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PE3IOME

Pocr pacnpocTpaHeHHOCTH apTePUAABHON TMIIEPTOHNH/ TUIIePTeH3UH (AI‘) B ITONYAAITUAX, HEAOCTATOYHAsA 3P PEeKTUBHOCTD A€USHN,
HEOOXOAMMOCTD CTPATUPUKAIINY PUCKOB, TPOPUAAKTHKH, PAHHEH AUATHOCTUKH 1 3 PeKTHBHOTO A€UeHHS aKTYaAU3UPYIOT T€HOMHBIE
HCCACAOBAHHS AASL Pa3pabOTKHU [TepCOHAAUBHPOBAHHOTO TePaleBTUIeCKOro moaxoaa kK Al B 0630pe HccAeAyrOTCsI BOSMOXKHbIE TeHe-
THYEeCKU AeTepPMHUHHMPOBAHHbIE MeXaHHU3MbI pa3BUTUSI Al' 1 9HAOTEAHAABPHOM AUCPYHKIIHH, OOYCAOBACHHbIE IIOAUMOPPHU3MOM I'€HOB
9HAOTEAMAABHOM CHHTA3bl OKHCH a30Ta (eNOS) u pepmenTos ¢pa3 I u I cucTemsr pAeTokcHKaLuK KCeHOOHOTHKOB. ObCy)KAaeTCS BEpO-
SITHOE B3aHMOAEHCTBHE 00eHX CHCTeM IIPH BO3AEHCTBIU BPEAHBIX 9KOAOTMYECKUX (aKTOPOB, B TOM UKCAE TAOAKOKYpPEHHS, U B TecTa-
moHHOM Hepuoae. IIpeasaraeTcs usydarb reHs-KaHAUAATHL Al' B cHcCTeMe A€TOKCHKAIIMU KCEHOOHOTHKOB, HOCUTEABCTBO Pa3AUY-
HBIX BAPUAHTOB KOTOPBIX MOXET OIIPEAEASTh YYBCTBHTEABHOCTb AHMOO Pe3HUCTEHTHOCTb K aHTUTHUIIEPTEH3HUBHON (apMaKOoTepaluy,
9TO MOXKET OBITh IIOAE3HO AAS Pa3pabOTKHU IEPCOHAAU3UPOBAHHOM TAKTUKU BeAeHUSI 60AbHBIX Al
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SUMMARY

The increase in the prevalence of arterial hypertension (AH) in populations, ineffective treatment, the need for risk stratification,
prevention, early diagnosis and successful treatment, actualize genomic studies to develop a personalized therapeutic approach to AH.
The review investigates the possible genetically determined mechanisms of the development of hypertension and endothelial dys-
function caused by polymorphism of the genes of endothelial nitric oxide synthase (eNOS) and enzymes of phases I and II of the xe-
nobiotics detoxification system. The probable interaction of both systems under the influence of harmful environmental factors,
including tobacco smoking, and in the gestational period is discussed. It is proposed to study AH candidate genes in the xenobiotics
detoxification system, the carriage of different variants of which can determine the sensitivity or resistance to antihypertensive phar-
macotherapy, which can be useful for developing of the personalized tactics of managing patients with AH.

prepuasbHas runeprensus (Al) sBAsieTcsS OAHHM
Ans BaxHeHmux OP pasBuTHA B IporpeccHpoBaHUA
CC3. ITo AaHHBIM ITOCACAHETO AIMUAEMHOAOTHYECKOTO HUCCAL-
aoBaHna «Onupemuosorus CC3 B permonax Poccuiickoi
Depeparyn > (3CCE-P®), yacToTa AaHHOTO 3a60AeBaHHS
cocrasasiet 43,5% (45,4% cpean myxunn u 41,6% cpeau
xeHmuH) [1]. AKTyaAbHOCTb HCCAGAOBAHHMS TATOTeHeTHYe-
ckux MexaHusMoB A’ xak armosorumyeckoro ¢axropa CC3
00ycAOBAEHA OTCYTCTBHEM SICHOCTH 9THOIATOTeHe3a, KpUTe-
pHeB paHHeH AMATHOCTUKY U 3P PeKTUBHBIX AeKAPCTBEHHBIX

cpeAcTB, no3soasiomux kouTpoauposars Al [2]. CC3 saBas-
IOTCSI CEpPbe3HOH YTPO30H AASL 3A0POBbS U KU3HH YEAOBEKa
Ha INPOTSDKEHHU MHOTHUX AeT, 3AaHHUMasl IlepBoe MeCTO B MUpe
cpeau mpuuuH cMepTHOCTH. Passutuio CC3 crocobceTByer
MHOXecTBO OP. Cpeant HUX HeMAaAOBa)KHOE 3HAYEHUE UMeeT
TabakokypeHnre. IToka3aHo, 4TO AKTHBHOE HAM NACCHBHOE
KypeHHe curaper yBeanunBaeT puck MIM u BHesanHo# cep-
A€UHOI CMepTH, a Takxke Tpomb603a U aTepockaeposa [3-5].
ITo aarrBIM BO3, B Mupe B cpepHEM KaXkAble BOCEMb CEKYHA
YMHpaeT OAMH YeAOBeK OT 3a00AeBaHMII, CBSI3aHHBIX C Kype-
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HUeM Tabaka, a eXXEerOAHO 10 3TOJ IPUYMHE YMHPAIOT S MHA-
AuOHOB deaoBeK. Ilo panHBIM Munsapasa PO, B Poccuu
kypur 40% HaceAeHUS CTPaHbI, a B CTPYKTYPe CMEPTHOCTHU
6OAe3HH CHCTeMBI KPOBOOOpalljeHHs], CBS3aHHbIE C KypeHH-
eM, 3aHHMMAIOT IIepBOe MeCTO (53,2%). C 2000 ropa HabAw-
AQeTCS TeHACHIUS K COKPAIEHHIO YHCAQ KyPSIIUX My>XIUH
U YBEAHYEHUIO AOAHM KYpSIUX KeHIMH. «IIuk>» mprobmye-
HHUS K KYPEHHIO Y AeBOYEK IPHUXOAMTCA Ha 13-14 aet, T.e.
Ha HAYaAO PEIPOAYKTUBHOTO BO3PACTa. Y KypsIUX bepeMeH-
HBIX JKEHIIMH, YFCAO KOTOPBIX COCTaBAsIeT 0K0AO 30%, MOxKeT
pasBurbcst AI' — mpesKAaMIICHs / 9KAAMIICHSI, IeCTALHOHHAsI
TUIIePTeH3Us] U XpoHmdeckas rumepreHsua. Al sBagercs
OCHOBHOI1 IPUYMHOMN MaTePUHCKON CMEPTHOCTH [ 6], a Takke
IIOBBIIIAET PUCK HEOAATOIIPHATHOIO TedeHNs GepeMeHHOCTH,
HHCYABTOB, KDOBOU3AMSHHI B IIAQLIEHTY, IPEXKAEBPEMEHHOTO
IpepbIBaHis OepeMeHHOCTH, Pa3BUTHS TUIIEPTPOHHU MAOAR,
OTpaHMYEHHs] POCTA [IAOAQ, HU3KOTO Beca peOeHKa IIPU POX-
AEHUH, BHE3AIMHOTO CHHAPOMA AETCKOM CMePTH M BO3HUKHO-
BeHHUS IIPOOAeM B PA3BUTHU HEPBHON CHUCTEMBI, PUCKE OXKHU-
peHusI, THIIEPTOHNH, AHabeTa, HapylIeHHsT QYHKIIUH ACTKUX,
actmsl [7].

Tabakokypenue BbI3biBaeT xapakrepHyio aas CC3 anp0-
TeanasbHyto auchynkumio (JA). CymectByer ueTkas Kop-
peasnus MexAy DA, Ipu KOTOPOH HAPYIIAETCS SHAOTEAUAAD-
HBII TOMEOCTA3, ¥ PA3BUTHEM U IIPOTPECCHPOBAHKEM MHOTUX
CC3. Mexanuswms! passutist Al' u DA pasnoobpasusr. O630p
HOCBSIIEeH HCCAEAOBAHHAM ITATOreHeTUIeCKUX MexaHu3MoB Al
CBSI3AHHBIX C '€HETHYECKUM IIOAUMOP(HUIMOM ABYX CHCTEM —
NOS3 (reH SHAOTeAHAABHOI CHHTA3bI OKHCH a30Ta) — 3aBUCH-
MOTO S9HAOTEAMAABHOTO FOMEO0CTA3a U CUCTEMBI AeTOKCHKAIIUK
kcenobnoruxos (CAK).

NOS3-3aBucumbiit MexaHu3M pa3BuTHa AT

OAHOI U3 COCTABASIIOIUX SHAOTEAMAABHOTO IOMEOCTa3a
SIBASIETCSI OAAQHC MEXKAY BBIPAOOTKON S9HAOTEANEM COCYAOPAC-
mupsomux (PeAAKCHPYIOMNX) U COCYAOCYKMBAIOIUX (KOH-
TPaKTUPYIOIUX) Cy6CTaHLuML, OAAepXuBaomuit AA B HOp-
Me. [IpoayniupyeMble sSHAOTeAHEM peAaKCHpYIOIHe GpaKTOpbI
(Endothelium-Derived Relaxing Factors, EDRFs) Bxatoda-
10T okcup a3ota (NO), MpOCTAMKAMH ¥ TUIEPIIOASPH3YIO-
muit pakrop (Endothelium-Derived Hyperpolarizing Factor,
EDHF), KOTOpble UrPaloT KAIOYEBYIO POAb B PETYASIIHH COCY-
aucroro ToHyca. HepocraTtounocts npopykimu EDRFs npu-
BOAHT K HapYIIEHUIO 9HAOTEAMI3aBHCHMOH Ba3OpeAaKCaIluH
uan JA. AoxasareabctBo cymectBoBanus EDRF 6b1a0 moay-
gero Furchgott RF ¢ coasr. B 1980 r. [8], koTopbie mokasanwy,
YTO pPeAAKCallMsi M AMAATALNS COCYAOB IIPU BO3AEHCTBHHU
AIIeTUAXOAMHA TIPOMCXOASIT TOABKO B IIPUCYTCTBHU IHAO-
TEAHAABHBIX KAETOK, IIPOAYIIMPYIOIUX HeKHil $pakTop, pac-
CAAOASIIOIIUI TAAAKYIO MYCKYAATypy cocyaoB. OCHOBHBIM
EDRF B macrosmee Bpems cuutaerci NO, oT xoToporo
NpeNMYIIeCTBEHHO 3aBUCHUT BAa3OPEAAKCAIMA B YCAOBHSAX
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AT [9, 10]. NO - papukaa, BBICBOGOXAQEMDIiT IPH KATaAK3e
sHpoTeanarsHoit NO-cuntasoit (eNOS) peaxuun npespame-
Hus L-aprununa 8 L-niutpyasun B sap0oTeanonuTax. NO cso-
60AHO APPYHAUPYET B COCEAHHE KAETKH TAAAKOM MYCKYAATY-
PBI, paccAabAsieT MX aKTHBALHel MeTabOAMYECKOTO ITyTH, IPHU-
BOASIIEro K AepocGOpHANPOBAHIIO MHO3MHA TAAAKHMX MBIIII],
OTMeHe KOHTPAaKLJUM COKPaTHTEABHOTO AIIIIApaTa M IIOCAEAY-
romeit Basopeaakcanuu [ 10]. Hapymenue nponeccos Basoau-
Aaranuu IpuBOAUT K Al 4TO GBIAO MTOKA3aHO B KAMHHYECKUX
HaOAIOAEHISIX U 9KCIIEPHMEHTAABHO, a CHIDKEHHe aKTHBHOCTH
EDRFs MOXeT MHULUHPOBATh AUOO BHOCHUTD CYIjeCTBEHHBIH
BKAAA B pa3BUTHe TAKHX 3a00AeBaHuMi, Kak Al Bazocmasm, cem-
TUMECKHI MOK, TOKCeMUS 1 aTepockaepos [11].

Ha ceropHSIIHMII AeHb XOpOIIO HM3BECTHO, 4TO IIaTOTe-
Hes Al CBS3aH C OHIDKEHHO! poAyKuueit (6rosormeckoit
aKTUBHOCTBIO, 6uopocTymHocTbio) NO. Ilpu  pusuosoru-
veckoi 6epeMeHHOCTH BbIpaboTka NO B 3HAOTEAHAABHBIX
KAETKAX MOBBIIIAETCS, YTO CIIOCOOCTBYeT PeAaKCaljuy U Ba3o-
aunatanyy. Ilo sxcreprMeHTaAbHBIM AQHHBIM, YMeHbBIIECHHE
cunresa NO y 6epemeHHbIX KpbIC Bhi3biBaeT Al mporenHyprio,
TPOMOOLMTONEHHIO U 3aAePKKy pocTa maopa [12]. Takum
o6pazom, Al' i B reCTAIIMOHHOM IIEPUOAE MOXKET PacCMATPHU-
BaTbCs, KaK IpOsBA€HUE AMCQYHKIIMH 9HAOTEAUAABHBIX KAe-
TOK IIpH cHrkeHnH yposHa NO.

AxruBHocTh cuHTe3a NO cBf3aHa ¢ HOAMMOpPH3MOM
xopupyromero eNOS resa NOS3, KoTOpbIit 3aHHIMaeT AOKyC
7q36.1 [13], nporsskennocts mpumepro 21 kb, copepxur
26 9x30HOB M 25 MHTPOHOB, KopupyeT mRNA, cocTosmryo
us 4052 Hyxaeotupos [14]. B NOS3 npenrnduumposano
MHOXECTBO OAHOHYKACOTHAHBIX MTOAUMOP(QU3MOB, B TOM UFHC-
ae 152070744 (-786T>C), rs3918227, 151800779 A(-922)G,
153918226 C(-690)T, 151799983 (894G>T, Glu298Asp)
[https://alfred. med.yale.edu/alfred/recordinfo. asp?condition
=loci. locus_uid =%27L0000594S], HekoTOpbIe U3 KOTOPBIX
CBSI3aHBI C M3MeHeHHeM akTHBHOCTH ¢epmenTa eNOS. Tak,
XOPOIIO U3YYeHHbIN HAXOASIIUFICS B 9K30He 7 IOAUMOPPHU3M
rs1799983 mpu HykaeoTupHO# 3aMeHe 894G-T mosbimaer
YyBCTBUTEABHOCTb PEPMEHTA K ACTPAAALIUH, BCACACTBHE YeTo
€ro MOAMIIENITUAHAS I1eTb, COAePIKAIasl aCIapTaT BMECTO TAY-
TamMaTa B nosunuu 298, pacmenaserca Ha N-TepMUHaAbHbIN
35-kDa u C-repmunaapmpiii 100-kDa dparmentsr [15].
B pesyabTare akTHBHOCTh epMeHTa y reTepo- U MyTaHTHBIX
TOMO3HIOT CHIDKAETCS, YTO NPUBOAUT K YMEHDBIIEHHIO IIPO-
aykuun sHA0TeArarbHOro NO [16]. OpHako peHOTHIMYECKH
rs1799983 MoxxeT MpOSBAATHCS HEOAHO3HAYHO U He y Bcex
3THOCOB. TaK, HOCHTEABCTBO MYTAaHTHOTO aaAeAas Asp298
acconuuposado ¢ MBC y sroHues, HO He y aBCTpaAHiIleB
[17], aaseap Glu298 yseanmamsaer puck Al cpeau adpoame-
PHIKaHIIeB, HO He y KaBKasues [18], a y 6puranues romosu-
FOTHBIN TeHOTHUII IO aAAeAro Asp298 mpeppacroAaraer K pas-
BUTHIO aTePOCKAEPO3a KOpPOHApHOH aprepuu u MM [19].
B momyasimsax Tepmanuu noanmopdusm Glu298Asp cpszan
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C yCHA€HHEM PHCKA Pa3BUTHS HIIEMUYECKOTO MHCYAbTA He3a-
BUCHMO OT BO3PACTa, IIOAQ, HAAWYMS THIIEPTOHUHM, AHabeTa
u runepxoaecrepuremut [ 20]. Hocureabctso anseast Asp298
moxeT 6b1Tb QP passurusa Al' i Bo BpeMms: 6epeMeHHOCTH, T. K.
HalAEHO, YTO 4aCTOTA BCTPEYAEMOCTH IeTePO- U TOMO3UIOT
II0 AQHHOMY AAA€AI0 B 2 pa3a Bbllle y OepeMeHHbIX SIIOHOK
c AT (0,23), uem B xouTpoae (0,12) (p <0,01) [21].

IIporHocTyeckuM (aKTOPOM Pa3BUTUS KOPOHAPHOTO
CIla3Ma SIBASIETCSI MyTAaHTHBIH aAA€Ab APYTOTO IMOAUMOP(HOTO
aoxyca NOS3, - 786T>C, (rs2070744), Haxopsmerocs B mpo-
MOTOpHOM 06AacTu reHa. HocureAbcTBO MyTaHTHOTO BapHaH-
Ta CHIDKAET IPOMOTOPHYIO akTuBHOCTb NOS3 m Tpanckpun-
muto nPHK, uro npusopur kx ymenpmenmo cuaresa eNOS g,
COOTBETCTBEHHO, IPOAYKIIHHU d9HAOTeAraAbHOTO NO, passuTuio
naroaoruu [22]. Béabmas 9actora mytanTHOro reroruna CC
9TOTO MOAUMOPU3MA CPEAU MALMEHTOB C dCCeHIMaAbHOI Al
B CPaBHEHHH C KOHTpoAeM obHapysxeHa B momyasnuu CypaHa
[23]. BbA0 TIOKA3aHO TaKKe, YTO TAMAOTHIIbI, O6PA3OBaHHbIE
YKa3aHHBIMH BBIIIe IIOAMMOP$HU3MAMHU U TAHAEMHBIMH IIOBTOPA-
mu (-786T->C, TaHAeMHbBIe TOBTOPDL B UHTPOHE 4 1 894G~T),
cBssansI ¢ recranuonHoi Al u mpeskaammcueit [24].

Pe3yAbTaThl 9KCIEPUMEHTOB YCIIEIIHO AOIIOAHHMAM KAH-
Huyeckue uccaeposanus. HoxayT rena eNOS y mpimeit nmpu-
BOAMA K rurepreHsun [25], ocaabAeHHOI BacKyAspU3anuu
[26], B To Bpems Kak nosbunenue yposas NO mocae A0kaab-
HOT'O BOCCTAHOBA€HMSI 9TOTO I'eHa YAYYIIAAO YHKIIUIO IHAO-
TeAUS M HHAYLUPOBAAO perpecc aTepoCKAepOTHYECKHX
nopaxenuit [27].

Takum 06pa3oM, BbIIBACHHBIE IIOAUMOPQHbIE YIACTKH I'eHa
NOS3, Bamsomme Ha npopykimo NO 9HAOTeAMAABHBIMU
KAETKaMH, MOTYT ObITh BoBAeueHs! B raTorene3 CC3.

CAK - 3aBucumbiii MexaHu3M pa3BuTHa AT

B axcriepuMenTe 6HIAO OTMEYEHO, YTO 3aBUCHMBIL OT reTe-
posurorHoro Bapuanra eNOS** pepuuuT 9HAOTEAHAADB-
Hoit NO-cuHTa3bl y GepeMeHHBIX MbIlIell MOXXET He BAHATDH
Ha QYHKIMOHMPOBAHHE d9HAOTEAUS. APYTUMH CAOBaMH, CyIIie-
CTBYeT HMHOM MeEXaHH3M, cnoco6CTBy}omm71 MTOAAEPKAHHUIO
AKTUBHOCTH OHAOTEAUS IPH YaCTHYHOM HMAM TIOAHOM Aedek-
e rena eNOS [28], koTopbIit MOKET GbITh ACTEPMHHMPOBaH
MHBIMYU I'eHaMH 1 $pakTopaMu. F3BecTHO, YTO IIpy MOBBIIIEHUH
TIIPOAYKIIUH CBOOOAHBIX PAAMKAAOB U PEAKTHBHBIX GOPM KIHC-
aopoaa (Reactive oxygen species — ROS) BcaeacTBue OkHc-
Aernst uMu NO 6HOAOCTYIIHOCTb ITOCAEAHETO B COCYAMCTOM
creHke ocaabasiercs. [Tokasano, uro mpoaykuus ROS ycuan-
Baercs pu ATl [29], 2 aHTHOKCHAQHTBI yAYHIIAOT COCYAHCTYIO
dynxumio n Hopmaausyor AA [30]. Ilpu 6epemennocTy reHe-
pauust ROS Taioxe yBeamdmBaeTcst, a 6epeMeHHOCTb MOXKET
IIPEACTaBAATh COOOM COCTOSIHME OKMCAMTEABHOTO CTpecca
¥M3-32 AKTHBH3AI[MH META0OAM3MA MaTepPU M MeTAOOAMYECKON
akruBHOCTH TAaneHTs! [31]. ITpu HOpMaAbHO mpoTeKaromeit
bepemennocTu mpopykuus ROS ypasHOBemmBaeTcss Heob-
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XOAUMBIM HAaAMYHeM aHTHOKCHUAAHTOB. [Tpu AI' obmast aHTH-
OKCHAAQHTHAS aKTHBHOCTD CBIBOPOTKU KPOBH CHIDKEHA B CPaB-
HEHUH C HOPMAABHOI OepeMEeHHOCTBIO, YTO YCHAMBAET AKTUB-
HOCcTh ROS.

Cpeau pepmenToB, criocobHbix renepuposars ROS 1 uuru-
6uposars NO, omnpepeaenst nuroxpomsl P450 (CYP450),
mpookcupanTHele ¢pepmentsl ¢asel I CAK, Mopyaupyro-
IMe KaK COCYAHCTBI TOHYC, TaK M 9HAOTEAHAABHBIN rOMeO-
cras [32]. Meta6oauts cy6crpatos CYP450 cioco6ersyror
auaaranuy, sapucsmedt or EDHE, koTopsiit MoxeT aAeiicTBo-
BaTb KaK pPe3epBHASI CHCTEMa, IOAACPXKUBAIOMAs] GYHKIIMOHH-
pOBaHMe 9HAOTEAUS B CUTYALMSIX, CBS3AHHBIX CO CHIDKEHHOM
ouopocrynrocrsio NO. EDHF ocymecrBasier a¢pdekT perax-
CalluM 3HAOTEAMS dYepe3 THUIIePIIOASPUIAIMI0 IHAOTEAHUAAD-
HBIX U TAAAKOMBIIIEYHBIX KACTOK 1 OAOKHPOBAHIE KAABIIHEBBIX
KaHAAOB, YTO IIPHBOANT K Basopnaaranmy [ 33].

ITokazano, yto CYP450, BAusromue Ha QyHKIMIO COCY-
AOB, OTHOCATCS K Pa3AMYHBIM CeMEHCTBAM IIUTOXPOMOB — 4A,
2B, 2C, 2] u pAp. Cemeticto nuroxpomos CYP4A urpaer 3Ha-
anmyio poas B mosbunernn AA [34]. Uurn6utopsr CYP4A
MOAABASIIOT QHTHOTeHHble peakyun [35], Toraa xkak CYP2C9
MrpaeT BaXHYI POAb B aHrMoreHese [36]. YcraHOBA€HO,
4TO ITOBBIIIEHHAs AKTHBHOCTD U aKcnpeccuss CYP1B1 B aHpO-
TEAHM Y CAMOK MBIIIefi MMeeT pellaioliee 3HAYeHHe AAs 0be-
CIIe4eHHUs] YCTOMIMBOCTHU K pasBuTuio Al' M CBSI3aHHBIX ¢ Hel
CEPAEYHO-COCYAUCTBIX IATOPUBNOAOTHIECKUX 3P PexToB [37].
CYP2C19 Taxxe SKCIIPeCCHPYETCS B COCYAHCTOM SHAOTEAUH
U MeTab0AM3HpPYeT APaXUAOHOBYIO KHCAOTY AO OHoAorude-
CKM aKTHBHBIX 9IIOKCHIKOCATPUEHOBBIX KHCAOT (EET), xoro-
pbIe Y9acTBYIOT B PETyASIIMU COCYAHCTOro ToHyca. [loxasano,
uto AT cBsi3aHa ¢ aareseM A u rerotunom AA (rs10509676)
B rede CYP2C19 yeaoBeka, ramaorun A-G 1o AByM HOAUMOD-
pusmam 1s10509676 u rs11568732 sBaserca OP, a ramaoTun
T-T moxer samumars ot passurust Al [38]. Tlosbimenue
axruBHOCTH CYP2E] Taroke BXOAUT B IIepedeHb [JeHTPAABHBIX
MeXaHU3MOB, AeXAIIUX B OCHOBE COCYAHCTOH AMCQYHKIMH,
HaripuMep, 1ipu Auabete [39]. NO uHrmbupyer karaanrtu-
veckyto axtusHocts CYP2E1 u dopmuposarme ROS [40].
CYP2C9 BbisiBAGH B 9HAOTEAUM aPTEPUOA CKEACTHBIX MBIIII]
y 3a0poBbx Aopeit [41]. Ero murnburop, cyapdadenasoa,
YCHAVIBAeT SHAOTCAMI3ABHCHMbIE Ba30AMAATATOPHbIE OTBe-
o1 y marpenTos ¢ IBC. 3ot adexT, mo-Bupnmomy, cBs3an
¢ yBeamdeHueM OuopoctymHocT NO BcaepcTBHe OcAabAeH-
HOIl TeHepallui PeaKIIMOHHOCIIOCOOHBIX BHAOB KHCAOPOAQ
B 9HAOTEAMAABHBIX KAeTKax. Murubuposanne CYP2C9 3Ha-
4uTeAbHO yAydaeT NO-0IOCpeAOBAHHYIO Ba30AMAATALMIO
32 CYeT OCAAOAECHUSI OKMCAMTEABHOTO CTpecca, T.e. SHAOTe-
amaapsbiit CYP2C9 cnocoOCTByeT HapyIEHUIO CHCTEMHOM
9HAOTEAHAAbHOH Ba3dOAUAATAIIMY Y ManueHToB ¢ IEC [42].

Haubosee msyuennsni CYP1Al Taioke aKcrpeccupyer-
cs1 B cocyaucToM sHpoTeann [43-45). Ero rumepaxcmpec-
cus cBsizaHa ¢ mpopykruein ROS, B ToM umcae cymepoxcua-
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Horo auuona (O, ) u nepekucu Bopopopa (H202) [46, 47].
O, MOXeT yMeHbIIATh SHAOTEAN3ABICHMYI0 Ba30AUAATALIHIO,
uHakTHBUPYS NO OKHCAeHHEM AO TIEPOKCHHHTPUTA, T. €. DA
xapakrepusyercst aucbasancom Mexay NO u ROS-mpo-
aykumeit [48]. TlokasaHo Ha MbImIAX, 9TO MHAYLMPOBAHHAS
2,3,7,8-Terpaxaopautenso-n-gnokcutom (TCDD) DA u AT
onocpeaytorcst CYP1A1 [49], yyacTBylomuM B CTHMyAHpPO-
BaHHOI TCDD npoayKImu cymepoKCcHAQ, PUBOASIIEH K IIATO-
soruu. TenomupIfl aHaAm3 mossoana otHectu reH CYPIAL
Kk AokycaMm, cBs3aHHbiM ¢ AT [SO]. YcranoBaeHo, uTo moau-
MOPQH3MBI ITOIO I'eHa, KOTOPbIEe YBEAHUHBAIOT €r0 6a30BYI0
U HMHAYLHOEABHYIO OKCIIPECCHIO, CBSI3aHBI C IOBBIMIEHHEM
AA [51]. DmmupeMHOAOTHMYECKHE HCCACAOBAHHS IMOKA3AAH,
YTO TaKUe 3arpsA3HUTEAU OKPYKaloIleHd CpeAbl, KaK AMOKCHH-
MOAOOHbBIE TaAOTeHHPOBAHHBIE APOMATHYECKHE YTAEBOAOPO-
Abl, K KOTOPBIM OTHOCSITCSI IOAUXAOPHPOBAHHbIE AHOEH30-II-
AMOKCHHBI, AUOeH30QypaHbl 1 OUPEHUABI, CTPYKTYPHO CXOA-
Hble ¢ Hauboaee MomHbIM coepurenneM, TCDD, asasromuecs
cy6crparamu aast CYP1A1, BesbiBator AT y weaosexa [ 52, 53].
OTU pe3yAbTaTbl XOPOIIO COOTHOCATCS C IKCIIEPHMEHTAaAb-
HBIMH AQHHBIMH. Tak, ocTpas MAM XpoHMYecKas obpaboTka
mpimest TCDD sHauuteabHo moBbimaer y Hux AA [54, SS].
AT unpyrposansas TCDD, ca3ana c mobimeHreM B cOCy-
Aax ROS, snporeamasrHON AMCOYHKIMeN U rumepTpodueit
cepata [55]. Oannm ns mexanusmos adpexra TCDD sBaser-
cs mepMaHeHTHast mHAyKuus cuHTesa CYP1AL mocpeacTrBoM
AKTHBALMK APUATHAPOKAPOOHOBOTO perjenTopa.

TakuM 06pa3oM, KAIOUeBbIe IIPOLIECChI, TECHO CBS3AHHbIE
¢ QYHKIMEH 9HAOTEAUAABHBIX KACTOK, OXBATBIBAIOT AMAIIA30H
¢$eHOMEHOB, 3aBUCUMBIX He TOABKO OT 9HAOTEAMAABHON CHHTa-
3Bl OKHCH a30Ta, HO U OT CyIepceMeicTBa ¢epMEHTOB LIUTO-
xpomos CYP P450 [56], otHocsmuxcs k pase I CAK.

AnTroxcupanrasie pepmentsl ¢paspr II CAK, mampoTus,
HeriTpaausyior ROS. TlokasaHo, 4YTO TOKCHYHBIE KOMIIOHEH-
ThI TaOaYHOIO ABIMA, TaKHe KaK HEHACHIIlEHHbIE AABAETHADL,
AKPOAEMH U KPOTOHAABAEIMA, MeTAOOAUBHPYIOTCS IIyTeM
KOHBIOTAIIMH C TAYTaTHOHOM, PEaKIIMH, KaTAAU3HpyeMoi dpep-
menramu dazpt I CAK, rayraruon-S-rpancepasamu (GST).
GST mnpeacraBasioT coboit 6oabimoe ceMeHcCTBO H30dep-
mentoB (GSTA, GSTM u GSTP), koTopble KaTaAUSHPYIOT
KOHBIOTALIMIO PA3AUYHBIX SAEKTPOPHUABHBIX KCEHOOMOTHKOB,
npoaykToB MeTaboausma ¢pepmenrtos ¢aspr I CAK, ¢ Bopo-
PACTBOPUMBIMU CyOCTpaTaMH AASI BBIBEAGHHS KOHDBIOTATOB
U3 OpraHM3Ma. Pe3yApTaTbl HECKOABKUX 3IHAEMHOAOTHYE-
CKUX HCCA€AOBAHUIT IIOKA3AAU CBS3b MEXAY IIOAUMOPPU3MOM
reHoB GST u puckoM pa3BUTHS paKa BCAEACTBHE KypeHHUS
[57]. Briao o6HapysxeHo [ S8, 59], uto HyaeBolt peHOTHI reHa
GSTM u noanmopduamer B rene GSTP cBA3aHbI ¢ nOBBIIIEH-
HBIM PHUCKOM PaKa MOYEBOTO Iy3bIpsl ¥ KYPUABIIHKOB. B Heko-
TOPBIX HCCAeAOBaHUAX HyaeBoit ¢enorun GSTM accormmu-
POBaAU C IOpaXeHHeM KOPOHAPHOH apTepHU Y KypPHABIIU-
k0B [60], TorAa Kak B ADYTHX CAyYasX, Kak coobmaaoch [61],
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§ OB30PhI

HyA€BOH (EeHOTHII OBIA CBSI3aH C yMeHblleHHeM pucka VIM
npu xypennn. Pepment GSTM yuacTByer B MeTaboAM3Me
TOABKO HECKOABKHX COeAMHEHHMH TabauHoro abiMa. MHuorme
U3 HeOOABIINX METAOOANTOB PEaKIIMOHHOCIIOCOOHBIX KapOo-
HHAOB, TaKHe KaK aKpPOAGHH U KPOTOHAABAETHA, KOHBIOTUPY-
I0TCSL perMyecTBeHHO ¢ nomompio GSTP [62]. TTokasaro,
gyro Aeaenysg reHa GSTP y Mblmeil ycuauBaeT BBI3SBaHHYIO
TabaYHBIM ABIMOM SHAOTEAMAABHYIO AHMCQYHKIJHIO H yCYIyo-
ASleT MHAYIIMPOBAHHOE aKPOAGHHOM IIOBPEXACHHE COCYAOB.
Ilpeamoaaratot, uro GSTP 3amumraeT sHAOTeAMI, AETOKCHU-
$UITHPYS aKPOAECHH U APYTHE SAeKTPOUAbHbIE KOMIIOHEHTHI
Tabaka [63].

TaxuM 06pa3oM, BcAeACTBHe MOAUMOpdH3MA reHbl dep-
mentoB CAK moryr 6b1te 1 OP, i samurTHbIME dakTOpaMu
TIpU Pa3BUTHH COCYAHCTOM AucyHKmU U Al uTo 0cobeHHO
BBISIBASIETCS] TIPU BO3ACHCTBUU 3arpsisHUTEACH OKpYKaromjei
CpeAbl, BKAIOYAIOIIUX MOAUIIUKANYECKUE apOMATHIeCKUe YTAe-
BOAOPOADL, OOHApY>KeHHbIE B TAOAaYHOM U IIPOU3BOACTBEHHOM
AbiMe. TeHeTHUeCKH AeTEPMUHHPOBAHHbBIE Pa3haAAHCHPOBAH-
Hasl THUIEPIKCIPECCUs] U/UAM UHTHOUPOBAHME AKTHBHOCTH
pepmenToB obenx paz CAK moryr mpusectu k Aucbarancy
u TokcudeckuM d¢dexram ROS. Tem He MeHee ToABKO Orpa-
HHYEHHOE YHCAO HCCAGAOBAHUI, B OCHOBHOM Ha 9KCIIEpUMeH-
TAABHBIX MOAEASIX, OBIAO TTOCBSIIIEHO U3YYEHHIO POAH SKOAOTH-
4eCKMX BPeAHBIX pakTopoB B passuTun Al' yepes B3auMopeii-
crue ux ¢ gepmentamu u renamu CAK.

CrerneHb BO3AEHCTBHS TA0AKOKYPEHHS Ha OPraHU3M YeAO-
Beka, Kak 1 Apyrux OP CC3, pasanyHa U 3aBUCHT OT aAAITHPO-
BaHHOCTH HHAMBHUAQ. HecoMHeHHO, 4TO B apanTanuio opraHus-
Ma K HeOAArompHATHBIM 9KOAOTHIeCKUM (aKTOPAM 3HAUUMBbI
BKAAA BHOCHTCSI FeHeTUYeCKUMH PaKTOPaMH, 00YCAOBAEHHBI-
MH noauMopdusmMoM reHoma. VMerommecs AuTepaTypHble
AAQHHbIE CBHAETEABCTBYIOT 00 YYaCTHH OKCIPECCHPYeMbIX
B 9HAOTEAMAABHBIX KAeTKax pepmenToB CAK, KoTOpBIE MOTYT
3AIMIIATh SHAOTEAUH OT TOKCHKAHTOB AM0O IIPHBOAUT K IIPO-
Aykuuu ROS, ocaabasromux 6MO0AOCTYIIHOCTD BA30OAHAATATOPA
NO B mexanusmax paszsurisa AL OpHAKO HCCAEAOBAHMSA CBA3U
oAMMOpPHbIX AOKycoB reHoB pepmenToB CAK c o6Hapyxen-
HBIMHU ITPOTUBOIIOAOXKHBIMYU 3P PeKTaMu 10 OTHOMmeHHIO K A’
KpafiHe OrpaHHUYeHbl. BbIiBAeHHe 3alUTHBIX/ PUCKOBBIX aAAe-
Aeil HeOOXOAMMO IIPH [OMCKe HOBBIX MAPKEPOB HHAUBUAYAAD-
HOU IIPEAPACIIOAOKEHHOCTH K pasBuThio Al' AAst paspaboTku
AMArHOCTHYECKHX CPEACTB PAHHEro BBIIBACHHUS HAPYIICHMH
9HAOTEAMAABHOTO TOMEOCTa3a, a TaKKe IPOTHO3HPOBAHMS
BO3MOXKHON He3(PEeKTUBHOCTU BMEIIATEAbCTB, HaIpPaBAEH-
HbIX Ha YAy4lIeHre QYHKITHH SHAOTEANS.

IlepcrnieKTHBBI — TeHOMHbBIE HCCACAOBAHH S
M IIepCOHAAU3HPOBAHHBIN IIOAXOA

ITonnMaHe KOMIIAGKCHOM IPUpPOABI peHOoMeHa AA mpu-
BEAO K IOsIBAeHHIO ee B 1960 1. Mo3anyHoit Teopun A" ame-
pukarckoro ¢usnosora 1. H. Page [64]. Ero Teopus ocHoBana

HA BBIIBACHHH B3aHMOAGHCTBUS MEXAY T€HOMOM, OKPY>Kalo-
I[EH CPEAOH, AAANITHBHBIMY, HEPBHBIMU, MEXaHUYECKUMHU U FOP-
MOHAABHBIMU CHTHaAaMH, Kak 6asuca Al B nacrosimee Bpemst
obmenpusHaHo, uTo Al' IBASIETCSI CAOSKHBIM MHOTOPAKTOPHBIM
¥l [IOAMTEHHBIM 3200A€BaHMEM, B Pa3BUTHUH KOTOPOTO Y4aCTBY-
I0T MHOXECTBEHHble 3KOAOTHYECKHMEe U reHeTHdecKre (akTo-
pbl. OAHAKO AO CHX TIOp IIpH Pa3paboTKe A€KAPCTB AASL CHHU-
SKEHMA BbICOKOTO YpoBHS A/\ He IIPHHHMAIOTCS BO BHUMAHHe
reHeTrdeckre MexaHu3Mbl pasButusa AlL OcHOBHBIE KAACCBI
COBpPEMEHHBIX AHTUTHIIEPTEH3UBHBIX IIPENapaToB AEHCTBY-
I0T KaK OAOKAaTOPBI AKTHBHOCTH CHMIIATHKO-3aAPEHAAOBOI,
PEHHH-aHTHOTEH3UHOBBIX CUCTeM HMAH AuypeTuku. K oMy ke
HCIIOAb3yeMble AeKApCTBEHHbBIE CPEACTBA MOTYT IIPUBECTU
K HeIpeACKa3yeMO THAMBHAYaAbHOM peakiun. OAHAKO BBIOOD
IPenapaToB IPOU3BOAUTCS IMIIMPHUYECKH, 6e3 CTporoil mep-
connpukanyy. B Hacrosimee BpeMs IAQBHOHM 3apadeil MccAe-
Aosanuil Al siBAseTCS BBLICHEHHE BO3MOXKHOCTH HeHTpaAH3a-
ITMHU BHICOKOTO pHCKa pasputus cBsasaHHbx ¢ Heit CC3. Cpean
HAYYHBIX HHCTPYMEHTOB, HCIIOAB3YEMbBIX AASL PEAAU3AIIUN STOH
3aAa4H, IIPUMEHSIOTCS TeHOMHBIE HCCACAOBAHIS, OCHOBAHHBIE
HA TOM IIPHHIIUIIE, YTO UACHTU(PUKAIINSA T€HOB U TeHHBIX BapH-
aHTOB, KOTOPbIE BAMSIOT Ha A\, IpHBeAeT K pa3pabOoTKe HOBBIX
AEKAPCTB U I]eACHANPABACHHOTO A€YeHHs, KoTopoe OyaerT
CHIDKATh BbICOKOe A/ 0e3 Kakux-An0o MoOOYHbIX 3$PeKTOB
[65]. Bbicokast u pactymas pacnpoctpanennocts AT (=27%
B3POCAOTO HaceAeHHs1), cAabas O(PPeKTHBHOCTb AedEeHHS
(Toabko 30% marueHTOB, MOAYYaBIIUX A€YeHHE, AOCTHMIAIOT
AA <140/90 MM PT. CT.), HECMOTpSI Ha MUPOKOE PacIPOCTpa-
HeHHe XOPOIIHNX COBpeMeHHbIX aHTUIUIIePTeH3UBHBIX CPEACTB,
AKTYaAM3HPYIOT TeHOMHble MCCAGAOBAHHS AAS Pa3paboTKu
IIEPCOHAAMBHPOBAHHOTO IIOAXOAQ TIPU HPOPUAAKTHKE, AMA-
rHocTHKe U AedeHuH Al B ero ocHOBe HAXOAMTCS AOTMa, IAQ-
cAmmas, 4To ypoBeHb A/ U MOBPEXAGHHI OpPraHOB-MHIIEHEH
HIOABEpXKEH HMHAMBHUAYAABHOM BAapHAOEABHOCTH He TOABKO
BCACACTBHE BO3AEHCTBHS PAa3AUYHBIX GaKTOPOB OKpPY>Karomjei
CPeAbl, HO M H3-32 T€HeTUYECKH AETEePMHMHHMPOBAHHBIX Pa3-
AVMUH B PUCKAX Pa3BUTHS ITATOAOTMH B OTBET HA HETATHUBHbIN
CHTHAAAMHI OKpy>Xaromedl cpeabl [66]. B Hacrosmee Bpems
He BbI3BIBAET COMHEHHS, YTO IIePCOHAAU3MPOBAHHBIM IIOAXOA,
OCHOBAHHBII HA KOHKPETHOH IATOAOTHH OOAe3HH, CUMIITOMAX,
IPU3HAKAX M PEaKIUH Ha AedeHHe OTACABHOTO IAIUeHTa, YAYY-
IIUT AUATHOCTHKY U CTPATH(HKALIUIO PHCKA.

Tekymuil CIHCOK M3BECTHBIX BApHAHTOB, CIIOCOOCTBYIO-
IUX reHeTHYecKoil apxutekType AA u Al BKAlodaeT 6oaee
25 peaxux MyTanmit © 53 OAHOHYKACOTHAHBIX ITOAMMOP-
¢u3Ma, B TOM YuCAe U B reHax puroxpomos P450, CYP1Al,
CYP1A2, CYP11B1, CYP11B2, CYP17Al. OaHako cpepn
Bcex u3ydeHHbIX SNP, mMeromux oTHomeHue K peryasanun AA,
TOABKO OAMH OAHOHYKA€OTHMAHBIH ToAuMOpdusM (rsS068,
ren Harpuitypernyeckoro mentupa, NPPA/B) oxapakrepu-
30BaH II0 ero MeTabOAMYECKOMY IyTH, TOTAQ KaK AASL OOAB-
ITMHCTBA 0CTaAbHBIX SNP elme IpeACTOUT BHLICHHTD HX POAD
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B peryasunn AA [65]. Ycnausarompuiicst HHTepec K HCCAEAO-

BaHHSM I'€HOMHBIX accounaunﬁ IPEAOCTAaBUT BO3MOXHOCTH

AAA CTpaTI/ICPI/IKaLII/II/I II0 OTACAbHBIM T'€HOMHBIM H MOAEKY-

ASIpHBIM  BapHaHTaM, 4TO6BI OIIPpEAEAUTb MapKepbpl, KOTO-
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12.

13.

14.
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pbl€ IIOTEHMAABHO MOTYT IIOMOYb BBIABUTDH OIIPEACACHHDbIE

AedexTsl B MeTaboAndecKux myTsix npu Al 4To, HeCOMHEHHO,

SBUTCS COCTABASIIONIEH ITePCOHAAUSHPOBAHHOTO TEPAIeBTH-

4ecKoro mopxoaa [66].

CIIVICOK AUTEPATYPBI/REFERENCES

Yazosa M. E., JKepnaxosa IO. B., Omenxosa E. B., [Ilaasrosa C. A., SIpoBas
E.B., Konpapu A. O. u ap. PacipocTpaneHHOCTD GaKTOPOB PHCKA CEPACUHO-
COCYAMCTBIX 3200A€BAHMI! B POCCHIICKON IIOTIYASIIIEM GOABHBIX APTEPHAABHON
rurtepronuett. Kapauoaorus. 2014;54(10):4-12. [Chazoval. E., Zhernako-
va Yu. V., Oshchepkova E. V., Shalnova S. A., Yarovaya E. B., Konradi A. O.
etal. Prevalence of Cardiovascular Risk Factors in Russian Population of Pa-
tients with Arterial Hypertension. Kardiologiia. 2014;54(10):4-12.]
Boxkapes M. H., Ayaun I1. A., Opuurnuxos 10. B., Cumonenxo B. B.
AprepraAbHas THIEPTOHHUS: COBPEMEHHOE COCTOSHHE IPOGAEMSI.
Kanmrrgeckas mepmmusa, 2017;95(7):581-5. [BokarevI. N., Dulin P. A.,
Ovchinnikov Yu. V., Simonenko V. B. Arterial hypertension: modern
problems. Clinical Medicine. 2017;95(7):581-5.]. DOI: 10.18821/0023-
2149-2017-95-7-581-585

Howard G. Cigarette Smoking and Progression of Atherosclero-
sis: The Atherosclerosis Risk in Communities (ARIC) Study. JAMA.
1998;279(2):119. DOI: 10.1001 /jama.279.2.119

Barnoya J, Glantz SA. Cardiovascular Effects of Secondhand Smoke:
Nearly as Large as Smoking. Circulation. 2005;111(20):2684-98. DOL:
10.1161/CIRCULATIONAHA.104.492215

Smith C. Particulate and vapor phase constituents of cigarette main-
stream smoke and risk of myocardial infarction. Atherosclerosis.
2001;158(2):257-67. DOI: 10.1016/50021-9150(01)00570-6
Kassebaum NJ, Bertozzi-Villa A, Coggeshall MS, Shackelford KA, Stein-
er C, Heuton KR et al. Global, regional, and national levels and causes of
maternal mortality during 1990-2013: a systematic analysis for the Global
Burden of Disease Study 2013. The Lancet. 2014;384(9947):980-1004.
DOI: 10.1016/S0140-6736(14)60696-6

Banderali G, Martelli A, Landi M, Moretti F, Betti F, Radaelli G et al. Short
and long term health effects of parental tobacco smoking during pregnan-
cy and lactation: a descriptive review. Journal of Translational Medicine.
2015;13(1). DOL: 10.1186/512967-015-0690-y

Furchgott RF, Zawadzki JV. The obligatory role of endothelial cells
in the relaxation of arterial smooth muscle by acetylcholine. Nature.
1980;288(5789):373-6. DOI: 10.1038/28837320

Cherry PD, Furchgott RF, Zawadzki JV, Jothianandan D. Role of endo-
thelial cells in relaxation of isolated arteries by bradykinin. Proceedings of
the National Academy of Sciences. 1982;79(6):2106-10.DOI: 10.1073/
pnas.79.6.2106

Kang K-T. Endothelium-derived Relaxing Factors of Small Resistance Ar-
teries in Hypertension. Toxicological Research. 2014;30(3):141-8.DOI:
10.5487/TR.2014.30.3.141

Cooke, MD JP, Dzau, MD VJ. Nitric oxide synthase: Role in the Genesis
of Vascular Disease. Annual Review of Medicine. 1997;48(1):489-509.
DOI: 10.1146/annurev.med.48.1.489

Yallampalli C, Garfield RE. Inhibition of nitric oxide synthesis in rats du-
ring pregnancy produces signs similar to those of preeclampsia. Ameri-
can Journal of Obstetrics and Gynecology. 1993;169(5):1316-20. DOI:
10.1016/0002-9378(93)90299-X

Robinson L], Weremowicz S, Morton CC, Michel T. Isolation and Chro-
mosomal Localization of the Human Endothelial Nitric Oxide Syn-
thase (NOS3) Gene. Genomics. 1994;19(2):350-7. DOIL: 10.1006/ge-
n0.1994.1068

Marsden PA, Heng HH, Scherer SW, Stewart RJ, Hall AV, Shi XM et al.
Structure and chromosomal localization of the human constitutive endo-
thelial nitric oxide synthase gene. The Journal of Biological Chemistry.
1993;268(23):17478-88. PMID: 7688726

Tesauro M, Thompson WC, Rogliani P, Qi L, Chaudhary PP, Moss J. Intra-
cellular processing of endothelial nitric oxide synthase isoforms associated
with differences in severity of cardiopulmonary diseases: Cleavage of pro-
teins with aspartate vs. glutamate at position 298. Proceedings of the Nation-
al Academy of Sciences. 2000;97(6):2832-5.DOI: 10.1073/pnas.97.6.2832

ISSN 0022-9040. Kapauoaorus. 2019;59(1S)

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

Ahsan A, Norboo T, Baig MA, Qadar Pasha MA. Simultaneous Selection
of the Wild-type Genotypes of the G894 T and 4B/4A Polymorphisms of
NOS3 Associate with High-altitude Adaptation. Annals of Human Gene-
tics. 2005;69(3):260-7. DOL: 10.1046/j.1529-8817.2005.00158

Cai H, Wilcken DEL, Wang XL. The Glu-298>Asp (894G>T) mutation
at exon 7 of the endothelial nitric oxide synthase gene and coronary ar-
tery disease. Journal of Molecular Medicine. 1999;77(6):511-4. DOL:
10.1007/s001099900020

Akomolafe A, Lunetta K, Erlich P, Cupples L, Baldwin C, Huyck M
et al. Genetic association between endothelial nitric oxide synthase
and Alzheimer disease. Clinical Genetics. 2006;70(1):49-56. DOI:
10.1111/j.1399-0004.2006.00638.x

Hingorani AD, Liang CF, Fatibene ], Lyon A, Monteith S, Parsons A etal. A
Common Variant of the Endothelial Nitric Oxide Synthase (Glu298>Asp)
Is a Major Risk Factor for Coronary Artery Disease in the UK. Circulation.
1999;100(14):1515-20. DOI: 10.1161/01.CIR.100.14.1515

Berger K, Stogbauer F, Stoll M, Wellmann J, Huge A, Cheng S et al. The
glu298asp polymorphism in the nitric oxide synthase 3 gene is associa-
ted with the risk of ischemic stroke in two large independent case—control
studies. Human Genetics. 2007;121(2):169-78. DOI: 10.1007/500439-
006-0302-2

Kobashi G, Yamada H, Ohta K, Kato E-H, Ebina Y, Fujimoto S. Endothe-
lial nitric oxide synthase gene (NOS3) variant and hypertension in preg-
nancy. American Journal of Medical Genetics. 2001;103(3):241-4.DOL:
10.1002/ajmg.1535

Nakayama M, Yasue H, Yoshimura M, Shimasaki Y, Kugiyama K, Oga-
wa H et al. T-786>C Mutation in the 5'-Flanking Region of the Endo-
thelial Nitric Oxide Synthase Gene Is Associated with Coronary Spasm.
Circulation. 1999;99(22):2864-70. DOIL: 10.1161/01.CIR.99.22.2864
Gamil S, Erdmann J, Abdalrahman IB, Mohamed AO. Association of
NOS3 gene polymorphisms with essential hypertension in Sudanese pa-
tients: a case control study. BMC Medical Genetics. 2017;18(1). DOI:
10.1186/s12881-017-0491-7

Muniz L, Luizon MR, Palei ACT, Lacchini R, Duarte G, Cavalli RC
et al. eNOS Tag SNP Haplotypes in Hypertensive Disorders of Preg-
nancy. DNA and Cell Biology. 2012;31(12):1665-70. DOI: 10.1089/
dna.2012.1768

Huang PL, Huang Z, Mashimo H, Bloch KD, Moskowitz MA, Bevan JA
et al. Hypertension in mice lacking the gene for endothelial nitric oxide
synthase. Nature. 1995;377(6546):239-42. DOL: 10.1038/37723920
Rudic RD, Shesely EG, Maeda N, Smithies O, Segal SS, Sessa WC. Direct
evidence for the importance of endothelium-derived nitric oxide in vas-
cular remodeling. Journal of Clinical Investigation. 1998;101(4):731-6.
DOI: 10.1172/JCI1699

Channon KM, Qian H, George SE. Nitric Oxide Synthase in Atheroscle-
rosis and Vascular Injury: Insights from Experimental Gene Therapy. Ar-
teriosclerosis, Thrombosis, and Vascular Biology. 2000;20(8):1873-81.
DOI: 10.1161/01.ATV.20.8.1873

Shesely EG, Gilbert C, Granderson G, Carretero CD, Carretero OA, Bei-
erwaltes WH. Nitric oxide synthase gene knockout mice do not become
hypertensive during pregnancy. American Journal of Obstetrics and Gy-
necology. 2001;185(5):1198-203. DOI: 10.1067/mob.2001.118142
Touyz RM. Reactive Oxygen Species, Vascular Oxidative Stress,and Redox
Signaling in Hypertension: What Is the Clinical Significance? Hyperten-
sion. 2004;44(3):248-52.DOI: 10.1161/01.HYP.0000138070.47616.9d
Wilcox CS, Pearlman A. Chemistry and Antihypertensive Effects of Tem-
pol and Other Nitroxides. Pharmacological Reviews. 2008;60(4):418-
69.DOI: 10.1124/pr.108.000240

Sanchez-Aranguren LC, Prada CE, Riano-Medina CE, Lopez M. Endo-
thelial dysfunction and preeclampsia: role of oxidative stress. Frontiers in
Physiology. 2014;5. DOI: 10.3389/fphys.2014.00372



§ OB30PhI

32.

33.

34.

3S.

36.

37.

38.

39.

40.

41.

42.

43.

44.

4S.

46.

47.

48.

10

Fleming I, Michaelis UR, Bredenkotter D, Fisslthaler B, Dehghani F,
Brandes RP et al. Endothelium-Derived Hyperpolarizing Factor Syn-
thase (Cytochrome P450 2C9) Is a Functionally Significant Source of
Reactive Oxygen Species in Coronary Arteries. Circulation Research.
2001;88(1):44-51.DOL: 10.1161/01.RES.88.1.44

Biissemaker E, Popp R, Fisslthaler B, Larson CM, Fleming I, Busse R
et al. Aged Spontaneously Hypertensive Rats Exhibit a Selective Loss
of EDHF-Mediated Relaxation in the Renal Artery. Hypertension.
2003;42(4):562-8.DOL: 10.1161/01.HYP.0000088852.28814.E2
Vasudevan H, Yuen VG, McNeill JH. Testosterone-dependent increase
in blood pressure is mediated by elevated Cyp4A expression in fructose-
fed rats. Molecular and Cellular Biochemistry. 2012;359(1-2):409-18.
DOI: 10.1007/s11010-011-1035-7

Chen P, Guo M, Wygle D, Edwards PA, Falck JR, Roman RJ et al. Inhibi-
tors of Cytochrome P450 4A Suppress Angiogenic Responses. The Ame-
rican Journal of Pathology. 2005;166(2):615-24. DOI: 10.1016/S0002-
9440(10)62282-1

Webler AC, Popp R, Korff T, Michaelis UR, Urbich C, Busse R et al. Cy-
tochrome P450 2C9-Induced Angiogenesis Is Dependent on EphB4. Ar-
teriosclerosis, Thrombosis, and Vascular Biology. 2008;28(6):1123-9.
DOI: 10.1161/ATVBAHA.107.161190

Jennings BL, George LW, Pingili AK, Khan NS, Estes AM, Fang XR
et al. Estrogen Metabolism by Cytochrome P450 1B1 Modulates the
Hypertensive Effect of Angiotensin II in Female Mice. Hypertension.
2014;64(1):134-40.DOI: 10.1161/HYPERTENSIONAHA.114.03275
MaY,NiW, ZhuW, Xiong Y, Deng X. Association of genetic polymorphisms
of CYP 2C19 with hypertension in a Chinese Han population. Blood
Pressure. 2011;20(3):166-70. DOI: 10.3109/08037051.2010.542640
Schifer A, Galuppo P, Fraccarollo D, Vogt C, Widder JD, Pfrang J et al.
Increased Cytochrome P45S02E1 Expression and Altered Hydroxyeicosa-
tetraenoic Acid Formation Mediate Diabetic Vascular Dysfunction: Res-
cue by Guanylyl-Cyclase Activation. Diabetes. 2010;59(8):2001-9. DOI:
10.2337/db09-1668

Gergel’ D, Misik V, Riesz P, Cederbaum Al Inhibition of Rat and Human
Cytochrome P4502E1 Catalytic Activity and Reactive Oxygen Radical
Formation by Nitric Oxide. Archives of Biochemistry and Biophysics.
1997;337(2):239-50. DOL: 10.1006/abbi.1996.9765

Hillig T, Krustrup P, Fleming I, Osada T, Saltin B, Hellsten Y. Cytochrome
P450 2C9 plays an important role in the regulation of exercise-induced
skeletal muscle blood flow and oxygen uptake in humans. The Journal of
Physiology. 2003;546(1):307-14. DOI: 10.1113/jphysiol.2002.030833
Fichtlscherer S, Dimmeler S, Breuer S, Busse R, Zeiher AM, Fleming I.
Inhibition of Cytochrome P450 2C9 Improves Endothelium-Depen-
dent, Nitric Oxide-Mediated Vasodilatation in Patients With Coronary
Artery Disease. Circulation. 2004;109(2):178-83. DOI: 10.1161/01.
CIR.0000105763.51286.7F

Garrick RA, Woodin BR, Stegeman JJ. Cytochrome p4501a induced
differentially in endothelial cells cultured from different organs of An-
guilla rostrata. In Vitro Cellular & Developmental Biology - Animal.
2005;41(1):57. DOL: 10.1290/0409063.1

Guiney PD, Smolowitz RM, Peterson RE, Stegeman JJ. Correlation of
2,3,7,8-Tetrachlorodibenzo-p-dioxin Induction of Cytochrome P4501A
in Vascular Endothelium with Toxicity in Early Life Stages of Lake Trout.
Toxicology and Applied Pharmacology. 1997;143(2):256-73. DOL:
10.1006/taap.1996.8051

SchlezingerJJ, Stegeman JJ. Dose and inducer-dependent induction of cy-
tochrome P450 1A in endothelia of the eel, including in the swimbladder
rete mirabile, a model microvascular structure. Drug Metabolism and Dis-
position: The Biological Fate of Chemicals. 2000;28(6):701-8. PMID:
10820144

Kopf PG, Walker MK. 2,3,7,8-Tetrachlorodibenzo-p-dioxin increases re-
active oxygen species production in human endothelial cells via induc-
tion of cytochrome P4501A1. Toxicology and Applied Pharmacology.
2010;245(1):91-9. DOL: 10.1016/j.taap.2010.02.007

Zangar R. Mechanisms that regulate production of reactive oxygen
species by cytochrome P450. Toxicology and Applied Pharmacology.
2004;199(3):316-31. DOL: 10.1016/j.taap.2004.01.018

Fleming I, Bauersachs J, Schafer A, Scholz D, Aldershvile ], Busse R. Iso-
metric contraction induces the Ca2+-independent activation of the en-

49.

S0.

SL

S2.

S3.

54.

SS.

S6.

57.

S8.

59.

60.

61.

62.

63.

64.

6S.

66.

dothelial nitric oxide synthase. Proceedings of the National Academy of
Sciences. 1999;96(3):1123-8. DOI: 10.1073/pnas.96.3.1123

Kopf PG, Scott JA, Agbor LN, Boberg JR, Elased KM, Huwe JK et al. Cy-
tochrome P4501A1 Is Required for Vascular Dysfunction and Hyperten-
sion Induced by 2,3,7,8-Tetrachlorodibenzo-p-Dioxin. Toxicological Sci-
ences. 2010;117(2):537-46. DOL: 10.1093/toxsci/kfq218

Stoll M. New Target Regions for Human Hypertension via Compara-
tive Genomics. Genome Research. 2000;10(4):473-82. DOI: 10.1101/
gr.10.4.473

Gambier N, Marteau J-B, Batt A-M, Marie B, Thompson A, Siest G et
al. Interaction between CYP1A1 T3801C and AHR G1661A polymor-
phisms according to smoking status on blood pressure in the Stanis-
las cohort: Journal of Hypertension. 2006;24(11):2199-205. DOI:
10.1097/01.hjh.0000249697.26983.aa

O’Toole TE, Conklin DJ, Bhatnagar A. Environmental Risk Factors for
Heart Disease. Reviews on Environmental Health. 2008;23(3):167-202.
DOI: 10.1515/REVEH.2008.23.3.167

Kang HK, Dalager NA, Needham LL, Patterson DG, Lees PS]J, Yates
K et al. Health status of Army Chemical Corps Vietnam veterans who
sprayed defoliant in Vietnam. American Journal of Industrial Medicine.
2006;49(11):875-84. DOL: 10.1002/2jim.20385

Dalton TP, Kerzee JK, Wang B, Miller M, Dieter MZ, LorenzJN et al. Di-
oxin exposure is an environmental risk factor for ischemic heart disease.
Cardiovascular Toxicology. 2001;1(4):285-98. PMID: 12213967

Kopf PG, Huwe JK, Walker MK. Hypertension, Cardiac Hypertrophy,
and Impaired Vascular Relaxation Induced by 2,3,7,8-Tetrachlorodiben-
zo-p-Dioxin are Associated with Increased Superoxide. Cardiovascular
Toxicology. 2008;8(4):181-93. DOI: 10.1007/512012-008-9027-x
Eckers A, Haendeler J. Endothelial Cells in Health and Disease. Anti-
oxidants & Redox Signaling. 2015;22(14):1209-11. DOI: 10.1089/
ars.2015.6323

Reszka E, Wasowicz W. Significance of genetic polymorphisms in glu-
tathione S-transferase multigene family and lung cancer risk. Interna-
tional Journal of Occupational Medicine and Environmental Health.
2001;14(2):99-113. PMID: 11548073

Engel LS. Pooled Analysis and Meta-analysis of Glutathione S-Transferase
M1 and Bladder Cancer: AHuGE Review. American Journal of Epidemi-
ology. 2002;156(2):95-109. DOI: 10.1093/aje/kwf018

Cao W, Cai L, Rao J-Y, Pantuck A, Lu M-L, Dalbagni G et al. Tobac-
co smoking,GSTP1 polymorphism, and bladder carcinoma. Cancer.
2005;104(11):2400-8. DOI: 10.1002/cncr.21446

Masetti S, Botto N, Manfredi S, Colombo MG, Rizza A, Vassalle C et
al. Interactive effect of the glutathione S-transferase genes and cigarette
smoking on occurrence and severity of coronary artery risk. Journal of
Molecular Medicine. 2003;81(8):488-94. DOL: 10.1007/500109-003-
0448-5

Wilson MH, Grant PJ, Hardie L], Wild CP. Glutathione S-transferase M1
null genotype is associated with a decreased risk of myocardial infarction.
The FASEB Journal. 2000;14(5):791-6. DOT: 10.1096/fasebj.14.5.791
Berhane K, Widersten M, Engstrom A, Kozarich JW, Mannervik B. De-
toxication of base propenals and other alpha, beta-unsaturated aldehyde
products of radical reactions and lipid peroxidation by human gluta-
thione transferases. Proceedings of the National Academy of Sciences.
1994;91(4):1480-4. DOL: 10.1073/pnas.91.4.1480

Conklin DJ, Haberzettl P, Prough RA, Bhatnagar A. Glutathione-S-
transferase P protects against endothelial dysfunction induced by ex-
posure to tobacco smoke. American Journal of Physiology-Heart and
Circulatory Physiology. 2009;296(5):H1586-97. DOI: 10.1152/ajp-
heart.00867.2008

Frohlich ED, Dustan HP, Bumpus FM. The celebration of a leader. Hy-
pertension. 1991;18(4):443-5. DOL: 10.1161/01.HYP.18.4.443
Padmanabhan S, Caulfield M, Dominiczak AF. Genetic and Molecular
Aspects of Hypertension. Circulation Research. 2015;116(6):937-59.
DOI: 10.1161/CIRCRESAHA.116.303647

Savoia C, Volpe M, Grassi G, Borghi C, Agabiti Rosei E, Touyz RM. Per-
sonalized medicine—a modern approach for the diagnosis and manage-
ment of hypertension. Clinical Science. 2017;131(22):2671-8S. DOL:
10.1042/CS20160407

Marepuaa mocrymnua B pepaxio 23/06/2018

ISSN 0022-9040. Kapauoaorus. 2019;59(1S)



