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In recent years, there has been rapid growth in epigenetic research associated with the development of new
molecular and cytological approaches. Recent studies have established that chemical compounds can have an epi-
genetic effect, influencing the expression activity of specific genes. And most often, it is connected with people with
chronic diseases because they are forced to use medicines for a long time to improve their quality of life. It is known
that long-term use of non-steroidal anti-inflammatory drugs (NSAIDs) leads to the formation of erosions, ulcers and
oncological diseases of the stomach and intestines. It is suggested that side effects result from damage to the mu-
cous membrane under the influence of NSAIDs and the possible effect of NSAIDs on genes that requlate the cell cycle,
especially with their long-term use. In the research, 60 male rats were used, which were divided into four groups
of 15 animals each, which were administered NSAIDs daily for 3 months: 1st — control (CG), 0.9% sodium chloride
solution, 2nd — rats , which were injected with indomethacin, the 3rd group — rats, which were injected with acetyl-
salicylic acid, and the 4th group — rats, which were injected with meloxicam. Long-term use of all NSAIDs led to a
statistically significant increase in genome-wide DNA methylation and intensification of its fragmentation processes.
It is important to note that according to the degree of epigenetic influence, the effect of the studied NSAIDs was of
varying severity. Indomethacin had the most pronounced effects (increase of Mspl/Hpall by 99%,; DNA fragmenta-
tion by 90% compared to intact). Taking into account the established effects of NSAIDs, regarding their ability to
increase the level of whole-genome DNA methylation and their fragmentation, a promising direction is to study the
level of methylation of genes that regulate the cell cycle of the stomach and intestines, as well as the study of their

expression/protein synthesis function.
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Connection of the publication with planned re-
search works.

The work was carried out as part of the research
work of the Department of Clinical and Laboratory Di-
agnostics of the Zaporizhzhia State Medical University
“Development of new effective ways of diagnosis and
endogenous cytoprotection of ischemic damage of the
coronary and cerebral blood circulation (clinical and
experimental research)”, state registration number —
0118U004369.

Introduction.

In human life, the body is subject to the influence
of negative external environment factors, leading to epi-
genetic changes and, accordingly, to a violation of the
expression/protein synthesizing function of the body’s
cells. Researches of the last decade have established
that drugs can act as epigenetic factors, especially with
their long-term administration, some drugs are con-
sidered as epigenetically active xenobiotics, which can
chemically interact with the nucleic acids of the cell,
leading to histone modification and DNA methylation
[1, 2].

It is known that epigenetic modification of DNA af-
fects the expression activity of certain genes at several
levels, which leads to a change in the phenotype of the
cell. In the body, there are molecular-biochemical sys-
tems aimed at inactivating xenobiotics, including drugs,
but it is known that drugs change not only molecular re-
actions, physiological functions but also can model gene
expression [3].

It has long been known that gene mutations play an
important role in the formation of oncogenesis. How-
ever, only recently was it recognized that epigenetic
changes significantly contribute to the development of
oncological diseases [3, 4, 5].

Based on the above, studying the epigenetic effect
of drugs on epigenetic changes in genes is interesting.
In recent years, there has been a rapid increase in epi-
genetic research associated with the development of
new molecular and cytological approaches. It has been
established that there are basic epigenetic mechanisms,
or, as they often say, epigenetic markers. Currently, DNA
methylation is the most studied. DNA methylation is cat-
alyzed by a family of DNA methyltransferases (Dnmts),
which transfer a methyl group from S-adenylmethionine
(SAM) to the fifth carbon of a cytosine residue to form
5mC. Dnmt3a and Dnmt3b can establish a new meth-
ylation pattern of unmodified DNA and are therefore
known as Dnmt de novo. On the other hand, Dnmtl
functions during DNA replication by copying the DNA
methylation pattern from the parental DNA strand to
the newly synthesized daughter strand [2, 3, 6, 7].

Today, the ability of drugs to epigenetically affect
gene expression is considered one of the likely mecha-
nisms of unwanted side reactions.

There are data that long-term use of non-steroidal
anti-inflammatory drugs (NSAIDs) leads to the forma-
tion of erosions, ulcers and oncological diseases of the
stomach and intestines. It is suggested that these side
effects result from damage to the mucous membrane
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under the influence of NSAIDs and the possible effect of
NSAIDs on genes that regulate the cell cycle, especially
with their long-term use [8].

The aim of the study.

Study of the effect of various NSAIDs on the level of
genome-wide DNA methylation and its fragmentation
processes.

Object and research methods.

The research used 60 male Wistar rats weighing 200-
400 grams, obtained from the kennel of the SI “Institute
of Pharmacology and Toxicology NAMS of Ukraine”. All
experimental studies complied with the main provisions
of the European Convention for the Protection of Ver-
tebrate Animals Used for Experimental and Other Sci-
entific Purposes (Strasbourg, 1986). Care, maintenance
and feeding of animals were carried out in accordance
with the requirements of regulatory documents in stan-
dard vivarium conditions. Before starting the research,
the Bioethics Commission of the State Medical Univer-
sity reviewed and approved the research protocol (No.
7 dated 11.11.2019) and all procedures related to keep-
ing animals, humane treatment of animals, and their
use in experiments. Each group included 15 animals (15
males). The duration of quarantine (acclimatization pe-
riod) for all animals was 14 days. During the quarantine,
each animal was examined daily (behavior and general
condition), twice a day the animals were observed in the
cells (morbidity and mortality).

Sixty laboratory rats weighing 200-400 g. were divid-
ed into four groups of 15 animals as follows: 1st — con-
trol (CG), which were injected with a 0.9% sodium chlo-
ride solution daily for 3 months, 2nd — rats, which were
injected with indomethacin (Ind) daily for 3 months
months at a dose of 0.6 mg/kg, the 3rd group — rats that
were administered daily for 3 months with acetylsali-
cylic acid (Asa) for 3 months at a dose of 0.6 mg/kg and
the 4th group — rats that were administered daily with
meloxicam (Mxc) in a dose of 0.1 mg/kg — 3 months.

DNA fragmentation and methylation levels were de-
termined using the DNA-comet assay method. Mspl and
Hpall restriction enzymes (Abcam, USA) were used to
study methylation processes. The degree of DNA frag-
mentation was expressed as a percentage. The level
of DNA methylation was expressed as a percentage of
Mspl and Hpall in the nuclei of blood cells [9].

Statistical evaluation of the research results was per-
formed using the Statistica 10.0 software package (Stat-
soft Inc., USA). The obtained results are presented in the
form of the median of the interquartile range. Differenc-
es between groups were assessed using nonparametric
methods using the Mann-Whitney test. Differences at
p<0.05 were considered statistically significant.

Research results and their discussion.

Long-term use of all NSAIDs led to a statistically sig-
nificant increase in genome-wide DNA methylation and
intensification of its fragmentation processes (table). It
is important to note that according to the degree of epi-
genetic influence, the effect of the studied NSAIDs was
of varying severity. Thus, the most significant effect on
the amount of Mspl/Hpall was exerted by long-term ad-
ministration of indometacin (increase by 99% compared
to the intact group of animals), then acetylsalicylic acid
and meloxicam (by 56% and 41%, respectively). Similar
dynamics of NSAIDs was also established when studying
the degree of total DNA fragmentation.

We established the ability of NSAIDs to affect DNA
methylation processes, to some extent confirming many
researchers’ assumptions regarding the presence of
NSAIDs in the epigenetic mechanism of their unwanted
side effects.

Table — Whole-genome DNA methylation (Mspl/
Hpall) and its fragmentation in blood lymphocytes
of rats against the background of long-term
administration of NSAIDs

Animals group Mspl/Hpall fragrr?e’::ation
Intact 51[3,2 6,4] 02[01 04]
Ind, 14 days 15,7 [11,3 17,8]* 1,1[0,7 1,3]*
Asa, 14 days 11,4 (9,3 14,7 1* 0,8[0,64 1,0]*
Mxc, 14 days 8,6 [6,4 10,2]* 0,5[0,35 0,62]*

Note: * — p<0.05 in relation to the intact group of animals.

DNA methylation is regulated by a family of DNA
methyltransferase enzymes (DNMTs), of which DNMT1
methylates DNA during replication, DNMT3A and DN-
MT3B carry out de novo methylation, and DNMT3L, in
turn, is responsible for binding the listed methyltrans-
ferases to the methyl group donor — S — adenosyl-L-me-
thionine. There are 2 main mechanisms of epigenetic
regulation of transcription by DNA methylation: direct
and indirect. The direct mechanism of action is based
on the steric hindrance of methyl groups in the interac-
tion of DNA with transcription factors. In the case of a
mediated mechanism, methylated regions interact with
methyl binding proteins (MBPs) MeCP-1 and MeCP-2,
which bind to DNA. MeCP-1 sterically blocks the binding
of DNA to the transcription apparatus, which leads to
repression of transcription [6, 8, 10]. MeCP-2, in turn,
recruits histone deacetylases (HDACs) together with
transcriptional corepressors, leading to compaction
of chromatin structure and transcriptional repression,
leading to DNA fragmentation.

The molecular processes described above lead to
disruption of gene expression/protein synthesis func-
tion, which can lead to genomic instability and disrup-
tion of cell proliferation and differentiation processes.
A number of studies have shown that NSAIDs can cause
oncological diseases of the gastrointestinal tract with
their long-term use. An epigenetic effect of NSAIDs on
genes regulating the cell cycle of the stomach (CDH1,
MHL1) and intestines (SEPT9, APC) was established. It
is known that the SEPT9 gene encodes the synthesis of
septin-9 protein. DNA methylation of this gene stops its
active work and “turns off” the cancer growth suppres-
sor protein synthesis. Loss of SEPT9 gene expression is
associated with the development of colorectal cancer
(CRC) [8, 10]. The presence of an inactive tumor suppres-
sor gene in the blood indicates the processes of tumor
development in the intestine, reflecting such events as
cell proliferation and angiogenesis in the tumor [11]. In
addition, our previous studies established a probable
MMP-mediated mechanism of side effects of NSAIDs,
due to changes in the expression activity of genes en-
coding the synthesis of matrix metalloproteinases, an
increase in their concentration and their participation in
the degradation of the extracellular matrix.
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Conclusions.

Thus, the experimental studies we conducted estab-
lished the ability of NSAIDs to increase whole-genome
DNA methylation and intensify their fragmentation pro-
cesses with long-term administration. Indomethacin
had the most pronounced effects (increase of Mspl/
Hpall by 99%; DNA fragmentation by 90% compared to
intact).

Prospects for further research.

Considering the established effects of NSAIDs regard-
ing their ability to increase the level of genome-wide
DNA methylation and their fragmentation, a promising
direction is to study the methylation level of genes that
regulate the cell cycle of the stomach (CDH1, MHL1) and
intestines (SEPT9, APC), as well as the study of their ex-
pression/protein-synthesizing function.
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BMN/IMB TPUBANIOIO BBEAEHHA HECTEPOIAHUX NPOTU3ANAJ/IbHUX 3ACOBIB HA
PIBEHb MOBHOTEHOMHOIO METU/TIOBAHHA AHK TA Il ®PATMEHTALII Y LLLYPIB
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3a ocmaHHi poKu, crocmepicaemoecs bypxnuee 3pPOCMAHHA eniceHemuYHUX 00CniOHeHb, Mo8'A3aHUX 3
pPO3BUMKOM HOBUX MOAEKYAAPHUX i UumosoaiyHux nioxodis. OCmaHHiMu 00cniOmeHHAMU 6Ys10 8CMAHOB/EHO,
Wo XiMiYHi cronyKu moxyme mamu ernieeHemu4Huli 8rnsaus, mobmo enausamu Ha AKMUBHICMb eKcrpecii nesHux
2eHis. A Halilvuacmiwe, ye Noe’sa3aHO 3 AObMU AKi MAOMb XPOHIYHI 30XB0PHOBAHHSA, MOMY W0 80HU 8UMYUEHI
3acmocosysamu AiKapcoKi 3acobu mpueaso, 3 Memor MOKPAUWEHHA AKocmi »umms. Bidomo, wjo mpueanuli
npuliom HecmepoiOHUX MPoMu3anasabHUX AiKapcbKux 3acobie (HI133) npueodums 0o ymeopeHHs eposili, 8upa3ox
i OHKO/102iYHUX 30X80PHOBAHbL WAYHKA MA KUWEYHUKA. Bucioentoemecsa npunyuweHHs, wo nobiyHi epekmu € He
MinbKu pe3yabmamom MoWKOOMEHHSA CAU30801 060A0HKU nid enausom HI133, ane i moxwausum enausom HI33
HQa 2eHu, fAKi peaynorome KAimuHHUL Yuksa, ocobaueo rnpu ix mpueasomy 3acmocy8aHHi. Y 0ocnioreHHsax bynu
suUKopucmaHi 60 wypis-camuis, ki 6yau po3nodineHi Ha Yomupu 2pynu no 15 meapuH, Kompum 8800UU UJ00EHHO
y npodosxc 3 micayie HIM33: 1-a — koHmposnsHa (KI), po34uH Hampito xaopudy 0,9%, 2-2a — wypu, Kompum 8800UAU
iHOomemayuH, 3-1 — Wypu, KOmpum 8800UAU AUEeMUACANIYUMo8y Kuciomy ma 4-a 2pyna — wypu, Kompum
8800Us1U MenoKcukam. Tpusane npusHayeHHs ecix HIM33 npu3sodusno 00 cmamucmu4yHo 8ipo2idHo20 36inbueHHS
nosHo2eHoMH020 memusntosaHHA AHK ma 0o inmeHcugpikayii npoyecie ii ppazmeHmauyii. Baraueo 3a3Ha4umu, wo
30 cmyrneHem erlizeHemu4yHo20 8riausy, 0id 0ocnioxcysaHux HI33 6yna pizHo2o cmyneHsa supaxceHocmi. Halibinew
supaxeHUMU ehekmamu 8os100i8 iHOomemayuH (36insweHHa Mspl/Hpall Ha 99 %; ppaemermauyii AHK — Ha 90%
rno sidHoweHHo 00 IHMakmy). Bpaxosyroyu ecmaHosneHi epekmu HIM33, wodo ix 30amHocmi nidsuwysamu
piseHb M08HO2eHOMHO020 MemusaoeaHHA [AHK ma ix ¢gpazmeHmauyii, nepcrekmusHUM HAMPSIMOM € B8UBYEHHS
DIBHA Memusto8aHHA 2eHi8, W0 peaynooms KAIMUHHUL YUKA WAYHKA mMa KUWEYHUKA, d MOKOX 8UBYEHHs iX

eKcrpecusHoi/binokcuHmemyYoi yHKUir.

Knruoei cnosa: memuntosaHHsa [HK, enizeHemuka, ynbyepo2eHHa 0if, HecmepoioHi npomu3anasbHi 1iKapceki

3acobu.

3B8’A30K ny6aikauii 3 n1aHOBMMM HAyKOBO-4OCNIA-
HUMMK poboTamu.

PoboTa BMKOHAHa Yy pamKax HayKOBO-AOCAiAHOT
poboTn Kadeapw KaiHiYHOT Ta nabopaTopHOi AjarHoc-
TMKKN 3[AMY «P03pobKa HOBUX eDeKTUBHUX LIAAXIB Aia-
FTHOCTUKM Ta €HAOreHHOI LMTONPOTEKLIi ilwemiYHuX no-
LUIKOAMKEHb KOPOHAPHOTO i LepebpanbHOro Kposoobiry
(KniHiYHO-eKcNepuMeHTanbHe AoCNigXKeHHA)», Ne aep-
»KaBHOI peecTpauii—0118U004369.

Bcryn.

B npoueci XUTTEQIANBHOCTI NOANUHM OPraHi3m mia-
NArae BNAMBY HEraTMBHWUX (GAKTOPIB 30BHILIHbOIO ce-
pefoBuLLa, MPU3BOAAYM [0 enireHeTUYHUX 3MiH, Ta
BiZANOBIAHO, A0 MOPYLIEHHA EKCNpeciiHOoi/6iNoKCUH-
TeTyto4oi QYHKLUIT KNiTUH opraHismy. JocnigKeHHAMMN
OCTQHHbOrO AECcATUPIYYA BCTAHOBJ/IEHO, WO JiKAPCbKi
3aco06M MOXKYTb BUCTYNATKU Y AKOCTI enireHeTUYHMX dak-
TOpiB, 0CO6AMBO MpWU iX TPMBANOMY BBEAEHHI, OKpemi
NiKapcbKi 3ac0bu po3rnsgatoTb Yy AKOCTI enireHeTuyHo
aKTUBHUX KCEHOBIOTUKIB, AKi 34aTHI XimiYHO B3aemogi-

ATW i3 HYKNETHOBMMM KMCNOTAaMU KNITUHU, NPU3BOAAYMN
0o mogmdikauii rictoHiB Ta meTuntoBaHHA AHK [1, 2].

Bigomo, wo enireHeTuyHa mogmuoikauia AHK snaum-
BA€ Ha AKTMBHICTb E€KCMpecii NeBHMX FeHiB Ha KibKOX
piBHAX, WO NPU3BOAUTL A0 3MiHU GEHOTUNY KAITUHMU.
B opraHiami, icHyl0Tb MoONeKynsapHo-6ioxiMmiyHi cucrte-
MW, CNPAMOBaHI Ha iHaKTMBALLilO KCeHOBIOTUKIB, Y TOMY
ymncni  nikapcbkux 3acobis, NpoTte BigOMO, WO nikap-
CbKi NpenapaTy 3MiHIOKTb He /IMLle MONIeKYNAPHI peak-
uii, pisionorivHi GyHKLIi, a 1 34aTHI MOAENtOBATU FEHHY
ekcnpecito [3].

[aBHO BigOMO, LLLO reHHi MyTaLii BigirpatoTb BaXKau-
BY po/nb y pOpMyBaHHi OHKoreHesy. OgHaK 1uLle Heaas-
HO 6yN10 BU3HAHO, WO enireHeTUYHi 3MiHM pobAATb 3Ha-
YHWIA BHECOK Y PO3BUTOK OHKOJ/IOMYHWUX 3aXBOPHOBAHb
[3,4,5].

Buxoaaum 3 BULLEBMKAALEHOTO, LLIKABUM € BUBYEH-
HA enireHeTUYHOro BM/IMBY JIIKAPCbKUX MpenapariB Ha
enireHeTUYHi 3MiHM reHis. 3a OCTaHHI POKM cnocTepira-
€TbCA BYPXNMBE 3POCTAHHA enireHeTUYHUX AOCNIAMKEHD,
NoB’A3aHUX 3 PO3BUTKOM HOBUX MONEKYIAPHUX i LUTO-
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NOTIYHKMX MigxoAais. BcTaHOBAEHO, WO iCHYOTb OCHOBHI
enireHeTUYHi MexaHiamu, abo, AK 4acTo KaxKyTb eni-
reHeTU4YHi mapkepu. B gaHuit yac Halbinblw BMBYEHO
LOHK-meTtuntoBaHHA. MeTtuntosaHHA OHK KaTanisyetbea
cimericteom HK-metunTpaHcdepas (Dnmts), Aki nepe-
HOCATb METUNbHY Tpyny 3 S-ageHinmeTioHiHy (SAM) Ha
n’ATUIA ByrneLUb 3a/IULWKY UMTO3UHY 3 yTBOpeHHAM 5mC.
Dnmt3a ta Dnmt3b moXyTb BCTaHOBNIOBATU HOBUI Na-
TepH MmeTuaoBaHHA HemoamdikosaHoi JHK i Tomy Bigo-
Mi sk Dnmt de novo. 3 iHworo 60Ky, Dnmtl ¢pyHKLiOHYE
nig vac pennikauii AHK, konitoroun natepH meTnatoBaH-
HA [HK 3 6aTbkiBcbKoro naHutora AHK Ha 3HOBY cuHTe-
30BaHUI gouipHin naHugor [2, 3, 6, 7].

Ha cborogHi, 34aTHicTb fliKapcbKkux 3acobis enere-
HETMYHO BM/IMBATM HA EKCMNPEecCito reHiB, po3rnagatTb
AK OAMH 3 BipOrigHMX MexaHi3miB HebaxKaHMX NOBIYHMX
peakuii.

€ [aHi , Wo TpMBanuii NPUNOM HeCcTepoigHUX Npo-
TM3ananbHUX NikapcbKkux 3acobis (HM33) npusoguTb
[0 YTBOPEHHA epo3iil, BUPA3OK i OHKOMOTIYHUX 3aXBO-
prOBaHb LWAYHKA Ta KMLIEYHWUKA. BMCnoBAtOETHCA Npw-
NyLWeHHA, Wo AaHi No6iYHI edeKTn € He TiNbKK pe3y/b-
TAaTOM MOLUKOAMKEHHSA CM30BOT 060/I0HKM Nig, BNAVBOM
HMN33, ane i moxknmemum Bnamnsom HIM33 Ha reHu, Aki pe-
TYNOI0Tb KAITUHHUI LKUKA, 0cOBAMBO Npw iX TpMBanomy
3acTocyBaHHi [8].

MeTta pgocnigeHHs.

LocnigeHHa Bnamsy pisHux HIM33 Ha piseHb no-
BHOreHoMHoro metuatoBaHHA AHK Ta npouecis i ¢ppar-
MeHTaLLl.

O6’eKT i meTOaM AOCNiAXKEHHA.

Y pocnigxeHHAx 6ynu BukopucTaHi 60 wypiB-cam-
uiB niHii Wistar macoto 200-400 rpamis, OTPUMaHi 3 po3-
naigHuka OY «lHcTuTyT dapmakonorii Ta TOKCMKonorii
HAMHY». Yci ekcnepumeHTanbHi AOCNIAKEHHA MPOBO-
ANAY 3 AOTPMMAHHAM OCHOBHMX MONOXEeHb EBponem-
CbKOi KOHBEHLLT MPO OXOPOHY XPebeTHUX TBapuWH, L0
BMKOPUCTOBYIOTLCA 3 EKCNepUMEHTaNbHUMM Ta iHLWK-
MU HayKoBumuK uinamm (Ctpacbypr, 1986 p.). ornag,
YTPUMaHHA i rogyBaHHA TBAapWH 34iMCHIOBABCA 3rifHO
3 BUMOTamMmM HOPMATUBHUX LOKYMEHTIB B CTaHAAPTHUX
yMOBax BiBapito. [1o noYaTky NnpoBeeHHA AOCNIAKEHHA
Komicia 3 nuTaHb b6ioetTnkn 3MYVY nepesipuna i noro-
Anna npotokon gocnigxeHHs (Ne7 sig 11.11.2019p.), a
TaKOX BCi npoueaypu, NoB A3aHi 3 yTPUMAHHAM TBaPWH,
ryMaHHMM MOBOAMKEHHAM 3 TBAPUHAMM i iX BUKOPUCTAH-
HAM B eKcnepumeHTi. KoxKHa rpyna Bkato4ana B cebe 15
TBapuH (15 camuiB). TpnBanicTb KapaHTUHY (aKnimaTu-
3auiiHoro nepioay) AN BCix TBApUH cTaHOBWAA 14 AHiB.
MpoTArom KapaHTUHY MNPOBOAMAMN LLOAEHHWUWA OFNAf,
KOXKHOT TBapMHW (NOBeAiHKY i 3aranbHWU CTaH), ABidi B
[AeHb TBAapWH CNocTepiraam B KNiTMHaX (3axBoptoBaHicTb
i CMepTHiICTb).

60 nabopatopHux LypiB macoto 200-400 rp. 6yau
po3nogineHi Ha YoTUpwu rpynn No 15 TBapuH HaCTynHUM
ynHom: 1-a — KoHTponbHa (KI), KOTpUM BBOAMAN LLO-
OEHHO Yy MPoAoBXK 3 MicALIB PO3YMH HATpito x1opuay
0,9%, 2-ra — wypwu, KOTPUM BBOAMU/I WOAEHHO iHOOME-
TauuH (IHA) npotarom 3 micauis B go3i 0,6 mr/kr., 3-a
— LYpU1, KOTPUM BBOAUAU LLOAEHHO NPOTArOM 3 MicALLiB
auetmncaniumnosy Kucnoty (Ack) 3 micaui B 803i 0,6 mr/
Kr Ta 4-a rpyna — wypu, KOTpMM BBOAUAW LWOAEHHO Me-
nokcnkam (Mkc) B mo3i 0,1 mr/Kr — 3 micau,.

PiBeHb ¢parmeHTauii Ta metuntoBaHHa OHK BcTa-
HoBAOBaNM 3a meTogumkoto DNA-comet assay. Mpu go-

CNiAXKeHHi NpoLeciB MeTUNOBaHHA BMKOPWUCTOBYBA/U
pectpukTasu Mspl Ta Hpall (Abcam, USA). CtyniHb ¢ppar-
meHTauii JHK Bupaxkanu y BiacoTKax. PiBeHb meTuto-
BaHHA HK Bupaxkann y Biacotkax Mspl ta Hpall y agpax
KNiTUH KpoBi [9].

CTaTUCTUYHY OUiHKY pe3ynbTaTiB  AOCNiIAKEeHHA
NPOBOAM/IM i3 BMKOPUCTAHHAM MNPOrPaMHOrO MaKeTy
Statistica 10,0 (Statsoft Inc., USA). OTpumaHi pe3ynbtatu
noAaHo y BUINAAI MefiaHW iHTEPKBAHTU/IBHOIO po3ma-
Xy. BiAMiHHOCTI MiX rpynamm ouiHiOBanmMcA i3 3acTocy-
BaHHAM HenapaMeTPUYHUX METOAIB i3 BUKOPUCTAHHAM
KpuTepito MaHHa-YiTHi. CTaTUCTMYHO 3HaYyLWMMKN BBa-
*Kanu BigmiHHOCTI npn p<0,05.

Pe3ynbTaTu AocnigyKeHHA Ta ix 06roBopeHHs.

TpuBane npusHaveHHa Bcix HIM33 npussoguno po
CTaTUCTUYHO BiporiaHoro 36inblWeHHA NOBHOreHOMHO-
ro metuntoBaHHA AHK Ta go iHTeHcudikauii npouecis
ii pparmeHTauii (Tabn.). BarknmMBo 3a3HauMTH, WO 3a
CTyneHem enireHeTUYHOro BNAMBY, AiA AOCNIAXKYBAHUX
HIM33 6yna pi3HOro cTyneHs BUpasKeHoCTi. Tak, Hanbinb-
LKA BNAMB Ha KinbkicTb Mspl/Hpall unHuno tpusane
NPU3HaYeHHA iHAAMITauuHy (36inblieHHs Ha 99% no
BigHOLWEHHIO 40 iHTaKTHOI rpynu TBapwuH), Aani — aue-
TificaniuMnoBa KMCNOTa Ta Me/IOKCUKam (BignosigHo Ha
56% Ta 41%). AHanoriyHa guHamika HM33 6yna BcTaHoB-
JIeHa TaKOX NpW AOCAIAKEHHI CTYyNeHO 3aranbHoi dpar-
meHTauii JHK.

Tabnuusa — NoBHoreHomHe meTuaoBaHHA OHK
(Mspl/Hpall) Ta ii pparmeHTauia y nimpoumrtax
KpOBi LWypiB Ha Thi TpuBanoro BeegeHHA HM33

Fpyna TBapuH Mspl/Hpall ®dparmeHTauia AHK
IHTaKT 51[3,2 6,4] 0,2[0,1 0,4]
IHA, 14 pHis 15,7 [11,3 17,8]* 1,1[0,7 1,3]*
Ack, 14 gHiB 11,4[9,3 14,7 1* 0,8[0,64 1,0]*
Mkc, 14 pHis 8,6 [6,4 10,2]* 0,5[0,35 0,62]*

Mpumitka: *- p<0,05 No BiAHOLWEHHIO A0 IHTAaKTHOI rPYNuY TBapmH.

BctaHoBneHa Hamu 3gatHictb HM33 BnamBaTn Ha
npouecn metuntoBaHHA AHK, geskoto mipoto nigreep-
OXKYE NPUNYLLEHHA HU3KM AOCNIAHUKIB, LLOAO0 HAABHOC-
Ti y HM33 enireHeTMYHOro mexaHiamy ix HebarkaHux no-
6iuHMX edekTiB.

MeTuntosaHHAa AHK perynioetbca cimencreom dep-
meHTiB AHK-meTuntpaHcdepas (DNMTs), 3 aAkux DNMT1
metuntoe OHK nig yac pennikauii, DNMT3A i DNMT3B
BUKOHYIOTb MeTutoBaHHA de novo, a DNMT3L, y
CBOIO 4epry, BiANoBigae 3a 3B’A3yBaHHA nepepaxoBa-
HUX MeTunTpaHcdepas 3 AOHOPOM METUBLHOI rpynu-
S-apeHo3un-L-meTioHMHOM. ICHYE 2 OCHOBHI MeXxaHi3mu
enireHeTUYHOI perynaAujii TpPaHCKpUNuii 3a JONOMOroto
meTtuntoBaHHA JHK: npamuii Ta onocepenKkoBaHuii. Mpsa-
MU MeXaHi3M Aji rpyHTYETbCA HA CTEPUYHIN NepeLlKoai
METUNbHUX rpyn B3aemogii AHK 3 TpaHcKpunuiiHumm
dakTopamu. Y pasi onocepefKOBaHOr0O MexaHiamy me-
TUNbOBaHI 061acTi B3aEMOiOTb 3 METUA3B’A3YoUMMHN
6inkamn (methylbinding proteins, MBPs) MeCP-1 Ta
MeCP-2, aki npueaHytotbca go AHK. MeCP-1 ctepuy-
HO 6/10Kye 3B’A3yBaHHA JHK i3 TpaHCKpuNuiiHMm ana-
paTom, Wo Beae Ao penpecii TpaHckpunuii [6, 8, 10].
MeCP-2, y cBOO Yepry, peKpyTye riCTOHOBI AeaueTnnasm
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(histone deacetylases, HDACs) cnifbHO 3 TpaHCKpUNL,in-
HUMW KOpenpecopamu, Lo NPU3BOAUTb A0 YLLiNbHEH-
HA CTPYKTYPU XPOMATUHY Ta penpecii TpaHcKpuny,ii, Wwo
npusBoguTb A0 dparmeHTauii HK.

BuweonucaHi moneKkynAapHi npouecn npu3BoaATb
[0 MOPYLWEeHH:A eKCnpeciiHoi/6iNKOCUHTETUYHOI bYHK-
Lii reHis, LLO MOXKe NPU3BECTU 40 FEHOMHOI HecTabinb-
HOCTi, @ TaKOX NOpYLUEHHA npouecis nponidepadii Ta
andepeHLuitoBaHHA KNiTUH. HM3Kol gocnigxeHb noka-
3aHO, Wo HM33 34aTHi BUKIMKATM OHKONOTIYHI 3aXBOPIO-
BaHHA LUJYHKOBO-KMLLKOBOIO TPAKTy Npu ix Tpueasiomy
3aCTOCyBaHHi. byB BCTAaHOBNEHWI enireHETUYHWUI BNAMB
HM33 Ha reHu, Wo peryntooTb KAITUHHUI LMKA WAYHKa
(CDH1, MHL1), a Takox KuweyHuka (SEPT9, APC). Bigo-
MO WWo, reH SEPT9 Koaye cuHTes b6inka septin- 9. Me-
TumoBaHHA OHK uboro reHa NpunNUHAE MOro akTUBHY
poboTy i «BUMMKAE» cMHTe3 Bislka-cynpecopa pakoBoro
3pocTaHHA. MowKoaKeHHA ekcnpecii reHa SEPT9 acoui-
MoBaHe 3 PO3BMTKOM KosopeKTanbHoro paky (KPP) [8,
10]. HasABHicTb B KpOBi HEAKTUMBHOrO reHa-cynpecopa
PaKOBOI MYX/IMHM CBIAYMTb NPO NPOLLECU PO3BUTKY MyX-
NIMHKU B KULLEYHUKY, Bigobpaskae Taki nogii sk nponide-
pauis KniTWH i aHrioreHesy B nyxauHi [11]. Kpim Toro,

HaWMMKU nonepeaHiMmn AOCNigKeHHAMMN ByB BCTAHOB-
neHui BiporigHuii MMP onocepenKoBaHUI MeXaHi3m
nobiyHoi aji HM33, 3a paxyHOK 3MiHWM EKCPECcUBHOI aK-
TUMBHOCTI TeHiB, LLO KOAYIOTb CUHTE3 MAaTPUKCHUX MeTa-
nonpoTeiHas, 36inbleHHA iX KOHUEHTpPAL,T Ta X yyYacTi y
[erpagauii No3akNiTMHHOTO MaTPUKCY.

BucHoBKM.

TakKMM YMHOM, NPOBEAEHMMMU HaMU eKCnepumeH-
TalbHUMWU  JOCNigKeHHAMU Oyna BCTAaHOBNAEHa 34aT-
HicTb HM33 npu ix TpuBanomy BBeAeHHi 36inbliyBaTH
NoBHOreHoMHe MeTuntoBaHHA AHK Ta iHTeHcuikyBa-
TV npouecu ix ¢pparmeHTalii. Hanbinbw BUparKeHUMM
epektamu BonoaiB iHaomeTaumH (36inbweHHa Mspl/
Hpall Ha 99%; ¢parmenTayii AHK — Ha 90% no BigHO-
LWEHHIO A0 iHTAKTY).

MepcnekTMBM NOAANBLUNX [OCANIAMKEHD.

BpaxoBytoun BcTaHoBAeHi edektu HM33 wopo ix
34aTHOCTI MiABMLLYBATM pPiBEHb NMOBHOrEHOMHOMO Me-
TuntoBaHHA AHK Ta ix ¢dprmeHTauii, nepcnekTMBHUM
HaNpPAMOM € BMBYEHHSA PiBHA METU/IIOBAHHA TeHiB, WO
perynoTb KAITUHHUIA LMKA wayHka (CDH1, MHL1) Ta
KuweyHunka (SEPTY, APC), a TaKOX BMBYEHHS IX eKcnpe-
CUBHOI/BiINOKCUHTETYI0HOT PYHKLT.
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BMN/UB TPUBANOIO BBEAEHHA HECTEPOIAHUX MPOTU3AMA/IbHUX 3ACOBIB HA PIBEHb NOBHOTEHOMHO-
ro METUFOBAHHA AHK TA 1T ®PATMEHTALIIT Y LLIYPIB

bypnaka K. A.

Pe3stome. EnireHeTUKa — Lie pPO3A4in reHEeTUKM, O BUBYEHHI CNAaAKOBMX 3MiH B aKTUBHOCTI abo dyHKL,ii reHis, aKi He
nos’A3aHi 3 6yab-AKo 3MiHOO camoi nocnigosHocTi AHK. Xoya NpakTUUYHO BCi KNITUHW OPraHi3aMy mMicTATb O4HAKOBY
reHeTU4Hy iHpopmaL,ito, ane He BCi FeHN eKCNPecyrTbCAa OAHOYACHO Y BCiX TUMAX KAITUH. Y Bifbll LUMPOKOMY CEHCI
enireHeTUYHi MexaHi3Mn onocepeaKoBYHOTb Pi3HOMAHITHI Npodini ekcnpecii reHiB y Pi3HUX KAITUHAX i TKAHUHaX
6araTOKNITUHHUX OpraHiamMiB. 3a OCTaHHI POKM crnocTepiraeTbcsa BYpxMBE 3pOCTaHHA enireHeTUYHUX AOCNIAMKEHD,
noB’s3aHe 3 PO3BUTKOM HOBUX MONEKYAAPHUX i LUTONOTMYHUX nigxoais. MpoTe, OCHOBHI dyHAAMEHTaNbHI cro-
CTEPEXKEHHA MOB’A3aHI 3 BUBYEHHAM MNpoLeciB gudbepeHLitoBaHHA Y po3BUTKY. OCTaHHIMKU JoChigXeHHAMMU Byno
BCTQHOB/IEHO, L0 XiMIYHI CMONYKN MOXKYTb MaTW enireHeTUYHUI BNAMB, TOBTO BNAMBATU Ha aKTUBHICTb eKkcnpecii
NeBHUX reHis. A HalluacTile, ue NoB’A3aHo 3 /IIAbMU AKI MatoTb XPOHiYHi 3aXBOPHOBaHHSA, TOMY LLLO BOHWU BUMYLLEHI
33CTOCOBYBATU /liKAPCbKi 3aC0OM TPMBANO, 3 METOK NOKPALLLEHHA AKOCTI XUTTA. Bigomo, o TpmMBannii npuinom He-
CTepoigHUX NpoTU3ananbHUX NikapcbKmx 3acobis (HM33) npMBoaAUTb A0 YTBOPEHHSA €POo3ill, BUPA30K i OHKOMOTYHMX
3aXBOPHOBAHb LUYHKA Ta KMLLEYHWUKA. BUCNOBAOETHCA NPUNYLLEHHSA, WO NobiuHi edeKTM € He TiIbKU pe3ynbTaTom
NOLUKOAMKEHHA CNM30BOI 060/10HKM Nig Bnansom HIM33, ane i moxamnsmum snamsom HIM33 Ha reHu, AKi peryntooTb
KNITUHHUIA LMKA, 0COBIMBO NpU IX TPMBANOMY 3aCTOCYBaHHi.

Y pocnigxeHHAX 6ynn BUKopucTaHi 60 LWypiB-camui, AKi 6yan posnogineHi Ha YoTupu rpynu no 15 TBapwH,
KOTPMM BBOAWAN WOAEHHO Y NpoaoBX 3 micauis HM33: 1-a — KoHTponbHa (KI), po3umH HaTpito xnopuay 0,9%, 2-ra
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— Wypu, KOTPUM BBOAWIM iHAOMETAUMH, 3-A — Wypu, KOTPUM BBOAWIM aLEeTUACaNiUUA0BY KUCAOTY Ta 4-a rpyna —
LLYPW, KOTPUM BBOAUAN MeNOKCUKam. Tpusane npusHayveHHa Bcix HM33 npu3soamno Ao cTaTMCTUYHO BiporiaHOro
36iNblLIEeHHA NOBHOreHOMHOro metuatoBaHHA [HK Ta go iHTeHcudiKauii npouecis ii pparmeHTaLii. Barki1mMBo 3a3Ha-
YUTM, LLO 3a CTYNEHEM enireHeTUYHOro BNAMBY, Aia AocniaxKyBaHux HM33 6yna pi3HOro ctyneHsa BUParKEHOCTI.

HalbinbLw BUparkeHMMmM edbeKkTamm BoNoAiB iHAoMeTauuH (36inbleHHa Mspl/Hpall Ha 99%; dparmenTauii AHK
— Ha 90% no BigHOLWEHHIO A0 iHTaKTy). BpaxoBytoun BcTaHoBAeHi edekTn HIM33, woao ix 3gaTtHoCTi niasuulyBa-
TW piBEHb NOBHOrEHOMHOro MeTuatoBaHHA OHK Ta ix pprmeHTauii, nepcnekTMBHUM HaNPAMOM € BUBYEHHS PiBHSA
METUIOBAHHA reHiB, WO PEry/ooTb KAITUHHUIA LMKA WAYHKA Ta KULWEYHMKA, @ TaKOXK BUBYEHHS X eKCnpecuBHOI/
BiNOKCUHTETYIOYOT DYHKLT.

Kniouosi cnosa: metuntoBaHHA AHK, enireHeTuKa, yabLieporeHHa 4isi, HecTepoigHi NPoTM3anasbHi NiKapcbki 3a-
cobwu.

INFLUENCE OF LONG-TERM ADMINISTRATION OF NON-STEROIDAL ANTI-INFLAMMATORY DRUGS ON THE
LEVEL OF WHOLE GENOME DNA METHYLATION AND ITS FRAGMENTATION IN RATS

Burlaka K. A.

Abstract. Epigenetics is the branch of genetics concerned with the study of inherited changes in the activity or
function of genes that are not associated with any change in the DNA sequence itself. Although almost all cells of
the body contain the same genetic information, not all genes are expressing simultaneously in all cell types. More
broadly, epigenetic mechanisms mediate different gene expression patterns in different cells and tissues of multicel-
lular organisms. In recent years, there has been a rapid growth in epigenetic research associated with the develop-
ment of new molecular and cytological approaches. However, the main fundamental observations are connecting
with the study of the processes of differentiation in development. Recent studies have found that chemical com-
pounds can have an epigenetic effect, that is, affect the activity of the expression of certain genes. And most often
this is due to people who have chronic diseases, because they are forced to use drugs for a long time, in order to
improve the quality of life. It is known that long-term use of non-steroidal anti-inflammatory drugs (NSAIDs) leads to
the formation of erosions, ulcers and oncological diseases of the stomach and intestines. It has been suggested that
side effects are not only the result of mucosal damage under the influence of NSAIDs, but also the possible effect of
NSAIDs on genes that regulate the cell cycle, especially with their long-term use.

In the studies, 60 male rats were used, which were divided into four groups of 15 animals, which were admin-
istered daily for 3 months with NSAIDs: 1st — control (CG), sodium chloride solution 0.9%, 2nd — rats , which were
injected with indomethacin, the 3rd group — rats that were injected with acetylsalicylic acid and the 4th group —rats
that were injected with meloxicam. Long-term administration of all NSAIDs led to a statistically probable increase
in whole-genome DNA methylation and intensification of its fragmentation processes. It is important to note that
according to the degree of epigenetic impact, the effect of the studied NSAIDs was of varying severity.

Indomethacin had the most pronounced effects (an increase in Mspl/Hpall by 99%; DNA fragmentation by 90%
relative to intact). Considering the established effects of NSAIDs, in terms of their ability to increase the level of
genome-wide DNA methylation and their fragmentation, a promising direction is to study the level of methylation
of genes that regulate the cell cycle of the stomach and intestines, as well as to study their expressive/biloxin-
synthesizing function.

Key words: DNA methylation, epigenetics, ulcerogenic effect, non-steroidal anti-inflammatory drugs.
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