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ABSTRACT
Global tuberculosis (TB) burden underscores the importance of developing new effective
anti-TB drugs. This study was concerned with prospecting for potential anti-TB agents
from Malaysian medicinal plants. In our previous study, we have reported that n-hexane
fractions of Costus speciosus (C. speciosus) (J. Koening) Sm., Cymbopogon citratus
(C. citratus ) (DC.) Stapf. and Tabernaemontana coronaria (T. coronaria) (Jacq.) posses
promising anti-TB activity against Mycobacterium tuberculosis (M. tuberculosis) H37Rv
with minimum inhibitory concentrations (MICs) of 200–100 µg/mL. This study aimed to
investigate the interactions of these active fractions with first-line anti-TB drugs (isoniazid,
rifampicin, ethambutol and streptomycin) against M. tuberculosis H37Rv using the
microdilution checkerboard method. C. citratus (stem-rhizome) n-hexane fraction exhibited
synergism with all drugs except ethambutol which showed additive interaction. Synergistic
was also observed when C. speciosus (stem-flower) n-hexane and T. coronaria (leaf)
n-hexane fractions in combination with rifampicin. C. speciosus (stem-flower) n-hexane
and T. coronaria (leaf) n-hexane exhibited additive interaction with isoniazid, ethambutol
and streptomycin. Hence, these active plants are worthy of further investigations for the
discovery of anti-TB drug leads.
Keywords: Plant fractions, Checkerboard, Fractional inhibitory concentration index,
Synergism
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INTRODUCTION
Tuberculosis (TB) is an infectious respiratory disease caused by Mycobacterium tuberculosis
(M. tuberculosis). The treatment regimens of TB consisting of a combination of several
antibiotics instead of monotherapy due to: a) administration of antibiotics cocktail is required
because of the different drug sensitivities of the active and latent sub-populations of the TB
bacilli in the host tissues, b) combination therapy is used to expand the anti-mycobacterial
spectrum of the drugs, to achieve minimum dose, and reduce toxicity, thereby, exhibiting
anti-TB activity greater than that expected from each drug individually and c) concurrent
administration of a few drugs is often mandatory in rational TB drug therapy in order to
achieve the desired therapeutic goal and to treat its common co-existing diseases such
as HIV as well as to prevent the development of anti-TB drug resistance (Kerantzas and
Jacobs 2017; Parumasivam et al. 2016).
With the advancing increase in the incidence of multidrug-resistant tuberculosis
(MDR-TB), ideally, new drugs must be effective against the MDR strains and can be
augmented with the existing anti-TB drugs. Hence, in TB drug discovery development,
evaluation of the activity of novel combinations of new anti-TB agents, regardless of their
origins, with the existing first-line drugs is imperative in order to achieve mycobactericidal
synergism.
Like synthetic drugs, sometimes a single plant extract does not produce the desired
effective inhibitory effects when alone but when the extracts are taken concurrently with
standard drugs, they enhance the effects of that drugs (Williamson 2001). The combinations
of the extracts and existing drugs often generate a synergistic effect, which surpasses their
individual performance. Many potentially significant advantages are associated with the
synergistic interactions of different plant extracts and antibiotics. These advantages include
increased efficacy, reduction of side effects and increase in stability or bioavailability of the
bioactive constituents, and achieving an adequate therapeutic effect with smaller doses
(Hemaiswarya, Kruthiventi and Doble 2008; Inui et al. 2007). The alternative approach
of combination therapy of existing drugs and bioactive plant extracts against infectious
diseases is a novel concept, which has garnered significant attention.
In our previous studies, we reported that the n-hexane partitions of Costus
speciosus (C. speciosus ) (J. Koening) Sm., (Local name: Malay ginger; Plant part: stemflower), Cymbopogon citratus (C. citratus ) (DC.) Stapf. (Local name: lemongrass; Plant
part: stem-rhizome) and Tabernaemontana coronaria (T. coronaria) (Jacq.) (Local name:
crepe jasmine; Plant part: leaf) exhibited potential anti-TB activity with minimum inhibitory
concentration (MIC) between 100 µg/mL and 200 µg/mL against M. tuberculosis H37Rv
(Mohamad et al. 2018). In the present study, the bacteriostatic activities of these fractions
in combination with first-line anti-TB drugs (i.e. isoniazid, rifampicin, ethambutol and
streptomycin) were investigated against M. tuberculosis H37Rv using the checkerboard
method. The study highlights important aspects of drug interaction of increasing the anti-TB
activity of individual agents with different combinations of drugs and plant fractions.
METHODS
Collection, Identification and Plant Partition Preparation
The collection, identification and plant extract fractionation were performed as described
by (Mohamad et al. 2018). Briefly, the plant materials were collected from Pulau Pinang
and Kedah, Malaysia. The samples were authenticated and deposited by the Herbarium
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Unit, School of Biological Sciences, Universiti Sains Malaysia. The voucher numbers are
11435, 11152 and 11429 for C. speciosus, C. citratus and T. coronaria, respectively. The
stems and flowers for C. speciosus, stems and rhizomes for C. citratus and leaves for
T. coronaria were dried in an oven at 40°C, pulverised and went through maceration in
80% methanol at ambient temperature. The crude extract then concentrated under reduced
pressure. The crude extracts were fractioned using n-hexane and the partition stored at
4°C. Prior to the bioassay, the pre-weight extracts and antibiotics were dissolved in dimethyl
sulfoxide (DMSO), diluted in a fresh medium to reduce the DMSO concentration (< 1% v/v)
and filter sterilised.   
Drug Combination Plate Preparation  
The interaction study of the fractions with four first-line anti-TB drugs: isoniazid, rifampicin,
ethambutol and streptomycin was carried out using the microdilution method, following the
checkerboard configuration as described by Eliopoulos and Moellering (1991). Each drugfraction combination test was performed in triplicate using a 6-by-6 well configuration. The
working solutions were prepared so that the MIC value for each fraction and drug alone
would be at the third well of the two-fold serial dilution. Briefly, in a plate, 50 μL of enriched
Middlebrook 7H9 broth was added into all wells except the wells in the first column of the
configuration. Then, 50 μL of the fraction at four-fold greater than the highest desired final
concentration was added into the wells in the first and second columns. A two-fold dilution
series of the fraction was made along the x-axis. In another plate, a similar configuration
of a drug was prepared simultaneously with the two-fold dilution along the y-axis. Next,
the content of each well in the drug plate was transferred into its respective well into the
fraction plate. Thus, the final configuration consisted of columns and rows in which, each
well contained the same volume of fraction and drug with a uniquely different combination
of the fraction and drug. A column of wells containing growth medium without drug/fraction
was also included as a control. Then, 100 μL of log-phase M. tuberculosis H37Rv inoculum
was added into all the test wells. The microplates were incubated at 37°C in 8% CO2 for five
days. On the fifth day, 50 μL of tetrazolium reagent mixture was added into all wells. The
plates were re-incubated, and the results were read visually on the following day. The MICs
recorded as the lowest concentrations that prevented the colour change of the tetrazolium
mixture from yellow to purple.
Determining the Interaction
The fractional inhibitory concentration index (∑FIC) was calculated to determine the nature
of interaction using the following formula:

/ FIC = MICMIC

Plant fraction combination
Plant fraction alone

+

MICDrug combination
MICDrug alone

The results interpreted as follows: synergistic (∑FIC ≤ 0.5), additive (0.5 < ∑FIC
≤ 1.0), indifferent (1.0 < ∑FIC ≤ 4.0) and antagonistic (∑FIC > 4.0) (Vambe et al. 2018; van
Vuuren and Viljoen 2011).
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RESULTS AND DISCUSSION

The n-hexane fractions of C. citratus (stem-rhizome), C. speciosus (stem-flower) and
T. coronaria (leaf) exhibited anti-TB activity with MICs in the range of 100–200 μg/mL
(Table 1). The MIC of isoniazid, rifampicin, ethambutol and streptomycin was
0.0625 μg/mL, 0.125 μg/mL, 4.0 μg/mL and 1.0 μg/mL, respectively, which are in agreement
with the previous studies (Burke, Coronel and Moore 2017; Heinrichs et al. 2018). These
drugs were chosen because they are essential first-line anti-TB drugs. The treatment with
these drugs is carried out initially over two months to kill all active and drug-susceptible
TB bacilli (World Health Organization 2010). The treatment then continues with rifampicin
and isoniazid for four months to eliminate any residual dormant bacilli (World Health
Organization 2010).
Table 1: The MIC of plant fractions and first-line anti-tuberculosis
drugs against M. tuberculosis H37Rv ATCC 25618.
Plant fractions and drugs

MIC (µg/mL)

C. citratus (stem-rhizome) n-hexane

200

C. speciosus (stem-flower) n-hexane

100

T. coronaria (leaf) n-hexane

100

Isoniazid

0.0625

Rifampicin

0.125

Ethambutol

4.0

Streptomycin

1.0

The interaction of 12 sets of combinations between the plant fractions and the
first-line anti-TB drugs are presented in Table 2. Five out of the 12 combinations produced
synergistic (∑FIC in the range of 0.38 and 0.50) activity with the individual MIC of the fractions
and drugs decreased 4 to 8 folds. Synergistic interaction could result from the differences in
the mechanisms of action of the drug and active constituent(s) in the fractions (Eliopoulos
and Moellering 1991). According to Pritchard et al. (2013), these successful combinations
could elicit lethal effects in which, the inhibition of parallel pathways of the drugs and the
bioactive constituents combines to kill the target cells rapidly. Therefore, the plant fractions
interacted synergistically with the TB drugs because they contained bioactive constituents
that are acting on different targets as compared to the anti-TB drugs. For example, the
mechanism of action of the bioactive constituents in C. speciosus (stem-flower) n-hexane
fraction could not be the inhibition of RNA synthesis by binding to the β-subunit of the DNAdependent polymerase as rifampicin due to synergistic interaction between this fraction and
rifampicin.
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Table 2: Interaction of C. citratus, C. speciosus and T. coronaria fractions with first-line antituberculosis drugs against M. tuberculosis H37Rv ATCC 25618.
Combination
of plant
fractionsand
drugs

Individual
MIC (µg/
mL)

Combination
MIC (µg/mL)

Increase
(+) or
decrease (-)
of individual
activity
based on (-)/
(+) of MIC
(folds)

Individual
FIC

∑FIC

Interactions

CCh - INH

200/0.0625

50/0.0081

+4/+7.8

0.25/0.13

0.38

Synergistic

CC - RIF

200/0.125

25/0.0312

+8/+4

0.13/0.25

0.38

Synergistic

CCh - EMB

200/4

100/0.25

+2/+16

0.5/0.063

0.56

Additive

CC - STR

200/1

25/0.25

+8/+4

0.13/0.25

0.38

Synergistic

CSh - INH

100/0.0625

75/0.0015

+1.3/+41.7

0.75/0.024

0.77

Additive

CSh - RIF

100/0.125

25/0.0312

+4/+4

0.25/0.25

0.50

Synergistic

CSh - EMB

100/4

50/1.25

+2+/3.2

0.50/0.31

0.81

Additive

CS - STR

100/1.0

50/0.25

+2/+4

0.50/0.25

0.75

Additive

TCh - INH

100/0.0625

50/0.001

+2/+62.5

0.50/0.016

0.52

Additive

TCh - RIF

100/0.125

12.5/0.0312

+8/+4

0.13/0.25

0.38

Synergistic

TC - EMB

100/4

50/0.25

+2/+16

0.50/0.063

0.56

Additive

TCh - STR

100/1.0

50/0.125

+2/+8

0.50/0.13

0.63

Additive

h

h

h

h

Notes: CCh = C. citratus (stem-rhizome) n-hexane; CSh = C. speciosus (stem-flower) n-hexane; TCh = T. coronaria
(leaf) n-hexane; INH = isoniazid; RIF = rifampicin; EMB = ethambutol; STR = streptomycin.

Rifampicin produced synergistic interaction with all the plant fractions. This
observation is in agreement with the key role of rifampicin in the treatment of TB because of
its frequent synergistic interaction with other anti-TB drugs (Chen et al. 2006). Rifampicin is
also an appealing candidate for use within synergistic combinations as it is a dose-dependent
rather than a time-dependent antibiotic, whereby, optimal synergistic concentrations can
be maintained for a minimum period of time (Ramón-García et al. 2011). Even though
rifampicin is associated with toxicity (Diacon and Donald 2014), as a benefit of synergism,
the minimum therapeutic dose of rifampicin could be used as its toxic side effects can
be decreased without compromising its efficacy. As rifampicin is effective on the dormant
persisters (Hu et al. 2015), the results also indicate that the plant fractions in synergy with
rifampicin would be able to increase the sterilising activity of rifampicin to eliminate the
dormant cells. Hence, these plant fractions could be useful in the treatment of latent TB.
On the other hand, 7 out of 12 combinations produced additive interaction with
the ∑FIC in the range of 0.52 and 0.81. According to Tallarida (2001), additive interaction
occurs when each drug is equally efficacious and the pair has a relative potency that is not
significantly different at each efficacy level. In depth investigations need to be carried out to
identify the potency of these plant fraction-drug pair.
No indifferent (1.0 < ∑FIC ≤ 4.0) and antagonistic (∑FIC > 4.0) interactions were
observed for any extracts and antibiotics in combination. In indifferent interaction, the drugs
and fractions did not interact with one another in which only one metabolic pathway can be
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the growth-limiting factor for an organism at a time (Yeh et al. 2009). While antagonistic
interaction could be due to the similar mechanisms of action of the compounds in the plant
fractions and the anti-TB drugs (Eliopoulos and Moellering 1991). Perhaps this could be due
to the presence of various compounds in the fractions where each acts on a different target.
CONCLUSION
The present study highlights the potential use of n-hexane fractions of C. speciosus, C.
citratus and T. coronaria as an anti-TB remedy. It suggests the possible use for combinations
with the first-line anti-TB drugs. However, the in vitro drug-fraction interactions could not
be acknowledged meticulously for predicting the efficiency of these agents in combination
in clinical practices against TB, as these interactions can only provide information about
synergistic, additive, indifferent or antagonistic actions of the fractions and drugs in
inhibiting the mycobacterial growth. While in vivo combinations may lead to alteration of
pharmacokinetics, deterioration of efficacy and modification of toxicity levels of the fractions
and drugs. Therefore, these combinations should be further assessed with in vivo studies
for clinical significance against TB.
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