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antibiotics like penicillin, cephalosporin and monobactam except the carbapenem. The
present study was designed to evaluate the antibacterial activity of specific plant
extracts alone and in combination with some of the antibiotics routinely used against
the E.coli. A total of six extracts of three plants namely Zingiber officinale (ginger),
Piper nigrum (black pepper) and Thymus vulgaris (thyme) in two different solvents
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done using double-disc synergy method and then by PCR. The results of present study
revealed that all bacterial isolates under study were resistant to more than 3 classes of
antibiotics. While these resistant strain showed susceptibility to plant extracts when
given in combination with antibiotics. It was concluded that plant’s extracts have the
potential to increase antibacterial properties of antibiotics when used as cocktail.
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INTRODUCTION ESBL.B*®*1 CTX-M has a potential to hydrolyze
cefotaxime. This property of CTX-M is causing
nosocomial infections. Resistance against antimicrobial
agents is an issue that should be consider as it is a reason
for high mortality among individuals."®  The
inappropriate use of antimicrobial agents is one the cause
of resistance.”’ There are four ways by which bacteria
cause resistance to antibiotics including enzymatic
activity, extrusion by efflux, reduction in cellular uptake
and modification at the site.">* The use of herbs had
been considered since ancient times. Pakistan is rich
country in many medicinal plants that can be used for
treating ailments. Different portions of plants vary with
their chemical properties. The chemical components are
extracted from aerial and root parts of plants and were
used by researchers in medicinal field with surprising
effects. Among the plants are: Black pepper, is declared
as the king of spices.” The crude extract of this spice is
Piperine that has potential to kill bacteria. Ginger, the
chemical components constitute gingerdiol, gingerol,
gingerone and gingerdione. These components are best
against enterotoxic E.coli.** Thyme, also termed as
zaitar, is effective against E.coli due to the chemical
thymol and carvacrol. The plant extracts can control the

Escherichia coli (E.coli) is a Gram negative, anaerobic
and oxidase negative organism. It causes Gram negative
sepsis, urinary tract infections, gastroenteritis, E.coli
associated diarrheal disease, meningitis in neonates,
wound infections, endotoxin induced shock, and
pneumonia in  immunocompromised  hospitalized
patients.”) Gram negative organisms are one of the
sources of hospital acquired infections. E.coli have wide
range of virulence factors such as capsule, antigenic
phase variation resistant to serum Kkilling, endotoxin,
sequestration of growth factors and antimicrobial
resistant. Antibiotics are chemical agents which can
inhibit bacterial growth. Now-a-days the resistance to
antibiotics is an emerging issue to human. Antimicrobial
drugs are capable to treat and inhibit several infectious
diseases. Due to increasing human population there is a
huge rise in antibiotic use, which resulting in resistance
of bacteria to antibiotics.’! Extended spectrum beta
lactamases (ESBLs) due to the production of 3-lactamase
enzymes are capable of hydrolyzing B-lactam antibiotics
such as aztreonam, cefotaxime, penicillins, and
ceftriaxone.®* The previous ESBLs were derived from
TEM-1 and SHV-1 but now CTX-M is a modern type of
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mechanism of resistance of bacteria when incorporated
with antibiotics.™!

The objective of this study is to investigate the effects of
black pepper, ginger and thyme as possible antibacterial
medicinal plants against E.coli and their combined effect
with different antibiotics.[***"

MATERIALS AND METHODS

Three bacterial strains of ESBL producing E.coli isolates
were Gram stained and inoculated on MacConkey agar
plates, overnight at 37°C+1°C in an incubator, their zone
of inhibition was observed. A bacterial inoculum
according to 0.5 McFarland standards was prepared.
Plates containing Mueller-Hinton  medium  were
inoculated with prepared bacterial inoculum. ESBL was
detected by phenotypic and by double disc synergy test.
For genotypic characterization polymerase chain reaction
was employed. According to CLSI guidelines, for ESBL
E.coli identification, disc diffusion method was used.
The lawn culture of bacterial isolates was prepared and
the resistance pattern was tested against Ceftazidime
(30ug), Ceftriaxone (30ug) and Cefotaxime (30ug) after
an incubation for 24h at 37°C. Their zone of inhibitions
was measured. The strains showing zone diameter
<22mm for Ceftazidime, <25mm for Ceftriaxone and
<27mm for Cefotaxime were selected as ESBL producer
as recommended by CLSI. The strains that resist at least
one of the screening agents were further examined for
ESBL production. The 30ug disc of Cefotaxime was
placed on the 1* half of culture plate at a distance of 2cm
from center to center cefotaxime/clavulanic acid to other
half of the plate. Overnight incubation of plate at 37°C
was given and their zone of inhibition was measured.
Following the zone measurements, the diameter of zone
of inhibition around Cefotaxime disc alone was
subtracted from diameter of zone of inhibition around
Cefotaxime/Clavulanic acid. The difference of >5mm
was considered to isolate as ESBL positive. Polymerase
chain reaction (PCR) applied to extract and amplified
plasmid DNA using phenol-chloroform, PCR master mix
of buffer, dNTPs, primers and Taq DNA polymerase
0.22puL master mix + 3ul. DNA (50ng) and placed in
PCR thermal cycler. PCR was then performed using
recommended thermal cycling conditions. PCR products
were analyzed by the agarose gel electrophoresis. For
determination of co-resistance among all bacterial
isolates, Kirby-Bauer disc diffusion method was used.
Different  antibiotics  (Ciprofloxacin,  Amikacin,
Gentamicin, Nalidixic acid, Norfloxacin, Ceftazidime,
Ampicillin, Imipenem, Nitrofurantoin, and Ceftriaxone)
were used to check multi-drug resistance by ESBL
E.coli. Black pepper berries, ginger rhizome and thyme
leaves were purchased from local market and
authenticated by department of Botany, University of
Agriculture, Faisalabad. Plants were washed thoroughly
with distilled water to remove dust and any other
extraneous material and air dried. Black pepper berries
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and thyme leaves after cleaning were crushed into fine
powder. Ginger’s outer covering was peeled off and cut
into slices. These slices were dried in hot air oven at
65°C for 48 hours and crushed into powder form. For
ethanolic extraction of black pepper, thyme and ginger,
20gm of black pepper and thyme powder were soaked
into 60ml of 95% ethanol for one day. For ginger
extraction, 5gm of ginger powder was added to 200ml of
95% ethanol and stir vigorously to dissolve it. Then
material was filtered. For aqueous extraction, 300ml of
sterile distilled water was added to the 30gm of ground
dried black pepper and thyme, heated below boiling
point and stirred for 2%2-3hour. For aqueous extraction of
ginger, 5gm of ginger powder was added to 200ml
distilled water and stir vigorously to dissolve it. After
24hour interval, mixture was filtered and the precipitates
were discarded and supernatant was collected for
evaluation. Whatmann filter paper #1 was punched out
with paper borer and disc of 6mm were prepared and
subjected to autoclave in order to sterilize the prepared
discs. Then these discs were soaked in 1ml aqueous and
ethanolic extracts separately for 1-2 minutes then used
for screening after being dried. Sterility was checked by
streaking the extracts on nutrient agar medium and
incubated at 37°C for 24 hours. The no growth on
themedia was considered for the extract to be sterile.
Antibiotic discs dipped in plant extracts were used to
evaluate its combined antibacterial activity. Sterilized
discs of 6mm diameter were placed sterilized conditions
in various extracts for about one minute then fixed on
Mueller-Hinton plates inoculated previously by bacterial
suspension. After that all cultured plates were placed in
an incubator at 37+2°C for 18-24 hours; after that area of
inhibition was observed and measured in millimeter
(mm). Plants extracts were extracted using solvents
ethanol 80% and deionized water. To check the
combined effect of natural plants extract and antibiotics,
the pre-prepared antibiotic discs were soaked into plant
extract for about 1-2minutes and then used for screening.
These discs were then fixed on the Mueller-Hinton agar
plate inoculated with bacterial inoculum and incubated at
37°C for 24 hours. Then their diameter of zone of
inhibitions were observed and measured.

RESULTS

In the Gram staining method for detection of bacteria,
E.coli was confirmed by pink colonies on MaConkey
agar. In phenotypic screening of ESBL E.coli, after
incubation period the zone of inhibitions for Ceftazidime
(13, 14, 21), Ceftriaxone (20, 11, 14) and Cefotaxime (9,
9, 6) were according to CLSI recommendation (if
bacterial strains showed the zone of inhibition <22 mm
for Cefatazidime, zone of inhibition <25 mm for
Cefiriaxone and zone of inhibition <27 mm for
Cefotaxime then they are selected as ESBL producing
E.coli. Results of double disc synergy test (DDST) were
presented in Figure 1 and Table 1.
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Figure 1: Double disc synergy test for ESBL E.coli confirmation.

Table 1: Zone of inhibition of antibiotics in Double Disc Synergy Test.

Zone of inhibition (mm)
Bacterial Strain Cefotaxime Cefotaxime/Clavulanic Acid Difference
(CTX-30)(mm) (CTC-30/10)(mm) (mm)
ESBL E.coli strain I(PK-4) 9 15 06ESBL confirmed
ESBL E.coli strain 11(5C) 9 14 05ESBL confirmed
ESBL E.coli strain 111 (7A) 6 16 10ESBL confirmed
The result showed that ESBL positive isolates of E.coli Results showed that detection of co-resistance among

with a difference of zone diameter between Ceftazidime ESBL producing E.coli (Figure 2).
disc alone and Ceftazidime/Clavulanic acid disc > 5mm.

Figure 2: Antibacterial activity of different antibiotics against bacteria. The antibiotics with no zone of
inhibition showed resistance pattern.

Table 2: Comparison of mean of zone of inhibition of different antibiotics against bacterial strains.

. L Strains

Antimicrobial discs Strain 1 Strain 2 Strain 3 Mean+ SE
AK 26 24 21 23.67+1.45B
CN 10 13 6 9.67+2.03C
CIP 7 6 6 6.33+0.33 D
NOR 7 6 6 6.33+0.33 D
NA 9 6 6 7.00+1.00 CD
IPM 30 26 29 28.33+1.20 A
AMP 10 6 6 7.33+£1.33CD
CAZ 22 21 21 21.33+0.33 B
F 26 30 25 27.00+1.53 A
CTX 9 9 6 8.00+1.00 CD
Mean 15.6+2.91A | 14.70+3.03AB | 13.20+3.02B

Means sharing similar letter in a row or in a column are statistically non-significant (P>0.05).
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Figure 3 shows the result of PCR products. The ethanol
extract of black pepper showed 29 mm inhibitory zone
against E.coli while ethanolic extract of thymus showed 8
mm (Figure 4, Table 4). The ethanolic and aqueous
extracts of both ginger and black pepper were
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statistically non-significant. However, treatment with
thyme had somewnhat different activity. Statistical results
showed that both ethanolic and aqueous extracts are
statistically non-significant, both of these extracts are
similar (Table 5).

400 bp

Figure 3: Plasmid profile of Ethidium bromide stained PCR product of the tested bacteria after gel electrophoresis.

Lane 1: ladder (100bp). Lane 2: positive control (ATCC23922), Lane 3: negative control, Lane 4: test isolate I

(bacterial strain I), Lane 3: test 1solate IT (bacterial isolate IT), Lane 6: test isolate III (bacterial 1solate IIT).

Figure 4: Antibacterial activity of plant extracts (Ginger, Black pepper, Thyme) against ESBL E.coli isolates.

Table 4: Susceptibility pattern of crude ethanolic and agueous plant extracts against ESBL E.coli strains*.

. . Susceptibility pattern of crude plant extracts

Microbial - -

: Ginger Ginger | Black pepper | Black pepper | Thyme | Thyme
strain

ethanol | aqueous ethanol aqueous ethanol | aqueous

| (PK-4) ++ ++ ++ ++ + ++
11 (5C) ++ + +++ ++ + +
11 (7A) ++ + + + + +

*Diameter of zone of inhibition: 5 — 15 mm (+), 16 — 25 mm (++), 26 — 35 mm (+++).
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Table 5: Phenotypic screening of ESBL E.coli, (mean + SE).

Plant - Stra?ns -
Strain 1 Strain 2 Strain 3
Ginger 19.50 £ 0.50 16.00 £ 3.00 14.00 £ 2.00
Black pepper 19.50 + 0.50 22.50 £ 6.50 12.00 + 1.00
Thyme 14.50 + 3.50 12.50 £ 1.50 9.00 £1.00
Total 17.83 + 1.40A 17.00 + 2.65A 11.67 £1.12B

The result also revealed that all three bacterial strains
were treated with three selected plants i.e. ginger, black
pepper and thyme. Strain 1 and strain 2 respond similarly

to the applied treatments, whereas strain 3 response was
slightly differ from them.

Table 6: Phenotypic screening of ESBL E.coli by plant extract (mean + SE).

Extract - Plant

Ginger Black pepper Thyme
Ethanol 18.33+£1.20 19.67 £5.21 11.00£1.73
Aqueous 14.67 £2.19 16.33 £ 2.03 13.00 £ 2.52
Total 16.50 + 1.38A 18.00 + 2.61A 12.00 + 1.44B

The ethanolic and aqueous extracts of both ginger and
black pepper was statistically non-significant i.e. they are
same and the treatment with either of them produces
almost similar results. While treatment with thyme had
somewhat different activity. As mean of black pepper is
greatest from the other two plants so black pepper

showed greater

antibacterial

activity while thyme

showed the least antibacterial activity amongst the
selected plants that were used in this study.

Table 7: Phenotypic screening of ESBL E.coli

treatment by strain (mean + SE)*.

Synergistic effects of plants and antibiotics were
presented in Figure 5.

Figure 5: Zone of inhibition of antibiotics dipped in

Strain Extract

Ethanol Aqgueous
Strainl | 16.67+2.85 | 19.00 +0.58
Strain2 | 20.67+4.41 | 13.33+1.45
Strain3 | 11.67+2.33 | 11.67 +0.88
Total 16.33 £ 2.11A | 14.67 + 1.22A

plant extracts for evaluation of the combined activity
of antibiotics with plant extracts.

In Table 8, indicating resistance pattern of bacterial

*Means sharing similar letter in a column are statistically

non-significant (P>0.05)

Results showed that both ethanolic and aqueous extracts

were statistically non-significant and were similar.

strain | towards antibiotics when treated with various
antibiotics alone as well as when treated with antibiotics
plus plant extracts. They shows susceptibility pattern.
Thus the results indicated that plant extracts had
remarkable antibacterial activity.

Table 8: Comparison of zone of inhibition of antibiotics alone with combined effect of antibiotics + plant

extracts.

Antimicrobial discs (1g)

ESBL E.coli strain |

ZONE OF INHIBITION (mm)

GINGER BLACK PEPPER THYME

(OXOID COMPANY) (PK-4) Ethanol | Aqueous | Ethanol | Aqueous | Ethanol | Aqueous
Amikacin (AK-30) 26 27 27 27 27 26 25
Gentamicin (CN-10) 10 16 20 21 17 19 21
Ciprofloxacin (CIP-5) 7 28 27 31 28 27 26
Norfloxacin (NOR-10) 7 27 25 26 28 25 20
Nalidixic Acid (NA-30) 9 20 16 30 20 18 17
Imipenem (IPM-10) 30 35 38 33 32 34 36
Ampicillin (AMP-10) 10 18 19 31 20 25 20
Ceftazidime (CAZ-30) 13 24 24 25 20 29 24
Nitrofurantoin (F-300) 26 20 20 30 23 18 17
Cefotaxime (CTX-30) 9 30 30 32 30 28 29

( |
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Similar results were found (resistance pattern) with
bacterial strain Il and strain 111 towards antibiotics when
treated with various antibiotics alone as well as when
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treated with antibiotics plus plant extracts (Table 9, 10
and 11).

Table 9: Comparison of antibiotics alone with combined effect of antibiotics + plant extracts.

- R . . ZONE OF INHIBITION(mm)
g‘;g:g‘(’:b(')al\'ﬂ‘gm%g) ESBL E'(%‘é')s”a'” I GINGER BLACK PEPPER THYME
Ethanol | Aqueous | Ethanol | Aqueous | Ethanol | Aqueous
Amikacin (AK-30) 24 23 23 25 22 24 24
Gentamicin (CN-10) 13 17 16 25 18 17 17
Ciprofloxacin (CIP-5) 6 16 16 23 18 15 17
Norfloxacin (NOR-10) 6 18 16 21 18 15 16
Nalidixic Acid (NA-30) 6 18 15 22 18 21 16
Imipenem (IPM-10) 26 31 29 32 33 32 29
Ampicillin (AMP-10) 6 16 20 23 16 16 16
Ceftazidime (CAZ-30) 14 20 20 25 21 20 17
Nitrofurantoin (F-300) 30 21 23 24 21 22 22
Cefotaxime (CTX-30) 9 17 17 22 16 18 19
Table 10: Comparison of antibiotics alone with combined effect of antibiotics + plant extracts.
. A . . ZONE OF INHIBITION (mm)
(Aor‘;('g:gc’ct’éa,\'ﬂ%m\(};g) ESBL E'??X)S”a'” i GINGER BLACK PEPPER THYME
Ethanol | Aqueous | Ethanol | Aqueous | Ethanol | Aqueous

Amikacin (AK-30) 21 23 22 26 20 22 21
Gentamicin (CN-10) 6 16 13 22 14 18 22
Ciprofloxacin (CIP-5) 6 16 14 24 15 16 18
Norfloxacin (NOR-10) 6 25 21 22 19 20 14
Nalidixic Acid (NA-30) 6 16 11 22 18 17 13
Imipenem (IPM-10) 29 30 32 35 34 32 31
Ampicillin (AMP-10) 6 16 14 21 18 17 13
Ceftazidime (CAZ-30) 11 20 21 24 22 23 22
Nitrofurantoin (F-300) 25 26 22 26 23 25 22
Cefotaxime (CTX-30) 6 18 15 24 17 20 19

Table 11: Comparison of means of the antibiotics alone as well as antibiotics plus plant extracts against all three

bacterial strains.

Mean

- . . . Nalidixic - - .
Gentamicin | Ciprofloxacin | Norfloxacin Acid Ampicillin | Ceftazidime | Cefotaxime
(CN-10) (CIP-5) (NOR-10) (NA-30) (AMP-10) | (CAZ-30) (CTX-30)

ESBL E.coli 9.67B 6.33B 6.33B 7.00C 7.33B 21.33A 8.00B
Ginger Ethanol 16.33AB 20.00AB 23.33A 18.00AB | 16.67AB 21.33A 21.67AB
Aqueous 16.33AB 19.00AB 20.67A 14.00BC 17.67A 21.67A 20.67AB

Black Ethanol 22.67A 26.00A 23.00A 24.67A 25.00A 24.67A 26.00A
Pepper Aqgueous 16.33AB 20.33AB 21.67A 18.67AB 18.00A 21.00A 21.00AB
Thyme Ethanol 18.00A 19.33AB 20.00A 18.67AB 19.33A 24.00A 22.00AB
Aqueous 20.00A 20.33AB 16.67AB 15.33B 16.33AB 21.00A 22.33AB

DISCUSSION organisms due to genetic mutation leads toward the

It has been reported that many strains of bacteria are
resistant to antibiotics. The resistance of E.coli to
antibiotic is increased probably because of development
of CTX type extended spectrum [-lactamase (ESBL)
genes. These ESBL producing bacteria are resistant to
most of the 3 generation cephalosporin. The occurrence
of ESBL producing strains in nosocomial infection limit
the antibiotics therapy.'® The modification in micro-
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resistance in antibiotics.”® The current study was
performed to check the relationship of antibacterial
activity of medicinal plants and target on the multi drug
resistance among the species of E.coli. More than three
antibiotics showed no response against bacterial strains.
The study stated that these Gram negative bacteria are
termed as multiple drug resistance (MDR). When these
results were compared with the standard designed by
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Clinical and Laboratory Standards Institute (CLSI), the
drugs (mainly Norfloxacin, Ampicillin, Ciprofloaxacin,
Gentamicin, Nalidixic acid and Ceftoaxime) exhibited
resistance and ESBL strains were susceptible to
Imepenem, Amikacin, and Nitrofurantoin by aid of
Kirby-Bauer disk diffusion method. In nosocomial
infections, Fluoroquinolone showed resistance against
E.coli.”” The medicinal plants are of great interest. The
antibacterial activity of ginger, black pepper and thyme
was assessed in this study and the results indicated that
E.coli are sensitive to ethanolic and aqueous extracts of
these plants with an inhibitory zone of 1 — 29 mm.
Bacterial strains resist some antibiotics when given alone
such as Gentamicin, Norfloxacin, Cefotaxime, Nalidixic
acid, Ampicillin, Ciprofloxacin and Ceftazidime. But
when these antibiotics were soaked in plant extracts their
resistance pattern turns towards susceptibility. Thus
treatment with antibiotics alone was significantly
different from the treatment with combination of
antibiotics plus plant extracts. The results of current
study are in accordance to previous research studies.
There are many phytochemical properties of plants but
mostly mode of action against a bacterium is
unknown.?®! However, it is assumed, this may be due to
aqueous extracted anionic components like Chlorides,
Nitrate, Thiocyanate, Sulphates and many other naturally
present compounds.’?! Different studies were made to
check the difference in antibacterial activity by using
different solvents. Hence, extraction of phytochemicals
using ethanol gave best results compared to water and
the reason was solubilization of many organic
compounds.*”! Ginger extracts showed MIC of 9-14 mm.
P. aeruginosa showed maximum inhibition at 14 mm
and minimal inhibitory response of 9 mm against E.coli.
A confirmatory statement that methanolic extract
exhibited a good ZOIl against S. aureus and E.coli was
reported.”®  Moreover, results showed  better
susceptibility against medicinal plants leaving behind the
antibiotics.”®  Ginger extracts exhibited moderate
inhibition activity with the zone range of 9-14 mm.
Maximum inhibition was detected against P. aeruginosa
(14 mm) and minimum inhibition against E.coli (9 mm).
Report also confirmed that ginger methanolic extract
showed a major zone of inhibition against E.coli and S.
aureus.”™ The result of this study showed similar result
that plant extracts had much better antibacterial activities
in contrast to antibiotics.”® There is great worth in
healing treatments by using plant extracts with
recognized antimicrobial properties but some studies also
reported numerous herbal medicine’s contamination
which may include microorganisms, pesticides and toxic
heavy metals.”®! Therefore, sterilization is necessary
especially for aqueous extracts to get rid of these
impurities.?”%

The results of this study suggested that ginger, black
pepper and thyme are strong bioactive and be beneficial
in the disease therapy.
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CONCLUSION

ESBL producing Enterobacteriaceae bacterial species
are responsible for the progression of many infections
throughout the world both in the hospital and community
setups. The results of current research depict higher level
of multi drug resistance in ESBL positive isolate of E.
coli. The combined applications of antibiotics and plants
extract have the potential to reduce the multidrug
resistance bacteria (MDRs). The overall research results
indicated that the ethanolic and aqueous extracts of the
plants have good activity against bacteria and these
extracts have the potential to increase antibacterial
properties of antibiotics when used as cocktail. Still there
are gaps to find out the active ingredients of these
medicinal plants, their mode of action against bacteria. In
future the combined preparations of antibiotics with plant
extracts could be beneficial in reduction of drug
resistance by the bacteria.
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