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Abstract

Actuality. The number of human immunodeficiency virus (HIV)-infected patients with active tuberculosis (TB) and
multiple/extensive drug resistance has increased in recent years. Backup drugs with high hepatotoxicity are used in the
treatment regimens of this category of patients. Identification of markers of adverse events in the form of hepatotoxicity by
determining the type of acetylation in patients with HIV infection and TB when prescribing drugs metabolized by NAT2
enzyme may influence the selection of optimal doses and reduce the toxic effect on the liver.

The aim of the research was to determine the features of N-acetyl-transferase 2 (NAT2) gene polymorphisms in HIV-
infected patients with active tuberculosis with advanced drug-induced liver damage.

Materials and methods. NAT2 genotype and haplotype determination was performed in 151 TB/HIV-infected patients
receiving drugs with different types of acetylation. Determination of allele frequencies for six single nucleotide polymorphisms
(SNPs) of the genotype was used by real-time PCR, allele verification was confirmed by pyrosequencing using the
AmpliSense® Pyroskrin PHARMA-screen-2a reagent kit. Analysis was performed using IBM SPSS Statistics 29.0.2.0.
significance of differences in frequency distribution of variables was used for Pearson's Chi-square criterion. It was used as a
measure of relative risk with a regression confidence interval of 95% and a significance level of 5% (p <0.05). Reliability of
differences in median values was determined based on the Mann-Whitney criterion for two groups, the Kraskell-Wallis
criterion for multiple comparison of groups (p <0.05).

Results. A larger proportion of patients were found to have a slow type of acetylation (57.6%). Among the haplotypes
causing the slow type of acetylation the most frequent were haplotypes NAT2*5B (48.3%) and NAT2*6A (40.2%). The
observation showed more frequent increase of aminotransaminase activity from 3 to 10 norms from the upper limit in patients
with slow type of acetylation of the NAT2 enzyme gene. They accounted for 43.7% of the total number of identified cases of
the slow type of acetylation. The median value of aminotransaminase levels was significantly higher in patients with slow
type of acetylation compared to patients in the fast acetylation group (p < 0.0001).

Conclusions. Slow type of acetylation should be considered a high risk factor for hepatotoxicity in TB/HIV patients when
prescribed anti-TB drugs. Data on isoniazid acetylation and NAT2 genotypes can be used to improve treatment quality and
reduce the risk of isoniazid toxicity in TB treatment.

Keywords. hepatotoxicity, tuberculosis, HIV, acetylation type, isoniazid, NATZ.
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AkTtyanbHocTb. B nocnegHue rofbl YBEMMYUNOCH YUCAO MH(ULMPOBAHHBLIX BUPYCOM MMMYHOAeduuMTa YenoBeka
(BMY) naumenToB ¢ akTuBHbIM TyGepkyne3om (Th) M MHOXECTBEHHOW/LUIMPOKON NEKapCTBEHHOM YCTOMYMBOCTHIO. B cxemax
neyveHnss AaHHON KaTeropiun 6OMbHbIX UCMONB3YKOTCH pe3epBHble NpenapaThl C BbICOKOWM renaToTOKCUYHOCTHI0. BhisiBneHue
MapKepoB HeXenaTenbHbIX ABMEHWA B BUAE renaToTOKCUYHOCTU MyTEM OnpefeneHns Tuna aueTunupoBaHus y BonbHbIX
BAY-uHbekumen 1 TyGepkynesom npu HasHauyeHWW npenapatoB, meTabonusupylowmxcs depmeHtom HAT2, moxeT
MOBMNSATL Ha NoABOp ONTUMANbHbIX [03 U CHU3UTb TOKCUYECKOE AECTBUE HA NEYEHD.

Llenb uccnepoBaHma - onpegenuts ocobeHHocTn nonumopduama reHa N-auetuntpaHcdepassl 2 (NAT2) y BUY-
MHULMPOBaHHBIX 60MbHbIX aKTUBHBIM TYHEPKYNE30M C pacnpoCTpaHEeHHbIM NEKapCTBEHHBIM MOPAXKEHUEM NEYEHM.

Matepuansl M metoabl. OnpegeneHue reHotuna w rannotuna NAT2 nposegeHo y 151 GomeHoro TB/BUY,
nonyyasllero npenapatbl C PasNWyHbIMM TUNAMK  aueTUNMpOBaHUA. [ns onpefeneHus 4acToT annenen LWeCTU
OLHOHYKNEOoTMAHbIX nonmumopduamoB (SNP) reHotuna ucnonb3oBanu Metoq [NLIP B peanbHoM BpemeHW, BepudmKaLyo
anneneit NoATBepXaanu MeToAOM NMUPOCEKBEHMPOBAHWS C UCMONb3oBaHWEM Habopa peareHToB AmpliSense® Pyroskrin
PHARMA-screen-2a. AHanus nposoguncs ¢ ucnonb3osaHuem IBM SPSSStatistics 29.0.2.0. [JocToBepHOCTb pasnunymii B
YaCTOTHOM pacrnpefeneHn NepemMeHHbIX WCMoMnb3oBanac Ans Kputepus xu-kBagpat [upcoHa. Ero wcnonb3oBanu B
Ka4yeCTBE Mepbl OTHOCUTENBHOMO pUcka C AOBEPUTENbHLIM WHTEpBanom perpeccun 95% u ypoBHeM 3HaummocTu 5% (p
<0,05). [JlocToBEPHOCTb Pa3nnymii MEAMAHHBIX 3HAYEHWUA onNpesensnyu Ha OCHOBE KpuTepnst MaHHa-YWUTHU ans gByx rpynn,
kpuTepus Kpackena-Yonnuca ans MHOXeCTBEHHOTO cpaBHeHms rpynn (p<0,05).

MonyyeHHble pe3ynbTaTtbl. Y 60MbLleit YacTy OONMbHbIX BbISIBNEH MEANEHHbIN TN aueTunuposanus (57,6%). Cpeam
ranmnoTuMOB, Bbl3bIBAIOLMX MEANEHHbIN TUM aLeTUNMpPoBaHus, Hanbonee YacTo BeTpeyanucs rannotunsl NAT2*5B (48,3%)
n NAT2*6A (40,2%). HabniogeHue nokasano bonee 4actoe NOBbILIEHWNE aKTUBHOCTM aMUHOTpaHcamuHas ot 3 go 10 Hopm
OT BEPXHEN rpaHuLibl Y NaLMeHTOB C MeASIEHHbIM TUMOM aLeTUnMpoBaHus reHa depmenta NAT2. Ha ux gonio npuwrock
43,7% oT 0o0Wero yncna BbISBMEHHLIX CIy4yaeB MEANIEHHOTO TUMa aueTunMpoBaHus. MeamaHHOE 3HayeHWe YpOBHS
amMMHOTpaHcamuHa3 Oblno [OCTOBEPHO BbIWIE Y MALUMEHTOB C MEAJIEeHHbIM TUMOM aLUETUIMPOBAHWA MO CPABHEHWID C
nauumeHTamu B rpynne GeicTporo aueTunuposanms (p < 0,0001).

BbiBoabl. MeaneHHbIN TN aLeTUnMpoBaHns CneayeT paccMaTpuBaTh Kak BbICOKMIA (hakTOp pucka renaToTOKCUYHOCTU
y 6onbHbiX TB/BWY npu HasHaveHnn npoTuBoTY6epkyneaHbix npenapatoB. [aHHble 00 aueTunupoBaHuM W3oHWasuga
reHoTunax NAT2 moryT ObiTb WCMOMb30BaHbl ANS YAYYLWEHWS Ka4yecTBa JIEYEHWS U CHIKEHWS puCKa TOKCMYHOCTM
“30HMa3uaa npu neveHun Tybepkynesa.

Knroyeenie ciosa. 2enamomokcuyHocmb, mybepkynes, BUY, mun ayemunuposarus, uzoHuasud, NATZ.

TyniHgeme
NATZ2 rEHI NOJIMMOP®U3MI AKTK-XK¥KMNMACHDI
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HAYKCTAPOAfbI TOYEKEJ ®AKTOPDI

Marun A6ayn?: https:/lorcid.org/0000-0003-1757-9920

Urops I'. HukntuH1, https://orcid.org/0000-0003-1699-0881
Upuna U. NanoHoBal, https://orcid.org 0000-0003-4481-2249
UpuHa B. BacunbeBal, https://orcid.org/0000-0001-6986-901X
Cayne A. Anuesat:2, https://orcid.org/0000-0001-5098-9206
Acenb B. Banbypoga?2, https://orcid.org/0009-0006-3281-2902

! ®PepepanablK MeEMNEKeTTiK aBTOHOMAbI XKOFapbl OKY OpHbI «Pecen ynTTbIK 3epTTey MeauLHa
HuBepcuTteTi. H.U. MuporoB», Pecen [leHcaynbik caktay MMHUCTpNiri, Mackey K., Pecen ®epepauuschbl;
«Cement meguumHa yHuBepcuteTi» KeAK, Cemen k., KazakctaH Pecny6nukachbl.

©3ekTiniri. CoHfbl XKblnaapsl agamHblH, UMMYH Tanwbinbiebl BUPYCbIH (AWTB) xykTbipraH, 6encenai Ty6epkynesdeH
XaHe OipHelle / 9KCTEHCWBTI [apire TesiMpiniriveH ayblpaTblH HaykacTapAblH, CaHbl apTTbl. [enaToTOKCKKambIK acepi
XOFapbl PE3epPBTIK NpenapaTTap NauMeHTTEPAiH OCbl caHaTbiH eMaey pexumaepinae kongadbinagbl. NAT2 depmeHTiMeH
meTabonusgeHeTiH npenapatTapdbl TafanmbiHaay kesiHge AWUTB-uHgekumsicel xoHe TybepkynesbeH aybipaTblH
HayKkacTapfa aueTUngeHy TyPiH aHbIKTay apkbirbl renaToybITTbIIbIK, TYPIHAET XafbIMChI3 KyObinbiCTapablH, MapKepnepiH
aHbIKTay OHTaWNbl f03anapabl TaHgayFa acep eTyi xaHe baybipra ybITTbl 9CEPIH TOMEHAETYi MyMKiH..

3eptTeyain, Makcatbl benceHai Ty6epkynesi 6ap AUTB xykTbipraH Haykactapga n-auetuntpaHcdepasa 2 (NAT2)
reHiHiH, nonMMopu3MaepiHiH, epekLLenikTepiH aHbikTay Bonabl.ecipTkigeH TybliHaaraH 6aybipablH, 3aKbIMAaHYbI).

Matepuangap meH apictep. NAT2 reHoTwni MeH rannoTWniH aHbIkTay aueTUnaeHydiH, apTypni Typnepi 6ap
npenapatTtapabl kabbingaraH Tybepkynes / AUTB xykToiprad 151 naumeHTTe Xypriingi. FeHoTunTiH, anTbl 6ip HykneoTnaTi
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nonumopcpuami (SNPs) yLwiH annenb xuinikTepiH aHbikTay HakTbl yakbiTTassl [TP 9[ICIMEH kongaHbingel, Annenbai
Tekcepy AmpliSense® Pyroskrin PHARMA-screen-2a peareHTTep XuHafbl apKpiibl MMPOCEKBEHUPIEY apKpifbl pacTanmsl.
TAJIJAY IBM SPSS Statistics 29.0.2.0 kemerimeH xyprisinai. NMMpCcoHHbIH, Xu-KBagpaT KpUTEPUIi YILIH alHbIManbinapablH
XMINIKTIK TapanyblHAarbl anibipMaLLbINbIKTapAblH, MaHbI3bl NaiganaHbingbl. On perpeccusisa ceHiMmainik apanbiebl 95%
XaHe MaHbl3dbinblk AeHreni 5% (p <0,05) GonaTblH CanbiCTbipManbl Tayeken efllleMi peTiHae naiganaHbingbl.
MenuaHanblk MaHAepaeri anbipMallbinbIkTapablH, ceHimainiri Eki Tonka ApHansaH MaHH-YWUTHW KpuTepuii, Tontapabl
BipHeLue peT canbicTbipy YwiH Kpackenn-Yonnuc kputepuiti Herisige aHbiktangb! (p <0,05

Hatuxenep. MauveHTttepaix ken beniriHae auetunaeHyain 6asy Typi aHbikTangbl (57,6%). Auetungeryain 6asy TypiH
TyablpaTblH rannoTunTepai, iwiHae eH xwi kesaeceTiHi NAT2*5b (48,3%) xaHe NAT2*6a (40,2%) rannotuntepi 6ongpl.
bakpinay NAT2 depMeHTi reHiHiH, aueTungeHyinin, 6asy Typi 6ap empenywinepae aMmuHoTpaHcamuHasa 6enceHainiriHiy
Xofaprbl WwekTeH 3-TeH 10 Hopmara [eiH XuWipek XorapbinafaHbiH kepceTTi. Onap auetunaeHypin, 6asy TypiHin,
aHblKTanfFaH KafdainapbiHbiH, Xanmbl CaHblHbiH, 43,7% Kypagbl. AMWHOTpPaHCaMWHa3a [AeHremiHiH, opTawa MaHi
auetungeHygis, 6asy Typi Gap empgenywinepge xbingam auetungeHy ToOblHAafbl emaenywinepmeH canbICTbipraHaa
anTapnblkTait xorapsl 6ongsl (p < 0,0001).

KopbITbiHAbI. AueTunaeHyain, 6asy TypiH TyGepkynesre kapCbl npenapattapabl TafanblHoafFaH kesge Tybepkynes /
A/TB-mMeH ayblpaTblH HaykacTapda renaToybITTbiMbIKTbIH, XOFapbl Kayin (akTopbl peTiHOe KapacTblpFaH XXeH.
M3oHnasmaTi auetungey xsHe NAT2 reHoTunTepi Typanbl AepekTepai emaey canacbiH XakcapTy XasHe Tybepkynesai
emaeyae N30HMa3NATIH, YbITTbIMbIK KayniH asaiTy ylUiH naigananyFa 6onagbl.

TyliiHOi ce3dep. 2enamoybimmbinbik, mybepkynes, AUTB, auemundeHy mypi, uzoHua3ud, HAT2.
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Introduction reducing the incidence of TB disease. isoniazid is effective

According to the results of 2023, Russia recorded a  in reducing TB incidence both alone and in combination
historical minimum of TB morbidity and mortality, but the ~ with ART [4]. Unfortunately, INH, which plays an important
disease requires constant monitoring and control, as in  role in TB therapy, is associated with hepatotoxicity,
some regions of Russia there is still a rather unfavorable  Approximately 10-20% of patients taking INH experience a
situation [1]. And, despite the successes in the fight against ~ temporary increase in serum alanine aminotransferase
TB in Russia, as well as worldwide, there have been certain (ALT) levels. Most patients can adapt to it and serum ALT
shifts in the structure of the tuberculosis process that  levels return to normal without discontinuation of the drug,

significantly affect the epidemiologic situation. First of all,  while some patients (1-3%) develop severe liver damage up
this is due to the annual increase in the proportion of  to liver failure [3].
patients with active multidrug-resistant and extensively The cause of hepatotoxicity seems to be intermediate

drug-resistant TB (MDR/XDR-TB) with an indicator of about ~ products of INH metabolism. Thus, the main pathway of
30% of all TB cases [2]. In addition, HIV patients are 21 INH metabolism includes acetylation to acetylisoniazid
times more likely to get TB than people without HIV and are ~ catalyzed by hepatic and intestinal enzyme N-acetyl-
at the highest risk of developing MDR/XDR-TB. At the same  transferase 2 (NAT2) followed by hydrolysis to
time, TB is the most common disease among those infected ~ acetylhydrazine. Acetylhydrazine is oxidized by cytochrome
with HIV, including those receiving antiretroviral therapy =~ P4502E1 (CYP2E1) to form hepatotoxic intermediates [5].
(ART). This requires the combined administration of a large ~ These active metabolites can destroy hepatocytes either by
list of drugs with high hepatotoxicity [3]. The development of  disrupting cellular homeostasis or by triggering immunologic
idiosyncratic hepatotoxicity is a complex process involving  reactions in which active metabolites that bind to
both parallel and sequential events that determine the  hepatocyte plasma proteins can act as haptens. Another
direction of the pathways, the extent of liver damage and its ~ metabolic pathway involving NAT2 involves the formation of
outcome. toxic metabolites by direct hydrolysis of INH to the potent

Among first-line antituberculosis drugs, isoniazid is a  hepatotoxic hydrazine. Differences in INH-induced toxicity
key drug and is widely used in the treatment and prevention have been attributed to genetic variability in several loci
of TB, showing selective antimicrobial activity against such as NAT2, CYP2E1, GSTM1, and GSTT1, which
Mycobacterium tuberculosis. isoniazid is effective in  encode drug-metabolizing enzymes [6].
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The rate of INH acetylation varies from patient to patient
and is divided into three phenotypic groups: slow, intermediate,
and fast acetylators. Certain alleles of genetic polymorphisms
determine different degrees of NAT2 activity and individual
acetylation profile. Several clinical studies have shown that
slow acetylators cause the risk of adverse reactions due to the
toxicity of high concentrations of isoniazid metabolites, which
can lead to hepatotoxic effects caused by INH [7, 12]. On the
contrary, when rapid acetylators are used, the concentration of
active drug decreases rapidly and this affects the success of
treatment in the form of lack of efficacy [9, 11]. NAT2 activity
status is associated with haplotypes consisting of several single
nucleotide polymorphisms (SNPs) in the NAT2 gene [8].
Generally, single nucleotide substitutions in NAT2 usually result
in low N-acetylation activity, decreased NAT2 expression, or
instability of the enzyme. The wild-type NAT2*4 allele, which
has no single nucleotide substitutions in NATZ, is associated
with a rapid acetylator phenotype [10].

Studies of the influence of NAT2 genotypes on INH
metabolism allow to increase the effectiveness of treatment;
at the same time, side effects associated with this drug can
be minimized, which determines the relevance of further
studies.

The aim of the research was to determine the
peculiarities of NAT2 gene polymorphisms in HIV-infected
patients with active TB with advanced drug-induced liver
damage.

Materials and methods

The research conducted in the period 01.01.2021-
12.12.2022 at the "National Medical Research Center of
Phthisio-pulmonology and Infectious Diseases" of the
Ministry of Health of the Russian Federation and in the
Department of Insectology, head Dr. M.D. Kaminsky G.D.,
and Director of the Federal State Budgetary Institution
"National Medical Research Center for Phthisiopulmonology
and Infectious Diseases" of the Ministry of Health of the
Russian Federation (FGBU "NMRC FPI" of the Ministry of
Health of Russia), Dr. Professor Vasilieva I.A. on the basis
of CINIE the development and approbation of methods for
allele determination was carried out.

The Research was approved by the Research Ethics
Committee of the Federal State University N.I. Pirogov RNIMU
of the Ministry of Health of Russia in accordance with protocol
No. 5 of "29" 12.2020. All Research participants signed an
informed consent form as required by the ethics statement
contained in the resolution dated 01.04.2016 N 200n of the
Ministry of Health of the Russian Federation.

The Research took into account the results of 151
patients with TB/HIV infection who were prescribed drugs
metabolized by the NAT2 enzyme.

Genotypes associated with the type of acetylation (fast,
slow and intermediate) were determined in samples of
biological material (venous blood). The data of genetic
analysis were compared with clinical and laboratory
parameters in patients.

When evaluating NAT2 haplotypes, a risk factor for
toxicity in the form of transaminase levels above 3 norms
from the upper limit (UL) was taken into account. At the
beginning of therapy in all patients, aminotranaminase
activity indices were within normal values.

To determine alleles of single nucleotide
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polymorphisms, real-time PCR method was used; the
verification of the method was confirmed by pyrosequencing
using the reagent kit "AmpliSense® Pyroscreen PHARMA-
screen-2a" (RU No. FSR 2012/13246).

To determine haplotypes and acetylation type, the
Internet resource "NAT2 Calculator"
(http://shtest.evrogen.net/NAT2/) was used.

Statistical analysis

Data were stored in a database, for this study. All data
were entered twice to determine possible outcomes. Analysis
was performed using IBM SPSS Statistics 29.0.2.0.
significance of differences in frequency distribution of variables
was used for Pearson's Chi-square criterion. It was used as a
measure of relative risk with a regression confidence interval of
95% and a significance level of 5% (p <0.05).

Reliability of differences in median values was
determined based on the Mann-Whitney criterion for two
groups, the Kraskell-Wallis criterion for multiple comparison
of groups (p <0.05).

Results
Table 1 shows the frequency distribution of clinical
parameters and genotypes in HIV-infected and TB patients
on ART/PTT therapy with liver damage.

The patient group was represented by individuals aged
18 to 65 years (median 41.6 years), of whom 53 (35.1) were
female and 98 (64.9%) were male.

According to the evaluation of acetylation type, slow
type was found in 87 (57.6%) patients, intermediate type in
48 (31.8%) patients, and fast type in 12 (7.9%) patients.
Acetylation type could not be determined for another 4
(2.7%) patients (Figure 1).

Not found
P %

Figure 1. Proportion of patients according
to the type of acetylation, %

The captions are poorly visible, it is better to give this
figure before the table

The most frequent haplotypes were NAT2*5B, NAT2*5U,
NAT26A, NAT2*5U, NAT2*5C, NAT2*5KA, NAT2*4.
Among the haplotypes responsible for the slow type of
acetylation (n=87), haplotypes NAT2*5B (48.3%) and
NAT2*6A (40.2%) were the most frequent (Table 1).

Among the intermediate acetylation haplotypes (n=48),
NAT2*5U (83.3%) was the most frequent and the rapid
acetylation haplotype (n=12) was NAT2*4 (91.6%). (Table

2). Therapy included isoniazid, rifampicin, ethambutol,
pyrazinamide,  bedaquiline,  linezolid,  clofazimine,
cycloserine, ethionamide, prothionamide, levofloxacin,
moxifloxacin, PASC, streptomycin, kanamycin,

capreomycin, imipenem/cilastatin, meropenem, lamivudine,
dolutegravir, tenofovir, emtricitabine, efavirenz, darunavir,
ritonavir, raltegravir, etravirine at standard doses.
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Table 1.
Frequency distribution of biological and clinical parameters in HIV-infected and TB patients on the background of
therapy with ART/PTP with liver damage Hepatotoxicity.

N=151 HIV/TB, HIV, TB Person’s chi-square criteria value P

Categories ~ No % (n) Yes % (n), value P

Gender Male 68 (67) 31 (31) .35

Female 75 (40) 24 (13)

Age >40 years 70 (65) 29 (30) .88

<40 years 71 (42) 28 (14)

CD4+ > 200 cells/uL 77 (42) 22 (12) .01a

HIV RNA Not detected 75 (101) 24 (12) <.001%a

Detected 33 (6) 66 (32)

HCV RNA Not detected 77 (95) 22 (16) <.001*a

Detected 42 (12) 57 (28)

HBV DNA Not detected 70 (100) 29 (2) .68

NAT-2 phenotypes Intermediate 72 (37) 27 (17 .04a

Fast 73 (12) 26 (20)

Slow 56 (87) 43 (87)

NAT2 alleles NAT2*12C 50 (4) 50 (13) .82

NAT2*4 72 (3) 27 (6)

NAT2*5A 50 (4) 50 (14)

NAT2*5B 70 (21) 29 (3)

NAT2*5C 100 (20) 0 (1)
NAT2*5R 80 (34) 20 (1)

NAT2*5U 61 (6) 3
NAT2*6A 77 (8

NAT2*7B 60 (2) 40 (2

8 (4)

) 22 (5)

NAT276J 66 (4) 33 (5)
) 40 (2)

9)3

HIV/TB diagnosis 60 (39) 39 (25) .04*a

HIV 83 (26) 16 (5)

Type of liver lesion (Rucam-scale) None 72 (108) 27 (27) 0.48

Hepatocellular 75 (31) 25 (30)

Cholestatic 55 (43) 44 (34)

Mixed 80 (34) 20 (8)

RUCAM scale for assessing the likelihood of drug-induced liver injury DILI / HILI Excluded

Unlikely 100 (1) 0 (0)

Probable 50 (45) 50 (43)

Probable 75 (113) 25 (38)

Determined 63 (59) 36 (49)

Duration of ART Before hospitalization 75 (6) 25 (14) .11a

During hospitalization 72 (89) 28 (23)

Duration of PTP Before hospitalization 64 (43) 35 (34) .15a

During hospitalization 70 (%2) 29 (5)

ART combination 2 NRTI+ 1 NNRTI 76 (43) 23 (23) .03a,*

2 NIOT+ 1 IP/dr. 60 (42) 39 (14)

Others 28 (17) 71 (3)

PTP scheme HRZ 75 (26) 25 (5) .05a,"

HRZE 50 (45) 50 (15)

MLU 76 (9) 23 (9)

SCHLU 56 (16) 43 (5)

Emperic 40 (9) 60 (7)  TB 75 (42) 25 (14)
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Table 2.

Frequency of detection of haplotypes causing a certain type of acetylation.

Acetylation type NAT2*4 NAT2*5U NAT2*5B NAT2*5C NAT2*5KA NAT2*6A

Slow (n=87) - 5 (5.7%) 42 (48.3%) 2 (2.3%) 3 (3.5%) 35 (40.2%)

Intermediate (n=48) - 40 (83.3%) 4 (8.3%) 4 (8.3%) 4 (8.3%)

Rapid (n=12) 11 (91.6%) 1 (8.4%)

The observation showed more frequent increase of
aminotransaminase activity from 3 to 10 VGN in patients
with slow type of acetylation of NAT2 enzyme gene, their

120
100
» R
60
40 75,9
20
0 2.3
Slow
= Above 10 ULN 21.8
from 3-10to ULN 75,9
mto 3ULN 2.3

share was 43.7% of the total number of detected cases
of slow type of acetylation (Fig. 2).

16,7
I :

188
56,3

Intermediate Rapid Undified
18,8
56,3 16,7 50
25 83,3 50

Figure 2: Distribution of patients depending on the ratio of acetylation type and aminotransaminase level, %.

A high VGN (more than 10) was detected in 22% of
patients with the slow type of acetylation of the NAT2
enzyme gene.

Among patients with the intermediate type of acetylation
(n=48), an increase in aminotransaminase levels from 3 to 10
VGN was also most often registered - in 56.3% of the total
number of detected cases of the intermediate type of
acetylation. High aminotransaminase activity (more than 10
VGN) was detected in 18.8% of patients with intermediate
type of NAT2 enzyme gene acetylation, low (up to 3 VGN) - in
25%.

Among the patients with rapid type of acetylation (n=12)
the level of aminotransaminases within the limits of up to 3
VGN was registered most often - in 83,3% of the total
number of detected cases of rapid type of acetylation.
There was no high index (more than 10 VGN) in patients
with the rapid type of acetylation of the NAT2 enzyme gene;
the median index (from 3 to 10 VGN) was registered in
16.7% of patients in this group.

The median value of aminotransaminase activity was
statistically significantly higher in patients with slow type of
acetylation in comparison with this index in the group of fast
acetylation (U=76, p=0.00002) (Fig. 3). What does the U
stand for?

There was also a difference between the groups of
patients with slow and intermediate acetylation types with a
predominance of marked hyperenzymemia in patients with
slow acetylation type (Median ALT value 237 U/L in slow
type and 85 U/L in intermediate type, U=1580, p=0.009).
Accordingly, between the groups of patients with
intermediate and fast types of acetylation, a significant
predominance of ALT level was found in patients with
intermediate type of acetylation (U=110, p=0.001).

Isoniazid is highly effective in the treatment of tuberculosis.
However, it can cause liver damage and even hepatic failure.

21

Isoniazid metabolism is thought to be associated with
hepatocellular-type liver damage, which is characterized by a
marked increase in ALT levels (more than 10-fold HGN). NAT2
is the predominant enzyme that catalyzes the acetylation of
isoniazid. The presence of slow acetylator alleles has a higher
risk of hepatotoxicity of the drug.

B Slow
M Undified

H Intermediate

M Rapid

b_.

Figure 3. Aminotransaminase levels (Me)
depending on the type of acetylation.
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Discussion of results

According to the data obtained, the majority of patients
with an increase in aminotransaminase activity from 3 to 10
VGN were found to have a slow or intermediate type of
acetylation with a predominance of NAT2*5B, NAT2*6A
(slow type) NAT2*5U (intermediate type) haplotypes.
Among npatients with the fast type of acetylation,
aminotransaminase levels of up to 3 VGN were more
frequently recorded. All the differences found between
hyperenzymemia and acetylation types were significantly
significant (p<0.05). Also the study showed that hypotoxicity
was most common on ART and PTV therapy with HIV
infection with and tuberculosis, low CD4+ kL, active HIV
viruses, active HCV RNA, combination of ART with NNRTIs
and Pls, PTP regimen energizing drugs.
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Figure 4: Proportion of patients according to the diagnosis of hepatotoxicity, %
(from 3-10 to ULN Aminotransaminase)

Conclusion

Slow acetylation type is an important risk factor for
hepatotoxicity in patients with TB/HIV infection. Data on INH
acetylation and NAT2 genotypes can be used to improve
the quality of treatment, because by taking into account the
acetylation type depending on the NAT2 haplotype, the
optimal drug dose can be selected, which will have a direct
impact on the reduction of hepatotoxicity.
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