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Abstract: Ballota limbata (Lamiaceae) is a medicinal herb which grows in the North West of Pakistan.

In this study, we investigated the antibacterial properties of Ballota limbata against environmental and

potential human pathogenic microorganisms using agar-well diffusion method. The MICs were determined

by broth microdilution method. Ballota limbata ethanolic extract showed significant antibacterial activity

against 5 strains of gram positive bacteria including Staphylococcus aureus (MRSA), Enterococcus faecalis

(VRE), Staphylococcus epidermidis, and Staphylococcus saprophyticus with MIC values ranging from

32.30 mg-0.25 mg per 9 mm agar well. Whereas, the ethanolic extract of B. limbata showed no activity

against the tested 14 strains of gram negative bacteria including  Providencia rottgeri, Klebsiella

pneumonia, Klebsiella terrigena, Escherichia coli, Morganella morganii, Kluyvera spp, and Enterobacter

cloacae.. The study shows that leaves of B. limbata could serve as a potential source of antimicrobial

agents for various diseases.
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INTRODUCTION

Medicinal plants constitute a major source of

bioactive substances . Plants produce a diverse array[5]

of secondary metabolites many of which have

antibacterial activity. The screening of plants for

antimicrobial compounds is, therefore, very important

especially due to the emergence of drug resistant

pathogenic strains of microorganisms.

The plant species of Lamiaceae are reputed for

their medicinal usage. Several species of the family

have been shown to have antimicrobial activity .[16]

There are about 33 species of genus Ballota genus that

are present in the temperate regions of Europe, North

Africa and Western Asia with highest diversity in the

Mediterranean region . The species of genus Ballota[4]

such as Otostegia persica have been reported to have

antibacterial activity against gram positive strains

including Listeria monocytogenes, Enterococcus

faecalis, Staphylococcus aureus and Staphylococcus

epidermidis .[2]

Only two species of this genus have been reported

in Pakistan namely Ballota limbata and Ballota

aucheria. Ballota limbata is locally called Bui or phut

kandu . B . limbata has been reported in various parts[11]

of northern Pakistan including Malam Jaba , Siran[9]

Valley of Mansehra , along the Lahore to Islamabad[10]

motorway .  Ethnomedicinally, B. limbata is used for[1]

various ailments including children gum diseases,

ophthalmia and curing of wounds . The chemical[3]

investigations have resulted in the isolation of

tetracyclic diterpenoids from the herb .[7]

In view its ethnomedicinal importance, we decided

to investigate the antimicrobial properties of B. limbata

aga inst var ious po tentia l hum an pa tho genic

microorganisms. For our study, we used the agar-well

diffusion method and determined MIC values.

MATERIALS AND METHODS

Bacterial Strains: The strains of Providencia rottgeri

(n=2), Klebsiella pneumonia (n=2), Klebsiella terrigena

(n=4), Escherichia coli (n=3), Morganella morganii,

Kluyvera sp (n=1), Enterobacter cloacae (n=1),

Staphylococcus aureus (MRSA) (n=1), Enterococcus

faecalis (VRE) (n=1), Staphylococcus epidermidis

(n=2), and Staphylococcus saprophyticus (n=1) were

obtained from the Department of Microbiology,

University of Health Sciences, Lahore (Pakistan).
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Plant Material: The herb B. limbata was collected

from hills near Abbottabad (Pakistan) and was

identified by taxonomist Dr. Muqarrab Shah of Hazara

University, Mansehra. The herb was dried under shade,

and the dried leaves were ground to fine powder.

Extraction was carried out by soaking 30 g of

powdered leaves in 200 mL of absolute ethanol for 15

days at room temperature. The extract was filtered with

Whatman Filter Paper (No. 40), and the solvent was

evaporated from the filtrate under reduced pressure

using rotary evaporator (Buchi, Japan).  The amount of

extract obtained was 3.02 g.  

Antibacterial Assay: The antibacterial activity of the

B. limbata extract was determined by agar-well

diffusion method . The extract dissolved in absolute[2]

ethanol to make a concentrated solution (stock solution

23.93% w/v). The bacterial strains were sub-cultured in

nutrient agar medium and a few fresh colonies of the

microorganism were suspended in sterile normal saline

(0.85% NaCl). The turbidity was matched with 0.5

McFarland standard tube. Bacterial lawn was spread

onto the surface of Muller-Hinton agar plates (Merck,

Germany). The plates were allowed to dry for a few

minutes at room temperature. Nine mm diameter wells

were cut from the agar using a sterile Cork borer and

135 µL of plant extract solution was added to each

well. The plates were kept at room temperature to

diffuse the extract, and were then incubated at 37 C°

for overnight. The plates were examined for any zones

of growth inhibition. Absolute ethanol was used as

negative control. Each experiment was repeated three

times and the mean zone of inhibition diameter was

calculated.

The minimum inhibitory concentration (MIC) is the

lowest concentration of an antibacterial agent that

inhibits the growth of a bacterium. This provides a

quantitative measurement of antimicrobial activity of a

substance. Serial dilutions of extract were prepared

from 23.93% stock solution. The amount of extract

applied ranged from 32.30 to 0.25 mg per 9 mm agar

well. Absolute ethanol was applied as the negative

control. The negative control of absolute ethanol was

also applied. After 20-24 hours of incubation at 37 C,°

the plates were examined for growth inhibition. The

MIC of extract was taken as the lowest concentration

that showed no growth.

RESULTS AND DISCUSSION 

In this study the antimicrobial activity of the

leaves extract of B. limbata against both gram positive

and gram negative microorganisms was determined by

agar-well diffusion method. Results of the antibacterial

activity of ethanolic extract of B. limbata against tested

microorganisms are listed in Tables 1-2. according to

the results, the ethanolic extract was active against

gram positive bacteria including methicillin resistant

Staphylococcus aureus (MRSA), vancomicin resistant

Enterococcus faeca lis  (VRE), Staphylococcus

epiderm idis  (2  stra ins) , and  Staphy lococcus

saprophyticus. No appreciable activity was observed

against gram negative bacteria including Providencia

rottgeri (2 strains), Klebsiella pneumonia (2 strains),

Klebsiella terrigena (4 strains), Escherichia coli (3

strains), Morganella morganii, Kluyvera spp, and

Enterobacter cloacae.

Discussion and Conclusion: B. limbata is known for

its ethnomedicinal applications particularly to cure

ophthalmic, gum diseases and wounds. In order to

rationalize the uses of this plant as a remedy,

antibacterial activity of the ethanolic extract of the

leaves of B. limbata against several microorganisms

including gram positive and gram negative bacteria was

evaluated both qualitatively as well as quantitatively by

determining the zones of inhibition (ZI) and minimum

inhibitory concentration (MIC) values. At the

concentration 23.93% (w/v) of the extract, all the gram

positive bacteria were sensitive and showed significant

zone of inhibition. Similar findings have been reported

for another species of Lamiaceae, namely Otostegia

persica .[2]

The results of ethanolic extract against

Staphylococcus aureus (MRSA) showed activity at

32.30 mg per 9 mm agar well. The MIC showed that

the optimum zone of inhibition 19.64 mm was

exhibited at 4.08 mg per 9 mm agar well. There are

two strains of Staphylococcus epidermidis which

showed activity against the ethanolic extract of B.

limbata plant. But here again the MIC values showed

that the optimum inhibitory zones are 21.41 mm and

17.83 mm which are significant zones at 8.075 mg and

4.08 mg respectively. There is also a significant zone

of inhibition given by the ethanolic extract of B.

limbata against Enterococcus faecalis (VRE) which is

16.37 mm at only 2.15 mg concentration. While

Staphylococcus saprophyticus showed zone of inhibition

at only 32.30 mg, and no inhibitions were observed for

successive lower dilutions. 

On the other hand, the ethanolic extract of B.

limbata did not show activity against the gram negative

strains used here. It was reported that varying activities

of ethanolic extract may be attributed to the presence

of phenolic compounds in this extract .  In the[17]

present study, it was interesting to see that gram

positive bacteria were sensitive but gram negative were

not. The reason for difference in sensitivity between

gram  positive  and  gram  negative  could  be

ascribed to the morphological differences  between  the
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Table 1: Antibacterial activity of Ballota limbata ethanolic extract against various bacteria using agar-well diffusion

M icroorganism M ean Zone of Inhibition (mm) Negative Control (mm)

Staphylococcus aureus (M RSA) 18.53 9

Enterococcus faecalis (VRE) 14.50 9

Staphylococcus epidermidis (5002) 17.68 9

Staphylococcus epidermidis (5005) 21.25 9 

Staphylococcus saprophyticus 14.12 9

Providencia rottgeri 9 9

Providencia rottgeri 9 9

Klebsiella Pneumonia 9 9

Klebsiella Pneumonia 9 9

Klebsiella terrigena 9 9 

Klebsiella terrigena 9 9

Klebsiella terrigena 9 9

Klebsiella terrigena 9 9

Morganella morganii 9 9 

Kluyvera spp 9 9 

Enterobacter Cloacae 9 9 

Escherichia coli 9 9

Escherichia coli 9 9

Escherichia coli 9 9

*M RSA; methicillin resistant Staphylococcus aureus 

**VRE; vancomycin resistant Enterococcus faecalis

Negative control; ZOI = 9 mm

Table 2: M inimum Inhibitory Concentrations (M ICs) of B. limbata ethanolic extract against gram positive bacteria

M icroorganisms M ean M IC Optimum ZOI

*Staphylococcus aureus (M RSA) 4.0 19.6

**Enterococcus faecalis (VRE) 2.2 16.4

Staphylococcus epidermidis (5002) 8.1 21.4

Staphylococcus epidermidis (5005) 4.0 17.8

Staphylococcus saprophyticus 32.3 14.1

*M RSA; methicillin resistant Staphylococcus aureus 

**VRE; vancomycin resistant Enterococcus faecalis

ZoI; Zone of Inhibition 

Negative control; ZOI = 9 mm

Fig. 1: Ballota limbata

microorganisms. Gram negative bacteria have an outer

phospholipids membrane carrying the structural

components which make cell wall impermeable to

lipophilic solutes while porins constitute a selective

barrier to hydrophilic solutes . Gram positive bacteria[12]

have an outer peptidoglycan layer which is an effective

permeable membrane . These investigations show[15 ,13]

that B. limbata may be considered as a component of

broad spectrum antibacterial agent particularly against

species belonging to the gram positive group of

organisms.

Antimicrobial drug resistance is a growing problem

all around the world especially in the developing

countries due to the indiscriminate use of antibiotics.

And, the physicians are left with very limited choice of

antibiotics to treat infections caused by potentially

pathogenic and multi-drug resistant stains of organisms

such as methicillin resistant Staphylococcus aureus

(MRSA) and vancomicin resistant Enterococcus

faecalis. Staphylococcus aureus (MRSA) is the

causative agent of several human diseases including the

septic arthritis, endocarditis, staphylococcal scalded skin

syndrome , and it also acts as an ocular pathogen .[6] [8]

While the common infections caused by Enterococcus

faecalis (VRE) include urinary tract infections,

endocarditis, bacteremia, catheter-related infections,

wound infections, and intra-abdominal and pelvic

infections, along with skin and soft tissues infection .[13]
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Similarly, the Staphylococcus saprophyticus is the

cause of urinary tract infection especially in females,

and Staphylococcus epidermidis is one of the leading

pathogens of nosocomial infections . These bacteria[14]

show resistance to broad spectrum antibiotics due to

their mutation adaptability and high potency authorities

have been being used. Therefore, there is an urgent

need to look for alternative sources of effective

antibacterial substances with potential of developing

into antibiotics.

The efficacy of B. limbata against these

microorganisms may provide a scientific ground for the

application of the herb to cure various diseases

including ophthalmia, children gum diseases and curing

of wounds. The results of this study present the herb

as a good candidate to explore new alternative

antibacterial agents particularly against the deadly

pathogens MRSA and VSE.
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