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ABSTRACT

Objectives: This study aimed to evaluate the antimicrobial activity of ethanolic extract of green tea (Camellia sinensis) against multidrug-resistant
strains of the pathogenic bacteria: Extended-spectrum-f-lactamase (ESBL) producing Enterobacteriaceae, Carbapenem-resistant Enterobacteriaceae
(CRE), and Metallo-f-lactamase (MBL) producing Pseudomonas aeruginosa strains.

Methods: In this cross-sectional study, the antibacterial activity of ethanolic extract of commercial green tea against the 23 multidrug-resistant test
strains was evaluated by the Agar well diffusion method, and the minimum inhibitory concentration of the extract for the test strains was determined
by Agar plate dilution method.

Results: Ethanolic extract of green tea was found to exhibit a remarkably significant antimicrobial activity against the ATCC (American type culture
collection) control strains: E. coli ATCC 25922 and P. aeruginosa ATCC 27853 with slightly higher activity against later as compared to the former.
The extract exhibited a significant antibacterial activity against multidrug-resistant bacterial strains. The highest activity was shown against ESBL
producing strains, followed by CRE strains and the least activity against MBL producers.

Conclusion: This study strongly depicts that the ethanolic extract of green tea exhibits significant antibacterial activity even against multidrug-
resistant strains. Hence, such plant extracts could be a potential source of bioactive lead compounds that could be utilized in developing herbal
antimicrobials as an alternative strategy for tackling the problem of antimicrobial resistance.

Keywords: Green tea extract, Camellia sinensis, Multidrug resistance, Agar well diffusion, Agar plate dilution, Minimum inhibitory concentration,
Extended-spectrum f3 lactamase, Carbapenem-resistant Enterobacteriaceae, Metallo-} lactamase, Pseudomonas aeruginosa.
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INTRODUCTION

Green tea has been consumed for centuries as a beverage and is
well known for its medicinal properties such as anti-oxidant, anti-
inflammatory, anti-carcinogenic, and antibacterial activity. In the past
few years, several studies have shown that tea extracts exhibiting
modest antibacterial activity against a number of pathogenic bacteria
attributed mainly to the polyphenolic catechins [1-3].

The emergence of multidrug resistance in bacteria against major
antibiotic groups has played havoc in recent years and has posed
a serious challenge to clinicians in the prevention, control, and
management of infectious diseases. The emergence of multidrug-
resistant bacteria in the community as well as in hospital settings is
a major public health threat. With most antibiotics being rendered
ineffective, clinicians are left helpless with very few alternatives left
which are also slipping off their hands.

To tackle this menace, there is an increasing need to develop newer
antimicrobial agents particularly from medicinal plant extracts [4-6].

In the Indian subcontinent, very few studies have been conducted
to evaluate the antimicrobial activity of green tea extract against
multidrug-resistant strains of pathogenic bacteria.

Hence, we had undertaken this cross-sectional study to evaluate
the antimicrobial activity of ethanolic extract of commercial green
tea against multidrug-resistant strains such as ESBL producing
Enterobacteriaceae, Carbapenem-resistant Enterobacteriaceae (CRE),
and Metallo-beta-lactamase (MBL) producing Pseudomonas aeruginosa.

METHODS

This cross-sectional study was conducted in the Department of
Microbiology of a tertiary care teaching hospital of the Central India for
a duration of 4 months from August 1, 2015 to November 30, 2015 after
obtaining clearance from the Institutional Ethics Committee.

Aim

The aim of the study was to evaluate the antimicrobial activity of
ethanolic extract of commercial green tea (Camellia sinensis) against
multidrug-resistant strains of the pathogenic bacteria: Extended-
spectrum-f-lactamase  (ESBL)  producing  Enterobacteriaceae,
Carbapenem-resistant Enterobacteriaceae (CRE), and Metallo-f-
lactamase (MBL) producing Pseudomonas aeruginosa strains.

The test strains used in the study were those multidrug-resistant strains that
were being isolated, identified, antibiotic resistance type being determined,
and henceforth categorized and reported as ESBL/CRE/MBL producing
strains from the clinical specimens processed in our bacteriology laboratory
as a routine diagnostic protocol for culture sensitivity during past 1 year.
Isolates were identified using standard microbiological techniques and
were subjected to antibiotic susceptibility testing by the Modified Kirby
Bauer Disk Diffusion method as per CLSI 2014 guidelines [7-9].

A total of 23 such MDR strains were being preserved in 10% glycerol
at -20°C for academic and research purposes as departmental policy.

The antibacterial activity of ethanolic extract of commercial green tea
(Camellia sinensis) was evaluated against these 23 beta-lactamase-
producing multidrug-resistant bacterial stock strains:
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1. ESBL producing Enterobacteriaceae - 10 test isolates

Carbapenem-resistant Enterobacteriacae - 8 test isolates

3. Metallo-f-lactamase producing Pseudomonas aeruginosa - 5 test
isolates

N

And against two control strains:
1. Escherichia coli ATCC 25922 and
2. Pseudomonas aeruginosa ATCC 27853.

Among the 10 test strains of ESBL producing Enterobacteriaceae, there
were five strains of E. coli, three strains of Klebsiella pneumoniae, one
strain each of Proteus mirabilis, and Enterobacter spp.

Among eight test strains of CRE, five strains were of E. coli, two strains
of K. pneumoniae, and one strain of Citrobacter spp.

Interpretation criteria for screening ESBL, CRE, and MBL producing
strains

For ESBL producing Enterobacteriacae

All bacterial isolates belonging to Enterobacteriaceae which were
found to be resistant to at least two third generation Cephalosporins,
namely, Cefotaxime (30 pg) and Ceftazidime (30 pug) were considered
to be probable ESBL producers and further confirmation was done by
phenotypic detection of ESBL by Combined Disk Diffusion Test as per
CLSI 2014 guidelines [9].

For carbapenem-resistant Enterobacteriacae (CRE)

All bacterial isolates belonging to Enterobacteriaceae and showing
resistance to third generation Cephalosporins and/or at least to one
of the carbapenems were further screened for CRE by Modified Hodge
Test following CLSI 2014 guidelines [9].

For metallo-B-lactamase producing Pseudomonas aeruginosa strains

All P. aeruginosa strains showing resistance to Imipenem (10 pg) were
further screened for MBL production by phenotypic tests like Imipenem
EDTA Combined Disk Test (CDT) [10,11].

Preparation of ethanolic extract of commercial green tea by cold
extraction method

The green tea leaves available in the local market as packaged branded
commercial green tea were ground to a coarse powder by a pulverizer.
10 g of this powder was soaked in 100 ml of 95% ethanol and left to
macerate at room temperature for 5 consecutive days The mixture
was subjected to intermittent shaking during this period followed by
straining through a sterile muslin cloth and finally filtration through
a sterile Whatman No.1 filter paper. The filtrate was thereafter
concentrated under reduced pressure in Rotary Vaccum Evaporator
(Equitron Roteva-India) at 40°C. Solvent was completely evaporated
to yield dry extract powder which was stored in sterile airtight glass
containers at 4°C [12-14].

Antibacterial activity test
Agar well diffusion

The antibacterial activity of different concentrations of the green tea
extract was assessed by the Agar well diffusion method against different
bacterial test isolates and control strains.

The dry extract powder was weighed on a high precision digital
balance and reconstituted in 0.1% DMSO (Dimethyl Sulfoxide) which is
considered to be an excellent solvent to yield five concentrations of tea
extract (12.5, 25, 50, 100, and 200 mg/ml). These were then stored in
sterile labeled aliquots in a laboratory refrigerator at 4°C.

Standard suspensions of test strains with turbidity matching optically
with the 0.5 McFarland standards were inoculated onto Mueller
Hinton Agar (MHA) plates. On the inoculated Agar plates, wells were
made using a sterile Cork borer of 6 mm diameter. Total six wells were
punched in each plate, five peripheral, and one central keeping at least
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30 mm distance between the centers of the adjacent wells. The five
peripheral wells were charged with 50 ul of different concentrations of
tea extract. The central well designated as negative control was charged
with 50 ul of DMSO.

After 24 h of aerobic incubation at 37°C, the plates were observed for
the zones of inhibition around the wells. The measurement of zone
size diameter around the wells is considered as a crude estimate of
the antibacterial activity of the different concentrations of the crude
extract [12,13,15].

Determination of minimum inhibitory concentration
Agar dilution method

After deriving a crude idea of antibacterial activity of green tea (GT)
extract at different concentrations against the test strains, we proceeded
for MIC determination by Agar dilution method.

Ethanolic extract powder was weighed and reconstituted in DMSO
to prepare five concentrations (6.25, 12.5, 25, 50, and 100 mg/ml) of
extract suspension.

Dehydrated Mueller Hinton Agar media powder (Himedia, Bombay)
was weighed and reconstituted in distilled water in a flask as per the
manufacturer’s instructions, followed by autoclaving. The media in
the flask is then allowed to cool and its temperature was maintained
around 50°C in a water bath. Using the following formula to achieve the
desired concentration of the extract in the media, the requisite volume
of a given concentration of GT extract suspension was mixed with the
molten media and poured immediately into the Petri plates.

Clvl = CZVZ

C, = The concentration of extract to be added into the media

V, = Volume of extract to be incorporated in the media

C, = Target concentration of extract desired in the media

V,=Total volume of media along with the added extract per plate (20 ml).

Each culture plate is divided into 18 regions by equally spaced
horizontal and vertical lines drawn by a marker on the outer surface
of the Petri plate bottom in a Chequerboard pattern. Each region
was marked with a number specific for the corresponding strain. 0.5
McFarland standardized inocula of the test strains were prepared and
were spot inoculated in their respective specified regions. MHA plates
(five sets) each with the specific concentration of GT extract (6.25, 12.5,
25, 50, and 100 mg/ml) and a control plate without any extract were
spot inoculated with test strains. The plates were allowed to stand for
a while until the inoculum spots were absorbed, followed by aerobic
incubation at 37°C for 18-24 h.

The lowest concentration of GT extract corresponding to the complete
inhibition of the growth of test strain on the culture media was
considered as the minimum inhibitory concentration (MIC) of the
extract for that particular strain [16,17].

RESULTS

This study was designed to assess the antibacterial activity of crude
ethanolic extract of commercial green tea against beta-lactamase-
producing multidrug-resistant stock strains derived from clinical
specimens, by Agar well diffusion assay and Agar dilution method.

A crude assessment of the antibacterial activity of GT extract was
derived based on the diameters of zones of inhibition formed around
the charged wells as depicted in Tables 1-4 and Figs. 1, 2a, 2b, and 3.

Ethanolic GT extract was found to exhibit a remarkably significant
antimicrobial activity against the control strains E. coli ATCC 25922
and P, aeruginosa ATCC 27853 with slightly higher activity against later
as compared to the former. This activity followed a dose-dependent
pattern.
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Table 1: Antibacterial activity of green tea extract against This study depicts that the crude ethanolic extract of green tea exhibits
standard control strains modest antibacterial activity against multidrug-resistant bacterial strains. As
evident from the study, the highest activity was seen against ESBL producing
Concentration of GT Inhibition zone diameter (mm) strains, followed by CRE strains and the least activity against MBL producers.
extract (mg/ml i i
(me/mD) E. coli (ATCC P. aeruginosa Among five ESBL producing strains of E. coli, one strain (ESBL-2)
25922) (ATCC 27853) has not shown any susceptibility against GT extract even at high
200 18 20 concentrations. GT extract exhibited fairly significant activity against
100 16 18 two strains (ESBL-3 and 5) even at low concentrations and the activity
50 14 15 has shown a gradual increase with increasing concentration.
25 11 13
125 X 9 11 Among three ESBL strains of K. pneumoniae, GT extract exhibited
Negative control 0 0 moderate activity against two strains (ESBL-7 and 9) and mild activity
GT: Green tea, E. coli: Escherichia coli, P aeruginosa: Pseudomonas aeruginosa against one strain (ESBL-8).

Table 2: Antibacterial activity of green tea extract against extended-spectrum 8 lactamase producing Enterobacteriaceae strains

Concentration Inhibition zone diameter (mm.)

‘(’;Gj;’l‘)tm“ ESBL-1 ESBL-2 ESBL-3 ESBL-4 ESBL-5 ESBL-6 ESBL-7 ESBL-8 ESBL-9 ESBL-10
8 E.coli E.coli E.coli E.coli E.coli Enterobacter K. pneumonia K.pneumonia K.pneumonia P.mirabilis
Spp-

200 11 0 22 18 20 13 15 11 16 10

100 8 0 20 12 17 13 14 11 15 0

50 0 0 17 11 14 13 12 11 13 0

25 0 0 16 11 13 11 11 10 10 0

12,5 0 0 13 11 12 11 10 9 10 0

E. coli: Escherichia coli, K. pneumonia: Klebsiella pneumonia, P. mirabilis: Proteus mirabilis, GT: Green tea, ESBL: Extended-spectrum f lactamase

Table 3: Antibacterial activity of green tea extract against Carbapenem-Resistant Enterobacteriaceae strains

Concentration of GT Inhibition zone diameter in mm
extract (mg/ml) CRE-1  CRE-2 CRE-3  CRE4  CRE-5  CRE-6 CRE-7 CRE-8
E. coli E. coli E. coli E. coli E. coli K. pneumonia K. pneumonia Citrobacter spp.
200 13 11 16 12 16 12 16 14
100 11 8 15 11 14 11 14 11
50 0 0 12 9 12 10 13 10
25 0 0 10 0 11 9 11 8
12.5 0 0 0 0 9 0 0 0

CRE: Carbapenem-resistant Enterobacteriaceae, GT: Green tea, E. coli: Escherichia coli, K. pneumonia: Klebsiella pneumonia

'

. o

Fig. 1: Antibacterial activity of GT extract against Carbapenem-resistant Enterobacteriaceae strains
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Fig. 2: (a and b) Antibacterial activity of GT extract against ESBL producing Enterobacteriaceae strains

Green tea extract exhibited mild-to-moderate activity against Enterobacter In the case of the two strains, ESBL-6 (Enterobacter spp.) and ESBL-8
spp. (ESBL-6) and minimal activity against P mirabilis (ESBL-10). (K.pneumoniae), even with increasing concentration of GT extract from




Mehta et al.

Asian ] Pharm Clin Res, Vol 15, Issue 4, 2022, 42-48

e ey

g CIHANDUIC KX AT .
— n L . R IHANOUC KX THACH i
e a2

Fig. 3: Antibacterial activity of GT extract against MBL producing Pseudomonas aeruginosa

Table 4: Antibacterial activity of green tea extract against
Metallo-B-lactamase producing Pseudomonas aeruginosa
strains

Concentration of GT Inhibition zone diameter in mm

extract (mg/ml) MBL-1 MBL-2 MBL-3 MBL-4 MBL-5
200 12 11 13 12 10
100 10 8 10 11 8
50 8 0 10 9 0
25 0 0 0 0 0
12,5 0 0 0 0 0

GT: Green tea, MBL: Metallo-B-lactamase

50 to 200 mg/ml, there was no increase in inhibition zone diameter
(Table 2, Fig. 2a, 2b).

The GT extract has shown mild-to-moderate antibacterial activity
against most of the CRE strains (CRE-3, 4, 5, 6, 7, and 8); mild activity
against two strains (CRE-1 and 2) and that too only at high concentration
(Table 3, Fig. 1).

The extract exhibited a mild activity against all five MBL producing
strains of P. aeruginosa, only at high concentrations (Table 4, Fig. 3).

Further, the MIC values of the ethanolic GT extract at different
concentrations (100, 50, 25, 12.5, and 6.25 mg/ml) against different
multidrug-resistant strains were determined by the Agar dilution
method as depicted in Table 5 and Fig. 4.

As per the findings of the Agar plate dilution method, MIC values of GT
extract came out to be high for the MBL producing strains and most
of the CRE strains but relatively much lower for most of the ESBL
producing strains except the two strains ESBL-1 (E. coli) and ESBL-10
(P. mirabilis) with the corresponding MIC values as high as 100 mg/ml
(Table 5, Fig. 4). These findings are in line with the findings of the Agar
well diffusion method.

DISCUSSION

The emergence of multidrug-resistant strains of pathogenic bacteria
esp. B-lactamase producers in hospitals as well as in community
settings are the most serious public health threat which is playing
havoc in developing countries like India. A large section of the
population is increasingly exposed to the dangers of contracting such
infections. With most of the first and second-line therapeutic agents
rendered ineffective against such strains and a very few reserve
drugs left which would meet the same fate in the near future, the
management of such infections is posing a serious challenge to the
clinicians [4,5,11,12].

To tackle this menace, there is a growing need for extensive research for
exploring newer molecules derived from herbal extracts which could
be incorporated as an alternative or adjuvant therapeutic agents in the
antimicrobial therapy of such infections [18-20].

A conventional antimicrobial drug is a well-defined highly pure
molecule. Over time pathogens can develop resistance against such
simple molecules. Botanical drugs prepared by processing crude herbal
extracts are a mixture of several bioactive compounds and hence harder
to develop a resistance against. The antimicrobial activity of green
tea is attributed to several phytochemicals the most important being
the polyphenolic catechins such as epigallocatechin-gallate (EGCG),
epigallocatechin (EGC), epicatechin gallate (ECG), and epicatechin
(EC) followed by the tea flavanols like quercitin, kaempferol, and
myricetin [21-23].

Many in vitro studies [1-4,12-15] conducted throughout the world from
time and again had shown that green tea extracts do exhibit significant
antimicrobial activity against various pathogenic bacteria but very few
studies [19,22,23] were targeted toward multidrug-resistant strains
especially the beta-lactamase producers. Our study has focused on this
aspect and has successfully demonstrated the antibacterial activity of
GT extract against beta-lactamase-producing MDR strains of pathogenic
bacteria.
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Table 5: Minimum inhibitory concentration values of the ethanolic green tea extract by Agar dilution method

Serial number Teststrain MIC (mg/ml) Serial number Teststrain MIC (mg/ml) Serial number Teststrain MIC (mg/ml)
1 ESBL-1 100 11 CRE-1 100 19 MBL-1 100
2 ESBL-2 >100 12 CRE-2 100 20 MBL-2 100
3 ESBL-3 6.25 13 CRE-3 50 21 MBL-3 50
4 ESBL-4 12.5 14 CRE-4 50 22 MBL-4 50
5 ESBL-5 6.25 15 CRE-5 25 23 MBL-5 100
6 ESBL-6 12.5 16 CRE-6 50

7 ESBL-7 12.5 17 CRE-7 25

8 ESBL-8 25.0 18 CRE-8 50

9 ESBL-9 25.0

10 ESBL-10 100

MIC: Minimum inhibitory concentration, MBL: Metallo-f-lactamase, CRE: Carbapenem-resistant Enterobacteriaceae, ESBL: Extended-spectrum f3 lactamase

Fig. 4: MIC determination for GT extract by Agar dilution
method. (a) GT extract concn. 12.5 mg/ml, (b) GT extract concn.
6.25 mg/ml, (c) Control plate without GT extract

CONCLUSION

It is evident from this study that the crude ethanolic extract of green
tea does exhibit antibacterial activity against the multidrug-resistant
bacterial strains though this activity may vary with the type of
resistance being remarkable against ESBL strains but failing to exhibit
significant activity against MBL strains. The picture may be different
if the same study is conducted using individual bioactive compounds
like epigallocatechin-gallate (EGCG) rather than crude extracts. There
is an immense scope of research in this field and such studies had
paved the way for the exploration of botanical drugs containing lead
bioactive molecules from crude herbal extracts which could bring a
new ray of hope in tackling the menace of emerging drug resistance and
management of multidrug-resistant infections.
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