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Abstract

Background: Present investigation deals with antimicrobial screening of ten medicinally important plants used by
the inhabitants of district Haripur, Khyber Pakhtunkhwa (KPK) for different infectious diseases.

Methods: Aqueous, n-hexane and ethanolic extracts of each plant were tested for their antimicrobial activity
against both Gram positive and Gram negative strains of bacteria, as well as strain of yeast. Agar well diffusion and
broth dilution methods were used to determine the antimicrobial activity of different plant extracts.

Results: The results indicated that all plants exhibited antimicrobial activity against one or more test pathogens.
Interestingly, extracts of three plants showed strong and broad spectrum activity as compared to rest of the extracts
which demonstrated the moderate activity. On the whole ethanolic extracts exhibited maximum antimicrobial effect
than their corresponding aqueous and n-hexane extracts, when compared with standard antibiotics i.e, Streptomycin
and Tetracycline. Among various extracts, only ethanloic extract of Azadirachta indica and aqueous and ethanolic
extracts of Fucalyptus globulus and Bergenia ciliata and ethanolic extract of Punica granatum were found to have
potentially promising activity against test microorganisms.

Conclusion: Different plant extracts show promising antimicrobial activity justifying their usage in traditional
medicines. This study will be continued to identify more plants with potential antimicrobial components.
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Background

There is an increase interest to explore the secret of
traditional herbal remedies based on information col-
lected from local residents and traditional practioners in
different parts of the world [1,2]. Chemical and bio-
logical investigations of folk medicinal plants with the
reputation of being curative have provided the world
with many of clinical drugs of today [3]. It has been
reported that at least 119 compounds derived from 91
plant species can be regarded as important drugs cur-
rently in use and that 77% of them were derived from
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traditional medicines [4]. The search for new antibacter-
ial agents, in particular, has increased in the last decade
mainly because of the increase in bacterial infections es-
pecially in countries with poor populations and more so
because of bacterial resistance to current antibiotics [5].
Bacterial infections have also been implicated in com-
plication of chronic conditions, especially transplants,
cancer, and AIDS because of weakened immunity [6,7].
Studies also claimed that some plants, which are already
used as traditional medicine, possess antimicrobial proper-
ties against bacteria, fungi, and viruses [8,9] and prepar-
ation from such plants considered to be effective against
diseases of microbial etiology like small pox, tuberculosis,
typhoid and diphtheria etc. [10-12]. Since most of the in-
fectious diseases are commonly treated with antibiotics
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and some antibiotics like Penicillin is added to items such
as chewing gums, mouthwashes and toothpastes. Due to
this indiscriminate use of antimicrobial drugs, have lead to
the problem of drug resistance [13,14]. Furthermore, the
evolution of new strains of disease causing agents is of
great concerns to the global health community [15]. In
addition to this problem, antibiotic are sometimes as-
sociated with adverse effects on host which include,
hypersensitivity, depletion of guts and mucosal micro-
organism, immune suppression and allergic reaction.
Furthermore, antibiotics can also be responsible to kill
the useful microflora with in the human body [16-20].
It was also found that production of synthetic drugs
results into the pollution of natural resources and
ultimately leads to activation of antibiotic resistant
genes in bacterial population in the environment [21].
All these factors associated with the use of synthetic
drugs, has always been one of the driving force that
encourage the researchers to search for the safe and
economic alternatives from bio resource. One approach is
to screen the local medicinal plants for possible anti-
microbial properties.

In countries where the infectious diseases are preva-
lent, there is a need to develop some medicine of plant
origin against persisting infectious diseases, which may
be comparable to modern medicines and antibiotics.
Medicinal plants used in the traditional medicines offer
a great reservoir for the discovery of new plants having
antimicrobial properties comparable to antibiotics used
in modern medicines. Since almost all the antimicrobial
agents are being imported and by considering the avail-
ability of medicinal plants in these countries, a lot of
foreign exchange may be saved. In addition the cost of
treatment is steadily increasing and it is becoming un-
affordable by common user. Therefore, development of
therapeutic agents from our own indigenous resources
will be of great help.

In traditional medicines some of the indigenous medi-
cinal plants including Calotropis procera, Artemisia spp.
Neolitsea chinensis, Melia azedarach, Azadirachta indica,
Eucalyptus globulus, Punica granatum, and Nigella sativa
have been claimed to exert curative effect in the
diseases caused by bacterial species. These plants are
available in different regions of Pakistan (KPK, North
of Punjab and Azad Jammu and Kashmir). All these
plants are used in traditional medicines by traditional
healer, local inhabitants and herbal practioners in
different regions of the country to cure a variety of
diseases [22].

The main objective of the present study is to evaluate
in vitro antimicrobial effects of different medicinal plants
based on the information collected from the local resi-
dents for the isolation and development of new broad
spectrum antimicrobial compounds.
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Methods

Ethnobotanical survey and collection of plant material
and its processing

Periodic surveys were made in the remote areas of dis-
trict Haripur, KPK, Pakistan during spring and summer.
Information regarding the medicinal uses of different
plants was collected through interviews with local
people and traditional practitioners. Each interview
followed a semi-structured questionnaire designed to
obtain the following information: local names, parts of
plant utilized and their medicinal uses. The sample from
each plant was pressed, dried and mounted on herbarium
sheets for identification. The plant identification and veri-
fication was carried in the Herbarium of Quaid-i-Azam
University Islamabad, Pakistan and National Herbarium,
National Agriculture and Research Council, Islamabad,
Pakistan. The voucher specimen for each plant was
submitted in the herbarium of Quaid-i-Azam University,
Islamabad, Pakistan.

Preparation of extracts

Preparation of extracts and antimicrobial assays were
conducted in Drugs Control and Traditional Medicine
Division, National Institute of Health, Islamabad, Pakistan.
The plant material was collected, washed (rhizome and
bark) to scrap off the sand or mud. The bark and rhizomes
were then cut into smaller pieces and then allowed to dry
in shad for 25-30 days. Similarly, all the plant material
collected was dried in shade, powdered in an electric
grinder. Dried plant material (bark, rhizomes, leaves, seeds
and fruits) were divided in lots of 25 g each for extraction.
25 g of ground plant material was extracted successively
with distilled H,O in Soxhelt extraction apparatus. All
these extracts were collected separately and dried in
EYELA vacuum rotary evaporator under reduce pressure
at 70°C. To evaporate the last traces of H,O a water bath
is used as a heating source. Here other two portions of
ground material (25 g each) were macerated each with ab-
solute ethanol and n-hexane (250 ml) for 8—10 days with
regular stirring after 24 hrs. All these extracts were then
filtered through Whatmann filter paper No.1. The filtrates
were evaporated to a thick residue at 30°C and reduce
pressure using EYELA vacuum rotary evaporator. The last
traces of ethanolic extracts were evaporated on water
bath. However, n-hexane extracts were just evaporated
to a thick residue. The powdered aqueous and ethano-
lic extracts were then dissolved in their respective
solvents in a proportion of 50 mg/ml. The concentra-
tion of reference antibiotics i.e., Streptomycin and
Tetracycline was 100 pg/ml.

Microbial strains tested
The following strains of bacteria were used: Bacillus subtilis
ATCC # 6633, Staphylococcus aureus ATCC # 6538 (Gram
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positive strains), Escherichia coli ATCC # 10536, Klebsiella
pneumoniae ATCC # 10031, Salmonella typhi ATCC #
19430, and Shigella dysentriae ATCC # 11835 (Gram
negative strains). The yeast strain used in this study
was Sacchromyces cerevisiae ATCC # 9763. The tested
strains were obtained from Microbiology Laboratory, Drugs
Control and Traditional Medicine Division, National
Institute of Health, Islamabad, Pakistan. The microor-
ganisms were grown overnight at 37°C in 2% Nutrient
Agar (Merk Germany) at pH 7 except yeast which was
grown at 30°C. Their sensitivity to the reference antibi-
otics was checked. Streptomycin and Tetracycline (Sigma,
USA) were used for this purpose.

Preparation of inocula

The inocula were prepared by inoculating a loop of each
bacterial strain from a 24 hrs old culture into a sterile
nutrient broth aseptically. The culture was allowed to
grow for 24 hrs in a shaking incubator at 37°C. The
overnight culture is taken and checked until the visible
turbidity is equal or greater than that of 0.5 McFarland
standards (Pro-Lab Diagnostics) at 560 nm using UV-
Visible spectrophotometer (IRMECO UV-VIS U2020,
Germany). Sterilized nutrient broth is used as blank. If
the absorbance is higher, then the culture is diluted with
sterilized nutrient broth and absorbance is noted again.
The standardized cultures were used for further analysis.

Determination of antimicrobial activity

The antibacterial tests were performed using agar well
diffusion method [23]. Agar plates were prepared by
using sterile Mueller-Hinton (MH) agar (Bio Lab). Bac-
terial cultures of standardized cultures were prepared by
adding the seed culture in the autoclaved agar medium
followed by pouring into petri plates. The wells were
made with 8 mm sterile cork borer. 50 ul of each extract
(50 mg/ml) was added in the pre labelled wells together
with water, n-hexane and ethanol as negative control
and Streptomycin and Tetracycline as positive control.
Both reference antibiotics were used in the concentra-
tion of 100 pg/ml. The diffusion of extracts was allowed
for 1 hr at room temperature on a sterile bench. The
plates were then sealed with Parafilm X and incubated
for 24 hrs at 37°C. However, in case of S. cerevisieae the
plats were incubated for 48 hr at 30°C. The plates were
observed for the presence of inhibition of bacterial
growth and that was indicated by clear zone of inhib-
ition of bacterial growth around the wells. The size of
zone of inhibition was measured in milli meters (mm).
Minimum Inhibitory Concentration (MIC) was deter-
mined as described by Sahin et al. [24] with little modifi-
cation. Briefly the sterile broth media (5 ml) was added
in to sterile screw cap test tubes followed by the addition
of 50 pl diluted microbial suspension in the test tubes.
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Initially, 1000 pl of each plant extract (50 mg/ml) was
added to the corresponding tube. The dilutions for each
extract were performed at a final concentration of 2.0,
4.0, 6.0, 8.0 and 10.0 mg/ml. For each dilution 1000 pl of
extract was added to corresponding microbial strain and
each extract was assayed twice. The extracts in simple
broth were used as negative control to ensure medium
sterility while the microbial suspensions served as posi-
tive control to control the adequacy of the broth for bac-
terial growth. The test tubes were put on shaker at 37°C
for 24-48 hrs to check the microbial growth. After 48
hrs the growth of microbial strains was measured as a
function of turbidity. The dilution that showed no tur-
bidity after 24-48 hr was regarded as MIC of the re-
spective plant extract.

Results and discussions

The medicinal plants find an extensive use in traditional
system of medicines all over Pakistan especially in the
rural areas to cure various health problems. The main
reason for the popularity of herbal medicines are i) these
plants are near to nature, hence more effective than allo-
pathic medicines ii) they are easily accessible iii) are
cheaper mode of treatment and iv) show fewer side ef-
fects or adverse reactions as compared to modern syn-
thetic drugs. In the present study the efforts were made
to investigate the antimicrobial activity of those plant
species which are used to treat various infectious diseases
like syphilis, leprosy, tuberculosis, pneumonia, whooping
cough and urinary tract infections [2]. Long before the in-
vention of synthetic antimicrobial drugs, herbal drugs
were used to treat such diseases. More than 100 plants in
the indigenous system of medicine possessing antibacterial
activity have been evaluated [25].

In the present study a total of ten plant species be-
longing to eight different families were screened for
antimicrobial activity. These plants are used by local in-
habitants, traditional healers and herbal practitioners in
different sites of the visited areas to treat various ail-
ments. Most of these plant species and their parts used
to cure various diseases are taken individually. All these
plants were collected from different localities of KPK.
The common/local names, botanical names, their fam-
ilies, voucher number, plant part used, and their medi-
cinal uses have been described in Table 1. The plants
have been listed in alphabetical order according to their
families along with respective voucher number. For anti-
microbial activity the extracts of each plant were pre-
pared in three fractions namely, aqueous, n-hexane and
ethanolic. The antimicrobial activity of each extract was
monitored in concentration of 50 mg/ml. The activity of
each plant extract was then compared against the stan-
dards ie., Streptomycin and Tetracycline (100 pg/ml).
The samples were run in triplicate to get a complete
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Table 1 Plant species utilized in this study with their medicinal activities

Family: plant species Local Part Local medicinal uses Medicinal uses from literature
voucher number name used
Asclepiadaceae: Akkh Leaves Skin infection, back pain, rheumatism, piles, Asthma, cough, skin infections,

Caloptropis procera
(Aiton) Dryand 1SL3504

Tarakha Arial
parts

Asteracea: Artemisia
maritima L. 1SL.2385

whooping cough, asthma, and insecticidal.
Also used in case of venomous animal bits.

The fresh leaves are chopped and used to
cure earache. Also used as anthelmintic,
in dysentery, as stomachic and purgative.

Used in bone fracture and dysentery. It is
also used to cure external and internal injuries,
rheumatism and sprain. Also used to get relief

snake bite, scorpion sting [22]

Antiseptic and anti-inflammatory,
antimalarial, to kill intestinal worms.
Also used to cure boils [26,27]

Bark is demulcent, astringent and
used in diarrhoea, and dysentery.
Also considered as tonic [28]

from back bone pain.

Used in fever, diabetes, skin infection, dysentery
and wound healing. It is also used in foot rots, ulcer

The leaves are used for
acne treatment [29]

washing, to purify blood and to cure malaria. It is
also used as carminative.

Used in fever, diabetes, skin infection and dysentery.
It is also sued in wound healing and ulcer washing.

Malarial fever, eye diseases, piles, body swelling
and head ache. It is also used to purify blood
and as carminative. The leaves extract is used

Fever, diabetes, dysentery, blood diseases,
skin diseases (allergy and pimples),
ulcer and wound healing [22]

Malarial fever, piles, eye ache, headache,
swelling, wounds, blood purification,
fever and cough [22,30],

to reduce heat effect in summer.

Lauracea: Maidasek/  Bark
Neolitsea chinensis Gwain

(Gamble) Chun ISL5509

Meliacea: Azadirachta indica Neem Leaves
A. Juss ISL4529

Meliacea: Cedrela toona Neem Leaves
Roxb. Ex Rottler ISL4657

Meliacea: Melia azedarach Dreik Leaves
L. ISL5723

Myratacea: Eucalyptus Safeda Leaves
globulus Labill. 1SL3341

Punicacea: Punica granatum Anar/ Rind of

L. ISL2781 Daroona fruit

Ranunculacea: Nigella sativa Seeds

L. ISL8101

Kalongi

Saxifragacea: Bergenia ciliata
(Haw.) Sternb. 1SL2197

Budpiah  Rhizome

Locally it is used to cure flu.

It is used in piles, diarrhoea, dysentery, whooping
cough, fever and in blood purification. It is also
used in stomach disorder, jaundice, toothache and
vomiting. Also used to stop bleeding from nose.

The seeds are used as stimulant, digestive
and expectorant. It is also used in jaundice,
dysentery, diarrhoea, and whooping cough.

It is used in washing ulcer, to cure back bone and
in wound healing. Also used in dysentery and to
cure piles. The decoction is used as appendicitis.

Antidiabetic [31]

Used in diarrhoea, dysentery, piles,
diabetes, intestinal worms, fever, blood
purification, whooping cough, cooling,
indigestion, stomach disorder, liver and

intestinal inflammation, jaundice, vomiting,
mouth gums, toothache. Dried fruit in
bolus form for removal of intestinal
helminthes [22,30,32]

The paste prepared by mixing ground
seeds in water is used for the treatment
of boils [29]

Ulcer, back pain, piles, dysentery, and
external or internal wounds. Used as tonic
and in muscular disorders. Anticancerous

drug. Externally used as wound as
antiseptic [22,33,34]

picture of effectiveness of extracts against each micro-
organism used in the present study. The effectiveness
was measured in the form of zone of inhibition.

The extracts were tested against Gram positive and
Gram negative strains of bacteria and the yeast by agar
diffusion method, measuring inhibition zone. This method
gives the maximum growth conditions for all organisms
and avoids the problems of sterilizing plant extracts prior
to testing [35]. Table 2 represents the antimicrobial activ-
ity (zone of inhibition) of different plant extracts against
respective microbial strains.

The MIC values of the different extracts from various
plant species against all tested microorganisms were ob-
served (Table 3). In this case, only those extracts which
inhibited the growth of microbial strains in agar well dif-
fusion method were subjected to MIC evaluation. The

MIC values of all extracts correlated to the screening
test results. It was found that K. pneumonia and S. cere-
visiae were the most susceptible microorganisms with
the lowest MIC values of aqueous and ethanolic extracts
of E. globulus (less than 2 mg/ml). The ethanolic extract
of E. globulus displayed the same MIC values against
B. subtilis, and S. aureus. However, n-hexane extract of
E. globulus exhibited the least activity against S. aureus
(more than 10 mg/ml). Similar trend was found in the
S. dysentriae when it was subjected to aqueous and
ethanloic extract of B. ciliata. The ethanolic extracts of
B. ciliata also exhibited the lowest MIC values against E.
coli and S. aureus. On the other hand, ethanloic extract
of A. maritima is least effective against S. cerevisiae i.e.,
more than 10 mg/ml. Same behaviour was found in the
ethanolic extracts of C. foona against S. awureus and
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Table 2 Antimicrobial activities (in terms of inhibition zone in mm) where bacterial growth was inhibited by plant extracts

Plant species Fractions Antimicrobial activity against
B. subtilis K. pneumonia S. aureus E. coli S. typhi S. dysentriae  S. cerevisiae
Calotropis procera Agqueous - - - - - - -
n-Hexane - - - - - - -
Ethanol 15.0 £ 0.25 0 141 £ 025 125 £0.20 13.6 £ 0.25 152+ 020 144 + 0.264
Tetracyclin 36.2 + 1.00 336+ 085 327 £090 374 £ 055 338+ 055 345+ 072 38 +£0.152
Streptomycin 334 £ 040 32 £020 343 £ 055 352+ 026 36.2 + 0.10 36 £ 1.00 352 £ 0251
Artemisia maritima Aqueous - - - - - - -
n-Hexane - - - - - - -
Ethanol 122 £ 025 124 + 037 15.1 £ 0.36 12.8 £ 0.25 13.70 £ 041 143 = 030 15.6 = 040
Tetracyclin 36.2 + 1.00 336+ 0.85 327 £0.90 374 £ 055 338+ 055 345+ 072 38 +0.15
Streptomycin -~ 334 + 040 32+020 343+ 055 352+ 026 36.2 + 0.10 36 + 1.00 352+ 025
Neolitsea chinensis Aqueous - - - - - - -
n-Hexane - - - 19.36 £ 0.25 17.7 £ 0.26 - 14.86 + 0.11
Ethanol 20.1 £0.25 - 186 + 0.23 200 £ 0.25 195 £ 0.20 193 £ 0.05 187 £0.15
Tetracyclin 36.2 £ 1.00 33.6 £ 085 32.7 £ 090 374 £ 055 33.8 £0.55 345+ 072 38 £0.15
Streptomycin 334 £ 040 32 +£020 343 £ 055 352+ 026 362 + 0.10 36 £+ 1.00 352+ 025
Azadirachta indica Aqueous - - - - - - -
n-Hexane - - - - - - -
Ethanol 22.5 £ 040 - 17.5 £ 030 238 £ 0.20 239 £ 0.05 196 + 0.15 218 £ 0.11
Tetracyclin 36.2 + 1.00 336+ 085 327 £0.90 374 £ 055 338+ 055 345+ 072 38+0.15
Streptomycin 334 £ 040 32 £020 343 £ 055 352+ 026 36.2 + 0.10 36 = 1.00 352 £ 025
Cedrela toona Aqueous - - - - - - -
n-Hexane - - - - - - -
Ethanol 154 + 0.11 - 134 £ 025 14.5 £ 0.25 - - 152 £ 036
Tetracyclin 36.2 + 1.00 336 £ 085 327 £0.90 374 £ 055 338+ 055 345+ 072 38 +0.15
Streptomycin -~ 334 + 040 32+020 343 £ 055 352+ 026 36.2 + 0.10 36 + 1.00 352+ 025
Melia azedarach Aqueous - - 13.7 £ 040 - - - -
n-Hexane - - - - - - -
Ethanol - - - - - - -
Tetracyclin 36.2 £ 1.00 33.6 £ 085 32.7 £ 090 374 £ 055 33.8 £0.55 345+ 072 38 £0.15
Streptomycin 334 £ 040 32 +£020 343 £ 055 352+ 026 362 + 0.10 36 £+ 1.00 352 £ 025
Eucalyptus globulus Aqueous 241 +0.15 284 + 030 238+ 0.15 20.0 + 0.20 188 £ 0.17 215+ 025 275+ 0.15
n-Hexane 142 £ 032 145 = 061 12.7 £ 025 14.7 £ 0.30 132 £ 035 15.7 £ 0.25 152 £ 0.15
Ethanol 2936 + 0.15 2873 + 030 2696 + 0.15 1936 £ 040 23.6 £ 036 2586 + 0.11 27.16 £ 0.20
Tetracyclin 36.2 + 1.00 336+ 0.85 327 £ 090 374 £ 055 338+ 055 345+ 072 38+0.15
Streptomycin 334 £ 040 32 £020 343 £ 055 352+ 026 36.2 + 0.10 36 = 1.00 352 £ 025
Punica granatum Aqueous 144 + 032 19.8 £ 0.15 18.7 £ 0.25 138 £ 0.11 155 £ 0.25 126 + 0.20 158 £ 0.15
n-Hexane - - - - - - -
Ethanol 225 £0.25 232+ 020 238 £ 0.11 215+ 037 238 £0.15 226 £ 036 23.6+0.20
Tetracyclin 36.2 + 1.00 336 £ 085 327 £0.90 374 £ 055 338+ 055 345+ 072 38 +0.15
Streptomycin -~ 334 + 040 32+020 343 £ 055 352+ 026 36.2 + 0.10 36 + 1.00 352+ 025
Nigella sativa Aqueous - - - - - - -
n-Hexane - - - - - - -

Ethanol 175 £ 030 16.0 £ 0.05 189 = 0.15 175 +£0.25 19.7 £ 0.15 158 £ 0.1 -
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Table 2 Antimicrobial activities (in terms of inhibition zone in mm) where bacterial growth was inhibited by plant extracts

(Continued)
Tetracyclin 362 £ 1.00 336 + 085
Streptomycin 334 + 040 32+£0.20
Bergenia ciliata Aqueous 154 £ 0.26 195+ 0.15
n-Hexane - -
Ethanol 22.830.15 186 = 0.15
Tetracyclin 36.2 £ 1.00 336 £ 085
Streptomycin 334 + 040 32+020

327 £090
343 £ 055
237 €015
240 +0.10
327 £090
343 £ 055

374 £055
352 +0.26
235+032
23.7 £025
374 £055
352+026

338 +055
362 +0.10
200+ 025
228 £0.15
338+ 055
362 +0.10

345+072
36 +1.00
286+ 0.15
294 + 047
345+072
36 + 1.00

38+0.15
352+ 025
238 +0.15
234 +0.26
38015
352+£025

+: mean standard deviation of three replicates; —: no zone of inhibition.

E. coli. Similarly E. coli and S. dysentriae were least sus-
ceptible to aqueous extract of P. granatum. Rest of the
tested plant extracts exhibited the activity between the
concentrations of 2—10 mg/ml (Table 3).

The results obtained in the present study revealed that
absolute ethanolic extract of C. procera showed broad
spectrum activity against all the test microorganisms ex-
cept K. pneumoniae. S. dysentriae was the most suscep-
tible microorganism to ethanolic extract with MIC value
of 6.0 mg/ml while the growth of other microorganisms
was inhibited at MIC value of about 8.0 mg/ml. The
antimicrobial activity found in the present investigation
is in agreement with the findings of [36] who deter-
mined the antimicrobial activity of leaves and latex of
C. procera against a wide range of microorganisms. The
aqueous and ethanolic extract of latex of C. procera was
also found to be effective against B. subtilis, S. aureus,
E. coli, and K pneumoniae. It was found that the

chloroform, ethyl acetate, n-hexane, methanol and aque-
ous extracts of another species of Calotropis ie., C.
gigantia (L.) R. Br. inhibited the growth of different
strains of carcinogenic bacteria [37]. It was found that
ethanolic extract of aerial parts of A. maritima exhibited
moderate and broad spectrum activity against all the test
microorganisms used in the present study with MIC
value ranged from 6.0 mg/ml (S. cerevisiae) to more than
10.0 mg/ml for E. coli. However, both n-hexane and
aqueous extracts of A. maritima did not show any activ-
ity. This positive response of ethanolic extract of A. mar-
itima on different strains of Gram positive and Gram
negative strains of bacteria is in accordance with the re-
sults evaluated by [38]. However, it was found that 50%
ethanolic extract of aerial parts of A. maritima did not
exhibit any activity against S. aureus, B. subtilis, E. coli, and S.
typhi. This difference in activity might be due to the percent-
age of ethanolic extract used to measure the antimicrobial

Table 3 Minimum Inhibitory Concentration (MIC) values (mg/ml) of different plant extracts against tested

microorganisms
Plant species Extracts MIC (mg/ml) against different microorganism
B. subtilis K. pneumoniae S. aureus E. coli S. typhi S. dysentriae S. cerevisiae
Calotropis procera Ethanol 8 - 8 8 8 6 8
Artemisia maritima Ethanol 10 10 8 >10 8 8 6
Neolitsea chinensis n-Hexane - - 6 8 - - >10
Ethanol 4 - 6 4 6 6 6
Azadirachta indica Ethanol 2 - 6 2 2 6 4
Cedrela toona Ethanol 8 - >10 >10 - - 10
Melia azedarach Ethanol 4 - 8 2 2 6 4
Eucalyptus globulus Agueous 2 <2 2 4 4 2 <2
n-Hexane 8 10 >10 10 8 8 10
Ethanol <2 <2 <2 4 2 2 <2
Punica granatum Aqueous 10 6 8 >10 8 >10 10
Ethanol 4 2 4 2 <2 4 <2
Nigella sativa Ethanol 10 8 8 10 6 10 -
Bergenia ciliata Aqueous 8 4 2 <2 4 <2 2
Ethanol 2 6 <2 2 2 <2 4

Key-: — not tested; > more than; < less than.
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activity. The present results are also in agreement with
the findings of [5] who found that ethanolic extract
of leaves of A. nilagirica possesses promising activity
against the several clinical pathogens.

Present study reveals that ethanolic extract of the bark
of N. chinensis has exhibited good and broad spectrum
activity against various pathogenic organisms used in the
present study except K. pneumonia while n-hexane ex-
tract exhibited narrow spectrum activity against E. coli,
S. typhi (Gram negative) bacteria and S. cerevisiae (Table 2).
However, its aqueous extract did not show any activity
against any of the tested microorganism. B. subtilis and E.
coli were the most susceptible to ethanolic extract of N.
chinensis bark (MIC value 4.0 mg/ml). On the other hand
S. cerevisiae was the least susceptible (MIC value more
than 10.0 mg/ml) to n-hexan extract. Other finding sup-
porting the present results is of [39] who reported that
50% ethanolic extract of another species of the same genus
i.e, N. sebifera responded positively against B. subtilis, S.
aureus, E. coli, and S. typhi. The narrow spectrum activity
of n-hexane extract of N. chinensis against E. coli and S.
dysentriae (Gram negative) bacteria only (Table 2) might
be due to solubility of some active constituents in n-hexane
which eventually showed this activity.

The A. indica is widely used as an insecticidal by the
local residents of the visited areas. The ethanolic extract
of leaves inhibited the growth of all microorganisms
used in the present investigation. The most sensitive
microorganisms were B. subtilis, E. coli and S. typhi with
MIC value of 2.0 mg/ml and minimum activity was re-
corded against S. aureus and S. dysentriae (6.0 mg/ml).
On the other hand the aqueous and n-hexane extracts
were totally ineffective. C. toona is locally used as an
alternative of A. indica, but the ethanolic extract of C.
toona leaves is effective against only B. subtilis, S. aur-
eus, E. coli and S. cerevisiae while found ineffective
against all the other test microorganisms used in the
study (Table 2). Similarly, the aqueous and n-hexane ex-
tracts did not show any activity. The results indicated
that as for as antimicrobial activity is concerned, the
ethanolic extracts of A. indica leaves exhibited the stron-
gest antimicrobial activity as compared to C. toona
though both plants are used for the same purposes in
different localities. In case of M. azedarach the activity
was found only in aqueous extract against S. aureus
while the ethanolic and n-hexane extracts were totally
ineffective in the present investigation (Table 2). The
present study strengthens the findings of [16] who showed
that absolute ethanolic extracts of bark and leaves of A.
indica collectively had good activity against S. cerevicea
and B. subtilis. However, [40] could not find any such ac-
tivity who subjected the ethanolic extract of A. indica in
various concentrations i.e., 100%, 75%, 50%, 25% and 10%
against Bascillus spp and E. coli. The suppressed activity
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might be due to the negligible amount of active constitu-
ents at the time of collection as compared to present find-
ings. The chloroform extract of A. indica was also found
to be effective against S. aureus, Streptococcus pyogens, E.
coli and Pseudomonas aureginosa [41]. The methanol ex-
tract of A. indica was also reported to be effective against
Vibrio cholerae which is a causative agent of cholera [42].

The leaves of E. globulus are used as expectorant,
stimulant, antiseptic, carminative, whereas the volatile
oil is said to be antimalarial and disinfectant. The aque-
ous and ethanolic extracts of E. globulus leaves exhibited
the strongest and the broad spectrum activity against all
the test microorganisms where the MIC values are even
less than 2.0 mg/ml against different tested pathogens
(Table 3). Present study revealed that n-hexane extract
of E. globulus also has mild antimicrobial activity against
all the test microorganisms. These results supported the
findings of [43] who tested the antibacterial activity of E.
maidenni against K. pneumoniae. This broad spectrum
activity in the present study is also in accordance with
the results of [44] who analysed the essential oil com-
position of 12 species of Eucalyptus and tested against E.
coli, S. aureus and S. cerevisiae. It was found that essen-
tial oil obtained from E. globules and E. camaldulensis is
effective against E. coli and S. aureus [45].

The present study revealed that the aqueous and etha-
nolic extracts of P. granatum rind have a good deal of
antimicrobial activity. Both the extracts exhibited broad
spectrum activity, although ethanolic extract has stronger
effect than aqueous fraction (Table 3), while n-hexane ex-
tract did not inhibit the growth of any organism (Table 2).
This study supported the findings of [46] who found that
petroleum ether extract of P. granatum had exhibited sig-
nificant antibacterial activity against S. dysentreae and E.
coli. It was recorded [47] that boiling water extract of P.
granatum exhibited marked activity against S. typhi. The
various results supporting these finding are of [48,49]. The
work of [50] also supporting these findings. The metha-
nolic extract of fruit peels of P. granatum was also ef-
fective against Listeria monocytogenes, S. aureus, E. coli
and Yersinia enterocolitica [51].

The present study revealed that ethanolic extract of N.
sativa seeds was effective against all tested microorgan-
isms except S. cerevisiae, the yeast. On the other hand,
n-hexane extract of N. sativa seeds was ineffective against
all the tested microorganisms in the present study. The
work of [52] showed the same behaviour of 90% ethanolic
extract of N. sativa seeds against S. typhi, S. dysentriae,
Vibrio cholera and S. aureus. Diethyl ether extract of N.
sativa seeds was found to be effective against S. aureus, E.
coli and Pseudomonas aeruginosa [53]. The ethanolic ex-
tract was also found to be effective against Proteus vulgaris
and Pseudomonas aeruginosa [16]. The aqueous and etha-
nolic extracts of B. ciliata rhizome exhibited marked and



Khan et al. BMC Complementary and Alternative Medicine 2014, 14:122
http://www.biomedcentral.com/1472-6882/14/122

Page 8 of 10

Actlvity of total plant extraects (%)
38
<

Figure 1 Antimicrobial activity of total plant extracts.

S
20 1
10 ‘/
% .
0 No activity Activity Broad spectrum ‘Narrow spectrum
Activity pattern

broad spectrum antimicrobial activity against all the test
microorganisms used in the present study (Table 2). The
highest activity was recorded in the aqueous extract
against E. coli and S. dysentriae. Similar trend was found
in the ethanolic extract against S. aureus and S. dysentriae
(Table 3). The present findings are in agreement with
the results of [54] who found that various extracts of
roots and leaves of B. ciliata had promising activity
against B. subtilis, Bacilliusm egaterium and Pseudomonas
aeruginosa.

In the present study it was found that the absolute
ethanolic extract of A. maritima, ethanolic extract of
leaves A. indica, aqueous and ethanolic extracts of E.
globules and B. ciliata rhizome, and ethanolic extracts of

P. granatum rind inhibited the growth of all microorgan-
isms used in the present investigation (Table 2). Further-
more, the inhibition zone (value) showed by the positive
control was significantly smaller compared to those dis-
played by aqueous and ethanolic extracts of E. globulus,
ethanolic extracts of P. gramatum rind, aqueous and
ethanolic extracts B. ciliata against tested microorgan-
isms. Similar trend was recorded for MIC values of these
extract (Table 3). This suggests that the bacterial species
are more susceptible to these extracts compared with
the other extracts from different plant parts investigated
in the present study. The variations of the present
results with the previous findings are not unexpected as
phyto-constituents are known to vary with ecological

-
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Figure 2 Efficiency of three different solvents used for the extraction of different plant parts to study antimicrobial activity.
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factors [55] seasonal variation [56], the type of the solv-
ent, and presence of different chemicals [41] which may
or may not be effective against the test microorganisms.
The antimicrobial components also change with the age
of the plants [57]. Sometimes the compositions of the
chemicals change with the orientation of the plant parts.
The environmental factors like excessive rain fall or
drought enhance the quality of active compounds or
diminish it [58].

It has been evaluated that sixteen plant extracts out of
a total of thirty (53%) of different plant parts did not
exhibit antimicrobial activity against one or more test
microorganism used in the study (Table 2). Out of thirty
plants extracts ten plant extracts (40%) i.e., the ethanolic
extracts of C. procera, A. maritima, N. chinensis, A.
indica, C. toona, and that of N. sativa inhibited the
growth of both Gram positive and Gram negative strains
of bacteria i.e., showed broad spectrum activity. Simi-
larly, the aqueous and ethanolic extracts of E. globulus,
P. granatum and B. ciliata also exhibited the stronger
and broad spectrum activity. Two plants extract (6.5%)
i.e., n-hexane fractions of N. chinensis and aqueous ex-
tract of M. azedarach leaves were found to have narrow
spectrum activity. Figure 1 indicates the pattern of anti-
microbial activity form different plant extracts against
various microorganisms used in the study. In general,
ethanolic extract exhibited the highest degree of anti-
microbial activity as compared to aqueous and n-hexane
extract fractions (Figure 2). This suggests that ethanol is the
better solvent to extract active constituents from the plant
material than the other solvents used. The Streptomycin
and Tetracycline were used as the reference antibiotics in
this study. Both have exhibited the antimicrobial activity
against all the test microorganisms used in the present
investigation. It was found that Tetracycline showed
slightly stronger activity against the test microorganisms
than Streptomycin. On the other hand all the three sol-
vents remained ineffective in their contact form as they
were used as control in each experiment. An interesting
finding in the present study is that as for as solvent is
concerned the ethanolic extract exhibited the maximum
activity as compared to aqueous and n-hexane fractions.

The present study shows that plants possess anti-
microbial activity which in the extracted form can be
utilized successfully to treat infectious diseases and pro-
tect the host from microbial infections. In this regards
the plants used in the traditional system of medicine,
offer a great reservoir for the discovery of not only anti-
microbial drugs but some other drugs as well. Many bio-
logical and pharmaceutical groups have already begun to
perform the laboratory work in a meaningful way on herbal
remedies like the development of analytical methodology
from common herbal remedies [59,60] and the toxico-
logical evaluation of phytomedicine compounds [61,62].
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Conclusion

The results obtained in the present investigation have
very promising antimicrobial activities and they can be
used in the treatment of infectious diseases. The results
obtained in the present study justify the use of these me-
dicinal plants to cure various infectious diseases in the
rural areas of Pakistan. Furthermore, it is desirable to
make in depth studies of these plants for the isolation
and characterization of antimicrobial compounds to ad-
judicate the veracity of the claim.

Competing interests
The authors declare that there are no conflicts of interest.

Authors’ contributions

NK has carried out the main experimental work, AMA, AN, GD and GMS have
participated in sampling and ethnobotanical data collection, while MMS and
MHS critically evaluated the manuscript. All authors read and approved the
final manuscript.

Acknowledgements

The authors would like to thank the microbiology section, Drugs Control and
Traditional Medicine Division for providing facilities to conduct the
respective studies.

Author details

'Department of Environmental Sciences, COMSTAS Institute of Information
Technology, 22060 Abbottabad, Pakistan. “Department of Botany, University
of Peshawar, 25120 Peshawar, Pakistan. *Department of Botany, Hazara
University Mansehra, 21300, KPK, Mansehra, Pakistan. 4Depar‘[ment of
Chemistry, Quaid-i-Azam University Islamabad, 45320 Islamabad, Pakistan.

Received: 6 December 2013 Accepted: 31 March 2014
Published: 4 April 2014

References

1. Mathabe MC, Nikolova RV, Lall N, Nyazema NZ: Antibacterial activities of
medicinal plants used for the treatment of diarrhoea in Limpopo
Province. S Afri J Ethnopharmocol 2006, 105:286-293.

2. Abbasi AM, Khan MA, Ahmad M, Jahan S, Sultana S: Ethnopharmacological
application of medicinal plants to cure skin diseases and in folk
cosmetics among the tribal communities of North-West Frontier
Province, Pakistan. J Ethnopharmocol 2010, 128:322-335.

3. lzzo AA, Emst E: Interaction between herbal medicines and prescribed
drugs. Drugs 2009, 69:1777-1798.

4. Cragg GM, Newman DJ, Snader KM: Natural Products in Drug Discovery
and Development. J Nat Prod 1997, 60:52-60.

5. Ahameethunisa AR, Hopper W: Antibacterial activity of Artemisia nilagirica
leaf extracts against clinical and phytopathogenic bacteria. BMC Compl
Alter Med 2010, 10:6.

6. Panghal M, Arya V, Yadav S, Kumar S, Yadav JP: Indigenous knowledge of
medicinal plants used by Saperas community of Khetawas, Jhajjar
District, Haryana, India. J Ethnobiol Ethnomed 2010, 6:4.

7. Voravuthikunchai SP, Phongpaichit S, Subhadhirasakul S: Evaluation of
antibacterial activities of medicinal plants widely used among AIDS
patients in Thailand. Pharma Biol 2005, 43:701-706.

8. Bibi Y, Nisa S, Chaudhary FM, Zia M: Antibacterial activity of some selected
medicinal plants of Pakistan. BMC Comp Alter Med 2011, 11:52.

9. Rojas JJ, Ochoa VJ, Ocampo SA, Munoz JF: Screening for antimicrobial
activity of ten medicinal plants used in Colombian folkloric medicine:

A possible alternative in the treatment of non-nosocomial infections.
BMC Comp Altern Med 2006, 6:1-6.

10.  Arndt W, Mitnik C, Denzler KL, White S, Waters R, Jacobs BL, Rochon Y,
Olson VA, Damon IK, Langland JO: In vitro characterization of a
nineteenth-century therapy for smallpox. PloS ONE 2012, 7:¢32610.

11. Gupta R, Thakur B, Singh P, Singh HB, Sharma VD, Katoch VM, Chauhan SV:
Anti-tuberculosis activity of selected medicinal plants against multi-drug



Khan et al. BMC Complementary and Alternative Medicine 2014, 14:122
http://www.biomedcentral.com/1472-6882/14/122

20.

21.

22.

23.

24.

25.
26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

resistant Mycobacterium tuberculosis isolates. Indian J Med Res 2010,
131:809-813.

Evans CE, Banso A, Samuel OA: Efficacy of some nupe medicinal plants
against Salmonella typhi: an in vitro study. J Ethnophormocol 2002, 80:21-24.
Bidault P, Chandad F, Grenier D: Risk of bacterial resistance associated
with systemic antibiotic therapy in periodontology. J Canadian Dent Asso
2007, 73:721-725.

Hancock EW: Mechanisms of action of newer antibiotics for Gram-positive
pathogens. Lancet Infect Dis 2005, 5:2209-218.

Frey FM, Meyers R: Antibacterial activity of traditional medicinal plants
used by Haudenosaunee peoples of New York State. BMC Comp Alter
Med 2010, 6:10-64.

Ahmad |, Mehmood Z, Mohammad F: Screening of some Indian medicinal
plants for their antimicrobial properties. J Ethnopharmacol 1998, 62:183-193.
Walsh C: Where will new antibiotics come from? Nat Reviews Micro 2003,
1:65-70.

Koehn FE, Carter GT: The evolving role of natural products in drug
discovery. Nat Rev Drug Discov 2005, 4:206-220.

Rafii F, Sutherland JB, Cerniglia CE: Effect of treatment with antimicrobial
agents on the human colonic microflora. Ther Clin Risk Manag 2008,
4:1343-1358.

Rashid M-U, Weintraub A, Nord CE: Effect of new antimicrobial agenst on
the eclological balance of human microflora. Anaerob 2012, 18:249-253.
Krintiansson E, Fick J, Janzon A, Grabic R, Rutgersson C, Weijdegard B,
Soderstrom H, Larsson DGJ: Pyrosequencing of antibiotic-contaminated
river sediments reveals high levels of resistance and gene transfer
elements. PLoS One 2011, 6:217038.

Abbasi AM, Khan MA, Ahmad M, Zafar M: Medicinal plant biodiversity of
lesser Himalayas-Pakistan. In New York: Springer.

Perez C, Paul M, Bazerque P: Antibiotic assay by agar-well diffusion
method. Acta Bio et Med Exp 1999, 15:13-115.

Sahin F, Karaman |, Gillice E, Oglitcti H, Sengill M, Adigtizel A, Oztirk S,
Kotan R: Evaluation of antimicrobial activities of Satureja hortensis L.

J Ethnopharmacol 2003, 87:61-65.

Dastur JF: Medicinal plants of India and Pakistan. Bombay: DB Taraporevala; 1985.
Qureshi RA, Sultana KN, Ashraf M, Khan AG: Ethnobotanical studies of
medicinal plants of Gilgit district and surrounding areas. £thnobot Res
Appl 2006, 5:115-122.

Hayat MQ, Khan MA, Ashraf M, Jabeen S: Ethnobotany of the genus
Artemisia L. (Asteraceae) in Pakistan. Ethnobot Res Appl 2009, 7:147-162.
Adnan SM, Khan AA, Latif A, Shinwari ZK: Threats to the sustainability of
Ethno-Medicinal uses in Northern Pakistan (a case study of Miandam
Valley, district Swat, NWFP Province, Pakistan). Lyonia 2006, 11:91-100.
Gul F, Shinwari ZK, Afzal |: Screening of indigenous knowledge of herbal
remedies for skin diseases among local communities of North West
Punjab, Pakistan. Pak J Bot 2012, 44:1609-1616.

Akhter N, Rashid A, Murad W, Bergmeier E: Diversity and use of ethno-
medicinal plants in the region of Swat, North Pakistan. J Ethnobiol
Ethnomed 2013, 9:25.

Shah GM, Khan MA: Check list of medicinal plants of Siran Valley
Mansehra-Pakistan. Ethnobot Leaflets 2006, 10:63-71.

Abbasi AM, Khan MA, Khan N, Shah MH: Ethnobotanical survey of
medicinally important wild edible fruits species used by tribal
communities of Lesser Himalayas-Pakistan. J Ethnopharmacol 2013,
148:528-536.

Qureshi RA, Ghufran MA, Gilani SA, Yousaf Z, Abbas G, Batool A: Indigenous
medicinal plants used by local women in southern himalayan regions of
Pakistan. Pak J Bot 2009, 41:19-25.

Khan SM, Page S, Ahmad H, Shaheen H, Ullah Z, Ahmad M, Harper DM:
Medicinal flora and ethnoecological knowledge in the Naran Valley,
Western Himalaya, Pakistan. J Ethnobiol Ethnomed 2013, 9:4.

Le G, Wondergem APA, Verpoorte R, Pousset JL: Anti-infectious
phytotherapies of the tree-savannah of senegal (West-Africa) Il.
Antimicrobial activity of 33 species. J Ethnopharmocol 1989, 28:25-31.
Kareem SO, Akpan |, Ojo OP: Antimicrobial activities of Calotropis procera
on selected pathogenic microorganisms. Afr J Biomed Res 2008, 11:105-110.
Ishnava KB, Chauhan JB, Garg AA, Thakkar AM: Antibacterial and
phytochemical studies on Calotropis gigantia (L.) R. Br. latex against
selected cariogenic bacteria. Saudi J Bio Sci 2012, 9:187-191.

Mehrotra S, Rawat AKS, Shome U: Antimicrobial activity of the essential
oils of some Indian Artemisia species. Fitoterapia 1993, 64:65-68.

39.

40.

42.

43.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

62.

Page 10 of 10

Naqvi SBS, Sheikh D, Sheikh R: Screening of plants for antibacterial
activity. Pak J Sci Ind Res 1985, 28:269-275.

Parasad G, Pandey S, Gupta KK: Antibacterial activity of certain indigenous
and drug plants against certain bacterial species. Hamdard Medicus 1999,
42:53-57.

Thaker AM, Anjaria JV: Antimicrobial and infected wound healing
response of some traditional drugs. Indian J Pharmacol 1986, 18:171-174.
Thakurta P, Bhowmik P, Mukerjee S, Hajra TK, Patra A, Bag PK: Antibacterial,
antisecretory and antihemorrhagic activity of Azadirachta indica used to
treat cholera and diarrhea in India. J Ethnopharmocol 2007, 111:607-612.
Gundidza MS, Mavi C: A skin irritant principle from Euphorbia confinals
Var. J Planta Medica 1993, 59:704-708.

Chaudhry NMA, Tarig P: Anti-microbial activity of Cinnamomum cassia
against diverse microbial flora with its nutritional and medicinal impacts.
Pak J Bot 2006, 38:169-174.

Ghalem BR, Mohamed B: Antibacterial activity of leaf essential oils of
Eucalyptus globulus and Eucalyptus camaldulensis. Afri J Pharm Pharmacol
2008, 2:211-215.

Miranda D, Pereira L, Sirsat SM, Antarkar DS, Vaidya AB: In vitro action of
Dadima (Punica granatum Linn.) against microorganisms involved in
human gastrointestinal infections isolation and identification of tannins.
J Res Ayurveda Siddha 1993, 14:154-164.

Pérez C, Anesini C: In vitro antibacterial activity of Argentinian folk
medicinal plants against Salmonella typhi. J Ethnopharmocol 1994, 9:41-46.
Ahmad |, Beg AZ: Antimicrobial and phytochemical studies on 45 Indian
medicinal plants against multi-drug resistant human pathogens.

J Ethnopharmacol 2001, 74:113-133.

Nimri LF, Megdam MM, Alkofahi A: Antibacterial activity of Jordanian
medicinal plants. Pharmaceu Bio 1999, 37:196-201.

Jain P, Bansal D, Bhasin PA: Antimicrobial activity and phytochemical
screening of five wild plants against Escherichia coli, Bacillus subtilis and
Staphylococcus aureus. J Pharm Res 2010, 3:1260-1262.

Al-Zoreky NS: Antimicrobial activity of pomegranate (Punica granatum L.)
fruit peels. Inter J Food Microb 2009, 134:244-248.

Rizvi HA, Yasmeen A, Badar Y: Screening of higher plants for antibacterial
activity. Pak J Sci Ind Res 1987, 25:147-152.

Hanafy MS, Hatem ME: Studies on the antimicrobial activity of Nigella
sativa seed (black cumin). J Ethnopharmacol 1991, 34:275-280.

Islam MU, Azhar |, Mazhar F, Usmanghani K, Ahmad A, Gill MA, Shahab UD:
Evaluation of antibacterial activity of Bergenia ciliata. Pak J Pharm Sci
2002, 15:21-27.

Dhar ML, Dhar MM, Dhawan BN, Mehrotra BN, Ray C: Screening of Indian
plants for biological activity: Part I. Indian J Exp Bio 1968, 6:232-247.
Rafique M, Chaudry FM: Seasonal variation in the composition of essential oil
of Eucalyptus camaldulensis from Pakistan. Pak J Sci Ind Res 1999, 42:282-285.
Mangla M, Kamal R: Steroidal sapogenins and glycoalkaloids from berries
of Solanum pseudocapsicum L. at different stages of growth. Indian J Exp
Bio 1989, 27:370-371.

Vlachos V, Critchley AT, Holy AV: Antimicrobial activity of extracts from
selected Southern African marine macro-algae. South Afri J Sci 1997,
93:328-332.

Assob JCN, Kamga HLF, Nsagha DS, Njunda AL, Nde PF, Asongalem EA,
Njouendou AJ, Sandjon B, Penlap VB: Antimicrobial and toxicological
activities of five medicinal plant species from Cameroon Traditional
Medicine. BMC Compl Alter Med 2011, 11:70.

Yuan X, Chapman RL, Wu Z: Analytical methods for heavy metals in
herbal medicines. Phytochemanaly 2011, 22:198-189.

Maruo VM, Bernardi MM, Spinosa HS: Toxicological evaluations of long-term
consumption of Solanum lycocarpum St. Hill fruits in male and female adult
rats. Phytomedicine 2003, 10:48-52.

Wintola OAA, Sunmonu TO, Afolayan AJ: Toxicological evaluation of
aqueous extract of Aloe ferox Mill.inloperamide-induced constipated rats.
Human Exp Toxicol 2011, 30:425-431.

doi:10.1186/1472-6882-14-122

Cite this article as: Khan et al: Ethnobotanical and antimicrobial study
of some selected medicinal plants used in Khyber Pakhtunkhwa (KPK)
as a potential source to cure infectious diseases. BMC Complementary
and Alternative Medicine 2014 14:122.




	Abstract
	Background
	Methods
	Results
	Conclusion

	Background
	Methods
	Ethnobotanical survey and collection of plant material and its processing
	Preparation of extracts
	Microbial strains tested
	Preparation of inocula
	Determination of antimicrobial activity

	Results and discussions
	Conclusion
	Competing interests
	Authors’ contributions
	Acknowledgements
	Author details
	References

