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Abstract: Medicinal plants have been used from ancient time against different infectious diseases caused by
microorganisms across the globe. The present review represents different medicinal plants of Pakistan used traditionally
for the treatment of variety of ailments caused by Pseudomonas aeruginosa, their in-vitro activities against P. aeruginosa
and phytochemistry. These plants were extracted with different solvents that showed good in-vitro activities against P.
aeruginosa, due to the presence of active phytoconstituents including alkaloids, terpenoids etc. Among all the solvents
used for extraction process, alcoholic extracts were mostly preferred in Pakistan. However, non-alcoholic solvents like
ethyl acetate and chloroform also showed good anti-P. aeruginosa activities. Statistically, increase in concentration
(mg/ml) of ethyl acetate and chloroform extracts significantly increase (p=0.000 and p= 0.046) inhibitory activity against
P. aeruginosa. This review provides scientific validation of the traditional knowledge in using medicinal plants for the
treatment of different diseases caused by this bacterium. Reported Pakistani medicinal plants contain variety of
phytochemical compounds that could be very useful in the production of new drugs with fewer side effects on living
system compared to some allopathic drugs. This review also provides baseline information for future research studies on
the phytochemistry of unexplored plants. Further research studies should be carried out on non-alcoholic extracts that
could be helpful in the extraction new compounds, which could lead to the development of some novel drugs in the

pharmaceutical industries of Pakistan.
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INTRODUCTION

Medicinal plants have been traditionally used for the
treatment of different ailments from the ancient times.
These medicinal plants become an important source of
medicines after various observations and
experimentations (Marwat et al., 2008). Different
methods like biological screening, isolation as well as
clinical trials for a variety of plants have been developed
in last decades, in order to reveal the secrets of ancient
herbal remedies (Bibi et al., 2011). Thus medicinal plants
are considered to be a source for drugs because of its
traditional practice, which facilitates the discovery of new
drugs (Budovsky and Fraifeld, 2012). Approximately,
61% of new drugs developed between 1981 and 2002 are
from natural products (Cragg and Newman, 2005).
Globally 422,000 flowering plants found and more than
50,000 are used for medicinal purposes while 33%
contribution in drug production worldwide (Kadir et al.,
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2015). According to World Health Organization more than
80% of individuals from developing countries rely on the
medicinal plants for their primary health care (Bashir et
al., 2012). In early 1950s, 84% of Pakistani population
was dependent on local medicines (Hocking, 1958) but
now such practices are limited to remote rural areas due to
modernization (Ibrar et al. 2007; Mahmood et al., 2011).

Drugs derived from medicinal plants have curative
potential and have a significant role in the treatment of
diseases caused by microorganisms (Kubmarawa et al.,
2007). Different bacteria are responsible for causing
serious infectious diseases in humans. These bacteria
include gram positive and gram negative like Bacillus
subtilis, Staphylococcus aureus, Salmonella typhi and
Pseudomonas aeruginosa etc. Pseudomonas aeruginosa
is gram-negative type of bacterium and can cause severe
nosocomial infections like pneumonia, urinary and
respiratory  infections because of its multiple
environmental habitats and ability to survive in harsh
conditions (Bibi et al., 2011; Levin et al., 1999). It is
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scientifically proved that the antibiotics are an important
weapon in fighting bacterial infections. However in last
few decades antibiotics showed less activity due to the
emergence of drug resistant bacteria (Mateen, 2011). The
emergence of drug resistant P. aeruginosa causing
infections in humans is a growing problem all over the
world. According to Sader et al. (1993), P. aeruginosa
showed resistivity to commercially available antibiotics
like penicillins, imipenem and monobactams. Due to the
challenge of growing incidences of drug-resistant
pathogens, medicinal plants containing active compounds
(phenolic compounds, resins, acidic compounds, tannin,
sterol, fats and lipids) have the ability to overcome such
resistivity with fewer side effects compared to antibiotics
(Kaufman et al., 1999; Ali et al., 2012). Furthermore, the
antibiotics are costly and are non affordable for the
individuals belonging to developing areas (Walsh and
Amyes, 2004). This might be the reason that people in
developing countries prefer traditional plant medicines for
ailments (Dubey et al., 2004).

Microbial resistance to antibiotics is a global health
related issue and hence, actions are required to overcome
this problem. The aim of this review is to compile the
available fragmented literature on Pakistani medicinal
plants used against P. aeruginosa and suggest measures
on newer and safer herbal drugs for the diseases caused
by this bacterium. This review will provide
ethnomedicinal knowledge and active phytochemical of
those Pakistani medicinal plants having antibacterial
potential. Thus, this review will enable the pharmacists to
carry forward the knowledge towards the identification of
effective antimicrobial drugs against gastrointestinal,
respiratory, skin and urinary diseases caused by P.
aeruginosa.

MATERIALS AND METHODS

Literature selection

Research papers on the antibacterial activity of medicinal
flora of Pakistan were searched on three online
bibliographic databases, Google Scholar, ISI Web of
Knowledge and Science Direct Navigator, as well as
libraries sources. A huge published and unpublished
literature was found, in which medicinal plants of
Pakistan were chemically extracted by different solvents
like methanol, ethanol, ethyl acetate, n-hexane and
chloroform for in-vitro screening. Approximately, 124
species were found, whose different parts were extracted
and used in-vitro against P. aeruginosa. We only focused
those plant species, whose extract concentrations were
mentioned quantitatively i.e. milligrams of the extracts
dissolved in milliliters of the respective solvents
(methanol, ethanol, ethyl acetate, n-hexane, chloroform
and aqueous) or in dimethyl sulfoxide (DMSO) solvent.
Thus, as a whole 36 medicinal plants were selected for the
present study. This review is not only limited to
antibacterial activity against P. aeruginosa, but it also

contains ethno botanical and phytochemical aspects of the
selected medicinal plants. The ethno botanical data was
selected from Pakistani literature while the phytochemical
data was mostly from foreign literature.

Data organization and statistical analysis

This review consists of two tables and three main figs.
table 1 was consisted data on ethnobatanical uses and
phytochemical constituents of the selected medicinal
plants of Pakistan. table 2 contains data on the
antibacterial activity of selected plant species against P.
aeruginosa in Pakistan. Data on the concentrations of
plant extracts and zone of inhibition of P. aeruginosa
were uniformed through conversion of other units into
mg/ml and mm, respectively. fig. 1 shows total number of
medicinal plants traditionally used against the P.
aeroginosa in Pakistan in comparison to the selected
species for review. This fig. justifies the selection criteria
of species for this review article. For instance, data in the
fig. reveals that methanolic extraction has been used for
the majority of medicinal plants against P. aeruginosa.
However, only those plant species were included in this
review, whose concentrations were mentioned (fig. 1). fig.
2 shows graphical representations of the data; where
inhibition zones of P. aeruginosa and extracts
concentrations were Bivariately correlated with Pearson
correlation coefficients for two tailed significances. fig. 3
presents structures of three most active phytoconstituents
isolated from the selected plant species. These structures
were drawn with the help of Chemdraw software.
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Fig. 1: Number of medicinal flora of Pakistan extracted
with different solvents.

Medicinal plants extraction

Extraction is the process of separating active metabolites
of medicinal plants by using solvents through standard
procedures. General techniques for medicinal plant
extractions in Pakistan include Maceration, Infusion,
Percolation, Decoction and Soxhlet. Of these, Soxhlet and
Maceration techniques are mostly used (Irshad et al.,
2011; Hussain et al., 2010). Soxhlet is the hot continuous
extraction technique while in Maceration, powdered plant
drug is mixed with the solvent in a container for a defined
period with frequent agitation until the soluble matter
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dissolved (Ncube et al., 2008). Most important solvents
used throughout the Pakistan for medicinal plant
extractions are discussed below.
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Fig. 2: Relationship between concentrations of plants
extracts dissolved in DMSO and their respective solvents
and inhibition zone of P. aeruginosa.

DISCUSSION

Methanolic and ethanolic extractions

Methanol and ethanol are organic compounds belonging
to alcoholic groups. These colorless simple liquids are
used all over the world for the extractions of medicinal
plants (Aliero and Afolayan, 2006). Likewise other
countries of the world, these solvents are also preferred in
Pakistan for medicinal plants extraction. Out of 124
medicinal plants, 75 were extracted with methanol and 40
with ethanol for in-vitro screening against P. aeruginosa
(fig. 1). Their increased preference is reflecting their
higher antibacterial activities might be due to presence of
active phytochemicals extracted by these solvents.
However, the antibacterial activity of methanolic and
ethanolic extracts on dissolving in the DMSO solvent, are
not that satisfactory. For instance the methanolic extract
of a medicinal plant at 10mg/ml in methanol showed
24.33mm inhibition against P. aeruginosa. On the other
side, similar concentration of another medicinal plant
showed only 2mm inhibition against the same bacterium
when dissolved in DMSO solvent (table 2). We also
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statistically proved that a significant decrease (R*=0.28;
p<0.001) occur in zone of inhibition against P. aeruginosa
by increasing the concentration of methanolic extract in
DMSO solvent. Furthermore, we statistically proved a
significant increase in the inhibition zone of the studied
bacterium by increasing the extract concentration (mg/ml)
of ethanol at R*=0.59; p=0.037 in their respective solvent

(fig. 2).

4]

Fig_3_1 Malvooe (Veshlnmova ot of 2006)

Fig_ 3.3: Olempein (Klan of of, 2011)

Fig. 3: Structure of chemical compounds isolated from
medicinal plants.

Chloroform and n-hexane extractions

Chloroform and n-hexane both being organic solvents are
used for the extraction of medicinal plants all over the
world (Mateen et al., 2011). Chloroform is a colorless and
sweet smelling compound also known as trihalomethane,
while n-hexane is carbon and hydrogen -containing
compound. Medicinal flora of Pakistan showed good
antibacterial activity against P. aeruginosa when extracted
with chloroform and n-hexane in both DMSO and in their
respective solvents (table 2). Out of 124 plants, only 37
and 38 Pakistani medicinal plants were extracted with
chloroform and n-hexane, respectively. fig. 2 contains
Pearson correlation between zone of inhibition of P.
aeruginosa and concentration of plants extracted with
chloroform and n-hexane. It is obvious from the graph
that increase in the concentration (mg/ml) of chloroform
and n-hexane, significantly increase the zone of inhibition
against P. aeruginosa at R*=0.34; p=0.046 and R* =0.48;
p=0.030, respectively (fig. 2).
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Ethylacetate and aqueous extractions

Ethyl acetateis a colorless sweet smelling organic
compound while water is a colorless tasteless universal
solvent. Like methanol, ethanol and chloroform, ethyl
acetate and aqueous solvents are also used for the
extractions of medicinal plants around the world. In
Pakistan, out of 124 medicinal plants, only 20 were
extracted with ethyl acetate and 27 with aqueous.
Furthermore, medicinal plants extracted with these
solvents showed good antibacterial activity against P.
aeruginosa. Statistically, significant increase (R*=0.97; p
=000) was observed in the inhibition of P. aeruginosa due
to increasing concentration of ethyl acetate. However, in
case of aqueous extraction this increase was not
significant (fig. 2).

Ethnobotany, antibacterial activity and phytochemistry
of medicinal flora Pakistan

Pakistan has a good climate and is blessed with diverse
flora. Since long, medicinal flora of Pakistan is
traditionally used for the treatment of different infections
caused by microorganisms (Haq et al, 2011).
Traditionally used medicinal plants have recently
fascinated the interest of the pharmaceutical and scientific
communities. This has triggered the isolation and
identification of secondary metabolites form plants and
their use as antibacterial agents against pathogens (Ali et
al., 2009; Haq et al., 2011). Literature showed that
traditionally used Pakistani medicinal plants contain
variety of phytoconstituents that showed excellent
antibacterial activity against P. aeruginosa (Bibi et al.,
2011).

Justicia adhatoda L. Acanthaceae

Justicia adhatoda is an evergreen shrub distributed in
Panama, Indonesia, Malaya, India and Pakistan.
Ethnobotanically, whole plant is used for the treatment of
different diseases caused by P. aeroginosa like
gastrointestinal, ear ailments, asthma, cough and
bronchitis (Adnan et al., 2014). Moreover, it is widely
used in the Ayurvedic and Unani system of medicine (Ali
and Qaiser, 2010). Mostly, roots are useful in bronchitis
and other chronic coughs while leaves are very effective
in the treatment of asthma (table 1). Walter et al. (2011)
studied the inhibitory effect of methanolic extract of some
Pakistan medicinal plants at different concentrations
dissolved in DMSO solvent and concluded that J.
adhatoda exhibited maximum inhibition zone (2.6mm)
against P. aeruginosa at 15mg/ml (table 2). Their good
antibacterial activity might be due to the presence of
active compounds from alkaloids (Corréa and Alcantara,
2011).

Malva sylvestris L. Malvaceae

M. sylvestris is usually a biennial herb distributed in West
Europe, North Africa and Asia (Ali and Qaiser, 2010).
Traditionally it is used for the treatment of skin disorders,
throat infections, chronic bronchitis, jaundice and urinary

Rogaia Bibi et al

disorders caused by P. aeruginosa. Whole plant is boiled
in water and the decoction is used for jaundice treatment
(Walter et al., 2011; Ahmad, 2007). Its roots, leaves and
flowers are preferred for various ethnomedicinal recipes.
Methanolic extracts of these parts when dissolved in
DMSO solvent inhibit the growth of P. aeruginosa (1.6
mm) at 15mg/ml in vitro (Walter et al., 2011). Similarly,
according to a study, the alcoholic extracts of M. sylvestris
were active against P. aeruginosa (Alkofahi et al., 1996).
Their activity against the bacterium might be due to the
presence of active phytoconstituents like terpanoids 8-
hydroxyflavonoid glucuronides and malvone A (2-methyl-
3-methoxy-5, 6-dihydroxy-1,4-naphthoquinone) (fig. 3.1).

Cannabis sativa L. Cannabinaceae

C. sativa is an annual herbaceous plant distributed in
Russia, China, India, Pakistan, and Iran (Ali and Qaiser,
2010). It is traditionally considered a valuable medicinal
plant. Mostly, its leaves and flowers are used for the
treatment of mnarcotics, intoxication, diuretic, throat
soreness, gastrointestinal aches and urinogenital diseases.
Its leaves are mixed with 50-60grams of sugar and one
glass of water is used to reduce general body
inflammation, intoxication and to improve the appetite of
an addictive person (Adnan et al., 2014). The ethanolic
extract of C. sativa leaves inhibits the growth of P.
aeruginosa (14mm) at 10mg/ml in their respective solvent
(Subhan et al., 2013). Similarly, a study revealed that the
growth of this bacterium can be inhibited by the alcoholic
extract of cannabis sativa, as it is resistant to drugs like
benzyl penicillin, ampicillin and cloxacillin (Ali et al.,
2012). Thus, excellent antibacterial activity of this plant
might be due to active compounds like anhydro
cannabisativine, cannabisativine, cannabinoids (fig. 3.2)

Delonix regia (Hook.) Raf. Leguminosae

D. regia is large deciduous tree. It is traditionally a good
medicinal plant used against the diseases caused by P.
aeruginosa. Its stem, root, bark and leaves are used for
the abdominal pains, bronchitis and pneumonia. In case of
abdominal pains, the root decoctions are preferred and
leaf extracts are used as anti-inflammatory (Jahan et al.,
2010). According to Khursheed et al. (2012), the
ethanolic extract of D. regia at 100mg/ml in their
respective solvent showed good inhibitory activity (15
mm) against the P. aeruginosa (table 2). Various
secondary metabolites of this plant might be responsible
for this activity. A study also concluded that different
extracts of D. regia showed good activity against P.
aeruginosa (ATCC 27853). Moreover, the study linked
the antibacterial activity with the phytoconstituents of the
plant like lupeol, epilupeol, B-sitosterol, stigmasterol,
aromatic compound p-methoxybenzaldehyde (Jahan et
al., 2010).

Olea europaea L. Oleaceae
Traditionally, leaves and fruits of Olea europaea are
beneficial in the treatments of diuretic, urinary, bronchial,
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asthma and diarrhea. For this purpose, decoctions of the
dried fruit and leaf are taken orally in order to treat
diarrhea, respiratory and urinary tract infections (Khan et
al., 2007). The ethanolic extract of leaves (10mg/ml) also
showed good activity (13mm) against P. aeruginosa in-
vitro when dissolved in its respective solvent i.e. ethanol
(table 2). A study confirmed that different extracts of O.
europaea inhibit the growth of P. aeruginosa (Pereira et
al., 2007). The O. europaea contain some active
phytoconstituents like Oleuropein (fig.3) Hydroxy tyrosol
and Leteoline-7-glucoside (Khan et al., 2007), which
might be responsible for excellent anti-P. aeruginosa
activities.

Withania somnifera L. Dunal Solanaceae

W. somnifera is an annual herb, which is widely used for
different ailments traditionally. As an example, decoction
of 2-3 fruits mixed in water is used as carminative, relief
painful swellings and ulcer. The fruits are also applied to
wounds, used in asthma and biliousness. The seeds are
used for the treatment of diuretic (Adnan et al., 2014;
Hussain et al., 2010). Its crude extract at 10mg/ml
concentration showed 16mm inhibition (table 2).
Literature review showed that it contains some steroidal
lactone such as Withaferin and Withanolides, which may
be responsible for its biological activities (table 1).

Viscum album L. Santalaceae

Leaves of V. album are used traditionally as purgative and
treating diabetes, hernia and inflammatory diseases in
Pakistan (Hussain et al., 2011). Different extracts show
different inhibition zone at same concentration but
methanol presents more inhibition (Hussain et al., 2011).
Different flavones compounds have been isolated from
this plant (Biswas et al., 2011).

Solanum xanthocarpum Burm. Solanaceae

Roots of S. xanthocarpum are used traditionally in snake
bite, scorpion bite and respiratory diseases. Root paste is
applied on gums and sore throat. Extract of different
aerial parts show good inhibition against P. aeruginosa
with increasing concentrations (Ghani et al., 2010).
Phytoconstituents like steroidal glycosides, alkaloids,
sterols, saponin, flavonoids and glycosides are the
reported active phytochemicals present in different parts
of this plant (Singh et al., 2010).

Cichorium intybus L Asteraceae

Ethno medicinally, the whole plant is used against
diarrhea. A decoction from the seeds is used in obstructed
menstruation and for checking bilious vomiting (Hussain
et al., 2008; Malik et al., 2011). Methanol and aqueous
extract of the plant have strong zone of inhibition and
contain different phytochemicals which may be
responsible for its different biological activities (tables 1,
2).

Other plants

Other plants also show good inhibitory activities against
P. aeruginosa. Awan et al. (2013) reported that different
extract of Viburnum vervosum shows different inhibitions
at same concentration although it is not reported for its
traditional uses in medicine. Ethanol and methanol extract
of Viburnum foetens have 22.4 mm and 24.33 mm zone of
inhibition against P. aeruginosa at 10mg/ml. Similarly,
methanol extract of Paeonia emodi have 14 mm zone of
inhibition at 5 mg/ml and have scientific validation for its
traditional uses (Ullah et al., 2011). Fresh leaf extract of
Rydingia limbata is taken orally twice a day for 3-4 days
for mouth gums and throat ache, antidepressant and
opthalmia diseases. Its ethanolic and methanolic extracts
have 6 mm inhibition at 8 mg/ml (Anwar et al., 2009)
while Subhan et al., 2013 reported 13 mm inhibition zone
of ethanolic extract at 10 mg/ml. Limbatolide A, B and C,
oleanic acid and b-sitosterol are isolated compounds from
R. limbata, which may be responsible for its biological
activities. Methanol extract of Onosma bracteata show
good inhibition with increasing concentration and give
scientific proof for its traditional uses (Walter et al.,
2011). Decoctions of the Olea europaea dried fruit and
dried leaf are taken orally for diarrhea and to treat
respiratory and urinary tract infections. Its extract shows
14 mm inhibition at 10 mg/ml against P. aeruginosa
(Subhan et al., 2013). Morus nigra is used traditionally to
treat sore throat, cough, stomach problem and act as blood
purifier (Imtiaz et al., 2013). Different extract have good
inhibition at low concentration (Magsood, 2012).

CONCLUSION

It is concluded from the above discussion that local
people of Pakistan mostly belong to remote areas are
traditionally using large number of medicinal plants for
different types of diseases caused by P. aeruginosa. These
medicinal plants have been proved for their strong
antibacterial activities in-vitro. Different types of
chemical compounds like alkaloids, flavonoids and
terpenoids have been extracted from these medicinal
plants that are responsible for their anti-P. aeruginosa
potential. In Pakistan, different solvent like methanolic,
ethanolic, aqueous and chloroform are used for the
extraction of medicinal plants for biological screening.
Most researchers preferred methanolic and ethanolic
extracts, however the present review shown that non-
alcoholic extraction like chloroform, n-hexane and ethyl
acetate have also shown good inhibition against P.
aeruginosa. These non-alcoholic extracts should be
explored in future studies for extraction of medicinal
plants couple with phytochemistry of still unexplored
medicinal flora. This could be helpful in the isolation of
new compounds and would lead to the development and
introduction of some new novel drugs for pharmaceutical
industries with fewer side effects on the living system as
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compared to the present allopathic drugs. Toxicological
studies are also recommended in order to check the toxic
effects of these plants.

ACKNOWLEDGMENT

The authors would like to extend their sincere
appreciation to the Deanship of Scientific Research at
king Saud University for its funding this Research group
No.RG-1435-014.

REFERENCES

Abbasi AM, Khan MA, Ahmed M and Zafar M (2010).
Herbal medicines used to cure various ailments by the
inhabitants of Abbottabad district, North West Frontier
Province, Pakistan. Ind. J. Trad. Know., 9(1): 175-183.

Adnan M, Ahmad A, Ahmed A, Khalid N, Hayat I and
Ahmed T (2013). Chemical composition and sensory
evaluation of tea (Camellia sinensis) commercialized
in Pakistan. Pak. J. Bot., 45(3): 901-907.

Adnan M, Ullah I, Tariq A, Murad W, Azizullah A, Khan
AL and Ali N (2014). Ethno medicine use in the war
affected region of northwest, Pakistan. J. Ethnobiol.
Ethnomed., 10: 16.

Afzal S, Afzal N, Awan MR, Khan TS, Gilani A, Khanum
R and Tarig S (2009). Ethno-botanical studies from
Northern Pakistan. J. Ayub. Med. Coll. Abbottabad.,
21(1): 52-57.

Ahmad A (2010). Antimicrobial, antioxidative and
photochemical evaluation of Cichorium intybus and
related species. A thesis submitted for fulfillment of
degree of Masters of Philosophy in Chemistry, KUST,
Kohat, p. 89.

Ahmad AA (1993). Sesquiterpene glycosides from
Calendula arvenses. J. Nat. Prod., 56:1821-1829.

Ahmad B, Ali N, Bashir S, Choudhary MI, Azam S and
Khan I (2009). Parasiticidal, antifungal and
antibacterial activities of Onsoma griffithi. Afri. J. Bot.,
8(19): 5084-5087.

Ahmad M, Khan MA, Manzoor S, Zafar M and Sultana S
(2006). Check List of Medicinal Flora of Tehsil
Isakhel, District Mianwali-Pakistan. Ethnobot. Leaflet,
10: 41-48.

Ahmad S (2007). Medicinal wild plants from Lahore-
Islamabad Motorway (M-2). Pak. J. Bot., 39(2): 355-
375.

Ahmad VU, Khan A, Farooq U, Kousar F, Khan SS,
Nawaz SA, Abassi MA and Choudhary MI (2005).
Three new choline sterase-inhibiting cis-clerodane
Diterpenoids from Otostegia limbata. Chem. Pharm.
Bull., 53(4): 378-381.

Ali B, Mujeeb M, Aeri V, Mir SR, Faiyazuddin M and
Shakeel F (2012). Anti-inflammatory and antioxidant
activity of Ficus carica Linn. leaves. Nat. Prod. Res.,
26(5): 460-465.

Rogaia Bibi et al

Ali EMM, Almagboul AZI, Khogali SME and Gergeir
UMA (2012). Antimicrobial activity of Cannabis sativa
L. Chinese Med., 3: 61-64.

Ali H, Nisar M, Shan J and Ahmad S (2011).
Ethnobotanical study of some elite plants belonging to
Dir, Kohistan Vallery, Khyber Pakhtunkhwa, Pakistan.
Pak. J. Bot., 43(2): 787-795.

Ali SI, Qaiser M, “Flora of Pakistan,” 2010, No 1-215
(1972-2010), Pakistan,
http://www.efloras.org/florapage.aspx?flora id=5

Aliero and Afolayan AJ (2006). Antimicrobial activity of
Solanum tomentosum. Afri. J. Biotechnol., 5(4): 369-
372.

Alkofahi A, Batshoun R, Owais W and Najib N (1996).
Biological activity of some jordanian medicinal plant
extracts. Fitoter., 67: 435-442.

Anwar F, Ali M, Hussain AI and Shahid M (2009).
Antioxidant and antimicrobial activities of essential oil
and extracts of fennel (Foeniculum vulgare Mill.) seeds
from Pakistan Antioxidant and antimicrobial activities
of essential oil and extracts of fennel. Flav. Frag. J.,
24:170-176.

Arora D, Anita R and Sharma A (2013). A review on
phytochemistry and ethno pharmacological aspects of
genus Calendula. Pharmacog. Rev., 7(14): 179-187.

Arya V and Gupta VK (2011). Chemistry and
pharmacology of plant cardioprotectives. A review.
Inter. J. Pharm. Sci. Res., 2(5): 1156-1167.

Awan ZI, Rehman H, Ahmad MN, Yasin KA, Minhas FA
and Zubair M (2013). Antibacterial screening of leaves
of wild Viburnum nervosum and Viburnum foetens of
Azad Kashmir. Inter. J. Pharma. Sci. Inven., 2: 22-26.

Babadjamiay RC, Faure R, Boukef K, Balansard GE and
Vidal E (1987). Arvensoside A and B, Triterpenoid
Saponins from Calendula arvensis. Phytochem., 26(6):
1785-1788.

Bashir S, Erum A, Kausar R, Saleem U, Tulain UR and
Alamgeer (2012). Antimicrobial activity of some
ethno-medicinal plants used in Pakistan. Res. Pharm.,
2(1): 42-45.

Benavente GJ, Castillo J, Lorente A, Ortuno A and Rio
DJA (2000). Antioxidant activity of phenolics extracted
from Olea europaea L. leaves. Food Chem., 68: 457-
462.

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

Bibi Z (2013). Animicrobial activity of Calotrpis procera.
A thesis submitted for fulfillment of degree of Masters
in Chemistry, KUST, Kohat, pp. 77.

Billeter M, Meier B and Sticher O (1991). 8-
Hydroxyflavonoid  Glucuronides  from  Malva
Sylvestris. Phytochem., 30(3): 987-990.

Biswas K, Chattopadhyay 1, Banerjee RK,
Bandyopadhyay U (2002). Biological activities and
medicinal properties of neem (Azadirachta indica).
Current Sci., 82(11): 1-8.

Pak. J. Pharm. Sci., Vo0l.30 No.6, November 2017, pp.2285-2300

2297



Ethnomedicinal, phytochemical and antibacterial activities of medicinal flora of Pakistan used against Pseudomonas

Budovsky A and Fraifeld VE (2012). Medicinal plants
growing in the Judea region: network approach for
searching potential therapeutic targets. Network Biol.,
2(3): 84-94.

Corréa GM and Alcantara AFC (2012). Chemical
constituents and biological activities of species of
Justicia - a review. Brazil J. Pharmacog., 22(1): 220-
238.

Cragg GM and Newman DIJ (2005). Biodiversity: a
continuing source of novel drug leads. Pure. Appl.
Chem., 77: 7-24.

Dubey NK, Kumar R and Tripathi P (2004). Global
promotion of Herbal medicines: India’s opportunity.
Current Sci., 86: 37-41.

ElSohly MA and Slade D (2005). Chemical constituents
of marijuana: The complex mixture of natural
cannabinoids. Life Sci., 78: 539-548.

Ghani MU, Farooq MU and Khan MTJ (2010).
Phytochemical investigations and evaluation of
antibacterial and irritant potential of different extracts
of whole plant of Solanum Xanthocarpum Schrad and
Wendl. J. Chinese Chem. Soci., 57: 1257-1262.

Gudej J and Bleganowska ML (1990). Chromatographic
Investigations of flavonoid compounds in the leaves
and flowers of some species of the genus althaea.
Chromatographia., 30(5): 333-336.

Han BH and Park MH (1987). Alkaloids are the Sedative
Principles of the Seeds of Zizyphus vulgaris var.
spinosus, Arch. Pharm. Res., 10(4): 203-207.

Haq F, Ahmad H and Alam M (2011). Traditional uses of
medicinal plants of Nandiar Khuwarr catchment
(District Battagram), Pakistan. J. Med. Pl. Res., 5(1):
39-48.

Haq MZ, Ahmad M, Mehjabeen, Jehan N, Ahmad S,
Qayum M and Marwat IK (2011). Antimicrobial
screening of selected flora of Pakistan. Arch. Biol. Sci.
Belgrade., 63(3): 691-695.

Hassan SW, Bilbis FL, Lada MJ, Umar RA, Dangoggo
SM, Saidu Y, Abubaker MK and Faruk UZ (2006).
Evaluation of antifungal activity and phytochemical
analysis of leaves, roots and stem barks of Calotropis
procera (Asclepiadaceae). Pak. J. Biol. Sci., 9(4):
2624-2629.

Hayat MQ, Khan MA, Ahmad M, Shaheen N, Yasmin G
and Akhter S (2008). Ethno taxonomical approach in
the identification of useful medicinal flora of tehsil
pindigheb (District Attock) Pakistan. Ethnobot. Res.
Applicat., 6: 35-62.

Hocking GM (1958). Pakistan medicinal plants 1. Qual.
Plant. Mat. Veg., 6: 121-136.

Hussain K, Farrukh M, Nisar, Majeed A, Nawaz K and
Bhatti KH (2010). Ethno medicinal survey for
important plants of Jalalpur Jattan, District Gujrat,
Punjab, Pakistan. Ethnobot. Leaflet, 14: 807-808.

Hussain S, Jamil M, Ullah F, Khan A, Ullah F, Arfan M,
Ahmad S and Khatoon L (2010). Antimicrobial and

antioxidant activities of the plant Heliotropium
strigosum. Afri. J Biotechnol., 9(45): 7738-7743.

Hussain SZ, Malik RN, Javaid M and Bibi S (2008).
Ethnobotanical properties and uses of medicinal plants
of Morgah biodiversity park, Pakistan. Pak. J. Bot,,
40(5): 1897-1911.

Ibrar M, Hussain F and Sultan A (2007). Ethno botanical
studies on plant resources of Ranyal Hills, District
Shangla, Pakistan. Pak. J. Bot., 2: 329-337.

Imtiaz S, Abdullah S, Afzal S, Rehman G and Waheed M
(2013). Medicinal plants used by traditional healers of
Punjab, Pakistan. Canad. J. Applied Sci., 4(3): 496-
515.

Irshad S, Butt M and Younus H (2011). In vitro
antibacterial activity of two medicinal plants neem
(Azadirachta indica) and peppermint. Inter. Res. J.
Pharm., 1: 9-14.

Ismail M, Hussain J, Khan AU, Khan AL, Ali L, Khan
FU, Khan AZ, Niaz U and Lee 1J (2012). Antibacterial,
antifungal, cytotoxic, phytotoxic, insecticidal, and
Enzyme  Inhibitory  activities of  Geranium
wallichianum. Evi. Based Com. Alter. Med., 1-8.

Jahan I, Rahman MS, Rahman MZ, Kaisar MA, Islam
MS, Wahab A and Rashid MA (2010). Chemical and
biological investigations of Delonix regia (Bojer ex
Hook.) Raf. Acta. Pharm., 60: 207-215.

Jan G, Khan MA and Gul F (2009). Ethno medicinal
plants used against jaundice in Dir Kohistan Valleys
(NWEFEP), Pakistan, Pak J Weed Sci., 13: 1029-1041.

Jeong MR, Kim HY and Cha JD (2009). Antimicrobial
Activity of methanol extract from Ficus carica leaves
against oral bacteria. J. Bacteriol. Virol., 39: 97-102.

Kadir MF, Karmoker JR, Alam MR, Jahan SR, Mahbub S
and Mia MMK (2015). Ethno pharmacological survey
of medicinal plants used by traditional healers and
indigenous people in chittagong hill tracts, Bangladesh,
for the treatment of snakebite. Evid. Based Comple.
Alter. Med., Vol (2015): 1-23.

Kaufman PB, Csake LJ, Warber S, Duke JA and
Brielmann HL (1999). Eds. Natural products from
plants: CRC Press, Boca Raton, FL, p. 343.

Khan MY, Panchal S, Vyas N, Butani A and Kumar V
(2007). Olea europaea: A Phyto-Pharmacological
Review. Pharma. Rev., 1(1): 112-116.

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

Khurram M, Khan MI, Hameed A, Abbas N, Qayum A
and Inayat H (2009). Antibacterial activities of
Dodonaea viscosa using contact Bioautography
technique. Molecules., 14: 1332-1341.

Khursheed R, Naz A, Naz E, Sharif H and Rizwani GH
(2012). Antibacterial, antimycelial and phytochemical
analysis of Ricinus communis Linn, Trigonella foenum
grecum Linn and Delonix regia (Bojer ex Hook.) Raf
of Pakistan. Rom. Biotech. Lett., 17(3): 7237-7244.

2298

Pak. J. Pharm. Sci., Vo0l.30 No.6, November 2017, pp.2285-2300



Kubmarawa D, Ajoku GA, Enwerem NM and Okorie DA
(2007). Preliminary phytochemical and antimicrobial
screening of 50 medicinal plants from Nigeria. Afri J.
Biotechnol., 6(14): 1690-1696.

Kumari R, Ali M and Aeri V (2012). Two new
triterpenoids from Cichorium intybus L. roots. J. Asian
Nat. Prod. Res., 14(1): 7-13.

Levin AS, Barone AA, Penco J, Santos MV, Marinho IS,
Arruda EAG, Manrique EI and Costa SF (1999).
Intravenous Colistin as therapy for nosocomial
infections caused by multidrug-resistant Pseudomonas
aeruginosa and Acinetobacter baumannii. Clin. Infec.
Dis., 28: 1008-1011.

Mahmood A, Mahmood A and Tabassum A (2011).
Ethnomedicinal survey of plants from District Sialkot,
Pakistan. J. Appl. Pharm., 03: 212-220.

Malik F, Hussain S, Mirza T, Hameed A, Ahmad S, Riaz
H, Shah PA and Ghani KU (2011). Screening for
antimicrobial activity of thirty- three medicinal plants
used in the traditional system of medicine in Pakistan.
J. Med. Plant. Res., 5(14): 3052-3060.

Magsood N (2012). Antimicrobial and phytochemical
analysis of black and white Mulberry Fruits and
Leaves. A thesis submitted for fulfillment of degree of
Masters in Chemistry, KUST, Kohat, p.71.

Marwat SK, Khan MA, Khan MA, Rehman F, Ahmad M
and Zafar M (2008). Salvadora persica, Tamarix
aphylla and Zizyphus mauritiana: Three woody plant
species mentioned in holy quran and ahadith and their
Ethno botanical uses in north western part (D.I. Khan)
of Pakistan. Ethnobot. Leaflet., 12: 1013-1021.

Mateen A, Suresh PVK and Ahmed P (2011). Evaluation
of antibacterial activity of Cuscuta reflexa and Abutilon
indicum. Inter. J. Pharm. Bio. Sci., 2: 355-361.

Murad W, Azizullah A, Adnan M, Tariq A, Khan KU,
Waheed S and Ahmad A (2013). Ethno botanical
assessment of plant resources of Banda Daud Shah,
District Karak Pakistan. J. Ethnobiol. Ethnomed., 9: 77.

Ncube NS, Afolayan AJ and Okoh Al (2008). Assessment
techniques of antimicrobial properties of natural
compounds of plant origin: Current methods and future
trends. Afri. J. Biotechnol., 7(12): 1797-1806.

Pereira AP, Ferreira ICFR, Marcelino F, Valentdo P,
Andrade PB, Seabra R, Estevinho L, Bento A and
Pereira JA (2007). Phenolic compounds and
antimicrobial activity of olive (Olea europaea L. Cv.
Cobrangosa) Leaves. Mol., 12: 1153-1162.

Prakash UNK, Selvi CR, Sasikala V, Dhanalakshmi S and
Prakash SBU (2012). Phytochemisty and bio-efficacy
of a weed Dodonaea viscose. Int. J. Pharm. Pharma.
Sci., 4: 509-512.

Rani S, Khan SA and Ali M (2010). Phytochemical
investigation of the seeds of Althea officinalis L. Nat.
Prod. Res., 24(14): 1358-1364.

Rashid R, Mukhtar F and Niaz MM (2009). Biological
Screening of Salvia Cabulica. Pak. J. Bot., 41(3): 1453-
1462.

Rogaia Bibi et al

Raza M (2010). Comparative antibacterial study of
“Convolvulus arvensis” collected from different
locations of Khyber Pakhtunkhwa. A thesis submitted
for fulfillment of degree of Masters in Chemistry,
KUST, Kohat.

Riaz N, Anis I, Malik A, Ahmad Z, Rehman AU,
Muhammad P, Nawaz SA and Choudhary MI (2003).
Paeconins A and B, Lipoxygenase Inhibiting
Monoterpene Galactosides from Paeonia emodi. Chem.
Pharm. Bull., 51(3): 252-254.

Sabir MS, Dilnawaz S, Ahmad DS, Hussain IM and Tahir
KM (2007). Antibacterial activity of Elaeagnus
umbellata (Thunb.) a medicinal plant from Pakistan.
Saudi. Med. J., 28(2): 259-263.

Sader HS, Pignatari AC and Leme JL (1993).
Epidemiologic typing of multiple drug-resistant
Pseudomonas aeruginosa isolated from an outbreak in
an intensive care unit. Diagn. Microbiol. Infect. Dis.,
17:13-8.

Sattar FI (2010). Antibacterial and antifungal activities of
Cichorium Intybus. A thesis submitted for fulfillment
of degree of Masters in Chemistry, KUST, Kohat, p.62.

Shahzeb, Mehmood S, Khan R and Khan SU (2013). Use
of medicinal plants of District Bannu in Unani
medicines. J. Herb Med., 1:81-[188.

Sharaf M, Ansari MAE and Saleh NAM (1999). Flavone
glycosides from Mentha longifolia. Fitoterap., 70: 478-
483.

Shinwari ZK and Gilani SS (2003). Sustainable harvest of
medicinal plants at Bulashbar Nullah, Astore (Northern
Pakistan). J. Ethnopharmacol., 84: 289-298.

Singab AN, Ayoub N, Al-Sayed E, Martiskainen O,
Sinkkonen J and Pihlaja K (2011). Phenolic
constituents of Eucalyptus camaldulensis Dehnh, with
potential antioxidant and cytotoxic Activities. Rec. Nat.
Prod., 5: 271-280.

Singh OM and Singh TP (2010). Phytochemistry of
Solanum xanthocarpum: An amazing traditional healer.
J. Sci. Industri. Res., 69: 732-740.

Subhan F, Islam T, Asif M and Rehman H (2013).
Exploration of medicinal plants activity against human
pathogenic bacteria. A thesis submitted for fulfillment
of degree of BS (Hons), Microbiology department,
KUST, Kohat, p. 65.

Sultana S, Khan MA, Ahmad M and Zafar M (2006).
Indigenous knowledge of Folk Herbal Medicines by
the Women of District Chakwal, Pakistan. Ethnobot.
Leaflet., 10: 243-253.

Sundaram S, Dwivedi P and Purwar S (2011). In vitro
evaluation of antibacterial activities of crude extracts of
Withania somnifera (Ashwangandha) to bacterial
pathogens. Asian J. Biotechnol., 3(2): 194-199.

Sung ML and Fowden L (1969). Azetidine-2-carboxylic
acid from the legume Delonix regia. Phytochem.,
8(10): 2095-2096.

Tareen RB, Bibi T, Khan MA, Ahmad M and Zafar M
(2010). Indigenous knowledge of folk medicine by the

Pak. J. Pharm. Sci., Vo0l.30 No.6, November 2017, pp.2285-2300

2299



Ethnomedicinal, phytochemical and antibacterial activities of medicinal flora of Pakistan used against Pseudomonas

women of Kalat and Khuzdar regions of Balochistan,
Pakistan. Pak. J. Bot., 42(3): 1465-1485.

Turner TE, Elsohly MA and Boeren EG (2009).
Constituent of Canabis sativa L. XVII. A review of the
natural constituents. J. Nat. Prod., 43(2):169-234.

Ullah S, Abbasi MA, Raza MA, Khan SU, Muhammad B,
Rehman A and Mughal MAS (2011). Antibacterial
activity of some selected plants of Swat valley. Bio.
Res., 8(1): 15-18.

Varsha S and Agrawal RC (2013). Glycyrrhiza glabra- A
Plant for the Future. Mintage J. Pharm. Med. Sci., 2(3):
15-20.

Veshkurova O, Golubenko Z, Pshenichnov E, Arzanova I,
Uzbekov V, Sultanova E, Salikhov S, Williams HJ,

Reibenspies JH, Puckhaber LS and Stipanovic RD
(2006). Malvone A, a phytoalexin found in Malva
sylvestris (family Malvaceae). Phytochem., 67: 2376-
2379.

Walsh FM and Amyes SGB (2004). Microbiology and
drug resistance mechanisms of fully resistant
pathogens. Curr. Opi. Micro., 7: 439-444,

Walter C, Shinwari ZK, Afzal T and Malik RN (2011).
Antibacterial activity in herbal products used in
Pakistan. Pak. J. Bot., 43: 155-162.

Wang N and Yang XW (2010). Two new flavonoid
glycosides from the whole herbs of Hyssopus
officinalis. J. Asi. Nat. Prod. Res., 12(12): 1044-1050.

2300

Pak. J. Pharm. Sci., Vo0l.30 No.6, November 2017, pp.2285-2300





