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ABSTRACT

Isoniazid (INH) is one of the most successful tuberculosis medications
in the market today. In particular, isoniazid is used as a prophylaxis
medication to avoid resurgence of illness in those who have underlying
Mycobacterium tuberculosis (MTB) infection. The mode of action of
isoniazid is complicated and incorporates a number of distinct aspects
in which various biomolecular routes are impacted, including mycolic
acid production. Catalase-peroxidase (KatG) activates the prodrug
isoniazid and enzymes such as B-ketoacyl ACP synthase (KasA) and
enoyl acyl carrier protein (ACP) reductase target the active isoniazid
products. Various genes in diverse biochemical networks and path-
ways are involved in the physiological mechanisms of isoniazid
resistance. Isoniazid resistance is the most common of all clinical
drug-resistant isolates, with incidence in some areas of up to 20 to
30%. In this review article, several existing components that may
influence to the complexities of isoniazid function including mechanism
of action, resistance mechanisms in MTB, along with their history,
different synthetic procedures, uses, dosage forms, side effects, adverse
drug reactions, physico-chemical characteristics, ADME properties,
contraindications as well as future perspectives are discussed. Studies
of pharmacokinetics have found that the cause of the drug mediated
hepatotoxicity is possible by metabolism of isoniazid. Because of
inter-individual heterogeneity of polymorphism that affect isoniazid
metabolism rates, customized medicines may be required in various
populations to prevent hepatotoxicity. The isoniazid multidrug combi-
nation treatment which would proved to be effective tuberculosis
treatment in future. Further exploration is needed for better compre-
hension of pathogenesis mechanism of Mycobacterium tuberculosis
(MTB) and drug resistance studies are required for building up better
therapeutics and diagnostic against tuberculosis.
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INTRODUCTION

Tuberculosis (TB) is an atropical disorder of bacterial origin
and it’s far extra enormous than ever before and related to high
ranges of death and distress [1]. Among 7.5 billion population
of world, a large number of people have tuberculosis (TB) and
everyday people dies from tuberculosis [2]. Tuberculosis is
one of the most unusual infections due to M. tuberculosis
(MTB). According to World Health Organization (WHO) about
75% of the world population is still uncovered to the tuber-
culosis pathogen. There are a range of factors that makes
human being more vulnerable to infection with tuberculosis,
In addition, smoking also increase the hazard of tuberculosis
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[3]. In general tuberculosis chemotherapy is based on the
management of isoniazid, rifampicin, pyrazinamide and
ethambutol [4]. Pulmonary tuberculosis mainly results from
MTB, which generally affect lungs, whereas extrapulmonary
tuberculosis also be grow up form of M. tuberculosis and it
damaged several body organs such as kidney, liver, tonsils,
spleen, bones and brains [5]. For decades tuberculosis has
afflicted mankind, but discovery of isoniazid (INH), incor-
porates a revolution in effective treatment of TB patients [6].
Multidrug-resistant tuberculosis (MDR-TB), in addition to
resistant to isoniazid and rifampicin is becoming increasingly
resistant to drugs [7]. Tuberculosis continues to be a significant
global health epidemic, one of which is despite the implica-
tions, they have a huge effect on developed countries, availa-
bility for decades of highly successful care [8]. The drug resistant
tuberculosis (DR-TB), multi drug resistant tuberculosis (MDR-
TB), the challenges of drug resistant tuberculosis (XDR-TB)
and completely drug-resistant tuberculosis (TDR-TB) are
increasing worldwide [9]. The treatment of tuberculosis is
boring, complicated and time-consuming [10]. Not with-
standing the availability of an critical range of drug. Tuberculosis
stays a tremendous global health threat [11]. Isoniazid also
called isonicotinic acid hydrazide is the synthetic drug which
was first recognized in 1912 and used as Anti-TB drug from
1952. The activity of isoniazid is selective as well as specific
towards MTB complex and mycobacterial species [12]. In
1994, Heifets had shown that when INH is used at 0.02-0.2
pg/mL concentration range then it shows high susceptibility
towards M. bovis and MTB complex. The excellent intra-
cellular penetration and remarkable bactericidal property
have made INH as most important antimicrobial agent [13].
Isonicotinic acid hydrazide (isoniazid, INH) originates to the
family of first line antituberculosis. Drugs individual in medical
practice more than 50 years [14]. Isoniazid and rifampicin are
the most energetic drugs together to fight tuberculosis. Used
along with different synergists in all instances of tuberculosis.
The effect of these drugs contain good tolerance and low toxicity.
To treat active tuberculosis, isoniazid is never used alone. Since
resistance evolves rapidly. The improvement ranges of malaria
parasites are also inhibited by isoniazid drug (Plasmodium
gallinaceum) developed by mosquitoes. Isonicotinic acid and
methanesulfonyl chloride are used to prepare isoniazid accom-
panied by a hydrazine reaction. It may not be using the form
of acid chloride. Industrially used isoniazid is uneconomical
[3]. In conjunction with other anti-TB agents, sufferers are
allowed to administer a dose 300 mg of isoniazid daily for 9
months. But, there are many adverse side consequences related
to isoniazid consisting of jaundice, liver toxicity, liver failure
and hydralazine antihypertension. Because of those unfavo-
urable effects, the isoniazid dosage perception is confined and
while the sickness is handled with sub-therapeutic doses. There
were no new anti-TB drugs delivered to the marketplace over
the last 5 years [5]. In medicinal chemistry hydrazone and
hydrazides have been commonly used.Various studies have
revealed that hydrazide derivative possess significant activity
against Mycobacterium tuberculosis. Such moiety being a key
group for the antimycobacterial activity. Literally isoniazid
also belongs from hydrazide.

During the metabolism of isoniazid hydrazine is formed,
which causes hepatotoxicity through inflammation and may
lead to death. In the case of anaerobic condition isoniazid is
only active and growing on bacilli but not effective against
non-replicating bacilli [7]. In medicinal chemistry isoniazid
and its derivatives are nitrogen containing heterocycles moiety
which have gained importance due to wide range of biological
activites such as antimycobacterial, antibacterial, antivirus,
antifungal, antitumor, antianalgesic, anticonvulsant activites
[9]. Isoniazid drug mainly cause to increase the blood level of
liver enzyme and hepatic toxicity appear as cellular necrosis
and steatosis. However, the main metabolite of isoniazid drug
is hydrazine.

History of isoniazid: The isoniazid or isonicotinic acid
hydrazide was first derived with the help of ethyl isonicotinate
and hydrazine invented by Hans Meyer & Josef Melley in
1912 (Scheme-I). This drug was checked and approved by
FDA and give the permision to treat the tuberculosis patients
in 1952 with a particular inhibition activity towards M. tuber-
culosis. In 1954, morbidity were brought into clinical use after
the tuberculosis-related mortality fell dramatically and
decreased significantly. It soon because the pillar of tuberculosis
treatment. In 1963, isoniazid was prescribed as monotherapy
for use in prevention of tuberculosis. Due to the resistance of
antimicrobials, isoniazid is frequently used with pyrazinamide
rifampin, or combination therapy and both of these agents.
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Scheme-1

Scheme-II involves reaction between INH and various
derivatives of B as shown in reaction above in presence of
various reagents. These derivatives were synthesized in 60-
99% yield at room temperature. The ricinoleic acid derivatives
whose precursor is ricinoleic acid is generally obtained from
castor oil [1]. All the synthesized derivatives were purified by
column chromatography and structure was evaluated by "*C
& 'H NMR techniques. Most of these synthesized derivatives
displayed MIC value of less than 6.25 ng/mL.

Scheme-III involves preparation of some novel isoniazid
clubbed tetrahydropyrimidines that were obtained by reacting
N’-acetoacetylisonicotinohydrazide with urea/thiourea and
appropriate aldehyde in the presence of benzenesulphonic acid
as catalyst. A green chemistry approach is utilized while perfor-
ming this reaction. The synthesized derivatives were accessed
for their antimycobacterial activity towards CIP and H37RV
strain. The result indicated that 41, 4m, 4n had the most potent
activity against standard drug rifampicin [15]. The compound
2,4-difluoro and 2,4-dichloro derivative of N-isonicotinoyl-
benzohydrazide hydrochloride i.e. (3) and (4) were synthesized
as shown in Scheme-IV. The biological activities of these were
also reported [16].
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Scheme-II: Synthesis of isoniazid derivative containing fatty acid chain
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Scheme-III: Synthesis of isoniazid derivative having 1,2,3,4-tetrahydropyrimidine moiety
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Scheme-IV: Synthesis of isoniazid derivative
Scheme-V involves the reaction between isoniazid and to form Mannich bases. The compounds synthesized, were

O-hydroxy acetophenone to form hydrazones. The formal- accessed against M. tuberculosis H3;RV strain. Results indi-
dehyde and different 2° amines were reacted with hydrazones cated that compound 8 was found to be most potent (MIC =
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Scheme-V: Synthesis of isoniazid derivative
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0.56 uM) and also more potent than isoniazid (MIC of 2.04
uM) [17].

Scheme-VI involves the reaction between isoniazid and
salicylaldehyde derivatives to form 3-methoxy-hydroxybenzy-
lidene)isonicotinohydrazide. This product showed antimyco-
bacterial activity of 4.0 ug/mL against MTB H3;RV strain as
compare to isoniazid [18].
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N-(3-Methoxy-hydroxybenzylidene)
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Scheme-VI: Synthesis of isoniazid derivative

Scheme-VII involves the product formation by condensing
isoniazid with equimolar ratio of fluoroisatin in presence of
glacial acetic acid [19]. The product was purified by recrystall-
ization and was shown to have good activity against MTB
H;RV strain [20]

E-(Monosubstituted benzylidene)isonicotinohydrazides
were synthesized by reaction between isoniazid and substituted
benzaldehydes and accessed for their H3;RV strain of MTB using
Alamar blue susceptibility test (Scheme-VIII). Compounds
2f, 2g, 2j, 2k and 2q have shown a remarkable activity (0.31-
0.62 ng/mL) as compared to isoniazid and rifampicin as standard.
These could be a decent new leads in the battle against multi-drug
resistant tuberculosis which also need further exploration [21].
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Scheme-VIII: Synthesis of isoniazid derivative

Scheme-IX involves the reaction between isoniazid and
substituted benzaldehyde, acetophenones or benzophenone
derivatives. The hydrazones were prepared and accessed
against H»;RV strain of MTB. Results displayed that compound
8 had the most potent activity with 0.56 uM, which is more
than that of isoniazid [17].

Scheme-X involves reaction between isoniazid and 1,3-
cyclohexandione. Reaction is subjected to reflux for 30 min
at 120 °C. All these derivatives had shown remarkable activity
against H37RV strain of MTB as compared to standard drug
[22].
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Scheme-X: Synthesis of isoniazid derivative

A reaction between benzaldehyde derivatives and isoniazid
in presence of tetrahydrofuran was also carried out (Scheme
-XI). The resulted compound was accessed for antimycobac-
terial activity against H»;RV strain of MTB. Compound 11d
(p-nitro bearing derivative) displayed the excellent result with
MIC 1.2 pg/mL as compared to standard isoniazid and rifampicin
drug [23].
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Scheme-XI: Synthesis of isoniazid derivative

Mechanism of isoniazid drug: The isoniazid inhibits the
growth of bacteria for first 24 h [24,25]. The prodrug form of
isoniazid engaged into cytoplasmic area of MTB by simple
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Scheme-IX: Synthesis of isoniazid derivative
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passive diffusion [26] and inhibit the growth of bacteria in
active phase. In other words, the MTB growth is not inhibited
under anaerobic conditions or in stationary phase [27]. One
of the most principle effects of isoniazid is the inhibition of
mycolic acid synthesis of mycobacteria that results in loss of
acid fastness [28] acids are long branched chain fatty acids
that plays vital role for mycobacterias. Therefore, anti-TB drugs
are mainly focused around inhibition of mycolic acid and
treated it as vital targe [29]. The long multi-methyl chain of
mycolic acid is essential for MTB virulence as well as offered
resistance to antibiotic [30]. The electron microscopic studies
has also revealed the toxic effect of isoniazid on cell surface
of MTB [31,32].

Heazell [33], Winder and Collins [34] firstly proposed
the inhibition of mycolic acid by isoniazid. After that Takayama
et al. [35,36] reported the correlation between mycolic acid
inhibition after isoniazid administration and MTB viability.
Later on, Takayama et al. [37] again proposed the mycolic
acid inhibition by blocking the fatty acid end chain followed
by Davidson and Takayama [38], who indicated the inhibition
of Cy4 and Cy fatty acid chain synthesis. The lethal effect of
isoniazid was later proved by Vilcheze amd Jacobs [39].
Furthermore, it was also identified that acetyl transferases [40],
acyl carrier protein reductase [41] and synthase [42] plays very
important role in mycolic acid synthesis and these are very
important target for anti-TB drugs [43].

The exact nature of isoniazid activity is still uncertain but
earlier research showed that isoniazid under in vitro conditions
is metabolized to several products, incorporation of which with
MTB associated cell material leads to significant MTB toxicity.
The metabolized product is generally yellow in colour [44],
while in case of isoniazid resistant organisms, this yellow colour
was not seen [29,45]. It was also evidenced that isoniazid also
affects various lipid, protein, carbohydrate and nucleic acid
pathways [46-49]. Furthermore, isoniazid is also responsible
for NAD depletion [50] by activating NAD glycohydrolase or
by exchange of nicotinamide from NAD [51]. Due to antibiotic
prodrug, which is isoniazid inactive compound and metabolized
in between the body and transform into an active form of drug
and this procedure will be done by the presence of catalase-
peroxidase enzyme followed by targeting of active isoniazid
products towards enoyl acyl carrier protein (ACP) reductase
and B-ketoacyl ACP synthase (KasA). The variability of
isoniazid against M. tuberculosis is the result of its inhibition
of mycolic acid synthesis, which is the basic component of
the mycobacterium cell wall. The objective of isoniazid is InhA
genetic material which is catalyzed in the presence of nicotin-
amide adenine dinucleotide (NADH), therefore isoniazid is
activate through catalase peroxidase enzyme (KatG) and will
connect to nicotinamide adenine dinucleotide to form an NAD-
isoniazid compound, which blocks the interaction of nicotin-
amide adenine dinucleotide among InhA genetic material,
consequently the action of InhA to make the fatty acids of
mycolic acid and there will be no development of a mycobact-
erium cell wall [52].

Uses of isoniazid: Isoniazid is an efficacious medicine
often used in tuberculosis treatment [53]. Isoniazid has been
used in recent years not only to treat patients who have active

tuberculosis but also for those with positive tuberculin reactivity
[54]. It is used as an antibiotic that works by inhibiting the
growth of bacteria [55]. In terms of tuberculosis prevention,
3 months of rifapentine plus isoniazid was successful for 9
months of isoniazid alone, with a higher treatment completion
rate [56]. Second line drug are less effective and have higher
side effect than first line antituberculosis drug [57].

Dosage

* The recommended dose of isoniazid is 300 mg per day
for upto 9 months depending upon the disease condition.

e Active tuberculsosis is normally treated with 5 mg/kg
for upto 300 mg per day or 15 mg/kg for upto 900 mg (upto 3
times a week).

* [soniazid has better oral bioavailability in empty stomach
[58] and if there is any abdominal discomfort, then it is recom-
mended to administered it along with food or with non-
aluminium containing antacid.

* Aluminium containing antacid is not recommended with
isoniazid because aluminium binds to the isoniazid and prevents
its intestinal absorption [59].

Furthermore pregnancy, breastfeeding and drug inter-
actions ought to be reviewed prior to the administration of
isoniazid [60,61].

Side effects: Hepatitis is one of the common infection
developed during long period intake of isoniazid [62]. This
occurs due to formation of acetyl hydrazine by liver as a result
of metabolism of isoniazid. Isoniazid associated liver injury
may occur at any stage of treatment [26,44,45]. In rare cases,
due to progressive liver damage death may also occurs. The
risk of hepatitis development is different for different age groups
that is 1 out of 1000 patients for under 20 age groups, 3 out of
1000 patients for age between 20-34 years, 12 out of 1000 for
age between 35-49 years, 23 out of 1000 patients for 50-64
age groups and 8 out of 1000 patients for over 65 years age
group. The risk of developing is further synergized by consum-
ption of alcohol [63-65]. For individuals, who completed the
course of TB treatment may also develop little sort of liver
injury and mortality rate among them is 23-58 out of 1 lakh
patients. A large number of patients retrieved from isoniazid,
induced hepatotoxicity after its discontinuance, although full
reverting takes several weeks. The person under TB treatment
must have blood liver tests from time to time and should imme-
diately contact physician, if sign and symptoms could arise.
These sign and symptoms includes abdominal discomfort,
fever, fatigue, brownish urine, nausea, vomiting, appetite loss,
painful joints, high blood sugar level, swollen lymph nodes,
skin rashes, hypersensitivity reaction, gynecomastia and anaemia.

Damage to the nerves may also occurs due to continuous
intake of isoniazid [66-68] and may cause tingling of feet and
hands. Other rare side effects include inflammation in brain,
atrophy, optic neuritis, Parkinson syndrome, psychosis and
seizures.

Pyridoxine [69], a vitamin Bs supplement decreases the
risk of neural side effects in dose of 10-50 mg per day [70].

Adverse drug reaction: It has a number of adverse drug
reaction, including neurological disability, hepatitis, gastro-
intestinal intolerance, allergic reactions, peripheral neuropathy
and drug interactions [71].
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Neurologic syndrome: The neurologic syndrome are the
most well-known and well-documented adverse reaction of
isoniazid. The most serious of these is peripheral neuropathy.
The patient primary complains of numbness or tingling in the
feet in the fully formed syndrome. The symptoms will decrease
when the medicine is withdrawn at this point. Isoniazid can
cause irritability, elation, agitation, insomnia and headache by
stimulating the central nervous system. Laziness and sleepiness
are also symptoms of central nervous system depression [72].

Gastrointestinal syndrome: Gastrointestinal symptoms
such as nausea, vomiting, skin rashes, lupus-like syndrome and
central neuropathy. During daily therapy, 12 patients developed
gastrointestinal intolerance without significant hepatic function
abnormalities, which were caused by rifampicin in 11 and
isoniazid in 1 [73].

Other reactions: Even when used within therapeutic
limits, isoniazid can cause liver damage. The formation of
reactive oxidative species and other reactive metabolites by
cytochrome P2E1 (CYP2E1) has been projected to play an vital
role in isoniazid hepatotoxicity. Jaundice or yellowish discolo-
ration of face, eyes and mucous membranes, pruritus, extreme
abdominal pain, nausea or vomiting, weakness, severe fatigue,
constant bleeding, skin rashes, generalized itching, swelling
of the feet and/or legs, irregular and rapid weight gain in a
short period of time, dark urine and light coloured stool are
some of the signs of hepatotoxicity [74].

ADMET properties

Absorption: Number of studies have shown that isoniazid
has low permeability to stomach region while it has high per-
meability to three intestinal region that are duodenum, jejunum
and ileum [75,76]. The isoniazid drug is normally given orally,
however if the patient is critically affected sick, it is possible
to administered the drug i.m or i.v as a slow 5 min bolus of
normal saline in 25 mL. It is available as a tablet (50, 100 and
300 mg) or a solution (50 mg/5 mL) for adults and 4-6 mg/kg
with a standard 300mg dose is administered orally. On the
other hand, it is possible to administer 8-12 mg/kg on one
occasion 2 or 3 times in a weekly manner with a characteristic
900 mg dose. Isoniazid can be administered i.m and extremely
injected right into a big muscle, generally the gluteus maximus,
also 5 mg/kg (300 mg normally) every day or for 5 days in line
with week or 15 mg/kg (900 mg classically) once, two or three
times instances in line with week. Isoniazid can be adminis-
tered by intramuscularly and extremely injected into a big
muscle. When isoniazid can be taken with food, owing to the
presence of fatty substances, they are reduced to hydrazine,
so reducing the bio-availability and absorption of isoniazid
[77-79]. When isoniazid is consumed it enters through the
gastrointestinal tract where it absorb in small intestine and
passed it to the liver with the help of hepatic portal system
where it get metabolized.

Distribution: After absorption, isoniazid is spread into
all over the body tissues, fluid and placenta as well. Isoniazid
acts as prodrug, which get bio-transformed for activation and
bactericidal function of isoniazid-nicotinamide adenine
dinucleotide (INH-NAD) and adduct. This process takes place,
inside MTB via KatG a catalase peroxidase in the presence of

NADH. Studies have revealed that isoniazid in KatG knockout
studies against MTB is poorly successful, showing the vital
role of mycobacterial catalase peroxidase in bactericidal function
of the antibiotic. Isoniazid will actively disperse through macro-
phage cells and Mtb cells due to its small size. KatG splits the
hydrazine group of isoniazid into a free radical in MTB and
then it oxidizes NADH to NAD". The host can also activate
isoniazid by mammalian peroxidases, like human neutrophil
myeloperoxidase and lactoperoxidase [80]. The average appa-
rent delivery volumes for isoniazid was found nearly similar
in 36 fast and 44 slow acetylators in kinetic experiments,
provision of a possible 6 + 1% body estimate 43 L (i.e. 0.61 x
70 L) weight for adult in medium size. Direct human studies
found that large quantities of the medication are identified in
the brain fluid, pleural effusions, saliva and faeces of both
healthy and tuberculosis patients. This estimation has been
obtained without plasma protein binding evidence, but as
plasma proteins, it appears appropriate without improvement.
Dog and rabbit studies have shown that isoniazid enters the
placenta and excreted in breast milk at plasma like concen-
trations. New studies have revealed an outstanding penetration
of isoniazid into dogs and sheep’s sciatic nerves, implying
that it can easily spread to human peripheral. The two main
isoniazid metabolites acetylisoniazid and isonicotinuric acid,
also are distributed in overall body water in the estimate of
distribution volumes based on kinetic studies..

Metabolism: N-Acetyltransferase, which occur in the liver
and the small intestine, is the major metabolic pathway of
isoniazid [81-86]. There is a bimodal distribution of people
who have acetylates quickly (approximately 40%) or slowly
(approximately 60%) resulting in various half lives 45 to 110
min for fast and 2 to 4,5 h for sluggish metabolisms. Enzymes
are also present. This behaviour indicates genetic variation.
Hydrolysis glycine conjugation, hydrazone production and
N-methylation reactions are used for other metabolites. None
of the metabolites are working except monoacetylhydrazine,
it means tuberculosis activity examine to be hepatotoxic [61].
The rate of acetylation are inherited and thus differ between
patients. Some patients have a phenotype of fast acetylator,
while others have a phenotype of sluggish acetylator. There is
debate as to wether the latter exhibits hepatotoxicity manifes-
tations more than the former, there are no variations in anti-
microbial activity between these phenotypes [53].

Excretion: About 80% isoniazid metabolites {acetyliso-
niazid (AcINH), acetylhydrazine (AcHz), diacetyl-hydrazine
(DiAcHz)} are excreted through urine. Some metabolites like
as isonicotinic acid can be excreted as free acid and isonicotinyl
glycine. When less than 10% of isoniazid is administered into
the body with the help of mouth than it excreted by the way of
feces and rest of the oral isoniazid excreted in breast milk. The
effectiveness of removal owing to decreased or lack of function
in patients with kidney or liver disorders has been reduced [6].

Toxicity: Studies of pharmacokinetics have found that
the cause of the drug mediated hepatotoxicity is possible by
metabolism of isoniazid [87-90]. Because of inter-individual
heterogeneity of polymorphism that affect isoniazid metabolism
rates, customized medicines may be required in various popul-
ations to prevent hepatotoxicity. In a clinical trial, a high oral
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and injectable dosage of isoniazid of 7.5 mg/kg can be given
to certain individuals with rapid acetylation without causing
any adverse effects. In contrast, a lower dose of half the isoniazid
level was used for the slow acetylators and thus the risk of
hepatic injury was reduced. Patients clinical enhancement was
evaluated using chest X-ray, population, sputum test and serum
biochemistry testing. Because the frequency of quick acetylator
genotypes varies among different ethnic groups such as a rapid
acetylator genotype in Japanese populations is more frequent
than in Caucasians, NAT?2 genotyping is of further importance
for the determination of the most effective isoniazid dosage.

Hepatotoxicity study of isoniazid: Hepatotoxicity is the
most common adverse and dangerous side effect that can occur
during tuberculosis treatment in adults as well as children [91-
93]. Patients that are “late acetylators” who have elevated
CYP2EI levels are marginally more likely to develop isoniazid
hepatotoxicity, but this increased risk is much too minimal to
account for the idiosyncratic nature of isoniazid hepatotoxicity.
Generally, isoniazid-induced hepatotoxicity shares certain
characteristics, such as delayed onset, but there is considerable
variation between patients [8]. Isoniazid is a hepatotoxic deri-
vative of the drug hydrazine. Hydrazine and acetylhydrazine,
two isoniazid metabolites, are mainly involved in the mechanism
of isoniazid-induced hepatotoxicity [94]. Liver enzymes increase
with isoniazid in 20% of the patients and 1-2% of the patients
hepatotoxicity is a term to describe a condition in which the
liver is damaged.

Resistance of isoniazid: Isoniazid-resistance is expanding
all around the world and it represents a huge obstacle on the
result of TB-treatment [95,96]. Ongoing precise reviews and
meta-investigations have shown that isoniazid mono-
obstruction is related with diminished likelihood of effective
standard therapy and an expanded risk of drug resistance [97].
Isoniazid resistance may not only diminish the productiveness
of isoniazid preventive therapy but also increase the chances
of MDR-TB [98] Isoniazid resistance can occur as the intra-
cellular penetration of this medication is reduced [99]. There
are two categories of main resistance mechanism for isoniazid,
the first thing to prevent activation of isoniazid is to mutate
katG.A drug activators respectively or to mutate their expression
regulators. Second, isoniazid-nicotinamide adenine dinucleotide
(INH-NAD) or ethionamide-nicotinamide adenine dinucleotide
(ETH-NAD) adduct inhibition of InhA can be overcome by
InhA or its promoter zone mutations [ 100]. Furthermore, trans-
ferring and expressing the wild-type M. tuberculosis katG gene
into isoniazid resistant and katG mutant M. tuberculosis and
mycobacterium smegmatis strains will improve isoniazid
sensitivity [101]. Isoniazid resistance is the most common of
all clinical drug-resistant isolates,with incidence in some areas
of up to 20 to 30% [102]. There is,however, no evidence that
isoniazid loss during pulmonary tuberculosis therapy causes
the resistance [103].

Contraindications: Isoniazid doesn’t give off an impr-
ession of being teratogenic and isn’t contraindicated during
breastfeeding or pregnancy, however pyridoxine supplement
is suggested to patients with stable liver illness otherwise hepatic
problem may be incremented. These patients ought to have
more continuous monitoring from time to time [104].

Monitoring: In patients with pulmonarytuberculosis,
month to month sputum examples are vital until there are two
sequential negative reports to evaluate reaction to treatment.
The prior measurement before starting isoniazid treatment
includes aspartateaminotransferase (AST), alanineaminotrans-
ferase (ALT), bilirubin levels, alkaline phosphatase, creatinine
and number of platelets. Custom observation of renal and hepatic
function during treatment isn’t required except if the sufferer
has unusual standard expanded levels or at high risk of hepato-
toxicity

Conclusion

The circumstances especially the worldwide resurgence
of tuberculosis (TB) highlight the significance of the improve-
ment of new anti-TB drugs and new conventions for therapeutic
control of TB patients utilizing new anti-mycobacterial drugs.
Additionally, it is difficult to exhibit advantage of new anti-
TB drugs over prior drugs, since clinical preliminaries include
multidrug combination treatment, which would proved to be
effective tuberculosis treatment in future. Further exploration
is needed for better comprehension of pathogenesis mechanism
of MTB and numerous drug resistance issues for building up
better therapeutics and diagnostic against TB. Concerning the
advancement of new anti-TB drugs, the main focuses are of
specific significance for example (i) development of better
medications, which shows the long lasting antimycobacterial
action in vivo and can be administered with long spans and
therefore work with upgrade patient compliance and straight-
forwardly noticed way; (ii) development of novel compounds
to battle MDR-TB is directly required; (iii) Destruction of MTB
entities that cause reversion of TB by utilizing new lead class
of anti-TB drugs, is extremely encouraging for anticipation of
TB occurrence, since it will especially decrease the frequency
of dynamic TB from people who are infected with MTB latently;
(iv) Identification of new virulence genes of mycobacteria,
which greatly promotes the development of new drug and (v)
bioinformatics, Proteomics and QSAR studies by incorporating
the knowledge for mycobacterial genomes may plays important
role in the future drug discovery.
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