ISSN:0976-3031

Awailable Online at http://www.recentscientific.com

International Journal of Recent Scientific Research
Vol. 9, Issue, 11(A), pp. 29461-29466, November, 2018

International Journal of
Recent Scientific
Rescarch

CODEN: IJRSFP (USA)

DOI: 10.24327/1JRSR

Research Article

EVALUATION OF SELECTED MEDICINAL PLANTS FOR THEIR POTENTIAL ANTIMICROBIAL
ACTIVITIES AGAINST ESKAPE PATHOGENS AND THE STUDY OF P-GLYCOPROTEIN
RELATED ANTIBIOSIS; AN INDIRECT APPROACH TO ASSESS EFFLUX MECHANISM

Divya Chandrasekharan?, Renuka Ballal?, Ballal B. B1* and Khetmalas M. B3

1Bharati Vidyapeeth (Deemed to be University), Department of Microbiology, Yashwantrao Mohite College of
Arts, Science and Commerce, Pune-411038, Maharashtra, India
2Bharati Vidyapeeth (Deemed to be University), Rajiv Gandhi Institute of Information Technology and
Biotechnology, Pune- 411045, Maharashtra, India
3Director, Agriculture Education of Pravara Rural Education Society, Maharashtra, India

DOI: http://dx.doi.org/10.24327/ijrsr.2018.0911.2867

ARTICLE INFO ABSTRACT

Article History:

Received 12 August, 2018

Received in revised form 23™
September, 2018

Accepted 7™ October, 2018

Published online 28" November, 2018

Key Words:

ESKAPE pathogens, P-glycoprotein
efflux protein, multidrug resistance.

ESKAPE pathogens have significantly contributed the high mortality rate of hospital borne
infections. Multidrug resistance and biofilm formation are the prime hurdles for controlling
infections of ESKAPE pathogens. In vivo toxicity of the allopathic chemotherapeutic agents limits
the complete eradication of ESKAPE pathogens. P-glycoprotein is one of the efflux proteins present
in the plasma membrane and partially regulates multidrug resistance of ESKAPE pathogens. Certain
plant extracts in processed form keeps potential to block the activities of P-glycoprotein. Present
study is aimed towards exploring natural plant derived substances for the control of ESKAPE
pathogens and thus keeps multidisciplinary approach.
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INTRODUCTION

Antibiotics, one of the greatest discoveries of 20" century was
soon followed by the development of resistance to antibiotics
leading to drug resistant strains of bacteria. Evolution of
multidrug resistance in microorganisms is rising at an alarming
rate and the rate of discovery of new antibiotics is slowing
down. This has resulted in an urgent need to look upon the
unintentional consequences of antibiotic use. ESKAPE
pathogens are the common causes of life threatening
nosocomial infections amongst critically ill and
immunocompromised individuals “”. The term ESKAPE
pathogens encompasses drug resistant bacteria namely
Enterococcus faecium (Gram positive), Staphylococcus aureus
(Gram positive), Klebsiella pneumoniae (Gram negative),
Acinetobacter baumannii (Gram negative), Pseudomonas
aeruginosa (Gram negative) and Enterobacter cloacae (Gram
negative)’”. A two-year review commissioned on
antimicrobial resistance by the UK government concluded in

*Corresponding author: Ballal B. B

2016 that approximately 700,000 deaths each year globally can
be attributed to antimicrobial resistance ®. World Health
Organization has classified ESKAPE pathogens based on its
type of resistance by classifying them into three priority tiers as
‘Critical, High and Medium’ in the year 2017 "®. ESKAPE
pathogens maintain lower saturation values of antibiotics
within the cytoplasm and these are attributed towards rapid
efflux of antibiotics within the cytoplasm ®. Carbapenem
resistance in ESBL producing Klebsiella pneumoniae is due to
the combined effect of B lactamases with porin impermeability
and/or efflux pump activity .p Lactamase mediated resistance
in Enterobacter spp. is increasingly associated with plasmid
encoded ‘Extended Spectrum [ Lactamases’ (ESBLs) and
carbapenemases, specifically the CTX-M family of ESBLs, the
KPC family of serine carbapenemases, and the VIM, IMP, and
NDM-1 metallo p lactamases . Reduction in porin expression
in Acinetobacter baumannii and Pseudomonas aeruginosa is
one of the reasons for development of drug resistance.
Modification of drug targets, inactivation of therapeutic agents,
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overexpression of efflux pumps and cell envelope adaptive
response that promotes survival in the human host and the
nosocomial environment are the antibiotic resistant
mechanisms observed in multidrug resistant Enferococcus
species V. Drug resistance of ESKAPE pathogens is mainly
relied on rapid removal of antibiotics from the cytoplasm @¥.
Rapid efflux of the antibiotics is the function of P-glycoprotein
efflux proteins present in the plasma membrane and its
expression is regulated by multiple genes ® For improving
intracytoplasmic concentration of antibiotics, the activity of P-
glycoproteinsare required to get regulated. Certain plant
extracts keeps potential to block the activity of P-glycoproteins
9 In this context, present study is aimed towards exploring
selected natural plant derived substances for the control of
ESKAPE pathogens and thus keeps multidisciplinary approach.
Aloe vera is a perennial plant belonging to family Liliaceae
(Indian Aloe or Korphad) ™. It is distributed in tropical and
subtropical regions. Itis reported for its antiviral, anti-
inflammatory, immunity, antidiabetic, wound healing,
antibacterial, antifungal, antioxidant, laxative and antitumor
effects 9. Cymbopogon citratus, a member of Poaceae
family (Lemon grass or Gavti chaha) is a perennial tropical
grass. It is cultivated in temperate climates, leaves are long,
green and has a pleasant taste and aroma . Cymbopogon
citratus is reported for treatment against hypertension,
epilepsy, gastrointestinal and central nervous system disorders
D Cynodon dactylon, a member of Poaceae family is
commonly known as ‘Bermuda grass’ or ‘Doorva’ @. It is a
perennial grass mainly found in tropical regions with a warm
climate. Cynodon dactylon is documented for its central

nervous, anti-inflammatory, antipyretic, anticancer,
immunological, protective, antimicrobial, antiparasitic,
dermatological, diuretic, cardiovascular, antidiabetic,
gastrointestinal, antioxidant, analgesic and antiallergic

properties V. Piper longum is documented for antioxidant
potential and anti-inflammatory properties  '¥. Piper longum
belongs to family Piperaceae. It is commonly known as ‘Indian
Long Pepper’ or ‘Pimpli mool’. It is a flowering vine which is
mainly cultivated for its fruit ¥

MATERIALS AND METHODS

Collection of plant resources

Cynodon dactylon (L.) Pers., Cymbopogon citratus (DC.)
Stapf. and Aloe vera (L.) Burm. f., were collected from the
Village Narhe, situated in the Taluka Haveli in the Pune
district. These plants were collected from Pune territory. Piper
longum Linn. was collected from a registered Ayurved
medicine supplier from Pune district. All the plant derivatives
were identified using standard identification keys and
authenticated from Agharkar Research Institute, Pune.

Preparation of extracts of selected medicinal plants

All the selected plant resources namely Aloe vera (L.) Burm. f.,
Cymbopogon citratus (DC.) Stapf. , Cynodon dactylon (L.)
Pers. and Piper longum Linn. were carefully washed using tap
water followed by washing with sterile distilled water. The
samples were shed dried. Leaves of Aloe vera (L.) Burm. f,,
Cymbopogon citratus (DC.) Stapf, Cynodon dactylon (L.) Pers.
and root of Piper longum Linn. were subjected to chloroform,
hexane, ethanol and aqueous extraction process using Soxhlet

apparatus. Extracts were homogenized using magnetic stirrer
and it was followed by concentration of extracts using rotary
vacuum evaporator to dryness. The extracts were stored at 4°C.

Collection of microbial cultures

Staphylococcus aureus is obtained from Golwilkar Metropolis
Health Service (India) Pvt. Ltd. Pune. Enterococcus faecium is
obtained from Sahyadri Speciality Labs, Paud Road, Kothrud,
Pune - 411038. Klebsiella pneumoniae NCIM 2706,
Acinetobacter  baumannii NCIM 5654, Pseudomonas
aeruginosa NCIM 5210 and Enterobacter cloacae NCIM 2164
were obtained from NCIM Resource Center, Pune vide
Proforma Invoice No. 2018 / NCIM - 2271.

Evaluation of drug resistance of the cultures obtained

1 ml suspension of the cultures obtained were prepared and
compared with 0.5 McFarland standard as per NCCLS
guidelines, subjected to ‘Antibiotic Susceptibility Test’ using
‘Kirby-Bauer Disc Diffusion method’ using ‘Muller Hinton
agar’ (pH adjusted to 7.4 + 0.1 at 25°C) incubated at 37°C for
24 hours.

Evaluation of antimicrobial activities of the plant extracts
against ESKAPE pathogens by comparing with selected
standard antibiotics

1 ml suspension each of the ESKAPE pathogens were prepared
and compared with 0.5 McFarland standard as per NCCLS
guidelines and inoculated on ‘Muller Hinton agar’ (pH adjusted
to 7.4 £ 0.1 at 25°C) using ‘Spread Plate Method’. 1 mg/ml
concentration of aqueous, ethanol, chloroform and hexane
extracts of all the four selected plant resources were evaluated
for their antimicrobial activities against ESKAPE pathogens on
‘Muller Hinton agar’ (pH adjusted to 7.4 + 0.1 at 25°C)
incubated at 37°C for 24 hours using ‘Agar well method’. The
standards selected were Amoxycillin, Tetracycline and
combination of Amoxycillin plus Clavulanic acid. 20 pg/ml
concentration of the selected standard antibiotics were also
assessed for their antimicrobial activities against ESKAPE
pathogens using ‘Agar well method’ on ‘Muller Hinton agar’
(pH adjusted to 7.4 £ 0.1 at 25°C) incubated at 37°C for 24
hours.

Evaluation of antimicrobial activities of the plant extracts in
combination with selected antibiotics (In direct approach to
assess P-glycoprotein binding capacity)

1 ml suspension each of the ESKAPE pathogens were prepared
and compared with 0.5 McFarland standard as per NCCLS
guidelines and inoculated on ‘Muller Hinton agar’ (pH adjusted
to 7.4 + 0.1 at 25°C) using ‘Spread Plate Method’. 25 pg/ml
concentration of aqueous, ethanol, chloroform and hexane
extracts of all the four selected plant resources in combination
with 25 pg/ml concentration of standard antibiotic Amoxycillin
and Tetracycline were assessed for their antimicrobial activities
against ESKAPE pathogens using ‘Agar well method’ on
‘Muller Hinton agar’ (pH adjusted to 7.4 £ 0.1 at 25°C)
incubated at 37°C for 24 hours.
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OBSERVATION AND RESULTS

Evaluation of drug resistance of the cultures obtained

Enterococcus faecium was observed to be resistant to Amikacin
(AN), Calithromycin (CLR), Cefotaxime (CF), Sparfloxacin
(SF), Cefuroxime (CR), Cefoperazone (CFP), Ampiclox
(ACX), Cefadroxil (CD), Roxythromycin (RX), Gentamycin
(G) and Azithromycin (AZ); intermediate to Ciprofloxacin
(CIP). Staphylococcus aureus was resistant to Amikacin (AN),
Sparfloxacin (SF), Cefuroxime (CR) and Ampiclox (ACX);
intermediate to Ciprofloxacin (CIP), Cefotaxime (CF) and
Roxythromycin (RX); sensitive to Calithromycin (CLR),
Cefoperazone (CFP), Cefadroxil (CD), Gentamycin (G) and
Azithromycin (AZ). Klebsiella pneumoniae was resistant to
Gentamycin (G), Netilmycin (NET), Lomefloxacin (LM) and
Ampicillin + Sulbactam (SLB); sensitive to Amikacin
(AN),Ciprofloxacin (CIP), Cefotaxime (CF), Sparfloxacin
(SF), Cefoperazone (CFP), Cefadroxil (CD), Ceftriaxone
(CTX) and Ceptazidime (CPZ). Acinetobacter baumannii was
observed to be resistant to Cefotaxime (CF), Cefoperazone
(CFP), Cefadroxil (CD), Netilmycin (NET) and Ceptazidime
(CPZ); intermediate to Ceftriaxone (CTX) and Ampicillin +
Sulbactam (SLB); sensitive to Amikacin (AN),Ciprofloxacin
(CIP), Sparfloxacin (SF), Gentamycin (G) and Lomefloxacin
(LM). Pseudomonas aeruginosa was resistant to Cefotaxime
(CF), Sparfloxacin (SF), Cefoperazone (CFP), Cefadroxil
(CD), Netilmycin (NET), Ampicillin + Sulbactam (SLB) and
Ceptazidime (CPZ); intermediate to Ceftriaxone (CTX) and
Lomefloxacin (LM); sensitive to Amikacin (AN),Ciprofloxacin
(CIP) and Gentamycin (G). Enterobacter cloacae was observed
to be resistant to Cefadroxil (CD), Netilmycin (NET),
Lomefloxacin (LM), Ampicillin + Sulbactam (SLB) and
Ceptazidime (CPZ); intermediate to Sparfloxacin (SF) and
Cefoperazone (CFP); sensitive to Amikacin
(AN),Ciprofloxacin (CIP), Cefotaxime (CF), Gentamycin (G)
and Ceftriaxone (CTX).

Evaluation of antimicrobial activities of the plant extracts
against ESKAPE pathogens by comparing with selected
standard antibiotics

Aqueous, Ethanol, Chloroform and Hexane extracts of selected
medicinal plants in the concentration of 1 mg/ml were
separately tested for their antimicrobial activities. Broad
spectrum antibiotics Amoxycillin, combination of Amoxycillin
and Clavulanic acid and Tetracycline in the concentration of 20
pg/ml was selected as standard antibiotics against which
antimicrobial activities of plant extracts were assessed. The
antibiotics selected were totally drug resistant against
Enterococcus faecium whereas aqueous extract of Piper
longum Linn. exhibited maximum antimicrobial activity at a
zone diameter of 21.33 mm against Enterococcus faecium.
Amoxycillin, Tetracycline and blended dose of Amoxycillin
and Clavulanic acid showed zone diameter of 15 mm, 11 mm,
22 mm respectively against Staphylococcus aureus whereas
maximum antimicrobial activity was observed of aqueous
extract of Aloe vera (L.) Burm f. at a zone diameter of 29 mm.
Amoxycillin and blended dose of Amoxycillin and Clavulanic
acid were totally resistant to Klebsiella pneumoniae and
Tetracycline showed zone diameter of 19 mm. Maximum
antimicrobial activity of hexane extract of Cynodon dactylon
(L.) Pers. was observed against Klebsiella pneumoniae at a

zone diameter of 29.33 mm. Amoxycillin and blended dose of
Amoxycillin and Clavulanic acid were totally resistant to
Acinetobacter baumanniiand Tetracycline showed zone
diameter of 19 mm. Maximum antimicrobial activity of
aqueous extract of Piper longum Linn. was observed against
Acinetobacter baumanniiat a zone diameter of 29.33 mm.
Pseudomonas aeruginosa was found to be totally resistant to
the selected antibiotics whereas ethanol extract of Cymbopogon
citratus (DC.) Stapf. showed maximum antimicrobial activity
at a zone of 31.66 mm. Amoxycillin and blended dose of
Amoxycillin and Clavulanic acid were totally resistant to
Enterobacter cloacaeand Tetracycline showed zone diameter
of 17 mm. Ethanol extract of Cymbopogon citratus (DC.)
Stapf. showed maximum antimicrobial activity at a zone of 23
mm against Enterobacter cloacae.

Comparative analysis of overall activity of Aloe vera (L.) Burm L
showing Antimicroblal activiry against ESKAPE Pathogens
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Graph 1:Comparative analysis of overall activity of Aloe vera (L.) Burm f.
showing Antimicrobial activity against ESKAPE pathogens

Comparative analysis of overall activity of Cymbopogon citrarus
(DC.) Stapf. showing Antimicrobial activity against ESKAPE
Pathogens
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Comparative analysis of overall activity of Piper longum
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Graph 4Comparative analysis of overall activity of Piper longum Linn.
showing Antimicrobial activity against ESKAPE pathogens

Evaluation of antimicrobial activities of the plant extracts in
combination with selected antibiotics (In direct approach to
assess P-glycoprotein binding capacity)

Plants may alleviate the degree of antibiosis by down
regulating the activity of P-glycoprotein. For the confirmation
of potential effect of selected plant derivatives, plant extracts
combined with Amoxycillin and Tetracyclineand their
antimicrobial activities were assessed. Aqueous extract of
Piper longum Linn. showed maximum antimicrobial activity in
combination with antibiotics Amoxycillin and Tetracycline at a
zone diameter of 21.33 and 14 respectively against
Enterococcus faecium. Aqueous extract of Aloe vera (L.) Burm
f. showed maximum antimicrobial activity in combination with
antibiotics Amoxycillin and Tetracycline at a zone diameter of
29 and 17.66 respectively against Staphylococcus aureus.
Hexane extract of Cymnodon dactylon (L.) Pers. showed
maximum antimicrobial activity in combination with
antibiotics Amoxycillin and Tetracycline at a zone diameter of
29.33 and 27.00 respectively against Klebsiella pneumoniae.
Aqueous extract of Piper longum Linn. showed maximum
antimicrobial activity in combination with antibiotics
Amoxycillin and Tetracycline at a zone diameter of 23.00 and
21.00 respectively against Acinetobacter baumannii. Ethanol
extract of Cymbopogon citratus (DC.) Stapf. showed maximum
antimicrobial activity in combination with antibiotics
Amoxycillin and Tetracycline at a zone diameter of 31.67 and
28.66 respectively against Pseudomonas aeruginosa. Ethanol
extract of Cymbopogon citratus (DC.) Stapf. showed maximum
antimicrobial activity in combination with antibiotics
Amoxycillin and Tetracycline at a zone diameter of 23 and
17.33 respectively against Enterobacter cloacae.

Statistical analysis

One Sample t Test was performed (Degrees of freedom, N = 3).
Statistical analysis was performed of the plant extracts that
showed maximum antimicrobial activity. It revealed that the
plant extracts showed significant impact against ESKAPE
pathogens [P value < 0.05" (5 % level of significance), P value
<0.017 (1 % level of significance) and P value < 0.001"" (0.1
% level of significance)] as observed in Table 1.

Table 1 One sample t Test of plant extracts against ESKAPE

pathogens
Test
Sr. No. Name of plant Nature of ] Name of. P value
extract microorganism

1 Piper longum Linn. Aqueous E. faecium 0.007"
2 Aloe vera (L.) Burm f. Aqueous S. aureus 0.002"
3 Aloe vera (L.) Burm f. Aqueous S. aureus 0.007"
4 Aloe vera (L.) Burm f. Aqueous S. aureus 0.001"
5 Cynodon dactylon (L.) Pers.  Hexane K. pneumoniae  0.004"
6 Cynodon dactylon (L.) Pers.  Hexane K. pneumoniae 0.028"
7 Piper longum Linn. Aqueous  A. baumannii 0.000"""
8 Piper longum Linn. Aqueous  A. baumannii 0.001"
9 Cymbop ogosltza;zératus (DC) Ethanol  P. aeruginosa 0.004"
o @ mbo}’”g‘;’:a;’?“’”s OC) " Bthanol  E cloacae  0.004”
11 Cymbop ogz;l:acr’)iératus (DC) Ethanol E. cloacae 0.05"

Statistical analysis was performed of the plant extracts in
combination with antibiotic Amoxycillin that showed
maximum antimicrobial activity. It revealed that the plant
extracts showed significant impact against ESKAPE pathogens
[P value < 0.05" (5 % level of significance), P value < 0.01" (1
% level of significance) and P value < 0.001"" (0.1 % level of
significance)] as observed in Table 2.

Table 20ne sample t Test of plant extracts in combination with
antibiotic Amoxycillin against ESKAPE pathogens

Test
Sr. No. Name of plant Nature of . Name of. P value
extract microorganism
1 Piper longum Linn. Aqueous E. faecium 0.000"""
2 Aloe vera (L.) Burm f. Aqueous S. aureus 0.001"
3 Cynodon dactylon (L.) Pers. Hexane K. pneumoniae 0.000™"
6 Piper longum Linn. Aqueous A. baumannii 0.000"""
7 Cymbopogon citratus (DC.) Stapf. ~ Ethanol P. aeruginosa 0.000"""
8 Cymbopogon citratus (DC.) Stapf. ~ Ethanol E. cloacae 0.001""

Statistical analysis was performed of the plant extracts in
combination with antibiotic Tetracycline that showed
maximum antimicrobial activity. It revealed that the plant
extracts showed significant impact against ESKAPE pathogens
[P value < 0.05" (5 % level of significance), P value < 0.01"" (1
% level of significance) and P value < 0.001"" (0.1 % level of
significance)] as observed in Table 3. Only aqueous extract of
Piper longum Linn. in combination with Tetracycline did not
show any significant impact against A. baumannii (P value
>0.05).

Table 30ne sample t Test of plant extracts in combination with
antibiotic Tetracycline against ESKAPE pathogens

Test
Sr. No. Name of plant Nature o.f ’ext.ract + ) Name of' P value
Antibiotic microorganism
1 Piper longum Linn. Aqueous + Tetracycline E. faecium 0.0027
2 Aloe vera (L.) Burm f.  Aqueous + Tetracycline S. aureus 0.031"
3 Cynodon dactylon (L.) Pers. Hexane + Tetracycline K. pneumoniae 0.005™
6 Piper longum Linn. Aqueous + Tetracycline 4. baumannii 0.074
7 Cymbop og(értta;zémtus (bC) Ethanol + Tetracycline  P. aeruginosa 0.000™""
8 Cymbop ugusi;ta;zératus (C) Ethanol + Tetracycline E. cloacae 0.423"

Drug toxicity developed by ESKAPE pathogens leading to
severe fatal complications is the cause of concern in the present
era due to its spread on a global scale. Novel antibiotics are
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needed for combating these rapidly evolving pathogens.
Production of new antibiotics has declined progressively over
the past few years, creating less possibilities to treat these drug-
resistant pathogens 19 Tnappropriate use of antibiotics
resulting in incomplete antibiotic therapy has led to increasing
resistance of ESKAPE pathogens to antibiotics. The major
factor for development of multidrug resistance in ESKAPE
pathogens is the P-glycoprotein efflux mechanism & ' 2.
Drug resistance of ESKAPE pathogens can be controlled if the
regulation of P-glycoproteins can be inhibited. Inhibition of P-
glycoprotein efflux proteins occurs through blockage of
substrate binding site through competitive / non-competitive /
allosteric inhibition, by interfering with hydrolysis of
Adenosine Tri Phosphate (ATP) or by modifying the integrity
of lipid bilayers of cell membrane®'?. In Ayurveda, the plants
used to prevent and treat degenerative diseases are termed as
rejuvenators U9 1n the present study, four different medicinal
plants have been selected; Aloe vera (L.) Burm f., Cymbopogon
citratus (DC.) Stapf., Cynodon dactylon (L.) Pers. and Piper
longum Linn. . These have been utilized as a base of different
medicines in Ayurveda. Previous studies as described were
conducted to assess the potential inhibition of P-glycoprotein
efflux protein. Present study differs by focusing on the
synergistic action of selected plant extracts with antibiotics.
The study also focuses on the effect of potential inhibition of P-
glycoprotein efflux protein on the antimicrobial pattern, which
is a novel area of research. In the present study, Enterococcus
faecium, Staphylococcus aureus, Klebsiella pneumoniae NCIM
2706, Acinetobacter baumannii NCIM 5654, Pseudomonas
aeruginosa NCIM 5210 and Enterobacter cloacae NCIM 2164
were selected as representative ESKAPE pathogens.
‘Antibiotic Susceptibility tests’ of these ESKAPE pathogens
were observed to be resistant and intermediate to most of the
antibiotics. Aqueous, ethanol, chloroform and hexane extracts
of selected medicinal plants in the concentration of 1 mg/ml
were separately tested for its antimicrobial activities. The
antimicrobial activities of the plant extracts were compared
with the antibiotics Amoxycillin, Tetracycline and blended
dose of Amoxycillin and Clavulanic acid as standard. Further,
plant extracts were evaluated to study the P-glycoprotein efflux
mechanism as an indirect approach by combining the plant
extracts with antibiotic. Statistical analysis revealed that the
plant extracts have a significant impact and can be used for
combating ESKAPE pathogen infections.

CONCLUSION

Aqueous, Ethanol, Chloroform and Hexane extracts of Aloe
vera (L.) Burm f., Cymbopogon citratus (DC.) Stapf., Cynodon
dactylon (L.) Pers. and Piper longum Linn. were screened for
their antimicrobial properties and potential P-glycoprotein
inhibiting capacity. Plant extracts under study in the blended
form with Amoxycillin showed better antimicrobial properties.
The research indicated that the plant extracts showed
“Improved intracytoplasmic concentration of antibiotics” and
this is predictive towards regulation of P-glycoprotein efflux
protein. Study requires further evaluation to confirm the
indirect approach.

References
1. Ali Esmail Al Shafi, ‘Chemical constituents and
pharmacological effects of Cynodon dactylon- A

10.

11.

Review.” IDSR Journal of Pharmacy (2016) 6(07) 17-
31, ISSN: 2319-4219, E-ISSN: 2250-3013.

Auddy B., Ferreira M., Blasina F., Lafon L., Arredondo
F., Dajas F., Tripathi P.C., Seal T., Mukherjee B.,
‘Screening of antioxidant activity of three Indian
medicinal plants, traditionally used for the management
of  neurodegenerative  diseases.”  Journal  of
Ethnopharmacology (2003), 84(2-3):131-138.
https://doi.org/10.1016/S0378-8741(02)00322-7

Baroud M., Dandache J., Aray G. F., Wakim R., Kanj
S., Kanafani Z., Khairallah M., Sabra A., Shehab M.,
Dbaibo G. and Matar G. M., ‘Underlying mechanisms of
Carbapenem resistance in extended spectrum J
lactamases producing Klebsiella pneumoniae and
Escherichia coli isolates as a tertiary care center in
Lebanon: role of OXA-48 and NDM-1 carbapenamases.’
International journal of Antimicrobial Agents (2013),
41(1), 75-79. http://dx.doi.org/10.1016/j.jjanntimic.ag.
2012.08.010

Croughs P. D., Klassen C. H. W., Rosamalen J. V.,
Maghdid D. M., Boers S. A., Hays J. P. and Goessens
W. H. F., ‘Unexpected mechanisms of resistance in
Dutch Pseudomonas aeruginosa isolates collected
during fourteen years of surveillance.” International
Journal of  Antimicrobial Agents (2018).
http://dx.doi.org/10.1016/j.ijjantimicag.2018.05.009
Denyer P. S., Hodges N., Gorman S. P., Gilmore B. F.,
Hugo and Russell’s Pharmaceutical Microbiology
(2011), Eighth Edition © 2011 Blackwell Publishing
Ltd. ISBN: 10:1-4443-3063-2.

Hamrapurkar P. D., Jadhav K. and Zine Sandeep.,
‘Quantitative estimation of piperine in Piper nigrum and
Piper longum using high performance thin layer
chromatography.” Journal of Applied Pharmaceutical
Science (2011) 1, 117-120.

Jagdale A. D., Kamble S. P., Nalawade M. L.,
Arvindekar A. U., ‘Citronellol: a potential antioxidant
and aldose reductase inhibitor from Cymbopogon
citratus.” International Journal of Pharmacy and
Pharmaceutical Sciences (2015). ISSN: 0975-1491.

Jim O’Neill, ‘Tackling Drug-Resistant Infections
Globally: Final Report and Recommendations’ (2016)).
The Review on Antimicrobial Resistance. https://amr-
review.org/sites/default/files/160525 Final%20paper wi
th%20cover.pdf

Lutful Amin, ‘P-glycoprotein inhibition for optimal drug
discovery.” Drug Target Insights (2013), 7:27-34.
http://dx.doi.org/10.4137/DTL.S12519

Magill S. S., Edwards J. R, Bamberg W., Beldavs Z. G.,
Dumyati G., Kainer M. A., Lynfield R., Maloney M.,
McAllister-Hollod L., Nadle J., Ray S. M., Thompson
D. L., Wilson 1. E. and Fridkin S. K., for the Emerging
Infections and Antimicrobial Use Prevalence Survey
team, ‘Multistate Point Prevalence Survey of
HealthCare-Associated Infections.” The New England
Journal of Medicine (2014) 370:1198-208, © 2014

Massachusetts Medical Society.
http://dx.doi.org/10.1056/NEJMoal1306801
Miller W. R, Munita J. M. and Arias C. A,

‘Mechanisms of antibiotic resistance in Enterococci.’
Expert Reviews in Anti-Infective therapy (2015),

29465 |Page



Divya ChandraseRfaran et al., Evaluation of Selected Medicinal Plants For Their Potential Antimicrobial Activities Against ESKAPE Pathogens
And The Study of P-Glycoprotein Related Antibiosis; An Indirect Approach To Assess Efflux Mechanism

12.

13.

14.

15.

12(10), 1221-1236.
http://dx.doi.org/10.1586/14787210.2014.956092
Oswald C., Holland I. B. and Schmitt L., ‘The motor
domains of ABC-transporters.” Naunyn-Schmiedeberg’s
Archives of Pharmacology (2006), 372(6), 385-399.
http://dx.doi.org/10.1007/s00210-005-0031-4

Patel D. K., Patel K. and Dhanabal SP, ‘Phytochemical
standardization of Aloe vera extract by HPTLC
techniques.” Journal of Acute Disease (2012).
http://doi.org/10.1016/S2221-6189(13)60054-2
Rangarajan N. and Suriyakala S., ‘Synergistiic effect of
Piper longum extract with Ciprofloxacin on MRSA.’
International Journal of Pharmaceutical Research and
Development (2012), 4(04), 209-215. ISSN: 0974-9446.
Sharma G., Rao S., Bansal A., Dang S., Gupta S. and
Gabrani R., ‘Pseudomonas aeruginosa biofilm: Potential
therapeutic targets.” Biologicals (2014), 42(1), 1-7.
http://dx.doi.org/10.1016/j.biologicals.2013.11.001

16.

17.

18.

Sharom F. J., ‘The P-glycoprotein multidrug
transporter.” Essays in Biochemistry (2011), 50, 161-
178. http://dx.doi.org/10.1042/bse0500161

Siranjan S. and Nitaya 1., “‘Mechanisms of Antimicrobial
resistance in ESKAPE pathogens.” Biomed Research
International (2016), 2475067. http://dx.doi.org/10.1155/
2016/24475067

Taconelli E., Magrini N., Carmeli Y., Harbarth S,
Kahlmeter G., Kluytmans J., Mendelson M., Pulcini C.,
Singh N., Cavaleri M., Cox E., Grayson L., Haichens C.,
Monnet D. L., Ouellette M., Outterson K., Patel J. B.,
Hansen P., Carrara E., Savoldi A., Kattula D., Burhert
F., Magrini N., Moja L., Si-Mehand M. and Kieny M-P.,
‘Global priority list of Antibiotic-Resistant bacteriato
Guide Research, Discovery and development of new
antibiotics.” Essential medicinal and Health Products,
World Health Organization (2017).
www.who.int/medicines/publications/WHO-PPL-

short Summary 25Feb-ET NM_WHO.pdf?ua=1

How to cite this article:

Divya Chandrasekharan et al.2018, Evaluation of Selected Medicinal Plants For Their Potential Antimicrobial Activities Against
ESKAPE Pathogens And The Study of P-Glycoprotein Related Antibiosis; An Indirect Approach To Assess Efflux Mechanism.
Int J Recent Sci Res. 9(11), pp. 29461-29466. DOLI: http://dx.doi.org/10.24327/ijrsr.2018.0911.2867

skoskoskeoskoskosk sk

29466 |Page



