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CEYOBUHA: CYHYACHI YEBJIEHHSA NPO OBMIH TA ®I3I10J10TMN4YHY
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UREA: MODERN CONCEPTS ABOUT METABOLISM AND
PHYSIOLOGICAL ROLE IN THE HUMAN BODY
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Summary/Pe3iome

An analysis of the literature shows that urea is not just an end product of metabolism,
but also an active regulator of physiological processes. If in high concentrations it is toxic
to the body, then in small concentrations it performs a bioregulatory function. In addition
to ammonia detoxification and urine concentration, urea is involved in the regulation of
blood pressure, glomerular filtration rate, reproductive function and apoptosis; has
antioxidant and cytotoxic effects on cancer cells. Indirectly through RAS, it can influence
the processes of inflammation and fibrosis in the kidneys, blood vessels, and heart.
However, additional research is needed to elucidate the mechanisms of its action.

Key words: urea, metabolism, physiological role.

AHania nitepaTypu BKa3ye, L0 CEYOBMHA L€ HE MPOCTO KiHUEBMM NPOAYyKT OOMIHY, a
i aKTMBHNI perynatop @izionoriyHmx NPoLeciB. AKLWO Y BEJIMKMX KOHLEHTPALLSAX BOHA €
TOKCMYHOKO AN OpraHiamy, T0 Masi BUKOHYTb Bioperynouy ¢yHKUil. OKpiMm OeToKCu-
Kauii amiaky Ta KOHLUEHTPYBAHHS Cedi, Ce40BMHA NPUNMAaE y4acTb B perynsuii aprepianb-
HOrO TUCKY, WWBUAOKOCTI KNyOOo4KOBOI dinbTpauii, penpoaykTUBHOI pyHKLji, anonTo3y; BO-
noajie aHTMOKCUAOAHTHOIO Ta LUMTOTOKCUMYHOIO AIEI0 BIAHOCHO pakoBux KniTuH. Onocepea-
KkoBaHO 4yepe3 PAC 3gaTtHa BNMBaTU Ha Npouecu 3ananeHHsa Ta gibpo3y B HMpKax, cyam-
Hax, cepui. Ane ans 3iacyBaHHA MexaHi3MiB ii aii HeobxiaHi 4oAAaTKOBI AOCIAXEHHS.

KnroyoBi cnoBa: cevyoBuHa, metabosiamM, QizionoridHa poJib.

Ce4yoBUHA — UEe HeBenuka opraHiyHa
MOJIeKysa 3 MONEKYISIPHO Macoto 60 , o
MicTUTb aBi amiHorpynu (NH,) i kapbamine-
Hy (CO) rpyny i € OCHOBHMM MPOOYKTOM
a30TUCTOro OOMiHY, KU YTBOPIOETLCH B
pe3ynbraTi kKaTaboniamy 6inkie Ta aMiHOKUC-
not. B Hopmi Ha i yacTky npunagae Ginblie
50% ocTaTo4yHOro a3oTty B opraHuami. Oc-
HOBHUM MICLIEM CUHTE3Y CEYOBUHU € Mey-
iHKa, Oe KiHUueBui NpoaykT po3naay 6inkis

BVUCOKOTOKCUYHNI aMiak NEPETBOPIOETLCS B
OpHiTMHOBOMY UMKNI ( umkn Kpebca -XeH-
3enanTta, 1932p.) B MEHLW TOKCUYHY ¢Op-
My ce4dyoBuHy [1, 2].

BnpoOHNUTBO CEYOBUHU KOHTPO-
JIIOETBLCS Cepied pepMeHTIB y LMTO30i Ta
MITOXOHAPIAX KNITUH [3, 4]. Y MITOXOHAPIAX
amiak npvenHye CO , BMKOPMCTOBYO4M
eHepritlo AT®D Ta yTBOploe kapbamoindoc-
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@arT, K11 B CBOIO Yepry npueaHye OpHIiTUH
3 YTBOPEHHAM UMTPyAiHy. OCTaHHIn oudyH-
OYE i3 MITOXOHApPIN Yy UUTO30Mb, A€
3’€HYETbCA 3 acnaprtaToM, YTBOPIOOYM
apriHiHCyKUUHAT, 9KUA PO3nafaeTbes 3 yT-
BOPEHHSAM apriHiHy Ta pymapary. 3 apriHi-
HY nicnga npuegHaHHA BoAWM Ta Nig Oieto
depMeHTy apriHa3m yTBOPIOETbCS OPHITUH
i ceqoBnHa. OpHITUH 3HOBY NOTpannse B
MITOXOHAPIT, WOO noYyaTu iHWWIA UnMKN, Toai
SIK CE40BMHA BMBOOUTLCSH 3 ceveto. [ToBHUIN
Habip PEPMEHTIB OPHITUHOBOIO LUUKAY
Kpebca- XeHcensanTa 3HaxoanTbCa B rena-
TouMTax B NepunopTanbHOi 30Hi.

Ha meTaboniam ce4oBMHM BNINBAIOTb
nieta, ropMoHu, BiK Ta XxBopoou. MigBuLLIEH-
HS KOHUEHTpauii Ce4OBUHU CUPOBATKMU
KPOBi Npun 30epexXeHin QyHKLii HUPOK MOXe
OyTn noe’a3aHe 3 isioNoriyHMMKM Ta naTo-
NOriYHUMKU NpudrHamm. dDisionorivHMMmM
NPUYMHAMMN € 36iNbLUEHHSA CNOXUBAHHSA
Oinka 3 iXel Ta cTapiHHA. Y TOM Xe 4yac
rononyBaHHa TakoX MNpPU3BOAUTb [0
30ifIbLUEHHS YTBOPEHHS CEYOBUHU B
opraHismi. Len npouec nos’a3aHni i3 Bu-
BiNbHEHHAM OiNKiB Npu pPyMAHYBaHHI
(ayTonisi) M’a30BOiT TKAHUHU, WO BiAdOY-
BA€ETbCS Mif Yac ronoayBaHHs onsa 3abes-
nevyeHHsa opraHiamy eHeprieto [1, 5]. 3 Tiei
X NpUYnHM ByOb-gKe 3aXBOPIOBAHHS, MNOB’A-
3aHe 3 pynHYBaHHAM TKaHUH (Tpasma, Lin-
poke onepaTMBHE BTPYYaAHHSA, TSXKUN
iHpEeKLUinHNI NPoLEC) NPU3BOAUTL 00 3PO0-
CTaHHSA PiBHA CEYOBUHWN. 3HAYHE NiaBULLEH-
HS PiBHS CEYOBUHM (Y Kinbka pasiB BULLE 3a
BEPXHIO MeXy HOpPMMN) CYNnpPOBOOXYETLCS
BUPaXEHOIO iIHTOKCMKALLIED — YPEMIEIO.

3HMXEHHS PIBHS CE4YOBUHM CMOCTEP-
iraeTbCH 3HAYHO pigwe Ta Mae MeHle
KMiHIYHE 3HAYEHHS, HiXX MiABULLEHHSA. ICHY-
I0Tb ABi @i3i0N0riyHI NPUYUHN 3HUXKXEHHS i
KOHUEeHTpauii: HUM3bkobinkoBa Aieta Ta
BariTHiCTb. adiHHA pPiBHA CEYOBWHMU, WO
BMHUWKAE Mig 4yac BariTHOCTI, 3yMOB/EHE
¢isionoriyHoo aganTauieto opraHiamy. Na-
TONOriYHA MPUYNHU 3HMXKEHHS KOHLIEHTPAaLL|
CEYOBUHK 30e6iNbLLIOro 06MEXYIOTLCSA NPO-
rpPecyluYnMmn 3axXBOPIOBAHHAMM NeYiHkK [6].
Jlyxe piako 0o 3HNXEHHA YTBOPEHHSA Ce40-
BUHN MOXYTb NPU3BOANTM FEHETUYHI NOPY-

WeHHs — aediunT 6yab-akoro 3 niatu gep-
MEHTIB LUMKITy CEYOBUHMN.

CevoBrHa BMBOANTLCS 3 OpraHiamy
Mari>xe BUKIIOYHO HUpKaMK 3 CeYelo HeBe-
nmkKa Kinbekictb ce4oBuHM (<10%) - 3 NoTOM
Ta 4yepes3 KUWeYyHMK. Ha gonio cevyoBuHU
npuxoamtbes Ao 80-85% BCbOro asoTy cedi
(mo 30 r Ha poby). KoHLEeHTpaL,is cevyoBu-
HW Yy cupoBaTLi Bigobpaxae 6anaHc Mix ii
YTBOPEHHAM Y MeYiHui Ta BUBEOEHHAM HUP-
Kamun. Hacamnepen BUCOKNI PiBEHb CE4O-
BVMHW B KPOBi NOB’A3aHUI 3i CKOPOYEHHSAM
BMBEOEHHS CEYOBUHWM 3 CEYEl BHACNIAOK
natonorii HMpok. Ilig yac knybo4ykoBOi
@inbTpauii ce4oBMHaA NepexoanTb i3 KPOBI
B knybouykoBuin ¢inbrpat. KoHueHTpauia
Ce4yoBUHW Yy dinbTpaTi Nig 4ac Noro yTeo-
PEHHSA noAjibHa A0 KOHUEHTpauji B nnasmi,
TOMY KiNlbKiCTb CE4OBMHU, WO HAOXOOUTb Y
NPOKCUManbHy TPYOKy HEQPOHY 3 Kiy6ou-
Ka, BU3HAYAETLCS LUBUAKICTIO KIyOOYKOBOI
dinbTpauii (LLIK®). CevoBuHa sk peabcop-
OyeTbCA, TaK i CEKPETYETLCA Mifd, Yac npo-
XOOKEHHS1 diNnbTpaTy 4yepesd kaHanbui He-
GPOHY, a YNCTUN ePekT LmxX OBOX MNPOLECIB
NpU3BOANTbL OO TOro, LWo npmnbnmuaHo 30-50
% BiOdiNETPOBAHOI CEYOBUHU BUSIBASIETHCS
B cedi. [Npouec peabcopbuii ce4yoBUHMU
BinOyBaeTbCca nacusHoO. MNpnbnmnaHo 50%
CEYOBMHU, gka npodinbTpyBanacb peab-
COPOYETLCA B MPOKCUMAaJIbHUX 3BUBUCTUX
KaHanbUAX, Npu LbOMYy peadbcopbuisa cevo-
BMHU MOBHICTIO 3aneXnTb Big, peabcopobuii
BOAW, LLO CTBOPIOE KOHUEHTPAaUinHUN
rpagieHt. TpaHcnopTep cevoBuHu UT-A2
OyB ineHTUdIKOBaHUN 9K TpaHCNopTep ce-
YOBUHU B TOHKIN HU3XiOHIN Y4aCTUHI NeTni
leHne. HUpKOBI KaHanbLi BiAHOCHO HENPO-
HWUKHI 019 CEYOBUHW BiO, TOBCTOI BUCXiOHOI
KiHUiBKM neTni [eHne 0o 30BHiLIHLOI Meay-
NAPHOI 30MpPanbHOi NPOTOKN. TUM HE MEHLL,
nnwe 6nm3bko 50% BigdinbTPOBAHOI Cevo-
BMHU 3a/IMLLIAETLCSA B NPOCBITI B KiHLUj 30U-
panbHOI NPOTOKKU. Y NPUCYTHOCTI Ba3onpe-
CUHY, SIKUA TakKoX € OOHUM i3 OCHOBHMUX
cTumynaTopis peabcopbuii Boan B 36uU-
panbHUX KaHanbuax, npubnmsaHo 20%
Bin®dINbTPOBAHOI CE4YOBMHU MOMMMHAETLCS
yepes TpaHcrnopTepu cevyosuHu UT-A1 B
anikanbHii MemMOpaHi BHYTPILLHIX Menynsap-
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HUX KNITUH 30MpanbHOi NpoToKK. MoTimM
CEYOBMHA BUXOOMUTb i3 UMX KNITUH 4epe3
TpaHcnopTepu cevyoBmHu UT-A3 y 6asona-
TepanbHin MembpaHi. KiHueBum pesynbra-
ToOM € Te, wo nuwe 30% BiadinbTPOBaHOI
CEYOBMHU BMBOANTLCSA 3 cedelo [4, 5].

TpaHcnopTep cevoBuHn UT-B1 Takox
Bigirpae BaxnmBy poJSib Y KOHLLEHTpaLIi cedi
[7]. Binok UT-B1 ekcnpecyeTbCs B €pUTpO-
untax i B HepeHeCTPOBAHMX eHOoTENIaNb-
HUX KNITUHAX HU3XIOAHUX NPAMUX CYOVH [7].
UT-B1 — aHTureH rpynun kposi Kigga, aH-
TUreH OpyropaaHoi rpynu kKposi. Jliogw,
KMM He Buctadae UT-B1, He MOXYTb KOH-
LeHTpysaTu ceoto cedy >800 mocm/kr H , G,
HaBiTb Nicns N030aBNeHHs1 BOAM Ta BBEAEH-
Ha BazonpecuHy [8]. Li naHi ceigyaTtb Npo
Te, WO TPaHCMOPT CEYOBUHN B epUTPOLM-
Tax BaXJMBUIM ONng epeKTUBHOro npoTnTo-
KOBOIO OOMiHyY, SIKMiA HEOBXiOHMI ONa Mak-
CUMasbHOI KOHUEeHTpauji B cedi [9]. Konun
€pPUTPOLNTU CMYCKaKTLCH B MO3KOBY Peyo-
BWHY, BOHM HAKOMW4YyiOTb CEYOBUHY, LWOO
3anMwaTtucs B OCMOTUYHIN piBHOBa3i 3
MeLyNAPHUM IHTEPCTULEM. Y Mipy TOro, K
epuTPpoOUNTN NigHIMAIOTbCA Yy BUCXIOHIN
NPSMIi CyOuHi, BOHW MNOBWHHI BTpayaTu
ceyoBuHy. 3a BigcyTHOCTI UT-B1 yepBOHi
KPOB’SIHI TiNlbUS HE 34aTHiI JOCUTb LWBUOKO
BTpa4yaTu CE4YOBUHY i 3abupaloTb HaCTUHY
CEYOBMHN 3 MO3KOBOI PEYOBUHN B KPOBOTIK,
TUM CaMUM 3HUXKYIOYMN e(PEKTUBHICTb NPO-
TUTOYHOro 06MiHY Ta 34ATHICTb KOHLLEHTPY-
BaTu ceudy [9].

3paTHICTb HUPOK peryntoBatn peab-
copbLUilo Ta cekpeLilo Ce4yoBUHU nig 4ac
NPOXOLXEHHA PiNbTpaTy Yepes KaHanbLi
BM3HAYAE BaXJIMBY POJSib CEYOBUHU Yy BU-
POBHMLTBI MakCUManbHO KOHLEHTPOBAHOI
cedi, Konn ue ctae HeobxigHnM. CevyoBuHa
Ta TPaHCMOPTEPU CEYOBUHW BiAirpalTb
KJIIOYOBY POJib Y BHYTPILHIX MeaynapHux
npouecax ans BUPOOHULITBA KOHLIEHTPOBA-
HOi cedi [10, 11]. MexaHi3m gji ce4oBUHMU,
Wwo 306epirae Boaoy B HedpPOHi, AeTaNbHO
onucanun Weiner 1a iH . [12].

CeyoBUBIOHI WNAXN ccaBLiB 3a3BU-
yan BBaXalTbCS BUKIIIOYHO TPAHCMOPTHUM
3acob0oM a9 TPaHCNOopTyBaHHA Ta 30epi-
raHHs cedi, WO BUPOBAAETLCHA HUPKAMM,

ane aaHi in vivo ceigyaTb Npo peabcopb-
L0 CE4YOBUMHM Ta iHLWUX KOMMOHEHTIB Cevi
yepes eniTenin ce4oBmBigHMX WiNgxis. Ce-
YOBMHA TPAHCMOPTYETLCA 3a A0MNOMOrolo
TpaHcnopTepa UT-B, akuin po3TalioBaHui
Ha MemMOpaHax eniTenianbHNX KNiTUH Cevo-
BOro Mixypa Ta Ce4yoBOZLiB. TakuM 4YUHOM,
ceya 3MIHIOETLCH Nig 4ac ii NPOXOOKEHHS
yepes3 cevoBUBIAHI WNaxmu. PeabcopoOuin
CEYOBUHN 4Yepes eniTenin ce4oBuBIgHUX
LNAXiB MOXe ByTM BaXKNIMBOIO Nif, 4ac yMOB,
O BUMaralTb 30epexeHHa a3oTy, i MoXe
cnpuat natogizionorivHM cTaHam, Lo
XapakTepmayTbCsd BUCOKMM BMICTOM a30-
TY CEYOBMHM B KPOBI, TAKUM K MpepeHasb-
Ha a3oTemisa Ta OOCTPYKTUBHA yponarTid
[13].

Y BCbOMY CBIiTi BUKOPUCTOBYETbLCH
NPakTU4YHO OOHAKOBUI METOL aHanidy ce-
YOBUHWN, ane pesynbTaT BUpaxaeTbcs OBO-
Ma pisHMMKn cnocodbamu [14]. Y CLUA Ta
OEeAKMX IHLWMX KpaiHax KOHLUEHTpaLis cevo-
BMHUM B NMnasmi abo CMpPOBATLj BUPAXAETb-
Cs FK KinbKicTb a30Ty cedoBuHu, (BUN), a
oanHULED KoHueHTpauii BUN € mr/on. Y
BCIiX iHLLIMX YaCTMHAax CBiTy CE4YOBMHA Bypa-
XKAETLCS SIK YCS MOoJiekyna (a He nuwe a3oT-
Ha YacTuHa monekynm) B ogmHuusax Cl
(Mmonb/n). Ockinbkn BUN Bigpobpaxae
nnwe BMICT a3oTy B cevyoBuHi (MW 28), a
BUMIPIOBAHHSA CEYOBMHU BiooOpaXkae BCHO
monekyny (MW 60), ceqoBuHa nNpubIN3HO
BAOBiui OinbLia, Hix BUN (60/28 = 2,14).Ta-
kumM 4ymHoM, BUN 10 mr/pon ekeiBaneHTHO
ce4vyoBuHi 21,4 mr/an. KoediuieHT nepeTBo-
peHHsa cTtaHoBUTb 0,357.

BUN mr/on, nomHoxeHun Ha 0,357 =
cevyoBuHa (MMONbL/N)

CevoBuHa (MMOnb/N), NoAdineHa Ha
0,357 = BUN (mr/on)

MPUBAM3HUI KOHTPONBHWI (HOPMaib-
HWI) giana3oH CEeYOBUHWU B cupoBatui/
nnasmi 2,5-7,8 mmonb/n; BUN B cuposatui/
nnasmi 7,0-22 mr/on.

LLInpoko BM3HaHO, WO iCHYE NoB’aA3a-
He 3 BIKOM NiOBULLEHHS KOHUEHTpauil ce-
4OBMHM B nnasmi/cuposartui [14, 15], ane
LLe HeLOCTaTHbO YiTKO BM3HA4YeHOo, i iCHye
HEBW3HAYEHICTb LLLOOO0 TOro, Yn Bigobpaxae
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LLe NPOCTO BiKOBE 3HUXEHHSA PYHKLLT HUPOK
K MPUNycKaloTb AesKi gocnimkeHHa [16],
ab0 BMHMKAE HE3BAXalyYn HA HOPMasbHY
OYHKLLIIO HUPOK, K NPUNYCKakTb iHWi [17].
PesyneTtaTtn [17] cBigyaTb Npo Te, WO 300-
pPOBi Nnioan noxmnoro Biky (6e3 6yab-aKkoi
BUONMOT BTPaATN PYHKLIT HUPOK) MOXYTb
maTtu piBHi BUN o 40-50 mr/on (14,3-17,8
MMOJb/N)].

He3Baxaio4n Ha Te, WO Ce4yoBUHA
4aCTO BBAXXAETbCS MNPOCTO KiHUEBUM METa-
O0NiYHMM BiOX0O0M, BOHA BUKOHYE [OBi BaX-
MBI @i3ionoriyHi GyHKLU|i, onucaHi BuLLe:
[EeTOoKCMKaLjlo amMiaky Ta 36epexXeHHs BOAN.
OcTaHHIM YacoOM 3MiHMNOCH BiAHOLLEHHS 00
KiHUEBUX NPOAYKTIB MeTaboniamy. BoHu
NPOOOBXYIOTb BUKOHYBATW CBOIO @izionor-
iYHY pOJib B OpraHiami NoaAnNHU, TOMY He
MOBHICTIO BMBOAATLCSH, a LEn npouec pe-
ryJloeTbCA NEBHUMM MexaHizamamu. [po
3Ha4yHy @i3i0NIOriYHY pPOSIb CEYOBUHU
CBIiOYNTb PS4 HAYKOBUX OOCHIOXEHb Ta
¢daKTiB

KpiM neviHkn cevoBMHA MOXE CUHTE-
3yBaTUCb B iHWNX OpraHax Ta TKaHWHax
CCaBLIB, O OOYMOBIEHO HASABHICTIO B HUX
depMeHTy apriHasn. TakumM YNHOM, MOXHa
roOBOPUTU NPO NO3aneydiHKOBUN LUMSIX YTBO-
PEHHSI CEHOBMHU NPU AKOMY He BiiOyBa€ETb-
cs HenTpanizauii amiaky [18]. B 1o xe yac,
pi3Ha aKTUBHICTb apriHa3n B TKAHMHAX 003~
BOJISIE OMiKyBaTW HEOOHAKOBUIA BKIAL, KOX-
HOro opraHy y ¢oopmMyBaHHS @i3ionoridyHoi
KOHLEHTpaLii ce4oBMHM B KPOBi. [18]. Ane
cam akT HasBHOCTI Takoro ansrepraTus-
HOrO LWNSIXY BKA3ye Ha BaXknmey @isionori-
YHY POJIb CE4YOBMHUN B OpPraHi3mi.

B ekcnepumeHTanbHMX OOCAIAXKEHHAX
OyN0 BUSIBNIEHO 3HAYHY POSb iHLLMX OpPraHiB
B MiATPMMAaHHI rOMeOoCTa3y CEeYOBMHU Mpun
pesekLii nedviHkmn abo ii XPOHIYHMX 3aXBOPIO-
BaHHAX [19]. Pe3ekuisa NeyviHkn He Tinbku
3MIHIOE KIHETUKY CE4OBMHU B OpraHax nop-
TanbHOI CUCTEMW, ajie aKkTUBYE ii Nno3aneuy-
iHKOBI MexaHi3Mu, sKi HanpasJeHi Ha rnone-
pemXeHHs1 PO3BUTKY AediunTy CEYOBUHU B
apTepianbHin KPOBi BHACNIAOK MOPYLUEHHS
il MOCTYNNEHHS i3 ONEPOBAHOr0 OpPraHy B
LEHTPaNbHUA KPOBOTIK. YMOBHO X MOXHa
MOAINNTN HA NOPTasbHi, IereHeBi, HUPKOBI

Ta BicLepasibHi. [opTanbHi MeEXaHI3MN KOM-
neHcadii NoB’aA3aHi 3i 36iNbLLUEHHAM BMICTY
CEYOBMHWN B KPOBIi BOPITHOI BEHU, KA O0-
CAraeTbCs 3HUMXKXEHHAM Ccekpeuii «apTepi-
aJIbHOI» CEYOBUHM B NPOCBIT OPraHiB LLIyH-
KOBO-KULLKOBOIO TPAKTY, 30i/bLUEHHSM YT-
BOPEHHS CEYOBMHW B CTiHLL TOHKOIO KMLLEY-
HMKa 3 NO4asnbLUOIO IHKPELJE B nopTanb-
HUIN KPOBOTIK, & TAKOX akTUBALLED NeyiH-
KOBO-KWLLIKOBOIro KpPyroob6iry ce4oBUHMU.
JlereHeBi mexaHi3Mmn KoMneHcadliji nonsara-
I0Tb B aKTuBaLii YTBOPEHHSI CEYOBUHU B
LLIEIO B KPOB, LU0 BigTiKae Big nereHb. Hup-
KOBi MeXaHi3M1 KOMIeHcaujii xapakrepmnay-
I0TbCA 36iNbLIEHHAM BMICTY CEYOBUHU Y
BiATIKAIOYIM Big, HUPOK KPOBIi, IKE MOXE
gocaratnucs gk 30inbweHHaM peabcopbuii
CEYOBMHW B HMPKAX, TaK i iHKPELLEIO B KPO-
BOTiK CEHOBUHW, YTBOPEHOI KNITUHAMWN HUP-
KOBUX KaHasbuiB. Mpy UbOMY NigBULLEHHE
BUAOiNEHHA CE4YOBUHU 3 ceyelo 30epiraetb-
cq. BicuepanbHi MexaHisMn komneHcaduii
00BYyMOBNEHI BUBIPKOBNUMI 3MiHAMU MPOHUK-
HOCTI A/1 CEYOBMHMW ricToremaTuyHoro 6a-
p’epy OpraHiB Ta TKaHWH. MNMpn LbOMY MOX-
JINBI 9K peTeHuinHa 3aTpMMKa CE4OBUHU B
TKaHWHI, Tak i 3MiHa 1i andy3ii B KNiTUHU 3
KPOBi, Tak camMO §IK nepexid 3 BiflbHOro y
3B’A3aHU CTaH i Hasnaku. lNparHeHHs
OpraHiaMy 3anobirtm 3HUXKEHHIO KOHLIEHT-
paLii Ce4OBUHM Yy KPOBiI NpU MOPYLUEHHI
CEYOBUHOCUHTETUYHOI PYHKLiT NeYiHKM BKa-
3Y€E Ha BXXJIMBY POJIb CEHOBUHU B CAHOIEH-
HUX peakujisx. [19].

LlikaBicTb 04O BMBYEHHA OCOBIMBOCTEN
0OMiHY CEYOBUHM B 300POBOMY OpraHi3mi
Ta nartonorii 06yMOBNEHO MONiPyHKLiO-
HaNbHICTIO AAHOI0 eHAOreHHOro metabon-
iTy, KM € HE TiNbKN eHOOreEHHMM aHTUOK-
CUOAHTOM, ase MOXe BUCTynaTtu B poni
perynatopa akTUBHOCTI pepMeHTIB, rena-
PUHY, a Takox ctabinisatopa nisocomarb-
HMUX MeMbpaH 3a ymoB nartonorii [20].

CeyoBuHa, BUABNSE aHTUOKCUOAHTHI
BNACTMBOCTI, Oepy4n y4acTb Y CUCTEMI aH-
TUOKCMOAHTHOrO 3axuUCTy OpPraHi3my Lwingd-
XOM YNOBJIIOBAHHS BiNbHUX pagukanie [21] .
Ha aHTnokCcnpaHTHY aKTUBHICTb CEYOBUHU
BMAMBAIOTL ii MOXiAHI, Taki 9K rigpokcuce-
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YOBMHA Ta iHWI, 9K CNPUAIOTL aHTUOKCU-
JaHTHOMY 3axXMUCTY LWASXOM HauifIloBaHHS
Ha MEBHI CalTn, Taki 9K aTOMU KUCHIO B
pidHUX Monekynax [22] . MexaHi3M aHTUOK-
CUOAHTHOI Aji Ce4O0BUHU BKJTOYAE YCYHEH-
HS aTOMapHOro BOAHIO Yepe3 roMONITUYHUI
pPO3pUB 3B’A3KiB, L0 € NMOBIPHUM LLUNSIXOM
YNIOBNIOBAHHSA pagukanie [22]

B ekcnepumeHTi 6yno BCTAaHOBEHO,
LLLO cevyoBMHa Ta ii MOXigHi € NOTEHUINHUMM
AHTUOKCMOAHTHUMM KapaionpOTEKTOPHUMU
areHTamMm NPoTM NOLUKOOKEHHS Miokapaa,
CMPUYNHEHOIO OKUCAOBANIbHUM CTPECOM,
BKJ1IOYAOYM MOLIKOOXKEHHS, CNPUYUHEHE
penepodysieto nicns iwemii [23].

Mpo perynioody PyHKLIIO CEYOBUHU B
OpraHi3mi CBig4YMTb HAsIBHICTb CreumM@ivHnX
TpaHcrnopTepos cevoBuHn (UTs) B pisHUX
opraHax. TpaHcnopTepu ce4oBuHU - Lie N-
3B’A3aHi MiKO3MbOBaHi BNk 3 YHIKaNbHUM
rinpodobHnM xapaktepoMm. dDizionoriyHo
UT icHytoTb, W06 BiAMNOBIAATY 3@ TpaHCMNop-
TYBaHHSI CEYOBUHM ANS NIATPUMKU ii KOH-
LLleHTpaLuji, KNiTMHHOro romeocTtasy Ta 6a-
naHcy as3oTy. TpaHCnopTeEPU CEHYOBUHU —
Le MmemOpaHHi Binku i3 cimencTeax 6inkis
TpaHcnopTepiB ce4oBunHn A (UT-A) Ta B
(UT-B). Y 1o yac ak UT-A ekcnpecyeTbcs
B OCHOBHOMY B HMPKax SIIOANHU Ta iHLIKWX
opraHax, BKJO4alouun sie4ka, TOBCTY KMLLKY
Ta nediHky, UT-B cunbHO ekcnpecyeTbCcd B
epuTpoumTax nioguHn, B MemopaHi eHgo-
TenianbHUX KNiTMH MO3KOBOI PEYOBUHWN HUP-
KN Ta B IHWNX TKaHMHax, BKOYalO4M MO-
30K, cepue, NigwayHKoBYy 3ano3y, TOBCTY
KNLLKY, CEYOBUIN MiXyp, KICTKOBUA MOS3OK i
BYLWIHY pakosuHy. UT-B BignoBignae 3a
MNiATPUMKY KOHLLEHTPALLT CE4OBUHM, YONOB-
vy PenpoayKTUBHY (YHKLIO, apTepiansHni
TUCK, KiCTKOBUI MeTaboniam, a Takox
dyHKUji acTpoumTiB MO3Ky Ta cepus. Moro
0ediunT i ANCHYHKUIA CnpUsioTb NaToreHe-
3y baraTbox 3axBoptoBaHb. Hacnpaeai ne-
diunt UT-B nigBuiye 4yyTtnmeicTb eniteni-
anbHUX KJITUH CEe4YoBOro Mmixypa noo Tpu-
repie anonTto3dy y MULIEN, a Yy MULLEN 3
HyNnboBUM UT-B pO3BMBAETLCH aTPIOBEHT-
pukynsapHa 6nokaga ll-1ll Ta genpecis [24].

Ce4oBuHa Bigirpae BupianbHy posb
y nigTpumui HopManbHOI GYHKUIT HUPOK,

OOMOMOraKyn y BUaaneHHi TOKCUYHUX
KiHLEBMX MNPOAYKTIB METAO0NIZMY  LLASIXOM
dinbTpauji. MexaHiammn BRMBY CE4OBUHU
Ha edeKTUBHICTb dinbTpauii MOXyTb 6yau
pisHOMaHITHI. Ce4yoBuMHaA Ai€ HA HNPKKU, 30K-
pemMa Ha IKCTAarnoMepyndapHUin anapart,
PErynioyun PeHiH-aHrioTEH3MHOBY CUCTEMY
(PAC), gaka, y CBOIO 4yepry, BNJMBae Ha
dpakuito dinsTpauii [25]. Jobpe BCTaHOB-
NIeHO, WO edEeKTUBHICTb BUBEOEHHSA CEYO-
BUHM Nagae 3i 36iNbleHHAM KOHLIeHTpauji
B CeYi Ta 3MEHLUEHHSM LUBUOKOCTI MOTOKY
Cedi, OCKifIbKM MNOOOBXEHUIN YaCc NPOXOL-
XXEHHS cedi y guctanbHOMY HedpOHi
Crpusie NacueHin peabcopOLji CEHOBUHU.
TakyM YMHOM, BinbLL BUCOKA KOHUEHTpaL,is
B Ceui OOCAraeTbCs 3a PaxyHOK 3HUXEHHS
edeKTMBHOCTI BUBEOEHHA Ce4YOoBUHU. He-
[aBHi eKkCrnepuMeHTaslbHi CNOCTEPEXEHHS
nokasyioTb, wWo LK®D moxe dakTuyHo
30inbLIyBaTUCA NapanenbHO 3 KOHLUEHTpa-
LLIMHOK aKTUBHICTIO CeYi, TaKuM YNHOM 3a-
0e3nevyoun HopMasibHYy EKCKPELilo cevyo-
BMHKM B YMOBax BMCOKOI, 3aJ1IeXXHOI Bif, KOH-
LeHTpauii peabcopbuii cCe4O0BUHM 3 NO-
MIPHUM MiABULLEHHAM PIiBHS CEYOBUHU B
nnasmi. NMpPoONoOHYETBCA MOXIUBUIN MeE-
XaHi3M, KNI Mir 61 NOACHUTK, AK IHOYKO-
BaHa Ba30MPECUHOM BHYTPILLHBEOHMPKOBA
PELMPKYNISLIA CEYOBUHU (KA CNPUSE MO-
KPaLLEHHIO KOHLIEHTpAaLii CE4OBUHW), ane He
€K30reHHe BBeEHHA CEHOBMHU, MOXE Oro-
CepenkoBaHO MPUrHivyBatn Tybynornome-
PYNsSpHUIA 3BOPOTHUN 3B’A30K i, OTXE,
nigsuwysatn LLK® [26]. TpaHcnopTepu
CE4YOBUHU, Taki 9K PEeYOBUHMN CiMencTBa
SLC14A (UT-A n UT-B.), Bigirpaiote Bax-
JNINBY POJib Y KOHLEHTPYBAHHI Cevi Ta pery-
JIOI0TbCS TakuMn pakTopamu, K Basonpe-
CUIH, SIKN MOXE rOCTPO Ta XPOHI4YHO 3MIHIO-
BaTU iXHIO aKTUBHICTb Ta BMICT 3aJIEXXHO Bif,
CTaHy rigparauji Ta iHwnx ctaHis [27]. CyT-
TEBY POJIb Y LbOMY MPOLECI Bigirpae k-
cTarnoMepynapHui anapart, BianoBigasb-
HUI 3a TyOYyNOrNOMEPYNAPHUIA 3BOPOTHUM
3B’A30K [28].

Bnnue cevyoBmHmn Ha PAC cTaHOBUTb
iHTepec y 3B’A3Ky 3 ii MOTEHUinHUM BAAN-
BOM Ha pisHi ¢isionoriyHi npouecu. PAC
Bigirpae BupiwanbHy ponb y perynsuji ap-
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TepianbHOro TUCKY, ENEKTPOJIITHOro 6anaH-
cy Ta dyHKUin opraHis. KnacuiHuni peuen-
TOPHUI Kackag CUCTEMM, WO BKIIIOYAE pe-
LLenTOPU PEHiHy, aHrioTeH3uHy Il Ta aHrio-
TeH3uHy |l Tuny 1, Bigirpae 3HayHy posb
Npwn 3axXBOPIOBAHHAX HUPOK, CcepLsd, CYauH,
nereHb Ta LepebpoBackynapHuUx npobne-
max [29, 30]

Kpim Toro, PAC 6epe yyacTb y pery-
nauii pisHux @isionoriyHmx Ta natogisiono-
rMYHMX CTaHIB, WO POOUTL ii BAXNMBOIO
MILLEHHIO ONA PO3YMIHHA TakMX CTaHiB, SIK
nopTanbHa rinepTeHsida, cepueea Heno-
CTaTHiICTb, MeTaboNiYHNUM CUHOPOM Ta
rinepkoarynsujis. Bnnme cuctemn PAC Ha
Taki mpouecu, 9K BA3OKOHCTPUKLISA, 3ana-
neHHs Ta ¢ibpo3, NiAKPeCcntoe ii LWMpPOoKnin
BMJINB HA CEPLLEBO-CYAMHHI 3aXBOPIOBaHHS
[30 - 33]

Byno nokasaHo, Lo ce4oBuHa, NoLn-
peHunii metaboniT OinkiB, BNIMBAE Ha pery-
JIIOBAHHS apTepiasibHOro TUCKY 4acTKOBO
3aBASKU CBOEMY AiypeTUYHOMY edekTy,
KU 30inbluye 06’€eM cedi Ta ekckpeLito
HaTpilo i3 Ceyvyeln, TUM CaMUM 3HUXYIO4YU
aprepiasibHUV TUCK y NaLieHTIiB i3 rinepTo-
HiYHO XBOPOOOI0. Lisi piypeTnyHa ais Mmoxe
onocepenkoBaHo BrmBaTy Ha PAC, 3MiHIO-
lo4n GanaHc HaTpito Ta 06’eM NMO3aKNiTUH-
HOI PiOMHU, SKi € HaMBaXXUBILLUMWU pery-
NATOpamMn BUBINbHEHHSA PEHIHY 3 HUPOK
[25]. BpaTHiICTb Ce4YOoBUHU 30iAblUyBaTU
EKCKpEeLUito HaTpilo MOXe Mpu3BecTn Ao
3HUXEHHS PIBHS HATPIO B WiNbHIA Makyi,
CTUMYJIOIOYN BUBINBHEHHS PEHiHy [25].
KpiMm TOro, ¢apmakonoriyHi BNnacTtmBoCTi
MOXigHNX CEYOBUHW, BKIIIOHAOYN aHTUrinep-
TEH3UBHY [fil0, OO3BONSAIOTE NPUNYCTUTH,
LLO Ui CcnoiyKn MOXYTb B3aemoaiatn 3 PAC
3i 3HMXEHHAM apTepianbHOro Tucky [34].
BnnuBaioum Ha 6anaHc HaTpito Ta BOAM,
CeYOBMHA MOBIYHO MOAYNIOE Ui NMPouecwu,
NOTEHUINHO BMNAMBAOYM HA 4OBrOCTPOKOBE
perynioBaHHA apTepianbHOro TUCKY Ta
PiOVHHOIO romeocTasy .

Takmm 4YMHOM, HOPManbHWI BMNNB
cevyoBuHM Ha PAC nonsirae, B nepLuy yep-
ry, B ii BNAUBI HA BUAINEHHS HATPIlO HUpKa-
MM Ta nogasnblly MOAOyNSUit0 BUBISIbHEHHS
PEHiHY, LLO, Y CBOIO Yepry, BMBa€E Ha KOM-

noHeHTn PAC, 3pelwTolo BnavBal4un Ha
apTepianbHUN TUCK i 6anaHc pPigvuiHK.

BcTtaHOBNEHO NO3UTUBHUIA ePEKT ne-
popanbHOro NPUNOMY CEHOBUHW MPU Tino-
HaTpiemii y nauieHTiB 3 CUHOPOMOM He-
afeKkBaTHOI CeKpeLuii aHTuaiypeTnyHoro
ropmoHy (SIADH) [34]. Ce4voBuHa niosuLLye
piBEHb HATPIlO B CMPOBATLi KPOBI LLUISAXOM
30iNnblUEHHA BUBEOEHHS BifIbHOT BOAW 3a
JOMOMOro OCMOTUYHO-AIYPETUYHOIO Me-
XaHi3my. O6cAr BUAOINEHHSA BiNlbHOI BOAN |,
oTXe, ePEKTUBHICTb CEHYOBUHU 3anexaTtb
cepep iHWOoro Bif, 3aCTOCOBAHOI O03M ce-
YOBMHW Ta OCMOJIPHOCTI cevi. 3 niaBuLLEH-
HAM OCMONSIPHOCTI cedvi HeobxigHa [o3a
CEYOBMHM ONK NigBULLEHHS HATPIIO B CUPO-
BaTLi KPOBi € BULLOI. ICHYIOTb MpPaKTUYHI
pekomMeHgaLji Wwoao A03yBaHHA CEHYOBUHU
y NauieHTiB 3 rinoHaTpieMielo 3 ornaay Ha
BUXIOHY OCMONSbHICTb cedi [35, 36].

PiBHi CE40BMHU MOXYTb BMAMBaTU Ha
roOpMOHasbHy PEerynsuito Ta metabonivHi
WIaxm, sIki MaloTb BUpillasibHE 3HAYEHHS
ana eHOoKpPUHHOI dyHKUji . JocnigkeHHa
B32€EMO/iT M)XK CEYOBUHOIO Ta EHOOKPUHHN-
MU NpoLecamMm MoOXe NMPOSICHUTU, K Ce4o-
BMHA MOXE CNPUATN EHOOKPUHHUM po3na-
nam Ta metaboniyHomy amcbanaHcy [37,
38].

Mo4ymHaoum 3 19 CToNITTS POSb Cevo-
BUMHM WIMPOKO BmBYanacsa. OgHak pesyrb-
TaTu UMX OOCAIOXKEeHb 3annLaloTbes cyne-
peunmeumn. OCHOBHOIO NPOBIEMOIO, Mo-
B’S13@HOI0 3 POJUIIO CEHOBUHN, € ii BNAMB HA
MaKpOMOJIEKYNN B KJITUHAX, TKAHUHax i
opraHax Tina. CeyoBuHa 6epe ydyacTb y
BMJMBI Ha KNITUHHI MPOLECK i MOXe MaTu
3HAYEeHHS y PO3BUTKY CTaHiB, MOB’A3aHUX 3
KINITUHHO ANCOHYHKLiE. PO3yMiHHSA B3ae-
MOLji CEYOBUHM 3 KINITUHHUMM KOMMOHEH-
Tamm, BKJIIOYaAlO4YM Taki opraHenu, sk MiTto-
XOHAPIi, MOXe AaTn yaBAeHHS npo ii wup-
LIMIA BIJINB HA 300POB’ S Ta PYHKL|O KITiITUH
[38, 39].

Tpueanuin 4ac BBaXanocs , Wo edpek-
TV BIJIMBY CEYOBUHU Ha i3i0NIorivHi npo-
Lecu 3anexartb Bifg i KOHUeTpauji: OinbLu
BMCOKI 0031 CNPUAMAaKTbCA 9K TOKCUYHI
[40 - 42], iHWi JocnioKeHHS CTBEPOXYIOThb,
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LLO CevYoBMHA HETOKCUYHA | HABiTb Ma€E Te-
paneBTUYHUN edekT [43, 44]. Xoya cedo-
BMHA, SIK NPaBWUA0, BBAXKAETbCS HETOKCUY-
HOO, OOCHIAXEHHS nokas3anu, Lo Hakonu-
YeHHH ce4yoBUHU npu XXH mMoxe cnpuyn-
HUTW PYMHIBHUA BMNAMB Ha KAITUHHI CTPYK-
TYypu Ta PyHKUji [45 - 47]. PiBeHb cevyoBu-
HWN B KPOBI NiABULLLYETLCH 3 NPOrPECY0HNM
3HMKEHHAM DYHKUiT HMpOK. CTapili focn-
IIKEHHS, WO BMBYANIM rocTpy iHOY3ilo ce-
YOBUWHW, NPUNYCTUNK, LLO CEeYOBMHA O06pe
nepeHocmnacsa npu piBHsx, gki B 8-10 pasis
nepeBunLLyBanm HopManbHi 3Ha4YeHHs. Oc-
TaHHI goCcnioKeHHs in vitro Ta in vivo cTBep-
DKYIOTb NPOTUNEXHE Ta AEMOHCTPYIOTbL K
npsiMy, Tak i HeNnPsMY TOKCUYHICTb CEHOBU-
HW. MigBULWEHN piBEHb CEYOBMHN B KOH-
LLeHTpauisx, ski 3a3Bmyan 3ycTpivyaloTbes y
NaLjieHTiB 3 YPEMIEID, BUKIINKAE Ae3iHTerpa-
L0 KMLLKOBOrO eniTenianbHOro 6ap’epy, wo
NPU3BOANTbL A0 NepeMilleHHs bakTepianb-
HUX TOKCUHIB Y KPOB i CUCTEMHOIro 3ana-
neHHsa. CevyoBMHA iHOYKYE anonTo3 KNiTUH
rnagKoi MyckynaTypu CyOuH, a TakoX €eH-
goTtenianbHy OUCOHYHKLUIO, TAaKUM YNHOM
06e3nocepeaHbO CNpUSoYM PO3BUTKY Cep-
LLeBO-CYOMHHUX 3axBopioBaHb. Kpim TOro,
Ce4YOoBMHA CTUMYJIIOE OKUCAKOBaNbHUN
CTPEC i ANChYHKLiIO aamnounTis, WO npu-
3BOAUTbL OO PE3UCTEHTHOCTI OO0 iHCYNiHY.
HapeluTi, iCHYIOTb LUMPOKO MNOLUMPEHi He-
npsiMi epexkTn NioBULLEHOro PiBHA CE40BU-
HM B pPe3ynbTaTi peakuii kapbaminoBaHHS,
KOJIM i3oLuiaHoBa KMcnoTa (NpoaykT katabo-
Ni3My CE4YOBUHUN) 3MIHIOE CTPYKTYPY Ta PyH-
Kuito 6inkiB B opraHiami. KapbaminioBaHHs
NOB’A3YI0Tb i3 GIBPO30OM HUPOK, aTePOCK-
nepo30omMm i aHewmielo [48 - 50]. IHwi gocnia-
XXEHHS nNokasanu, WO Ce4OBMHA HE € KiHue-
BMM NMPOAYKTOM BinkOBOro 06MiHy, i OCKifb-
KM BOHa PO34MHHA Y BOAj, BOHA MOXe BUA-
iNaTK @30T i YTBOPIOBATU iHLUI CNOJSYKK, LLO
MaloTb BUCOKY TOKCMYHICTb (YPEMIYHI TOK-
cuHKn). [51, 52] Ui noxigHi ce4oBMHM TaKOX
TOKCWYHI Ta HaJaloTb LWKIigAMBUIA BNIUB Ha
TKaHW.

3 iHLWOro 60Ky, KaxyTb, IO CEHOBMHA
Ta ii moxigHi MaloTb KopucHuin edext. ba-
rato nyonikauin, K cTapux , Tak i HeAAaBHIX,
nNiaTBEPOKYIOTb TBEPOXKEHHS, WO CEYOBU-

Ha Ta ii NoXigHi MaloTb TepaneBTUYHY Ailo.
Tak gogaBaHHSA CEHYOBUMHU B 9KOCTI Xap4o-
BOi J0OABKM A0 KOPMIB TBApuH CNpUE BU-
COKMM TeMMaM POCTY Ta MNMOKPALLEHHIO ne-
peTpaBfieHHsd [53 - 55]

JoBeneHo, WO ce4oBMHA CTBOPIOE
NO3UTUBHUI BanaHCc HaTpPilo, WO cnpuse
NOKPALWEHHIO PiBHS HATPIilO B Nnasmi i BU-
KOPUCTOBYETLCH A9 JliKyBaHHA Tino-
HaTpiemii npu SIADH [5]. 5 TioceuyoBuHa,
pPerynatop cekpeuii rOpMOHY NenTuHy 3
agunouunTiB, Bigirpae BaxanBy posb Y rMpo-
rpPecyBaHHi OXXUPIHHA Ta CTeaTo3y NeviHKN.
CnocTepiranocs, Lo BBeAEHHS TIOCEe4OBU-
HM (CNONyKKW, NOAIOHOI A0 CEe4YOBUHU) TBA-
puHaMm mMoaynioe metaboniam Tpurnige-
pPUAIB i 3HMXYE Macy Tina, 3arasbHUN XO-
NecTepuiH, AinonNpoTEiHM BUCOKOI Ta HU3b-
KOi WinbHOCTI [57]. B ekcnepemeHTax 6yno
OOBEOEHO TaKOX MPOTUMYXIMHHY Ajl0 ceYvo-
BMHW 3@ PaxyHOK LMTOTOKCUYHOI Aji Ta CTn-
MynsaLii anonoTtoay [58, 59]. AepmaToTepa-
NneBTW BUSIBUN 3HAYHUN iIHTEPEC 00 CeYo-
BMHW Yyepes ii BnactuBocTi. byno nigreep-
IDKEHO, WO CeYyoBMHA Mae 4ynoBUi BNnB
Ha Kcepo3s. [60] BoHa mae xopolwwunii 3B0-
NIOXYUMIN edekT, NoKpaLLyoy BOOOYTPU-
MyBaJSibHY 34aTHICTb POrOBOIro Lapy LWKipn
Ta yHKUilO WKipHOro 6ap’epy, a Takox
perynioe pH noBepxHi Wkipw. MNpn HanexHin
KOHLIeHTpaLLii CE4OBMHU HE CrnocTepirano-
CA 3HUXEHHS LiNiCHOCTI pOroBoro wapy
pa30oM i3 SHMXKEHHSIM akTMBHOCTI NpoTeasun
[44, 61].

CyvacHi pocnigxeHHs oOMiHY Ta
@di3ioNoriyHMX MexaHiamie BMANMBY CE4OBU-
HM Ha OpraHi3aMm BKa3ylTb Ha Te, WO L0
PEeYOBMHY HE Cnig, po3rnagaTtn TiflbKU SK
KiHLEBMIA NPOOyKT MeTaboniamy, Tak sk
BOHA BMKOHYE CKnagHi perynoodi QyHKuii
SIK B 3J0POBOMY OpraHi3mi, Tak i npu naro-
Jorii pisHKX opratie, Wo noTpedye nogasb-
LLOrO BUBYEHHS.
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