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Abstract

Background: The antimicrobial resistance of Acinetobacter baumannii is of major concern. It is one of the commonly distributed 
nosocomial pathogens, and its strains are frequently reported to demonstrate resistance to the most routinely prescribed antibiotics 
in varying degrees. Objective: This study aimed to detect the inhibitory effect of chamomile extract against the efflux pump of 
A. baumannii. Materials and Methods: Clinical samples (125) were collected from different sites (urine, sputum, wound, and burn 
swabs), followed by A. baumannii isolation and identification, and detection of tetracycline susceptibility test by disk-diffusion. Later 
on bacterial efflux pump activity was detected by ethidium bromide cartwheel assay and water extract of chamomile was used as 
an inhibitor of efflux pump A. baumannii. Results: The percentage of A. baumannii isolation 23/125 (18.4%) that distributed as 25% 
isolates were obtained from sputum, 17.9% isolates from burns, whereas 16% and 12.5% isolates from urine and wounds respectively. 
It showed various resistances against different members of the three generations of tetracyclines, with the highest resistance against 
minocycline 47.8% followed by resistance to tetracycline and doxycycline as 43.5% and 39%, respectively. Efflux pump was detected in 
all cases, water extract of chamomile showed a significant inhibitory effect especially at 80 mg/mL concentration. Conclusion: Efflux 
pump is an important mechanism for tetracycline resistance among A. baumannii isolates, and the watery extract of chamomile can be 
considered a prompt inhibitor for this pump.
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Introduction
Acinetobacter species are found in abundance in 
the environment, as A.  baumannii is responsible for 
approximately 90% of all Acinetobacter spp. clinical 
infections in humans. Its ability to withstand harsh 
conditions, such as desiccation and disinfection, 
contributes to its longevity and spread in hospital settings. 
Acinetobacter spp. have developed a variety of resistance 
strategies. A.  baumannii is resistant to dehydration, 
ultraviolet (UV) radiation in addition to common chemical 
sanitizers and detergents, making it extremely difficult 
to eradicate the increasing resistance of A.  baumannii 
to antimicrobial drugs, with persistence in hospital 
environments and propensity to cause outbreaks, as it can 
persist for a prolonged period in harsh environments (walls, 
surfaces, and medical devices) in the hospital settings.[1] 
The nosocomial infections that are mostly caused by 
A.  baumannii isolates include ventilator-associated 

pneumonia, endocarditis, secondary meningitis, urinary 
tract infection (UTI), and bloodstream infections. Also, 
it can cause septicemia, pneumonia, burns, wounds, and 
soft-tissue infections especially in the intensive care unit 
(ICU) and burn unit. A. baumannii may colonize the skin, 
oropharynx, and gastrointestinal tract without causing 
infection. However, among immunocompromised hosts, 
particularly patients in ICU settings, A. baumanniii may 
cause serious infections including bacteremia and wound 
infections.[2]

A.  baumannii resists antibiotic action through various 
mechanisms, including target alteration, drug inactivation, 
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decreased permeability, and increased efflux. A. baumannii 
is known to have intrinsic resistance to several classes 
of antibiotics, including penicillins, first-generation 
cephalosporins, aminoglycosides, and fluoroquinolones. 
This resistance is primarily due to the presence of efflux 
pumps, which actively pump out antibiotics from the 
bacterial cell before they can exert their antimicrobial 
effect. In addition, A. baumanniii has a low permeability 
outer membrane, which restricts the entry of hydrophilic 
antibiotics, such as beta-lactams, and contributes to their 
reduced susceptibility.[3]

Tetracyclines are a class of antibiotics that have been used 
to treat A.  baumanniii infections, but their efficacy has 
been limited by the emergence of resistant strains, and the 
most important mechanisms of resistance to tetracyclines 
in A.  baumannii isolates are efflux pumps followed by 
ribosomal protections and enzymatic inactivation.[4]

Resistance to the first and second generations of 
tetracyclines in A.  baumannii isolates mainly resulted 
from the acquired major facilitator superfamily efflux 
pumps, including tetA, tetB, tetG, tetH, tetL, and tet39, 
resistance–nodulation–division (RND) family efflux 
pumps nominated as adeABC, adeIJK, adeFGH, adeM, 
and adeDE, and, finally, ribosomal protection tetM 
and enzymatic inactivation. tetA is responsible for the 
resistance to tetracycline and doxycycline, whereas tetB 
has been found in the isolates that were also resistant to 
minocycline. It has also been found that Tet(A) pump acts 
synergistically with the RND superfamily of efflux pumps, 
such as adeABC and adeIJK, serving as an important 
resistance mechanism of resistance to tigecycline in 
A. baumannii.[5]

This continuous emergence of antibiotic-resistant 
bacteria urges the search for alternative therapeutic 
options. A combination therapy of efflux pump inhibitors 
(EPIs) and antibiotics can be a promising option for the 
efflux-mediated bacterial resistance. For any compound 
to be used as an EPI, it must be selective, not target any 
eukaryotic efflux pumps, and have ideal pharmacological 
properties, such as nontoxicity and a high therapeutic effect. 
Many EPIs have been discovered, but none of them was 
clinically approved because of their low potency, narrow 
activity spectrum, inappropriate pharmacokinetics, or 
high toxicity.[6]

Matricaria chamomilla also called Matricaria recutita 
is from the Asteraceae family. In various cultures, the 
so-called chamomile is one of the prominent plants in 
traditional medicine as it is rich in active ingredients; it 
was reported to treat colic and diarrhea as well as mouth, 
throat, and ear infections and infections in general. 
It, similar to other medicinal herbs, is a rich source of 
various biologically active compounds that are produced 
as secondary metabolites.[7]

Chamomile has exhibited bactericidal activity, with 120 
chemical constituents having been identified as secondary 
metabolites, including 28 terpenoids, 36 flavonoids, and 
52 additional compounds with potential pharmacological 
activity and anti-inflammatory activities that have been 
attributed to some of chamomile’s active ingredients, 
especially the flavonoids (anthemidin, apigenin, and luteolin, 
among others), bitter glycosides, and coumarins (herniarin 
and umbelliferone) and its volatile oils (containing alpha 
bisabolol and matricine, among others).[8]

Thus, according to the problem of widespread of 
A.  baumannii infections and its tetracycline resistance 
due to efflux pump, this study aimed to attain natural 
alternatives for antibiotics.

Materials and Methods

Sample collections
One hundred twenty-five (125) clinical specimens were 
collected during the present study period extended from 
the beginning of November 2022 to the end of January 
2023, from patients who were attended to hospital; it was 
collected from different clinical sites suggested to have 
infection such as urinary and respiratory infections, and 
burn and wound infections. Mid-stream urine from patients 
suffering from symptoms of UTIs, swabs from burns and 
wounds, and sputum were collected from patients before 
they take any antibiotics or cleaning. Each sample was 
cultured on different media including MacConkey and 
nutrient agar then incubated aerobically at 37°C for 24 h, 
followed by Gram staining and biochemical tests for 
identification of A. baumannii.

Antibiotic susceptibility test
The Kirby-Bauer method was used to perform the 
antibiotic susceptibility test for four tetracyclines’ 
members; where the bacterial suspension was prepared, 
and turbidity was adjusted to obtain approximately 
1.5 × 108 colony forming unit/mL (MacFarland 0.5 tube). 
By a sterile cotton swab, a portion of bacterial suspension 
was transferred and evenly spread on Mueller-Hinton 
agar medium. Then, after the antimicrobial disks were 
placed on the agar surface, it was incubated at 37°C for 
24 h. Inhibition zones that developed around the disks 
were measured by millimeter unit using a metric ruler. 
The isolate was interpreted as susceptible, intermediate, 
or resistant to a particular antibiotic according to clinical 
and laboratory standard institute.[9]

Detection of efflux pump activity
Efflux pump activity was evaluated using the ethidium 
bromide-agar Cartwheel method as prescribed by 
Martins et  al.[10] Plates of Trypticase Soy Agar (TSA) 
were prepared, and before it was solidified, Ethidium 
Bromide (EtBr) was added in different concentrations 
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ranging from 0.0 to 2.5 mg/L. The TSA plates should be 
prepared freshly on the same day of the experiment and 
kept protected from light.

Overnight cultures of the bacterial isolates were prepared in 
liquid media, and on the following day, their concentration 
was adjusted to McFarland 0.5. The TSA plates are then 
divided into as many as eight sectors by radial lines, forming 
a cartwheel pattern. The adjusted bacterial cultures are 
then swabbed on the EtBr-TSA plates starting from the 
center of the plate to the margin. The TSA plates were 
then incubated at 37°C overnight. After this period, the 
TSA plates will be examined using a UV transilluminator 
for fluorescence, and the TSA plates were photographed. 
Isolates without fluorescence indicated active efflux pump 
activity, whereas those that fluoresced lacked efflux pump 
activity. Also, the minimum concentration of EtBr that 
produces fluorescence to be recorded.[11]

Preparation of aqueous extract of Matricaria chamomilla
The dried flowers of chamomile were bought from the 
market and primed for the preparation of its aqueous 
extract, and the stock solution was prepared as w/v 
suspension in a flask by adding hot boiled water. The 
flask was then placed on a shaker (200 rpm) for 4 h, the 
temperature was maintained at 37°C, and containers were 
covered to keep all active elements. Later on, the solution 
was filtered using filter paper, sterilized using Millipore 
filter (0.45), and kept at 4°C until the time for further 
applications, where multiple dilutions were prepared as 
5, 10, 20, 40, and 80 mg/mL to be used as antimicrobial 
drugs and antiefflux pumps.[12]

Efflux pump–inhibitory effect of Matricaria chamomilla
Ethidium bromide-agar Cartwheel method used to detect 
efflux pump activity was repeated with the application of 
different concentrations of aqueous Chamomile extract to 
detect if  there is an efflux pump–inhibitory effect of the 
Chamomile extract.

Ethidium bromide efficiently effluxes out and only 
accumulates in cells in the presence of an EPI and emits 
strong fluorescence. Six isolates positive for efflux pump 
were applied in this part of the study, with the application of 
only two concentrations of the extract (40 and 80 mg/mL).

Ethical approval
The necessary ethical approval was taken from the 
ethical committee of the College of Medicine/University 
of Babylon and Al-Hilla General Teaching Hospital 
according to the document number 310 (on October 26, 
2022), Moreover, agreement from the family and patients 
for sampling and carrying out this work was obtained.

Results
The present study showed that A. baumannii isolation 
rate was 23/125 (18.4%), that distributed as 10/40 (25%) 

isolates were obtained from sputum, 5/28 (17.9%) isolates 
from burns, whereas 4/25 (16%) and 4/32 (12.5%) isolates 
were obtained from urine and wounds respectively, as 
shown in Figure 1.

Isolates of A.  baumannii grow well on blood agar and 
MacConkey agar. On blood agar, it forms colorless, 
nonhemolytic, shiny mucoid colonies, smooth in contexture 
with a diameter of 1–2 mm after 18–24 h of incubation at 
37°C. It produces colorless colonies on MacConkey agar, 
which are shiny mucoid colonies, indicating its nonlactose 
fermenting ability.

These results showed various distribution patterns 
of resistance against different members of the three 
generations of tetracyclines, with the highest resistance 
against minocycline 11/23 (47.8%) followed by resistance 
to tetracycline and doxycycline as 10/23 (43.5%) and 9/23 
(39%), respectively. Moreover, resistance to tigecycline 
about 4/23 (17.4%), as in Figure 2.

Results in Figures 3 and 4A and B showed that 2/10 
(20%) isolates exhibited fluorescence at all plates with 
different concentration gradients of EtBr in comparison 
with controls, which mean that these two isolates had no 
phenotype of efflux pump, whereas the other 8/10 (80%) 
isolates showed no fluorescence at lower concentration 
gradients and started to fluorescence 5/8 at 2 mg/L 
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Figure 1: Distribution of A. baumanii according to clinical specimen
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A. baumannii clinical isolates
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and more, but the remaining 3/8 did not fluorescence 
even at 2.5 mg/L of EtBr similar to the positive control 
A.  baumannii American type culture collection, which 
mean that these eight isolates expressing an active efflux 
pump that has the ability to expel its substrate (EtBr) 

outside the bacterial cell and, thus, did not fluorescence 
on exposure to UV light.

Application of aqueous extract of M.  chamomilla in 
different concentrations (5, 10, 20, 40, and 80 mg/mL) 
for each one of the A. baumannii isolates and their effect 
was expressed in percentage value and compared by Chi-
square as P value, as revealed in Figure 5, and there were 
statically significant differences (P = 0.032) between the 
inhibitory effects of different concentrations. The first 
two lower concentrations showed a little or no effect in 
comparison with other higher concentrations and with 
the effect of antibiotics. These results showed that higher 
antimicrobial inhibition effect of Chamomile at (80 mg/
mL) concentration; as the inhibition for A. baumannii 
growth was in a percentage (78.3%) and (69.6%) for (80 and 
40 mg/mL), respectively; while (20 mg/mL) concentration 
made (47.8%) inhibition effect of A. baumannii growth.

Thus, these results showed that the inhibitory activity of 
the aqueous extract of M.  chamomilla is proportional 

2 (20%)

5 (50%)

3 (30%)

Posi�vity for Efflux Pump (No. (%))
Nega�ve for Efflux Pump
Posi�ve for Efflux pump �ll 2mg/L
Posi�ve for Efflux pump �ll 2.5mg/L

Figure 3: Positivity for efflux pump (No. [%]) phenotype production by 
A. baumannii clinical isolates by the application of Cartwheel assay

Figure 4: (A and B) The Ethidium Bromide-agar Cartwheel method for detection of efflux pump phenotype production applied to different A. baumannii 
clinical isolates. As A1 is free of Ethidium Bromide, A2, 3, and 4 refer to positive efflux pump with no fluorescence. (B) Negative for efflux pump with 
fluorescence on UV light visualization. (A) 1 = 0.0 mg/L, 2 = 0.25 mg/L, 3 = 0.5 mg/L, 4 = 1 mg/L. (B) 1.5, 2, 2.5 mg/L
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Figure 5: Inhibitory effect of aqueous extract of Matricaria chamomilla against A. baumannii
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linearly with its concentration, as it is increase when the 
concentration increase.

Results of Figures 6 and 7 showed that the fluorescence 
against UV light appeared more frequently among isolates 
even with the lower concentrations of EtBr, which is an 
indicator of loss of efflux pump function, as there was a 
decreased outflow of ethidium bromide from the bacteria, 
which increased fluorescence compared with the control. 
Where 80 mg/mL concentration of the extract inhibited 
efflux pump of 5/6 (83.3%) isolates, as the inhibition 
started to some extent at 40 mg/mL and appeared more 
frankly at the higher concentration. Only one of six 
(16.7%) isolates does not show any inhibition at both 
concentrations indicating pronounced efflux activity.

Discussion
The dissemination of A.  baumannii in clinical samples 
could be due to its ability to cause different nosocomial 
infections and resistance to a wide range of antibiotics 
where most cases in this study were collected from the ICU 
as their patients are usually on ventilators or other invasive 
supportive devices as the hospital environment itself  is an 
increasingly important reservoir of A. baumannii

In addition, these percentages and variations could be 
attributed to the collection methods, differences in sample 
type and size, and antibiotic usages with the hygienic and 

protective hospital measures to prevent dissemination of 
infections whether applied efficiently.

A.  baumannii are widely distributed in different 
environments, especially in hospital environment, they 
reside on medical devices and equipment with their 
capacity to survive for prolonged periods on inanimate 
objects. The factors that are responsible for their 
persistence in a hospital environment are resistance to key 
antimicrobial drugs and disinfectants and their ability to 
survive in desiccants.[13]

Different works concerning the study of A.  baumannii 
from various clinical sites revealed varying frequencies, 
where the study by Bayram and Al-Shukri[14] at Babylon 
City, Iraq, showed that A. baumannii was mostly isolated 
from respiratory tract infection with 27% followed by 
14% and 10% from burns and urine, respectively, whereas 
the lowest from wound was 8%. Also, another study was 
carried out in Babylon, Iraq, in the same year resulting 
in 20/100 (20%) overall isolation divided into 7/20 (35%) 
from burn swabs, 8/20 (40%) from wound swabs, whereas 
5/20 (25%) from urine.[15] In comparison with these two 
studies, a certain study identified only 20 isolates out of 
600 specimens (3.33%),[16] Mirazae et al.[17] got 9.51%, and 
Ribeiro et al.[18] showed 55.6% of isolation frequency.

A. baumannii has become a common cause of infections 
associated with high mortality and morbidity and is typically 
more prevalent in those that are immunocompromised, in 
ICU and from war wounds. Furthermore, it has become 
a multidrug-resistant microorganism worldwide leading 
to a great concern in the medical community. The high 
resistance rates are likely to be associated with a wide 
range of empirical and therapeutic use of antibiotics at 
hospitals. The employed selective pressure by multidrug 
resistant (MDR) strains is emerging, which, in turn, may 
have led to the gene encoding resistance mechanisms.[19,20]

Infections by antibiotic-resistant bacteria, especially 
multiresistant bacteria, are challenging to treat, resulting 
in serious health issues and even death due to extended 
hospital stays and unsuccessful treatment attempts. Thus, 

5/6 (83.3%)

1/6 (16.7)

Isolates repond to extract Isolates dono't repond to extract

Figure 7: Number and percentage of A. baumannii isolates responding 
to efflux pump-inhibitory effect of aqueous extract of Matricaria 
chamomilla

Isolate 1 Isolate 2 Isolate 3 Isolate 4 Isolate 5 Isolate 6
Flourscence before extract 2 2 2 2.5 2.5 2.5
Flourscence a�er 40 mg/ml of extract 1.5 1 1.5 1.5 2 2.5
Flourscence a�er 80 mg/ml of extract 0.5 0.5 1.5 1 0.5 2.5
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Figure 6: Efflux pump-inhibitory effect of aqueous extract of Matricaria chamomilla against A. baumannii
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in spite of the importance of tetracyclines as a part of 
A.  baumannii treatment lines, results showed resistance 
to all members with varying degrees, even the member 
of the third generation. Regarding the first and second 
generations, doxycycline appeared as the effective one 
(susceptibility rate 61%) compared with both tetracycline 
and minocycline, whereas tigecycline was the most 
effective (susceptibility rate 82.6%) in comparison with 
other tetracyclines’ members.[21]

A study by Bayram and Al-Shukri,[14] in Hilla City, showed 
a resistance rate to tetracycline of 50%, which is close to 
the present study result, also it is nearly identical to the 
results of Mahich et  al.[22] and Sehree et  al.[23] that were 
50%–60% and 31.7%, respectively.

Al-Tamimi et  al.[24] suggested that clinical A.  baumannii 
isolates showed a low resistance rate of 7.2% for tigecycline 
and 23.8% for minocycline but higher for tetracycline at 
65.4%. Also, Sepehr et  al.[25] showed high resistance to 
tetracycline and tigecycline.

Efflux pump is involved in resistance to tetracyclines, 
tigecycline, and many other different classes of antibiotics, 
and unfortunately, the nosocomial infections caused by 
bacteria harboring these pumps and resistances have 
increased over the past decade, especially in patients 
admitted to ICUs, burns, and surgery wards.[26] Cartwheel-
Ethidium bromide assay was used by many researchers 
for the detection of efflux pump, where Sepehr et  al.[25] 
showed the nine tested isolates with tetracyclines’ 
resistance resulting in the increased outflow of ethidium 
bromide from the bacteria, which decreased fluorescence 
compared with the control; also, it was beneficial to detect 
the effect of EPIs.

The treatment of bacterial infections is currently a great 
challenge for the medicine. Antibiotics that have been 
used for decades are not as effective due to multidrug 
resistance, and new ones rarely appear. Therefore, 
research focuses on adjuvant substances that can support 
the activity of antibiotics without the risk of developing 
secondary resistance. These adjuvants can directly inhibit 
the resistance mechanism in nontoxic concentrations or 
modulate virulence factors and, thus, reduce the danger 
of bacterial strains. Plant extracts are a promising source, 
because they contain a wide range of substances. There 
are many biological activities studied on M. chamomilla. 
Among these studies, antimicrobial, antioxidant, and anti-
inflammatory activity studies are the most common, where 
many antimicrobial activity studies on M. chamomilla are 
mainly performed with its extracts that are obtained using 
various solvents and extraction techniques or essential 
oil of the plant. Staphylococcus aureus, Escherichia coli, 
Pseudomonas aeruginosa, Bacillus subtilis, Bacillus cereus, 
and Salmonella typhi bacterial strains, and Candida 

albicans, Aspergillus flavus, and Aspergillus niger fungal 
strains were the most common strains in these studies.[27-29]

Several studies had studied the antimicrobial activity of 
Chamomile and many other plants’ extracts and gave 
various minimal inhibitory concentration values that 
are mainly due to different extraction methods, types 
of extract, and concentrations series that are applied. 
Also, the presence of active compounds in the extract is 
also influenced by the conditions under which the plant 
grows (soil conditions, amount of rain, and sunshine) 
and in which generation period the plant is at the time 
of collection (germination and full bloom). However, all 
extracts tend to be more active against Gram-positive than 
Gram-negative bacteria at lower concentrations, which 
may be caused by poor permeation of active substances 
through the complicated membrane of Gram-negative 
bacteria.[30] Also, the use of different bacterial strains can 
also lead to different minimum inhibitory concentration 
values.

The sensitivity of bacteria to antibiotics is weakened not 
only by the expression of resistance genes but also by the 
formation of biofilms. The bacteria in biofilms can be up 
to 100 times resistant to antibiotics,[31] and thus, extracts 
that have the ability to destroy and overcome biofilm 
formation can also potentiate and prevent bacterial 
growth and inhibit antimicrobial resistance.

Ali et  al.[32] revealed that watery extract of Chamomile 
has an inhibitory effect on the microorganisms under 
investigation. Extract of chamomile was detected to 
be contain azulene and apigenin compounds, after 
detection and quantitation using high performance liquid 
chromatography techniques; as the extract was used 
against both Gram positive and negative isolates, extract 
showed no inhibition in the control treatments, with slight 
inhibition at 10 and 20 mg/mL while caused an inhibition 
zone with 15.2 mm at the concentration 40 mg/mL with 
more inhibition with concentrations increment.

Ismail et al.[33] showed that the water extract of chamomile 
is more effective than the ethanolic one against different 
types of bacterial isolates, where higher concentrations 
gave better effects than the lower ones. M.  chamomilla 
contains many active compounds and is attributed to 
antimicrobial activity as terpene compounds, azulen and 
abisabolo. The dried flowers of chamomile contain many 
terpenoids and flavonoids contributing to its medicinal 
properties.

Jafarzadeh et  al.[34] explained that the analysis of the 
chemical ingredients of M.  chamomilla showed the 
presence of flavonoids, phenylpropanoids, polyyne 
compounds, coumarins, polysaccharides, and essential 
oils. M.  chamomilla shows a wide range of biological 
activities, which are most often due to its phenolic 
compounds. It has been shown that the spasmolytic and 
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anti-inflammatory activities of M. chamomilla are mainly 
related to its flavonoids.

A combination therapy of EPIs and antibiotics could be a 
favorable for the efflux pump- mediated bacterial resistance; 
as EPI must be selective, not target any eukaryotic efflux 
pumps, and has ideal pharmacological properties, such as 
the nontoxicity and high therapeutic effect. Inhibition of 
these systems can cause an increase in the concentration 
of antibiotics within the bacterial cell. Furthermore, it can 
complicate intercellular communication and, thus, reduce 
the production of virulence factors. Křížkovská et  al.[35] 
suggested that M. chamomilla at nontoxic concentrations 
can inhibit MDR-Gram-negative efflux systems, and it is 
able to reduce the virulence of both Gram-positive and 
Gram-negative bacteria by inhibiting efflux pumps.

Even though drug efflux pumps play a critical role in 
the emergence of tetracycline resistance and even MDR 
bacterial strains, there is no clinically approved EPI with 
which to inhibit these efflux pumps. Efforts are being made 
to develop a more effective EPI with fewer adverse effects 
and increased efficacy. Thus, suppression of efflux pumps 
is a promising strategy for overcoming this problem.

Conclusion

Tetracycline-resistant A.  baumannii is considered a 
healthy and community hazard, efflux pump has a great 
role in this problem, and chamomile extract could be an 
efficient EPI.

Conflict of interest
There is no conflict of interest.

Financial support and sponsorship
Nil.

References
1.	 Islahi S, Ahmad F, Khare V, Yaqoob S, Shukla P, Singh Y. Incidence 

and risk factors associated with Acinetobacter species infection in 
hospitalised patients in a tertiary care hospital in North-India. J 
Comm Dis 2015;46:10-2.

2.	 Polly  M, de  Almeida  BL, Lennon  RP, Cortês  MF, Costa  SF, 
Guimarães T. Impact of the COVID-19 pandemic on the incidence 
of multidrug-resistant bacterial infections in an acute care hospital 
in Brazil. Am J Infect Control 2021;50:32-8.

3.	 Asif  M, Alvi  I, Rehman  S. Insight into Acinetobacter baumannii: 
Pathogenesis, global resistance, mechanisms of resistance, 
treatment options, and alternative modalities. Infect Drug Resist 
2018;11:1249-60.

4.	 Viehman  JA, Nguyen  MH, Doi  Y. Treatment options for 
carbapenem-resistant and extensively drug-resistant Acinetobacter 
baumannii infections. Drugs 2014;74:1315-33.

5.	 Foong  WE, Wilhelm  J, Tam  HK, Pos  KM. Tigecycline efflux in 
Acinetobacter baumannii is mediated by TetA in synergy with RND-
type efflux transporters. J Antimicrob Chemother 2020;75:1135-9.

6.	 Sjuts  H, Vargiu  AV, Kwasny  SM, Nguyen  ST, Kim  H-S, Ding  X, 
et al. Molecular basis for inhibition of AcrB multidrug efflux pump 

by novel and powerful pyranopyridine derivatives. Proc Natl Acad 
Sci USA 2016;113:3509-14.

7.	 Ginko  E, Demirovi´c  EA, ˇSari´c-Kundali´c  B. Ethnobotanical 
study of traditionally used plants in the municipality of Zavidovići, 
BiH. J Ethnopharmacol 2023;302:115888.

8.	 Dai  Y, Ying  Li  Y, Wang  Q, Gao  L. Chamomile: A  review of its 
traditional uses, chemical constituents, pharmacological activities 
and quality control studies. Molecules 2023;28:133.

9.	 Clinical and Laboratory Standards Institute (CLSI). Performance 
Standards for Antimicrobial Susceptibility Testing, 30th ed. Wayne, 
PA: CLSI Supplement M100; Clinical and Laboratory Standards 
Institute. 2020.

10.	 Martins  A, Hunyadi  A, Amaral  L. Suppl 1: Mechanisms of 
resistance in bacteria: An evolutionary approach. Open Microbiol J 
2013;7:53-8.

11.	 Salumi  Z, Abood  Z. Phenotypic diagnosis of efflux pump of 
Escherichia coli isolated from urinary tract infections. Iraqi J 
Biotechnol 2022;21:21-31.

12.	 Srivastava  J, Gupta  S. Extraction, characterization, stability and 
biological activity of flavonoids isolated from chamomile flowers. 
Mol Cell Pharmacol 2009;1:138.

13.	 Evans  BA, Hamouda  A, Amyes  SG. The rise of carbapenem-
resistant Acinetobacter baumannii. Curr Pharm Des 2013;19:223-38.

14.	 Bayram,  NA, Al-Shukri  MS. Genotypic Diversity and 
Characterization of CRISPR-Cas Systems in Multidrug-Resistant 
Acinetobacter baumannii Isolates. MSc. thesis, College of Medicine, 
University of Babylon; 2022.

15.	 Kareem  I, Al-Hasnawy  HH, Ali  JA. Role of some proteins in 
resistance of clinical Acinetobacter baumannii isolates to imipenem. 
Int J Health Sci 2022;6:15118-27.

16.	 Al-Hasnawy  HH, Rahi  AA, Hadi  BH. Detection of colistin 
resistance genes in Acinetobacter baumannii isolated from different 
clinical specimens. Ann Romanian Soc Cell Biol 2021;3:1581-91.

17.	 Mirazae  B, Bazgir  ZN, Goli  HR. Prevalence of  multi-drug 
resistant (MDR) and extensively drug-resistant (XDR) phenotypes 
of  Pseudomonas aeruginosa and Acinetobacter baumannii 
isolated in clinical sample from northeast of  Iran. BMC Res Notes 
2020;13:380.

18.	 Ribeiro  EA, Gales  AC, Oliveira  A,P, Coelho  DD, Oliveira  RA, 
Pfrimer  IA, et  al. Molecular epidemiology and drug resistance of 
Acinetobacter baumannii isolated from a regional hospital in the 
Brazilian Amazon. Region 2020;18:77-90.

19.	 Karakonstantis S. A systematic review of implications, mechanisms, 
and stability of in vivo emergent resistance to colistin and tigecycline 
in Acinetobacter baumannii. J Chemother 2020;33:1-11.

20.	 Karakonstantis  S, Saridakis  I. Colistin heteroresistance in 
Acinetobacter spp.: Systematic review and meta-analysis of 
the prevalence and discussion of the mechanisms and potential 
therapeutic implications. Int J Antimicrob Agents 2020;56:106065.

21.	 Lowe M, Ehlers MM, Ismail F, Peirano G, Becker PJ, Pitout JDD, 
et al. Acinetobacter baumannii: Epidemiological and beta-lactamase 
data from two tertiary academic hospitals in Tshwane, South Africa. 
Front Microbiol 2018;9:1280.

22.	 Mahich  S, Angurana  SK, Suthar  R, Sundaram  V, Munda  VS, 
Gautam V. Acinetobacter sepsis among out-born neonates admitted 
to neonatal unit in pediatric emergency of a tertiary care hospital in 
North India. Indian J Pediatr 2021;88:127-33.

23.	 Sehree MM, Abdullah HN, Jasim AM. Isolation and evaluation of 
clinically important Acinetobacter baumannii from intensive care 
unit samples. J Tech 2021;3:83-90.

24.	 Al-Tamimi  M, Albalawi  H, Alkhawaldeh  M, Alazzam  A, 
Ramadan H, Altalalwah M, et al. Multidrug-resistant Acinetobacter 
baumannii in Jordan. Microorganisms 2022;10:849.

25.	 Sepehr  A, Fereshteh  S, Shahrokhi  N. Detection of efflux pump 
using ethidium bromide-agar cartwheel method in Acinetobacter 
baumannii clinical isolates. J Med Microbiol Infect Dis 
2022;10:36-41.

26.	 Shi Y, Xhaing H, Qingy J, Yunthig Y. Mechanism of eravacycline 
resistance in Acinetobacter baumannii mediated by a deletion 

D
ow

nloaded from
 http://journals.lw

w
.com

/m
jby by B

hD
M

f5eP
H

K
av1zE

oum
1tQ

fN
4a+

kJLhE
Z

gbsIH
o4X

M
i0hC

yw
C

X
1A

W
nY

Q
p/IlQ

rH
D

3i3D
0O

dR
yi7T

vS
F

l4C
f3V

C
4/O

A
V

pD
D

a8K
2+

Y
a6H

515kE
=

 on 05/20/2024



Al-ammery and Chabuck: Chamomile as efflux pump inhibitor

         64� 64    Medical Journal of Babylon  ¦ Volume 21 ¦ Issue 1 ¦ January-March 2024

mutation in the sensor kinase adeS, leading to elevated expression of 
the efflux pump AdeABC. Infect Genet Evol 2020;80:104185.

27.	 Flemming M, Kraus B, Rascle A, Jürgenliemk G, Fuchs S, Fürst R, 
et al. Revisited anti-inflammatory activity of  matricine in vitro: 
Comparison with chamazulene. Fitoterapia 2015;106:122-8.

28.	 Cvetanović A, Švarc-Gajić J, Zeković Z, Jerković J, Zengin G, Gašić U, 
et al. The influence of the extraction temperature on polyphenolic 
profiles and bioactivity of chamomile (Matricaria chamomilla L.) 
subcritical water extracts. Food Chem 2019;271:328-37.

29.	 Ozdemir  M, Selcuk  Suzgec  S, Kara  Mataracı  E, Celik  Ozbek  B. 
Pharmacopoeia researches and antimicrobial activity studies on 
Matricaria chamomilla L. Clin Exp Health Sci 2021;11:801-8.

30.	 Milenković MT, Božić, DD, Slavkovska VN, Lakušić BS. Synergistic effects 
of Salvia officinalis L.  essential oils and antibiotics against methicillin-
resistant Staphylococcus aureus. Arch Biol Sci 2015;67:949-56.

31.	 Alav I, Sutton JM, Rahman KM. Role of bacterial efflux pumps in 
biofilm formation. J Antimicrob Chemother 2018;73:2003-20.

32.	 Ali E, Ibrahim K, Ismail M. Activity of Flower and Callus Extracts 
of Matricaria chamomilla L.  in the Treatment of Experimentally 
Induced Skin Infections in Mice. 2009.

33.	 Ismail I, Ibrahim K, Lateef N. Effect of flower extracts of Matricaria 
chamomilla L.  on some bacteria causing eye infections. Diyala J 
Pure Sci 2011;7:96-107.

34.	 Jafarzadeh M, Moghaddam M, Bakhshi D. Antimicrobial activity 
of three plant species against multi-drug resistant E.  coli causing 
urinary tract infection. J Herb Med 2020;22:100352.

35.	 Křížkovská B, Hoang L, Brdová D, Klementová K, Szemerédi N, 
Loučková  A, et  al. Modulation of the bacterial virulence 
and resistance by well-known European medicinal herbs. J 
Ethnopharmacol 2023;312:116484.

D
ow

nloaded from
 http://journals.lw

w
.com

/m
jby by B

hD
M

f5eP
H

K
av1zE

oum
1tQ

fN
4a+

kJLhE
Z

gbsIH
o4X

M
i0hC

yw
C

X
1A

W
nY

Q
p/IlQ

rH
D

3i3D
0O

dR
yi7T

vS
F

l4C
f3V

C
4/O

A
V

pD
D

a8K
2+

Y
a6H

515kE
=

 on 05/20/2024


