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ABSTRACT

Objective: The worldwide problem of emerging antibiotic resistance has created a need to explore alternative approaches of treatment. One such
approach is based on evaluating herbal compounds for their activity against pathogens causing infections.

Methods: In the current study, the effect of ethanolic extracts of ajwain was studied on 7 Metallo B-lactamase and 50 Extended Spectrum -
lactamase producing uropathogens which were identified and characterized previously in our laboratory. The bioactive components from ajwain
were extracted at 60°C for 6-8h with the help of soxhlet apparatus using ethanol as solvent. This extract was concentrated at 40°C on water bath to
obtain a semisolid mass which was used to perform qualitative and quantitative analysis.

Results: Bioassay of ethanolic extracts from ajwain showed 14mm-21mm zones of inhibition for ESBL and MBL producers. Minimum Bactericidal
Concentrations (MBC) of ajwain extracts were found to be in the range of 0.5-10mg/ml. Ajwain extracts also showed synergistic activity with
ampicillin by lowering the MBC of ampicillin from 10mg/ml to 200-400pg/ml. Time Kkill analysis of ajwain extracts showed complete loss of viability
of test cultures after 2h incubation at 37°C at MBC concentrations and significant decrease in viability after 4h incubation at 37°C at %MBC
concentrations. Gas Chromatography Mass Spectroscopic analysis of the ajwain extracts showed the presence of iso-thymol (carvacrol) as its major
constituent. Other components like cymene, terpinene, terpineol, emersol, ethyl ester etc were also detected.

Conclusion: These results collectively indicate the possible use of ajwain extracts in combination therapy to treat infectious diseases caused by

multiple drug resistant pathogens.
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INTRODUCTION

Urinary tract infections (UTIs) are the most frequent bacterial infections
encountered in community settings [1, 2]. It is estimated that a person is
infected with UTI at-least once in his/her lifetime [3]. The most
commonly encountered gram negative uropathogens are E.coli,
K.pneumoniae, Citrobacter spp, P.aeruginosa and Proteus spp [4]. Of late,
treatment of these common infectious diseases has become difficult due
to the emergence of antibiotic resistant strains like ESBL (Extended
spectrum (-lactamase) and MBL (Metallo- B-lactamase) producers.
Extended spectrum f-lactamases (ESBLs) are enzymes produced by
pathogenic bacteria that are capable of hydrolyzing oxyimino-
cephalosporins, and are inhibited by 3-lactamase inhibitors [5].

MBLs are bacterial zinc enzymes that are able to hydrolyze most 8-
lactam antibiotics [6, 7]. In addition, they also show a high degree of
resistance to other groups of antibiotics [8]. The emergence of ever-
increasing Multiple Drug Resistant (MDR) microbial strains has
become a severe health threat to human-kind, and one of the biggest
challenges to global drug discovery programs [9, 10]. In order to
control such highly infectious cases, medical practitioners are left
with no choice but to use higher doses of antibiotics, combination
therapy etc. To avoid the present scenario of extreme drug
resistance, the focus is gradually shifting towards using natural
compounds from plants for treatment of infectious diseases. Plants
are rich in a wide variety of secondary metabolites like tannins,
terpenoids and alkaloids that have been found to have antibacterial
properties in vitro [11]. Herbal medicines have always been a rich
source of drug discovery programs, and many plant derived
compounds have shown promising activity against MDR pathogens
[12, 13]. Several studies have reported antibacterial activities of
Eriobotrya japonica, Zataria multiflora and Terminalia chebula on
ESBL and MBL producers respectively [11, 14, 15]. Plants have been
evaluated not only for their inherent antimicrobial activity, but also for
their action as a resistance-modifying agent [16, 17, 18]. The
enhancement of antimicrobial activity or the reversal of antibiotic

resistance by natural or synthetic non-conventional antibiotics has led
to the classification of these compounds as enhancers of antibiotic
activity [19]. A recent study has shown synergistic activity of
Pomegranate pericarp extracts with ciprofloxacin on ESBL and MBL
producers [20]. Trachyspermum ammi, commonly known as ajowan or
ajwain, is commonly used as a spice. It is a highly valued and
medicinally important seed-spice of the family Apiaceae grown in Iran,
India, Pakistan and Egypt. It has been used as culinary spice
worldwide and resembles thyme. It was traditionally used as a food
flavouring agent and as a digestive stimulant [21].

Since ancient times, it has been used as a therapeutic agent against
inflammatory diseases. It is known to have antibacterial [22],
antifungal [23], antiseptic [24], anti-helminthic [25], hypolipidaemic
[26], antioxidant [27], anti-inflammatory [28] and carminative [29]
properties. It was mainly used by the practitioners of the ayurvedic
and unani systems of medicine for the treatment of several
disorders. It is still used as an expectorant [30], galactogogue [31],
antitussive [32] and diurectic [33] agent in many developing
countries. The active components of ajwain oil are phenols, mainly
thymol and some carvacrol [21]. Thymol is a monopterone
compound, which gives aromatic fragrance to seeds. It has local
anesthetic, anti-bacterial and antifungal properties. Thymol and
Carvacrol inhibit the peroxidation of liposome phospholipids in a
concentration dependent manner [34]. It also provides antiviral,
antihypertensive, antispasmodic, bronchodilator, and hepato
protective properties in addition to the previously described
benefits of ajwain [35].

In addition, ajwain also contains small amounts of other phyto-
chemicals such as pinene, cymene, limonene and terpinene. The
presence of terpenes, glycosides and sterols in plant has been found
to possess anti-inflammatory properties [21]. The phenolic
constituents of ajwain are mainly responsible for the antiseptic and
antitussive properties [21]. In India, ajwain seeds are used to ease
asthma [36].
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The current study was carried out to investigate the bactericidal and
synergistic effect of ajwain extracts with ampicillin on ESBL and
MBL producing uropathogens.

MATERIALS AND METHODS
Test organisms

195 gram-negative uropathogens were collected from local
pathological laboratories and hospitals situated in south Mumbai
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and were characterized for ESBL and MBL production in our
laboratory in a previous study [37].

Fifty ESBL producing uropathogens that included 10 representative
isolates of each of the following genera, ie., Klebsiella, Escherichia,
Pseudomonas, Proteus and Citrobacter, and 7 MBL producing uropathogens
were used in the current study. They are listed in Table 1. These isolates
were maintained on Luria-Bertani (LB) agar slants supplemented with
100pg/ml of ampicillin and stored at refrigerated conditions.

Table 1: Test Pathogens used in the study

ESBL Producers MBL Producers

Organism Total no. Organism Total no.
E.coli 10 E.coli strain 1 1
Klebsiella pneumoniae 10 E.coli strain 2 1
Citrobacter amalonaticus 3 E.coli strain 3 1
Citrobacter diversus 7 Klebsiella pneumoniae strain 1 1
Pseudomonas aeruginosa 10 Klebsiella pneumoniae strain 2 1

Proteus mirabilis 5 Citrobacter amalonaticus 1

Proteus vulgaris 5 Pseudomonas aeruginosa 1

Total 50 Total 07

Processing of the Ajwain seeds

Ajwain seeds were purchased from the local market and
authenticated by an expert botanist. It was then used for the
extraction of its bioactive components. The dried seeds were
crushed into fine powder with the help of a mechanical grinder and
refrigerated in sealed vials until further use.

Preparation of the extract

Over 100g of the processed ajwain powder was extracted with
200ml of ethanol using soxhlet apparatus for a period of 6-8h. The
extract was further concentrated at 40°C on a water bath to obtain a
semisolid mass. This mass was re-suspended in ethanol to get the
required concentration of the extract for carrying out further
analysis. This concentrated extract was prepared in large volume
and preserved at 4°C in sealed vials until further use. This procedure
avoids batch to batch variations.

Sterility testing of Plant extracts

The sterility of ajwain extract was checked by inoculating a loopfull
of the extract on Nutrient Agar (NA) and Sabouraud’s Agar (SAB)
plates, and checking for growth of bacterial and fungal contaminants
respectively after 1 week of incubation at room temperature [38].

Qualitative evaluation of antibacterial efficacy of ajwain extract
by agar well diffusion method

The effect of ethanolic extracts of ajwain on the test pathogens was
assayed by agar well diffusion method [39]. A loopfull of each of the test
isolates were inoculated in 10 ml of Brain Heart infusion (BHI) broth and
incubated at 37°C for 24h in order to obtain actively growing log phase
cultures. Sterile 20 ml of molten NA butt was cooled to around 40°C and
then seeded with 0.4 ml test culture (0.1 0.D. at 540nm) and poured into
sterile Petri plates. Using a sterile cork borer (8mm diameter), wells was
punched in each plate after solidification of the medium. 50ul of the plant
extract was then added to the wells, and incubated at 37°C for 24h to
observe the zones of inhibition against the extract. Control wells were
also set up using 50ul of ethanol (solvent) for each isolate. The
experiment was carried out in triplicates, and the results were reported
as mean * Standard Deviation (SD).

Evaluation of MBC of ajwain and ampicillin by agar dilution
method

The agar dilution method was used to determine the MBC of ajwain
extract and ampicillin individually. Different concentrations of
ethanolic extracts of ajwain (0.5-10 mg/ml with an interval of 0.5
mg/ml) or ampicillin (1-10mg/ml with an interval of 1mg/ml) were
supplemented into molten NA butts cooled to around 40°C. After
solidification of the medium, 5pl of test isolates were spot-

inoculated on the plates, and incubated at 37°C for 24h. MBC was
defined as the lowest concentration of plant extract/ampicillin that
completely inhibited the growth of test cultures [40].

Determination of the synergistic action by agar dilution method

The agar dilution method was similarly used to determine the
synergistic activity between ajwain extracts and ampicillin. It was
done by incorporating sub-lethal (2MBC) concentrations of ajwain
extracts into molten NA butt which were cooled to around 40°C along
with 100-500 pg/ml of ampicillin with an interval of 100pg/ml [40].

Time Kill Analysis

A time kill analysis was carried out by performing a viable count of test
pathogens in the presence of MBC and 1/2 MBC concentrations of
ajwain extract in terms of CFU/ml. The surviving pathogens were
estimated over a period of 4h. The time kill analysis was performed
using method described by Carson et al [41]. The stock concentration
of ajwain extract was prepared in nutrient broth while MBC and %2
MBC concentrations (50ml each) were prepared in the respective
broth medium from the stock concentration. The final concentration of
test microorganism in each tube was around 105 CFU/ml, which was
confirmed by viable count method. The nutrient broth medium
without ajwain extract was used as a control. 0.5ml of sample aliquots
were removed at 0-4 h with an interval of 2h serially diluted and
plated on NA plates. The plates were then incubated at 37°C for 24h to
determine the effect of different concentrations of ajwain extracts on
the viability of the test organisms.

GC-MS Analysis

The bioactive components from ajwain seed extract were analyzed
by GC-MS HP 7890 system (Agilent technologies). The GC-system
was equipped with capillary column with dimensions 30m X
0.25mm X 0.25pum. The program used for GC oven temperature was
5 min isothermal at 300°C, followed by 90°-260°2C at a rate of
10°C/min, then held at 260°C for 5 min, The injection port
temperature was 2402 C [42]. The used was Joel, AccuTOF GCV MS
system with time of flight analyzer was used. The entire analysis was
carried out at IIT Bombay, Mumbai 400076. The compounds of the
crude extract were identified by comparison of their retention
indices (RI) and mass spectra fragmentation with those on the
stored library available with IIT, Bombay.

RESULTS
Sterility testing of Plant extracts

Ethanolic extracts of ajwain was found to be free from bacterial and
fungal contaminants as observed by streaking it on NA and SAB
plates after 1 week of incubation at room temperature.
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Qualitative evaluation of antibacterial efficacy of ajwain extract
by agar well diffusion method

Figure 1 illustrates the antibacterial activity of ethanolic extracts of
ajwain. The mean zones of inhibition were found to be in the range of 15-
20 mm (Table 2) for all the tested ESBL and MBL producing isolates.

Evaluation of MBC of ajwain extracts and ampicillin individually
and synergistically by agar dilution method

The MBC of ajwain extracts and ampicillin were estimated by agar
dilution method. The MBC values are tabulated in Table 3. All the test
pathogens showed very high MBC for ampicillin (>10mg/ml). The MBC
of ajwain extracts was found in the range of 20-30mg/ml (Table 3).

r
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However, in presence of sub-lethal concentrations of ajwain extract,
the MBC of ampicillin was significantly reduced to 200-400pg/ml.
This demonstrates the synergistic effect between ajwain extract and
ampicillin

GC-MS analysis

The GC-MS analysis identified 7 major compounds in ethanolic
ajwain extract; they are listed in Table 4. It was observed that
carvacrol (iso-thymol) was present in the highest concentration in
ajwain extract followed by emersol. Other components like Phenol
4methoxy 2, 3- 6 trimethyl, Ethyl ester, Terpineol, Terpinene and
Cymene were present in small concentrations. The retention times
of the identified components are indicated in Table 4.

1 i

Fig. 1: Well diffusion test showing zones of inhibition observed for ESBL producing E.coli (a) and MBL producing Citrobacter amalonaticus
(b). In the figure, 1 and 2 denotes control (50ul ethanol) and Test (50ul ethanolic ajwain extract) respectively.

Table 2: Well diffusion test showing zones of inhibition observed against test pathogens by ajwain extracts

Test pathogens No. of isolates Mean zones of inhibition (mm) * SD (n=3)
ESBL Producers

E.coli 10 17.67 £ 0.40
Klebsiella pneumoniae 10 15.72 +0.58
Citrobacter amalonaticus 3 18.67 £ 0.57
Citrobacter diversus 7 17.33£0.39
Pseudomonas aeruginosa 10 15.33+0.67
Proteus mirabilis 5 18.67 +0.63
Proteus vulgaris 5 19.84 +0.52
MBL producers

E.coli strain 1 1 15.33+0.57
E.coli strain 2 1 19.67 £ 0.57
E.coli strain 3 1 15.33+0.57
Klebsiella pneumoniae strain 1 1 18.33 £+ 0.57
Klebsiella pneumoniae strain 2 1 18.67 + 0.57
Citrobacter amalonaticus 1 15.33 £ 0.57
Pseudomonas aeruginosa 1 16.33 +0.57

Table 3: Minimum Bactericidal Concentration of ampicillin and ajwain extracts individually and synergistically against the test pathogens

Test pathogens No. of MBC of MBC of Ajwain Synergism:- MBC of ampicillin in

isolates ampicillin  extracts presence of sub-lethal concentration of
Ajwain extract.

ESBL Producers

E.coli 10 >10 1.5-5mg/ml 200pg/ml

Klebsiella pneumoniae 10 mg/ml 1.5-2.5mg/ml 300-400pg/ml

Citrobacter amalonaticus 3 1-2.5mg/ml 300-500pg/ml

Citrobacter diversus 7 1-2.5mg/ml 300-500pg/ml

Pseudomonas aeruginosa 10 1-10mg/ml 300-400pg/ml

Proteus mirabilis 5 1mg/ml 300-400pg/ml

Proteus vulgaris 5 1mg/ml 300-400pg/ml

MBL Producers

E.coli strain 1 1 >10 10mg/ml 200pg/ml

E.coli strain 2 1 mg/ml 10mg/ml 200pg/ml

E.coli strain 3 1 5mg/ml 200pg/ml

Klebsiella pneumoniae strain 1 1 1.5mg/ml 200pg/ml

Klebsiella pneumoniae strain 2 1 1.5mg/ml 200pg/ml

Citrobacter amalonaticus 1 1.5mg/ml 200pg/ml

Pseudomonas aeruginosa 1 2.5mg/ml 200ug/ml
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Table 4: Components identified from ethanolic ajwain extract by GC-MS analysis

S. No. Retention time Compound

1 3.9 Cymene

2 4.7 Terpinene

3 5.5 Terpineol

4 10.1 Iso-thymol (carvacrol)

5 22.7 Emersol

6 22.8 Ethyl ester

7 27.9 Phenol 4methoxy 2, 3- 6 trimethyl

Time Kill analysis

The time kill curves of 4 ESBL and 4 MBL producers are shown in
figures 2a, 2b, 2¢, 2d and 3a, 3b, 3c, 3d respectively. All isolates
showed complete loss of viability within 2 h of growth at MBC
concentration for both ESBL and MBL producers. A significant
reduction in viability was observed at % MBC concentrations

gradually over 4h time period analyzed.
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Fig. 3: Time Kill curves of MBL producing (a) K.pneumoniae
strain 1 (b) Citrobacter amalonaticus (c) P.aeruginosa and (d)
K.pneumoniae strain 2 over 4h at MBC and 2 MBC.

DISCUSSION

Qualitative as well as quantitative assays of bacterial inhibition
using several plant extracts have been carried out by various
scientists [43, 44, 45, 46, 47]. However, most of the studies deal with
the effect of the extract on general, non-pathogenic bacteria. Very
little data is available on its benefits in treating pathogenic, drug-
resistant bacteria [48, 49, 50]. Although the antibacterial and
antifungal activity of ajwain is reported [51, 52, 53, 54, 55], the
amount of data published about its effectiveness against drug
resistant pathogens is very scanty [56]. To that extent, the present
study was focused on the bactericidal as well as synergistic activity of
ethanolic ajwain extracts with ampicillin. Qualitative antibacterial
analysis of ajwain extracts was carried out by the well diffusion
method.

The ajwain extracts showed prominent zones of inhibition of about
15-19mm in diameter against ESBL and MBL producing uropathogens.
Several other antimicrobial studies of ajwain done on sensitive isolates
have shown similar activities [57, 58]. It is known that herbal extracts
provide similar activity against drug resistant as well as drug sensitive
organisms [59, 60, 61, 62, 63, 64, 65]. This may be due to the
difference in modes of action of various compounds present in the
extracts, to which the organism was never exposed before and hence
never had a chance to develop resistance. Another possibility is that
the presence of multiple bioactive components in the crude extracts
may exhibit synergistic activity collectively against the pathogens.
Whereas the development of resistance against one single compound
is comparatively easier, the development of resistance against
combined action of multiple compounds is difficult.

Quantitative antibacterial analysis of ethanolic ajwain extracts, evaluated
by determining MBC showed complete inhibition of the growth of ESBL
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and MBL producing pathogens at concentrations ranging from 1-
10mg/ml. Since the extract used in the current study was prepared by
simple crude extraction using a soxhlet apparatus, the potency of the
extract can be increased by introducing modifications in the extraction
system and choice of appropriate solvents.

More than 99% reduction in the MBC of ampicillin was observed in
the presence of sub-lethal (1/2 MBC) concentration of ajwain
extracts, hence indicating promising synergistic activity between
ajwain extracts and ampicillin. Herbal medicines have always been a
rich source of drug discovery programs. Many plant derived
compounds have shown promising activity against MDR bacteria
and have caused a reversal of antibiotic resistance due to its
synergistic interaction with the drug (10, 12, 13, 48, 49]. Plant
antimicrobials have been found to be synergistic enhancers in that
though they may not have any antimicrobial properties individually,
but when they are taken concurrently with the standard drug, they
enhance the activity of the drug [48].

Several published data show synergistic activities between plant
extracts and antibiotics [66, 67, 68]. To our knowledge, there is no
published data that deals specifically with the synergistic activity of
ajwain and ampicillin. Ampicillin remains the most important
antibiotic to be used for common infections, the reason being its
broad spectrum activity, low production cost and comparatively
negligible side effects [69]. However, the development of resistance
against beta-lactam antibiotics including ampicillin limits its use as a
therapeutic agent. With the reversal of antibiotic resistance by
ajwain extracts, ampicillin can be safely used even against drug-
resistant pathogens. The use of antimicrobial agents displaying
synergy is one of the well-established indications for combination
antimicrobial therapy. Combinations of antimicrobials that
demonstrate an in vitro synergistic effect against infecting strains
are more likely to result in successful therapeutic result. In addition,
combinations of agents that exhibit synergy or partial synergy could
potentially improve the outcome for patients with difficult to treat
infections [49]. Thus, evidence of in vitro synergism could be useful
in selecting more favourable combinations of antimicrobials for the
practical therapy of serious bacterial infections.

Our results revealed that the combined use of plant extracts and
antibiotics could be useful in the treatment of infectious diseases,
and in fighting the problem of emerging drug resistance. In-vivo
experiments, however, are needed to confirm the phenomenon of
synergy between drugs and plant extracts.

A time Kkill analysis of ethanolic ajwain extract against ESBL and MBL
producing uropathogens showed a significant reduction in their
viability over a 4h time period at %2 MBC concentrations. A complete
loss of viability was observed within 2h of incubation of the
pathogen at MBC concentrations. The growth curves of pathogens,
grown in the presence of ajwain extracts, indicate that the activity of
ajwain is not just bacteriostatic but also bactericidal. Thymol and
carvacrol are considered to be the active antimicrobial components
of ajwain. They act as either bactericidal or bacteriostatic depending
on the concentration used [44].

Phytochemical analysis of ajwain extract by GC-MS showed the
presence of carvacrol as its major constituent. The major component
of ajwain is thymol followed by carvacrol [70, 71, 72]. However
thymol was not detected in the extract as shown in Table 4. This may
be due its fragmentation in the harsh program conditions of GC-MS.
Another reason could be the possible obscuring of the thymol peak
in comparison with carvacrol in the chromatogram. In any case, the
bactericidal activity of ajwain and synergistic activity between
ajwain and ampicillin can be attributed to carvacrol and other
phytochemicals present in minor concentrations in ajwain.

The ethanolic extracts of ajwain showed significant activity against
ESBL and MBL producing uropathogens. Further, its potency can be
evaluated against other pathogenic drug resistant bacteria causing
other infections. Moreover, the ability of crude extracts to give such
promising antibacterial results only enhance the chances of it
becoming an important alternate remedy towards the treatment of
serious infections.
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CONCLUSION

In the present study, the effectiveness of ethanolic ajwain extracts
was investigated against ESBL and MBL producing pathogens. These
results confirm the potential of ajwain to be used alone and in
synergy with ampicillin against ESBL and MBL producing pathogens.
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