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ABSTRACT 
 

 

Background 

Determination of the acetylator type of NAT2 generally can 

be predicted based on genotype data from the NAT2 

database. However, in some reported studies, it does not 

show 100 per cent concordance with the phenotype based 

on urinary assay. The assay generally only differentiates the 

rapid and slow acetylator but does not consider the 

intermediate one.  

 

Aims 

We conducted this study to define the phenotype of NAT2 

based on both genotyping and urinary assay and to 

determine the concordance rate between both methods in 

rapid and intermediate acetylator groups.  

 

 

Methods  

NAT2 genotyping was done using the PCR-direct sequencing 

in a total of 30 healthy subjects. However, for the NAT2 

phenotypes we only selected 19 healthy subjects that carry 

rapid or intermediate acetylator genotype, without 

involving slow acetylator phenotype. The assay was done by 

measuring the ratios of urinary caffeine metabolites 

following controlled diet exposure. 

 

Results  

Both data obtained from genotyping and urinary assay 

showed 2 samples that belonged to the rapid acetylator and 

17 samples that belonged to the intermediate acetylator. 

The mean metabolic ratio of the rapid acetylator group 

showed a higher level (0.5) than the intermediate group 

(0.28). The predicted acetylation status of NAT2 SNPs from 

genotyping was matched with the phenotype which was 

determined by urinary analysis. 

 

Conclusion 

Our result showed a 100 per cent concordance of NAT2 

phenotype based on the genotyping and urinary assay. 

Based on this study we suggest that NAT2 phenotype based 

on genotyping method is simpler and faster, rather than 

using the urinary assay that is more laborious and costly.  
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What this study adds:  

1. What is known about this subject?  

Differentiation the phenotype of NAT2 based on both the 

genotyping and urinary assay showed 100 per cent 

concordance. 

https://doi.org/10.21767/AMJ.2017.3105
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2. What new information is offered in this study? 

We differentiate between the rapid and intermediate NAT2 

acetylator type, whereas several reports only differentiate 

between the rapid and slow acetylator, supporting the 

NAT2 trimodal distribution. 

 

3. What are the implications for research, policy, or 

practice?  

Determination of the NAT2 phenotype based on genotyping 

is simpler and faster compared to the urinary assay that is 

more laborious and costly.  

 

Background 

N-acetyltransferase 2 (NAT2) is a well-known phase II 

enzyme that is responsible for the acetylation of many 

arylamine and hydrazine drugs, as well as for a number of 

toxins and known carcinogens present in the diet, cigarette 

smoke and the environment.
1
 NAT2 is localized in human 

chromosome 8p22 and is mainly expressed in liver, small 

intestine and colon.
2
 It is produced by a single, intronless 

protein-coding exons of 870 bp open reading frames 

encoding 290 amino acids.
3
  

 

Human N-acetyltransferase 2 (NAT2) phenotyping is based 

on the quantification of urinary caffeine metabolites and on 

the calculation of metabolic ratios after the intake of a 

standardized caffeine (1,3,7-trimethylxanthine) dose. It has 

been established that Nyéki et al.
4
 method was the most 

used analytical procedure for measuring the NAT2 activity. 

This method was modified method by Grant et al.
5 

and 

represents a substantial improvement, since a single 

analysis and the minimal urine sample treatment, enables 

the simultaneous quantification of five caffeine metabolites 

including 5-acetylamino-6-formylamino-3- methyluracil 

(AFMU), 5-acetylamino-6-amino-3-methyluracil (AAMU), 1-

methylxanthine (1X), 1-methyluric acid (1U), 1,7- 

dimethyluric acid (17U) necessary for the phenotyping of 

NAT2, cytochrome P450 isoenzyme 1A2 (CYP1A2) and 

xanthine oxidase (XO). 

 

Polymorphisms in NAT2 were responsible for the 

acetylation efficiency of a wide variety of xenobiotics 

compounds as well as therapeutic drugs. It has been 

regarded as important markers for prediction of the drug 

detoxification capability in individuals. Individuals can be 

classified as slow or rapid acetylators, on the basis of their 

NAT2 genotype,
6,7

 although some authors consider a third 

intermediate category.
1,8,9

 Slow (SA), intermediate (IA) and 

rapid acetylators (RA) consisted of homozygous of two slow 

alleles, heterozygous between rapid and slow allele and 

homozygous of two rapid alleles, respectively.
9,10

 

In some report, the determination of the acetylation status 

did not show 100 per cent concordance between the 

genotype and the phenotype analysis based on the urinary 

assay.
8,11

 Additionally, the phenotype analysis, usually 

accommodated only bimodal distribution (slow and rapid 

group)
12,13

 and does not differentiate between the 

intermediate group from the rapid group. Therefore, in the 

present study we conducted a study to define the rapid and 

intermediate NAT2 phenotype based on both genotyping 

and urinary assay and determine the concordance rate 

between both methods. 

 

Method 
Sample collection 

A total 30 healthy subjects from previous study
14

 which 

were subjected to controlled diet exposure participated in 

the study. This study was done in the Human Genetics 

Laboratory, University of Tokyo, Japan, YARSI Research 

Institute and BElab Jakarta. The ethnic background of the 

patients in this study was Javanese, Sundanese and Betawi. 

All participants received detailed oral and written 

explanations concerning the aims of the study and its 

implications, and gave their written informed consent. The 

study was approved by the Ethics Committee of the YARSI 

University.  

 

NAT2 genotyping 

NAT2 genotyping was performed with genomic DNA 

extracted from peripheral blood EDTA samples using the 

QIA amp DNA blood mini kit (QIAGEN, Hilden, Germany). 

PCR was performed to amplify the coding region of NAT2 

using our previous published method.
14

 Direct sequencing 

was performed using a commercial kit (BigDye Terminator 

v.3.1, Applied Biosystem) with an ABI 310 Genetic Analyzer 

(Applied Biosystem). Forward and reverse primers used for 

PCR and direct DNA sequencing were based on our 

previously published report.
14

 We detected specific NAT2 

fragments that contain the following SNPs: rs1041983 

[282C>T], rs1801280 [341T>C], rs1799929 [481C>T], 

rs1799930 [590G>A], rs1208 [803A>G], and rs1799931 

[857G>A]. Genotyping data were compiled according to the 

genotype and allele frequencies estimated from the 

observed numbers of each specific allele. NAT2 allele and 

predicted acetylator phenotype were compared to human 

NAT2 allele database at http://nat.mbg.duth.gr/Human 

NAT2 alleles_2013.htm. The statistical analyses of the allelic 

and genotypic frequencies were conducted using a Chi-

squared test. Haplotype reconstruction was performed 

using PHASE v2.1.1 software.
15

  

 

 

http://nat.mbg.duth.gr/Human%20NAT2%20alleles_2013.htm
http://nat.mbg.duth.gr/Human%20NAT2%20alleles_2013.htm
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NAT2 activity measurement 

The functional assays were done by measuring the ratios of 

the urinary caffeine metabolites Among 30 healthy subjects 

with NAT2 genotype, we selected 19 healthy subjects with 

rapid and intermediate acetylator. They were subjected to 

controlled diet exposure before participating in the study. 

Urine samples were collected before and 8 hours after a 

dose of 100mg Caffeine (Sigma-Aldrich, Missouri, United 

States). The metabolites 5-acetylamino-6-amino-3-

methyluracil (AAMU), 1-methylxanthine (1X), 5-

acetylamino-6-formylamino-3-methyluracil (AFMU) and 1-

methylurate (1U) were quantified using HPLC method 

(Hitachi co Ltd, Tokyo, Japan) according to manufacturer’s 

instruction. The NAT2 activity was calculated based on the 

molar ratio of 5-acetylamino-6-formylamino-3-methyluracil 

and 1- methylxanthine in urine after caffeine intake 

(AFMU+AAMU)/(AFMU+AAMU+1U+1X).
4
 

 

Results 
The allele frequencies and NAT2 allele variant are 

summarized in Table 1. We observed 5 different NAT2 allele 

variant in this study. Based on NAT2 human database 

(http://nat.mbg.duth.gr/Human NAT2 alleles_2013.htm), 

NAT2*4 and Nat2*13 are classified as fast acetylator allele, 

whereas NAT2*5B, NAT2*6A, NAT2*7B are classified as 

slow acetylator allele. We selected 19 individual with 

genotypes NAT2*4/*4, *4/*5B, *4/*6A, *4/*7B and 

*6A/*13 for further analysis. NAT2*4/*4 was predicted as 

rapid acetylator, whereas NAT2*4/*5B, *4/*6A, *4/*7B and 

*6A/*13 as intermediate acetylator type. The acetylation 

activities based on urinary analysis with corresponding 

genotypes were shown in Table 2. It showed a 100 per cent 

concordance with predicted phenotype that we examined in 

the study. Our result revealed that the mean metabolic ratio 

of rapid acetylator group showed a higher level (0.5) than 

the one of intermediate group (0.28) on the coding region 

haplotype (Figure 1).  

 

Discussion 
In this study we identified 5 different NAT2 genotype 

variant. Major alleles found in our study were NAT2*4 as a 

wild type allele and NAT2*6A with frequency 63 per cent 

and 66 per cent, respectively (Table 1). NAT2*4 is wild type 

allele and with NAT2*13 is known as rapid acetylator allele. 

Other variant allele such as NAT2*6A, NAT2*7B and 

NAT2*5B are categorized as slow acetylator alleles. The 

distributions of NAT2 allele variant in our result are similar 

to that previously reported study in Javanese-Sundanese 

ethnic of Indonesia population
14

 and Malay Ethnic of 

Indonesia population.
16

 This result also reassembly with the 

NAT2 allele distribution in Southeast Asian population such 

as Thailand, India, Malay, Filipino.
14

 The NAT2 slow 

acetylator phenotypes have been investigated to have 

association with cancer risk
17

 and isoniazid-induced 

hepatotoxicity in tuberculosis treatment.
18,19

 

 

Examination on NAT2 activity were using urinary caffeine 

metabolite analysis that widely used as a non-toxic drug in 

vivo for predicting acetylator phenotype.
8
 Our urinary 

analysis result demonstrates the deduced acetylation status 

from (AFMU+AAMU)/(AFMU+AAMU+1U+1X) ratios 

assigned to each NAT2 allele combination detected in this 

study. The ratio of urinary caffeine metabolites in healthy 

samples showed that metabolic ratio of rapid acetylator 

group (0,5) was higher than the one of intermediate group 

(0,28) (Figure 1). NAT2 rapid group are homozygous group 

consist of rapid allele, whereas NAT2 intermediate group 

are heterozygous group consist of rapid allele and slow 

allele.
20

 Study by Zhang et al.
21 

showed that the SNPs in 

haplotype with slow acetylator allele, reduce the 

Sulfamethazine N-acetylation activity. This study supported 

our result that the genotype contained the slow allele 

displayed slower activity than homozygous rapid genotype.  

 

Genotype *4/*4 homozygous showed the highest NAT2 

activity in this study. Additionally, in the intermediate 

group, the genotype *4/*5B showed the slowest activity 

than other intermediate genotypes, whereas genotype 

*4/*7B showed the highest activity. Previous in vitro study 

of NAT2 enzyme activity assessed the degree of acetylation 

activity which varied among NAT2 alleles. NAT2*4 displaying 

the highest activity and NAT2*5 displaying the lowest; 

NAT2*6 and NAT2*7 show activities between NAT2*4 and 

NAT2*5.
22

  

 

This study confirmed that both genotyping and phenotyping 

results were in concordance in the Indonesia population. 

However, differentiation between the NAT2 rapid and the 

intermediate acetylator, need to be done with larger 

samples, in order to examine more NAT2 genotype that 

corresponding to rapid and intermediate acetylator. This 

study indicated that the differentiation of the NAT2 

phenotype had a trimodal distribution.
23

 Additionally, this 

study also supported the fast deduction of the acetylation 

status based on the genotyping assay.  

 

Conclusion 
We conclude that the acetylator status prediction using the 

NAT2 genotype determination on coding region concurred 

with the result of the caffeine metabolites examination 

using the urinary analysis to distinguish rapid and 

intermediate acetylator groups.  

http://nat.mbg.duth.gr/Human%20NAT2%20alleles_2013.htm
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Figure 1: NAT2 Acetylation capacity between Intermediete 

and Rapid Acetylator 

 

 
 

Table 1: Allele Frequency of NAT2 in the present study 

 

Haplotype NAT2 
Alleles 

Frequency 
(%) 1 2 3 4 5 6 

C T C G A G NAT2*4 31,7 

C C T G G G NAT2*5B 11,7 

T T C A A G NAT2*6A 33,3 

T T C G A A NAT2*7B 20 

T T C G A G NAT2*13 3,3 

 

Table 2: Acetylation ratio in samples with different NAT2 

genotype 

 

NAT2 

Genotype 

n* % Predictive 

Phenotype 

% Activity 

*4/*4 2 10,53 Rapid 

Acetylator 

10,53 0.5 

*4/*5B 2 10,53 Intermediate 

Acetylator 

89,47 0.14 

*4/*6A 8 42,11 0.28 

*4/*7B 5 26,32 0.33 

*6A/*13 2 10,53 0.25 

Total 19 100       

 

 


