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Several types of microbial infections are caused by Acinetobacter baumanii that has developed resistance
to antimicrobial agents. We therefore investigated the role of plant polyphenols against A. baumannii
using in silico and in vitromodels. The clinical strains of A. baumanniiwere investigated for determination
of resistance pattern and resistance mechanisms including efflux pump, extended spectrum beta lacta-
mase, phenotype detection of AmpC production, and Metallo-b-lactamase. The polyphenolic compounds
were docked against transcription regulator BfmR (PDB ID 6BR7) and antimicrobial, antibiofilm, and anti-
quorum sensing activities were performed. The antibiogram studies showed that all isolated strains were
resistant. Strain A77 was positive in Metallo-b-lactamase production. Similarly, none of strains were pro-
ducers of AmpC, however, A77, A76, A75 had active efflux pumps. Molecular docking studies confirmed a
strong binding affinity of Rutin and Catechin towards transcription regulator 6BR7. A significant antimi-
crobial activity was recorded in case of quercetin and syringic acid (MIC 3.1 lg/mL) followed by vanillic
acid and caffeic acid (MIC 12.5 lg/mL). All tested compounds presented a strong antibiofilm activity
against A. baumanii strain A77 (65 to 90%). It was concluded that all tested polyphenols samples posess
antimicrobial and antibiofilm activities, and hence they may be utilized to treat multidrug resistance A.
baumannii infections.
� 2023 The Authors. Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Acinetobacter baumannii (A. baumannii) can grow in a wide range
of environments (Peleg et al., 2008), and can cause several infec-
tions including healthcare-associated pneumonia, skin tissue infec-
tions, septicemia, hospital acquiredmeningitis and respiratory tract
infections (Alves et al., 2016; Dijkshoorn and Nemec, 2008). A. bau-
mannii infections primarily affect immuno-suppressed patients in
ICUs, neonates, children, elderly, and diabetic patients in nursing
homes and community hospitals settings (Sengstock et al., 2010).
A reported cause for these wide spread infections is ‘‘surface adher-
ence” capability of A. baumannii and development of layers i.e bio-
films on surfaces in hospital settings (McConnell et al., 2013). The
bacterial biofilms are non-motile complex layers of bacteria
enclosed in a grid of EPSs (extracellular polymeric substances)
(Alves et al., 2016; Roy et al., 2018). EPSs are infact dark matter of
biofilms since they posess a range of matrix biopolymers
(Flemming et al., 2007). EPSs also provide defense frommechanical
stress by regulating the easy passage of nutrients, signaling mole-
cules, and toxic substances across cell (Morgan et al., 2014). Quo-
rum sensing is one of regulatory mechanism for biofilm formation
in Acinetobacter spp. (Bhargava et al., 2010), that includes acyl
homoserine lactones (AHL) dependent signaling (Prashanth et al.,
2012) that makes such infections resistant to antimicrobial agents.
Currently, several antimicrobial agents including sulbactam,
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minocycline and polymyxin are commonly used to control A. bau-
mannii infections, however growing resistance and toxicity are
common limiting factors. (Karageorgopoulos et al., 2011).

Polyphenolic compounds are quiet common in medicinal plants
(Daglia et al., 2012; Fraga et al., 2019), and mainly responsible for
diverse biological activities alone and in synergism (Manso et al.,
2021). Polyphenolic compounds are categorized with at least one
aromatic ring and more than one hydroxyl groups. Most of
polyphenolics are produced from the oligo or polymerization of
simple phenols (Zhang et al., 2020). The SAR investigations on
polyphenolic compounds show that considerable increase in
antimicrobial activity is observed in the presence of OH groups at
50 and 70 positions and 20 and 40 or 20 and 60 positions of A and B-
rings respectively (Babu et al., 2005; Cushnie and Lamb, 2011).
Similarly, among phenolic acids, the compounds with higher num-
ber of OH and methoxy groups are reported with high bacterial
inhibition rates (Li et al., 2020), that is mainly attributed to strong
antioxidant activities (Natella et al., 1999). Despite known antimi-
crobial activity of polyphenolic compounds, a little data is available
regarding clinical isolates including A. baumannii (Álvarez-
Martínez et al., 2020; Rama et al., 2021). Undeniably, natural mole-
cules can affect biofilm formation, influence bacterial adhesion and
inhibit communication among cells for biofilm formation Borges
et al., 2014. Thus keeping in mind a widespread occurrence of A.
baumannii infections and limited available treatment options,
there exist a great need to look for new drugs or agents that can
effectively target biofilm formation, detachment and complete
removal (Simões et al., 2010). Aim of this work was to determine
antimicrobial, anti Quorum sensing (QS) and antibiofilm activity
of natural polyphenolic molecules by using insilico and in vitro
analysis against resistant A. baumannii strains.
2. Materials and methods

2.1. Bacterial cultures

Acinetobacter baumannii were obtained from NUST (National
University of Science and Technology, Islamabad, Pakistan). Chro-
mobacterium violaceum strains (DSM 30191) was purchased from
DSMZ Germany, and other quality control strain like Klebsiella
pneumoniae (ATCC BAA-1705), Escherichia coli (ATCC 25922), Sta-
phylococos aureus (ATCC 33862) and Pseudomonas aeruginosa
(ATCC 15442) was provided by NPRL (Natural Products Research
Lab, Gomal University, D.I.Khan, Pakistan).

2.2. Antibiotic discs, chemicals, growth media

Antibiotic disc including Piperacillin (100 lg), Ceftazidime
(30 lg), Tetracycline (30 lg), Azteronam 30 lg, Cefotaxime
(30 lg), Amoxicillin /Clavulanic Acid (30 lg), Imipenum (10 lg),
Meropenem (10 lg), Ceftriaxone (30 lg), Ciprofloxacin (5 lg),
Amoxicillin (10 lg), Cefoxitin (30 lg), Trimethoprim (5 lg), Gen-
tamicin (10 lg), Sulphamethoxazole (100 lg) and Polymyxin B
(300 lg) were purchased from Oxoid (UK). Vegetables and fruit
derived polyphenols such as Ferulic acid, Gentistic acid, Gallic acid,
Rutin, Cinnamic acid, Quercetin, Caffeic acid, Catechin, Syringic
acid, and Vanillic acid were purchased from Sigma (Aldrich, UK).
Growth media including Muller Hinton ager, MA (MacConkey
Agar), Lauria Bertani broth, and tryptic soya broth were obtained
from Hi Media (Mumbai, India).

2.3. Computational analysis

The transcription regulator gene ‘‘BfmR” (biofilm regulator pro-
tein) (PDB ID: 6BR7) in A. baumannii was downloaded from PDB
2

(protein Data Bank) database (Draughn et al.,2018). BfmR domain
is comprised of two homodimers i.e chain A and chain B (Lokhande
et al., 2022) and based on literature review (Farrow et al., 2018,
Russo et al., 2016). PDB file of ligands were produced by using
Accelrys Discovery Studio visualizer 2.0 (Accelrys Discovery
Studio 2012). Molecular docking of targets and ligands was per-
formed using Autodock Vina 6 using Lamarckian Algorithms
Trott and Olson, 2010. Docking analysis was performed by Discov-
ery studio visualizer and interaction analysis was performed by
using Ligplot plus.

2.4. Determination of resistance pattern

The resistivity pattern of clinical isolates was determined by
disc diffusion method (Wayne et al., 2010). The Muller Hinton agar
plates were inoculated with bacterial culture (adjusted to 0.5
McFarland) followed by placing discs on Muller Hinton agar plate
and incubation at 37 �C for 24 h. Each antibiotic disc’s inhibition
zone was determined (millimeter) and interpretation was per-
formed in accordance with CLSI criteria.

2.5. Phenotype detection of extended spectrum beta lactamse (ESBLs)

The phenotypic ESLs was determined by using double disc syn-
ergy test protocol (Litake et al., 2015). Briefly, five discs of antibi-
otics including ceftriaxone, amoxicillin-clavulanic acid,
aztreonam and cefotaxime. The amoxicillin-clavulanic acid disc
was placed in the center, and remaining discs were positioned
1.5 cm apart, trailed by incubation at 3 �C for 24 h. An extension
of inhibitory zone towards amoxicillin-clavulanic acid disc after
24 h incubation was considered as ESBLs positive.

2.6. Phenotype detection of Metallo-b-lactamase production (MBL)

A standard methodology with slight modifications was used to
analyze the phenotype detection of MBL production (Saha et al.,
2010). Concisely, Imipenum and Imipenum + EDTA were posi-
tioned on Mueller Hinton agar plate center to center about
20 mm apart. After that plates were incubated at 37 �C for 24 h.
An enhancement of Imipenum + EDTA disc’s zone of inhibition
nearly 7 mm as compare to Imipenum disc was recorded as MBL
positive isolate.

2.7. Phenotype detection of AmpC production

The AmpC disc assay was used to identify presence of AmpC-
lactamase, with minor modifications (Rafiee et al., 2014). The bac-
terial strain (matched with 0.5 McFarland) was spread onto the
agar plate (Muller Hinton) and allowed to dry for 20 min. After-
wards, cefoxitin disc (30 lg) and AmpC (filter paper discs contain-
ing Tris EDTA) disc were positioned on seeded agar plate and
incubated at 37 �C for 24 h. Later, blunting of inhibition zones
toward Cefoxitin was observed. A positive test was indication of
enzymatic inactivation of cefoxitin.

2.8. Efflux pump screening

Ethidium Bromide-agar (EtBr) cartwheel method was used for
determination of efflux pump activity (Anbazhagan et al., 2019).
Briefly, EtBr diversified concentrations (0–2 mg/mL), were inocu-
lated with 106 cells per mL bacterial cell solution on agar plates
(Muller-Hinton) and incubated for 24 h in incubator set at 37 �C.
Further plates were evaluated for fluorescence after 24 h using a
UV light (Cleaver Scientific Ltd). The bacterial strains with active
efflux pumps presented fluorescence at minimal EtBr
concentration.
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2.9. Antibacterial activities (96 microplate)

Antibacterial activity of compounds was performed by modified
method (Weseler et al., 2005). An overnight bacterial culture (1.5
x107CFU/mL) of about 50 lL was loaded in 96 micro well plates
and then added 50 lL of test compounds were added. After 24 h
of incubation at 37 �C, an aliquot of 50 lL of resazurin (0.0015%)
was applied to each well of 96 micro well plates. After addition
of resazurin micro well plates were incubated again for about 1 h
at 37 �C and reading were checked by using 96 micro well plate
readers (Biosan, Riga, Latvia). For MBC calculation, fresh Muller
Hinton agar plates were prepared and 10 lL broth (containing bac-
terial) from the MIC micro well was loaded and incubated for 24 h
at 37 �C. After 24 h on the plates development of bacteria was
observed. Ciprofloxacin was used as positive control.

2.10. Anti-biofilm activity

Anti-biofilm activity was performed on the polystyrene 12 well
plates with slight changes (Bazargani and Rohloff, 2016). The
adjusted bacterial suspension (with 0.5 McFarland) of about
280 lL was inoculated in Tryptic Soya Broth and incubated at
37 �C for 24 h. Afterwards test samples (0.01––4 mg/mL; 100 lL)
was added in media and incubated at 37 �C for 24 h. Bacterial
growth was monitored at 592 nm. The biofilm was quantified by
staining with crystal violet dye. Ethanol (95%) was used for de-
staining and reading was checked at 592 nm for biofilm assesment.
Following formula was used to determine inhibition:

% inhibition = [1- (Absorbance of compound
/Absorbance of control)] � 100
2.11. Anti-quorum sensing studies

The Chromobacterium violaceum (C. violaceum) overnight culture
(1/100) was streaked on petri dishes of LB (Luria Bertani) agar.
Over surface of LB media petri dishes planted with C. violaceum
strain were placed previously prepared sterilized filter paper discs
of 6 mm. Test sample (0.02–3 mg/ml;15 lL) were loaded onto a
6 mm disc and kept to become dry for at least 30 min, followed
by incubation at 30 �C for 72 h (Koh et al., 2011).

3. Results

3.1. Molecular docking

To ascertain possible interactions between polyphenolic com-
pounds and target site, molecular docking studies were carried
out. The resistance of A. baumannii is mainly due to biofilm forma-
tion ability and based on literature (Draughn et al.,2018), it is reg-
ulated by BfmR gene (PDB ID 6BR7). Therefore BfmR gene was used
in docking analysis. The BfmR domain was comprised pf of two
chains (A and B) and has a sequence length of 133 amino acids.
The chain A was selected for further docking and processed for
addition of charges and removal of co-crystallized ligands and H
atoms. In group A compounds, ferulic acid docking presented max-
imum number (4) of H-bonding interactions with amino acid resi-
dues Gly35, Ile10, Glu50, Lys9 at active site of pose 4 (-5.4 DG (kJ
mol�1) (Table 1). Other interactions including pi sigma, Pi-Pi and pi
Alkyl interactions were seen with Val34, Glu33, Leu11, Pro52
(Fig. 1). Among compounds of Group B, Gallic acid showed best
interaction (-4.9 DG (kJ mol�1) (Table 1) with Lys107, Asp58,
Met60, Asp15 (Pose 3) and neighboring amino acids included
Asp16, Glu14 (Fig. 2). The number of hydrogen bonds and amino
acid residues that participated in other compound’s ligand–protein
3

interaction are shown in (Fig. 1). In Flavonoids (group C), rutin
showed presented best fit (-6.6 DG (kJ mol�1) in the active pocket
of target (pose 1) (Table 1). The H-bond interacting residues
included Glu98, Leu97, Ala101, Gly100, Asp102, His78, Arg71.The
free binding energies and results of other compounds are pre-
sented in Table 1, whereas interaction analysis is presented in
Fig. 3.

3.2. Multi drug resistance (MDR) phenotyping

Sixteen antibiotics from various antibiotic classes were used
and susceptibility was recorded (Table 2). Azteronam, ciprofloxa-
cin, Imipenem and cefoxitin were active against all clinical isolates.
Whereas tetracycline, gentamycin, piperacillin, polymyxin were
active against at least two of tested strains (Table 2). Based on
these findings the results were compared with National committee
for clinical laboratory standard or clinical and laboratory standard
institute (NCCLS / CLSI) standard table is categorized as S (sensi-
tive), I (intermediate) and R (Resistant) (Table 3). It was noticed
that cefoxitin is sensitive to all tested strains whereras Azteronam,
and imipenem are sensitive toward two strains while all other
antibiotics are resistant (Table 4).

3.3. Phenotype detection of ESBL

With aim to determine the resistance mechanism, strains were
tested for presence of extended spectrum beta lactamase enzyme
using double disc synergy method. The plates were showed no
ESBL production against FOX (Cefoxitin) and AMC (Amoxicillin
Clavulanic Acid), it was therefore confirmed that tested strains
were not ESBLs producers (Supplementary data).

3.4. Phenotype detection of MBL (Metallo-b-lactamase) production

Bacterial isolates were screened using the EDTA method for the
production of metallo-lactamase. A slight increase in the inhibition
zone with EDTA in case of A77 was indication of moderate Metallo-
b-lactamase Production. All other tested strains were negative in
this case (Table 5).

3.5. Phenotypic screening of isolates for efflux pump activity

EtBr (Ethidium bromide) cartwheel technique was adopted for
determination of efflux pump in isolated strains. All A. baumannii
strains (A77, A76, A75) had active efflux pumps since no fluoresce
was observed at minimum concentration of EtBr according to cart-
wheel method (Supplementary data).

3.6. Phenotype detection of AmpC production

Phenotype Detection of AmpC production was determined by
using standard procedure explained earlier (Materials and Meth-
ods). Based on observation, since there was no blunting of zone
towards neither Cefoxitin disk it was concluded that tested strains
were nor producers of AmpC (Supplementary data).

3.7. Antimicrobial activities based assay (MIC and MBC)

The MIC values ranged from 6.3 to 12.5 lg/mL (except Gallic
acid and Cinnamic acid) (Table 6), whereas in case of flavonoid it
was 3.1 to 12.5 lg/mL (except Rutin and Catechin) (Table 6). In
the case of Quercetin, nicer inhibition of A77 was recorded (MIC
3.1 lg /mL), however compare to it lesser inhibition was shown
in case of S. aureus (MIC 6.3 lg /mL). In the case of A76 strain of
A. baumannii, E.coli, K. pneumonia, S. aureus and P. aureginosa inhi-
bition was recorded (MIC 12.5 lg/mL) in case of Quercetin. In case



Table 1
Results of docking studies of all polyphenols examined with their respective targets 6BR7.

Test sample DG (kJ mol-1) Pose No No of H bonds H- Bond Interacting residues Other interactions

Caffeic Acid �4.6 5 3 Asn30, Gly31, Arg119 Leu32, Pro8, Leu122, Arg123
Catechin �5.6 4 5 Gln23, Glu37,Arg42, Thr38, Glu17 Arg21, Val36,
Cinnamic Acid �4.7 5 3 Val36, Glu37, Arg42 Thr38, Glu17
Ferulic Acid �5.4 1 4 Gly35, Ile10, Glu50, Lys9 Val34, Glu33, Leu11, Pro52
Gallic Acid �4.9 3 4 Lys107, Asp58, Met60, Asp15 Asp16, Glu14,
Gentistic Acid �4.8 1 3 Arg46, Glu50, Lys9 Leu11, Ile10, Gly35, Pro52
Quercetin �6.0 2 4 Asn30, Arg119, Thr125, Leu122, Pro8, Leu7, Glu5, Gly31
Rutin �6.6 1 7 Glu98, Leu97, Ala101, Gly100, Asp102, His78, Arg71 Met99, Arg74
Syringic Acid �4.4 1 3 Pro108, Ala106, Arg117 Val113, Val109, Val105
Vanillic Acid �4.3 1 2 Ile10, Glu33 Lys9, Pro52, Glu50, Gly35, Val34
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of K. pneumoniae nicer inhibition (MIC 6.3 lg/mL) was recorded in
case of Syringic acid, however as compare to this less inhibition
(MIC 12.5 lg/mL) was shown in A. baumannii (A75, A76 and A77).

3.8. Anti-biofilm activity

All tested compounds were active against A75 strain (65 to
90%). A comparably lower antibiofilm activity was recorded in case
of A76 (49 to 81%) whereas a week antibiofilm activity was
recorded in case of A77 (15% to 65%) (Table 7).

3.9. Anti-quorum (QS) sensing activity

Polyphenolic compounds were assessed for antiquorum sensing
activity and no inhibition was recorded. That clearly shows that the
antibiofilm activity of tested compounds could possibly due to cer-
tain other mechanism (Supplementary data).

4. Discussion

A. baumannii is an important health challenge as of its great
inherent resistance against wide range of antimicrobials. More-
over, an ability of resistant A. baumannii strains to sustain for
extended periods of time in a hospital setting significantly
increases antibiotic resistance, thus making it very difficult to
manage infection control (Raorane et al., 2019, Manchanda et al.,
2010). Our tested compounds were catargirised as Group A (caffeic
acid, ferulic acid, cinnamic acid,), Group B (gallic acid, syringic acid,
gentistic acid, and vanillic acid) and flavonoids (Catechin, Rutin
and Quercetin) for more clear overview based on structural simi-
larities. In group A compounds, the number of phenolic group
(OH) was higher in cinnamic acid (3) followed by ferulic acid (2)
and caffeic acid (1). Ferulic acid was associated with a methoxy
group and carboxylic acid was common in all compounds. Based
on structural features, a diverse interaction mechanism was
expected in all compounds with transcriptional regulator 6BR7.
The best docking pose for each molecule was further used to study
intramolecular correlations. Among Group A compounds, Ferulic
acid presented significant interaction with target site, that possibly
could be the result of methoxy group present in ferulic acid, since
presence of hydroxyl, carboxyl and/or methoxy groups in com-
pounds hydrophilic interactions are possible that results in high
docking scores (Stefaniu et al., 2020). Further, presence of hydro-
xyl, carboxyl and/or methoxy groups also facilitate better absorp-
tion and permeation properties (Veber et al., 2002). This
comparably better interaction of gallic acid to target with mainly
attributed to presence of three OH groups. Further an increase in
increasing alkyl chain length may also result in enhanced activity
(Takai et al., 2011), since it may affect membrane binding capabil-
ity (Kahkeshani et al., 2019). The Group B compounds has quiet
diversity in structure based on position and number of OH and
OCH3 groups. Gallic has highest number of OH groups (3) followed
4

by Gentistic acid (2). Both Syringic acid and Vanillic acid posess
only one OH group with additional OCH3 groups. Among tested
compounds, Among OCH3 group containing compounds, Syringic
acid has highest number (03), however its binding energy (�4.4
DG (kJ mol‘1) was lesser compared to gallic acid and showed only
three H-bonding interactions with Pro108, Ala106, Arg117 (Pose
1). Upon comparison it is obvious gallic acid and syringic acid have
OH/OCH3 replacement at meta position and despite interaction of
OCH3 with Ala 106 and Arg117 interaction lesser binding energy
was observed. It has been reported previously that number and
position of OCH3 group may result in diverse interaction (Sato
et al., 2014). In compounds of Group C, the OH groups mainly par-
ticipate in the H bonding interaction (bond length 2.87�A to 3.25A
�) and stabilized by hydrophobic interactions with Ala101, Leu97
and His 78.

To identify the resistance mechanism of A. baumannii antimi-
crobial susceptibility test was performed. In this study, some fre-
quently used antibiotics were screened. A. baumannii strains
were resistant for Ceftazidime, Amoxicillin, Cefotaxime, and Sul-
phamethoxazole. Likewise resistance of tested strains towards
Piperacillin and Polymixin B antibiotics was recorded, that was in
accordance with earlier investigation in Egypt (Deaf et al., 2013),
where a significant resistance to A. baumannii (33.3%) was
observed. Further, a corresponding (Abdar et al., 2019) higher
resistance to Ceftazidime (93%) and Meropenem (71%) has been
reported earlier. The higher resistance levels were attributed to
drug abuse in the clinical settings (Zhanel et al., 2013). A. bauman-
nii cancels the effects of several different antibiotics, as well as car-
bapenem due to its b-lactamases hydrolyzing potential that is
crucial in the treatment of nosocomial infections are caused by
gram-negative pathogens (Irfan et al., 2008). In A. baumannii, car-
bapenem resistance results from a number of interrelated mecha-
nisms, including hydrolysis by b-lactamases, changes to the outer
membrane proteins and penicillin-binding proteins, and enhanced
action of efflux pumps (Amudhan et al., 2011). Our tested strains
had carbapenem resistance might be due to presence of other
mechanisms such as alterations in the outer membrane proteins
and penicillin-binding proteins and increased activity of efflux
pumps.

EDTA disc synergy test revealed that one strain of A. baumannii
(A 76) was capable of producing MBL. Researchers have shown that
MBL-producing strains may be susceptible to monobactam with
respect to certain investigations (aztreonam) (Yousefi et al.,
2010), we observed that one of our tested strain presented resis-
tance to Azteronam. It was therefore concluded that OXA-type car-
bapenemase production may have presented carpabenemase
positive results rather than metallo b-lactamase synthesis, which
is often cited as a key mechanism of resistance in A. baumannii iso-
lates. Some Metallo-b-lactamase negative strains have resistance
for different types of antibiotics due to presence of over expression
or reduce expression of efflux pumps. Multidrug resistance is an
outcome of over expression of efflux pumps (Viveiros et al.,



Fig. 1. Three-dimensional interaction and hydrogen, non-hydrogen Bonding interaction of caffeic acid A (Pose 5), Ferulic acid B (Pose 1) and Cinnamic acid C (Pose 7) on target
site of 6BR7 with pose rank 5. (Group 1).
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2008), that facilitates removal of antibiotics prior to reaching the
planned targets. A variety of processes, including enzyme modifi-
cation, reduced membrane permeability, protective shield devel-
opment, drug target modification, can also contribute to acquired
MDR in bacteria (Martins et al., 2011). In our study our all isolates
of A. baumannii were resistant that may be ascribed to presence of
active efflux pumps. Efflux pumps are membrane proteins
expressed in gram-negative bacteria and gram-positive that permit
5

antibiotics for expulsion from the cells. Resistance to antibiotics in
bacteria is frequently linked to the presence of efflux pumps.

AmpC positive bacterial infections are typically settled with car-
bapenem, yet efflux pump activation due to induced mutations in
bacteria may limit their usage. Our tested strains had AmpC nega-
tive results and represents resistance for carbapenem. Resistance
to carbapenem have been ascribed to several factors such as ele-
vated efflux activity, lessened expression of outer membrane pro-



Fig. 2. Three-dimensional interaction and hydrogen, non-hydrogen Bonding interaction of gallic acid A (gallic acid pose 3), B Gentistic acid (Pose 1), Syringic acid C (Pose 1),
Vanilic acid D (Pose 1) on target site of 6BR7. (Group 2).
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teins and carbapenemase production (Pitout., 2010). However,
there are no CLSI guidelines are available for detection of AmpC
mediated resistance in Gram–negative strains and thus it fre-
quently reflects misleading results, especially so in phenotypic
6

tests (Handa et al., 2013). In our study, Cefoxitin resistance was
recorded but no AmpC reduction was noticed. The reason of nega-
tive results can be these selected isolates were obtained from those
patients which not have prolonged hospital stay.



Fig. 3. Three-dimensional interaction and hydrogen, non-hydrogen Bonding interaction of Catechin A (Pose 4), Quercetin B (pose 2), Rutin C (Pose 2) on target site of 6BR7.
(Group 3).
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Based on initial screening and resistance pattern, it was con-
firmed that all isolated strains resistant to antibiotics. We therefore
screened our polyphenolic compounds against the A. baumannii,
and reference standard strains including S. aureus, K. pneumoniae,
E. coli, and P. aeruginosa. Our results show that all polyphenols
were active against A. baumannii, however quercetin and syringic
acid had significant inhibition. Plant poly phenols have long been
reported to posess antimicrobial activities (Khameneh et al.,
2019; Klancnik et al. 2017), due to inhibition of exopolysaccharide
activity (Ferreira et al., 2014). The tested compounds were further
7

screened for antibiofilm activity, and it was evident that all tested
compounds inhibited biofilm formation in case of A75 and A76,
whereas a week inhibition was recorded in case A77, that reflect
resistance. Interestingly, no of the tested compounds was able to
presented antiquorum sensing activity against tested strains which
clearly shows antibiofilm activity is possibly due to other mecha-
nisms (Singh et al., 2017) than inhibition of cell to cell signaling
and that may be due to efflux pump inhibition (Richmond et al.,
2016) that was positive in our isolated strains(Supplementary
data).



Table 2
Antibiotic Susceptibility testing (AST) of A. baumannii clinical isolates against some antibiotics.

S.No Antibiotic Disc Potency
(lg/disc)

Zone of inhibition (mm)

A75 A76 A77

1 Ceftazidime 30 0 0 0
2 Aztreonam 30 16 25 18
3 Amoxycillin 10 0 0 0
4 Cefotaxime 30 0 0 0
5 Amoxycillin/Clavulanic Acid 30 8 0 0
6 Imipenem 10 24 29 16
7 Meropenem 10 0 0 0
8 Ceftriaxone 30 3 0 6
9 Ciprofloxacin 5 16 16 22
10 Tetracycline 30 10 8 30
11 Cefoxitin 30 22 30 26
12 Trimethoprim 5 0 0 29
13 Gentamicin 10 10 0 19
14 Sulphamethoxazole 100 0 0 0
15 Piperacillin 100 18 0 15
16 Polymixin B 300 8 15 15

Table 3
CLSI Criteria for determination of antimicrobial susceptibility.

S.no Antibiotic Disc Potency
(lg/disc)

Resistance Pattern

S I R

1 Ceftazidime 30 �18 15–17 �14
2 Aztreonam 30 �18 15–17 �14
3 Amoxycillin 10 – – –
4 Cefotaxime 30 �23 15–22 �14
5 Amoxycillin/Clavulanic Acid 30 �15 11–14 �11
6 Imipenem 10 �22 19–21 �18
7 Meropenem 10 �18 15–17 �14
8 Ceftriaxone 30 �21 14–20 �13
9 Ciprofloxacin 5 �21 16–20 �15
10 Tetracycline 30 �15 12–14 �11
11 Cefoxitin 30 �18 15–17 �14
12 Trimethoprim 5 �16 11–15 �10
13 Gentamicin 10 �15 13–14 �12
14 Sulphamethoxazole 100 �16 11–15 �10
15 Piperacillin 100 �21 18–20 �17
16 Polymixin B 300 – – –

Table 4
Antibiotic Susceptibility test of A. baumannii clinical isolates against some antibiotics.

S.no Antibiotic disk Potency
(lg/disc)

Resistance Pattern

A75 A76 A77

1 Ceftazidime 30 R R R
2 Aztreonam 30 I S S
3 Amoxycillin 10 R R R
4 Cefotaxime 30 R R R
5 Amoxycillin/Clavulanic Acid 30 R R R
6 Imipenem 10 S S R
7 Meropenem 10 R R R
8 Ceftriaxone 30 R R R
9 Ciprofloxacin 5 I I S
10 Tetracycline 30 R R S
11 Cefoxitin 30 S S S
12 Trimethoprim 5 R R S
13 Gentamicin 10 R R S
14 Sulphamethoxazole 100 R R R
15 Piperacillin 100 R R R
16 Polymixin B 300 R R R

Table 5
Phenotype detection of MBL production by Imipenum and IPM/EDTA disc positional test of A. baumannii strains A77, A76, and A75.

Bacterial Strains Inhibition Zone (mm) Inference

IPM IPM/EDTA (IPM/EDTA) – IPM

A77 16 18 2 Positive
A76 29 29 _ Negative

A75 24 24 _ Negative
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Table 6
Determination of MIC of given polyphenols against A. baumannii, E. coli, K. pneumoniae, S. aureus and Pseudomonas aureginosa strains.

Samples A. baumannii E.coli K. pneumoniae S. aureus P. aureginosa

A75 A76 A77

MIC(lg/mL)

Gentistic Acid 12.5 25 12.5 12.5 12.5 12.5 12.5
Ferulic Acid 12.5 12.5 12.5 12.5 12.5 12.5 12.5
Gallic Acid 25 12.5 12.5 12.5 12.5 12.5 12.5
Rutin 12.5 25 12.5 12.5 12.5 12.5 12.5
Cinnamic Acid 25 12.5 12.5 25 12.5 12.5 12.5
Catechin 25 12.5 12.5 12.5 12.5 12.5 12.5
Quercetin 25 12.5 3.1 12.5 12.5 6.3 12.5
Caffeic Acid 12.5 12.5 12.5 12.5 In active 12.5 12.5
Syringic Acid 12.5 12.5 12.5 12.5 6.3 12.5 12.5
Vanillic Acid 12.5 12.5 12.5 12.5 12.5 12.5 12.5
Ciprofloxacin 1.6 6.3 6.3 0.4 1.6 0.2 0.8

Table 7
Antibiofilm assay of polyphenols.

Samples A75 A76 A77

Ciprofloxacin 74% 64% 21%
Syringic Acid 90% 68% 56%
Vanillic Acid 83% 81% 54%
Quercetin 87% 57% 50%
Caffeic Acid 83% 73% 57%
Gallic Acid 72% 72% 15%
Ferulic Acid 69% 49% 65%
Rutin 72% 55% 64%
Cinnamic Acid 71% 63% 55%
Catechin 73% 72% 47%
Gentistic Acid 65% 79% 63%

L. Mumtaz, A. Farid, S. Yousef Alomar et al. Saudi Journal of Biological Sciences 30 (2023) 103743
5. Conclusion

A. baumanii infections are of great health concern in clinical
settings as they are involved in healthcare-associated pneumo-
nia, skin and soft tissue infections and nosocomial meningitis.
Especially, A. baumannii primarily affects immuno-suppressed
patients in hospital intensive care units. We used plant
polyphenols that are secondary metabolites found in all higher
plants including fruits and vegetable against resistant A. bau-
mannii. Our findings revealed a strong interaction of tested
compounds with target site in in silico analysis. further, it
was observed that key resistance mechanism involved in these
strains was efflux pump. All tested compounds were able to
present significant inhibition of bacteria and biofilm formation
that was attributed to efflux pump, since no antiquorum sens-
ing activity was reported. It was therefore concluded that our
tested compounds can be employed for treatment of A. bau-
manii infections.
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