Journal of

Scientific Research
and Reports

Journal of Scientific Research & Reports

28(8): 77-88, 2022; Article n0.JSRR.88151
TS ISSN: 2320-0227

Anti-biofilm Formation Activities of 4-hydroxyindole
Azo Compounds against Pseudomonas aeruginosa
and Staphylococcus aureus

Cedric Dzidzor Kodjo Amengor &, Francis Klenam Kekessie °,
Abena Brobbey °, John Nii Addotey °, Paul Peprah 2,

Cynthia Amaning-Danquah ¢, Joseph Adu °, Michael Tetteh ©
and Emmanuel Bentil Asare Adusei ”

® Department of Pharmaceutical Chemistry, School of Pharmacy, University of Health and Allied
Sciences, Ho, Ghana.

b Department of Pharmaceutical Chemistry, Faculty of Pharmacy and Pharmaceutical Sciences,
Kwame Nkrumah University of Science and Technology, Kumasi, Ghana.

¢ Department of Pharmacology, Faculty of Pharmacy and Pharmaceutical Sciences, Kwame Nkrumah
University of Science and Technology, Kumasi, Ghana.

Authors’ contributions

This work was carried out in collaboration among all authors. All authors read and approved the final
manuscript.

Article Information
DOI: 10.9734/JSRR/2022/v28i830541

Open Peer Review History:

This journal follows the Advanced Open Peer Review policy. Identity of the Reviewers, Editor(s) and additional Reviewers,
peer review comments, different versions of the manuscript, comments of the editors, etc are available here:

https://www.sdiarticle5.com/review-history/88151

Received 14 April 2022
Accepted 19 June 2022
Published 08 July 2022

Original Research Article

ABSTRACT

A hybrid of six (6) 4-hydroxyindole azo compounds was synthesised by the diazotization and
coupling strategy via electrophilic aromatic substitution reaction. Characterisation by Infrared and
UV-Vis spectroscopic studies was carried out and the antimicrobial activity and structure-activity
relationship were explored. Amongst the compounds, 4d was the most active against Pseudomonas
aeruginosa than the other organisms from the high-throughput spot culture growth inhibition
(HTSPOTI) antimicrobial assay. According to the resistant modulation study, the compounds did not
show significant activity against the panel of pathogens used. Furthermore, compounds 4a and
4f inhibited biofilm formation in Pseudomonas aeruginosa and Staphylococcus aureus at 70%
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(31.25 pg/mL) and 57% (125 (pg/mL) respectively. Additionally, 4c and 4e have biofilm inhibition
potential against Pseudomonas aeruginosa and Staphylococcus aureus which are implicated in
antimicrobial resistance. Hence, the compounds are promising leads with potential to be developed
into new antibacterial agents to combat the menace of antimicrobial resistance.

Keywords: Synthesis; antimicrobial; azo compounds; pathogens.

KEY HIGHLIGHTS

Synthesis and antimicrobial studies of 4-hydroxyindole azo derivatives are described.
Compounds 4c and 4e exhibited biofilm inhibition potential against Pseudomonas aeruginosa

and Staphylococcus aureus which are implicated in antimicrobial resistance.

discovery.
1. INTRODUCTION

Infectious diseases according to the World
Health Organisation are on the increase with the
continuous rise in mortality cases every year
over the world [1,2]. The burden of infectious
diseases is a worrying situation since it continues
to get worse due to the emergence of new
resistant strains of pathogens as a result of
polypharmacy, non-compliance to drugs and
genetic mutations of the organisms over time [3].
The high incidence of nosocomial and
community-acquired infections presents with
critical challenges since they are usually
associated with multi-drug resistant strains of
Pseudomonas, Acinetobacter, Staphylococcus
and Mycobacterium sp [4]. In the case of
Mycobacterium sp, which has one of the thickest
biological membranes, the situation is alarming
because of the emergence of multidrug and
extensively drug-resistant strains which have
become resistant to the first- and second-line
antitubercular drugs due to different mechanisms
such as genetic mutations, biofilm formation,
quorum sensing and inherent efflux pumps [5].
Moreover, of major concern in the treatment of
nosocomial infections are the ESKAPE
pathogens (Enterococcus faecium,
Staphylococcus aureus, Klebsiella pneumoniae,
Acinetobacter baumannii, Pseudomonas
aeruginosa, and Enterobacter species due to
their resistant mechanisms [6]. Their presence in
infections has been of public health concern
since most of them are resistant to many
antibiotics and appreciating the resistance
mechanisms of these strains has been useful in
the discovery of novel antimicrobial agents [7, 8].
However, in recent decades, the antibiotic
reservoir is depleting, making the situation a
worrying one [9, 10]. For instance, the discovery
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The compounds provide structural scaffolds for lead optimisation in antimicrobial drug

of only two novel classes of antibiotics in the last
fifty years indicates that it may be a daunting
task to develop enough classes of compounds to
boost modern drug discovery in the future.
Hence, strategies are required ahead of time to
develop new therapeutic warheads that could
either be used alone or as a combination therapy
[11,12].

Subsequently, azo dyes are libraries of suitable
compounds to achieve this aim since they are an
important class of antimicrobial candidates with
versatile applications [13, 14]. It has been
established that the inclusion of a suitable
heterocyclic moiety enhances the activity of the
azo linkage [14, 15]. However, the inclusion of
nitrogen-containing aromatic heterocycles such
as indole, quinoline, pyridine, thiadiazole and
triazole confers biological activities including
antimicrobial, anticancer, anti-inflammatory and
anti-mycotic to the compound [16]. The indole
nucleus is nowadays considered as an important
moiety in the design and synthesis of bioactive
compounds with antimicrobial, antioxidant, anti-
inflammatory, antiviral and anticancer effect [17].
Furthermore, there are review studies that
indicate that in the field of pharmaceutical
chemistry. Moreover, synthesis and full
characterisation by spectral and thermal
techniques have been reported in the literature
for various derivatives bearing the indole nucleus
[18]. The synthetic scheme of the azo dyes
involves the diazotisation of primary aromatic
amines and an electron rich moiety (coupling
reagents) which mimics the principle of
pharmacophore hybridisation [19, 20]. Following
up on our previous studies, where we
synthesised naptholic and phenolic azo dyes
which demonstrated antimicrobial activity against
some ESKAPE organisms, this present work
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sought to vary the heterocyclic nucleus in the
construction of the azo dyes hinged on the
importance of heterocyclics in antimicrobial drug
discovery [21]. Hitherto, based on the success of
previous studies, we set our goal to synthesise
and evaluate the antimicrobial potential of six
azo compounds against  Mycobacterium
smegmatis and some ESKAPE pathogens as a
contribution to the drug discovery process.

2. EXPERIMENTAL

2.1 Chemicals,
Instrumentation

Reagents and

Reagents were obtained commercially from
Fisher Scientific ™ (United Kingdom) and BDH
chemicals (United Kingdom). The progress of the
reactions was monitored using thin layer
chromatography, which was performed by
employing pre-coated silica gel plate (Merck
F254) and visualised with UV light (254 nm and
357 nm). Compounds were purified by
recrystallization from hot ethanol. Samples were
run neat to obtain Infra-red spectra in the range

400-4000 cm™  on a Bruker FTIR
spectrophotometer.  Ultraviolet-visible spectra
were obtained on a Shimadzu UV-Vis

spectrophotometer at 200—800 nm with methanol
as blank. Melting point data of the synthesised
compounds were obtained by using one end or
open capillary tubes on a Stuart melting point
apparatus (England) and are uncorrected.

2.2 Synthesis and Characterisation of
Azo Compounds

The azo compounds were synthesised as
previously described by dissolution of the
appropriate primary aromatic amine (2 mmol) in
dilute hydrochloric acid whilst keeping the
reaction flask in a salt-ice bath (0-50C) until
complete formation of the diazonium salt. This
was followed by coupling with 4-hydroxyindole to
obtain the crude product in yields of 65-95 %.

X X
| 7% NaNO,, dil HCI | e
P e >
0-5°%
NH;, N,CI

1a-f
Primary aromatic amine

2a-f

The crude product was collected by suction
filtration, washed and recrystallized from hot
ethanol to give coloured solids 4a-f.

2.2.1 General procedure for synthesis and
purification of the azo compounds [22]

Primary aromatic amine was reacted with NaNO,
(2 M, 20 mL) in the presence of HCI (2 M, 20 mL,
36 % w/v) at a temperature range of 0-50C with
the help of an ice bath to achieve diazotization.
The clear diazonium solution is confirmed by the
presence of an instantaneous blue colour on
testing with starch iodide. Diazotized primary
aromatic amine was treated with 4-hydroxyindole
in the presence of NaOH (2 M, 200 mL, 98 %
w/v) at a temperature range of 0-5°C in an ice
bath whilst stirring to achieve coupling.
Precipitate of coupled compound was filtered
under suction and dried at room temperature in a
desiccator.

2.3 Antimicrobial Studies

2.3.1 Source of test organisms and materials
Standard reference strains Escherichia coli
(ATCC 25922), Pseudomonas aeruginosa
(ATCC 27853), [Gram-negatives].
Staphylococcus aureus (ATCC 25923),
Enterococcus faecalis (ATCC 29212) [Gram-
positives], Mycobacterium smegmatis mc’® 155
(ATCC 19420) [Acid-fast] were used in this
study. The test organisms were obtained from
the Cell Culture Laboratory, Department of
Pharmacology, Kwame Nkrumah University of
Science and Technology (KNUST), Kumasi,
Ghana. The Gram-positive and Gram-negative
bacteria were cultured on nutrient agar while
Middlebrook 7H10 agar supplemented with oleic
acid, albumin, dextrose, and catalase (OADC)
used for Mycobacterium smegmatis mc’® 155.
Glycerol stocks of the pathogens were prepared
and stored in -800C freezer for use.

diazonium salt

OH
OH
4
N
3 Y
5 N __
2 M NaOH, EtOH N=N
0-5° \_7x
4a-f

azo compound

Scheme 1. General scheme for the synthesis of the azo compounds 4a-f; 4a (X=p-NO,), 4b (X=
m-NQO,), 4¢ (X=0-NO,), 4d (X= 2-Cl-p-NO,), 4e (X=p-COCHy), 4f (X=p-COOH): 0, m and p
represent ortho, meta and para substitution respectively
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2.3.2 Culture media and reference antibiotics

Nutrient agar and Nutrient broth were purchased
from Oxoid Limited, (Basingstoke, United
Kingdom).  Middlebrook 7H9  broth and
Middlebrook 7H10 agar were purchased from
Becton Dickinson and Company, Sparks, MD,
USA. Ciprofloxacin and Rifampicin were
obtained from Sigma Aldrich ™ (Michigan, USA).
Tryptone Soy Broth (TSB) Sigma Aldrich ™
(Michigan, USA) was used for the biofilm
assay.

2.3.3 Determination of Minimum Inhibitory
Concentration (MIC) by High-
throughput Spot Culture Growth
Inhibition Assay (HT-SPOTI)

The experiment was carried out as described by
Danquah et al., (2016) [22]. Briefly, a stock
concentration of the azo compounds was serially
diluted using DMSO in a polymerase chain
reaction (PCR) half-skirted 96-well plate to give a
concentration range of 50 - 0.05 mg/mL. The
DMSO was used at a final concentration of < 1%
viv. A volume of 2 pL of the Azo compounds
were transferred into their corresponding wells in
a standard 96-well plate, and then 200 pL of
molten agar maintained at 55 - 60°C was
dispensed into each well with shaking to mix
thoroughly. The plates were left undisturbed for
the agar to solidify. Bacterial suspension (2 pL)
of ~1 x 10° CFU/mL was spotted on each well.
The plates were sealed with parafilm, wrapped
with aluminum foil and incubated at a
temperature of 37°C for 18 to 24 h. Ciprofloxacin
and Rifampicin were used as reference drugs for
bacteria and Mycobacterium respectively. Wells
with no drugs were included to serve as growth
control. The 96-well plates were visually
observed after incubation and the well containing
the lowest concentration of a compound for
which no growth was observed was determined
as the minimum inhibitory concentration (MIC) in
pg/mL of that compound against the
organisms.

2.3.4 Resistant Modulatory Assay

To evaluate the effect of the most active

compounds (4a [PNA], 4d [2CI-4NA], 4e
[OCOCH;] and 4f [COOH]) on selected
antibiotics, the combination assay of the
compounds together with the antibiotic

ciprofloxacin was evaluated using the HT-SPOTi
assay with modifications [22 23]. The
compounds were serially diluted in DMSO to
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include MIC and sub-MIC concentrations. The
checker board was constructed by adding 1 pL
of each of the dilution concentrations to the
corresponding well and 1 pL of the MIC of the
standard drug was added. The same procedure
was carried out for the standard drug
ciprofloxacin and the MIC’s of the compounds
added. A volume of 200uL nutrient agar medium
or Middlebrook 7H10 agar medium
supplemented with OADC was dispensed into
the plates as previously described for bacteria
and Mycobacterium respectively. The plates
were then spotted with 2 pL of bacteria (~ 1 x 10°
CFU/mL), sealed and incubated at 37°C for 24 h.
The Fractional Inhibitory Concentration Indices
(FICI) values were calculated using the
formula:

MIC, in the presence of B MICgin the presence of A
MIC, MICg

FICI =

The combining effect of the compounds in
combination with ciprofloxacin or rifampicin
against the pathogens was interpreted as
follows: Synergy, FICI<0.5; Indifference,
0.5 <FICI>4.0; and antagonism, FICI 2 4.0 [24]

2.3.5 Biofilm Inhibition Assay

The ability of the compounds 4a, 4d, 4e and 4f to
inhibit biofilm formation was measured using
microplate-based assay described by [25]. The
assay was performed in 96-well microtitre plates
with some modifications. The bacterial cells were

cultured in tryptone soy broth (TSB)
supplemented with glucose to 1% w/v at 37°C
overnight. The compounds (4pL) were

transferred into the microtitre plates from a two-
fold serial dilution in TSB medium to give sub-
MIC concentrations (1/2, 1/4, 1/8 and 1/16 of the
MIC). The overnight culture was 1:100 diluted
and 200 pL added to each well. The microtitre
plates were incubated for 24 h at 37 °C. After
incubation, the broth was removed and the
plates washed twice with phosphate buffered
saline (PBS). The formed biofilms were heat-
fixed by incubating at 60 °C for 30 minutes,
stained with crystal violet 0.1 % (w/v) and
excesses stain rinsed with distilled water. Biofilm
formation was evaluated by adding 125 pL of 95
% v/v ethanol and acetic acid (3:1) to the wells,
and the plates subjected to spectrophotometric
reading at 600 nm using the microplate reader
(Biotek Synergy H1 Hybrid Multi-Mode Reader:
271230). Wells containing bacteria and TSB and
wells containing only TSB were included to serve
as negative control and media control



respectively. All tests were carried out in
triplicate. The inhibitory activity was expressed

as percentage biofilm inhibition using the
equation:
;g Control 0Dggq=Test 0D
Percentage Biofilm Ihibition (%) = (M) X 100%
Control 0Dy

The percentage of inhibition was plotted against
the concentrations of the compounds using
GraphPad Prism 6 (Fig. SM1 and SM2).

2.4 Statistical Analysis

The results were analyzed using GraphPad
Prism 6.0 software (GraphPad Software Inc.).
The analysis of variance (ANOVA) followed by
post-test Turkey or post-test Bonferroni was
used to assess the differences between the
groups. All the values are expressed as mean +
standard error of mean (SEM) from triplicate
experiments.

3. RESULTS AND DISCUSSION
3.1 Synthesis

All tested compounds (Table 1) were synthesised
by our research group with yields ranging from
65- 95%. This research includes the design and
synthesis of analogues of 4-hydroxyindole azo
compounds bearing benzene with different
substituents (-NO,, -COOH, -COCHs,).
Diazonium salts of the primary aromatic amines
were prepared by reaction of the substituted
amines with sodium nitrite in the presence of
hydrochloric acid. This reaction intermediate was
then used to prepare the azo derivatives with
their structural scaffold shown in Fig. 1.

Conjugated aromatic moeity

Substituted benzene ring

Fig. 1. Scaffold design for azo compounds
4a-f
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The synthesis of the library of azo dyes (4a-f)
was performed according to methods. The
compounds were obtained in good yields and
high purity confirmed by TLC, melting point and
spectroscopic methods. The physical properties
(Table 1), and UV-Vis transitions (Table 2) of the
azo compounds have been shown from the
analysis. The absorption curves (200-400 nm) in
methanol are shown in Fig. 2 and the various
transitions of the compounds are shown in
Table 2.

3.2 Synthetic Data on the Azo
Compounds

Compound 4a

According to the general procedure, p-

nitroaniline (1.04 g) was reacted with NaNO, (1
M, 20 ml) in the presence of HCI (2 M, 20 mL, 36
% wiv) to afford the title compound (95 %w/w) as
a dark brown solid after purification (R; 0.78;
EtOAc: MeOH (9:1); Mpt: 287-300°C; UV-Vis/
nm: 260, 290 and 420; IR Vi /cm™: 3380 (O-H),
1492 (N=N), 1244 (C-N) stretch.

Compound 4b

According to the general procedure, m-
nitroaniline (1.04 g) was reacted with NaNO, (1
M, 20 ml,) in the presence of HCI (2 M, 20 mL,
36 % wi/v) to afford the title compound (82 %w/w)
as a dark brown solid after purification (R¢ 0.76;
EtOAc: MeOH (9:1); Mpt: 224-227°C; UV-Vis/
nm: 280, 345 and 430, IR Vi /cm™: 3375 (O-H),
1489 (N=N), 1256 (C-N) stretch.

Compound 4c

According to the general procedure, o-
nitroaniline (1.04 g) was reacted with NaNO, (1
M, 20 ml,) in the presence of HCI (2 M, 20 mL,
36 %) to afford the title compound (78 %w/w) as
an pale brown solid after purification (R¢ 0.75;

EtOAc: MeOH (9:1); Mpt: 218-2210C;
UV-Vis/ nm: 230, 345 and 430; IR Vy./cm™
3375 (O-H), 1433 (N=N), 1340 (C-N)
stretch.

Compound 4d

According to the general procedure, p-

aminobenzoic acid (1.04 g) was reacted with
NaNO, (1 M, 20 ml,) in the presence of HCI (2 M,
20 mL, 36 % wi/v) to afford the title compound
(60 % w/w) as a pale brown solid after
purification (R; 0.80; EtOAc: MeOH (9:1); Mpt:
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290-2950C; UV-Vis/ nm: 240, 345 and 390; IR
Vinadcm™: 3066 (O-H), 1488 (N=N), 1312 (C-N)
stretch.

Compound 4e

According to the general procedure, p-amino
acetophenone (1.04 g) was reacted with NaNO,
(2 M, 20 ml,) in the presence of HCI (2 M, 20 ml,
36 % wiv) to afford the title compound (72 %
w/w) as a dark brown solid after purification (Rg
0.70; EtOAc: MeOH (9:1); Mpt: 220-2230C; UV-

Vis/ nm: 240, 340 and 380; IR vmaxlcm'l: 3378
(O-H), 1492 (N=N), 1357 ( C-N) stretch.

Compound 4f

According to the general procedure, p-
aminobenzoic acid (1.04 g) was reacted with
NaNO, (1 M, 20 ml,) in the presence of HCI (2 M,
20 mL 36 % wi/v) to afford the title compound (65
% w/w) as a pale brown solid after purification (Rs
0.65; EtOAc: MeOH (9:1); Mpt: 290-2920C; UV-
Vis/ nm: 260 and 290; IR Vya/cm™: 3090 (O-H),
1472 (N=N), 1330 ( C-N) stretch.

Table 1. Some Physical properties of the azo compounds

Compound R % yield Melting points (° C) colour
4a p-nitro 95 287-300 Dark brown
4b m-nitro 82 224-227 Dark brown
4c o-nitro 78 218-221 Pale brown
4d o-chloro- nitro 65 290-293 Pale brown
4e p-COCH; 72 220-223 Dark brown
4f p-COOH 95 290-292 Dark brown
—4d 4a 4c af de 4b
0.7
0.6
0.5
2 04 f\
c
1]
£ 03
o
0 ~
< 0.2 \
0.1
0 ——
200 300 400 500 600 700
-0.1
Wavelength, nm
Fig. 2. UV-Visible curves of compounds (4a-f)
Table 2. Types of UV-Visible transition for the azo compounds
Compound Type of transition Wavelength (nm)
4a m—1,n—1andm— 1 260 (sharp), 290(shoulder) and 420
4b m— 1 n— 1 andT— 1 280 (sharp), 345 (shoulder) and 430
4c m—1,n—1andm—1m 230 (sharp), 345 (shoulder) and 430
4d m—m,n—mandm—m 240 (sharp), 345 (shoulder) and 390
4e mT—1,n—1 and m— 1 230 (sharp), 340 (shoulder) and 380
Af mTomT,n—>mandmT -1 260 (sharp), 290 (shoulder) and 410

82



Amengor et al.; JISRR, 28(8): 77-88, 2022; Article no.JSRR.88151

3.3 Antimicrobial Studies

The antimicrobial studies included determination
of the minimum inhibitory concentration, resistant
modulation and biofilm inhibition.

3.3.1 Minimum inhibitory concentration (MIC)

The antimicrobial study is represented by the
minimum inhibitory concentrations of the azo
compounds (Table 3).

3.3.1.1 Structure-Activity relationship effect on
MIC

It was observed that the azo compounds
exhibited better antimicrobial activity against
Gram-negative Pseudomonas aeruginosa than
the other organisms. The best activity against
Pseudomonas aeruginosa was for 4d which has
the chloro and nitro group ortho and para
positions to the azo bond respectively. The least
activity was observed generally for the
compounds against all the organisms except
Pseudomonas aeruginosa. This suggests that
the presence of a chloro and nitro groups at
ortho and para positions to the azo bond was
essential for antipseudomonal activity but not
relevant against the other pathogens. The extra
chloro group could have increased the
lipophilicity of 4d to penetrate the membranes of
the organism compared to other compounds
which possess only a nitro group or a ketone
functionality as in 4f. The study also revealed
that the nitro, carboxylic acid and ketone
moieties individually did not affect the
antimicrobial activities of the compounds against
Mycobacterium smegmatis.

3.3.2 Resistant Modulatory Activity

One effective strategy required to win the battle
against antimicrobial resistance is combination
therapy, as it offers an advantage of modulation
of the activites of already available
antimicrobials by promising lead compounds
through a possible reversal of resistance
mechanisms by causative organisms [26]. For
infections including human immunodeficiency
virus and tuberculosis, combination therapy is
considered as a standard to achieve treatment
outcomes. Though, combination therapy is an
effective strategy, some reports on their
therapeutic effects to prevent resistance are
conflicting and need to be investigated by
establishing the fractional inhibitory
concentration index for the potential modulating
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agents [27]. The  fractional inhibitory
concentration index (FICI) is a quantitative
measure of resistant modulatory activity. The
FICI method is reported as one of the best
combination methods used to determine the
impact on potency of the combination of
antibiotics when compared to their individual
activities [27]. The combinatory effect of the
compounds P-NA (4a), 2CI-NA (4d), 4AA (4e),
and PABA (4f) was examined in combination
with the antibiotic amoxicillin against P.
aeruginosa and S. aureus (Table 4).

Fractional Inhibitory Concentration Indices of the
combination of the compounds and Amoxicillin:
Synergistic effect expressed as the fractional
inhibition concentration index (FICI), calculated
from the MIC of the various
compound/antimicrobial combinations. The FIC
index interactions were defined as: FICI < 0.5,
(S) synergy; >0.5 to <4.0 (NI) no interaction; and
>4.0, (AT) antagonistic.

From Table 4, a reduction in activity in the
combination of 4a/ Amoxicillin against both P.
aeruginosa and S. aureus strain was observed.
The FIC index result showed an antagonistic
interaction when 4a was combined with the
antibiotic. A similar result was observed in the
4d/ Amoxicillin combination, with no interaction
between the compounds in both bacterial strains.
However, in the combinatory effect of the
antibiotic with 4d, there was no interaction
against P. aeruginosa but an antagonism effect
was observed with S. aureus. Compound A4f
exhibited antagonism in P. aeruginosa and
showed no difference in effect against S. aureus
when combined with amoxicillin. Hence, in this
study, none of the compounds demonstrated
synergistic activity with amoxicillin against both
strains of bacteria used. The interaction
observed was either antagonism or there was no
effect. The results suggest that the compounds
4a, 4d, 4f and 4e do not interact synergistically
with amoxicillin against P. aeruginosa and S.
aureus, hence, may not be used as promising
synergistic agent. Furthermore, to reduce the
toxic side effects of other antibiotics by reducing
their dose, studies should be conducted with
other standard antibiotics to check the
compounds for synergistic effect since they have
shown promising antimicrobial effect. A good
synergistic effect suggests the potential to
combine these compounds with standard
antibiotics such that their doses can be reduced
and the manifestation of their toxic side effects
can subsequently be reduced [28].
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3.3.3 Biofilm Inhibition Assay

Bacterial biofilms are highly organized bacterial
complexes encased in a self-produced matrix
protected from the host defense [29-30]. They
enhance reduced antibiotic susceptibility hence,
contributes to the persistence of biofilm
infections. Compared to their planktonic forms,
biofims are known to have high adaptive
resistance to antibiotics and other disinfectants.
This makes treating biofilm-associated infections
very difficult [31]. In addition, bacterial biofilms in
P. aeruginosa and S. aureus are increasingly
recognized as an important virulence factor
contributing to the persistence of biofilm
associated infections and multidrug resistance.
Therefore, it has become necessary to find
effective strategies to control and eliminate these
biofilms in the fight against biofiim related
infections. The most active compounds from
previous studies were investigated for their ability
to inhibit biofilms at sub-inhibitory concentrations
against P. aeruginosa and S. aureus. The results
of the biofilm inhibition of the compounds are
shown in Fig. SM1 and Fig. SM2.

Regarding the biofilm inhibitory activities of the
azo compounds, all the compounds exhibited
marked activity at sub-inhibitory concentrations.
The compounds showed variable effects on the

inhibition of biofilms in the strains used. The
inhibitory activity against the S. aureus biofilms
was in a concentration dependent manner for all
the compounds. Generally, 4a and 4d had very
good inhibitory effect in all the concentrations
used. At 1/16 MIC, the compounds still had
biofilm inhibitory effect >20 %. However, the
biofilm inhibitory activity against P. aeruginosa
also showed concentration dependent effect with
the lower concentrations showing higher activity
[Figure SM2]. Compound 4f had the most

significant  inhibitory  effect in all the
concentrations (<60 % inhibition). The
compounds however, showed different

susceptibility patterns in P. aeruginosa and S.
aureus. (Figure SM1 and SM2). The effects of
the compounds against S. aureus biofilms was
concentration-dependent with 4a at 1/2 MIC (125
pg/mL) giving the highest effect (57.33 %). The
azo compound 4e which showed a higher MIC
compared to 4d and 4f, gave a more significant
biofilm inhibitory effect than 4d, 4f and 4a (except
at 1/2 MIC). Thus, though 4a exhibited little
inhibition against planktonic growth of S. aureus,
it however demonstrated significant biofilm
inhibitory activity compared to 4d and A4f.
Staphylococcus aureus biofilms have become
recalcitrant to antimicrobial treatment and the
host response, and therefore are the etiological
agent of many recurrent infections especially

Table 3. Antimicrobial activity of the synthesized azo compounds

Compounds Minimum Inhibitory Concentrations (ug/mL)
Pseudomonas Staphylococcus Enterococcus Escherichia Mycobacterium
aeruginosa aureus faecalis coli smegmatis

4da 125 250 >500 500 >500
4b >500 250 >500 500 >500
4c 250 250 >500 250 >500
4d 62.5 250 >500 >500 >500
de 125 500 >500 500 >500
4f 125 250 250 500 >500
Ciprofloxacin  0.008 1.95 10 1.95 <05
Rifampicin nd nd nd nd 1.95
nd: Not determined for the ESKAPE organisms used for the antimicrobial activity.
Table 4. Resistant modulatory activity of the most active compounds
Compound FICI
P. aeruginosa S. aureus

Amoxicillin + 4a 66.10 (AT) 8.12 (AT)

Amoxicillin + 4d 1.5 (NI) 8.14 (AT)

Amoxicillin + 4f 4.35 (AT) 1.06 (NI)

Amoxicillin + 4e 0.75 (NI 2.13 (NI
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nosocomial infections and chronic wounds.
Biofilm inhibition increased with decreasing
concentration of the compounds in P.
aeruginosa. Compound 4f showed the highest
biofilm inhibition in all the concentrations used
with the highest effect (70 %) at 1/16 MIC (31.25
pg/mL). The compounds 4e, 4d, and 4a
continued in that manner. The azo compound 4d
which showed good antimicrobial activity against
P. aeruginosa, exhibited a minimal biofilm
inhibition compared to 4d and 4a. The presence
of the carboxylic acid group at the para position
of the aromatic ring increased the antimicrobial,
resistant modulatory and biofilm inhibition against
S. aureus and P. aeruginosa. The presence of
the ketone group followed by the 2-chloro-4-nitro
and the p-nitro moieties in the order influenced
the biofilm activity greatly. The biofilm inhibition
effect of the azo compounds validates the fact
that there is no strict pattern with regards to
effects of sub-inhibitory concentrations of
antibiotic compounds on biofilm inhibition.
Hence, biofilm inhibition in different bacterial
species is based on specificity of the response
to  sub-inhibitory  concentrations of the
compounds.

4. CONCLUSION

A library of six compounds was successfully
synthesised from diazotisation and coupling
procedures. Compound 4d was the most active
with a minimum inhibitory of 62.5 pg/mL
concentration but against against Pseudomonas

aeruginosa using the high-throughput spot
culture growth inhibition (HT-SPOT!I)
antimicrobial assay. Compounds 4a and 4f

inhibited biofilm formation in Pseudomonas
aeruginosa and Staphylococcus aureus at 31.25
pg/mL and 125 pug/mL respectively. Compounds
4c and 4e exhibited biofilm inhibition potential
against Pseudomonas aeruginosa and
Staphylococcus aureus which are implicated in
antimicrobial resistance. These compounds
could serve as starting point for detailed structure
elucidation and optimisation.

ACKNOWLEDGEMENT

We would like to express our profound gratitude
to the staff of department of pharmaceutical
chemistry, faculty of pharmacy, KNUST and
department of pharmaceutical chemistry, school
of pharmacy, UHAS for providing the needed
research and library resources.

Amengor et al.; JISRR, 28(8): 77-88, 2022; Article no.JSRR.88151

85

REFERENCES

1.

Furuse Y. Analysis of research intensity on
infectious disease by disease burden
reveals which infectious diseases are
neglected by researchers, PNAS Journal.
2019;116:478- 483-483.
Available:https://doi.org/10.1073/pnas.181
4484116

Morens DM, Fauci AS. Emerging
Infectious Diseases: Threats to Human
Health and Global Stability,” PLoS,

Pathogens. 2013;9(7);7-9.
Alves LG, Pinheiro PF, Feliciano JR,
Damaso DP, Leitdo JH. Martins A.

Synthesis, antimicrobial activity and
toxicity to nematodes of cyclam
derivatives. International Journal of

Antimicrobial Agents. 2017;49(5):646—649.
Available:https://doi.org/10.1016/j.ijjantimic
ag.2017.03.002

Soto SM. Role of efflux pumps in the
antibiotic resistance of bacteria embedded
in a biofilm virulence. 2013(4):223-229.
Doi: 10.4161/viru.23724

S. V. Gordon and T. Parish, Microbe

profile: Mycobacterium tuberculosis:
Humanity’s deadly  microbial  foe,
“Microbiology United Kingdom. 2018;

164(4):437-439.
Available:https://doi.org/10.1099/mic.0.000
601

Santajit S, Indrawattana N. Mechanisms of
Antimicrobial Resistance in ESKAPE
Pathogens, Biomed Research
International. 2016;2016(2016):1-8.

Haque S, Nawrot Alakurtti DA, Ghemtio
SL, Yli-kauhaluoma J. Screening and
Characterisation of Antimicrobial
Properties of Semisynthetic  Betulin
Derivatives. 2014;9(7):€102696.
Available:https://doi.org/10.1371/journal.po
ne.0102696

Hyde J, Gorham CDE, Brackney B.
Steven. ‘Antibiotic resistant bacteria and
commensal fungi are common and
conserved in the mosquito microbiome,”
PLoS ONE. 2019;14(8):1-16.
Available:https://doi.org/10.1371/journal.po
ne.0218907.

Manchanda V, S. Sinha and N. Singh.
“Multidrug resistant Acinetobacter. Journal
of Global Infectious Diseases. 2010;2
(3):291-304.
Available:https://doi.org/10.4103/0974777x
.68538


https://doi.org/10.1073/pnas.1814484116
https://doi.org/10.1073/pnas.1814484116
https://doi.org/10.1073/pnas.1814484116
https://doi.org/10.1073/pnas.1814484116
https://dx.doi.org/10.4161%2Fviru.23724
https://dx.doi.org/10.4161%2Fviru.23724
https://dx.doi.org/10.4161%2Fviru.23724
https://doi.org/10.1099/mic.0.000601
https://doi.org/10.1099/mic.0.000601
https://doi.org/10.1099/mic.0.000601
https://doi.org/10.1099/mic.0.000601

10.

11.

12.

13.

14.

15.

16.

17.

18.

Amengor et al.; JISRR, 28(8): 77-88, 2022; Article no.JSRR.88151

Palomino JC, Martin A. Drug resistance
mechanisms in Mycobacterium
tuberculosis,” Antibiotics. 2014; 3:317-
340.
Available:https://doi.org/10.3390/antibiotics
3030317

Coates AR, G. Halls and Y. Hu. “Novel
classes of antibiotics or more of the same?
British Journal of Pharmacology,” vol.163,
no.l, pp.184-194, 2011.
Available:https://doi.org/10.1111/j.1476-
5381.2011.01250.x

Fair RJ, Tor Y. ‘Perspectives in Medicinal

Chemistry  Antibiotics and  Bacterial
Resistance in the 21st Century.
Perspectives in Medicinal Chemistry.

2014;25-64.
Available:https://doi.org/10.4137/PMC.S14
459.Received

Stanasel O, Bota S. 2-Amino-1,3,4-
thiadiazole as a potential scaffold for
promising antimicrobial agents. Drug
design, development and therapy.

2018;12;1545-1566.
Available:https://doi.org/10.2147/DDDT.S1
55958

Kyei SK, O. Akaranta and G. Darko.
Synthesis, characterization and
antimicrobial activity of peanut skin extract-
azo-compounds,” Scientific African. 2020;
8:e00406.
Available:https://doi.org/10.1016/j.sciaf.202
0.e00406

Patel P, Patel PS. Synthesis,
characterization , and antimicrobial activity
of heterocyclic azo dye derivatives. World
Scietific News. 2018;95:265-272.

Desai NC, Bhatt N, Somani H, Trivedi A.

Synthesis, antimicrobial and cytotoxic
activiies of some novel thiazole
clubbed 1,3,4-oxadiazoles. European

Journal of Medicinal Chemistry. 2013;67:
54-59.
Available:https://doi.org/10.1016/j.ejmech.2
013.06.029

Jia B, Ma Y, Liu LB, Chen CP, Hu Y,
Zhang R. Synthesis, Antimicrobial activity,

Structure-Activity Relationship and
Molecular Docking Studies of Indole
Diketopiperazine Alkaloids. Frontiers in

Chemistry. 2019;7.
Available:https://doi.org/10.3389/fchem.20
19.00837

Sayed M, Kamil El-Dean AM, Ahmed M,
Hassanien R. Design, synthesis, and
characterization of novel pyrimidines
bearing indole as antimicrobial agents.

86

19.

20.

21.

22.

23.

24.

25.

Journal of the Chinese Chemical Society.
2019;66(2):218-225.
Available:https://doi.org/10.1002/jccs.2018
00115

Akram D, Elhaty IA. Synthesis and
Antibacterial Activity of Rhodanine-Based
Azo Dyes and Their Use as
Spectrophotometric  Chemosensor  for
Fe " lons,” Chemosensors. 2020;8(1):
1-13.

Leriche G, Budin G, Brino L, Wagner A.
Optimization of the azobenzene scaffold
for reductive cleavage by dithionite;
development of an azobenzene cleavable
linker for proteomic applications. European
Journal of Organic Chemistry.
2010;23:4360-4364.
Available:https://doi.org/10.1002/ejoc.2010
00546

Shihab NL, Intedhar KM. Synthesis of
some novel heterocyclic azo dyes for
acridine derivatives and evaluation of their
antibacterial  activities,”  Journal  of
Chemical and Pharmaceutical Research.
2013; 5(5):345-354.

Amaning-Danquah C, Maitra A, Gibbons S,
Faull J, Bhakta S. HT-SPOTi: A rapid drug
susceptibility test (DST) to evaluate
antibiotic resistance profiles and novel
chemicals for anti-infective drug discovery.
Current  Protocols in  Microbiology.
2016;40:17.8.1- 17.8.12.

DOI: 10.1002/9780471729259.mc1708s40
Adu JK, C. D. K. Amengor, N. Mohammed
Ibrahim, C. Amaning-Danquah, C. Owusu
Ansah, D. D. Gbadago, and J. Sarpong-
Agyapong, "Synthesis and in vitro
Antimicrobial and Anthelminthic Evaluation
of  Naphtholic and Phenolic Azo
Dyes,"Journal of Tropical Medicine.
2020;1-8.
Available:https://doi.org/10.1155/2020/485
0492

Guzman JD, D. Evangelopoulos, A. Gupta.
Antitubercular specific activity of ibuprofen
and the other 2-arylpropanoic acids using
the HT-SPOTi whole-cell phenotypic
assay. BMJ Open 2013;3:e002672. doi:
10.1136/bmjopen-2013-002672

Cheng H, Xie Y, Villalobos LF, Song L,
Peinemann KV, Nunes S, Hong PY.
Antibiofilm effect enhanced by modification
of 1,2,3-triazole and palladium
nanoparticles on polysulfone membranes.
Scientific Reports. 2013;6:1-12.
Available:https://doi.org/10.1038/srep2428
9


https://doi.org/10.3390/antibiotics3030317
https://doi.org/10.3390/antibiotics3030317
https://doi.org/10.3390/antibiotics3030317
https://doi.org/10.3390/antibiotics3030317
https://doi.org/10.1111/j.1476-5381.2011.01250.x
https://doi.org/10.1111/j.1476-5381.2011.01250.x
https://doi.org/10.1111/j.1476-5381.2011.01250.x
https://doi.org/10.1111/j.1476-5381.2011.01250.x
https://doi.org/10.4137/PMC.S14459.Received
https://doi.org/10.4137/PMC.S14459.Received
https://doi.org/10.4137/PMC.S14459.Received
https://doi.org/10.4137/PMC.S14459.Received

26.

27.

28.

29.

Gibbons S. Plants as a source of bacterial
resistance modulators and anti-infective
agents". Phytochemistry Reviews, 2005;
4(1):63-78.
Available:https://doi.org/10.1007/s11101-
005-2494-9

Naclerio GA, Onyedibe KI, HO. 'Sintim.
Lipoteichoic Acid Biosynthesis Inhibitors as
Potent Inhibitors of S. aureus and E.

faecalis Growth and Biofilm
Formation. Molecules. 2020; 2020
(25):2277.
DOI:10.3390/molecules25102277

Adusei EBA, Adosraku RK, Oppong-

Kyekyeku J, Amengor CDK, Jibira Y.
Resistance Modulation Action, Time-Kill
Kinetics Assay, and Inhibition of Biofilm
Formation Effects of Plumbagin from
Plumbago zeylanica Linn. Journal of
Tropical Medicine; 2019.
https://doi.org/10.1155/2019/1250645
Rajput A, Thakur A, Sharma S, Kumar M.
aBiofilm : a resource of anti-biofilm agents
and their potential implications in targeting

Amengor et al.; JISRR, 28(8): 77-88, 2022; Article no.JSRR.88151

87

30.

31.

antibiotic drug resistance. 2018;46:894—
900.
Available:https://doi.org/10.1093/nar/gkx11
57.

Amaning-Danquah C, Kakagianni E,
Khondkar P, Maitra A, Rahman M,
Evangelopoulos D, TD McHugh, P.
Stapleton, J. Malkinson, S. Bhakta and S.
Gibbons. Analogues of Disulfides from
Allium stipitatum Demonstrate Potent Anti-
tubercular Activities through Drug Efflux
Pump and Biofilm Inhibition Nature
Scientific reports. 2018;8:1150.

DOI: 10.1038/s41598-017-18948-w.

Lima D, Chiaradia-delatorre LD,
Mascarello A, Andrinéia Oliveira K, César
P, Augusto R, et al. Synthetic organic
compounds with potential for bacterial
biofim inhibition, a path for the
identification of compounds interfering with
quorum sensing'. International Journal of
Antimicrobial Agents. 2013;42(6):519-523.
Available:https://doi.org/10.1016/j.ijantimic
ag.2013.07.006



Amengor et al.; JSRR, 28(8): 77-88, 2022; Article no.JSRR.88151

SUPPLEMENTARY MATERIALS
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Fig. SM1. Biofilm inhibition of the azo compounds against S. aureus

P. aeruginosa
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Fig. SM2. Biofilm inhibition assay of the azo compounds against P. aeruginosa
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