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ABSTRACT
Tuberculosis (TB) is a fatal infectious disease caused by bacterium call Mycobacterium tuberculosis. Each year the
disease kills almost 2 million populations. The disease spreads due to unhygienic conditions also the bacterium develops
resistance to the existing drugs (Multiple Drug Resistance-TB and Extensively Drug Resistance- TB). World Health
Organization (WHO) has predicted by the Year 2020 there will be one billion new active cases if effective anti-TB drugs
are not developed. The essential objectives of anti- tuberculosis therapy includes, fast killing of keenly multiply bacteria,
avoidance of drug resistance and sterilization of infected host tissues to stop clinical relapse. In this study, we report few
of the challenges such as drug resistance, duration of treatment, complexity of treatment in developing anti-tuberculosis
drug along with their mode of action and limitations with reference to drug Isoniazid. These observations are beneficial
to the researchers and offer guidance for the development of new drugs with enhanced efficacy.
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INTRODUCTION
Tuberculosis is widespread and frequently fatal infectious disease, ranking second amongst communicable
diseases after HIV. It is caused by a variety of strain of mycobacterium, typically by gram positive bacterium
Mycobacterium tuberculosis. Mycobacterium tuberculosis is aerobic bacterium and grows mostly in the organ
like lungs where oxygen concentration is high. It can spread through blood from lungs to other organs such as
brain, stomach, bones, liver and kidney. People having active infection of TB in their lungs or throat when
laugh, sneeze, sing, or even talks the germs may spread into the air. If another person inhales those germs
during breathing, there is chance of infections. But not all people get infected with TB on exposure to bacteria
[1].  Some group of people is at higher risk to tuberculosis and these groups are:

 Person in close contact for long duration with the person having active TB infection.
 TB is considered to be the disease of poverty for many reasons like poor nutrition, lack of good
quality health facilities, uncleanness, overcrowded and poorly ventilated homes without plenty of sunlight.

Due to poor nutrition and inadequate diet, their immune systems weaken and it increases the chances of
infections and developing active TB [2].

There are two types of TB infection, one is latent TB infection and other is active TB infection. Patients with
latent TB infections have no symptoms even it can’t infect others. Latent TB infection can be diagnosed by
Tuberculin Skin test (TST) as well as Interferon-Gamma Release Assay (IGRAs).  But these tests have certain
limitations. The test cannot distinguish between latent infection with viable microorganism and healed/treated
infections. In high or upper middle–income countries for detection of latent infection TST or IGRAs tests are
possible but for low and other middle-income countries it is very challenging. Patients with active
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contamination have symptoms like bad cough more than two weeks, pain in chest, greenish or bloody
sputum, weakness, excessive qweight loss, fever etc. Detection of active TB is done by Chest X-ray, Skin
tests, sputum test [3, 4].

Currently available Anti TB Treatments:
Currently available treatment to treat active infection of tuberculosis is includes;

First Line Treatment:
This includes administering Rifampicin and Isoniazid for 6 month, along with Pyrazinamide and Ethambutol
in the first two months. This treatment is useful against drug susceptible tuberculosis under control conditions,
but treatment has some limiting side effects with mild adverse effect. The World Health Organization (WHO)
started directly observed therapy short course (DOTS) strategy for effective treatment of TB. But soon DOTS
becomes Burdon on public health program due to labor involved and expensiveness in developing country like
India with limited sources.

Second - line treatment:
Second line drug includes Aminoglycosides (Kanamycin and Amikacin), cylocyserine, terizidone,
ethionamide, capriomycin, aminosalycylic acid and fluroquinilne (including ofloxacin, levofloxacin, and
moxifloxacin).

There are various adverse reactions of anti-tuberculosis drugs which includes rash, positive abnormal liver
function tests, susceptibility to hepatitis, sideroblastic anaemia, high anion gap metabolic acidosis, peripheral
neuropathy, mild central nervous system (CNS) effects [5].

Also due to limited efficiency of the existing treatment therapy, further complications by emergence of drug
resistant strains are common to occur. The main reason of resistance to drug is, normally, as soon as patients
start feeling well, they discontinue the treatment. This is very common observation in poor (Low Income
Group) and illiterate patients. Mycobacterium is opportunistic parasite. Its deactivation merely is not sufficient
for wellness, but the complete eradication is a must. So patient needs to take complete treatment, as standard
prescription to eradicate the dormant bacteria (MDR as well as XDR).

The fundamental goals of anti- tuberculosis therapy are rapid killing of actively multiplying bacilli,
prevention if drug resistance and sterilization of infected host tissues to prevent clinical relapse [6]. Multiple
Drug Resistance Tuberculosis (MDR-TB) is a resistance developed by the bacterium to Rifampin and /or
Isoniazid, both of the most powerful first line treatment anti-TB drugs.

Extensively drug resistance TB (XDR-TB) is resistance developed by the bacterium to Isoniazid and
rifampicin as well as fluroquinolone and at least one of the second lines anti TB drug [7].

Background
Structural Features of the Bacterium:
M. tuberculosis consists of a thick cell wall which prevents passage of nutrients into and excreta from the cell,
therefore it is slow growing bacterium. The cell envelope consists of a polypeptide layer, a peptidoglycan
layer, and free lipids. Also there is also a complex structure of fatty acids such as mycolic acids that appear
glossy. The M. tuberculosis cell wall contains three classes of mycolic acids; such as mycolates of alpha-,
keto- and methoxy. The cell wall also contains lipid complexes including acyl glycolipids and other complex
such as free lipids and sulfo-lipids. There are pores in the membrane to facilitate transport. Below the cell
wall, there are layers of arabinogalactan and peptidoglycan that lie just above the plasma membrane [8].
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Figure 1: Structural presentation of cell wall in whole

As represented in figure, the bacterium cell wall is comprised of peptidoglycan and arabinoglycan as core and
mycomebrane to protect the same. This membrane is too thick to exchange nutrients slowly with the host
body. Mycolic acid synthesis takes place in membrane portion. If the mycolic acid synthesis is diminished, the
bacterium may be deactivated. Most of the anti- tuberculosis drugs work on inhibition of mycolic acid
biosynthesis of mycolic acids, the essential component of bacterial cell wall.

However there are some challenges, as listed below:

 The mycobacterium cell wall is thick consisting of α-alkylated β-hydroxylated fatty acids and it acts
as a permeable barrier for drugs.
 The M. tuberculosis genome codes for certain enzymes that makes it drug resistant.
 Mutation: Spontaneous mutation in the M. Tuberculosis genomes can give rise to proteins that makes
the bacterium drug resistance, depending on the drug action. [9]
Isoniazid, a prospectus as anti-tuberculosis drug molecule:
From the literature survey as cited further, it can be understood that isoniazid appears a prospective member
for effective drug molecule derivation for its simplicity of structure [10] and the scope for enhancing
lipophilicity of the drug [11].

Structure 1: Isoniazid

This is very active and successful drug to treat tuberculosis. The structure of isoniazid is simple but mode of
action of drug is more complex. Isoniazid drug resistant strains developed soon after recognising its anti-TB
activity [10]. Isoniazid can be administered by existing methods of drug delivery and exhibit bactereostatic
action on the resting bacilli including mycobacterium tuberculosis complex. The minimum inhibitory
concentration (MICs) of isoniazid is very low (0.02-0.06 μg ml-1) against these pathogens. This increases its
safety level as drug molecule. Isonizid is a pro drug which is activated by the heme enzyme
catalase/peroxidises (Kat G). Isoniazid inhibits the synthesis of mycolic acids, which is necessary component
of bacterial cell wall. Besides InhA (2-trans-enoyl-acyl carrier protein reductase) of Mycobacterium
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tuberculosis is well identified target of isoniazid. Some other targets are also proposed in order to explain the
atypical potency of Isoniazid. This provides wide range of targets for the action of isoniazid drug.

However the mechanism of enzymatic activation of drug is not known clearly because binding of drug and
enzyme has not been appropriately established. Accordingly different researchers have proposed different
derivatives referring the mode of drug activation [12, 13].

Akos Somoskovi [12] in his paper reported probable mechanism for the inhibition of biosynthesis of mycolic
acids. Isoniazid, passively diffuse through the mycobacterium envelop, which is activated by MnCl2 and the
catalase-peroxidase Kat G, probably into an isonicotyl radical or anion. Either of this isonicotyl forms, then
inhibits the InhA through the covalent attachment with NADH within the active sites of protein.

The bacterium may develop resistance to isoniazid through spontaneous mutations in the M.
tuberculosis genome. There are many mutations which makes M. tuberculosis resistant to Isoniazid. Mutations
which are responsible for resistance to INH have been identified in different gene targets
including katG, inhA, ahpC and other genes that remain to be recognized. Amino acid substitution in the
NADH binding site of InhA actually results in INH resistance by prohibiting the inhibition of mycolic acid
biosynthesis, which the bacterium uses in its cell wall. Mutations in the katG gene make the enzyme catalase
peroxidase incapable to convert INH to its biologically active form. For this reason, INH is not able to
affect M. Tuberculosis [13].

After thorough study of 847 compounds for minimum inhibitory concentrations against mycobacterium,
Omprakash and Indira Ghosh [14], in their study reports comparative results. From the database, identification
of the ‘minimum common bioactive substructures (MCBS) are done which are responsible for describing a
diverse set of compounds, suitable to be considered as a potent candidates for anti-tuberculosis activity i.e.
bioactive motif. Due to relative resemblance between bioactive motif and Isoniazid, the compound can be
chosen as the starting material for development of new anti-tuberculosis drugs [14].

Report on Isoniazid based drugs against TB:

Some Isoniazid derivatives shows very high anti-mycobacterium activity even with considerably less MIC
value against H37Rv strains of Mycobacterium tuberculosis.

Hydrazones Derivatives:
Sah et al [15] synthesized isoniazid hydrazide-hydrazones (Structure 2) by reacting isoniazid with different
aldehydes and ketones. These compounds were reported to have inhibitory activity in mice infected with
various strains of M. tuberculosis. The compound also showed less toxicity in mice as compared to isoniazid.

Structure 2: Isoniazid hydrazide-hydrazone derivative

Buu-Hoi et al [16] synthesized some hydrazide-hydrazones that were reported to have lower toxicity than
hydrazides because of the blockage of –NH2 group. These findings further support the growing importance of
the synthesis of hydrazide-hydrazones compound of isoniazid as prospectus for anti-TB drug synthesis.
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Cobalt (II) Isonicotylhydrazone Complexes
Copper (II) and nickel (II) chelates (MeL2 (H2O) 2) of Isonicotyl hydrazone (ISNE=L) prepared from
isoniazid and fluorinated carbonyl compounds were also studied by B. Bottari et al. These complexes are also
reported to have considerable antimycobaterium activity with low toxicity [17].

Structure 3: Co(II) Isonicotinolyhydrazone complex

Fatty Acid Derivatives of Isoniazid:
Fatty acid hydrazide derivatives of isoniazid exhibits activity against Mycobacterium tuberculosis H37Rv as
well as INH-resistant and rifampicin resistant mycobacterium tuberculosis strains. Isoniazid  derivatives
(refer Structure 4) showed high anti-mycobacterium activity with lower MIC values against H37Rv strain of
Mycobacterium tuberculosis, suggesting that the increased lipophilicity of isoniazid plays an important role in
its antimycobacterial activity. These molecules are now in discovery phase [11].

4A (n-14) 4B

MIC= 0.015 µg/mL              MIC= 0.015 µg/mL

4C

MIC= 0.03 µg/mL

4D

MIC= 0.03 µg/mL
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4E

MIC= 0.06 µg/mL

Structure 4: Various fatty acid derivatives of Isoniazid

Carbohydrate derivatives of Isoniazid:
Derivatives of Isoniazid are prepared by condensing various carbohydrates like D-glucose, D-mannose, and
D-galactose by refluxing it in methanol. The antimycobacterial activities of these compounds were assessed
against M. tuberculosis using the micro plate Alamar Blue assay (MABA) test. The results show that some
compounds showed activity with significantly low MIC value against M. tuberculosis. The excellent results
were obtained with the L-Arabinose having MIC 0.31 µg/mL which is comparable with results of Isoniazid
and rifampin [18].

CONCLUSIONS
From the various papers studied and referred above, it is observed in general that bacteria exist in the body of
host under ambient conditions such as humidity, plenty of oxygen and moderate temperature. Even the
bacterium tends to adopt mutation for the survival. It responds differently to various molecules of drugs. This
makes it more challenging to eradicate the TB from host body.

Tuberculosis is a wide spread disease. There are certain adverse effects of current treatment. Also   due to
developed drug resistance in mycobacterium,   there is an urgent need to develop a new anti-tuberculosis drug
that may simplify the treatment further, will reduce side effects and will be active against MDR and XDR-TB.
From the identification of ‘Minimum Bio active motif’ it may be concluded that Isoniazid may be a good
candidate for development of effective anti-tuberculosis drug. The reason behind the limited efficacy of
recently developed drugs is the dependency of drug action on penetration of drug into mycobacterium cell
wall. The anti-tuberculosis activity of newly synthesised drug may be improved by, developing various
derivatives of isoniazid like,

1. Hydrazones derivatives of hydrazine’s and Isoniazid.

2. Inorganic complexes of isoniazid and carbonyl compounds.

3. New drug having permeability through the mycolic acid which can be achieved by increasing
lipophilicity of the drug may be a proper direction for synthesis of new drug.

4. Derivatives of carbohydrates with Isoniazid.
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