycemic rats treated with synthesized compounds (Synthesized compounds in 10%
Tween 80 suspension at a dose of 28 mg/kg)

Intraday blood glucose level was measured at Oth, 1st, 3rd and 6th hrs dura-
tion after the administration of vehicle, standard drug (rosiglitazone) and test com-
pounds (3a-3n). For evaluation of the effect of compound 3k and 3m on interday
study of blood glucose, biochemical parameters (TC, TG, HDL, LDL, AP), the same
rats were continued with the same dose of test compounds, standard drug and vehicle
once daily for 3 sweek (21 days). Standard kit (Beacon Diagnostics, India) were used
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to determined TC, TG, HDL, LDL and AP after period of 21 days. All the procedures
were performed in accordance with guidelines of institutional animal ethics commit-
tee, CPCSEA, Government of India. All values were expressed as mean+S.E.M. Sta-
tistical significance was estimated by analysis of variance (ANOVA).

Induction of hyperglycemia

Hyperglycemia was induced in overnight fasted rats by a single intraperitoneal injec-
tion of 65 mg/kg streptozotocin in citrate buffer (pH 4.5), 15 min after the intraperito-
neal administration of 110 mg/kg.

of nicotinamide. Blood glucose level was checked after 72 h by one touch Accu-
check glucometer. Rats with blood glucose levels greater than 250 mg/dl were consid-
ered hyperglycemic and were used for the study [21].

Intraday evaluation of hypoglycemic activity of benzoic acid derivatives in normal
and STZ induce rats

After overnight fasted rats, intraday blood glucose level was measured at Oth, 1st, 3rd
and 6th hrs duration after the administration of vehicle, standard drug (rosiglitazone)
and test compounds (3a-3n) through gastric intubation using a force feeding needle.
Blood samples were collected from the tail vein and blood glucose level was deter-
mined with one touch Accucheck glucometer.

Interday evaluation of hypoglycemic activity of benzoic acid derivatives in normal
and STZ induce rats

The vehicle, standard drug and test compounds (3k—-3m) were administered into the
rats of the respective groups every day morning for 21 days by gastric intubation
using force feeding needle. Blood samples were collected for the measurement of blood
glucose from the tail vein at 1st day, 7th,14th and 21st day duration after the adminis-
tration of vehicle, standard drug and test compounds (3k and 3m) and blood glucose
levels were determined with basic one touch Accucheck glucometer.

Effects of compound 3k and 3m on biochemical parameters of normal and STZ
induce rats at 21 days

Biochemical parameters such as TC, TG, HDL, LDL and AP were also estimated on
overnight fasted rats at the end of 21st day by using Biochemistry Analyzer Chem-
7(Erba Mannhelm) [22-25].

Effects of compound 3k and 3m on body weight of normal and STZ induce rats
at 21 days

At the beginning (1st day) and at the end of study (21st day), overnight fasted rats
were subjected to weight measurement).
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Gastro-ulcerogenic toxicity studies

Albino rats of wistar strain (150-200gm) of both sexes were divided into different
groups, control, test and standard (containing six animals each).The test group, con-
trol group and standard group were received test drug, vehicle and standard drug
respectively. The test compounds and standard compound were suspended in 10%
tween-20 and administered orally to each animal by using gastric gavage needle.
The control group animals, however received the same volume of vehicle. In this
study,the animals were administered a 28 mg/kg (body weight) dose of the test drugs
and 10 mg/kg (body weight) dose of standard drug (indomethacin) [26].

Results and Discussion
Molecular docking

Figure 2 illustrates the best docking pose of the most active compound 3m with
amino acid residues of PPARYy. The compound 3m showed hydrogen bond interac-
tion with Tyr473, Ser289, His323, and Cys285. This hydrogen bonding pattern is
conserved in most PPARy agonist complex structures and essential for the activ-
ity of the compound [14, 27]. The crystal form of 2PRG [19] consists 2 molecules
in the asymmetric unit, denoted A and B. Chain A was chosen for the PPARy ago-
nist docking study. The redocking results with chain A gave most reliable docked
conformation for the synthesized compound- protein interactions. This is rea-
son behind selection of chain A over chain B. The crystal structure of the 2PRG
complex was re-docked for validation.

Chemistry of synthesized compounds

A simple and convenient synthetic route has been developed for synthesis of
designed compounds [28-31]. In the first step, the starting material was esteri-
fied in strongly acidic conditions and obtained intermediates (IMI) were sub-
jected to thioetherification (IM2). Thioetherification follows an addition—elimi-
nation two-step reaction; in the first step, aryl/cyclohexylsulfanyl as nucleophile
attacks on aryl ring bearing chloride leaving group. In the second step, elimination
of the chloride leads to generation of thioethers. Here, the utility of cesium fluoride-
celite (CsF-Celite) was to activation of the aryl halide groups by the lewis acid type
effect. In next step IM2 were subjected to ammonolysis to get hydrazides (IM3)
which on further reaction with absolute ethyl alcohol containing 4-formylbenzoic
acid yielded desired compounds 3a-3n. This reaction condition is essential for
nucleophilic addition of the amino group to the carbonyl function of the aldehyde.
The synthesized compounds (3a-3n) were confirmed by FTIR, '"H NMR, 3C NMR,
Mass and Elemental analysis. The FT-IR spectrum of intermediates clearly indi-
cated the desired substitution in the intermediates. The absence of OH group, SH
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Fig.2 The most active compound 3m (ball and stick tube) is interacted with Phe226, Glu291, Glu295,
Met329, Ser 342 and Glu343 of amino acid residues in the active binding sites of the receptor. H-bond
interactions with key amino acids Tyr473, Ser289, His323 (not appeared) and Cys285 are shown in
magenta dashed lines

group absorption and sharp decrease in C=O0 stretching of hydrazide in the FT-IR
spectra of the IM1, IM2 and IM3 respectively confirmed the reactions of esterifica-
tion, thioetherification and ammonolysis (Scheme 1).

The FT-IR spectra of synthesized compounds 3a-3n showed absorp-
tion bands around 3023-2943 cm~! for OH (COOH), 3402-3311 cm™! for
NH hydrazone, while the distinguished absorption peaks C=O for acid was
observed in the range 1758-1715 cm™!, C=0 for hydrazone was observed in the
range 1701-1680 cm~'and C-S for the thioether was observed in the range of
691-621 cm™."H NMR spectrum revealed the lack of —SH signal and the presence
of characteristic singlets around § 12.14-11.98 for carboxylic acid protons, around
0 11.65-11.41 for the NH protons of hydrazone while condensation of p-formyl
benzoic acid with various substituted aryl hydrazides was confirmed by downfield
region of 6 10.15-10.02 observed as singlet for=CH group at phenyl ring. In addi-
tion, the 'H NMR spectra of compounds 3a—3n showed aromatic group protons as
three doublets around 6 7.93-7.82, 7.77-7.63 and 7.51-7.33. On the other hand, the
spectrum of 3d, 3f, 3k and 3m exhibited singlets for CH; groups at § 2.23, 2.43,
2.22 and 2.46 respectively. The '"H NMR spectroscopic data of compound 3e and
3 1 showed the presence of singlet at 6 3.44 and 3.43 respectively for three protons
in the methoxy group. The compound 3g and 3n showed the presence of multiplets
around 6 7.15-1.39 for aromatic and aliphatic protons. Moreover, compounds 3a—3f
and 3h-3 m showed the presence of a multiplets around § 7.61-7.50 for aromatic
protons. 3C NMR spectra, which were in conformity with the assigned structures,
displayed most characteristic signals appearing at around 6 192.96-190.10 ppm
for carbonyl carbon peak, § 171.74-170.03 ppm for carboxylic acid carbon peak, &
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COOH
COOH COOCH; COOCH; CONHNH,
R4 Ry R Rq "
a b C —
— — —_— CONHN
R4
Ro Ry Ry Ra
R;=R,=Cl R;=R,=Cl
Ortho or para- Ortho or para- (ImM2) (IM3)
chlorobenzoic chlorobenzoic
acid acid ester (IM1) R2

(3a-3n)
(1) IM2, IM3 and 3a : R = 4-CI-C¢HsS- , R, =H (8) IM2,IM3 and 3h : R, =H, R, =4-CI-C¢HaS-
(2) IM2, IM3 and 3b : R|=4-F-C¢HsS-, R, =H (9) IM2,IM3 and 3i: R, =H, R, =4-F-CsHaS-
(3) IM2, IM3 and 3¢ : R;= 4-Br-CHiS-, R, = H (10) IM2, IM3 and 3j : R, = H, R, = 4-Br-C¢H.sS-
(4) IM2, IM3 and 3d : R;= 4-CH3-C¢HJS-, R,=H  (11) IM2,IM3 and 3k : R, =H, R, =4-CH3-CsH.S-
(5) IM2, IM3 and 3e : R = 4-OCH3-C¢HsS-, R, =H  (12) IM2,IM3 and 31: R, =H, R, =4-OCHj3-CsHsS-
(6) IM2, IM3 and 3f : R,=2,4-(CH3),-CéH3S-, R, =H (13)IM2,IM3 and 3m: R, = H, R, =2,4-(CH3),-CcH;S-

(7) IM2, IM3 and 38 : R,= C¢H;;S-» R, =H (14)IM2,IM3 and 3n : R, =H, R, =C¢H,S-;

Scheme 1 Reaction pathways, Reagents and Conditions: a Esterification; absolute Methanol, conc.
H,SO,, Reflux, 4-5 h; b Thioetherification; substituted aryl/cyclohexylthiols, CsF-Celite, CH;CN,
Reflux, 3-18 h; ¢ Ammonolysis; NH,NH,(90%), Reflux, 45 min.; d Condensation; 4-Formylbenzoic
acid, absolute ethanol, Reflux, 40 min.

167.12-163.53 ppm for C=N peak, aromatic carbons around & 145.77-122.70 ppm
and aliphatic carbon around 6 78.67-25.18 ppm. Two carbons of the aromatic ring
(3e and 3I) displayed chemical shifts at § 157.34 and 157.46 due to carbon attached
with methoxy group. Mass spectra of all the newly synthesized compounds exhib-
ited a prominent molecular ion peak and isotopic peaks with different intensities. All
the newly synthesized compounds were also characterized by elemental chemi-
cal analysis and gave satisfactory experimental values and acceptable error range
(£0.4%) compared to calculated values.

PPARYy in vitro activity and structure-activity relationships

The synthesized compounds were screened on full length PPAR receptor trans-
fected in HepG?2 cells (Table 1) following the procedure described in our earlier
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publication [32]. Two compounds 3 k (80.21%) and 3 m (94.60%) showed signifi-
cant PPARY transactivation activity as fold activation and rest of the compounds
were exhibited moderate to weak activity in the range of 67.26—17.26% (Table 1).
The effect of substituents at R, and R, position of the compound on hPPARy
transactivation activity was determined. Dimethyl substitution (3m) provides
more hPPARYy transactivation activity as compare to monomethyl substitu-
tion (3k) at para position of the phenyl ring(Hydrophobic tail part). Potency
of the compounds also indicates that para phenylsufanyl substituents are more
effective than ortho phenylsufanyl substituents. The potency for PPARy agonis-
tic activity was significantly increased by the introduction of electron donating
groups at the phenyl ring of the tail part of the compounds. The compounds (3g,
3n) having unsubstituted cyclohexyl moiety in place of substituted phenyl ring
were least active. These findings may be due to, the bulky moieties containing
tail part comprise at least one substituted phenyl group capable of vander waals
interaction to the receptor surface and one substituted phenylsulfanyl moiety for
hydrophobic bonding interactions. Moreover, it has been hypothesized that two
phenyl groups as bulky moieties exhibited more potency than one phenyl plus a
cyclohexyl ring. This would imply that two flat- surfaced benzene rings are bet-
ter than one and their combined vander walls forces and hydrophobic interactions
important for increased biological potency.

Table 1 In vitro PPARYy

agonistic activity as hPPARY Compound In vitro activation(Mean + SEM)*

transactivation activities# 3a 0.81+0.51 (29.13%)
3b 0.99+0.22 (35.61%)
3c 1.45+0.21 (52.15%)
3d 1.54+0.40 (55.39%)
3e 1.00+0.42 (35.95%)
3f 1.87+0.42 (67.26%)
3g 0.48+0.41 (17.26%)
3h 0.90+0.51 (32.37%)
3i 0.76 +0.35 (27.33%)
3j 1.23+0.18 (44.24%)
3k 2.23+0.38 (80.21%)
31 1.13+0.18 (40.64%)
3m 2.63+0.50 (94.60%)
3n 0.62+0.41 (22.30%)
Rosiglitazone 2.78 +0.20 (100.00%)

*A mean from three determinations at concentration 0.02 pM.
#Activities are presented as fold induction of hPPARY activation.
ECy, of the compounds were not determined. Fold activation relative
to maximum activation obtained with rosiglitazone (100%)
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In vivo activity

In vivo studies were carried in wistar strain of albino rats. Streptozotocin (STZ)
was used for induction of hyperglycemia in rats. STZ is well known for its selec-
tive pancreatic f-cell cytotoxicity and has been extensively used to induce dia-
betes mellitus in animals and allows a consistent production of hyperglycemia
as well as hyperlipidemia as diabetic like symptoms within a short period of
time [33-35].

The intraday fasting blood glucose level at 6th hour for group I, II, III and IV
were found 92.66, 303.50, 79.83 and 110.00 mg/dl respectively. While the syn-
thesized benzoic acid derivatives (3a-3n) has exhibited intraday fasting blood
glucose level at 6th hour in the range of 94.65 mg/dl to 137.50 mg/dl (Table 2).
Thus, all the synthesized compounds showed significant reduction in fasting
blood glucose level in comparison to diabetic control (group II).

The interday fasting blood glucose level at 21st day of group I, II, III and
IV were found 86.66, 337.65, 78.16 and 104.16 mg/dl respectively. The inter-
day fasting blood glucose level at 21st day of 3k and 3m were found 84.33 and
106.33 mg/dl respectively. The fasting blood glucose levels of interday study
showed consistent blood glucose reduction at 1st, 7th, 14th, 21st day (Fig. 3).
Treatment with benzoic acid derivatives in normal rats for 21 days did not pro-
duce hypoglycemic conditions. In the diabetic untreated rats (group II) the glu-
cose levels remained higher without much change in the whole experimental
period.

After 21 days treatment with compound 3k and 3m biochemical parameters
such as serum total cholesterol (TC), triglycerides (TG), high density lipoprotein
(HDL), low density lipoprotein (LDL) and alkaline phosphatase (AP) were also
determined. It was found that the levels of HDL were significantly increased and
TC, TG and LDL levels were significantly decreased compared to diabetic untreated
rats (Fig. 4). It is interesting to observe in the present study that treatment with ben-
zoic acid derivatives have not only lowered the TG, TC and LDL levels but also
enhanced the cardio protective lipid HDL after 21st day treatment. AP which is a
hepatic toxicity marker was found higher in diabetic rats treated with standard drug
and untreated diabetic control group compared to diabetic rats treated with com-
pound 3k and 3m. Thus, benzoic acid derivatives might have protective effect
against liver toxicity caused by STZ.

Further, at the end of 21st day treatment, the body weights of the overnight fasted
experimental rats were also determined. It was found that, compound treated rats
showed less weight gain compare to rosiglitazone treated rats, whereas the body
weights of untreated rats (control diabetic) decreased significantly. Untreated rats
have shown marked reduction in their body weights compared to normal rats, which
could be due to their uncontrolled diabetes (Fig. 5).

At the end of study (21st day), compound 3k and 3m treated rat were sacrificed
and the stomachs and intestines were removed. A longitudinal incision along the
lesser curvature is made. The stomach and intestine of animals was rinsed in run-
ning water and the presence and absence of ulcers were determined in control group,
test group and standard group and data reported in Table 3.
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Table 2 Effects of test compounds on intraday fasting blood glucose levels (mg/dl) of normal and STZ
induce rats

Groups/compounds Oh 1h 3h 6h

Group I 89.50+3.76 89.16+3.49 90.66+3.43 92.66+3.15
Group II 309.30+16.65 307.00+15.10 305.50+16.84 303.50+17.75
Group III 81.66+2.41 76.66 +2.96 80.40+3.76 79.83+3.68
Group IV 307.16+16.52 252.16+4.82 130.66 +6.19 110.00+1.82
3a 293.17+13.28" 189.00+17.76a 121.83+0.83* 119.86 +1.02°
3b 311.52+12.60° 164.50+20.31° 114.33 +£4.07° 112.66+2.37*
3c 287.66+12.43° 205.65 +14.56* 120.83+0.30* 120.33+0.33%
3d 311.66+ 18.15° 199.83 +16.40° 118.50+0.93% 116.16+0.47*
3e 303.34 +14.05¢ 163.00 +6.44% 132.34+£2.06* 119.46 +2.65°
3f 295.56+20.55° 193.16+7.82* 117.16+0.98* 115.83 +1.06°
3g 296.00+ 15.28° 175.85+18.23? 130.16 +3.62° 118.16 +2.27°
3h 312.00+12.80¢ 248.50+13.05% 133.60+3.7* 117.03£6.30*
3i 286.66 + 11.60° 205.67 £22.82° 149.66 +5.81° 137.50+£4.93*
3j 296.83+9.33° 194.43 +7.71% 102.66 +3.79° 94.65 +5.46%
3k 307.06 +9.96° 206.16 +7.03% 102.00 +5.93% 96.83 +4.62°
31 309.83+8.03¢ 220.03 +£25.15° 149.66 +5.81% 127.50£4.23%
3m 298.83 +12.63" 182.66+7.00* 112.33+3.20° 109.33 +3.01°
3n 288.83+19.96° 180.66 +10.96° 150.50+15.96 * 132.13+2.16 ¢

2P <0.001 indicates statistically more significant when compared with Group IL. °P <0.05 indicates sta-
tistically significant when compared with Group II. °P>0.05 not significant compared with Group II.
Each value in table is represented as (mean +SD)
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Fig. 3 Effect of the most active compounds on interday fasting blood glucose levels (mg/dl) of normal
and STZ induce rats
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Fig.4 Effect of the most active compounds on biochemical parameters of normal and STZ induce rats
after 21 days of treatmentChange in body weight of normal and STZ induce rats at day 1 and day 21

Conclusion

Here, we described the design, syntheses and evaluation of novel benzoic acid
derivatives as PPARY agonists. In this investigation, the phenyl variants were
utilized aiming to enhance the hydrophobicity and the effects of substituents on
the phenyl ring at tail group examined successfully. Among these compounds,
compound 3k and 3m have displayed marked in vitro PPARY agonist and in vivo
hypoglycemic activity in comparison to rosiglitazone. Further the values of
change in body weight by compound 3k and 3m in comparison to rosiglitazone
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Fig.5 Change in body weight of normal and STZ induce rats at day 1 and day 21
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Table 3 Gastro-ulcerogenic

L > Compounds Ulcer score Ulceration (%)
toxicity of the most active
compounds in rats Vehicle 0/6 0.0
3k 0/6 0.0
3m 0/6 0.0
Indomethacin 6/6 100

Bold values provides us information whether synthesized com-
pounds are causing gastric ulcer or not

exhibited that the compounds might be devoid of weight gain, the common
adverse effect of TZDs.

Supplementary Information The online version contains supplementary material available at https://doi.
org/10.1007/s11164-021-04555-y.
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Abstract

According to WHO cancer is the second leading cause of death globally, amounting to about 1 in
6 deaths. Among these, colon cancer is the third leading cause of mortalities worldwide. Current
measures for cancer treatment: chemotherapy, radiation, and surgery are accompanied by myriad
side effects. In light of a mediocre success of synthetic drugs against cancer exploring the
treasure of naturally occurring compounds with anti-cancer activity can be an effective strategy.
Diallyl disulfide (DADS), a dietary phytochemical derived from garlic possesses a substantial anti-

cancer activity against colon cancer. Nevertheless, its poor water solubility and restricted
selectivity towards tumor tissues have limited its clinical applications. Moreover, to deliver intact
drugs is another major concern in the treatment of ailments associated with the colon. To
address these aforementioned clinically significant issues, we report dual functioning DADS

loaded polymeric nanoparticles composed of a combination of Eudragit $100
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