
Review Article
Southeast Asian Medicinal Plants as a Potential Source of
Antituberculosis Agent

Shuaibu Babaji Sanusi, Mohd Fadzelly Abu Bakar, Maryati Mohamed,
Siti Fatimah Sabran, andMuhammadMurtala Mainasara

Centre of Research for Sustainable Uses of Natural Resources (CoR-SUNR), Faculty of Science, Technology and Human Development,
Universiti Tun Hussein Onn Malaysia (UTHM), 86400 Parit Raja, Batu Pahat, Johor, Malaysia

Correspondence should be addressed to Mohd Fadzelly Abu Bakar; fadzelly@uthm.edu.my

Received 24 January 2017; Revised 23 April 2017; Accepted 18 May 2017; Published 3 July 2017

Academic Editor: Ghee T. Tan

Copyright © 2017 Shuaibu Babaji Sanusi et al. This is an open access article distributed under the Creative Commons Attribution
License, which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly
cited.

Despite all of the control strategies, tuberculosis (TB) is still a major cause of death globally and one-third of the world’s population
is infected with TB. The drugs used for TB treatment have drawbacks of causing adverse side effects and emergence of resistance
strains. Plant-derived medicines have since been used in traditional medical system for the treatment of numerous ailments
worldwide. There were nine major review publications on antimycobacteria from plants in the last 17 years. However, none is
focused on Southeast Asian medicinal plants. Hence, this review is aimed at highlighting the medicinal plants of Southeast Asian
origin evaluated for anti-TB.This review is based on literatures published in various electronic database. A total of 132 plants species
representing 45 families and 107 genera were reviewed; 27 species representing 20.5% exhibited most significant in vitro anti-TB
activity (crude extracts and/or bioactive compounds 0–<10 𝜇g/ml). The findings may motivate various scientists to undertake the
project that may result in the development of crude extract that will be consumed as complementary or alternative TB drug or as
potential bioactive compounds for the development of novel anti-TB drug.

1. Introduction

Tuberculosis (TB) is an ancient disease and it is among the
world’s most deadly epidemics. Like any other infectious
disease, TB can happen to anyone and spares no age, sex, and
nationality [1, 2]. Several strains of Mycobacterium tubercu-
losis (MTB) are the common cause of this deadly infectious
disease [3]. This disease is endemic in every country in
the world, and death due to TB is more common when
compared to other bacterial disease [1, 3, 4]. About two billion
individuals are latently infected with TB, but only 10% of
these infected persons fall sick with active disease during
their lifetime [5–8]. It has been estimated that around nine
million persons develop TB and almost 2 million die from it
annually [9–12]. About 5.5 million of the cases occur in Asia,
1.5 million in Africa, 745,000 in theMiddle East, and 600,000
in Latin America [13]. It is unfortunate that more than 75%
of TB cases are found in adults [14]. Unprecedented decision
was taken in 1993 by WHO to declare TB as a public health

emergency [10, 15], and it is the first disease that has ever been
declared as a global emergency by WHO [16].

In order to combat TB, chemotherapy is used, which is
themodernTB treatment.Thedrugs used include rifampicin,
isoniazid, ethambutol, pyrazinamide, and streptomycin for
TB treatment. However, these drugs have drawbacks of caus-
ing adverse side effects and the TB-causing bacterium can
gain easy resistance against these drugs. Besides that, there is
a chance of “relapse” due to noncompliance with medication
within the first year of treatment. Consequently, this results
in amore serious condition where theMycobacterium species
develops resistance to the TB drugs [1].

The TB resistance can be categorized into two types:
the multi-drug resistant TB (MDR-TB) and extensively drug
resistant TB (XDR-TB). Firstly, MDR-TB arises when the
strain that is resistant to the first-line standard TB drugs
(isoniazid and rifampicin) is involved. More than 4% of TB
patients globally are infected withMycobacterium strains that
are resistant to first-line drugs. Secondly, XDR-TB happens

Hindawi
Evidence-Based Complementary and Alternative Medicine
Volume 2017, Article ID 7185649, 39 pages
https://doi.org/10.1155/2017/7185649

https://doi.org/10.1155/2017/7185649


2 Evidence-Based Complementary and Alternative Medicine

when the mycobacterial strain is resistant to the first-line
drugs, fluoroquinolone, as well as other injectable second-
line drugs such as kanamycin, capreomycin, and amikacin.
According to the WHO report on surveillance and response
to MDR-TB and XDR-TB, approximately 310,000 MDR-TB
cases occurred in pulmonary TB patients documented in 2011
while 84 countries were recorded having at least one XDR-
TB case [17–20]. In 2012, around 480,000 people have been
reported to develop MDR-TB and about 170,000 people died
as a result [20, 21]. These forms of TB diseases are often
more fatal, costly, and difficult to treat.The second-line drugs
used in drug resistant TB have notable side effects, but have
about 50% cure rate [22]. Although fluoroquinolones such as
ofloxacin and norfloxacin have been used and are considered
safer than the aforementioned second-line drugs, however,
they also have their own drawback of being more costly.

Due to aforementioned disadvantages, the prospective
efficacy of medicinal plants has motivated doctors and sci-
entists to turn to folk medicines for treatment of various
chronic diseases, including TB [22]. Hence, the urgent need
arises towards the search of a component with a higher anti-
TB activity, with easy availability and without side effects
[1, 6, 23].

Owing to their chemical diversity and significant role in
the drug sighting and development, medicinal plants proffer
a great hope to overcome these needs. The medicinal plants
have been comprehensively used either as crude extracts
or pure materials. However, very few species of medicinal
plants have been thoroughly explored for their medicinal
properties [24–26]. The plant-derived medicines have been
utilized in traditional medical system for the treatment of
different illnesses worldwide. Around 75% of the global
populace solely depends on medicinal plants for primary
health care [27, 28]. Consequently, there is somuch interest in
plant medicine during the last few decades leading to num-
erous species of medicinal plant being investigated for their
pharmacological activities.

In the last 17 years, there were nine major review publica-
tions on antimycobacteria from natural products. Newton et
al. [29] published a review paper on natural compounds with
antimycobacteria derived from plant source, describing their
potency in crude extracts as well as pure compounds from
123 plant species [29]. In 2003, Copp [30] published a review
article that covered a wide range of natural bioactive prod-
ucts, with reported antimycobacterial activity within a period
of twelve years (i.e., from 1990 to 2002) [30]. In another
review, Okunade et al. [31] discussed 88 natural products
and their synthetic analogues, mainly from plant source, and
fungi as well as some aquatic organisms that displayed sub-
stantial activity against M. tuberculosis and other mycobac-
terial species in in vitro bioassays [31]. In their review, Pauli
et al. [32] offered cross-linkage to the literatures of bioactive
pure compounds with anti-TB and summarized more cur-
rent advances in mycobacteriology and natural compounds
chemistry tools innovation as well as their prospective to
influence the primary steps in TB drug discovery process
[32]. A review by Jachak and Jain [33] described recent
target-based natural compounds that displayed antimycobac-
terial action [33]. Gautam et al. [23] reviewed different

species of plant from a vast array of families that have
exhibited antimycobacterial activity. Gupta et al. [34], in
their review article, identified sixty-four medicinal plants
used by traditional people in the treatment of leprosy
[34].

Some antitubercular plants from Ayurveda as well as
foreign origin have been reviewed byArya [35] to give a scien-
tific account on usage of antitubercular plants. Consequently,
various phytochemicals such as alkaloids, flavonoids, tannins,
xanthones, triterpenes, and quinones were involved in antitu-
bercular activity [35]. The most recent among all the reviews
is by Chinsembu [20] in 2016.The review focused on antimy-
cobacterial natural products derived from both endophytes
as well as medicinal plants of Africa, Asia, Europe, South
America, and Canada. Several plant species disclosed in
the review demonstrated a putative anti-TB activity. Numer-
ous antimycobacterial bioactive compounds have, as well,
been isolated.They include 1-epicatechol, allicin, anthocyani-
din, anthraquinone glycosides, arjunic acid, benzophenan-
thridine alkaloids, beta-sitosterol, crinine, decarine, ellagic
acids, ellagitannin punicalagin, friedelin, galanthimine, gal-
lic acid, glucopyranosides, hydroxybenzoic acids, iridoids,
leucopelargonidol, neolignans, phenylpropanoids, taraxerol,
and termilignan B.The chemicals may offer leads on new and
more effective drugs to minimize the predicament TB and
lessen the drug resistant strains as well [20].

All the above review articles hardly highlighted any
medicinal plant of Southeast Asian source. Even though
there is an increasing availability of modern medicine in
the Southeast Asia region, the use of traditional medicine
remains popular [36]. Due to the enormous diversity of its
flora, Southeast Asian region has a great potential for the
discovery of novel active compounds. The countries in the
region such as Malaysia, Indonesia, Brunei, and Thailand
have a long history of using medicinal plant that proffers
substantial pharmaceutical prospects [37].

2. Methodology

Related Scientific studies published in journals, books, and
reports were reviewed. Relevant literatures were searched
in Google Scholar and various electronic databases includ-
ing Science Direct, IEEE Xplore, Scopus, SciFinder, and
MEDLINE using a specific search terms including “TB”,
“medicinal plants”, “anti-TB”, “Malaysia OR Philippines OR
Indonesia Singapore ORThailand OR Brunei OR Cambodia
OR Laos OR Myanmar (Burma) OR Vietnam”. This review
discussed studies from year 2000 to 2016.

3. Bioassay Guidance for Evaluating
the Activity of Antituberculosis

Bioassay-guided fractionation is the modern practice
presently used in identifying the active compound(s) present
in crude extract(s). Due to the fact that the procedure
comprises alternating stages of biological screening and
active compound fractionation, in the last 20 years, sensi-
tivity of fractionation techniques of pure natural compound
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has dramatically improved due to the vast advancements in
chromatography. Consequently, this creates new paths for
both yet to be investigated materials and previously studied
genera. Hence, the new paths were given access to unanti-
cipated chemical varieties and novel biological products [32].
To provide effective direction in discovery program of drug
from natural resources, the development of novel phyto-
chemical approaches becomes crucial in a bioassay-directed
drug discovery. Another step is bioassay which should be
selected wisely in relation to the crucial terminus, that is,
the antibiotic screening on virulent mycobacterial strain in
vivo. Interestingly, three effective antimycobacterial products
have been sequestered from Dracaena angustifolia using this
method [23, 32, 38].

3.1. Target Organism. It is obvious that the ideal organism to
be targeted in the effort to discover anti-TB is the actual eti-
ologic agent,Mycobacterium tuberculosis (MTB).The promi-
nent pathogenic strain,MTBH37Rv (ATCC27294), has fairly
represented drug sensitivity profile of most drug sensitive
clinical isolated strains. In primary screening, employing
MDR strains of MTB is not crucial due to the fact that they
are never “superbugs” that have resistant capacity to various
drugs by the virtue of a particular mechanisms, such as
effusion pump in some bacteria. However, they are rather the
consequence of peculiar step by step mutations to particular
drugs. Hence, it is anticipated that they would be susceptible
to any novel biologically active product, which does not attack
the same site as TB drugs currently in use do [23, 32, 38].
Due to its virulence, the pathogenic strain of MTB must be
processed or handled only in a laboratory with biosafety level
3 (BL-3) set-up. In the BL-3 laboratory, individual working is
required to don on a protective gear. Most researchers opted
to employ avirulent, fast growing, and saprophytic strain of
Mycobacterium. Example of such is M. smegmatis (ATCC
607) [38]. Other avirulent substitutes to work with instead
of virulent strains of MTB are the slow-growing strains
such as M. tuberculosis H37Ra (ATCC 25177) and M. bovis
BCG (ATCC 35743). The above species are closely related
to pathogenic MTB H37Rv strain in their antimycobacterial
susceptibility profile as well as genetic configuration. For this,
strains require the employment of a class 2 biosafety cabinet
when working with these organisms [23, 38].

3.2. In Vitro Bioassays for Anti-TB Screening

3.2.1. Agar Diffusion. The conventional diffusion assays (well
or disk) were applied in various antimicrobial evaluation
of compounds from natural sources only to indicate the
presence or absence of growth inhibition at unspecified
concentrations gradient and hence are never quantifiable
when evaluating crude materials or novel products. The sizes
of the zones of inhibition can be only interpreted as indicative
of either microbial sensitivity or resistance with well
characterized antibiotics.This is because the size of inhibition
zone depends on both the rate of diffusion of biologically
active agent and the growth rate of the targeted organism [32].
Agar diffusion assays need to be avoided with Mycobacteria,
since these organisms with high lipid content in their cell

wall are usually more sensitive to compounds of less-polarity
[38].Therefore, the diffusion of such compounds will be very
slow compared to polar compounds with the samemolecular
weight on the aqueous agar.Thismight consequently produce
smaller inhibition zones. Furthermore, polar active com-
pounds of low molecular weight could diffuse to equilibrium
prior to appearance of colonies in slow-growing mycobac-
terial strain. And if, at the equilibrium, the concentration
is below the MIC, the zone of inhibition will never appear
[38].

3.2.2. Micro and Macro Agar Dilution. When screening
extracts with known concentrations, fractions in an agar
enable the MIC value to be determined and its activity
to be quantified. Except in some fastidious species, many
mycobacterial strains such as MTB tend to produce colonies
effectively on Middlebrook 7H10 or 7H11 agar supplemented
with Oleic acid, Albumin, Dextrose, and Catalase (OADC).
The sample to be tested is added to the semisolid media
at final concentration of 1% v/v or subsequently either
100–200 𝜇l medium to 96-well microplates, 1.5ml to 24-well
microplates, 4ml to 6-well microplates, or 20ml into usual
Petri dishes of 150mm diameter. Following the hardening
of the medium, the inoculum can then be dropped on
the surface of the agar using a micro pipette. Some of the
volumes of inoculum recommended are as follows: 1–5 𝜇l
for 96-well plates, 10 𝜇l for 6- or 24-well plates, and 100𝜇l
for normal Petri dishes. The plates are then incubated at
37∘C overnight, after which they should then be inverted
for the remaining period of incubation. The major short-
coming with such a bioassay is that it requires a minimum
of 18 days to produce a visible colony of Mycobacteria
[32, 38].

3.2.3. Microbroth Dilution. Evaluation of susceptibility (bio-
activity) of natural products using microplates with 96 wells
proffers an edge because it requires little sample, is cheap,
and is high-throughput. The mycobacterial species are often
cultured in Middlebrook 7H9 broth supplemented with
glycerol (0.5%), casitone (0.1%), Tween-80 (0.05%), andADC
(10%). In many strains of Mycobacteria, the growth can
be evaluated quantitatively by the broth medium turbidity.
However, the proneness of clumps formation makes the
assay very challenging [23]. Nevertheless, the utilization of
indicator dye like Alamar blue renders this technique more
sensitive and rapid. The results of this assay can be read
visually, although the reduced form of the dye is quantifiable
using calorimeter. This is done by measuring the absorbance
at 570 nm and then subtracting absorbance at 600 nm.On the
other hand, the second approach has been proven to be more
sensitive. Microbroth dilution tests should also be carried
out using either resazurin or tetrazolium dyes. Therefore,
a high-throughput assay of anti-TB is possible through
using a microplate, spectrophotometrically or fluorometri-
cally. These are quantitative assays that could detect even
partial inhibition,making it possible to determine the relative
activity of fractions from crude extracts using different con-
centrations [32, 38].
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4. Electron and Fluorescence
Microscopy Studies

Electron and fluorescence microscopy have been used effec-
tively to examine the morphological changes during the
growth of microorganisms. In addition, they can also be
employed in an attempt to locate the target of action of the
test extract-treatedmycobacterial samples [39].The scanning
electron microscope (SEM) provides a relatively easy tech-
nique of surfacemorphology study ofmicroorganisms at high
magnification with a resolution of around 15 to 20 nm under
ideal conditions. One of the largely untapped potentials of
this apparatus is the study of the morphological changes after
bacterial exposure to antimicrobial agents [40].

The cell-wall-attacking characteristic of the test extracts
is revealed in electron microscopy studies. Because the main
part of the cell wall ofMycobacteria is comprised of lipids, it is
assumed that the extracts must possess some effect on them.
The target suspected is obviously mycolic acid (predominant
lipid). It has been shown that a loss of acid fastness occurs
when the cells of Mycobacteria are grown in the presence of
antibiotics. The staining characteristics of this bacterial cell
can be mainly attributed to the mycolic acids presence. Thus,
when investigating the staining properties of cultures treated
with extract, the culture is grown as for SEM studies. The
auramine rhodamine dye is then used to stain the cells and
visualized using a fluorescence microscope [39].

5. Genomics Studies and Proteomics Analysis

The systematic study of the whole set of cellular genetic mate-
rial is called genomics. This will proffer enormous potential
in both drug target and antigen discovery. Furthermore, it
enhances novel antibacterial agents and vaccine development
through DNA sequencing, as well as bioinformatics analysis.
In TB study, it was first practiced on MTB H37Rv strain. Its
bioinformatic investigation showed the attribution of accu-
rate functions (∼40%of the 4,000 genes). Once the functional
information is available, it usually enables researchers to pin-
point a possible drug target on the basis of their proposed bio-
logical role or their resemblance to known bacterial drug tar-
gets [41]. In antibiotic drug discovery, expression of genome-
based profiling may represent a useful tool for three appli-
cations: (i) target identification, (ii) antibiotics mechanism-
of-action (MOA) studies, and (iii) new types of cell assays
development for the purpose of drug screening [42].

Although many productive outcomes can be revealed
in genomic studies, it is only the proteomic analysis that
can obtain the exact cellular information [43]. The term
proteomics denotes the proteins expressed by a genome. It
addresses the protein, which is the final genomic product.
The advantage of proteomics is in the overcoming of a major
shortcoming of DNA chip technology. It has been proven
to be vital in the novel antimycobacterial drug development
[44]. With the aid of a technique called two-dimensional gel
electrophoresis coupled with mass spectrometry (2DE-MS),
about 263 proteins were identified in M. bovis BCG and
MTB strains [45]. For protein patterns analysis, it is still
the analytical technique available with the best resolution

and has appeared as robust and efficient for rapid protein
identification. It is assisted by the database of total genome
sequence [46].

6. Southeast Asian Medicinal Plants with
Anti-TB Activity

Despite the huge medicinal plant research efforts from
Southeast Asian region, literature search showed that very
little research work has been carried out on anti-TB plants
and published by researchers from the region. Considering
the abundant biodiversity and traditional ethnomedicinal
knowledge in Southeast Asia, there is vast potential to
institute a dedicated anti-TB screening programme. This
review paper describes the Southeast Asian medicinal plants
from a wide array of families that have been evaluated for
anti-TB activity in the region so far.

They have been computed in a table form describing the
plant species, families, part of plants and solvents used, in
vitro activity, and ethnopharmacological uses (see Table 1).
Interestingly, these plants species were found mentioned in
various traditional medicines. Out of the 132 plants species
(from 45 different families and 107 genera) discussed in this
review, 114 species (87%) had reported role in the treatment
of TB or TB-like symptoms in ethnomedicine (Table 1).
More specifically, 24 species (18.2%) were reported for TB,
14 species (10.6%) for leprosy, and 76 species (57.6%) for
TB-related diseases such as asthma, bronchitis, coughing,
whooping cough, pulmonary infectious, fever, and chest
diseases in ethnomedicine. It was found that crude extracts
from 32 species representing 24.2% of all (132 species) plants
demonstrated significant anti-TB activity in in vitro assay
(MIC values ranging from 10 to 100𝜇g/ml). These plant
species are Aegle marmelos (L.) Correa, Alpinia galanga (L.)
Sw., Alpinia purpurataK. Schum.,Alpinia zerumbet (Pers.) B.
L. Burtt & R. M. Sm.,Annona reticulate L.,Artocarpus rigidus
Blume, Boesenbergia pandurata (Roxb.) Schltr., Clausena
excavata Burm. f., Clausena harmandiana (Pierre) Guil-
laumin, Croton kongensis Gagnep., Eclipta prostrata (L.) L.,
Eriosema chinenseVogel, Feroniella lucida Swingle,Glycosmis
pentaphylla (Retz.) DC., Gynura divaricata (L.) DC., Haplo-
phragma adenophyllum (Wall. ex G. Don) Dop,Heliotropium
indicum Linn., Marsypopetalum modestum (Pierre) B. Xue,
MicromelumminutumWight &Arn.,Morinda citrifolia Linn,
Orthosiphon stamineus Benth., Piper betle L., Piper chaba
Hunter, Piper nigrum L., Piper sarmentosum Roxb., Rollinia
mucosa (Jacq.) Baill., Solanum spirale Roxb., Tinospora crispa
(L.) Hook. F. & Thomson, Uvaria microcarpa Champ. ex
Benth., Uvaria rufa Blume, Vitex trifolia L., and Zingiber offi-
cinale Roscoe.

Some bioactive compounds that were isolated from
the reviewed medicinal plants exhibited good anti-TB acti-
vity (MIC values ranged between <1 and 50𝜇g/ml). Active
compound, Abruquinone B, from Abrus precatorius L.
exhibited MIC of 12.5 𝜇g/ml. From Aglaia erythrosperma
Pannell, ethyl eichlerianoate, eichlerialactone, and aglaialac-
tone (all showing MIC of 25 𝜇g/ml) and cabraleadiol,
cabraleahydroxylactone, cabralealactone, and flavagline (all
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showing MIC values of 50𝜇g/ml) were obtained. 1Acetoxy-
chavicol acetate isolated from Alpinia galanga (L.) Sw.
exhibited MIC value of 0.024𝜇g/ml. Pimaric acid, 9𝛼-
13𝛼-epidioxyabiet-8 (14)-en-18-oic acid, and 15-hydrooxy-
dehydroabietic acid obtained from Anisochilus harmandii
Doan ex Suddee & A. J. Paton all showed MIC value of
50 𝜇g/ml. Lakoochins A and B isolated from Artocarpus
lakoocha Roxb. showed MICs of 12.5 and 50𝜇g/ml, res-
pectively. Flavonoid artonin F, chromone artorigidusin, xan-
thone artoindonesianin C, flavonoid cycloartobiloxanthone,
and flavonoid 7-demethylartonol E isolated from Artocarpus
rigidus Wall. showed MIC values of 6.25, 12.5, 12.5, 25, and
50 𝜇g/ml, respectively. Active compounds obtained from
Camchaya calcarea Kitamura are isogoyazensolides (MIC,
1.5 𝜇g/ml), goyazensolides, lychnophorolides A, isocentra-
therin, isogoyazensolides and 5-epi-isocentratherin (with
the same MIC value of 3.1 𝜇g/ml), lychnophorolides B,
1(10),E,4Z,11(13)-germacratriene-12,6-olide-15-oic acid, and
caffeic acid methyl ester (MICs, 6.2, 50, and 25𝜇g/ml resp.).
Caseargrewiin A, Caseargrewiin B, Caseargrewiin D, rel-
(2S,5R,6R,8S,9S,10R,18S,19R)-18,19-diacetoxy-18,19-epoxy-6-
methoxy-2-(2-methylbutanoyloxy)cleroda-3,13(16),14-triene,
and rel-(2S,5R,6R,8S,9S,10R,18S,19R)-18,19-diacetoxy-18,19-
epoxy-6-hydroxy-2-(2-methylbutanoyloxy)cleroda-3,13(16),
14-triene (all showing MIC value of 12.5 𝜇g/ml) and
Caseargrewiin C (showing MIC of 25𝜇g/ml) were isolated
from Casearia grewiifolia Vent. Cabraleadiol, allo-aroma-
dendrane-10𝛽, 14-diol, cabraleahydroxylactone, cabraleal-
actone, allo-aromadendrane-10𝛽, 13, 14-triol (all displaying
MICs of 50 𝜇g/ml), and eichlerialactone (MIC, 25𝜇g/ml)
were obtained from Chisocheton penduliflorus Planch.
ex Hiern. Fluroclausine A and heptazoline isolated from
Clausena guillauminii Tanaka all showed MIC of 25𝜇g/ml.
Dentatin, O-methylated clausenidin, and 3-methoxycarbon-
ylcarbazole isolated from Clausena excavata Burm. f. all
showed MIC value of 50𝜇g/ml. 1-(2-Hydroxy-4-methoxy-
phenyl)-3-(4-hydroxy-3-methoxyphenyl)propane isolated
from Combretum griffithii Van Heurck & Müll. Arg.
showed MIC of 3.13 𝜇g/ml. Globiferin, cordiachrome B,
cordiachrome C (showing MICs of 6.2, 12.5, and 1.5 𝜇g/ml
resp.), alliodorin, elaeagin, cordiachromene (same MIC
value of 12.5 𝜇g/ml), and cordiaquinol C (MIC, 25 𝜇g/ml)
were isolated from Cordia globifera W. W. Smith. The
bioactive compounds of Croton kongensis Gagnep., ent-
1𝛽,7𝛼,14𝛽-triacetoxykaur-16-en-15-one (MICs, 0.78, 1.56,
and 3.12–12.5 𝜇g/ml), ent-7𝛼,18-dihydroxykaur-16-en-15-one
(MIC, 1.56 𝜇g/ml), and ent-16(S)-18-acetoxy-7𝛼-hydroxy-
kaur-15-one exhibited MIC of 1.56 𝜇g/ml. Furthermore, ent-
18-acetoxy-7𝛼-hydroxykaur-16-en-15-one, ent-1𝛽,14𝛽-diace-
toxy-7𝛼-hydroxykaur-16-en-15-one, ent-1𝛽-acetoxy-7𝛼,14 𝛽-
dihydroxykaur-16-en-15-one, and ent-7𝛼,14𝛽-dihydroxy-
kaur-16-en-15-one showed MIC values ranging from 3.12 to
6.25 𝜇g/ml. Other active compounds isolated from Croton
kongensis are ent-8,9-seco-8,14-epoxy-7𝛼-hydroxy-11𝛽-ace-
toxy-16-kauren-9,15-dione (MIC, 6.25𝜇g/ml), ent-8,9-seco-
7𝛼-hydroxy-11𝛽-acetoxykaura-8(14),16-dien-9,15-dione (MIC,
6.25 𝜇g/ml), and ent-8,9-seco-7𝛼,11𝛽-diacetoxykaura-8(14),
16-dien-9,15-dione (MIC, 25.0 𝜇g/ml). Flavanone, dalpar-
vone, and dalparvinene isolated from Dalbergia parviflora

Roxb. showed MIC values of 12.5, 50, and 50 𝜇g/ml respec-
tively. 3𝛽-hydroxy-21-O-acetyl-24-methylenecycloartane from
Dasymaschalon dasymaschalum (Blume) I. M. Turner
exhibited MIC of 50 𝜇g/ml. Bioactive compounds isolated
from Dendrolobium lanceolatum (Dunn) Schindl., Flavan-
ones 1, flavanones, flavan, and 4-hydroxy-7,8-(2,2-
dimethylpyran)flavan, exhibited MICs of 6.3, 12.5, 25, and
25 𝜇g/ml, respectively. Compounds 3,4-methylenedioxy-10-
methoxy-7-oxo[2]benzopyrano[4,3-b]benzopyran, karan-
jachromene, pinnatin, 3-methoxy-(3,4-dihydro-3,4-
diacetoxy)-2,2-dimethylpyrano-(7,8 : 5,6)-flavone, des-
methoxy kanugin, lacheolatin B, 3,7-dimethoxyflavone,
and pachycarin D (showing MIC values of 6.25, 12.5,
12.5, 25, 50, 50, 50, and 50 𝜇g/ml, resp.) were isolated
from Derris indica L. Betulinic acid from Diospyros
decandra Lour., showing MIC of 25 𝜇g/ml. From Diospyros
ehretioides Wall. ex G. Don, palmarumycins JC2 (MIC,
6.25 𝜇g/ml) and isodiospyrol A (MIC, 50 𝜇g/ml) were iso-
lated. Diospyrin, isolated from Diospyros glandulosa Lace,
showed MIC value of 6.25𝜇g/ml. Betulinaldehyde isolated
from Diospyros rhodocalyx Kurz exhibited MIC value of
25 𝜇g/ml. Dehydrolupinifolinol (MIC, 12.5 𝜇g/ml), flemi-
chin D (MIC, 12.5 𝜇g/ml), eriosemaone A (MIC, 12.5 𝜇g/ml),
lupinifolin (MIC, 12.5 𝜇g/ml), Khonklonginol A (MIC,
25 𝜇g/ml), Khonklonginol H (MIC, 25 𝜇g/ml), lupinifolinol
(MIC, 25𝜇g/ml), and Khonklonginol B (MIC, 50𝜇g/ml)
were isolated from Eriosema chinense Vogel. From Erythrina
fusca Lour., erythrisenegalone (50𝜇g/mlMIC), lonchocarpol
A (50 𝜇g/ml MIC), and lupinifolin (25 𝜇g/ml MIC) were
isolated. Bioactive compounds erystagallin A, erycristagal-
lin, 5-hydroxysophoranone, erysubin F (all showing MICs
of 12.5 𝜇g/ml), and 1-methoxyerythrabyssin II (showing
MICs of 50 𝜇g/ml) were obtained from Erythrina subum-
bransMerr. (E)-((E)-3-(4-methoxyphenyl)allyl)3-(4-hydrox-
yphenyl)acrylate from Etlingera pavieana (Pierre ex Gagnep.)
R. M. Sm., exhibited MICs of 50𝜇g/ml. 3-formyl-2,4-
dihydroxy-6-methoxychalcone, a bioactive compound
from Friesodielsia discolor (Craib) D. Das, showed MICs
of 6.25 𝜇g/ml. From Garcinia mangostana L., 𝛼-mangostin
(MIC, 6.25 𝜇g/ml), 𝛽-mangostin (MIC, 6.25𝜇g/ml), 𝛾-
mangostin (MIC, 25𝜇g/ml), garcinone D (MIC, 25 𝜇g/ml),
garcinone B (MIC, 6.25 𝜇g/ml), mangostanin (MIC, 25 𝜇g/
ml), mangostenone A (MIC, 25𝜇g/ml), tovophyllin B (MIC,
25 𝜇g/ml), demethylcalabaxanthone (MIC, 12.5 𝜇g/ml), and
trapezifolixanthone (MIC, 12.5 𝜇g/ml) were identified as
active compounds. Active compound Liriodenine isolated
from Goniothalamus gitingensis Elmer exhibited MIC of
16 𝜇g/ml. Active compounds (+)-altholactone (MIC, 6.25 𝜇g/
ml), howiininA (MIC, 6.25 𝜇g/ml), and (−)-nordicentrine
(12.5 𝜇g/ml) were isolated from Goniothalamus laoticus
(Finet & Gagnep.) Bân. Coronarin E and 16-Hydroxylabda-
8(17),11,13-trien-15,16-olide isolated from Hedychium ellip-
ticum Buch.-Ham. ex Sm. showed MICs of 12.5 and
6.25 𝜇g/ml, respectively. Caniojane isolated from Jatropha
integerrima Jacq. demonstrated MIC of 25 𝜇g/ml. Bioactive
compounds, sandaracopimaradien-1𝛼-ol and 2𝛼-acetoxy-
sandaracopimaradien-1𝛼-ol isolated from Kaempferia margi-
nata Carey, showed MICs of 25 and 50 𝜇g/ml, respectively.
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From Morinda citrifolia Linn., campesta-6,22-dien-5𝛼,8𝛼-
epidioxy-3𝛽-ol (2.5 𝜇g/ml), (E)-phytol (32𝜇g/ml), and stig-
masterol (32𝜇g/ml) were obtained. Active compounds 2,4-
bis(2-phenylpropan-2-yl)phenol isolated from Momordica
charantia L. showed 14𝜇g/ml MIC. 1𝛼,13𝛽,14𝛼-trihydroxy-
3𝛽,7𝛽-dibenzoyloxy-9𝛽,15𝛽-diacetoxyjatropha-5,11E-diene
and 1𝛼,8𝛽,9𝛽,14𝛼,15𝛽-pentaacetoxy-3𝛽-benzoyloxy-7-oxo-
jatropha-5,12-diene isolated from Pedilanthus tithymaloides
(L.) Poit. demonstrated 12.5 and 50 𝜇g/ml MIC. From Piper
sarmentosum Roxb., pellitorine, 1-(3,4-methylenedioxy-
phenyl)-1E-tetradecene, guineensine, sarmentine, and bra-
chyamide B showed MICs of 25, 25, 50, 50, and 50 𝜇g/ml,
respectively. Bidebiline E (6.25𝜇g/ml), octadeca-9,11,13-
triynoic acid (6.25 𝜇g/ml), and 𝛼-humulene (6.25 𝜇g/ml)
were isolated from Polyalthia cerasoides (Roxb.) Benth. ex
Bedd. Debilisone B, Debilisone C, and Debilisone E isolated
from Polyalthia debilis (Piere) Finet & ganep exhibited MIC
values of 25, 12.5, and 25 𝜇g/ml, respectively. 1-Heneicosyl
formate and 6𝛽-hydroxy-10-O-acetylgenipin from Premna
odorata Blanco and Rothmannia wittii (Craib) Bremek.
showed 8 and 12.5𝜇g/ml MIC values, respectively. The com-
pounds chabamide and piperine isolated from Piper
chaba Hunter exhibited MIC values of 12.5 and 50 𝜇g/ml,
respectively. Bioactive compounds sapintoxin A (3.12 𝜇g/ml),
sapintoxin B (12.5 𝜇g/ml), sapintoxin C (25 𝜇g/ml), 12-(2-N-
methylaminobenzoyl)-4𝛼-deoxy-5,20-dihydroxyphorbol-13-
acetate (25 𝜇g/ml), 12-(2-methylaminobenzoyl)-4-deoxy-
phorbaldehyde-13-acetae (25 𝜇g/ml), and 12-(2-N-methyl-
aminobenzoyl)-4𝛽,5,20-trideoxyphorbol-13-acetate (50 𝜇g/
ml) were isolated from Sapium indicum L. From Sesbania
grandiflora (L.) Poir., isovestitol (50 𝜇g/ml), medicarpin
(50 𝜇g/ml), and sativan (50 𝜇g/ml) were isolated as active
compounds. Tiliacorinine, 2-nortiliacorinine, tiliacorine,
and 13-bromo-tiliacorinine from Tiliacora triandra (Colebr.)
Diels exhibited MIC ranging between 0.7 and 6.2𝜇g/ml.
FromUvaria valderramensisCabuang, Exconde &Alejandro,
valderramenols A, grandiuvarone, and reticuline were iso-
lated and showed MICs of 10, 32, and 32 𝜇g/ml, respectively.
Globospiramine obtained from Voacanga globosa Merr.
exhibited 4 and 5.2 MICs. Compound nummularines H
isolated from Ziziphus mauritiana Lam. exhibited MIC
of 4.5 𝜇g/ml. 6-Gingerol from Zingiber officinale Roscoe
demonstrated MIC value of 33 𝜇g/ml.

Generally, some of the reviewed plant species such
as Alpinia galanga, Artocarpus rigidus, Camchaya calcarea,
Combretum griffithii, Cordia globifera, Croton kongensis,
Dendrolobium lanceolatum, Derris indica, Diospyros glan-
dulosa, Diospyros ehretioides, Friesodielsia discolor, Garcinia
mangostana, Goniothalamus laoticus, Hedychium ellipticum,
Marsypopetalum modestum, Morinda citrifolia, Orthosiphon
stamineus, Piper sarmentosum, Polyalthia cerasoides, Premna
odorata, Sapium indicum, Tiliacora triandra, Trigonostemon
reidiodes, Voacanga globosa, Tinospora crispa, Vitex trifolia,
and Ziziphus mauritiana proved to be potential source of
anti-TB (crude and/or bioactive compound exhibited anti-TB
activities at MIC values ranging from 0 to <10 𝜇g/ml) and as
such should be considered for further development as either
crude extract that will be consumed as complementary or

alternative TB drug or as potential bioactive compounds for
the development of novel anti-TB drug.

7. Conclusion

There has been an increase in demand for the phytophar-
maceuticals worldwide due to the fact that allopathic drugs
have more side effects. This review makes an attempt to
compile some of the anti-TB plants of Southeast Asian
origin from wide range of families and genera that have
exhibited significant in vitro anti-TB activities and a number
of bioactive compounds from different groups of chemi-
cals have been isolated. As stated earlier, about 2 million
individuals worldwide die from TB yearly. Therefore, the
findings may encourage numerous researchers to embark
on the project that potentially leads to the development
of standardized crude extracts that will be consumed as
either complementary or alternative TB drug. The findings
might as well motivate various researchers to undertake the
project that may further identify and characterize the active
components from these plant species in order to search for
the novel natural product leads useful for new anti-TB drug
discovery and development.
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[68] C. P. Victório, “Therapeutic value of the genus Alpinia, Zingib-
eraceae,” Brazilian Journal of Pharmacognosy, vol. 21, no. 1, pp.
194–201, 2011.

[69] A. P. G. Macabeo, K. Krohn, D. Gehle et al., “Activity of the
extracts and indole alkaloids from Alstonia scholaris against
Mycobacterium tuberculosis H37Rv,” The Philippine Agricul-
tural Scientist, vol. 91, no. 3, pp. 348–351, 2008.



34 Evidence-Based Complementary and Alternative Medicine

[70] M. Rahmatullah, M. Hosain, S. Rahman et al., “Antihypergly-
caemic and antinociceptive activity evaluation of methanolic
extract of whole plant of Amaranthus tricolour L. (Amaran-
thaceae),” African Journal of Traditional, Complementary, and
Alternative Medicines, vol. 10, no. 5, pp. 408–411, 2013.

[71] M. Radji,M. Kurniati, andA. Kiranasari, “Comparative antimy-
cobacterial activity of some Indonesianmedicinal plants against
multi-drug resistant Mycobacterium tuberculosis,” Journal of
Applied Pharmaceutical Science, vol. 5, no. 1, pp. 019–022, 2015.

[72] G. S. Gond, “Preliminary phytochemical and antimicrobial
screening of solvent extracts of roots of Andrographis panic-
ulata and stem bark of Bombax ceiba,” International Journal of
Life Sciences, no. A2, pp. 31–34, 2014.

[73] M. V Kale, “Phytochemical analysis of whole plant extracts of
Angiopteris heliferiana,” Res. J. Life Sci. Bioinformatics, Pharma-
ceutical Chemistry Journal, vol. 1, no. 139, pp. 139–143, 2015.

[74] R. Lekphrom, S. Kanokmedhakul, and K. Kanokmedhakul,
“Bioactive diterpenes from the aerial parts of Anisochilus har-
mandii,” Planta Medica, vol. 76, no. 7, pp. 726–728, 2010.

[75] C. Vijayameena, G. Subhashini, M. Loganayagi, and B. Ramesh,
“Phytochemical screening and assessment of antibacterial activ-
ity for the bioactive compounds in Annona muricata,” Interna-
tional Journal of Current Microbiology and Applied Sciences, vol.
2, no. 1, pp. 1–8, 2013.

[76] A. Chauhan and B. Mittu, “Phyto-chemical screening and anti
listerial activity of Annona Muricata(L) leaf extract,” Journal of
Chromatography & Separation Techniques, vol. 63, no. 6, 2015.

[77] P. G. Jamkhande andA. S.Wattamwar, “Annona reticulata Linn.
(Bullock’s heart): plant profile, phytochemistry and pharmaco-
logical properties,” Journal of Traditional and Complementary
Medicine, vol. 5, no. 3, article 82, pp. 144–152, 2015.

[78] P. Ubonopas, L. Wongsinkongman, W. Chuakul, K. Suwan-
borirux, K. H. Lee, and N. Soonthornchareonnon, “Bioactive
flavonoids and alkaloids from Anomianthus dulcis( Dunal ) J .
sinclair stem bark,”The Mahidol University Journal of Pharma-
ceutical Sciences, vol. 41, no. 3, pp. 13–22, 2014.

[79] A. Puntumchai, P. Kittakoop, S. Rajviroongit, S. Vimuttipong,
K. Likhitwitayawuid, and Y.Thebtaranonth, “Lakoochins A and
B, new antimycobacterial stilbene derivatives from Artocarpus
lakoocha,” Journal ofNatural Products, vol. 67, no. 3, pp. 485-486,
2004.

[80] A. Pandey and S. P. Bhatnagar, “Preliminary Phytochemical
screening and antimicrobial studies on Artocarpus lakoocha
Roxb,” Ancient Science of Life, vol. 28, no. 4, pp. 21–24, 2009.

[81] U. Namdaung, N. Aroonrerk, S. Suksamrarn et al., “Bioactive
constituents of the root bark of Artocarpus rigidus subsp. rigi-
dus,” Chemical and Pharmaceutical Bulletin, vol. 54, no. 10, pp.
1433–1436, 2006.

[82] M. Bourjot, C. Apel, M.-T. Martin et al., “Antiplasmodial, antit-
rypanosomal, and cytotoxic activities of prenylated flavonoids
isolated from the stem bark of artocarpus styracifolius,” Planta
Medica, vol. 76, no. 14, pp. 1600–1604, 2010.

[83] M. Gunjan, L. Karna, K. Dayalan, and P. Sasigaran, “A Review
and search of phytomedicine used by traditional people of
Malaysia (Ipoh, Perak),” International Journal of Phytotherapy
Research, vol. 2, no. 3, pp. 26–41, 2012.

[84] S. Moin, S. S. Babu, and A. Mahalakshmipriya, “In vitro callus
production and antibacterial activity of Barleria lupulina lindl,”
Asia-Pacific Journal of Molecular Biology and Biotechnology, vol.
20, no. 2, pp. 59–64, 2012.

[85] V. Suba, T. Murugesan, R. Bhaskara Rao et al., “Antidiabetic
potential of Barleria lupulina extract in rats,” Fitoterapia, vol.
75, no. 1, pp. 1–4, 2004.

[86] N. I. Bhuiyan, J. U. Chowdhury, and J. Begum, “Chemical com-
ponents in volatile oil from Blumea balsamifera (L.) DC,” Ban-
gladesh Journal of Botany, vol. 38, no. 1, pp. 107–109, 2009.

[87] A. Chahyadi, R. Hartati, K. R. Wirasutisna, and Elfahmi,
“Boesenbergia Pandurata Roxb., an Indonesianmedicinal plant:
phytochemistry, biological activity, plant biotechnology,” Proce-
dia Chemistry, vol. 13, pp. 13–37, 2014.

[88] N. Vongvanich, P. Kittakoop, P. Charoenchai, S. Intamas, K.
Sriklung, andY.Thebtaranonth, “Antiplasmodial, antimycobac-
terial, and cytotoxic principles fromCamchaya calcarea,” Planta
Medica, vol. 72, no. 15, pp. 1427–1430, 2006.

[89] A. K. Maji and P. Banerji, “Phytochemistry and gastrointestinal
benefits of the medicinal spice, Capsicum annuum L. (Chilli):
a review,” Journal of Complementary and Integrative Medicine,
vol. 13, no. 2, pp. 97–122, 2016.

[90] S. Kanokmedhakul, K. Kanokmedhakul, T. Kanarsa, and M.
Buayairaksa, “New bioactive clerodane diterpenoids from the
bark of Casearia grewiifolia,” Journal of Natural Products, vol.
68, no. 2, pp. 183–188, 2005.

[91] M. Sain andV. Sharma, “International journal of pure & applied
bioscience catharanthus roseus (an anti-cancerous drug yield-
ing plant)—a review of potential therapeutic properties,” Inter-
national Journal of Pure & Applied Bioscience, vol. 1, no. 6, pp.
139–142, 2013.

[92] A. Elumalai, N. Mathangi, A. Didala, R. Kasarla, and Venkatesh
Y., “A Review on Ceiba pentandra and its medicinal features,”
Asian Journal of Pharmaceutical Science and Technology, vol. 2,
no. 3, pp. 83–86, 2012.

[93] A. L. SajemandK.Gosai, “Ethnobotanical investigations among
the Lushai tribes in North Cachar Hills district of Assam,
Northeast India,” Indian Journal of Traditional Knowledge, vol.
9, no. 1, pp. 108–113, 2010.

[94] J. Phongmaykin, T. Kumamoto, T. Ishikawa, R. Suttisri, and E.
Saifah, “A new sesquiterpene and other terpenoid constituents
of Chisocheton penduliflorus,” Archives of Pharmacal Research,
vol. 31, no. 1, pp. 21–27, 2008.

[95] A. Suksamrarn, A. Chotipong, T. Suavansri et al., “Antimy-
cobacterial activity and cytotoxicity of flavonoids from the flow-
ers of Chromolaena odorata,” Archives of Pharmacal Research,
vol. 27, no. 5, pp. 507–511, 2004.

[96] C. U. Inyang and A. A. Adegoke, “Antimicrobial Properties and
preliminary phytochemical screening of Chromolaena odorata
(Siam or Sapysa Weed) Leaf,” Nigerian Journal of Microbiology,
vol. 22, no. 1, pp. 1652–1659, 2008.

[97] R. K. Pathan, P. R. Gali, P. Pathan, T. Gowtham, and S. Pasu-
puleti, “In vitro antimicrobial activity of Citrus aurantifolia and
its phytochemical screening,” Asian Pacific Journal of Tropical
Disease, vol. 2, no. 1, pp. S328–S331, 2012.

[98] F. I. Akinnibosun and O. Edionwe, “Evaluation of the phy-
tochemical and antimicrobial potential of the leaf extracts,”
Journal of Applied Sciences and EnvironmentalManagement, vol.
19, no. 4, pp. 611–619, 2015.

[99] D. J.Mabberley, “Citrus (Rutaceae): A review of recent advances
in etymology, systematics and medical applications,” Blumea:
Journal of Plant Taxonomy and Plant Geography, vol. 49, no. 2-3,
pp. 481–498, 2004.

[100] A. Sunthitikawinsakul, N. Kongkathip, and B. Kongkathip,
“Coumarins and carbazoles from Clausena excavata exhibited



Evidence-Based Complementary and Alternative Medicine 35

antimycobacterial and antifungal activities,” PlantaMedica, vol.
69, no. 2, pp. 155–157, 2003.

[101] K. Elumalai and K. Id, “Antioxidant activity and phytochemical
screening of different solvent extracts Cluasena excavata burm
F . ( Rutaceae),” MOJ Ecology & Environmental Sciences, vol. 1,
no. 1, p. 1, 2016.

[102] C. Auranwiwat, S. Laphookhieo, K. Trisuwan, S. G. Pyne, and
T. Ritthiwigrom, “Carbazole alkaloids and coumarins from the
roots of Clausena guillauminii,” Phytochemistry Letters, vol. 9,
no. 1, pp. 113–116, 2014.

[103] A.A. Ismail, B.A.Ahmad,A.Mohamed et al., “A reviewof tradi-
tional uses, phytochemical and pharmacological aspects of
selected members of Clausena genus (Rutaceae),” Journal of
Medicinal Plants Research, vol. 6, no. 38, pp. 5107–5118, 2012.

[104] A. Mukherjee, S. Dutta, and A. Bandyopadhyay, “Microprop-
agation of Clerodendrum indicum (L.) kuntze: an unexplored
medicinal plant,” International Journal of Pharma and Bio
Sciences, vol. 3, no. 4, pp. 659–668, 2012.

[105] M. L. Zingare, P. L. Zingare, A. K.Dubey, andM.A.Ansari, “Cli-
toria ternatea(Aparajita): A review of the antioxidant, antidia-
betic and hepatoprotective potentials,” International Journal of
Pharmacy and Biological Sciences, vol. 3, no. 1, pp. 203–213, 2013.

[106] N. Tamilselvan, T. Thirumalai, E. Elumalai, R. Balaji, and E.
David, “Pharmacognosy of Coccinia grandis: a review,” Asian
Pacific Journal of Tropical Biomedicine, vol. 1, no. 2, pp. S299–
S302, 2011.

[107] S. A. Hossain, S. N. Uddin, A. M. Salim, and R. Haque, “Phyto-
chemical and pharmacological screening of Coccinia gran-
disLinn,” Journal of Scientific and Innovative Research, vol. 3, no.
1, pp. 65–71, 2014.

[108] A. Ahmad and M. N. Massi, “The antituberculosis drug rifam-
picin is activated by 2’, 5’-dimethyl benzopelargonolactone from
the leaf of Coleus atropurpureus L. Benth,” International Journal
of Pharma and Bio Sciences, vol. 5, no. 1, pp. B758–B764, 2014.

[109] R. Prajapati, M. Kalariya, R. Umbarkar, S. Parmar, andN. Sheth,
“Colocasia esculenta: a potent indigenous plant,” International
Journal of Nutrition, Pharmacology, Neurological Diseases, vol.
1, no. 2, pp. 90–96, 2011.

[110] P. Moosophon, S. Kanokmedhakul, and K. Kanokmedhakul,
“Diarylpropanes and an arylpropyl quinone from Combretum
griffithii,” Journal of Natural Products, vol. 74, no. 10, pp. 2216–
2218, 2011.

[111] W. Nopsiri, S. Chansakaow, S. Putiyanan, S. Natakankitkul, and
D. Santiarworn, “Antioxidant and anticancer activities from leaf
extracts of four Combretum species from Northern Thailand,”
Chiang Mai University Journal of Natural Sciences, vol. 13, no. 2,
pp. 195–205, 2014.

[112] S. Dettrakul, S. Surerum, S. Rajviroongit, and P. Kittakoop,
“Biomimetic transformation and biological activities of glob-
iferin, a terpenoid benzoquinone fromCordia globifera,” Journal
of Natural Products, vol. 72, no. 5, pp. 861–865, 2009.

[113] M. J. Oza and Y. A. Kulkarni, “Traditional uses, phytochemistry
and pharmacology of the medicinal species of the genus Cordia
(Boraginaceae),” Journal of Pharmacy and Pharmacology, 2017.

[114] A. Rani, G. Sulakshana, and S. Patnaik, “Costus speciosus, an
antidiabetic plant-review,” FS Journal of Pharmacy Research, vol.
1, no. 3, pp. 52-53, 2012.

[115] J. Thongtan, P. Kittakoop, N. Ruangrungsi, J. Saenboonrueng,
and Y. Thebtaranonth, “New antimycobacterial and antimalar-
ial 8,9-secokaurane diterpenes from Croton kongensis,” Journal
of Natural Products, vol. 66, no. 6, pp. 868–870, 2003.

[116] A. Salatino, M. L. F. Salatino, and G. Negri, “Traditional
uses, chemistry and pharmacology of Croton species (Euphor-
biaceae),” Journal of the Brazilian Chemical Society, vol. 18, no.
1, pp. 11–33, 2007.

[117] W. S. Jang, M. A. Jyoti, S. Kim et al., “In vitro antituberculosis
activity of diterpenoids from the Vietnamese medicinal plant
Croton tonkinensis,” Journal of Natural Medicines, vol. 70, no. 1,
pp. 127–132, 2016.

[118] O.Theanphong, W. Mingvanish, and C. Kirdmanee, “Chemical
constituents and biological activities of essential oil from
Curcuma aeruginosa roxb. Rhizome,” Bulletin of health science
and technology, vol. 13, no. 1, p. 16, 2015.

[119] U. Songsiang, S. Wanich, S. Pitchuanchom, S. Netsopa, K.
Uanporn, and C. Yenjai, “Bioactive constituents from the stems
of Dalbergia parviflora,” Fitoterapia, vol. 80, no. 7, pp. 427–431,
2009.

[120] U. Prawat, O. Chairerk, R. Lenthas, A.-W. Salae, and P. Tunti-
wachwuttikul, “Two new cycloartane-type triterpenoids and
one new flavanone from the leaves of Dasymaschalon dasy-
maschalum and their biological activity,”Phytochemistry Letters,
vol. 6, no. 2, pp. 286–290, 2013.

[121] S. Kanokmedhakul, K. Kanokmedhakul, K. Nambuddee, and P.
Kongsaeree, “New bioactive prenylflavonoids and dibenzocy-
cloheptene derivative from roots ofDendrolobium lanceolatum,”
Journal of Natural Products, vol. 67, no. 6, pp. 968–972, 2004.

[122] S. Koysomboon, I. van Altena, S. Kato, and K. Chantrapromma,
“Antimycobacterial flavonoids from Derris indica,” Phytochem-
istry, vol. 67, no. 10, pp. 1034–1040, 2006.

[123] P. Nareeboon, W. Kraus, U. Beifuss, J. Conrad, I. Klaiber, and
S. Sutthivaiyakit, “Novel 24-nor-, 24-nor-2,3-seco-, and 3,24-
dinor-2,4-seco-ursane triterpenes from Diospyros decandra:
evidences for ring A biosynthetic transformations,” Tetrahe-
dron, vol. 62, no. 23, pp. 5519–5526, 2006.

[124] B. Sirithunyalug, P. Charoenchai, R. Suvannakad et al., “Bioac-
tive deoxypreussomerins and dimeric naphthoquinones from
Diospyros ehretioides fruits,” Chemistry and Biodiversity, vol. 2,
no. 10, pp. 1358–1367, 2005.

[125] T. Theerachayanan, B. Sirithunyalug, and S. Piyamongkol,
“Antimalarial and antimycobacterial activities of dimeric naph-
thoquinone from Diospyros glandulosaand Diospyros rhodoca-
lyx,” Phytochemistry, vol. 6, pp. 253–259, 2007.

[126] W. Pukumpuang, S. Chansakaow, and Y. Tragoolpua, “Antiox-
idant activity, phenolic compound content and phytochemical
constituents of Eclipta prostrata,” ChiangMai Journal of Science,
vol. 41, no. 3, pp. 568–576, 2014.

[127] S. Sutthivaiyakit, O. Thongnak, T. Lhinhatrakool et al., “Cyto-
toxic and antimycobacterial prenylated flavonoids from the
roots of Eriosema chinense,” Journal of Natural Products, vol. 72,
no. 6, pp. 1092–1096, 2009.

[128] P. Khaomek, N. Ruangrungsi, E. Saifah et al., “A new ptero-
carpan from Erythrina fusca,” Heterocycles, vol. 63, no. 4, pp.
879–884, 2004.

[129] W.M. Kone, K.-N. E. Solange, andM. Dosso, “Erythrina fusca,”
Pakistan Journal of Biological Sciences, vol. 14, no. 10, pp. 560–
571, 2011.

[130] T. Rukachaisirikul, P. Innok, and A. Suksamrarn, “Erythrina
alkaloids and a pterocarpan from the bark of Erythrina subum-
brans,” Journal of Natural Products, vol. 71, no. 1, pp. 156–158,
2008.

[131] T. Rukachaisirikul, A. Saekee, C. Tharibun, S. Watkuolham,
and A. Suksamrarn, “Biological activities of the chemical con-
stituents of Erythrina stricta and Erythrina subumbrans,”



36 Evidence-Based Complementary and Alternative Medicine

Archives of Pharmacal Research, vol. 30, no. 11, pp. 1398–1403,
2007.

[132] S. Tachai and N. Nuntawong, “Uncommon secondary metabo-
lites from Etlingera pavieana rhizomes,” Natural Product Re-
search, vol. 30, no. 19, pp. 2215–2219, 2016.

[133] T. Kanchanapoom, R. Kasai, and K. Yamasaki, “Lignan and
phenylpropanoid glycosides fromFernandoa adenophylla,”Phy-
tochemistry, vol. 57, no. 8, pp. 1245–1248, 2001.

[134] T. Sriyatep, S. Chakthong, S. Leejae, and S. P. Voravuthikunchai,
“Two lignans, one alkaloid, and flavanone from the twigs of
Feroniella lucida,” Tetrahedron, vol. 70, no. 9, pp. 1773–1779,
2014.

[135] S. Mawa, K. Husain, and I. Jantan, “Ficus carica L. (Moraceae):
Phytochemistry, traditional uses and biological activities,”
Evidence-based Complementary and Alternative Medicine, vol.
2013, Article ID 974256, 8 pages, 2013.

[136] K. Ghalot, V. K. Lal, and S. Jha, “Phytochemical and Pharmaco-
logical potential of Flemingia Roxb. ex W.T.Aiton (Fabaceae),”
International Journal of Phytomedicine, vol. 3, no. 3, pp. 294–
307, 2011.

[137] U. Prawat, D. Phupornprasert, A. Butsuri, A.-W. Salae, S. Boon-
sri, and P. Tuntiwachwuttikul, “Flavonoids from Friesodielsia
discolor,” Phytochemistry Letters, vol. 5, no. 4, pp. 809–813, 2012.

[138] S. Suksamrarn, N. Suwannapoch,W. Phakhodee et al., “Antimy-
cobacterial activity of prenylated xanthones from the fruits of
Garcinia mangostana,” Chemical and Pharmaceutical Bulletin,
vol. 51, no. 7, pp. 357–359, 2003.

[139] R. S. Bhat and S. Al-Daihan, “Antimicrobial activity of Garcinia
mangostana using different solvents extracts,” International
Journal of Biosciences (IJB), vol. 3, no. 10, pp. 267–272, 2013.

[140] P. S. Sreejith, R. J. Praseeja, and V. V Asha, “A review on
the pharmacology and phytochemistry of traditional medicinal
plant, Glycosmis pentaphylla (Retz.) Correa,” Journal of Phar-
macy Research, vol. 55, no. 55, pp. 2723–2728, 2012.

[141] A. P.G.Macabeo,A.D.A. Lopez, S. Schmidt et al., “Antitubercu-
lar and cytotoxic constituents from Goniothalamus gitingensis,”
Records of Natural Products, vol. 8, no. 1, pp. 41–45, 2014.

[142] R. Lekphrom, S. Kanokmedhakul, and K. Kanokmedhakul,
“Bioactive styryllactones and alkaloid from flowers of Gonio-
thalamus laoticus,” Journal of Ethnopharmacology, vol. 125, no.
1, pp. 47–50, 2009.

[143] G. Frausin, R. B. S. Lima, A. D. F. Hidalgo, P. Maas, and A.
M. Pohlit, “Plants of the annonaceae traditionally used as anti-
malarials: a review,” Revista Brasileira de Fruticultura, vol. 36,
supplement 1, pp. 315–337, 2014.

[144] N. Jiangseubchatveera, B. Liawruangrath, S. Liawruangrath, J.
Korth, and S. G. Pyne, “The chemical constituents and bio-
logical activities of the essential oil and the extracts from leaves
of Gynura divaricata (L.) DC. growing in Thailand,” Journal of
Essential Oil-Bearing Plants, vol. 18, no. 3, pp. 543–555, 2015.

[145] W. Moelyono Moektiwardoyo, A. Tjitraresmi, Y. Susilawati, Y.
Iskandar, E. Halimah, and D. Zahryanti, “The potential of dewa
leaves (Gynura Pseudochina (L) D.C) and temu ireng rhizomes
(Curcuma aeruginosa Roxb.) as Medicinal herbs for dengue
fever treatment,” Procedia Chemistry, vol. 13, pp. 134–141, 2014.

[146] N. Siriwatanametanon and M. Heinrich, “The Thai medicinal
plant Gynura pseudochina var. hispida: Chemical composition
and in vitro NF-KB inhibitory activity,” Natural Product Com-
munications, vol. 6, no. 5, pp. 627–630, 2011.

[147] S. Songsri and N. Nuntawong, “Cytotoxic labdane diterpenes
from Hedychium ellipticum Buch.-Ham. ex Sm,”Molecules, vol.
21, no. 6, p. 749, 2016.

[148] D. Giri, S. Tamta, and A. Pandey, “A review account on medici-
nal value of Hedychium spicatum Buch-Ham ex Sm: vulnerable
medicinal plant,” Journal ofMedicinal Plants Research, vol. 4, no.
25, pp. 2773–2777, 2010.

[149] T. Machan, J. Korth, B. Liawruangrath, S. Liawruangrath, and
S. G. Pyne, “Composition and antituberculosis activity of the
volatile oil of Heliotropium indicum Linn. growing in Phit-
sanulok, Thailand,” Flavour and Fragrance Journal, vol. 21, no.
2, pp. 265–267, 2006.

[150] A. Kumar, A. Singh, P. College, and U. Pradesh, “Review
on Hibiscus rosa-sinensis,” International Journal of Research in
Pharmaceutical and Biomedical sciences, vol. 3, no. 2, pp. 534–
538, 2012.

[151] C. Yenjai, S. Pitchayawasin, S. Bunsupa, and S. Sangkul, “Phy-
tochemical study ofHymenocardia wallichii Tul,” Perspectives in
Natural Product Chemistry, vol. 3, pp. 127–129, 2005.

[152] S. Prawatsri, A. Suksamrarn, A. Chindaduang, and T. Rukachai-
sirikul, “Abietane diterpenes fromHyptis suaveolens,”Chemistry
& Biodiversity, vol. 10, no. 8, pp. 1494–1500, 2013.

[153] A. Mittal, S. Sardana, and A. Pandey, “Ethnobotanical, phyto-
chemical and pharmacological profile of Jasminum sambac (L.)
Ait,” Journal of Pharmaceutical and Biomedical Sciences, vol. 11,
no. 11, pp. 1–7, 2011.

[154] S. Sharma, H. K. Dhamija, and B. Parashar, “Jatropha curcas: a
review,” Asian Journal of Pharmaceutical Sciences, vol. 2, no. 3,
pp. 107–111, 2012.

[155] S. Sutthivaiyakit, W. Mongkolvisut, S. Prabpai, and P. Kong-
saeree, “Diterpenes, sesquiterpenes, and a sesquiterpene-coum-
arin conjugate from Jatropha integerrima,” Journal of Natural
Products, vol. 72, no. 11, pp. 2024–2027, 2009.

[156] S. K. Sharma and H. Singh, “Pharmacognostical standardisa-
tion of Jatropha integerrima Jacq. (Euphorbiaceae) roots,” Der
Pharmacia Lettre, vol. 5, no. 1, pp. 155–159, 2013.

[157] J. Paval, S. K. Kaitheri, B. K. Potu et al., “Anti-Arthritic potential
of the plant Justicia Gendarussa Burm F,” Clinics (Sao Paulo,
Brazil), vol. 64, no. 4, pp. 357–360, 2009.

[158] W. Ridtitid, C. Sae-Wong, W. Reanmongkol, and M. Wong-
nawa, “Antinociceptive activity of the methanolic extract of
Kaempferia galanga Linn. in experimental animals,” Journal of
Ethnopharmacology, vol. 118, no. 2, pp. 225–230, 2008.

[159] S. Thongnest, C. Mahidol, S. Sutthivaiyakit, and S. Ruchirawat,
“Oxygenated pimarane diterpenes fromKaempferiamarginata,”
Journal of Natural Products, vol. 68, no. 11, pp. 1632–1636, 2005.

[160] C. Kirimuhuzya, P. Waako, M. Joloba, and O. Odyek, “The anti-
mycobacterial activity of Lantana camara a plant tradition-
ally used to treat symptoms of tuberculosis in South-western
Uganda,” African Health Sciences, vol. 9, no. 1, pp. 40–45, 2009.

[161] S. Kalita, G. Kumar, L. Karthik, and K. V. B. Rao, “A review on
medicinal properties of Lantana camara linn,” Research Journal
of Pharmacy and Technology, vol. 5, no. 6, pp. 711–715, 2012.

[162] M. P. Chander, C. Kartick, and P. Vijayachari, “Herbal medicine
&healthcare practices amongNicobarese ofNancowry group of
Islands—an indigenous tribe of Andaman & Nicobar Islands,”
Indian Journal of Medical Research, vol. 141, no. May, pp. 720–
744, 2015.

[163] A. Suksamrarn, P. Poomsing, N. Aroonrerk, T. Punjanon, S.
Suksamrarn, and S. Kongkun, “Antimycobacterial and antioxi-
dant flavones from Limnophila geoffrayi,”Archives of Pharmacal
Research, vol. 26, no. 10, pp. 816–820, 2003.

[164] D. Gorai, S. K. Jash, and R. K. Singh, “Chemical and pharmaco-
logical aspects of Limnophila heterophylla (Scrophulariaceae):



Evidence-Based Complementary and Alternative Medicine 37

an overview,” International Journal of Pharmaceutical Sciences
Review and Research, vol. 25, no. 2, article 19, pp. 100–102, 2014.

[165] R. Asmah Susidarti, M. Rahmani, H. B. M. Ismail et al., “Cyto-
toxic activity of coumarins fromMicromelum minutum,” Phar-
maceutical Biology, vol. 47, no. 2, pp. 182–185, 2009.

[166] B. G. Panlilio, A. P. G. MacAbeo, M. Knorn et al., “A lanostane
aldehyde from Momordica charantia,” Phytochemistry Letters,
vol. 5, no. 3, pp. 682–684, 2012.

[167] J. K. Grover and S. P. Yadav, “Pharmacological actions and
potential uses of Momordica charantia: a review,” Journal of
Ethnopharmacology, vol. 93, no. 1, pp. 123–132, 2004.

[168] J. P. Saludes, M. J. Garson, S. G. Franzblau, and A. M. Agui-
naldo, “Antitubercular constituents from the hexane fraction
ofMorinda citrifolia Linn. (Rubiaceae),” Phytotherapy Research,
vol. 16, no. 7, pp. 683–685, 2002.

[169] A. Bagachi, R. Singh, A. Semwal, and A. Bharadwaj, “Tradi-
tional uses, phytochemistry and pharmacology of Morus alba
Linn.: a review,” Journal of Medicinal Plants Research, vol. 7, no.
9, pp. 461–469, 2013.

[170] S. Sharma and S. Arora, “Pharmaceutical activities of Phyto-
chemicals in Murraya spp.—a review,” Journal of Pharmacy
Research, vol. 9, no. 4, pp. 217–236, 2015.

[171] C. Zhu, Z. Lei, and Y. Luo, “Studies on antioxidative activities of
methanol extract from Murraya paniculata,” Food Science and
Human Wellness, vol. 4, no. 3, pp. 108–114, 2015.

[172] N. Dosoky, P. Satyal, T. Gautam, and W. Setzer, “Composition
and Biological Activities ofMurraya paniculata (L.) Jack Essen-
tial Oil from Nepal,”Medicines, vol. 3, no. 1, p. 7, 2016.

[173] K. Hussain, F. K. Hashmi, S. S. Hassan et al., “Evaluation of
Orthosiphon stamineusaqueous extract for in vitro antimyco-
bacterial activity and its interaction with isoniazid,” Latin
American Journal of Pharmacy, vol. 30, no. 7, pp. 1298–1302,
2011.

[174] S. I. Abdelwahab, S. Mohan, M. M. Elhassan et al., “Antiapop-
totic and antioxidant properties ofOrthosiphon stamineus benth
(Cat’s Whiskers): intervention in the Bcl-2-mediated apop-
totic pathway,” Evidence-Based Complementary and Alternative
Medicine, vol. 2011, Article ID 156765, 11 pages, 2011.

[175] A. S. Patil, H. M. Paikrao, and S. R. Patil, “Passiflora foetida
Linn: a complete morphological and phytopharmacological
review,” International Journal of Pharma and Bio Sciences, vol.
4, no. 1, pp. 285–296, 2013.

[176] W. Mongkolvisut and S. Sutthivaiyakit, “Antimalarial and anti-
tuberculous poly- O -acylated Jatrophane Diterpenoids from
Pedilanthus tithymaloides,” Journal of Natural Products, vol. 70,
no. 9, pp. 1434–1438, 2007.

[177] Y. Mulyani, E. Y. Sukandar, I. K. Adnyana, and Elfahmi, “Peti-
veria alliacea: new alternative for the treatment of sensitive and
multi-resistantMycobacterium tuberculosis,” Journal of Pharma-
cognosy and Phytotherapy, vol. 4, no. 7, pp. 91–95, 2012.

[178] J. A. Rosado-Aguilar, A. Aguilar-Caballero, R. I. Rodriguez-
Vivas, R. Borges-Argaez, Z. Garcia-Vazquez, and M. Mendez-
Gonzalez, “Acaricidal activity of extracts from Petiveria alli-
acea (Phytolaccaceae) against the cattle tick, Rhipicephalus
(Boophilus) microplus (Acari: ixodidae),” Veterinary Parasitol-
ogy, vol. 168, no. 3-4, pp. 299–303, 2010.

[179] Q. Guo, R. Bai, B. Zhao et al., “An Ethnopharmacological, Phy-
tochemical and Pharmacological Review of the Genus Mecon-
opsis,” American Journal of Chinese Medicine, vol. 44, no. 3, pp.
439–462, 2016.

[180] D. Chakraborty and B. Shah, “Antimicrobial , anti oxidative and
anti hemolytic activity of Piper Betel leaf extracts,” International
Journal of Pharmacy and Pharmaceutical Sciences, vol. 3, no. 3,
pp. 192–199, 2011.

[181] D. Pradhan, K. A. Suri, D. K. Pradhan, and P. Biswasroy,
“Golden heart of the nature: Piper betle L,” Journal of Pharma-
cognosy and Phytochemistry, vol. 1, no. 6, pp. 147–167, 2013.

[182] O. S. Kumari andN. B. Rao, “Phyto chemical analysis ofEletteria
Cardamomum leaf extract,” World Journal of Pharmaceutical
Sciences, vol. 4, no. 1, pp. 1414–1418, 2015.

[183] E. Rami, S. Sipai, and I. Patel, “Studies on qualitative and
quantitative phytochemical analysis of Piper longum Linn,”
International Journal of Pharma and Bio Sciences, vol. 4, no. 3,
pp. B1381–B1388, 2013.

[184] T. Rukachaisirikul, S. Prabpai, P. Champung, and A. Suksam-
rarn, “Chabamide, a novel piperine dimer from stems of Piper
chaba,” Planta Medica, vol. 68, no. 9, pp. 853–855, 2002.

[185] P. Patilaya, P. Ibrahim, and Z. Ismail, “Effects of standardized
fractions of piper nigrum on the growth of Mycobacterium
tuberculosis cells,” Journal of Medicinal Plants Research, vol. 1,
no. 1, pp. 6–12, 2012.

[186] G. Nahak and R. K. Sahu, “Phytochemical evaluation and anti-
oxidant activity of Piper cubeba and Piper nigrum,” Journal of
Applied Pharmaceutical Science, vol. 1, no. 8, pp. 153–157, 2011.

[187] E. Atiax, F. Ahmad, H. M. Sirat, and D. Arbain, “Antibacterial
activity and cytotoxicity screening of sumatran kaduk (Piper
sarmentosum Roxb.),” Iranian Journal of Pharmacology and
Therapeutics, vol. 10, no. 1, pp. 1–5, 2011.

[188] K. Hussain, Z. Ismail, A. Sadikun, and P. Ibrahim, “Analysis
of proteins, polysaccharides, glycosaponins contents of Piper
sarmentosum Roxb. and anti-TB evaluation for bio-enhanc-
ing/interaction effects of leaf extracts with Isoniazid (INH),”
Indian Journal of Natural Products Resources, vol. 7, no. 5, pp.
402–408, 2008.

[189] K. Hussain, Z. Ismail, A. Sadikun, and P. Ibrahim, “Antioxidant,
anti-TB activities, phenolic and amide contents of standardised
extracts of Piper sarmentosumRoxb,”Natural Product Research,
vol. 23, no. 3, pp. 238–249, 2009.

[190] T. Rukachaisirikul, P. Siriwattanakit, K. Sukcharoenphol et al.,
“Chemical constituents and bioactivity of Piper sarmentosum,”
Journal of Ethnopharmacology, vol. 93, no. 2-3, pp. 173–176,
2004.

[191] M. A. Khan, K. B. Marwat, B. Gul, F. Wahid, H. Khan,
and S. Hashim, “Pistia stratiotes L. (Araceae): phytochemistry,
use in medicines, phytoremediation, biogas and management
options,” Pakistan Journal of Botany, vol. 46, no. 3, pp. 851–860,
2014.

[192] J. J. Cho, C.-L. Cho, C.-L. Kao et al., “Crude aqueous extracts
of Pluchea indica (L.) Less. inhibit proliferation and migration
of cancer cells through induction of p53-dependent cell death,”
BMC Complementary and Alternative Medicine, vol. 12, no. 265,
pp. 1–11, 2012.

[193] S. Kanokmedhakul, K. Kanokmedhakul, and R. Lekphrom,
“Bioactive constituents of the roots of Polyalthia cerasoides,”
Journal of Natural Products, vol. 70, no. 9, pp. 1536–1538, 2007.

[194] N. Panthama, S. Kanokmedhakul, and K. Kanokmedhakul,
“Polyacetylenes from the roots of polyalthia debilis,” Journal of
Natural Products, vol. 73, no. 8, pp. 1366–1369, 2010.

[195] S. Prachayasittikul, P. Manam, M. Chinworrungsee, C. Isaran-
kura-Na-ayudhya, S. Ruchirawat, and V. Prachayasittikul, “Bio-
active azafluorenone alkaloids from Polyalthia debilis (pierre)
finet & Gagnep.,”Molecules, vol. 14, no. 11, pp. 4414–4424, 2009.



38 Evidence-Based Complementary and Alternative Medicine

[196] S. B. Lirio, A. P. G.Macabeo, E.M. Paragas et al., “Antitubercular
constituents from Premna odorata Blanco,” Journal of Ethno-
pharmacology, vol. 154, no. 2, pp. 471–474, 2014.

[197] J. Tan, W. Yap, S. Tan, Y. Lim, and S. Lee, “Antioxidant content,
antioxidant activity, and antibacterial activity of five plants from
the commelinaceae family,” Antioxidants, vol. 3, no. 4, pp. 758–
769, 2014.

[198] N. Chaipukdee, K. Kanokmedhakul, S. Kanokmedhakul, R.
Lekphrom, and S. G. Pyne, “Two new bioactive iridoids from
Rothmannia wittii,” Fitoterapia, vol. 113, pp. 97–101, 2016.

[199] P. Chumkaew, C. Karalai, C. Ponglimanont, and K. Chantra-
promma, “Antimycobacterial activity of phorbol esters from the
fruits of Sapium indicum,” Journal of Natural Products, vol. 66,
no. 4, pp. 540–543, 2003.

[200] L. M. R. Al Muqarrabun, N. Ahmat, and S. R. S. Aris, “A review
of themedicinal uses, phytochemistry and pharmacology of the
genus Sapium,” Journal of Ethnopharmacology, vol. 155, no. 1, pp.
9–20, 2014.

[201] N. B. Arfan, A. S. Julie, A. K. Mohiuddin, S. A. Khan, and Z. K.
Labu, “Medicinal properties of the sesbania grandiflora leaves,”
Ibnosina Journal of Medicine and Biomedical Sciences, vol. 8, no.
6, pp. 271–277, 2016.

[202] N.Hasan,H.Osman, S.Mohamad,W.K. Chong, K. Awang, and
A. S. M. Zahariluddin, “The chemical components of Sesbania
grandiflora root and their antituberculosis activity,” Pharma-
ceuticals, vol. 5, no. 8, pp. 882–889, 2012.

[203] S. Keawsa-Ard, B. Liawruangrath, S. Liawruangrath, A. Teer-
awutgulrag, and S. G. Pyne, “Essential oil of solanum spirale
fruits and its biological activities,”ChiangMai Journal of Science,
vol. 43, no. 3, pp. 546–554, 2016.

[204] B. S. Jaiswal, “Solanum torvum: a review of its traditional uses,
phytochemistry and pharmacology,” International Journal of
Pharma and Bio Sciences, vol. 3, no. 4, pp. 104–111, 2012.

[205] J. Paulraj, R. Govindarajan, and P. Palpu, “The genus Spilan-
thes ethnopharmacology, phytochemistry, and pharmacologi-
cal properties: a review,” Advances in Pharmacological Sciences,
vol. 2013, Article ID 510298, 22 pages, 2013.

[206] V. Prachayasittikul, S. Prachayasittikul, S. Ruchirawat, and
V. Prachayasittikul, “High therapeutic potential of Spilanthes
acmella: a review,” EXCLI Journal, vol. 12, pp. 291–312, 2013.

[207] I. B. Dwija, M. Anggraeni, and N. P. Ariantari, “Anti Tuber-
culosis Activity of Forest Kedondong (Spondias pinnata) stem-
bark extract against multiple drug resistance (MDR) strain of
mycobacterium tuberculosis,” Bali Medical Journal, vol. 5, no. 1,
p. 27, 2016.

[208] S. Sureram, S. P. D. Senadeera, P. Hongmanee, C. Mahidol, S.
Ruchirawat, and P. Kittakoop, “Antimycobacterial activity of
bisbenzylisoquinoline alkaloids from Tiliacora triandra against
multidrug-resistant isolates of Mycobacterium tuberculosis,”
Bioorganic and Medicinal Chemistry Letters, vol. 22, no. 8, pp.
2902–2905, 2012.

[209] J. Singthong, R. Oonsivilai, J. Oonmetta-Aree, and S. Ningsan-
ond, “Bioactive compounds and encapsulation of Yanang (Tili-
acora triandra) leaves,” African Journal of Traditional, Comple-
mentary, and Alternative Medicines, vol. 11, no. 3, pp. 76–84,
2014.

[210] N. T. Al-alusi, F. A. Kadir, S. Ismail, and M. A. Abdullah,
“In vitro interaction of combined plants: Tinospora crispa and
Swietenia mahagoni against Methicillin-resistant Staphylococ-
cus aureus (MRSA),” African Journal of Microbiology Research,
vol. 4, no. 21, pp. 2309–2312, 2010.

[211] W. Ahmad, I. Jantan, and S. N. A. Bukhari, “Tinospora crispa
(L.) Hook. f. &Thomson: a review of its ethnobotanical, phyto-
chemical, and pharmacological aspects,” Frontiers in Pharma-
cology, vol. 7, pp. 1–19, 2016.

[212] P. Kaemchantuek, R. Chokchaisiri, S. Prabpai et al., “Terpenoids
with potent antimycobacterial activity against Mycobacterium
tuberculosis from Trigonostemon reidioides roots,” Tetrahe-
dron, vol. 73, no. 12, pp. 1594–1601, 2017.

[213] T. D.Thang, H. V. Luu, N. N. Tuan, N.H.Hung, D. N. Dai, and I.
A. Ogunwande, “Constituents of Essential Oils from the Leaves
and Stem Barks of Uvaria rufa and Uvaria cordata (Annon-
aceae) from Vietnam,” Journal of Essential Oil-Bearing Plants,
vol. 17, no. 3, pp. 427–434, 2014.

[214] E. M. Paragas, D. Gehle, K. Krohn, S. G. Franzblau, and
A. P. G. Macabeo, “Anti-tubercular flavonol derivatives from
Uvaria rufa.,”Research Journal of Pharmaceutical, Biological and
Chemical Sciences, vol. 5, no. 6, pp. 856–859, 2014.

[215] A. P. G. Macabeo, F. P. A. Martinez, T. Kurtán et al., “Tetra-
hydroxanthene-1,3(2 H)-dione derivatives from Uvaria valder-
ramensis,” Journal of Natural Products, vol. 77, no. 12, pp. 2711–
2715, 2014.

[216] E. W. C. Chan, S. Baba, H. T. Chan, M. Kainuma, and J. Tangah,
“Medicinal plants of sandy shores: A short review on vitex
trifolia L. and ipomoea pes-caprae (L.) R. Br.,” Indian Journal of
Natural Products and Resources, vol. 7, no. 2, pp. 107–115, 2016.

[217] A. P. G. MacAbeo, W. S. Vidar, X. Chen et al., “Mycobacterium
tuberculosis and cholinesterase inhibitors from Voacanga glo-
bosa,” European Journal of Medicinal Chemistry, vol. 46, no. 7,
pp. 3118–3123, 2011.

[218] P. G. Vital andW. L. Rivera, “Antimicrobial activity, cytotoxicity,
and phytochemical screening of Voacanga globosa (Blanco)
Merr. leaf extract (Apocynaceae),” Asian Pacific Journal of
Tropical Medicine, vol. 4, no. 10, pp. 824–828, 2011.

[219] D. Kumar Sekar, G. Kumar, L. Karthik, and K. V. B. Rao, “A
review on pharmacological and phytochemical properties of
Aegle marmelos (L.) Corr. Serr. (Rutaceae),” Asian Journal of
Plant Science and Research, vol. 1, no. 2, p. 17, 2011.

[220] N. J. Yob, S. M. Jofrry, M. M. R. M. M. Affandi, L. K. Teh, M.
Z. Salleh, and Z. A. Zakaria, “Zingiber zerumbet (L.) smith: a
review of its ethnomedicinal, chemical, and pharmacological
uses,”Evidence-BasedComplementary andAlternativeMedicine,
vol. 2011, Article ID 543216, 12 pages, 2011.

[221] G. Kader, F. Nikkon, M. A. Rashid, and T. Yeasmin, “Antimi-
crobial activities of the rhizome extract of Zingiber zerumbet
Linn,” Asian Pacific Journal of Tropical Biomedicine, vol. 1, no. 5,
pp. 409–412, 2011.

[222] P. Panseeta, K. Lomchoey, S. Prabpai et al., “Antiplasmodial
and antimycobacterial cyclopeptide alkaloids from the root of
Ziziphus mauritiana,” Phytochemistry, vol. 72, no. 9, pp. 909–
915, 2011.

[223] D. Dahiru, E. T. William, and M. S. Nadro, “Protective effect
of Ziziphus mauritiana leaf extract on carbon tetrachloride-
induced liver injury,”African Journal of Biotechnology, vol. 4, no.
10, pp. 1177–1179, 2005.

[224] N. S. Sameera and B. P. Mandakini, “Investigations into the
antibacterial activity of Ziziphus mauritiana Lam. and Ziziphus
xylopyra (Retz.) Willd.,” International Food Research Journal,
vol. 22, no. 2, pp. 849–853, 2015.

[225] S. Suksamrarn, N. Suwannapoch, N. Aunchai et al., “Ziziphine
N, O, P and Q, new antiplasmodial cyclopeptide alkaloids from



Evidence-Based Complementary and Alternative Medicine 39

Ziziphus oenoplia var. brunoniana,” Tetrahedron, vol. 61, no. 5,
pp. 1175–1180, 2005.

[226] A. Shukla, A. Garg, P. Mourya, and C. P. Jain, “Zizyphus oeno-
plia Mill?: a review on Pharmacological aspects,” Advance
Pharmaceutical Journal, vol. 1, no. 1, p. 12, 2016.


