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ABSTRACT

Tuberculosis is a leading cause of death in the world. Treatment of tuberculosis has become a challenge
due to the rapid increase of multidrug and extensive drug resistant Mycobacterium tuberculosis.Medicinal plants
might represent a possible source for new potent antibacterial to which pathogen strains are not resistant. In this
study 6 plant species Quercus infectoria, Citrus aurantium, Caesalphinia pulcherima, Mimosa pudica, Mentha
spicata and Chysanthemum parthenium were screened for anti-mycobacterial activity against Mycobacterium
tuberculosis and antibacterial activity against Pseudomonas aeruginosa, Staphylococcus aureus, and Vibrio
harveyi by disc diffusion and agar well diffusion methods. The extracts were compared favourably with the
standard antibiotics. The extract of Quercus infectoria showed the maximum inhibition zone (30mm) against
Mycobacterium tuberculosis in Lownsteen Jensen medium. Phytochemical screening for secondary metabolites
revealed the presence of various biochemical compounds such as flavonoids, tannins, phenols, alkaloids, proteins,
glycosides, terpenoids, carbohydrates, amino acids and saponins. Results showed that methonal crude extract of
Quercus infectoria screened exhibited potential antituberculosis activity against Mycobacterium tuberculosis and
further work is required to identify the active molecule of these plants to get a novel anti tubercular drug.
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INTRODUCTION

Tuberculosis (TB) is a highly infectious disease currently infecting around 1/3 of the world’s population.
As per the WHO estimate, there are 9 million cases of active TB with 1.3 million reported deaths every year at
present. Asian and African countries shares major TB burden with 55% and 30% of the total reported cases
respectively. Currently used anti-mycobacterial drugs, namely, rifampicin, isoniazid, streptomycin and ethambutol,
were introduced in TB control programs almost three decades ago. Indiscriminate use of these drugs has led to the
development of multi-drug resistant (MDR) and extensively drug-resistant (XDR) strains of Mycobacterium
tuberculosis (M. tuberculosis), making the treatment difficult and increasing TB burden. The emergence of MDR
and XDR strains and increase in TB burden necessitated the urgent need for new anti-mycobacterial drugs.

Medicinal plants have been used worldwide by traditional medicinal practitioner for the treatment of
various diseases. Approximately 60% of world’s population still relies on medicinal plants for their primary
healthcare. The advantage of plant based drug discovery is that the phytochemicals provide novel drug leads with
novel mechanism of action. Anti-mycobacterial phytochemicals may be helpful in identification of new molecular
targets in MDR and XDR strains of mycobacterium opening new vistas for anti-tubercular drug discovery. A
number of medicinal plants have been screened for anti-mycobacterial activity in past few years. Some plants have
shown promising results, but very few active molecules have been purified. In the Indian subcontinent which is
rich in traditional knowledge of “Ayurveda”, studies have been carried out on anti-mycobacterial activity of
medicinal plants.

Present study was carried out to evaluate in-vitro anti-myco bacterial and anti-bacterial activity of Quercus
infectoria, Citrus aurantium, Caesalphinia pulcherima, Mimosa pudica, Mentha spicata and Chysanthemum
parthenium plants.Quercus infectoriais used for treatment of dysentery, bleeding, cough, haemorrhoids. Its extracts
are used stomatitis, pharyngitis, laryngitis and tonsillitis. Citrus aurantiumused in the treatment of stomach
problems,stuffy sensation in the chest. The seed and the pericarp are used in the treatment of anorexia, chest pains,
colds, coughs etc. Caesalphinia pulcherima used in the treatment of ulcers, fever, tumors, asthma and skin
diseases.Mimosa pudicaused in the treatment of leprosy, dysentery, vaginal and urinary tract infections.Its extract
can cure skin diseases. It is also used to treat whooping cough and fevers in children. Mentha spicataused in the
treatment of fevers, headaches, digestive disorders toothache, and muscle pain. Its essential oil was found to have
some antifungal activity. Chysanthemum partheniumused in antimicrobial, antiulcer and analgesic activities.
Screening of medicinal plant for anti-mycobacterial activity involves large number of solvent extracts.
Screeninglarge number of extracts on slow growing, pathogenic M. tuberculosis strain is a major problem. In this
study, Methanol extracts of six selected medicinal plants were screened against M. tuberculosis and Pseudomonas
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aeruginosa, Staphylococcus aureus, Vibrio harveyi bacterial strains. This study revealed that Methanol extract of
Quercus infectoria exhibited anti-mycobacterial activity.

MATERIALS AND METHODS

Strains and culture media: Pure cultures of Mycobacterium tuberculosisstrain (MTTC -300) was obtained from
MTTC Laboratory Chandigarh and activated in Lownsteen Jensen and Nutrient broth.Pure bacterial strains of
Pseudomonas aeruginosa, Staphylococcus aureus ,Vibrio harveyiwereobtained from Vivek Laboratories,
Nagercoil, Tamil Nadu. And activated in nutrient broth and maintained as pure culture in nutrient agar
slants.Antibacterial activity in Muller Hinton agar plates.

Collection of plant materials: The Leaves of Mimosa pudica, Mentha spicata, Peel of Citrus aurantium and
flowers of Chrysanthemum parthenium, Caesalpinia pulcherima have been used in the present syudy and they
were collected locally from kanyakumari district and the taxonomical characters were studied for plant
identification Quercus infectoria seed sample used in the study was obtained from Ayurvedic medical shop at
Nagercoil, Tamil Nadu.And identified based on its physical characteristics.

Processing of plant materials: The whole plant or parts of plants were used to prepare extracts for the study. The
healthy and disease free plants were collected and washed with water to remove the soil and dust particles.

Methanol Extraction: The flowers and leaves were dried under shade and ground into fine powder using an
electric blender. 50gm, of the flowers, seed and leaves of the dried plants were soaked in 100ml of methanol and
left for seven days for extraction. After extraction it was filtered through a layer of whatmann No:1 filter paper.
The extracts were sterilized by UV and then stored at 4°c for further use.

Preparation of sterile disc: Whatman’s No.1 filter paper was punched into 5 mm disc form and they sterilized,
each sterile disc was incorporated individually with 20-50 pl of extracts using micropipette. Precautions were taken
to prevent the flow of the solvent extract from the discs to the outer surface. The condensed extracts were applied
in small quantities on discs and they were allowed to dry in air. After sometimes another doses of extracts were
applied on discs. Then they were stored at 4°C.

Antimycobacterial activity against Mycobacterium tuberculosis: To determine the activity of the plant extracts
as antimycobacterials, initial screening was carried out using the disc diffusion and agar well diffusion methods.
The petriplates with Lownsteen Jensen media was seeded with 100 pl of Mycobacterium tuberculosis culture. The
prepared discs were aseptically applied to the surface of the Lownstein Jensen media plate at well- spaced
intervals. In agar well diffusion method the wells were cut at regular space in surface of the medium. The standard
antibiotic substance-streptomycin was used as a positive control. The plates were incubated at 37°c of 1-4 weeks
and the results were recorded by measuring diameter of growth inhibition zone. All experiments were carried out in
triplate.

Assay of antimicrobial activity using Disc diffusion method: The 20 ml of sterilized Muller Hinton Agar was
poured into sterile petriplates, after solidification, 100 pl of fresh Cultures were swabbed on the respective plates.
The discs were kept over the agar plates using sterile forceps. The standard antibiotic substance-Ampicillin disc
was used in order to compare the result. The plates were incubated for 24 hrs at 37°c and the zone of bacterial
growth inhibition around disk was measured. The assay was repeated twice, and mean of the three experiments was
recorded.

Assay of Antimicrobial activity using Agar well diffusion method: A sensitive radial diffusion technique was
used for the assessment of antibacterial activity of the test samples. The 20 ml of sterilized Muller Hinton Agar was
poured into sterile petriplate, after solidification, 100 pl of fresh cultures were swabbed on the respective plates.
The Wells were made using a stainless steel sterilized cork borer under aseptic conditions. Subsequently, 50
mg/100 of crude extracts were loaded into corresponding wells. The standard antibiotic substance-Ampicillin was
used (50 g\100 of sterile water) in order to compare the result. The plates were incubated for 24 hrs at 37°c and the
zone of bacterial growth inhibition around disk was measured. The assay was repeated twice, and mean of the three
experiments was recorded.

Phytochemical analysis: The plant extracts were screened for phytochemicals using following techniques for the
detection of the flavonoids, tannins, phenols, alkaloids, proteins, glycosides, terpenoids, carbohydrates,amino acids
and saponins.

Test for Flavonoids:
Ferric chloride Test: 2ml of sample was treated with few drops of ferric chloride solution and observed for the
formation of blackish red colour.
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Alkaline Reagent Test: 2ml of sample was treated with sodium hydroxide solution,it showed increase in the
intensity of yellow colour, which become colourless on addition of few drops of dilute HCL.

Test for Tannin: 2ml of sample and alcoholic ferric chloride solution was added, observed for the formation of
bluish black colour which was then disappeared on addition of little dilute H2So4 yellowish brown precipitate was
observed.

Test for Phenols: To 2ml of the sample was dissolved in few drops of dilute H2O, dark green colour was observed
on addition of few drops of neutral 5% Ferric chloride.

Test for Alkaloids:

Hager’s Test: Test sample was treated with few drops of Hager’s reagent (saturated picric acid solution) yellow
precipitate was formed.

Mayer’s Test: To 2ml of sample, 1% HCL was added and to this 6 drops of Mayer’s reagent. Test solution was
observed for the formation of yellowish or ceramish or brown or red or orange precipitation.

Test for Proteins:

Biuret Test: 2ml of the sample was treated with 10% sodium hydroxide solution and two drops of 0.1% copper
sulphate solution and observed for the formation of violet or pink colour.

Test for Glycosides:

Killer-Kkilliani Test: Test solution was treated with few drops of glacial acetic acid was added and observed for the
formation of two layers. Lower reddish brown colour layer and upper acetic acid layer which turns bluish green.

Test for Terpenoids:

Salkowaski Test: To 2ml of the extract, 2ml of chloroform was added concentrated H2SO4 was carefully added to
form a layer. It was observed for reddish brown colouration at the interface.

Test for carbohydrate:

Benedict’s test: 2ml of test solution was mixed with few drops of Benedict’s reagent (alkaline solution containing
cupric citrate complex) and boiled in water bath. Observed for the formation of reddish brown precipitate.

Test for free Amino acid:

Ninhydrin Test: 2ml of the test solution was boiled with 0.2% solution of ninhydrin, observed for the formation of
purple colour.

Test for Saponin:
Frothing Test: 2ml of sample was added to 5ml distilled water and shaken vigorously for stable persistent froth.
RESULTS AND DISCUSSION

Antimycobacterial activity against Mycobacterium tuberculosis: The Antimycobacterial activities of plant
extracts were tested against Mycobacterium tuberculosis. The extracts compared favorably with the standard
antibiotic Streptomycin. In the disc diffusion assay, antibiotic control showed mean zones of inhibition ranging
from 20 to 22mm.The plant extracts showed good anti-mycobacterial activity in the disc diffusion assay method.
The extract of Quercus infectoria also showed maximum inhibition zone (30mm) against Mycobacterium
tuberculosis in Lownstein Jensen medium. The results were showed in Table 1 and Graph 1.

Table.1.Inhibition zone diameters (mm) by various plant extracts against Mycobacterium tuberculosis

Name of the plant Diameter of inhibition zone (mm) + S.D.2

Disc Diffusion Well Diffusion | Streptomyci

n

Quercus infectoria 27.66+2.51 27.66+2.08 40
Chrysanthemum parthenium 5.33+0.57 3.00+1.00 20
Mentha spicata 8.00+1.73 6.00+1.00 20
Citrus aurantium 18.00+1.73 14.66+1.52 30
Caesalpinia pulcherima 13.66+1.154 9.66+1.52 30
Mimosa pudica 7.00+1.00 4.33+0.577 25
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Figure.l. Inhibition zone diameters (mm) by various plant extracts against Mycobacterium tuberculosis
1.Quercus infectoria. 2.Chrysanthemum parthenium.3.Mentha spicata 4.Citrus aurantium.5.Caesalpinia
pulcherima.6.Mimosa pudica

Assay of antimicrobial activity using Disc diffusion method: The antibacterial activity of methnol extracts of six
medicinal plants were investigated using disc diffusion method (Tables2) and agar well diffusion method (Table3)
against Pseudomonas aeruginosa, Staphylococcus aureus and Vibriyo harveyi.The extracts compared favorably
with the standard antibiotic Ampicillin. In the agar diffusion assay,antibiotic control showed mean zones of
inhibition ranging from 18 to 212mm. When compared to the well diffusion method the disc diffusion method have
showed maximum zone of inhibition. The extract of Quercus infectoria showed highest inhibition activity against
Vibriyo harveyi (30mm) followed by Staphylococcus aureus(29mm) and Pseudomonas aeruginosa (27mm). The
extract of Chrysanthemum parthenium showed the lowest inhibition zone against P.aeruginosa (5mm).The results
were showed in table 2 and graph 2.

Table.2.Inhibitionzone diameters by various plant extracts against pathogenic bacteria using Disc diffusion method

Name of the plant Diameter of inhibition zone (mm) + S.D(Disc diffusion)
Pseudomonas aeruginosa | Staphylococcus aureus | Vibriyo harveyi

Quercus infectoria 24.66+2.51 26.00 +2.64 27.66+2.51
Chrysanthemum parthenium | 4.33+1.15 8.66+1.52 8.00+1.00
Mentha spicata 11.76+1.52 13.33+1.15 10.00+2.00
Citrus aurantium 4.66 +1.52 4.00£1.73 4.66+2.08
Caesalpinia pulcherima 12.00+1.73 12.66+1.52 4.00+1.00
Mimosa pudica 8.66+1.15 10.66+1.15 8.00+1.73
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Figure.2. Inhibitionzone diameters by various plant extracts against pathogenic bacteria using Disc diffusion
method
1.Quercus infectoria. 2.Chrysanthemum parthenium.3.Mentha spicata 4.Citrus aurantium.5.Caesalpinia
pulcherima.6.Mimosa pudica

Phytochemical screening of plant extracts: The methanol solvent extracts of plants were tested for
phytochemical presence such as flavonoids, phenolic compounds, tannins, alkaloids, Glycosides, carbohydrate,
amino acids, terpenoids. Screening of phytochemical constituents of methanol extracts of plant showed positive
results for the presence various biochemical compounds such as flavonoids, phenols, tannins, alkaloids,
Glycosides, terpenoides. The results of phytochemical screening indicated that flavonoid content was found to be
more in methanol extract followed by tannins. Results were showed in table 3.
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Table.3.Phytochemical Analysis of Plant Extracts
Test Chrysanthemu Mentha Citrus Caesalpinia Quercus Mimosa
m parthenium spicata aurantium pulcherima infectoria pudica
Flavonoids
1.Alkaline + - + - - +
2.Fecl + + + + + +
Tannins + - + + + +
Phenol + - + + + +
Alkaloids
1.Mayer’s + + + - - -
2.Hayer’s + - - - - -
Glycosides + - + + -
Terpenoids - - + - + -
Carbohydrate - - - + + -
Aminoacid - + - - - -
(+) = indicates presence; (-) = indicates absence
DISCUSSION

WHO declared TB as global health emergency because of the increase in HIV co-infection and the
appearance of MDR and XDR strains. No new anti-mycobacterial drug has been introduced in past 30 years,
hence, there is an urgent need to develop novel, safe, effective and affordable drug for treating resistant forms of
TB. There has been a renewed interest in phytochemicals as source of novel therapeutics in the past decade, hence,
plants have been investigated for various pharmacological effects including anti-mycobacterial activity. A number
of plants have been reported to possess anti-mycobacterial activity. Phytochemicals may become the base for new
drug development by providing a pharmacophore which could be used for the development of new drug with novel
mechanism of action. Recently anti-mycobacterial activity of Adhatoda vasica, Acalypha indica, Aloe vera, Allium
cepa and Allium sativum have been reported against MDR strains of M. tuberculosis. In current study, in vitro anti-
mycobacterial activity of Quercus infectoria, Chrysanthemum parthenium, Mentha spicata, Citrus aurantium,
Caesalpinia pulcherima, Mimosa pudicahave been evaluated. There are reports of screening of large number of
plant extracts against bacterial strains. The active extracts have also exhibited activity against M. tuberculosis out
of 6 plants selected in this study, Quercus infectoria and Citrus aurantiumwere identified as potentially active in
disc diffusion assay against M. tuberculosis Quercus infectoria produced 30mm inhibition zone and Citrus
aurantium produced 20mm inhibition zone. The fresh extract of Quercus infectoria showed highest inhibition
activity against Vibriyo harveyi (30mm) followed by Staphylococcus aureus (29mm) and Pseudomonas
aeruginosa (27mm).The fresh extract of Chrysanthemum parthenium showed the lowest inhibition zone against
P.aeruginosa (5mm).

The phytochemical screening carried out on these medicinal plants showed that it contained major classes
of natural products. The activity shown by the crude extracts may be a synergistic action of complex
phytochemicals. Investigation of wild medicinal plants is an efficient way of searching for new candidate
chemotherapeutic drugs. Plant extracts are attractive and effective sources of new drugs. The use of herbs for the
treatment of TB is increasing due to increased incidence of resistance to the available antibiotics. Natural products
play a significant role in drug discovery and development of highly active anti-mycobacterial metabolites. Our
investigation indicates the presence of flavonoids, phenoliccompounds, tannins, alkaloids, Glycosides,
carbohydrate, amino acids, terpenoids and these phytochemicals are responsible for the anti-tubercular activity.
Similar observations have been made in plants employed for traditional medicines, which were known to contain
the said mentioned bioactive components. Literature survey indicated that these compounds have bioactivity. Anti-
mycobacterial herbal medicine where some metabolites such as terpenes, steroids and alkaloids are found to be
abundant in the plant extracts and possess potential structural skeletons that could provide useful scaffolds or
templates for the development of new anti-mycobacterial drugs has been revived The bioactivity demonstrated by
the extracts is attributable to the presence of secondary metabolites. There are reports about the potent activity of
tannins isolated from Combretum molleagainst M. tuberculosis. Alkaloids isolated from medicinal plant Alstonia
scholaris showed the anti-mycobacterial activity. The antibacterial, antifungal and anti-TB activity exhibited by the
extracts of the plant Cissampelos owariensis (P. Beauv.) The preliminary results presented in this study showed the
potential of extracts from these 2 medicinal plants to be used against M.tuberculosis. However, further in-vitro
studies are needed to understand the mechanism of action of crude drugs.
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CONCLUSION

The antimycobacterial activity appears to be more pronounced in certain fraction of plants as it has also
possess compounds with antimicrobial properties.the most active extracts can be subjected to therapeutic
antimicrobials
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