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Summary
Metallo-β-lactamase (MBL)-producing Pseudomonas aeruginosa is a leading cause of nosocomial infections, especially in burn patients worldwide. The antimicrobial properties of Cinnamomum verum, Allium sativum, and Zingiber officinale known as cinnamon, garlic, and ginger,
respectively have not yet been reported on P. aeruginosa producing metallo-β-lactamase. The
present study aimed to detect MBL genes and evaluate the inhibitory effect of cinnamon, garlic
and ginger extracts on MBL-producing P. aeruginosa.
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Antibiotic resistance pattern of MBL-producing P. aeruginosa isolates was evaluated by KirbyBauer disk diffusion method. MBL-producing isolates were phenotypically tested by combined
disk test (CDT). The prevalence of blaVIM and blaIMP genes encoding metallo-β-lactamase was
detected by PCR. Minimum inhibitory concentration (MIC) of the acetonic, methanolic, and
chloroformic extracts of cinnamon, garlic, and ginger on MBL-producing isolates was evaluated
by the broth microdilution method.
Eighty-one out of 95 (85.2%) imipenem-resistant P. aeruginosa isolates were MBL-producing.
Thirteen out of 81 (16.0%) and 18 out of 81 (22.2%) MBL-producing P. aeruginosa were positive
for blaIMP and blaVIM genes, respectively. The inhibitory concentrations of the acetonic, methanolic, and chloroformic extracts of cinnamon, garlic, and ginger ranged from ≥1.50 mg/ml to
≥12.50 mg/ml.
We find that the methanolic extract of cinnamon and garlic as well as the acetonic extract of
ginger has significant antibacterial activity against the MBL-producing P. aeruginosa. These medicinal plants can be considered as a source of forgotten antimicrobial agents to avoid treatment failure and mortality.
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Introduction
Burn wound infection is one of the most damaging
forms of trauma and serious public health problems
in many countries.1,2,3 In 2013, the Centers for Disease
Control and Prevention (CDC) reported that Enterobacteriaceae, Pseudomonas aeruginosa, and Acinetobacter spp. are the most common pathogens associated with burn wound infections.4 Approximately 8%
of all healthcare-associated infections reported to
CDC’s National Healthcare Safety Network are caused
by P. aeruginosa.4,5 However, some strains of P. aeruginosa have been found to be resistant to nearly all or
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all antibiotics including aminoglycosides, cephalosporins, fluoroquinolones, and carbapenems.4,6 The resistance in P. aeruginosa is mainly related to the production of β-lactamases, such as extended-spectrum
beta-lactamase (ESBL), metallo-beta-lactamase (MBL),
and OXA-type β-lactamase known as enzymes of Ambler classes A, B, and D, respectively.7 Several MBLs
encoded by mobile DNA have emerged in serious pathogens, including P. aeruginosa, A. baumannii, and
Enterobacteriaceae since the 1990s.8 The blaIMP, VIM,
SPM, GIM, SIM, KHM, AIM, and NDM are the most wellknown MBLs in P. aeruginosa.9 MBLs have extended
hydrolyzing activity against all β-lactam antibiotics
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including carbapenems except for monobactams.10,11
furthermore, MBL-producing P. aeruginosa can cause
infections with higher rates of mortality, morbidity,
and health care costs.12 Nowadays, rapid growing antibiotic resistance, as well as unpleasant side eﬀects of
the synthetic drugs has led to focus on natural alternatives and therapeutic aspects of herbal extracts.13
In this regards, the use of herbal remedies has also
been widely embraced in many countries due to the
availability, inexpensive, eﬀectiveness, and minimal
side eﬀects.14,15 The antimicrobial activity of commonly
used spices namely, cinnamon (Cinnamomum verum),
garlic (Allium sativum), and ginger (Zingiber oﬃcinale)
has been demonstrated against antibiotic-resistant
bacterial pathogens.15,16 Nevertheless, the antimicrobial
properties of cinnamon, garlic, and ginger have not
yet been reported on MBL-producing P. aeruginosa.
In this study, we introduced the antibiotic resistance patterns of P. aeruginosa, prevalence assay of
blaVIM and blaIMP MBL genes, and inhibitory eﬀect of
acetonic, methanolic, and chloroformic extracts of
cinnamon, garlic, and ginger on MBL-producing P. aeruginosa isolated from burn patients hospitalized in
Shahid Motahari Burns Hospital, Tehran, Iran.

dime (CAz 30 μg/ml), cefepime (fEP 30 μg/ml), aztreonam (ATM 40 μg/ml), ticarcillin (TIC 75 μg/ml), colistin
(CST 10 μg/ml). Pseudomonas aeruginosa ATCC® 27853
was used as a positive control strain.18
Minimum inhibitory concentration (MIC)
Broth microdilution method was used to determine
the minimum inhibitory concentrations (MICs) of P.
aeruginosa clinical isolates according to the breakpoint
interpretation of CLSI. MIC testing to the following
antibiotics was tested: ceftazidime, ciprofloxacin, meropenem, and imipenem.18 All antibiotics were purchased from Sigma-Aldrich (Sigma Aldrich, St. Louis,
Missouri, United States). Escherichia coli ATCC® 25922
was used as a positive control strain.
Phenotypic detection of MBL-producing P. aeruginosa
Combination disk diﬀusion test (CDDT) was carried
out to identify the MBL-producing P. aeruginosa using
imipenem with 0.5 M EDTA and meropenem with 0.5
M EDTA. The culture plate was incubated at 37ºC for
24 hours. The diameter of inhibition zone of imipenem and meropenem alone was compared to the imipenem-EDTA and meropenem-EDTA. MBL-producing
P. aeruginosa PA53 (Accession: KM359726) was used
as the control strain.7,18

Materials and methods
Bacterial isolation and identification
In this cross-sectional study, a total of 100 non-duplicated P. aeruginosa isolates were collected from burn
wounds of patients hospitalized in Shahid Motahari
Burn Hospital in Tehran, Iran, over a 14-month period
ranging from July 2015 to September 2016. The bacterial isolates were identified by standard microbiological
methods and common biochemical laboratory tests,
including oxidase, catalase, oxidation-fermentation
(Of), arginine dehydrolase, lysine, ornithine decarboxylase, TSI, H2S production, indole formation, motility,
growth on Simmons citrate agar, growth at 42ºC, methyl red, and Voges-Proskauer. The identified strains
were stored in glycerol broth cultures at −70ºC.17
Antimicrobial susceptibility testing
Antimicrobial susceptibility of clinical isolates of P. aeruginosa was determined by Kirby-Bauer disk diﬀusion
method according to the Clinical and Laboratory Standards Institute (CLSI) guidelines. Antibiotic paper discs
were prepared from MAST group (Mastdiscs®, Mast
Group Ltd., UK) as follows: ciprofloxacin (CIP 5 μg/ml),
imipenem (IMP 10 μg/ml), meropenem (MEM 10 μg/ml),
doripenem (DOR 10 μg/ml), gentamicin (GEN 10 μg/ml),
piperacillin (PIP 100 μg/ml), piperacillin/tazobactam
(TzP 100/10 μg/ml), amikacin (AMK 30 μg/ml), ceftazi-

DNA extraction and PCR detection
Bacterial DNA was extracted by PrimePrep Genomic
DNA Isolation Kit (GeNet Bio, Daejeon, Korea; Cat. No.
K-3000) according to the manufacturer's procedures.
The blaIMP and blaVIM genes were detected by conventional PCR method. PCR amplification of the genes
was done by specific primers as follows: IMP-f (5΄-GAAGGCGTTTATGTTCATAC-3΄) and IMP-R (5΄-GTAAGTTTCAAGAGTGATGC-3΄), VIM-f (5΄-GATGGTGTTTGGTCGCATA-3΄) and VIM-R (5΄-CGAATGCGCAGCACCAG-3΄).
PCR was carried out in a final volume of 25 μl mixture
containing 12.5 μl of 2.0x Taq Master Mix RED with
2.0 mM MgCl2 (Cat. No. AMP 190301, Ampliqon, Denmark), 1 μL (10 pmol/μL) of each forward and reverse
primer, 8.5 μL of sterile distilled water and 2 μL of prepared DNA (100 ng/μl). The PCR was performed in
Mastercycler AG 22331-Hamburg (Eppendorf, Germany) under thermal cycling conditions: initial denaturation at 94°C for 3 min, followed by 35 cycles of
denaturation at 94°C for 45 s, annealing at 47°C for
IMP and 54°C for VIM for 45 s, extension at 72°C for 45
s, and final extension at 72°C for 3 min. PCR products
were separated in a 1% agarose gel at 95 V for 50 min
and visualized under UV light following the ethidium
bromide staining. P. aeruginosa PA53 (ACCESSION:
KM359726) and P. aeruginosa Psa1 (ACCESSION:
KT313641) were used as the control strains for blaIMP

•

ΤΟΜΟΣ 64 ΤΕΥΧΟΣ 2, Απρίλιος-Ιούνιος 2019

27

N.Y. NOJOOKAMBARI, G. ESLAMI, A. HASHEMI, M. SADREDINAMIN, S. TARASHI, M. ROSHANI, S. YAzDANSETAD

and blaVIM genes, respectively.19,20 All PCR products
were sequenced by ABI 3730XL DNA Analyzer (Bioneer, Korea). The nucleotide sequences were analyzed
by Chromas 2.6.5 software and BLAST algorithm of
NCBI web server.
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Plant material and extract preparation
The three commonly used plant spices of diﬀerent families were purchased from local market of Tehran,
Iran. The plant spices were re-identified and verified
by Herbal Medicine Center of Agricultural Research
Education and Extension Organization (AREEO), Tehran, Iran. ARREO is an umbrella organization under the
ministry of Jihad-e Agriculture which is responsible
for Research, Education, and Extension issues of agricultural sector in Iran.
The fresh plant spices were first washed by tap
water, then 3 times by sterile distilled water and dried
in laminar air flow cabinet for 7 days at 25°C. The dried
materials were crushed with mortar and pestle and
powdered by a grinder. Ten g of each cinnamon, garlic, and ginger powder was separately soaked in 100
ml acetone (99%, v/v), methanol (96%, v/v), and chloroform (99.4%, v/v) (Merck, Germany) for a period of
72 hours at room temperature (25°C) in the dark. The
extracts were filtered through Whatman filter paper
No.1 (Sigma-Aldrich, USA) and then sterilized through
the filter PTfE Membrane 0.45 µm Pk5 (Thomas
Scientific, USA). filtered extracts were evaporated in
a rotary evaporator under vacuum and reduced pressure. All dried extracts were stored at 4°C.15
MIC and MBC values of herbal extracts
MIC of the herbal extracts was evaluated by the broth
microdilution method in 96-well microplates according to the CLSI guidelines.21 Two hundred mg of each
extract powder of cinnamon, garlic, and ginger were
separately dissolved in 2 ml DMSO 2% (Merck, Germany) to obtain a final concentration of 100 mg/ml.
Diﬀerent dilutions in the range of 50 mg/ml to 0.19
mg/ml were prepared from the stock solution. One
hundred μl of cation-adjusted Mueller-Hinton broth
was added in the each well of 96-well microplate.
Then, 100 μl of extract was added in all wells of one
column (column 3). Serial dilution of extracts was prepared in all wells of each column (from column 3 to
column 12) using a multi-channel sampler. Bacterial
suspension was adjusted by using a 0.5 Mcfarland
standard (~1×108 colony forming units (CfU) ml−1)
and diluted 1:10 to obtain a concentration of 107 CfU
mL−1. Ten μl of diluted bacterial suspension was added
in all wells except the column of negative control. Column 1 was selected as a negative control containing
Mueller-Hinton broth and extract solution. Column 2
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was selected as a positive control containing MuellerHinton broth and standard suspension of P. aeruginosa ATCC® 27853. The plates were incubated at 37°C
for 24 hours. The lowest concentration (highest dilution) of the extract preventing appearance of turbidity
was reported as MIC. The MBC of extracts were determined by sub-culturing 10 μL from the wells with concentrations above the MIC on Mueller Hinton Agar
(MHA). The lowest concentration of the extract killing
bacteria was considered as MBC.
Statistical analysis
All deduced data were analyzed using MINITAB statistical software release 13 (Minitab, Inc., State College,
Pennsylvania, USA). A P value <0.05 was considered
statistically significant.

Results
Sample collection
A total of 100 P. aeruginosa isolates were obtained from
burn wounds of patients admitted to the burn care
unit of Shahid Motahari Hospital, Tehran, Iran. Seventyfour out of 100 (74%) and 26 out of 100 (26%) isolates
of P. aeruginosa belonged to male and female patients,
respectively. Distribution of isolates based on age
group of patients were 6%, 32%, 52%, and 10% for 10,
10-30, 30-60, and up to 60 years old, respectively.
Antimicrobial susceptibility profile
Out of the 100 P. aeruginosa isolates, 94 (94%) were resistant to ciprofloxacin, 95 (95%) to gentamicin, 95
(95%) to imipenem, 95 (95%) to meropenem, 94 (94%)
to doripenem, 82 (82%) to piperacillin/tazobactam, 91
(91%) to amikacin, 75 (75%) to ceftazidime, 98 (98%)
to ticarcillin, 93 (93%) to cefepime, 90 (90%) to piperacillin, 90 (90%) to aztreonam and 0 (0%) to colistin
(figure 1).
The MIC of clinical isolates for imipenem, meropenem, ceftazidime, and ciprofloxacin confirmed that 95
out of 100 (95%) isolates were resistant to imipenem
and meropenem, 75 out of 100 (75%) to ceftazidime,
and 97 out of 100 (97%) to ciprofloxacin.
Phenotypic detection of MBL-positive strains
MBL screening by CDTT showed that 81 out of 95
(85.2%) imipenem non-susceptible P. aeruginosa
strains were MBL producers. The inhibition zone resulted from imipenem-EDTA combined disk on Mueller-Hinton agar indicated diameter of ≥7 mm in comparison with the imipenem.
Prevalence of blaIMP and blaVIM
Thirteen out of 81 (16.0%) and 18 out of 81 (22.2%)
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Figure 1

In vitro antibiotic susceptibility of clinical isolates of P. aeruginosa (CIP: ciprofloxacin, GEN: gentamicin,
IMP: imipenem, MEM: meropenem, DOR: doripenem, PTZ: piperacillin/tazobactam, AMK: amikacin,
CAZ: ceftazidime, TIC: ticarcillin, FEP, cefepime, PIP: piperacillin, ATM: aztreonam, and CST: colistin)

MBL-producing P. aeruginosa were positive for blaIMP
and blaVIM genes, respectively. PCR amplification of
blaIMP and blaVIM genes showed expected amplicon
sizes of 587 bp and 390 bp, respectively (figures 2, 3).
MIC and MBC of extracts
The acetonic, methanolic, and chloroformic extracts
of cinnamon, garlic, and ginger exhibited appreciable
antibacterial eﬃcacy against 81 MBL-producing P. aeruginosa strains. MICs and MBCs (mg/ml) results of cinnamon, garlic, and ginger extracts against 81
MBL-producing P. aeruginosa strains were shown in Tables 1-3, respectively. MIC and MBS values are given
by a mean of three replicates ± standard error regarding P<0.05. MIC of cinnamon ranged from 1.50
mg/ml to 12.50 mg/ml in both acetonic and methanolic extracts and from 3.12 mg/ml to 12.50 mg/ml in
the chloroformic extract. Also, MIC of garlic and ginger
ranged from 1.50 mg/ml to 12.50 mg/ml in all extracts. MICs of extracts corresponded to MBCs in all
bacterial strains. The antibacterial activity of acetonic,
methanolic, and chloroformic extracts of garlic and
ginger was at ≥3.12 mg/ml. MBL-producing P. aeruginosa strains were more susceptible to the methanolic
extract of cinnamon and garlic than the acetonic and
chloroformic extracts, however acetonic extract of
ginger showed higher antibacterial activity than the
methanolic and chloroformic extracts (P<0.05).

Discussion
MBL-producing Pseudomonas aeruginosa is a serious
concern in clinical settings.22 Increasing antibiotic resistance among MBL-producing P. aeruginosa strains
makes it a life-threatening complication in burned patients.7 We found a high rate of antibiotic resistance to
the β-lactam, carbapenem, fluoroquinolone, aminoglycoside, cephem, monobactam, penicillin, and β-lactam/β-lactamase inhibitor combination groups. The
most eﬀective antibiotic was colistin (lipopeptides
group) to which no resistance was seen in the study.
The previous retrospective studies conducted in diﬀerent geographical regions, especially in Iran has been
revealed similar results of antibiotic resistance against
MBL-producing P. aeruginosa.23–27 It has been shown
that current mechanism of resistance in MBL-producing P. aeruginosa is commonly associated with the
production of Ambler classes A, B, and D enzymes with
hydrolyzing activity of β-lactam antibiotics, specifically
carbapenems.7,28 furthermore, the mechanisms of carbapenem resistance in Gram-negative bacilli are related to the resistance of other classes of antibiotics,
including penicillins, cephalosporins, and monobactams causing parallel resistance mechanisms.20
In the current study, we report a high frequency of
85.2% for MBL-positive P. aeruginosa which is in correspondence with the study carried by fallah et al.1 In

•

ΤΟΜΟΣ 64 ΤΕΥΧΟΣ 2, Απρίλιος-Ιούνιος 2019

29

N.Y. NOJOOKAMBARI, G. ESLAMI, A. HASHEMI, M. SADREDINAMIN, S. TARASHI, M. ROSHANI, S. YAzDANSETAD
Figure 2

PCR amplification of blaIMP in MBL-producing
P. aeruginosa. Lane 1-6: PCR products of
blaIMP (587 bp) in clinical strains of MBL-producing P. aeruginosa, M: 100 bp Plus DNA
Ladder (SinaClon, Iran. Cat. No. PR901644),
C+: Positive control, C-: Negative control

Figure 3

PCR amplification of blaVIM in MBL-producing P. aeruginosa. M: 100 bp plus DNA Ladder
(SinaClon, Iran. Cat. No. PR901644), Lane 18: PCR products of blaVIM (390 bp) in clinical
strains of MBL-producing P. aeruginosa, C+:
Positive control
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Table 1

Conc.
(mg/ml)
12.50
6.25

Acetonic extract

MIC
No. (%)

81 (100)

38 (46.91)

MBC
No. (%)

81 (100)

38 (46.91)

Methanolic extract

MIC
No. (%)

81 (100)

81 (100)

MBC
No. (%)

81 (100)

81 (100)

Chloroformic extract

MIC
No. (%)

81 (100)

0

0

13 (16.04)

71 (87.65)

71 (87.65)

36 (44.44)

0.78

0

0

0

0

0

0.39
0.19
0.09

0
0
0
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30 (37.03)
0
0
0

10 (12.34)
0
0
0

10 (12.34)
0
0
0

81 (100)

45 (55.55)

13 (16.04)
30 (37.03)

MBC
No. (%)

45 (55.55)

3.12
1.50

•

MIC and MBC values of Cinnamomum verum extract

0
0
0

36 (44.44)
0
0
0
0
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Table 2

Conc.
(mg/ml)
12.50
6.25

MIC and MBC values of Allium sativum extract

Acetonic extract

MIC
No. (%)

18 (22.22)

46 (56.79)

MBC
No. (%)

18 (22.22)

46 (56.79)

Methanolic extract

MIC
No. (%)

13 (16.04)

26 (32.09)

MBC
No. (%)

13 (16.04)

26 (32.09)

Chloroformic extract

MIC
No. (%)

10 (12.34)

40 (49.38)

MBC
No. (%)

10 (12.34)

40 (49.38)

3.12

17 (20.98)

17 (20.98)

42 (51.85)

42 (51.85)

31 (38.27)

31 (38.27)

0.78

0

0

0

0

0

0

1.50
0.39
0.19
0.09

0
0
0
0

0
0

0
0

0

0

0

0

Table 3

Conc.
(mg/ml)
12.50
6.25

0
0
0
0

Acetonic extract

0

0

0

0

Methanolic extract

Chloroformic extract

MIC
No. (%)

MBC
No. (%)

MIC
No. (%)

MBC
No. (%)

2 (2.46)

2 (2.46)

68 (83.95)

68 (83.95)

22 (27.16)

22 (27.16)

0

0

0

2 (2.46)

2 (2.46)

0.78

0

0

0.09

0

MBC
No. (%)

77 (95.06)

0.19

0

MIC
No. (%)

77 (95.06)

0.39

0

MIC and MBC values of Zingiber officinale extract

3.12

1.50

0

0
0
0
0

0
0
0

a similar study, Saﬀari et al.26 indicated a higher frequency (96%) of MBLs than our study. IMP and VIM
are the most common Ambler class B β-lactamases
encoded by blaIMP and blaVIM genes, respectively, present in the MBL-producing P. aeruginosa strains.25 In
our report, the prevalence of blaIMP and blaVIM genes
were 16.8% and 22.22%, respectively, which is in agreement with the study carried by Tarashi et al.20 The
IMP and VIM enzymes, first reported from Japan in

4 (4.93)

9 (11.11)

4 (4.93)

4 (4.93)

4 (4.93)

9 (11.11)

55 (67.90)

55 (67.90)

0

0

0

0
0

0

0

0

0

0

0
0
0
0

0
0
0
0

1980 and the Verona University Hospital of Italy in
1999, respectively, have since been reported worldwide especially Asian countries.22,29 It has been observed that blaVIM is more prevalent than the blaIMP in
Iranian’s studies.19 Nevertheless, increasing prevalence
of either blaIMP or blaVIM genes mediated resistance in
P. aeruginosa is an alarming threat in the clinical management.29
Emerging multi-drug resistant strains has led to di-
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rect studies toward promising sources of herbs and
spices with potential antibacterial activities.15 Generally, the medicinal herbs are considered due to the
production of secondary metabolites such as alkaloid,
flavonoids, tannins and phenolic compounds as valuable sources of microbicides and pharmaceutical
drugs.16
Cinnamon, garlic, and ginger are the most important
medicinal plants which have been previously used in
traditional medicine owing to the broad pharmaceutical
applications, especially antimicrobial properties.15,16
Cinnamaldehyde is a bioactive compound present in
cinnamon which might be responsible for its antimicrobial properties. Phytochemical screening of the
cinnamon plant’s bark indicated that the presence of
saponin, alkaloid, flavonoid and phenol alone or in
combination together may be responsible for antimicrobial properties.16 The antibacterial activity of garlic
is mainly due to the presence of a sulfur compound
namely diallyl thiosulphinate (allicin).30 It has been
said that the antimicrobial potency of garlic as a result
of its ability to inhibit toxin production and expression
of enzymes involved in pathogenesis. Other antimicrobial mechanisms are probably due to the inhibition
of β-lactamase expression, aminoglycoside-modifying
enzymes, and altered ribosomal binding.31 Ginger
also shows antimicrobial activity possessing the biological components such as gingerol, paradol, shogaol,
and zingerone.32 In addition, the main component of
ginger attributing antibacterial activity is sesquiterpenoid belonging to a class of terpenes.15
Since most studies deal with the general pathogens, little information is accessible on remedying
drug-resistant pathogens and MBL-positive bacteria.33
Also antibacterial eﬀect of cinnamon, garlic, and ginger extracts against MBL-producing P. aeruginosa has
not been investigated yet. Our study aﬃrms that the
cinnamon, garlic, and ginger extracts have antibacterial eﬀect on MBL-producing P. aeruginosa isolates. In
a similar study, the inhibitory eﬀect of garlic evaluated
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by Gull et al. was as follow: 0.1 mg/ml, 0.5 mg/ml, and
0.9 mg/ml for aqueous, ethanolic, and methanolic extracts, respectively, and 0.6 mg/ml, 0.4 mg/ml, and 0.5
mg/ml for aqueous, ethanolic, and methanolic extracts of ginger, respectively.15 According to the Gull’s
study, diﬀerent extracts of spices demonstrated variable degree of sensitivity against P. aeruginosa isolates15 which are in agreement with our study. Notably,
the solubility of plant bioactive compounds like flavonoids and volatile oil in diﬀerent organic solvents
(aqueous, alcoholic, ketogenic, and etc.) is a probable
cause of their antibacterial activity.15,16 So, water, ethanol, and methanol are considered for extract preparation by reason of the improved solubility as
described by de Boer et al.34
In conclusion, the prevalence of MBL-producing P.
aeruginosa in burned patients admitted to our burn
center is alarming. Screening of the strains is necessary to manage infections caused by them. Accordingly, the clinical significance of the strains made us
research alternative antimicrobial agents as a promising therapeutic approach. In this regard, we find that
the methanolic extract of cinnamon and garlic as well
as the acetonic extract of ginger has significant antibacterial activity against the MBL-producing P. aeruginosa. These medicinal plants can be considered as
a source of forgotten antimicrobial agents to avoid
treatment failure and mortality. further studies are
needed to evaluate other aspects of antimicrobial therapy.
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aeruginosa που παράγει μεταλλο-β-λακταμάση:
Ενδεχόμενη θεραπευτική προσέγγιση
Νέντα Ισεφέ Νιοκιουμπάμπρι1, Γκιτά Εσλάμι1, Αλί Χασέμι1, Μερζάντ Σαντρενιναμίν1,
Σαμίρα Ταράσι2,3, Μαχάντε Ροσάνι4, Σάτζιαντ Γιαζανσετάντ5,6
1Τμήμα Μικροβιολογίας, Ιατρική Σχολή, Shahid Beheshti Πανεπιστήμιο Ιατρικών Επιστημών, Τεχεράνη, Ιράν.
2Τμήμα Μυκοβακτηριολογίας και Πνευμονολογίας, Ινστιτούτο Παστέρ του Ιράν, Τεχεράνη, Ιράν.
3Κέντρο Μικροβιολογικής Έρευνας (MRC), Ινστιτούτο Παστέρ του Ιράν, Τεχεράνη, Ιράν.
4
Τμήμα Μικροβιολογίας, Ιατρική Σχολή, Hamedan Πανεπιστήμιο Ιατρικών Επιστημών, Hamedan, Ιράν.
5Ερευνητικό Κέντρο Εργαστηρίων Επιστημών, Golestan Πανεπιστήμιο Ιατρικών Επιστημών, Gorgan, Ιράν.
6Τμήμα Μικροβιολογίας, Ιατρική Σχολή, Golestan Πανεπιστήμιο Ιατρικών Επιστημών, Gorgan, Ιράν.

????????????

33

Λέξεις κλειδιά

Έγκαυμα, κανέλα, σκόρδο, Τζίντζερ,
Pseudomonas aeruginosa

•

ΤΟΜΟΣ 64 ΤΕΥΧΟΣ 2, Απρίλιος-Ιούνιος 2019

N.Y. NOJOOKAMBARI, G. ESLAMI, A. HASHEMI, M. SADREDINAMIN, S. TARASHI, M. ROSHANI, S. YAzDANSETAD

References

34

1. Fallah F, Borhan RS, Hashemi A. Detection of
bla(IMP) and bla(VIM) metallo-β-lactamases genes
among Pseudomonas aeruginosa strains. Int J Burns
Trauma [Internet]. 2013;3(2):122–4. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/23638331
2. Church D, Elsayed S, Reid O, Winston B, Lindsay R.
Burn wound infections. Clin Microbiol Rev [Internet].
2006 Apr;19(2):403–34. Available from: http://www.
ncbi.nlm.nih.gov/pubmed/16614255
3. Mohamed H. One year prevalence of critically ill burn
wound bacterial infections in surgical ICU in Egypt:
Retrospective study. Egypt J Anaesth [Internet]. 2016
Jul;32(3):431–4. Available from: http://linkinghub.elsevier.com/retrieve/pii/S1110184916300022
4. Centres for Disease Control and Prevention, US Department of Health and Human Services. Antibiotic
resistance threats in the United States. Atlanta: CDC;
2013.
5. Tawfik AF, Shibl AM, Aljohi MA, Altammami MA,
Al-Agamy MH. Distribution of Ambler class A, B and
D $β$-lactamases among Pseudomonas aeruginosa
isolates. Burns. 2012 Sep;38(6):855–60.
6. Mesaros N, Nordmann P, Plésiat P, Roussel-Delvallez
M, Van Eldere J, Glupczynski Y, et al. Pseudomonas
aeruginosa: resistance and therapeutic options at the
turn of the new millennium. Clin Microbiol Infect [Internet]. 2007 Jun;13(6):560–78. Available from:
http://linkinghub.elsevier.com/retrieve/pii/S1198743X
14622229
7. Hakemi Vala M, Hallajzadeh M, Hashemi A, Goudarzi
H, Tarhani M, Sattarzadeh Tabrizi M, et al. Detection
of Ambler class A, B and D ß-lactamases among
Pseudomonas aeruginosa and Acinetobacter baumannii clinical isolates from burn patients. Ann Burns Fire
Disasters. 2014 Mar;27(1):8–13.
8. Gupta R, Malik A, Rizvi M, Ahmed M. Presence of
metallo-beta-lactamases (MBL), extended-spectrum
beta-lactamase (ESBL) & AmpC positive non-fermenting Gram-negative bacilli among Intensive Care Unit
patients with special reference to molecular detection
of bla CTX-M & bla AmpC genes. Indian J Med Res
[Internet]. 2016;144(2):271. Available from: http://www
.ijmr.org.in/text.asp?2016/144/2/271/195043
9. Khosravi Y, Tay ST, Vadivelu J. Analysis of integrons
and associated gene cassettes of metallo- -lactamasepositive Pseudomonas aeruginosa in Malaysia. J Med
Microbiol [Internet]. 2011 Jul 1;60(7):988–94. Available from: http://jmm.microbiologyresearch.org/content/journal/jmm/10.1099/jmm.0.029868-0
10. Jeon J, Lee J, Lee J, Park K, Karim A, Lee C-R, et al.
Structural Basis for Carbapenem-Hydrolyzing Mechanisms of Carbapenemases Conferring Antibiotic Re-

•

VOL. 64 ISSUE 2, April-June 2019

11.

12.

13.

14.

15.

16.

17.

18.

sistance. Int J Mol Sci [Internet]. 2015 Apr 29;16(12):
9654–92. Available from: http://www.mdpi.com/
1422-0067/16/5/9654
Dogonchi A, Ghaemi E, Ardebili A, Yazdansetad S,
Pournajaf A. Metallo-β-lactamase-mediated resistance
among clinical carbapenem-resistant Pseudomonas
aeruginosa isolates in northern Iran: A potential threat
to clinical therapeutics. Tzu Chi Med J [Internet].
2018;30:90–96. Available from: http://www.tcmjmed.
com/preprintarticle.asp?id=227856
Ranjan S, Sreenivasa Babu P, Banashankari G. Comparison of epidemiological and antibiotic susceptibility
pattern of metallo-beta-lactamase-positive and metallo-beta-lactamase-negative strains of pseudomonas
aeruginosa. J Lab Physicians [Internet]. 2014;6(2):109.
Available from: http://www.jlponline. org/text.asp?
2014/6/2/109/141509
Alviano DS, Alviano CS. Plant extracts: search for
new alternatives to treat microbial diseases. Curr
Pharm Biotechnol [Internet]. 2009 Jan;10(1):106–21.
Available from: http://www.ncbi.nlm.nih.gov/pubmed/
19149593
Karim A, Nouman M, Munir S, Sattar S. Pharmacology and Phytochemistry of Pakistani Herbs and
Herbal Drugs Used for Treatement of Diabetes. Int J
Pharmacol [Internet]. 2011 Apr 1;7(4):419–39. Available from: http://www.scialert.net/abstract/?doi=
ijp.2011.419.439
Gull I, Saeed M, Shaukat H, Aslam SM, Samra Z,
Athar AM. Inhibitory effect of Allium sativum and
Zingiber officinale extracts on clinically important
drug resistant pathogenic bacteria. Ann Clin Microbiol
Antimicrob [Internet]. 2012;11(1):8. Available from:
http://ann-clinmicrob.biomedcentral.com/articles/
10.1186/1476-0711-11-8
Nabavi S, Di Lorenzo A, Izadi M, Sobarzo-Sánchez
E, Daglia M, Nabavi S. Antibacterial Effects of Cinnamon: From Farm to Food, Cosmetic and Pharmaceutical Industries. Nutrients [Internet]. 2015 Sep
11;7(9):7729–48. Available from: http://www.mdpi.com/
2072-6643/7/9/5359
Owlia P, Nosrati R, Alaghehbandan R, Lari AR. Antimicrobial susceptibility differences among mucoid
and non-mucoid Pseudomonas aeruginosa isolates.
GMS Hyg Infect Control [Internet]. 2014;9(2):Doc13.
Available from: http://www.ncbi.nlm.nih.gov/pubmed/
25152858
Sadredinamin M, Hashemi A, Goudarzi H, Tarashi S,
Yousefi Nojookambari N, Erfanimanesh S. Detection
of ISPa1328 and ISPpu21, Two Novel Insertion Sequences in the OprD Porin and blaIMP-1 Gene Among
Metallo-Beta-Lactamase-Producing Pseudomonas

ANTIMICROBIAL ACTIVITY Of EXTRACTS

19.

20.

21.

22.

23.

24.

25.

aeruginosa Isolated From Burn Patients. Arch Trauma
Res [Internet]. 2016 Aug 29;6(1). Available from:
http://www.archtrauma.com/?page=article&article_id=
36239
SALIMI F, EFTEKHAR F. Prevalence of blaIMP and
blaVIM gene carriage in metallo-β–lactamase-producing burn isolates of Pseudomonas aeruginosa in
Tehran. TURKISH J Med Sci [Internet]. 2014;44:511–
4. Available from: http://journals.tubitak.gov.tr/medical/issues/sag-14-44-3/sag-44-3-27-1302-67.pdf
Tarashi S, Goudarzi H, Erfanimanesh S, Pormohammad A, Hashemi A. Phenotypic and Molecular Detection of Metallo-Beta-Lactamase Genes Among
Imipenem Resistant Pseudomonas aeruginosa and
Acinetobacter baumannii Strains Isolated From Patients with Burn Injuries. Arch Clin Infect Dis [Internet]. 2016 Aug 6;11(4). Available from: http://
archcid.neoscriber.org/en/articles/56953.html
Clinical and Laboratory Standards Institute (CLSI).
Performance Standards for Antimicrobial Susceptibility Testing [Internet]. 27th ed. CLSI supplement M100
(ISBN 1-56238-804-5 [Print]; ISBN 1-56238-805-3
[Electronic]): Clinical and Laboratory Standards Institute, 950 West Valley Road, Suite 2500, Wayne,
Pennsylvania 19087 USA; 2017. Available from:
http://www.facm.ucl.ac.be/intranet/CLSI/CLSI-2017M100-S27.pdf
Zubair KO, Iregbu KC. Resistance Pattern and Detection of Metallo-beta-lactamase Genes in Clinical Isolates ofPseudomonas aeruginosain a Central Nigeria
Tertiary Hospital. Niger J Clin Pract [Internet]. 2018
Feb;21(2):176–82. Available from: http://www.ncbi
.nlm.nih.gov/pubmed/29465051
Mahmoudi S, Pourakbari B, Hosseini M, Alyari AE,
Ashtiani MTH, Mamishi S. Molecular Analysis of
Pseudomonas aeruginosa Metallo-Beta-Lactamase: A
First Report of an Iranian Referral Pediatric Hospital.
Infect Disord - Drug Targets [Internet]. 2018 Mar
20;18(1):46–51. Available from: http://www.eurekaselect.com/147954/article
Khorvash F, Yazdani M, Shabani S, Soudi A.
Pseudomonas aeruginosa-producing Metallo-β-lactamases (VIM, IMP, SME, and AIM) in the Clinical Isolates of Intensive Care Units, a University Hospital in
Isfahan, Iran. Adv Biomed Res [Internet].
2017;6(1):147. Available from: http://www.advbiores.net/text.asp?2017/6/1/147/219412
Acharya M, Joshi PR, Thapa K, Aryal R, Kakshapati
T, Sharma S. Detection of metallo-β-lactamases-encoding genes among clinical isolates of Pseudomonas
aeruginosa in a tertiary care hospital, Kathmandu,
Nepal. BMC Res Notes [Internet]. 2017 Dec 8;10(1):

26.

27.

28.
29.
30.

31.

32.

33.

34.

718. Available from: http://www.ncbi.nlm.nih. gov/
pubmed/29216906
Saffari M, Firoozeh F, Pourbabaee M, Zibaei M. Evaluation of Metallo-β-Lactamase-Production and Carriage ofbla-VIMGenes in Pseudomonas aeruginosa
Isolated from Burn Wound Infections in Isfahan. Arch
trauma Res [Internet]. 2016 Dec;5(4):e34343. Available from: http://www.ncbi.nlm.nih.gov/pubmed/
28144604
Abaza AF, El Shazly SA, Selim HSA, Aly GSA. Metallo-Beta-Lactamase Producing Pseudomonas aeruginosa in a Healthcare Setting in Alexandria, Egypt.
Polish J Microbiol [Internet]. 2017 Sep 27;66(3):297–
308. Available from: http://www.ncbi.nlm.nih.gov/
pubmed/29319510
Hong JS, Kim JO, Lee H, Bae IK, Jeong SH, Lee K.
Characteristics of Metallo-$β$-Lactamase-Producing
Pseudomonas aeruginosa in Korea. Infect Chemother.
2015;47(1):33.
Cornaglia G, Giamarellou H, Rossolini GM. Metallo$β$-lactamases: a last frontier for $β$-lactams?
Lancet Infect Dis. 2011 May;11(5):381–93.
Li G, Ma X, Deng L, Zhao X, Wei Y, Gao Z, et al.
Fresh Garlic Extract Enhances the Antimicrobial Activities of Antibiotics on Resistant Strains in Vitro.
Jundishapur J Microbiol [Internet]. 2015 Mar 21;8(3).
Available from: http://jjmicrobiol.com/en/articles/
18816.html
Iwalokun BA, Ogunledun A, Ogbolu DO, Bamiro SB,
Jimi-Omojola J. In vitro antimicrobial properties of
aqueous garlic extract against multidrug-resistant bacteria and Candida species from Nigeria. J Med Food
[Internet]. 2004;7(3):327–33. Available from: http://
www.ncbi.nlm.nih.gov/pubmed/15383227
Rahmani AH, Shabrmi FM Al, Aly SM. Active ingredients of ginger as potential candidates in the prevention and treatment of diseases via modulation of
biological activities. Int J Physiol Pathophysiol Pharmacol [Internet]. 2014;6(2):125–36. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/25057339
Al-Saiym RA, Al-Kamali HH, Al-Magboul AZ. Synergistic Antibacterial Interaction between Trachyspermum ammi, Senna alexandrina Mill and Vachellia
nilotica spp. Nilotica Extract and Antibiotics. Pakistan
J Biol Sci. 2015 Mar;18(3):115–21.
de Boer HJ, Kool A, Broberg A, Mziray WR, Hedberg
I, Levenfors JJ. Anti-fungal and anti-bacterial activity
of some herbal remedies from Tanzania. J Ethnopharmacol [Internet]. 2005 Jan;96(3):461–9. Available
from:
http://linkinghub.elsevier.com/retrieve/pii/
S0378874104004751.

•

ΤΟΜΟΣ 64 ΤΕΥΧΟΣ 2, Απρίλιος-Ιούνιος 2019

35

