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Abstract 
Tuberculosis (TB), caused by Mycobacterium tuberculosis is an infectious deadly disease and the 
treatment of which is one of the most severe challenges at the global level. Currently more than 20 
chemical medications are described for the treatment of TB. Regardless of availability of several 
drugs to treat TB, the causative agent, M. tuberculosis is nowadays getting resistant toward the 
conventional drugs and leading to conditions known as Multidrug-resistant tuberculosis (MDR-TB) 
and extensively drug resistant tuberculosis (XDR-TB). This situation has terrified the global health 
community and raised a demand for new anti-tuberculosis drugs. Medicinal plants have been used 
to cure different common as well as lethal diseases by ancient civilizations due to its virtue of va-
riety of chemical compounds which may have some important remedial properties. The aim of the 
present review is to focus the anti-tubercular medicinal plants native to India as well as the plants 
effective against MDR or XDR-TB across the globe. In the present review, we have addressed 25 
medicinal plants for TB and 16 plants effective against MDR-TB testified from India and 23 herbal 
plants described for MDR-TB across the world during 2011-2015. These herbal plants can serve as 
promising candidates for developing novel medications to combat multi-drug resistant M. tuber-
culosis. 
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1. Introduction 
Tuberculosis (TB), an infectious deadly disease caused by the various species of Mycobacterium, especially 
Mycobacterium tuberculosis, was emerged from East Africa more than three million years ago [1].  
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According to World Health Organization (WHO), TB is the second most fatal disease after HIV, accountable for 
human death across the globe and about one third of human population is estimated to be infected with M. tu-
berculosis. However, it is not necessary that all infected person may get the tuberculosis. The carrier stage is 
called latent tuberculosis, in which M. tuberculosis infected person does not show any symptoms of disease. Still, 
about 5% to 10% of the infected people have a chance to develop TB, depending upon the immunity of the indi-
vidual. Around 6.1 million TB patients have been reported in year 2013, of these, about 5.7 million (93%) cases 
were new. About 9 million people were reported ill due to TB in 2013, of which approximately 1.5 million died 
due to the disease (Figure 1) [2]. The disease is highly progressive in Asia and Africa and more than 80% of all 
TB cases were reported from these two continents [3]. When we talk about Indian scenario, one report said that 
TB was reported about 3300 years ago [4] while according to ancient literature [5] TB have been reported since 
1500BC. Treatment of TB is one of the most severe challenges at the global level. Presently, there are more than 
20 drugs which are described for the treatment of TB [6] among them. Isoniazid, rifampin, ethambutol, pyrazi-
namide and streptomycin are most commonly used. 

However, recent few years have revealed that the causative agent of Tuberculosis, M. tuberculosis is getting 
resistant towards conventional drugs used for treatment. The development of drug-resistant in M. tuberculosis 
has frightened the global health community [8] [9]. Multidrug-resistant tuberculosis (MDR-TB) is a condition 
where the M. tuberculosis strain is resistant to two most frequently used drugs i.e. first-line oral (Table 1) spe-
cifically isoniazid, rifampicin and it was first developed in USA during 1990s [10] [11]. The improper use of an-
timicrobial drugs, early treatment cessation, genetic mutation in M. tuberculosis, an inadequate administered 
treatment, etc. may cause drug resistance [12] [13] which can then be transmitted to other people in the commu-
nity. Among all, genetic mutation is the most important cause for the MDR-TB and 7 hotspots loci have been 
identified across the chromosome which includes RNA polymerase beta subunit gene, rpoB (rifampicin), nico-
tinamidase, pncA (pyrazinamide), catalase-peroxidase gene, katG (isoniazid); inhibin alpha, mabA(fabG1)-inhA 
(isoniazid), DNA gyrase subunit A&B (quinolone), and 16S rRNA gene, rrs (streptomycin) [14] [15]. According 
to WHO, around 480,000 cases of MDR-TB were reported in 2013-14 and between 20% to 30% of the new 
cases were from Soviet Union countries. MDR-TB treatment requires the use of second-line drugs (SLDs), 
which are less effective [6] and highly expensive compared to first-line drugs [16]. Other drugs which are rec-
ommended for TB treatment includes sulfamethoxazole and mefloquine, however, both the drugs require further 
validation [17]. Recently two new anti-TB drugs, bedaquiline which affects the proton pump for ATP synthase 
and delamanid which blocks the synthesis of mycolic acids have been approved by the US Food and Drug Ad-
ministration and European Medicines Agency [18] [19]. Together with MDR-TB, XDR-TB (extensively drug 
resistant tuberculosis) has also been described where M. tuberculosis is resistant to at least four of the core anti-  
 

 
Figure 1. Percentage of new TB cases with MDT-TB in 2013-2014 [7].                                          
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Table 1. First and second line recommended by WHO [7].                                                        

Group Drug 

First-line oral Isoniazid, Rifampicin, Ethambutol, Pyrazinamide, Rifabutin and Rifapentine 

Injectables Streptomycin, Kanamycin, Amikacin and Capreomycin 

Fluoroquinolones Levofloxacin, Moxifloxacin, Gatifloxacin and Ofloxacin 

Oral bacteriostatic second-line anti-TB drugs Ethionamide, Prothionamide, Cycloserine, Terizidone, p-Aminosalicylic acid and 
p-Aminosalicylate sodium 

Anti-TB drugs with limited data on efficacy 
and/or long-term safety in the treatment of 
drug-resistant TB 

Linezolid, Clofazimine, Amoxicillin/clavulanate, Imipenem/cilastatin, Meropenem, 
High-dose isoniazid, Thioacetazone, Clarithromycin, Bedaquiline and Delamanid 

Other drugs (need clinical trials) Sulfamethoxazole, Mefloquine, Pretomanid, Sutezolid, SQ109 and Benzothiazinones 

 
TB drugs including, isoniazid, rifampicin and any of the fluoroquinolones and to one of the three injectable 
second line drugs (Table 1). Nowadays completely drug–resistant Mycobacterium tuberculosis strains have also 
been evolved which are resistant to all the first and second line drugs used for TB treatment [20]-[22]. Types of 
report have directed attention of researchers worldwide to find a novel potent drug molecule for the treatment of 
TB. Recently, [23] researchers have reviewed new drugs for tuberculosis including PA-824 (Nitroimidazole), 
Linezolid (Oxazolidinones), Sutezolid (Oxazolidinones), AZD5847 (Oxazolidinones) and SQ109 (1,2-diamine). 
Most of these drugs are under the clinical trial phase II. Therefore, there is an urgent demand to find out some 
potential anti-tuberculosis medicines which are effective against the resistant deadly strains. As usual, the “hope 
for the best” is the natural system and generally mankind is always looking into actinomycetes [24]-[26], fungi 
[27] [28], cyanobactria [29] and plants [30] [31] for the new drug molecules. Various drugs have already been 
identified and still being identified from the natural resources by the mankind. 

Further, the interest in herbal medications is due to adverse effect of chemical based anti-TB drugs on the pa-
tients, who generally have to administer the drug for longer durations. The adverse effects of first-line oral and 
second line drugs are summarized in the Table 2. According to one survey in India, the adverse drug reactions 
during MDR-TB treatment ranges from 57.14% to 94.3% and the most common adversarial effect was found to 
be gastrointestinal problems (71.7%) [32]. In contrast to this, herbal medicines are naturally occurring chemical 
compounds which can be administrated in the form of whole plant or it particular part. The advantages of herbal 
medications are fewer side effects, affectivity in multiple diseases as they are crude mixture of many plant 
compounds and are low cost. 

2. Medicinal Plants for Tuberculosis 
The significance of plants has been recognized and documented since ancient time due to virtue of its variety of 
chemical compounds, which may have some important medicinal properties that can be used to cure diverse 
diseases. Medicinal plants have been widely used as preventives and curative solutions against different com-
mon as well as lethal diseases by ancient cultures. There are some prehistoric data available, in which recipes for 
medicine preparation from the plants have been discussed [35]-[38]. The World Health Organization (WHO) es-
timated that about 80 percent of world’s population still relied on traditional medicinal plants for their primary 
health care. The uses of herbs and herbal products have been broadly being accepted in our modern way of life. 
Moreover [39], the majority of new drugs introduced in the United States are derived primarily from the plants. 
As discussed, most of the chemical drugs cause adverse effects and are costlier, therefore, nowadays there is an 
increasing inclinations towards the use of an alternative source of medicine, especially based on medicinal 
plants [40]. A number of medicinal plants have been reported for anti-mycobacterial activity across the globe 
[41]-[46]. 

Ayurveda, means the science of life (Ayur = Life, Veda = Science), is an ancient medical knowledge which 
was developed in India thousands of years ago and describes numerous plants to treat several diseases. When we 
particularly talk about TB, more than 250 medicinal plants from India have been reported [47] [48]. The com-
prehensive safety, toxicity and clinical studies are needed for these plants before using them effectively as cura-
tive and/or preventive medications against TB. Table 3 summarizes the Indian plants reported for anti-mycoba- 
cterial activity during last 5 (2011-2015) years. 
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Table 2. Adversarial effects of commonly used anti-mycobacterial drugs [33] [34].                                          

Group Drug Adverse effects 

First-line oral 

Isoniazid Nausea, vomiting, epigastric pain, hepatotoxic, psychosis, convulsive seizures, mental confusion, 
and coma etc. 

Rifampin Exanthema, hepatotoxicity, immunological reactions, nausea, anorexia, abdominal pain, fatigue, 
dizziness, headache, dyspnea, and ataxia etc. 

Pyrazinamide Nausea, vomiting, anorexia, severe exanthema, pruritus, rhabdomyolysis with myoglobinuria, 
kidney failure, acute arthritis in gouty individuals and hepatotoxicity. 

Ethambutol Retrobulbar neuritis, nausea, vomiting, abdominal pain, hepatotoxicity, hematological symptoms, 
hematological symptoms and hypersensitivity etc. 

Second-line 
drugs 

Aminoglycosides Ototoxic, neurotoxic, nephrotoxic, neuromuscular blockage and hypersensitivity. 

Fluoroquinolones Affects that gastrointestinal, central nervous system, musculoskeleta, cardiovascular system, 
urinary tract, endocrine system and also cause skin reactions and allergies. 

Oral bacteriostatic 
second-line anti-TB drugs 

Neurological adverse effects (headache, vertigo, dysarthriasomnolence, convulsion, mental  
confusion, and memory deficit) and psychiatric adverse effects (psychotic states with catatonic, 
paranoid, and depressive reactions, with a risk of suicide. 

 
Table 3. Indian medicinal plants possessing anti-mycobacterial activity (Reported during 2011-2015).                            

Plant name  
(Botanical) 

Family Part Used Solvent used for  
extraction 

Chemical constituents Anti-TB activity/MIC values Reference 

Mallotus philippensis  
(Linn.) Muell Arg. 

Euphorbiaceae Leaves First in 95% ethanol, than 
fractionation using t 
hexane, chloroform, ethyl 
acetate and metahnol 

Ursolic acid and 
β-sitosterol 

MIC for M. tuberculosis H37Rv and 
M. tuberculosis H37Ra is 0.25 and 
0.125 mg/mL respectively in ethyl 
acetate fraction 

[49] [50] 

Vetiveria zizanioides  
L. Nash 

Poaceae Roots Hexane, ethyl acetate and  
methanol fractions from  
ethanolic extract 

Need to be identify MIC of the ethanolic extract of 
intact as well as spent root is 500 
μg/mL whereas for the hexane 
fraction it is 50 μg/mL against M. 
tuberculosis H37Rv 

[51] 

Withania somnifera  
(Linn.) 

Solanaceae Fresh leaves 
and roots 

Water Need to be identify 1.0 mg/mL - 64.47% and 
0.01 mg/mL - 17.88% inhibition of 
M. tuberculosis H37Rv 

[52] 

Piper nigrum L. Piperaceae Seeds Acetone, ethanol and  
distilled water 

Piperine MIC of acetone extract is 100 
µg/mL and combination of acetone 
and ethanol extracts is 50 µg/mL 
against M. tuberculosis H37Rv 

[53] 

Alstonia scholaris Apocynaceae Bark, 
flower, fruit 
and leaf 

Ethyl acetate, butanol and  
water 

Need to be identify MIC of butanol extracts of flower 
and bark is of 500 and 100 µg/mL 
respectively against  
M. tuberculosis H37Rv 

[54] 

Acacia catechu (L.)  
Willd 

Mimosaceae Roots Sequentially extracted in  
water, ethanol,  
chloroform and hexane 

Need to be identify Most potent anti-mycobacterium 
activity shown by ethanol extracts 
of A. paniculata and A. catechu 
with MIC value 2.5 ± 1.45 mg/mL 
(5.0 mg/mL by [55] followed by 
chloroform extract of A. paniculata 
and ethanol extract of D. metel  
(05 ± 1.24 mg/mL) against  
M. tuberculosis H37Rv 

[55] [56] 

Ailanthus excels Roxb. Simaroubaceae Roots 

Aegle marmelos Corr. Rutaceae Leaf 

Andrographis  
paniculata Nees. 

Acanthaceae Leaf 

Datura metel L. Solanaceae Leaf 

Vitex trifolia L. (syn.  
Vitex rotundifolia 

Verbenaceae Leaves Cold methanol followed  
by fractionation in  
hexane, chloroform and  
n-butanol 

Compound-1: 
13-hydroxy-5(10), 
14-halimadien-6-one 
Compound-2: 
6α,7α-diacetoxy-13-hyd
roxy-8(9),14-labdadiene 
Compound-3: 
9-hydroxy-13(14)-labde
n-15, 16-olide) and 
Compound-4:  
Isoambreinolide 

MIC for compound 3 and 4 is 100 
and 25 μg/mL respectively against 
M. tuberculosis HRv 
(ATCC27294) 

[57] 
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Continued 
Allium sativum Amaryllidaceae Bulb Petroleum ether, ethyl 

acetate and 
chloroform 

Either fats and fixed oils 
or phenol and aryl 
amine derivative 

MIC of Acalyphaindica,  
Adhatodavasica andAllium sativum 
is 5, 10 and 1.25 mg/mL  
respectively (80 mg/mL of garlic 
oil against M. tuberculosis HRv37 
[58] 

[58] [59]  

Acalypha indica Euphorbiaceae Leaves 

Adhatoda vasica Acanthaceae Leaves 

Actiniopteris radiata 
Linn. 

Actiniopteridaceae Whole plant n-Hexane, chloroform and 
ethanol 

Need to be identify MIC of n-Hexane, chloroform and 
ethanolic extracts was 12.5, 3.125, 
25 µg/mL respectively against M. 
tuberculosis H37RV 

[60] 

Syzygium aromaticum Fabaceae Buds Hexane, acetone and 
methanol 

Terpenoids, alkaloids, 
flavonoids and saponins 

Lowest MIC was of metahnol 
extract of Syzygium aromaticum, 
0.8 µg/mL against M. tuberculosis 
H37RV 

[61] 

Piper nigrum Piperaceae Seeds Alkaloids and  
carbohydrates 

Glycyrrhiza glabra Fabaceae Rhizome Terpenoids, alkaloids, 
flavonoids, Saponins 
and carbohydrates 

Aegele marmelos Rutaceae Leaves Terpenoids, alkaloids 
and flavonoids 

Lawsonia inermis Lythraceae Leaves Terpenoids, alkaloids, 
flavonoids and saponins 

Strophanthus wallichii Apocynaceae Whole plant Methanol 2-hydroxy-4-methoxy-b
enzaldehyde 

Showed anti-tubercle activity 
against M. tuberculosis 

[62] 

Quercus infectoria Fagaceae Seed Methanol crude extract Need to be identify The MIC of pet-ether, chloroform 
and methanol extracts were 12.5 
μg/mL, 50 μg/mL and 100 μg/mL 
Potential anti-tuberculosis activity 
against M. tuberculosis H37RV 

[63] 

Leucas marrubioides Lamiaceae Roots Petroleum ether,  
chloroform and methanol 

Need to be identify The MIC of pet-ether, chloroform 
and methanol extracts were 12.5 
µg/mL, 50 µg/mL and 100 µg/mL 
against M. tuberculosis 

[64] 

Cassia fistula Linn Fabaceae Roots Petroleum ether,  
chloroform and ethanol 
(95%) 

Alkaloids and tannins 
could be responsible 

A alcoholic extract showed good 
activity at 12.5 µg/mL against M. 
tuberculosis H37Rv 

[65] 

Glycyrrhiza glabra L. Fabaceae Rhizomes Acetone and then  
fractionated with n-hexane 
and ethyl acetate 

Isoliquiritigenin and 
liquiritigenin 

MIC 12.5 - 100 µg/mL [66] 

 
The above data shows that some plants and/or their fractions have very low MIC value (>25 µg/mL) (Table 2) 

and are effective. These plants are promising candidates to find novel medication for the treatment of TB. How-
ever, the emergence of MDR and XDR-TB has further inspired the scientific community to find novel and more 
potent anti-mycobacterial drug molecules. Various plants across the globe possess anti-mycobacterial activity 
against MDR-TB [67]-[70]. Table 4 summarizes the medicinal plants having anti-mycobacterial activity against 
MDR-TB reported during 2011-2015 in countries other than India. 

India is also one of the leading countries in herbal medicines and researchers are continuously engaged in 
searching novel drug molecules to combat MDR/XDR-TB. Since last few years several plants have been re-
ported for their anti-mycobacterial activity from India (Table 5). 

The review suggests that many plants either confined to India or elsewhere have the unique capability to 
counter the deadly tuberculosis pathogen. Some plants showed very low MIC values against the clinical isolates 
of MDR-M. tuberculosis and few of them were also found effective against XDR-TB. These plants surely must 
be chosen for further researches and attempts should be made to translate this knowledge into some potential an-
ti-TB therapies, either curative or preventive. In some cases the active molecule(s) need to be identified and 
where the molecule has been identified one should go for generation of safety, efficacy, pharmacokinetics, sta-
bility, etc. data through approved clinical experiments, which are essential for drug development, regulatory ap-
proval and commercialization. In few studies, it was also observed that most of the data required by the regula-
tory authorities are available and if some more efforts are made to find out evidences of safety, stability, etc. 
then these herbal leads may be converted into an alternative and novel solutions to combat MDR and XDR-TB 
in future.  
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Table 4. Medicinal plants having anti-mycobacterial activity against MDR-TB reported during 2011-2015 in countries other than 
India.                                                                                                             

Plant name  
(Botanical) 

Part Used Solvent used for 
extraction 

Chemical constituents Strain and method used MIC value/Anti-TB activity Reference 

Prunella vulgaris 
L. 

Whole plant 20% ethanol Identification needed MDR M. tuberculosis, 
ELISA and RT-PCR 

The extract of Prunella  
vulgaris L. can enhance the 
cellar immunological 
Function in rats. 

[71] 

Celastrus  
vulcanicola 

Dried leaves Ethanol Dihydro-β-agarofuransesquiter 
penes 

H37Rv ATCC 27,294 
and clinical isolate, 
strain 
02TBDM039EP097. 
MTT assay. 

α-Acetoxy-6β,9β-dibenzoyloxy
-dihydro-β-agarofuran  
exhibited anti-tuberculosis 
activity against the MDR TB 
strain with a MIC value of 6.2 
μg/mL 

[72] 

Flourensia  
cernua 

Whole plant n-hexane, ethanol, 
ethyl acetate, 
n-butanol, and 
methanol 

Identification needed M. tuberculosis H37Rv 
(ATCC 27,294 and M. 
tuberculosis 
CIBIN/UMF 15:99 
MDR strain,  
Microplate Alamar 
Blue Assay (MABA) 

Decoction of F. cernua leaves 
combined with n-Hex  
fractionation is more efficient 

[73] 

Allium  
sativum 

Cloves 70% ethanol Identification needed 15 MDR and 5 
non-MDR MTB  
isolates of M.  
tuberculosis 

MIC of garlic extract was 
ranged from 1 to 3 mg/mL 

[74] [75] 

Aristolochia 
brevipes 

Root Dichloromethane (1) 
6α-7-dehydro-N-formylnornanten
ine; 
(2) E/Z-N-formylnornantenine; 
(3) 7,9-dimethoxytariacuripyrone; 
(4) 9-methoxytariacuripyrone; 
(5) aristololactam I; (6) 
β-sitosterol; (7) stigmasterol; and 
(8) 3-hydroxy-α-terpineol 

M. tuberculosis H37Rv 
(27,294);  
isoniazid-resistant 
H37Rv (35,822);  
streptomycin-resistant 
H37Rv (35,820);  
rifampicin-resistant 
H37Rv (35,838), and 
etambutol-resistant 
H37Rv (35,837),  
Microplate Alamar 
Blue Assay (MABA) 

The most active compound 
against all mycobacterial 
strains tested was the  
compound aristolactam I (5), 
with MIC values  
ranging between 12.5 and 25 
µg/mL 

[76] 

Tiliacora  
triandra 

Roots [77] Bisbenzylisoquinoline alkaloids, 
tiliacorinine 1), 
2’-nortiliacorinine 2), and  
tiliacorine 3) 

59 isolates of MDR M. 
tuberculosis 

All the alkaloids showed MIC 
3.1 μg/mL against most 
MDR-MTB isolates 

[67] 

Humulus lupulus Whole plant 
(stems, leaves 
and roots) 

Alcohol Identification needed Sensitivity and  
resistant strains of M. 
tuberculosis 

MIC is 4 and 8 mg/mL for 
sensitive and resistant strains 
respectively 

[78] 

Citrus  
essential oils 

--- 
 

--- 
 

Cold pressed terpeneless Valencia 
oil (CPT) 

MTB (ATCC H37Rv), 
M. bovis BCG (BCG, 
ATCC Pasteur 
35,734), M. avium 
(ATCC 700,898) and 
various clarithromycin 
resistant clinical  
isolates, M.  
aviumsubspecies 
paratuberculosis 
(ATCC 19,698) and 
various drug resistant 
clinical isolates of M. 
abscessus and M. 
chelonae 

CPT demonstrated potent 
activity against drug-resistant 
strains of the M. avium  
complex and M. abscessus 

[79] 

Struthanthus 
marginatus 

Aerial parts Water hexane, 
dichloromethane, 
ethyl acetate and 
n-butanol 

Obtusifoliol, 
3-O-n-acil-lup-20(29)-en-3β,7β,1
5α-triol 

M. tuberculosis strains 
H37Rv (sensitive) and 
ATCC 35,338  
(resistant to rifampicin) 
by the microdilution 
method using resazurin 
as an indicator of cell  
viability 

Obtusifoliol: MIC H37Rv 50 
μg/mL, MIC ATCC 35338 
12.5 μg/mL; 
3-O-n-acil-lup-20(29)-en-3β,7
β,15α-triol: MIC H37Rv 200 
μg/mL, MIC ATCC 35338 100 
μg/mL 

[68] 

Struthanthu 
sconcinnus 

Leaves 
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Continued 
Aristolochia 
taliscana 

Roots Hexane (−) Licarin A M. tuberculosis H37Rv 
or MDR. TB murine 
model 

Low toxicity together with the 
discrete bacteriostatic activity 

[80] 

Hypericum  
species 

Aerial parts Ethanol Identification needed M. tuberculosis H37Rv 
(ATCC 27,294), H37Rv 
isoniazid-resistant 
(ATCC 35,822), H37Rv 
rifampin-resistant 
(ATCC 35,838), H37Rv 
ethambutol-resistant 
(ATCC 35,837), M. 
fortuitum, M.  
smegmatis (ATCC 
35,798), M. avium 
(ATCC 35,717), M. 
chelonaeand four 
drug-resistant strains. 
Microplate Alamar 
Blue Assay (MABA) 

Potent activity was observed 
from H. foliosum, H. hircinum 
subsp. majus, H. grandifolium, 
H. humifusum and H.  
elodeswith MICs ranging from 
25 to 50 μg/mL. H. elodes and 
H. hircinum subsp. majus were 
also active against drug  
resistant clinical isolates with 
MICs ranging from 12.5 to 50 
μg/mL 

[81] 

Chamaedorea 
tepejilote 

Aerial parts Hexane Ursolic and oleanolic acids M. tuberculosis H37Rv 
(ATCC 27294), four 
mono-resistant strains 
of M. tuberculosis 
H37Rv. Modified  
Microplate Alamar 
Blue Assay (MABA) 

Both the compounds showed 
MIC range from 12.5 μg/mL to 
50 μg/mL 

[82] 

Robinia  
hispida 

Diospyros  
anisandra 

Stem bark n-hexane Maritinone and 3,3’-biplumbagin Two strains of MTB 
(H37Rv) susceptible 
and one MDR clinical 
isolates. Modified 
Microplate Alamar 
Blue Assay (MABA)  

Plumbagin and its dimers 
maritinone and 
3,3’-biplumbagin showed the 
strongest activity against both 
MTB strains (MIC = 1.56 - 
3.33 μg/mL 

[83] 

Ranunculi  
Ternati Radix 

Whole plant Water, 70%  
ethanol and water 
eluted part of 
ethanol extract 

Identification needed H37Rv (ATCC 95054), 
MDR-TB (2314-2) and 
XDR-TB strains, Vivo 
experiments were 
performed on C57BL/6 
mice 

70% ethanol eluted part of EE 
from D101 macroporous resin 
showed stronger inhibitory 
effect on MDR2314-2 and 
XDR1220. MIC 1.0 mg/mL 

[84] 

Chiness  
Herble  
Remidies (CHM) 

CHM as an adjuvant to anti-TB chemotherapy may have beneficial effect for MDR-TB [70] 

Andrographis 
paniculata 

Herbs Water, methylene 
chlolride, ethanol, 
nhexane and ethyl 
acetate 

Identification needed M. tuberculosis standard 
strain and MDR strain. 
Proportion methods using 
Lowenstein Jensen (L-J) 
medium 

The proportion of inhibition of 
aqueous extract (2.5 
mg/ml) of Rhoeo spathacea 
was 100% against  
M. tuberculosis H37Rv and 
MDR strain. 

[85] 

Annona  
muricata 

Dried leaves 

Centella  
asiatica 

Whole plant 

Pluchea indica Dried leaves 

Rhoeospathacea Dried leaves 

Croton  
tonkinensis 

Whole plants or 
leaves 

--- Diterpenoids including 
ent-kaurane, kaurane 
and grayanane 

M. tuberculosis H37Ra 
(ATCC 27,294, H37rv 
(ATCC 35,835), MDR 
TB (KMRC 
00116-00250), XDR TB 
(KMRC 00203-00197), 
(KMRC 00130-00064), 
(KMRC 00120-00137), 
(KMRC 00121-00341) 
and (KMRC 
00122-00123, Resazurin 
Microtitre Assay 
(REMA) 

All the di-terpenoids showed 
activity against susceptible and 
resistant strains. 
ent-1b,7a,14b-triacetoxykaur-1
6-en-15-one showed highest 
activity, MIC-3.125 - 6.25 
µg/ml for MDR and XDR 
strains. 

[86] 
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Table 5. Indian medicinal plants effective against MDR-TB.                                                             

Plant name (Botanical) Family Part Used Solvent used 
for extraction 

Chemical  
constituents 

Strain and method used MIC value/Anti-TB  
activity 

Reference 

Acalypha indica L. Euphorbiaceae Leaves Water extract 
and pure gel of 
Aloe vera 

Identification needed Drug susceptible strain M. 
tuberculosis H37Rv as  
control, multi-drug resistant 
isolates DKU-156, 
JAL-1236 and fast growing 
mycobacterial pathogen M. 
fortuitum (TMC-1529). 
Lowenstein Jensen (L-J) 
medium and colorimetric 
BacT/ALERT 3D system 

All these plants exhibited 
activity against MDR 
isolates of M.  
tuberculosis. 

[87] 

Adhatoda vasicaNees Acanthaceae Leaves 

Allium cepa Alliaceae Bulbs 

Allium sativum L. Alliaceae Cloves 

Aloe vera L. Aloaceae Pure gel 

Kaempferia galanga Zingiberaceae Rhizome Ethanol Ethyl 
p-methoxycinnamate 

M. tuberculosis H37Ra, 
H37Rv, drug susceptible and 
multidrug resistant (MDR) 
clinical isolates. Resazurin 
Microtitre Assay (REMA) 

MIC 0.242 - 0.485 mM [88] 

Piper nigrum L. Piperaceae Seeds Acetone,  
ethanol and 
distilled water 

Piperine Reference strain H37Rv; 
three susceptible (S1, S2 and 
S3) and three MDR (MDR1, 
MDR2 and MDR3.  
Microplate Alamar Blue 
Assay (MABA). 

MIC of Acetone extract is 
100 µg/mL 

[53] 

Vetiveria zizanioides Poaceae Fresh roots Chloroform and 
methanol 

5,10-pentadecadiyn-1
-ol, a-curcumene, 
hydroxyjunipene, (?) 
cycloisosativene, 
valencine and selino 
3,7 (11)-diene 

MDR M. smegmatis.  
Dilution and disc diffusion 
method 

All these compounds 
showed good MIC. 

[89] 

Urtica dioica Urticaceae Leaves Hexane,  
methanol, ethyl 
acetate and 
chloroform 

Anti-tubercle activity 
of C. sophera may be 
due to presence of 
alkaloids or  
flavonoids and that of 
HEUD due to  
terpenoids. 

M. tuberculosis standard 
strain H37Rv  
(ATCC- 35838), MDR 
strains, and clinical isolates 
CL-1 (+3) and CL-2 (+2). 
A disk diffusion and broth 
dilution method. 

MIC for hexane extract of 
U. dioica and methanol 
extract of C. sophera, is 
250 and 125 μg/mL  
respectively. Semipurified 
fraction F2 from MECS 
produced 86% inhibition 
against clinical isolate and 
60% inhibition against 
MDR strain of M.  
tuberculosis. F18 from 
HEUD produced 81% 
inhibition against clinical 
isolate and 60% inhibition 
against MDR strain of M. 
tuberculosis. 

[90] 

Cassia sophera Urticaceae Dried seeds 

Plumeria bicolor Apocynaceae Bark Methanol than 
chloroform 

Plumericin and 
iso-Plumericin 

M. tuberculosis (H37Rv) and 
four multi-drug resistant 
(MDR) clinical isolates, 
Tetrazolium Microplate 
Assay (TEMA) 

Plumericin showed better 
activity against all the four 
sensitive as well as MDR 
strains of M. tuberculosis 
with MIC values of 2.1 ± 
0.12, 1.3 ± 0.15, 2.0 ± 
0.07, 1.5 ± 0.13 & 2.0 ± 
0.14 μg/mL and MBC 
values of 3.6 ± 0.22, 2.5 ± 
0.18, 3.8 ± 0.27, 2.9 ± 
0.20 & 3.7 ± 0.32 μg/mL 
than isoplumericin,  
respectively 

[91] 

Ventilago madraspatana Rhamnaceae Stem bark [92] Emodin Drug resistant clinical  
isolates, Tetrazolium  
Microplate Assay (TEMA) 

Among all the  
compounds, Plumbagin 
was found to be the most 
potent MIC 0.25 - 16 
μg/mL 

[93] 

Plumbago indicalinn Plumbaginaceae Root [94] Plumbagin 

Diospyros montanaroxb Ebenaceae Stem bark Diosyprin 

Andrographis paniculata Acanthaceae Whole 
plant 

hexane and 
methanol (1:5) 

Andrographolide Drug resistant susceptible 
clinical isolate and M.  
tuberculosis H37Rv,  
Resazurin assay 

The methanolic extract of 
A. paniculata showed 
maximum  
anti-mycobacterial  
activity at 250 μg/mL 
against all the tested 
strains of M. tuberculosis 
(H37Rv, MDR, and drug 
sensitive 

[95] 
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Continued 
Punica granatum Lythraceae Fruit Water, boiling 

water and 
Methanol 

Identification needed MDR and XDR-TB strains, 
Tetrazolium Microplate 
Assay (TEMA) 

Methanol (M) and water 
(W) extracts of  
pomegranate fruit pericarp 
exhibited greater 
antitubercular activity 
(MIC 64 - 512, and 64 - 
1024 mg/mL, 
respectively) than J, the 
lyophilised juice (MIC 
256 - >1024 mg/mL) 

[96] 
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