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ORIGINAL ARTICLE / OZGUN MAKALE

THE ANTIMICROBIAL EFFECT OF N-ACETYLCYSTEINE AND ITS
INTERACTION WITH ANTIBIOTICS AGAINST ACINETOBACTER
BAUMANNII ISOLATES

N-ASETIL SISTEININ ACINETOBACTER BAUMANNII IZOLATLARINA KARSI
ANTIMIKROBIYAL ETKISI VE ANTIBIYOTIKLERLE ETKILESIMI

Alparslan Semih SALAN** (), Suzan OKTEN!

Trakya University, Faculty of Pharmacy, Department of Pharmaceutical Microbiology, 22030, Edirne, Tiirkiye

ABSTRACT

Objective: The objective of this study was to delve into the effect of N-acetylcysteine (NAC) molecule
on the minimum inhibitory concentration (MIC) of meropenem, ciprofloxacin, and gentamicin in
clinical isolates of Acinetobacter baumannii, aiming to find potential alternatives for the treatment
of bacterial infections that are resistant to conventional antibiotics.

Material and Method: The study included 25 A. baumannii isolates that were confirmed to be
resistant to meropenem, ciprofloxacin, and gentamicin. The susceptibility of antibiotics was re-
evaluated in the presence of NAC using the microdilution method. FIC indexes were calculated
based on the checkerboard test results to determine the effect of the combination, defined as
synergistic or additive.

Result and Discussion: The study demonstrated that NAC molecule, when used alongside
meropenem, ciprofloxacin, and gentamicin, effectively reduced the MIC values of these antibiotics
against Acinetobacteria. Furthermore, NAC molecule exhibited a synergistic effect when combined
with meropenem. Additive effects were observed in all isolates for the GEN-NAC and CIP-NAC
combinations. In conclusion, the findings suggest that NAC molecule could serve as a new
alternative for combined drug therapy, offering a promising approach to treatment.

Keywords: Acinetobacter baumannii, ciprofloxacin, gentamicin, meropenem, N-acetylcysteine
(NAC)

oz

Amac: Direngli bakteriyel enfeksiyonlarin tedavisi igin yeni antimikrobiyal bilesiklerin
sentezlenmesi  ¢aliymalarimin  yamisira, inhibitor molekiillerin  antibiyotiklerle  kombine
kullanmilmasina yonelik arastrmalar da yapilmaktadir. Calismamizda, NAC molekiiliiniin
Acinetobacter baumannii klinik izolatlarinda, meropenemin, siprofloksasinin ve gentamisinin
minimum inhibitor konsantrasyonu (MIK) iizerine etkisinin saptanmasi arastirilarak, tedavi icin
yeni potansiyel alternatifler bulmak amaglanmigstir.

Gereg¢ ve Yontem: Calismamizda kullanilmak iizere meropeneme, siprofloksasine ve gentamisine
direngli oldugu dogrulanan 50 A. baumannii izolati ¢alismaya almmugtir. Antibiyotiklerin
duyarliigit NAC varliginda yeniden arastirimistir. Antimikrobiyal duyarlilik testleri mikrodiliisyon
yontemi ile yapimistir. Dama tahtasi testi sonuglarina gore FIK indeksleri hesaplanmis ve
kombinasyonun etkisi sinerjik ya da aditif olarak tanimlanmugstir.

Sonug ve Tartisma: Bu calismada, NAC molekiiliiniin meropenem, siprofloksasin ve gentamisin ile
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birlikte kullanildiginda bu antibiyotiklerin Acinetobakterlere karsi MIK degerlerini etkili bir sekilde
azalttigr gosterilmistir. Ayrica NAC molekiilii meropenem ile birlikte kullanildiginda sinerjik etki
gastermistir. GEN-NAC ve CIP-NAC kombinasyonlart i¢in tiim izolatlarda aditif etki gézlenmistir.
Sonug olarak elde edilen bulgular, NAC molekiiliiniin kombine ila¢ tedavisine yeni bir alternatif
olarak kullamilabilecegi ve tedaviye umut verici bir yaklasim sunabilecegi gostermigtir. NAC
molekiiliiniin farkli mikroorganizmalar ve antimikrobiyal maddelerle birlikte kullaniimasinin da
miimkiin olabilecegi ve ileride yapilacak ¢alismalar agisindan calismadaki bulgularmm yararl
oldugu diistiniilmiistiir.

Anahtar Kelimeler: Acinetobacter baumannii, gentamisin, meropenem, N-asetilsistein (NAC),
siprofloksasin

INTRODUCTION

Infections acquired during the process of receiving healthcare that were not present or in the
incubation period during admission to the hospital or developed 48-72 hours after hospitalization or
within 10 days after leaving the hospital are defined as nosocomial infections [1-2]. Acinetobacter spp.,
non-fermentative, Gram-negative coccobacilli, have emerged as causes of hospital infections in recent
years. While the overall mortality rate of patients due to A. baumannii infections is 5% in general
hospital wards, it can reach 54% in intensive care units [3]. In a multicenter study conducted to
investigate nosocomial Gram-negative bacterial infections in intensive care units in Turkey,
Acinetobacter spp. were reported as the third most common bacteria among Gram-negative bacilli, and
antibiotic resistance rates were also found to be quite high [4]. Acinetobacter spp. have also been
identified as causative agents of ventilator-associated pneumonia in intensive care units and have been
reported to be the leading cause of hospital-acquired pneumonia [5,6]. In Trakya University Education
Application and Research Center, Acinetobacter species are frequently isolated and cause serious
problems, especially in intensive care units and surgical services.

Among the Acinetobacter genus, Acinetobacter baumannii is the most important species in terms
of the infections it causes. A. baumannii can be found in nature and in human skin flora or may be
isolated from clinical specimens [7-8]. Resistance to antibiotics used in infections caused by these strains
has become a significant global health problem, as increasing multi-antibiotic resistance reduces the
possibility of treatment [9,10]. Many Acinetobacter species have shown resistance to antibiotics such as
quinolones, carbapenems, and cephalosporins. Colistin is currently used as the only treatment option for
such incurable cases; however, colistin-resistant strains have also been reported in recent years.
Therefore, new treatment strategies need to be investigated for this and other multi-drug resistant
bacterial infections [9,11]. The use of combined antibiotics for treatment or the addition of non-antibiotic
compounds to the combination are the most preferred strategies in recent years [6]. These combinations
have been reported to decrease the MIC values of the antibiotics or inhibit antimicrobial resistance [12].

One of these molecules, N-Acetylcysteine (NAC), has been extensively studied [13,14]. N-
acetylcysteine (NAC) is an N-acetylated derivative of the amino acid L-cysteine and is a precursor
molecule of glutathione [13-17]. NAC has provided an alternative pharmacological approach in
antimicrobial resistance studies [14]. It is stated that the sulfur groups in the structure of NAC are
effective in reducing the adhesion of bacteria to the surface and separating bacteria adhered to a surface
[15-17].

The antimicrobial activity of NAC has been proposed to be explained by several mechanisms.
These include competitive inhibition of cysteine utilization, reaction of NAC sulfhydryl group with
bacterial proteins, and disruption of intracellular redox balance through indirect effects on cell
metabolism and intracellular signal transduction pathways [18].

To detect the inhibitory, synergistic, or antagonistic effect of compounds in a combination,
synergy tests are used, and the checkerboard assay is one of the most frequently used tests [19]. In the
checkerboard test, the combination efficacy is tested by comparing the concentrations of drugs on a 96-
well plate. The MIC values of the drugs are compared with the MIC values obtained from the
combination, and the fractional inhibitory concentration (FIC) is found. Then, the FIC values of the
drugs in the combination are summed, and the FIC index is calculated. The FIC value of each
antimicrobial agent is obtained by dividing the lowest antimicrobial agent concentration in the well
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without growth by the MIC of that agent against the same strain alone [19,20]. In this study, the aim
was to determine the effect of the NAC molecule on the MIC value of antibiotics against meropenem,
ciprofloxacin, and gentamicin-resistant clinical isolates of A. baumannii. For this purpose, FIC indices
of meropenem-NAC, ciprofloxacin-NAC, and gentamicin-NAC combinations were calculated using the
checkerboard test, and the effect of the combination was defined as synergistic or additive.

MATERIAL AND METHOD

In our study, as quality control strains recommended by CLSI M100-S28 [21] and European
Committee on Antimicrobial Susceptibility Testing- EUCAST [22]; Pseudomonas aeruginosa
American Type Culture Collection (ATCC) 27853, A. baumannii NCTC 1342 and 25 A. baumannii
isolates isolated from various clinical samples sent to Trakya University Health Research and
Application Center were used.

Method
Microdilution Method

Antimicrobial susceptibility tests were conducted in accordance with CLSI-M100-S28
recommendations. In microplates, in cation-adjusted Mueller Hinton broth (CA-MHB), NAC
concentrations were between 4096-64 pg/ml. Concentrations of meropenem, ciprofloxacin and
gentamicin were prepared in the range of 256-0.25 pg/ml. Bacterial suspensions were prepared at a
density of 5 x 10° cfu/ml and were added to the wells. Microplates were incubated at 37°C for 18-24
hours and the lowest drug concentration that inhibited growth was determined as MIC.

Checkerboard Method

In the checkerboard method, serial dilutions of the antibiotics (256-0.25 ug/ml) were dispensed
into the first ten wells of the microplate from left to right, and serial dilutions of NAC (4096-64 pg/ml)
were dispensed into the first eight-well from top to bottom of another microplate. The contents of the
two plates were combined in another microplate. The concentration range of the antibiotics used was
determined according to the MIC values. Bacterial inoculum prepared at a density of 5 x 10° cfu/ml was
added to the wells. Plates were incubated at 37°C for 18-24 hours. Evaluation of the combination test
was performed according to the fractional inhibitory concentration (FIC) index (Figure 1) [5-7].

FIC A = MICA combination MICA
FIC B = MICBcombinatioa/ MICB

FIC=FIC A+FICB
FIC < 0,5, synergistic effect

0,5 < FIC < 4, additive effect

FIC = 4, antagonistic effect

Figure 1. Calculation of Fractional Inhibitor Concentration (FIC) Values

RESULT AND DISCUSSION

MIC values determined as sensitive if the MIC value was <2 pg/ml, and resistant if >8ug/ml for
meropenem [22]. All isolates were found to be resistant to meropenem. The detected MIC values were
over 16 pg/ml.
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MIC values obtained as a result of the susceptibility test performed with the microdilution method
were determined as sensitive if the MIC value was <1 pg/ml, and resistant if >4 pug/ml for ciprofloxacin
[22]. All isolates were found to be resistant to ciprofloxacin. The detected MIC values were over 32
ug/mL.

MIC values obtained as a result of the susceptibility test performed with the microdilution method
were determined as sensitive if the MIC value was <4 pg/ml, and resistant if >16 pg/ml for gentamicin
[22]. All isolates were found to be resistant to gentamicin. The detected MIC values were over 16 ug/ml.

According to the EUCAST guidelines all isolates were determined to be resistant to meropenem
and gentamicin and ciprofloxacin. The MIC values were given in Table 1.

Table 1. MIC values of the agents against A. baumannii isolates

MER"(ug/ml) | GEN"(ug/ml) | CIP™(ug/ml)
2 16 64 64
3 16 256 128
7 16 256 128
8 128 256 128
11 64 256 256
13 8 256 256
14 16 256 256
15 16 64 128
17 32 64 64
19 16 64 64
20 32 256 256
21 256 64 64
24 16 256 128
25 64 256 256
26 32 64 64
28 32 32 32
29 128 64 64
30 32 64 64
31 256 256 256
32 16 64 64
33 16 32 256
35 16 16 128
36 64 64 64
41 64 64 64

*MER: Meropenem,”GEN: Gentamicin,”*CIP: Ciprofloxacin

In the presence of NAC, a four-fold or more decrease was found in the MER MIC values to 19
(76%) of 25 A. baumannii isolates included in the study (Table 2). Despite the decrease in 4 of 19
isolates, the MIC value were still above the resistance limit value. In the presence of NAC, 8 (32%) of
25 resistant isolates was determined to be susceptible.

In the presence of 2038 mg/I NAC, a four-fold or more decrease was found in the CIP MIC values
of 11 (44%) of 25 A. baumannii isolates included in the study (Table 3). Although there was a decrease
in 8 of 11 isolates, the MIC value is still above the resistance limit value. In the presence of 2038 mg/L
NAC 3 (12%) of 25 isolates resistant to GEN became susceptible to GEN.

In the presence of 2038 mg/l NAC, a four-fold or more decrease was found in the CIP MIC values
of 4 (16%) of 25 A. baumannii isolates included in the study (Table 4). However, the MIC value was
still above the resistance limit value in all isolates.



400 Salan and Okten

J. Fac. Pharm. Ankara, 48(2): 396-405, 2024

Table 2. Concentrations of the compounds alone and in combination against A. baumannii isolates and
the interactions between the combined agents

MER" NAC™ NAC+MER MER-NAC FIC™ Index Interaction
MIC MIC MIC Combinations type
(ng/ml) | (ug/ml) | (ng/ml) (ng/ml)
2 16 2038 8 8/509 1 Additive
3 16 2038 0.5 16-2038 1.06 Additive
7 16 2038 8 16-509 1.5 Additive
8-509 0.31 Synergy
8 128 2038 8 16-127 0.187 Synergy
32-64 0.28 Synergy
2038 2-1018 0.53 Additive
1 64 16 16-509 0.49 Synergy
13 8 2038 4 4-509 1 Additive
14 16 1018 4 4-509 1.5 Additive
15 16 2038 8 4-1018 0.62 Additive
17 32 2038 4 8-509 0.5 Synergy
19 16 2038 1 1-509 0.31 Synergy
20 32 2038 16 16-64 0.56 Additive
2038 8-254 0.15 Synergy
21 256 4 8-509 0.28 Synergy
24 16 1018 4 16-509 1.5 Additive
25 64 2038 4 4-1018 0.56 Additive
26 32 2038 0.5 16-509 0.75 Additive
28 32 2038 4 4-1018 0.62 Additive
4-1018 0.53 Additive
8-509 0.31 Synergy
29 128 2038 4 16-509 0.37 Synergy
16-127 0.187 Synergy
16-64 0.031 Synergy
2038 0.5-1018 0.51 Additive
30 32 0.5 1-1018 0.53 Additive
8-509 0.5 Synergy
31 256 4075 8 16-256 0.31 Synergy
32 16 2038 8 16-509 1.5 Additive
33 16 2038 0.5 8-509 0.75 Additive
35 16 2038 8 8-509 1 Additive
36 64 2038 16 16-1018 0.75 Additive
41 64 2038 1 32-64 0.53 Additive
43 16 2038 1 1-509 0.31 Synergy
A. baumannii 16 4075 1 1-509 0.31 Synergy
NCTC 1342

"MER: Meropenem,

"NAC: N-acetylcysteine,

_kk

FIC: Fractional inhibitory concentration

Table 3. Concentrations of the compounds alone and in combination against A. baumannii isolates and
the interactions between the combined agents

GEN" NAC™ NAC+GEN GEN-NAC FIC** Index Interaction
MIC MIC MIC Combinations type
(ng/ml) | (ng/ml) | (ng/ml) (ng/ml)

2 64 2038 4 4-1018 0.56 Additive

3 256 2038 32 256-1018 15 Additive

7 256 2038 16 16-1018 0.56 Additive
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Table 3 (continue). Concentrations of the compounds alone and in combination against A. baumannii
isolates and the interactions between the combined agents

GEN" NAC™ NAC+GEN GEN-NAC FIC** Index Interaction

MIC MIC MIC Combinations type

(ng/ml) | (ng/ml) | (ng/ml) (ng/ml)
8 256 2038 64 64-1018 0.75 Additive
11 256 2038 256 256-1018 1.5 Additive
13 256 2038 64 64-1018 0.75 Additive
14 256 2038 256 256-1018 1.5 Additive
15 64 2038 4 4-1018 0.56 Additive
17 64 2038 64 256-1018 1.5 Additive
19 64 2038 64 256-1018 1.5 Additive
20 256 2038 64 64-1018 0.75 Additive
21 64 2038 2 2-1018 0.53 Additive
24 256 2038 128 128-1018 1 Additive
25 256 2038 256 256-1018 1.5 Additive
26 64 2038 16 32-1018 1 Additive
28 32 2038 32 32-1018 1.5 Additive
29 64 2038 64 32-1018 1 Additive
30 64 2038 64 32-1018 1 Additive
31 256 2038 64 64-1018 0.75 Additive
32 64 2038 32 32-1018 1 Additive
33 32 2038 32 32-1018 1.5 Additive
35 16 2038 8 256-1018 1.5 Additive
36 64 2038 16 256-1018 1.5 Additive
41 64 2038 64 32-1018 1 Additive
43 32 2038 16 16-1018 1 Additive
A. baumannii 64 2038 64 4-1018 0.56 Additive
NCTC 1342

"GEN: Gentamicin, ""NAC: N-acetylcysteine,

FoHk

FIC: Fractional inhibitory concentration

Table 4. Concentrations of the compounds alone and in combination against A. baumannii isolates and
the interactions between the combined agents

CIP* NAC™ NAC+CIP CIP-NAC FIC™ Index | Interaction type

MIC MIC MIC Combinations

(ng/ml) | (ug/ml) (ng/ml) (ng/ml)
2 64 2038 32 32-1018 1 Additive
3 128 2038 64 64-1018 1 Additive
7 128 2038 32 32-1018 0.75 Additive
8 128 2038 32 32-1018 0.75 Additive
11 256 2038 128 128-1018 1 Additive
13 256 2038 256 128-1018 1 Additive
14 256 2038 256 256-1018 15 Additive
15 128 2038 64 64-1018 1 Additive
17 64 2038 64 32-1018 1 Additive
19 64 2038 64 32-1018 1 Additive
20 256 2038 128 128-1018 1 Additive
21 64 2038 64 32-1018 1 Additive
24 128 2038 128 128-1018 15 Additive
25 256 2038 256 256-1018 15 Additive
26 64 2038 32 32-1018 1 Additive
28 32 2038 32 32-1018 15 Additive
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Table 4 (continue). Concentrations of the compounds alone and in combination against A. baumannii
isolates and the interactions between the combined agents

CIP" NAC™ NAC+CIP CIP-NAC FIC™ Index | Interaction type

MIC MIC MIC Combinations

(ng/ml) | (ng/ml) (ng/ml) (ng/ml)
29 64 2038 64 32-1018 1 Additive
30 64 2038 64 32-1018 1 Additive
31 256 2038 128 128-1018 1 Additive
32 64 2038 4 4-1018 0.56 Additive
33 256 2038 256 256-1018 15 Additive
35 128 2038 64 64-1018 1 Additive
36 64 2038 64 64-1018 15 Additive
41 64 2038 32 32-1018 1 Additive
43 128 2038 16 16-1018 0.62 Additive
A. baumannii 64 2038 32 32-1018 1 Additive
NCTC 1342

kK

“CIP: Ciprofloxacin, "NAC: N-acetylcysteine, "*FIC: Fractional inhibitory concentration

While a synergistic effect was detected between NAC and MER in 9 isolates, an additive effect
was observed in other isolates. When GEN-NAC and CIP-NAC combinations were examined, additive
effects were observed in all isolates.

Studies conducted in recent years focus on synthesizing new antimicrobial compounds while
addressing the problem of resistance. However, in addition to synthesizing new antimicrobial
compounds, research on inhibiting resistance is also gaining importance. Combined use of inhibitory
compounds and antibiotics can be considered as an alternative treatment method. Based on this idea, in
our study, which aimed to determine the effect of NAC on the MIC value of antibiotics and to calculate
the concentration of CIP + NAC, MER + NAC and GEN + NAC, which eliminates antibiotic resistance,
it was shown that the combination of MER + NAC increased the sensitivity of MER.

De angelis et al. [23] studied the combination of NAC with various antibiotics against a total of
30 isolates, 15 of which are carbapenem-resistant K. pneumoniae and 15 A. baumannii isolates. It was
shown that the MIC values of the antibiotics alone decreased with the addition of NAC. The combination
of meropenem+NAC was noted to show synergism in all strains tested. However, the combination of
Rifampin+ NAC was shown to be synergistic in 3/15 (20%) strains. On the other hand, it was stated that
no synergism was found in the combinations of Tigecycline+NAC and Colistin+NAC. In our study,
synergy was observed between MER-NAC combinations in 9 of 25 isolates.

Pollini et al. [24], synergistic activity of Colistin+NAC combinations was investigated against 16
A. baumannii isolates, 9 of which were colistin-sensitive (MIC range 0.5-1 mg/l) and 7 colistin-resistant
(MIC range 16-256 mg/l) isolates. In the study combinations of 8000 mg/l NAC and 2 mg/l colistin
showed synergy in colistin-resistant strains, while no synergism was observed in colistin-susceptible
strains. In addition, synergistic activity of 8 mg/l colistin and 8000 mg/l NAC combination has been
demonstrated in all strains (colistin-resistant and colistin-sensitive).

Goswami et al. determinated [25]; The combination of NAC with ampicillin against various
bacteria has been investigated. In most isolates, the combination of ampicillin + NAC has been shown
to significantly decrease the MIC of ampicillin alone. In contrast, Moon et al. [26] found that the
antibiotic susceptibility of Prevotella intermedia was not affected by NAC, and ampicillin activity was
reduced in the presence of NAC.

Likewise, Rodriguez-Bertram et al. [27] investigated combinations of various antibiotics with
NAC against E. coli, P. aeruginosa, and A. baumannii. While an additive effect was observed in the
combination of NAC + antibiotics against P. aeruginosa isolates, less effect was noted with the
combination of NAC + meropenem. Nevertheless, some isolates susceptible to imipenem have been
shown to become resistant after combined use with NAC.

Landini et al. [28], investigated the activity of NAC alone and with various antibiotics against
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Gram positive and Gram negative bacteria. They determined no synergistic effect with the combination
of NAC and antibiotics against isolates. Besides, the effect of carbapenems on isolates decreased after
being combined with NAC. This situation was observed more in imipenem than in meropenem.

Cetinkaya et al. [29] detected a four-fold or more reduction in CIP MIC values in the presence of
25 mg/l PABN in 15.5% of 58 A. baumannii isolates. Kaynak Onurdag et al. [30] also reported a four-
fold or more reduction in CIP MIC values in the presence of 25 mg/l PABN in 43.28% of CIP-resistant
A. baumannii isolates.

Kuyucuklu et al. [31], reported that 41 ampicillin-resistant staphylococcus isolates became
susceptible to ampicillin in the presence of appropriate NAC concentrations for 60.98% of the isolates.
Likewise, they found a 2-32-fold decrease in vancomycin MIC values in the combination of vancomycin
and NAC. According to these results, they observed that the NAC molecule, which has no antimicrobial
effect and therefore has a very high MIC value on its own, is an effective chemical agent against
staphylococcal isolates, together with ampicillin and vancomycin and reduces the MIC values of
antibiotics.

In our study, in the presence of 2038 mg/l NAC, 4 (16%) of the 25 A. baumannii isolates included
in the study had a four-fold or greater decrease in CIP MIC values. When using NAC as an antimucolytic
in adults, the serum concentration dose is 400-600 mg per day. However, 140 mg/kg is used as a loading
dose in paracetamol poisoning and the toxic dose is quite high. In our study, the NAC concentration in
all antibiotic-NAC combinations was between 2038-64 mg/l, well below the toxic dose [32].

Similar to this study, it was reported in different studies that the combined effect of NAC with
different antibiotics (rifampicin, tigecycline, ciprofloxacin) against bacteria (Streptococcus
pneumoniae, Haemophilus influenzae, S. aureus) caused a decrease in the MIC values of antibiotics
[33].

Soudeiha et al. [34] in 2017 showed that there was only additive effect and there was no
synergism when evaluating combination of colistin and meropenem in Acinetobacter baumanni.

It was determined that NAC molecule showed the predicted effect on MIC values of antibiotics
when used together with antibiotics. It is thought that the use of NAC molecule together with antibiotics
will facilitate the treatment of infections caused by microorganisms that are especially difficult to treat
and are resistant to antibiotics. For this reason, based on the observed effect of the combination of MER
+ NAC in Acinetobacter infections, it can be concluded that NAC may serve as a new alternative for
combined drug therapy.

In summary, it was determined that i) NAC molecule, when used together with meropenem,
ciprofloxacin, gentamicin, decreased the MIC values of these antibiotics affecting Acinetobacteria, and
ii) NAC molecule had a synergistic effect when used together with meropenem. Based on the results
obtained, the potential of using NAC in combination with other microorganisms and antimicrobial
agents for novel treatment approaches is considered promising.

Some mechanisms have been proposed to understand the antimicrobial activity of NAC. These
are: competitive inhibition of cysteine utilization, reaction of the NAC sulfhydryl group with bacterial
proteins, indirect effects of disruption of intracellular redox balance on cell metabolism and intracellular
signal transduction pathways [18]. In our previous study, it was stated quinolone resistance determined
in 73 A. baumannii isolates are related to that mutations in the gyrA, gyrB, parC genes [35]. Also in one
of our studies which studied with the same clinical isolates; it has been found that overexpression of
adeA, adeB and adeC genes which are related to efflux pump resistance and it was shown that inhibiting
the resistance by an efflux pump inhibitor reduces the MIC values of ciprofloxacin [36]. There are also
other studies conducted with different antibiotics and inhibitors in which antimicrobial resistance is
associated with the expression levels in adeABC genes [37].

It is thought that the mechanism that effects resistance inhibition determined in this study may be due
to these previous mechanisms. For this reason we think that this study should be improved with the
previous molecular studies including NAC.

AUTHOR CONTRIBUTIONS
Concept: A.S.S.; Design: A.S.S.; Control: A.S.S., S.0.; Sources: A.S.S.; Materials: A.S.S., S.0.;



404 Salan and Okten J. Fac. Pharm. Ankara, 48(2): 396-405, 2024

Data Collection and/or Processing: A.S.S.; Analysis and/or Interpretation: A.S.S.; Literature Review:
A.S.S.; Manuscript Writing: A.S.S.; Critical Review: A.S.S., S.0.; Other: -

CONFLICT OF INTEREST

The authors declare that there is no real, potential, or perceived conflict of interest for this article.

ETHICS COMMITTEE APPROVAL

Approval was received from T.R. Trakya University Faculty of Medicine Scientific Research

Ethics Committee on 29.04.2015 with the approval number TUTF-BAEK-2015/55-08/10.

REFERENCES

1.

10.

11.

12.

13.

14.

15.

16.

17.

Karagol, C. (2008). Tipta Uzmanlik Tezi. Hastane kokenli Acinetobacter baumannii izolatlarinin
antibiyotik duyarliliklar1 ve imipenem direngli izolatlarin genotiplemesi. Tip Fakiiltesi, Trakya
Universitesi, Edirne, Tiirkiye.

Erbay, A. (2009). Yiiksek Lisans Tezi. Ankara Numune Egitim ve Arasirma Hastanesi’nde hastaneden
edinilmis Acinetobacter baumannii bakteriyemilerinde fatalite hiz1 ve ilgili risk etmenleri. Saglik Bilimleri
Enstitiisii Halk Saglig1 Anabilim Dal1, Ankara Universitesi, Ankara, Tiirkiye.

Moubareck, A.C., Halat, H.D. (2020). In sights into Acinetobacter baumannii: A review of microbiological,
virulence, and resistance traits in a threatening nosocomial pathogen. Antibiotics, 9(3), 119. [CrossRef]
Yiicesoy, M., Yulug, N., Kocagéz, S., Unal, S., Cetin, S., Calungu, S. And Study Group. (2000). Anti
microbial resistance of Gram-negative isolates from intensive care units in Turkey. Comparison to previous
three years. Journal of Chemotherapy, 12, 294-298. [CrossRef]

Azap, O. (2012). MDR Acinetobacter infeksiyonlarinda epidemiyolojik anlamda giincel durum. ANKEM
Dergisi, 26, 283-286.

Dede, B., Kadanal, A., Karagoz, G., Comoglu, S., Bektasoglu, M.F., Yiicel, F.M. (2013). Yogun bakim
tinitesinde izole edilen Acinetobacter baumannii suglarinin antibiyotik direnglerinin arastirilmasi. Bakirkoy
Tip Dergisi, 9(1), 20-3. [CrossRef]

Dal, T., Dal, M., Agir, 1. (2012). Acinetobacter baumannii’de antibiyotik direnci ve AdeABC aktif pompa
sistemleri. Van Tip Dergisi, 19(3), 137-148.

Keyik, S. (2013). Yiksek Lisans Tez. Acinetobacter baumannii suslarinda OXA-23 ve OXA-58 vyipi
genislemis spektrumlu beta laktamaz varliginin arastirilmas: ve PFGE yontemiyle klonal yakinliginin
incelenmesi. Saglhk Bilimleri Enstitiisii, Tibbi Mikrobiyoloji Anabilim Dali, Selcuk Universitesi, Konya,
Tiirkiye.

Yolbas, 1., Tekin, R., Giines, A., Kelek¢i, S., Sen, V., Tan, 1., Uluca, U. (2013). Bir iiniversite
hastanesindeki Acinetobacter baumannii suslarmin antibiyotik duyarliliklari. Journal of Clinical and
Experimental Investigations, 4(3), 318-321. [CrossRef]

Ozseven, A.G., Cetin-Sesli E., Arnidogan, Cicioglu B. (2012). Cesitli klinik érneklerden izole edilen
Acinetobacter baumannii suslarmin antibiyotik direng profilleri. Tiirk Mikrobiyoloji Cemiyeti Dergisi,
42(2), 55-60.

Sacar, S., Turgut, H., Cenger, H.D., Coskun, E., Asan, A., Kaleli, I. (2008). Post travmatik coklu ilag
direncli Acinetobacter baumannii menenijitli olguda yiiksek doz meropenem ile basarili tedavi. Pamukkale
Tip Dergisi, 1, 39-41.

Aygiil, A. (2015). Antibiyotik direncinde disa atim sistemlerinin ve direngle miicadelede disa atim pompa
inhibit6rlerinin 6nemi. Mikrobiyoloji Biilteni, 49(2), 278-291. [CrossRef]

Perez-Giraldo, C., Rodriguez-Benito, A., Moran, F.J., Hurtado, C., Blanco, M.T., Gomez-Garcia, A.C.
(2977). Influence of N-acetylcysteine on the formation of biofilm by Staphylococcus epidermidis. Journal
of Antimicrobial Chemotherapy, 39, 643-646.

Aslam, S., Trautner, B.W., Ramanathan, V., Darouiche, R. (2007). Combination of tigecycline and N-
acetylcysteine reduces biofilmembedded bacteria on vascular catheters. Antimicrobial Agents and
Chemotherapy, 51,1556-1558.

Abdi, A.A., Mohammadi-Mehr, M., Alaei, Y.A. (2006). Bactericidal activity of various antibiotics against
biyofilm-producing Pseudomonas aeruginosa. International Journal of Antimicrobial Agents, 27,196-200.
Parry, M.F., Neu, H.C. (1977). Effect of N-acetylcysteine on antibiotic activity and bacterial growth in
vitro. Journal of Clinical Microbiology, 5, 58-61.

Domenech, M., Garcia, E. (2017). N-acetyl-I-cysteine and cysteamine as new strategies against mixed


https://doi.org/10.3390/antibiotics9030119
https://doi.org/10.1179/joc.2000.12.4.294
https://doi.org/10.5350/BTDMJB201309105
https://doi.org/10.5799/ahinjs.01.2013.03.0292
https://doi.org/10.5578/mb.8964

J. Fac. Pharm. Ankara, 48(2): 396-405, 2024 Salan and Okten 405

18.

19.

20.

21,

22,

23.

24,

25,

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

biofilms of nonencapsulated Streptococcus pneumoniae and nontypeable Haemophilus influenzae.
Antimicrobial Agents and Chemotherapy, 61(2), 1992-16.

Dinicola, S., De Grazia, S., Carlomagno, G., Pintucci, J.P. (2014). N-acetylcysteine as powerful molecule
to destroy bacterial biofilms. A systematic review, European Review for Medical and Pharmacological
Sciences, 18, 2942-2948.

Ozseven, G.A., Cetin-Sesli E., Ozseven, L. (2012). Dama tahtasi sinerji testi sonuglarmin farkli yontemlerle
yorumlanmasi Sonuglarimizi etkiliyor mu? Mikrobiyoloji Bulteni, 46(3), 410-420.

Dosler, S., Giirler, B. (2006). Antimikrobik etkili katyonik peptitlerin tek basina ve kombinasyon halindeki
etkilerinin aragtiritlmasi. ANKEM Dergisi, 20(3), 173-179.

Institute CaLS. (2018). Performance standards for antimicrobial susceptibility testing 28t informational
supplement CLSI M100-S28. 940 West Valley Road, Wayne, Pennsylvania, USA.

EUCAST qguidelines for detection of resistance mechanisms and specific resistances of clinical and/or
epidemiological importance, Version 2, July 2017.

De Angelis, M., Mascellino, M.T., Miele, M.C., Al Ismail, D., Colone, M., Stringaro, A., Vullo, V.,
Venditti, M., Mastroianni, C.M., Oliva, A. (2022). High activity of N-Acetylcysteine in combination with
Beta-Lactams against Carbapenem-Resistant Klebsiella pneumoniae and Acinetobacter baumannii.
Antibiotics, 11, 225. [CrossRef]

Pollini, S., Di Pilato, V., Landini, G., Di Maggio, T., Cannatelli, A., Sottotetti, S., Cariani, L., Aliberti, S.,
Blasi, F., Sergio, F., Rossolini, G.M., Pallecchi, L. (2018). In vitro activity of N-acetylcysteine against
Stenotrophomonas maltophilia and Burkholderia cepacia complex grown in planktonic phase and biofilm.
PLoS ONE, 13, e0203941. [CrossRef]

Goswami, M., Jawali, N. (2010). N-acetylcysteine-mediated modulation of bacterial antibiotic
susceptibility. Antimicrobial Agents Chemotherapy, 54, 3529-3530. [CrossRef]

Moon, J.H., Jang, E.Y., Shim, K.S., Lee, J.Y. (2015). In vitro effects of N-acetylcysteine alone and in
combination with antibiotics on Prevotella intermedia. Journal of Microbiology, 53, 321-329. [CrossRef]
Rodriguez-Beltran, J., Cabot, G., Valencia, E.Y., Costas, C., Bou, G., Oliver, A., Blazquez, J. (2015). N-
acetylcysteine selectively antagonizes the activity of imipenem in Pseudomonas aeruginosa by an OprD-
mediated mechanism. Antimicrobial Agents and Chemotherapy, 59, 3246-3251. [CrossRef]

Landini, G., Di Maggio, T., Sergio, F., Docquier, J.D., Rossolini, G.M., Pallecchi, L. (2016). Effect of high
N-Acetylcysteine concentrations on antibiotic activity against a large collection of respiratory pathogens.
Antimicrobial Agents and Chemotherapy, 60, 7513-7517. [CrossRef]

Cetinkaya, E., Coban, A.Y., Durupinar, B. (2008). Investigation of the effect of efflux pump inhibitors to
MIC values of ciprofl oxacin in clinical isolates of Pseudomonas aeruginosa, Escherichia coli,
Acinetobacter baumannii and Staphylococcus aureus. Mikrobiyoloji Bulteni, 42(4), 553-61.

Kaynak Onurdag, F., Kayis, U., Okten, S. (2021). Acinetobacter baumannii izolatlarinda fenilalanin-
arjinin-beta-naftilamidin siprofloksasinin mik degerleri ve diga atim pompasi genlerinin ekspresyonu
tizerine etkisi. Mikrobiyoloji Bulteni, 55(3), 285-299. [CrossRef]

Kuyucuklu, G., Kaynak Onurdag, F., Eryildiz, C. (2021). Stafilokok izolatlarinda antibiyotiklerin
antibiyofilm etkinligi tizerine N-asetilsisteinin etkisi. Mikrobiyoloji Bulteni, 55(2), 125-145. [CrossRef]
TITCK Web site. (2011). Erisim adresi https:/ftitck.gov.tr/storage/Archive/2019/kubKtAtta
chments/d9acfle0-5e70-4¢55-8835-af07106b6167.pdf. Erisim tarihi: 25/12/2023.

Domenech, M., Garcia, E. (2017). N-Acetyl-L-cysteine and cysteamine as new strategies against mixed
biofilms of nonencapsulated Streptococcus pneumoniae and nontypeable Haemophilus influenzae.
Antimicrobial Agents and Chemotherapy, 61, €01992-16. [CrossRef]

Soudeiha, M.A.H., Dahdouh, E.A., Azar, E., Sarkis, D.K., Daoud, Z. (2017). In vitro evaluation of the
Colistin-Carbapenem combination in clinical isolates of A. baumannii using the checkerboard, etest, and
time-Kkill curve techniques. Frontiers in Cellular and Infection Microbiology, 7, 209. [CrossRef]

Kayis, U. (2015). Yiiksek Lisans Tezi. Acinetobacter baumannii izolatlarinda DNA Gyrase direng genleri
olan GyrA, GyrB ve ParC mutasyonlarinin Real Time PCR yoéntemiyle arastirilmasi. Saghik Bilimleri
Enstitiisii Temel Eczacilik Bilimleri Anabilim Dali, Trakya Universitesi, Edirne, Tiirkiye.

Kaynak Onurdag, F., Kayis, U., Okten, S. (2021). Acinetobacter baumannii izolatlarinda fenilalanin-
arjinin-beta-naftilamidin siprofloksasinin mik degerleri ve disa atim pompasi genlerinin ekspresyonu
tizerine etkisi. Mikrobiyoloji Bulteni, 55(3), 285-299. [CrossRef]

Yang, Y.S., Chen, H.Y., Hsu, W.J., Chou, Y.C., Perng, C.L., Shang, H.S., Hsiao, Y.T., Sun, J.R. (2018).
Overexpression of AdeABC efflux pump associated with tigecycline resistance in clinical Acinetobacter
nosocomialis isolates. Clinical Microbiology and Infection, 25(4), 512.e1-512.e6. [CrossRef]


https://doi.org/10.3390/antibiotics11020225
https://doi.org/10.1371/journal.pone.0203941
https://doi.org/10.1128/aac.00710-10
https://doi.org/10.1007/s12275-015-4500-2
https://doi.org/10.1128/aac.00017-15
https://doi.org/10.1128/aac.01334-16
https://doi.org/10.5578/mb.20219801
https://doi.org/10.5578/mb.20219902
https://titck.gov.tr/storage/Archive/2019/kubKtAttachments/d9acf1e0-5e70-4c55-8835-af07106b6167.pdf
https://titck.gov.tr/storage/Archive/2019/kubKtAttachments/d9acf1e0-5e70-4c55-8835-af07106b6167.pdf
https://doi.org/10.1128%2FAAC.01992-16
https://doi.org/10.3389/fcimb.2017.00209
https://doi.org/10.5578/mb.20219801
https://doi.org/10.1016/j.cmi.2018.06.012

