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ABSTRACT: 
There has been considerable interest in the development of new anti tubercular agents particularly 
against multidrug resistance and extensively drug resistant strain of tuberculosis because 
mycobacterium species have developed resistant against currently used drugs. The currently use 
antitubercular drugs having toxic effect and long period of therapeutic treatment. Therefore, many 
researchers have synthesized various newer drugs and analogues of currently used drugs for 
tuberculosis treatment. These observations have been guiding for the development of newer analogues 
that possess potent antitubercular activity with minimum side effects with effectiveness against 
multidrug resistant mycobacterium, and also in patient co-infected with HIV/AIDS. In this review we 
are discussed about isoniazid and it analogues as potent antitubercular agents.   
Keyword: Antitubercular, multidrug resistance, mycobacterium. 
 
1. Introduction 
Anti-TB drug treatment started in 1944, when 
streptomycin and paraaminosalicylic acid were 
discovered. In 1950, the first trial was performed 
comparing the efficacy of streptomycin and 
paraaminosalicylic acid both as monotherapy or 
combined. The study demonstrated that combined 
therapy was more effective and resulted in the 
first multidrug anti-TB treatment that consisted of 
a long course of both drugs. In 1952, a third drug, 
isoniazid, was added to the previous combination, 
greatly improving the efficacy of treatment, but 
which still had to be administered for 18-24 
months. In 1960, ethambutol substituted 
paraaminosalicylic acid, and the treatment course 
was reduced to 18 months. In the ’70s, with the 
introduction of rifampicin into the combination, 
treatment was shortened to just nine months. 
Finally, in 1980, pyrazinamide was introduced 
into the anti-TB treatment, which could be 
reduced further to only six months. Two 
biological features explain why combined drug 
therapy is more effective at curing TB than 
monotherapy. One is that treatment of active TB 
with a single drug results in the selection of drug 
resistant bacilli and failure to eliminate the 
disease. The other is that different populations of 
tubercle bacilli-each of them showing a distinct 
pattern of susceptibility for anti-TB drugs-may 
co-exist in a TB patient. Soon after the 
introduction of the first anti-TB drugs, drug 
resistant bacilli started to emerge, but the launch 
of both combination therapy and new and more 
effective drugs seemed to be enough to control 
the disease. In fact, it was thought that TB could 
be eradicated by the end of 20th century. 

However, TB unexpectedly re-emerged in the 
’80s, and in the following years there was an 
important increase in the incidence of multiple-, 
and extensively drug resistant strains. Since 1970, 
no new drug has been discovered for anti-TB 
treatment, which today seems insufficient to 
confront the disease. Fortunately, research efforts 
have been accomplished and today there is a wide 
range of new molecules with promising anti-TB 
activity 1-5. 
According to data from the World Health 
Organization (WHO), TB has spread to every 
corner of the globe. As much as one-third of the 
world's population is currently infected and more 
than 5000 people die from TB every day. It is 
estimated that between 2002 and 2020, 
approximately 1000 million people will be newly 
infected, over 150 million people will develop 
diseases and 36 million will die of TB if proper 
control measures are not established. 
Tuberculosis (TB) is one of the oldest and most 
pervasive, respiratory transmitted diseases in 
history. WHO report, TB has spread to every 
corner of the globe. As much as one-third of the 
world's population is currently infected, more 
than any other infectious disease 6-10. Direct 
Observed Treatment, short-course (DOTS) 
strategy, constitutes the cornerstone of the current 
protocol for control of TB. However, the three 
key drugs, isoniazide, pyrazinamide and 
rifampicin, used in the regimen are potentially 
hepatotoxic and may lead to drug associated 
hepatitis. Despite the undoubted success of 
DOTS strategy, the emergence of MDR-TB 
strains, recurrently isolated from patient's sputum, 
darken the future. The increase in TB incidence 
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during recent years is largely due to the 
prevalence of TB is synergy with Human 
Immunodeficiency Virus (HIV) epidemic, which 
augments the risk of developing the disease and 
also the emergence of MDR-TB strains 11-15. In 
addition to this, the increase in M. tuberculosis 
strains resistant to front line antiTB drugs such as 
rifampin and isoniazid has further complicated 
the problem, which clearly indicates the need for 
more effective drugs for the efficient 
management of TB 16-20. Drug resistance (MDR 
and XDR) by M. tuberculosis is an important 
obstacle for the treatment and control of TB. 
1.2 Multi drugs resistance and extensively 
drugs resistant TB: Multi drugs resistance 
(MDR) TB refers to simultaneous resistance to at 
least two or more of the five first-line anti-TB 
drugs (isoniazid, rifampicin, pyrazinamide, 
ethambutol, and streptomycin). Treatment for 
MDR-TB is long lasting, less effective, costly, 
and poorly tolerated 21-23 (Global Tuberculosis 
Control: WHO, 2008). Extensively drug resistant 
(XDR) tuberculosis is resistance to at least 
isoniazid and rifampicin in addition to any 
quinolone and at least one injectable second-line 
agent (capreomycin, amikacin, kanamycin). The 
principles of treatment for MDR-TB and XDR-
TB are the same. The main difference is that 
XDR-TB is associated with a much higher 
mortality rate than MDR-TB, because of reduced 
number of effective treatment options 24-30. Hence 
there is an urgent need for novel drugs that are 
active against resistant strains with shorten 
duration of therapy. 
 
2. Chemotherapy of Tuberculosis 
2.1 First line anti-tubercular agents: 
Chemotherapy of TB are mainly depends on first-
line antitubercular drugs, which include 
streptomycin, isoniazid, rifampicin, ethambutol 
and pyrazinamide, they more effective and less 
toxic as compare to second-line antitubercular 
drugs . 31-33 
2.2 Second line anti-TB drugs: According to 
WHO there are six classes of second line drugs 
that are used in the treatment of tuberculosis. A 
drug may be classified as a second-line because 
of one of two possible reasons: it may be less 
effective than the first-line drugs or it may have 
toxic side-effects or. These comprise of different 
classes namely, aminoglycosides (amikacin, 
kanamycin), polypeptides (capreomycin, 
viomycin), fluoroquinolones (ciprofloxacin, 
moxifloxacin, etc), thioamides: (ethionamides, 
prothioamide), cycloserine and p-aminosalicylic 
acid.34,35 
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Fig. 1 Structure of compounds derivatives of 
anti-TB first line  drugs 

3. Toxic Effects of Currenly Used 
Antitubercular Drugs: The currently used key 
medications (first line) in the TB regimen are 
show serious side effects like severe damage to 
the eighth cranial nerve, inducing irreversible 
impairment of auditory nerve, hypersensitivity 
(streptomycin), potentially hepatotoxic and may 
lead to drug associated hepatitis (isoniazide, 
pyrazinamide and rifampicin (rifampicin, 
rifabutin, rifapentine) and thrombocytopenic 
purpura (rifampicin). Second line anti-TB drugs 
are more toxic than first line drugs, amikacin and 
kanamycin causes kidney damage, hear loss, 
viomycin and capreomycin causes nephrotoxicity 
and eighth cranial nerve toxicity. 
Fluoroquinolones like ciprofloxacin, 
moxifloxacin, ofloxacin, levofloxacin, 
gatifloxacin, trovafloxacin, enofloxacin and 
sparfloxacin etc are increasingly contraindicated 
for patients due to growing prevalence of 
antibiotic resistance. Ethionamid and 
prothionamide (structural analogues of isoniazid) 
causes adverse effects are anorexia, salivation, 
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nausea, abdominal pain, diarrhea, mental 
disturbances (depression, anxiety, psychosis, 
dizziness, drowsiness, headache) and 
hypersensitivity. Cycloserine causes headache, 
irritability, depression, convulsions. Para amino 
salicyclic acid causes g.i.t. problems including 
anorexia, nausea, epigastric pain, abdominal 
distress, diarrhea, ulcers and hypersensitivity35-42 .   
3.1 Isoniazid: Isoniazid (isonicotinic acid 
hydrazide; Nydrazid, Laniazid) is still considered 
the primary drug for the treatment of 
tuberculosis. The disease caused by isoniazid-
sensitive strains of the tubercle should receive the 
drug to the patient if they can tolerate it. The 
discovery of isoniazid was unexpected; in 1945 
Chorine reported that nicotinamide possesses 
tuberculostatic action then examination of the 
other compounds related to nicotinamide showed 
that many pyridine derivatives possess 
tuberculostatic activity; among these were 
congeners of isonicotinic acid. Because the 
thiosemicarbazones were known to isoniazidibit 
M. tuberculosis, the thiosemicarbazone of 
isonicotinaldehyde was synthesized. Isoniazid is 
the hydrazide of isonicotinic acid. The isopropyl 
derivative of isoniazid, iproniazid (1-isonicotinyl-
2-isopropylhydrazide), also isoniazidibits inhibit 
the multiplication of the tubercle bacillus. This 
compound, which is potently isoniazidibits 
monoamine oxidase, is too toxic for human 
beings. However, its study led to the use of 
monoamine oxidase isoniazidibitors for the 
treatment of depression. Isoniazid is 
bacteriostatic for resting bacilli, but is 
bactericidal for rapidly dividing strains. The 
minimal tuberculostatic concentration is 0.025 to 
0.05µg/ml. Isoniazid is highly effective for the 
treatment of tuberculosis in animals and is 
strikingly superior to streptomycin. Unlike 
streptomycin, isoniazid penetrates cells with ease 
and is just as effective against bacilli growing 
within cells. Among the various non tuberculous 
(atypical) mycobacteria, only M. kansasii is 
sometimes susceptible to isoniazid43-50. 
Bacterial Resistance: When tubercles are grown 
in vitro in increasing concentrations of isoniazid, 
mutants are readily selected that are resistant to 
the drug. However, cross-resistance between 
isoniazid and other anti-TB drugs (except 
structurally related like ethionamide) does not 
occur. The most common mechanism of isoniazid 
resistance is mutations in catalase-peroxidase 
(katg) that decrease its activity, preventing 
conversion of the isoniazid to its active 
metabolite. Another mechanism of resistance is 
related to a mutation in the mycobacterial 

isoniazidA and KasA genes involved in mycolic 
acid biosynthesis. Mutations in NADH 
dehydrogenase (ndh) also confer isoniazid 
resistance. Isoniazid-resistant strains of M. 
tuberculosis appear to be less virulent in animal 
models. The incidence of primary resistance to 
isoniazid until recently had been fairly stable at 
2% to 5% of isolates of M. tuberculosis.52-60  
Mechanism of Action: Isoniazid is a prodrug; 
mycobacterial catalase-peroxidase converts 
isoniazid into an active metabolite. A primary 
action of isoniazid is to isoniazidibit the 
biosynthesis of mycolic acids, branched lipids 
that are attached to a unique polysaccharide, 
arabino galactan, to form part of the 
mycobacterial cell wall. The mechanism of action 
is complex, with resistance mapping to mutations 
in at least five different genes (katG, isoniazidA, 
ahpC, kasA, and ndh). The predominance of 
evidence points to isoniazidA as the primary drug 
target. Indeed, the catalase-peroxidase-activated 
isoniazid, but not the prodrug, binds to the 
isoniazidA gene product enoyl-ACP reductase of 
fatty acid synthase II, which converts unsaturated 
fatty acids to saturated fatty acids in the mycolic 
acid biosynthetic pathway. Mycolic acids are 
unique to mycobacteria, explaining the high 
degree of selectivity of the antimicrobial activity 
of isoniazid. Mutations of the katG gene that 
result in an inactive catalase-peroxidase cause 
high-level isoniazid resistance, since the prodrug 
cannot be activated by the catalase-peroxidase. 
Isoniazid also isoniazidibits mycobacterial 
catalase-peroxidase (the isoniazid-activating 
enzyme), which may increase the possibility of 
damage to mycobacteria from reactive oxygen 
species.60-63 The main excretory products in 
humans result from enzymatic acetylation 
(acetylisoniazid) and enzymatic hydrolysis 
(isonicotinic acid). Small quantities of an 
isonicotinic acid conjugate (probably isonicotinyl 
glycine), one or more isonicotinyl hydrazones, 
and traces of N-methylisoniazid also are 
detectable in the urine. The rate of acetylation 
significantly alters the concentrations of the drug 
that are achieved in plasma and its half-life in the 
circulation. The half-life of the drug may be 
prolonged by hepatic insufficiency. The 
frequency of each acetylation phenotype is 
dependent upon race but is not influenced by sex 
or age. Since high acetyltransferase activity (fast 
acetylation) is isoniaziderited as an autosomal 
dominant trait, "fast acetylators" of isoniazid are 
either heterozygous or homozygous. Because 
isoniazid is relatively nontoxic, a sufficient 
amount of drug can be administered to fast 
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acetylators to achieve a therapeutic effect equal to 
that seen in slow acetylators. A dosage reduction 
is recommended for slow acetylators with hepatic 
failure. The clearance of isoniazid is dependent 
only to a small degree on the status of renal 
function, but patients who are slow inactivators 
of the drug may accumulate toxic concentrations 
if their renal function is impaired.64-66  
Uses: Isoniazid is still the most important anti-TB 
drug worldwide for all types of TB. Toxic effects 
can be minimized by prophylactic therapy with 
pyridoxine (vitamin B6) and careful examination 
of the patient. For treatment of active infections, 
the drug must be used concurrently with another 
agent, although it is used alone for prophylaxis.  
The commonly used total daily dose of isoniazid 
is 5 mg/kg, with a maximum of 300 mg. Isoniazid 
usually is given orally in a single daily dose but 
may be given in two divided doses. Although 
doses of 10 to 20 mg/kg, with a maximum of 600 
mg, occasionally are used in severely ill patients, 
there is no evidence that this regimen is more 
effective. Children should receive 10 to 20 mg/kg 
per day (300 mg maximum). Isoniazid may be 
used as intermittent therapy for TB; after a 
minimum of 2 months of daily therapy with 
isoniazid, rifampin, and pyrazinamide, for 
sensitive strains of M. tuberculosis, patients may 
be treated with twice-weekly doses of isoniazid 
(15 mg/kg orally) plus rifampin (10 mg/kg, up to 
600 mg per dose) for 4 months.  Pyridoxine (10 
to 50 mg per day) should be administered with 
isoniazid to minimize the risks of peripheral 
neuropathy and CNS toxicity in the elderly, 
pregnant women, HIV-infected individuals, 
diabetics, alcoholics, and uremics.67-71  
Adverse Effects: The incidence of adverse 
reactions to isoniazid was estimated to be 5.4%, 
the most prominent of these reactions were rash 
(2%), fever (1.2%), jaundice (0.6%), and 
peripheral neuritis (0.2%). Hypersensitivity to 
isoniazid may result in fever, skin eruptions, 
hepatitis, purpuric, and urticaria. Hematological 
reactions also may occur such as agranulocytosis, 
eosinophilia, thrombocytopenia, anemia. Arthritic 
symptoms like back pain, arthralgia of the knees, 
elbows, and wrists have been attributed. If 
pyridoxine is not given concurrently, peripheral 
neuritis is the most common reaction to isoniazid 
and occurs in about 2% of patients receiving 5 
mg/kg of the drug daily. Higher doses may result 
in peripheral neuritis in 10% to 20% of patients. 
The prophylactic administration of pyridoxine 
prevents the development not only of peripheral 
neuritis, but also of most other CNS disorders, 
even when therapy lasts as long as 2 years. 

Isoniazid may precipitate convulsions in patients 
with seizure disorders, and rarely, in patients with 
no history of seizures. Optic neuritis and atrophy 
also have occurred during therapy with the drug. 
Muscle twitching, dizziness, ataxia, paresthesias, 
stupor, and toxic encephalopathy that may be 
fatal are other manifestations of the neurotoxicity 
of isoniazid. A number of mental abnormalities 
may appear, including euphoria, transient 
impairment of memory, separation of ideas and 
reality, loss of self-control, and florid psychoses.  
Isoniazid is known to isoniazidibit the 
parahydroxylation of phenytoin, and signs and 
symptoms of toxicity occur in approximately 
27% of patients given both drugs, particularly in 
those who are slow acetylators.72-75  
Continuation of the drug after symptoms of 
hepatic dysfunction have appeared tends to 
increase the severity of damage. The mechanisms 
responsible for this toxicity are unknown, 
although acetylhydrazine, which is a metabolite 
of isoniazid, causes hepatic damage in adults. 
Hence, patients who are rapid acetylators of 
isoniazid might be expected to be more likely to 
develop hepatotoxicity than slow acetylators; 
whether this is true, however, is unresolved. A 
contributory role of alcoholic hepatitis has been 
noted, but chronic carriers of the hepatitis B virus 
tolerate isoniazid.76-78 Patients receiving isoniazid 
should be carefully evaluated at monthly intervals 
for symptoms of hepatitis (anorexia, malaise, 
fatigue, nausea, and jaundice) and warned to 
discontinue the drug if such symptoms occur. 
Among miscellaneous reactions associated with 
isoniazid therapy are dryness of the mouth, 
epigastric distress, methemoglobinemia, tinnitus, 
and urinary retention. In persons predisposed to 
pyridoxine-deficiency anemia, the administration 
of isoniazid may result in dramatic anemia, but 
treatment with large doses of vitamin B6 
gradually returns the blood to normal in such 
cases. Overdose of isoniazid, as in attempted 
suicide, may result in nausea, vomiting, 
dizziness, slurred speech, and visual 
hallucinations followed by coma, seizures, 
metabolic acidosis, and hyperglycemia. 
Pyridoxine is an antidote in this setting; it should 
be given in a dose that approximates the amount 
of isoniazid ingested79-81.  
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Fig. 2 Structure of Isoniazid analogues (1-8) 

4. Isoniazid analogues 
Aconiazide: Aconiazide is a pro-drug of 
isoniazide which was designed to be less toxic 
than the parent drug. The latter is metabolized to 
hydrazine and acetyl hydrazine, which have both 
been implicated in the toxicity of isoniazid. 
Because aconiazide is converted to isoniazid and 
2-formylphenoxyacetic acid, it was expected that 
the acid would bind to the isoniazid metabolites 
and so lower toxicity. Aconiazide is indeed less 
toxic than the parent drug and lacks 
carcinogenicity. In healthy patients it was found 
to produce proportionately lower levels of 
isoniazid in serum than the parent molecule 
itself.82-85 Various analogues and derivatives of 
isoniazid continue to be synthesized, mainly by 
scientists in academia, and their potential for TB 
treatment explored, e.g. (1), (2). However, these 
compounds are likely to be ineffectual against 
isoniazid-resistant strains of TB either because 
their activity results from regeneration of this 
drug or because of close structural similarities. 
The development of new drugs that has been 
proposed particularly for new anti-TB drugs, an 
example is the design of molecules based on 
isoniazid or pyrazinamide, incorporating NR1R2 
groups derived from a second anti-TB molecule 
or possibly other nucleophilic groups to provide 
anti-TB activity. With special interest compounds 
3 and 4 were obtained. These could be considered 
prodrugs because they contain two conventional 
drugs that are bound by a CH fragment. Although 
the results of activity are very similar to those 
presented by isoniazid and pyrazinamide, the 
hydrolysis of new compounds ensures prolonged 
release of the active drugs.86,87. A variety of 
compounds derived from isoniazid that include 
mostly a hydrazine fragment have been 
determined. New agent with high anti-TB activity 
is compound 5. Due to the substitution in 5-
position on the oxadiazole ring, the compounds 
obtained showed high lipophilicity, hypothesizing 
that this lipophilicity could facilitate passage of 
these compounds through the M. tuberculosis 
bacterial membrane.88 Also, structural 
modification of the hydrazide moiety on isoniazid 
(6) provided lipophilic adaptations of the drug 
that blocked the N-acetylation process, obtained 
high levels of in vitro activity against M. 
tuberculosis and macrophages infected, as well as 
low toxicity. Another strategy in drug design is 
the formation of molecules that mimic the natural 
substrate of an enzyme. Delaine et al designed a 
new series of bi-substrate-type isoniazidibitors 
based on a covalent association between 
molecules mimicking the isoniazid substrate and 
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the NAD cofactor that could provide compounds 
with a high affinity and selectivity for the 
isoniazid catalytic site (7 and 8). In these 
compounds, the authors determined that 
incorporating a lipophilic component into the 
nicotinamide hemiamidal framework provides 
more active derivatives.89,90 
 
5. Discussion: 
Tuberculosis (TB) is one of the oldest and most 
pervasive diseases in history. The Directly 
Observed Treatment, short-course (DOTS) 
strategy, constitutes the cornerstone of the current 
protocol for control of TB. However, the three 
key drugs, isoniazide, pyrazinamide and 
rifampicin, used in the regimen are potentially 
hepatotoxic and may lead to drug associated 
hepatitis. Despite the success of DOTS strategy, 
the emergence of multi drug resistant strains 
(MDR-TB), prevalence of TB is synergy with 
Human Immunodeficiency Virus (HIV) epidemic 
where 31% of new TB cases were attributable to 
HIV co-infection. From the chemotherapeutic 
point of view, there are two sources of new 
chemical entities.  A new TB treatment should 
offer following three improvements over the 
existing regimens: shorten the total duration of 
treatment and/or significantly reduce the number 
of doses, improve the treatment of MDR-TB and 
XDR-TB, provide a more effective treatment of 
latent TB infection.91-95 In order to analyse useful 
to group drug candidates currently in two main 
categories: 1) Novel chemical entities and 2) 
Compounds originating from existing families of 
drugs, where innovative chemistry is used to 
optimise the compounds. Isoniazid is 
bacteriostatic against resting cells and 
bactericidal against dividing organisms. isoniazid 
is a near ideal antibiotic and very selective. 
Isoniazid is inexpensive, good oral availability 
and low toxicity. Isoniazidibits mycolic acid 
biosynthesis and targets the enoyl-acyl carrier 
protein reductase enzyme (IsoniazidA) involved 
in mycolic acid synthesis76, Isoniazid inactivation 
of IhhA requires metabolic activation Isoniazid 
develops quickly resistance in monotherapy and 
seldom cross-resistance with other antiTB agents. 
It is also formulated in combinations, isoniazid 
and rifampin (Rifamate) and isoniazid, rifampin, 
and pyrazinamide (Rifater)27,82. 
In view of the persistent drug-resistant TB 
problem of currently used anti-TB agents, it is 
important that new anti-TB drugs should address 
different targets, as those of currently used drugs 
including the shortening of TB therapy. The 
unique structure of the mycobacterial cell wall 

makes it a useful target for drug development and 
studies can be directed to specific sites like cell 
wall biosynthetic pathways85. The identification 
of novel target sites will also be needed to 
circumvent the problems associated with the 
increasing occurrence of multi-drug resistant 
strains39,92,50. Many unique metabolic processes 
occur during the biosynthesis of mycobacterial 
cell wall components. One of these attractive 
targets for the rational design of new anti-TB 
agents are the mycolic acids, the major 
components of the cell wall of M. 
tuberculosis77,8,97.  
 
Conclusion:  
Inspite of the availability of some 
chemotherapeutic drugs, TB remains a leading 
infectious disease worldwide mainly due to the 
lack of new drugs, particularly for effective 
against the MDR and XDR, and patients co-
infected with HIV/AIDS. Therefore, there is an 
urgent need of new anti-TB drugs with lesser 
side-effects, improved therapeutic properties to 
be effective against MDR and XDR-TB strains 
and reduce the overall duration of therapy. In 
view of above facts and inspired by the research 
going on new  derivatives, particularly in relation 
to microbial infections specially against 
mycobacterium, different new drugs will be 
synthesized in the future for development of new 
and more effective drug molecule. From the 
chemotherapeutic point of view, there are two 
sources of new chemical entities. Development of 
new therapeutic drugs is the need to control TB. 
However, in recent years there is an enhanced 
activity in the research and development of new 
drugs for TB. Some compounds are presently in 
clinical development, while others are being 
investigated pre-clinically in an attempt to 
explore new molecules for the treatment of TB. 
Simultaneously some new targets are being 
identified and validated for their practical 
usefulness. The present review provides an 
overview of the isoniazid and its some analogues 
against pathogenic mycobacterium. 
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