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Vachala et al.: Biological Evaluations of Angularly Fused Pyrido[3',2':4,5]furo[3,2-d]pyrimidines

Novel angularly fused pyrido[3',2':4,5]furo[3,2-d]|pyrimidines were synthesized using 3-amino-4-
methyl-N-phenyl-6-substituted furo[2,3-b]pyridine-2-carboxamide and various aromatic carboxylic
acids using microwave irradiation. The compounds were characterized and tested for in silico, in vitro
and in vivo anticancer activities. The synthesized compounds were tested for receptor binding with
dihydrofolate reductase and thymidylate synthase enzymes. Compounds pyrido[3',2':4,5]furo[3,2-d]
pyrimidine-5, pyrido[3',2':4,5]furo[3,2-d]pyrimidine-6 and pyrido[3',2':4,5]furo[3,2-d]pyrimidine-7
showed effective binding with the target receptors through hydrogen bonding interactions. The 3-(4,
5-dimethylthiazolyl-2)-2, 5-diphenyltetrazolium bromide assay results revealed the cytotoxicity effect
of compounds on Henrietta Lacks cervical cancer cell line, human breast cancer cell line and rat
glioma cell line. Compounds, pyrido[3',2':4,5]furo[3,2-d]pyrimidine-5, pyrido[3',2':4,5]furo[3,2-d]
pyrimidine-6 and pyrido[3',2':4,5]furo[3,2-d|pyrimidine-7 showed better acitivty on those cell lines
with lesser half maximal inhibitory concentration values. So, they were selected for the in vivo anticancer
study and in vitro deoxyribonucleic acid ladder assay. Pyrido[3',2':4,5]furo[3,2-d]pyrimidine-5 and
pyrido[3',2':4,5]furo[3,2-d]pyrimidine-7 exhibited total tumor volume as 4.9+0.01 and 3.95%0.25
ml/mouse, respectively. Pyrido[3',2':4,5]furo[3,2-d|pyrimidine-5 and pyrido[3',2':4,5]furo[3,2-d]
pyrimidine-6 markedly increased the mean survival time levels with an enhanced % increase in life
span to 70.83 and 29.16, respectively. From the above results, it is concluded that compounds containing
phenyl ring substituted with electron withdrawing groups such as 3-fluoro, 4-trifluoromethyl and
3,5-dimethoxy substitutions at the C-2 of pyrido[3',2":4,5]furo[3,2-d]pyrimidin-4(3H)-one could be

drug like candidates for further structural modification to enhance their biological activities.
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Newer methodologies such as high-throughput
screening for faster development of promising
biologically active molecules are readily available
nowadays. So far, the important pharmacophores
which have been identified in fused aromatic
heterocycles are  quinazolines, pyrido[2,3-d]
pyrimidine and furano[3,2-d]pyrimidines. They are
of current interest in the drug discovery processes.
These privileged structures were extensively studied
and represented in chemical compound libraries.
Moreover, they have been studied widely, due to
their specificity in the inhibition of Dihydrofolate
Reductase (DHFR) and Thymidylate Synthase (TS).
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Angularly fused tricyclic heterocycles have not been
studied as far as other fused heterocyclic systems.
Roopa et al.™V reported some naphtho[2,1-b]furan
encompassing pyrimidines derivatives as potent
antimicrobial agents. Fusion of furo[2,3-b]pyridine
with pyrimidine was attempted to bring out a new
scaffold with better pharmacological profile. 2-aryl-
4-morpholinopyrido[3',2":4,5]furo[3,2-d]pyrimidine
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derivative was reported for its antiproliferative
activity. The isosteric replacement of sulphur moiety
by oxygen showed approximately 400-fold greater
potency than 4-morpholin-4-yl-pyrido[3',2":4,5]
thieno[3,2-d]pyrimidine and also showed
antiproliferative activity in various cell lines,
including multi drug resistant multidrug-resistant
breast adenocarcinoma (MCF7/ADR-res) cellsl.
There was a significant decrease in the tumor cell
chemomigration and invasion being observed.

Further, the in vitro antiproliferative activity was
exhibited in four different tumor cell types and in
vivo in the MDA-MB-435 breast carcinoma and
OVCAR-3 orthotopic ovarian carcinoma model®!,
In 2019, Sirakanyan et al.! reported the synthesis
and antitumor activity of new amino derivatives of
pyrido[3',2":4,5](furo)thieno[3,2-d]pyrimidines.
And their results revealed that the compound
activity depended mostly on the nature of the
amine fragments!*. These findings opened up an
avenue for the synthesis of novel angularly fused
pyrido[3',2":4,5]furo[3,2-d]pyrimidines to examine
their biological properties.

MATERIALS AND METHODS
Chemistry:

The melting points of the synthesized compounds
were determined in open capillary tubes and were
uncorrected. The characterization of the compounds
was done by various spectral analyses. The Infrared (IR)
spectra of the compounds were recorded in the range
of 500-4000 cm™ on Shimadzu Fourier-Transform IR
(FT-IR) 8310 using Potassium bromide (KBr) pellets.
The proton Nuclear Magnetic Resonance (‘H-NMR)
spectra were recorded on Joel, model GSV-400 MHz
spectrometer using deuterated Chloroform (CDCL,)/
Dimethylsulfoxide (DMSO)-d, as solvent. The chemical
shifts were reported as parts per million downfield
from Tetramethylsilane (Me,Si). Mass spectra were
recorded on the Shimadzu Gas Chromatography/Mass

Spectrometry (GC/MS) QP5050. The purity of the
compounds were checked by thin layer chromatography
on Silicon dioxide (Si0,) gel (HF,;,, 200 mesh) coated
plates. The spots were visualized by Ultraviolet (UV)
light and Retention factor (R,) value was calculated for
each compounds.

General procedure for the synthesis of 2-chloro-N-
phenylacetamide:

To a solution of chloroacetyl chloride (1 mM) in
chloroform, aniline (1.2 mM) and Triethylamine (TEA;
2 mM) were added in succession and the reaction
mixture was stirred at room temperature for 30 min.
Then it was diluted with Dichloromethane (DCM; 20
ml) and washed with water. The organic layer was dried
over anhydrous sodium sulphate and concentrated
to dryness under reduced pressure to yield a solid
residue, which was crystallized to obtain 2-chloro-N-
phenylacetamidel®.

General procedure for the synthesis of 3-amino-4-
methyl-N-phenyl-6-substituted furo[2,3-b]pyridine-
2-carboxamide:

To a solution of 4,6-disubstituted-2-hydroxypyridine-3-
carbonitrile indry acetone, 2-chloro-N-phenylacetamide
and anhydrous potassium carbonate (0.2 M) were
added in equimolar ratio and the reaction mixture was
refluxed on water bath for 8 h. The recovered potassium
salt was filtered off and the subsequent trituration of the
same with ethanol gave 3-amino-4-methyl-N-phenyl-6-
substituted furo[2,3-b]pyridine-2-carboxamide!®.

Procedure for the synthesis of fused pyrido[3',2':4,5]
furo[3,2-d]pyrimidin-4(3H)-ones (PFP 1-7):

Equimolar amount of 3-amino-4-methyl-N-phenyl-
6-substituted furo[2,3-b]pyridine-2-carboxamide
and various aromatic carboxylic acids (Table 1) were
irradiated using microwave radiation (300 W) for
4-11 min to obtain fused pyrido[3',2":4,5]furo[3,2-d]
pyrimidin-4(3H)-ones (Table 1).

TABLE1: CODES FORTHE SYNTHESIZED 9-METHYL-3-PHENYL-2,7-DISUBSTITUTED PYRIDO[3',2':4,5]
FURO[3,2-d]PYRIMIDIN-4(3H)-ONES (PFP 1-7) ALONG WITH THEIR SUBSTITUENTS

Compound code

Compound

Molecular formula

PFP-1 4-bromobenzyl C,HBrN.O,

PFP-2 4-chlorobenzyl C,H,CIN,O,

PFP-3 (4-chlorophenoxy)methyl C,,H,,CIN,O,

PFP-4 4-fluorophenyl C,H,,FN,O,

PFP-5 3-fluorophenyl C,;H,,FN,O,

PFP-6 4-trifluoromethylphenyl C, H,FN,O,

PFP-7 3,5-dimethoxyphenyl C,.H,N.O,
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Biological screening:

Docking studies on DHFR and TS: Protein Data
Bank (PDB) files 1BOZ and 1100 needed for docking
studies were selected and subjected to structure
validation procedures. The incorrect amino acid
residues and their formal charges were adjusted at
this step. The high-resolution X-ray structure of TS
complex with Tomudex (Raltitrexed (RTX)) and DHFR
complex with Methotrexate (MTX) were imported into
Molegro Virtual Docker (MVD) and the ligands and
water molecules were extracted. Missing bond order,
hybridization states and hydrogen atoms were added,
charges were assigned and flexible torsions of ligands
were detected. A grid volume that was big enough to
cover the entire surface of the protein was used for the
docking calculation, while other parameters were at
default.

Molecular structures and optimization: A
library of molecules was generated by performing
structural modifications in fused pyrimidines. These
modifications were carried out on fused pyrimidines,
viz., from benzopyrimidine, pyridopyrimidine and
tricyclic angularly fused pyrimidines in order to arrive
molecules with better in silico inhibition Molecular
docking (MolDock) score as compared with RTX
and MTX. The structures of all the fused pyrimidines
(ligands) were constructed using advanced chemistry
development ChemSketch (Advanced Chemistry
Development (ACD)) software version 12.01 installed
in Intel Pentium 4 machine. The ligands were saved
in Molecular database (MOL) format and then
converted to three Dimensional (3D) energy minimized
conformations. Finally, the ligands were saved in a
single Molecular Design Limited Structure Data Format
(MDL SDF) file, followed by selection of the same with
lower energy conformation for our further studies.

Molecular docking: Molecular docking of fused
pyrimidines on the active site of TS and DHFR were
carried out using MVD version 2011.4.3. The default
settings, including a grid resolution of 0.30 A for grid
generation and a 15 A radius from the template as the
binding site were used. Maximum numbers of poses
were generated from the default value of 5. MVD
essentially works based on evolutionary algorithm. In a
normal situation, consecutive docking runs do not give
exactly the same fitness scores. To address this issue,
ten successive runs were allowed and then the ligands
with the best conformational and MolDock scores were
selected for further experimental tests. MVD was used
to calculate the interaction energy between ligands and
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macromolecular systems from the 3D structures of the
protein and ligands. The MolDock score energy, E
was defined by the following equation”.

score’

E _=E

score inter intra

Where, E, was the ligand-protein interaction energy

and E_ was the internal energy of the ligand.

In vitro anticancer activity by
3-(4,5-dimethylthiazolyl-2)-2,5-diphenyltetrazolium
bromide (MTT) assay:

MTT assay is one of in vitro assays which was developed
to determine the sensitivity of specific tumors and
to individualize therapy. It measures mitochondrial
dehydrogenase activity as a reflection of cell viability!®!.
Cancerous cells were grown in T-25 c¢m? tissue culture
flasks containing Minimum Essential Medium (MEM)
media supplemented with 10 % Fetal Bovine Serum
(FBS), 1 % L-glutamine and 50 pg/ml gentamicin
sulphate at 37° in Carbon dioxide (CO,) incubator in
an atmosphere of humidified 5 % CO, and 95 % air.
The cells were maintained by routine sub-culturing.
Single cell suspension was obtained from a monolayer
culture. Cells were dislodged from the culture flasks
by trypsinization. Exponentially growing Henrietta
Lacks (HeLa), T47D and C6 cells were harvested
from T-25 cm? tissue culture flasks and a stock cell
suspension (5x10* cells/ml) was prepared. A sterile 96-
well flat bottom tissue culture plate was seeded with
5x10° cells in 0.1 ml of MEM supplemented with
10 % FBS and allowed to attach for 24 h. Cells were
treated with different concentrations of test compound
(12.5-100) uM in triplicates and incubated for 24 h. The
control group cells were treated with only the medium
containing 0.1 % DMSO (control). Drug containing
media was removed and washed with 100 pl of PBS
and then 100 pl of MTT reagent (1 mg/ml) was added
and incubated for 3 h at 37°. After 3 h of incubation,
MTT was removed by draining on tissue paper and the
formazan crystals formed in each well were dissolved
in 100 pl of DMSO. The absorbance was measured by
an Enzyme Linked Immunosorbent Assay (ELISA)
plate reader at 540 nm and the percentage cytotoxicity
was calculated.

DNA ladder assay:

DNA ladder assay demonstrates the chromosomal
DNA fragmentation, which is the biological hallmark
of apoptosis; whereas, in necrosis, random digestion
of DNA occurs and it shows ladder pattern in agarose
gel electrophoresis?’. The monolayer cell culture was
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trypsinized and cell count was adjusted to 4x10° cells/
ml using MEM containing 10 % FBS. To each one of
the wells, 2 ml of diluted cell suspension was added and
incubated at 37° for 24 h in 5 % CO, incubator. After 24
h, when a partial monolayer was formed, the supernatant
was discarded and 2 ml of diluted test solution was
added to each well in duplicate and kept for incubation
at 37° in 5 % CO, incubator. After 24 h of exposure,
cells were harvested by trypsinization and centrifuged
for 5 min at 1000 revolutions per minute (rpm). The
supernatant liquid was then discarded and the cell
pellet was dissolved in 1 ml Nicoletti digestion buffer
and then incubated at 45° overnight. Thus, the genomic
DNA was extracted. Further, ribonuclease (RNAase;
40 pg/ml, prepared in distilled water) was added in the
aqueous phase and was kept at room temperature for 2 h.
The genomic DNA extracted was further extracted with
chloroform and the successive treatment with ethanol
precipitates the same in presence of 0.3 M sodium
acetate. The DNA was pelleted by centrifugation at 10
000 rpm for 5 min at 4° and it was suspended in 100 pl
of 1xTris-EDTA buffer. 10 nug of DNA was subjected to
2 % agarose gel electrophoresis. The gel was run at 65
V for 1 h or until the tracking dye moved to the bottom
of gel. The gel was then visualized by placing under
the UV trans-illuminator and the fluorescence of DNA
fragments was observed. The photographs were then
taken from gel documentation system.

In vivo anticancer activity:

In vivo anticancer activity of the selected compounds
was determined by liquid tumour model using Ehrlich
Ascites Carcinoma (EAC) cells, originated from breast
carcinoma by spontaneous passaging. The EAC cells
were maintained in Swiss albino mice, by intraperitoneal
(i.p.) transplantation on every 9" d. Swiss albino male
mice (20+2 g) of 8-10 w old, were selected for in vivo
anticancer study and maintained in the animal house

at controlled temperature, humidty and light (23+2°,
50£5 %, 14 and 10 h of light and dark, respectively).
Animals were provided with sterile food and water ad
libitum. The acute toxicity study of the compounds was
evaluated in the mice by the up and down staircase
method!"”. The dose was selected based on the acute
toxicity study reports. 1/20" of the tolerable dose was
selected for this study. The mice were weighed and
divided into 6 groups (Table 2).

ach group consisted of 6 animals. EAC cells (1.5x10°
cells/mouse) were injected by i.p. route to each mouse
of each group except the normal control group (group
I). This was taken as d 0. Group II served as a tumor
control. Test compounds and reference drug treatment
were continued for 1, 3,5, 7,9, 11, 13" d starting from d
1. On the 14" d, 24 h after the last dose, half the number
of animals (n=6) from each group were sacrificed and
the rest were kept for the life span study of the tumor
hosts. After sacrificing the animals, blood sample was
collected to estimate the parameters.

Parameters monitored:

The effect of test compounds carried out on tumor
growth and host’s survival time were examined by
studying the parameters such as, tumor volume, packed
cell volume, viable tumor cell count, non-viable tumor
cell count, haematological cell count, Mean Survival
Time (MST) and Percentage Increase in Life Span (%
ILS) "-81 The values were recorded as mean+Standard
Error of the Mean (SEM).

Tumor volume and packed cell volume:

The mice were dissected and ascitic fluid from
peritoneal cavity was carefully collected to measure
the total tumor volume. The fluid was centrifuged to
determine the packed cell volume at 1000 rpm for 5
min.

TABLE 2: GROUPS UNDER /N VIVO ANTICANCER ACTIVITY

Group Treatment

| Normal control

1l Tumor induced animals+2 % w/v Acacia (Tumor control)

1 Tumor induced animals+PFP-5 (50 mg/kg body weight, i.p.)

1V Tumor induced animals+PFP-6 (50 mg/kg body weight, i.p.)

\' Tumor induced animals+PFP-7 (50 mg/kg body weight, i.p.)

VI Tumor induced animals+cisplatin (3.5 mg/kg body weight, i.p.)

PFP-7 3,5-dimethoxyphenyl
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Viable and non-viable tumor cell count:

To count the viable and non-viable cells, the ascitic fluid
was diluted 20 times. This cell suspension was mixed
with tryphan blue (0.4 % in normal saline) dye and
allowed to stand for few minutes at room temperature.
After staining, it was placed on the Neubauer counting
chamber and the numbers of cells in the 64 small
squares were counted. The cells that did not take up
the dye were viable and those that took the stain were
non-viable.

Haematological studies:

The blood sample was collected from mice by retro-
orbital puncture under anesthesia and the estimation of
haematological parameters such as, Red Blood Cells
(RBC), White Blood Cells (WBC) and Haemoglobin
(Hgb) were performed using veterinary blood cell
counter. Monocyte and lymphocyte cells were also
counted.

MST and % ILS:

The sets of animal groups allotted for the survival
observations were maintained separately. These
animals were observed for mortality daily for 6 w or
till the death. The effect of compounds on life span
was measured by calculating the MST and the % ILS.
An enhancement of life span by 25 % or more was
considered as an effective antitumor response.

MST=[day of 1* death+day of last death]/2

% ILS=[(mean survival of treated group/mean survival
of control group)-1]x100

CH,
XN

HaC N/ OH
R=CH;/OH

2-hydroxy-4-methyl-6-substituted
pyridine-3-carbonitrile

RESULTS AND DISCUSSION

The synthesis of 9-methyl-3-phenyl-2,7-disubstituted
pyrido[3',2":4,5]furo[3,2-d]pyrimidin-4(3H)-ones
(PFP 1-7) were carried out as outlined in fig. 1. In
presence of TEA, chloroacetyl chloride reacted with
aniline to give 2-chloro-N-phenylacetamide which on
cyclization with 4,6-disubstituted-2-hydroxypyridine-
3-carbonitrile yielded 3-amino-4-methyl-N-phenyl-
6-substituted furo[2,3-b]pyridine-2-carboxamide
(Table 1). Further, the microwave irradiation of the
above compound with appropriate aromatic acids
resulted in the formation of compounds PFP 1-7. The
physicochemical properties of compounds PFP 1-7
were determined were shown in Table 3.

Structure of the compounds was confirmed by spectral
analysis. Spectral data of 2-(3,5-dimethoxyphenyl)-
7,9-dimethyl-3-phenylpyrido[3',2":4,5]furo[3,2-d]
pyrimidin-4(3H)-one (PFP-7) revealed the following
details, IR (KBr) (cm™): 3007 (aromatic -CH-, Structure
(Str.)), 1676 (C=0, Str.), 2953 (-CH,-, -CH- Str.),
2837 (OCH,, CH Str.), 1600 (ring C=N), 1550 (ring
C=C Str.), 1454 (ring C-N Str.), 1211 (unsymmetrical
C-O-C Str.). '"H-NMR (CDCL,): 8.3-8.5 (pyridyl -CH-,
'H, singlet), 7.1-7.8 (aromatic protons, SH, multiplet),
6.7-6.2 (dimethoxyphenyl ring -CH-, 3H, multiplet),
4.3-4.2 (singlet, 3H, -OCH,), 3.8-3.9 (singlet, 3H,
-OCH,), 3.1 (singlet, 3H, CH,), 2.4 (singlet, 3H, CH,).
MS: 428 (M+1), 397 (M+-C,H,), 290 (M+-C.H,0,),
145 (C,H.NoO), 137 (C,H,0,), 121 (C,H.NO), 108
(CH,0,), 77 (CH,). Elemental Analysis Calculated
(Anal. Calc.) for C,H, N,O,: C, 70.25; H, 4.95; N,
9.83; O, 14.97; found: C, 70.30; H, 4.60; N, 9.75; O,
14.85.

CICH,COCI + CgH:NH,

TEA l CHCl;

CICH,CONHCHs

2-chloro-N-phenylacetamide

HsC™ °N 0”7 “CONHCgHs
3-amino-4-methyl-N-phenyl-6-substituted furo[2,3-b]pyridine-2-carboxamide

R'COOH
H MWI
3

Cl
N, R
X N
HC™ SN (e}
o]

Fused 3-phenylpyrido[3'.2":4.5]furo[3,2d]pyrimidin-4(3H)-one
Fig. 1: Synthesis of fused pyrido[3',2':4,5]furo[3,2-d]pyrimidin-4(3H)-ones (PFP 1-7)
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TABLE 3: PHYSICO-CHEMICAL PROPERTIES OF COMPOUNDS PFP 1-7

Compound code v\c/(\e?;iu(l;;) Yield (%) Mt\;VnL;e(an:::::;n Meltil(wog)point R, UVA_ (hm)
PFP-1 459 95 1 97 0.87 201
PFP-2 415 96 7 110 0.79 202
PFP-3 431 71 8 123 0.8 205
PFP-4 385 68 8 129 0.75 207
PFP-5 385 70 7 105 0.61 203
PFP-6 435 71 7 152 0.72 210
PFP-7 427 75 6 172 0.78 204

Chemically induced cytotoxicity is one of the major
approaches to produce antitumor activity. Reports
are available on the drugs being listed as cytotoxic
agents!". MTT assay measures mitochondrial
dehydrogenase activity as a reflection of cell viability
and is very useful as one of the most extensively used
techniques in the screening and evaluation of new
anticancer agents®l.

All the synthesized compounds were evaluated against
three tumor cells; HeLa, T47D and C6 in 24 h drug
exposure assay. In this study, the dose response curve
was plotted to determine their IC, values (fig. 2-fig.
5).

The MTT assay performed on the angularly fused
pyrimidin-4(3H)-ones revealed that, compounds PFP-
5 and PFP-6 exhibited 50 % growth inhibition of T47D
cells at 11.0 and 4.2 puM, respectively and indicated
that, they could be good systems for predicting the
antiproliferative activity. DNA fragmentation is the
most widely studied event in programmed cell death
(apoptosis). Hence, they were selected for DNA
ladder assay. The T47D cells were exposed to the
test compounds for 24 h and from this; the DNA was
isolated and subjected for electrophoresis using 2 %
agarose gel. Photographs were then taken from the gel
documentation system (fig. 6). Cisplatin (standard-1)
and doxorubicin (standard-2) were used as standards.
Here, the medium was treated as the negative control
and the solvent control was 0.05 % DMSO. The results
suggested that, compounds PFP-5 and PFP-6 showed
their cytotoxicity not by means of the internucleosomal
DNA fragmentation.

The compounds were found to be safe at a single oral
dose of 500 and 1000 mg/kg body weight. Thus, the
1/20™ of the higher tolerable dose were selected for
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the in vivo anticancer study. Parameters such as, total
tumor volume, viable cell count, non-viable cell count,
packed cell volume, MST and % ILS were assessed.
The substance which shows increase in the % ILS
could be (>25 %) considered as a sign for an effective
anticancer agent.

Additionally, mean increase in the body weight could
be a useful parameter to evaluate the anticancer
activity. All the selected compounds showed significant
reduction in the total tumor volume, as shown in
Table 4. Similarly, RBC, WBC, differential counts
(monocytes, lymphocytes) and haemoglobin levels
in drug-treated animals were also shown in Table 5.
Further, the anticancer efficacy of these compounds
the % ILS and MST were shown in fig. 6. The mean
increase in body weight of compounds treated group
and tumor control are given in fig. 7.

The synthesis of 9-methyl-3-phenyl-2,7-disubstituted
pyrido[3',2":4,5]furo[3,2-d]pyrimidin-4(3H)-ones
(PFP 1-7) were carried out using 3-amino-4-methyl-
N-phenyl-6-substituted furo[2,3-b]pyridine-2-
carboxamide on microwave irradiation with different
aromatic carboxylic acids (PFP 1-7).

Structure of the compounds was confirmed by spectral
analysis. In the IR spectra of compounds PFP 1-7, the
carbonyl group absorption was observed in the region
of 1670-1690 cm', whereas, the hetero aromatic
-C N- stretching was observed around 1556-1600
cm’!. Further, the compounds containing -OH and
-CH, groups produced absorption band in the range
of 3180-3381 c¢cm™ and 2922-2953 cm’!, respectively.
In the '"H NMR spectra of compound PFP-7, the
methyl group in all the compounds showed a singlet
between  2.4-3.5 parts per million (ppm). In addition,
compounds containing -OCH, protons exhibited a
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singlet in the region of 3.8-4.2 ppm. GCMS spectral
data of compounds were also in agreement with the
proposed structure of compounds PFP 1-7.

The synthesized 7-hydroxy-9-methyl-3-phenyl-2-
substituted pyrido[3',2":4,5]furo[3,2-d]pyrimidin-
4(3H)-one (PFP 1-7) derivatives were docked into
DHFR and TS enzymes. The docking results of the
derivatives are summarized in Table 6 and Table 7.
The pyrido[3',2":4,5]furo[3,2-d]pyrimidin-4(3H)-
one system (PFP 1-7) showed interactions with the
residues such as, Serine (Ser) 59, Threonine (Thr)
146, Thr 121, Lysine (Lys) 55 and Glycine (Gly)
20. Among this series, compound PFP-7 showed the
lowest binding energy and the MolDock score was
found to be -155.83 kcal/M. Further, the best pose of
this compound showed the hydrogen bond interaction

120
100
80
60

40

Concentration (pM])

20

PFP-3  PFP-4

with the -OH group of Tyrosine (Tyr) 121 residue, as
shown in fig. 8a. The superposition of the top 5 poses
of the ligand, PFP-7 in the bound form on DHFR is
given fig. 8b. Further, the effective hydrogen bond
interactions were also shown by the compound
PFP-6 and its MolDock score and the number of
poses obtained for this compound were registered as
-147.812 kcal/M and 13, respectively. The hydrogen
bond interactions of this compound were seen with
the -OH group of Thr 146 and Tyr 121 residues, as
shown in fig. 8c and the total bond energy was found
to be -1.5966 kcal/M. Interestingly, compound PFP-
5, having the 3-fluorophenyl substitution at the 2™
position exhibited maximum of five hydrogen bond
interactions with the enzyme and its MolDock score
was -133.58 kcal/M (fig. 8d).

L
PFP-5 PFP-6  PFP-7

Compound code

Fig. 2: IC, values of compounds PFP 1-7

Note: (m): IC,, values (uM) HeLa>100; (m): IC, values (M) T47D>100 and (%): IC_, values (uM) C6>100

120

100

8

o

6

Percentage cytotoxicity
[e=)

[==]

PFP-1 PFP-2 PFP-3

-20

il i“ Ii“ iil‘ Im ;;i‘

PFP-4 PFP-5 PFP-6 PFP-7

Compounds at concentrations 12.5, 25, 50 and 100 (pM)

Fig. 3: Percentage cytotoxicity of 7,9-dimethyl-3-phenyl-2-substituted pyrido[3’,2":4,5]furo[3,2-d]pyrimidin-4(3H)-one

(PFP 1-7) on HeLa cell lines
Note: (l): Series 1; (M): Series 2; (W): Series 3 and (H): Series 4
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Fig. 5: Percentage cytotoxicity of 7,9-dimethyl-3-phenyl-2-substituted pyrido[3’,2’:4,5]furo[3,2-d|pyrimidin-4(3H)-one
(PFP 1-7) on C6 cell lines
Note: (m): Series 1; (M): Series 2; (7): Series 3 and (m): Series 4
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Fig. 6: Anticancer activity of compounds PFP-5, 6 and 7 with regard to MST and % ILS
Note: (@): MST and (@): % ILS

TABLE 4: EFFECT OF PFP-5, 6 AND 7 ON TOTAL VOLUME, PACKED CELL VOLUME, VIABLE AND
NON-VIABLE TUMOR CELL COUNT OF THE EAC CELLS BEARING MICE

Group Total volume (ml) Packed cell volume Viable cells Non-viable cells
(ml) (106 cells/mouse) (106 cells/mouse)
Group Il (tumor control) 13.0£0.70 7.0£0.15 62.1+0.12 1.8+0.16
Group Ill (PFP-5) 4.9+0.01*** 1.95+0.15*** 25.18+0.01** 2.3+0.08
Group IV (PFP-6) 8.00.17*** 1.6£0.11*** 31.2+0.35* 3.320.41*
Group V (PFP-7) 3.95+0.25+* 1.4£0.20** 20.7+0.18** 2.7+0.09
Group VI (cisplatin) 2.00.02*** 1.5+0.12 21.80.19*** 3.7+0.43**

Note: *p<0.05; **p<0.01 and ***p<0.001 as compared to tumor control (group II)

1864 Indian Journal of Pharmaceutical Sciences September-October 2024



www.ijpsonline.com

TABLES5: EFFECTOF COMPOUNDS PFP-5,PFP-6 AND PFP-7 ON THEHAEMATOLOGICALPARAMETERS
OF THE EAC CELLS BEARING SWISS ALBINO MICE (MEANSEM, n=6)

Haematological parameters

Group

RBC (10¢/pl) WBC (103/pl) Hgb (g/1) Monocyte (103/pl) Lymphocyte (103/pl)
Group | 9.00£0.01 5.10+0.28*** 12.00.16*** 0.10£0.32*** 5.000.15%**
Group Il 4.2310.68¢ 92.9+0.45¢ 5.5+0.53¢ 5.4x0.15¢ 44.2£0.23¢

Group Il (PFP-5)
Group IV (PFP-6)
Group V (PFP-7)

7.54+0.06***
8.20+0.16***
7.61£0.01**
6.12+0.51¢*

40.7+0.10<**
84.6+0.04<
39.1+0.18**

44.2+0.11¢*

9.55+0.55***
11.3+0.16**
9.4£0.17<*
7.7+0.18**

3.15+0.12¢** 31.05+0.48**

6.2+0.23¢ 43.4+0.17¢
3.2+0.16<* 32.5+0.25**

3.4+0.29<* 10.20+0.53<**

Group VI (cisplatin)

Note: *p<0.05; **p<0.01 and ***p<0.001 as compared to tumor control (group Il); a<0.05; b<0.01; c<0.001 as compared to normal control
(group 1)

TABLE 6: BINDING DATA FOR THE LOWEST ENERGY CONFORMER OF COMPOUNDS 7-HYDROXY-
9-METHYL-3-PHENYL-2-SUBSTITUTED PYRIDO[3',2":4,5]FURO[3,2-d]PYRIMIDIN-4(3H)-ONE
(PFP 1-7) DOCKED ON THE DHFR ACTIVE SITE AND THEIR H-BOND INTERACTIONS WITH AMINO
ACID RESIDUES

Hydrogen bond interactions

MolDock score Total No. of Number of
Code id MolDock score H-bond
(grid) poses on H-bond energy Interacting amino acid
PFP-1 -142.41 -142.61 25 1 -0.43 Ser 59
PFP-2 -139.38 -134.6 24 2 -2.13 Gly 20, Lys 55
2Ser 59, Ser 118, Thr
PFP-3 -135.19 -129.11 25 5 -4.19 146, Tyr 121
PFP-4 -134.78 -129.91 23 2 -2.55 2Ser 59
2Ser 118, Thr 146, Ser
PFP-5 -139.25 -133.58 26 5 -4.35 59, Tyr 121
PFP-6 -148.82 -147.81 13 2 -1.59 Tyr 121, Thr 146
PFP-7 -157.03 -155.83 21 1 0 Tyr 121
12
10
8
e
Eﬂ 6
(]
S /
= 4
=
[=]
aa}
, .
Day 1 Day 3 Day 5 Day 7
Fig. 7: Anticancer activity of compounds PFP-5, 6 and 7 with regard to mean increase in the body weight (g)
Note: (mmmmm): Group [; (mmsssm): Group II; ( ): Group III and (mmsssm): Group IV
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TABLE 7: BINDING DATAFOR THE LOWEST ENERGY CONFORMER OF COMPOUNDS PFP 1-7 DOCKED
ON THE TS ACTIVE SITE AND THEIR H-BOND INTERACTIONS WITH AMINO ACID RESIDUES

Hydrogen bond Interactions

MolDock .
Code Grid score No. of poses ; Interaction ;
score H-bond  \) ofH-bond withTs Interacting
energy (chain) amino acid
PFP-1 -131.1 -126.9 25 -4.67 3 B L7yg Ql’n":;’
PFP-2 127.3 -121.8 38 -2.13 2 B Lys 71
Lys 71, GIn
PFP-3 127.6 121.7 28 -3.48 4 B o7 T 67
PFP-4 -118 -112.3 26 -2.68 3 B ser 82’7 2Gln
PFP-5 -130.8 -129.5 34 1.4 2 B Lys 71, His 32
Lys 71, GIn
PFP-6 -109.4 -105.7 26 -2.09 3 B o ey
PFP-7 131.7 -130.9 25 -2.32 2 A+B  His20,Tyr 164

Note: Leu: Leucine;

GIn: Glutamine; Trp: Tryptophan; His: Histidine

Fig. 8: Molecular docking studies of the derivatives, (a): Superposition of top five poses of PFP-7 on DHFR; (b): Hydrogen bond
interaction of PFP-7 on DHFR; (c): View highlighting the hydrogen bond interactions of PFP-5 on DHFR; (d): Hydrogen bond
interactions of PFP-6 with Tyr 121 and Thr 146 (DHFR); (e): View highlighting the interactions of PFP-7 with the residues His 20
A and Tyr 164 (TS) and (f): Hydrogen bond interactions of PFP-3 with Lys 71, Gln 87 and Trp 67 (TS)

1866

Indian Journal of Pharmaceutical Sciences

September-October 2024



www.ijpsonline.com

Among the compounds tested (PFP 1-7), for
their binding affinity with TS, compound having
3,5-dimethoxyphenyl substitution at the 2™ position in
the pyrido[3',2":4,5]furo[3,2-d]pyrimidin-4(3H)-one
system (PFP-7) showed remarkable hydrogen bond
interactions with chain ‘A’ and chain ‘B’ of 1100 and
the binding energy was found to be -130 kcal/M. The
hydrogen bond interactions of compounds PFP-7 and
PFP-3 are depicted in fig. 8¢ and fig. 8f, respectively.
The above results revealed that the pyrido[3',2":4,5]
furo[3,2-d]pyrimidin-4(3H)-one scaffold could be
sustained for the effective enzyme binding.

All the synthesized compounds were evaluated for
their cytotoxicity studies on three different tumor
cell lines namely, HeLa, T47D and C6 in 24 h drug
exposure assay. The effect of substituted phenyl group
at the 2" position and methyl group at the 7" and 9™
positions were studied. In this study, the dose response
curve was plotted to determine their IC values (fig.
2-fig. 5). From the results, it was understood that, the
cell proliferation decreased with increase in the dose.

Among the seven compounds tested, PFP-1 and PFP-2
having 4-bromobenzyl and 4-chlorobenzyl substitution
respectively at the 2" position, did not effectively
inhibit the growth on any cell lines and their IC, values
were found to be >100 uM. However, other compounds
in this series showed encouraging cytotoxicity on
these three cell lines. Among them, compound PFP-6,
bearing 4-(trifluoromethyl)phenyl substitution at the 2
position exhibited a greater cytotoxicity on HeLa, T47D
and C6 cells with the 50 % inhibition of the growth at
15.2,4.26 and 30.5 uM, respectively. Compounds PFP-
5 and PFP-7 also were nearly equivalent in exhibiting
their antiproliferative activity.

81

PFP-3
PFP-6

DNA
Ladder

Fig. 9: DNA ladder assay of compounds PFP-5 and PFP-6
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DNA fragmentation is widely studied in apoptosis
study. From the MTT study results, it was observed
that the compounds PFP-5 and PFP-6 were found be
active on T47D cells with less inhibitory concentration
of 11.0 and 4.2 uM, respectively. It indicated that,
they could be good systems for predicting the
antiproliferative activity. The T47D cells were exposed
to the test compounds for 24 h and from this; the DNA
was isolated and subjected for electrophoresis using
2 % agarose gel. Photographs were then taken from
the gel documentation system. Cisplatin (standard-1)
and doxorubicin (standard-2) were used as standards.
Here, the medium was treated as the negative control
and the solvent control was 0.05 % DMSO. No
DNA fragmentation was observed for compounds
PFP-5 and PFP-6 (fig. 9). Thus the results suggested
that, compounds PFP-5 and PFP-6 showed their
cytotoxicity not by means of the internucleosomal
DNA fragmentation.

Acute toxicity studies were carried out to determine
the safer dose of test compounds on mice. The
compounds were found to be safe at a single oral
dose of 500 and 1000 mg/kg body weight. Blood
parameters, MST, % ILS and mean increases in the
body weight were evaluated. Cells get accumulated
in the peritoneal cavity in tumor bearing mice and the
ascitic fluid present in the peritoneal cavity is very
important for tumor growth, due to its nutritional value.
Generally, ascitic tumor implantation promotes local
inflammatory reactions and provides an increase in the
vascular permeability, which results in the formation
of oedema, cellular migration and progressive ascitic
fluid formation.
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The reduction in the peritoneal fluid volume, packed
cell volume and the viable cell count in tumor
bearing mice indicate the anticancer activity. The
other attributes, which provides anticancer potential
could be an increase in the non-viable cell count!!>6,
Anemia and myelosuppression are the main problems
encountered in cancer chemotherapy!'”. Anemia
induced in tumor bearing mice is mainly due to the
reduction of RBC or haemoglobin percentage and this
may occur either, due to iron deficiency or haemolytic
or myelopathic conditions!"®. It is noteworthy to
mention here that, tumorigenesis and its progression
are accompanied by the following changes compared
with normal cytogenesis; gradual decrease in the
haemoglobin content and erythrocyte count, gradual
increase in leukocytes and thrombocytes.

Further, to support the anticancer potential, the
improvement in the blood parameters such as, increase
in haemoglobin level, RBC count and decrease in
WBC count, and differential cell count towards the
normal value would help. Thus, the improvements in
haematological parameters also will enable to evaluate
the potency of the test compound. Based on the MTT
assay results, from the synthesized compounds, three
compounds were selected and tested for their in vivo
anticancer activity!'’.

All the selected compounds showed significant
reduction in the total tumor volume, as shown in Table
4. Particularly, compounds PFP-5 and PFP-7 exhibited
the total tumor volume at 4.9+0.01 and 3.95+0.25 ml/
mouse, respectively. The total peritoneal fluid volume
measured in the cisplatin treated group was found to
be at 2.0+0.02 ml/mouse. Similarly, the packed cell
volume was also decreased significantly by the test
compounds.

However, the maximum reduction in the packed cell
volume was exhibited by compound PFP-7 (1.4+0.20
ml/mouse). Further, the fluid was tested to find out the
presence of the viable and non-viable tumor cells by
tryphanblue assay. All the four compounds significantly
decreased the viable cell count. Particularly, it
was reduced to a great extent for compound PFP-7
(20.71+0.18x10° cells/mouse). Further, increase in
non-viable cell count was observed (Table 4) in all the
treatment groups. However, treatment by compound
PFP-6 exhibited the presence of non-viable cells at 3.3
+ 0.41x10°, respectively.

RBC, WBC, differential counts (monocytes,
lymphocytes) and Hb levels in drug-treated animals
were also restored significantly when compared to that
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of the EAC control values. The effects of compounds
on haematological parameters are shown in Table
5. The RBC count and Hgb level were significantly
increased by the treatment with compound PFP-6
when compared with that of the standard. Other two
compounds also showed improvement in the RBC
count and Hgb levels. The decrease in the WBC
cell count also supported to measure the anticancer
potential of a compound. Furthermore, the monocytes
and lymphocytes counts were also brought down
towards near normal levels as, shown in Table 5. Thus,
the results obtained were supportive.

Further, the anticancer efficacy of these compounds
was supported by the enhanced survival time of
the EAC bearing mouse. Among these four test
compounds, PFP-5 and PFP-6 markedly increased
the MST levels at 20.5 and 15.5 d, respectively. The
enhancement of ILS was observed at 70.83 % and
29.16 %, respectively. However, compound PFP-7 did
not increase the life span considerably and it showed
the percentage ILS only at around 4.16. Cisplatin at a
dose of 3.5 mg/kg (i.p.) increased the % ILS value to
be at 79.16, as shown in fig. 6.

The mean increase in body weight of compounds
treated group and tumor control are given in fig. 7
and it was observed that the compounds showed a
significant decrease in the increased body weight
than that of the tumor control. Among the four
derivatives, compound PFP-6 exhibited significant
reduction in the mean increase in the body weight.
The other compounds also reduced the increase in
the body weight. After treatment with the compound
PFP-5, 6 and 7 under investigation, all the depleted
haematological parameters were reverted back
towards normal. Moreover they enhanced the MST
and % ILS. This results disclosed that, the compounds
containing phenyl ring substituted with electron
withdrawing trifluoromethyl substitution at the 2
position of pyrido[3’,2":4,5]furo[3,2-d]pyrimidin-
4(3H)-one exhibited better anticancer activity.

In the present work, a simple and efficient practical
method for the synthesis of angularly fused tricyclic
pyrimidines was achieved by using MWI technique.
The recovery of the product was much easier as
compared to the conventional procedures. Further, it
contributed to the development of clean, cost effective
and eco-friendly procedure with good yield. All the
compounds showed good antioxidant activity. Further,
compound PFP-6 containing 4-(trifluoromethyl)
phenyl substitution at the 2" position showed
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promising anti-inflammatory and anticancer activities.
Hence, it is concluded that, the PFP scaffold with
carbonyl and 4-trifluoromethyl phenyl functions
at the 4™ and 2™ positions, respectively supported
the biological activities. Results of biological
activities with substitutions in other positions may
widen our understanding on the structure activity
relationship remarkably. Optimization of the activity
of  pyrido[3',2":4,5]furo[3,2-d]pyrimidin-4(3H)-one
scaffold using more number of cancer cell lines would
be a possible suggestion for future studies.
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