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ARTICLE INFO ABSTRACT

Keywords: Isoquinoline analogues (KA-1 to 16) have been synthesized and evaluated for their E. coli thymidine phos-
Synthesis phorylase inhibitory activity. Except compound 11, all other analogs showed outstanding thymidine inhibitory
150‘1“1"19““ ) . potential ranging in between 4.40 *+ 0.20 to 69.30 = 1.80 uM when compared with standard drug 7-
Thymidine phosphorylase, angiogenesis Deazaxanthine (ICso = 38.68 * 4.42 uM). Structure Activity Relationships has been established for all com-
inhibition ds, mainly based on substituti henyl ring. All anal h ized by vari

SAR pounds, mainly based on substitution pattern on phenyl ring. All analogs were characterized by various spec-

troscopic techniques such as '"H NMR, '>C NMR and EI-MS. The binding interactions of isoquinoline analogues
with the active site of TP enzyme, the molecular docking studies were performed. Furthermore, the angiogenic
inhibitory potentials of isoquinoline analogues (KA-1-9, 14, 12 and 16) were determined in the presence of
standard drug Dexamethasone based on percentage inhibitions at various concentrations. Herein this work
analogue KA-12, 14 and 16 emerged with most potent angiogenic inhibitory potentials among the synthesized
analogues.

Molecular docking

1. Introduction

Thymidine phosphorylase (TP) is the key enzyme of the pyrimidine
salvage pathway, which speedup the conversion of thymidine and 2-
deoxyuridine to their respective bases and 2-deoxy-p-ribose 1-phos-
phate [1,2]. Furthermore, the dephosphorylations of 2-deoxy-p-ribose
1-phosphate yield 2-deoxy-p-ribose that stimulates the discharge of
vascular endothelial growth factor (VEGF). VEGF motivates a number
of processes including endothelial cells for discharge of matrix me-
talloproteinases, proliferation and migration of endothelial cells to
tumor tissue. These accomplishments cause the formation of new blood
vessel and cancer metastasis [3]. Thymidine phosphorylase inhibitors
hinder the formation of 2-deoxy-p-ribose and destroy tumor growth [4].
Therefore it is very crucial to develop effective and novel TP inhibitors
that have the potential to cease tumor growth [5]. In this regard a
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number of struggles concerned to development of thymidine phos-
phorylase inhibitors have been described [6-8]. The most effective in-
hibitor of human TP known till date is the pyrimidine analog 5-chloro-
6-[1-(2-iminopyrrolidinyl)methyl] uracil hydrochloride (TPI) and the
first purine analog 7-deazaxanthine (7DX) recognized as TP inhibitor
(Fig. 1) [9] (see. Scheme 1.).

Isoquinoline is a heterocyclic moiety found in various natural pro-
ducts, especially in alkaloids [10,11]. Isoquinoline alkaloids were found
in some botanical families and marine species [12,13] that shows sig-
nificant pharmacological activities like antibiotic, antitumor [14], a-
glucosidase in hibition [15], -adrenergic [16]. Numerous synthetic
isoquinoline derivatives have been reported as anti-malarial agent [17],
anti-convulstant agent [18], anti-cancer agent [19], and anti-pro-
liferative agent [20]. Isoquinoline analogs have been also reported as a
topoisomerase [ catalytic inhibitors [21], acetylcholinesterase
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Fig. 1. Structure of known TP inhibitors TPI and 7DX.

inhibitors [22] and as a-Glucosidase Inhibitors [23].

Our research group had reported various heterocyclic analogs with
pharmacological potentials [24-26], and also published thiadiazole,
oxadiazole and piperazine derivatives as potential inhibitors of thymi-
dine phosphorylase enzyme [27,28]. We have observed in our previous
study that nitrogen containing heterocyclic compounds have great
biological potential [29-33]. Keeping in view the great biological po-
tential of nitrogen heterocyclic compounds, here in this study we have
plan to synthesize the isoquinoline analogs in search of potent thymi-
dine phosphorylase inhibitor. We have obtained outstanding results
which support our hypothesis. Here in this study we are going to report
new analogs of isoquinoline as potent TP and angiogenesis inhibitor.

2. Results and discussion
2.1. Chemistry

Methyl isoquinoline-3-carboxylate was treated and refluxed with
hydrazine hydrate in ethanol as solvent to obtain isoquninoline-3-
carbohydrazide as intermediate. Furthermore, the intermediate was
treated with various aryl aldehyde/acetophenone in ethanol in the
presence of few drops of glacial acetic acid and reflux for 3-4 hrs to
obtain N-benzyliden-isoquinoline-3-carbohydrazide analogues (KA-1-
16). After completion of reaction, the reaction mixture was filtered and
washed with n-hexane/ethanol to purify the final product.

2.2. Invitro study of thymidine phosphorylase inhibition

Sixteen analogs of N-benzyliden-isoquinoline-3-carbohydrazide (KA-
1-16) were synthesized and evaluated their inhibitory activity against
thymidine phosphorylase enzyme. All analogues asserted varying degree
of inhibitory potential in the range of 4.40 = 0.20 to 69.30 + 1.80 uM,
under positive control of standard drug 7-Deazaxanthine having an ICsq
value 38.68 + 4.42uM (Table 1). The screened analogs of the series,
analogl1 was found inactive, while the remaining all analogues KA-1-10
and KA-12-16 displayed outstanding TP inhibitory potential with ICsq
values 11.30 = 0.30, 8.10 = 0.30, 39.40 = 1.10, 69.30 * 1.80 ,
44.70 = 1.30, 16.10 = 0.40, 18.40 = 0.40, 27.60 = 0.60, 4.40 =
0.20, 8.10 = 0.20, 8.60 * 0.30, 36.10 = 0.70, 18.40 = 0.60,
22.20 *+ 0.50 and 21.40 * 0.60 uM respectively. SAR study has been
established for all analogues of the whole series which shows that by
bringing about slight change in the position, nature as well as the number
of substituent on phenyl ring may greatly influenced the inhibitory
potential of our synthesized analogs. Analogue KA-9 (ICs, value

(e}
D O/ NH»-NH, .H,O -
_N 2-NH3 .Ha N
EtOH
Reflux, 6h
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4.40 = 0.20) was found with very healthy inhibitory potential having
two methoxy group at the 3,5 position and one hydroxyl group at posi-
tion-4 of phenyl ring. The excellent potential of this compound seems
due to electron donating group i.e. the methoxy groups and the inter-
action of hydroxyl group through hydrogen bond with the active site of
enzyme. If analogue KA-9 was compared with analogue KA-6 (ICs, value
16.10 = 0.40 pM) having one hydroxyl and one methoxy group at meta
position to each other, the analog 9 is superior. The greater inhibitory
potential of analogue KA-9 compared to analogue KA-6 may be due to
hydroxyl group at the para position and one additional methoxy group.
The second utmost active analog of the series is analogue KA-2 with ICsq
value 8.10 = 0.30 uM bearing hydroxyl group at the ortho position and
chlorine atom at the meta position of the phenyl ring. The greater po-
tential endorsed by analog 2 is seem due to EWG the chloro group and
hydroxyl group. If it is compared with the third utmost active analog of
the series, the analogue KA-10 (ICso value 8.10 * 0.20 uM) have hy-
droxy group at the para position and Cl atom at the meta position of
phenyl ring. The slight difference in their inhibitory activity may be due
to the position change of hydroxyl group. It may be seen in SAR study
that di-chlroinated phenyl moiety have shown much better inhibitory
potential than that of mono-chlorinated phenyl moiety, may be due to
chlorine that activates phenyl ring through resonating effect toward
binding interaction with enzyme pocket. That is why we observed that
analogue KA-12 (ICso = 8.60 + 0.30) have two chlorine atom at 2, 4-
position was found with many fold better inhibitory activity than ana-
logue KA-7 (ICsp = 18.40 = 0.40) having only one chlorine atom at
para position. The positional change of identical substituent around the
phenyl ring may influence the inhibitory activity. Therefore analogues
KA-13, KA-14 and KA-15 with ICgq values 36.10 + 0.70, 18.40 + 0.60
and 22.20 * 0.50 have cyano-group at various positions of phenyl ring,
but among these three analogs, analog KA-14 have cyano-group at ortho
position shown better inhibitory potential. It seems that by changing the
position of substituent greatly affect the potential inhibition of these
analogues. As the compound KA-11 has bulky benzyloxy moiety on
phenyl ring. The presence of this bulky moiety might be one of the
reasons for this compound to be inactive. It was cleared from this study
that the little bit difference in ICso values of different analogs might be
due to the position, nature as well as the number of substituents on
phenyl ring. The binding interactions of the most active analogs with the
active site of enzyme were confirmed through molecular docking study.

2.3. Docking study

The docking analysis of synthesized compounds has provided good
information about the nature of binding mode and their correlation
with experimental results. The top ranked analogs confirmation was
soundly coordinated inside the exertive position of thymidine phos-
phorylase enzyme, which were proven by docking calculation. It was
found that thymidine phosphorylase enzyme shown various types of
interactions with synthesized analogs through Arg 115, Thr 123, Tyr
168, Arg 171, Ile 183, Ser 186, Lys 190 etc. The docking score and their
interactions detail are listed in Table 2. The nature of most active
analogs and their structure feature show that presence of electro-ne-
gative groups like —OH and halogen groups.

The structural aspects interpretation concerns to this group for the
active nature of compounds are the manifestation of electro-negative

(@] O
_NH,
H R1)J\R2 . A N’N\\(Rz
H
EtOH =N R

3-4 drops glacial acetic acid

Scheme 1. Synthesis of isoquinoline analogs (KA-1-16).



K. Zaman, et al.

Table 1
Different isoquinoline analogs and their TP inhibition.
S. No Ry Ry ICsp += SEM"
KA-1 e H 11.30 = 0.30
KA-2 e H 8.10 = 0.30
OH
Cl Cl
KA-3 nnannn H 39.40 = 1.10
_0O
~o
KA-4 bbbt H 69.30 + 1.80
KA-5 bbbl | H 44.70 = 1.30
(0]
Br
KA-6 bbb H 16.10 = 0.40
o OH
KA-7 H 18.40 = 0.40
Cl
KA-8 5 CHj 27.60 = 0.60
NO,
KA-9 H 4.40 = 0.20
~o o
OH
KA-10 H 8.10 = 0.20
Cl
OH
KA-11 H N.A.
) : %
(0}
\
KA-12 H 8.60 = 0.30
Cl
Cl
KA-13 H 36.10 = 0.70
CN
KA-14 H 18.40 = 0.60
CN
KA-15 5 H 22.20 = 0.50

CN
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Table 1 (continued)

S. No Ry Ry ICso = SEM?

KA-16 H 21.40 = 0.60
NO,

7-Deazaxanthine (7DX) 38.68 + 1.12uM

7-Deazaxanthine (7DX) is the standard inhibitor for TP.
> NA = not active.
2 SEM is the standard error mean.

groups like —OH and halogen groups. Analogs of the series having
halogen like Cl found with better potential than analog having Br
supported hydroxyl group.

Fig. 2(a,b) showing the binding interactions of enzyme with most
active analogs among these docked conformations. After docking, the
confirmations obtained showed good docking score, results and healthy
demonstration in-silico inhibition of the thymidine phosphorylase en-
zyme. The overall result and correlation concern to biological evalua-
tion and docking study was found very well in (Fig. 3).

2.4. In vitro anti-angiogenesis activity of isoquinoline analogues

In the present study isoquinoline analogues (KA-1-9, 12, 14 and
16) at various concentrations were screened for their percentage anti-
angiogenic activity in the presence of Dexamethasone as standard drug.
All analogues of the series displayed more than 50% anti-angiogenic
activity at 500 pg/ml concentration except analogue KA-4. Similarly at
the 250 pg/ml concentration the anti-angiogenic potentials of some
analogues like KA-2, KA-5 and KA-9 were decreased than 50%.
Subsequently, when analogues were evaluated for their angiogenic in-
hibitory potentials at 125 pug/ml concentrations, so only analogues KA-
3, KA-6, KA-7, KA-8, KA-12, KA-14 and KA-16 were found with more
than 50% angiogenic inhibition. Regarding the same trends and the
concentrations further decrease to 62.2 ug/ml, so the angiogenic in-
hibitory potential of most analogues ultimately decreased to less than
50%, only analogues KA-16, KA-8, and KA-12 exhibited more than
50% angiogenic inhibition. Additionally, when the concentration de-
creased to 31.25 pg/ml, only analogue KA-16 displayed more than 50%
angiogenic inhibition. The details of percent angiogenic inhibitions of
all analogues at various concentrations are present in Table 3. The re-
lative angiogenic inhibitory activities of analogues with +ive/—ive
control are depicted in Fig. 4. Overall results show that analogue KA-
12, KA-14 and KA-16 emerged with most potent anti-angiogenic ac-
tivity among the series Fig. 5.

2.5. Conclusion

A series of N-benzyliden-isoquinoline-3-carbohydrazide analogs
(KA-1 to 16) were synthesized and evaluated for their E. coli thymidine
phosphorylase inhibitions. All screened analogues displayed uneven
degree of thymidine phosphorylase inhibition with ICs, values ranging
between of 4.40 + 0.20 to 69.30 = 1.80 uM, under positive control of
reference drug 7-Deazaxanthine having ICso value 38.68 + 4.42 uM.
Twelve analogues, analogue KA-1, 2, 6,7, 8,9, 10,12, 13, 14, 15 and
KA-16 among the entire series were found with most potent inhbitory
activity as compared to standard. Some analogues were found in a
range good to modorates thyimidine phosphorylase inhbitions like KA-
3, 4 and 5. Further to this, analogue KA-11 shown no inhibitory po-
tential. The SAR study was focus mainly on substituents of phenyl part.
The docking analysis was carried out to investigate binding interaction
between screened analogs and active site enzyme. Herein this work
analogue KA-1 to 9, 11, 12 and 16 was further screened for their
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Table 2
Docking scores and report of predicted interactions of docked conformations.
Comp.No Docking score Interaction detail (Ligands/thymidine phosphorylase)
Ligand Receptor Interaction Distance E(kcal/mol)
KA-1 —10.0001 035 NH1ARG171(A) H-acceptor 2.88 -3.3
0 35 NH2ARG171 (A) H-acceptor 3.00 -1.8
035 CG1 ILE 183 (A) H-acceptor 3.71 -0.1
0O 36 NH2ARG171 (A) H-acceptor 2.96 —-2.6
6-ring CB SER 86 (A) pi-H 4.39 -0.3
6-ring CA GLY 88 (A) pi-H 3.44 -0.1
6-ring CA GLY 88 (A) pi-H 4.30 -0.1
6-ring CG2 ILE 183 (A) pi-H 3.88 -0.2
6-ring CD1 ILE 187 (A) pi-H 4.83 -0.1
KA-2 —11.2107 Cc28 O SER 113 (A) H-donor 2.54 -0.1
N 13 CD1 ILE 187 (A) H-acceptor 2.88 -0.2
021 NH2 ARG171(A H-acceptor 4.08 -0.7
6-ring CD2 PHE 210(A) pi-H 3.96 -0.3
KA-3 —7.6729 C1 O SER 113 (A) H-donor 2.81 -0.1
Cc27 O SER 86 (A) H-donor 3.12 -0.1
N 20 NH2 ARG171(A) H-acceptor 3.42 -0.2
N 20 CA ILE 183 (A) H-acceptor 3.79 3.79
KA-4 —6.3209 C 35 O LYS 84 (A) H-donor 3.87 -0.1
N 20 CD LYS 190 (A) H-acceptor 3.24 -0.1
6-ring CA HIS 85 (A) pi-H 4.89 -0.1
6-ring CG1 ILE 187(A) pi-H 3.16 -0.1
KA-5 —7.2301 N 20 NH2 ARG171(A) H-acceptor 2.87 —-1.4
021 NH2 ARG171(A) H-acceptor 2.88 -0.8
6-ring CD LYS 190(A) pi-H 4.02 -0.6
6-ring NZ LYS 190(A) pi-cation 4.04 —-2.5
6-ring NZ LYS 190(A) pi-cation 4.52 —-0.8
KA-6 —9.8963 C 34 OD1 ASP 172(A) H-donor 2.65 -0.8
N 13 NE2 HIS 85 (A) H-acceptor 3.34 -0.1
N 13 CG1 ILE 187(A) H-acceptor 3.70 —-0.1
021 CD1 ILE 187(A) H-acceptor 3.70 -0.8
6-ring 6-ringTYR168(A) pi-pi 3.14 -0.0
6-ring 6-ringPHE210(A) pi-pi 3.50 -0.0
KA-7 —9.3210 C3 SD MET 211 (A) H-donor 4.35 -0.3
CL 34 OG SER 113 (A) H-donor 3.63 —-0.4
N 13 CB SER 186 (A) H-acceptor 3.37 —0.6
Cc15 6-ringTYR168(A) H-pi 4.20 -0.1
6-ring CE1 HIS 85 (A) Pi-H 4.73 -0.1
6-ring N ARG 115 (A) pi-H 4.14 -0.1
6-ring NH2ARG171(A)C pi-cation 3.90 —-0.2
6-ring G1 ILE 187 (A) pi-H 4.89 -0.2
KA-8 —8.1021 N 13 NH1 ARG171(A) H-acceptor 2.96 -2.0
N 13 CG1 VAL 177(A) H-acceptor 3.87 -0.1
021 NH2ARG 171(A) H-acceptor 2.66 —-2.0
0 38 N GLN 156 (A) H-acceptor 3.55 -0.9
0 39 CD2 TYR 168(A) H-acceptor 3.37 -0.2
6-ring 6-ringTYR168(A) pi-pi 3.12 -0.0
KA-9 —15.9448 C5 OG SER 186 (A) H-donor 3.47 -0.2
[¢] OH THR 123(A) H-acceptor 1.20 -0.2
6-ring OG1 THR 123(A) pi-H 3.86 -0.1
6-ring CE LYS 190(A) pi-H 4.09 —-0.4
6-ring CE LYS 190(A) pi-H 4.98 -0.4
6-ring 6-ringTYR168(A) pi-pi 3.99 -0.0
(o) OG TYR 168(A) H-acceptor 3.50 -0.0
KA-10 —11.4618 021 NH LYS 190 (A) H-acceptor 2.41 -0.4
6-ring N ARG 115 (A) pi-H 4.73 -0.1
6-ring N ARG 115 (A) pi-H 4.55 -0.1
6-ring CB ARG 115(A) pi-H 4.20 -0.2
6-ring CE1 TYR 168(A) pi-H 4.52 —-0.2
6-ring OH TYR 168(A) pi-H 4.00 -1.0
6-ring CG2 ILE 183(A) pi-H 4.55 0.1
6-ring 6-ring TY 168(A) pi- pi 3.63 -0.0
KA-11 NA NA NA NA NA NA

(continued on next page)
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Table 2 (continued)

Comp.No Docking score Interaction detail (Ligands/thymidine phosphorylase)
Ligand Receptor Interaction Distance E(kcal/mol)
KA-12 —11.2309 Cc1 O THR 87 (A) H-donor 3.40 -0.1
c3 SD MET 211(A) H-donor 3.39 -0.1
Cc11 O VAL 177(A) H-donor 3.16 -0.1
c27 O ARG 115 (A) H-donor 3.38 -0.1
021 NH2 ARG171(A) H-acceptor 2.81 -5.9
CL 33 CG2 ILE 112(A) H-acceptor 4.46 -0.1
c25 6-ringTYR168(A) H- pi- 4,53 -0.3
6-ring CA GLY 114(A) pi-H 3.51 -0.1
6-ring CG1 ILE 183(A) pi-H 3.87 -0.5
6-ring CG2 ILE 183(A) pi-H 3.86 -0.1
KA-13 —7.9982 C25 O THR 87 (A) H-donor 3.10 —-0.4
N 35 NH1 ARG171(A) H-acceptor 3.14 -0.8
N 35 CA ILE 183(A) H-acceptor 3.39 -1.0
N 35 CB SER 186 (A) H-acceptor 3.36 —-0.5
6-ring CE LYS 190 (A) pi-H 3.58 -0.5
6-ring NZ LYS 190(A) pi-cation 3.76 -0.9
KA-14 —9.2319 N13 CE1 TYR 168(A) H-acceptor 3.55 -0.1
N 35 NH2 ARG171(A) H-acceptor 2.53 —-1.4
N 35 CA ILE 183(A) H-acceptor 3.34 -0.1
N 35 CG1 ILE 183(A) H-acceptor 3.62 -0.1
N 35 CG2 ILE 183(A) H-acceptor 3.79 —-0.2
N 35 CB SER 186(A) H-acceptor 3.70 -0.3
6-ring 6-1ringTYR168(A) pi-pi 3.63 -0.0
KA-15 —8.5310 N13 CG2 ILE 183(A) H-acceptor 3.88 —-0.2
N 13 CD1 ILE 187(A) H-acceptor 3.99 -0.1
N 15 CB THR 123 (A) H-acceptor 2.86 —-0.4
N 15 N LEU 124(A) H-acceptor 2.51 -0.1
6-ring NE2 HIS 85 (A) pi-H 451 -0.2
6-ring NE2 HIS 85 (A) pi-H 4.21 -0.2
6-ring N THR 123(A) pi-H 4.42 -0.1
6-ring CG2 ILE 183(A) pi-H 4.86 -0.1
KA-16 —8.1002 C30 SD MET 211(A) H-donor 4.50 —-0.4
N 20 CB SER 186(A) H-acceptor 3.02 -0.3
6-ring NE2 HIS 85 (A) pi-H 3.71 -0.9
6-ring CE1 HIS 85 (A) pi-H 3.56 -0.5
6-ring NH1 ARG 171(A) pi-cation 3.80 -0.3
Standard 7-Deazaxanthine —7.8230 N1 OG SER 186 (A) H-donor 3.18 -23
o7 NZ LYS 190 (A) H-acceptor 2.61 -10.4
08 NH1 ARG171(A) H-acceptor 3.28 —-23
08 NH2 ARG171(A) H-acceptor 3.16 —-4.0
6-ring NE2 HIS 85 (A) Pi-H 4.64 -1.9
angiogenic inhibitions to check its anti-tumor potentials. In this regard 3. Materials and methods
analogue KA-12, 14 and 16 were found with most potent therapeutic
anti-angiogenic potentials and may act as lead candidates for advance 3.1. Synthesis of isoquinoline-3-carbohydrazide.

research in tumor drug.
Methyl isoquinoline-3-carboxylate (1 mmol) was treated with

b
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Fig. 2. The most active analogs of the series and their Docking conformations on thymidine phosphorylase enzyme. (a) 3D binding mode of interaction of analogue
KA-9 as potential inhibitor of thymidine phosphorylase enzyme. (b) 3D binding mode of interaction of analogue KA-10 in respective binding cavity of thymidine
phosphorylase enzyme. Ligands are shown green color.
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Fig. 3. The docking predicting activity and correlation graph for ICso values. The X-axis represent the IC50 values of the compounds whereas the Y-axis showed the

compounds number.

Table 3

The details of percent inhibition of inhibition of isoquinoline analogues (KA-1 to KA-9, KA-12, KA-14 and KA-16).

Samples Percent inhibition of angiogenesis at various concentrations
500 250 125 62.5 31.25

KA-1 66.77 + 1.24 61.64 + 1.60 46.43 + 1.15 39.96 + 1.01 25.26 + 1.24
KA-2 54.90 + 1.55 43.32 + 3.50 41.46 + 2.43 28.10 + 1.10 19.95 + 2.01
KA-3 69.80 + 1.50 58.00 = 2.90 51.83 + 1.36 41.67 *+ 0.88 37.26 = 1.24
KA-4 45.56 + 1.06 21.50 + 0.86 19.96 = 1.01 15.33 + 1.20 NA

KA-5 56.42 + 1.89 44.00 * 1.15 21.33 + 0.33 NA NA

KA-6 66.93 * 0.67 59.61 + 1.70 52.83 + 1.36 48.67 *= 0.67 38.58 + 1.12
KA-7 69.72 + 1.01 58.22 *+ 0.23 51.96 + 2.66 41.00 = 1.00 33.70 = 1.63
KA-8 67.90 = 0.96 62.87 + 0.26 58.43 + 0.97 52.33 + 0-0.88 39.67 + 0.88
KA-9 58.25 *+ 0.20 44.70 = 1.60 21.96 = 1.01 NA NA

KA-12 78.00 = 1.50 72.66 * 0.89 68.03 + 0.82 54.00 = 1.15 51.90 + 0.52
KA-14 71.93 + 0.94 65.33 + 0.68 61.93 + 1.21 49.50 + 1.04 42.87 = 1.27
KA-16 74.50 = 0.58 69.50 + 0.58 62.33 + 0.88 53.00 + 0.00 46.64 = 1.60
Dexamethasone 92.74 + 0.687 86.10 = 1.15 84.33 + 0.33 77.32 + 1.33 68.08 = 1.04

Dexamethasone is the standard inhibitor for angiogenesis.
NA = not active.

hydrazine hydrate in absolute ethanol as solvent and refluxed the re-
action mixture for six hrs and then poured into crush ice after com-
pletion the reaction. Isoquinoline-3-carbohydrazide Intermediate ob-
tained was filtered and washed with hexane to remove un-reacted
methyl isoquinoline-3-carboxylate. Then equimolar (1 mmol) of iso-
quinoline-3-carbohydrazide and different aryl aldehyde/acetophenone
(1 mmol) was mixed in absolute ethanol, followed by addition of few
drops of glacial acetic acid as catalyst and refluxed for 3-4 hrs. The
reaction completion was achieved by TLC (Ethyl acetate/hexane; ratio:
3:7, Rf: 0.32-0.5). In-order to obtained pure N-benzyliden-isoquinoline-
3-carbohydrazide analogs, filter the reaction mixture, dried and then
washed with n-hexane/ethanol system.

3.1.1. (E)-N’ (2-nitrobenzylidene) isoquinoline-3-carbohydrazide (KA-1)
Yield: 80%, ‘H NMR (500 MHz, DMSO- d): § 12.7(s, IH, NH), 9.4 (s,
1H, Aromatic-H), 9.1 (s, 1H, CH = N), 8.5 (s, 1H, Aromatic-H), 8.3 (d,
J = 5.6 Hz, 1H. Aromatic-H), 8.2 (d, J = 5.7 Hz, 1H. Aromatic-H), 7.9
(t, J = 6 Hz, 1H, Aromatic-H), 7.5 (dd, J = 8 Hz, 1 Hz, 1H, Aromatic-
H), 7.3 (dd, J = 1.5Hz, 8 Hz, 1H, Aromatic-H), 7.2 (dt, J = 0.5Hz,
7.5 Hz, 1H, Aromatic-H), 7.1 (dt, J = 1.5 Hz, 8.5 Hz, 1H, Aromatic-H).
13C NMR (125 MHz, DMSO-de): § 206.3, 160.2, 155.4, 151.4, 147.8,

146.5, 142.8, 140.7, 135.3, 131.5, 129.5, 129.5, 128.1, 128.1, 127.8,
124.1, 121.1; HR-ESI-MS: m/z caled for C;7H;4N03 [M] " 320.09094;
Found 320.09084.

3.1.2. (E)-N’ (3, 5-dichloro-2-hydroxybenzylidene)
carbohydrazide (KA-2)

Yield: 65% 'H NMR (500 MHz, DMSO-de): § 12.9(s, 1H, NH), 9.4 (s,
1H, Aromatic-H), 8.8 (s, 1H, CH = N-Ar), 8.7 (s, 1H, Aromatic-H), 8.3
(d, Js, 7=6.7Hz, 1H, Aromatic-H), 8.2 (d, Js 6= 6.7Hz, 1H,
Aromatic-H), 7.9 (t, J 7,6, s = 6.2Hz, 1H, Aromatic-H), 7.8 (t, J ¢,s5,
7 = 6.7Hz, 1H, Aromatic-H), 7.6 (s, 1H, Aromatic-H), 7.5 (s, 1H,
Aromatic-H). '3C NMR (125 MHz, DMSO-dg): § 206.3, 160.2, 55.4,
151.4, 148.3, 142.3, 135.2, 131.5, 130.2, 129.6, 129.5, 128.3, 128.1,
127.8, 121.5, 121.3, 120.7. HR-ESI-MS: m/z calcd for C;7H;,Cl;N30,
[M]* 359.02283; Found 359.02273.

isoquinoline-3-

3.1.3. (E)-N’ (2, 3-dimethoxybenzylidene) isoquinoline-3-carbohydrazide
(KA-3)

Yield: 70%, 'H NMR (500 MHz, DMSO-dg): § 12.4 (s, 1H, NH), 9.4 (s,
1H, Aromatic-H), 9 (s, 1H, CH = N-Ar), 8.7 (s, 1H, Aromatic-H), 8.3 (d,
Js, 7 = 6.7 Hz, 1H, Aromatic-H), 8.2 (d, Js, ¢ = 8.5Hz, 1H, Aromatic-),
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Fig. 4. The relative percent angiogenic inhibitory activities of analogues with positive and negative control.

7.9 (t, J 7/6, s = 6.1 Hz, 1H, Aromatic-H), 7.8 (t, J ¢,5, 7 = 6.1 Hz, 1H, 160.6, 152.7, 151.4, 148.2, 144.7, 143.3, 135.3, 131.3, 129.3, 129.3,
Aromatic-H), 7.5 (d, Js, ¢ = 6.1Hz, 1H, Aromatic-H), 7.1(m, 2H,  128.1, 127.9, 127.7, 124.2, 120.7, 117.1, 56.1, 55.7. HR-ESI-MS: m/z
Aromatic-H), 3.8 (s, 6H, 2-OMe). 3C NMR (125 MHz, DMSO-ds): §206.3, caled for C;oH17N505 [M] " 335.12699; Found 335.12689.




K. Zaman, et al.

KA-12 KA-14

Bioorganic Chemistry 89 (2019) 102999

KA-16

Fig. 5. The most potent angiogenic inhibitory activities of analogues KA-12, KA-14 and KA-16.

3.1.4. (E)-N’ (anthracen- 9-ylmethylen) isoquinoline-3-carbohydrazide
(KA-4)

Yield: 78%, 'H NMR (500 MHz, DMSO-dg): § 12.6 (s, 1H, NH), 10.8
(s, 1H, Aromatic-H), 9.9 (s, 1H, CH = N-Ar), 9.5 (s, 1H, Aromatic-H),
8.3 (d, Js7 = 6.7Hz, 1H, Aromatic-H), 8.2 (d, Js, ¢ = 8.5Hz, 1H,
Aromatic-H), 7.9 (t, J 7,6, s = 6.1 Hz, 1H, Aromatic-H), 7.8 (t, J ¢,s5,
7 = 6.1 Hz, 1H. Aromatic-H), 7.5 (d, Js,, 4,7, & = 8.1 Hz, 2H, Aromatic-
H), 7.3 (m, 4H, Aromatic-H). 13C NMR (125 MHz, DMSO-dg): § 206.3,
160.6, 151.5, 148.2, 143.2, 135.3, 131.8, 131.6, 131.1, 130.9, 130.8,
130.2 129.6, 129.6, 129.4, 129.3, 128.8, 128.5, 128.1, 127.8, 127.1,
125.4, 125.2, 125.1, 120.7. HR-ESI-MS: m/z caled for Co5H;7N30 [M] ™
375.13716; Found 375.13707.

3.1.5. (E)-N’ (5-bromo-2-methoxybenzlidene)
carbohydrazide (KA-5)

Yield: 62%, 'H NMR (500 MHz, DMSO-dg): 6 12.4 (s, 1H, NH), 9.4
(s, 1H, Aromatic-H), 8.9 (s, 1H, CH = N-Ar), 8.6 (s, 1H, Aromatic-H),
8.3 (d, Js, 7 = 6.7Hz, 1H, Aromatic-H), 8.2 (d, Js, ¢ = 6.8 Hz, 1H,
Aromatic-H), 8 (d, Je, 4 = 2.1Hz, 1H, Aromatic-H) 7.9 (t, J 7,
s = 6.1 Hz, 1H, Aromatic-H), 7.8 (t, J ¢/5, 7 = 6.1 Hz, 1H, Aromatic-H),
7.6 (dd, Js, ¢ = 2.1Hz, J4, 3 = 7.3Hz, Aromatic-H), 7.1 (d, Js,
+ = 7.4Hz, Aromatic-H), 3.8 (s, 3H, 1-OMe). *C NMR (125 MHz,
DMSO-dg): 6 206.4, 160.8, 156.9, 151.5, 149.5, 143.5, 143.3, 143.1,
142.8, 135.3, 133.6, 131.4, 129.4, 128.8, 127.8, 124.8, 120.8, 56.1.
HR-ESI-MS: m/z caled for C;gH;4BrN;O, [M]* 383.02694; Found
383.02684.

isoquinoline-3-

3.1.6. (E)-N’ (3-hydroxy-5-methoxybenzylidene)
carbohydrazide (KA-6)

Yield: 60%, *H NMR (500 MHz, DMSOdg): 6§ 12 (s, 1H, NH), 9.4 (s,
1H, Aromatic-H), 8.7 (s, 1H, CH = N-Ar), 8.5 (s, 1H, Aromatic-H), 8, 3
(d, Js, 7 =6.7Hz, 1H, Aromatic-H), 8.2 (d, Js, ¢ = 6.4Hz, 1H,
Aromatic-H), 7.9 (t, J 7,6, s = 6.8 Hz, 1H, Aromatic-H), 7.8 (t, J ¢,s5,
7 = 6.1 Hz, 1H, Aromatic-H), 7.3 (d, Je¢- »» = 1.5 Hz, 1H, Aromatic-H),
7.2 (d, J», ¢ =1.5Hz, 1H, Aromatic-H), 7.1 ((dd, J 46’ =1.5, J
42’ =7, 1H, Aromatic-H), 3.8 (s, 3H, 1-OMe). *C NMR (125 MHz,
DMSO- dg): § 206.4, 160.2, 151.6, 149.8, 149.1, 146.8, 143.3, 142.8,
135.3, 135.2, 131.4, 129.8, 127.9, 127.8, 127.2, 124.3, 120.3, 55.7.
HR-ESI-MS: m/z caled for C;gH;5N3O3; [M]* 321.11134; Found
321.11126.

isoquinoline-3-

3.1.7. (E)-N’ (4-chlorobengylidene) isoquinoline-3-carbohydrazide (KA-7)

Yield: 77%, 'H NMR (500 MHz, DMSO-dg): § 12.3 (s, IH, NH), 9.4 (s,
IH, Aromatic-H), 8.7 (s, 1H, CH = N-Ar), 8.5 (s, IH, Aromatic-H), 8.3
(d, Js 7 = 6.7 Hz, 1H, Aromatic-H), 8.2 (d, J5 ¢ = 6.5 Hz, 1H, Aromatic-
H), 7.9 (t, J 76,8 = 5.8 Hz, 1H, Aromatic-H), 7.8 (t, J ¢/5, 7 = 5.8 Hz,
1H, Aromatic-H), 7.7 (d, Jo, 3¢, s = 7 Hz, 2H, Aromatic-H), 7.5 (J3/, o,
5, & = 7 Hz, 2H, Aromatic-H). *C- NMR (125MHz, DMSO-d¢): §

206.4, 160.6, 151.5, 147.6, 143.1, 135.3, 134.5, 133.3, 131.4, 129.4,
129.4 128.9, 128.9, 128.7, 128.0, 127.8, 120.8. HR-ESI-MS: m/z calcd
for C;,H;5CIN30,[M]1* 309.06689; Found 309.06679.

3.1.8. (Z)-N’-(1-(4-nitrophenyl) ethylidene) isoquinoline-3-carbohydrazide
(KA-8)

Yield: 78%, 'H NMR (500 MHz, DMSO-de): & 12.5(s, 1H, NH), 9.5
(s, 1H, Aromatic-H), 8.8(s, IH, CH = N-Ar), 8.5 (s, 1H, Aromatic-H), 8.3
(d, Js, 7=7.3Hz, 1H, Aromatic-H), 8.2 (d, J5, ¢ = 6.8Hz, 1H.
Aromatic-H), 8.2 (d, J3,2 /56 = 6,8 Hz, 2H, Aromatic-H), 7.9 (d, Jo 3,/
e, = 7,3 Hz, 2H, Aromatic-H) 7.9 (t, J 7,68 = 5.8 Hz, Aromatic-H),
7.8 (t, J ¢/5, 7 = 5.8 Hz, 1H, Aromatic-H), 2.6 (s, 3H, CH3), '*C NMR
(125 MHz, DMSO-dg): §206.4, 160.9, 151.6, 146.5, 142.8, 140.7, 135.3,
131.5, 129.5, 129.5, 128.2, 128.1, 127.8, 124.1, 121.1, 23.5. HR-ESI-
MS: m/z caled for C;gH14N403, [M] " 334.10659; Found 334.10649.

3.1.9. (Z)-N’ (4-hydroxy-3, 5-dimethoxybenzylidene) isoquinoline-3-
carbohydrazide (KA-9)

Yield: 55%, '"H NMR (500 MHz, DMSO-de): § 12.1 (s, 1H, NH), 9.4
(s, 1H, Aromatic-H), 8.6 (s, 1H, CH = N-Ar), 8.5 (s, 1H, Aromatic-H),
8.3 (d, Jg’ 7= 6.7HZ, 1H, ArOmatiC-H), 8.2 (d, Js’ 6 = 6.7 Hz, 1H,
Aromatic-H), 7.9 (t, J 7,6, s = 5.8 Hz, 1H, Aromatic-), 7.8 (t, J ¢/s5,
- = 5.8Hz, 1H, Aromatic-H), 7.1(s, 2H, Aromatic-H), 3.8 (s, 6H, H-
2xOMe). 13C NMR (125 MHz, DMSO-dg): § 206.4, 160.2, 151.5, 149.6,
148.1, 143.3, 138.0, 135.3, 131.4, 129.3, 129.2, 127.9, 127.8, 124.6,
120.5, 104.7, 104.7, 56.02, 56.02. HR-ESI-MS: m/z calcd for
C19H17N304, [M] + 351.12191; Found 351.12182.

3.1.10. (Z)-N’ (3-chloro-4-hydroxybenzylidene)
carbohydrazide (KA-10)

Yield: 70%, "H NMR (500 MHz, DMSO-de): 8 12.1(s, 1H, NH), 9.4 (s,
1H, Aromatic-H), 8.6 (s, 1H, CH = N-Ar), 8.5 (s, 1H, Aromatic-H), 8.3
(d, Jg, 7 =6.7Hz, 1H, Aromatic-H), 8.2 (d, Js, ¢ = 6.8Hz, 1H,
Aromatic-H), 7.9 (t, J 7,6, s = 6 Hz, 1H, Aromatic-H), 7.8 (t, J ¢/s,
7 = 6.7 Hz, 1H, Aromatic-H), 7.7 (d, J»’, s» = 1.5 Hz, 1H, Aromatic-H),
75 (@dd, J ¢, »=1.5, J 5 4 =7, 1H, Aromatic-H), 7.0 (d Jy,
s = 6.9 Hz, 1H, Aromatic-H). '*C NMR (125 MHz, DMSO-de): § 206.3,
171.9, 160.3, 154.8, 151.4, 147.7, 143.2, 135.3, 131.3, 129.3, 129.2,
128.2, 127.9, 127.7, 127.3, 120.6, 55.9. HR-ESI-MS: m/z calcd for
C17H;,CIN;0,, [M]* 325.06180; Found 325.06171.

isoquinoline-3-

3.1.11. (Z)-N'-(3-methoxy-4-(phenoxymethylbenzylidene)isoquinoline-3-
carbohydrazide (KA-11)

Yield: 85%, 'H NMR (500 MHz, DMSO- d): § 12.1(s, 1H, NH), 9.4
(s, 1H, Aromatic-H), 8.6 (s, 1H, CH = N-Ar), 8.5 (s, 1H, Aromatic-H),
8.3 (8.3 (d, Jg, 7 = 6.7 Hz, 1H, Aromatic-H), 8.2 (d, Js, ¢ = 6.7 Hz, 1H,
Aromatic-H), 7.9 (t, J 7,6, s = 6.2Hz, 1H, Aromatic-H), 7.8 (t, J ¢/s,
» = 6.8 Hz, 1H, Aromatic-H), 5.1 (s, 2H, OCH2-), 3.8 (s, 3H, OMe).l?’C
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NMR (125 MHz, DMSO-dg): § 206.3, 160.2, 151.4, 149.7, 149.3, 149.0,
143.2, 136.6, 135.3, 135.3, 129.5, 129.2, 129.2, 128.3, 127.9, 127.8,
127.7, 127.7, 127.3, 121.8, 120.5, 113.0, 108.4, 69.81, 55.4. HR-ESI-
MS: m/z caled for CosHy1N3Os, [M]1 411.15829; Found 411.15820

3.1.12. (E)-N'-(2,4-dichlorobenzylidene)isoquinoline-3-carbohydrazide
(KA-12)

Yield: 78%, 'H NMR (500 MHz, DMSO-d): § 12.6 (s, 1H, NH), 9.4
(s, 1H, Aromatic-H), 9.1 (s, 1H, CH = N-Ar), 8.7 (s, 1H, Aromatic-H),
8.3 (8.3 (d, Jg, 7 = 6.7 Hz, 1H, Aromatic-H), 8.2 (d, Js, ¢ = 6.8 Hz, 1H,
Aromatic-H), 8.1 (d, Je,, s = 7.1 Hz, 1H, Aromatic-H) 7.9 (t, J 7,6,
s = 6.2Hz, 1H. ArH), 7.8 (t, J ¢/5, 7 = 6.8 Hz, 1H, Aromatic-H), 7.7 (d,
Js, 5 = 1.2 Hz, 1H, Aromatic-H), 7.5 (dd, J 5,3, ¢ 1H, Aromatic-H). >C
NMR (125 MHz, DMSO-dg): §206.4, 160.9, 151.5, 143.9, 143.0, 135.3,
135.0, 134.0, 131.4, 131.0, 129.4, 129.3, 128.1, 128.0, 127.9, 127.9,
121.0. HR-ESI-MS: m/z caled for C;7H;;C2N30O, [M]1* 343.02792;
Found 343.02783.

3.1.13. (E)-N'-(3-cyanobenzylidene)isoquinoline-3-carbohydrazide  (KA-
13)

Yield: 48%, H NMR (500 MHz, DMSO-dg): § 12.4 (s, 1H, NH), 9.4
(s, 1H, Aromatic-H), 8.8 (s, 1H, CH = N-Ar), 8.5 (s, 1H, Aromatic-H),),
8.3 (d, Jgy = 6.7Hz, 1H, Aromatic-H), 8.2 (d, Jse = 6.7 Hz, 1H,
Aromatic-H), 8.1(Hs, 1H, Aromatic-H), 8.2 (d, Je, s» = 6.7 Hz, 1H,
Aromatic-H), 8.1 (d, Je¢;, s» = 6.7 Hz, 1H, Aromatic-H), 7.9 (t, J 76,
s = 6.5Hz, 1H, Aromatic-H), 7.8 (t, J ¢/5, 7 = 6.7 Hz, 1H, Aromatic-H),
7.5(dd, J 4, 2,4, 5 = 8.1 Hz, 1H, Aromatic-H), 7.3 (t, J5-, 4, ¢ = 8.1 Hz,
1H, Aromatic-H). 3C NMR (125MHz, DMSO-ds): § 206.4, 160.8,
151.5, 146.7, 143.0, 135.7, 135.3, 133.2, 131.5, 131.1, 130.5, 130.1,
129.4, 129.4, 128.0, 127.8, 120.9, 118.3, 112.0. HR-ESI-MS: m/z calcd
for C,gH;2N40, [M]* 300.10111; Found 300.10102.

3.1.14. (E)-N'-(2-cyanobenzylidene)isoquinoline-3-carbohydrazide  (KA-
14)

Yield: 50, % 'H NMR (500 MHz, DMSO-dg): § 12.8(s, 1H, NH), 9.4
(s, 1H, Aromatic-H), 9.1 (s, 1H, CH = N-Ar), 8.5 (s, 1H, Aromatic-H),
8.3 (d, Js, 7 = 6.7Hz, 1H. Aromatic-H), 8.2 (d, Js, ¢ = 6.8 Hz, 1H,
Aromatic-H), 8.1(d, Js, 4 = 6.6Hz, 1H, Aromatic-H) 7.9 d, Je,
s = 6.6 Hz, 1H, Aromatic-H) '*C NMR (125 MHz, DMSO-de): § 206.3,
161.1, 151.6, 144.3, 143.0, 137.2, 135.3, 133.4, 133.4, 131.4, 130.3,
130.3, 128.0, 127.8, 125.7, 121.0, 121.0, 111.0. HR-ESI-MS: m/z calcd
for C,gH;,N40, [M]™* 300.10111; Found 300.10102.

3.1.15. (E)-N'-(4-cyanobenzylidene)isoquinoline-3-carbohydrazide  (KA-
15)

Yield: 62%, 1H NMR (500 MHz, DMSO-dg): § 12.5(s, 1H, NH), 9.4 (s,
1H, Aromatic-H), 8.8 (s, 1H, CH = N-Ar), 8.5 (s, 1H, Aromatic-H), 8.3
(d, Js, 7 =6.7Hz, 1H, Aromatic-H), 8.2 (d, Js, ¢ = 6.8Hz, 1H.
Aromatic-H), 8.2 (d, J3, > /5. ¢ = 6.8 Hz, 2H, Aromatic-H), 7.9 (d, J2, 3,/
6,5 = 7, 3Hz, 2H, Aromatic-H), 7.9 (t, J 7,6, s = 5.9 Hz, 1H, Aromatic-
H), 7.8 (t, J ¢s5 7 = 5.8Hz, 1H, Aromatic-H). '*C NMR (125 MHz,
DMSO-dg): & 206.3, 160.8, 151.5, 146.9, 142.8, 138.8, 135.2, 132.6,
131.4,129.4, 129.4, 128.0, 127.7, 127.6, 120.9, 118.5, 111.8. HR-ESI-
MS: m/z caled for C;gH;5N40, [M]* 300.10111; Found 300.10103.

3.1.16. (E)-N'-(4-nitrobenzylidene)isoquinoline-3-carbohydrazide (KA-16)

Yield: 85%, '"H NMR (500 MHz, DMSO-de): § 12.5(s, 1H, NH), 9.5 (s,
1H, Aromatic-H), 8.7 (s, 1H, CH = N-Ar), 8.5 (s, 1H, Aromatic-H), 8.3
(d, Js, 7 =7.3Hz, 1H, Aromatic-H), 8.2 (d, Js, ¢ = 6.8Hz, 1H,
Aromatic-H), 8.2 (d, J3/, 2/ /5,6 = 6,8 Hz, 2H, Aromatic-H), 7.9 (d, Jo 3,/
e5 = 7,3 Hz, 2H, Aromatic-H 7.9 (t, J 7,6, = 5.8 Hz, 1H, Aromatic-H),
7.8 (t, J 65, 7 = 5.8 Hz, 1H, Aromatic-H). *C NMR (125 MHz, DMSO-
de): 8 206.4, 160.9, 151.6, 147.8, 146.5, 142.8, 140.7, 135.3, 131.5,
129.5, 129.5, 128.2, 128.1, 127.8, 124.1, 121.1. HR-ESI-MS: m/z calcd
for C17H14N03 [M] " 320.09094; Found 320.09083.
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3.2. Thymidine phosphorylase assay protocol

TP/PD-ECGF (E. coli TP (Sigma T6632)) activity was determined by
measuring the absorbance at 290 nm spectrophotometric ally. The in-
novative protocol reported by Krenitsky (Krenitsky et al., 1979) [34]
was revised. Briefly, in 96 wells, flat bottom, microplate with each well
capacity 200 pl, reaction mixture of 200 ul was prepared which con-
tained 145 pl of potassium phosphate buffer (pH 7.4), 20 pl of 1.5 mM
Thymidine 5" mono phosphate solution as substrate, 30 ul of enzyme (E.
coli TP (Sigma T6632) at concentration 0.05 and 0.002 U, respectively,
were incubated with 5 pl of test materials for 10 min at 25 °C in tem-
perature controlled incubator before taking readings by microplate
reader (SpectraMax Plus®®*, USA) at 290 nm. The wells containing re-
action mixture devoid of substrate were blank and the mean OD of
these blank wells was substracted from wells containing reaction mix-
ture with substrate. The readings were taken continuously after 10, 20,
and 30 min by microplate reader. All assays were performed in tripli-
cate.

3.3. Assessment of chick chorioallantoic membrane using CAM assay

Herein the current CAM assay fresh fertilized chicken eggs were
employed [36]. So, reserved this fresh eggs in incubator at 37 °C (BOD
incubator HYSC korea, model: BI-81/150/250) with narrow end down.
On daily basis, all this fresh eggs were moved three to four times. All
eggs at fourth day examined the head of embryo were encircled em-
ploying a torch. From the narrow end of the eggs one ml of albumen
was sucked out using 18-gauge hypodermic needle due to reason move-
away the yolk sac and CAM from the shell. Subsequently, the shell
adjacent of the air sac was punched and stripped peeled away. Through
various concentrations the thermanox cover-slip is already loaded with
testing sample, kept on the CAM surface in order to come in contact
with sample. After preparation the samples the eggs were again put
back in incubator. Furthermore, small quantity of methanol and
acetone (1:1) will add in to chorioallantois via 33-gauge needle. After
that carefully detached from egg and then observed the vessels through
microscope, followed by counting the vessels which congregated to-
ward the Centre. Herein these study eighteen eggs were used for each
sample. For percent angiogenic inhibitions Dexamethasone was used as
+ive control and normal saline was employed as —ive control. An-
giogenic percent inhibition was determined through using the following
formula:

CAM,s — CAM
CAM,

%Inhibition = X 100

where: CAMns is the number of blood vessels in CMA with normal
saline, while CAMts is the number of blood vessels in CMA treated with
test samples.

3.4. Molecular docking

The docking is a significant tool to explore the interactions between
an inhibitor and the target [35]. To find the binding interactions of
these compounds in the active sites of the thymidine phosphorylase, the
MOE-Dock program (www.chemcomp.com) was used to perform mo-
lecular docking. The 3D crystal structure of the thymidine phosphor-
ylase (4EAD) was retrieved from the Protein Databank (PDB). The
synthesized compounds were docked into the active site of the target
enzyme in MOE (www.chemcomp.com) by the already validated pro-
tocol [28]: Triangle Matcher, Rescoring 1: London dG, Refinement:
Force field, Rescoring 2: London dG. For each ligand ten conformations
were generated and the top ranked conformation based on docking
score was selected for further studies in molecular docking. After the
molecular docking, we analyzed the best poses having polar, H-pi and
pi-H interactions by Pymol software.


http://www.chemcomp.com
http://www.chemcomp.com

K. Zaman, et al.

Acknowledgements

The authors are thankful to Higher Education Commission (HEC),

Pakistan for support through Project No. 5721 & 5091 under the
National Research Program for Universities.

References

[1]
[2]
[3]

[4

=

[5]

[6]

71

[8]

[91
[10]
[11]
[12]
[13]
[14]

[15]

[16]

[17]

M. Friedkin, D. Roberts, The enzymatic synthesis of nucleosides, I. Thymidine
phosphorylase in mammalian tissue, J. Bio. Chem. 207 (1954) 245-256.

M.H. Iltzsch, M.H. Kouni, S. Cha, Kinetic studies of thymidine phosphorylase from
mouse liver, Bio. Chem. 24 (1985) 6799-6807.

S. Matsushita, T. Nitanda, T. Furukawa, T. Sumizawa, A. Tani, K. Nishimoto,

S. Akiba, K. Miyadera, M. Fukushima, Y. Yamada, T. Kanzaki, S. Akiyama, The
effect of a thymidine phosphorylase inhibitor on angiogenesis and apoptosis in
tumors, Cancer Res. 59 (1999) 1911.

F. Focher, S. Spadari, Thymidine phosphorylase: a two-face Janus in anticancer
chemotherapy, Curr. Cancer. Drug. Targets. 1 (2001) 141.

K. Miyadera, T. Emura, N. Suzuki, S. Akiyama, Y. Yamada, Novel functional anti-
tumor nucleoside TAS-102, combined from of F3Rhd and its modulator (2): in-
hibitory effect of TPI on tumor-derived angiogenesis and metasis, Proc. Am. Assoc.
Cancer. Res. 39 (1998) 609.

K. Pomeisl, I. Votruba, R. Pohl, Syntheses of pyrimidine acyclic nucleoside phos-
phonates as potent inhibitors of thymidine phosphorylase (PD-ECGF) from SD-
lymphoma, Nucl. Acids. 26 (2007) 1025.

A. Gbaj, P.N. Edwards, P. Reigan, S. Freeman, M. Jaffar, K.T.J. Douglas, Thymidine
phosphorylase from Escherichia coli: tight-binding inhibitors as enzyme active-site
itrants, Med. Chem. 21 (2006) 69.

R. Nencka, I. Votruba, H. Hrebabecky, P. Jansa, E. Tloustova, K. Horska,

M. Masojidkova, A. Holy, J. Med. Chem. 50 (2007) 6016.

L. Sun, H. Bera, W.K. Chui, Discovery of 5-substituted-6-chlorouracils as efficient
inhibitors of human thymidine phosphorylase, Eur. J. Med. Chem. 65 (2013) 1.
M.C. Delcey, A. Croisy, D. Carrez, C. Huel, A. Chiaroni, P. Ducrot, E. Bisagni, L. Jin,
G. Leclercq, Bioorg. Med. Chem. 8 (2000) 2629-2641.

T. Nagatsu, Isoquinoline neurotoxins in the brain and Parkinson's disease, Neurosci.
Res. 29 (1997) 99-111.

M.F. Roberts, M. Wink, Alkaloids: Biochemistry, Ecology, and Medicinal
Applications, Plenum Press, New York, 1998.

J.D. Phillipson, M.F. Roberts, M.H. Zenk, The Chemistry and Biology of Isoquinoline
Alkaloids, Springer-Verlag, Berlin, 1985.

J.D. Scott, R.M. Williams, Chemistry and biology of the tetrahydroisoquinoline
antitumor antibiotics, Chem. Rev. 102 (2002) 1669-1730.

K. Takada, T. Uehara, Y. Nakao, S. Matsunaga, R.W. Van Soest, N.J. Fusetani,
A.C. Schulzeines, new a-glucosidase inhibitors from the marine sponge Penares
schulzei, J. Am. Chem. Soc. 126 (2004) 187-193.

V.I. Nikulin, .M. Rakov, J.E. De Los Angeles, R.C. Metha, L.Y. Boyd, D.R. Feller,
D.D. Miller, 1-Benzyl-1, 2, 3, 4-tetrahydroisoquinoline-6, 7-diols as novel affinity
and photoaffinity probes for B-adrenoceptor subtypes, Bioorg. Med. Chem. 14
(2006) 1684-1697.

M.K. Parai, G. Panda, K. Srivastava, S.K. Puri, Design, synthesis and antimalarial
activity of benzene and isoquinoline sulfonamide derivatives Bioorg, Med. Chem.

10

[18]

[19]

[20]

[21]
[22]
[23]
[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]
[36]

Bioorganic Chemistry 89 (2019) 102999

Lett. 18 (2008) 776-781.

P. Bhutada, Y. Mundhada, K. Bansod, P. Dixit, S. Umathe, D. Mundhada,
Anticonvulsant activity of berberine, an isoquinoline alkaloid in mice Epilepsy,
Behavior. 18 (2010) 207-210.

M.S.A. Elsayed, Y. Su, P. Wang, T. Sethi, K. Agama, A. Ravji, C.E. Redon, E. Kiselev,
K.A. Horzmann, J.L. Freeman, Y. Pommier, M. Cushman, Design and synthesis of
chlorinated and fluorinated 7-azaindenoisoquinolines as potent cytotoxic antic-
ancer agents that inhibit topoisomerase I, J. Med. Chem. 60 (2017) 5364-5376.
P.V. Joshi, A.A. Sayed, A.R. Kumar, V.G. Puranik, S.S. Zinjarde, 4-Phenyl quinoline
derivatives as potential serotonin receptor ligands with antiproliferative activity,
Euro. J. Med. Chem. 136 (2017) 246-258.

D.B. Khadka, S. Park, Y. Jin, J. Han, Y. Kwon, W.J. Cho, Euro. J. Med. Chem. 143
(2018) 200-215.

S. Markmee, S. Ruchirawat, V. Prachyawarakorn, K. Ingkaninan, N. Khorana,
Bioorg. Med. Chem. Lett. 16 (2006) 2170-2172.

M. Taha, N.H. Ismail, S. Imran, A. Wadood, F. Rahim, M. Ali, A. Ur, Rehman, Med.
Chem. Commun. 6 (2015) 1826-1836.

M. Taha, S.A. Ali Shah, S. Imran, M. Afifi, S. Chigurpati, M. Selvaraj, F. Rahim,
H. Ullah, K. Zaman, S. Vijayabalan, J. Bioorg. Chem. 75 (2017) 78-85.

F. Rahim, K. Zaman, H. Ullah, M. Taha, A. Wadood, M.T. Javed, W. Rehman,

M. Ashraf, R. Uddin, I. Uddin, H. Asghar, A.A. Khan, K.M. Khan, Bioog. Chem. 63
(2015) 123-131.

M. Taha, S. Imran, N.H. Ismail, M. Selvaraj, F. Rahim, S. Chigurupati, H. Ullah,
F. Khan, U. Salar, M.T. Javid, S. Vijayabalan, K. Zaman, K.M. Khan, Bioorg. Chem.
74 (2017) 1-9.

M.T. Javid, F. Rahim, M. Taha, H. Ur Rehman, M. Nawaz, A. Wadood, S. Imran,
1. Uddin, A. Mosaddik, K.M. Khan, Bioorg. Chem. 78 (2018) 324-331.

M.T. Javid, F. Rahim, M. Taha, H. Ur Rehman, M. Nawaz, A. Wadood, S. Imran,
1. Uddin, M. Taha, F. Rahim, A. Wadood, Bioorg. Chem. 78 (2018) 324-331.

S. Imran, M. Taha, N.H. Ismail, S.M. Kashif, F. Rahim, W. Jamil, M. Hariono,

M. Yusuf, H. Wahab, Synthesis of novel flavone hydrazones: in-vitro evaluation of
a-glucosidase inhibition QSAR analysis and docking Studies, Eur J med Chem. 105
(2015) 156-170.

M. Taha, N.H. Ismail, W. Jamil, S. Yousuf, F.M. Jaafar, M.I. Ali, S.M. Kashif,

E. Hussain, Synthesis, evaluation of antioxidant activity and crystal structure of 2,4-
dimethylbenzoylhydrazones, Molecules 18 (2013) 10912-10929.

U. Salar, M. Taha, K.M. Khan, N.H. Ismail, S. Imran, S. Perveen, S. Gul, A. Wadood,
Syntheses of new 3-thiazolyl coumarin derivatives, in vitro a-glucosidase inhibitory
activity, and molecular modeling studies, Eur. J. Med. Chem. 122 (2016) 196-204.
M. Taha, N.H. Ismail, S. Imran, E.H. Anouar, M. Ali, W. Jamil, N. Uddin,

S.M. Kashif, Identification of bisindolylmethane-hydrazone hybrids as novel in-
hibitors of - glucuronidase, DFT and In silico SAR intimations, RSC Adv. 6 (2016)
3003-3012.

K.M. Khan, M. Taha, F. Rahim, M.I. Fakhri, W. Jamil, M. Khan, S. Rasheed,

A. Karim, S. Perveen, M.I. Choudhary, Acylhydrazide schiff bases: synthesis and
antiglycation, Activity J. Chem Soc. Pak. 35 (2013) 929-937.

T.A., Bush by SRM Enzymatic assay of thymidine phosphorylase (EC 2.4.2.4), US
Pat. 212 (1979) 1.

A.R. Leach, B.K. Shoichet, C. Peishoff, J. Med. Chem. 49 (2006) 5851-5855.

M. Nguyen, Y. Shing, J. Folkman, Quantitation of angiogenesis and antiangiogen-
esis in the chick embryo chorioallantoic membrane, Microvasc. Res. 47 (1) (1994)
31-40.


http://refhub.elsevier.com/S0045-2068(18)30848-4/h0005
http://refhub.elsevier.com/S0045-2068(18)30848-4/h0005
http://refhub.elsevier.com/S0045-2068(18)30848-4/h0010
http://refhub.elsevier.com/S0045-2068(18)30848-4/h0010
http://refhub.elsevier.com/S0045-2068(18)30848-4/h0015
http://refhub.elsevier.com/S0045-2068(18)30848-4/h0015
http://refhub.elsevier.com/S0045-2068(18)30848-4/h0015
http://refhub.elsevier.com/S0045-2068(18)30848-4/h0015
http://refhub.elsevier.com/S0045-2068(18)30848-4/h0020
http://refhub.elsevier.com/S0045-2068(18)30848-4/h0020
http://refhub.elsevier.com/S0045-2068(18)30848-4/h0025
http://refhub.elsevier.com/S0045-2068(18)30848-4/h0025
http://refhub.elsevier.com/S0045-2068(18)30848-4/h0025
http://refhub.elsevier.com/S0045-2068(18)30848-4/h0025
http://refhub.elsevier.com/S0045-2068(18)30848-4/h0030
http://refhub.elsevier.com/S0045-2068(18)30848-4/h0030
http://refhub.elsevier.com/S0045-2068(18)30848-4/h0030
http://refhub.elsevier.com/S0045-2068(18)30848-4/h0035
http://refhub.elsevier.com/S0045-2068(18)30848-4/h0035
http://refhub.elsevier.com/S0045-2068(18)30848-4/h0035
http://refhub.elsevier.com/S0045-2068(18)30848-4/h0040
http://refhub.elsevier.com/S0045-2068(18)30848-4/h0040
http://refhub.elsevier.com/S0045-2068(18)30848-4/h0045
http://refhub.elsevier.com/S0045-2068(18)30848-4/h0045
http://refhub.elsevier.com/S0045-2068(18)30848-4/h0050
http://refhub.elsevier.com/S0045-2068(18)30848-4/h0050
http://refhub.elsevier.com/S0045-2068(18)30848-4/h0055
http://refhub.elsevier.com/S0045-2068(18)30848-4/h0055
http://refhub.elsevier.com/S0045-2068(18)30848-4/h0060
http://refhub.elsevier.com/S0045-2068(18)30848-4/h0060
http://refhub.elsevier.com/S0045-2068(18)30848-4/h0065
http://refhub.elsevier.com/S0045-2068(18)30848-4/h0065
http://refhub.elsevier.com/S0045-2068(18)30848-4/h0070
http://refhub.elsevier.com/S0045-2068(18)30848-4/h0070
http://refhub.elsevier.com/S0045-2068(18)30848-4/h0075
http://refhub.elsevier.com/S0045-2068(18)30848-4/h0075
http://refhub.elsevier.com/S0045-2068(18)30848-4/h0075
http://refhub.elsevier.com/S0045-2068(18)30848-4/h0080
http://refhub.elsevier.com/S0045-2068(18)30848-4/h0080
http://refhub.elsevier.com/S0045-2068(18)30848-4/h0080
http://refhub.elsevier.com/S0045-2068(18)30848-4/h0080
http://refhub.elsevier.com/S0045-2068(18)30848-4/h0085
http://refhub.elsevier.com/S0045-2068(18)30848-4/h0085
http://refhub.elsevier.com/S0045-2068(18)30848-4/h0085
http://refhub.elsevier.com/S0045-2068(18)30848-4/h0090
http://refhub.elsevier.com/S0045-2068(18)30848-4/h0090
http://refhub.elsevier.com/S0045-2068(18)30848-4/h0090
http://refhub.elsevier.com/S0045-2068(18)30848-4/h0095
http://refhub.elsevier.com/S0045-2068(18)30848-4/h0095
http://refhub.elsevier.com/S0045-2068(18)30848-4/h0095
http://refhub.elsevier.com/S0045-2068(18)30848-4/h0095
http://refhub.elsevier.com/S0045-2068(18)30848-4/h0100
http://refhub.elsevier.com/S0045-2068(18)30848-4/h0100
http://refhub.elsevier.com/S0045-2068(18)30848-4/h0100
http://refhub.elsevier.com/S0045-2068(18)30848-4/h0105
http://refhub.elsevier.com/S0045-2068(18)30848-4/h0105
http://refhub.elsevier.com/S0045-2068(18)30848-4/h0110
http://refhub.elsevier.com/S0045-2068(18)30848-4/h0110
http://refhub.elsevier.com/S0045-2068(18)30848-4/h0115
http://refhub.elsevier.com/S0045-2068(18)30848-4/h0115
http://refhub.elsevier.com/S0045-2068(18)30848-4/h0120
http://refhub.elsevier.com/S0045-2068(18)30848-4/h0120
http://refhub.elsevier.com/S0045-2068(18)30848-4/h0125
http://refhub.elsevier.com/S0045-2068(18)30848-4/h0125
http://refhub.elsevier.com/S0045-2068(18)30848-4/h0125
http://refhub.elsevier.com/S0045-2068(18)30848-4/h0130
http://refhub.elsevier.com/S0045-2068(18)30848-4/h0130
http://refhub.elsevier.com/S0045-2068(18)30848-4/h0130
http://refhub.elsevier.com/S0045-2068(18)30848-4/h0135
http://refhub.elsevier.com/S0045-2068(18)30848-4/h0135
http://refhub.elsevier.com/S0045-2068(18)30848-4/h0140
http://refhub.elsevier.com/S0045-2068(18)30848-4/h0140
http://refhub.elsevier.com/S0045-2068(18)30848-4/h0145
http://refhub.elsevier.com/S0045-2068(18)30848-4/h0145
http://refhub.elsevier.com/S0045-2068(18)30848-4/h0145
http://refhub.elsevier.com/S0045-2068(18)30848-4/h0145
http://refhub.elsevier.com/S0045-2068(18)30848-4/h0150
http://refhub.elsevier.com/S0045-2068(18)30848-4/h0150
http://refhub.elsevier.com/S0045-2068(18)30848-4/h0150
http://refhub.elsevier.com/S0045-2068(18)30848-4/h0155
http://refhub.elsevier.com/S0045-2068(18)30848-4/h0155
http://refhub.elsevier.com/S0045-2068(18)30848-4/h0155
http://refhub.elsevier.com/S0045-2068(18)30848-4/h0160
http://refhub.elsevier.com/S0045-2068(18)30848-4/h0160
http://refhub.elsevier.com/S0045-2068(18)30848-4/h0160
http://refhub.elsevier.com/S0045-2068(18)30848-4/h0160
http://refhub.elsevier.com/S0045-2068(18)30848-4/h0165
http://refhub.elsevier.com/S0045-2068(18)30848-4/h0165
http://refhub.elsevier.com/S0045-2068(18)30848-4/h0165
http://refhub.elsevier.com/S0045-2068(18)30848-4/h0175
http://refhub.elsevier.com/S0045-2068(18)30848-4/h0180
http://refhub.elsevier.com/S0045-2068(18)30848-4/h0180
http://refhub.elsevier.com/S0045-2068(18)30848-4/h0180

	Synthesis, thymidine phosphorylase, angiogenic inhibition and molecular docking study of isoquinoline derivatives
	Introduction
	Results and discussion
	Chemistry
	In vitro study of thymidine phosphorylase inhibition
	Docking study
	In vitro anti-angiogenesis activity of isoquinoline analogues
	Conclusion

	Materials and methods
	Synthesis of isoquinoline-3-carbohydrazide.
	(E)-N’ (2-nitrobenzylidene) isoquinoline-3-carbohydrazide (KA-1)
	(E)-N’ (3, 5-dichloro-2--hydroxybenzylidene) isoquinoline-3-carbohydrazide (KA-2)
	(E)-N’ (2, 3-dimethoxybenzylidene) isoquinoline-3-carbohydrazide (KA-3)
	(E)-N’ (anthracen- 9-ylmethylen) isoquinoline-3-carbohydrazide (KA-4)
	(E)-N’ (5-bromo-2-methoxybenzlidene) isoquinoline-3-carbohydrazide (KA-5)
	(E)-N’ (3-hydroxy-5-methoxybenzylidene) isoquinoline-3-carbohydrazide (KA-6)
	(E)-N’ (4-chlorobenzylidene) isoquinoline-3-carbohydrazide (KA-7)
	(Z)-N’-(1-(4-nitrophenyl) ethylidene) isoquinoline-3-carbohydrazide (KA-8)
	(Z)-N’ (4-hydroxy-3, 5-dimethoxybenzylidene) isoquinoline-3-carbohydrazide (KA-9)
	(Z)-N’ (3-chloro-4-hydroxybenzylidene) isoquinoline-3-carbohydrazide (KA-10)
	(Z)-N'-(3-methoxy-4-(phenoxymethyl)benzylidene)isoquinoline-3-carbohydrazide (KA-11)
	(E)-N'-(2,4-dichlorobenzylidene)isoquinoline-3-carbohydrazide (KA-12)
	(E)-N'-(3-cyanobenzylidene)isoquinoline-3-carbohydrazide (KA-13)
	(E)-N'-(2-cyanobenzylidene)isoquinoline-3-carbohydrazide (KA-14)
	(E)-N'-(4-cyanobenzylidene)isoquinoline-3-carbohydrazide (KA-15)
	(E)-N'-(4-nitrobenzylidene)isoquinoline-3-carbohydrazide (KA-16)

	Thymidine phosphorylase assay protocol
	Assessment of chick chorioallantoic membrane using CAM assay
	Molecular docking

	Acknowledgements
	References




