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INTRODUCTION

Background: The well-known gram negative coliform bacteria, Escherichia coli (E.coli) is
responsible for a number of infectious diseases like urinary tract infections, gastroenteritis,
colitis, diarrhea etc. Its diverse pathotypes have been recognized as major public health
concern. Infectious diarrhea due to pathogenic bacteria in particular, is a major health
problem in India and other developing countries. There are a number of significant reports
showing many diarrheagenic E.coli pathotypes round the globe.!! Entero-toxigenic E.coli is
also among the most frequent causative agents of traveller's diarrhea.l”! Deaths of children of

age less than 5 years due to diarrhea was approximated to be 1.87 million at global level
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(with an uncertainty range of 1.56 to 2.19 million), which is nearly 19% of total child
deaths.®! Taking in to account the pathogenesis of diarrhea by E.coli, it has been known that
the entero-hemorrhagic and entero- pathogenic E.coli destroys the microvilli of the intestine
to form attaching and effacing (A/E) lesions on infected cells leading to diarrhea.!*!

Another common community acquired and hospital acquired infection is the urinary tract
infection (UTI). UTI exerts its impact in the form of clinical syndrome over millions of
patients in the world effecting mostly women who are healthy otherwise.® UTI occurs
mainly due to invasion of the bladder, urethra or kidneys by pathogens.!®! Uropathogenic E.
coli is responsible for nearly 90% of all urinary tract infections.[”! Urinary tract infections are
most prevalent in India and the world and the most common bacteria present in such cases is
E.coli.*® Worldwide spread of different clonal groups of E. coli was one of the major issues

in the epidemiology of urinary tract infections.

Uropathogenic E. coli is known to colonize the urinary tract and it may also ascend to the
ureters and establish a secondary infection, acute pyelonephritis with irreversible kidney
damage. It causes nosocomial and community acquired infections, both in adults and
children.”®) Most of the studies conducted in recent times report E.coli to be the commonest
pathogen isolated from UTI patients.’>* According to Tan and Chlebicki (2016), E.coli is
the predominant uro- pathogen in acute community-acquired uncomplicated UT1.1® A study
done by Ahmed et al (2015) among cancer patients in North India reported E.coli to be
predominant pathogen both in community acquired UTI (68%) and hospital acquired UTI
(45%) followed by Klebsiella spp and Enterococcus spp.l*? Another study done in medicine
department at a tertiary hospital in Bangalore reported that gram negative bacteria constitute
the largest group causing UTI (prevalence = 84.1%) with E.coli being the commonest (70%)
uro-pathogen.™!

Problems associated with available treatment regime for E.coli infection: Apart from
maintenance of adequate rehydration as primary treatment regime in case of E.coli diarrhea, a
number of other treatment options are available for diverse range of pathogenic E.coli like
antibiotic administration in case of extra-intestinal infections.**! p-lactam antibiotics have
been successfully used in such cases™ *®, but indiscriminate use of antibiotics has now led to
emergence of antibiotic resistant E.coli. The emergence and dissemination of antibiotic
resistant bacteria is a very important public health issue because such organisms when cause

infections are difficult to treat. Emergence of anti-microbial resistance in uro-pathogenic
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bacteria has further complicated the therapeutic decisions. Resistance to the antibiotic
ciprofloxacin is increasing worldwide, that too especially in bacteria which cause UTIs.[”
Emperical therapy failures are also common due to emergence of extended spectrum -
lactamases.'®! High resistance to cotrimoxazole, p-lactam antibiotics, fluoroquinolones and
3" generation cephalosporins has also been noted in some studies.!*>**! Most of these bacteria
have now developed resistance to the B-lactam drugs by producing Extended Spectrum [-
Lactamase (ESBL) enzymes.® There has been an increase in the resistance towards
fluoroquinolones, trimethoprim and cephalosporins among urinary tract infection cases in
recent years, which is quite worrisome. There is increased prevalence of E. coli strains
producing extended spectrum g- lactamase, Amp C and Metallo-S-lactamase, making the
clinical management even more difficult in hospitalized patients.*®?% Therapeutic options for
ESBL producing E.coli is treatment with Nitrofurantoin, Fluoroquinolones (Norfloxacin,
Ofloxacin, Ciprofloxacin etc), Fosfomycin, Carbapenems (Meropenem, Imipenem),
Mecillinam or Tigecyclin.[™® Production of ESBL enzymes in E.coli may be a risk factor for
development of resistance towards Carbapenemase in near future.l'®] A recent study done by
Sekar et al in 2016 regarding prevalence of E.coli and Klebsiella in rural South India shows
that prevalence of aztreonam and fluoroquinolone resistance was very high in E. coli.l!
Another study done by Maheshwari et al (2016) revealed a potential health threat due to
common presence of ciprofloxacin resistant ESBL producing enteric bacteria (mainly E.coli)
in hospital waste water and clinical sources.? Not only in India, but in whole Asia —Pacific
region, the antibiotic resistance is a serious problem./’ Antibiotic therapies are therefore

posing a risk of transforming bacteria to a multidrug resistant strain.

With passage of time, E.coli has evolved in a number of ways in order to survive and
continues to cause community acquired and nosocomial infections. Infection outbreaks occur
due to emergence of newer and more virulent strains. E.coli causes intestinal and extra-
intestinal diseases by acquiring virulence factors through genetic recombination, horizontal
gene transfer and natural selection.”***! For eg. 0104:H4 is a new strain of E. coli isolated
from patients of bloody diarrhea and hemolytic uremic syndrome, which caused an outbreak
in Germany.!”® The new strains also exhibit resistance to many drugs for which previous
forms of E.coli were sensitive. For eg. the O104:H4 strain of E.coli causes serious
complications during infections that ultimately lead to death, due to its resistance to many
drugs.”® The highly virulent O104:H4 strain of E.coli is multi-drug resistant due to

horizontal gene transfer. It has multi-drug resistance protein encoding genes and also a
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number of virulence proteins like Shiga toxin, which it gained through prophage elements
acquired from its micro-environment. Another way of development of resistance toward
drugs is through amino acid substitutions that cause structural alterations which reduce the
affinity of the drug for the receptor. For eg. resistance in E.coli towards quinolones (used in
treatment of traveller’s diarrhea) is caused by substitutions in the QRDR region of gyrA
subunit of DNA gyrase.!”! Resistance of the Enterobacteriaceae to antibiotics, especially of
the B lactam type has risen due to the mobilization of continuously expressed single genes
encoding efficient drug modifying enzymes. Ubiquitous and strong selection pressure is
accompanied by a shift from naturally occuring resistance like membrane impermeability,
drug efflux etc to the new set of mobile gene pools which determine the epidemiology of
modern antibiotic resistance. Antibiotic resistance is more available now to organisms like
E.coli.l®®!

The problems further worsen due to wrong management of the infection and/or over
treatment.™®) Another revealing study showed 96% (4% gram positives) of total isolated
microbes from UTI cases to be gram negative bacteria, among which E.coli was most
prevalent. Upon antibiotic sensitivity testing of the isolates by disc-diffusion method with
thirteen mechanistically different antibiotics, the gram negatives showed more resistance
towards these antibiotics as compared to gram positive bacteria.*™ Nearly 1/4™ of the UTI
cases show recurrences in another study.®™ One more study done for evaluation of risk
factors for and molecular characteristics of community-onset extended-spectrum
cephalosporin-resistant (ESC- Enterobacteriaceae (EB) urinary tract infections (UTIs) in a
US health system, showed that use of trimethoprim-sulfamethoxazole, diabetes, older age etc
were associated with community- onset ESC-R EB UTL.1?"! Thus, this problem of antibiotic
resistance among the members of enterobacteriaceae including E.coli is prevalent in many

developing and developed countries.

Probiotics (Lactobacilli) against pathogenic E.coli: Due to rising risk and side effects of
using antibiotics, the need for alternative therapies which can either completely replace
antibiotics or at least decrease dependency on them for treatment of diseases, has been
increasingly felt. Probiotics, known to improve digestion, immunity, general health and well
being have been under consideration in this regard since a few years. Probiotics have multiple
modes of action, such as preventing pathogenic bacterial growth, binding to or penetrating

pathogens, mucosal barrier function stimulation or changing immuno-regulation. With
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growing problems associated with antibiotics utilization, the relevance of researching bacteria
like lactobacilli for their probiotic function has gained momentum. Many recent studies
involve the use of probiotics as alternative therapeutics against infectious agents. Vergis et al
(2016) evaluated the in vitro and in vivo antimicrobial effects of probiotics (lactobacilli) and
found them to be quite effective.l’® Earlier, many probiotic species were known to block
epithelial adhesion and invasion by microbial pathogens in vitro, but their proven utility in
management of clinical infections is limited to increasing recovery from acute infectious

diarrhea and prevention of antibiotic- associated diarrhea.*

Since a long time, interest in use of probiotics as a safe way of changing the intestinal
bacterial flora has increased. Probiotics have potential in many gastroenterological
conditions, especially when the intestinal flora is disturbed.”® Many lactobacilli species have
long been used as probiotics and the antagonistic activity of some lactobacilli was known to
be quite pronounced towards a few pathogenic and opportunistic bacteria like shigellae,
enterpathogenic Escherichia, proteus, staphylococci.® Lactobacilli produce many anti-
microbial substances such as hydrogen peroxide, organic acids and bacteriocins.®? Not only
this, lactobacilli are able to compete with, exclude and displace pathogenic gastrointestinal
bacteria however the degree of inhibition of adhesion depended upon the type of bacterial
strain.*¥! Scientific evidence is available proving successful treatment of diarrhea patients
with Lactobacillus GG, Lactobacillus reuteri.”® Enteral administration of Lactobacillus
R2LC has been reported to attenuate endotoxemia and bacteremia associated with intra-
abdominal infection in rats.®¥ Taking in to consideration the effect of lactobacilli on
uropathogens, it has been found that these benefiting bacteria can be used to coat surfaces of

biomaterials to decrease the adhesion of uropathogens over them.E®!

Lactobacilli have also been used in combination with other antimicrobial agents. For eg. a
study of antimicrobial activity of lactobacilli against uropathogens showed that lactobacilli
and low dose ampicilln have a positive effect on treatment of E.coli in a UTI model.® There
have also been evidences which support the notion that lactobacilli in combination with
antimicrobial agents are effective against pathogenic biofilms.E” % Taking in to account
E.coli particularly, it has been reported that lactobacilli have ability to coaggregate with it,
and this property of a specific lactobacillus species can play a role in identification of a
potential probiotic that can be therapeutically used against pathogens causing urinogenital

infections.% In addition to restoring healthy urogenital microbiota, lactobacilli may displace
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uropathogenic E.coli through acidification of the environment and reduce infection.”” Thus,
lactobacilli are promising alternative therapeutic agents against a number of gastrointestinal

pathogens and uropathogens including E.coli.

Clove essential oil as a potent anti-E.coli agent: For centuries, plant essential oils have been
used empirically for treatment of infections but their scientific studies gained momentum
recently when the need for alternative therapies was realized. A large volume of research has
given strength to use of these natural compounds in a variety of fields like dentistry, food
industry etc. Clove (Eugenia caryophyllata) essential oil, well known for its antibacterial and
antifungal properties was found to be one of the highest active agents against 25 different
genera of bacteria.*"! A study done by L. Nufiez and M. D’ Aquino (2012) to test the activity
of clove essential oil against S.aureus, P.aeuriginosa and E.coli showed that E.coli was most
sensitive to the clove oil amongst the three pathogenic bacteria.*?! The presence of eugenol
makes clove oil a very potent antibacterial agent. Eugenol has ability to denature proteins in
addition to reacting with cell membrane phospholipids leading to change in their
permeability, thus inhibiting many gram positive and gram negative bacteria, yeast etc. >4

Eugenol is also reported to inhibit quoram sensing at sub-inhibitory concentrations.!**!

A large number of research studies involving the determination and comparison of
antimicrobial activities of different essential oils have demonstrated fairly good antimicrobial
activity of clove essential oil against many groups of pathogens including multi-drug resistant
bacteria thus, reinforcing its therapeutic utility.*® * %81 Thus, clove essential oil is a highly
eligible candidate to be considered for use alone or in combination with other anti-microbial
compounds for treatment of E.coli infections, whether it is diarrhea or urinary tract infection,

thereby reducing the dependency on antibiotics.

Application of combined treatment of clove essential oil and Lactobacilli: Studies report
that the minimum inhibitory concentrations (MICs) of some essential oils against pathogenic
bacteria are lower as compared to those for probiotic bacteria.*! So, a well optimized
strategy of developing a combined effect of essential oil and probiotics where the essential
oil’s dose is sufficient enough to wipe out the pathogenic bacteria without harming the
probiotic bacteria can be very effective. Only a sublethal effect of clove essential oil was
observed against probiotic bacterial species L. rhamnosus, indicating the resistance of these
microorganisms to clove essential 0il.*” This hints towards the possibility of harnessing their
combined effect against pathogenic microbes. On the basis of many evidences of high
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antimicrobial activity of both Lactobacilli and clove essential oil against E.coli, the chances
of their successful combinational use against this pathogen to act in a synergistic way, are
fairly high. Minimum inhibitory concentrations of clove essential oil against lactobacilli spp.
and E.coli, the optimum conditions for best activities of both-clove essential oil and
lactobacilli, are a few criteria required to be considered to gain an overall increase in their

combined anti-microbial actions.

CONCLUSION

Clove essential oil and Lactobacilli both have proven high anti-microbial potential. In order
to harness their microbicidal activity, rigorous research involving combinational studies and
optimization of conditions to utilize their combined potential are required. This can be a new

breakthrough in tackling the widespread rise of antimicrobial resistance.

Declarations
Ethics approval and consent to participate: Not applicable. Consent for publication: Not

applicable.

Availability of data and material: Not applicable.

Competing interests: The authors declare no conflict of interest.

Funding: College of Life Sciences, Cancer Hospital and Research Institute Campus, Gwalior-
474000.

Authors' contributions: NM prepared the draft of the article, AS edited and suggested final

improvisations.

ACKNOWLEDGEMENT
The authors acknowledge Dr. Abhinav Shrivastava (Principal, College of Life Sciences,

Gwalior) for his suggestions in drafting the manuscript.

REFERENCES

1. Dhaka P, Vijay D, Vergis J, Negi M, Kumar M, Mohan V, Doijad S, Poharkar KV, Malik
SS, Barbuddhe SB, Rawool. Genetic diversity and antibiogram profile of diarrhea-genic
Escherichia coli pathotypes isolated from human, animal, foods and associated

environmental sources. Infection Ecology and Epidemiology, 2016; 6: 31055.

WWW.Wjpr.net Vol 6, Issue 8, 2017. 656




Maurya et al. World Journal of Pharmaceutical Research

2. Mehla K, Ramana J. Structural signature of Ser83Leu and Asp87Asn mutations in DNA
gyrase from enterotoxigenic Escherichia coli and impact on quinolone
resistance. Gene, 2016; 576(1 Pt 1): 28-35.

3. Purwar S, Bhattacharya D, Metgud SC, Kumar D, Chitambar SD, Roy S. Across
sectional study on aetiology of diarrhoeal disease, India. Indian J Med Microbiol, 2016,
34(3): 375-9.

4. Bhatt S, Egan M, Jenkins V, Muche S, El-Fenej J. The Tip of the Iceberg: On the Roles
of Regulatory Small RNAs in the Virulence of Enterohemorrhagic and Enteropathogenic
Escherichia coli. Front Cell Infect Microbiol, 2016, 21; 6: 105.

5. McLellan LK, Hunstad DA. Urinary  Tract Infection: Pathogenesis and
Outlook. Trends Mol Med, 2016; 16: 30118-6.

6. Al Yousef SA, Younis S, Farrag E, Moussa HSh, Bayoumi FS, Ali AM. Clinical and
Laboratory Profile of Urinary Tract Infections Associated with Extended Spectrum f-
Lactamase Producing Escherichia coli and Klebsiella pneumoniae. Ann Clin Lab Sci,
2016; 46(4): 393-400.

7. Wiles TJ, Kulesus RR, and Mulvey MA. Originsand virulence mechanisms of
uropathogenic Escherichia coli. Experimental and Molecular Pathology, 2008; 85(1):
11-19.

8. Marialouis XA and Santhanam A. Molecular typing of MDRS Escherichia coli from UTI
Journal of Clinical and Diagnostic Research, 2016; 10(3): DC05-DCQ09.

9. Farshad S, Japoni A, Hosseini M. Low distribution of integrons among multidrug
resistant E. coli strains isolated from children with community acquired urinary tract
infections in Shiraz, Iran. Pol J Microbiol, 2008; 57(3): 193-98.

10.Tan CW, Chlebicki MP. Urinary tract infections in adults. Singapore Med J, 2016; 57(9):
485-90.

11. Akhtar MS, Mohsin N, Zahak A, Ain MR, Pillai PK, Kapur P, Ahmad MZ.Antimicrobial
sensitivity pattern of bacterial pathogens in urinary tract infections in South Delhi,
India. Rev Recent Clin Trials, 2014; 9(4): 271-5.

12. Ahmed NH, Raghuraman K, Baruah FK, Grover RK, Antibiotic Resistance Pattern of
Uropathogens: An Experience from North Indian Cancer Patient. J Glob Infect Dis, 2015,
7 (3): 113-5.

WWW.Wjpr.net Vol 6, Issue 8, 2017. 657



https://www.ncbi.nlm.nih.gov/pubmed/?term=Mehla%20K%5BAuthor%5D&amp;cauthor=true&amp;cauthor_uid=26424597
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ramana%20J%5BAuthor%5D&amp;cauthor=true&amp;cauthor_uid=26424597
https://www.ncbi.nlm.nih.gov/pubmed/26424597
https://www.ncbi.nlm.nih.gov/pubmed/?term=Purwar%20S%5BAuthor%5D&amp;cauthor=true&amp;cauthor_uid=27514965
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bhattacharya%20D%5BAuthor%5D&amp;cauthor=true&amp;cauthor_uid=27514965
https://www.ncbi.nlm.nih.gov/pubmed/?term=Metgud%20SC%5BAuthor%5D&amp;cauthor=true&amp;cauthor_uid=27514965
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kumar%20D%5BAuthor%5D&amp;cauthor=true&amp;cauthor_uid=27514965
https://www.ncbi.nlm.nih.gov/pubmed/?term=Chitambar%20SD%5BAuthor%5D&amp;cauthor=true&amp;cauthor_uid=27514965
https://www.ncbi.nlm.nih.gov/pubmed/?term=Roy%20S%5BAuthor%5D&amp;cauthor=true&amp;cauthor_uid=27514965
https://www.ncbi.nlm.nih.gov/pubmed/27514965
https://www.ncbi.nlm.nih.gov/pubmed/?term=McLellan%20LK%5BAuthor%5D&amp;cauthor=true&amp;cauthor_uid=27692880
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hunstad%20DA%5BAuthor%5D&amp;cauthor=true&amp;cauthor_uid=27692880
https://www.ncbi.nlm.nih.gov/pubmed/27692880
https://www.ncbi.nlm.nih.gov/pubmed/27692880
https://www.ncbi.nlm.nih.gov/pubmed/?term=Al%20Yousef%20SA%5BAuthor%5D&amp;cauthor=true&amp;cauthor_uid=27466299
https://www.ncbi.nlm.nih.gov/pubmed/?term=Younis%20S%5BAuthor%5D&amp;cauthor=true&amp;cauthor_uid=27466299
https://www.ncbi.nlm.nih.gov/pubmed/?term=Farrag%20E%5BAuthor%5D&amp;cauthor=true&amp;cauthor_uid=27466299
https://www.ncbi.nlm.nih.gov/pubmed/?term=Moussa%20HSh%5BAuthor%5D&amp;cauthor=true&amp;cauthor_uid=27466299
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bayoumi%20FS%5BAuthor%5D&amp;cauthor=true&amp;cauthor_uid=27466299
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ali%20AM%5BAuthor%5D&amp;cauthor=true&amp;cauthor_uid=27466299
https://www.ncbi.nlm.nih.gov/pubmed/27466299
https://www.ncbi.nlm.nih.gov/pubmed/?term=Tan%20CW%5BAuthor%5D&amp;cauthor=true&amp;cauthor_uid=27662890
https://www.ncbi.nlm.nih.gov/pubmed/?term=Chlebicki%20MP%5BAuthor%5D&amp;cauthor=true&amp;cauthor_uid=27662890
https://www.ncbi.nlm.nih.gov/pubmed/27662890
https://www.ncbi.nlm.nih.gov/pubmed/?term=Akhtar%20MS%5BAuthor%5D&amp;cauthor=true&amp;cauthor_uid=25441943
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mohsin%20N%5BAuthor%5D&amp;cauthor=true&amp;cauthor_uid=25441943
https://www.ncbi.nlm.nih.gov/pubmed/?term=Zahak%20A%5BAuthor%5D&amp;cauthor=true&amp;cauthor_uid=25441943
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ain%20MR%5BAuthor%5D&amp;cauthor=true&amp;cauthor_uid=25441943
https://www.ncbi.nlm.nih.gov/pubmed/?term=Pillai%20PK%5BAuthor%5D&amp;cauthor=true&amp;cauthor_uid=25441943
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kapur%20P%5BAuthor%5D&amp;cauthor=true&amp;cauthor_uid=25441943
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ahmad%20MZ%5BAuthor%5D&amp;cauthor=true&amp;cauthor_uid=25441943
https://www.ncbi.nlm.nih.gov/pubmed/25441943
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ahmed%20NH%5BAuthor%5D&amp;cauthor=true&amp;cauthor_uid=26392719
https://www.ncbi.nlm.nih.gov/pubmed/?term=Raghuraman%20K%5BAuthor%5D&amp;cauthor=true&amp;cauthor_uid=26392719
https://www.ncbi.nlm.nih.gov/pubmed/?term=Baruah%20FK%5BAuthor%5D&amp;cauthor=true&amp;cauthor_uid=26392719
https://www.ncbi.nlm.nih.gov/pubmed/?term=Grover%20RK%5BAuthor%5D&amp;cauthor=true&amp;cauthor_uid=26392719
https://www.ncbi.nlm.nih.gov/pubmed/26392719

Maurya et al. World Journal of Pharmaceutical Research

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

George CE, Norman G, Ramana GV, Mukherjee D, Rao T. Treatment of uncomplicated
symptomatic urinary tract infections: Resistance patterns and misuse of
antibiotics. J Family Med Prim Care, 2015; 4(3): 416-21.

Bajaj P, Singh NS and Virdi JS Escherichia coli _-Lactamases: What Really Matters.
Front. Microbiol, 2016; 7: 417.

Paterson, DL and Bonomo, RA. Extended-spectrumbeta-lactamases:a clinical update.
Clin. Microbiol. Rev, 2005; 18: 657-686.

Pfeifer Y, Cullik A, and Witte W. Resistance to cephalosporins and carbapenems in ram-
negative bacterial pathogens. Int. J. Med. Microbiol, 2010; 300: 371-379.

Mulder M, Kiefte-de Jong JC, Goessens WH, de Visser H, Hofman A, Stricker
BH, Verbon A. Risk factors for resistance to ciprofloxacin in community-acquired
urinary tract infections due to Escherichia coli in an elderly population.J
Antimicrob Chemother, 2017; 72(1): 281-289.

Someshwaran R, Gnana Prakash K, Deshpande SA, Aravazhi AN. Adherence to Hospital
Antibiotic Policy for Treatment of Escherichia coli ESBL in Urine. Journal of Clinical
and Diagnostic Research, 2016; 10(3): DC01-DCO04.

Sahm DF, Master RN, and Karlowsky JA. Common interpretative problems with
susceptibility tests. Microbiology Frontline, 2002; 2: 1-10.

Stammand WE, Norrby SR, Urinary tract infections: disease panorama and challenges.
Journal of Infectious Diseases, 2001; (1): 183, supplement 1, pp. S1-S4.

Sekar R, Mythreyee M, Srivani S, Amudhan M. Prevalence of antimicrobial resistance in
Escherichia coli and Klebsiella spp. in rural Southindia. J Glob Antimicrob, 2016; 5:
80-5.

Maheshwari M, Yaser NH, Naz S, Fatima M, Ahmad I. Emergence of ciprofloxacin-
resistant extended-spectrum B-lactamase-producing enteric bacteria in hospital
wastewater and clinical sources. J Glob Antimicrob Resist, 2016; 5: 22-5.

Bien J, Sokolova O and Bozko P. Role of uropathogenic Escherichia coli virulence
factors in development of urinary tract infection and kidney damage. Int J Nephrology,
2012; 681473.

McNally A, Cheng L, Harris SR, Corander J. The evolutionary path to extraintestinal
pathogenic drug resistant Escherichia coli is marked by drastic reduction in detectable
recombination with the core genome. Genome Biol Evol, 2013; 5(4): 699-710.

WWW.Wjpr.net Vol 6, Issue 8, 2017. 658



https://www.ncbi.nlm.nih.gov/pubmed/?term=George%20CE%5BAuthor%5D&amp;cauthor=true&amp;cauthor_uid=26288784
https://www.ncbi.nlm.nih.gov/pubmed/?term=Norman%20G%5BAuthor%5D&amp;cauthor=true&amp;cauthor_uid=26288784
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ramana%20GV%5BAuthor%5D&amp;cauthor=true&amp;cauthor_uid=26288784
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mukherjee%20D%5BAuthor%5D&amp;cauthor=true&amp;cauthor_uid=26288784
https://www.ncbi.nlm.nih.gov/pubmed/?term=Rao%20T%5BAuthor%5D&amp;cauthor=true&amp;cauthor_uid=26288784
https://www.ncbi.nlm.nih.gov/pubmed/26288784
https://www.ncbi.nlm.nih.gov/pubmed/26288784
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mulder%20M%5BAuthor%5D&amp;cauthor=true&amp;cauthor_uid=27655855
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kiefte-de%20Jong%20JC%5BAuthor%5D&amp;cauthor=true&amp;cauthor_uid=27655855
https://www.ncbi.nlm.nih.gov/pubmed/?term=Goessens%20WH%5BAuthor%5D&amp;cauthor=true&amp;cauthor_uid=27655855
https://www.ncbi.nlm.nih.gov/pubmed/?term=de%20Visser%20H%5BAuthor%5D&amp;cauthor=true&amp;cauthor_uid=27655855
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hofman%20A%5BAuthor%5D&amp;cauthor=true&amp;cauthor_uid=27655855
https://www.ncbi.nlm.nih.gov/pubmed/?term=Stricker%20BH%5BAuthor%5D&amp;cauthor=true&amp;cauthor_uid=27655855
https://www.ncbi.nlm.nih.gov/pubmed/?term=Stricker%20BH%5BAuthor%5D&amp;cauthor=true&amp;cauthor_uid=27655855
https://www.ncbi.nlm.nih.gov/pubmed/?term=Verbon%20A%5BAuthor%5D&amp;cauthor=true&amp;cauthor_uid=27655855
https://www.ncbi.nlm.nih.gov/pubmed/27655855
https://www.ncbi.nlm.nih.gov/pubmed/27655855
https://www.ncbi.nlm.nih.gov/pubmed/27655855
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sekar%20R%5BAuthor%5D&amp;cauthor=true&amp;cauthor_uid=27436473
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mythreyee%20M%5BAuthor%5D&amp;cauthor=true&amp;cauthor_uid=27436473
https://www.ncbi.nlm.nih.gov/pubmed/?term=Srivani%20S%5BAuthor%5D&amp;cauthor=true&amp;cauthor_uid=27436473
https://www.ncbi.nlm.nih.gov/pubmed/?term=Amudhan%20M%5BAuthor%5D&amp;cauthor=true&amp;cauthor_uid=27436473
https://www.ncbi.nlm.nih.gov/pubmed/27436473
https://www.ncbi.nlm.nih.gov/pubmed/27436473
https://www.ncbi.nlm.nih.gov/pubmed/?term=Maheshwari%20M%5BAuthor%5D&amp;cauthor=true&amp;cauthor_uid=27436461
https://www.ncbi.nlm.nih.gov/pubmed/?term=Yaser%20NH%5BAuthor%5D&amp;cauthor=true&amp;cauthor_uid=27436461
https://www.ncbi.nlm.nih.gov/pubmed/?term=Naz%20S%5BAuthor%5D&amp;cauthor=true&amp;cauthor_uid=27436461
https://www.ncbi.nlm.nih.gov/pubmed/?term=Fatima%20M%5BAuthor%5D&amp;cauthor=true&amp;cauthor_uid=27436461
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ahmad%20I%5BAuthor%5D&amp;cauthor=true&amp;cauthor_uid=27436461
https://www.ncbi.nlm.nih.gov/pubmed/27436461

Maurya et al. World Journal of Pharmaceutical Research

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Kesavan B, Srividhya KV, Krishnaswamy S, Raja M, Vidya N, Mohan AV.
Understanding the virulence of the entero-aggregative E. coli 0104:H4. Int
J Bioinform Res Appl, 2015; 11(3): 187-99.

Iredell J, Brown J, Tagg K. Antibiotic resistance in Entero-bacteriaceae: mechanisms and
clinical implications. BMJ, 2016, 8; 352: h6420.

Anesi  JA, Lautenbach  E, Nachamkin I, Garrigan  C, Bilker ~ WB, Wheeler
M, Tolomeo P, Han JH. Clinical and Molecular Characterization of Community-Onset
Urinary Tract Infections Due to Extended-Spectrum Cephalosporin-Resistant
Enterobacteriaceae. Infect Control Hosp Epidemiol, 2016; 28: 1-7.

Kumar M, Dhaka P,Vijay D, Vergis J, Mohan V,Kumar A, Kurkure
NV, Barbuddhe SB, Malik SV, Rawool DB. Antimicrobial effects of Lactobacillus
plantarum and Lactobacillus acidophilus against multidrug-resistant enteroaggregative
Escherichia coli.Int J Antimicrob Agents, 2016; 48(3): 265-70.

Sartor RB. Probiotic therapy of intestinal inflammation and infections. Curr
Opin Gastroenterol, 2005; 21(1): 44-50.

Goossens D, Jonkers D, Stobberingh E, van den Bogaard A, Russel M, Stockbrugger
R. Probiotics in gastroenterology: indications and future perspectives. Scand J
Gastroenterol Suppl, 2003; 239: 15-23.

Gorskaia EM, Liz'’ko NN, Lentsner AA, Bondarenko VM, Sokolova Kla, Likhacheva
Alu. Biological characteristics of strains of lactobacilli, promising for use as eubiotics].
Zh Mikrobiol Epidemiol Immunobiol, 1992; 3: 17-20.

Dembélé T, Obdrzélek V, Votava M. Inhibition of bacterial pathogens by lactobacilli.
Zentralbl Bakteriol, 1998; 288(3): 395-401.

Lee YK, Puong KY, Ouwehand AC, Salminen S. Displacement of bacterial pathogens
from mucus and Caco-2 cell surface by lactobacilli. J Med Microbiol, 2003; 52(Pt 10):
925-30.

Thorlacius H, Nobaek S, Wang XD, Andersson R, Molin G, Bengmark S, Jeppsson B.
Lactobacilli attenuate bacteremia and endotoxemia associated with severe intra-
abdominal infection. Surgery, 2003; 134(3): 467-73.

Hawthorn LA, Reid G. Exclusion of uropathogen adhesion to polymer surfaces by
Lactobacillus acidophilus. J Biomed Mater Res, 1990; 24(1): 39-46.

Silva de Ruiz C,Lopez de Bocanera ME, Nader de Macias ME, Pesce de
Ruiz Holgado AA. Effect of lactobacilli and antibiotics on E. coli urinary infections in
mice. Biol Pharm Bull, 1996; 19(1): 88-93.

WWW.Wjpr.net Vol 6, Issue 8, 2017. 659



https://www.ncbi.nlm.nih.gov/pubmed/?term=Kesavan%20B%5BAuthor%5D&amp;cauthor=true&amp;cauthor_uid=26561016
https://www.ncbi.nlm.nih.gov/pubmed/?term=Srividhya%20KV%5BAuthor%5D&amp;cauthor=true&amp;cauthor_uid=26561016
https://www.ncbi.nlm.nih.gov/pubmed/?term=Krishnaswamy%20S%5BAuthor%5D&amp;cauthor=true&amp;cauthor_uid=26561016
https://www.ncbi.nlm.nih.gov/pubmed/?term=Raja%20M%5BAuthor%5D&amp;cauthor=true&amp;cauthor_uid=26561016
https://www.ncbi.nlm.nih.gov/pubmed/?term=Vidya%20N%5BAuthor%5D&amp;cauthor=true&amp;cauthor_uid=26561016
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mohan%20AV%5BAuthor%5D&amp;cauthor=true&amp;cauthor_uid=26561016
https://www.ncbi.nlm.nih.gov/pubmed/26561016
https://www.ncbi.nlm.nih.gov/pubmed/26561016
https://www.ncbi.nlm.nih.gov/pubmed/26561016
https://www.ncbi.nlm.nih.gov/pubmed/?term=Iredell%20J%5BAuthor%5D&amp;cauthor=true&amp;cauthor_uid=26858245
https://www.ncbi.nlm.nih.gov/pubmed/?term=Brown%20J%5BAuthor%5D&amp;cauthor=true&amp;cauthor_uid=26858245
https://www.ncbi.nlm.nih.gov/pubmed/?term=Tagg%20K%5BAuthor%5D&amp;cauthor=true&amp;cauthor_uid=26858245
https://www.ncbi.nlm.nih.gov/pubmed/?term=Anesi%20JA%5BAuthor%5D&amp;cauthor=true&amp;cauthor_uid=27678022
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lautenbach%20E%5BAuthor%5D&amp;cauthor=true&amp;cauthor_uid=27678022
https://www.ncbi.nlm.nih.gov/pubmed/?term=Nachamkin%20I%5BAuthor%5D&amp;cauthor=true&amp;cauthor_uid=27678022
https://www.ncbi.nlm.nih.gov/pubmed/?term=Garrigan%20C%5BAuthor%5D&amp;cauthor=true&amp;cauthor_uid=27678022
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bilker%20WB%5BAuthor%5D&amp;cauthor=true&amp;cauthor_uid=27678022
https://www.ncbi.nlm.nih.gov/pubmed/?term=Wheeler%20M%5BAuthor%5D&amp;cauthor=true&amp;cauthor_uid=27678022
https://www.ncbi.nlm.nih.gov/pubmed/?term=Wheeler%20M%5BAuthor%5D&amp;cauthor=true&amp;cauthor_uid=27678022
https://www.ncbi.nlm.nih.gov/pubmed/?term=Tolomeo%20P%5BAuthor%5D&amp;cauthor=true&amp;cauthor_uid=27678022
https://www.ncbi.nlm.nih.gov/pubmed/?term=Tolomeo%20P%5BAuthor%5D&amp;cauthor=true&amp;cauthor_uid=27678022
https://www.ncbi.nlm.nih.gov/pubmed/?term=Han%20JH%5BAuthor%5D&amp;cauthor=true&amp;cauthor_uid=27678022
https://www.ncbi.nlm.nih.gov/pubmed/27678022
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kumar%20M%5BAuthor%5D&amp;cauthor=true&amp;cauthor_uid=27451088
https://www.ncbi.nlm.nih.gov/pubmed/?term=Dhaka%20P%5BAuthor%5D&amp;cauthor=true&amp;cauthor_uid=27451088
https://www.ncbi.nlm.nih.gov/pubmed/?term=Vijay%20D%5BAuthor%5D&amp;cauthor=true&amp;cauthor_uid=27451088
https://www.ncbi.nlm.nih.gov/pubmed/?term=Vergis%20J%5BAuthor%5D&amp;cauthor=true&amp;cauthor_uid=27451088
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mohan%20V%5BAuthor%5D&amp;cauthor=true&amp;cauthor_uid=27451088
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kumar%20A%5BAuthor%5D&amp;cauthor=true&amp;cauthor_uid=27451088
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kurkure%20NV%5BAuthor%5D&amp;cauthor=true&amp;cauthor_uid=27451088
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kurkure%20NV%5BAuthor%5D&amp;cauthor=true&amp;cauthor_uid=27451088
https://www.ncbi.nlm.nih.gov/pubmed/?term=Barbuddhe%20SB%5BAuthor%5D&amp;cauthor=true&amp;cauthor_uid=27451088
https://www.ncbi.nlm.nih.gov/pubmed/?term=Barbuddhe%20SB%5BAuthor%5D&amp;cauthor=true&amp;cauthor_uid=27451088
https://www.ncbi.nlm.nih.gov/pubmed/?term=Malik%20SV%5BAuthor%5D&amp;cauthor=true&amp;cauthor_uid=27451088
https://www.ncbi.nlm.nih.gov/pubmed/?term=Rawool%20DB%5BAuthor%5D&amp;cauthor=true&amp;cauthor_uid=27451088
https://www.ncbi.nlm.nih.gov/pubmed/27451088
https://www.ncbi.nlm.nih.gov/pubmed/15687884
https://www.ncbi.nlm.nih.gov/pubmed/15687884
https://www.ncbi.nlm.nih.gov/pubmed/15687884
https://www.ncbi.nlm.nih.gov/pubmed/?term=Goossens%20D%5BAuthor%5D&amp;cauthor=true&amp;cauthor_uid=14743878
https://www.ncbi.nlm.nih.gov/pubmed/?term=Jonkers%20D%5BAuthor%5D&amp;cauthor=true&amp;cauthor_uid=14743878
https://www.ncbi.nlm.nih.gov/pubmed/?term=Stobberingh%20E%5BAuthor%5D&amp;cauthor=true&amp;cauthor_uid=14743878
https://www.ncbi.nlm.nih.gov/pubmed/?term=van%20den%20Bogaard%20A%5BAuthor%5D&amp;cauthor=true&amp;cauthor_uid=14743878
https://www.ncbi.nlm.nih.gov/pubmed/?term=Russel%20M%5BAuthor%5D&amp;cauthor=true&amp;cauthor_uid=14743878
https://www.ncbi.nlm.nih.gov/pubmed/?term=Stockbr%C3%BCgger%20R%5BAuthor%5D&amp;cauthor=true&amp;cauthor_uid=14743878
https://www.ncbi.nlm.nih.gov/pubmed/?term=Stockbr%C3%BCgger%20R%5BAuthor%5D&amp;cauthor=true&amp;cauthor_uid=14743878
https://www.ncbi.nlm.nih.gov/pubmed/14743878
https://www.ncbi.nlm.nih.gov/pubmed/14743878
https://www.ncbi.nlm.nih.gov/pubmed/14743878
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gorskaia%20EM%5BAuthor%5D&amp;cauthor=true&amp;cauthor_uid=1509841
https://www.ncbi.nlm.nih.gov/pubmed/?term=Liz%27ko%20NN%5BAuthor%5D&amp;cauthor=true&amp;cauthor_uid=1509841
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lentsner%20AA%5BAuthor%5D&amp;cauthor=true&amp;cauthor_uid=1509841
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bondarenko%20VM%5BAuthor%5D&amp;cauthor=true&amp;cauthor_uid=1509841
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sokolova%20KIa%5BAuthor%5D&amp;cauthor=true&amp;cauthor_uid=1509841
https://www.ncbi.nlm.nih.gov/pubmed/?term=Likhacheva%20AIu%5BAuthor%5D&amp;cauthor=true&amp;cauthor_uid=1509841
https://www.ncbi.nlm.nih.gov/pubmed/?term=Likhacheva%20AIu%5BAuthor%5D&amp;cauthor=true&amp;cauthor_uid=1509841
https://www.ncbi.nlm.nih.gov/pubmed/1509841
https://www.ncbi.nlm.nih.gov/pubmed/?term=Demb%C3%A9l%C3%A9%20T%5BAuthor%5D&amp;cauthor=true&amp;cauthor_uid=9861683
https://www.ncbi.nlm.nih.gov/pubmed/?term=Obdrz%C3%A1lek%20V%5BAuthor%5D&amp;cauthor=true&amp;cauthor_uid=9861683
https://www.ncbi.nlm.nih.gov/pubmed/?term=Votava%20M%5BAuthor%5D&amp;cauthor=true&amp;cauthor_uid=9861683
https://www.ncbi.nlm.nih.gov/pubmed/9861683
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lee%20YK%5BAuthor%5D&amp;cauthor=true&amp;cauthor_uid=12972590
https://www.ncbi.nlm.nih.gov/pubmed/?term=Puong%20KY%5BAuthor%5D&amp;cauthor=true&amp;cauthor_uid=12972590
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ouwehand%20AC%5BAuthor%5D&amp;cauthor=true&amp;cauthor_uid=12972590
https://www.ncbi.nlm.nih.gov/pubmed/?term=Salminen%20S%5BAuthor%5D&amp;cauthor=true&amp;cauthor_uid=12972590
https://www.ncbi.nlm.nih.gov/pubmed/12972590
https://www.ncbi.nlm.nih.gov/pubmed/?term=Thorlacius%20H%5BAuthor%5D&amp;cauthor=true&amp;cauthor_uid=14555935
https://www.ncbi.nlm.nih.gov/pubmed/?term=Nobaek%20S%5BAuthor%5D&amp;cauthor=true&amp;cauthor_uid=14555935
https://www.ncbi.nlm.nih.gov/pubmed/?term=Wang%20XD%5BAuthor%5D&amp;cauthor=true&amp;cauthor_uid=14555935
https://www.ncbi.nlm.nih.gov/pubmed/?term=Andersson%20R%5BAuthor%5D&amp;cauthor=true&amp;cauthor_uid=14555935
https://www.ncbi.nlm.nih.gov/pubmed/?term=Molin%20G%5BAuthor%5D&amp;cauthor=true&amp;cauthor_uid=14555935
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bengmark%20S%5BAuthor%5D&amp;cauthor=true&amp;cauthor_uid=14555935
https://www.ncbi.nlm.nih.gov/pubmed/?term=Jeppsson%20B%5BAuthor%5D&amp;cauthor=true&amp;cauthor_uid=14555935
https://www.ncbi.nlm.nih.gov/pubmed/14555935
https://www.ncbi.nlm.nih.gov/pubmed/2105962
https://www.ncbi.nlm.nih.gov/pubmed/?term=Silva%20de%20Ruiz%20C%5BAuthor%5D&amp;cauthor=true&amp;cauthor_uid=8820918
https://www.ncbi.nlm.nih.gov/pubmed/?term=L%C3%B3pez%20de%20Bocanera%20ME%5BAuthor%5D&amp;cauthor=true&amp;cauthor_uid=8820918
https://www.ncbi.nlm.nih.gov/pubmed/?term=Nader%20de%20Mac%C3%ADas%20ME%5BAuthor%5D&amp;cauthor=true&amp;cauthor_uid=8820918
https://www.ncbi.nlm.nih.gov/pubmed/?term=Pesce%20de%20Ruiz%20Holgado%20AA%5BAuthor%5D&amp;cauthor=true&amp;cauthor_uid=8820918
https://www.ncbi.nlm.nih.gov/pubmed/?term=Pesce%20de%20Ruiz%20Holgado%20AA%5BAuthor%5D&amp;cauthor=true&amp;cauthor_uid=8820918
https://www.ncbi.nlm.nih.gov/pubmed/?term=Pesce%20de%20Ruiz%20Holgado%20AA%5BAuthor%5D&amp;cauthor=true&amp;cauthor_uid=8820918
https://www.ncbi.nlm.nih.gov/pubmed/8820918
https://www.ncbi.nlm.nih.gov/pubmed/8820918

Maurya et al. World Journal of Pharmaceutical Research

37.

38.

39.

40.

41.

42,

43.

44,

45.

46.

47.

McMillan A, Dell M, Zellar MP, Cribby S, Martz S, Hong E, Fu J, Abbas A, Dang
T, Miller W, Reid G. Disruption of urogenital biofilms by lactobacilli. Colloids Surf
B Biointerfaces, 2011; 86(1): 58-64.

Petrova M1, Imholz NCE, Verhoeven TLA, Balzarini J, Van Damme EJM, Schols D, et
al. Lectin-Like Molecules of Lactobacillus rhamnosus GG Inhibit Pathogenic Escherichia
coli and Salmonella Biofilm Formation. PLoS ONE, 2016; 11(8): e0161337.

Ekmekci H, Aslim B, Ozturk S. Characterization of vaginal lactobacilli coaggregation
ability with Escherichia coli. Microbiol Immunol, 2009; 53(2): 59-65.

Mich™ ele Delley, Anne Bruttin, Michel Richard, Michael Affolter,Enea Rezzonico and
Wolfram M. Bru™ ck. In vitro activity of commercial probiotic Lactobacillus strains
against uropathogenic Escherichia coli FEMS Microbiology Letters, 2015; 362: fnv096.
Dorman, H.J.D.; Deans, S.G. Antimicrobial agents from plants: antibacterial activity of
plant volatile oils. J. Appl. Microbiol, 2000; 88: 308-316.

L. Nufiez, M. D’ Aquino. Microbicide Activity Of Clove Essential Oil (Eugenia
Caryophyllata) Brazilian Journal of Microbiology, 2012; 1255-1260.

Chaib, K.; Hajlaoui, H.; Zmantar, T.; Kahla-Nakbi, A.B.; Rouabhia, M.; Mahdouani, K.;
Bakhouf, A. The chemical composition and biological activity of clove essential
oil, Eugenia caryophyllata (Syzigium aromaticum L. Myrtaceae): a short review.
Phythoter. Res. 2007; 21: 501-506.

Walsh, S.E.; Maillard, J.-Y.; Russell, A.D.; Catrenich, C.E.; Charbonneau, D.L.; Bartola,
R.G. Activity and mechanisms of action of selected biocidal agents on Gram-positive and
—negative bacteria. J. Appl. Microbiol, 2003; 94: 240-247.

Zhou L, Zheng H, Tang Y, Yu W, Gong Q. Eugenol inhibits quorum sensing at sub-
inhibitory concentrations. Biotechnol Lett, 2013; 35(4): 631-7.

Shaheen AY, Sheikh AA, Rabbani M, Aslam A, Bibi T, Liagat F, Muhammad J,
Rehmani SF. Antibacterial activity of herbal extracts against multi-drug resistant
Escherichia coli recovered from retail chicken meat. Pak J Pharm Sci, 2015; 28(4):
1295-300.

Azizkhani M, Elizaquivel P, Sanchez G, Selma MV, Aznar R.Comparative efficacy of
Zataria multiflora Boiss., Origanum compactum and Eugenia caryophyllus essential oils
against E. coli O157:H7, feline calicivirus and endogenous microbiota in commercial
baby-leaf salads. Int J Food Microbiol, 2013; 2: 166(2): 249-55.

WWW.Wjpr.net Vol 6, Issue 8, 2017. 660



https://www.ncbi.nlm.nih.gov/pubmed/?term=McMillan%20A%5BAuthor%5D&amp;cauthor=true&amp;cauthor_uid=21497071
https://www.ncbi.nlm.nih.gov/pubmed/?term=Dell%20M%5BAuthor%5D&amp;cauthor=true&amp;cauthor_uid=21497071
https://www.ncbi.nlm.nih.gov/pubmed/?term=Zellar%20MP%5BAuthor%5D&amp;cauthor=true&amp;cauthor_uid=21497071
https://www.ncbi.nlm.nih.gov/pubmed/?term=Cribby%20S%5BAuthor%5D&amp;cauthor=true&amp;cauthor_uid=21497071
https://www.ncbi.nlm.nih.gov/pubmed/?term=Martz%20S%5BAuthor%5D&amp;cauthor=true&amp;cauthor_uid=21497071
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hong%20E%5BAuthor%5D&amp;cauthor=true&amp;cauthor_uid=21497071
https://www.ncbi.nlm.nih.gov/pubmed/?term=Fu%20J%5BAuthor%5D&amp;cauthor=true&amp;cauthor_uid=21497071
https://www.ncbi.nlm.nih.gov/pubmed/?term=Abbas%20A%5BAuthor%5D&amp;cauthor=true&amp;cauthor_uid=21497071
https://www.ncbi.nlm.nih.gov/pubmed/?term=Dang%20T%5BAuthor%5D&amp;cauthor=true&amp;cauthor_uid=21497071
https://www.ncbi.nlm.nih.gov/pubmed/?term=Dang%20T%5BAuthor%5D&amp;cauthor=true&amp;cauthor_uid=21497071
https://www.ncbi.nlm.nih.gov/pubmed/?term=Miller%20W%5BAuthor%5D&amp;cauthor=true&amp;cauthor_uid=21497071
https://www.ncbi.nlm.nih.gov/pubmed/?term=Reid%20G%5BAuthor%5D&amp;cauthor=true&amp;cauthor_uid=21497071
https://www.ncbi.nlm.nih.gov/pubmed/21497071
https://www.ncbi.nlm.nih.gov/pubmed/21497071
https://www.ncbi.nlm.nih.gov/pubmed/21497071
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ekmekci%20H%5BAuthor%5D&amp;cauthor=true&amp;cauthor_uid=19291088
https://www.ncbi.nlm.nih.gov/pubmed/?term=Aslim%20B%5BAuthor%5D&amp;cauthor=true&amp;cauthor_uid=19291088
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ozturk%20S%5BAuthor%5D&amp;cauthor=true&amp;cauthor_uid=19291088
https://www.ncbi.nlm.nih.gov/pubmed/19291088
https://www.ncbi.nlm.nih.gov/pubmed/?term=Zhou%20L%5BAuthor%5D&amp;cauthor=true&amp;cauthor_uid=23264268
https://www.ncbi.nlm.nih.gov/pubmed/?term=Zheng%20H%5BAuthor%5D&amp;cauthor=true&amp;cauthor_uid=23264268
https://www.ncbi.nlm.nih.gov/pubmed/?term=Tang%20Y%5BAuthor%5D&amp;cauthor=true&amp;cauthor_uid=23264268
https://www.ncbi.nlm.nih.gov/pubmed/?term=Yu%20W%5BAuthor%5D&amp;cauthor=true&amp;cauthor_uid=23264268
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gong%20Q%5BAuthor%5D&amp;cauthor=true&amp;cauthor_uid=23264268
https://www.ncbi.nlm.nih.gov/pubmed/23264268
https://www.ncbi.nlm.nih.gov/pubmed/?term=Rehmani%20SF%5BAuthor%5D&amp;cauthor=true&amp;cauthor_uid=26142503
https://www.ncbi.nlm.nih.gov/pubmed/26142503
https://www.ncbi.nlm.nih.gov/pubmed/?term=Azizkhani%20M%5BAuthor%5D&amp;cauthor=true&amp;cauthor_uid=23973836
https://www.ncbi.nlm.nih.gov/pubmed/?term=Elizaqu%C3%ADvel%20P%5BAuthor%5D&amp;cauthor=true&amp;cauthor_uid=23973836
https://www.ncbi.nlm.nih.gov/pubmed/?term=S%C3%A1nchez%20G%5BAuthor%5D&amp;cauthor=true&amp;cauthor_uid=23973836
https://www.ncbi.nlm.nih.gov/pubmed/?term=Selma%20MV%5BAuthor%5D&amp;cauthor=true&amp;cauthor_uid=23973836
https://www.ncbi.nlm.nih.gov/pubmed/?term=Aznar%20R%5BAuthor%5D&amp;cauthor=true&amp;cauthor_uid=23973836
https://www.ncbi.nlm.nih.gov/pubmed/23973836

Maurya et al. World Journal of Pharmaceutical Research

48. Irkin R, Korukluoglu M. Growth inhibition of pathogenic bacteria and some yeasts by
selected essential oils and survival of L. monocytogenes and C. albicans in apple-carrot
juice.Foodborne Pathog Dis, 2009; 6(3): 387-94.

49. Hawrelak JA, Cattley T, Myers SP. Essential oils in the treatment of intestinal dysbiosis: a
preliminary in vitro study. Alternative Medicine Review, 2009; 14(4): 380-384.

50. Moritz CMF, Rall VLM, Saeki MJ, and Junior AF. Inhibitory effect of essential oils
against Lactobacillus rhamnosus and starter culture in fermented milk during its shelf-life
period Braz J Microbiol, 2012; 43(3): 1147-1156.

WWW.Wjpr.net Vol 6, Issue 8, 2017. 661



https://www.ncbi.nlm.nih.gov/pubmed/?term=Irkin%20R%5BAuthor%5D&amp;cauthor=true&amp;cauthor_uid=19278342
https://www.ncbi.nlm.nih.gov/pubmed/?term=Korukluoglu%20M%5BAuthor%5D&amp;cauthor=true&amp;cauthor_uid=19278342
https://www.ncbi.nlm.nih.gov/pubmed/19278342
https://www.ncbi.nlm.nih.gov/pubmed/?term=Moritz%20CM%5BAuthor%5D&amp;cauthor=true&amp;cauthor_uid=24031939
https://www.ncbi.nlm.nih.gov/pubmed/?term=Rall%20VL%5BAuthor%5D&amp;cauthor=true&amp;cauthor_uid=24031939
https://www.ncbi.nlm.nih.gov/pubmed/?term=Saeki%20MJ%5BAuthor%5D&amp;cauthor=true&amp;cauthor_uid=24031939
https://www.ncbi.nlm.nih.gov/pubmed/?term=J%26%23x000fa%3Bnior%20AF%5BAuthor%5D&amp;cauthor=true&amp;cauthor_uid=24031939
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3768895/

