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Medicinal plants are the chief components in the different oriental formulations in different traditional medical systems
worldwide. As a thriving source of medicine, the medicinal plants with antituberculosis (TB) properties inspire the
pharmacists to develop new drugs based on their active components or semimetabolites. In the present review, the anti-TB
medicinal plants were screened from the scientific literatures, based on the botanical classification and the anti-TB activity.
The obtained anti-TB medicinal plants were categorized into three different categories, viz., 159 plants critically examined
with a total 335 isolated compounds, 131 plants with their crude extracts showing anti-TB activity, and 27 plants in
literature with the prescribed formula by the traditional healers. Our systemic analysis on the medicinal plants can assist
the discovery of novel and more efficacious anti-TB drugs.

1. Introduction

Globally, traditional medicines (TM) make a vital contribu-
tion to the health care industry. In some countries, TM is the
main source of health care or even the sole health care ser-
vice available, especially in the rural sector [1]. The popular-
ity of TM is also increasing in the developed countries for
many different reasons, one of which is that the effectiveness
of these TM was proved by the ethnopharmacological
research. Early in 1972, the World Health Organization
(WHO) established a Department of Traditional Medicine
(DTM). Later, WHO (2013) called on to strengthen its pub-
lic services of the traditional medicine [1]. Recently, the
International Classification of Traditional Medicine (ICTM)
was added as a new chapter into the International Classifica-
tion of Diseases—11 (ICD-11) [2]. This achievement cur-
rently refers to the Traditional Chinese Medicine (TCM)
alone, which opens its doors to accommodate many other
thriving traditional health care philosophies prevailing glob-

ally, such as Ayurveda and Traditional African medicine
(TAM).

The spread of tuberculosis (TB) occurred from East
Africa to the rest of the world with the migration of Homo
sapiens, especially along the established trade routes with
increased mingling and crowding of populations [3, 4]. Cur-
rently, there exist more than 10 million new cases of active
disease and nearly 1.3 million deaths annually [5, 6]. In
response to this spreading route, different countries devel-
oped their own traditional anti-TB formulations during the
long courses in fighting this old plaque. Reports relating
TB can be found in many ancestral data of the TM medical
system, especially the TCM, Ayurveda, and TAM for its long
history coexisting with human kinds for an estimated 70,000
years [7]. Investigations on the TM formulations show that
the plants or herbs are the main composition of the tradi-
tional anti-TB formula, from which the active components
or semimetabolites present a thriving source of new drugs.
In the last 20 years, nearly 50% of drugs approved by the
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FDA in the United States of America have been derivatives
of the natural products, including natural plant products
[8]. Among the 435,000 plant species reported worldwide
[9], an estimated 70,000 species of plants are used for medic-
inal purposes [10]. Thus, selecting plants based on ethnobo-
tanical knowledge can enhance the probability to find new
compounds with anti-TB activity.

Before this review, some articles summarized the role of
local medical plants but only few with anti-TB purpose [11,
12]. In this review, the anti-TB medicinal plants in different
countries or regions are included to analyze their botanical
classification, active botanical parts, extract method, and
in vitro anti-TB activities in brief. Subsequently, the effective
anti-TB plants are described with the following three
branches: those with the isolated effective compounds, those
with their crude plant extracts showing anti-TB effect, and
those only found in the formula prescribed by traditional
healers. Finally, we discuss the influencing factors on the
development of traditional medicine and its future trend.
This review is to inspire the development of possible new
anti-TB agents derived from plants.

2. Brief Description of the Overall Anti-TB
Medicinal Plants

We present the data by searching the main three databases:
Wangfang Med, Chinese National Knowledge Infrastruc-
ture, and PubMed. Combinations of the following search
terms are used: “tuberculosis,” “plant,” “herb,” “Chinese
and western medicine,” and “random.” In the present
review, only the nonrepetitive plant species with good
in vivo or in vitro anti-TB effect were accepted, although
the criterion of the effectiveness was quite different with
the inhibition concentration expressed in several different
ways in differentMycobacteria, especially theM. tuberculosis
H37Rv and the clinical isolates. The plants employed for
treating the fever in traditional medicine have not been
included, as fever is taken to be a nonspecific indication of
many infections that are not restricted to TB. The exception
to this is where fever is treated in conjunction with other TB-
related symptoms like coughing.

The classification of the traditional anti-TB medicinal
plants in the present review belongs to 90 families including
230 genus and 277species (Figure 1). The top 11 families
with more than 7 plant species include Fabaceae (21 species
in 18 genus), Asteraceae (20 in 16 genus), Euphorbiaceae (14
in 11 genus), Lamiaceae (13 in 11 genus), Rutaceae (14 in 10
genus), Combretaceae (9 in 4 genus), Piperaceae (9 in 1
genus), Zingiberaceae (8 in 3 genus), Annonaceae (7 in 6
genus), and Apiaceae (7 in 7 genus). Forty plant families
are only reported once. A total of 6 Terminalia genus that
belongs to the Combretaceae family have up to 6 anti-TB
plant species, and about 9 anti-TB plant species belong to
only one genus Piper.

The literatures that we studied reported the anti-TB
properties of the plant species from different plant parts
(aerial parts, almonds, bark, bulbs, branches, fruits, flowers,
heart woods, leaves, rhizomes, roots, stems, seeds, shoots,
twigs, tubers, wood, whole plants, and even the ethnomedic-

inal recipes). With the leaves (83 cases), roots (61), aerial
parts (32), barks (30), stems (14), whole plants (9), seeds
(9), fruits (8), rhizomes (8), and flowers (7) are the top 10
most used anti-TB plant parts. For the same plant species,
different parts of the plant presented a varied anti-TB effect.
The useful plant parts of the genus Lantana, Piper, and Ter-
minaliamainly focused on the leaves, leaves, and both leaves
and roots, respectively.

It was observed that the extraction methods of the
medicinal plants available in the literature significantly
affected the anti-TB results. The general problems concern-
ing the antibacterial screening of medicinal plant extracts
have already been discussed in the literature [13]. There is
still no single extraction method that is regarded as a stan-
dard for extracting the bioactive compounds from medicinal
plants. One or more of the following solvents were mainly
used in the studies: dichloromethane (268 times), methanol
(65), ethanol (45), hexane (29), chloroform (18), ethyl ace-
tate (11), water (11), and acetone (10), while diethylether,
acetate, and hydroalcoholic solutions were seldom used.
Since the extraction process deeply influences the results of
the bioactivity tests and the subsequent isolation of bioactive
compounds, selection of the best extraction method by con-
sulting the traditional knowledge about the preparation of
the herbal remedy remains crucial [14].

As noted earlier and evidenced by this review, many
reports lack adequate statistical analysis of their results and
appropriate controls for their anti-TB activity, while some
studies lack the generic extraction schemes or tests against
a panel of various species ofMycobacteria to avoid false pos-
itive results. In this review, the parallel cytotoxic evaluation
on mammalian cell lines has not been provided, since our
main aim was to summarize the crude extracts or compound
precursors of the anti-TB medicinal plants, although this
needs to be overcome in the future.

3. Compounds from the Plants with Anti-
TB Activity

Different from the conventional process of drug discovery
involving the screening of large molecular libraries for bio-
logical activities and/or in silico data mining approaches
based on cheminformatics modeling, the bioactivity-guided
fractionation was mostly employed in medicinal plants to
isolate the bioactive compounds. They were extracted first
from the specified parts of the plants, then fractionized and
characterized by infrared spectroscopy, mass spectrometry,
and nuclear magnetic resonance spectroscopy, to obtain
the structural data. Finally, their bioactivities were verified
in different mycobacteria.

Several groups summarized the active anti-TB natural
products from the different organs and regions. Early in
2007, Copp and Pearce [15] summarized a total of 353 nat-
ural products (secondary metabolites) with reported growth
inhibitory activity towards M. tuberculosis or related organ-
isms from terrestrial and marine plants and animals and
microorganisms. Abedinzadeh et al. [16] stressed the natural
antimycobacterial peptides from bacteria, fungi, plants,
and animals. Chinsembu [17] described the natural
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antimycobacterial agents from endophytes and medicinal
plants in different regions of Africa, Europe, Asia, South
America, and Canada. The present review only focused on
the medicinal plants and the plants with anti-TB components
belonged to the 156 species, 123 genus, and 64 families, of
which Fabaceae (13 species, 10 genus), Rutaceae (10 species,
7 genus), and Lamiaceae (9 species, 7 genus) were the top
three families; accordingly, more genera belong to those fam-
ily with anti-TB activity (Table 1).

Many plants consisted several components with anti-TB
activity, and only the active compounds that were reported
are listed in this review. Table 1 presents the list of 335 com-
pounds, which were tested for their anti-TB activities. Those
335 compounds could be divided into mainly 11 classes,
such as terpenes (37 types), ketones (31), acids (14), alcohols
(10), esters (9), hydrocarbons (9), quinones (8), furans (7),
phenols (6), and quinolones (3). The typical structures of

the 335 compounds are sorted out in Figure 2. Of all the
anti-TB natural compounds, the derivatives and analogs of
phytol, flavones, and terpenoids were critically reviewed by
Singh et al. [173] and Cantrell et al. [174] for their pharma-
cological activities of various diseases. These 335 compounds
were natural products or secondary metabolites, and few of
their synthetic modified derivatives have been mentioned
in this review.

In fact, many semisynthetic derivatives proved to be
more active than the parent compounds; for example, the
methylation of natural compounds of mulinenic acid and
13-hydroxy-mulin-11-en-20-oic acid methyl ester decreased
the minimum inhibitory concentration (MIC) by 8 times
[42]; n-propyl ester and n-butyl ester of isomulinic acid
decreased the MIC by 4 times [42]. The triacetylated methyl
gallate decreased the MIC 2-4 times, since the acetylation
increased the lipophilic nature of methyl gallate [19]. The
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Figure 1: Classification of traditional anti-TB medicinal plants with effective crude extracts and the compounds. (a) Botanical families
consisting of the anti-TB medicinal plants. There are 108 families including 230 genus and 277 species in this summary. (b) Genus
number (>2) of the anti-TB medicinal plant families.
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abietane diterpenoid had an MIC of 1.2μg/ml, while its C-12
acetate analogue was more active with an MIC of 0.89μg/ml
[175]. One of the most impressing natural products was
(+)-calanolide A, a novel dipyranocoumarin from the Male-
sian tree Calophyllum lanigerum var. austrocoriaceum. This
distinct compound was first reported with good activity
against the strains of HIV-1, which was resistant to diverse
other nonnucleosides as well as nucleoside (AZT) reverse
transcriptase inhibitors [176, 177]. Later, the novel calano-
lides with the ring-D-modification were synthesized with
selective activity against the replication and/or nonreplicat-
ing M. tuberculosis by targeting the Rv2466c [55]. In partic-
ular, analogues bearing 2-nitrofurano group at the ring D
position markedly improved the in vitro efficacy and
reduced the mammalian cell toxicity, when compared with
the parent compound (+)-calanolide A [55]. Recently, Mu
et al. demonstrated that the nitrofuranyl calanolides could
be employed as novel fluorescent probes that can serve as a
much needed high-throughput and low-cost detection
method for detection of living M. tuberculosis and can pre-
cisely determine the MIC values for a full range of available
drugs [178]. Thus, different modifications of the calanolide
derivatives demonstrated three aspects (anti-HIV, anti-TB,
and TB diagnosis) of potent usage in TB disease.

Of all the 335 natural plant compounds and its semisyn-
thetic analogues, only few were found for their mechanistic
role of their anti-TB activities. The calanolides target the
Rv2466c, and hyperenone A inhibits the ATP-dependent
MurE ligase, which involves in the cytoplasmic steps of pep-
tidoglycan biosynthesis [104]. It was reported that saussur-
eamine C (methyl 3-O-feruloylquinate) targets the folC
[151] and eupractenoid B targets the acetyl transfer activity
of GlmU [90]. The trans, trans-1, 7-diphenylhepta-4, 6-
dien-3-one target the efflux pumps [26]. In silico analysis
revealed that some fatty acids could bind at the cleft between
the N-terminal and C-terminal lobes of the cytosolic domain
of serine/threonine protein kinase B (PknB) [23]. The anti-
TB plant medicinal compounds included in this review lack
the molecular basis of the action and mechanisms of modu-
lation on the metabolism of M. tuberculosis nor the immu-
nomodulatory activities of those compounds.

4. Plants Showing Anti-TB Effect in Form of
Crude Extracts

The plants whose active components were isolated and
tested for their anti-TB activity as described in Section 3.
This section summarizes the reported plants for their anti-
TB activity only in the form of crude extracts. They are listed
in Table 2 with the total amount of 128 plant species. The
top five plant families were Asteraceae, Euphorbiaceae, Faba-
ceae, Piperaceae, and Acanthaceae, and the plant parts
mainly used for extraction were root for Fabaceae family
and leaf for Asteraceae, Piperaceae, and Acanthaceae, respec-
tively. For Euphorbiaceae family, the plant parts of bark,
fruit, leaf, root, and seed were reported with the anti-TB
function.

Among the extraction methods, ethanol, hexane, and
methanol were found to be the top three frequently used

Figure 2: Typical structures sorted out of the 335 anti-TB
compounds from the reported medicinal plants, which included
sesquiterpene, diterpene, triterpene, quinone, polyphenol, fatty
alcohol, flavanone, flavonoid, chalcone, benzofuran, fatty acid
ester, fatty acid, steroid, amide, and coumarin.
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Table 2: Medicinal plants and their crude extracts showing in vitro anti-TB activity.

Plant species Plant family Part used Extracts References

Acacia catechu Liliaceae Root
Hexane extracts with inhibition of mycobacterial (standard and clinical)

growth
[179]

Acacia senegal Fabaceae Root Aqueous extraction has potential antimycobacterial activity [180]

Acalypha indica Euphorbiaceae Leaf
Aqueous extracts with inhibition of 95% at 4 percent v/v concentration

in L-J medium for sensitive M. tuberculosis H37Rv
[181]

Achyrocline alata Asteraceae Leaf, stem
Aqueous extracts against M. tuberculosis H37Rv strain (ATCC 27294)

with MICa of 62.5 μg/ml
[182]

Acorus calamus Acoraceae Root Aqueous extracts against M. bovis BCG by OD units [183]

Adhatoda vasica Acanthaceae Leaf
Methanol extracts with the oils inhibiting the growth of MTB B19-4 at

2 μg/ml
[180]

Allium sativum Liliaceae Leaf
Aqueous extract was found to be 63% at 4 percent v/v concentration in

L-J medium for sensitive M. tuberculosis H37Rv
[181]

Aloe vera Xanthorrhoeaceae Leaf
Aqueous extract was found to be 41% at 4 percent v/v concentration in

L-J medium for sensitive M. tuberculosis H37Rv
[181, 184]

Alstonia scholaris Apocynaceae Leaf
Methanol extracts have potential antimycobacterial activity and the

synergistic group consisting of rifampicin in murine model
[185]

Amborella
trichopoda

Amborellaceae Fruit
Methanol extracts against M. bovis BCG (strain 11-73 P2) with MIC of

2.5 μg/ml
[186]

Ambrosia
ambrosioides

Asteraceae
Aerial
parts

Methanolic extracts against M. tuberculosis H37Rv with MIC of 790μg/
ml

[187]

Ambrosia
confertiflora

Asteraceae
Aerial
parts

Methanol, chloroform, dichloromethane, and ethyl acetate extracts
against M. tuberculosis H37Rv with MIC of 200, 90, 120, and 160 μg/ml,

respectively
[187]

Amphipterygium
simplicifolium

Julianaceae Leaf
Dichloromethane-methanol extracts (1.1) inhibit the M. tuberculosis

H37Rv at 50 μg/ml with 90:5 ± 1:0% [188]

Andrographis
paniculata

Acanthaceae
Aerial
parts

Hexane and methanol (1 : 5) extracts with maximum antimycobacterial
activity at 250 μg/ml against all the tested strains of M. tuberculosis

(H37Rv, MDR, and drug sensitive)
[189]

Andrographis
paniculata

Acanthaceae Leaf
Ethanol extracts with inhibition of mycobacterial (standard and clinical)

growth
[7, 190]

Angiopteris evecta Marattiaceae Leaf
80% methanol extract against M. tuberculosis H37Rv ATCC 25618 with

an MIC of 400μg/ml
[191]

Apodytes
dimidiata

Icacinaceae Leaf
Hexane extractions against the field strain of MDR-TB and against the
M. tuberculosis H37Rv with MIC of 0.47 and 0.31mg/ml, respectively

[192]

Artemisia
ludoviciana

Asteraceae Bark, leaf
Hexane extracts against MDR-TB clinical isolates with MIC of 25-

100 μg/ml
[58, 193]

Artemisia
nilagirica

Asteraceae Leaf Ethanol extracts against M. smegmatis with IC50c of 300 μg/ml [194]

Beilschmiedia
obscura

Lauraceae Root
Ethyl acetate extracts against M. tuberculosis H37Rv with MIC of

31.25μg/ml by MABAb [195]

Bidens odorata Asteraceae
Aerial
parts

Hexane, dichloromethane, ethyl acetate, and ethanolic extracts against
M. tuberculosis H37Rv (ATCC 27294) with MIC of 100, 12.5, 12.5, and

12.5μg/ml
[196]

Bridelia micrantha Euphorbiaceae Bark Acetone extracts against M. tuberculosis H37Ra with MIC of 25 μg/ml [197]

Calluna vulgaris Ericaceae
Aerial
parts

Ethyl acetate extracts with 97% inhibition at 100μg/ml against M.
tuberculosis H37Rv (ATCC 27294)

[198]

Calophyllum
brasiliense

Clusiaceae Leaf
Dichloromethane-methanol extracts (1.1) inhibit the M. tuberculosis

H37Rv at 50 μg/ml with 82:8 ± 0:4% [188]

Capparis zeylanica Capparidaceae Leaf
Ethyl acetate extracts against M. tuberculosis H37Rv with the 32mm

minimum zone of inhibition
[199, 200]

Carya illinoensis Juglandaceae Bark Hexane extracts against M. tuberculosis H37Rv with MIC of 31μg/ml [193]

Cassia sophera Caesalpiniaceae Seed Methanol extracts against M. smegmatis with MIC of 125 μg/ml [201]
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Table 2: Continued.

Plant species Plant family Part used Extracts References

Chenopodium
ambrosioides

Amaranthaceae Leaf
80% ethanol crude extracts against M. tuberculosis H37Ra (ATCC

25177™) with MIC of 5000μg/ml
[184]

Chrysactinia
mexicana

Asteraceae Root
Ethyl ether extract against a drug-resistant strain of M. tuberculosis

CIBIN/UMF15:99 with MIC of 62.5 μg/ml
[202]

Citrullus
colocynthis

Cucurbitaceae Leaf
Chloroform extracts against M. tuberculosis H37Rv with MIC of 2.5mg/

ml by MABA
[203]

Citrus sinensis Rutaceae Fruit peel
Hexane extracts against two drug-resistant strains of M. tuberculosis

with MIC of 25 and 50 μg/ml
[204]

Cladonia
arbuscula

Cladoniaceae Root
Hexane and ethyl acetate extracts with 96% and 99% inhibition at

100μg/ml against M. tuberculosis H37Rv (ATCC 27294), respectively
[198]

Cocculus hirsutus Menispermaceae Leaf
Ethanol extracts against M. tuberculosis H37Rv (ATCC 27294) with

MIC of 500 μg/ml
[196]

Codiaeum
peltatum

Euphorbiaceae Stem
Methanol extracts against M. bovis BCG (strain 11-73 P2) with MIC of

100 μg/ml
[186]

Combretum
aculeatum

Combretaceae Aerial part Aqueous extracts inhibiting M. marinum with MIC of 0.2mg/ml [205]

Costus speciosus Zingiberaceae
Stem,
flower

Hexane partition from methanol extracts against M. tuberculosis H37Rv
with MIC of 100μg/ml

[206]

Cremaspora
triflora

Rubiaceae Leaf

Acetone extracts decreased 16-fold of MIC in combination with
fifampicin against M. aurum and reduction of the MICs of the anti-TB
drug ranged from 2-fold to 4-fold, 2-fold to 64-fold, and 2-fold to 64-fold

for M. smegmatis, M. aurium, and M. tuberculosis, respectively

[207]

Croton sylvaticus Euphorbiaceae
Leaf, root,
stem bark

Decoction, not known [208]

Curcuma caesia Zingiberaceae Rhizome
Ethanol extract against M. tuberculosis H37Rv (ATCC 27294) with MIC

of 31.25μg/ml
[196]

Cymbopogon
citratus

Poaceae
Stem,

rhizome
Hexane partition from methanol extracts of 200μg/ml against M.

tuberculosis H37Rv
[206]

Cyperus rotundus Cyperaceae Root
Ethanol extracts againstM. tuberculosis H37Rv (ATCC 27294) with MIC

of 62.5 μg/ml
[209]

Davilla elliptica Dilleniaceae Leaf
Chloroform extracts showed a promising antimycobacterial activity with

a MIC of 62.5 μg/ml by MABA
[209]

Dissotis
rotundifolia

Melastomataceae Leaf
80% ethanol crude extracts against M. tuberculosis H37Ra (ATCC

25177™) with MIC of 5000μg/ml
[184]

Dryopteris
stewartii

Dryopteridaceae
Whole
plant

Decoction, not known [203]

Echinops
giganteus

Asteraceae Root
Methanol extracts against M. tuberculosis H37Ra and H37Rv with MIC

of 32 and 16μg/ml, respectively
[210]

Empetrum nigrum Empetraceae Root
Hexane extracts with 95% inhibition at 100 μg/ml againstM. tuberculosis

H37Rv (ATCC 27294)
[198]

Erythrina
abyssinica

Fabaceae Root bark
Methanol extracts showed the highest activity on M. tuberculosis H37Rv

(MIC 390μg/ml)
[211]

Eulophia nuda Orchidaceae Tubers
Ethanol extracts againstM. tuberculosis H37Rv (ATCC 27294) with MIC

of 500μg/ml
[196]

Euphorbia
albomarginata

Euphorbiaceae Shoots
Extracts by n-hexane, dichloromethane, ethyl acetate, and methanol

individually against M. tuberculosis H37Rv with MIC of 250-1000 μg/ml
[212]

Euphorbia hirta Euphorbiaceae Leaf
Ethyl acetate extracts showed better activity with maximum of 64.73%

reduction in relative light units against M. tuberculosis H37R
[213]

Evodia elleryana Rutaceae Bark
Ethyl acetate extracts with 95% inhibition of M. tuberculosis H37Ra

grown in vitro (ATCC 25177) at 50 μg/ml
[214]

Ficus sur Moraceae Root
80% ethanol against M. tuberculosis H37Ra (ATCC 25177) with MICof

0.78mg/ml
[215]

Ficus citrifolia Moraceae Leaf
95% ethanol extracts against M. tuberculosis H37Rv (ATCC 27294) with

91% inhibition at 100μg/ml
[216]

21BioMed Research International



Table 2: Continued.

Plant species Plant family Part used Extracts References

Flourensia cernua Asteraceae Leaf
Hexane extracts against sensitive and resistant strains, respectively, with

MIC of 25-50 μg/ml
[217]

Foeniculum
vulgare

Umbelliferae
Aerial
parts

Hexane extracts against M. tuberculosis H37Rv with MIC of 100μg/ml [204]

Globularia alypum Globulariaceae Leaf
Petroleum ether extracts against M. tuberculosis H37Rv with IC50 of

77 μg/ml
[218]

Glycyrrhiza glabra Fabaceae Root
Ethanol extracts againstM. tuberculosis H37Rv (ATCC 27294) with MIC

of 250μg/ml
[219]

Guaiacum coulteri Zygophyllaceae Flower
Methanol extracts against M. tuberculosis H37Rv with MIC of 1000 μg/

ml
[188]

Guiera
senegalensis

Combretaceae
Aerial
parts

Aqueous extracts inhibiting M. marinum with MIC of 200 μg/ml [205]

Gymnosperma
glutinosum

Asteraceae Leaf
Hexane extracts against M. tuberculosis H37Ra and H37Rv both at

31.2μg/ml
[220]

Helianthus annuus Asteraceae Stem
Extracts by n-hexane, dichloromethane, ethyl acetate, and methanol

individually against M. tuberculosis H37Rv with MIC of 250-500μg/ml
[212]

Heracleum
maximum

Apiaceae Root Aqueous extracts against M. bovis BCG by OD units [183]

Heteromorpha
trifoliata

Apiaceae Leaf Ethanol extracts against M. tuberculosis H37Rv with MIC of 80μg/ml [221]

Hygrophila
auriculata

Acanthaceae Root, leaf
Acetone extract against M. tuberculosis H37Rv by y the disc diffusion

method
[222]

Juglans mollis Juglandaceae Bark Hexane extracts against M. tuberculosis H37Rv with MIC of 50μg/ml [193]

Juglans regia Juglandaceae Bark, leaf
Hexane extracts against M. tuberculosis strain H37Rv with MIC of

100 μg/ml
[193, 194]

Justicia adhatoda Acanthaceae Leaf
Ethanolic extract against M. tuberculosis H37Rv by y the disc diffusion

method
[223]

Khaya senegalensis Meliaceae Bark, leaf Ethanolic extracts againstM. tuberculosis H37Ra with MIC of 6.25 μg/ml [224]

Lantana camara Verbenaceae Leaf Methanol extracts against M. tuberculosis H37Rv with MIC of 20 μg/ml [17]

Lantana hispida Verbenaceae Leaf
Hexane extracts against drug-resistant clinical isolates of M. tuberculosis

with MIC of 100-200μg/ml
[193, 194]

Laurelia novae-
zelandiae

Monimiaceae
Leaf,
flower

Aqueous extract against M. smegmatis with IC50 of 0.02mg/ml [225]

Leucophyllum
frutescens

Scrophulariaceae Root, leaf
Methanol extracts against a drug-resistant strain of M. tuberculosis

CIBIN/UMF15:99 with MIC of 62.5 μg/ml
[202]

Maerua edulis Capparaceae Root
Hexane extracts againstM. bovis BCG,M. tuberculosis H37Ra with MIC

31.2–62.5 μg/ml
[226]

Mallotus
philippensis

Euphorbiaceae Leaf, fruit
Ethanolic extracts of fruit and leaves against M. tuberculosis H37Rv

(ATCC 27294) both with MIC of 250 μg/ml
[227]

Metrosideros
excelsa

Myrtaceae Leaf Methanol extracts against M. smegmatis with IC50 of 0.11mg/ml [226]

Millettia
stuhlmannii

Fabaceae Leaf Acetone extracts against M. smegmatis with MIC of 0.13mg/ml [228]

Morinda citrifolia Rubiaceae Leaf
Aqueous extract has an inhibition rate of 89% against M. tuberculosis

H37Rv
[180]

Mucuna imbricata Fabaceae Seed
Methanol extracts have potential antimycobacterial activity and the

synergistic group consisting of rifampicin in murine model
[185]

Murraya koenigii Rutaceae Leaf Ethanol extracts against M. smegmatis with IC50 of 300 μg/ml [194]

Musa acuminata Musaceae Stem
Methanol extracts against drug-resistant variants of M. tuberculosis with

MIC of 200 μg/ml
[204]

Myoporum
crassifolium

Scrophulariaceae Wood
Hydrodistillation with essential oils against M. bovis BCG (strain 11-73

P2) with MIC of 50 μg/ml
[186]
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Table 2: Continued.

Plant species Plant family Part used Extracts References

Myrica gale Myricaceae Root, stem
Ethyl acetate extracts with 96% inhibition at 100 μg/ml against M.

tuberculosis H37Rv (ATCC 27294)
[198]

Myristica fatua Myricaceae Almond
Dichloromethane soluble extracts against M. bovis BCG (strain 11-73

P2) with MIC of 50 μg/ml
[186]

Nasturtium
officinale

Cruciferae
Aerial
parts

Chloroform extracts against two drug-resistant strains of M. tuberculosis
with MIC of 50-100μM

[204]

Olea europaea Oleaceae Leaf
Hexane extracts against the drug-resistant variants of M. tuberculosis

with MIC of 25-100μM
[204]

Otostegia
integrifolia

Lamiaceae Root
Chloroform extract of roots was the most active on M. tuberculosis

H37Rv (MIC 156 μg/ml) and AOZ8W-4 (MDR-TB clinical isolate) (MIC
0.078mg/ml)

[229]

Pelargonium
graveolens

Geraniaceae Seed
Hydrodistillation for essential oil against tested isolates ranged from

19.5 μg/ml to 78 μg/ml
[230]

Pelargonium
sidoides

Geraniaceae Root
Aqueous extracts inhibiting the growth ofM. tuberculosis H37Rv (ATCC

27294) by 96% at a sample concentration of 12.5μg/ml
[231]

Pentanisia
prunelloides

Rubiaceae Root
80% ethanol against M. tuberculosis H37Ra (ATCC 25177) with MICof

0.78mg/ml
[215]

Persea americana Lauraceae Leaf, seed
Methanolic extracts against M. tuberculosis H37Ra with MIC of 31.2 μg/
ml and H37Rv; chloroformic extract of seeds against M. tuberculosis

H37Rv MIC less than 50 μg/ml
[229, 232]

Phymaspermum
acerosum

Asteraceae Root, leaf
Ethanol and water extracts had the best MIC value of 20μg/ml against

five M. tuberculosis strains
[221]

Piper cernuum Piperaceae Leaf
Hydrodistillation with water displayed moderate activity against the M.

tuberculosis H37Rv with MIC of 125μg/ml
[233]

Piper
diospyrifolium

Piperaceae Leaf
Hydrodistillation with water displayed moderate activity against the M.

tuberculosis H37Rv with MIC of 125μg/ml
[233]

Piper guineense Piperaceae Seed
Methanol extracts against M. tuberculosis H37Ra and H37Rv with MIC

of 256μg/ml
[210]

Piper imperiale Piperaceae Flower Ethanolic extracts against M. tuberculosis H37Rv with MIC of 75 μg/ml [234]

Piper rivinoides Piperaceae Leaf
Hydrodistillation with water displayed moderate activity against the M.

tuberculosis H37Rv with MIC of 125μg/ml
[233]

Piper
sarmentosum

Piperaceae Leaf
Extracts with petroleum ether, chloroform, and methanol, against M.

tuberculosis H37Rv with MIC of 25, 25, and 12.5 μg/ml
[235]

Pisonia
borinquena

Nyctaginaceae Leaf
95% ethanol extracts against M. tuberculosis H37Rv (ATCC 27294) with

85% inhibition at 100μg/ml
[216]

Pittosporum
tenuifolium

Pittosporaceae Leaf Ethanol extracts against M. smegmatis with IC50 of 0.78mg/ml [225]

Pluchea indica Asteraceae
Flower
and leaf

80% methanol extract against M. tuberculosis H37Rv ATCC 25618 with
an MIC of 800μg/ml

[191]

Plumbago
zeylanica

Plumbaginaceae Root
Ethanol extract against M. tuberculosis H37Rv (ATCC 27294) with MIC

of 31.25μg/ml
[196]

Psychotria
zombamontana

Rubiaceae Leaf

Acetone extract decreased 256-fold of MIC in combination with
fifampicin against M. aurum and reduction of the MICs of the anti-TB
drug ranged from 2-fold to 4-fold, 2-fold to 64-fold, and 2-fold to 64-fold

for M. smegmatis, M. aurium, and M. tuberculosis, respectively

[207]

Pterocarpus osun
Fabaceae

(Leguminosae)
Stem

Chloroform extract against M. tuberculosis H37Rv and M. bovis BCG
with MIC of 1225μg/ml and 1100 μg/ml, respectively, by MABA

[67, 236]

Pterolobium
stellatum

Fabaceae Root
Chloroform extracts of roots were the most active on M. tuberculosis

H37Rv (MIC 39 μg/ml) and AOZ8W-4 (MDR-TB clinical isolate) (MIC
0.078mg/ml)

[229]

Rhynchosia
precatoria

Fabaceae Root
Extracts by n-hexane, dichloromethane, ethyl acetate, and methanol

individually against M. tuberculosis H37Rv with MIC of 15.6-125 μg/ml
[212]

Ricinus communis Euphorbiaceae Seed
Hexane extracts againstM. tuberculosis H37Rv sensitive strain with MIC

of 2.5mg/ml by MABA
[203]

23BioMed Research International



extracting solvents, while chloroform, dichloromethane, ace-
tone, and ethyl acetate were used to a lesser extent. Of
course, aqueous extract method was also popularly used,
which involved the process of soaking, boiling, or/and
hydrodistilling. Although the plant part used for study does
not determine the extraction method, as a general rule, low
molecule organic solvents are recommended when there is
no reference.

To date, no specific cut-off value has been established as
a reference to analyze the anti-TB activity results of the plant
extracts, and many different methods are available to evalu-
ate the activity. As of date, only a few anti-TB plant extracts
in Table 2 have been tested in preclinical or clinical trials. It
is encouraging that more and more promising crude extracts
are now paving a way for the clinical test for their therapeu-
tic applications. This section can provide a new perspective

Table 2: Continued.

Plant species Plant family Part used Extracts References

Rosmarinus
officinalis

Lamiaceae Leaf Ethanolic extracts againstM. tuberculosis H37Ra with MIC of 6.25 μg/ml [224]

Satureja
aintabensis

Lamiaceae
Aerial
parts

Extraction with petroleum ether, ethyl acetate, and methanol killed M.
tuberculosis with MIC of 50-800μg/ml

[237]

Satyrium
nepalense

Orchidaceae Flower
Hexane extracts against M. tuberculosis H37Rv TMC-102 with MIC of

15.7μg/ml
[238]

Schinus molle Anacardiaceae Fruit
Methanol extract against a drug-resistant strain of M. tuberculosis

CIBIN/UMF15:99 with MIC of 125μg/ml
[202]

Securidaca
longepedunculata

Polygalaceae Root
Hexane extracts against M. bovis BCG, M. tuberculosis H37Ra, and

H37Rv with 62.5 μg/ml
[226]

Solanum torvum Solanaceae Leaf
80% ethanol crude extracts against M. tuberculosis H37Ra (ATCC

25177™) with MIC of 156.3μg/ml
[184]

Sphaeranthus
indicus

Asteraceae
Floral
head

Ethanol extract against M. tuberculosis H37Rv (ATCC 27294) with MIC
of 31.25μg/ml

[196]

Sterculia setigera Sterculiaceae Leaf
Hexane, dichloromethane, and ethyl acetate extracts against M.

tuberculosis H37Rv with MICs of 84μg/ml, 62μg/ml, and 128μg/ml,
respectively

[239]

Swinglea glutinosa Rutaceae Fruit peel
Aqueous extracts for essential oils againstM. tuberculosis H37Rv (ATCC

27294) with MIC of 100μg/ml
[182]

Tabernaemontana
elegans

Apocynaceae Root
Ethyl acetate extracts against M. tuberculosis H37Rv with MIC of

15.6μg/ml
[226]

Tabernaemontana
coronaria

Apocynaceae Leaf
Hexane partition from methanol extracts of MIC of 100 μg/ml againstM.

tuberculosis H37Rv
[206]

Terminalia
phanerophlebia

Combretaceae
Leaf, root,

twig
80% ethanol againstM. tuberculosis H37Ra (ATCC 25177) with 0.30 and

0.78mg/ml, respectively
[215]

Terminalia sericea Combretaceae Stem bark Acetone extracts against M. tuberculosis H37Ra with MIC of 25 μg/ml [197]

Thymus sibthorpii Lamiaceae
Aerial
parts

Extracts with petroleum ether, ethyl acetate, and methanol against M.
tuberculosis with MIC of 50–800 μg/ml

[237]

Trachyspermum
copticum

Apiaceae
Aerial
parts

Hydrodistillation extracts against M. kansasii and MDR-TB with MICs
of 78μg/ml

[230]

Urtica dioica Urticaceae Leaf Hexane extracts against M. smegmatis with MIC of 250μg/ml [201]

Uvaria rufa Annonaceae Leaf
Lead acetate-treated crude chloroform extracts against M. tuberculosis

H37Rv with MIC of 8μg/ml
[136]

Vetiveria
zizanioides

Poaceae Root
Ethanolic extract and hexane fraction 500μg/ml or 50μg/ml against M.

tuberculosis H37Rv and H37Ra
[240]

Vismia baccifera Clusiaceae Leaf
Dichloromethane-methanol extracts (1.1) inhibit the M. tuberculosis

H37Rv at 50 μg/ml with 70:3 ± 0:5% [188]

Xylopia aethiopica Annonaceae Fruit, bark
Methanol extracts against M. tuberculosis H37Ra and H37Rv with MIC

of 512μg/ml
[210]

Zanthoxylum
capense

Rutaceae Root
Dichloromethane extracts againstM. bovis BCG,M. tuberculosis H37Ra,

and H37Rv with MICs of 31.2μg/ml
[226]

Zingiber officinale Zingiberaceae Rhizome
Ethanol extract against M. tuberculosis H37Ra with MIC of 2500μg/ml

by MABA
[184]

aMinimum inhibitory concentration (MIC); bmicroplate alamar blue assay (MABA); chalf maximal inhibitory concentration (C50).
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Table 3: Important anti-TB traditional medicinal plants in literature by the systemic survey on the prescribed formula.

Species
number

Family
number

Main families Country or region References

13 10
Asteraceae (3), Chrysobalanaceae, Araliaceae, Acanthaceae,
Chrysobalanaceae, Cucurbitaceae, Fabaceae, Lamiaceae,

Melastomataceae, Phyllanthaceae, Polygonaceae
Burundian [241]

9 8
Apocynaceae, Verbenaceae, Rubiaceae, Goodeniaceae, Agavaceae,

Moraceae, Myrtaceae, Zingiberaceae
Manus Province, Papua New Guinea [242]

184 77 Fabaceae (21), Asteraceae (12), Malvaceae (11) Bapedi (South Africa) [243]

30 21
Alliaceae (3), Rutaceaeare (3), Apiaceae (2), Caryophyllaceae (2),
Asteraceae (2), Lamiaceae (2), Myrtaceae (2), Solanaceae (2)

Nkonkobe municipality, Eastern
Cape Province (South Africa)

[244]

21 12 Asteraceae, Fabaceae, Geraniaceae
Mangaung metro, Thabo

Mofutsanyana, and Lejweleputswa in
South Africa

[245]

25 14 Fabaceae (5), Euphorbiaceae (3), Asteraceae (3), Lamiaceae (12%)
Bas-Congo Province, Democratic

Republic of Congo
[208]

15 13

Amaryllidaceae (3), Xanthorrhoeaceae (2), Arecaceae (2),
Solanaceae (2), Meliaceae, Acanthaceae, Poaceae, Phyllanthaceae,

Melastomataceae, Poaceae, Cyperaceae, Zingiberaceae,
Amaranthaceae, Asteraceae

Greater Accra and eastern
communities in Ghana

[246]

95 48
Loranthaceae (6), Caesalpiniaceae (5), Papilionaceae (5), Poaceae
(4), Mimosaceae (4), Scrophulariaceae (4), Anacardiaceae (3),

Combretaceae (3), Liliaceae (3), and Solanaceae (3)
Niger state, Nigeria [247]

66 35
Rutaceae (7), Euphorbiaceae (5), Rubiaceae (4), Anacardiaceae (3),
Fabaceae (3), Verbenaceae (3), Arecaceae (2), Annonaceae (2),

Solanaceae (2), Moraceae (2), Rhamnaceae (2)
Lao PDR [248]

23 20 Arecaceae (2), Aristolochiaceae (2), Rubiaceae (2) Malaysia [249]

181 67
Asteraceae (31), Fabaceae (14), Lamiaceae (9), Euphorbiaceae (7),

Celastraceae (5)
South Africa [250]

62 38
Asteraceae (12), Aristolochiaceae (3), Compositae (3), Rosaceae (3),
Juglandaceae (2), Zygophyllaceae (2), Verbenaceae (2), Rutaceae

(2), Papaveraceae (2), Fabaceae (2)
Mexico [10]

88 36
Lamiaceae (9), Asteraceae (7), Papilionaceae (4), Acanthaceae (3),

Caesalpiniaceae (3), Capparaceae (3), Euphorbiaceae (3),
Mimosaceae (3)

Districts of Kamuli, Kisoro, and
Nakapiripirit in Uganda

[251]

90 44 Fabaceae (13), Asteraceae (7), Moraceae (5), Rutaceae (4)
Districts of Mpigi and Butambala,

Uganda
[252]

35 22
Fabaceae (5), Rutaceae (4), Apocynaceae (3), Menispermaceae (3),

Malvaceae (3)
Madhya Pradesh, India [196]

132 45
Annonaceae (14), Zingiberaceae (12), Rutaceae (10), Annonaceae

(10), Asteraceae (8), Euphorbiaceae (8), Fabaceae (7)
Southeast Asian [253]

10 8
Fabaceae (3), Canellaceae (1), Rubiaceae (1), Anacardiaceae (1),
Rutaceae (1), Myrtaceae (1), Merlucciidae (1), Guttiferae (1)

Lake Victoria Basin (Uganda, Kenya,
and Tanzania)

[254]

14 8 Euphorbiaceae (4), Verbenaceae (3), Rutaceae (2)
Lake Victoria region and the

Samburu community
[255]

2 2 Achillea millefolium (1), Dryopteris stewartii (1)
Kel village, Neelum Valley, Azad

Kashmir, Pakistan
[256]

4 3
Amaryllidaceae (1), Lauraceae (1), Amaranthaceae (1), Asteraceae

(1)
Sulaymaniyah Province, Kurdistan,

Iraq
[257]

22 18 Liliaceae (3), Euphorbiaceae (2), Verbenaceae (2) India [258]

6 6
Vitaceae (1), Poaceae (1), Pinaceae (1), Musaceae (1), Rosaceae (1),

Leguminosae (1)
Arabian Peninsula [259]

2 2 Asteraceae (1), Dryopteridaceae (1) Pakistan [251]

70 44
Arecaceae (4), Euphorbiaceae (4), Fabaceae (3), Piperaceae (3),

Rutaceae (3)
Malaysia [191]
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in expanding the anti-TB plant species for the development
of anti-TB medicine in the future.

5. Medicinal Plants Only Found in Formula
Prescribed by the Traditional Healers

Traditional healers continually serve the public health in
most of the countries. Some ethnomedical information has
been published based on many plant species in anti-TB for-
mulas documented by different traditional healing systems,
ranging from the poor documented oral African medicine
to the well-documented Ayurveda or Chinese medicine.
These reports inspired the scientists to find more effective
compounds for tuberculosis. The investigations of medicinal
plants using frontier technologies are now being reconsid-
ered to be a feasible approach for discovering novel bioactive
compounds and crude extracts, in order to solve the wide
spreaded TB problems. Table 3 shows the main species or
families of the traditional plant medicines and their botani-
cal details in the published papers by the systemic survey
of the prescribed formula, but very few studies reveal the
working compounds or active crude extracts.

The anti-TB formulas were investigated in many coun-
tries or regions, such as China, India, Mexico, South Africa,
Pakistan, Iraq, Malaysia, Congo, Lao PDR, Nigeria, Nigeria,
Burundi, Papua New Guinea, Lake Victoria Basin (Uganda,
Kenya, and Tanzania), Arabian Peninsula, Southeast Asian,
and Manus Province. Most anti-TB formulas were found
during the ethnopharmacological investigation of the indig-
enous plants. To strengthen the anti-TB purpose, the present
review summarized the anti-TB plant in the formula from
the ethnopharmacological publications, with an emphasis
on their classification (Table 3). Although three reports in
Table 3 did not show the botanical family of the anti-TB
medical plants in detail, it still can be speculated that the
family Fabaceae is the most represented species, followed
by Asteraceae, Euphorbiaceae, and Liliaceae families.

We need to be aware that the plant medicine used by the
traditional healers is based on their according ethnomedical
traditional medical theories. In comparison with the western
system of medicine, the traditional plant medicines showed
certain drawbacks. An important issue of all was that the
active components of the herbal drugs prescribed were
unknown. The activity of the traditional herbal drugs pre-
scribed by the traditional healers can be greatly affected by
the difference in the processing methods, variation in the
potency due to difference in plant species and subspecies,
varying geographical location of growth, nonuniform quality

control standards, etc. Furthermore, for a given plant, a spe-
cific place, part, method, and time for collection can signifi-
cantly affect the therapeutic efficacy [16, 40]. Hence, the
plant medicine used by the traditional healers needs a critical
evaluation to find the active components.

6. Need for Future Research

Although this review presents a big list of plants with effec-
tive anti-TB activities from different traditional medicine
systems, there is a need of better therapeutic drug monitor-
ing systems and high throughput in vitro assays for the rou-
tine screening to identify potentially serious and clinically
significant herb-drug interactions [262]. Furthermore, there
is a lack of in vivo information regarding the drug metabo-
lism associated interactions with reference to the traditional
medicines and the treatment of TB. This requires health care
practitioners to ensure a clear communication with patients
regarding the possible negative impacts of simultaneous use
of certain TMs and prescribed drugs. It was reported that the
widely used Sutherlandia frutescens in the treatment of TB in
countries of Southern African Development Community
interfered with the isoniazid therapy, but the mechanism
of this interaction was not clear [263, 264]. Coadministra-
tion also resulted in the reduced bioavailability of ofloxacin
[265], while piperine showed the ability to increase the bio-
availability of the antituberculosis drug rifampicin [266–
268].

Several issues affect the anti-TB activity of the compo-
nents of the medicinal plants, such as the variation in the
potency due to difference in species, absence of an integrated
coding for every species used commonly in TMs, varying
geographical location of growth and incorrect identification
of drugs, and nonuniform quality control standards [269].
No clinic trial was reported on the crude extracts, and even
the pure compounds from the medical plants still need to
be elucidated for their constituent characterization and the
mechanism of action. Till date, not many compounds have
been originated from plants for further modification for
use in clinic. We hope that this review will help to find a pos-
sible way to get better anti-TB results by making a combina-
tion of the compounds originated from plants based on the
different TB-killing mechanisms.

Abbreviations

TB: Tuberculosis
TM: Traditional medicines

Table 3: Continued.

Species
number

Family
number

Main families Country or region References

56 26
Ranunculaceae (8), Liliaceae (6), Asteraceae (5), Umbellifera (4),
Campanulaceae (3), Rubiaceae (4), Rosaceae (2), Scrophulariaceae

(2), Labiatae (2), Fabaceae (2)
China [260]

82 30
Combretaceae (13), Fabaceae (12), Moraceae (6), Rubiaceae (5),

Polygalaceae (5)
Nigeria [261]
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WHO: World Health Organization
DTM: Department of Traditional Medicine
ICTM: International Classification of Traditional

Medicine
ICD-11: International Classification of Diseases—11
TCM: Traditional Chinese Medicine
TAM: Traditional African medicine
XDR: Emergence of extensively drug-resistant
TDR: Total drug-resistant
MIC: Minimum inhibitory concentration
MBC: Minimum bactericidal concentration
MIA: Minimum inhibitory amount
IC50: Half maximal inhibitory concentration
MABA: Microplate alamar blue assay.
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