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Background: Tuberculosis (TB), has been serious disease to the global human population causing millions of deaths worldwide. The recent
increase in the number of multi-drug resistant clinical isolates of Mycobacterium tuberculosis has created an urgent need for the discovery
and development of new anti-TB drugs. Medicinal plants have had a great influence on the daily lives of people living in developing
countries, particularly in India. Medicinal plants were selected, and they were evaluated for its anti-TB activity against the pathogenic strain
of M. tuberculosis H,.Rv. Methods: Eleven medicinal plants were selected on the basis of its literature survey, and three different extracts
were prepared. Antimycobacterial activities were screened using two in vitro assays, namely agar dilution assay and microplate resazurin
assay against M. tuberculosis H37Rv at different concentrations of prepared extracts. We analyzed minimal inhibition concentrations and
percentage of inhibition of the used strain of Mycobacteria. Isoniazid was used as a standard anti-TB drug. Results: The results of this
study showed that aqueous extracts four selected medicinal plants Ocimum sanctum, Adhatoda vasica, Leptadenia reticulata, and Cocculus
hirsutus having minimum inhibitory concentration at 500 pg/ml, 500 pg/ml, 250 pg/ml, and 250 pg/ml, respectively, and O. sanctum
(60.24%), A. vasica (62.89%), L. reticulata (74.26%), and C. hirsutus (81.67%) showed significant anti-TB activity against M. tuberculosis.
Conclusion: This study helps society to found new anti-TB agents having better anti-TB activity with lesser or no side effects.

Keywords: Agar dilution method, 11 selected medicinal plants, isoniazid, microplate resazurin assay, Mycobacterium tuberculosis

Submitted: 23-Mar-2020 Revised: 15-May-2020 Accepted: 06-Apr-2020 Published: 29-May-2020

INTRODUCTION sources of active antimicrobial metabolites.’! Thus, there
is a great potential in finding medicinal plants with activity
against Mycobacterium species. Therefore, 11 medicinal
plants were selected to screen anti-TB activity against the
pathogenic strain of Mycobacteria, i.e., M. tuberculosis H, Rv
using two in vitro assays, namely agar dilution assay and the
microplate resazurin assay.

Human tuberculosis (TB) is a transmittable infectious disease
chiefly caused by M. tuberculosis, which is an aerobic
pathogenic bacterium that creates its septicity usually in the
lungs."! The World Health Organization estimates that active
cases of TB afflict 7-8 million people annually and lead up to
three million deaths per year.??!

Because natural products are a proven template for Address for correspondence: Ms. Khushboo Dhirajlal Jethva,
the development of new scaffolds of drugs, they have Departmen’g of Pharchognosy and Phytochem.istry, K.B..Institute'of
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Antimycobacterial active compounds have been found not
only from terrestrial plants but also from other organisms ORCID:
such as fungi and marine plants and animals.[! Due to the https://orcid.org/0000-0002-2441-5097
important role medicinal plants play in the process of drug
discovery and development, they are widely recognized as
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MEeTHODS

Selection of medicinal plants

The selection of plants was mainly based on ancient literature
review and research article based review. The plants were
selected having anti-TB effect, hepatoprotective effect,
immunomodulatory action, and having ability to enhance
bioavailability.

Plant collection and authentication

Dried plant materials of 9 selected plants (fruits of Emblica
officinalis, fruits of Terminalia bellerica, fruits of Terminalia
chebula, roots of Withania somnifera, thizomes of Cyperus
rotundus, rhizomes of Alpinia galanga, leaves of Ocimum
sanctum, leaves of Adhatoda vasica, and fruits of Piper
longum) out of 11 selected plants were procured from
Ayurvedic Store of Gandhinagar, and fresh plant materials of 2
selected plants (roots of Leptadenia reticulata and whole herb
of Cocculus hirsutus) out of 11 selected plants were collected
from Dhandhiya village of Rajkot district, Gujarat, India. The
procured materials of the 11 selected medicinal plants were
authenticated.

Preparation of plant extracts

Preparation of alcoholic, hydroalcoholic, and aqueous
extracts of the 11 selected medicinal plants

One hundred grams of the powder of the 11 selected plants,
i.e., fruits of E. officinalis, fruits of T. bellerica, fruits of
T. chebula, roots of W. somnifera, rthizomes of C. rotundus,
rhizomes of 4. galanga, leaves of O. sanctum, leaves
of A. vasica, fruits of P. longum, roots of L. reticulata,
and whole herb of C. hirsutus, was taken to prepare its
different extracts. Three different extracts, i.e., alcoholic,
hydroalcoholic (30:70 water: alcohol), and aqueous
extracts, were prepared by maceration of raw material
of the 11 selected medicinal plants for 48 h in respective
solvents. It was then refluxed for about 1 h with occasional
shaking, consecutively three times, and filtered. The filtrates
were pooled and concentrated to dryness, and percentage
yield was calculated. The prepared extracts were labeled
and stored in an airtight container for further use.

Antimycobacterial activity

Procurement and culturing of Mycobacterium
tuberculosis freeze-dried culture

Mycobacterium tuberculosis H,,Rv strain is the most pathogenic
strain among all the different species of Mycobacterium. 1t is
procured from the American Type Cell Culture (ATCC), USA,
M. tuberculosis (strain ATCC 27294/H, Rv). It is obtained as
a freeze-dried (frozen) culture.[!

Maintenance of the Mycobacterium tuberculosis
Chemicals and instruments

Lowenstein Jensen Medium M-162 (LJ Medium) (HiMedia),
Middlebrook 7H10 Agar Base (HiMedia), Middlebrook
7H9 Broth (HiMedia), Middlebrook ADC Growth
Supplements (HiMedia), glycerol, Ziehl-Neelsen carbol

fuchsin dye, methylene blue, Tween 80 (Sigma), biosafety
cabinet II, autoclave, Research Centrifuge (Eltek), incubator,
Reagent Bottle Screw Cap — 250 ml and 500 ml (Tarson),
digital weight balance, Disposable Petri Plates (HiMedia),
colony counter machine, and micropipettes were used.

Mycobacterial strains and growth conditions

The mycobacterial strains were maintained on Lowenstein—
Jensen slopes and cultured on enriched media comprising
Middlebrook 7H9 broth supplemented with 0.05% (v/v) Tween
80, 10% (v/v) oleic acid—albumin—dextrose—catalase (OADC),
1.0 g of casitone per liter, and 0.2% (v/v) glycerol. Cultures
were incubated at an aerobic atmosphere at 37°C.

Agar dilution method

Principle of agar dilution method!”!

Agar dilution is the most commonly used technique to evaluate
the minimal inhibitory concentration of test substances that
helps to kill or inhibit the growth of microorganisms.!® The
main aim of this method is to determine the lowest concentration
of plant extract under defined test conditions and inhibit the
visible growth of the bacteria being investigated. Minimum
inhibitory concentration (MIC) values are used to determine
the susceptibilities of bacteria to drugs and also to evaluate
the activity of new antimicrobial agents. This method is used
when a quantitative method is required for Mycobacteria with
a variable growth rate and aerobic microorganisms.!

Method of agar dilution assay'"”!

Prepare Middlebrook 7H10 agar media and autoclave this
medium at 15 Ibs pressure (121°C) for 10 min. Aseptically
add OADC supplements and glycerol in prepared 7H10 agar
media. Different concentrations of the 11 selected medicinal
plant extracts were prepared and sterile all the extracts by
passing through syringe filter of pore size 22 um. Different
concentrations of the 11 selected medicinal plant extracts (500,
250, 125, 62.5,31.25, and 15.62 ug/ml) were incorporated into
the prepared autoclaved agar medium before it solidifies. By the
application of a standardized number (0.5 McFarland standard
dilutions) on the surface of the agar plate, the Petri plates used
for antitubercular screening were incubated at 37°C for 7 days.
All the concentrations were done in triplicate to minimize the
error. The MIC was determined by visual growth of Mycobacteria
on agar plates. Record the MIC of all tested extracts for further
analysis. Isoniazid was used as a standard anti-TB drug. There are
several advantages of the agar dilution method including capacity
to test different strains at once, easy detection of contamination,
and capacity to test opaque materials.

The microplate resazurin assay

Principle of microplate resazurin assay

Alamar Blue or microplate resazurin assay works as a viability
indicator through the conversion of resazurin to resorufin.
Resazurin is the low or nonfluorescent indicator dye is
converted to highly red fluorescent resorufin dye. This is due
to the reduction reactions of metabolically viable bacteria.
The amount of fluorescence produced is directly proportional
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to the number of living bacteria. The principle of microplate
resazurin assay is shown in Figure 1.

Chemicals and instruments

Middlebrook 7H9 Broth (HiMedia), Middlebrook OADC
supplements (HiMedia), Ziehl-Neelsen carbol fuchsin
dye, methylene blue, Alamar Blue dye (HiMedia),
trypsin—EDTA solution, isoniazid (Sigma-Aldrich, USA),
70% (v/v) isopropyl alcohol, biosafety cabinet II, autoclave,
Research Centrifuge (Eltek), incubator, Reagent Bottle
Screw Cap — 500 ml (Tarson), Reagent Bottle Screw
Cap — 250 ml (Tarson), ELISA reader (Thermo Fisher
Scientific, USA), digital weight balance, 96-well plate flat
bottom, inverted microscope, and micropipettes were used.

Method of Alamar Blue assay!'"?

The quantitative in vitro anti-TB activities of different extracts
of the 11 selected medicinal plants were evaluated in 96 well
microtiter plate using the Alamar Blue reagent as an indicator
of bacterial viability. One hundred microliters of 0.5 McFarland
standards (0.5 x 10%ml) of the viable M. tuberculosis H37Rv
was cultured in 7H9 Middlebrook medium (supplemented
with ADC and 0.5% glycerol) in flat bottom 96 microtiter
plate. One hundred microliters of 7H9 broth was added
into all wells of the 96 microtiter plate, and 100 pl of the
different concentrations (100, 500, and 1000 pug/ml) of plant
extracts was added to the wells and mixed thoroughly. Each
extract concentration was assayed in triplicate. The controls
maintained for all the tested strains included: medium,
DMSO (at a volume that is used for the highest concentration
of plant extract), 1:100 viable M. tuberculosis, and 50 pug/ml
isoniazid. To check the interaction of the plant extracts with
Alamar Blue, additionally, wells with plant extracts and media
were also maintained. The microliter plates were sealed with
the optical sealing tape and incubated at 37°C for 14 days.
Post incubation, 20 ul of Alamar Blue dye (5% [v/v]) diluted
1:1 in 7H9 medium (supplemented with ADC and 0.5%
glycerol) was added, and the plates were reincubated for 30 h.
The optical density of the wells was measured at 600 nm and
570 nm in an ELISA reader, and the percentage reduction of
Alamar Blue dye was calculated as per the manufacturer’s
instructions. The use of percentage reduction to screen the
plant extracts allowed the identification of those extracts with
marginal activity (not resulting in 99% kill). Triplicate wells
were maintained for each variable in every assay, and all the
assays were performed thrice. The data were analyzed as
mean =+ standard deviation (SD). A color changed from blue
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Figure 1: Graphical representation of principle of microplate resazurin
assay
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E

to pink indicated mycobacterial growth. The results were
interpreted based on the percentage reduction of the dye which
is directly proportional to the bacterial growth. The extracts
were considered to be active if the percentage reduction value
of Alamar Blue dye was less than that observed for the 1:100
Viable M. tuberculosis controls.!'

ResuLts

Selection of plants

Eleven medicinal plants were selected on ethnomedicinal-based
review. All the selected medicinal plants were reviewed from
the ancient literature for all mentioned activities. Table 1 shows
the selected medicinal plants and its ancient literature review.

Plant collection and authentication

The procured material of the 11 selected medicinal plants
was authenticated by a taxonomist and further authenticated
by comparing the microscopy with reported literature.
Herbarium specimens of the 11 selected medicinal plant
materials (PH/015/001-PH/015/011) were deposited at
Pharmacognosy Department, K.B.I.P.E.R., Gandhinagar.

Percentage yield of the selected plant extracts
Alcoholic, hydroalcoholic (30:70), and aqueous extracts of
the 11 selected medicinal plants were prepared to screen its
antitubercular activity using different models. The percentage
yield of prepared extracts is shown in Table 2.

In vitro antimycobacterial screening

The present study was conducted to investigate the
antimycobacterial activity of three different extracts of the
11 selected medicinal plants against M. tuberculosis H, Rv.

Agar dilution method

The antitubercular potency of the active plant extracts
was determined by agar dilution method. Inhibition of
M. tuberculosis H,,Rv was observed for 4 of the 11 medicinal
plants. Inhibition of M. tuberculosis H,.Rv by agar dilution
method was recorded on the four Petri plates containing
aqueous extracts of 4. vasica, O. sanctum, L. reticulata, and
C. hirsutus after 14 days of incubation at 37°C. All the aqueous
extracts of four plants were found to be active in agar dilution
assays with MIC of 500 pug/ml, 500 pug/ml, 250 pug/ml, and
250 ug/ml, respectively.

The microplate resazurin assay

Crude plant extracts did not show an enhanced reduction of
resazurin as compared to the media control. Out of the 11
selected medicinal plants, E. officinalis, T. bellerica, T. chebula,
W. somnifera, C. rotundus, and P. longum showed no
anti-M. tuberculosis activity, whereas aqueous extracts of
O. sanctum, A. vasica, L. reticulata, and C. hirsutus showed
significant inhibition activity against M. tuberculosis H,.Rv,
as shown in Figure 2.

Results are presented as mean £ SD from at least three
times (n = 3). Statistical analysis of data was carried out by
one-way ANOVA, followed by Tukey post hoc test using
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Figure 2: Percentage inhibition of alcoholic (a), hydroalcoholic (b) and aqueous (c) extracts of the 11 selected medicinal plants against Mycobacterium

tuberculosis H,Rv via microplate resazurin assay

Table 1: List of selected plants for the evaluation of antimycobacterial activity

Common name Botanical source Family Part used Activity mentioned Reference
Amla Emblica officinalis Euphorbiaceae Fruits Asthma, bronchitis The Wealth of India, 200214
Baheda Terminalia bellerica Combretaceae Fruits Asthma, cough ICMR, 2003!"
Harde Terminalia chebula Combretaceae Fruits Asthma, bronchitis The Wealth of India, 198201
Ashwagandha Withania somnifera Solanaceae Roots Tuberculosis Nadkarni, KM, 198207
Nagarmotha Cyperus rotundus Cyperaceae Rhizomes Tuberculosis Kirtikar and Basu 2007
Rasna Alpinia galanga Zingiberaceae Rhizomes Tuberculosis ICMR, 20031
Tulsi Ocimum sanctum Liliaceae Leaves Tuberculosis Medicinal plants of Gujarat>”!
Vasaka Adhatoda vasica Acanthaceae Leaves Tuberculosis ICMR, 200521
Long pepper Piper longum Piperaceae Fruits Bioavailability enhancer Kirtikar and Basu 19332
Kharkhodi Leptadenia reticulata Asclepiadaceae Roots Tuberculosis Kirtikar and Basu 193323
Vevadi Cocculus hirsutus Menispermaceae Whole herb Tuberculosis Kirtikar and Basu 193324
ICMR: Indian Council of Medical Research

Discussion

Table 2: Percentage yield of prepared extracts

Name of the plant Percentage yield of extracts

Alcoholic  Hydroalcoholic ~ Aqueous
extract extract extract
Emblica officinalis 44,38 52.92 63.52
Terminalia bellerica 42.46 55.16 66.68
Terminalia chebula 45.08 50.58 46.56
Withania somnifera 08.91 15.32 24.16
Cyperus rotundus 08.28 10.47 15.46
Alpinia galanga 08.26 05.92 06.63
Ocimum sanctum 17.87 21.10 28.21
Adhatoda vasica 13.30 28.56 36.26
Piper longum 21.52 40.78 45.76
Leptadenia reticulata 08.80 09.40 10.39
Cocculus hirsutus 16.00 23.48 30.12

GraphPad Prism for Windows (version 5). Values of P < 0.05
were considered statistically significant.

There has been no anti-TB drug announced in the past
30 years, and the rapid acquirement of drug resistance to the
already available drugs demands the development of new and
affordable anti-TB drugs.! The increasing rate of multidrug
resistance and extensively drug-resistant tuberculosis made
anti-TB remedy more challenging. Although approaches
have been projected in an attempt to control the spread of the
infection, the search for new methods to treat drug resistance
stimulates the investigation of new natural compounds, which
is an alternative treatment of TB infections.?®

In this study, there are 11 medicinal plants selected on the
basis of literature survey, which were evaluated for their
antimycobacterial activity against M. tuberculosis. Before
testing, the selected medicinal plants were each extracted
using three different solvents, i.e., alcoholic, hydroalcoholic,
and aqueous. The highest percentage yield of extract was in
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polar solvents. It is, therefore, not surprising that traditional
healers use mostly water for extraction processes.?” There
were two antimycobacterial assays performed to evaluate
the antimycobacterial activity of different extracts of the
11 selected medicinal plants, i.e., agar dilution assay and
microplate resazurin assay.

Agar dilution is the most commonly used technique to
determine the MIC of antimycobacterial agents.?*! The MIC
is defined as the lowest concentration of the antimicrobial
substance that inhibits the visible growth of the tested
Mycobacteria. The growth of a single colony caused by the
inoculum should be disregarded. When the growth of the
tested Mycobacteria occurs on all agar plates with extracts of
the selected medicinal plants, the MIC is recorded as greater
than the highest concentration tested. The MIC is recorded
as less than or equal to the lowest concentration when no
growth occurs on any of the agar plates but on the growth
control.”’ Antimycobacterial TB activity of aqueous extracts
of O. sanctum, A. vasica, L. reticulata, and C. hirsutus showed
the MIC at 500 ug/ml, 500 ug/ml, 250 ug/ml, and 250 pg/ml,
respectively, against the tested strains of M. tuberculosis.

The microplate resazurin assay is a very rapid and nonradioactive
assay which allows for the exposure of bacterial activity with
ahigh degree of confidence.*3! As with the tetrazolium salts,
Alamar blue is a soluble redox dye that is stable in culture
medium and nontoxic.’?! Alamar blue has been successfully
used to assess the susceptibility of M. tuberculosis to various
antimicrobials in several laboratories.’*** The results obtained
showed that aqueous extracts of O. sanctum, A. vasica, L.
reticulata, and C. hirsutus show significant antimycobacterial
TB activity with the Mycobacterial tuberculosis inhibition
percentage of 71.26%, 74.58%, 75.21%, and 80.26%,
respectively. The results were comparable to those of the
standard drug Isoniazid. This may be due to the bioactive
constituents, such as flavonoids, alkaloids, steroids, terpenoids,
saponins, and tannins in the aqueous extracts of plants.[*

Financial support and sponsorship
The authors are thankful to the Department of Science and
Technology for providing DST INSPIRE Fellowship.

Conflicts of interest
There are no conflicts of interest.

REFERENCES

1. Ducati RG, Ruffino-Netto A, Basso LA, Santos DS. The resumption
of consumption-a review on tuberculosis. Mem Inst Oswaldo Cruz
2006;101:697-714.

2. Blanc DC, Nunn P. Incentives and Disincentives for New
Anti-Tuberculosis Drug Development. World Health Organization;
2000. Available from: http//www.who.int/tdr, 2000.

3. Barry PJ, O’Connor TM. Novel agents in the management of
Mycobacterium tuberculosis disease. Curr Med Chem 2007;14:2000-8.

4. Copp BR, Pearce AN. Natural product growth inhibitors of
Moycobacterium tuberculosis. Nat Prod Rep 2007;24:278-97.

5. McGaw LJ, Lall N, Meyer JJ, Eloff JN. The potential of South
African plants against Mycobacterium infections. J Ethnopharmacol
2008;119:482-500.

6.

7.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

ATCC® BACTeriAl CulTure Guide. Tips and Techniques for Culturing
Bacteria and Bacteriophages (ATCC); 2015.

Wiegand I, Hilpert K, Hancock RE. Agar and broth dilution methods to
determine the minimal inhibitory concentration (MIC) of antimicrobial
substances. Nat Protoc 2008;3:163-75.

Andrews JM. Determination of minimum inhibitory concentrations.
J Antimicrob Chemother 2001;48 Suppl 1:5-16.

Barry AL. Procedure for Testing Antimicrobial Agents in Agar Media:
Theoretical Considerations; 1986.

. Clinical and Laboratory Standards Institute. Methods for Dilution

Anti-Microbial Susceptibility Test for Bacteria that Grow Aerobically,
Clinical and Laboratory Standards Institute; Wayne USA, 2006b.

. Collins L, Franzblau SG. Microplate alamar blue assay versus BACTEC

460 system for high-throughput screening of compounds against
Mycobacterium tuberculosis and Mycobacterium avium. Antimicrob
Agents Chemother 1997;41:1004-9.

. Webster D, Lee TD, Moore J, Manning T, Kunimoto D, LeBlanc D,

et al. Antimycobacterial screening of traditional medicinal plants using
the microplate resazurin assay. Can J Microbiol 2010;56:487-94.

. Woods GL, Brown-Elliott BA, Conville PS, Desmond EP, Hall GS,

Lin G, et al. Susceptibility Testing of Mycobacteria, Nocardiae and
Other Aerobic Actinomycetes: Approved Standard. 2™ ed. Pennsylvania:
Clinical and Laboratory Standards Institute; 2011.

. The Wealth of India: A Dictionary of Indian Raw Materials and

Industrial Products. New Delhi: Council of Scientific and Industrial
Research; 2002.

. Gupta AK. Quality Standards of Indian Medicinal Plants. New Delhi:

Indian Council of Medical Research; 2003.

. The Wealth of India: A Dictionary of Indian Raw Materials and Industrial

Products. New Delhi: Publications and Information Directorate, CSIR;
1982.

. Nadkarni KM. Indian Materia Medica. Bombay: Popular Prakashan Pvt.

Ltd.; 1982. p. 1292-4.

. Kirtikar KR, Basu BD. Indian Medicinal Plants. Vol. 4., 2" ed.

Dehradun, International Book Distributors; 2007. p. 580-878.

. Gupta A. Quality Standards of Indian Medicinal Plants. Vol. 1.

New Delhi: Indian Council of Medical Research (ICMR); 2003.
Panday CN, Raval SS, Mali S, Salvi H. Medicinal plants of Gujarat-
Species description and medicinal use, Oscimum sanctum; 2005. p. 229.
Quality Standards of Indian Medicinal Plants. Vol. 2. New Delhi: Indian
Council of Medical Research (ICMR); 2005. p. 276-9.

Kirtikar KR, Basu BD. Indian Medicinal Plants. 2" ed. Allahabad: Lalit
Mohan Basu Publications; 1933. p. 2131-3.

Kirtikar KR, Basu BD. Indian Medicinal Plants. Vol. 1.,
Allahabad: Lalit Mohan Basu Publication; 1933. p. 1786-9.
Kirtikar KR, Basu BD, Indian Medicinal Plants. Vol. 1., 2™ ed.
Allahabad: Lalit Mohan Basu Publication; 1933. p. 86-8.

Gautam R, Saklani A, Jachak SM. Indian medicinal plants as a source of
antimycobacterial agents. J Ethnopharmacol 2007;110:200-34.

Gupta VK, Shukla C, Bisht GR, Saikia D, Kumar S, Thakur RL.
Detection of anti-tuberculosis activity in some folklore plants by
radiometric BACTEC assay. Lett Appl Microbiol 2011;52:33-40.
Masoko P, Nxumalo KM. Validation of antimycobacterial plants used
by traditional healers in three districts of the limpopo province (South
Africa). Evid Based Complement Alternat Med 2013;1-7.

Rhomberg PR, Sader HS, Jones RN. Reproducibility of daptomycin MIC
results using dry-form commercial trays with appropriate supplemental
calcium content. Int J Antimicrob Agents 2005;25:274-6.

Wiegand I, Hilpert K, Hancock RE. Agar and broth dilution methods to
determine the minimal inhibitory concentration (MIC) of antimicrobial
substances. Nat Protoc 2008;3:163-75.

Yajko DM, Madej JJ, Lancaster MV, Sanders CA, Cawthon VL,
Gee B, et al. Colorimetric method for determining MICs of
antimicrobial agents for Mycobacterium tuberculosis. J Clin Microbiol
1995;33:2324-7.

Collins L, Franzblau SG. Microplate alamar blue assay versus BACTEC
460 system for high-throughput screening of compounds against
Mycobacterium tuberculosis and Mycobacterium avium. Antimicrob
Agents Chemother 1997;41:1004-9.

Ahmed SA, Gogal RM Jr, Walsh JE. A new rapid and simple

2 ed.

154 International Journal of Mycobacteriology | Volume 9 | Issue 2 | April-June 2020 -




[Downloaded free from http://www.ijmyco.org on Friday, January 29, 2021, IP: 197.46.112.30]

33.

.International Journal of Mycobacteriology | Volume 9 | Issue 2 | April-June 2020

Jethva, et al.: Antimycobacterial screening of medicinal plants

non-radioactive assay to monitor and determine the proliferation of
lymphocytes: An alternative to [3H] thymidine incorporation assay.
J Immunol Methods 1994;170:211-24.

Franzblau SG, Witzig RS, McLaughlin JC, Torres P, Madico G,
Hernandez A, et al. Rapid, low-technology MIC determination with
clinical Mycobacterium tuberculosis isolates by using the microplate
Alamar Blue assay. J Clin Microbiol 1998;36:362-6.

34. Yajko DM, Madej JJ, Lancaster MV, Sanders CA, Cawthon VL,

35.

Gee B, et al. Colorimetric method for determining MICs of
antimicrobial agents for Mycobacterium tuberculosis. J Clin
Microbiol 1995;33:2324-7.

Ashish RS. Phytochemical estimation and antimicrobial activity of
aqueous and methanolic extract of Ocimum sanctum. J Nat Prod Plant
Res 2013;3:51-8.




