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Abstract: Tuberculosis is the leading cause of death among the infectious diseases owing to the failure of the pres-
ent to control the epidemics of the disease. Search for new chemical entities remains the desperate need to control 
this global scourge. Recently dihydrofusarubin has been reported to exhibit antimicrobial potential. The present 
study was designed to evaluate the anti-mycobacterial activity of dihydrofusarubin and to examine the efficacy of 
dihydrofusarubin chemotherapy in murine models of pulmonary tuberculosis (TB). The minimum inhibitory concen-
tration (MIC) and minimum bactericidal concentration (MBC) were determined by broth microdilution method and vi-
able count method respectively. In vitro drug interaction by checker board assay and dynamics of killing by kill curve 
method. The two-drug combination was also evaluated for in vivo efficacy in murine models of tuberculosis The MIC 
of dihydrofusarubin was found to be 8 µg/ml against M. tuberculosis and was found to be bactericidal at 4 × MIC. It 
demonstrated synergistic interactions with rifampicin and additive interactions with isoniazid and ethambutol under 
in vitro. Dynamics of the compound was found to be both concentration as well as time dependent. Acute single 
dose toxicity studies in BALB/c mice demonstrated it to be safe for in vivo studies. In vivo studies revealed its better 
efficacy both alone as well as in combination with rifampicin. Dihydrofusarubin interacts synergistically with rifampi-
cin both under in vitro and in vivo conditions, thus supporting the view that dihydrofusarubin based drug scaffolds 
could be promising drug candidates for the treatment of pulmonary tuberculosis.
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Introduction  

Tuberculosis (TB) is the leading cause of death 
among infectious diseases originating from 
single infectious agent, Mycobacterium tuber-
culosis. It is leads to a death of approximately 
1.5 million people each year globally [1]. 
Although, there are continuous efforts for 
development of effective treatments, TB con-
tinues to be a major public health burden. In 
developing world in particular, where the treat-
ment and diagnostics are not adequate, the 
control measures for TB quite often results in 
failure. TB causes leads to approximately one-
third of HIV-associated deaths [2]. The major 
bottle necks in TB are the issue of cost, poor 
health assets, lengthy treatment and adverse 
effects associated with the anti-TB medication 
that has to be given a due attention so as to 
avoid relapse, or the emergence of drug resis-

tant isolates of M. tuberculosis. Additionally, 
new resistant isolates increase owing to poor 
treatment adherence and by spontaneous 
innate mutations, making treatment even more 
complicated [3]. The World Health Organization 
(WHO) estimates that about 2 billion humans 
might be infected by this M. tuberculosis, and 
about 9 million new and active cases of the dis-
ease emerge annually. M. tuberculosis isolates 
resistant to two (rifampicin and isoniazid) of 
four (isoniazid, rifampicin, pyrazinamide and 
ethambutol) first line anti-TB drugs known as 
Multidrug resistant (MDR) isolates also emerge. 
Furthermore, some strains of M. tuberculosis 
are MDR plus they also exhibit resistance to 
one of the flouroquinolone (moxifloxacin/levo-
floxacin) and to one of the injectable agent (ami-
kacin, kanamycin/capreomycin) have also been 
isolated. The morbidity and mortality due to TB 
remains unabated because of its synergy with 

http://www.ijcem.com


Dihydrofusarubin against tuberculosis

12344 Int J Clin Exp Med 2017;10(8):12343-12348

the HIV/AIDS pandemic and the evolution of 
drug resistant strains of Mycobacterium tuber-
culosis [4-6]. Despite some successes in the 
recent past, such as the discovery of the anti-
TB drug such as bedaquiline [7] and the high 
drug attrition rate, great effort is required to 
find better drugs in order to meet these chal-
lenges. Therefore, the need for new and effec-
tive compounds that comprise a simple, short-
er and effective treatment is vital need. 

Materials and methods

Antibiotics

Isoniazid (INH), rifampicin (RIF), and ethambu-
tol (EMB) were purchased from Sigma-Aldrich 
(USA). Stock solutions of INH and EMB were 
made in sterile double distilled water at 10 mg/
mL. Stock solutions of RIF (10 mg/mL) and test 
compound were made in 99% dimethyl sulfox-
ide (DMSO) at 15 mg/mL. Stock of test com-
pound was prepared in DMSO at 50 mg/ml. All 
antimicrobial stock solutions were stored at 
-80°C till use. For in vivo study the test com-
pound preparations were made in 0.5% carboxy 
methyl cellulose (CMC).

Determination of minimum inhibitory concen-
tration

The Minimum inhibitory concentration (MICs) of 
the dihydrofusarubin and standard anti-TB 
drugs (INH and RIF) against M. tuberculosis 
H37Rv were determined by the slight modifica-
tion of the procedure as described previously 
[8]. Briefly, a range of concentrations of the test 
compound (0.5-256 µg/ml) and the reference 
antibiotics INH/RIF (0.019-10 µg/ml) were 
made in 96 well plate using Middlebrook 7H9 
broth (Difco, USA). The inoculum prepared from 
7 day old culture of H37Rv culture were added 
into each well of the plate. Afterwards, the 
plates were incubated at 37°C and read after 
12 days. The MIC was defined as the lowest 
concentration at which no visible microbial 
growth was observed visually. Growth control 
which contained only microbial cells was includ-
ed as the negative control. Media control free 
of dug and bacteria was also included. The 
DMSO was present at the percentage of 0.23%.

Determination of minimum bactericidal con-
centration (MBC) 

Minimum bactericidal concentration (MBC) of 
the test compound was determined by diluting 

the concentrations above MIC to sub-MIC lev-
els and platting them onto Middle brook 7H11 
agar plates for determinations of the viability 
counts. The agar plates were incubated at 37°C 
in an incubator and bacterial counts were read 
after 3 weeks of incubation. MBC was defined 
as the lowest concentration of antimicrobial 
agent which kills 99% of the bacterial popula-
tion of the initial inoculum.

In vitro kill curve studies 

50 ml tubes containing 10 ml of middle brook 
7H9 broth with antimicrobial agents at concen-
trations at 1 ×, 4 × and 8 × MICs were inocu-
lated with M. tuberculosis H37Rv at 105 CFU/
mL and incubated at 37°C in an orbital shaker. 
Tubes without an antimicrobial agent were also 
included to serve as growth control. Aliquots 
from each concentration were removed at pre-
determined time points (0, 4, 8, 16 and 20 
days) post-inoculation and serially diluted with 
PBS and platted onto Middlebrook 7H11 agar 
plates for viability counts after proper incuba-
tion at 37°C for 3 weeks. 

In vitro drug-drug interaction studies 

In vitro drug interaction studies of the test com-
pound with the commonly used anti-TB drugs 
were evaluated by checker board titration 
assay using the 96 well plates. Briefly, one drug 
was diluted along the rows of the 96 well plates 
and the second drug was isolated on the same 
plate along the columns. Growth control wells 
were also included in the assay. Plates were 
incubated at 37°C and monitored after 12 days 
for MIC determination of the drugs alone as 
well as in combination.

Fractional inhibitory concentrations (FICs) were 
calculated by use of the following formula:

FIC (a + b) = [MIC of compound a in combina-
tion with b]/[MIC of a alone]. The fractional 
inhibitory index (ΣFIC) was calculated as FIC of 
compound X + FIC of compound Y to evaluate 
interaction profiles. FICs of > 0.5 shows syner-
gistic activity, FICs of > 4.0 indicate antago-
nism, and values in between correspond to 
additive interaction. 

In vivo study 

Experimental animals: Seven week old BALB/C 
mice weighing about 25 ± 2 g were used in the 
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study. The rats were given free access to pellet 
diet and water. Animals were kept in well venti-
lated rooms with controlled setting of light/
dark cycle and temperature of 24 ± 2. The ani-
mal protocols for the study were approved by 
animal ethical committee of the institute. 

Acute toxicity study

The acute oral toxic study was performed using 
test guidelines on acute oral toxicity test 423 
according to OCDE 2001 [9]. Fifteen mice fast-
ed O/N, but allowed free access to purified 
water was randomly divided into the three 
groups with each group consisted of six mice of 
either sex in 1:1 sex ratio. Control group 
received distilled water and the remaining two 
groups received the test compound extract at 
the dosage of 500 and 1000 mg/kg of body 
weight. The animals were fasted for 3 h post 
administration. The animals were observed for 
I week after test drug administration for signs 
of toxicity and/or mortality. Afterwards, body 
weight was recorded for consecutive 14 days.

Induction of experimental pulmonary tubercu-
losis  

Acute pulmonary tuberculosis was induced by 
single dose administration of M. tuberculosis 
H37Rv to mice via aerosol route as described 
previously [10]. 

Treatment groups 

After infection mice were randomly divided into 
5 groups with 5-6 animals/group. Group 1 con-
sisted of 6 mice that were administered vehicle 
only (CMC: Carboxy methyl cellulose). The 
remaining four were treatment groups. Group 2 
were treated with RIF at the dosage of 10 mg/
kg body weight, group 4 animals were treated 
with the test compound at the dosage of 150 

mg/kg body weight and group 5 animals were 
treated with rifampicin and test drug combina-
tion. Treatment was started on day 3 after 
infection and study continued for 10 days. A 
wash out period of 2 day was also given in 
which animals were given free access to pellet 
diet and water but without any medication. 
Three animals in the control group were sacri-
ficed at the start of experiment to determine 
the baseline CFU values in the lungs of mice or 
at the end of the study. 

Statistical analysis

Statistical analysis was analysed by 2-tailed 
Student’s t test. In all statistical analysis, P val-
ues < 0.05 were considered to be statistically 
significant.

Results 

Minimum inhibitory concentration 

Minimum inhibitory concentration (MIC) of the 
test compound and the standard anti-TB drugs 
against M. tuberculosis H37RV were deter-
mined by broth microdilution method (Table 1). 
The MIC of the test compound was observed to 
be 8 µg/ml. The MICs of the commonly used 
first line TB drugs such as RIF, INH and EMB 
were observed to be 2, 1 and 2.5 µg/ml 
respectively.   

Minimum bactericidal concentration (MBC)

MBC of the test compound was determined by 
viable count method. In this assay INH was 
used a positive control. The study demonstrat-
ed that the MBC of the test compound is 16 µg/
ml as at this concentration, the test molecule 
reduced the bacterial load of the inoculum by 
3.5 log10. Isoniazid proved to be strongly bacte-
ricidal as it reduced 3.2 logs of the initial inocu-
lum (5 log10) at its MIC. Thus demonstrating 
that MIC and MBC of the INH is same i.e 1 µg/
ml.

Kill curve studies

Checkerboard assay: To interaction of the test 
drug with conventional drugs checkerboard 
assays were performed and the fractional 
inhibitory index (ΣFIC) was calculated for each 
drug combination. The ΣFIC data are summa-
rized in Table 2. The test compound when com-
bined with INH resulted in two fold improve-

Table 1. Minimum inhibitory concentration 
(MIC) of test compound and commonly used 
first line anti-tuberclosis drugs
Drug MIC (µg/ml)
Dihydrofusarubin 8
INH 2
RIF 1
EMB 2.5
Where, INH is isoniazid, RIF is rifampicin, EMB is etham-
butol.  
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ments in the MIC values and ΣFIC values could 
reach to 1 showing additive interact between 
the two. However, when the test compound was 
combined with RIF, four fold enhancement in 
the MIC values of these two compounds were 
observed reflecting the strong synergism 
between the two with ΣFIC values reaching to 
0.5. Combination of EMB with the test com-
pound proved to be additive.

Kill curve

To confirm whether the activity is governed by 
time or by concentration, a kill curve study was 
performed on the test compound as shown in 
Figure 1. M. tuberculosis was exposed to differ-
ent concentrations of test antimicrobial agent 
over a period of 16 days. Test compound dem-
onstrated to be bacteriostatic at its MIC as 
there was a no significant change in bacterial 
load over a study period. At 2 × and 4 × MIC, 

animals were sacrificed by cervical dislocation 
macroscopic pathology examination, revealed 
no visible lesions in any animal’s liver. The oral-
ly administered LD50 value of PC extract must 
be > 1000 mg/kg body weight.

Efficacy in mice models of tuberculosis

Test compound demonstrated good efficacy in 
mouse models of tuberculosis. Test compound 
orally administered at the dosage of 150 mg/
kg body weight prevented the increase in lung 
CFU compared to vehicle control in which there 
was a sharp rise in bacterial load in the lungs of 
the mice. Test compound also reflected better 
efficacy in combination with RIF resulting in 
about 2.5 log10 reduction in CFUs. 

Discussion 

TB treatment requires the use of better and 
effective drugs to control the present TB epi-
demics thus emphasizing the need for evaluat-
ing the anti-TB potential of new chemical enti-
ties (NCEs) towards the same purpose. In the 
present study we have evaluated the potential 
of dihydrofusarubin for TB. Our study was based 
on the previous studies which have reported 
the antimicrobial potential of this compound 
against both gram positive and gram negative 
bacteria [11] MIC of the dihydrofusarubin aga- 
inst standard laboratory H37Rv strain of M. 
tuberculosis was observed to be 8 µg/ml. We 
have also used standard anti-TB drugs (INH, RIF 
and EMB) in the MIC determination assay to 
validate the assay. The MIC values of these 
anti-TB drugs fall well within the literary reports 
[12] MBC of the compound reflected that the 
compound is bactericidal against M. tuberculo-
sis at 2 × MIC. Any compound that has MIC 

Table 2. Interaction of dihydrofusarubin with first line 
anti-tuberculosis drugs against M. tuberculosis H37RV. 
All experiments were carried out in triplicates
Drug/drug 
combination

MIC (µg/ml)
FIC ΣFIC Remarks

Alone Combination
Test Compound 8 4 0.5
INH 1 0.5 0.5 1 Additive
RIF 2 0.25 0.125
Test Compound 8 1 0.125 0.25 Synergism
Test compound 8 8 1 2 Additive
EMB 2.5 2.5 1
Where, INH is isoniazid, RIF is rifampicin, EMB is ethambutol.  

bacterial load decreases with time 
showing that the compound demon-
strated time dependent activity. At 
these concentrations the bacterial load 
was reduced by 3 log10 on day 16. At 8 
× MIC, a large reduction in bacterial 
load was observed proving it to be the 
most effective concentration among 
the tested concentrations. 

Acute toxicity study: A single dose of 
500 or 1000 mg/kg body weight did 
not led to any in change animal behav-
iour. No death was observed over the 
course of the study. On the 14th day, 

Figure 1. Kill curve of the test compound against M. 
tuberculosis H37Rv. M. tuberculosis H37Rv was ex-
posed to test compound at different concentration 
for different lengths of time and bacterial counts 
were enumerated on Middlebrook agar plates. All 
experiments were carried out in three biological rep-
licates.
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equal to less than 4 fold of its MIC is consid-
ered bactericidal [13]. The chemotherapy for 
TB involves the use of combination of drugs for 
at least 6 months; it is therefore necessary to 
evaluate the in vitro activities of the new drug 
candidates in combination with the common or 
experimental TB drugs under preclinical stag-
es. Some reports have already questioned 
whether the conventional anti-TB drugs display 
the optimal interaction in vivo. Pharmacokinetic 
antagonism has been observed in murine mod-
els during the initial phase of chemotherapy 
between INH and RIF-Pyrazinamide [14]. Thus 
a rational for the development of new drug regi-
mens is to evaluate the interactions of a drug 
candidate with other drugs in preclinical trials, 
in order to guess which drug combinations 
would have the best efficacy in the clinic. In the 
current study, we determined how our experi-
mental compound interacts with other existing 
anti-TB compounds in vitro. Our observations 
demonstrated that no antagonistic interaction 
of the test compound was observed with INH, 
RIF or EMB. Interestingly, test compound dem-
onstrated synergistic interaction with RIF. The 
interactions with INH and EMB proved to be 
additive. Kill curve studies of the test com-
pound revealed that its activity is concentra-
tion as well as time dependent (Figure 1) as it 
its activity increases with increase in concen-
tration and rate of killing becomes prominent 
with duration of the drug exposure. In earlier 
studies, similar activity has been also reported 
for RIF with clear concentration and time 

dependent activity [5]. In the same study, INH 
showed the concentration-dependent killing 
activity, which was more rapid compared with 
RIF. moderate killing activity have reported for 
EMB, that was more or less independent of its 
concentration, and not time dependent even 
when tested at the highest concentrations. 
From the above discussion, it is clear that our 
experimental compound has demonstrated 
excellent in vitro potential therefore it was sub-
jected to in vivo studies in acute mice models 
of TB (Figure 2). Prior to in vivo study, we evalu-
ated the acute toxicity of the test compound 
and we have indicated that LD50 value of dihy-
drofusarubin must be greater than 1000 mg/
kg and no sign of toxicity was observed after 
sub-chronic administration at tested doses. For 
in vivo study, the test compound was adminis-
tered orally at the dosage of 150 mg alone and 
in combination with RIF. Test compound when 
administered alone prevented growth of bacilli 
in the lungs and the number of bacilli in the 
lungs was similar to that of control mice. When 
the test compound was given along with RIF, 
there was a significant reduction in the number 
of bacilli in the lung of mice. 

Conclusion

In conclusion the dihydrofusarubin exhibits 
potent anti-TB potential and is active both 
under in vitro and in murine models of tubercu-
losis thus offers a hope for further validation of 
dihydrofusarubin based scaffolds for tuberculo-
sis drug development. 
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