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Abstract

Background: Pseudomonas aeruginosa is a nosocomial pathogen, acquiring resistance to a wide range of antibiotics. The MexAB-
OprM pump can lead to resistance in this organism. Thus, the study was conducted to determine the effect of chitosan and pheny-
lalanine arginyl B-naphthylamide (Pa/SN) on the expression of MexAB in isolated ciprofloxacin resistant P. aeruginosa.

Objectives: This study investigated the effect of an antibiotic combination on the MexABP. aeruginosa expression.

Methods: A total of 30 ciprofloxacin-resistant isolates of P. aeruginosa were collected in this project. Then, chitosan nanopar-
ticles were prepared using the ionic gelation method. Minimum inhibitory concentration (MIC) values were determined for
ciprofloxacin, ciprofloxacin + PARN, chitosan + ciprofloxacin, and chitosan + ciprofloxacin + PARN using the micro-dilution method.
Moreover, the expression level of MexAB genes was measured using real-time polymerase chain reaction.

Results: In total, 76.7% of the isolates were identified as multidrug resistant. A significant decrease in the MIC value was observed
in groups treated with PAGN compared to those without PASN. Moreover, the MIC value was significantly lower in the ciprofloxacin
chitosan group than in groups without ciprofloxacin. Decreased MexA and MexB mRNA levels were observed in all antibiotic-treated
strains compared to the ciprofloxacin-treated group.

Conclusions: There is a significant relationship between the increased MexAB expression and resistance to ciprofloxacin (P-value
< 0.05). One of the therapeutic concerns is multidrug resistant bacteria, which needs to be addressed by finding new and more
effective antibiotics.
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1. Background The presence of such efflux pumps in P. aeruginosa is
the main reason for its resistance, which is controled by
regulator genes (2). Due to the presence of the xenobiotic

extrusion transporter of Mex-AB-OprM in this organism,

Pseudomonas aeruginosa is a vital Gram-negative bac-
terium that causes nosocomial infection. Hence, re-

searchers nowadays consider it a challenging microor-
ganism due to its durability on medical devices, such as
catheters, and its ability to make biofilm on such surfaces
(1). For this reason, the World Health Organization speci-
fied the organism as an important bacterium with differ-
ent capabilities that needs a new drug for omitting the or-
ganism from clinical samples (2). Ciprofloxacin is a mem-
ber of the fluoroquinolone class of antibiotics. It has been
successfully used to treat many bacterial infections and is
an effective antibiotic in treating P. aeruginosa infections
(3). Efflux systems can cause antibiotic resistance to mul-
tiple antimicrobial agents. An antibiotic flow induced by
Mex efflux proteins is the primary mechanism of antibiotic
resistance in P. aeruginosa (4).

it shows broad resistance to diverse types of antibiotics.
Indeed, MexB, MexA, and OprM, coded by the MexAB-oprM
operon, are responsible for this resistance (5). Resistance
nodulation division (RND) pumps are involved in causing
bacterial infections, and efflux pump inhibitors (EPIs) can
be used as antimicrobial agents. In fact, the in vivo vir-
ulence of P. aeruginosa PAOLI, either clinical or laboratory
strains, could decrease by EPI Phe-Arg-Gnaphthylamide
(PABN).PASN is an active inhibitor of P. aeruginosa RND ef-
flux pumps. This can help use fluoroquinolone in the over-
expressed MexAB-OprM P. aeruginosa strain (6). The world-
wide overuse of antibiotics and the presence of antibiotic-
resistant microorganisms have encouraged scientists to

Copyright © 2021, Author(s). This is an open-access article distributed under the terms of the Creative Commons Attribution-NonCommercial 4.0 International License
(http://creativecommons.org/licenses/by-nc/4.0[) which permits copy and redistribute the material just in noncommercial usages, provided the original work is properly
cited.


http://dx.doi.org/10.5812/jjm.115652
https://crossmark.crossref.org/dialog/?doi=10.5812/jjm.115652&domain=pdf
https://orcid.org/0000-0001-8564-3010
https://orcid.org/0000-0001-8019-5634
https://orcid.org/0000-0002-8582-2753

Faridi Fet al.

design and develop new types of antibiotics. Nowadays,
a combination of micro and nano delivery materials with
antibiotics is used as an effective strategy for antibiotic-
resistant microorganisms. Indeed, these materials protect
antibiotics from destruction by enzymes and increase the
drug’s effectiveness (7).

Chitosan nanoparticles can go over biological barriers
to keep macromolecules from degradation in the biologi-
cal environment. Chitosan can also deliver drugs or macro-
molecules by controlled release to the target site. Also, the
small size of chitosan makes it effective in interfacial ac-
tion and reaction with the cell membrane because small
particles are taken up by the cell via endocytosis. Many
studies reported the ability of chitosan nanoparticles to
enhance the bio access of drugs, changing their pharma-
cokinetics, and protect encapsulated drugs (8).

2. Objectives

This study was conducted to determine the effect of
chitosan and PAGN on the MexA and MexB expression in
clinical isolates of ciprofloxacin-resistant P. aeruginosa.

3. Methods

3.1. Isolation and Identification

A total of 151 P. aeruginosa isolates were detected from
clinical specimens, such as trachea, urine, wound, CSF,
and blood, from the Shahid Mohammadi Teaching Hos-
pital, Bandar Abbas City, south of Iran. Bacterial iso-
lates were identified using Gram staining, growth on the
MacConkey agar, and biochemical tests, such as citrate
utilization, oxidation-fermentation, and the oxidase test.
Then, ciprofloxacin-resistantisolates were screened by 5 g
ciprofloxacin disk using the disk diffusion method accord-
ing to the CLSI guideline (9).

3.2. Antimicrobial Susceptibility Test

All the 30 ciprofloxacin-resistant isolates were sub-
jected to the antimicrobial susceptibility test using disk
diffusion assay. To this end, the Mueller-Hinton agar
was used based on the Clinical and Laboratory Standards
Institute (CLSI) references with 100/10 ug piperacillin-
tazobactam, 30 ug ceftazidime, 10 pg imipenem, 10 ug
meropenem, 30 yg aztreonam, 30 yg amikacin, and 10 ug
tobramycin (Padtan Teb, Iran) (10).

3.3. Preparation of Chitosan Ciprofloxacin-Loaded Nanoparti-
cles

In this project, the ionic gelation method was used
to prepare chitosan nanoparticles. For this purpose,
ciprofloxacin was dissolved in acetic acid (in 1% v/v) and
supplemented with the chitosan solution. The nanoparti-
cles were prepared by adding 0.25% sodium tripolyphos-
phate aqueous solution to the chitosan aqueous solution
dropwise under 6000 rpm stirring speed at room temper-
ature, until faint turbidity, analysis experiments were per-
formed (11).

3.4. Minimum Inhibitory Concentration

Minimum inhibitory concentration (MIC) values
for ciprofloxacin, ciprofloxacin + PAQN, chitosan +
ciprofloxacin, and chitosan + ciprofloxacin + PASN
were measured using the microdilution method in 96
well plates. The concentration ranged between 0.25 - 256
pg/mL for ciprofloxacin (Fluka Analytical, Busch, Switzer-
land) and was 40 mg/L for PAGN (Sigma-Aldrich) after
adding 100 L of bacterial suspension with a population
of 1.5 x 10° CFU/mL, incubated at 37°C for 24 h. MIC was de-
termined as the lowest concentration of each compound,
which inhibited bacterial growth (12).

Resistance due to the efflux pump with 2log2 dilutions
higher than the wild strain type was considered as the MIC
of the given strain in phenotypic analysis (13).

3.5. Molecular Analysis

3.5.1. DNA Extraction

In this study, the modified TE buffer boiling method
was used to extract DNA. Thus, for each sample, five
colonies of fresh bacteria were suspended in 200 pL of TE
buffer [10 mM|L Tris-HCl, 1 mM/L EDTA (pH 7.5)]. The sam-
ples were centrifuged three times at 8000 rpm for 4 min at
4°C. The pellet was mixed in 200 L TE buffer using a vor-
tex mixer, and continued to boil in a heating block (Boeco,
Germany) at 100°C for 1 min. Three freeze cycles were per-
formed alternating between -70°C for 3 min and 100°C for
2 min. The tubes were centrifuged at 10000 rpm for 5
min (1). For quality control purity, the concentration was
measured at the A260/A280 ratio with a Thermo Scientific
NanoDrop™ 1000 spectrophotometer (Thermo Scientific,
Germany) using 1 1L of each sample (14). Finally, the super-
natants were stored in a sterile tube at-20°C.

3.5.2. Polymerase Chain Reaction Amplification

Polymerase chain reaction (PCR) was carried out to de-
tect MexA and MexB genes. For this purpose, 2 L of DNA,1x
PCR buffer, 2 mM MgCl2, 200 M of ANTP, 0.2 uM of each
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primer (Gen Fan Avaran, Iran) (Table 1), and 1 U Taq poly-
merase (SinaClon, Iran) were used to create the final reac-
tion of 25 pL. The PCR condition was performed according
to the following protocol: initial denaturation at 95°C for
5 min, 35 cycles of denaturation at 95°C for 30 s, anneal-
ing of MexA at 62°C and MexB at 59°C for 35 s, extension at
72°C for 40 s, and a final extension step at 72°C for 5 min.
Afterward, each PCR product was mixed with 5 X Gel Red
(Biotium, USA) and separated using electrophoresis on 1.2%
agarose gel in TBE buffer (7.5 g EDTA, 108 g Tris and 55 g
boric acid). After electrophoresis, a UV transilluminator
(Proteinsimple USA) was used for visualization of the gel.
In this project, the PCR outcome was considered as a posi-
tive control for the next steps, and the sequences were sub-
mitted to GenBank.

3.6. Gene Expression Analysis by Real-Time Reverse Transcrip-
tion

The bacteria were cultured in a nutrient broth
medium, with a sub-MIC concentration of ciprofloxacin (1
pg/mL) for each group of drugs (ciprofloxacin, chitosan
+ ciprofloxacin, ciprofloxacin + PAQN, and chitosan +
ciprofloxacin + PASN). The tubes were incubated at 37°C
for 8 h. Total RNA was extracted from bacterial cells us-
ing an RNA extraction kit (Yekta Tajhiz Company, Iran)
and then transcribed to cDNA with a cDNA synthesis kit
(Yekta Tajhiz Company, Iran). The relative MexA and MexB
expression was determined by qRT-PCR in triplicate using
the Ampliqon SYBR Green kit and normalized to rpsL with
forward and reverse primers shown in Table 1.

The primary protocol was as follows: initial denatura-
tion at 94°C for 10 min, 40 cycles of amplification, denatu-
ration at 94°C for 60 s, annealing at 61°C for 60 s, and ex-
tension at 72°C for 10 s (MexA, MexB, rpsL) (15). The relative
expression level of efflux pump genes was calculated by the
level of relative quantification in each efflux pump gene di-
vided by that of rpsL (16).

3.7. Statistical Analyses

Statistical analyses were performed using SPSS (Ver-
sion.22 IBM). One-way ANOVA (Tukey) was used to deter-
mine the statistical significance of the data, and P-value <
0.05 was considered statistically significant.

4. Results

4.1. Bacterial Strains

During the study period, a total of 151 P. aeruginosa iso-
lates were recovered, of which 30 isolates were resistant to
ciprofloxacin. The frequency of bacteria from each sample
was as follows: (1) urine (43.3%), (2) tracheal aspirates (20%),
(3) wound (16.7%), (4) blood (10%), and (5) secretions (10%).
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4.2. Antimicrobial Susceptibility Test

Asshown in Table 2,a high resistance rate was observed
for piperacillin-tazobactam and meropenem (70%). Also, a
lowresistance rate was observed for tobramycin (40%). Fur-
thermore, eight isolates (26.66%) were resistant to all the
antibiotics. Overall, 76.7% of the isolates were recognized
as multidrug resistant (MDR) due to at least three different
classes of antibiotics.

4.3. Chitosan Ciprofloxacin-Loaded Nanoparticles

Ciprofloxacin loading did not cause any change in the
morphology or size of chitosan, and ciprofloxacin was suc-
cessfully encapsulated in chitosan. The ciprofloxacin load-
ing efficiency was 35.51%. The release of the drug from chi-
tosan nanoparticles was 53% after 4 hours, and more than
80% of the drug was released in 24 hours.

4.4. Minimum Inhibitory Concentration of Ciprofloxacin

Of the 151 P. aeruginosa isolates, 30 (19.87%) showed
in vitro resistance to ciprofloxacin. Three of the isolates
(10%) exhibited the MIC of 128 ug/mL, and nine of the iso-
lates (30%) indicated the MIC of 64 pg/mL. The median MIC
of ciprofloxacin varied between 32 and 4 pg/mL. The MIC
range is shown in Table 3.

4.5. Inhibitory Effect of PABN on MexAB Efflux System

The MIC values were detected in terms of existence and
non-existence of 40 mg/L of the efflux inhibitor PASN. As
shown in Table 4, MIC decreased by adding the inhibitor,
and the difference in MIC between ciprofloxacin alone and
with the inhibitor decreased 2-fold or more in all the sam-
ples. The results showed a significant reduction (P-value
< 0.05) from 2- to 32-fold after using 40 pg.mL" of PAGN
among the ciprofloxacin-resistant isolates. Also, of the iso-
lates, three (10%) showed a 32-fold reduction, four (13.33%)
a 16-fold reduction, eight (26.66%) an 8-fold reduction, six
(20%) a 4-fold reduction, and nine (30%) a 2-fold reduc-
tion in MIC. There were no major differences between the
MIC values in 21 out of the 40 ciprofloxacin-resistant iso-
lates before and after using PAQN. The pattern of activity
by PAGN showed that MexAB-OprM was active in 21 (70%)
strains when MIC was performed after adding PAGN.

4.6. The Minimum Inhibitory Concentration of Chitosan Loaded
Drugs

We investigated the antibacterial activities of
ciprofloxacin-chitosan and chitosan-ciprofloxacin-PAGN
using the micro broth dilution test. The MIC values were
significantly lower in the ciprofloxacin-chitosan than
in free ciprofloxacin (P-value < 0.05). All results are
summarized in Table 5.
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Table 1. Primer Sequences Used in This Study (15)

Product Size Reverse Forward Target
316 bp GGAGACCTTCGCCGCGTTGTCGC CGACCAGGCCGTGAGCAAGCAGC MexA
273 bp ACCTGGGAACCGTCGGGATTGA CAAGGGCGTCGGTGACTTCCAG MexB
194 bp CAAAACTGCCCGCAACGTC TCCTTTACACGACCGCCAC psL
Table 2. Antimicrobial Susceptibility Test Results by Disk Diffusion on Pseudomonas aeruginosa Isolates
Disk Resistant (%) Intermediate (%) Susceptible (%)
Piperacillin-tazobactam 70 30
Ceftazidime 60 26.7 133
imipenem 50 6.7 433
Meropenem 70 16.7 133
Aztreonam 46.7 20 333
Amikacin 46.7 10 433
Tobramycin 40 60
Table 3. MIC and MBC of Ciprofloxacin Tested Clinical Isolates of Pseudomonas aeruginosa
Number of Isolates MIC (p+g/mL) MBC (/1g/mL) MBC/MIC Ratio
1 128 256 2
1 64 256 4
8 64 128 2
2 32 128 4
1 32 64 2
1 16 64 4
1 16 32 2
1 8 32 4
3 8 16 2
7 4 8 2
2 4 4 1

4.7. Polymerase Chain Reaction Amplification

As reported in the nucleotide sequence database, the
nucleotide sequences were acquired with the accession
numbers MW205514 for MexA and MW245012 for MexB (Fig-
ure1).

To determine the presence of MexA and MexB genes,
the isolates with a 2-fold and more reduction in the MIC
of ciprofloxacin with PAGN were subjected to PCR analy-
sis. Six of the isolates showed a 2-fold reduction in the
MIC of ciprofloxacin containing PASN, and they were still
in the resistance range (Table 5). These results explain the
over-representation of MexA and MexB genes (83.33%) in our
study.

4.8. MexA and MexB Expression Among Bacterial Strains

Our data indicated increased MexA and MexB mRNA
levels in strains treated with ciprofloxacin. However, in
strains exposed to ciprofloxacin with PAGN, the MexA and
MexB transcription considerably decreased (Figures 2 and
3). Moreover, decreased MexA-MexB genes were observed in
strains simultaneously exposed to chitosan-ciprofloxacin,
but there were no substantial changes in strains treated
with ciprofloxacin solely. Ciprofloxacin treatment greatly
upregulated the MexA and MexB expression 51.59- and
7.72-fold on average, suggesting the activation of the
MexA-MexB drug efflux pump system. On the contrary,
ciprofloxacin-PAQN treatment slightly down-regulated the
MexA and MexB expression. Thus, ciprofloxacin-PASN treat-
ment upregulated or suppressed the MexA-MexB system,
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Table 4. MICs of Ciprofloxacin with and Without PABN on Pseudomonas aeruginosa Isolates

Number of Isolates Ciprofloxacin (/.g/mL) Ciprofloxacin with PASN (ug/mL) Fold Reduction
2 128 64 2
1 128 32 4
2 64 32 2
5 64 16 4
2 64 2 32
3 32 16 2
1 16 8 2
1 16 <05 32
4 8 <os 16
1 4 2 2
8 4 <os5 8
Table 5. Minimum Inhibitory Concentration Reduction Level of Ciprofloxacin-Resistant Isolates
Isolate Number Ciprofloxacin Chitosan Fold of Reduction ciprofloxacin PAGN Chitosan Fold of Reduction
(pg/ml) Ciprofloxacin (png/mL) CiprofloxacinPAGN
(pg/mL) (pg/mL)
29 64 4 16 16 8 2
30 128 4 32 32 8 4
60 64 4 16 16 8 2
65 64 8 16 16 16
7 64 8 16 16 4 4
96 64 4 16 16 4 4

Abbreviations: MIC, minimum inhibitory concentration; Pa/3N, Phe-Arg-Bnaphthylamide.

which was activated by ciprofloxacin. Moreover, MexA and
MexB genes were down-regulated 12.11- and 2.69-fold, re-
spectively, with ciprofloxacin-PAGN treatment, compared
to the control or ciprofloxacin-treated group.

5. Discussion

A deep understanding of ciprofloxacin resistance
mechanisms could pave the way to improve the exist-
ing therapeutic regimes or even lead to developing new
regimes that are effective against P. aeruginosa. Antimi-
crobial resistance is a worldwide health threat that needs
to be investigated to develop new therapeutic strate-
gies. Ciprofloxacin is used to treat many opportunistic
infections caused by P. aeruginosa (3). Following the disk
diffusion method, the highest resistance rate of 70% was
observed in meropenem and piperacillin/tazobactam,
while the lowest resistance rate of 40% was seen in to-
bramycin. In a study by Goudarzi in Iran, the frequency of
MDR strains was 74.1%, which is close to our results of 76.7%
(10). In a study by Pokhare et al., of all isolates, 28.2% were
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resistant to tobramycin, 23.9% to piperacillin/tazobactam,
and 34.7% to meropenem (17). The antibiotic resistance
of planktonic P. aeruginosa is mainly dependent on MDR
pumps. Several MDR efflux pumps belong to P. aeruginosa
and are coded by the RND family (18). PASN is the most ef-
fective inhibitor for P. aeruginosa RND efflux pumps, which
is discovered in a screen for adjuvants of fluoroquinolone
levofloxacin, in a P. aeruginosa strain over-expressing
MexAB-OprM (6).

In our study, of the isolates, 16 were found
ciprofloxacin-resistant in the absence of an inhibitor,
and 14 showed a significant 2-fold or more reduction in
MIC in the presence of an inhibitor. Contrary to our study,
Abbasi et al. reported 41 ciprofloxacin-resistant isolates,
among which six showed a 2-fold or greater reduction in
MIC (19). Furthermore, in accordance with our research,
Farhangi showed a 4- and 2-fold increased antimicro-
bial activity of chitosan-loaded ciprofloxacin compared
to free ciprofloxacin (20). Furthermore, Sobhani and
his coworker illustrated that the MIC of ciprofloxacin-
loaded chitosan nanoparticles was 50% lower than that of
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Figure 1. Agarose gel electrophoresis of amplicons of MexA (part a) and MexB (part b) genes of Pseudomonas aeruginosa. Lane L, 100bp DNA marker; 1, positive control MexA
gene (316bp) and MexB gene (273bp); 2, negative control; 3 - 7, MexA and MexB genes of P. aeruginosa isolates; 8, isolates without MexA and MexB genes.

ciprofloxacin alone, which agrees with our results (11). In
our study, the frequency of MexA and MexB efflux pumps
was 83.33%. Our results showed that combination antibi-
otics (ciprofloxacin-PAGN and ciprofloxacin-chitosan)
increased the bactericidal activity but considerably re-
duced the expression of MexA and MexB efflux pumps.
We investigated the correlation between four types of
drugs (ciprofloxacin, ciprofloxacin + PASN, chitosan +
ciprofloxacin, and chitosan + ciprofloxacin + PAGN) on
expressions of efflux pump system genes (MexAB).

There was a direct correlation between the increased
MexAB expression and resistance to ciprofloxacin (P-value
< 0.05). The studyrespectively showed a 4.25-and 2.86-fold
reduction in the MexA and MexB expression in strains si-
multaneously exposed to ciprofloxacin and PASN, as com-
pared to the ciprofloxacin treatment group. Also, the MexA
expression decreased in the ciprofloxacin-PAGN treated
group compared to the ciprofloxacin group. On average,
a decrease in the MexA expression was observed by about

1/2. However, there was a significant expression reduction
by about 1/4 in MexB, with a 2-fold reduction in some cases.
Chitosan has a significant effect on reducing gene expres-
sion. Samples treated with ciprofloxacin and chitosan had
a significant decrease in the MexA and MexB expression
compared to those treated with ciprofloxacin alone. The
ciprofloxacin and chitosan group had a higher effect on re-
ducing gene expression than the ciprofloxacin and PAGN
groups.

The MexA and MexB expression was reduced 21.33- and
24.14-fold after exposure to chitosan and ciprofloxacin,
respectively. ~ The expression of genes exposed to
ciprofloxacin + chitosan + PASN decreased 3.21- and
2.42-fold compared to genes exposed to ciprofloxacin +
PASN, but increased 1.55- and 3.48-fold compared to genes
exposed to ciprofloxacin + chitosan, respectively. The
reason might be inhibitory competition or antagonism
with chitosan. The MIC results and the gene expression
of different drug groups were shared. The chitosan and

Jundishapur ] Microbiol. 2021;14(5):e115652.



FaridiFet al.

90

70

Relative Fold Change (%)

Number of Isolates

1 4]
=

83/53 BControl

™

oCiprofloxacin

‘aCiprofloxacin PA N

BChitosan Ciprofloxacin

b mChitosan Ciprofloxacin PA N

L %)
\

DOOOOONnON
RN

2/97
7

Figure 2. Expression levels of MexA gene in ciprofloxacin-resistant Pseudomonas aeruginosa

%

18 @ Control
14 . .
o Ciprofloxacin
-~ Bz
X 6/ @ Ciprofloxacin PA N
o
g} 5 O Chitosan Ciprofloxacin
s 4
g m Chitosan Ciprofloxacin PA N
- 3
<
v 2
g
s 1 :
= #40/07 ojo6
2 O A o
29 30 60 65 7
Number of Isolates

Figure 3. Expression levels of MexB gene in ciprofloxacin-resistant Pseudomonas aeruginosa

ciprofloxacin group was the most effective in efflux pump
reduction, followed by the chitosan, ciprofloxacin, and
PASN group and the ciprofloxacin and PASN group.

Our results also indicated a lower MexA and MexB
expression among strains treated with chitosan +
ciprofloxacin. However, the expression of both genes in-
creased among strains exposed to chitosan + ciprofloxacin
+ PASN. This finding is inconsistent with the results of
Abdolhosseini et al. because they didn’t use inhibitor
during their experiment (21). In this study, attenuation
of the gene expression of efflux pumps in ciprofloxacin
resistance P. aeruginosa led to the synergism of PASN
with ciprofloxacin. In addition, the analysis illustrated a
synergistic bactericidal potential in antibiotics and also in
chitosan repressing microorganism growth in combined
type. The leading causes of microbial inhibition cell lysis
are the interference of chitosan with bacterial metabolism
by electrostatic accumulation at the cell surface of bacteria
and RNA transcription blockage from DNA by the uptake
of chitosan into DNA molecules.
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5.1. Conclusions

In conclusion, the relationship between chitosan and
ciprofloxacin is promising in confronting multidrug-
resistant bacteria. However, more research is required on
the toxicity, efficacy, and stability of the combination of an-
timicrobial agents in in-vitro and in-vivo conditions. Ac-
cording to the results of this study, antibiotic resistance
due to efflux pump overexpression is of great concern.
Therefore, infection control with careful management of
drug administration and identification of resistant iso-
lates is essential to prevent the spread of resistance.
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