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ABSTRACT

In the present investigation antimicrobial screening of imidazo[1,2-b] pyridazines was studied as continuation to

our previous work. Twenty six derivatives covering benzamide and acetamide series of imidazo[1,2-b] pyridazines

were screened against four bacterial and two fungal strains. Minimum inhibitory concentrations were determined

for some of the potent compounds found in the screening. Molecular docking studies also performed on the target
protein DHPS to evaluate the DHPS binding and inhibition ability.
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INTRODUCTION

Dihydropteroate Synthetase (DHPS) belongs to the
category of synthase enzyme family. It plays a crucial
role in producing dihydropteroate which is essential for
folic acid synthesis in bacteria. As the enzyme is not
expressed in eukaryotes it promises a significant target
for the development of antibacterial
These
reported for the treatment of various Gram-positive and

drugs Eg:

Sulfonamides. sulphonamides have been

Gram-negative bacterial infections in combination with
(DHFR). For
commonly-used

inhibitors of dihydrofolatereductase

example, co-trimoxazole is a
sulfamethoxazole-trimethoprim combination for many
bacterial infections?.

Even though the mutations in the dihydropteroate
synthase have severely compromised the usefulness of
these drugs, DHPS inhibitors still offer a promising
clinical utility in the current scenario, as the design of
novel inhibitors with a distinct mechanism is practically

proven to be difficult resulted in high failure rates. DHPS

mutations have been frequently characterized in many
clinical isolates, relegating sulfonamide-based therapies
to second- or third-line options. By the careful envisage
on the DHPS catalytic mechanism and the mechanistic
means of sulfa drug resistance, research is focussed on
the development of new set of inhibitors that target the
DHPS-active site of the enzyme?.

The enzyme has two substrates of a pteridine derivative
and PABA. The pterin-binding pocket has been
visualized in all the available crystal structures of DHPS
and is found to be highly conserved. The pocket is
located within the TIM barrel, directly below two
flexible loops (loop1 and loop2) which are visualised to
contain important requisites of the active site and is
bounded by several key conserved residues that
recognize the pterin-pyrophosphate substrate. The
inhibitors of the constrained pterin binding pocket
would be predicted to have a better spectrum of activity
and Gram-negative

against both Gram-positive
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bacteria, and also be less able to tolerate resistance
mutations>12.

The above observations prompted us to carry out the
antimicrobial screening of our previously reported
imidazo[1,2-b] pyridazine derivatives!?!3 to identify
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potential antimicrobial compounds. Molecular docking
studies also performed to investigate the inhibition
ability of the compounds on DHPS presuming that the
imidazo[1,2-b]
substrates pteridine.

pyridazine ring bio-isoster of its

6a-n

5m /6m (X = H)

5kand 6k  5land 61  5n/6n (X =Br)

EXPERIMENTAL

Materials used for the antimicrobial activity were
procured from Hi-media and SD fine chemicals. The
standard drug samples were procured from CDTL,
Hyderabad.

In vitro anti microbial activity

All the synthesized compounds were evaluated for the
antimicrobial activity using disc diffusion method
against four bacterial strains among two gram positive
and two gram negative and two fungal strains as per the
procedure described in our earlier work!?.
Antibacterial screening

All the test compounds were prepared in DMSO at a
1000 pg/ml and standard drug solution was prepared at
100ug/ml. All the experiments were carried out under
aseptic condition, sterile petriplates containing
sterilized agar medium were prepared and standard
bacterial solution were transferred on to the agar plate
aseptically?®. Sterile filter paper disc previously soaked
in the appropriate test standard solution were placed at
previously marked places on the inoculated agar plates.
Then all the plate was kept a side for fifteen minutes to
allow the diffusion of solution and then incubated for
24hrs at 37+2°C. After incubation the zone of inhibition
around the filter paper disc was measured using
antibiotic zone reader. All the above experiments were
carried out in triplicate and calculated the mean and

standard deviation. The zone of inhibition of the test

compounds were compared with the standard
ciprofloxacin.

Antifungal screening

Anti fungal activity was carried out to assess the anti
fungal activity of the synthesized compounds against
Candida albicans and Asperigillus falvus. Compounds
were tested at 1000 pg/ml concentration prepared in
DMSO. Positive and negative controls were maintained
for the entire experiments. Filter paper disc method
was employed as per the procedure described above
using appropriate culture media. All the petriplates
were incubated for 24 hrs at 27+2°C then the zone of
inhibition was measured in mm and Mean, and SD
values were determined. Clotriamazole was taken as
standard drug.

Determination of MIC -Micro dilution method:
Minimum inhibition concentration for some of the test
compounds and standard drugs were determined by
broth micro dilution method against four bacterial
strains E. coli (NCIM 2068) P.aeruginosa (NCIM 2862),
S.aureus (NCIM 2079), B.subtilis (NCIM 2921) and two
fungal strains Candida albicans and Aspergillus flavus.
Standardized inoculum containing bacterial organism
was diluted with Mueller-Hinton broth to get 5X10°
cfu/mlin every plate and fungal inoculum was diluted to
5.0X10?% c.fu/ml in RPMI 1640 media. Two-fold dilutions
were prepared for test and standard compounds by
diluting with DMSO. Sterile micro dilution plates were

marked appropriately and loaded with the bacterial and
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fungal inoculums separately and the test and standard
solutions were introduced into the plates Positive
control plates were maintained without adding drug
solution and negative control was maintained by adding
sterilized Mueller-Hinton broth or RPMI 1640 media to

Int J Pharm Biol Sci.

check the sterility. To each of the above microplates
100 uL of
standardized bacterial and fungal suspension was added

containing 100 pL of drug solution,

and incubated for 48 hours at 37+2°C. The minimum
inhibitory concentration (MIC) was determined.

Table 1: Anti-microbial activity of N-1 substituted 2,3-dihydro Imidazole[1,2-b] Pyridazine Acetamide derivatives

Zone of inhibition(mm) Mean * SD*

Compound P.a* E. c* S.a* B.s* Ca A f
5a 9+0.1 10+0.2 14+0.1 16+0.1 9+1.2 -

5b - - 16+0.2 15+0.2 11+1.2 -

5c - - 14+0.6 12+0.6 11+0.1 -

5d 11+0.2 10+0.2 17+0.4 18+0.2 14+0.1 12+0.2
5e 9+0.5 9+0.1 2010.2 2010.3 12+0.2 12+0.2
5f 10+0.2 11+0.5 2010.2 22+0.1 12+0.3 16+0.5
5g 12+0.14 11+0.2 22+0.1 23+0.5 16+0.1 14+0.4
5h 14+0.6 14+0.2 2010.1 19+0.1 141+0.4 14+0.2
5i 12+0.2 16+0.4 18+0.3 17+0.2 10+0.5 -

5j 12+0.5 10+0.5 17+0.5 18+0.1 10+0.4 10+0.3
5k - - 16%0.2 17+0.5 11+0.6 -

51 - - 18+0.1 18+0.2 12+0.2 12+0.1
5m 14+0.2 16+0.3 22+0.1 21+0.2 14+0.1 12+0.4
5n 14+0.8 15+0.5 2210.2 2310.1 14+0.5 1510.4
£Standard 24+0.1 2310.1 2410.2 2510.1 18+0.1 17+0.1

5 All experiments were carried out in triplicate and calculated mean and standard deviation
*Bacterial strains P.a — Pseudomonas aeruginosa, E.c- Escherichia coli, S.a - Staphylococcus aureus, B. s- Bacillus subtilis, #
Fungal strains C.a- Candida albicans, A. f- Aspergillus flavus.
£ Standard — Ciprofloxacin for anti bacterial activity and Clotrimazole for Anti-fungal activity

Table 2: anti microbial activity of of N-1 substituted 2,3-dihydro Imidazo[1,2-b] Pyridazine Benzamide derivatives

Zone of inhibition(mm) Mean * SD*

Compound

P.a* E. c* S.a* B. s* Ca Af

6a - 9+0.2 10+0.2 11+0.2 11+0.2 -

6b - 9+0.2 10+0.5 12+0.1 10+0.2 -

6¢ 910.2 8+0.3 10+0.3 12+0.5 11+0.2 12+0.2
6d 12+0.1 11+0.4 12+0.1 19+0.1 16+0.3 10+0.1
6e 1210.1 1240.1 1510.1 17+0.2 12+0.1 10+0.3
6f 12+0.2 10+0.2 1610.2 17+1.1 14+0.5 1410.1
6g 10+0.4 10+0.5 2210.2 22+1.2 1410.1 14+0.5
6h 18+0.1 17+0.1 2010.6 21+0.5 14+0.5 16+0.4
6i - - 16+0.4 16+0.2 12+0.5 -

6j - - 10+0.2 12+0.2 10+0.47 -

6k - 910.2 10+0.2 14+0.1 11+0.6 0910.1
6l - - 12+0.1 14+0.3 - 09+0.2
6m 1410.2 1240.1 17+0.3 1610.3 1410.3 1410.1
6n 1210.1 12+0.2 20+0.3 17+0.1 141+0.4 14+0.6
£ Standard 2410.1 2310.2 2410.1 25+0.1 18+0.2 17+0.1

5 All experiments were carried out in triplicate and calculated mean and standard deviation

*Bacterial strains P.a — Pseudomonas aeruginosa, E.c- Escherichia coli, S.a - Staphylococcus aureus, B. s- Bacillus subtilis, #

Fungal strains C.a- Candida albicans, A. f- Aspergillus flavus.

£Standard — Ciprofloxacin for anti bacterial activity and Clotrimazole for Anti-fungal activity
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RESULTS AND DISCUSSION

Antibacterial activity

Anti activity of synthesized compounds
revealed that compounds 5e, 5f, 5g, 5h, 5m and 5n
showed excellent activity against G*'© strains with a ZOI

bacterial

ranging from 20-23 mm, comparable with the standard
drug ciprofloxacin. Compounds 5i, 5j and 5l exhibited
potent activity (ZOl 17-19 mm) and the remaining
compounds showed moderate to weak anti bacterial
activity. Nevertheless, all the compounds of the series
5a-5n were inactive against G-ve bacterial strains.

Among the synthesized Imidazopyridazine benzamides
6a-6n, compounds 6g, 6h, 6n exhibited highest activity
than the remaining compounds on G*™® strains.
Whereas, 6d, 6e, 6f and 6m showed potent inhibition of
the growth with ZOI ranging from 16-19 mm. However,
except compound 6h (17-18 mm) all the other

Int J Pharm Biol Sci.

compounds of the series were inactive on the growth of
G™¢ bacterial strains.

From the results of the antibacterial activity of all the
series of compounds using disc diffusion method,
potent compounds were selected for the determination
of MIC using agar micro dilution method.

Antifungal activity

The antifungal activity of the title compounds revealed
that the imidazo[1,2-b]
pyridazines, the acetamide series compounds 5f, 5g and

among compounds of
5n exhibited good anti fungal activity and the remaining
compounds were weakly active against the fungal
strains. In the imidazo[1,2-b] pyridazines benzamide
derivatives compounds 6d and 6h showed remarkable
inhibition on the growth of fungi, where as compound
6f, 6g, 6m and 6n were moderately active. The
remaining compounds of the series were inactive on the
tested fungi.

Table 3: MIC values of N-1 substituted 2,3-dihydro Imidazo[1,2-b] Pyridazine and acetamide(5a-5n) and

Benzamide derivatives(6a-6n)

Minimum Inhibitory Concentration(pg/ml)

Entry Compound  —o ™ pp%  SA* Bs* CA' AF

1 5d 64 128 1 1 NT  NT

2 Se 128 128 2 2 NT  NT

3 5f 5256 256 1 05 32 1

4 5g 128 128 05 05 4 2

5 5h 5256 5256 2 2 32 8

6 5i 5256 5256 8 16  NT NT

7 5) 128 256 16 32  NT NT

8 5m 128 128 16 16 16 16

9 5n 64 64 32 16 4 1

11 6d 128 64 32 16 NT NT
12 6e 128 128 64 64  NT NT
13 6f 128 256 32 64 32 32

14  6g 128 64 32 16 2 0250
15 6h 128 32 16 8 2 1

16  6m 5256 126 8 16 16 32

17 6n 5256 126 4 8 8 8

18 Ciprof 0250 0.250. 0125 0125 NT NT
19 Clotrimazolef NT NT NT NT 0.06 0.125

*Bacterial strains P.a — Pseudomonas aeruginosa, E.c- Escherichia coli, S.a - Staphylococcus aureus, B. s- Bacillus subtilis, #

Fungal strains C.a- Candida albicans, A. f- Aspergillus flavus.

£Standard — Ciprofloxacin for anti bacterial activity and Clotrimazole for Anti fungal activity

Minimum inhibitory concentration -Micro dilution
method

Micro dilution method was employed to determine the
MIC of selected 17 compounds from all the series
against the same set of bacterial strains used for the disc
diffusion method as per the method described in the

experimental section. Ciprofloxacin and clotrimazole
were taken as standard drugs for the comparison of MIC
of test compounds.

The result of the MIC micro dilution method showed
that except compounds, 5d, 5n, 6d, 6g, 6h all the
remaining compounds tested were found to have MIC
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values greater than 64ug/ml on all G strains which
revealed moderate inhibition of the growth. However,
the MIC values of most of the tested compounds on the
G*® strains was apparently lower, among all the tested
series acetamide series imidazo[1,2-b] pyridazines were
found to have low MIC values than the benzamide
The MIC of compound 5g bearing 4-OCHs
against G™® bacteria was found be lowest (0.5 pg/ml)

series.

than the other compounds. Whereas the MIC of
compounds 5d and 5f was 1 upg/ml. However, in
imidazo[1,2-b]
except compounds 6h, 6m and 6n all the compounds

pyridazines benzamide derivatives
tested showed greater MIC values were > 62 ug/ml on
tested gram positive bacterial starins.

The MIC of the selected compounds further supports
the antifungal activity of the compounds. Compound 6g
bearing 4-OCHs was found to have remarkable
inhibition with an MIC 0.250 ug/ml (A. Flavus), The MIC
of Compounds 5f, 5n, and 6h was 1 pug/ml on A.flavus.
The MIC of compounds 6g and 6h on C. Albicans was 2
pug/ml. However, the MIC of the remaining tested
compounds was greater than 4 pug/ml and considered
them as weak anti fungal agents

Molecular docking studies:

Molecular docking studies were carried out to evaluate
the in vitro anti microbial potency of synthesized

imidazo[1,2-b] pyridazine derivatives

against the

Int J Pharm Biol Sci.

antimicrobial target dihydropteroate synthetase
(DHPS), Crystal structure of DHPS (PDB ID: 1eye) was
downloaded from the protein data bank and used for
the docking®?”. The docking studies were carried out by
using Schrodinger- Glide with Maestro GUI. The ligand
molecules were prepared in 2D sketcher and energy
minimized using OPLS force field to prepare 3D
structures using Ligprep tool. The structure of the target
protein PDB was refined, water molecules were
removed, and energy minimized using Protein
Preparation wizard. The active site of the target was
defined for the docking by preparing a receptor grid by
selecting the co-crystal ligand of the receptor. Finally
docking was performed using Glide for the prepared
ligprep file and receptor grid file employing standard
precision docking methodology. After docking run the
glide score of the docked ligands and binding
interactions of the docked ligands were considered
(Table 5) for identification of potential compounds by
comparing with that of standard drug Dapsone.
Standrad drug Dapsone interacts with the DHPS through
a hydrogen with Arg253 the sulfone oxygen acts a
hydrogen bond acceptor for this Hydrogen bond and the
amino group of dapsone also donate a hydrogen and
participate in one more H-bond interaction with the Phe
19.

e
182

e

Figure 1: Interactions of Dapsone with DHPS (3EYE)
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Table 4: Docking scores of imidazo[1,2-b]pyridazin derivatives on DHPS enzyme(1EYE)

Title Docking score  Glide gscore Title Docking score Glide gscore
5a -5.103 -5.103 6a -4.151 -4.151
Sb -4.316 -4.316 6b -3.17 -3.17
5c -4.254 -4.254 6¢ -3.395 -3.395
5d -4.616 -4.616 6d -4.697 -4.698
Se -4.598 -4.599 6e -5.494 -5.495
5f -4.175 -4.175 6f -3.78 -3.78
5g -4.95 -4.95 6g -4 -4

Sh -4.754 -4.757 6h -4.857 -4.862
5i -5.187 -5.187 6i -4.075 -4.075
5j -5.167 -5.167 6j -3.598 -3.598
5k -4.712 -4.722 6k -4.881 -4.889
5l -5.159 -5.159 6l -3.568 -3.568
5m -5.556 -5.556 6m -4.43 -4.43
5n -4.746 -4.746 6n -3.966 -3.966
Dapsone -5.26 -5.26 - - -

Figure 2: Ligand interaction diagrams (2D overlay) of compounds 5f, 5g, 5m, 5n, 6e and 6m with target enzyme
dihydropteroate synthetase (DHPS) crystal structure (PDBID: 1EYE)
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The binding of acetamides derivatives 5a-5g and their
interactions has almost similar in the active site of DHPS.
Compund 5m bound to the active site with highest
binding affinity with a Gscore -5.556 the imidazole ring
is flipped towards Phel82 and forms pi-pi interactions.
Whereas compound 5f acetamido group forms a H bond
with Arg253 and a hydrophobic pi-pi stake observed
between benzyl ring and Phe 182. Moreover, compound
5g also bound in the similar fashion (figure 2).
Compound 5n also made appreciable hydrophobic
interactions with the Phe 182 and Trp 132. Compound
6e found to show highest binding affinity with a G score
of -5.494 in the benzamides. The two-phenyl ring
flipped away from each other and benzamido group has
interacted with Lys213 and Arg 212 and the benzyl
moiety made some polar intaerctions with Met 130.
Wheras benzamido group of 6h made hydrophobic
interactions with the Arg253 and His 256 and the p-
amino benzyl group has oriented towards polar amino
acids Asn13 and Ser 108. These observations suggest
that compounds imidazo[1,2-b] pyridazines with benzyl
substitution carrying a polar group at 4 position and
compounds with an indole nucleus are the promising
candidates for the DHPS inhibition as novel antibacterial
agents.

CONCLUSION

From the present investigations it could be concluded
that imidazo[1,2-b]pyridazin 2-one scaffold and their
derivatives could be a novel candidates for the
development of new antibacterial DHPS inhibitors.
Further, through investigation would results in
development novel antibacterial agents devoid of

developing resistance by pathogenic bacteria.
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