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Abstract

Yearly, 8 milion people advance to active tuberculosis (TB) and nearly 2 milion victims die of their infection. 
Long drug regimen is blamed for the emergence of drug resistant TB. Moreover, 20% of TB isolates are already 
resistant to the first line antituberculosis drugs. This situation has required to develop new, more active anti-TB 
substances. Several novel drug candidates from different groups of chemical compounds undergo clinical trials. 
Others, also promising agents, have been obtained recently. They are the basis for further modifications heading 
for improvement of their physicochemical, biological and toxicological parameters.
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It is a very complex process to develop and introduce 
new drugs, requiring years of hard work and large 
expenses. It often takes 12–15 years from qualifying 
a substance to clinical tests to their successful comple-
tion. What is also important is that only 10% of sub-
stances qualified to clinical tests reach the end of the 
study with positive notes. There are a few new tuber-
culostatic drugs of various chemical composition being 
currently in different clinical trial phases [1, 2, 3]. Vir-
tually no new effective tuberculostatic drugs appeared 
on the pharmaceutical market since rifampicin has 
been introduced (1970). In the meantime, new multi-
drug-resistant bacterial strains have evolved, making 
the antituberculotic treatment even harder. That is why 
it is necessary to search for new substances with dif-
ferent antituberculotic effects. In the next few years, 
there should be at least a few new and effective drugs 
of that kind. The tested drugs include: two bicyclic 
nitroimidazole derivatives: PA-824 and OPC-67683 [4], 
a pyrrol derivative LL- 3858 and some quinoline deriva-
tives. From the beginning of the 21st century, a  lot of 
new substances were identified that stand chances to 
become some of leading tuberculostatic drugs. Some 
of them are already being tested, and others, equally 
promising, have been discovered recently and are still 
subject to further research to improve their physico-
chemical, biological and toxicological properties.

This study will try to present the most interesting 
and promising tuberculostatic substances that have 
been reported in scientific news in the last twelve 
years.

At present, one of the diarylquinoline-type sub-
stances named TMC-207 (R-207910) has successfully 
undergone the second trial phase. This is one of the 
most promising tuberculostatic drugs. It will probably 
become a  part of multi-drug therapy against multi-
drug-resistant M. tuberculosis strains. There are twenty 
chemical substances in the diarylquinoline group, with 
MIC values below 0.5 µg/ml in in vitro studies on M. 
tuberculosis H37Rv. Antituberculotic effect was con-
firmed in vivo for three diarylquinoline combinations 
[5]. The one with the most advantageous characteris-
tics was chosen, named TMC-207 and had undergone 
a number of further tests. This compound turned out 
to be an in vitro M. tuberculosis growth inhibitor for 
strains susceptible to the most common drugs as well 
as drug-resistant strains [6]. Its activity in in vivo tests 
was stronger than the activity of rifampicin and isoni-
azide and, furthermore, it was effective against latent 
bacterial forms. The antituberculotic effect increased 
when rifampicin, isoniazide and pyrazynamide were 
replaced by diarylquinoline TMC-207 (R-207910), 
leading to total bacilli elimination within two months 
of treatment. Moreover, this compound has a  new 
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mechanism of action – it is a  proton pump inhibitor 
of a F0F1H

+ ATP-synthase, which leads to a damage of 
the ATP structure and acid-base balance disorders in 
bacterial cells.

The tuberculostatic effect was also observed in 
4-amine-7-chloroquinoline derivatives [7]. The strategy 
for obtaining these compounds was based on a substi-
tution of chlorine atom in C-4 position in a 4,7-dichlo-
roquinoline molecule by ethylenediamine chain, which 
is an ethambutol pharmacophor, and subsequently by 
its homologues: propylene- and butylenediamine and 
so on. The objective of further modifications was to 
determine the Structure-Activity Relationships (SAR) for 
the obtained products. It was observed in in vitro tests 
that in a  group of 4-amine-7-chloroquinoline deriva-
tive compounds with different substituents in terminal 
carbon atom of alkyl chain, the most active compound 
was the one with a chlorine atom (MIC = 12.5 µg/ml). 
The MIC value changed adversely after substitution of 
halogens with amine group – NH2 or azide group – N3. 
The effect of the alkyl substituent length on antituber-
culotic effect was also tested. It turned out that lateral 
chain elongation up to ten carbon atoms leads to an 
increased tuberculostatic effect (Figure 1).

Another prospective antituberculotic drug is a sub-
stance identified as SQ-109. This compound was sin-
gled out of a  group of 63,000 diamines in a  search 
for antituberculotic substances [8–11]. This substance’s 
mechanism of action inhibits the cell wall formation in 
tubercle bacilli. In the in vitro conditions, SQ-109 has 
even 35 times stronger tuberculostatic effect compared 
to another diamine group member, ethambutol. This 
substance is also effective against multidrug-resistant 
microbes. Adding SQ-109 to rifampicin and isoniazid 
in antituberculous therapy makes the latter ones more 
effective. Different tests assessing efficacy of SQ-109 
and other antituberculotic drugs combinations as well 
as SQ-109 monotherapy treatment are currently being 
conducted. Apart from antituberculotic effect, this sub-

stance is effective also against Helicobacter pylori. This 
effect is now being tested and is in the second phase 
of clinical trials [12].

Further search for new, better antitubercu-
lous drugs yielded a  discovery of the group of 
β-sulphonylacetamide compounds. One compound 
with the highest activity was selected out of this group 
and marked FAS-20013. It has been proved that this 
substance is a mycolic acid synthase inhibitor and that 
it disturbs energy production in bacterial cells, causing 
their systematic dying. FAS-20013 is also effective in 
the case of drug resistance. Moreover, this drug was 
observed to cause no serious adverse effects [13, 14] 
typical of other similar drug classes.

Sutezolid, initially marked as PNU-100480, is an 
oxazolidinone antibiotic currently in the second phase 
of clinical trials. Sutezolid is three times more active 
against MDR-Tb strains than structurally similar linezol-
id, both in vivo and in vitro. Compared to linezolid, it is 
much less toxic and has better pharmacokinetic char-
acteristics resulting from drug absorption. Mechanism 
of action for both oxazolidinones consists in binding 
the 50S subunit of the ribosome, and thus inhibiting 
one of the earliest stages of essential bacterial proteins 
synthesis [15].

It was observed in another study that some of 
pyrrole derivatives have a  tuberculostatic effect on 
M.  tuberculosis in in vitro conditions. The most active 
compound – LL-3858 has been selected out of this 
group and is characterized by being more effective in 
monotherapy than isoniazide in vivo. The mean MIC 
value is 0.19 µg/ml, also for drug-resistant strains [16]. 
Its mechanism of action has so far remained unknown.

Chemical structures of the described compounds 
are displayed in Figure 2.

Pleuromutiline belongs to the class of semisynthet-
ic antibiotics, produced from Pleurotus mutilis strains. 
Two members of that class, tiamulin and valnemulin, 
are veterinary antibiotics acting against avian myco-
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Figure 1. The MIC values for quinoline derivatives against M. tuberculosis
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plasmosis. Pleuromutilines inhibit bacterial protein 
synthesis by binding the 50S subunit of the bacterial 
rRNA and thus inhibiting formation of peptidic bonds 
[17]. This mechanism of action suggested a possibility 
of using these antibiotics in antituberculotic treatment. 
Further studies proved these antibiotics to have anti-
tuberculotic effects, also against drug-resistant strains. 
Chemical structures of these substances are shown in 
Figure 3.

While searching for new antituberculotic drugs, 
previously known antibiotic classes were re-analyzed. 
Two fluoroquinolones were found that way: gatifloxa-
cin (GAT) and moxifloxacin (MXF) [18]. Both drugs are 
now in the third phase of clinical trials. Gatifloxacin 

has a  tuberculostatic effect in vitro as well as in vivo. 
In in vitro tests, the greatest antituberculotic effect is 
observed during the first two days of testing [19]. Simi-
lar results were obtained when gatifloxacin was used 
in combination with isoniazide (INH) or rifampicin 
(RIF) [19]. The other tuberculostatic drug in the fluo-
roquinolone class, moxifloxacin, is more promising. In 
in vitro conditions, it destroys populations of tubercle 
bacilli which developed resistance to rifampicin. This 
distinguishes moxifloxacin among other tuberculostat-
ic fluoroquinolones of prior generations: ciprofloxacin 
and ofloxacin [18]. It is likely that moxifloxacin influ-
ences protein synthesis in slow metabolizing bacteria. 
This mechanism significantly differs from rifampicin’s 
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Figure 2. The structures of choosen tuberculostatic agents currently undergoing clinical trials
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mechanism of action. In in vivo trials, MXF’s activity 
is comparable to that of isoniazide. Furthermore, com-
bination of MXF and pyrazynamide is more effective 
than the combination of isoniazide, rifampicin and 
pyrazynamide [20].

Other authors have proved antituberculotic effect 
of N’-substituents of 5-nitrofurfural semicarbazone 
derivatives [21] (Figure 4).

The highest efficacy was related to the presence of 
electron accepting substituents such as chlorine atom 
or nitro group in the aryl fragment. In some cases, MIC 
values were lower compared to their equivalents of iso-
niazide, rifampicin and ciprofloxacin. Pyridil thiosemi-
carbazone derivatives proved to be more effective than 
their phenyl equivalents. These compounds eradicate 
slowly growing mycobacteria which could reduce ther-
apy duration. 

A number of scientific reports discuss tuberculostat-
ic effect of monosubstituted bicyclic amides of hetero-
cyclic compounds derivatives, both with one and two 
nitrogen atoms. One of the papers [22] presents a num-
ber of amide substituted indole derivatives (Figure 5).

Derivatives 3–5 with expanded cyclic systems 
from the amide group had the highest tuberculostatic 
effect. Their MIC values were lower compared to the 
MIC of isoniazide, TMC- 207 and PA- 824 [22]. Further-
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more, compounds 1, 2 and 3 had a  significant effect 
against multi-drug-resistant XDR-Tb strains. What is 
extremely positive about this group of drugs is that the 
obtained substances are not toxic. These findings make 
the amide indole derivatives one of the most promising 
groups antituberculotic compounds.

Other authors [23] indicate a significant tuberculo-
static effect of amide imidazo-[1,2-a]-pyridine deriva-
tives (Figure 6).

The compounds having 4-(4-halogenohenoxy-sub-
stituted)benzyl substituent at amide nitrogene atom 
(7–9) had the lowest MIC values amounting to ≤ 0.006 
μM. It has also been observed that the tuberculostatic 
effect of these compounds against drug resistant XDR-
Tb strains in in vitro tests was ten times higher than 
that of PA-824 [23].

The obtained results of biological trials determined 
the following relationships between the structure of 
the study compounds and their tuberculostatic effect:

the most advantageous factor is the presence of ––
amide group in the second position of the bicyclic 
configuration;
an expanded, three-dimensional lipophilic substitu-––
ent is preferred by the amide N atom;
N-1 atom in a  heterocyclic system without any ––
substituent and single substituted amide group N 
atom determine the manifestation of antitubercu-
lotic effect;
presence of methyl groups in C-4 and C-6 positions ––
of indole and C-6 and C-7 positions of imidazopyri-
dine increases activity of these compounds.

Yokokawa et al. have recently described a  num-
ber of compounds having another bicyclic system of 
pyrazol[1,5-a]tetrahydropyrimidine in their structure 
[24]. A  substance with the most profitable physico-
chemical properties and the best biological activity 
has been selected based on antituberculotic test results 
(Figure 7).

That is why it is very likely to become one of the 
tuberculostatic drugs in the nearest future.

Chemical synthesis in laboratory is not the only way 
of creating new antituberculotic drugs. Some of them 
are naturally found in the environment. For example, 
Caribbean Sea corals of Pseudopterogorgia elisabethae 
genus produce a group of pseudopterosins and pseu-
dopteroxazoles. McCulloch et al. [25] submitted these 
natural substances to some chemical modifications and 
obtained a  number of semisynthetic tuberculostatic 
substances with MIC values comparable to these of 
ethambutol, kanamycin, capreomycin and cycloserine. 
The derivative with a  methyleneimidazol substituent 
had the best parameters, with its MIC value at 34 µM. 
Its molecular structure is shown in Figure 7.

The clofamizine derivatives are another group of 
very promising compounds – clofamizine belongs to 
the riminophenazine group, used until now in leprosy 
treatment [26]. Its efficacy against drug-resistant M. 
tuberculosis strains has been known since the 1960s. 
Unfortunately, the possibilities of putting clofamizine 
to common use in antituberculotic treatment are large-
ly limited due to its lipophilicity and the common side 
effect consisting in skin pigmentation disorders. That 
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Figure 6. The structures of some imidazo[1,2-a]pyridine derivatives
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is why clofamizine derivatives with C-2 pyridilamine 
substituent were synthesized, which were less lipophilic 
and had no adverse effect on the skin, while retaining 
the desired tuberculostatic effect (Figure 8) [26].

Summary

Despite the constantly developing prophylaxis and 
increase of public awareness, tuberculosis remains 
a huge health problem, both worldwide and in Poland. 
According to WHO data for 2011 [27], tuberculosis was 
the second (directly after AIDS) most common cause of 
death all over the world.

An increased number of cases of multidrug resis-
tant tuberculosis (MDR-Tb) resistant to isoniazide and 
rifampicin is now being observed [1]. Cases of XDR-
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Tb, i.e. multidrug resistant tuberculosis with additional 
resistance to other important tuberculostatic drugs: flu-
oroquinolones, amikacin, kanamycin and capreomycin, 
have presented in many countries [28].

Each year, a number of researcher groups working 
at different research institutes and industrial laborato-
ries make successful attempts at synthesizing new anti-
tuberculotic substances. Hopefully, among these new 
chemical combinations there will be compounds that 
will become modern antituberculotic drugs.
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