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ABSTRACT
Objectives: The aim of this work was to determine the antibacterial activity of methanol extract of
herbal plants against the multidrug resistant (MDR) Gram negative bacteria isolated from clinical
samples.
Methods: Gram negative bacteria isolated from various clinical samples were processed for antibiotic
susceptibility test by modified Kirby-Bauer disc diffusion method and MDR bacteria were selected.
Methanol extracts of six different medicinal plants Acorus calamus (bojho), Ocimum sanctum (tulsi),
Azadirachta indica (neem), Cinnamomum tamala (tejpatta), Aloe vera and Zanthoxylum alatum (timur),
were tested for antibacterial activity against the selected MDR bacteria by agar well diffusion
method.
Results: From clinical samples, 8 different MDR Gram negative bacteria isolated were Escherichia coli,
Klebsiella pneumoniae, Klebsiella oxytoca, Citrobacter spp., Proteus mirabilis, Proteus vulgaris, Acinetobacter
spp. and Pseudomonas spp. with E. coli dominated the number. Out of six medicinal plants extracts,
Z. alatum, C. tamala and Ocimum sanctum were found to be effective with zones of inhibition ranging
from 9-13 mm. The medicinal plants with antibacterial activity can be an alternative source of
medicine against MDR Gram negative bacteria.
Conclusion: Several herbal plants extracts exhibit antibacterial activity against MDR Gram negative
bacteria. Antibacterial activity of plant extracts can vary with type of plant and extraction methods.
Thus, for optimal benefit of plant extract, an appropriate extraction method and use of purified
product is essential.
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INTRODUCTION

Historically, pharmacological screening of compounds

The efficacy of existing antibiotics is being threatened

of natural or synthetic origin has been the source of

by the emergence of Multidrug resistant (MDR) bacteria

innumerable therapeutic agents. Random screening
of new biologically active molecules has been most

(Dahiya and Purkayastha 2013). Treatment of infections

productive in the area of antibiotics discovery (Ahmad

due to MDR strains have clinically become intractable

et al. 2002). According to World Health Organization

(Davies and Davies 2010) leading to prolonged

more than 80% of the world's populations rely on

hospitalizations, increased cost, and greater risk of

traditional medicine for their primary healthcare

morbidity and mortality (Dhital 2000). Resistance is a

needs (WHO 1993). Use of herbal medicines in Asia

vexing problem especially for people with impaired

represents a long history of human interactions with

immune systems, such as Acquired Immune Deficiency

the environment and represents a rich source of

Syndrome, cancer patients and recipients of organ

antimicrobial agents and powerful drugs (Ahmad et al.

transplants (Russell 2002).

2002).
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Researchers are increasingly turning their attention
towards the medicinal plants and it is estimated that,
plant materials are present in, or have provided the
models for 25-50% western drugs (Crag et al. 2013). Many
commercially available drugs used in modern medicine
were initially used in crude forms in traditional or folk
healing practices, or for other purposes that suggested
potential biological activity (Anthony and Livermore
2015). Plant derived medicines are relatively safer than

et al. (2012).
The medicinal plants Acorus calamus (bojho), Ocimum
sanctum (tulsi), Azadirachta indica (neem), Cinnamomum
tamala (tejpatta), Aloe vera and Zanthoxylum alatum
(timur) selected for this research were collected from
Jhapa and Kathmandu. Identification of these plants
and processing for extraction was done in Department
of plant resources, Thapathali, Kathmandu.

synthetic alternatives and offer affordable therapeutic

Root of A. calamus, leaves of O. sanctum, A. indica,

benefits (Hammer et al. 1990).

C. tamala and Aloe vera, and seeds of Z. alatum were

Plants produce enormous variety of small molecules
classified as phytoalexins which have been assumed to
play important role in the defenses mechanisms of the
plants (Rathanyaka and Obreshkova 2013). Phytoalexins
are low molecular weight, anti-microbial compounds
that are synthesized and accumulated in plants after
exposure to microorganisms or abiotic agents (Khan
et al. 2010). Phytoalexins structural spaces contain

washed thoroughly. Roots and leaves were cut into tiny
pieces (3-5 cm) with the help of sterile knife. They were
spread and left to air dry for 10-12 days with periodical
turning. Fine powders of dried samples were obtained
by grinding in an electrical grinder. Extraction from
approximately 70-90 gm of powdered form was carried
out by Soxhlet extraction method using methanol as
solvent. Rotatory evaporator was used under negative

terpenoids, glycosteroids, flavonoids and polyphenols

pressure at water bath below 55°C to remove the

and these biologically active compounds are supposed

solvent. The crude extract obtained in round bottom

to exhibit antimicrobial properties (Azwaninda 2016).

flask was further assayed for antibacterial activity.

Medicinal and aromatic plants have potential for

Agar well diffusion method was used for in-vitro

contributing to the local economy, subsistence health
needs, and improved natural resource management.

antibacterial activity of the extracts against the MDR
Gram negative bacterial isolates. The fresh inoculums

Thus, it was deemed important to consider for

of MDR bacterial isolates compared with McFarland

investigation of antimicrobial activity of herbal

standard were spread uniformly on the surface of sterile

plants against MDR Gram negative isolates from the

MHA plates. Six wells were prepared in each plate with

clinical samples. In this study the medicinal plants

the help of 8 mm diameter cork borer. Then, 50 μl of

were selected based on their common uses in Nepali

methanol extract (100μg/ml) from the selected plants

traditional systems. In view of vast potential of plants

were loaded in each well with the help of micropipette

as sources for antimicrobial drugs with reference to

(Redfern et al. 2014). The plates were left for diffusion

antibacterial agents, six common floras, Acorus calamus

of extract for 15 minutes and was incubated overnight

(bojho), Ocimum sanctum (tulsi), Azadirachta indica

at 37°C and observed for the zone of inhibition.

(neem), Cinnamomum tamala (tejpatta), Aloe vera and
Zanthoxylum alatum (timur) were selected to evaluate
the antibacterial activity.

MATERIALS AND METHODS

RESULTS
Out of different clinical samples processed, 33.5 %
showed positive for bacterial growth among which
40.9% were Gram negative isolates. Eight different

Gram negative bacteria isolated from different clinical

MDR Gram negative bacteria isolated were Escherichia

samples (urine, pus and sputum) were identified by

coli, Klebsiella pneumoniae, Klebsiella oxytoca, Citrobacter

standard microbiological techniques which included
colonial morphology, Gram staining and biochemical
tests. Antibiotic susceptibility tests of the identified
bacteria were performed by modified Kirby-Bauer disk
diffusion method in Mueller Hinton agar (MHA)

spp., Proteus mirabilis, Proteus vulgaris, Acinetobacter spp.
and Pseudomonas spp. with the highest number of E. coli
(Figure 1). Of the total E. coli isolated 32.1% were MDR.
Similarly, 17.9% K. oxytoca, 14.1% of K. pneumoniae, 3.8%
of each of P. vulgaris and P. mirabilis, 2.6% Acinetobacter

according to CLSI guideline (2014). MDR bacteria were

spp., and 1.3% each of Citrobacter spp. and Pseudomonas

categorized as per the definition given by Magiorakos

spp. were isolated.
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Figure 1: Gram negative MDR bacteria prevalent in clinical specimens
Antimicrobial activity of crude extracts of medicinal
plants, A. calamus, O. sanctum, A. indica, C. tamala, Aloe
vera, and Z. alatum when tested against the isolated
Gram negative MDR bacteria, some of them showed
activity against few bacteria. Table 1 shows the number

of E. coli isolates inhibited by the plant extracts. Out
of 24 isolates tested for antibacterial activity, 5 were
inhibited by Z. alatum and 4 by O. sanctum but other
plant extracts did not show any activity.

Table 1: Number ofAntibacterial effect of methanol herbal extracts against MDR E. coli (n=24)
S.N.

Plant extract

Active

Inactive

1

A. calamus

0

24

2

A. indica

0

24

3

A. vera

0

24

4

C. tamala

0

24

5

Z. alatum

5

19

6

O. sanctum

4

20

Among 12 K. pneumoniae tested, only 2 were inhibited
by C. tamala and none were inhibited by remaining
plant extracts (Table 2). Similarly, each of 2 isolates of
K. oxytoca were inhibited by Z. alatum and O. sanctum,
and one isolate was inhibited by A. vera and C. tamala

each (Table 3).
None of the isolate of P. vulgaris, P. mirabilis,
Acinetobacter spp., Citrobacter spp. and Pseudomonas
spp. was inhibited by the plant extracts.

Table 2: Antibacterial effect of methanol herbal extracts against MDR K. pneumoniae (n=12)
S.N.

Plant extract

Active

Inactive

1
2

A. calamus

0

12

A. indica

0

12

3

A. vera

0

12

4

C. tamala

2

10

5

Z. alatum

0

12

6

O. sanctum

0

12
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Table 3: Antibacterial effect against MDR K. oxytoca (n=14)
S.N.

Plant extract

Active

Inactive

1
2

A. calamus

0

14

A. indica

0

14

3

A. vera

1

13

4

C. tamala

1

13

5

Z. alatum

2

12

6

O. sanctum

2

12

Among the extracts, Z. alatum was found to be effective
with 11.7% (n=7) showing active effect against MDR
Gram negative bacteria followed by O. sanctum and C.

tamala with 10% (n=6) and 5.1% (n=5). A. calamus and
A. indica were found to be most ineffective medicinal
plants (Figure 2).

Figure 2: Comparison of antibacterial effect of medicinal plants against the MDR Gram negative bacteria

DISCUSSION

inhibition from 11-14 mm against MDR Gram negative

Diverse plants possess a variety of bioactive compounds

isolates was observed. While Rastogi et al. (2015)

at

compounds

concluded that the inhibition zone was found within

derived from plants extracts can differ in their chemical

the range of 12-26 mm from different medicinal plants

composition and polarities. Thus, it is imperative to

(Cassia fistula, Holarrhena antidysenterica, Terminalia

select solvent wisely to dissolve most of the compounds

alata, T. arjuna and Paederia foetida). Variation in zone

from the plants extract (Alekshun and Vijayalaxmi

of inhibition by the extracts against the MDR Gram

2013). Methanol was used for the extraction of bioactive

negative isolates might be due to the differences in

compounds from the selected plants in this research

the type of solvents used for the extraction which is

since it has polarity index of 5.1, which makes it an

responsible for dissolving bioactive compounds and

efficient solvent. Besides it is relatively cheap, free of

also based on the selection of plants for bioactive

regulation and gets evaporated easily (Crag et al. 2013).

compounds.

different

concentration.

Bioactive

We selected the six medicinal plants in view of the fact
that they are easily available and most commonly used
by people in Nepal.

Medicinal plants contain complex phenol compounds
and the mechanism of action of each phenolic compound
against various bacteria is also very complicated.

From the antibacterial assay, the selected plants

Therefore, it is necessary to investigate further with

exhibited zone of inhibition within the range of 10-12

purified extract instead of crude extract to understand

mm. In a similar study by Ahmad et al. (2002), zone of

the relationship between the antibacterial activity and
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chemical structure of each phenolic compound in the

of O. sanctum exhibited antibacterial effect with 10%

extracts (Burt 2005).

activity which is in consistent with result from a study
conducted by Jain et al. (2012), in which the leaves

A. calamus was found to be inactive against MDR

inhibited growth of E. coli and S. aureus. However the

Gram negative strains in the present study. However

result obtained was different with Ahmad et al. (2002)

the rhizome of A. calamus (Chhatopadhyay et al. 2010)

where the leaves of O sanctum did not show any zone

exhibited 16 mm zone of inhibition, which did not

of inhibition against MDR E. coli.

support the present finding. The possible reason for
other researcher for the extract preparation resulting in

All the extracts were found to be inactive against
the MDR P. vulgaris, P.mirabilis, Acinetobacter spp.,

antibacterial effect.

Citrobacter spp. and Pseudomonas spp. Similarly, a study

this might be different extraction methods adopted by

from India by Jacoby et al. (2012), revealed that among

Similarly, A. indica was found to be inactive against MDR

the Gram negative tested for the antibacterial activity,

Gram negative strains in the present study. However,

only two strains of P. aeruginosa (ATCC 2642) were the

a study from India revealed that A indica successfully

least sensitive to the oil extracts (MIC value > 100 mg/

exhibited zone of inhibition at the range of 12-19 mm

ml).

against MDR Gram negative pathogens (Monali et al.
2015). Neem has been known to possess antibacterial

The differences in the activities of extracts of various

activity. But the reason for not observing any activity

plants may be due to varying degrees of solubility

by this compound might be due to possible damage of

of the active constituents in methanol. It has been

the compound during extraction or insufficient amount

documented that different solvents have different

of active compound in crude extract.

solubility capacities for different phytoconstituents
(Hammer et al. 1990). Besides, differences were observed

The methanol extracts of Z. alatum was the most effective

in antibacterial activities of the different extracts. These

compound to exhibit antibacterial effect against MDR

differences could be due to the dissimilar secondary

Gram negative isolates with 11.7 % active effect which

metabolites of plants (Djeussi et al. 2013).

was similar to a study conducted by Hanberger et
al. (2003). The methanolic stem extract of Z. alatum

Plant based antimicrobials have enormous therapeutic

indicated moderate inhibition of E. coli, K. pneumoniae

potential as they can serve the purpose with lesser

(11.0±1.0 mm; 11.0±1.0 mm) while leaf extracts showed

side effects that are often associated with synthetic

the greatest effect on E. coli, K. pneumoniae. (14.0±1.0

antimicrobials (Vieira and Simon 1999).

mm) at 100 mg/ml (Guleria et al. 2014). The bioactive

CONCLUSION

constituents of the Z. alatum corresponding to Za1 and

Three of the selected medicinal plants (O. sanctum,

Za2 were identified as -fenchol and linalool, which might

Z. alatum and C. tamala) were successful in exhibiting

be the cause of antibacterial property (Guleria et al.

antibacterial effect against common MDR Gram

2014). Several workers have reported that the phenolic

negative isolates. In response to the propagation of

compounds present in Z. alatum acts as reducing

bacterial resistant to many antibiotics, also called

agent and owe to the antibacterial activity against

MDR bacteria, the discovery of new and more efficient

MDR pathogens (Jain 2016) while others revealed that

antibacterial agents is essential.

bioactive compounds like 2-decanone, 4-terpineol and
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