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Abstract

Background: Carbapenem-resistant Pseudomonas aeruginosa (P. aeruginosa) has dramatically increased. Thus, finding a new thera-
peutic option is necessary to fight such isolates.
Objectives: This study aimed to explore the influence of opium on carbapenem-resistant and carbapenem-sensitive P. aeruginosa.
Methods: During the study period from December 2018 to March 2019, a total of 20 non-duplicate P. aeruginosa isolates were col-
lected from clinical samples in Shahid Mohammadi and Pediatrics hospitals (teaching hospitals) affiliated to Hormozgan Univer-
sity of Medical Sciences in Bandar Abbas, the South of Iran. The antimicrobial susceptibility pattern was tested by the disc diffusion
method according to the Clinical and Laboratory Standards Institute (CLSI) guidelines. The influence of opium was tested by broth
microdilution and agar disc diffusion methods against P. aeruginosa isolates.
Results: We studied 20 isolates of P. aeruginosa, of which 30%, 30%, 15%, 10%, 10%, and 5% were collected from wound, urine, discharge,
blood, tracheal tube, and other specimens, respectively. According to the antimicrobial susceptibility testing results, the highest
and lowest rates of resistance were to ofloxacin and piperacillin, respectively. Unexpectedly, all clinical and standard isolates of P.
aeruginosa were resistant to different concentrations of opium.
Conclusions: Based on our experiments, no antimicrobial effect was found for opium against the tested isolates. Studies of opium
need to be continued as it may show some bacteriostatic or bactericide activities in other conditions.
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1. Background

Pseudomonas aeruginosa is an opportunistic Gram-
negative bacterium, which is responsible for systemic in-
fections among immunocompromised patients (1). This
organism poses a growing public health concern world-
wide. A recent report from the National Healthcare Safety
Network introduced Pseudomonas aeruginosa as the sixth
most typical nosocomial pathogen globally and the sec-
ond most typical organism in ventilator-associated pneu-
monia (VAP) in the United States hospitals (2). Also, pa-
tients enduring burn trauma are particularly susceptible
to P. aeruginosa infection; therefore, this group is a major
target for treatment (3, 4).

Carbapenems are the last line treatment for serious P.
aeruginosa infections (5). However, in recent years, due to
the widespread use of antimicrobial agents, carbapenem-
resistant P. aeruginosa has dramatically increased (6, 7).
Unfortunately, raising carbapenem-resistant P. aeruginosa

(CRPA) is the leading cause of high mortality, prolonged
hospital stay, and increased costs (3, 8). Since multidrug-
resistant (MDR) P. aeruginosa is usually resistant to many
classes of antimicrobial agents, the treatment regimens
against these strains are limited (9).

Furthermore, finding a new therapeutic method for
the treatment of such isolates is necessary. In the past, Pa-
paver somniferum was considered as an antibacterial agent
in traditional medicine. Opium (or poppy tears) is a dried
latex obtained from the seed capsules of Papaver som-
niferum (10). Previous studies have proven the antibacterial
effect of opium (11).

2. Objectives

Since limited studies have explored the effect of opium
on P. aeruginosa and due to the lack of enough informa-
tion about opium effects on carbapenem-resistant P. aerug-
inosa, we decided to design this study to explore the influ-
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ence of opium on carbapenem-resistant and carbapenem-
sensitive P. aeruginosa.

3. Methods

3.1. Microbial Strains

During the study period from December 2018 to March
2019, we collected a total of 20 non-duplicate (one per pa-
tient) P. aeruginosa, including 10 meropenem-resistant and
10 meropenem-susceptible isolates. These isolates were
randomly selected from clinical samples at Shahid Mo-
hammadi and Pediatrics hospitals affiliated to Hormozgan
University of Medical Sciences in Bandar Abbas, the South
of Iran. Random numbers were computer-generated to
select samples using the laboratory submission numbers.
The random selection process was repeated until the tar-
get number was obtained. The isolates were identified as
P. aeruginosa using phenotypic microbiology tests (12) and
verified by polymerase chain reaction (PCR) using specific
primers of the gyrB gene for P. aeruginosa (13).

3.2. Antimicrobial Susceptibility Testing

The antimicrobial susceptibility pattern was tested
by disc diffusion according to the Clinical and Labora-
tory Standards Institute (CLSI) guidelines. The follow-
ing antimicrobial agents were used: meropenem (10 µg),
imipenem (10 µg), piperacillin (100 µg), amikacin (30 µg),
ceftazidime (30 µg), ciprofloxacin (5 µg), ofloxacin (5 µg),
aztreonam (30 µg), and gentamicin (10 µg). The plates
were incubated in ambient air at 35°C for 18 h. All an-
timicrobial agents were purchased from Mast Company
(MAST Group Ltd, Merseyside, UK) and the results were in-
terpreted as sensitive, intermediate or resistant following
the CLSI guidelines and the manufacturer protocols. Es-
cherichia coli ATCC 25922 and Pseudomonas aeruginosa ATCC
27853 were used for quality control (14).

3.3. Antimicrobial Screening Test of Opium

3.3.1. Broth Microdilution Studies

Broth microdilution was carried out in duplicate for
the determination of MIC and MBC of opium. Briefly, a 100
mg/mL stock solution was prepared by dissolving opium
in distilled water (opium was prepared as a gift from Faran-
shimi Co., Iran).

According to the CLSI guidelines (15), various concen-
trations of opium ranging from 4 µg/mL to 2,048 µg/mL
were prepared in Mueller-Hinton broth (Merck, Germany)
with a disposable 96-well microdilution plate (16). The bac-
terial suspension was prepared by the direct colony sus-
pension method according to the CLSI guidelines (17). The
plates were incubated in ambient air at 35°C for 20 h and

then visually examined. Any turbidity was considered as
the growth of bacteria. Additionally, 10 µL of each turbid
well was cultured on the Mueller-Hinton agar plate to rule
out the contamination and confirm that the growth was
due to the tested organism. Pseudomonas aeruginosa ATCC
27853 was used for quality control. One well with Mueller-
Hinton broth alone was kept for sterility control.

3.3.2. Disc Diffusion Assay

Using a cotton swab, a 0.5 McFarland bacterial sus-
pension was inoculated on a freshly prepared Mueller-
Hinton agar plate (Merck, Germany). Five blank discs were
placed and 10 µL of opium with concentrations of 32, 64,
128, 512, and 1,024 µg/mL were added to each disc follow-
ing the CLSI guidelines (14). The plates were incubated at
35°C for 18 h. The diameters of the zones of inhibition
appearing around the discs were measured to the near-
est millimeter (mm) and the results were compared with
those of meropenem for meropenem-susceptible strains
and ceftazidime or ciprofloxacin for meropenem-resistant
strains. Any zone of inhibition around an opium disc indi-
cated antibacterial activity and it was interpreted as pos-
itive results. For comparison, the full meropenem Pseu-
domonas aeruginosa ATCC 27853 was used for quality con-
trol (14).

4. Results

4.1. Bacterial Strains

A total of 20 Pseudomonas aeruginosa-positive isolates
were recovered from the wound (30%), urine (30%), dis-
charge (15%), blood (10%), the tracheal tube (10%) and other
specimens (5%).

4.2. Antimicrobial Susceptibility Test

The results of the antimicrobial susceptibility test are
shown in Figure 1. According to the results, the high-
est and lowest rates of resistance were to ofloxacin and
piperacillin, respectively, and this drug had effects on Pseu-
domonas aeruginosa isolates.

4.3. Broth Microdilution Studies

The antimicrobial activities of opium were studied at
different concentrations against 10 meropenem-resistant
isolates, 10 meropenem-susceptible isolates, and standard
(ATCC 27853) isolate. Unexpectedly, all clinical and stan-
dard strains of P. aeruginosa were resistant to opium, and
all of the wells containing different concentrations of
opium were turbid after 20 h incubation. The growth did
not belong to contamination because pure P. aeruginosa
strain was isolated from turbid wells by culture on the
Mueller-Hinton agar plate.
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Figure 1. The results of antimicrobial susceptibility testing by disc diffusion for opium effects against Pseudomonas aeruginosa isolates

4.4. Disc Diffusion Assay

The results of the disc diffusion assay showed that
opium was ineffective against both clinical isolates and
standard strains by disc diffusion.

5. Discussion

The present study was designed to determine the ef-
fect of opium on carbapenem-resistant and carbapenem-
sensitive P. aeruginosa and the results of this study did not
exhibit any significant increase in the sensitivity to all of
the wells containing different concentrations of opium.
Little is known about combination therapy for the treat-
ment of P. aeruginosa infections and related evidence is not
clear (16). At present, the fecal microbiota and phage ther-
apy are opportunities available to combat antibiotic resis-
tance.

Recent plans for therapy and diagnosis cannot stop
the evolution of chronic infections observed in most adult
patients (18). Common antibiotic therapy plans are just
moderately efficient and may lead to drug resistance in
bacteria and cause many side effects and clinical prob-
lems in patients (18). Some new antimicrobial com-
pounds derived from plants and other living organisms
have been proposed to avoid some of these resistance
procedures (10). Ceftolozane-tazobactam, ceftazidime-
avibactam, imipenem-cilastatin/relebactam and cefidero-
col may supply action in the contradiction of MDR types of

Pseudomonas. Some available articles explain the medical
and microbiological efficiency of neoteric antimicrobials
although emerging resistance demonstrates the continu-
ous treatment face of Pseudomonas (19).

The antibacterial basis of opium is poorly understood
and very little is currently known about it. Mami et al. (11)
showed that opium had an antibacterial effect. Their re-
sults differed from the findings presented here. In con-
trast to our study, the antimicrobial effects of opiates were
exhibited in different investigations (20). Antifungal and
antibacterial effects of morphine and bupivacaine have
been reported. These opiates had in vitro dose-dependent
antibacterial effects on examined bacteria. Their exper-
imental conditions showed that morphine and bupiva-
caine were effective at high doses and it was stated that
this phenomenon was related to interaction with bacterial
membranes (15). In concordance with our findings, Mami
et al. (11) showed that P. aeruginosa isolates were resistant
to opiates such as lidocaine and procaine. Also, the MIC re-
sults of their study revealed that some Gram-negative bac-
teria, such as E. coli and P. mirabilis, were sensitive to opium
solution. It suggests that different sensitivities to various
opium concentrations observed for these pathogens were
probably due to different cellular structures (differences in
the arrangement of fatty acids, proteins, and other cell wall
and membrane components) (10). According to a study
conducted by Rios and Recio (21), some general consider-
ations must be established for the study of antimicrobial
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activity of plant extracts and the compounds isolated from
them. Scientific criteria should be standardized and used
in the study of plant material.

5.1. Conclusions
Although based on our observations, null antimicro-

bial effects of opium were found in tested isolates, studies
of opium have to be continued, as it may show some bac-
teriostatic or bactericide activity in other conditions. It is
not possible to absolutely declare that there is no possibil-
ity to suggest it as a traditional antimicrobial agent. Future
studies with a larger sample size are needed to confirm our
findings and evaluate opium in combination with herbal
extracts to show its antibacterial effects.

Acknowledgments

The present research is the result of a project sup-
ported by Hormozgan University of Medical Sciences, and
authors of this article would like to extend their gratitude
to the staff of Faranshimi Co., Iran, who prepared opium as
a gift for this study.

Footnotes

Authors’ Contribution: Fatemeh Khajooee and Saeed
Shoja: substantial contributions to the conception and de-
sign of the study, final approval of the version to be pub-
lished, agreement to be accountable for all aspects of the
work in ensuring that questions related to the accuracy or
integrity of any part of the work are appropriately investi-
gated and resolved.

Conflict of Interests: The authors declare that there are
no conflicts of interest.

Ethical Approval: This study was approved by the joined
Institutional Review Board (IRB) and Ethics Committee
(code: IR.HUMS.REC. 1397.122) of the Hormozgan University
of Medical Sciences, Iran.

Funding/Support: Hormozgan University of Medical Sci-
ences funded the study.

Informed Consent: All patients gave written informed
consent to participate in the study.

References

1. Alhazmi A. Spleen tyrosine kinase as a target therapy for Pseu-
domonas aeruginosa infection. J Innate Immun. 2018;10(4):255–63.
doi: 10.1159/000489863. [PubMed: 29925062]. [PubMed Central:
PMC6757160].

2. Weiner LM, Webb AK, Limbago B, Dudeck MA, Patel J, Kallen AJ,
et al. Antimicrobial-resistant pathogens associated with healthcare-
associated infections: Summary of data reported to the National
Healthcare Safety Network at the centers for disease control and
prevention, 2011-2014. Infect Control Hosp Epidemiol. 2016;37(11):1288–
301. doi: 10.1017/ice.2016.174. [PubMed: 27573805]. [PubMed Central:
PMC6857725].

3. Khosravi AD, Shafie F, Abbasi Montazeri E, Rostami S. The frequency of
genes encoding exotoxin A and exoenzyme S in Pseudomonas aerug-
inosa strains isolated from burn patients. Burns. 2016;42(5):1116–20.
doi: 10.1016/j.burns.2016.02.012. [PubMed: 27263417].

4. Leseva M, Arguirova M, Nashev D, Zamfirova E, Hadzhyiski O. Nosoco-
mial infections in burn patients: etiology, antimicrobial resistance,
means to control. Ann Burns Fire Disasters. 2013;26(1):5–11. [PubMed:
23966892]. [PubMed Central: PMC3741010].

5. Lee CS, Doi Y. Therapy of infections due to carbapenem-resistant
Gram-negative pathogens. Infect Chemother. 2014;46(3):149–64. doi:
10.3947/ic.2014.46.3.149. [PubMed: 25298904]. [PubMed Central:
PMC4189141].

6. Lin KY, Lauderdale TL, Wang JT, Chang SC. Carbapenem-resistant Pseu-
domonas aeruginosa in Taiwan: Prevalence, risk factors, and impact
on outcome of infections. J Microbiol Immunol Infect. 2016;49(1):52–9.
doi: 10.1016/j.jmii.2014.01.005. [PubMed: 24662016].

7. Fowler RC, Hanson ND. Emergence of carbapenem resistance due to
the novel insertion sequence ISPa8 in Pseudomonas aeruginosa. PLoS
One. 2014;9(3). e91299. doi: 10.1371/journal.pone.0091299. [PubMed:
24614163]. [PubMed Central: PMC3948848].

8. Malkocoglu G, Aktas E, Bayraktar B, Otlu B, Bulut ME. VIM-1, VIM-
2, and GES-5 carbapenemases among Pseudomonas aeruginosa Iso-
lates at a Tertiary Hospital in Istanbul, Turkey. Microb Drug Resist.
2017;23(3):328–34. doi: 10.1089/mdr.2016.0012. [PubMed: 27326514].

9. Liu L, Liu B, Li Y, Zhang W. Successful control of resistance in Pseu-
domonas aeruginosa using antibiotic stewardship and infection con-
trol programs at a Chinese university hospital: A 6-year prospec-
tive study. Infect Drug Resist. 2018;11:637–46. doi: 10.2147/IDR.S163853.
[PubMed: 29750044]. [PubMed Central: PMC5936004].

10. Ismaili A, Sohrabi SM, Azadpour M, Heydari R, Rashidipour M. Evalua-
tion of the antimicrobial activity of alkaloid extracts of four Papaver
species. Herb Med J. 2018;7. doi: 10.22087/hmj.v0i0.638.

11. Mami S, Nemati M, Salati AP, Loui Monfared A, Nikosiar Jahromi
M. Evaluating antibacterial characteristics of opium. Global Vet.
2012;9:89–91.

12. Washington C, Winn JSDA, William M, Janda EW, Koneman GW, Pro-
cop PC, et al. Color atlas and text book. Philadelphia: Lippincott
Williams and Wilkins; 2006.

13. Rostami S, Farajzadeh Sheikh A, Shoja S, Farahani A, Tabatabaie-
far MA, Jolodar A, et al. Investigating of four main carbapenem-
resistance mechanisms in high-level carbapenem resistant Pseu-
domonas aeruginosa isolated from burn patients. J Chin Med Assoc.
2018;81(2):127–32. doi: 10.1016/j.jcma.2017.08.016. [PubMed: 29033110].

14. Wayne PA. Performance standards for antimicrobial susceptibility testing.
21st informational supplement. USA: Clinical and Laboratory Standards
Institute; 2017. Report No.: M100S te.

15. Rosenberg PH, Renkonen OV. Antimicrobial activity of bupi-
vacaine and morphine. Anesthesiology. 1985;62(2):178–9. doi:
10.1097/00000542-198502000-00015. [PubMed: 3918482].

16. Andrews JM. Determination of minimum inhibitory concen-
trations. J Antimicrob Chemother. 2001;48 Suppl 1:5–16. doi:
10.1093/jac/48.suppl_1.5. [PubMed: 11420333].

17. CLSI. Methods for Dilution Antimicrobial Susceptibility tests for bacteria.
2016.

18. Smith WD, Bardin E, Cameron L, Edmondson CL, Farrant KV, Mar-
tin I, et al. Current and future therapies for Pseudomonas aerugi-
nosa infection in patients with cystic fibrosis. FEMS Microbiol Lett.
2017;364(14). doi: 10.1093/femsle/fnx121. [PubMed: 28854668].

19. Nguyen L, Garcia J, Gruenberg K, MacDougall C. Multidrug-resistant
Pseudomonas infections: Hard to treat, but hope on the hori-
zon? Curr Infect Dis Rep. 2018;20(8):23. doi: 10.1007/s11908-018-0629-6.
[PubMed: 29876674].

4 Gene Cell Tissue. 2020; 7(1):e99830.

http://dx.doi.org/10.1159/000489863
http://www.ncbi.nlm.nih.gov/pubmed/29925062
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6757160
http://dx.doi.org/10.1017/ice.2016.174
http://www.ncbi.nlm.nih.gov/pubmed/27573805
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6857725
http://dx.doi.org/10.1016/j.burns.2016.02.012
http://www.ncbi.nlm.nih.gov/pubmed/27263417
http://www.ncbi.nlm.nih.gov/pubmed/23966892
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3741010
http://dx.doi.org/10.3947/ic.2014.46.3.149
http://www.ncbi.nlm.nih.gov/pubmed/25298904
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4189141
http://dx.doi.org/10.1016/j.jmii.2014.01.005
http://www.ncbi.nlm.nih.gov/pubmed/24662016
http://dx.doi.org/10.1371/journal.pone.0091299
http://www.ncbi.nlm.nih.gov/pubmed/24614163
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3948848
http://dx.doi.org/10.1089/mdr.2016.0012
http://www.ncbi.nlm.nih.gov/pubmed/27326514
http://dx.doi.org/10.2147/IDR.S163853
http://www.ncbi.nlm.nih.gov/pubmed/29750044
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5936004
http://dx.doi.org/10.22087/hmj.v0i0.638
http://dx.doi.org/10.1016/j.jcma.2017.08.016
http://www.ncbi.nlm.nih.gov/pubmed/29033110
http://dx.doi.org/10.1097/00000542-198502000-00015
http://www.ncbi.nlm.nih.gov/pubmed/3918482
http://dx.doi.org/10.1093/jac/48.suppl_1.5
http://www.ncbi.nlm.nih.gov/pubmed/11420333
http://dx.doi.org/10.1093/femsle/fnx121
http://www.ncbi.nlm.nih.gov/pubmed/28854668
http://dx.doi.org/10.1007/s11908-018-0629-6
http://www.ncbi.nlm.nih.gov/pubmed/29876674
http://genecelltissue.com


Khajooee F and Shoja S

20. Rota S, Kaya K, Timliothlu O, Karaca O, Yzdep S, Ocal E. Do the opi-
oids have an antibacterial effect? Can J Anaesth. 1997;44(6):679–80.
doi: 10.1007/bf03015460. [PubMed: 9187796].

21. Rios JL, Recio MC. Medicinal plants and antimicrobial activity. J
Ethnopharmacol. 2005;100(1-2):80–4. doi: 10.1016/j.jep.2005.04.025.
[PubMed: 15964727].

Gene Cell Tissue. 2020; 7(1):e99830. 5

http://dx.doi.org/10.1007/bf03015460
http://www.ncbi.nlm.nih.gov/pubmed/9187796
http://dx.doi.org/10.1016/j.jep.2005.04.025
http://www.ncbi.nlm.nih.gov/pubmed/15964727
http://genecelltissue.com

	Abstract
	1. Background
	2. Objectives
	3. Methods
	3.1. Microbial Strains
	3.2. Antimicrobial Susceptibility Testing
	3.3. Antimicrobial Screening Test of Opium
	3.3.1. Broth Microdilution Studies
	3.3.2. Disc Diffusion Assay


	4. Results
	4.1. Bacterial Strains
	4.2. Antimicrobial Susceptibility Test
	Figure 1

	4.3. Broth Microdilution Studies
	4.4. Disc Diffusion Assay

	5. Discussion
	5.1. Conclusions

	Acknowledgments
	Footnotes
	Authors' Contribution: 
	Conflict of Interests: 
	Ethical Approval: 
	Funding/Support: 
	Informed Consent: 

	References

