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ARTICLE INFO ABSTRACT

Keywords: New pyrazolo[3,4-b]pyridine analogs 2-9 were synthesized and subjected to antimicrobial testing toward
Pyrazolo[3,4-b]pyridines chosen Gram-negative bacteria, Gram-positive bacteria and fungi. Compound 2 exhibited potent and extended-
Ant?microbial ) spectrum antimicrobial activity. Further, 6 and 9c¢ demonstrated remarkable and extended-spectrum anti-
Antiquorum-sensing bacterial activity. Antiquorum-sensing activity of the new members was tested over C. violaceum, whereas 9¢
g;ici?:gng demonstrated strong efficacy, while 2, 8b and 9b displayed moderate efficacy. In vitro anticancer assay toward

HepG2, MCF-7 and Hela cancer cells manifested that 2 and 9c¢ are powerful and extended-spectrum anticancer
agents. Additionally, 8a, 8b and 9b showed excellent activity toward the three cancer cells. In vivo anticancer
assay over EAC in mice indicated that 2 and 9c have the greatest activity. Moreover, cytotoxicity assay over
WISH and W138 normal cells clarified that the checked analogs possess weak cytotoxicity toward the two
normal cells. DNA-binding affinity was also tested, whereas 2, 3, 8b, 9b and 9c demonstrated great affinity.
Molecular modeling studies revealed that the investigated compounds bind to DNA through intercalation si-
milarly to doxorubicin. In silico studies revealed that the new members are anticipated to show excellent in-

Molecular modeling

testinal absorption.

1. Introduction

The effective remedy of an ever-increasing range of microbial in-
fections is affected by antimicrobial resistance (AMR). AMR is a pro-
gressively critical threat to global public health, more and more infec-
tions are caused by microorganisms that fail to respond to conventional
treatments [1,2]. Therefore, new challenges are desired to fight AMR,
an auspicious approach to fight AMR is to target quorum sensing (QS).
QS is important in regulation of bacterial gene expression via utilization
of chemical signals called autoinducers [3]. QS allows bacterial popu-
lations to communicate and coordinate group behaviour causing pa-
thogenicity, and hence bacterial drug resistance [4]. Quorum sensing
inhibitors (QSIs) are agents that disrupt the QS system in bacteria, and
hence they may provide the newest weapon in the remedy of drug-
resistant bacterial infections [5].

On the other hand, cancer is a major health risk, and it is char-
acterized by abnormal growth of cells which proliferate in an un-
controlled way and metastasize to nearby organs through bloodstream
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or lymph system [6]. An exemplary anticancer drug must be of selective
cytotoxicity toward cancer cells without injuring normal ones. In the
present days, cancer became a prime area of research, and scientists are
engrossed in innovation of new anticancer agents with high potency
and selectivity.

DNA intercalation has received growing interest in the development
of anticancer agents based on the success of anthracyclines (e.g. dox-
orubicin) as anticancer therapeutics [7]. DNA intercalators bind firmly
and reversibly to DNA, resulting in inhibition of DNA replication and
cell death [8]. DNA intercalators such as doxorubicin (DOX) [9], mi-
toxantrone [10] and amsacrine [11] (Fig. 1) possess common phar-
macophoric features, including planar aromatic moieties that can be
inserted between DNA base pairs forming a complex which is stabilized
by hydrophobic interactions, vander Waals forces and hydrogen
bonding [12]. In addition, incorporation of positively charged or basic
moieties (e.g. amino group or nitrogen of heterocyclic nitrogenous
rings) into DNA intercalators might also play a pivotal role in increasing
the affinity and selectivity of these agents [13]. The basic moieties can
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Fig. 1. Principal pharmacophoric features of DNA intercalators.

be protonated under physiological conditions and interact with nega-
tively charged phosphate groups in DNA, resulting in more efficient
binding and intercalation [14-16]. In the recent years, medicinal che-
mists are concerned with design and discovery of new DNA inter-
calators as anticancer agents [14-16].

Pyrazolo[3,4-b]pyridine nucleus is a prime scaffold in a variety of
marketed anxiolytic-antidepressant drugs as cartazolate [17], tracazo-
late [18] and etazolate [19] (Fig. 2). The pyrazolo[3,4-b]pyridines were
reported to display antibacterial [20-22], antifungal [23], anti-
microbial [24-34] and anticancer [16,22,24,25,29,31-43] activities.
For instance, pyrazolo[3,4-b]pyridines A [24], B [24], C [16], D [16], E
[16] and F [25] were pronounced to show good DNA-binding affinity
with promising anticancer efficacy (Fig. 3), and pyrazolo[3,4-b]pyr-
idines C [16], D [16] and E [16] were further proved to bind to DNA
through intercalation. Besides, pyrazolo[3,4-b]pyridines G [24], H
[24], T [25] and J [25] illustrated interesting and extended-spectrum
antimicrobial efficacy through targeting DNA (Fig. 4). Additionally,
pyrazolo[3,4-b]lpyridines K [24], L [24], M [24], N [25] and O [25]
were characterized as excellent antimicrobial and anticancer agents
through targeting DNA (Fig. 5). Inspired by these findings and as ex-
pansion to our previous research [24,25], new pyrazolo[3,4-b]pyridine
candidates 2-9 with different substitutions were designed to encompass
the principal pharmacophoric features of DNA intercalators (planar
aromatic moiety and basic center), and they were tested as anti-
microbial, anti-QS and anticancer agents. To scout the mode of action of
the new compounds, their DNA-binding affinity was assessed. Ad-
ditionally, molecular docking was studied to substantiate the binding
affinity of the new analogs toward DNA. Structure-activity relationship
of the new pyrazolopyridines 2-9 was also studied, and it will
smoothen the road for invention of new agents with distinguished ef-
fectiveness.

2. Results and discussion
2.1. Chemistry

Preparation of the new pyrazolo[3,4-b]pyridines 2-9 was described
in Scheme 1. Ortho aminoester 1 was synthesized adopting the litera-
ture method [43]. Reaction of 1 with phthalic anhydride or succinic
anhydride in refluxing glacial acetic acid produced ethyl 6-(1,3-diox-
oisoindolin-2-yl)pyrazolopyridine-5-carboxylate 2 and 6-(2,5-dioxo-
pyrrolidin-1-yl)pyrazolopyridine-5-carboxylate 3, respectively. Heating
1 with ethyl acetoacetate or ethyl cyanoacetate in glacial acetic acid
gave the oxobutanamide 4 and cyanoacetamide 5, respectively. The
(cyanomethyl)amine 6 was prepared via reaction of 1 with chlor-
oacetonitrile in refluxing acetone and in presence of K,CO3 as a cata-
lyst. On the other hand, the acetamide derivative 7 was attained
through refluxing 1 in excess acetic anhydride. Heating 1 with the
appropriate benzoyl chloride in acetone using K;COj3 as a catalyst gave
the benzoylamines 8a,b. Finally, refluxing 1 with the appropriate
phenacyl bromide in acetone and in presence of K>CO3 as a catalyst
afforded the 6-(2-(4-(un)substituted phenyl)-2-oxoethylamino)pyr-
azolopyridines 9a-c.

2.2. Biology

2.2.1. Antimicrobial and antiquorum-sensing evaluation

Antimicrobial activity of the synthesized compounds was evaluated
over Gram-negative bacteria (Escherichia coli ATCC 12435 and
Pseudomonas aeruginosa PA01), Gram-positive bacteria (Staphylococcus
aureus ATCC 29213 and Bacillus cereus UW 85) and fungi (Candida al-
bicans, Aspergillus fumigatus 293 and Aspergillus flavus 3375). Minimal
concentrations of compounds which prevent visible bacterial and
fungal growth (MICs, pg/mL and pM) were set adopting the two-fold
serial dilution method [44-48].

Compound 2 exhibited prominent and extended-spectrum
HsC H,C H3CYCH3
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Fig. 2. Examples of marketed pyrazolopyridine drugs.
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Fig. 3. Pyrazolopyridines with reported anticancer efficacy and DNA-binding affinity.

antimicrobial activity. Additionally, 2 was evidenced to be of higher
potency than the effective pyrazolopyridines J, N and O that were
synthesized in our previous study [25] toward all chosen microbial
strains. Further, 2 was proved to be more potent than pyrazolopyridine
I [25] toward E coli and C. albicans, and to be equipotent with it over P.
aeruginosa, S. aureus, B. cereus, A. fumigatus and A. flavus. Moreover, 6
and 9c displayed remarkable and extended-spectrum antibacterial ac-
tivity. On the other hand, 3 and 9b showed interesting efficacy toward
Gram-positive bacteria. Further, 8b exerted good selectivity over P.
aeruginosa, S. aureus and B. cereus, whereas 7 illustrated good selectivity
over E. coli, S. aureus and B. cereus (Table 1). The remaining compounds
were either weakly active or inactive over the chosen microrganisms.
Ampicillin (antibacterial drug) and fluconazole (antifungal drug) were
used for comparison.

The new members were also tested for anti-QS activity over
Chromobacterium violaceum ATCC 12472 [44,45,49] employing indole
as a standard agent.

Acyl-homoserine lactones are signals produced by QS system of C.
violaceum, and they adjust the freeing of a purple pigment (violacein)
that induces QS communication among bacteria [50,51]. QS inhibition
in C. violaceum will hinder the freeing of violacein, and it is defined by
subtracting bacterial growth inhibition radius (r;) from the total growth
and pigment inhibition radius (ry); consequently, QS inhibition =
(rp—r;) in mm. Results (Table 2) manifested that compound 9c¢ has
strong effectiveness, while 2, 8b and 9b were moderately active. The
remaining compounds were either weakly active or inactive.

2.2.1.1. Analysis of structure-activity relationship
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Fig. 4. Pyrazolopyridines with reported antimicrobial efficacy and DNA-binding affinity.
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Fig. 5. Pyrazolopyridines with reported antimicrobial and anticancer efficacies as well as DNA-binding affinity.

2.2.1.1.1. Referring to analogs 2 and 3. Introduction of 1,3-
dioxoisoindolin-2-yl at 6-position of pyrazolopyridine skeleton gave
rise to prominent activity over all screened microbial strains
(compound 2). Replacing 1,3-dioxoisoindolin-2-yl moiety in 2 with
2,5-dioxopyrrolidin-1-yl gave rise to reduced activity over all inspected
microbes (compound 3 versus 2), and this might be due to decreased
lipophilicity in 3 (logP = 0.82) compared to 2 (logP = 3.60).

2.2.1.1.2. In regard to compounds 4-7. The lipophilicity of
compounds 4-7 affects their activity toward Gram-positive bacteria
and P. aeruginosa, where increasing the lipophilicity led to improved
activity, the activity order is 6 (logP = 1.31) > 7 (logP = 0.89) > 4
(logP = 0.66) > 5 (logP = 0.30).

2.2.1.1.3. With respect to analogs 8a,b and 9a-c. Presence of
unsubstituted benzamido substituent at 6-position of pyrazolopyridine
nucleus gave compound 8a with acceptable activity on all examined
bacteria, and weak antifungal activity toward the three chosen fungi.
Exchanging unsubstituted benzamido with 4-nitrobenzamido led to
augmented activity on all chosen microbes (compound 8b versus 8a),
and this might be ascribed to existence of additional sites of hydrogen
bonding interactions in 8b. Besides, presence of 2-(4-bromophenyl)-2-
oxoethylamino substituent at 6-position of pyrazolopyridine skeleton
gave compound 9c¢ with outstanding effectiveness on all tested bacteria
as well as moderate antifungal activity toward the three chosen fungi.
Exchanging 4-bromophenyl moiety in 9¢ with 4-chlorophenyl
counterpart led to compound 9b with decreased effectiveness on all
examined microbial strains. Moreover, exchanging 4-chlorophenyl in
9b with unsubstituted phenyl gave rise to 9a with diminished
antibacterial and abolished antifungal activities, and this might be
related to the decreased lipophilicity of 9a (logP = 2.67) compared to
9b (logP = 3.35) and 9c (logP = 3.48).

2.2.2. In vitro anticancer evaluation

The prepared compounds were evaluated for in vitro anticancer ef-
ficacy over liver (HepG2), breast (MCF-7) and cervix (Hela) cancer cells
following MTT assay protocol [52-54]. DOX was employed for com-
parison. The compound's concentration needed to inhibit proliferation
of 50% of cancer cells (ICso, mean # standard deviation (SD), uM) was
set. The obtained results (Table 3) indicated that 2 and 9c¢ have potent
and extended-spectrum activity, and the two compounds were sub-
stantiated to be more active than the pyrazolopyridines A [24], F [25]

and M [24] that were synthesized in our previous work. Besides, the
efficacy of the two analogs was much greater than that of the previously
prepared pyrazolopyridines C [16], D [16] and E [16] toward HepG2
and MCF-7. Further, 8a, 8b and 9b showed promising activity toward
the tested cancer cells. Additionally, 3 demonstrated interesting activity
toward the three cancer cells, whereas 6 and 7 manifested interesting
activity toward MCF-7 cells. The remaining compounds were proved to
be moderately to weakly active toward the chosen cancer cells.

2.2.2.1. Analysis of structure-activity relationship

2.2.2.1.1. Referring to analogs 2 and 3. Introduction of 1,3-
dioxoisoindolin-2-yl at 6-position of pyrazolopyridine skeleton gave
rise to outstanding activity over all tested cancer cells (compound 2).
Exchanging 1,3-dioxoisoindolin-2-yl moiety in 2 with 2,5-
dioxopyrrolidin-1-yl gave rise to lowered activity on the screened
cancer cells (compound 3 versus 2), and this might be pertaining to
reduced lipophilicity in 3 (logP = 0.82) compared to 2 (logP = 3.63).

2.2.2.1.2. Taking into account analogs 4-7. The lipophilicity of
compounds 4-7 has great influence on their anticancer activity,
increasing the lipophilicity led to increased activity over the three
cancer cells, the activity order is 6 (logP=1.31) >7
(logP = 0.89) > 4 (logP = 0.66) > 5 (logP = 0.30).

2.2.2.1.3. With respect to analogs 8a,b and 9a-c. The lipophilicity of
8a,b and 9a-c affect their anticancer activity, increasing the
lipophilicity led to augmented activity, the activity order for
compounds 8a,b is 8a (logP = 2.56) > 8b (logP = 2.52), and for 9a-
c is 9¢ (logP = 3.48) > 9b (logP = 3.35) > 9a (logP = 2.67).

2.2.3. In vivo anticancer evaluation

In vivo anticancer efficacy of compounds 2, 8a, 8b, 9b and 9c (with
promising in vitro anticancer activity) was evaluated toward Ehrlich
ascites carcinoma (EAC) in mice [55-57]. Mean survival time (MST)
and % increase in lifespan (% ILS) of mice carrying EAC were set.
Compounds 2 and 9¢ demonstrated notable ILS of mice carrying EAC
(Table 4). Viable EAC cell count and tumor volume were set, whereas 2
and 9c¢ demonstrated lucid drop in the count of viable EAC cells and
tumor volume (Table 5). Effect on blood parameters of mice carrying
EAC was studied (Table 6), whereas 2, 8a and 9c demonstrated higher
hemoglobin (Hb) and RBCs count, and lower WBCs count than DOX
(reference drug).
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Scheme 1. Synthetic pathways of compounds 2-9.

Table 1

MIC values of the target compounds toward the selected microorganisms.

Comp. No. MIC, pg/mL (pM)?

E.coli P.aeruginosa

S. aureus

B. cereus

C. albicans A. fumigatus A. flavus

31.25 (66.31)
250 (590.36)
125 (293.78)

2 62.50 (132.55)
3

4

5 500 (1224.11)

6

7

250 (590.36)
500 (1175.12)
500 (1224.11)
62.50 (164.28)
250 (651.97)

125 (328.56)
125 (325.99)

8a 500 (1123.59) 500 (1123.59)
8b 250 (509.66) 125 (254.83)
9a 500 (1087.76) 1000 (2175.52)
9b 250 (506.07) 250 (506.07)
9c 31.25 (58.04) 62.50 (116.07)
Ampicillin 10 (28.6) -

Fluconazole NG NG

31.25 (66.31)
125 (295.10)
250 (587.56)
500 (1224.11)
62.50 (164.28)
125 (325.99)
500 (1123.59)
125 (254.83)
1000 (2175.52)
125 (253.04)
62.50 (116.07)
250 (715.5)
NG

31.25 (66.31)
125 (295.10)
250 (587.56)
500 (1224.11)
62.50 (164.28)
125 (325.99)
250 (561.79)
125 (254.83)
1000 (2175.52)
125 (253.04)
62.50 (116.07)
500 (1431)

NG

125 (265.10)
500 (1180.72)
1000 (2350.23)
1000 (2448.22)
500 (1314.23)
500 (1303.95)

125 (265.10)
500 (1180.72)
1000 (2350.23)
500 (1224.11)
500 (1314.23)
500 (1303.95)
1000 (2247.19) 1000 (2247.19) 1000 (2247.19)
500 (1019.33) 500 (1019.33) 500 (1019.33)
500 (1012.15) 1000 (2024.29) 1000 (2024.29)
500 (928.59) 500 (928.59) 500 (928.59)
NG NG NG

2000 (6530.16) - -

125 (265.10)
1000 (2361.44)
1000 (2350.23)
500 (1224.11)
500 (1314.23)
500 (1303.95)

& -, MIC > 2000 pg/mL.

MICs (uM) are exhibited between brackets.
NG: not given.

Bold values clarify the perfect results.



N.S. El-Gohary, et al.

Table 2
Quorum-sensing inhibition by the target compounds.
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Table 5
Effect of 2, 8a, 8b, 9b and 9c¢ on viable EAC cell count and tumor volume.

Comp. No. Pigment inhibition diameter (mm)* Group Viable cell count (10°/mL)* Tumor volume (mL)*

C. violaceum Normal NG NG
EAC only 77.41 10.15

2 11 2 18.44 1.15

3 4 8a 21.38 1.35

4 - 8b 34.37 2.25

5 - 9b 30.86 1.65

6 9 9c¢ 17.57 1.10

7 9 DOX 16.36 1.00

8a 3

8b 11 ? Values = mean of three experiments.

9a 6 NG: not given.

b 1 Bold values clarify the perfect results.

9c¢ 17

Indole 15

@ Pigment inhibition diameter (mm): > 15 (strongly active); 10-15
(moderately active); 2-9 (weakly active); —, < 2 mm (inactive).

Table 3
Anticancer activity of the target compounds toward the selected cancer cells.

Comp. No. ICso (UM)™®
HepG2 MCF-7 Hela

2 3.63 + 0.3 3.11 = 0.2 4.91 + 0.5

3 20.25 *+ 1.6 20.41 = 1.6 18.74 = 1.4
4 35.49 * 2.2 43.78 * 2.4 47.26 * 2.6
5 54.32 * 2.6 59.53 = 2.8 59.37 + 2.8
6 21.55 + 1.7 18.23 + 1.5 26.15 £ 1.9
7 26.37 * 1.8 20.58 = 1.6 38,57 * 2.3
8a 8.48 + 0.8 9.74 * 1.0 7.00 + 0.8

8b 9.61 + 0.9 10.43 += 0.9 12.35 + 1.1
9a 58.32 £ 2.6 62.71 £ 2.9 47.52 * 2.4
9b 7.23 + 0.8 7.67 = 0.8 10.11 + 0.9
9c 4.24 + 0.3 4.06 = 0.5 4.22 + 0.5

DOX 4.30 = 0.2 3.97 £ 0.2 5.17 = 0.4

2 ICso = mean =+ SD of three experiments.

b IC50 (uM): 1-20 (strongly active); 21-50 (moderately active); 51-100
(weakly active); > 100 (inactive).

Bold values clarify the perfect results.

Table 4

Effect of 2, 8a, 8b, 9b and 9c on MST and % ILS of mice carrying EAC.
Group MST (day)® % ILS
Normal NG NG
EAC only 18 NG
2 68 277.8
8a 58 222.2
8b 41 127.8
9b 49 172.2
9c 66 266.7
DOX 62 244.4

2 Values = mean of three experiments.
NG: not given.
Bold values clarify the perfect results.

2.2.4. Cytotoxicity evaluation against normal cells

Analogs 2, 8a, 8b, 9b and 9c were checked for cytotoxicity against
WISH amnion epithelial and W138 lung fibroblast normal cells
[52-54]. ICs( values of the active compounds and DOX (cytotoxic drug)
were set (Table 7). The examined analogs were evidenced to be more
safe than DOX on the two normal cells.

2.2.5. DNA-binding evaluation
Targeting DNA is the mode of action of lots of antimicrobial and
anticancer agents, including pyrazolo[3,4-b]pyridines [16,24,25].

Table 6
Effect of 2, 8a, 8b, 9b and 9¢ on blood parameters of mice carrying EAC.

Group Hb (g/dD)?* RBCs (10°/mm?®)* WBCs (10%/mm?)*
Normal 13.85 6.21 5.49

EAC only 7.05 3.59 20.53

2 13.96 5.89 7.11

8a 13.45 5.55 8.84

8b 12.11 5.10 10.18

9b 12.55 5.18 9.05

9c 13.52 5.62 8.39

DOX 12.75 5.32 8.96

2 Values = mean of three experiments.
Bold values clarify the perfect results.

Table 7

1Cs values of 2, 8a, 8b, 9b and 9c toward the selected normal cells.
Comp. No. ICso (uM)™"

WISH W138

2 64.58 = 3.9 53.96 = 3.1
8a 58.66 = 3.7 61.37 = 3.8
8b 68.53 *+ 4.1 72.55 = 4.3
9b 60.07 = 3.9 7452 * 4.4
9c¢ 55.61 * 3.6 60.31 = 3.8
DOX 8.14 = 0.9 6.68 = 0.5

2 ICsp = mean =+ SD of three experiments.
b ICso (uM): 1-20 (strongly active); 21-50 (moderately active); 51-100
(weakly active); > 100 (not cytotoxic).

Subsequently, the active members in the present research were assessed
for their ability to interact with DNA [58].

Methyl green/DNA displacement assay [58] is important in assess-
ment of the ability of DNA-binding agents to displace methyl green
from DNA. Concentrations of 2, 3, 6, 7, 8a, 8b, 9b, 9¢ and DOX (po-
sitive control) that cause the absorbance of methyl green/DNA complex
to be reduced by half (ICso, pM) were set. Results (Table 8) demon-
strated that 2, 3, 8b, 9b and 9c¢ have strong affinity to DNA in com-
parison to DOX. Besides, the five candidates were proved to have better
affinity (ICso = 27.13-31.78 uM) than the previously synthesized pyr-
azolopyridines A [24], C [16], D [16], E [16], K [24], N [25] and O
[25] (ICso = 32.38-82.82 puM). Further, 6, 7 and 8a displayed moderate
affinity (ICso = 43.52-48.69 uM). Thus, the eight active compounds are
foreseen to act via interaction with DNA.

3. Insilico studies
3.1. Molecular modeling

With the aim of examining the potential DNA-binding mode of the
synthesized compounds with promising antimicrobial and anticancer
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Table 8
DNA-binding evaluation of the active members.

Comp. No. Methyl green/DNA ICso (uM)?
2 27.13 = 1.1
3 31.78 = 1.2
6 48.69 + 2.1
7 43.52 + 1.9
8a 46.78 = 1.9
8b 29.58 + 1.2
9b 31.78 = 1.2
9c 29.15 = 1.1
DOX 31.27 £ 1.2

# ICsp = mean + SD of three experiments.
Bold values clarify the perfect results.

activities 2, 3, 6, 7, 8a, 8b, 9b and 9c, molecular docking studies based
on the crystal structure of DOX with (DNA sequence d(CGATCG), PDB
code: 1D12) was performed using Molegro 2.5 software [59]. As shown
in Fig. 6, the binding mode of DOX to the DNA sequence d(CGATCG)
features intercalation of the tetracyclic planar ligand between cytosine
5 and guanine 6 residues. In addition, the sugar moiety of DOX is in-
volved in six hydrogen bonds with the DNA sequence (Fig. 6). The
binding free energies of the best docking pose of the tested compounds
and DOX to the DNA sequence are listed in Table 9. The compounds
exhibited binding energies to the DNA sequence in the range of —16.4
to —25.3kcal/mol in comparison to a binding energy of —35.9 kcal/
mol for DOX. Consistent with the results of antibacterial, anticancer and
DNA-binding assays, compounds 2 and 9c exhibited the strongest
binding to the DNA sequence with binding energy values of —25.3 and
—21.5kcal/mol, respectively. Similarly to DOX, all the tested com-
pounds displayed intercalation between cytosine 5 and guanine 6 re-
sidues of the DNA sequence. Moreover, each compound possessed at
least one hydrogen bond to the DNA sequence (Table 9).

The 3D interactions of 2 and 9¢ with the DNA sequence d(CGATCG)
are displayed in Figs. 7A and 8A, respectively. Moreover, Lead IT 2.3.2
software [60] was utilized to create 2D binding poses of 2 and 9c to the
DNA sequence (Figs. 7B and 8B, respectively). As shown in the binding
interaction of 2 with the DNA sequence (Fig. 7), 1,3-dioxoisoindolin-2-
yl moiety of 2 is involved in hydrophobic interaction in the binding site
upon intercalation between cytosine 5 and guanine 6 residues of the
DNA sequence. In addition, pyrazolo[3,4-blpyridine and 1,3-

Bioorganic Chemistry 89 (2019) 102976

Table 9
Binding energies and hydrogen bonding of the active members to DNA se-
quence d(CGATCG).

Comp. No. Binding energy (kcal/mol) No. of H-bonds
2 -25.3 2
3 -20.4 2
6 -17.3 1
7 -16.4 1
8a -18.4 1
8b -19.1 2
9b -21.1 2
9c -21.5 2
DOX -35.9 7

Bold values clarify the perfect results.

dioxoisoindolin-2-yl scaffolds in 2 featured two key hydrogen bonding
interactions with water molecules in the binding site of the target.
Based on the 3D and 2D binding poses of 9¢ to the DNA sequence, 4-
(dimethylamino)phenyl and ethyl ester of 9c featured hydrophobic
interaction with cytosine 5 and guanine 6 residues (Fig. 8). Similarly to
2, compound 9c possessed two hydrogen bonding interactions with
water molecules of the target through ester and ketone functional
groups in 9c. Ultimately, molecular docking studies presented a pre-
liminary conception of the mode of binding of the new members.
Identification of the pharmacophoric features of the active members in
this research is crucial for further structural optimization aiming at
higher binding affinity to DNA and more potent antimicrobial and an-
ticancer activities. 3D and 2D pharmacophoric maps for 2 and 9c
(Figs. 9 and 10, respectively) were constructed by LigandScout 4.1
software [61]. The proper pharmacophoric features include hydrogen
bond donors and acceptors, ionizable regions and lipophilic areas.

3.2. Prediction of Lipinski’s rule parameters, carcinogenicity and drug score

Computational studies are advantageous in prediction of toxicity,
pharmacokinetics and physicochemical characters of new compounds
[62]. Aqueous solubility and lipophilicity are the major determinants of
drug absorption. Hence, the new candidates were analyzed for ex-
pectancy of Lipinski’s rule parameters [63,64] and Veber's standards
[64,65]. Besides, their carcinogenicity [66], solubility and drug score
[67] were predicted. Detailed results are described in the
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Fig. 6. (A) 3D Interaction of DOX with DNA sequence d(CGATCG). Atoms are colored as following: blue for nitrogen atoms, red for oxygen atoms and grey for carbon
atoms. (B) 2D Interaction of DOX with DNA sequence d(CGATCG). Dashed lines point to hydrogen bonds and green solid lines point to hydrophobic interactions.
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Fig. 7. (A) 3D Interaction of 2 with DNA sequence d(CGATCG). Atoms are colored as following: blue for nitrogen atoms, white for hydrogen atoms, red for oxygen
atoms and cyan for carbon atoms. (B) 2D Interaction of 2 with DNA sequence d(CGATCG). Dashed lines point to hydrogen bonds and green solid lines point to

hydrophobic interactions.

Fig. 8. (A) 3D Interaction of 9¢c with DNA sequence d(CGATCG). Atoms are colored as following: blue for nitrogen atoms, white for hydrogen atoms, red for oxygen
atoms, dark red for bromine and cyan for carbon atoms. (B) 2D Interaction of 9¢ with DNA sequence d(CGATCG). Dashed lines point to hydrogen bonds and green

solid lines point to hydrophobic interactions.

Supplementary File.

4. Conclusion

New pyrazolopyridines with promising antimicrobial and antic-
ancer activities were discovered in the current research. Results de-
monstrated that compound 2 has potent and extended-spectrum anti-
microbial activity. Further, 6 and 9c¢ demonstrated interesting
antibacterial effectiveness on all tested bacteria. Additionally, 9c
showed strong anti-QS activity, whereas 2 exhibited moderate activity,
and the two compounds might be utilized as eminent and extended-
spectrum antibacterial agents with decreased hazard of bacterial re-
sistance. With respect to anticancer assessment, results revealed that 2
and 9c have potent efficacy toward all tested cancer cells. Likewise, 8a,
8b and 9b showed excellent efficacy toward the three cell lines.
Moreover, the five potent anticancer derivatives 2, 8a, 8b, 9b and 9c
were proved to be of lower cytotoxicity than DOX against the tested
normal cells. Further, 2 and 9¢ demonstrated the greatest activity over

EAC in mice. Generally talking, analogs 2 and 9¢ might be utilized as
powerful and selective anticancer agents with reduced peril of micro-
bial infections. DNA-binding evaluation indicated that 2, 3, 8b, 9b and
9c have strong affinity, whereas 6, 7, and 8a manifested moderate
binding, and the eight analogs are foreseen to act through targeting
DNA. Additionally, docking studies propped the efficacious binding of 2
and 9c to DNA. In silico studies underlined that the new members are
prophesied to manifest excellent intestinal absorption. An overview on
the attained results asserted that rational design of the new pyr-
azolopyridines of potential antimicrobial and anticancer efficacies was
appropriate, and it gave rise to development of new candidates with
enhanced efficacies in comparison to the pyrazolopyridines A, F, J, M,
N and O that were prepared in our previous studies [24,25]. The most
effective members 2 and 9c could be considered as propitious lead
compounds for future optimization in order to get new more active
members.
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Fig. 9. (A) 3D Pharmacophoric map of 2; color coding is red for hydrogen acceptors, green for hydrogen donors and yellow for hydrophobic regions. (B) 2D
Pharmacophoric map of 2; HBA is hydrogen bond acceptor, HBD is hydrogen bond donor, H is hydrophobic center and AR is aryl.

5. Experimental section

Stuart (SMP30) melting point apparatus was utilized to measure
melting points °C. Unicam SP 1000 IR spectrometer was used to record
IR spectra (KBr, v in cm ™). Bruker 500 MHz spectrometer was utilized
to record 'H and '*C NMR spectra in DMSO-ds. Mass spectra were ac-
quired on JEOL JMS-600H spectrometer (70 eV). Elemental analyses (%
C, H, N) were done and they were in conformity with the suggested
structures within + 0.4% of theoretical values. Times of reactions
were regulated by TLC (silica gel 60 F254), and spots were detected
using UV (366 nm). Elution was achieved using chloroform/methanol
(9:1). Ortho aminoester 1 was prepared taking on the previous method
[43]. E. coli, P. aeruginosa, S. aureus, B. cereus, and C. albicans were
attained from Microbiology Department, Faculty of Pharmacy, Man-
soura University, Egypt. A. fumigatus and A. flavus were obtained from
Prof. Nancy Keller, Medical Microbiology and Immunology Depart-
ment, Wisconsin-Madison University, USA. C. violaceum was supplied
by Prof. Bob Mclean, Biology Department, Texas State University, USA.
Human cell lines and EAC cells were attained from VACSERA, Egypt.
Adult male albino mice (weight: 20-25g) were attained from Phar-
macology Department, Faculty of Pharmacy, Mansoura University,
Egypt, and they lived in microlon boxes at 25 °C with an orderly 12h
light/dark cycle.

5.1. Chemistry

5.1.1. Synthesis of compounds 2 and 3

A mixture of ortho aminoester 1 (0.341 g, 1 mmol) and acid anhy-
dride (1 mmol) in glacial acetic acid (10 mL) was refluxed for 20-24 h.
The solvent was poured onto ice and the precipitate formed was filtered
and crystallized from ethanol.

5.1.1.1. Ethyl 4-(4-(dimethylamino)phenyl)-3-methyl-6-(1,3-dioxoisoindolin-
2-yD-4,7-dihydro-1H-pyrazolo[3,4-b]pyridine-5-carboxylate (2). Yield 63%,
m.p. 232-233°C. IR: 3382, 3287 (2NH), 1785, 1732 (2C=0), 1715
(COOC,Hs). 'H NMR &: 1.26 (t, 3H, J = 7.0 Hz, OCH,CH3), 1.94 (s, 3H,
CH3), 2.96 (s, 6H, N(CHs),), 4.25-4.29 (q, 2H, J = 7.0 Hz, OCH,CH3),
5.16 (s, 1H, C4-H), 6.75 (d, 2H, J = 8.0 Hz, Ar-H), 7.27 (d, 2H, J = 7.5 Hz,
Ar-H), 7.56-7.87 (m, 4H, Ar-H), 8.78 (s, 1H, NH), 11.14 (s, 1H, NH). 1*C
NMR §6: 12.1, 14.2, 35.7, 42.2, 62.0, 89.7, 110.3, 116.5, 125.8, 127.8,
131.8,132.0, 136.0, 136.2, 147.9, 152.9, 154.2, 162.5, 173.6. Anal. Calcd
for C26H25N504 (471.51).

5.1.1.2. Ethyl 4-(4-(dimethylamino)phenyl)-3-methyl-6-(2,5-dioxopyrrolidin-
1-yD)-4,7-dihydro-1H-pyrazolo[3,4-bpyridine-5-carboxylate (3). Yield 72%,
m.p. 227-229°C. IR: 3365, 3240 (2NH), 1791, 1734 (2C=0), 1719
(COOC,Hs). 'H NMR §: 1.28 (t, 3H, J = 7.0 Hz, OCH,CH3), 1.73 (s, 3H,
CH3), 2.76 (s, 4H, 2CH,), 2.97 (s, 6H, N(CH3),), 4.25-4.29 (q, 2H,
J = 7.0 Hz, OCH,CHjy), 5.03 (s, 1H, C4-H), 6.75 (d, 2H, J = 9.0 Hz, Ar-H),

HBA

Fig. 10. (A) 3D Pharmacophoric map of 9¢; color coding is red for hydrogen acceptors, green for hydrogen donors and yellow for hydrophobic regions. (B) 2D
Pharmacophoric map of 9¢; HBA is hydrogen bond acceptor, HBD is hydrogen bond donor, H is hydrophobic center and AR is aryl.



N.S. El-Gohary, et al.

7.31 (d, 2H, J = 9.0Hz, Ar-H), 9.78 (s, 1H, NH), 11.37 (s, 1H, NH). °C
NMR §: 12.0, 14.1, 27.4, 33.8, 40.0, 61.4, 87.9, 102.1, 111.7, 129.9,
131.4, 137.9, 148.6, 152.8, 154.1, 163.0, 163.5. MS m/z (%): 423 (1.28,
M™), 93 (100.00). Anal. Calcd for ConHosNsOy4 (423.47).

5.1.2. Synthesis of pyrazolopyridines 4 and 5

A mixture of ortho aminoester 1 (0.341 g, 1 mmol) and ethyl acet-
oacetate or ethyl cyanoacetate (1 mmol) in glacial acetic acid (10 mL)
was refluxed for 10-12h. The solvent was concentrated and the pre-
cipitate formed was filtered and crystallized from dioxane to produce 4
and 5, respectively.

5.1.2.1. Ethyl 4-(4-(dimethylamino)phenyl)-3-methyl-6-(3-oxobutanamido)-
4,7-dihydro-1H-pyrazolo[3,4-b]pyridine-5-carboxylate (4). Yield 73%, m.p.
216-218°C. IR: 3381, 3323, 3197 (3NH), 1725 (COOC,Hs), 1687, 1656
(2C=0). '"HNMR §&: 1.28 (t, 3H, J = 7.5 Hz, OCH,CHS,), 1.93 (s, 3H, CHa),
2.49 (s, 3H, CH3), 3.07 (s, 6H, N(CHs3)5), 3.65 (s, 2H, CHy), 4.23-4.28 (q,
2H, J = 7.5 Hz, OCH,CHs), 4.85 (s, 1H, C4-H), 6.75 (d, 2H, J = 7.5 Hz, Ar-
H), 7.27 (d, 2H, J = 7.5Hz, Ar-H), 8.31 (s, 1H, NH), 9.78 (s, 1H, NH),
10.65 (s, 1H, NH). °C NMR &: 12.9, 13.9, 21.1, 34.1, 42.2, 51.1, 61.4,
85.4,110.6,116.1,129.7,130.8, 136.1, 148.8, 154.3, 159.5, 163.8, 169.9,
172.1. MS m/z (%): 425 (0.04, M%), 69 (100.00). Anal. Caled for
CyoH,y7N50,4 (425.48).

5.1.2.2. Ethyl 6-(2-cyanoacetamido)-4-(4-(dimethylamino)phenyl)-3-
methyl-4, 7-dihydro-1H-pyrazolo[3,4-bpyridine-5-carboxylate (5). Yield
67%, m.p. 196-198 °C. IR: 3372, 3330, 3229 (3NH), 2216 (C=N),
1709 (COOC,Hs), 1666 (C=0). 13C NMR §&: 11.2, 13.2, 25.4, 30.4,
42.1, 61.8, 89.0, 110.6, 117.1, 125.8, 130.6, 131.9, 136.3, 144.2,
154.4,162.2, 165.7, 172.1. MS m/z (%): 410 (0.17, M™ +2), 409 (0.28,
M* +1), 408 (0.10, M™), 93 (100.00). Anal. Caled for Cy1H54NgO3
(408.45).

5.1.3. Synthesis of ethyl 6-((cyanomethyl)amino)-4-(4-(dimethylamino)
phenyl)-3-methyl-4,7-  dihydro-1H-pyrazolo[3,4-b]pyridine-5-carboxylate
(6)

A mixture of ortho aminoester 1 (0.341 g, 1 mmol), chloroacetoni-
trile (0.075 g, 1 mmol) and K5CO3 (0.207 g, 1.5 mol) in acetone (10 mL)
was refluxed for 12h. The mixture was filtered and the filtrate was
evaporated. The attained product was crystallized from ethanol.

Yield 70%, m.p. 241-243°C. IR: 3381, 3320, 3254 (3NH), 2211
(C=N), 1716 (COOC,Hs). 'H NMR §&: 1.28 (t, 3H, J = 8.5Hz,
OCH,CHs), 2.13 (s, 3H, CH3), 2.96 (s, 6H, N(CHs3),), 3.98 (s, 2H, CH,),
4.25-4.29 (q, 2H, J = 9.0 Hz, OCH,CH3), 4.89 (s, 1H, C4-H), 6.83 (d,
2H, J = 9.0 Hz, Ar-H), 7.24 (d, 2H, J = 8.5 Hz, Ar-H), 8.56 (s, 1H, NH),
9.78 (s, 1H, NH), 11.29 (s, 1H, NH). 13C NMR §: 11.1, 14.6, 32.1, 36.1,
41.9, 60.9, 89.6, 110.6, 114.6, 115.1, 129.7, 131.9, 136.0, 147.8,
156.9, 165.0, 169.6. MS m/z (%): 381 (0.28, M* +1), 216 (100.00).
Anal. Calcd for CyoH54NgO- (380.45).

5.1.4. Synthesis of ethyl 6-acetamido-4-(4-(dimethylamino)phenyl)-3-
methyl-4, 7-dihydro-1H-pyrazolo[3,4-b]pyridine-5-carboxylate (7)

A mixture of ortho aminoester 1 (0.341 g, 1 mmol) and acetic an-
hydride (5 mL) was refluxed for 6 h. The mixture was evaporated and
the remained residue was crystallized from dioxane.

Yield 62%, m.p. 213-215°C. IR: 3384, 3261 (3NH), 1718
(COOC,Hs), 1673 (C=0). 'H NMR & 1.27 (t, 3H, J=6.5Hz,
OCH,CH,), 1.88 (s, 3H, CHy), 2.18 (s, 3H, COCHy), 2.97 (s, 6H, N
(CHs3)»), 4.26-4.28 (q, 2H, J = 6.5 Hz, OCH,CH3), 4.92 (s, 1H, C4-H),
6.74 (d, 2H, J = 8.0 Hz, Ar-H), 7.26 (d, 2H, J = 8.5 Hz, Ar-H), 9.36 (s,
1H, NH), 9.78 (s, 1H, NH), 11.14 (s, 1H, NH). *C NMR §: 11.9, 14.2,
25.0, 33.9, 42.1, 62.0, 89.7, 110.5, 117.9, 129.8, 132.0, 136.2, 147.9,
152.9, 154.2, 162.5, 173.6. MS m/z (%): 383 (0.1, M™*), 216 (100.00).
Anal. Calcd for Cy0H55N505 (383.44).
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5.1.5. Synthesis of pyrazolopyridines 8a,b and 9a-c

A mixture of ortho aminoester 1 (0.341 g, 1 mmol), benzoyl chloride
or phenacyl bromide derivatives (1 mmol) and K,COs3 (0.207 g,
1.5 mmol) in acetone (10 mL) was refluxed for 8-18 h. The mixture was
filtered and the filtrate was evaporated. The attained residue was
crystallized from dioxane to yield compounds 8a,b and 9a-c, respec-
tively.

5.1.5.1. Ethyl = 6-benzamido-4-(4-(dimethylamino)phenyl)-3-methyl-4,7-
dihydro-1H-pyrazolo[3,4-b]pyridine-5-carboxylate ~ (8a). Yield 69%,
m.p. 222-224°C. IR: 3340, 3265 (3NH), 1710 (COOC,Hs), 1665
(C=0). 'H NMR §: 1.28 (t, 3H, J = 7.0 Hz, OCH,CHs3), 1.89 (s, 3H,
CHs3), 2.96 (s, 6H, N(CH3),), 4.25-4.29 (q, 2H, J = 7.0 Hz, OCH,CH3),
4.87 (s, 1H, C4-H), 6.76 (d, 2H, J = 7.5Hz, Ar-H), 7.28 (d, 2H,
J = 7.0Hz, Ar-H), 7.87-8.09 (m, 5H, Ar-H), 8.39 (s, 1H, NH), 8.56 (s,
1H, NH), 9.78 (s, 1H, NH). '3C NMR §&: 11.6, 13.7, 30.4, 41.9, 60.8,
86.0, 103.0, 110.6, 124.6, 128.5, 129.2, 130.6, 131.9, 134.7, 136.1,
148.8, 154.3, 155.1, 165.8, 169.6. MS m/z (%): 447 (0.44, M* +1), 93
(100.00). Anal. Calcd for C25H27N503 (445.51).

5.1.5.2. Ethyl 4-(4-(dimethylamino)phenyl)-3-methyl-6-(4-nitrobenzamido)-
4,7-dihydro-1H-pyrazolo[3,4-b]pyridine-5-carboxylate ~ (8b). Yield 73%,
m.p. 237-239 °C. IR: 3381, 3245, 3194 (3NH), 1721 (COOC,Hs), 1666
(C=0). 'HNMR §&: 1.26 (t, 3H, J = 7.0 Hz, OCH,CHs), 1.82 (s, 3H, CH5),
2.96 (s, 6H, N(CH3),), 4.25-4.29 (q, 2H, J = 7.5 Hz, OCH,CH3), 4.85 (s,
1H, C4-H), 6.75 (d, 2H, J = 7.5Hz, Ar-H), 7.27 (d, 2H, J = 7.5 Hz, Ar-H),
8.04 (d, 2H, J = 7.5 Hz, Ar-H), 8.20 (d, 2H, J = 7.0 Hz, Ar-H), 9.07 (s, 1H,
NH), 9.78 (s, 1H, NH), 10.35 (s, 1H, NH). *C NMR &: 10.9, 13.9, 35.1,
41.1, 61.4, 88.0, 110.6, 117.8, 125.8, 129.0, 129.1, 131.7, 138.0, 138.2,
148.8,150.1, 154.3, 159.5, 163.8, 169.9. MS m/z (%): 491 (0.04, M ™), 57
(100.00) Anal. Calcd for C25H26N605 (490.51)

5.1.5.3. Ethyl 4-(4-(dimethylamino)phenyl)-3-methyl-6-(2-oxo-2-phenyl
ethylamino)-4, 7-dihydro-1H-pyrazolo[3,4-b]pyridine-5-carboxylate

(9a). Yield 71%, m.p. 233-234 °C. IR: 3371, 3228, 3192 (3NH), 1725
(COOC,Hs), 1687 (C=0). 'H NMR & 1.29 (t, 3H, J="7.5Hz,
OCH,CH3), 1.91 (s, 3H, CHj3), 2.97 (s, 6H, N(CH3),), 4.24-4.28 (q,
2H, J = 7.5 Hz, OCH,CH3), 4.65 (s, 2H, CH,), 4.93 (s, 1H, C4-H), 6.67
(d, 2H, J = 7.5Hz, Ar-H), 7.28 (d, 2H, J = 7.5 Hz, Ar-H), 7.67-7.89 (m,
5H, Ar-H), 9.75 (s, 1H, NH), 10.13 (s, 1H, NH), 11.25 (s, 1H, NH). '*C
NMR §&: 11.3, 14.2, 32.6, 41.2, 48.1, 61.3, 93.1, 111.3, 112.6, 128.8,
128.9, 129.7, 131.9, 134.2, 136.3, 137.3, 149.1, 154.1, 163.9, 166.7,
173.1. MS m/z (%): 460 (0.46, M*), 77 (100.00). Anal. Caled for
CoeHagNsO3 (459.55).

5.1.5.4. Ethyl 6-(2-(4-chlorophenyl)-2-oxoethylamino)-4-(4-(dimethylamino)
phenyl)-3-methyl-4, 7-dihydro-1H-pyrazolo[3,4-b]pyridine-5-carboxylate

(9b). Yield 69%, m.p. 257-259 °C. IR: 3367, 3245, 3196 (3NH), 1715
(COOC,Hs), 1688 (C=0). 'H NMR &: 1.29 (t, 3H, J = 7.5 Hz, OCH,CH3),
1.93 (s, 3H, CH3), 2.98 (s, 6H, N(CH3),), 4.24-4.29 (q, 2H, J = 7.5 Hz,
OCH,CHy), 4.65 (s, 2H, CH,), 4.96 (s, 1H, C,;-H), 6.68 (d, 2H, J = 7.0 Hz,
Ar-H), 7.26 (d, 2H, J = 7.5 Hz, Ar-H), 7.61 (d, 2H, J = 7.5 Hz, Ar-H), 7.91
(d, 2H, J = 7.5Hz, Ar-H), 9.76 (s, 1H, NH), 10.25 (s, 1H, NH), 11.21 (s,
1H, NH). 13C NMR &t 11.2, 14.2, 25.6, 30.4, 42.1, 48.8, 61.8, 90.0, 110.6,
117.3, 125.8, 128.2, 129.9, 130.6, 131.9, 136.3, 144.2, 154.4, 162.2,
165.7, 172.1. MS m/z (%): 496 (0.16, M* +2), 494 (0.5, M*), 135
(100.00). Anal. Calcd for Cy6H,5CIN5O3 (493.99).

5.1.5.5. Ethyl 6-(2-(4-bromophenyl)-2-oxoethylamino)-4-(4-(dimethylamino)
phenyl)-3-methyl-4, 7-dihydro-1H-pyrazolo[3,4-b]pyridine-5-carboxylate

(9c). Yield 66%, m.p. 247-248°C. IR: 3378, 3256 (3NH), 1721
(COOC,Hs), 1685 (C=0). 'H NMR §&: 1.28 (t, 3H, J = 7.0 Hz, OCH,CHs),
1.84 (s, 3H, CH3), 3.07 (s, 6H, N(CHs),), 4.25-4.29 (q, 2H, J = 7.0 Hz,
OCH,CHs), 4.51 (s, 2H, CH,), 4.91 (s, 1H, C4-H), 6.65 (d, 2H, J = 7.5Hz,
Ar-H), 7.23 (d, 2H, J = 7.5 Hz, Ar-H), 7.66 (d, 2H, J = 7.5 Hz, Ar-H), 7.98
(d, 2H, J = 7.5 Hz, Ar-H), 9.53 (s, 1H, NH), 9.78 (s, 1H, NH), 11.13 (s, 1H,
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NH). *C NMR §: 12.7, 13.9, 33.9, 41.9, 47.5, 61.8, 90.2, 110.4, 117.7,
127.8,129.4,130.3, 130.5, 131.6, 131.7, 136.1, 148.7, 152.6, 162.3, 169.7,
174.8. MS m/z (%): 540 (0.05, M* +2), 538 (0.06, M™), 77 (100.00). Anal.
Calcd for C26H28BI'N503 (538.44).

5.2. Biological evaluation

5.2.1. Antimicrobial and antiquorum-sensing evaluation

5.2.1.1. Antibacterial assay. Stock solutions (4000 ug/mL) of
compounds 2-9 were prepared through their dissolution in DMSO.
Two fold serial dilutions of test samples were done in LB (Luria-Bertani)
broth, and various concentrations (2000, 1000, 500, 250, 125, 62.5,
31.25 and 15.625 ng/mL) were provided. Overnight cultures of E. coli,
P. aeruginosa, S. aureus and B. cereus were diluted to 1 x 10° CFU/mL in
LB broth. The diluted cultures (20 uL) were added to the test samples of
different concentrations (50 pL) in 96-multiwell plates (all tests were
performed once), then plates were incubated at 37 °C for 24 h [44-46].
The least concentrations of compounds prohibiting growth of bacteria
(MICs) were detected visually (no turbidity), and compared to
ampicillin.

5.2.1.2. Antifungal assay. Stock solutions (4000 pg/mL) of compounds
2-9 were prepared through their dissolution in DMSO. Two fold serial
dilutions of test samples were done in glucose minimal medium, and
various concentrations (2000, 1000, 500, 250, 125, 62.5, 31.25 and
15.625 pug/mL) were provided. A. fumigatus and A. flavus were diluted
to 1 x 10® SFU/mL in glucose minimal medium, and C. albicans was
diluted to 1 x 10® CFU/mL in Sabouraud's medium. The cultures
(20 uL) were added to the test samples of different concentrations
(50 uL) in 96-multiwell plates (all tests were performed once). For A.
fumigatus and A. flavus, plates were incubated at 30 °C for 48 h, whereas
for C. albicans, they were incubated at 37 °C for 48 h [44,45,47,48]. The
least concentrations of compounds prohibiting growth of fungi (MICs)
were detected visually (no turbidity), and compared to fluconazole.

5.2.1.3. Antiquorum-sensing assay. C. violaceum was grown in LB broth
and incubated in an orbital incubator (150 rpm) at 30 °C for 16-18 h.
The culture was adjusted to 0.5 McFarland standard (Ca. 1 x 10° CFU/
mL). C. violaceum (50 pL) was inoculated into LB agar (50 mL), poured
into plates and allowed to solidify. Wells were made in LB agar.
Compounds 2-9 were dissolved in DMSO (5 mg/mL), and test samples
(50 uL) were placed into the wells. Further, indole (positive control)
was applied at the same concentration and volume to the plates.
Additionally, DMSO (negative control) was applied to the plates.
Plates were incubated at 30 °C for 48 h to examine the inhibition of
violacein release. Bacterial growth inhibition results in a clear zone
around the well, while QS inhibition is shown by a turbid zone
harboring pigmentless bacterial cells of C. violaceum [44,45,49]. QS
inhibition was calculated applying the equation (ry — r;) in mm; where
1, is the total bacterial growth and pigment inhibition radius and r; is
the bacterial growth inhibition radius.

5.2.2. Anticancer evaluation

5.2.2.1. In vitro anticancer assay using three cancer cell lines. HepG2,
MCF-7 and Hela cancer cells were grown in Roswell Park Memorial
Institute 1640 (RPMI-1640) medium supplied with 10% fetal bovine
serum, penicillin (100 IU/mL) and streptomycin (100 ug/mL) under the
atmosphere of 5% CO2 at 37 °C.

Cells were added to the 96-multiwell plates (10* cells/well) under
the atmosphere of 5% CO, at 37 °C for 24 h to ensure that cells are
attached to the wall of the plate. The solutions of compounds in DMSO
were further diluted with phosphate buffer saline (PBS) to attain var-
ious concentrations. Compounds 2-9 of various concentrations were
placed into the wells, and cells were kept with the compounds under
the atmosphere of 5% CO, at 37 °C for 48 h (all tests were performed in
triplicates). Cells were washed with PBS and 100pL of 3-(4,5-
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dimethylthiazol-2-y1)-2,5-diphenyltetrazolium bromide solution (MTT)
(5mg/mL MTT stock in PBS diluted to 1 mg/mL with 10% RPMI-1640
medium) was added. The 96-multiwell plates were read by microarray
reader Perkinelmer vector 3V multilabel counter model 1420
(Perkinelmer, Boston, MA) for optical density at 490 nm [52-54]. The
percentage cell viability was set as following:

Alreated cells — Ablank

%Cell viability = X 100

Auntreated cells — Ablank

The relationship between % cell viability and compound con-
centration is plotted to attain the dose response curves for the three
chosen cancer cells. Concentrations of compounds needed to inhibit
50% of cell viability (ICso) were obtained from the curve fitting using
Sigma plot10.

5.2.2.2. In vivo anticancer assay using EAC cells

5.2.2.2.1. Method. 8 Groups of mice (n = 5) were utilized, and the
experiments were repeated three times [55-57].

Group 1: No EAC cells - received normal saline.

Group 2: EAC cells - received normal saline.

Group 3: EAC cells - treated intraperitoneally with 2 (100 mg/kg).

Group 4: EAC cells - treated intraperitoneally with 8a (100 mg/kg).

Group 5: EAC cells - treated intraperitoneally with 8b (100 mg/kg).

Group 6: EAC cells - treated intraperitoneally with 9b (100 mg/kg).

Group 7: EAC cells - treated intraperitoneally with 9¢ (100 mg/kg).

Group 8: EAC cells - treated intraperitoneally with DOX (100 mg/
kg).

EAC cells (2 x 10%) were inoculated intraperitoneally in each
mouse (groups 2-8). After one day, compounds 2, 8a, 8b, 9b, 9¢c and
DOX were administered to mice for nine days, then blood samples were
withdrawn for estimation of blood parameters.

5.2.2.2.2. Analysis of viable EAC cell count. Sample of EAC cells
(100 uL, from three mice per group) was utilized and diluted twenty
times with saline. Cells were stained with trypan blue, viable cells are
not stained, while dead ones are stained. Viable cell count was
determined.

5.2.2.2.3. Analysis of tumor volume. The ascetic fluid was gathered
from the peritoneal cavity, and its volume was determined. It was then
centrifuged and the packed tumor volume was measured.

5.2.2.3. In vitro cytotoxicity assay using two normal cell lines. Cytotoxic
activity of pyrazolopyridines 2, 8a, 8b, 9b and 9c was tested according
to the procedure described under in vitro anticancer testing [52-54].

5.2.3. DNA-binding assay

Methyl green/DNA (20 mg) was suspended in Tris-HCI buffer (0.05
M, 100 mL), pH 7.5, containing MgSO4 (7.5 mM) and stirred at 37 °C for
24 h. Compounds 2, 3, 6, 7, 8a, 8b, 9b and 9c were dissolved in
ethanol in eppendorf tubes, solvent was removed under vacuum and
methyl green/DNA solution (200 uL) was placed into the tubes. The
absorption maxima for methyl green/DNA complex is 642.5-645 nm.
Samples were kept in dark at room temperature, and the absorbance of
samples was set after 24h [58]. Concentrations of compounds that
cause initial absorbance of methyl green/DNA complex to be reduced
by half (ICs,) were set.

5.3. Molecular modeling

2D Structures of the compounds were built and converted into 3D
utilizing vLife MDS 3.0 software. 3D Structures were then energetically
minimized up to the rms gradient of 0.01 utilizing the CHARMM22
force field. All conformers were then energetically minimized up to the
rms gradient of 0.01. Molegro 2.5 [59] and Lead IT 2.3.2 [60] softwares
were utilized for molecular docking studies, and LigandScout 4.1 soft-
ware [61] was utilized to generate the pharmacophoric maps for
compounds 2 and 9c.
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