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FREQUENCIES OF NAT2 POLYMORPHIC 
VARIANTS IN PATIENTS WITH PULMONARY 
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Ethnic differences in allele frequencies and genotype distribution for polymorphic variants of NAT2 gene (NAT2*5, NAT2*6, NAT2*7) were stud-
ied among ethnic Yakuts and Russians with newly diagnosed pulmonary tuberculosis. 

This is the first study to establish allele and genotype frequencies for polymorphic variants of NAT2 gene (NAT2*5, *6, *7) among ethnic Yakuts 
and Russians, who permanently reside in the Sakha Republic (Yakutia). Prevalence of NAT2*5, *6, *7 polymorphisms among Yakuts and Russians 
was determined, and ethnic differences were shown in allele frequencies and genotype distribution of NAT2 polymorphic variants: rs1801280 
(341T>C), rs1799930 (590G>A), and rs1799931 (857G>A).

Keywords: NAT2 gene polymorphism, Yakuts, Russians, tuberculosis, adverse drug effects

УДК 615.033.1

DOI 10.25789/YMJ.2019.68.05

Introduction. Treatment success indi-
cators are remaining at low levels in Rus-
sia. Based on official statistical data, in 
2016, effective chemotherapy outcomes 
were registered in 74.3% out of all new 
pulmonary TB cases treated with reg-
imens I–III (irrespective of microscopy 
results at case notification), or in 64.3% 
of cases with positive sputum microscope 
results [4]. Clinically, low treatment effec-
tiveness in new TB cases resulted from 
nonadherence to chemotherapy duration, 
treatment interruptions, temporary can-
cellation of drugs due to adverse drug ef-

fects (ADE) (up to 61% cases [3] treated 
for drug-sensitive TB). Development of 
ADE is associated with variations in drug 
kinetics, and can be stemming from both 
transient (inhibition of biotransformation 
enzymes, as a result of drug interactions, 
eating habits) and constant causes (sex, 
concomitant diseases, genetic mutations 
in genes encoding enzymes involved in 
drug metabolism) [15, 24].

Genetic polymorphisms have been es-
tablished and thoroughly researched for 
N-acetyltransferase (NАТ) 2. NAT2 is an 
enzyme participating in biotransformation 

phase II, and is responsible for acetyl-
ation of more than 70% of xenobiotics, 
including therapeutic agents [21]. Sin-
gle-nucleotide substitutions in the struc-
tural region of NAT2 gene determine ge-
netic variations in enzyme activity [1,12], 
and have been linked to decreased or 
increased rates of xenobiotic metabolism 
[2]. NAT2 polymorphisms considered the 
most clinically important in terms of ef-
fective and safe TB chemotherapy are: 
*4, *5, *6, *7, *12, *13, *14. Patients with 
slow acetylation alleles (NAT2*5, *6, *7, 
*14) have been shown to be at risk for 
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developing liver injury [7, 23]. Presence 
of NAT2 slow metabolism alleles induc-
es damage to hepatocyte cell structures 
due to significantly reduced amount of 
N-acetyltransferase in liver, slowdown 
in metabolic rate, and delayed elimina-
tion of antituberculosis drugs from the 
body. Distribution of NAT2 polymorphic 
alleles is widely variable between differ-
ent populations and ethnic groups [19]. 
Only scarce data are available in current 
scientific literature regarding genotype 
prevalence of NAT2 polymorphic variants 
(NAT2*5, *6, *7) among Yakut and Rus-
sian patients with newly identified pul-
monary TB permanently residing in the 
Sakha Republic (Yakutia).

Aim: study ethnic differences in allele 
frequencies and genotype distribution 
of NAT2 polymorphic variants (NAT2*5, 
NAT2*6, NAT2*7) among ethnic Yakuts 
and Russians with newly diagnosed pul-
monary TB.

Material and methods: The study 
comprised 197 patients newly diagnosed 
with pulmonary TB. Of the patients exam-
ined, all of them permanently residing in 
Yakutia, 132 (67%) were referred to eth-
nic Yakuts (77 women, 55 men), and 65 
(33%) to Russians (35 women, 30 men). 
Ethnicity was determined by a self-defi-
nition method comparable to SSR analy-
sis [10]. Mean patient age was 43.3 with 
a standard deviation of 14.4 years. All 
patients completed informed consent to 
participate in the study. Sequencing of a 
particular NAT2 region was performed in 
several steps, using Sanger method with 
dideoxynucleotide tripshosphates (dd-
NTP): 1) DNA fragment under study was 
hybridized with primer; 2) molecule was 
enzymatically synthetized; 3) substance 
was further subjected to electrophoresis; 
4) radioautographic analysis of results. 
Sequencing chromatograms were es-
timated visually, analyzed using Finch 
TV 1.4 software, and matched with ref-
erence NAT2 sequence for determination 
of individual single-nucleotide polymor-
phisms (SNP) https://www.ncbi.nlm.nih.
gov/nuccore/NM_000015.2. Sequencing 
was performed for 3 polymorphic vari-
ants: rs1801280 (341T>C), rs1799930 
(590G>A), rs1799931 (857G>A).

Concordance of genotype frequen-
cy distributions with Hardy-Weinberg 
law was checked using Pearson’s chi-
squared test. Threshold statistical signifi-
cance level was 0.05. Statistical analysis 
was performed in IBM SPSS Statistics 
23 software (licensed to North-Eastern 
Federal University), utilizing classical 
Pearson χ2 test, and a modified version 
with likelihood adjustment applied in 
case expected frequencies took value of 

less than 5 in 15 or more cells in contin-
gency table.

Results and discussion. All sought-
for polymorphic variants of NAT2 were 
detected during the study. Distributions 
of allelic and genotypic frequencies for 
NAT2 polymorphic markers rs1801280 
(Т341С) and rs1799931 (G857A) among 
Yakuts and Russians were concor-
dant with Hardy-Weinberg distribution 
(p>0.05). Significant differences between 
Yakuts and Russians (p<0.05) were ob-
served in allelic and genotypic frequen-
cies of polymorphisms NAT2*5 and 
NAT2*7 (Table 1).

The T allele of polymorphism 
NAT2*5(Т341С) occurred reliably higher 
among Yakuts (0.82) than in Russians 
(0.58). Mutant C allele had the highest 
observed frequency in Russians (0.42), 
and was much less frequent in Yakuts 
(0.18) (p<0.05). Estimated frequencies 
of C allele are 0.45 for European popu-
lation, 0.35 for South Asia, and 0.04 for 
East Asia [20]. It is noteworthy, that fre-
quency of C allele of NAT2*5 (Т341С) in 
Yakuts was considerably higher, com-
pared to the population of East Asia. Т/Т 
genotype of NAT2*5 (Т341С) was prev-
alent in 68.9% of individuals of Yakut or-
igin. Meanwhile, Russian patients were 
2 and 3 times more often carriers of Т/С 
and С/С genotypes, respectively (55.4% 
and 13.8%, correspondingly) (p<0.05) 
(Table 1).

Meaningful ethnic differences in fre-
quencies of polymorphism NAT2*5 
(Т341С) among Yakuts and Russians 
were established (31.1% vs. 69.2%, re-
spectfully) (p<0.05). The highest prev-
alence rates of polymorphism NAT2*5 
have been observed among Europeans 
(35% to 55%) [5,11,13], and among 
people originating from West Asia (up 
to 40%) [13], according to Gra O. et al. 

(2010); frequency among Russians var-
ies between 38% and 45% [16].

Frequency of G allele of NAT2*7 was 
0.84 in Yakuts, and 0.93 in Russians. Mu-
tant A allele occurred in 0.16 of Yakuts, 
and 0.07 of Russians (p<0.05). Global 
frequencies of A allele of NAT2*7 are 
0.02 in Europeans, 0.18 in East Asia, and 
0.07 in South Asia [20]. Our findings sug-
gest the highest prevalence of A allele of 
NAT2*7 among ethnic Russians of Yaku-
tia, exceeding that in residents of Europe 
by 3.5 times. Individuals of Yakut origin 
were 1.9 times more often carriers of G/A 
genotype of NAT2*7 (G857A), compared 
to Russians (26.5% vs. 13.8%, respec-
tively) (p<0.05). Genotype A/A was de-
tected in none of Russian patients, while 
2.3% of Yakuts carried it (Table 1). Ex-
isting evidence on link between hepato-
toxicity and NAT2*7 genotypes is scarce 
and contradictory. Increased risk of hep-
atotoxicity was suggested in carriers of 
G/A genotype receiving chemotherapy 
with anti-tuberculosis first line drugs, 
compared to carriers of G/G genotype 
[14,18], although this association was 
never detected in other studies [6, 9].

Polymorphic variant NAT2*7 (G857A) 
was more frequent in Yakuts (28.8%), 
than in Russian patients (13.8%) 
(p<0.05). This finding is coherent with re-
ported data, and is in agreement with av-
erage 20% frequency observed in Asian 
population of Central, East, and South-
East Asia. Compared to Europeans, 
Russian population of Yakutia, showed 
notably higher prevalence of this poly-
morphism (5%) [5, 11, 13].

Frequencies of rs1799930 (G590A) 
NAT2 genotypes had no statistically sig-
nificant differences between Yakuts and 
Russians, which is consistent with report-
ed data. Frequencies of G and A alleles 
of NAT2*6 (G590A) were 0.78 and 0.22 

Distribution analysis of polymorphic variants of NAT2 gene in Yakut and Russian 
patients with pulmonary tuberculosis

Genotype Yakuts, n (%) Russians, n (%) χ2 p
NAT2*5 (Т341С)

T/T 91 (68.9) 20(30.8)
26.54 0.000*T/C 35 (26.5) 36(55.4)

C/C 6(4.5) 9(13.8)
NAT2*6 (G590A)

G/G 78(59.1) 29(44.6)
5.57 0.062G/A 49(37.1) 29(44.6)

A/A 5(3.8) 7(10.8)
NAT2*7 (G857A)

G/G 94(71.2) 56(86.2)
7.06 0.029*G/A 35(26.5) 9(13.8)

A/A 3(2.3) 0

Note: χ2 – Pearson chi-squared value. *- statistically significant differences are bold-typed. 
(p<0.05)
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in Yakuts, and 0.67 and 0.33 in Russians, 
respectively. Reported frequencies of 
G and A alleles of NAT2*6 are 0.74 and 
0.26 in East Asia, and 0.72 and 0.28 in 
Europe, respectively [20]. Compared to 
Russians, and residents of East Asia and 
Europe, while Yakuts had the lowest fre-
quency of A allele.

Genotype G/G of NAT2*6 was prev-
alent in predominating 59.1% of Yakuts, 
while Russians had genotypes G/G and 
G/A, with the same frequencies of 29.0%. 
Genotype А/A was common in patients of 
Russian origin, and occurred 2.8 times 
more frequent, than in Yakut patients (Ta-
ble 1). A allele of NAT2*6 (G590A) has 
been linked with increased risk of ADE 
[9]. Studies have found the highest hep-
atotoxicity risk during chemotherapy in 
residents of Turkey, China, and Tunisia 
with confirmed TB diagnosis, who had 
A/A genotype of rs1799930 (G590A) 
NAT2 gene, compared to patients with 
the same diagnosis, who were carriers of 
genotypes G/G and G/A [8,18,22]. Resi-
dents of Korea with AA or GA genotype 
receiving treatment for TB were found to 
have slower drug acetylation, than pa-
tients with GG genotype [9].

Polymorphism NAT2*6 is reportedly 
prevalent all over the world with approx-
imately the same frequency (10%-35%) 
[5,11]. In our study, the frequencies of 
this polymorphism among Yakuts and 
Russians with pulmonary TB were high-
er than the rates reported in literature: 
55.4% in Russians, and 40.9% in Yakuts, 
without notable ethnic differences.

Conclusion. This was the first study 
to establish allelic and genotypic fre-
quencies of NAT2 polymorphic variants 
(NAT2*5, *6, *7) among ethnic Yakuts 
and Russians newly diagnosed with pul-
monary TB and permanently residing in 
the Sakha Republic (Yakutia). Prevalence 
of polymorphisms NAT2*5, *6, *7 among 
Yakuts and Russians was determined. 
Ethnic differences in allele frequencies 
and genotype distributions of NAT2 poly-
morphic variants rs1801280 (341T>C), 
rs1799930 (590G>A), and rs1799931 
(857G>A) were analyzed.
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Examination of physical working ca-
pacity is an important element of the 
quantitative assessment of the level of 
health, and an assessment of the de-
gree of exercise tolerance can serve as 
a prognostic and objective criterion of 
the functional state and a quantitative 
indicator of individual human health [6]. 
A reduced level of motor activity is ac-
companied by a decrease in the overall 
working capacity of the organism and an 
increase in the "physical cost of the load," 
which is associated with a high tension of 
functioning systems involved in response 
to this load [10]. The autonomic nervous 
system plays an important role in modu-
lating the cardiovascular system in var-
ious situations [16], including physical 
exercise [17]. To maintain cardiovascular 
homeostasis during exercise, it is neces-
sary to connect mechanisms based on 
the rapid action of the autonomic nervous 
system [17]. Heart rate variability (HRV) 
characteristics are available and fast in 

use indicators reflecting changes in car-
diovascular homeostasis, and also are 
indirect indicators of vagal nerve activity 
of the heart. In doing so, they allow us 
to determine the relative contribution of 
the parasympathetic and sympathetic 
link in the regulation of the rhythm of the 
heart in stress testing, being an accessi-
ble measure of the overall function of the 
ANS [8, 15].

Cardiovascular reactions, in response 
to physical exertion, are characterized by 
a direct expressed decrease in the activ-
ity of the parasympathetic link of the au-
tonomic nervous system at the beginning 
of the test, with an increase in heart rate 
due to the activation of sympathetic activ-
ity. Immediately after the end of exercise, 
the heart rate decreases due to vagal re-
activation [19].

It is important to judge the peculiarities 
of the changes in metabolic processes 
during the performance of load tests, 
preferably using indirect calorimetry, 
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RESTRUCTURING OF HEART RATE 
VARIABILITY, GAS EXCHANGE
AND MICROCIRCULATION AT
CYCLE-ERGOMETRY IN PERSONS WITH 
DIFFERENT DEGREES OF EXERCISE 
TOLERANCE

An objective criterion for assessing the functional state of the human body, as well as the degree of balance of its physiological systems may 
be the study of physical performance. The purpose of this work was to study the specific features of urgent adaptations of a number of functional 
systems of the body in response to a cycle-ergometric test, and to identify marker criteria for assessing the level of exercise tolerance. 

Based on the study of heart rate variability, indirect calorimetry, capillary blood flow and a modified PWC170 test, a comparative study was 
carried out on 63 young men aged 17-19 who were students from among Caucasians born in the North in the 1st and 2nd generations. Analysis 
of the data showed that during the stress test, most values of heart rate variability, microcirculation and metabolism increase as compared with 
the background level or at different stages of cycle-ergometry. At the same time, these changes are different for people with different degrees of 
tolerance to the load. 

The results of the study made it possible to establish that the most important and informative indices reflecting the degree of tolerance to the 
load are the heart rate, the concentration of carbon dioxide in the exhaled air, the oxygen utilization factor, and the rate of capillary blood flow. 
During the performance of the stress test, such criteria are heart rate, MxDMn in relation to heart rate, reflecting the degree of decrease in para-
sympathetic activation, as well as the level of oxygen consumption, whose values in individuals with normal load resistance continue to increase 
until the end of the test.

Keywords: young men, heart rate variability, gas exchange, microcirculation, exercise test.
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