
role in curing TB.[6] There are several reasons that justify the 
need to search for new anti-tubercular drugs, such as shorten 
the treatment duration, to get efficient treatment for MDR-TB 
and to eradicate the latent infection.[7,8] Plants have supplied 
the foundation for traditional medicine for millennia dating 
back to information inscribed on clay tablets from Mesopotamia 
in 2600 BC. Today, traditional remedies continue to play 
an important role in modern medicine with approximately 
80% of the world’s inhabitants relying on them their primary 
health-care.[9] The union of traditional knowledge and modern 
science may provide an innovative and valuable bio prospecting 
tool for affordable, safe, novel and effective therapies[10] and 
to determine their potency against M. tuberculosis which will 
help to develop new drugs against the infection from these local 
plant extracts.

Traditionally, tribal people of the Western Ghats of Karnataka 
use these medicinal legumes for curing various diseases such 
as arthritis, diabetics, fever, cough, skin diseases etc., Among 
the selected medicinal plants, only Kingiodendron pinnatum 
Rox. Hams. found to be used in Ayurveda medicinal system as 
Samparni. In Ayurveda, the oleo gum-resin of K. pinnatum is 
used in catarrhal conditions of the genitourinary and respiratory 
tract infection.[11] In view of this, the present investigation 

Introduction

One of the most serious infectious diseases that are currently 
being intensified by the existence of resistant strains is 
tuberculosis (TB), a disease caused by Mycobacterium 
tuberculosis.[1] Annually, 8 million people become ill with TB 
and two million people die from the diseases world-wide.[2] 
India accounts for nearly one-third of the global burden of TB 
and approximately 2 million people acquire TB every year.[3] In 
view of this a need for the development of new TB drugs is 
felt to control the spread of multidrug resistant TB (multi-drug 
resistance [MDR]-TB).[4] In spite of global research efforts, 
mechanisms underlying pathogenesis, virulence and persistence 
of M. tuberculosis infection remain poorly understood. The 
urgent need to find new drugs to reduce the global burden of TB 
is much discussed in the present biomedical research.[5] Natural 
products and their semi synthetic derivatives can play a vital 
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Abstract

Background: Tuberculosis is a leading cause of death in the world. A new alternative for the 
treatment of tuberculosis is urgently required, due to the emergence of multidrug resistant 
Mycobacterium tuberculosis. Aim: There is currently considerable interest in developing potential 
drugs from medicinal plants for treating tuberculosis. To evaluate anti-tubercular activity in the 
leaves of Kingiodendron pinnatum Rox. Hams., Humboldtia brunonis Wall., Indigofera cassioides Rottl.ex 
DC., Derris scandens Benth. and Ceasalpinia mimosoides Lamk. Materials and Methods: Non-polar 
and polar solvent extracts of leaves of these medicinal legumes were tested against M. tuberculosis 
H37RV and minimum inhibitory concentrations (MICs) were determined by the agar based 
proportion assay. Results: Phytochemical screening for secondary metabolites revealed the 
presence of saponins, steroids, anthro-quinones, terpinods, fl avonoids and phlabotanins. Crude 
leaf extracts of these plants have shown MIC value of 50 μg/ml as against the standard drug 
Isoniazid value of 0.025 μg/ml. Conclusion: Results showed that crude extracts of legume leaves 
screened exhibited potential anti-tubercular activity against M. tuberculosis and further work is 
required to identify the active molecule of these legumes, to get a novel anti-tubercular drug. 
This is the maiden fi nding on anti-tubercular activity of these medicinal legumes.
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was undertaken to know about the potential of K. pinnatum, 
Humboldtia brunonis Wall., Indigofera cassioides Rottl.ex DC., 
Derris scandens Benth. and Ceasalpinia mimosoides Lamk. for 
phytochemical and anti-tubercular properties.

Materials and Methods

Plant collection and authentication
Evergreen forests of the Western Ghats in Hassan district, 
Karnataka, India were explored to locate the population of 
K. pinnatum, (Accession no. 0004DK) H. brunonis, (Accession 
no. 0005DK), I. cassioides, (Accession no. 0006DK), D. scandens 
(Accession no. 0007DK) and C. mimosoides (Accession no. 
0008DK). The leaves of these plants were carefully exercised 
from the plant, shade dried and placed in polythene bags. 
Herbaria of these plants are kept in Biodiversity Conservation 
Laboratory in the Department of Environmental Science, 
University of Mysore, India.

Plant extraction and preparation of the extracts
The leaves were shade dried for 14 days at room temperature 
in a clean environment to avoid contamination. A total of 
200 g leaves of each plant were powdered in a domestic grinder. 
Powdered leaves were extracted by percolation (cool maceration) 
under dark condition for 96 h at room temperature with 
petroleum ether, chloroform, ethyl acetate, methanol and 
distilled water (200 mL). All the extracts were filtered and the 
process was repeated 2 times for exhaustive extraction, to ensure 
that no metabolites were left in the residues. All the extracts 
for each set were combined and then concentrated under low 
pressure to dryness at 30°C using vacuum concentrator.[12] The 
dried solvent extracts obtained from each plant were air-dried 
then packed in 1 mL vials with proper labeling for future 
references. The extracts were kept refrigerated and away from 
the sunlight (wrapping with aluminum foil prior to further 
processing. Stock solutions of the extracts were prepared in 
Di-Methyl Sulfoxide (DMSO) at a concentration of 5 mg/ml 
and stored at -20°C until use. All the crude extracts of each 
plant species were tested for anti-tubercular activity.

Phytochemical analysis of extracts
The plant extracts were screened for phytochemicals using 
standard techniques for the detection of the saponins, tannins, 
terpenoids, alkaloids, steroids, flavonoids, anthraquinones and 
phlobatannins.[13,14]

Anti-tubercular activity against M. tuberculosis 
H37Rv American Type Culture Collection 
(ATCC 27294) by proportion assay
This assay measures the capability of the test compound to 
kill (or inhibit) the multiplication of pathogenic M. tuberculosis 
H37Rv (27294) was procured from the ATCC, USA. The 
extracts of selected five medicinal legumes were dissolved in 
DMSO separately to make stocks (5 mg/ml). Serial dilutions 
from stocks were also made in DMSO. Each test compound 
0.1 ml or DMSO (negative control) or Isoniazid* (positive 
control) were added in to 1.9 ml Middle Brook (MB 7H10) agar 
medium (Experiment was conducted in Commercial (MB 7H10) 
medium purchased from Becton Dickinson Company (Difco™) 
supplemented with Oleic Albumin Dextrose Catalyse. The 

contents were mixed and allowed to solidify as slants. 3-week 
old culture of M. tuberculosis H37Rv (from L-J medium slant) 
was harvested and its suspension (0.1 mg/ml, equivalent to 
approx. 107 bacilli/ml) was made in normal saline containing 
0.05% Tween-80. 10 μl of this suspension (~105 bacilli) was 
inoculated on to each tube and incubated at 37°C for 4 weeks. 
The lowest concentration of an extract up to which there 
was no visible growth of bacilli was its Minimum Inhibitory 
Concentration (MIC).[15]

Results

The crude extracts of medicinal legumes were evaluated for 
anti-tubercular activity containing Isoniazid as a positive 
control. Table 1 summarizes the anti-tubercular activity 
(MIC) of crude drugs along with Isoniazid (positive control) 
obtained from proportion assay. Results indicate that 
methanol extracts of leaves of all the five legumes, except 
I. cassioides completely inhibited the growth M. tuberculosis 
at the concentration of 50 μg/ml. The MIC for plants, which 
showed anti-tubercular activity was considered as 50 μg/ml 
[Figures 1 and 2]. Ethyl acetate extract of two legume leaves, 
K. pinnatum and D. scandens and chloroform extract of three 
legume leaves of H. brunonis, C. mimosoides and D. scandens 
showed anti-tubercular activity. However petroleum ether 
extract of I. cassioides, showed the activity, similarly, only 
methanol extract of H. brunonis leaves showed the activity. 
These observations suggest that the component responsible 
for the anti-tubercular activity of the two species were 
selectively got extracted in single solvent. However, same 
activity in all the three extracts (methanol, ethyl acetate and 
chloroform) of leaves from the two species, C. mimosoides 
and D. scandens indicate equal distribution of the active 
components in all the solvent extracts. The results of the 
phytochemical screening of medicinal legumes are shown in 
Table 2.

Table 1: In vitro anti-tubercular activity of medicinal 
legumes against M. tuberculosis H37Rv
Plants Extract MIC (μg/ml)

25 50
Kingiodendron 
pinnatum

Chloroform Not active Not active
Ethyl acetate Not active Active
Methanol Not active Active

Humboldtia 
brunonis

Chloroform Not active Not active
Ethyl acetate Not active Not active
Methanol Not active Active

Ceasalpinia 
mimosiodes

Chloroform Not active Active
Ethyl acetate Not active Active
Methanol Not active Active

Derris 
scandens

Chloroform Not active Active
Ethyl acetate Not active Active
Methanol Not active Active

Indigoferra 
cassiodes

Petroleum ether Not active Active
Ethyl acetate Not active Not active
Methanol Not active Not active
Water Not active Not active
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Discussion

TB has been a major health problem in developing countries 
including India. Due to increase in MDR and Extensive Drug 
Resistance strains of M. tuberculosis, there is an urgent need of 
finding newer anti-mycobacterial agents without side-effects 
to combat this problem. Plants are a valuable source of new 
anti-mycobacterial compounds. A number of studies have 
explored a wide range of natural products with strong activity 
against M. tuberculosis.[16] Ethnobotanical survey was carried out 
to study the plants used by traditional healers in Mexico to test 
the activity toward M. tuberculosis. Extracts of Citrus aurantifolia, 
Citrus sinensis and Olea europaea were found to be active against 
both drug-susceptible and drug-resistant strains of virulent M. 
tuberculosis with MICs ranging between 0.1 and 0.025 mg/
ml.[17] There is a growing interest in identifying the compounds 
responsible for anti-mycobacterial activity of traditional medicine 
and developing them as potential TB drugs.[18] In the present 
scenario, drug resistance has become important medical crisis in 
many countries. In order to find a solution for the abatement 
of TB, the discovery of new anti-tubercular drugs is significantly 
important.[19] The plant extracts are considered as inactive if 
they could not prevent the growth of M. tuberculosis up to 
concentration of 200 μg/ml.[20] The MIC value of 128 μg/ml is 
defined as active against M. tuberculosis.[21] TB is one of the leading 
killers of humans world-wide. Its agent, M. tuberculosis causes 
more death than any other single infectious disease on earth. 
Search for new anti-TB drugs become obvious due to the shortage 

and expensive nature of TB drugs. Herbal remedies become 
the readily alternative in the search for new antimycobacterial 
compounds from Anogeissu sleiocarpus, Terminalia avicenniodes, 
Combretum spp. and Combretum. brassii have been reported as 
remedies for the management of TB.[22] Activity is considered to 
be significant if MIC values are below 100 μg/ml for crude extract 
and moderate when 100 < MIC < 625 μg/ml.[23,24] Therefore, 
the activity recorded from the selected medicinal legumes can 
be considered as significant. In the Solid Agar based Proportion 
assay, the Gold Standard’ in Anti-TB Drug Susceptibility testing, 
exact MIC values are not determined. In this assay, two-fold serial 
dilutions of the stock of the test sample (drug/test compound/
extract) are tested against a defined mycobacterial inoculum and 
the concentration, which completely inhibits the mycobacterial 
growth as compared with the drug-free control is considered 
as the MIC of that sample.[19] In this study, none of the extract 
showed activity at 25 μg/ml concentration, whereas 10/16 showed 
activity at 50 μg/ml concentration. The front line anti-TB drugs 
have MICs in the range of 0.025-2.0 μg/ml and if we wish to 
compare activity of any new entity (compound/extract) its 
activity should also be in the same range. However, since extracts 
are crude preparations they may be considered active at higher 
concentrations also. In this perspective, activity determination up 
to 50 μg/ml is quite reasonable. Moreover, a clear discrimination 
of activity profile among different extracts could also be possible 
with the tested concentrations.

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.[25] 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.[26,27] Our investigation indicate the 

Table 2: Preliminary phytochemical screening of 
medicinal legumes
Plant
species

Phyto-chemical constituents
1 2 3 4 5 6 7 8

Kingiodendron pinnatum + + + + + + + −
Humboldtia brunonis + + − + + + + +
Derris scandens + + − + + + + +
Ceasalpinia mimosoides + + + + + − + +
Indigoferra cassiodes + + + + − − + +
1: Tannins, 2: Saponins, 3: Alkaloids, 4: Steriods, 5: Terpinoids, 6: Anthroquinons, 
7: Flavonids, 8: Phlobatanins

Figure 1: Growth of Mycobacterium tuberculosis H37Rv on 
Lowenstein-Jensen midium

Figure 2: In vitro evaluation of anti-tubercular activity by 
Proportion assay. Tubes show-(A) Growth of Mycobacterium 
tuberculosis H37Rv (no drug control) (B) Partial growth 
(at Concentration <Minimum Inhibitory Concentration 
(MIC) of drug/compound) (C) Complete growth inhibition 
(at MIC of drug/compound)
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presence of saponins, steroids, tannins, terpenes, anthraquinone, 
flavones, phlobatannins 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.[28] 
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.[29] 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 molle 
against M. tuberculosis.[30] Alkaloids isolated from medicinal plant 
Alstonia scholaris showed the anti-mycobacterial activity.[31] The 
antibacterial, antifungal and anti-TB activity exhibited by the 
extracts of the plant Cissampelos owariensis (P. Beauv.) A study 
proved it is a potential antibiotic agent and confirms the folklore 
uses of the plant in medicine.[32] This study is the first report 
of anti-mycobacterial activity on theses selected medicinal 
plants collected from the Western Ghats of Karnataka against 
M. tuberculosis by using agar based proportion assay. The 
preliminary results presented in this study showed the potential 
of extracts from these medicinal plants to be used against M. 
tuberculosis. However, further in-vitro studies are needed to 
understand the mechanism of action of crude drugs.

Conclusion

Results of the present research work showed that leaf extracts of 
these medicinal legumes possess anti-tubercular activity and offers 
the scope for the development of potential anti-tubercular crude 
drugs. Heat labile phytochemicals present in these legumes may 
be responsible for the anti-tubercular activity. In view of these 
findings, it can be concluded that medicinal plants play astonishing 
role in curing mycobacterial disease; hence, there is a need for 
multiplication and conservation of these medicinal legumes.
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{hÝXr gmam§e

nm§M Am¡f{Y¶ ’$br¶ dZñn{V¶m| H$m amgm¶{ZH$ g§KQ>ZmË‘H$ Ed§ j¶amoJ 

{damoYr à^md

H$mo‘bHw$‘ma Oo., Xodr àgmX E.Or., {dZrVm MVwd}Xr >

{díd ‘o j¶amoJ ‘¥Ë¶w H$m EH$ à‘wI H$maU h¡ & ‘m`H$mo~°³Q>oar¶‘ Q>çy~a³¶ybmo{gg {damoYr EH$m{YH$ Am¡f{Y¶m| Ho$ Hw$à^md Ho$ H$maU, 
Zd d¡H$pënH$ {M{H$Ëgm H$s Amdí¶H$Vm h¡ & Bg hoVw dV©‘mZ H$mb ‘o Am¡f{Y dZñn{V¶m| go geº$ Am¡f{Y {Z‘m©U {H$ Amdí¶H$Vm 
~‹T> J¶r h¡ & àñVwV AÜ¶¶Z ‘o Kingiodendron pinmatum, Humboldtia brunonis, Indigofera Cassioides, Derris scandens 
Am¡a Caesalpinia mimosoides Zm‘H$ dZñn{V¶m| Ho$ nÎmm| H$m amgm¶{ZH$ g§KQ>ZmË‘H$ Ed§ j¶amoJ {damoYr J{V{dYr¶m| H$m ‘yë¶m§H$Z 
{H$¶m J¶m h¡ & Cnamoº$ Am¡f{Y¶m| Ho$ nÎmm| Ho$ J¡a Y«wdr¶ Am¡a Y«wdr¶ {dbm¶H$ AH©$ H$m à^md AJma AmYm[aV AZwnmV naH$ go 
‘m`H$mo~°³Q>o[a¶‘ Q>çy~a³¶ybmo{gg H37RV d Ý¶yZV‘ {ZYm©[aV gm§ÐVm (MICS) na XoIm J¶m & amgm¶{ZH$ narjU ‘| g°nmo{ZÝg, 
ñQ>oam°B©S>g, AÝW«mo³¶yZmoZg, Q>a{nZmoS>g, âbodmoZm°B©S>g Ed§ âbo~moQ>°{ZZg O¡go amgm¶{ZH$ KQ>H$m| H$s àmár hþB & ‘mZH$ Am¡f{Y Isoniazid 
Ho$ n[aàoú¶ ‘o Cnamoº$ C„o{IV n[aú¶ Am¡f{Y nÌm| Ho$ AH©$ go Ý¶yZV‘ {ZYm©[aV gm§ÐVm H$s ‘mÌm 50 μμg/ml XoIr J¶r & Bg AÜ¶¶Z 
go kmV hmoVm h¡ {H$ Cnamoº$ dZñn{V¶m| Ho$ AH©$ ‘| j¶amoJ {damoYr j‘Vm h¢ & ^{dî¶ ‘| Bg {df¶ na Am¡a AÜ¶¶Z H$s Amdí¶H$Vm h¡& 


