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Abstract 

Isoniazid is the most pharmacogenetically studied anti-tuberculosis (TB) drug. However, the NAT2 genotype profile and its 
impact on the treatment of TB patients in Surabaya, Indonesia, have not yet been discovered. The objective of this study was 
to examine the impact of NAT2 polymorphisms on isoniazid blood levels and liver enzymes (ALT/AST) during the intensive 
phase of TB treatment. In this cohort study, 51 TB patients from several Community Health Centres in Surabaya underwent 
blood sampling for pre-ALT/AST and DNA genotyping examinations on the first day of treatment. Isoniazid levels were 
measured by taking blood samples 2 hours after the drug administration, and post-ALT/AST values were obtained at the end 
of the 2nd month of the intensive phase of TB treatment. Nanopore sequencing was employed to genotype DNA using MinION 
Mk1B. ALT/AST exams were performed with the local clinical laboratory, and isoniazid levels were measured using high-
performance liquid chromatography (HPLC). The predominant NAT2 genotypes observed in this study were NAT2*12A 
(43.14%), NAT2*6C (19.61%), and NAT2*12B (13.73%). Most TB patients in Surabaya possessed rapid acetylator 
phenotypes and low isoniazid blood levels. However, no correlation was observed between the NAT2 phenotype and the 
elevation of ALT/AST. In conclusion, NAT2 polymorphism influences the isoniazid blood levels but does not correlate with 
elevated ALT/AST following the intensive phase of TB treatment.. 
 
Rezumat 

Izoniazida este cel mai intens studiat medicament tuberculostatic din perspectivă farmacogenetică. Cu toate acestea, profilul 
genotipurilor NAT2 și impactul acestora asupra tratamentului pacienților cu tuberculoză din Surabaya, Indonezia, nu au fost 
încă investigate. Scopul acestui studiu a fost de a evalua influența polimorfismelor genei NAT2 asupra nivelurilor plasmatice 
ale izoniazidei și asupra valorilor enzimelor hepatice (ALT/AST) în timpul fazei intensive a tratamentului anti-TB. În cadrul 
acestui studiu, 51 de pacienți cu tuberculoză provenind din mai multe centre de sănătate comunitare din Surabaya au fost supuși 
recoltării de probe de sânge pentru determinarea valorilor pretratament ale ALT/AST și pentru genotiparea ADN-ului în prima 
zi de tratament. Nivelurile de izoniazidă au fost măsurate prin recoltarea probelor de sânge la două ore după administrarea 
medicamentului, iar valorile post-tratament ale ALT/AST au fost obținute la sfârșitul celei de-a doua luni din faza intensivă a 
tratamentului. Genotiparea ADN-ului a fost realizată prin secvențiere de tip Nanopore, utilizând platforma MinION Mk1B. 
Analizele ALT/AST au fost efectuate în laboratorul clinic local, iar determinarea nivelurilor de izoniazidă s-a realizat prin 
cromatografie lichidă de înaltă performanță (HPLC). Cele mai frecvente genotipuri NAT2 identificate în acest studiu au fost 
NAT212A (43,14%), NAT26C (19,61%) și NAT2*12B (13,73%). Majoritatea pacienților cu tuberculoză din Surabaya au 
prezentat un fenotip de acetilatori rapizi și niveluri scăzute de izoniazidă în sânge. Totuși, nu s-a observat nicio corelație între 
fenotipul NAT2 și creșterea valorilor ALT/AST. În concluzie, polimorfismul genei NAT2 a influențat nivelurile sanguine ale 
izoniazidei, însă nu a fost corelat cu o creștere a valorilor ALT/AST în timpul fazei intensive a tratamentului tuberculostatic. 
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Introduction 

Tuberculosis (TB) remains among the ten leading 
causes of mortality worldwide. According to the 
World Health Organization's study in 2022, the 
worldwide prevalence of TB is estimated to be at 
least 10 million individuals, with around 46% of TB 
cases concentrated in the Asian region. Indonesia is 

the second country with the most significant number 
of TB sufferers in the world, accounting for 10% of 
the global total [29]. Therapeutic failure and drug 
resistance in patients with drug-sensitive TB can 
happen because of insufficient levels of anti-TB drugs in 
the bloodstream. One factor that can contribute to this 
is the variability in drug metabolism, specifically the 
polymorphism of genes that encode drug metabolism. 
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Several studies have explored this relationship [1, 4, 
6, 11, 13, 25]. Currently, INH has been the most 
extensively researched anti-TB drug in terms of 
pharmacogenetics. Some evidence recommends 
optimising the dosage based on genotype variations 
of INH-metabolizing enzymes [6, 9].  
INH is converted to acetyl-INH by arylamine N-
acetyltransferase 2 (NAT2), a protein with three 
distinct phenotypes: rapid-, intermediate-, and slow-
acetylator [3]. Acetyl-INH is subsequently hydrolysed 
into a group of acetylhydrazine compounds, one of 
which is monoacetylhydrazine, which has been 
demonstrated to be hepatotoxic. Acetyl-INH is later 
re-acetylated by NAT2 to produce non-toxic 
diacetylhydrazine [5, 15, 27]. The acetylation status 
of TB patients is influenced by the presence of 
NAT2 genetic polymorphisms. Recent studies have 
demonstrated that NAT2 slow-acetylators are at a 
greater risk of experiencing hepatotoxic events 
caused by INH than rapid acetylators [3, 7, 15, 17, 
20, 28, 30]. The slow acetylation process converts 
only a minor portion of monoacetylhydrazine to 
diacetylhydrazine, while the majority is oxidised to 
hepatotoxic compounds by CYP2E1 [5, 27]. 
The activity of the NAT2 enzyme is influenced by 
genetic variations in NAT2 that are present in 
humans. NAT2*4 is the wild-type allele with the 
highest NAT activity, while NAT2*5, NAT2*6, and 
NAT2*7 are alleles that decrease NAT activity [5, 
15, 20]. The intermediate-acetylator type was the 
most prevalent type among TB patients in China and 
Japan, as indicated by the results of studies 
conducted in these countries. The slow-acetylator 
type was the second most prevalent type. In contrast, 
the slow-acetylator type dominates the TB 
population in India. The slow-acetylator type's 
presence in the TB population of the Asian continent 
has the potential to render this population susceptible 
to hepatotoxicity as a result of INH. In the meantime, 
the NAT2 gene in humans contains 36 variants that 
are the result of polymorphisms in single nucleotides 
(SNPs). Other studies are required from various 
ethnicities worldwide, as the susceptibility to 
hepatotoxicity is individual due to polymorphisms in 
the NAT2 gene [15]. 
This study used DNA sequencing to evaluate the 
correlation between INH blood levels and the NAT2 
polymorphism in TB patients. This polymorphism 
was correlated to the treatment of TB patients 
concerning the occurrence of anti-TB adverse effects, 
specifically hepatotoxicity. Hepatotoxicity is evaluated 
by comparing ALT/AST (alanine aminotransferase/ 
aspartate aminotransferase) values before and after 
the intensive phase of treatment. The TB patients 
involved in this investigation were pulmonary TB 
patients who had recently undergone treatment at 
several Community Health Centres in Surabaya 
City, Indonesia. 

 

Materials and Methods 

Study design and sampling 
This study used a cohort design involving TB 
patients as research subjects from several Community 
Health Centres in Surabaya City. The total sampling 
method was employed to collect the research 
subjects from all new TB patients in five Community 
Health Centres in Surabaya City who were treated 
between January and April 2023, met the inclusion 
criteria, and were willing to sign the informed 
consent form. The research subjects were to meet the 
following criteria: new cases of pulmonary TB, 
patients who had been confirmed positive for BTA 
through sputum examination, patients aged from 
adolescence to the elderly, and patients who were 
receiving first-line TB drugs, which included INH, 
rifampicin, pyrazinamide, and ethambutol. In the 
interim, subjects who are confirmed to be resistant to 
first-line anti-TB drugs, have a history of liver 
disease, are HIV-positive, and are unable to be 
contacted for monitoring during the intensive phase 
of treatment will be excluded. 
Blood sampling 
Blood samples were collected at time t = 0 prior to 
the administration of anti-TB drugs to assess pre-
ALT/AST levels and DNA genotyping. Blood 
samples were collected using volumetric absorptive 
micro sampling (VAMS) at t = 2 hours after the 
patients had consumed anti-TB drugs to assess the 
INH blood levels. Subsequently, the patients were 
monitored for compliance during the two-month 
intensive treatment phase. Additional blood samples 
were taken at t = 60 days to ascertain the post-
ALT/AST levels. The data were subsequently 
collected and statistically analysed. 
DNA genotyping 
The extraction of genomic DNA samples was 
conducted using the TIANamp Genomic DNA Kit 
from Tiangen. Afterwards, DNA sequencing was 
conducted utilising nanopore technology with the 
MinION Mk1B instrument from Oxford Nanopore 
Technologies®. The nucleotide sequence and NAT2 
allele variants were analysed using the "EPI2ME" 
tool. The retrieved allele was utilised to predict the 
acetylator phenotype based on the database. 
Determination of INH blood levels 
INH blood levels were determined using an HPLC-
MS/MS (high-performance liquid chromatography/ 
tandem mass spectrometry) apparatus. Three mL of 
blood samples were subjected to centrifugation at a 
speed of 3000 rpm, after which the serum was 
collected for subsequent processing. A straightforward 
extraction method was employed, involving protein 
precipitation using 150 μL of 15% trichloroacetic 
acid in 300 μL of serum. The mixture was vigorously 
stirred for 2 minutes and then spun at a speed of 3000 
revolutions per minute for 10 minutes. Afterwards, 
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the supernatant was gathered, and 20 μL was 
introduced into the HPLC system. The stationary 
phase employed was a Novapak® C18 column with 
dimensions of 150 x 3.9 mm and a particle size of 3 
microns. The mobile phase comprised a solution of 
0.05 M sodium dihydrogen phosphate and acetonitrile 
at a ratio of 97:3. The mobile phase flowed at a rate 
of 1 mL/min at room temperature, and detection was 
performed at a wavelength of 280 nm. 
Determination of Serum ALT/AST 
The examination of ALT/AST liver enzymes was 
conducted in partnership with the local clinical 
laboratory using the kinetic enzymatic approach 
with the Sclavo Diagnostic Kit . During the ALT 
examination, the GPT enzyme in the sample 
converts alanine into pyruvate and glutamate in the 
presence of 2-oxoglutarate. Pyruvate is converted 
into lactate and NAD in the presence of NADH and 
lactate dehydrogenase (LDH). The rate of NADH 
consumption, measured at a wavelength of 340 nm, 
is directly proportional to the concentration of ALT 
in the blood sample. 
During the AST evaluation, when 2-oxoglutarate is 
present, aspartate is converted into oxalacetate and 
glutamate by the aspartate aminotransferase (AST/ 
GPT) found in the blood sample. Oxalacetate is 
converted into malate and NAD in the presence of 
NADH and malate dehydrogenase (MDH). The rate of 
NADH consumption, measured at a wavelength of 
340 nm, is directly proportional to the concentration 
of AST in the blood sample. 
Ethical considerations 
This study was granted ethical authorisation by the 
Institutional Ethics Committee of the University of 

Surabaya. Furthermore, written informed consent 
ensured the subjects' personal information 
confidentiality and voluntary participation. The 
study was conducted in compliance with the ethical 
principles outlined in the Declaration of Helsinki and 
relevant local regulations involving human subject 
research. 
Statistical analysis 
Demographic data, the NAT2 gene polymorphism 
profile, INH blood levels, and ALT/AST levels were 
subjected to descriptive analysis and presented in 
frequency, mean, and standard deviation. The effect 
of acetylation type on the acquisition of INH blood 
levels and ALT/AST levels was analysed using 
bivariate analysis. Additionally, correlation analysis was 
conducted to investigate the relationship between 
alterations in ALT/AST levels and INH blood levels. 
IBM  SPSS Statistics version 27 was implemented 
for statistical analyses in this study. 
 
Results and Discussion 

The recruitment and observation of research subjects 
were carried out for six months from January 2023 
to June 2023. The study was conducted at five 
Community Health Centres in Surabaya City and 
involved a total of 51 TB patients who were willing 
to participate as research subjects. Most of the 
research subjects were male patients (56.86%) with 
an age range of 19 - 44 years (52.94%) and a body 
weight between 38 and 54 kg (56.86%). Active 
smokers were present in 13.7% of the research 
subjects, and 11.8% had comorbidities of Diabetes 
Mellitus (Table I). 

Table I 
Characteristics of TB patients at Community Health Centres in Surabaya City 

Characteristics N % Mean  SD (Min-Max)  
Age (years) 51  

42,04  14.981 (15 - 74) 
10 - 18 3 5.88 
19 - 44  27 52.94 
45 - 59  12 23.53 

 60 9 17.65 
Weight (kg) 51  

47.71  10.975 (31 - 85) 
30 - 37 kg 10 19.61 
38 - 54 kg 29 56.86 
55 - 70 kg 10 19.61 

 71 kg 2 3.92 
Gender   

Male 29 56.86 
Female 22 43.14 

Comorbidities  
Diabetes Mellitus 6 11.8 

Smokers 7 13.7 
 

The comparative test results indicated that the 
achievement of INH levels in the blood would be 
influenced by smoking habits and gender. The 
results of this study indicated that female patients 

had higher INH blood levels than male patients (p = 
0.02). Conversely, smokers had lower INH blood 
levels than non-smokers (p = 0.005) (Table II). 
However, the statistical results for other variables 
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did not indicate any association between INH blood 
levels and age, body weight, or dose (Table III). This 
suggests that there are other physiological factors 
that influence the metabolism of both male and 
female patients in addition to the variables examined 
in this study. Men generally have higher total body 
fluid, intracellular and extracellular fluid, total blood 
volume, plasma volume, and red blood cell volume 
than women. This condition leads to an increase in 

the distribution volume of drugs with water-soluble 
characteristics, such as INH, in men, which in turn 
results in a decrease in drug levels in the bloodstream 
[21]. The activity of the NAT2 enzyme, which is 
responsible for the metabolism of INH, can be 
induced by heterocyclic amine compounds in 
cigarettes, resulting in a decrease in INH blood 
levels in TB patients who smoke [24, 26].  

Table II 
Comparison of INH blood levels based on patient characteristics 

Characteristics INH blood levels ( g/mL) 
mean  SD 

p value 

Gender 
Male 1.683  1.383 0.020* Female 2.009  0.8819 

Comorbidities 
No comorbid 1.8596  1.2648 0.715 Diabetes Mellitus 1.5550  0.2848 

Smoking status 
Non-smokers  1.9605  1.2274 0.005* Smokers 0.9643  0.2822 

INH Dose 
150 mg 1.8670  1.1144 

0.874+ 225 mg 1.7183  1.0028 
300 mg 2.1640  1.8219 
375 mg  1.4350  0.4879 

* = p < 0.05 (Mann-Whitney Test); + = Kruskal-Wallis Test 
 

Table III 
Correlation of demographic characteristics and INH dose to INH blood levels  

Characteristics INH blood levels ( g/mL) (mean  SD) p value 
INH dose (mg) (230.88  55.810) 1.8237  1.1937 0.882 
Age (years) (42.04  14.981) 1.8237  1.1937 0.418 
Body weight (kg) (47.71  10.975) 1.8237  1.1937 0.903 

Spearman Correlation Test 
 
The study findings reveal that the predominant 
genotype identified in TB patients in Surabaya is 
NAT2*12A, accounting for 43.14% of cases (Table IV). 
A separate study conducted in a different region of 
Indonesia examined 241 tuberculosis (TB) patients 
at Pasar Rebo Hospital in Jakarta and various TB 
clinics in Banten and West Java. The study revealed 
that the majority of patients possessed the NAT2*6A 
genotype, which is responsible for the slow 
acetylator type and is linked to the risk of drug-
induced liver injury (DILI) [32]. This study's 
findings indicated that a significant proportion of TB 
patients exhibited the rapid acetylator phenotype. 
These patients had an average INH blood level of 
1.446 ± 0.6432 μg/mL in their blood. The findings of 
this study contrast with previous research conducted 
in Indonesia, which indicated that the prevailing 
acetylator types in the country are intermediate and 
slow acetylator [16, 30, 31]. These results reveal 
novel polymorphism profiles in Indonesia since many 
TB patients in Surabaya exhibit a rapid acetylation 

type. The attainment of INH blood levels in patients 
with the rapid acetylator phenotype remains below 
the average attainment of INH levels in rapid 
acetylators in Japan, which is 2.22 ± 0.90 μg/mL 
[22]. However, it tends to be similar to the INH 
levels observed in rapid acetylators in West Sumatra, 
Indonesia, which are 1.25 μg/mL [18]. 
Compared to research conducted in other parts of 
Indonesia, this study reveals the wide range of NAT2 
genotype variants found among TB patients in 
Indonesia. These findings provide supporting evidence 
for the necessity of implementing pharmacogenetic-
based TB treatment in the country.  
Polymorphism in the NAT2 gene arises from genetic 
changes in the form of mutations or single-nucleotide 
substitutions, also known as single-nucleotide 
polymorphisms (SNPs). The NAT2*12 allele family 
undergoes a mutation where a guanine base replaces 
adenine at the 803rd nucleotide position of the 
NAT2 gene sequence. This mutation results in an 
amino acid change from lysine to arginine at position 
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268. This alteration in the amino acid will impact the 
conformation of the protein and the catalytic function 
of NAT2. Whether the NAT2 activity increases or 
decreases will be determined by the interplay between 
the enzyme and the substrate. The NAT2*12 allele is 
characterized by a mutation that leads to an elevation 
in enzyme activity, resulting in the classification of 

the acetylator type as a quick acetylator. The 
majority of NAT2 alleles are haplotype alleles that 
contain many point mutations and one characteristic 
mutation. This mutant allele has the potential to 
destabilise the resultant protein and impact the 
functionality of the folded protein [19]. 

Table IV 
Distribution of NAT2 genotype variants and prediction of acetylator phenotype 

NAT2 Genotype N (patient) Frequency (%) Phenotype Frequency (%) 
*4 1 1.96 Rapid 60.78 

*12A 22 43.14 Rapid 
*12B 7 13.73 Rapid 
*13A 1 1.96 Rapid 
*5D 5 9.80 Slow 33.33 
*6A 2 3.92 Slow 
*6C 10 19.61 Slow 
*6F 3 5.88 Unknown 5.88 

Total 51 100  100 

 
There is a substantial difference in INH blood levels 
between the rapid and slow acetylator types, 
according to Table V. This study's discovery of the 
NAT2*6F genotype with the unknown acetylator 
type suggests that NAT2 has a genetic variant whose 
effect on isoniazid metabolism is not entirely understood. 
However, the interim hypothesis that can be accepted 
for this study is that the NAT2*6F genotype tends to 
lead to the rapid acetylator type, based on the 
analysis results indicating no significant difference 
between INH blood levels in the rapid and unknown 
acetylator types. To determine and comprehend the 
functional mechanism of polymorphism in the 
unknown acetylator type, further investigation is still 
required. The study's findings suggest that the type of 
acetylator used will influence the attainment of INH 
levels. NAT2 will acetylate INH to acetylisoniazid, 

which will then hydrolyse to acetylhydrazine. NAT2 will 
then re-acetylate INH to a non-toxic diacetylhydrazine. 
Compared to the slow acetylator type, the rapid 
acetylator type causes INH to be acetylated to 
acetylisoniazid more quickly, resulting in lower 
blood levels of INH. Studies conducted by Perwitasari 
et al., Wahyudi and Soedarsono, and Huang showed 
that the rapid acetylator type lowers the amount of 
INH in the blood by converting it to acetylisoniazid 
more quickly [5, 15, 27]. However, the average INH 
blood levels of the rapid and slow acetylator types in 
this investigation did not approach the therapeutic 
range of 3 - 6 μg/mL. This suggests that, besides the 
type of acetylator, other factors like age, body 
weight, gender, and how drugs are distributed in 
tissues may also affect how much INH is in the blood 
[8, 12]. 

Table V 
Association of acetylator type with INH blood levels 

Acetylator type INH blood levels ( g/mL) (Mean  SD) (Min - Max) p value between groups p value 
Rapid 1.446  0.6432 (0.41 - 2.81) 1 

0.0387* Slow 2.595  1.626 (0.83 - 6.8) 0.0230* 
Unknown 1.360  0.8246 (0.41 - 1.89) 0.9999 

* = p < 0.05 (Kruskal-Wallis Test, Dunn’s multiple comparisons) 
 

Table VI 
Comparison of ALT and AST values pre- and post-

intensive phase 
Parameter Mean  SD (U/L) (Min - Max) p value 

AST 
pre 18.22  6.4072 (4 - 40) 0.021* 
post 25.90  13.3045 (11 - 78) 

ALT 
pre 16.02  10.8213 (6 - 82) 0.0000* 
post 23.90  14.2116 (10 - 86) 

* = p < 0.05 (paired t-test) 
 

The comparative test findings revealed a significant 
disparity in ALT and AST values before and after 
the intensive phase of TB treatment, as shown in 
Table VI. ALT and AST levels may rise in TB 
patients as a result of INH usage. This increase can 
begin as early as one week after starting the 
medication and continue for up to six months of 
treatment. However, it is possible for liver function 
to remain normal without any drug-induced liver 
injury (DILI) occurring, even without adjusting the 
dosage of isoniazid. This phenomenon is referred to 
as the liver's adaptability [2, 10]. Hence, this study 
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examined the alterations in AST and ALT levels as 
indicators of isoniazid side effects. 
The analytical results indicated that variations in 
acetylator types did not have an impact on alterations 
in ALT and AST levels. However, it was observed 
that INH blood levels were positively associated 
with elevated ALT and AST levels following a two-
month intensive phase of TB treatment (Table VII). 
This study did not observe any negative consequences 
of drug-induced liver damage (DILI) since none of 
the patients exhibited alanine aminotransferase 
(ALT) and aspartate aminotransferase (AST) levels 

that exceeded three times the upper limit of normal 
(ULN). The patient's INH blood levels, averaging 
1.8237  1.1937 ( g/mL), were below the therapeutic 
range of 3-6 g/mL. This suggests that the INH 
levels in the patient's blood did not reach a 
concentration that could cause hepatotoxicity [14]. 
Furthermore, according to observations made on 
several patients, acetylcysteine, a substance with 
recognised hepatoprotective properties [23], was 
also prescribed to the patients. 

Table VII 
The impact of acetylator type and INH blood levels on changes in AST and ALT levels after the intensive phase 

of TB treatment 
Parameter Changes in AST 

(Mean  SD (U/L) 
p value Changes in ALT 

(Mean  SD (U/L) 
p value 

INH blood levels 7.6863  12.7726 0.000* 7.8824  12.6691 0.000* 
Rapid acetylator 5.7353  9.2091 0.246+ 6.0588  11.5364 0.082+ 

Slow acetylator 11.5882  17.6248 11.5294  14.3489 
Note: * = p < 0.05 (Spearman correlation test), + Mann Whitney test 

 
 
Conclusions 

This study demonstrates that NAT2 polymorphism 
impacts INH blood levels but does not result in 
alterations in ALT/AST levels of TB patients. 
According to the study's findings, the blood levels of 
INH in all TB patients who participated did not 
approach the INH therapeutic range for both rapid and 
slow acetylator types. This explains why none of the 
patients experienced any hepatotoxic side effects. 
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