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ABSTRACT

Acinetobacter baumannii is one of the causes of nosocomial infections, especially in the intensive care unit.
The emergence of multidrug-resistant strains of A. baumannii has caused many problems. One of the ways to handle the
phenomenon of antibiotic resistance is the use of herbal medicines and their derivatives in place of or in combination with
antibiotics. The aim of this study was to investigate the effect of inhibitory effects of berberine as a barberry derivative on
clinical isolates of A. baumannii, resistant to ciprofloxacin and imipenem in Hamadan hospitals.

In this study, 70 clinical isolates of A. baumannii. were identified and diagnosed using conventional
microbiology. Resistance of isolates was detected against imipenem and ciprofloxacin by disk diffusion and broth microdilution
method. Minimum inhibitory concentration (MIC) of berberine as well as its combined effect with antibiotics were performed
using broth microdilution method.

m The results of this study showed that more than 90% of isolates are resistant to ciprofloxacin and imipenem.
Imipenem and ciprofloxacin MICs were dtermined from 8 to 28 and 4 to 32 pug / mL, respectively. The berberine decreased
the imipenem and ciprofloxacin MIC from zero to two fold and zero to one-fold, respectively.

(LNTETETTH High level resistance to imipenem and ciprofloxacin among A.baumannii isolates is cause of concern. Berberin,
in combination with imipenem and ciprofloxacin, reduces MIC to a proper level, which can be used as an effective agent to
reduce antibiotic resistance in bacteria.
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Introduction

Acinetobacter baumannii, is a crucial opportunistic
bacterium and common cause of various nosocomial
infections such as pneumonia, bacteremia, surgical
wound infections, secondary meningitis, and urinary
tract infections. One of the problems with A.
baumannii is the emergence of multidrug resistance
(MDR) strains (1). Different mechanisms cause
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antibiotic resistance of A. baumannii, including the
production of beta-lactamase enzymes,
aminoglycoside-modifying enzymes, and increased
expression of efflux pumps. One way to deal with the
antibiotic resistance in bacteria is to use medicinal
herbs instead of antibiotics. Among the benefits of
using medicinal herbs are fewer side effects as well as
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reduced risk of resistance to these compounds. Many
studies have investigated the therapeutic and useful
effects of medicinal plants and their derivatives on
bacteria. Berberine has antibacterial properties
against many bacteria, including Escherichia coli,
Brucella abortus, Staphylococcus aureus,
Pseudomonas aeruginosa, and some fungi. Berberine,
as a plant derivative, is a natural alkaloid found in the
roots, and rhizomes of Barberry (Berberis vulgaris) and
studies have shown that it has therapeutic and
antioxidant properties (2, 3). Given the importance of
treatment for nosocomial infections caused by A.
baumannii, the availability of Barberry vulgaris and its
oral and therapeutic use, this study aimed to evaluate
the antibacterial effect of berberine on imipenem and
ciprofloxacin- resistant isolates of A. baumannii.

Material and Methods
Collection of Clinical Isolates

This research was approved by the Ethics
Committee in Research of Hamadan University of
Medical Sciences under the specific code of ID
IR.UMSHA.REC.1397.238. A total of 70 clinical isolates
of A. baumannii were collected from sputum,
bronchoalveolar lavage, and endotracheal aspirate
specimens of patients admitted to ICU for nine
months in 2018, from three educational hospitals of
Hamadan University of Medical Sciences. A.
baumannii isolates were detected using various
biochemical and microbiological tests (4).

Antimicrobial Susceptibility of Acinetobacter
baumannii Isolates to Berberine

Berberine was prepared as berberine hydrochloride
powder (Sigma Co., Germany). Berberine solution was
made in a 1 mg/mL initial solution in dimethyl
sulfoxide (DMSO). Ten microliters of this solution were
inoculated on Blank paper disks and then placed on a
fresh culture of A. baumannii comparable to 0.5
McFarland standard, and incubated at 37°C for 24 h
and the effect of berberine was investigated as growth
inhibition zones around disks (5).

Antimicrobial Susceptibility Testing

Antimicrobial susceptibility of A. baumannii isolates
to imipenem (10 pg) and ciprofloxacin (5 pg) (Mast Co,
UK) was determined, by disk diffusion method
according to Clinical & Laboratory Standards Institute
(CLSI 2017).

Determination of MICs of Berberine and Imipenem
and Ciprofloxacin

Minimum Inhibitory Concentration (MIC) of
imipenem and ciprofloxacin was determined by broth
micro-dilution method in 96-well microplates
according to standard CLSI protocol (6). Dilution serials
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of 0.125 pg/mL to 256 pg/mL were prepared from
berberine, imipenem, and ciprofloxacin. 100 pL of
bacterial suspension was added to the wells. The
microplates were then incubated at 37°C for 24 h.
Standard strains of P. aeruginosa ATCC 27853 and E.
coli ATCC 25922 were used as control strains.

Results
Frequency of A. baumannii Isolates

In this study, 70 (28.1%) A. baumannii isolates were
isolated from 249 positive cultures of respiratory tracts
of patients in ICUs. The highest rate of isolation of A.
baumannii was from endotracheal aspirate samples
(57.14%, n=40) and the lowest rate was from
Bronchoalveolar Lavage samples (17.14%, n=12).

Ciprofloxacin and Imipenem Resistance Rates

Antibiogram results showed that high level resistance
to ciprofloxacin and imipenem; 97.4% and 94.7%,
respectively.

Imipenem and Ciprofloxacin MICs

Minimum Inhibitory Concentration (MIC) was
determined for all clinical isolates (70 isolates) resistant
to imipenem and ciprofloxacin by broth microdilution.
The MIC values of the strains were committed from 8 to
28 pg/mL. Results showed 94.7% of clinical isolates were
resistant to imipenem. MIC values of ciprofloxacin-
resistant isolates were 4 to 32 pg/mL and 97.4% of
isolates were resistant to ciprofloxacin (Table 1).

Antibacterial Effect of Berberine

The antibacterial effect of berberine was evaluated by
the disk diffusion method, and the mean inhibition zone
around the berberine disks showed the antibacterial
effect of berberine on A. baumannii isolates.

MIC of Imipenem in Combination with Berberine

The MIC of Berberine and imipenem alone and in
combination with berberine (50% imipenem and 50%
berberine) was performed on imipenem-resistant
strains by broth microdilution method. The
combination of berberine and imipenem reduced the
MIC levels of imipenem in (60%, n=42) of isolates and
decreased the MIC between zero to 2-fold (Table 2).

MIC of Ciprofloxacin in Combination with Berberine

The MIC of Berberine and ciprofloxacin alone and in
combination (50% berberine and 50% ciprofloxacin)
were determined by broth microdilution on
ciprofloxacin-resistant isolates. The combination of
berberine and ciprofloxacin decreased the MIC levels of
ciprofloxacin in (31.4%, n=22) A. baumannii isolates and
decreased the MIC between zero to 1-fold (Table 3).
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Table 1. Frequency MICs (ug/mL) of imipenem and ciprofloxacin of Acinetobacter baumannii isolates

MIC (png/mL) 2 4 8

Imipenem - - 5(7.14%)

Ciprofloxacin - 31(44.2) 10 (14.2)

16 32 64 128 |
2(2.8) 35(50) 12(17.1) 16(22.8)
17(24.2) 12(17.1) - -

Table 2. MIC levels of imipenem in combination with berberine

\1[ . MIC decrease MIC
. MIC Berberine . :
Imipenem ety Imipenem + Imipenem+ No(%) Frequency
(ng/mL) HE Berberine Berberine
8 0.5 1 0-1 5(7.1)
16 1 2 0-1 2(2.8)
32 1 4 0-1 35(50)
64 4 8 0-1 12(17.1)
128 8 16 0-2 16 (22.8)

Table 3. MIC levels of ciprofloxacin in combination with berberine

MIC decrease

MIC ciprofloxacin MIC Berberine MIC Ciprofloxacin + . . Frequency
(ng/mL) (ng/mL) Berberine Ciprofloxacin+ No(%)
Berberine
4 2 2 0-1 10(14.2)
8 4 2 0-1 17(24.2)
16 8 8 0-1 31(44.2)
32 16 16 0-1 12(17.44)
Discussion antibiotics. In a study conducted in Turkey, resistance

In the present study, 70 (28.1%) of cultures of
respiratory tract samples were positive for A.
baumannii. Similarly, Ebrahimi et al. reported that A.
baumannii isolates were the most common (35%,
n=56) bacterial pathogen isolated from respiratory
tract samples collected from ICUs in Arak hospitals
(10).

In a study by El-Saed et al., 2013 in Saudi Arabia, 457
cultures were collected from the respiratory tract of
ICU patients, the most common isolate was A.
baumannii (26.5%, n=121). These results indicated a
high prevalence of A. baumannii is in ICUs (9).

In the present study, the results of disk diffusion and
broth microdilution tests showed high-level resistance
(more than 90%) to ciprofloxacin and imipenem
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to piperacillin, piperacillin-tazobactam, ciprofloxacin
and ceftazidime were 100%, 92.4%, 83.3%, and 74.2%,
respectively, and high levels of resistance to other
antibiotics were detected (15). Consistent with our
study in the study of Vazirizadeh et al., the rates of
antibiotic resistance to ciprofloxacin, and imipenem
were 96% and 98%, respectively, in Isfahan hospitals
(16).

In our study, berberine was found to be active on A.
baumannii and inhibition zone was observed around
the disks containing berberine and berberine in
combination with imipenem and ciprofloxacin
reduced the MIC of these antibiotics. Consistent with
the present study, in 2017, Aghayan et al. showed that
palmatine and berberine had decreased the MIC and
MBC levels of ciprofloxacin in ciprofloxacin-resistant
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isolates of P. aeruginosa and there was no significant
difference between the effect of palmatine and
berberine (17).

In a study by Musumeci et al. from lItaly, the
bactericidal effect of the methanolic extract of
Barberry (Berberis aetnensis) on S. aureus was
investigated. The results showed that MIC decreased
considerably when using the combination of extract
and antibiotic compared to ciprofloxacin alone and
the plant extract. Barberry and ciprofloxacin
antibiotics showed a synergistic effect (18).

In 2014, Wojtyczka et al. in Poland reported the
antimicrobial effect as well as the synergistic effect of
berberine and some of antibiotics on coagulase-
negative Staphylococci including Staphylococcus
epidermidis, Staphylococcus capitis, Staphylococcus
gallinarum, Staphylococcus hominis and
Staphylococcus intermedius (19).

The results of this study and other studies showed
that berberine has antibacterial properties and can be
used as a cheap and available source for therapeutic
use in some bacterial infections. In other words,
berberine can be considered as a suitable alternative
or supplement to synthetic antibiotics against A.
baumannii isolates.

Year 14, Issue 1 (January & February 2020)

Conclusion

The findings of this study showed the antibacterial
effects of berberine, and that it can increase the
effectiveness of antibiotics against imipenem and
ciprofloxacin-resistant isolates of A. baumannii.
Berberine can be used in the future by optimizing the
methods for the treatment of infectious diseases
caused by A. baumannii.
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