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ABSTRACT

The emergence and spread of antibiotic resistance, as well as the evolution of new strains of disease causing
agents, are of great concern to the global health community. Effective treatment of a disease entails the
development of new pharmaceuticals or some potential source of novel drugs. Commonly used medicinal
plants of our community could be an excellent source of drugs to fight of this problem. This study is focused on
exploring the antibacterial properties of Xanthium strumarium L plants leaves extracts in different solvents
(methanol, ethanol and aqueous) was carried out against seven different bacterial strains, including four gram-
positive (Micrococcus luteus, Bacillus subtilis, Staphylococcus aureus and Streptococcus sp.) and three gram-
negative (Escherichia coli, Pseudomonas aeruginosa and Salmonella typhimurium) bacteria by using agar well
diffusion assay (AWDA) method. Obtained results indicated that the aqueous extract gave the highest yield
percentage as compared to ethanol as well as methanol extracts. The patterns of inhibition varied with the
solvents extracts as well as tested bacterial strains. In the present study, samples of crude extracts displayed
repressive activity against everyone treated different bacterial strains. Minimum inhibitory concentrations
(MIC) a range between 12.5 to 100 mg/ml and minimum bactericidal concentration (MBC) from 12.5 to 200
mg/ml determined for the various samples of solvents extracts against the tested bacterial strains. The results
showed that M. luteus among the gram-positive and E. coli among the gram-negative organisms were found
highly susceptible as compared to other tested bacterial strains. An outcome of the study shows that the
methanol extract had widest range of inhibitory activity as compared to the ethanol and aqueous extracts. The
remarkable antibacterial activity of the leaves extracts against tested gram-positive and gram-negative bacteria
suggested the possibility of employing them in drugs for the treatment of infectious diseases caused by the

tested microorganisms.
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INTRODUCTION

The uses of antibiotics are widespread in clinical medicine, agriculture, and veterinary promote the
development of antibiotic resistances among infectious microbial strains and eventually reflects a very serious
problem in the treatment of pathogenic microbes (Kapil, 2005; Bereksi, et al., 2018). Antibiotic resistance has
become a serious and widespread problem in developing countries, both in hospitals and the community,
causing high mortality rate in each year (Gyles, 2011). The development of antibiotic-resistant among bacterial
species stems from a number of factors which include the prevalent and sometimes inappropriate uses of
antibiotics, extensive uses of these agents as growth enhancers in animal feed, and increased transboundary
passage of antibiotic-resistant bacteria (Lowy 2003; Djeussi et al., 2013; Elisha et al., 2017). The problem of
antibiotic resistance in humans and animals will continue for a long time (Andersson and Hughes, 2011). Even
though pharmacological industries have produced a number of new antibiotics in the last three decades,
resistance to these drugs by microorganisms has increased. Antibiotic resistance results in reduced efficacy of
antibacterial drugs, making the treatment of patients difficult, costly, or even impossible. The impact on
particularly vulnerable patients is most obvious, resulting in prolonged illness and increased mortality
(Wikaningtyas and Sukandar, 2016). Such a fact is cause for concern, because of number of patients in
hospitals who have suppressed immunity, and due to new bacterial strains, which are multi-drug-resistant. In
general, bacteria have the genetic ability to transmit and acquire resistance to drugs, which are utilized as
therapeutic agents. Consequently, new infections can occur in hospitals resulting in high mortality and the
problem of microbial resistance is growing and outlook for the use of antimicrobial drugs in future is still
uncertain (Nascimento et al., 2000). Therefore, actions must be taken to reduce this problem, for example, to
control the use of antibiotic, to develop the new drugs, either synthetic or natural (Srivastava et al., 2013). The

ultimate goal is to offer appropriate and efficient antimicrobial drugs to the patient.

For a long period of time, plants have been a valuable source of natural products for maintaining human health,
especially in last decade, with more intensive studies for natural therapies. Plants have continued to be a
valuable source of natural products for maintaining human health (Kavishankar et al., 2011; Kabita et al.,
2015). This has led to the search of new antimicrobial agents mainly among plant extracts with the goal to
discover new chemical structures which overcome the above disadvantages (Lewis and Ausubel, 2006). Plants
have an amazing ability to produce a wide variety of secondary metabolites, acts as antimicrobial agents (Das et
al., 2010; Srivastava et al., 2013; Elisha, et al., 2017). Secondary metabolites produced by plants and
microorganisms in response to external stimuli such as nutritional changes. They are widely used in the
pharmaceutical industry for their remarkable structural diversity and range of pharmacological activities (Ernst,
2005).

According to World Health Organization (WHO) medicinal plants would be the best source to obtain a variety

of drugs. WHO estimated that 80% of the populations rely on traditional medicines, mostly plant drugs, for
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their primary health care needs in developing countries (Kumar, 2014). Globally, about 85% of the traditional
medicines used for primary healthcare are derived from plants. The use of plants and plant products as
medicines could be traced as far back as the beginning of human civilization. The earliest mention of medicinal
use of plants is found in “Rigveda”, which is said to have been written between 4500-1600 B.C. and is
supposed to be the oldest repository of human knowledge (Gupta et al., 2010; Kumar, 2017). Plants have been
used for centuries to treat infectious diseases and are considered as an important source of new antimicrobial
agents (Cowan, 1999). Several works have been done to examine the antimicrobial effects of herbal plants
extracts, including roots, stem, leaves or flowers (Abu-Shanab et al., 2005; Abbassi and Hani, 2012).

Xanthium strumarium L. is a cocklebur or burweed belonging to family Asteraceae and commonly found as a
weed in roadsides and open dry places throughout the tropical parts of India (Oudhia, 2001; Devkota and Das,
2015; Kaur et al. 2015). It is found to be problematic in agricultural field (Figure 1). The word "Xanthium™ is
derived from an ancient Greek word "Xanthos" meaning yellow and "strumarium” means "cushion like
swelling," with reference to the seedpods which turn from green to yellow as they ripen (later they become deep
yellow to brown) (Dharmananda, 2003). It is commonly called chotagokhru due to the shape of its fruit which
look likes cow's toe. This herb as such is suspected to be poisonous but the toxic substances are removed by
washing and cooking (Kaur et al. 2015).

The whole plant is used as medicine. According to Ayurveda, the plant has cooling, laxative, fattening,
antihelmintic, tonic, digestive, antipyretic activities and improves appetite, voice, complexion and memory. It
cures leucoderma, biliousness, and poisonous bites of insects, epilepsy, salivation and fever. The plant has been

reported as fatal to cattle and pigs. It is used by various Native American tribes to relieve constipation, diarrhea

and vomiting. The plant is considered to be useful in treating the long-standing cases of malaria (Kaur et al.
2015).

Figure 1: Photo of X. strumarium L. plant
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Hence, the present study was initiated to evaluate the antibacterial properties of methanol, ethanol and aqueous
leaves extracts of X. strumarium plant against seven different bacterial strains, comprising four gram-positive

and three gram-negative bacteria.
MATERIALS AND METHODS
Sources of bacterial strains

Bacterial strains, including both gram-positive and gram-negative obtained from M.D. University, Rohtak,
Haryana and Microbial Type Culture Collection and Gene Bank Institute of Microbial Technology,
Chandigarh. The bacterial strains include Bacillius subtilis, Micrococcus luteus (MTCC106), Staphylococcus
aureus (MTCC6908), Streptococcus sp. (MTCC9724), Escherichia coli DH5a, Pseudomonas aeruginosa
(MTCC4673) and Salmonella typhimurium (MTCC3224) have been selected for the present study.

Culture of bacterial strains

The bacterial strains were propagated in nutrient broth medium (5g/l peptone, 3g/l beef extract, 5g/I NaCl, and
pH 7.0) incubated for 18 hr at a respective growing temperatures. Slants were prepared from the separated
colonies of bacteria, stored at 4°C temperature and sub-cultured in a nutrient broth medium before testing the

antibacterial activity. The chemicals were purchased from Hi-media, Mumbai, India.
Preparation of plant material

Collected fresh leaves were thoroughly washed under tap water, dried in shade for one month and then ground
into coarse powdered with the help of mortar and pestle. These powders were stored in airtight brown bottles at

4°C until needed for future use.
Extraction of plant material (Maceration)

The shade dried 100 gm coarse powder of leaves of X. strumarium plant was immersed in 200 ml of different
solvents (methanol, ethanol and aqueous) contained in 500 ml sterile conical flasks and covered with cotton
wool separately. It was placed aside with intermittent shaking for one week. They were first filtered with
double layered muslin cloth and then through Whatman No. 1 filter paper, and the march was discarded. The
filtrate was subjected to evaporation by treating at 40°C in an oven to obtain a dried extract. Dried extract was
stored at 4°C until used for further study (Atata et al., 2003; Gitika and Kumar, 2016).

Yield percentage of solvents extracts

After the drying, yield of each extraction was measured separately and the extraction efficiency was quantified
by determining the weight each of the extracts and the yield percentage was calculated as dry weight/dry
material weight x100 (Parekh and Chanda, 2007).
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Antibacterial activity by agar well diffusion assay (AWDA) method

The antibacterial activity of crude solvents (methanol, ethanol and aqueous) leaves extracts of X. strumarium
against gram-positive as well as gram-negative bacterial strains were evaluated by AWDA method (Parekh and
Chanda, 2007; Kumar and Gitika, 2014). Diameters of the inhibition zones were measured in millimeters (mm).
For this, a well (6 mm diameter) was made with the help of a borer in cooled nutrient agar plate, overlaid with
soft agar (5 ml), seeded with a target strain (~1.0 x 108 cfu/ml). Aliquots of the test compound (100 pl) were
introduced into the well and plates were incubated for 18 hr at 37°C. For each bacterial strain, the dissolving
solvent 10% DMSO and streptomycin (50 pg/ml) were used as negative and positive controls respectively. To
test the antibacterial activity of all extracts were dissolved in 10% DMSO solvent to make a final concentration
200 mg/ml.

Determination of minimum inhibitory concentration (MIC)

The MIC is the concentration giving the least inhibitory activity and below which there is no further inhibition
were determined by using the Broth dilution method (Adesokan et al.,, 2007). Briefly, 1.0 ml of the
reconstituted extract solution at a concentration of 200 mg/ml was added to another test tube containing 1 ml of
sterile broth so as to obtain a concentration of 100 mg/ml. 1.0 ml of this dilution was transferred to another test
tube till the 7 test tube was reached. The 8" test tube did not contain any extract, but a solution of pure solvent
and served as negative control. Then 1.0 ml of 18 hr grown cultures of each of bacterial strains, adjusted at ~
1.0 x 10° cfu/ml was put into each tube and thoroughly mixed by vortex mixer. The tubes were incubated at
37°C for 18 hr and observed the growth in the form of turbidity. The test tube with the lowest dilution with no

detectable growth by visual inspection considered the MIC’s value.
Determination of minimum bactericidal concentration (MBC)

MBC values were determined by removing 100 pl of bacterial suspension from the MIC positive tube as well as
one above and one below the same tube, spread on nutrient agar plates and incubated at 37°C for 18 hr. After
incubation, plates were examined for colony growth and MBC’s value were recorded (Rahman et al., 2008;
Nand et al., 2012).

Statistical analysis

The experiments were carried out in three independent sets, each consisting of three replicates. Values shown

here represent mean + standard error of the mean (SEM).
RESULTS

After complete drying, the yield percentage (gms) of X. strumarium leaves extracts with the various solvents

(methanol, ethanol and aqueous) were measured separately and quantified the efficiency of extraction.
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Outcomes of the present study, aqueous extraction gave the highest yield percentage (9.45%) followed by
ethanol (8.53%) and methanol (7.55%) are illustrated in Table 1.

Table 1: Yield percentage of X. strumarium leaves extracts in different solvents

Solvent | Yield percentage of extracts (gms)
Weight of dry powder | Weight of dry extracts | Yield percentage

Methanol 100 07.55 07.55
Ethanol 100 08.53 08.53
Aqueous 100 09.45 09.45

X. strumarium plant leaves extracts with different solvents displayed different ranges of antibacterial potential
against all the tested seven bacterial strains, comprising both the gram-positive as well as gram-negative
bacteria as shown in Figure 2. In present study, methanol extracts shows inhibition against B. subtilis (19), M.
luteus (22), S. aureus (21), Streptococcus sp. (18), E. coli (20), P. aeroginosa (13), and S. typhimurium (17).
Similarly, ethanol extract produced repressive zones against B. subtilis (16), M. luteus (20), S. aureus (17),
Streptococcus sp. (16), E. coli (18), P. aeroginosa (11) and S. typhimurium (15). Aqueous extract exhibited
zone sizes towards B. subtilis (15), M. luteus (17), S. aureus (14), Streptococcus sp. (13), E. coli (15), P.
aeroginosa (08) and S. typhimurium (13). Commercial antibiotic streptomycin used as a positive control
produced higher inhibitory activity as compared to different solvents extracts used in this study with repressive
zones against B. subtilis (23), M. luteus (25), S. aureus (22), Streptococcus sp. (21), and E. coli (25),
P.aeroginosa (16), and S. typhimurium (18), whereas DMSO doesn’t shows any inhibition.
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Figure 2: Antibacterial potential of X. strumarium leaves extracts
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MIC’s values for the methanol, ethanol and aqueous leaves extracts are shown in Figure 3. In this study,
methanol extract exhibited 12.5 mg/ml against M. luteus and S. aureus and E. coli; 25 mg/ml against B. subtilis,
Streptococcus sp., and S. typhimurium; 50 mg/ml against P. aeruginosa. Samples of ethanol extract possessed
12.5 mg/ml against only M. luteus; 25 mg/ml against B. subtilis, S. aureus, Streptococcus sp. and E. coli; 50
mg/ml against S. typhimurium and; 100 mg/ml against P. aeruginosa. Similarly, aqueous extract showed 25
mg/ml against only M. luteus; 50 mg/ml against B. subtilis, S. aureus, Streptococcus sp, E. coli, and S.
typhimurium; 100 mg/ml against P. aeruginosa.
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Figure 3: MIC (mg/ml) values of X. strumarium leaves extracts

The results of MBC’s values of methanol, ethanol and aqueous leaves extracts are indicated in Figure 4.
Methanol extract exhibited 12.5 mg/ml against M. luteus; 25 mg/ml against B. subtilis, S. aureus; Streptococcus
sp., E. coli and S. typhimurium; 50 mg/ml against only P. aeruginosa. Ethanol samples possessed 25 mg/ml
against M. luteus, S. aureus and E. coli; 50 mg/ml against B. subtilis, Streptococcus sp., and S. typhimurium;
100 mg/ml against only P. aeruginosa. Similarly, aqueous extract exhibited 25 mg/ml against only M. luteus; 50
mg/ml against B. subtilis, S. aureus, Streptococcus sp., E. coli and S. typhimurium; 200 mg/ml against only P.

aeruginosa.
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Figure 4: MBC (mg/ml) values of X. strumarium leaves extracts

DISCUSSION

Medicinal plants are valuable natural sources efficacious against numerous pathogenic representatives and are
rich in bioactive compounds. Screening of medicinal plants used in different health care systems throughout the
world remains an important resource for the discovery of novel antimicrobial agents (Weckesser et al., 2007;
Palombo, 2009; Sharma et al., 2009; Pandey and Mishra, 2010; Kaur et al., 2015). Studies by different
researchers have proved that plants are one of the major sources for drug discovery and development. Plants
generally produce many secondary metabolites which possess chemotherapeutic, bacteriostatic, antimicrobial,
antiinflammatory, anticancer, antidiabetic, antioxidant, hemolytic, larvicidal, properties and constitute a
principle source of various pharmaceutical medicines (lbrahim, 1997; Ogundipe et al., 1998; Rates, 2001;
Gordon and David, 2005; Kumar et al., 2010; Shahid et al., 2013).

Many studies have been undertaken with the aim of determining the different antimicrobial and phytochemical
constituents of medicinal plants and using them for the treatment of microbial infections as possible alternatives
to the synthetic chemical drugs to which many infectious microorganisms have become resistant (Akinpelu and
Onakoya, 2006; Chopra, 2007; Ogu et al., 2010). An extensive survey and interaction with local
ethanopharmacologists, herbal drug sellers and rural negative healers revealed that native plant X. strumarium

are widely used for treatment of various ailments of human beings as well as livestocks.

X. strumarium is a rich source of sesquiterpenoid phytochemicals with documented antibacterial activity. The
Xanthium genus in particular is renowned for its use in alternative medicine for the treatment of infectious
diseases (Wu et al. 2006; Anjoo and Ajay 2010). Its antibacterial activity has been attributed to the presence of

xanthanolide sesquiterpenoids, xanthol and xanthanin. The ethnomedicinal value of X. strumarium has been
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reported by many literatures, but there is little scientific proof for further using this plant commercially or in a
more effective form. Also, it insisted to verify the traditional wisdom of local community in the use of this plant
leaves as herbal drug. Though, wide range of applications focused on the antibacterial activity of leaves. For
this, the yield of extraction was calculated because the crude plant extracts are generally a mixture of active and
non-active compounds. A number of medicinal plants described in Ayurveda still need to be testified, according
to the modern parameters to ensure their activity and efficacy. Drugs used in Ayurveda are mostly prepared by
extraction with water. Therefore healers may not be able to extract all the active compound(s) (Sato et al. 1997;
Khond et al., 2009; Hassan et al., 2014).

The yield percentage of medicinal plant extracts which contain bioactive metabolites vary considerably with
plant species and the method or solvent used for extraction. Also, factors like age of the plant and polarity of
the solvent used may have affected the yield percentage (Yahaya et al. 2012; Gitika and Kumar, 2016). In the
present study, aqueous solvent extract gave the highest yield of extraction followed by ethanol and methanol,
and the used various solvent extracts exhibited inhibitory activity against all the tested seven different bacterial
strains comprising both gram-positive as well as gram-negative bacteria with varying degrees. In general
antibacterial activity depends on the capacity of extraction of active component with varying solvents. This is in
agreement with many other literatures, reported the existence of differences in percentage yield and the action
of the crude extracts obtained from the same morphological part of a plant utilizing different solvents (Clark et
al., 1997; Ellof, 1998; Aliero and Afolayan, 2006.; Parekh and Chanda, 2007; Khond et al., 2009; Bhandary et.
al., 2012; Yahaya et al., 2012; Sahraoui et al., 2013).

After quantification of yield percentage, all the extracts have been assessed for their inhibitory activity against
seven different bacterial organisms. In none of the above assay inhibition zone was not higher than the standard
antibiotic streptomycin, while DMSO doesn’t show any zone of inhibition. In the present investigation, samples
of methanol, ethanol and aqueous extracts of X. strumarium displayed repressive activity against everyone
treated different bacterial strains with the MIC range between 12.5 to 100 mg/ml as well as MBC values from
12.5 to 200 mg/ml against the tested microorganisms.

In one of the study, X. strumarium extract affected both methicillin-sensitive Staphylococcus aureus and
MRSA, though antibacterial activity was more effective on methicillin-susceptible S. aureus spp. (Rad et al.,
2013). However, among both types of microorganisms, gram-positive found higher susceptible for extracts as
compared the gram-negative bacterial organisms, (Vlietinck et al., 1995; Rabe and van Staden, 1997; Devkota
and Das, 2015). In the present study, methanol extract had widest zone of inhibition as compared to ethanol and
aqueous extracts. Similar types of results have also been reported with methanol leaves extract of X.

strumarium (Srinivas et al, 2011).
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CONCLUSION

The results of present study indicated X. strumarium plant leaves extracts with various solvents possesses
significant inhibitory activity against tested gram-positive (M. luteus, B. subtilis, S. aureus and Streptococcus
sp.) as well as gram-negative bacteria (E. coli, P. aeruginosa and S. typhimurium) as a promising source of
antibacterial agents. Outcomes of the present investigation are in general agreement to a certain degree with the
traditional uses of this plant. The present study indicated that X. strumarium plant leaves extracts can be used in
the medicine and will be a good source to treat and control various diseases caused by the tested bacterial
organisms. Newer antimicrobials from the plant leaves extracts could also be of commercial interest to
pharmaceutical companies and research institutes. Other investigations are necessary to be done on a wide
range of bacteria and fungi to assess the spectrum of such plants parts extracts. Moreover, other parts of the
examined plants are also needed to be assessed for their antibacterial activity. Further studies on isolation and
chemical structure determination of active compounds from these extracts are necessary for their utilization in

drug designing in designing and developing new drugs.
COMPETING INTERESTS

The author declared that he has no competing interests.
ACKNOWLEDGEMENTS

The author expressed his sincere thanks to the Principal, Pt. N.R.S Govt. College, Rohtak for cooperation and
encouragement. Author is also gratefully acknowledged Professor S. Srivastava, Department of Genetics,

University of Delhi South Campus, New Delhi, India for suggestion and guidance.
REFERENCES

1. Abbassi, F. and Hani, K. (2012). In vitro antibacterial and antifungal activities of Rhus tripartitum used
as antidiarrhoeal in Tunisian folk medicine. Natural Product Research, 26(23): 2215-2218.

2. Abu-Shanab, B., Adwan, D., Abu-Safiya, D, Jarrar, N. and Adwan, K. (2005). Antibacterial activities of
some plant extracts utilized in popular medicine in Palestine. Turkish Journal of Biology, 28(2-4):99-
102.

3. Adesokan, A A., Akanji, M.A. and Yakubu, M.T. (2007). Antibacterial potential of aqueous extract of
Enantia chlorantha stem bark. African Journal of Biotechnology, 6(22): 2502-2505.

4. Akinpelu, D.A. and Onakoya, T.M. (2006). Antimicrobial activities of medicinal plants used in folklore
remedies in south-western Africa. African Journal of Traditional, Complementary and Alternative
medicines, 3: 112-115.

5. Aliero, AA. and Afolayan, A.J. (2006). Antimicrobial activity of Solanum tomtntosum. African Journal
of Biotechnology, 5:369-372.

JETIR1906E06 | Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org | 390


http://www.jetir.org/

© 2019 JETIR June 2019, Volume 6, Issue 6 www.jetir.org (ISSN-2349-5162)

6.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Andersson, D.l. and Hughes, D. (2011). Persistence of antibiotic resistance in bacterial populations.
FEMS Microbiology Reviews, 35:901-11.

Anjoo, K. and Ajay, S. (2010). Phytopharmacological review of Xanthium strumarium L. (Cocklebur).
International Journal of Green Pharmacy, 4: 129-139.

Atata, R., Sani, A. and Ajewole, S.M. (2003). Effect of stem back extracts of Enantia chloranta on
some clinical isolates. Biokemistri, 15(2): 84-92.

Bereksi, M.S., Hassaine, H., Bekhechi, C. and Abdelouahid, D.E. (2018). Evaluation of antibacterial
activity of some medicinal plants extracts commonly used in Algerian traditional medicine against some
pathogenic bacteria. Pharmacognosy Journal, 10(3):507-512.

Bhandary, K., Suchetha, K., Bhat, V., Sharmila, K. and Bekal, B. (2012). Preliminary screening of
various extracts of Punica granatum peel, whole fruit and seeds. Nitte University Journal of Health
Science, 2: 34-38.

Chopra, 1. (2007). The increasing use of silver based products as microbial agents: A useful
development or a concern. Journal of Antimicrobial Chemotherapy, 59: 587-590.

Clark, T., Appleton, C. and Drewes, S. (1997). A semi-quantitative approach to the selection of
appropriate candidate plant molluscicides - A South African application. Journal of
Ethnopharmacology, 6: 1-13.

Cowan, M.M. (1999). Plant Products as Antimicrobial Agents. Clinical Microbiology Reviews, 12(4):
564-82.

Das, K., Tiwari, R.K.S. and Shrivastava, D.K. (2010). Techniques for evaluation of medicinal plant
products as antimicrobial agents: current methods and future trends. Journal of Medicinal Plants
Research, 4: 104-111.

Devkota, A. and Das, R.K. (2015). Antibacterial activities of Xanthium strumarium L. Journal of
Natural History Museum, 29: 70-77.

Dharmananda, S. (2003) Safety issues affecting Chinese herbs: The case of Xanthium. Institute for
Traditional Medicine - European Branch, 1: 1-8.

Djeussi, D.E., Noumedem, J.A.K., Seukep, J.A., Fankam, A.G., Voukeng, |.K., Tankeo, S.B., NKkuete,
AH.L. and Kuete, V. (2013). Antibacterial activities of selected edible plants extracts against
multidrug-resistant gram-negative bacteria. BMC Complementary and Alternative Medicine, 13: 164.
Elisha, I.L., Botha, F.S., McGaw, L.J. and Eloff, J.N. (2017). The antibacterial activity of extracts of
nine plant species with good activity against Escherichia coli against five other bacteria and cytotoxicity
of extracts. BMC Complementary and Alternative Medicine, 17:133.

Ellof, J.N. (1998). Which extractant should be used for the screening and isolation of antimicrobial
components from plants? Journal of Ethnopharmacology, 60:1-8.

Ernst, E. (2005). The efficacy of herbal medicine: An overview. Fundamental and Clinical
Pharmacology, 19(4): 405-9.

JETIR1906E06 | Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org | 391


http://www.jetir.org/

© 2019 JETIR June 2019, Volume 6, Issue 6 www.jetir.org (ISSN-2349-5162)

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

Gitika and Kumar, M. (2016). Antibacterial activity of Psidium guajava L. leaves extracts against some
gram-positive and gram-negative bacteria. European Journal of Pharmaceutical and Medical Research,
3(10): 261-266.

Gordon, M.C. and David, J.N. (2005). Biodiversity: A continuing source of novel drug leads. Pure and
Applied Chemistry, 77: 7-24.

Gupta, R.N., Viswas, K., Pathak, M., Parihar, S.S. and Gupta, A. (2010). Antibacterial activities of
ethanolic extracts of plants used in folk medicine. International Journal of Research in Ayurveda and
Pharmacy, 1: 529-535.

Gyles, C. (2011). The growing problem of antimicrobial resistance. Canadian Veterinary Journal, 52
(8): 817-820.

Hassan, H.M., Jiang, Zi-Hua, Asmussen, C., McDonald, E. and Qin, W. (2014). Antibacterial activity of
northern Ontario medicinal plant extracts. Canadian Journal of Plant Science 94: 417-424.

Ibrahim, M.B. (1997). Anti-microbial effects of extract leaf, stem and root bark of Anogeissus
leiocarpus on S. aureus, S. pyogenes, E. coli and Proteus vulgaris. Journal of Pharmaceutical
Development, 2: 20-30.

Kabita, N., Mendes, S.V. and Sheeba, E. (2015). Antibacterial activity of different extracts of medicinal
plant Swertia chirata. International Journal of Current Microbiology and Applied Sciences, 4(7): 889-
897.

Kapil, A. (2005). The challenge of antibiotic resistance: need to contemplate. Indian Journal of Medical
Research, 121(2): 83-91.

Kaur, M., Kamboj, A., Rathour, A. and Saluja, A.K. (2015). Isolation and characterization of
constituents from the Leaves of Xanthium strumarium and their evaluation for antioxidant and
antimicrobial potential. Natural Products Chemistry & Research, 3:2, DOI: 10.4172/2329-6836.1000168.
Kavishankar, G.B., Lakshmidevi, N. and Mahadeva Murthy S. (2011). Phytochemical analysis and
antimicrobial properties of selected medicinal plants against bacteria associated with diabetic patients.
International Journal of Pharmacy and Biological Sciences, 2: 509-518.

Khond, M., Bhosale, J.D., Arif, T., Mandal, T.K., Padhi, M.M. and Dabur, R. (2009). Screening of some
selected medicinal plants extracts for in-vitro antimicrobial activity. Middle-East Journal of Scientific
Research, 4(4): 271-278.

Kumar, G., Karthik, L. and Rao, K.V.B. (2010). Antibacterial activity of aqueous extract of Calotropis
gigantea leaves- An in vitro study. International Journal of Pharmaceutical Sciences Review and
Research, 4(2): 141-144.

Kumar, M. (2014). Evaluation of antibacterial activity of Psidium guajava Linn. flower extracts against
human pathogenic bacteria. International Journal of Pharmacy and Integrated Life Sciences, 2(11): 52-
61.

JETIR1906E06 | Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org | 392


http://www.jetir.org/

© 2019 JETIR June 2019, Volume 6, Issue 6 www.jetir.org (ISSN-2349-5162)

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45,

46.

47.

Kumar, M. and Gitika (2014). Evaluation of antibacterial activity of Nelumbo nucifera (Gaertn.) flower
extracts against gram-positive and gram-negative bacteria. World Journal of Pharmaceutical Research,
4:1155-1161.

Kumar, M. (2017). Phytochemical constituents and pharmacological profile of Aloe vera L. plant: An
overview. International Journal of Pharma and Bio Sciences, 8(2): (B) 907-913.

Lewis, K. and Ausubel, F.M. (2006). Prospects for plant derived antibacterials. Nature Biotechnology,
24(12): 1504-7.

Lowy, F. (2003). Antimicrobial resistance: the example of Staphylococcus aureus. Journal of Clinical
Investigation, 111:1265-1273.

Nand, P., Drabu, S. and Gupta, R.K. (2012). Phytochemical and antimicrobial screening of medicinal
plants for the treatment of acne. Indian Journal of Natural Products and Resources, 3(1): 28-32.
Nascimento, G.G.F., Locatelli, J., Freitas, P.C. and Silva, G.L. (2000). Antibacterial activity of plant
extracts and phytochemicals on antibiotic resistant bacteria. Brazilian Journal of Microbiology, 31:247-
256.

Ogu, G.I., Ekeanyanwu, R.C. and Igborgbor, C.J. (2010). Phytochemical screening and in vitro
antibacterial activity of stem bark extract of Caesalpinia pulcherrima against some clinical isolates.
International Journal of Natural and Applied Sciences, 6(3): 329-337.

Ogundipe, O., Akinbiyi, O. and Moody, J.O. (1998). Antibacterial activities of essential ornamental
plants. Nigerian Journal of Natural Products and Medicine, 2: 46-47.

Oudbhia, P. (2001). Phyto-sociological studies of rainy season wasteland weeds with special reference to
Parthenium hysterophorus L. in Raipur (India) district. Asian Journal of Microbiology Biotechnology &
Environmental Sciences, 3: 89-92.

Palombo, E.A. (2009). Traditional medicinal plant extracts and natural products with activity against
oral bacteria: potent application in the prevention and treatment of oral diseases. Evidence-based
Complementary and Alternative Medicine, 6: 1-15.

Pandey, R. and Mishra, A. (2010). Antibacterial activities of crude extract of Aloe barbedensis to
clinically isolated bacterial pathogens. Applied Biochemistry and Biotechnology, 160:1356-1361.
Parekh, J. and Chanda, S. (2007). Antibacterial and phytochemical studies on twelve species of Indian
phytochemical studies on twelve species of Indian medicinal plants. African Journal of Biology
Research, 10: 175-181.

Rabe, T.1. and van Staden, J. (1997). Antibacterial activity of South African plants used for medicinal
purposes. Journal of Ethnopharmacology, 56(1): 81-87.

Rad, J.S., Alfatemi SMH, Rad, M.S. and Iriti, M. (2013). In-vitro antioxidant and antibacterial activities
of Xanthium strumarium L. extracts on methicillin-susceptible and methicillin-resistant Staphylococcus
aureus. Ancient Science of Life, 33(2): 109-113.

JETIR1906E06 | Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org | 393


http://www.jetir.org/

© 2019 JETIR June 2019, Volume 6, Issue 6 www.jetir.org (ISSN-2349-5162)

48.

49.
50.

51.

52.

53.

54,

55.

56.

S7.

58.

59.

60.

Rahman, M.U., Gul, S. and Odhano, E.A. (2008). Antimicrobial activities of Ferula assafoetida oil
against gram positive and gram negative bacteria. American-Eurasian Journal of Agricultural &
Environmental Sciences, 4(2): 203-206.

Rates, S.M.K. (2001). Plants as source of drugs. Toxican, 39: 603-613.

Sahraoui, R., Djellai, S. and Chaker, A.N. (2013). Morphological, anatomical, secondary metabolites
investigation and physiochemical analysis of Cistus creticus. Pharmacognosy Communications, 3: 58-
63.

Sato, Y., Oketani, H., Yamada, T., Singyouchi, K., Ohtsubo, T., Kihara, M., Shibata, H. and Higuti, T.
(1997). A xanthanolide with potent antibacterial activity against methicillin resistant Staphylococcus
aureus. Journal of Pharmacy and Pharmacology, 49: 1042-1044.

Shahid, W., Durrani, R., Iram, S., Durrani, M. and Khan, F.A. (2013). Antibacterial activity in vitro of
medicinal plants. Sky Journal of Microbiology Research, 1(2): 5-21.

Sharma, A., Chandraker, S., Patel, V.K. and Ramteke, P. (2009). Antibacterial activity of medicinal
plants against pathogens causing complicated urinary tract infections. Indian Journal of Pharmaceutical
Sciences, 71: 136-139.

Srinivas, P., Rajashekar, V., Upender Rao., E, Venkateshwarulu., L. and Anil kumar, C.H. (2011).
Phytochemical screening and in-vitro antimicrobial investigation of the methanolic extract of Xanthium
strumarium Leaf. International Journal of Drug Development & Research, 3 (4): 286-293

Srivastava, J., Chandra, H., Nautiyal, A.R. and Kalra, S.J.S. (2013). Antimicrobial resistance (AMR)
and plant-derived antimicrobials (PDAms) as an alternative drug line to control infections.
Biotechnology, 4: 451-460.

Vlietinck, A.J., van Hoof, L., Totte, J., Lasure, A., Vanden Berghe, D., Rwangabo, P.C. and
Mvukiyumwani, J. (1995), Screening of a hundred Rwandese medicinal plants for antimicrobial and
antiviral properties, Journal of Ethnopharmacology, 46, 31-47.

Weckesser, S., Engel, K., Simon, B.H., Wittmer, A., Pelz, K. and Schempp, C.M. (2007). Screening of
plant extracts for antimicrobial activity against bacteria and yeast with dermatologist relevance.
Phytomedicine, 14: 508-516.

Wikaningtyas, P. and Sukandar, E.Y. (2016). The antibacterial activity of selected plants towards
resistant bacteria isolated from clinical specimens. Asian Pacific Journal of Tropical Biomedicine,
6(1):16-19.

Wu, Q.X., Shi, Y.P. and Jia, Z.J. (2006). Eudesmane sesquiterpenoids from the Asteraceae family.
Natural Product Reports, 23: 699-734.

Yahaya, O., Yabefa, J.A. and Usman, B. (2012). Phytochemical screening and antibacterial activity of
Combretum glutinosum extract against some human pathogens. British Journal of Pharmacology and
Toxicology, 3(5): 233-236.

JETIR1906E06 | Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org | 394


http://www.jetir.org/

