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ABSTRACT

The widespread occurrence of extended spectrum B-lactamases (ESBLs) producing enteric bacteria and
their co-resistance with flouroquinolones has impaired the current antimicrobial therapy. This has
prompted the search for new alternatives through synergistic approaches with herbal extracts. In this
study Carum copticum (seeds) was extracted first in methanol and then subsequently extracted in differ-
ent organic solvents. MIC of plant extracts, ciprofloxacin and thymol was determined by broth micro-
dilution method using TTC. Synergism between plant extracts and ciprofloxacin was assayed by the
checkerboard method. Chemical constituents of active extracts were analyzed by GC-MS. Methanolic,
hexane and ether extract of Carum copticum exhibited significant antibacterial activity with MIC values
ranged from 0.25 mg/ml to 2.0 mg/ml. Synergy analysis between Carum copticum extracts and ciproflox-
acin combinations revealed FIC index in the range of 0.093-0.25. About 81% ciprofloxacin resistant ESPL
producing enteric bacteria were re-sensitized in the presence of 15.6-250 pg/ml of methanolic extract of
Carum copticum. Moreover, ciprofloxacin showed 8 to 64 folds reduction in MIC in presence of 250 and
500 pg/ml of hexane extract. Whereas, 4-32 folds reduction in MIC of ciprofloxacin was achieved in
the presence of 31.25 and 62.5 pg/ml of ether extract, indicating synergistic enhancement of drug activ-
ity. The chemical analysis of hexane and ether extracts by GC-MS revealed the common occurrence of one
or more phenolic hydroxyl at different locations on benzene ring. This study demonstrated the potential
use of herbal extract of Carum copticum in combination therapy against ESBL producing bacteria.
© 2017 Production and hosting by Elsevier B.V. on behalf of King Saud University. This is an open access
article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

bacteria harbour transferable plasmids which also confer resis-
tance to other non B-lactam antibiotics, such as fluoroquinolones,

The emergence and spread of multidrug resistance among bac-
teria has created an immense clinical global problem and threat to
human health. Extended spectrum B-lactamases (ESBLs) is one of
the most influential cephalosporin resistance mechanisms among
enterobacteriaceae. It is recognized that ESBL producing enteric

Abbreviations: FIC, fractional inhibitory concentration; Ca-CIP, Carum copticum-
ciprofloxacin; Th-CIP, thymol-ciprofloxacin; MDR, multi-drug resistant; ESPBL,
extended spectrum B-lactamase; PE, plant extract; TH, thymol.
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aminoglycosides, and chloramphenicol etc. thereby positioning
themselves as resistant to almost all available antibiotics
(Brolund and Sandegren, 2016).

In the past few years, the growing co-existence of ESBL produc-
tion and fluoroquinolone resistance has been documented world-
wide and considered as serious public health challenge. Recently
a global survey on antimicrobial resistance by world health organi-
zation has analyzed the data on resistance to third-generation
cephalosporins, including resistance conferred by ESBLs, and to flu-
oroquinolones in E. coli. which has been reported higher resistance
rates to fluoroquinolones than for the third-generation cephalos-
porins (WHO, 2014). Another report of SMART study in the Asia-
Pacific region have shown greater incidence of fluoroquinolones
resistance (ciprofloxacin 82.5% and levofloxacin 79.3%) among
ESBL producers than resistance in non-ESBL producing isolates to
those agents (31.2% and 28.6%, respectively) (Lu et al., 2012).
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Similarly, studies from India have also shown high prevalence of
ciprofloxacin resistance among ESBL producers in clinical as well
as environmental isolates (Tripathi et al., 2012; Maheshwari
et al.,, 2016a, 2016b; Bajaj et al., 2016; Diwan et al., 2012). This is
likely due to rise in demand for fluoroquinolones, particularly to
treat potentially fatal infections (Wener et al., 2010). The world-
wide spread and increasing prevalence of co-resistance to cipro-
floxacin among ESBL producing enteric bacteria leave very
limited therapeutic options. However, carbapenems seem to be
the treatment of choice for infections caused by these resistant
bacteria, on the long run, even new antibiotics are rendered inef-
fective, as microbes continue to acquire resistance due to indis-
criminate use of antibiotics in clinical settings for the treatment
of severe infectious diseases (Bell et al., 2014). There is also slow
progress in the discovery of new antibiotic with novel mode of
action. Thus, in the present scenario of antibiotic therapy, there
is a continuing quest for the search of either new antimicrobials
from other sources or bioactive compounds that potentiate and
enhance the efficacy of existing antibiotics and can be used effec-
tively in the treatment of these problematic bacterial infections
(Coates et al., 2011; Worthington and Melander, 2013)

Plants are known to produce diverse bioactive substances of
chemotherapeutic value. Carum copticum is a medicinal plant with
promising ethnopharmacological properties. Biological activities of
Carum copticum such as antimicrobial, antimutagenic, antioxidant,
antispasmodic, bronchodilator and hepatoprotective properties
have been documented in current literature (Gilani et at., 2005;
Boskabady et al., 2014; Kazemi, 2015). In our previous reports,
we have demonstrated the antioxidant and antimutagenic proper-
ties of this plant (Zahin et al., 2010). In this study, we have inves-
tigated synergistic antimicrobial activity of Carum copticum
extracts with ciprofloxacin against ciprofloxacin resistant ESPBL
producing enteric bacteria. In vitro synergistic interaction is a more
effective substitute for existing antibiotic treatment strategies that
have become ineffective due to increasing prevalence and co-
existence of ciprofloxacin resistance among ESBL producing enteric
bacteria.

2. Materials and methods
2.1. Collection of plant material and active ingredient

Plant sample (seeds) was purchased at a local vendor in January
2015 and taxonomic identification of the plant material was con-
firmed by Professor Shamsul Hayat, Department of Botany, AMU,
Aligarh (India). The voucher specimen has been currently archived
in the Department of Agricultural Microbiology, Faculty of Agricul-
tural Sciences, AMU, Aligarh, India with acquisition code number
[CCM Ag./2015-01]. The active known gradient of the plant, thymol
(purity min. 99%) (Refractive index 1.5204 at 25 °C) was purchased
from Hi-Media Laboratory Ltd, Mumbai, India.

The organic solvents used in this study were purchased from
Thermo fisher scientific India Pvt. Ltd., Mumbai, India.

2.2. Preparation of plant extracts

Shade dried seeds of Carum copticum (500 gm) were powdered
and extracted with 2.5 1 of methanol (purity > 99.8%) as described
previously (Ahmad et al, 1998). The methanolic extract
(yield:10.58%, w/w) was concentrated to dryness under reduced
pressure, dissolved in hot distilled water and successively
extracted with n-hexane (purity > 98.5%), ether (purity 99%), ethyl
acetate (purity >99.5%) and chloroform (purity >99.8%) as
described by Jamil et al., (2012). Each extract was dried under
sodium sulphate, filtered and reduced under vacuum to give:

hexane extract (yield: 6.54%, w/w), ether extract (yield: 0.62%, w/
w), ethyl acetate extract (yield: 1.52%, w/w), and chloroform
extract (yield: 0.2%, w/w). The obtained extracts were stored in a
refrigerator at +4 °C until use. The dried extracts were reconsti-
tuted in 1% DMSO (purity > 99.7%) to prepare stock solutions.

2.3. Bacterial strains

A total of twenty-four enteric bacteria used in this study were
previously characterized for their antibiotic susceptibility and ESBL
production (Maheshwari et al., 2016a, 2016b). E. coli ATCC 25,922
and K. pneumoniae ATCC 700,603 were used as reference strains.
All the strains were stored at —70°C in Luria bertani broth
(Hi-Media Laboratories Pvt. Ltd., Mumbai, India) containing 40%
(w/v) glycerol until use.

2.4. Determination of MIC and MBC

The minimal inhibitory concentration (MIC) of plant extracts
and thymol against bacterial strains was determined by broth
microdilution susceptibility testing method (Eloff, 1998) using
2,3,5-triphenyltetrazohum chloride [TTC, tetrazolium red, purity
min. 99%, SRL Pvt. Ltd. Mumbai, India] dye as a growth indicator.
The modification for assessment of plant extracts and essential
oil activity in all tests was made by incorporating a final concentra-
tion of <1.0% (v/v) DMSO into the broth medium to enhance plant
extracts and thymol solubility. The concentrations of plant extract
were two-fold serial dilutions ranging from 0.0125 to 4 mg/ml and
for thymol two-fold serial dilutions ranging from 0.062 to 0.8 mg/ml
in a sterile 96-well polystyrene microtitre plates (Axiva Sichem
Biotech, Delhi, India). 100 pl of bacterial inoculum (1 x 10° cfu/
ml) were added to each well. The covered microtitre plates were
incubated for 16 h at 37 °C. To indicate bacterial growth, 40 pl of
TTC dissolved in water (2mg/ml w/v) were added to each well
and incubated at 37 °C for 30 min. For the confirmation of minimal
bactericidal concentration (MBC), 10 pul aliquot from wells was cul-
tured on nutrient agar plates to determine the inhibition of bacte-
rial growth. Each experiment was performed in triplicate and three
independent experiments, with Escherichia coli ATCC 25,922 and K.
pneumoniae ATCC 700,603 were used as reference strains.

2.5. Determination of synergistic interaction

2.5.1. Broth microdilution checkerboard method

Synergism between plant extracts and ciprofloxacin (Hi-Media
Laboratories Pvt. Ltd., Mumbai, India) was determined by the
checkerboard method using sterile 96-well polystyrene microtitre
plates (Wagner and Ulrich-Merzenich, 2009). The range of concen-
trations was determined according to the previously assessed MIC
of ciprofloxacin and plant extracts (PE) or thymol (TH) for each of
the test isolate. The concentrations of plant extract or thymol and
antibiotics were prepared in range 1/4 x MICpg/ry to 4 x MICpg/rn
and 1/4 x MIC¢p to 4 x MICcyp, respectively. Each well was inocu-
lated with a 100 pul of bacterial inoculum of 1 x 10° cfu/ml. The
plates were then incubated at 37 °C for 18 h. An attempt to re-
sensitize the bacterial isolates was made by combining antibiotics
with plant extract at the above-mentioned concentrations. The
synergy method was combined with calculation of fractional inhi-
bitory concentration indexes (FICI) to assess the antimicrobial
effects of plant extract/essential oil and antibiotic combinations.
The FICI was calculated as FICpg/go + FICAg, where FICpg/pq = MICpggo
of the combination/MICpg o alone, and FICsg = MICxp of the combi-
nation/MIC,g alone. The results were interpreted as a synergistic
effect if FICI < 0.5; as an additive or indifferent effect if 0.5 < FICI
< 4 and as an antagonistic effect if FICI >4 (EUCAST, 2000). All
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experiments carried out in triplicate as two
experiments.

independent

2.5.2. Time kill assay

The effectiveness of the plant extract/essential oil and ciproflox-
acin combinations against E coli (ECMA2) and Enterobacter cloacae
(ENM32) was determined by the time-kill curve assay (Verma,
2007) to confirm results obtained by broth microdilution checker-
board method. Changes in bacterial count during incubation period
were monitored parallel in four test tubes containing the follow-
ing: (1) only bacteria (approximately 108 CFU ml~'); (2) bacteria
and a sub-MIC concentration of antibiotics that showed synergistic
effect in combination with PE/TH; (3) bacteria and sub-MIC con-
centration of plant extract/essential oil that showed synergistic
effect in combination with antibiotic; and (4) bacteria, a sub-MIC
concentration of antibiotics and plant extract/essential oils. Final
volume of each tube was 10 ml and they were incubated at 37 °C
for 24 h. The bacterial viable counts were determined after O, 2,
4, 8,12 and 24 h of incubation by spreading appropriate dilutions
on Muller Hinton agar (Hi Media Laboratories Pvt. Ltd, Mumbai,
India). The plates were incubated at 37 °C overnight and bacterial
colonies were counted. Procedure was carried out in triplicate as
two independent experiments. The results were averaged and
expressed as logarithms with corresponding standard errors (me
an = SE). The interaction was considered to be effective and syner-
gistic if the starting bacterial count (cfu/ml) decreased by >2 log
after 24 h of incubation for the antibiotic-plant extract/thymol
combination in comparison to the more active single agent (plant
extract/thymol or antibiotic) (Knezevic et al., 2013).

2.6. Gas chromatography-mass spectrometry (GC-MS) analysis of
plant extracts

Chemical constituents of hexane and ether extract of Carum
copticum diluted with methanol (10 pl/ml) were analyzed by Gas
chromatography-mass spectrometry analysis (Instrument model
GCD 1800A, Hewlett Packard). The sample was injected into a split
inlet at 260 °C, with a split ratio 1:10. Helium (purity 99.999%) was
used as a carrier, with a constant flow of 1.21 ml/min. The separa-
tion was achieved on a 30 m x 0.25 mm x 0.25 m HP-1 column
(Thermo scientific), using the following temperature program:
start at 70 °C and hold for 2 min, 5 °C/min to 250 °C and hold for
2 min, 10 °C/min to 280 °C and hold for 17.0 min (total run time
50 min). Elute was delivered to the mass spectrometer with Ion
source temperature 230 °C and interface temperature 270 °C. Data
was acquired in Scan mode (m/z range 40-650). The compounds
were identified by mass spectra comparison with libraries (Wiley
Registry of Mass Spectral Data 7th ed. (McLafferty, 2005), and
NIST/EPA/NIH Mass Spectral Library 05 (NIST/EPA/NIH, 2005). Rel-
ative amounts of components, expressed in percentages, were cal-
culated by normalization measurement according to peak area in
total chromatogram.

3. Results

A total of twenty-four ESBL producing MDR enteric bacteria
including E. coli, Enterobacter cloacae and Klebsiella pneumoniae
were used in this study as depicted in Table 1. In order to investi-
gate antibacterial efficacy of Carum copticum and thymol, MIC and
MBC values were determined against twenty-four ESBL producing
enteric bacteria. Methanolic extract of Carum copticum showed
considerable antibacterial activity against ESBL producing bacterial
strains with MIC values ranged from 0.25 mg/ml to 2.0 mg/ml
(Table 2). Moreover, thymol was effective against ESBL producing
enteric bacteria with MIC in the range from 0.05 mg/ml to 0.2

Table 1

Antibiotic resistance profile of ESBL producing enteric bacteria used in this study
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against twenty four tested antibiotics.

Strain Bacterial Antibiotic resistance profile

designation identification p-lactams Non p-lactams

ENM36 Enterobacter AMX,CAZ,CTX,CX, CIP,NX,TE,DO,CO,CLM,

cloacae CXM,CTR,CPD,CPM,AT  RIF,NA

ENM32 E. cloacae AMX,CAZ,CTX,CX, CIP,NX,TE,AZM,E,CO,
CXM,CTR,CPD,CPM,AT CLM,RIF, NA

ECMA2 E. coli 097 AMX,CAZ,CTX,CX, CIP,NX,NIT,RIF,NA
CXM,CTR,CPD,AT

ECM49 E. coli 0145 AMX,CAZ,CTX,CX, CIP,NX,TE,DO,E,CO,RIF,
CXM,CTR,CPD,AT NA

ECM4 E. coli rough AMX,CAZ,CTX,CX, CIP,NX,TE,DO,E,CO,RIF,
CXM,CTR,CPD,CPM,AT NA

ECMW9 E. coli rough AMX,CAZ,CTX,CX, HLG,AZM,E,CO,NIT,
CXM,CTR,CPD,CPM,AT  CLM,RIF,NA

ECMW6 E. coli 02 AMX,CTX,CX,CXM, CIP,NX,TE,DO, CO,RIF,
CTR,CPD,CPM,AT NA

ECMW30  E. coli rough AMX,CTX,CX,CXM, CIP,NX,TE,DO,E,CO,
CTR,CPD,CPM,AT NIT,CLM,RIF,NA

ECMS8 E. coli rough AMX,CAZ,CTX,CX, CIP,TE,DO,CO,CLM,
CXM,CTR,CPD,CPM,AT  NIT,RIF,NA

ECMW31 E. coli 0147 AMX,CTX,CX,CXM, CIP,NX,TE,DO, RIF,NA
CTR,CPD,AT

ECM18 E. coli 02 AMX,CAZ,CTX,CX, CIP,NX,TE,DO,E,CO,
CXM,CTR,CPD,CPM,AT  CLM,RIF,NA

ECM16 E. coli 02 AMX,CAZ,CTX,CX, CIP,NX,TE,DO,E,CO,RIF,
CXM,CTR,CPD,CPM,AT NA

ECMW21 E. coli rough AMX,CAZ,CTX,CX, NIT,CO, CLM,RIF,NA
CXM,CTR,CPD,CPM,AT

ECMW41 E. coli 086 AMX,CAZ,CTX,CX, CIP,NX,TE,DO, AZM,
CXM,CTR,CPD,AT CO,RIF,NA

ECMW5 E. coli 097 AMX,CAZ,CTX,CX, CIP,NX,E, CO,RIF,NA
CXM,CTR,CPD,CPM,AT

ECMA20 E. coli UT AMX,CAZ,CTX,CX, CIP,NX,TE,DO,E,CO,
CXM,CTR,CPD,CPM,AT  CLM,RIF,NA

KPMA19 K. pneumoniae AMX,CAZ,CTX,CX, E,RIF,NA
CXM,CTR,CPD,CPM,AT

KPM27 K. pneumoniae AMX,CAZ,CTX,CX, TE,DO,E, CO,CLM,RIF,
CXM,CTR,CPD,CPM,AT NA

KPMA9 K. pneumoniae AMX,CAZ,CTX,CX, TE,DO,E,RIF,NA
CXM,CTR,CPD,CPM,AT

KPMS1 K. pneumoniae AMX,CAZ,CTX,CX, TE,DO,E,CLM, RIF,NA
CXM,CTR,CPD,AT

KPMA14 K. pneumoniae AMX,CAZ,CTX,CX, TE,DO,E, AZM,RIF,NA
CXM,CTR,CPD,CPM,AT

KPMA17 K. pneumoniae AMX,CAZ,CTX,CX, TE,DO,E, RIF,NA
CXM,CTR,CPD,AT

KPMEA17 K. pneumoniae AMX,CAZ,CTX,CX, HLG,CIP,NX,TE,DO,E,
CXM,CTR,CPD,CPM,AT  CO,NIT,CLM,RIF,NA

KPM3 K. pneumoniae AMX,CAZ,CTX,CX, CIP,NX,TE,DO,E,CO,
CXM,CTR,CPD,CPM,AT  NIT,CLM, RIF,NA

AMX-Amoxycillin;CX-Cefoxitin; CXM-Cefuroxime;CTR-Ceftriaxone;CTX-Cefotaxime;
CAZCeftazidime;CPD Cefpodaxime;CPM-Cefepime;AZ-Aztreonam;MPM-Meropenem;
IMP-Imipenem;TC-Tetracycline;DO-Doxycycline;CIP-Ciprofloxacin;NX-Norfloxacin;
E-Erythromycin;AZM-Azithromycin;NIT-Nitrofurantoin; CLM-Chloramphenicol;RIF-
Rifampicin;NA-Nalidixicacid; COT-trimethoprim/sulphamethaxazole;HLG Gentamicin.

mg/ml (Table 2). Further, antibacterial activity of fractionated
methanolic extracts of Carum copticum in hexane, ether, ethyl acet-
ate, and chloroform were tested against selected ESBL producing
bacterial strains. As presented in Table 3, antibacterial potency
(MIC values) of the extracts was in order of hexane extract > ether
extract > ethyl acetate extract followed by chloroform extract
against ESBL producing strains. Hexane extract showed promising
antibacterial activity against these strains with MIC in the range
from 0.25 mg/ml to 0.5 mg/ml while MIC values of ether extract
was found to be in the range of 0.25mg/ml to 1.0 mg/ml.
Ethyl acetate extract exhibited moderate activity with MIC
range between 1.0 mg/ml to 2.0 mg/ml. Whereas, chloroform
extract showed little or no activity against these isolates with
MIC > 4 mg/ml.
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Table 2

Minimum inhibitory concentrations (MICs) and minimum bactericidal concentrations
(MBCs) of methanolic extract of Carum copticum and thymol against ESBL producing
bacterial strains.

Bacterial isolates Methanolic extract Thymol
of Carum copticum
MIC? MBC® MIC MBC

ENM32 1 1 0.1 0.1
ENM36 1 2 0.1 0.2
ECMA20 2 2 0.2 04
ECMW30 1 2 0.1 0.2
ECMW6 1 2 0.2 0.4
ECM W31 2 2 0.2 0.2
ECM18 1 2 0.2 04
ECM16 0.5 1 0.1 0.2
ECMA2 1 2 0.2 0.2
ECMW41 0.5 1 0.2 0.2
ECM 4 1 2 0.2 04
ECM 8 1 1 0.2 0.2
ECMW9 1 2 0.1 0.2
ECM49 1 2 0.1 0.2
ECMW21 1 1 0.2 0.2
ECMW5 0.25 0.5 0.05 0.1
KP MA19 0.5 1 0.1 0.2
KPM27 0.25 0.5 0.05 0.1
KPM3 0.5 1 0.2 0.2
KPMA9 0.5 1 0.2 0.4
KPM S1 1 1 0.2 0.2
KPMA14 0.5 0.5 0.1 0.2
KPMA17 0.5 1 0.1 0.2
KPMEA17 1 1 0.2 0.2
ATCC25922 0.125 0.125 0.025 0.025
ATCC700603 1 2 0.2 0.2

4 MIC minimum inhibitory concentration, values given as mg/ml.
> MBC minimum bactericidal concentration, values given as mg/ml.

Primarily, synergistic interactions of methanolic extract of
Carum copticum with ciprofloxacin against sixteen ciprofloxacin-
resistant ESBL producing enteric bacteria were evaluated in vitro
according to the calculated FIC indexes (FICI) from checkerboard
analyses. The results in Table 4 showed that the synergistic activity
was detected against all the tested enteric bacteria. However, vary-
ing level of synergy was observed with FICI ranged from 0.093 to
0.25. Among enteric bacteria, the synergistic interaction of
methanolic extract of Carum copticum with ciprofloxacin was
found to be most effective against E. coli isolates (FICI ranged from
0.093 to 0.250) in which MIC of ciprofloxacin was reduced in the
range from 1/8 x MIC to 1/64 x MIC in the presence of 15.6 to
250 pg/ml of methanolic extract of Carum copticum. For Enterobac-
ter cloacae isolates (ENM32 and ENM36) MIC of ciprofloxacin in the
combination was reduced to 1/8 x MIC and 1/32 x MIC respec-
tively in the presence of 125 pig/ml of methanolic extract of Carum

copticum. Similarly, in case of Klebsiella pneumoniae isolates, MIC
for ciprofloxacin was reduced to 1/16 x MIC in the presence of
62.5 and 125 pg/ml of methanolic extract of Carum copticum
(Table 4). Whereas, 16 to 128 folds reduction in MIC of ciprofloxa-
cin was achieved in presence of 12.5 to 50 pg/ml MIC of thymol
(Table 5).

As per CLSI guidelines for antibiotic susceptibility (Clinical and
Laboratory Standards Institute, 2014), thirteen ciprofloxacin resis-
tant ESBL producing enteric bacteria turned out to be ciprofloxacin
sensitive in the presence of 15.6 to 250 pg/ml of methanolic
extract of Carum copticum indicating synergistic enhancement of
drug activity.

The effect of combination of methanolic extract of Carum cop-
ticum and ciprofloxacin sub-inhibitory concentrations against
ciprofloxacin-resistant ESBL producing enteric bacteria is shown
by time kill curve (Fig. 1). For Ca-CIP combination against ECMA2
(E coli:097), the reduction in bacterial cell count was ~ 3 log as
compared to initial count of bacterial cell for the first 4 h. More-
over, no growth was found at 12 h of incubation. This is 7 log
greater reduction rates as compared to the administration of cipro-
floxacin alone at the same sub-MIC concentration (Fig. 1A).
Whereas in case of Th-CIP combination, there was sharp decrease
in the number of viable cell with 5 log reduction as compared to
initial count of bacterial cell for the first 4 h. However, in the next
4 h, the count started to increase from 3.2 to 6 log and for the
twelfth hour of incubation, the cell count was reduced again and
final bacterial count was under 3 log after twenty four hour of
incubation (Fig. 1B). Against Enterobacter cloacae strain ENM32,
For Ca-CIP combination, the reduction in viable cell count was
greater than 2 log as compared to its initial count for the first 2 h
of incubation. However, in the next 2 h, the count started to
increase from 5.75 to 6.0 log. After 4 h incubation, the viable cell
count reduced again and at 8 h and 12 h incubation, the reduction
in viable cell was greater than 4 and 5 log respectively as compared
to bacterial initial count. Final viable cell count was observed to be
under 2 log after 24 h incubation (Fig. 1C). Similarly, For Th-CIP
combination, initial reduction in viable cell count was 1.5 log as
compared to its initial count for the first 2 h of incubation. How-
ever, in the next 2 h, the viable cell count was slightly increased
from 6.7 to 7.17 log. In the next 4 h incubation, there was sharp
decrease in viable cell count from 7.17 to 4.62 log reduction. After
that, gradual decrease in viable cell was observed and final bacte-
rial cell count was under 4 log (Fig. 1D).

Further, different extracts of Carum copticum were evaluated for
its synergy with ciprofloxacin against selected ciprofloxacin-
resistant ESBL producing enteric bacteria including E. coli and
Enterobacter cloacae. Among them, hexane extract, ether extract
showed synergistic interaction with ciprofloxacin against these
strains. Reduction in MICs of ciprofloxacin with hexane extract,

Table 3

Antibacterial activity of different extracts of Carum copticum against selected ESBL producing bacterial strains.
Bacterial strains Methanol extract Hexane extract Ether extract Ethyl acetate extract Chloroform extract

MIC? MBC® MIC MBC MIC MBC MIC MBC MIC MBC

ENM32 1 1 0.25 0.25 0.5 1 1 2 >4 >4
ENM36 1 2 0.25 0.5 1 1 2 4 >4 >4
ECMA2 1 2 0.5 1 0.25 0.5 1 1 >4 >4
ECMW9 1 2 0.5 1 0.25 1 1 2 >4 >4
ECM4 1 2 0.5 0.5 0.25 0.5 1 1 >4 >4
ECM49 1 2 0.25 0.5 0.5 1 2 4 >4 >4
KPMA19 0.5 1 0.25 0.5 0.5 1 1 2 >4 >4
ATCC25922 0.5 1 0.125 0.25 0.25 0.25 2 2 >4 >4
ATCC700603 1 2 0.5 1 0.5 1 2 4 >4 >4

4 MIC minimum inhibitory concentration, values given as mg/ml,
> MBC minimum bactericidal concentration, values given as mg/ml.
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Table 4

Synergistic interaction of Carum copticum with ciprofloxacin against ciprofloxacin-resistant ESBL producing enteric bacteria.
Bacterial isolates Methanolic extract of Carum copticum Ciprofloxacin FICI

MICa? MIC FIC MIC,p MICc FIC
ENM32 1000 125 0.125 64 2 0.031 0.156
ENM36 1000 125 0.125 8 1 0.125 0.250
ECMA2 1000 125 0.125 32 2 0.062 0.187
ECMA20 2000 250 0.125 128 2 0.015 0.140
ECM4 1000 62.5 0.062 16 0. 0.031 0.093
ECM16 500 62.5 0.125 64 2 0.031 0.156
ECMW30 1000 250 0.25 128 8 0.062 0.312
ECM18 1000 125 0.125 128 2 0.015 0.140
ECMW41 500 31.25 0.062 128 4 0.031 0.093
ECMWS5 250 15.6 0.062 4 0.125 0.031 0.093
ECM49 1000 125 0.125 64 1 0.015 0.140
ECMW6 1000 125 0.125 128 2 0.015 0.140
ECMS8 1000 125 0.125 128 2 0.015 0.140
ECMW31 2000 250 0.125 64 8 0.125 0.250
KPM3 500 62.5 0.125 8 0. 0.062 0.187
KPMEA17 1000 125 0.125 32 2 0.062 0.187
4 MIC4 Minimum inhibitory concentration (pig/mL) of agent alone.
> MIC, Minimum inhibitory concentration (ug/mL) of agent in combination.

Table 5

Synergistic interaction of most active extracts of Carum copticum with ciprofloxacin against selected ciprofloxacin-resistant ESBL producing enteric bacteria.
Bacterial isolates Hexane extract Ciprofloxacin FICI Ether extract Ciprofloxacin FICI Thymol Ciprofloxacin FICI

MICA? MIC” MIC,p MICc MICp MICc MIC,p MICc MICp MICc MIC,p MICc

ENM32 250 62.5 64 2 0.281 500 62.5 64 2 0.156 100 25 64 2 0.281
ENM36 250 62.5 8 1 0.375 1000 31.25 8 2 0.281 100 25 8 0.5 0.312
ECMA2 500 125 32 0.5 0.265 250 31.25 32 2 0.187 200 50 32 0.25 0.257
ECM49 250 62.5 64 2 0.281 500 62.5 64 2 0.156 100 12.5 64 4 0.187
ECM4 500 62.5 16 0.5 0.156 250 31.25 16 1 0.187 200 25 16 0.25 0.140

¢ MIC, Minimum inhibitory concentration (pig/mL) of agent alone.
> MICc Minimum inhibitory concentration (pig/mL) of agent in combination.

ether extract is summarized in Table 5. Ciprofloxacin showed 8 to
64 folds reduction in MIC in presence of 250 and 500 pg/ml of hex-
ane extract. Whereas, in case of ether extract and ciprofloxacin
combination, 4 to 32 folds reduction in MIC of ciprofloxacin was
achieved in the presence of 31.25 and 62.5 pg/ml of ether extract.

In order to identify major components of the most active
extracts of Carum copticum, hexane and ether extract were
subjected to Gas chromatography-mass spectrometry analysis
(Supplementary Figs S1 and S2). The results obtained by GC-MS
analysis are listed in Table 6. Major ingredients of hexane extract
as revealed by GC-MS analysis is thymol (84.46%). While in case
of ether extract, the major components as identified by GC-MS
analysis were 3-Methoxy-2, 4, 6-trimethylphenol (48.85%),
Benzene-1,4-diol (10.11%), 4-tert-butyl-Pyrocatechol (6.84%), 2,3,
5,6-Tetramethylhydroquinone (3.36%). The structural analysis of
the major components as identified by GC-MS analysis revealed
the common occurrence of one or more phenolic hydroxyl at dif-
ferent locations on benzene ring (Fig. 2) indicated the role of free
hydroxyl group with delocalized electrons in the synergistic
antimicrobial activity of Carum copticum.

4. Discussion

The emergence of ciprofloxacin resistance among ESBL produc-
ing enteric bacteria has become a serious concern to public health
and infection control strategies as they restrict the use of fluoro-
quinolones for the treatment of fatal infectious diseases caused
by these problematic bacteria. The present global scenario of mul-
tiple antibiotic resistances has led to the investigation of new com-
binations and possible alternative treatment strategies. Medicinal
plant extracts and phytocompounds have been considered as

potential source of such antimicrobial agents. In this study, Carum
copticum has been analysed to explore its efficacy against MDR
ESBL producing enteric bacteria with special reference to its syn-
ergy with ciprofloxacin. In order to identify the contribution of
active known component of this plant in the synergistic antimicro-
bial potential of Carum copticum, thymol has also been tested for its
efficacy against these isolates. Our study clearly indicated overall
high potency (in terms of mean MIC values) by methanolic extract
of Carum copticum and thymol irrespective of the drug resistance
pattern of the test bacteria. The antimicrobial activity of Carum
copticum and thymol has also been reported in other studies
(Boskabady et al., 2014; Jafarpour et al., 2013; Xu et al., 2008). As
methanolic extract of Carum copticum exhibited promising
antibacterial activity, bio-guided fractionation of this extract using
organic solvent system was done and it was shown that hexane
extract and ether extract exhibited considerably significant
antibacterial activity with no remarkable differences.

A GC-MS analysis of hexane and ether extract reflected the
presence of a number of low molecular weight phenolic com-
pounds. Structural analysis of these phenolic components revealed
the presence of one or more hydroxyl groups at different locations
on the phenolic ring. The presence of free hydroxyl groups and a
system of delocalized electrons is essential for antimicrobial activ-
ity of different components of plant extracts as it plays an impor-
tant role to depolarize membrane potential (Ultee et al., 2002).

As Carum copticum was proven efficient in antimicrobial analy-
sis, we further expanded this study to explore its synergistic effect
with ciprofloxacin against ciprofloxacin resistant strains. To the
best of our knowledge, the present study is the first report on
Carum copticum seed extracts inducing synergic enhancement of
the efficacy of a ciprofloxacin drug against ESBL producing enteric
bacterial isolates. We found a marked reduction in MIC of
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Fig. 1. (A) Time kill curve showing synergistic interaction of Carum copticum and ciprofloxacin against (a) E coli:097 (ECMA2) (c) Enterobacter cloacae ENM32 (B) Time kill
curve showing synergistic interaction of Thymol and ciprofloxacin against (b) E coli:097 (ECMA2) (d) Enterobacter cloacae ENM32; @() Bacteria without treatment; (M)
Ciprofloxacin; (a) Carum copticum or Thymol; (#) Ca-CIP or Th-CIP combination.

Table 6

Major components of most active extracts of Carum copticum as identified by Gas chromatography-mass spectrometry.

Peak no. Retention time Area% Components Chemical class
Hexane extract

11 14.63 84.46 Thymol Monoterpenes
24 33.40 7.11 cis-Vaccenic acid Fatty acid

23 33.24 2.20 cis-linoleic acid methyl ester Fatty acid

19 29.95 1.53 Pentadecanoic acid Fatty acid
Ether extract

63 43.675 48.85 3-Methoxy-2,4,6-trimethylphenol phenol

32 14.31 10.11 Benzene-1,4-diol (Hydroquinone) phenol

48 21.36 6.84 4-tert-butyl-Pyrocatechol Phenol

64 44.49 3.36 2,3,5,6-Tetramethylhydroquinone Phenol

46 19.86 2.38 (2E)-5-Hydroxy-3,4,4-trimethyl-2-hexenoic acid Carboxylic Acid
61 3791 2.23 5-Isopropyl-2-methylphenyl acetate (Carvacrol acetate) Monoterpenes
33 14.52 2.12 Thymol Monoterpenes
6 7.65 1.85 3-hydroxy-4,4-dimethyldihydro-2(3h)-furanone Furanes

35 15.11 1.70 4a-methyldecahydro-1-naphthalenyl acetate Ester

26 12.54 1.60 3-(2 Hydroxyphenyl) acrylic acid Coumaric acid
45 19.14 1.39 cis-.beta.-Terpineol Monoterpenes
60 33.32 1.35 cis-Vaccenic acid Fatty acid

ciprofloxacin in presence of Carum copticum and its extracts. Even,
in most of the cases, MIC was reduced to below the breakpoints for
this antibiotic. This implies that the combination increases bacte-
rial sensitivity to ciprofloxacin i.e. reduced the effective antibiotic
concentration and reflect a significant synergistic interaction
between Carum copticum bioactive extracts and ciprofloxacin.
Many studies have confirmed the synergistic action between

fluoroquinolones and different plant extracts (Dey et al., 2012;
Rosato et al., 2007). Moreover, ether extract of Carum copticum
showed most promising synergistic antimicrobial activity than
thymol and hexane extract respectively. The presence of different
kind of phenolic compounds in methanolic and ether extract of
Carum copticum can promote their synergistic effect and results
in a greater synergy with ciprofloxacin than hexane extract.
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Fig. 2. Chemical structures of the major components of hexane and ether extract of
Carum copticum identified by GC-MS analysis.

Whereas, synergistic interaction of hexane extract was shown to
exhibit due to the presence of thymol. Most of the researches have
shown that whole plant extracts or combinations of compounds
are more effective antimicrobials than isolated constituents (Lee
and Lee, 2010; Garvey et al.,, 2011; Ncube et al., 2012; Wang
et al.,, 2014), which are accordance with the results of the present
study.

In order to examine the antibacterial effect of combinations
during time, two ciprofloxacin resistant isolate E coli (ECMA2)
and E. cloacae (ENM32) were selected for time kill curve analysis.
The obtained results of antibacterial effect of combinations
revealed that this combination of agents resulted very efficient
synergy against ciprofloxacin resistant E coli isolate, completely
reducing cell count after 12 h of incubation. In the scenario when
the same concentration of ciprofloxacin was administered alone,
no significant reduction in viable count of E. coil was observed.
Whereas, in case of E. cloacae strain ENM32, when Carum copticum
has been combined with ciprofloxacin, a sharp reduction in bacte-
rial count after 2 h incubation followed by the temporary regrowth
after 4 h incubation and final significant bacterial count reduction
have been observed after 8 h onwards and no significant reduction
of viable bacterial counts have been found on the same sub-MIC
concentration of ciprofloxacin. These cases support this work
regarding synergism of Carum copticum and ciprofloxacin. Similar
synergistic pattern has been exhibited by thymol-ciprofloxacin
combination for both of the bacterial isolates. However, methano-
lic extract of Carum copticum has shown more efficient synergism
with ciprofloxacin in terms of reduction of bacterial viable count.

The mechanisms of synergistic interactions of antimicrobial
agents are not fully explored in current literature. However, chem-
ical complexity of herbal extracts and multi-target nature of herbal
extract-antibiotic combinations could enhance its therapeutic
potential (Hemaiswarya et al., 2008; Bone and Mills, 2013). Cipro-
floxacin inhibits DNA replication targeting DNA gyrase (Zhao et al.,
1997) and Carum copticum is responsible for the loss in membrane
integrity, increase membrane permeability results the leakage of
protons and potassium which finally leads to the loss of membrane
potential of bacteria and affecting cell envelopes as first barrier for
antibiotics (Xu et al., 2008). Thus, Carum copticum due to its active
phytoconstituents and thymol probably provides the open path for
ciprofloxacin; facilitate penetration and activity of this antibiotic.

5. Conclusion
The results of synergistic action of Carum copticum with cipro-

floxacin demonstrate the potential use of Carum copticum to
enhance ciprofloxacin action especially against ciprofloxacin

resistant enteric bacteria. This synergy reduced ciprofloxacin min-
imum efficient dose and thus can minimize antibiotic side effects
or prevent the emergence of ciprofloxacin resistance among ESBL
producing enteric bacteria. Further, extraction and purification of
active compounds from bioactive extracts is needed to explore
the exact synergistic mechanisms and its possible therapeutic
potential in combination therapy.
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