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NEPEIMOBA

Oprani3aMm JIOAWHMA cTaB O00’€KTOM HEraTUBHOI [ii pI3HUX
Yy>KOPIIHUX PEUYOBHH — ~KCEHOOI0TUKIB”. [loTpamisioun B opraniam
3 XapuOBHMH MPOAYKTAMH, IIUTHOIO BOAOIO, JTIKAPCHKUMH 3aC00aMH
YH MOBITPSIM, KCEHOOIOTHKH HABITH B OOMEKEHHUX KUTBKOCTSIX 3JaTHI
MopyIIyBaTu (hi3i0NIOTIYHY CIPSIMOBAHICTh METa0OJMIYHUX IMPOLIECIB
y Oprasi3mi, 110 MPU3BOAWTH IO BUHUKHEHHS MATOJOTIYHHMX 3MIiH,
MOCWJIEHHSI TOKCHKOJIOTIYHUX TposiBiB. Lle 3ymMOBWMIIO pO3BUTOK
HOBOi raiy3i B KceHoOlomorii — kceHoOioximii. KceHnoGioximis
ChOTOJIHI TEPETBOPUIIACH HA HIMPOKY Taly3b 3HAHb BAXKIHBY JUIS
Giomortii.

VY 3anponoHOBaHOMY MiJIPYYHUKY BUKIAJEHI OCHOBHI TOHSTTS
PO TOKCHUYHICTh Ta MEXaHI3MH [il KCEHOOIOTHKIB 3aJI&KHO Bil
iXHBOT ~CTPYKTYpM Ta aKTUBHOCTI  (YHKI[IOHAIGHUX  TPYIIL.
VY3aranbHEHO Cy4YacHi YSBJEHHS NP0 CTPYKTYpPHY OpTaHi3allito,
MeXaHi3M JIiT i peryroBaHHsS aKTHBHOCTI eH3UMIB OioTpanchopmartii
KCEHOOIOTHKIB, 1X 3aJlydeHHS Yy MpOIecH MeTadonisMy KimituH. [lpn
aHaii3i (YHKIIOHYBaHHS EH3UMHHX KOMIUJICKCIB BOHH PO3TJIA-
MAlOTbCS HE JIMIIE SIK  OIONIOTIUHI KarajizaTopu, ajle W SK
CTPYKTYPHO-(YHKITIOHATIbHI KOMIIOHEHTH KJIITHH, 10 3a0€31eUyI0Th
IHTErpOBaHICTh TIepeOIry METa0OIIIHUX MPOIIECIB Y KITIITHHAX.

Y BumaHHI OOTPYHTOBaHO KOHIIEMINIO ABOX TMOCTIIOBHUX Qa3
MerabonisMy KceHOOioTWKIB. Bukinagenuit matepian  Baajo
pO3MIMPIOE Ta TOTNIHONIOE 3HAHHS TPO MOJEKYISIPHI OCHOBH
(hyHKITIOHYBaHHS i PETYNIOBaHHS yHIBEPCAIbHUX BUCOKO CHEmu(id-
HUX EH3UMHUX CHUCTeM OioTpaHchopMarllii KCeHOO10THKIB.

[ligpydHuK UTIOCTPOBAaHUM PHUCYHKAMH, CXEMaMHU Ta TaOIHIISIMH,
0 CYTTEBO TONINIIyE aKTHBHE CHPUWHATTA Matepiamy. Y
MIAPYYHUKY MOXKHA MIPOCHTIIKYBATH IIUTICHUIN XapaKTep BUKIAICHHS
iHpopMarlii, a MDK OKpeMHMH pO3AUTIAMH ICHYE HEOOXiTHUI
B32€MO3B’A30K. Y BHUIaHHI HaBeJeHI YHCIICHHI HAYKOBI MOHATTS, SKi
BiJINIOBIIAIOTh  3araJIbHONIPUIHATIA TEpMiHONOTIi Ta CHMBOJIIIL.
EdexTuBHe ompaioBaHHS CTYyJEHTAMH HaBUYAJIBHOTO MaTepiaiy
3a0e3MmevyeThcs OIMPAIIOBAHHSAM HANPUKIHIII KOXXHOI TEOPETHYHOL
YaCTHHU 3aBJIaHb Ta 3allUTaHb I CAMOKOHTPOITIO.

Koxken po3ain mouMHaeThcs 3 pe3loMe, A€ YKpaiHCBKOIO Ta
AHTIIHACHKO0 MOBaMH BUKJIAJIEHI OCHOBHI TEOPETHYHI ITOJIOKEHHS, a
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3aBEPIIYETHCS KOMILIEKCOM Pi3HOPIBHEBUX TECTOBUX 3aBJaHb, IO
Jla€ 3MOTy TepeBipUTH CBOI 3HaHHS 3 KceHoOioximii. [lomani He
TUIBKH 3aBIaHHS PENPONYyKTHBHOTO, a ¥ TBOPYOro THUIY, SKi
BHMaralTh TIJIMOOKMX CHCTEMATHU30BaHMX 3HaHb 1 HaBHUYOK
JIOTIYHOTO MHCIeHHS. HaBeleHi HanmpHKIHI MigpydYHUKa BiIIOBII
JI0 TECTOBUX 3aBJIaHb JIAIOTh MOXKIIUBICTH CTYJCHTY IEPEBIPUTH Ta
OLIIHUTH PiBEHb BJIACHUX 3HAHb 3 KYpPCY.

Martepian migpy4YHHKa CTPYKTYpOBaHWUH Ta  aJanTOBaHUHA
BIMOBIIHO JI0 BUMOI BHIIUX HAaBYAJBHUX 3aKIajiB YKpaiHu,
BIJINIOBIJIa€ HABYAJIBLHUM IMpOrpamMaM JUCHUILIIH ~IIUTOTOKCHYHMIA
ckpuHiHr”, “biorpancdopmaliiss KCEHOOIOTHKIB y oOpraniami” Ta
CKJIaJIa€ OCHOBY HaBYaJIbHO-METOINYHUX KOMILIEKCIB.

Bunganus iHpopMaTHBHE W 30pIEHTOBAHE HA CTYACHTIB BHUIIMX
HaBYaJIbHUX  3aKJajiB, BHUKIAJayiB, AacCHipaHTIB, HAYKOBHX
MpaiiBHUKIB  Oi0XiMikiB, Oioiorie, OIOTEXHOJIOIB, MEIHUKIB,
€KOJIOT'IB.

FOREWORD

The human body became the object of the negative impact of
various alien substances - "xenobiotics". Getting into the body with
food, drinking water, medicines or air, xenobiotics, even in limited
guantities, can disrupt the physiological course of metabolic
processes in the body, which leads to the appearance of pathological
changes, the intensification of toxicological manifestations. This
leads to the development of a new branch in xenobiology -
xenobiochemistry. Today xenobiochemistry has become a broad
field of knowledge important for biology.

This textbook describes the basic concepts of toxicity and the
mechanisms of action of xenobiotics, depending on their structure
and activity of functional groups. The modern ideas about the
structure, the mechanism of action and regulation of the activity of
enzymes of xenobiotics’ biotransformation, their involvement in the
processes of cell metabolism are generalized. When analyzing the
functioning of enzyme complexes, they are considered not only as
biological catalysts, but also as structural and functional components
of cells that ensure the integration of metabolic processes in cells.

The publication substantiates the concept of two consecutive
phases of xenobiotic metabolism. The presented material
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successfully extends and deepens knowledge of the molecular
fundamentals of functioning and regulation of universal highly
specific enzyme systems of xenobiotics’ biotransformation.

The textbook is illustrated with drawings, diagrams and tables,
significantly facilitates the active perception of the material. Both the
structure and the integrity of presented information are observed,
there is a necessary relationship between the individual sections.
Widespread scientific concepts correspond to the generally accepted
terminology and symbolism. Effective comprehension of educational
material by students is provided by completion of tasks for self-
control at the end of each section.

The sections of the textbook end with a set of test tasks of
different levels of complexity that allows to estimate the level of
students’ knowledge of xenobiochemistry. Not only reproductive
tasks, but also creative ones, which require deep, systematized
knowledge and skills of logical thinking, are presented. The answers
to tests given at the end of the textbook enable the students to check
and assess the level of their own knowledge of the course.

The material of the textbook is structured and adapted according
to the requirements of higher educational institutions of Ukraine,
meets the curriculum of the discipline ”Cytotoxicity screening” and
”Biotransformation of xenobiotics in the body” and forms the basis
of the educational and methodical complex.

The textbook is informative and focused on students of higher
educational institutions, teachers, post-graduate students, scientists of
biochemists, biologists, biotechnologists, physicians, ecologists.


https://www.cyprotex.com/toxicology/multiparametric/cytotoxicity-screening-panel

BCTYII

Binprricte  KCEHOOIOTHKIB, 10 TMOTPAIUISIOTE B OPraHi3M,
MiJJIAaI0TECA ~ METAa0OJIYHUM  TICPETBOPEHHSM. Merabomizm
KCEHOOIOTHKIB — TpeAMET BHBYCHHS KceHoOioximil — ramysi
KCEHO010I10T1i, sika HallOypXJIMBillle PO3BUBAETHCS B HAIII Yac.

Biorpanchopmariiss KCeHOOIOTHKIB — 1€ MPIKUTTEBA (DYHKIIA
XIMIYHOTO 3aXHCTy OpraHi3My, IO 3IIHCHIOETBCS 3a Yy4acTio
CH3UMHHUX CHCTEM KJIITHH OpraHizmy. Y pe3ynbrati OioTpaHcdop-
Marii 3a0e3neuyeTbcsi eeKTHBHE MEPETBOPEHHS KCEHOOIOTHKIB Ta
X 3HEmKOKEeHHs. 32 yMOB MyTalliii TeHIB Ta iHri0OyBaHHs eKcrpecii
eH3uMiB OioTpaHcdopmallii crocTepiraeTbest HOpyIeHHs (izionoria-
HOi CHpPSAMOBaHOCTI MeTabOJMIYHUX TPOLECIB 3  POIBUTOKOM
MATOJIOTIYHUX CTaHIB.

Bionmoriuna  aKkTHBHICTP  KCEHOOIOTHMKIB  BH3HAYAETHCS  IX
3MATHICTIO 3B’s3yBaTHCSA 3 (QYHKI[IOHAILHUMH TPYNaMH MOJEKYI
MillleHi, 3a3HaBaTH MeTaboiiuHoi TpaHchopMalii 3 yTBOPEHHSIM
pEaKIifHO AaKTUBHUX TPOMDKHHX CHOIYK 1 3YMOBJIIOBATH
(hizionoriuyHy BiAMOBIIE OPraHi3MY.

EH3uMHI TIepeTBOPEHHS MOJIEKYIT KCEHOO10THKIB JISKAaTh B OCHOBI
ix  Oiorpancdopmaiiii, ska BigOyBaeTbcs y 1Bl  (asu.
HaliBa)xJIMBIIIMM KOMITOHGHTOM mepiioi (asu € MIKpOCOMHa
cucrema rutoxpomy P450. IleperBopeHHS KCEHOOIOTHKIB y TEpIITiii
(hazi migBumIyE iX TigpoUIBHICTS Ta 3HUKYE 3AATHICTH POSUNHATHUCS
B mimigax. Y pe3ynbTaTi Aii eH3uMiB Apyroi (asm, sSKi KaTami3yloTbh
peakmii KOH’IOTaIii, yTBOPIOIOTHCS BOJOPO3YMHHI TMPOIYKTH
peaxIliii, 0 CTAIOTh NPUIATHIUMU JUIS BUBEACHHS 3 OpraHi3My.

Iaaykmis un GiokyBaHHS akTUBHOCTI mutoxpoM P450-3anexHux
MeTa0oli3yI0unX eH3UMIB BIUTMBA€E HA METa0O0Ji3M KCEHOOIOTHKIB Ta
iX TokcnuHicTb. HasBHICTH YHMCIEHHHX €H3UMIB 1 momiMopdizMm ix
i30opM, a TaKOXX iCHyBaHHS IHIYKTOPIiB Ta IHTIOITOPIB i3 pi3HUM
CHEKTPOM il YHEMOXXJIMBIIIOE ampiopHE MPOTHO3yBaHHS Oionoriv-
HUX HACNIJKIB B3aEMOJIi KCEHOO10THKIB i3 MOIYIIATOPAMHU SH3UMIB.

3paTHICTE OpraHiB 1 TKaHMH MeETa0OMi3yBaTH KCEHOOIOTHKU
3alIeKUTH BiJl HAOOpY i aKTUBHOCTI €H3WMIB, IO OEpPyTh y4acTh Y
LBOMY Ipoleci. 3HAaYHOI MIpOI0 aKTUBHICTh €H3UMIB — BHYTPILIHA
XapaKTePUCTUKA KOHKPETHOI TKAaHWHU, BU3HAYAETHCS I'€HETUUHUMHU
0COOJIMBOCTSIMM  OpTraHi3My 1 3alJeKuTh Bl pi3HHX (aKTopiB.
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[ndopmanis nmpo GionoriuHy aKTHBHICTH KCEHOOIOTHKIB 1 OioXiMiuHi
MeXaHi3MH iX 3HEIIKO[KEHHS MOXKe OyTH BUKOpUCTaHa s
mificuiieHHs. epeKTy JIiKapchbKUX 3aco0iB 3a pI3HUX MATONOTIYHUX
CTaHIB OpraHi3my.

INTRODUCTION

When entering the body, most xenobiotics undergo an enzymatic
transformation, which is called metabolic. Metabolism of xenobiotics
is the subject of studying xenobiochemistry - the branch of
xenobiology, which is actively developing in our time.

Metabolism of xenobiotics is a vital function of the chemical
defense of the body carried out with the participation of enzyme
systems of the body cells. As a result, an effective xenobiotics’
conversion and their neutralization is ensured. Under the conditions
of gene mutations and inhibition of the enzymes’ biotransformation
expression, a disruption of the physiological course of metabolic
processes and the development of pathological processes are
observed.

The biological activity of xenobiotics is determined by their
ability to bind to effector cells, to undergo metabolic transformations
with the formation of reactive intermediates and to induce a
physiological response of the organism.

The basis for the xenobiotics’ transformation is the enzymatic
transformation of molecules, which take place in two phases. The
most important component of the first phase is the microsomal
monooxygenase system of cytochrome P450. Transformation of
xenobiotics in the first phase increases their hydrophilicity and
reduces the lipid-solubility. Enzymes of the second phase catalyze
conjugation reactions, as a result of which the resulting conjugates
become water-soluble, suitable for further metabolism and excretion
by the organism.

Induction or blocking of cytochrome activity by P450-dependent
symbionts of enzymes affects the metabolism of xenobiotics and
their toxicity. The presence of numerous enzymes and the
polymorphism of their multiple forms, the existence of inducers and
inhibitors with different spectrum of action exclude a priori
prediction of the biological consequences of the interaction of
xenaobiotics with enzyme modulators.
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The ability of organs and tissues to metabolize xenobiotics
depends on the set and activity of the enzymes involved in this
process. To a large extent, the activity of enzymes - the internal
characteristic of a particular tissue - is determined by the genetic
characteristics of the organism and depends on various factors.

Data of biological activity of xenobiotics and the biochemical
mechanisms of their neutralization can be used to enhance the effect
of drugs in various pathological conditions of the body.



PO3LT 1
ICTOPISI PO3BUTKY KCEHOBIOXIMII

KOHCIIEKT PO3JILTY

[lowatox  po3BUTKY  KCeHOOIOXiMil  JaTyeThCsl  MEPILIOIO
nojoBuHOO XIX cr., Komu Oynau omMcaHi BCi MOXIIMBI IUIAXH
MeTa0oi3My YYXOPIHUX PEYOBMH B OpraHi3Mi — OKHCJICHHS,
BIIHOBJIEHHS 1 peakuii koH’roramii. Ilepmior0  pevdoBUHOO,
MeTabomi3M [KOi JOCHiKyBalu B opraHizmi, Oyna OeH30iHa
kuciaora. Y 20-x pokax XIX cr. BUSBWIM, IO IICJs BBEICHHS B
OpraHi3M MiJJIOCTiIHUX TBapuH OEH30HHOI KHUCIOTH 3 CeYero
BHIUISJIACS CIONYKa, fKa y CBOIM CTPYKTypi MicThIa a30T —
rinypoBa kuciaora. Crajo OYEBHIHUM, IO TiNypoBa KHUCIIOTa B
OpraHi3aMi yTBOPIOETBCS B pe3y/bTaTi KOH’Iorarii OeH30#HOI
KHCJIOTH 3 aMIHOKHCJIOTOK — TJIIIMHOM. 3Ha4Ha POJIb y BIIKPHUTTI
peakiiii KoH’roramii KCeoOIOTHKIB 3 aMIHOKHCIIOTAMH HaJISKHUTh
HiMenbKkuM XimikaMm @. Benepy Ta FO. Jli6ixy.

[TapanenbHO 3 BHBYEHHSM pEakIlii KOH IOTaIlii 9Iy>KOpPiMHHUX
PEYOBHH 13 THIOWHOM, y KiHII XIX CT. HIMEIBKHH XIMIK-OpPTaHIK
O. bayman, AOCHIKYIOUH CeYy JIIOJCH, BHUSBHUB MOXJIMBICTh
cyns(haTHOI KOH ToTallii 3 9y»KOpiTHUMH PEYOBUHAMHU B OpTaHi3Mi.

BigkputTs peakiiii KOHforamii BiIIOBLIO Ha MesSKi 3aldTaHHS,
0 CTOCYBaNHCA MeTabomi3My Ta BHBENEHHS 3 OpraHi3My BOJO-
HEPO3YMHHUX KCEHOOIO0THKIB. OgHAK 3alWMIAIOCsS HE 3PO3YMLINM,
0 BiIOyBa€ThCS 3 PEYOBHHAMH, AKi HE MiITAI0ThCS KOH foramii. Lle
CTaJIO TOIITOBXOM JIO BUBUEHHSI TIPOIIECIB OKUCIEHHS y MeTaboi3Mi
KCEHOO10THKIB.

@. Benep i ®@. T. Opepixc miaTBepaAWIN y4acTb METAOOIITHOT O
OKHCIIeHHS B OioTpaHchopmarii kceHoOloTukiB. Bonm ymepire
BHCYHYIIH TIPHUITYIIEHHS, III0 B OpraHi3Mi MeTa0oJi3M KCEHOO10THKIB,
30KpeMa KOPUYHOI KMCJIOTH, 34IHCHIOETHCS y JIBA MTOCTIIOBHI €TalHu:
I daza — peaxmii oxucnenns ta Il ¢daza — peakmii xon torarii. Lle
(akT ciyryBaB OCHOBOIO Ul BMBUYEHHS MeTaOONi3My €K30I€HHHX
CHONYK B OpTraHi3Mi iHIIUMU HAYKOBIISIMH.

VY 1905 poui A. Xedtep BuzaB mMoHorpadiro, B sKill omnucas
nuIsiXu Metabonizmy B opraHizmi monan 400 4yKOpiJHUX CIIONYK.
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CHAPTER 1. Xenobiochemistry background

[Mizuime, y 1947 poui, anrmiiicekuii 6ioximik P. T. Yigbsimc y
MoHorpadii "MexaHi3MHU JCTOKCHKAIlii” BUKJIAB OCHOBHI MOJIOKCHHS
MeTabomi3My KCeHOOIOTHKIB y OpraHi3mi.

BigkputTs nuisaxie merabomnizmy kceHoO1oTHKIB y KiHmi XIX — Ha
nmoyatky XX CT. CIIPHUSUTH PO3BUTKY KCEHOO10XiMii.

HdpyrumM eramnomM y po3BUTKY KCEHOOI0XiMii € BITKPHUTTS €H3UMY,
0 BIiJirpae KIOYOBY pOJIb y MeETabomi3Mi KCEHOOIOTHUKIB —
nuroxpomy P450.

Y 50-x pokax XX CT. MOJOAMN HIMEIBKHI (PI3UKO-XIMIK
Maprtin KiinrenOepr, BUB4arOUM BMICT IUTOXPOMY bs y MiKpocoMax
MEYIHKK, BHSBHUB, IO MMiJ] 4ac OOPOOKHM MIKPOCOM MOHOOKCHIOM
BYIJICIFO CIEKTP 3MIIIYETbCS B  Jiama3oH 13 MaKCHUMyMOM
MOTVIMHAHHSA TIpU JOBXHHI XBWIi 450 HM. BusBrienuil mirmenTt (a
pigment — P) nassanu P450.

VY 1962 pori B xyprani Journal of Biological Chemistry P. Caro i
T. Omypa mnosigommiu, mo CO-3B’s3yl0uMid MIrMEHT MiKpOCOM
TIeYiHKH, Brepiie onmucanuii y 1958 porti Kininrenbeprom, HamexuTh
JI0 TeMOTpOoTeiHiB. BOoHM Ha3BaIM 11€i MITMEHT ITUTOXPOMOM.

Y 1965 pori Pemmep, BuBUatouM MEXaHI3MH iHAYKIII €H3UMIB
MeTaboni3My JIKIB y MIKpocoMax TI€YiHKH, IPOJEMOHCTPYBaB
36impmenHs  koHmeHTpamii CO-3B’s3yrodoro MIrMEHTy 3a il
iHaykropiB. Lli mocmimkeHHS BIOKPWIN HOBI (YHKIII IUTOXpPOMY
P450 — sx KIFO90BOTO KOMITOHEHTA, 1110 Oepe ydacTh y MeTabomi3Mi
KCeHOOI0THKIB, B TOMY YHCII ¥ JIIKaPCHKUX MPENaparis.

Croronni cucrema rutoxpomy P450 3aiimae ieHTpagpHE Miclle B
3HEIIKO/KEHHI KCeHOO10THKIB.

3 movaTKy BHUBYEHHS METa0oNi3My Uy>KOPITHUX PEYOBHH
JTOCTITMIA MeXaHi3MHU OiomepeTBOpeHb TUCSYl PEUYOBHH B OPTaHI3Mi.
BopHodac BCTaHOBWIM CTPYKTYpHY OpraHi3amif0o Ta 3MiHH
aKTUBHOCTEH eH3mMiB mepmoi Ta Apyroi (a3 Oiorpancdopmarii
KCEHOOI10THKIB. Yce 1Le CHpPUSUI0O PO3BUTKY KCEHOOIOXiMil, fK
CaMOCTIfHOI Taily3i HAyKH 31 CBOEI TEOPETUYHOW 0a3olo,
TEXHIYHUMHU 3ac00aMU 1 BU3BHAYEHUM 00CSITOM 0a30BUX 3HAHb.
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PO3I 1. Icmopis po3eumky kcenoOioximii

CHAPTER 1
XENOBIOCHEMISTRY BACKGROUND

SECTION SUMMARY

The beginning of the development of xenobiochemistry dates
back to the first half of the 19" century, when all possible ways of
metabolism of alien substances in the body - oxidation, reduction and
conjugation reactions - were described. The first substance, the
metabolism of which was studied in the body, was benzoic acid. In
the 1820s it was established that after administration of benzoic acid
into the body of experimental animals, a compound containing in its
structure nitrogen, namely hippuric acid was excreted in the urine. It
became apparent that the hippuric acid in the body is formed as a
result of the conjugation of benzoic acid with the amino acid,
glycine. A significant role in the discovery of the reactions of
conjugation of xenobiotics with amino acids belongs to the German
chemists F. Weller and J. Liebig.

In parallel with studies of the reactions of conjugation of alien
substances with glycine, at the end of the 19" century, German
organic chemist A. Bauman, examining the urine of people,
discovered the possibility of sulfate conjugation with alien
substances in the body.

The discovery of conjugation reactions gave an answer to some
questions concerning the metabolism and excretion of water-
insoluble xenobiotics, but it remained unclear what was happening
with substances that did not respond to conjugation. This gave an
impulse to study the oxidation processes in the metabolism of
xenobiotics.

F. Weller and F.T. Frerichs investigated and confirmed the
involvement of metabolic oxidation in the metabolism of
xenobiotics. They first proposed that the metabolism of xenabiotics,
in particular cinnamic acid, in the body is carried out in two
consecutive stages: phase | — oxidation reactions and phase Il —
conjugation reactions. This fact served as a basis for studying the
metabolism of exogenous compounds in the body by other scientists.

In 1905 A. Hefter published a monograph in which he described
the ways of metabolism in the body of more than 400 alien
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CHAPTER 1. Xenobiochemistry background

compounds. Later, in 1947, the English biochemist R.T. Williams in
his monograph "Mechanisms of detoxification" outlined the basic
principles of the metabolism of xenobiotics in the body.

Scientists discovered the ways of metabolism of xenaobiotics in
the late X1X —at the beginning of the XX century. Their discoveries
became the basis for the development of xenobiochemistry.

The second stage in the development of xenobiochemistry is the
discovery of an enzyme, which plays a key role in the metabolism of
xenobiotics, cytochrome P450.

In the 1950s the young German physicist Martin Klingenberg,
studying the content of cytochrome b5 in liver microsomes, found
that during processing of microsomes with carbon monoxide, the
spectrum shifts to the range with a maximum absorption at 450 nm.
The resulting pigment (a pigment-P) was called 450.

In 1962 R. Sato and T. Omura reported in the Journal of
Biological Chemistry that the CO-binding pigment of liver
microsomes, first described in 1958 by Klingenberg, refers to
hemoproteins. They called this pigment cytochrome.

In 1965, Remmer, studying the mechanisms of induction of
enzymes of drug metabolism in liver microsomes, demonstrated an
increase in the concentration of CO-binding pigment for the actions
of inducers. These studies have opened new functions of cytochrome
P450 - as a key component involved in the metabolism of
xenobiotics, including drugs.

Today, the cytochrome P450 system occupies a central place in
the neutralization of xenobiotics.

Since the beginning of the study of the metabolism of alien
substances, the mechanisms of the biological transformation of
thousands of substances in the body have been investigated. At the
same time, they studied the structural organization and changes in
the activity of the enzymes of the first and second phases of
biotransformation of xenobiotics. All this contributed to the
development of xenobiochemistry, as an independent branch of
science with its theoretical base, technical means and a certain
amount of basic knowledge.
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ICTOPUYHUI EKCKYPC Y KCEHOBIOXIMIIO

BrimB XiMIYHHX CTHONYK Ha JKMBI OpraHi3aMH, B TOMY YHCIi i Ha
OpPraHi3M JIIOJMHH, BiOYBA€ThCA 3a paxyHOK iX B3aeMOmii Mix
co00I0 Ta 3 HABKOJIHUIIHIM cepefoBulleM. ToMy 6araTo 4yKopiTHUX
pPEUYOBHH, SIKI BHKOPUCTOBYIOTh Y TPAKTHIi, MOXYTb NPOSBIATH
HeOe3neuny Oioyoriuny airo. Lle mpu3Beno 10 po3BUTKY OCOOJIMBOTO
HAYKOBOT'O HAIpsMy B Oioyorii — kceHoOiomorii.

Kcenobionorisi sk Hayka BUBYa€ 3aKOHOMIPHOCTI Ta IIUIAXH
MOTPAIUISIHHS, ~ PO3MOBCIOJUKEHHS,  MEPETBOPEHHS,  BUBEICHHS
Yy)KOPIIHUX XIMIYHHX CIIONYK Y JKUBOMY OpraHi3Mmi, a TaKoX
MexaHi3MH O10JOTTYHUX e()eKTIB, BUKITMKAHUX HUMH.

Kcenobionorito MokHa PO3AUTUTH Ha OUIHII BY3bKI Taly3i —
KCeHO010XiMito, KceHoOio(di3uKy, KceHodizionorito. ToMy MoxHA
BBXHUTH, IO KCEHOOIONOris 3HAXOMUTBhCS HAa CTHKY TaKHX
JWCIUILTIH, gK Oioximisi, Oiodizuka, ¢izionmoris. Okpim Toro, mis
pI3HHX PEUYOBHH Ha OpraHi3M, OpraHd abo0 KIITHHU BHUBYAETHCS
(hapMaKoIIOTi€I0 1 TOKCHKOJIOTI€ETO.

JocmimkeHHs MeTabomi3My KCEHOOIOTHKIB — MPEIMET BUBUYCHHS
KCEHO010X1Mii, TK CAMOCTIHHOI rajy3i HayK{ 31 CBOEI0 TEOPETUIHOIO
0a3010, TEXHIYHMMHM 3aco0aMu 1 BH3HAYEHHM 00’€MOM 0a30BHX
3HaHb. KceHoOioXiMisl pO3BHBA€ETHCA 3a JBOMA HaMpsSMaMu.
CTATHYHUM 1 TUHAMIYHUM.

3aBOaHHA CTAaTHYHOI KCEHOOI0XiMii — BCTAHOBJIEHHSI CTPYKTYpH
MOJIEKYZT MeTabOoNiTiB KCEHOOIOTHKIB, MO0 YTBOPIIIMCSA B IPOIEC]
Oiorpancdopmarii Ta X pO3MOMIIEHHS B OPTaHi3Mi.

JnHamiuHa KCeHOO10XIMisl 3aiiMaeThCcsl BCTAHOBJICHHSIM MeEXaHi3-
MIB peaxiliii epeTBOPEeHHsI KCEHOOIOTHKIB, CTPYKTYpH Ta aKTHBHO-
CTI €H3WMMIB, IO KaTaN3YyIOTh Il peakiii, iX cremuQigHoCTi Ta
JIOKali3allii, o JTOMOMOXE 3p0O3yMITH HE TUTbKH YHCICHHI peaxiiii
MeTaboIi3My KCEHOOI0THKIB, alie i 0OMIH €HJJOT€HHHUX PEYOBHH.

Kcenobioximist sk Hayka chopmyBanacs B XX CT., OJHAK TMepIIi
JMOCTIDKEHHST MeTa0oMi3My KCEHOOIOTHKIB JNaTYIOThCS MEPIIO0
monoBrHOKW XIX cT., Komu Oynau omucaHi BCi MOXKIMBI TUISXH
MeTaboli3My KCEHOOIOTHKIB — OKHCHEHHS, BIiIHOBIIEHHS 1 peakiii
KOH foraitii. PO3BUTOK KCEHOO10XiMil TICHO MOB’sI3aHUH 3 PO3BUTKOM
¢iziomnorii i ocobimBo hapmakoorii.
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P. P. byxreiim, sk 3aCHOBHHMK CydacHOi (apMakosorii, me B
1859 pomi crBepmkyBaB: s Toro, moO 3pO3yMITH Jik0 JIKIB,
HEOOX1THO 3HATU OCOOJIMBOCTI iX OiONEpPETBOPEHHS B OpraHizmi”.

[lepmioro pe4OBHMHO, METa0ONI3M  SKOI JIOCHIKYBalld B
opraHi3mi, Oyma OeH30liHA KHCIOTa, SIKy BIIEpIIe BUKOPHCTAIN Y
XVIII cT. ast migBUILEHHS TOHYCY Ta CTUMYJIALIT pOOOTH AUXaTbHOL
cucremu. [IpobiieMy neperBopeHHs1 OCH30MHOT KUCIIOTH B OpraHi3mi
Ta BUJUIEHHS ii 3 ceuero 00roBoproBajio 0arato BYCHUX.

B 1773 poui X. Poynp BUSBHB, IO TicTs BHIIAPOBYBaHHS cedi
KOPOBH B IOCYJIMHI 3aJIMIIAETHCS OCaJ, SKWH BiH TMOPIBHIOBaB 3
OeH3oiiHOo0 KHCnoTor0. Y 1779 poui A.®. ®Oypkpya i JI.H. Boknen
TaKOXX BUSBIIIM KUCIIOTY B CE€4i TPABOIIHUX TBApHH, sIKa MOrja OyTH
’OEH30IHOI0 KHCIIOTOI0” .

VYuepiie y 1824 poiii HIMEIBKUH XiMIK
@®. Benep nocraBuB €KCHEpPUMEHT Ha
cobakax. [licns jgomaBaHHS B DKy
OeH30iHOI  KHCIOTM B cedl  LuX
eKCIIEpUMEHTAJIBHUX TBapuUH  BHUSBHIN
KHCIIOTY, sKa KpHCTadi3yBamacs 1 Maia
(hi3MKO-XIMIYHI BJIACTHBOCTI, MOMAIOHI 10
OCeH30MHOI KHCIOTH. 3a TBEPKCHHIMHU
®. Benepa, OeH30iHAa KHCIIOTa, fAKY
cnoxuBaiu cobaku, abcopOyBamacs B
[IUTYHKOBO-KUIIIKOBOMY TPaKTi ¥ BHALIA-

®piopix Benep Jacsi B HE3MIHHOMY BUTJISAL 3 OpPTaHi3My

(1800-1882) ceueto. Jlume B 1829 pomi FO. Jlibix

BHIUIMB 13 KIHCBKOI Cedi CIONYKY,

moniOHy 10 OEH30aTy, OJJHAK y CBOIM CTPYKTYPI1 IS CIIOTyKa MicTHIIa
a30T. BusiBneny crionyky Ha3BaJH TiITypoOBOIO KHCIIOTOIO.

Crano oueBuaanm, mo ®. Bemep Ta #ioro momepemHUKN Maid
CrpaBy He 3 OEH30HHOI0 KHCIOTO), a 3 TIMypOBOIO, SKa B OpraHi3Mi
YTBOPIOETbCS B pe3yibTaTi KOH'foramii OeH30HHOI KHCIOTH 3
aAMiHOKHCJIOTOFO — TIIITUHOM.
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i
COOH 0 CO-N-CH,-C—OH
I H
+ H2N—C|)H—C—OH ) ©/
H

benzotina xucioma Tniyun

[NapanenpHO 3 JOCHIIPKEHHSIMHU PEAKIii KOH IOTallil 4y>KOpiTHIX
PeUOBHH i3 ninuHOM y KiHIi XIX ¢T. BUBYaIM peakilii KOH roraifii 3

cyibdaTom.

Y 1876 poili HIMENBKHI XIMIK-OpraHik
O. bayman, IoCTiIKYyHOUd cedy JHOJEH,
BUSIBUB CIIOJIYKH, SIKI TPH TiJpoii3i yTBO-
pIOBAIM HEBENHKY KUIbKICTh cynbdary. Ha
OCHOBI CBOIX CITOCTEpEKEHb PO3POOHB
METOJ BW3HAYCHHS BMICTy BUIBHOI Ta
3B’S3aHOI CIPYaHOI KHUCJIOTH B CEi, STKHH 1
CHOT'O/THI BUKOPHUCTOBYIOTh Y MEIUIIHHI.

bayman ycTaHOBHMB, 10 BIXXHBaHHS
OCH30JTy TPU3BOMUTH 10 BHUIUICHHS 3
OpPTaHI3My CE4Yel0 PEYOBHHH, sSIKa ITiJ 4ac
TiIpomi3y yTBOpIOBaJIa CipdaHy KHCIOTY.
VY pesympTaTi TUX MAOCHIMKEHb 3pOOHIH
BHICHOBOK, ITIO JIE€SIKiI PCUOBHHU B OpTaHi3Mi

MOXYTb MiJIaBaTHCS CyIb(paTHIA KOH FoTrarfii.

Oxpim peakuiit 6Giorparcdopmarii OerzoriHo1 KucoTH, y XIX cT.
JNOCTIDKYBalld MeTabomi3sM W IHIIMX EK30T€HHUX pPEYOBHH B
opranizmi. ¥ 1842 pomi E. IOp i O. Epaman Oynu mepmumu, XTO
MOKa3aB, IIO M Yac YXXUBaHHS IHIINX apOMATHYHUX KapOOHOBUX
KUCIIOT, OKpiM OEH30MHOI KHCJIOTH, BOHH TAaKOXK BUAUIAIOTHCS 3
OpTaHi3My y BUTIAAI TimypoBoi kuciorH. Tak, mo0 3po3ymitu
LUISIXW NIEPETBOPEHHS B OpraHi3mi kopuuHoi kucnoty, HOp i Epaman
MIPOBEITM EKCIIEPUMEHT Ha IIECTH 100poBOJbLsX. [1amieHTH BXKUBAIN
y BUTJISIAL CHPOITY 5-6 T KOPUYHOI KHCIOTH. Y cedi BCIX Mali€HTiB
Oyna BUsBIEHA TiMypoBa KHCIOTa. EKCIepuMeHTaTOpH BHUCYHYIH
MPUITYLICHHS, 110 KOPUYHA KUCJIOTa B OpraHi3mMi MeTaboli3yeThCs B
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pe3ynbTaTi KUIbKOX peakmiid. IIpoMbKHUM MpOAYKTOM IUX peakiil
Moxe OyTH OEH30lHa KHCIIOTA.

0]
I
CH=CH—COOH COOH C
l
-  »
—_—> Gly
Kopuuna xucnoma bensoiina xucnoma T'inyposa xucnoma

IOp mpunycTtuB, MO MPakTHYHO HEPO3YMHHA Y BOXI OEH30MHHa
KHCJIOTa KOH’IOTYETHCSI B OpraHi3Mi 3 TIIIUHOM, YTBOPIOKOYU
rifypoBy KHCJIOTY, fKa y BOII m0o0pe mucolitoe Ha ioHu. Crin
3ayBaXKUTH, 1110 OCH30MHA KHCJI0Ta MICTHTBCS B MEBHUX KUIBKOCTSIX
y JesKHX MPOAYKTaxX XapuyBaHHs. BojgHOdYac TilmypoBYy KHCIOTY
JIETKO BH3HAUYMTH B cevi. FOp mepmmM nokasaB 3B’SI30K MK THIIOM
XapayBaHHS 1 KUTBKICTIO TilTypPOBOi KHCIIOTH B CEYi.

Ileft mocmig MmMATBEPAMB MOXIMBICTE HAOYTTS HEPO3YNHHHUMH
XIMIYHIMH PEUYOBHHAMH B OpraHi3Mi BOJOPO3YHMHHOI (opmu.
Hezabapom He numie TIIWAH, ajae ¥ iHIN XIMIYHI PEUYOBUHH —
TIIyTaMiH, TaypWH, OPHITHH, TJIYTAaTiOH — CTald BimOMi SK
KOMIIOHEHTH KOHIOTallii, y MPHUCYTHOCTI SKHX HAaBITh MOJEKYIH
HEPO3YMHHUX Y BOJII pEYOBHH 3/IaTHI IO AMCOIIAIlii.

BigkputTs peakiiii KOH'foramii BiOIOBUIO Ha desAKi 3alMTaHHS,
0 CTOCYBaNHCA MeTabomi3My Ta BUBEAEHHS 3 OpraHi3My BOIO-
HEPO3YMHHUX KCceHOOI0THKIB. OmHAaK, 3aJMIIaNocs HE 3pPO3YMINO0:
0 BimOyBaeThCS 3 PEYOBHHAMH, SIKI HE MiANAIOTHCS KOH IOTaIlii?
Ilo BimOyBaeThCs, KOIMM B OpraHi3M MOTpAIUIs€ CTiKa IO MOMIH-
(hikamiif, XiMiTHO iHEpTHA MOJIEKYJa TyKOPiTHOI PEYOBHHHU?

Ile crano mOmWITOBXOM A0 BUBYEHHS NPOLECIB OKUCHEHHSA Yy
MeTaboIi3Mi KCEeHOO10THKIB.

lNimoTe3a ydyacTi OKHMCHIOBaJBHHX IPOIECIB Y METa0O0IIi3MI JIKiB
Oyma minrBepmkeHa B 1848 pomi ®. Benepom i @. ®pepixcom Ha
Jociimax i3 cobakamMu. Y CBOIX eKCIIEPUMEHTaxX JOCIHiTHUKA
TOAYBaJIN TBapuH OJi€l0 “TipKUX~’ MHIZIANIB, sIKA MICTUTH BEIUKY
KUIBKICTh KOPUYHOI KUCIIOTH.
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Y cedi MiAAOCTITHMUX TBapHH BOHU
BUSIBWIN TillypoBY KHCJIOTY. BcTaHoBieHwmit
(akT JOCHITHUKKA TOSCHWIM THM, IO
KOpUYHA KHCJIOTa B OpraHi3Mi B pe3yiabTari
METa0OIIYHOr0 OKMCHEHHSI TIEPETBOPIOETHCS
Ha peakUiiiHO 3AaTHY OEH30MHY KHCIOTY,
sIKa Ha HACTYITHOMY €Talli, KOH IOTyIOYHCh 3
TIIIIIMHOM, YTBOPIOE TillypOBY KUCIIOTY.

Benep 1 ®pepixc ymepmie BUCYHYIH
MPHITYIICHHS, MO B OpraHi3Mi Merabomizm
KOPUYHOI KHCIIOTH 3IIMCHIOETBCS Y JIBa

mocaigoBHi eramu: | eram —  peakuii ®piopix Teooop
okucHeHHs Ta Il eran — peakiii KOH’rorartii. don Dpepixc
Hosum MOILITOBXOM y  BUBYCHHI (1819-1885)

MeTabomi3My  €K30T€HHHX  CIIONYyK B

opraniami cranu gociaimkenHs A. Cuninepa, skuid i3 cedi Jroaed
BHIUIMB CIIOJIYKY, IO Maja BJACTHUBOCTI, MOMiOHI m0 denomy. Ile
MOCIYXIJIO BUXIOTHUM TIYHKTOM JUISI  BiIOMHX  JOCIIIKEHB
O. Cuynt3ena ta b. Haynina y 1867 porri.

O. Cuaynr3en Ta b. Haymin 3amikaBmmics MexaHi3MamMu Me-
TaboNi3My OEH307y SK TepameBTUIHOTO
3aco0y, 3aCTOCOBYBAHOTO per 0S 3 METOI0
ne3iH}eKIrii.

VY cedi BCixX Mami€eHTIB, SAKUX JIKyBaJIH
OenzomnoMm, OyB BHUSIBIEHUH (EHOI 3a JOMO-
MOT'OI0 3alPOMOHOBAHOTO HHUMH METOIY.
ToOTo GeH30M Mg Yac HOro MpOXOoKEHHS
yepe3 OpraHi3M IMiJAa€ThCs OKUCHEHHIO,
0 TMPHU3BOJUTH JIO YTBOPEHHs (eHoly,
SIKWH, TIEPEBAXHO MPH  MATOJOTTIYHHX
CTaHax OpraHi3My, MOXe BUAUIATHCS i3
cedero. OpmHak 1  pe3ynbTaTd  He
Y3rOJDKYBAIKCS 3 TIONEPEIHIMH Pe3yabTaT-

bepnzapo Haynin ' -
(1839-1925) TamH, 5Kl IOKa3yBaJu YyTBOPEHHS TlIIypOBOi
KHACJIOTH 3 OEH30IHOI.

Bueni nmpuiinum 10 BUCHOBKY, IO JIMIIE HEBETMKA YacTHHA
OeH3011y, SIKUI HAIXOAUTh B OpPraHi3M NEPETBOPIOETHCS Y (DEHOII.
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OH

benzon Denon

[izuime O. Cuynr3eH i b. Haynin BuB4anu meraboii3Mm iHIINX
PEYOBHH, 30KpEMa TOIYOIY.

Otxe, Bxe Beepeauni XIX cr. moyanu NpuiIsSTH 3HAYHY yBary
OiormepeTBOPEHHSIM €K30T€HHUX CITONYK B OPraHi3Mi i IMOpiBHIOBATH
XIMIYHY CTPYKTYpPY PEYOBHH, SIKi HAJIXOIWJIM B OpraHiaM, i3
pEeYOBUHAMM, IO BUBOJMIIUCS 3 HHOTO.

Hlnsaxu OGiorpanchopmariii 4y>KOPIIHUX PEUOBHH B OpraHi3mi
3aIlikaBWJIM HE Jume OioxiMikiB, ame ¥ (i3iomoriB, OCKLIBKH,
3HAIOYM MEXaHI3MH TIEPETBOPCHHS €K30T€HHUX PEUOBHH B OPTraHi3Mi,
MOJKHA TiepenbaunTty ¢izionoridauii edpext ux cnoayk. M. Henki ta
I'. Cibep Oynu omHWIMH 3 TIEpIIMX, XTO Ha Mmodatky 1880-x pokiB
3aIPOIIOHYBAaB 3aCTOCOBYBATH €K30T€HHI XIMIUHI PEYOBHHH 3
JKYBaJTHHOIO METOIO.

Otxe, y mepiox 3 1840 mo 1900 poku BHsABIEHI Ta TOCTiMKEH]
OCHOBHI MeTa0OoIIYHI IUIAXHU MTEPETBOPEHHS UYKOPiTHUX PEUOBUH Y
OpTaHi3Mi — OKHCHEHHS, KOH'IOoTamis 3 TIIIUHOM, CYib(aToMm,
[JIIOKypOHATOM, aneratoM. be3 CyMmHIBY, BIZKPUTTS BYEHHUMH
IUIAXiB MeTabomi3My KceHoOioTuKiB y XIX CT. cTamm OCHOBOIO st
PO3BUTKY KCEHOO10X1Mii.

Posmouati mocnimKeHHsT Many IpoIoBKeHHs 1 B XX CT.

Y 1905 pomi A. Xedtep BumaB MoHOrpadiro, B sKiii omucas
IUIIXH MeTabomisMy B oprasizmi moHaa 400 9y>KOpigHHX CITONYK.
Ile y 1897 poni XedTep, BUBYAOUN [il0 €K30T€HHUX PEYOBHUH Ha
OpTraHi3M, BUIIPOOYBaB Ha co0i ayKaoil, BUAUICHHA HUM 3 KaKTyca
poay Lophophora. 3rigHo i3 3amncamu eKcriepuMeHTaTopa, Hicis
npuitomy 150 Mr amkanoiny 3 HUM Tpamwiocs Take: ~Yac Big gacy
4yepe3 MoJie 30py MpOJiTalyd He3BHUYalHi sckpaBi Kpanku. lloTim
ToYaH 3’ ABIISATUCS MeH3axi, 321, apXiTeKTypHi CIOpYId...”
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VY Takumii cnoci6 Oyma BigkpuTa
peYOBHHA MECKaJiH — aJIKaioil 3 Tpynu
(deHiIeTnIaMiHIB, SKHH BOJIOIIE Tallto-
UWHOT€HHUMH BIIACTHBOCTSIMHU.

Ho daxkropiB, 1m0 0OMEXyBaU
PO3BHTOK KCEHOOiOXiMil Ha MOYaTKy
XX cT., MOKHA BigHECTH HELOCTaTHIN
Mporpec HOBITHIX TEXHOJIOTIH, 30KpemMa
CIEKTPOMETPii,  BHUCOKOIIBUIKICHOTO
neHTpudyryBaHHs.

Y 1940-x pokax BYEHI CXWISIIUCS
JI0 JTyMKH, 1[0 MeTa0o0Ii3M eK30reHHUX
pEYOBMH B OpraHi3Mi B3a€MOIIOB’S-
3aHUI 3 IXHHOI TOKCHYHICTIO i, MOX-
JIUBO, 3 TEPANICBTUYHOIO aKTHBHICTIO.

Apmyp Xegpmep
(1859-1925)

Po3BUTOK cydacHOi KCeHOO10XiMii 0arato MM 3aBJs9ye Mparsm
anrmiicekoro BueHoro P. T. Bimesmca, sxuii, Oymydam XiMiKoM,

BHBYAB

MeXaHI3MHU

CTPYKTYpPY  TJIIOKYPOHATY.
L2 Ommak  ioro
oiorpanchopmarii i€l
KapOOTipaTHOI KUCIOTH B OpPraHi3Mi.

Y 1947 poui P. T. BimesiMc BumaB

3ar[lKaBUJIN caMme

Piuapo Texein Binvamc
(1909-1979)

MoHorpadiro mig Ha3Bow ~MexaHi3MH
JIETOKCHKAIl”, B SKI BHMKJIAB OCHOBHI
MOJIOKEHHST MeTabomi3My KCeHoOio-
THKIB Y OpraHi3Mi.

Y 1959 poui y apyromy BHIaHHI
JIOTIOBHEHOI 1 TiepepobiieHoi MoHorpa-
hii ”MexaHi3Mu JeTOKCHUKAIIii”
BimpsiMc  cucTemaTuzyBaB  OCHOBHI
[UITXH MeTaboIi3My KCEHOOIOTHKIB Y
OpTaHi3Mi.

BueHuii BUCYHYB OpPHUITYIIEHHS, IO

OioTpaHchopMallisi eK30reHHUX PEYOBHH B OpraHi3Mi 3IIHCHIOETHCS
y #aBi ¢da3u. Ilepma ¢a3za BriIrOYae TIPOIECH OKWUCHEHHS,
BIJHOBJIEHHS 1 rigpomisy, Apyra ¢asza BinOyBaeTbcs 3a y4acTiO

peaxiiii KoH roraiii.
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Otxe, npodecop BinmbsiMC CyTTEBUM BHECKOM Yy PO3BUTOK
KCEHOO010XiMii 3MiHMB Hallle YsBIEHHS MPO METaboIi3M BEITHKOI
KUTBKOCT1 €K30r€HHUX PEUOBHH B OpTraHi3Mi.

HdpyrumM eramnomM y po3BUTKY KCEHOOI0XiMii € BITKPHUTTS €H3UMY,
IO BIiJirpae KIOYOBY PO y METa0omi3Mi KCEHOOIOTUKIB —
uuroxpomy P450.

BigkpurTtio nuroxpomy P450 cnpusiim Taki HaykoBi JOCHif-
KEHHS:

1) nmocmimkenns Jhxuma Tta berri Miwiep, 110 JaTyrOThCs
1940-mu poxamu y naboparopii BiCKOHCHHCHKOTO yHIBEPCHUTETY B
Megiconi, mrat Bickonii, CIIIA;

2) JOCHiDKEHHS, WIO TMPOBOIWIKCS B Jaboparopii XimiuHOI
¢dapmakororii HamioHanbHOro iHCTHTYTY cepliis, JereHb Ta KpoBi B
CIIIA, sixy ouomoBae bepuapn bpoxi;

3) mdochipKeHHS Ja0opaTopiit, [0 PO3IJISLAaId MEXaHI3MHU
MEPETBOPEHHS XOJIECTEpONly Ha CTEpOiJHI TOPMOHH, 30KpeMa,
nmabopatopiss B ['apBapAchbKoMy YHIBEPCHTETi, SKYy OYOJIOBaB
A. 3adaponi, ne Taki BugaTHi HaykoBii, sk JI. Eamken i1 K. Paiian,
BUBYAIA METa0O0Ii3M CTEPOiTHUX TOPMOHIB.

. Mimtep ta b. Mimtep y Xofli CBOiX eKCIIEPUMEHTIB MPUITYCTH-
JIF, IO KJIIOYOB1 €H3UMH MeTadoJi3My KCEHOOIOTHKIB JIOKATi30BaHI
B cyOkmitmHHHX (Qpakmisx medinkn. Y 1940 pomi JIxum Ta
Berti Mimnep 3 koneramu mociimpkyBanmu MeradonizmM N,N-mumerni-
4-aminoazobenzeny. Bonm BcranoBmmm, mio N,N-ammerni-4-
aMiHOa300€H3eH KOBaJICHTHO 3B S3YETHCSA 3 KINITHHHUMU MPOTEiHAMHU
1 3MIiHIOE iXHIO CTPYKTYypy Ta ¢yHKmii. Takwii BIUIMB Ha KIITHHHI
npoTeiHn MaB Oe3nocepeHe BIITHOIICHHS /O YTBOPEHHS ITyXJIMH
(came i JOCHIMKEHHS CTalW TMOYaTKOM YSIBIEHb PO XIMIYHUN
KaHIIeporeHes).

Pesympratn cBoix mocmimkenp . Mimnep, b. Mimiep, a takox
. Mromnep y 1949 ta 1953 pokax onyOiiKyBalld y JBOX CTAaTTAX, B
SKUX aBTOpPH TMOKaszanmu, 1o MmerabomisMm N, N-mumernn-4-
aMiHOa300€H3eHY 3MIMCHIOETHCS B CYOKIITHHHUX (Dpaxifisix, BHII-
JICHUX NDIIXOM TOMOTeHI3allil MeYiHKU IIypiB, 3 MOJANBIIUM IIeH-
TpU(YTyBaHHSM 32 HASIBHOCTI OKCUTeHY Ta BimHoBIeHOoro NADPH.

Bonnowac cepist momiOHMX eKCIIEPUMEHTIB NPOBOAMIACS B
HanionansHomy iHcTHTYTI cepus imeni H.X. barxena B nabopatopii,
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aKy odomoBaB bepHapa bpoxi. BupatHuii  yuenwit [xymiyc
Axcenbpon, KA MpaiioBaB y il Jabopartopii, 3anpoBagIuB METOIH
JUIsl BU3HAYEHHS in vitro merabonizmy amderaminy ta edenpuny —
PEUYOBHH, SIKi BIUTMBAIOTh HA TICUXIYHUH CTaH JIIOJHHU.

VY cBOiX JOCHiIPKEHHSX Ha KPOJIHMKax AKCENIbpOo] IMOKa3aB, IO
MeTaboinizM aMmperaminy Ta edepuHy 3IIHCHIOETBCS B MIKpOCOMax
MeYiHKH 32 HASBHOCTi OKcUTeHy Ta BijgHoBinenoro NADPH.

VY 60-x pokax AKCENbpoa MPUIIITHB
BEIIMKY yBary JOCHIDKEHHSM BIUIMBY
MEIiaToOpiB Ha CHUHTE3 TOPMOHIB 1
BIUIMBY TOPMOHIB Ha BUUICHHS Mejia-
TOpiB (HampuKiax, Yy HaJIHUPKOBHX
3amo3ax). Y 1970 pori Axcembpomy
npucympkeHo HobOemiBcbky mpemito B
ramny3i (izionorii ¥ MEAMIMHH «3a
BIZIKPUTTS TYMOpaIILHUX IEpeaBaviB y
HEPBOBHX 3aKiHYEHHSAX 1 MEXaHi3MiB
IXHBOTO 30epeKEHHS, BHIUICHHSI I
IHaKTUBALII».

[HmMM BHIATHUM BYEHUM, SIKUU

Jlocyniye Akcenspoo  TpalioBas y  saboparopii  Bponi,

(1912-2004) BUBYAIOYM MeTa0ONI3M KCEHOO10THKIB,

oys Jbxemc Jhxkimer. VYci cBoi

JOOCTIDKEHHST MO0 MeTabomi3My KCEHOOIOTHKIB y oOprai3mi

Jlxiner ommcaB y crarti ~JlaGoparopis XximiuHOi (apmakororii,

HarmionanpHOTO 1HCTUTYTY Ceplls, JIer€Hb Ta KpOBi: KOpOTKa

icropis”, omy6nikoBaHiit y 2000 pori B xypHani Annual Review of

Pharmacology and Toxicology. B momanbimomy 6arato BYEHHX, sIKi

JOCITIKYBalld MeTa0oIi3M KCEHOOIOTHKIB B MIKpOCOMax TEUYiHKH,
orpanucs Ha podotu Jxinera.

Tperiii HanmpsSMOK JOCHIKEHb, SKAW CIPHUSAB  BIIKPUTTIO
nuroxpomy P450, — me ekcrepuMeHTH B Taiy3i MeTadomizMy
CTEpOIAHNUX TOPMOHIB.

VY 1950-x pokax movanu OypXJIMBO BHBYATH POJb CTEPOITHUX
TOPMOHIB y oOpradiami JroauHU. JOCHiIPKEHHSAMH CTepoiTHUX
TOPMOHIB MapajieflbHO 3aiiMaiucs KinbKa MPOBIAHMUX J1abopaTopiid:
naboparopiss A. 3adaponi 'apBapiacekoro yHiBepcureTy (IpoBiaHi
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BueHi miei nadopatopii JI. Enmken i K. Paitan); maboparopis Jleo
Cayena B Conr-Jletik-Citi, mrar FOra (CILIA); Bimmgin Gioximii B
PouecrepcbkoMy yHiBepenreri (mtat Heio-Hopk, CIIIA).

Y naboparopii 3adapoHi JUIS BUSABICHHS PI3HUX CTEPOIMiB
BUKOPUCTOBYBaJIM MeTOA Xpomarorpadii. HalBakmmpimmmu st
MOJANBIIOr0 BUBYEHHS nUTOoXpomy P450 cramm poGotn Enmkena i
Paiiana, ski eKCIIEpPUMEHTaIbHO JoBeaH, 110 i Cop-TiAPOKCH-
JIIOBAHHS TPOTeCTEPOHY B MIKPOCOMHIN ()paKiii KOpy HAJHUPHHUKIB
HeoOximai NADPH Tta oxcured. Y cBOIX HOCIIIKEHHSIX BOHU TaKOXK
IoKa3aJjiy, 1o 3a Jiii MOHOOKCH]IY BYIJICI[IO Ha MIKPOCOMHY (DpaKilito
3MIHIOETBCSI CIIEKTP MOTJIMHAHHS CBiTHa. [IpoTe BCTaHOBIEHHH (QakT
BOHH HE TMOB’S3yBaIM 3 [UTOXpoMoM P450, OCKUIBKH MeEToj
CIIEKTPOCKOITii, SKUM BOHM KOPUCTYBAJIUCS, Ha TOW dYac OyB
HEJIOCKOHAITUM.

P0O3BUTOK HOBITHIX TEXHOJIOTIM BIifirpaB KIIOYOBY pOJIb Y
BiIKpUTTI 1uTOXpoMy P450. 3okpema, y 1950-x pokax cramu
JOCTYITHUMH Ha TOW Yac TPHW HOBITHI TEXHOJOTIl M1 BUBYCHHS
KIIITHHHOTO TUXaHHS i KUCHEBOI'O METa00IIi3My.

ITo-mepmme, OyB CKOHTPYWOBAaHHMH MAaCCIIEKTPOMETD, SKHM
BHUKOPHUCTOBYBAJIM AJIs1 BUBUCHHS META00IIi3My OKCUI'EHY.

Y 1955 porii maiixke OTHOYACHO HE3aJISKHO OIUH Bill OJHOTO
I'oBapx Meiicon Ta Ocamy Xaiiecxi omyONIiKyBajld CTaTTi, B SIKHUX
MIPOIEMOHCTPYBAJIM BBEAEHHS MOJIEKYJSIPHOI'O KHCHIO B MOJIEKYIH
OpPTaHIYHUX CHOJYK Y MPOLIeci MeTadoli3My OCTaHHIX eH3UMaMH, 10
HaJleKaTh 10 MeTanonporeiniB. ChOromHi I1i €H3WMH BiTHOCSITH IO
MIJKITacy OKCUTEHA3.

Hpyrum eramom crano KoHCTpyroBaHHS y 1951-1957 pokax
b. Yenzom HOBOro Kiacy “ABOKaHAIBHUX CHEKTPO(POTOMETPIB, IIO
a0 MOXKIWBICTh BHBYATH JWXaNbHI TITMEHTH B CYCIIEH3ISIX
CYOKIITHHHUX (paKIliid, TAKUX SK MITOXOHPIi Ta MIKPOCOMH.

”JIBOKaHATBHHN CIIEKTPO(OTOMETP JaB MOXKIHUBICTh aHANTI3y-
BaThu mpoOM 0Oe3 TmomepenHboi iXHBOI OOpPOOKM IETepPTeHTOM.
31aTHICTP TPOBOIUTH TaKi EKCIEpPUMEHTH ©0e3 3acToCyBaHHS
JETEPTeHTIB CTaia KIFY0BUM (DaKTOpOM y BU3HAUEHHI MPUCYTHOCTI
nuroxpomy P450 y wmikpocomHili (pakiii TEUiHKH W KOpH
HAJHUPKOBHUX 3aJ103. UeH3 He JHIIe € OCHOBOIIOJIOKHUKOM PO3BUTKY
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”IBOXBHJIOBOi”  CHEKTPOCKOITi, ame ¥ 3poOMB BHECOK Y
KOHCTPYIOBaHHS ~KHUCHEBOTO €IeKTPOAY .

TperiM eTamom, O CTaB MOITOBXOM
JI0 BimkpuTTs 1uToXpoMy P450, Oym
KucHeBUM enektpon. Lled mpocTtuit
nosisiporpadiuHuil MEeTOx Uil BUMIPIO-
BaHHS YTWII3allil OKCHIEHYy IIiJi 4ac
JIUXAJIBHOrO MeTaboNli3My Mir OyTH
BUKOPHUCTAaHUI JUIsi BU3HAYCHHS €KBiBa-
JICHTa OKCUTEHYy, IO 3 €IHYEThCS 3
XIMIYHUMU CIIONTYKaMHU.

Y 1950-x pokax y nabopatopii
b. Yensa Bci cunm Oynu cripsiMOBaHi Ha
BUBYCHHS TIPOIIECiB OKUCHOTO (ochopu-

bpimmon Yens JIOBaHHA B MITOXOH/APISX TEYIHKH W
(1913-2010) cepLs.
Y 1954 pomi b. Yens ta P. Yimesamc,
BUAUIIIOUHM  MITOXOHIIpil, OTPUMAld  TOCTMITOXOHIPiaTbHUN
CyNepHATaHT, SKAH MiIJadil BHCOKOMIBUAKICHOMY HEHTPU(YTY-
BAHHIO B PE3YJIbTATi YOT0 BUAUIMIN ()parMEHTOBAaHUN €HAOILIa3Ma-
THYHUN PETHKYIYM — MIKPOCOMHY (hpaKIIiro.

CriekTpo(hOTOMETPUYHO BHBYAIOYN MIKPOCOMHY (PaKIlifo, BOHU
JOBEIM  HASBHICTHP TEMOINPOTEiHy, CBOTOAHI  BIIOMOrO  SIK
IIUTOXPOM bs. ¥ CBOIX eKCIeprMEHTaX BUCHI BHUSBWJIM HEBiTIOBiA-
HICTh y eneKkTpoHHoMy Oamanci Mibk NADH Ta KoHIEHTpaIi€io
MIKPOCOMHOTO bs.

VY 1954 pomni monoamii HiMenpkui yaenuit Maprin Kiiarenoepr
3alliKaBUBCSl BUKOPUCTAaHHSIM MPHIIaAiB, CKOHCTpyHoBaHUX YeH30M,
JUTE BUMIPIOBaHHS MIBHIKOCTI KiHETHKH OIlOJOTIYHHUX eJIeKTPOH-
TPaHCIIOPTHUX JIAHIIIOTIB.

VY 1958 poui Kminrenbepr, BuBYarouuM BMICT LUTOXpOMY bs B
MIKpOCOMaxX TI€YiHKH, BUSBHB, IO I 4Yac OOpPOOKHM MiKpOCOM
MOHOOKCHJIOM BYTJICHIO CIEKTP 3MILIYETbCS B Jiala3oHi 3
MaKCHMYyMOM IIOTJIMHAHHS TpU A0BXHHI XBWi 450 HM. BusiBinenuit
mirMeHT (a pigment — P) i3 MakcumymoM morimHaHHS 1ipu 450 HM
HaszBamu P450.
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o Hocnimxenns KiinrenOepra moka-
3aJIil PUCYTHICTh y MIKpOCOMax MeviH-
KA HEBIZOMOTO aKIENTTOpa EJIeKTPO-
HiB, SIKMH BiJPI3HSABCS BiJ MIKpOCOM-
HOro Ds i Mir 3B’sI3yBaTH MOHOOKCHI
KapOoHy.

Busnayaroum  Bmict  Tremy i

KOHIIEHTpaIlifo bs y MiKpocomax IediH-
ki, KiiHreHOepr BHUSBHB HaJJIMIIOK
reMy B MOpPIBHSHHI i3 BMICTOM ITirMeH-
Ty bs.
Y 1957-1958 pokax /. Tapdinkens
3poOHMB HEBAANy cnpoOy BUIUTMUTH M
ourcTuTH bs Ta P450. 3romom Kirinren-
Oepr TOBEpPHYBCS 10  BHUBYCHHSI
SNEKTPOH-TPAHCIIOPTHUX BIACTUBOCTEH MITOXOHJAPIH, a Jociii-
JKeHHs TirMenTy P450 Oynu 3aKuHyTI.

Otrxe, v 1958 pomi Kiinrembeprom BCTaHOBJIEHO, IO €HJO-
IUTa3MaTUYHUHA PETUKYIYyM IIC€UIHKH eKCIIEPUMEHTaJIbHUX TBAapUH
MICTUTh HEBIZIOMY TITMEHTHY pPEYOBHHY, 5Ka, BiIHOBIIOIOUYHCH,
MIPUEHYE MOHOOKCHJI KapOOHYy ¥  yTBOPIOE KOMIUIEKC 13
MaKCHUMyMOM TOormuHaHHS mpu 450 HM.

VY 1962 porii B xypuani Journal of Biological Chemistry P. Caro i
T. Omypa moBimommmn, mo CO-3B’S3yI0YHIA ITIrMEHT MIKpOCOM
TIe9iHKH, Briepine onucanuit y 1958 pori Kninrenbeprom, HanexuTh
JI0 TEMOTIPOTETHIB.

VY 1963 pomi /. Kymep 3 komeramu mokasaiu, o0 MiKpOCOMHa
(dpaxmiss HaTHHPKOBUX 3aj03 Takok wictuth CO-3B’s3yrounii
MIrMEHT, 10 YTBOPIOE KOMILJIEKC i3 MAaKCMMYMOM IIOIJIMHAHHS NPH
450 um. JloBenmeHO HASBHICTh y MIKpOCOMax KOpPW HaTHHPHUKIB
€H3MMa, 10 KaTali3ye TiIPOKCHUJIIOBAaHHA IPOreCTEPOHY 3
YTBOpPEHHAM 21-TigpoKCUIIporecTepory. BueHi 3po3yminy, 1110 BOHH
MpamoTh Yy HOBiM 00NacTi aUXambHUX TIrMEHTIB IMiAKIAcy
okcureHa3. Opnak me He OyB NPOCTEXEHHH B3a€MO3B’SI30K MK
mirmenTom P450 i okcupmazoro, mo Opana y4acte y Meradomi3mi
CTEpOiAiB y MIKPOCOMHiH (ppakuii Kopu HaTHUPHHKIB.

Mapmin Kninzenoepe
(1925)
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VY kBiTHi 1963 poky P. Ecrabpyk 3i cmiBaBTOpamu mojaiud B
Journal of Biological Chemistry crartio min nazsorwo “Poms CO-
3B’S3YIOYOr0 €H3MMY B akTtuBalii kucHio i C-21 rigpokcu-
JIIOBaHHS CTepoiniB”. BiAmoBiab pelieH3eHTIB Ha II0 CTATTIO Oyia
HEraTUBHOIO Yepe3 HEAOCTaTHIN 00’€M EKCIIEpUMEHTAIbHUX JaHUX 1
nokasiB. BogHowac aBTopm oTpuManmHM  JIHCT 13 KypHaly
Biochemische Zeitschrift i3 mpomosuitiero omyomikyBaTH pe3yabTaTi
CBOIX nociipkeHb. lle Oynma dymoBa Haroja NMPUBEPHYTH YBary 10
CBOiX eKcriepuMeHTiB. [loompaitoBasiim HaykoBy pobory, Ecrabpyk
31 CHiBaBTOpaMH HAAPYKyBalld CTAaTTIO ~3BOpOTHE IHTiOyBaHHs
crepoin 21-TigpoKCcHUIa3HOI CHCTEMH KOPW HAaJHUPHUKIB MOHO-
okcuaoM Byrnemwoo” y okypHami Biochemische Zeitschrift, e
MOKa3aJin poiib MUTOXpoMy P450 sk TepMmiHaNhHOI OKCHUTEHA3W B
TIIPOKCUIIOBAHHI CTEPOIIIB.

[Micnst omyOmikyBaHHs crarti Ectabpyk oTpumaB mucra Bin
HiMerpKkoro (Qapmakonora ['epbepra Pemmepa 3 nponosuiiero
cuiBmpani. ¥ 1965 pori Pemmep, BHBYaroum MeXaHi3MU iHAYKITIT
€H3MMIB MeTabodi3My JIKIB Yy MIKpocoMax TIEUiHKH, IPOJIEMOH-
cTpyBaB 30uTbIeHHs KoHIeHTpallii CO-3B’s3yr090ro mirMenTy 3a il
IHIYKTOPiB. 3rooM HaAyKOBII Jlabopartopiii Ecradpyka i1 Pemmepa
rmovany cmiBmpamio. Y Jjaboparopii Ecrabpyka cTBOpmiocs aBa
HaIpsIMH JTOCITI/KEHb: BUBYEHHS METa00Ii3My CTepOITHUX TOPMOHIB
Ta JOCIIDKEHHS MEXaHi13MiB MeTa0O0Ii3My JIKIB €eH3HMaMH MiKPOCOM
nedinkd. Lle cramo momTOBXOM Ul BHBUYCHHS YYacTi ITUTOXPOMY
P450 y merabomizmi BenmKoi KUTPKOCTI YYXKOPIAHUX PEYOBUH B
opranizmi. CroromHi cucrema muroxpomy P450 3aiimae nieHTpasibHe
MicClle B 3HEIIKOKEHHI KCEHOO10THKIB.

OTxke, 3 TMOYAaTKy BHUBYEHHS MeTa0oOdi3My KCEHOOIOTHKIB
MIPOMTILIO YMMAIIO JECSITHIIITh. 3a el 9ac He JIHIIe JOCTIIIIN 3MiHA
aKTUBHOCTEH eH3WMIB mepmioi Ta apyroi ¢a3 Oiorpancdopmartii
KCeHOOIOTHKIB, ajie ¥ BUBYMIM iXHIO CTPYKTYypHY OpraHizamiroo, a
TAKOXK MeEXaHI3MH OiOmepeTBOPEHh THUCSAYI KCEHOOIOTHKIB Yy
OpTaHi3Mi, 10 Ja€ MOXKIIUBICTh 3pO3YyMITH MeXaHi3Mu OioTpanchop-
Marlii 6araThboX JIIKapChKUX MPeraparib.
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PO3JILI 2
MEXAHI3MH J1i KCEHOBIOTHUKIB

KOHCIIEKT PO31UTY

2.1. Knacudikauisi kcenodioTuxin. [IoHATTS Npo TOKCHYHICTH

VYci opranizMu MOCTIHHO 1 HEMHHYYE MiUIAF0THCS Ji1 4y>KOPITHUX
peUoBHH ab0 KCEHOOIOTHKIB, J0 SKUX HAJIEKATh SAK IITYYHI, TaK i
MPHUPOAHI XIMIYHI PEYOBWHU, a came: JIKH, MPOMHCIOBI XiMiKaTH,
MECTUIIN]TU, 3a0pYyHIOBAYi, TPOIYKTH MIpOJi3y B MPUTOTOBAHIH 1Xi,
aJKaJioinyd, BTOPUHHI MeETa0oNITH POCAMH 1 TOKCHUHHU, IO
MPOAYKYIOTHCS MIKPOMIlIETaMH, POCIUHAMU Ta TBapuHAMH. TepMiH
”KCeHO00I0THK” o3Hauae ~uyxi it skutTs” (Bim rpem. KSevos —
qy)KHit; DI0S — KUTTS).

CyuacHi MaciiTadu jii KCeHOOI0THKIB Ha KHBI OPraHi3MU JIOCUTh
BEJIMKI, II0 3yMOBHJIO HEOOXiIHICTh IXHBOI Kiacudikallii, ska
IPYHTYETbCS Ha PI3HUX MPHUHIMIIAX Ta BPAaXxOBYE arperaTHUd CTaH
pevoBHH, MaTo(i3i0oNOTidyHy Mif0 Ha OpraHi3M, Mipy TOKCHYHOI
Hebesnexu. CTIHKICTP JKUBUX CHCTEM JO [ii KCEHOOIOTHKiB
BU3HAYAETHCS  IHTEHCHBHICTIO BIUIMBY  XIMIYHOIO  peareHry,
3IATHICTIO HOro a0 OioTpaHcdopmalii, IIBUAKICTIO PyHHYBaHHS B
HaBKOJIMIITHEOMY CEPEIOBHIIIL.

HeratuBHa nist 6aratbox KCEHOOIOTHKIB ITONISATAaE B MiABUIICHHI
iXHBOI KOHIIEHTpAIlil B OpraHi3Max 3a paxyHOK PyXy JaHIIOraMHu
KUBJEeHHA. J[esKki KCeHOOIOTHKH HaJeXaTh 0 CHIIBHOMIIOUYNX OTPYT
1 TOKCHHIB, SIKI BUKIMKAIOTh CTPYKTYpHI Ta (DYHKI[IOHAIBHI 3MiHH,
0 TPU3BOAWTH IO PO3BHUTKY IMATOJNOTIYHUX CTaHiB. Tomy Bci
XapyoBi TPOAYKTH, JIKapChKi PEYOBHHH, OI0aAKTHBHI Xapd4oBi
nobaBku, maphyMepHi Ta KOCMETHYHI 3acO0M TIPOXOAATH TECT Ha
TOKCHYHICTb.

2.2. MexaHi3MH TOKCHYHOI Tii KCeH00ioTUKIB

BionoriuHa akTUBHICTh KCEHOOIOTHKIB, 30KpeMa iX TOKCHYHA JIif,
BHU3HAYAIOTHCS HE JIMIIC CTPYKTYPOIO Ta (QYHKIIOHATBHUMH Tpymia-
MU, a i TXHBOI 3JIaTHICTIO JIO B3a€EMOJIi 3 IEHTPAMH-MINICHSIMHU Ta
MOKJITMBUMU XIMIYHUMHA PEAKIISIMHA, SKi TPOXOMAATH ITICIISI B3aEMOJII.

OpHHUM i3 CYyTTEBUX MEXaHI3MIB Jii KCEHOO10THKIB Ha 0i0JIOTiYHI
00’ext € MemOpanorponuuil edexrt. HaiiBummm memOpaHoTpoOII-
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HUM edeKkToM BONOAiOTh aM@i(inbHi KCEHOOIOTHKH, OCKLUIBKH
HABITh 1HEPTHI B XIMiYHOMY BiJHOILIEHHI OPTaHIYHI PEYOBHHH, J0Ope
PO3UMHHI B JIMiJax, BOJOIIIOTH OIOJOTIYHOK AaKTHUBHICTIO. 3a
(i3UKO-XIMIYHMMH BJIACTUBOCTSAMH Ta MEXaHI3MOM TOKCHUYHOI il
KCEHOOIOTHKY TIOAUIAIOTh Ha: ra30MoiOHI pEYOBHUHU, BAXKKI METaJIH,
opraHiuHi Ta pagioakTUBHI peyoBuHU. Lli rpymm pedoBuH,
3MIHIOIOYH HANpAMOK OlOXIMIYHMX TIPOLECIB, MOXYTh CIPHUITH
MOPYIIEHHIO (PYHKIIIOHYBaHHS OPTaHiB Ta CHCTEM OpPTaHiB.

2.3. BluiuB KCeHO0I0THKIB HA CTPYKTYPHI eJleMeHTH KJIITHH

BiomirieHssMu 11 TOKCHYHOI Jii KCEHOOIOTHKIB MOXYTh OYTH
CTPYKTYPHI €IE€MEHTH MDKKIIITHHHOIO MAaTPHUKCY, KOMIIOHEHTH
KIIITWH OpraHi3My Ta CUCTEM PEryJisilii KIITHHHOT aKTUBHOCTI.

MexaHi3Mi TOKCHYHOI [Jii KCEHOOIOTHKIB Ha KOMIIOHEHTH
MDKKTITUHHOT PIMHHM TIPOSIBJISIOTHCS B IOPYLICHHSIX EIEKTPOJIIT-
HOT'O CKJIaJy, KHCIOTHO-OCHOBHUX BIIACTHBOCTEH, 3B’s3yBaHHI i
IHAKTHBAITll CTPYKTYPHHX €IEMEHTIB MUKKIITHHHOTO MaTPUKCY.

CTpyKTypHUMH €JIEMEHTaMH KIIITHH, 3 SKAMH B3a€EMOIIIOTH
KCEHOOIOTHKH, SK TIIPaBWJIO, € TIPOTECIHW, HYKJICITHOBI KHCIIOTH,
JMiTHI ~ KOMIIOHEHTH OioMeMOpaH, pelmentopw  CHIAOTCHHHUX
OioperymnaTopiB. Bzaemozitoun i3 muMU KOMITOHEHTaMHU B OpraHi3Mi,
KCEHOOIOTHKH CIIPUSIOTH TOPYIIEHHIO CTPYKTYPHO-()YHKITIOHATBHAX
BIIACTUBOCTEH OCTaHHIX 3a PI3HUMH MEXaHI3MaMH.

2.4. MexaHi3Mi BIUIMBY KceHOOIOTMKIB Ha Hecmenugiuny
Pe3UCTEHTHICTH Oprani3my ii iMyHHY cucTeMy

MoxnuBOCTI  IMyHOTOKCHYHOi  1ii  KCEHOOIOTHKIB  IIyXkKe
pizHomaniTHi. [lomkomkeHHs iMyHHOI cHCTeMH MoOXe OyTH SK
pe3yapTaTOM MpsAMOi, TaK 1 HempsMoi nii KCEeHOOIOTHKIB Ta iXx
MetabomitiB. OmnocepenKoBaHUN BIUIMB KCEHOOIOTHKIB TIPOSBIIS-
€THCSI Yepe3 HEPBOBY W €HJOKPUHHY CHCTEMH Ta IMOEIHYETHCS 3 iX
MPSAMOIO JTi€t0 Ha (akTopu HecrennudigHoi pe3suCcTeHTHOCTI OpraHi3-
My, Mop¢oIoriyai Ta (YYHKITIOHAIBHI CKIIAJ0BI IMyHHOT CHCTEMH.

TokcuuHi 4yKOpiIHI PEUOBHHM 32 PI3HUMH MeXaHi3MaMH{ BILIH-
BAlOTh HA IMYHOKOMIIETEHTHI KIJIITHHH, IO MOXE CTaTH MPUYNHOO
BTOPHHHUX IMyHOAE(DILUTHUX CTaHIB.

CHAPTER 2
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Appendix

XENOBIOTICS’S EFFECT

SECTION SUMMARY

2.1. Classification of xenobiotics. The concept of toxicity

All organisms are constantly and inevitably exposed to alien
substances or xenobiotics, which include both artificial and natural
chemicals, namely: drugs, industrial chemicals, pesticides,
contaminants, pyrolysis products in cooked food, alkaloids,
secondary plant metabolites and toxins, produced by micromycetes,
plants and animals. The definition of “’xenobiotic” means “foreigner
to life” (from the Greek ksevos — a stranger, bios — - life).

The current scale of influence of xenobiotics on living organisms
is quite large, this leads to the need for their classification, based on
various principles, taking into account the aggregate state of
substances, the pathophysiological effect on the body, the degree of
toxic danger. The resistance of living systems to the action of
xenobiotics is determined by the intensity of the action of the
chemical reagent, its ability to biotransformation, the rate of its
destruction in the environment.

The negative effect of many xenabiotics is in increasing their
concentration in organisms through the movement of food chains. A
number of xenobiotics are classified as potent poisons and toxins that
cause structural and functional changes and lead to the development
of pathological states. Therefore, all food products, pharmaceuticals,
oral supplements, perfumes and cosmetics are tested for toxicity.

2.2. Mechanisms of toxic effect of xenobiotics

The biological activity of xenobiotics, including their toxic effect,
is determined not only by structure and functional groups, but also by
their ability to interact with target centers and possible chemical
reactions that occur after interaction.

One of the essential mechanisms of xenobiotics’ inpact on
biological objects is the membrane trophic effect. The highest
membranotropic effect is produced by amphiphiles, since even
chemically inert organic substances, which are highly soluble in
lipids, have biological activity. According to the physico-chemical
properties and the mechanism of toxic effects, xenobiotics are
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divided into: gaseous substances, heavy metals, organic and
radioactive substances. These groups of substances, changing the
course of biochemical processes, can contribute to the disruption of
the functioning of organs and organ systems.

2.3. Influence of xenobiotics on structural elements of cells

Biotargets for the toxic effect of xenobiotics are the structural
elements of the intercellular matrix, components of the body cells
and systems of regulation of cellular activity.

The mechanisms of toxic effects of xenobiotics on the
components of the intercellular fluid are manifested in electrolyte
disruptions, acid-base properties, binding and inactivation of
structural elements of the intercellular matrix.

Structural elements of cells interacting with xenobiotics, as a rule,
are proteins, nucleic acids, lipid components of biomembranes,
receptors of endogenous bioregulators. Interacting with these
components in the body, xenobiotics contribute to the disruption of
the structural and functional properties of the latter by various
mechanisms.

2.4. Mechanisms of the influence of xenobiotics on nonspecific
resistance of the body and the immune system

The possibilities of immunotoxic effect of xenobiotics are very
diverse. Damage to the immune system can be either a direct or
indirect result of the action of xenobiotics and their metabolites.
Indirect influence of xenobiotics manifests through the nervous and
endocrine systems and is combined with their direct effect on the
factors of nonspecific resistance of the organism, the morphological
and functional components of the immune system.

Toxic alien substances by various mechanisms affect
immunocompetent cells at the cellular and subcellular levels, which
can cause secondary immunodeficiency states.
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CJIOBHUK TEPMIHIB

Aoumuenicme — BIJICYTHICTD BIUIUBY OIHOTO KCEHOOIOTHMKa Ha XapakKTep
Ji1 iHII0TO, TOOTO 0iOJIOTIYHA peakIfis — Ie cyMa e(eKTiB, BUKITHKAHUX
KO)KHOIO pE€YOBHHOIO.

AKmuenuit mpancnopm — 1ie IEPEHECCHHS! PO3YMHEHNX PEYOBHH IPOTH
rpajieHTa  KOHHEeHTpamii abo  eJNeKTpOXiMIYHOro  rpajieHTa 3
BHKopHcTaHH:IM eHeprii ATP.

Axmuenicms Kcenobiomuka — 3ATHICTh KCEHOOIOTHMKa 10 B3a€EMOIIl 3
HCHTPAMHU-MIIICHIMH, JIAHIFOT MOXJIMBHX XIMIYHMX pEaKIid, sKi
NpOXOAATh IMicHs B3aemomnii, 1 QiziosoriuHui edekr, 1o MOTIM
(dopmyeThCs.

AMmiou — HeopraHi4Hi ¥ OpraHiyHi XiMI4HI CHOJYKH, IO MICTSTh aMiJHy
rpynty — CONR;R,, wacTto po3risgaroTbes sK IMOXigHI KapOOHOBHX
KHUCJIIOT.

AMminu — opraHiuHi CHIOJyKH — TOXiJJHI aMiaKy, B MOJIEKYJTi SIKOI'O OJIMH, JJBa
a0o Tpu aTOMM TiiporeHy 3amilieHi Ha opraniuHi rpynu. Kinacudikyrots
aMiHM 32 O3HAKOI 1XHBOI OYJOBH, Y3STOI 3a OCHOBY. 3aJIEKHO BiX
KIJIBKOCTI OpPTaHIYHHMX TPYI, 3B’SI3aHUX 3 aTOMOM a30Ty, PO3Pi3HAIOTh:
NEepPBUHHI aMiHKM — ojiHa opraHiuHa rpyna (RNH,); BTopuHHI aminu — /1Bi
OpraHiyHi rpynu npueaHasi 10 azory R,NH (opraniuni rpymnu MoxyTb
Oyru pizaumu R'R"NH); TpeTwHHI aMiHM — TpU OpraHiyHi Trpynu
npueHai 7o a3oty RgN a6o R'/R"R™N.

Amepighinonicmo — 30aTHICTD CITONYK (SIK MPABUIIO, OPTAHIYHUX ) P OSIBIISITH
OIHOYACHO TifApodineHi Ta TigpodoOHi (IimodinbHI) BIACTHBOCTI,
3aBIISIKM HASBHOCTI B TXHIX MOJIEKYyNax 3apsypkeHoi abo moispHoi i
HeroJsipHOi YacTuH. Jlo amdidiIbHUX peduoBUH HaJIEKATh, HATPHKIAL,
¢docdomnimiau, minonporeinu. [IporeiHun Takok BonomitoTh amdidiiab-
HUMH BJIACTUBOCTSMH, OCKUJIBKM 3a3BH4Yail 10 X CKiIaxy BXOIAITb
AMIHOKHUCIIOTH 3 TIAPOGLILHUMH 1 Tipo)OOHUMH paUKaIaMu.

Anmazonizm — nocnabieHHs ab0 NPUTHIYEHHS 010JIOTIYHOTO eeKTy Mmpu
CYMICHI Iii KCeHOO10THKIB, TOPIBHSIHO 3 BIUIMBOM OKPEMUX arceHTIB.

Auemunyeanna — Tporiec 3aMilIEHHS aTOMIB TiAPOreHy B OPTaHIYHHUX
CIIOYKaX 3aJIMIIKOM alleTaTy — alleTUIBLHOO TPYIIOL0, Yepe3 BBEICHHS B
opraHiuHi cnonyku paaukana anetmwty (CHzC=0).

Biompaucgopmayia kcenobiomukie — eH3nMaTIHIHI MeTabOMIYHI TIporecH
MEPETBOPEHHAS €K30TCHHHWX CIIONYK Ha TONAPHI  BOJOPO3YMHHI
MeTaboMITH, SKi JIETKO BUBOIATHCS 3 OpraHizMmy. Hepimko mpomixkHi
MpoayKTH OioTpaHchopMaliii MOXKYTh OYTH TOKCHYHIIIAMH, BOJOAITH
OiTbII  BHPAXEHOIO  MYTareHHOIO, KaHIEPOIeHHOW 1  HaBiTh
TEpaTOrCHHOI aKTUBHICTIO, HIXXK BHXIiJHI CIIONYKH, 1 BHACTIIOK IEOTO
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Cnosnuk mepminie

OyTH NPUYMHOIO PI3HMX MATOJOTIYHUX CTaHIB 1 XBOpoO. Y HalOLiIbmI
THIIOBOMY BapiaHTI CHCTeMa 3axHCTy BiJ pi3HUX KCEHOOIOTHKIB
MpencTaBlieHa TPHOXETAIIHUM TPOIIECOM, SIKMH MICTUTh: mepiny (azy —
aKTHBaIlisl KCeHOO10THKIB; Ipyry (azy — HeHTpasizalisi KCeHOO10THKIB;
TpeTio a3y — BUBEJICHHS KCEHOO10THKIB 3 OPTraHi3My.

Binsnuii paoukan — ue KopoTKoXuBy4a (MeHmie 1mc) monekyia abo ii
YaCTHHA, MI0 MAa€ HECMapeHHH eNeKTPOH Ha MOJEKYJSIpHid abo
30BHIIIHINA aTOMHIN opOiTasi 1 y Takuii crocid BcTynae B KOPOTKOYACHI
B3a€MOMii 3 IHIIUMH MOJieKyTaMu. HasBHICTh TaKOro eJIeKTpOHA
HAJIJI€ CUCTEMY BHCOKOI PEaKIiHHOW 3IATHICTIO B  XIMIYHHX
NEPETBOPCHHAX 1 Yy 3B’A3Ky 3 IUM MOXIHBICTIO TTONIKOKEHHS
010JIOTIYHO BaKITUBUX MOJICKYIL.

Byznesooni — opraHiuHi CHOJNYKH, IO CKIaJAIOThCS BHUKIIOYHO 3 aTOMIB
kapOoHy 1 rigporeHy. OcCkinbkd KapOOH Mae 4YOTHPH BaJIeHTHI
€JIEKTPOHM, a TiAPOTeH — OJMH, TO TPOCTHH BYIJEBOACHb — MeETaH
(CH,). TIpu cuctematusaiiii ByrJieBOAHIB OepyTh 10 yBar#d OymOBY
KapOOHOBOI'O CKeJIeTa 1 TUIH 3B’SI3KiB, 1110 CIIONy4YaroTh aTOMU KapOoHY .
3ane)xHo Bif Tomoiyorii OynoBM KapOOHOBOTO CKeJeTa BYIJIEBOJHI
NOAUISIOTh HA AlMKIIYHI Ta KapOOLMKIIYHI. 3aJIe)KHO BiJ] KPaTHOCTI
KapOOH-KapOOHOBMX 3B’sI3KIB BYIVIEBOJHI IOIUIAIOTH HAa HACHYEHI
(anmkanu) 1 HeHacuueHi (aNKeHH, ankiHu, nieHn). L{ukmivyHi ByriieBoaHi
HOALISIIOTH HA ANIIUKIIIYHI i apOMaTHYHI.

Tioponiz (Bim rpen. Véwp — Boma; AOOIG — PO3KIAMAHHS) — 1€ XiMiuHA
peaxiiisi ioHHOro 0OMiHY MK BOJIOIO Ta PO3YMHEHOIO B Hill pEYOBUHOIO
3 YTBOPEHHSIM CIA0KOr0 ENEKTPONiTy. Y pe3yabTaTi B3aemopii
PEYOBUHH 3 BOJOI0 BiIOYBAE€THCS PO3KIIAJAaHHS BUXIHOI MOJEKYNH 3
YTBOPEHHSAM HOBHX CIIOIYK.

I'nymamion — TpUNenTHA, IO CKIAJAETECI 3 TPHOX aMIHOKHCIOT —
rIyTamary, HUCTeiHy Ta [JIIIUHY.
I'niokyponiou — CHONYyKH, IO YTBOPIOIOTECA B Oprafi3mi mpu

3HEMIKO/DKEHHI 1 BUAUICHHI TOKCHYHUX PEYOBHH, y pe3ylmbTari ix
KOH foratlii 3 TIFOKYpOHOBOKO KHCIIOTOIO.

I'niokyponosi Kou’rozamu — TPONYKTH, SKi YTBOPIOIOTBCA B PE3YIbTATI
TIpUEIHAHHS TIIOKYPOHATY IO €HAOT€HHUX a00 eK30reHHHUX CYyOCTpaTiB.
['moKOpOHOBI KOH’IOTATH, SK TpaBWIO, AOOpe PO3YMHHI y BOMI Ta
BHBOJISTHCS 3 OPTaHi3My, B OCHOBHOMY, Yepe3 HUPKH.

I'niokyponysanna — CKIagHUA TIPOLIEC B3aEMOIIi €K30TeHHOI abo
€HJIOTEHHOI PEYOBHHH 3 TIIFOKYPOHOBOIO KUCIOTOO 32 1ii emsmmy UDP-
TIIIOKYpOHiTIpaHcdepasm.
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T'omeocmaz — crTaH JMHAMIYHOI pIBHOBard OCHOBHHUX Oi0JIOT1YHHX
BJIACTHBOCTEH (KPOBOOOITY, TepMOpETYIsIMLii, IUXaHHSI) OpraHi3My 4
OCHOBHHMX JKHTTEBO BaXXIIUBHX 3B’SI3KiB (Xap4OBHX, E€HEPreTUYHHX,
iHpOpMaIIHHIX) EKOCHCTEM.

Mezpadayis Kcenodiomuka — TIOCTYIIOBE 3HIDKCHHS aKTHUBHOCTI (200
IHIIUX SIKOCTEH) KCeHOO10THKA.
Hecmpykuia Kcenobiomuka — pyiHYBaHHSA, MOPYIIEHHS HOPMAalbHOL

CTPYKTYpHU KCEHOOI10THKA.

Jlemokcukauyisa — 1e TIPOIIEC, y PE3YIbTaTI SKOTO HEHUTPATI3yIOThCS Ta
BUBOITBCS 3 OPraHi3My 3alHIIKA BJIACHUX EHIOTCHHHX MOJICKYN i
€K30reHHUX pedoBUH (KceHoOioTHKiB). CyTh mpolecy IeTOKCHKallii
HoJisira€ B OYHMINCHHI OPraHi3My Bifi TOKCHYHHX PEUOBHH MIIIXOM iX
HeWTpaizanii a0o TpaHchopMarlii 3 MoJaabIIM BUBEACHHIM 13 KPOBi 1
IHIIMX O10JOTIYHUX PIJMH 3 OpraHi3My.

Exckpeuia (nat. excretio — BuIiieHHS) — MPOIEC BUBEICHHS 3 OpraHi3My
HEBUKOPHCTAHUX HPOIYKTIB OOMiHYy PEUOBHH, a TAaKOX UYXKOPIAHHX i
HIKI[UIMBUX [y OpPraHi3My chnoiyK. PedoBHMHM, sKi MiJsraroTh
eKCKpellii, MOXXYTh BUJUISTHCS 3 OPraHi3My SK y HE3MIHHOMY BHIJISL,
TakK 1 mciisi 3HAYHUX TMepeTBopeHb. [Ipoliec nepeTBopeHHs] Mae Ha MeTi
nepeBeIeHHs OTPYHHUX PEYOBHH y HEWIKiauBi. OpraHaMu BHIUICHHS €
JIeTeHl, WKipa, HUPKH, NUTYHOK, KAIIEYHUK, [TOTOBi, MOJIOYHI Ta IHIII
3aJI03H.

Enexmpodpin (enexmpoghinena wacmka) — ue 4actka, 10 Ma€ BUIbHY
opOiTanb Ha 30BHINIHBOMY €NEKTPOHHOMY piBHI. Enekrpodin mae
HE3aloBHEHI, BAaKaHTHI OpOiTai /sl yTBOPEHHS KOBAJEHTHOTO 3B’SI3KY
3a PaxyHOK EJIEKTPOHIB Ti€i MOJIEKYIH, 3 SIKOIO B3aEMOIIE.

Enoonnazmamuunuiit pemuxyaym (mar. Reticulum — citka) — ommo-
MeMOpaHHa OpraHena, sika CKIaJa€ThCsl 3i CIUTIOIICHHX MeMOpaHHHX
MITIIeuKiB, sKi HA3UBAIOTH MUCTepHAMH. [[UCTEPHN €HIOMIa3MAaTHIHOTO
PETHKYIYMY MOKYTh OyTH BKPHTI prubocoMaMHu, i TOIl BiH HA3MBAETHCS
KOPCTKUM, ab0 TpaHyJIPHUM; SIKIIO pUOOCOMH BiACYTHI, TO HOro
Ha3MBaIOTh IJIAICHBKUM, a00 arpaHy I pHUM.

Idiocunkpamuuna mokcuunicmp — HemependadyBaHA TOKCHYIHICTD
mikapchkux mpemapatiB. OxpeMmi mpemapaTé MOXYTh BUKIHKATH
TTOIITKO/KEHHS TTEYiHKH JINIIE Y HEBEMKOl KUTBKOCTI MAIli€HTIB, HABITH
i 4Yac BXKMBaHHA IX Yy TEpalmeBTUYHMX J03aX, IO BHUKIHKAE
1IIOCHHKpaTHYHY TOKCHYHICTb.

Inzioimop — pedoBUHA, sIKa CIIOBLIBHIOE Oi0XiMiYHI Ta (i3ionoriuni peakii,
MPOLIECH OKUCIICHHS, TTOJiMepHU3aii TOIIo.
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Indykmopu — XiMiYHI PEUYOBUHH, IO BUKITUKAIOTH 301IbIICHAS aKTHBHOCTI
eH3UMIB cucrteMu OioTpaHchopmarii KceHOOIOTHKIB. Y maHMH dYac
BizoMo 6mm3bk0 300 XiMIYHHX iHAYKTOPIB MIKPOCOMHHX €H3UMIB. Yci
IHAYKTOPH — JINOMUIEHI PEYOBHHH, IO XapaKTEPU3YIOTHCS TPOIi3MOM
mo10 MeMOpaH eHIOIUIa3MaTHYHOTO pEeTHKyInyMmy. IcHye mpsma
KOpEJISAIisi MX MOTY)KHICTIO 1HIYKTOPIB 1 MepiofjoM X HamiBXHUTTS B
OpraHi3Mi.

Knipenc — xinpKicHa XapaKTepUCTHKA IIBHIKOCTI BHUBEACHHS PEYOBHHH i3
opranismy. BimoOpakae IIBHIKICT OYMIICHHS IUIa3MH KPOBi BiJ
PEYOBUHH.

Knimunnuit peyenmop — 1ue Benvuka MoJeKyna (3a3BuUyYail NPOTETHOBOT
TPUPOJIN) HA MTOBEPXHI KIITHHH, KIITUHHUX OpraHea a0 B IUTOILIA3Mi
KIITHHM, $Ka chnenugiuHo pearye 3MIHOKO CBO€El  MPOCTOPOBOI
KOHQirypauii Ha TNpHeAHAHHS OO0 Hel MONEKYJl MEeBHHX XIMIYHUX
peuoBUH (TOPMOHIB, MeniaTopiB). XiMiuHa pE4OBHHA, IO cHEUU(IYHO
3’€IHYETbCSI 3 TEBHHM pELENTOPOM, Ha3MBAETHCS JITaHIOM IbOTO

perierntopa.

Koonepamuenuii egpexm — sBuie MiABUIICHHSA XIMIYHOI aKTHBHOCTI
KCEHOOI0THKA BHACIIIOK XEJIaTOYTBOPEHHSI.

Kcenobionocin — wHayka, sika BHBYA€E 3aKOHOMIPHOCTI 1 IUIIXH

NOTPAIUISIHHS, BHIUICHHS, PO3NOMAIICHHS, MEPETBOPCHHS YYXKOPIAHUX
XIMIYHHX CIIOJIYK Y dKMBOMY OPIr'aHi3Mi Ta MEXaHi3MH BUKJIMKAHUX HUMH
010JIOTTYHHX PEaKIiii.

Kcenooiomuxu (Binx rper. ksevos — ayxkwuit; Dios — skutTs) — ayxopimsi ast
OpraHi3My XiMiYHI CHOJNYKH, SIKi HE BHKOPHUCTOBYIOTBCS JUIS
BUpOOJIEHHS eHeprii, MoOyIoBM KIITHH 1 TKaHUH. [lpukiamamu
KCEHOOIOTHKIB MOXYTh OyTH JIIKapChKi MpenapaTH, Xap4oBi N00aBKH,
BIIXOJJM BHPOOHUIITBA, HPOMUCIOBI OTPYTH, MECTHLWAU, MOOYTOBA
ximis Tomo. KceHoOioTHKM MOXYTh OyTH SK OpraHigHOi, TakK i
HEOPTaHIYHOI IPHPOIH.

Kcenobioximia — Tamy3p KCeHOOIONOrii, sKa BHUBYaE OCOOJIMBOCTI
MeTabomi3My KCEHOOIOTHKIB y OPTraHi3Mi.
Kcenogpizionozia — Ttamy3p KceHOOIONOrii, $SKa BHBYAE€ TIPOIECH

KUTTENISITFHOCTI Ta (PYHKIIT )KUBUX OPTraHi3MiB MPOTITOM iX PO3BHUTKY
B YMOBax il KCEHOO1OTHKIB.

Jinoghinbnicms — BIACTUBICTH CIONYK a00 YacTHH iX MOJEKYI, sKa
mojsirae B iX XIMIUHIHA CIIOPIZHEHOCTI 1O OpraHiYHUX PEYOBHH
(BYrJI€BOIHIB, KUPOMOAIOHNX pedoBHH, Macen). Lle moMiTHa 31aTHICTE
PCYOBHHHM PO3UMHATHCS B )KUPAX.
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Membpanomponnuii  eghekm — Tpsma abo HempsMa MoauQiKaris
MeMOpaHHHX CTPYKTYP KJIITHHH.

Memunyeannna — BBEICHHS B MOJIEKYJIH OPTaHIYHUX CIOJIYK METHWJIBHOI
rpymu — CH3 3amicTk aToma riiporeHy, Merairy abo rajoreHy.

Mikpocomu — 1ie npibHi Mixypui (po3mipom 1o 100 HM), SKi MOXKHa OTpH-
MAaTH TIiJT Yac TOMOT'€HI3aIlii TKAHWH i3 MOJAIBIIIAM MPOIiecoM audepeH-
uiiiHOro UeHTpu(yryBaHHA y BHUIIAAI MIKpOCOMHOI (pakiii, 31aTHOL
CHHTE3yBaTW IMpOTEiHH. MiKkpocoMu SBJSIFOTH COOOI0  pe3yNbTaT
Jie30pranizamii TpaHyIspHOrO EHOIUIa3MaTHYHOTO PETHKYIyMy 1 B
IHTaKTHUX KIIITHHAX HE 3yCTPIYarOThCS.

Mikpocomni en3umu — OCHOBHA Tpyla €H3MMIB, 110 OEpyTh y4acTh Y
MeTabomi3Mi KCEHOOIOTHKIB B IHTAaKTHHX KIITHHAX, PO3TAllIOBAaHHX B
SHAOMIAa3MaTUYHOMY PETUKYITYMi.

Ompymu — XiMiuHI CIIOJYKH, sIKi 32 TIEBHMX YMOB (HaJMipHa 1032, 3MiHa
PEaKTUBHOCTI OpraHi3aMy) MOXYTb HPOSBIIATH ILIKi/UIMBUH BIUIMB Ha
mrofell 1 TBapuH, HOPYIIYIOUM JKUTTEBO BaKIWBI (yHKUii opraxizmy,
BUKJIMKAIOYHM MAaTOJIOT1UHI 3MiHH, & B PS/Ii BUMAKIB 1 CMEPTh.

Iepioo naniseniminayii (Ty;) — vac, 3a KA KOHIIEHTpAL[iS MpenapaTy y
KpPOBI 3MEHIIYETHCS BIBIUI MOPIBHAHO 13 (Pa3or pPiIBHOBaXKHOIO
PO3IIOALICHHSI.

Ilepokcucomu — opHOMeMOpaHHI OpraHenu, sKi TOXOIITh  Bij
€HJI0TIa3MaTUYHOTO PETUKYIYMY 1 OEpyTh y4acThb y psijii METaOOIIYHUX
peaxiii, OB’ I3aHUX 3 OKUCIICHHSM.

Inasmonema, abo iasmatindHa MeMOpaHa (2pey. Plasma — gpopma,; lemma
— obononka) — GlonoriuHa MeMOpaHa, sika OTOYY€E KOXKHY KIIITHHY.

Ilonezwmena oughysin — meMOpaHHUN TPAHCIIOPT, 3YMOBIICHUH TPaiEHTOM
KOHLICHTpALIIT PEYOBUHH, TPH SIKOMY MOJIEKYJIH PYXaIOThCsl BIIIOBITHO
JIO IbOTO TPAJIiEHTA.

Peaxmuenuii memaodonim — MpoMi>XKHAN MeTaOOIIT, SIKUI YTBOPIOETHCS B
mporeci OioTpaHcopmamnii KCeHOOIOTHKIB. Y 0aratbox BHIIAIKaX
peaKTHBHHAN METa0OoNT — HEecTaOlTbHUA MPOAYKT, IO IIiATA€THCS
MTOJAIBIIIAM TIEPETBOPEHHAM. PeakTiBHI METa0bOMiTH — IIe Ti PEYOBHHH,
SIKI 9aCTO BUKIMKAIOTH TMOIIKOMHKEHHS O10CHCTEM Ha MOJEKYISPHOMY
piBHI. 3aragpHa BIACTHUBICTh NMPAKTUYHO BCIX PEAKTUBHUX METAOONITIB
— 1X eNeKTpOHAePIUTHHUI cTaH, TOOTO BUCOKA eNEKTPOPITBHICTD.

Peakuii Kow’tocayii — OIOCHHTETHYHI peEakIlii, B pe3yIbTaTi SKUX [0
(YHKIIOHATPHUX TPYIM MOJIEKYN KCEHOOIOTHKiB (Y TOMY YHCII
JMKApCHKUX PEYOBHH 1 1X MeETa0olNiTiB) TPUENHYIOTHCS 3aJUIIKA
SHJJOTEHHHX CIIONyK (TJIIOKypOHATy, TIIyTaTioOHy, TIIIWHY, Cylb(haTy)
abo BHCOKOIOJSIpHI XiMiuHiI rpymu (amwibHi, MetwibHi). Lli peakmii
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MPOXOJITH 32 yYacTIO €H3UMIB (B OCHOBHOMY, TpaHCc(depa3s) MediHKH, a
TaKOX €H3MMIB IHIINX TKaHUH (JIETeHb, HUPOK). JIOKami3yroThesl eH3UMHU
B €HJIOIJIA3MAaTHYHOMY PETHUKYIyMi a0 B rianoriazmi KIITHH.

Pekpeuyia — TPaHCIOPT TBEPIMX YACTUHOK 4Yepe3 KIITHHHY MEMOpaHy:
MTOEHYE B COO1 (haromuTo3 i eKCKPEIito.

Cekpeuin — 11e BUBEJICHHS 3 KIIITHHH PO3YMHEHNX PEUOBHH, IO € OJHI€IO 3
¢yHKnii krituan. CeKpeTyBaTHCS MOXKYTh PEUYOBHHU PI3HUX PO3MIpiB:
BHUCOKOMOJIEKYJISIpHI (HanpuKiIaZ, TOPMOHU IPOTETHOBOI TPHPOAH) i
HU3bKOMOJIEKYJISIDHI ~ (HU3BbKOMOJIEKYJISIPHI ~ TOPMOHH,  HalpHUKIIaJ
katexonaminu). Cekpellis PEYOBHH BiIOYBAEThCA ab0 Yy BHUINISAII
CCKPETOPHHUX MiXypiiB, abo WUIAXOM ToJiermenol audysii uu
AKTHBHOT'O TPAHCIIOPTY.

Cunepeizm — miAcWiICHHS O10JOTIYHOI BIAMOBIAI NPH MOETHAHIA ii
KCEHOOIOTHKIB MOPIBHSHO 3 €(eKTaMH, IO BHKJIMKAIOThCS KOXKHOIO
PEYOBUHOIO OKPEMO.

Cynvpamui Kow’locamu — TCTEPOTCHHMH KJIaC TMOJSAPHUX, aHIOHHHX
MeTaboiTIB, SKi J00pe PO3YMHHI y BOAI 1 € pe3yiabTaToM B3aeMOMIIl
€HJJOTEHHUX 1 EK30r€HHHX pEYOBHUH 3 CyNb(aTHOI KHCIOTOK, 3
yTBOpeHH:M edipiB cyabdary.

Toxcunu (moxcuxanm, moxcuuna pewosuna) (t0Xins) — 6yap-sKa peuOBHHA,
sKa 3a IEBHUX YMOB W y IEBHHUX 103aX YM KOHIEHTPALiSAX MPU3BOAUTH
JO TOpyLIeHb 1 pO3JaaiB TPOIECIB JKUTTEMISUILHOCTI OpraHizmy,
BUHUKHEHHS OTPYEHb (IHTOKCHKALiN) 4M OyJb-KMX MaTOJOTTYHHX
CTaHIB 1 CMepTeNbHUX HachiaKiB. TOKCMHHM MarTh POCIHHHE
(pitorokcuHm), TBapUHHE (300TOKCUHM), HeopraHiuHe npupoane (CO,
NO, w™eranu), opraHiuHe mnpupoxHe (TONIIMKIIYHI apoMaTHYHI
BYIJICBOJIHI, OpTraHI4YHI PO3YMHHUKH) Ta CHHTETHYHE (TIECTHIIH,
JIKapChKIi MpernapaTH) MOXOKEHHSI.

Tokcuuni memabonimu — nponykTH OioTpaHcopmarii, IO BOIOAIIOTH
BHCOKOIO TOKCHYHICTIO.

Toxcuunicms (Bim tper. toxikon — orpyra) — Iie 3maTHICTH PEUOBHHU
BUKJIMKATH TOpYIICHHs (i3ionoriunux (yHKIIH opraHizmMy, BHACHTIJOK
YOro BHUHHUKAIOTh CHMIITOMH 3aXBOPIOBaHHA (IHTOKCHKAIlif), a mpH
BAKKUX Ypa)KEHHSX — 3arHOeNb OpTaHi3My.

Xpomonpomeinu (Bin tpeu. chroma — ¢apba) — ckmamHi MpoTeiHd, Mo
CKITaMalOThcd 3 TMpOTeiHa 1 3B’A3aHOTO 3 HUM 3a0apBICHOTO
HENPOTEIHOBOTO KOMIIOHEHTAa — MPOCTETUYHOI Tpymu. Po3pi3HAIOTH
TEeMOTPOTEIHH (K MPOCTETHYHY TPYITY MICTSTh T'eM), MarHidnopdipuHu
1 raBoNpOTEIHM (MICTATH MOXI/IHI 130aJI0KCA3HHY).
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npodecop, 3aBimyBad BiAmiTy Oioximii BiTaMiHIB Ta KOCH3UMIB
Incrutyry Gioximii imeni O. B. ITammanina HAH Ykpaiunu, Jlaypear
mpemii imedi O. B. [Nammagina HAH VYkpainu, akamemik Axamemii
Hayk Buiioi mkonu Ykpainu.

Ocranyenko Jlionmuiaa IBaniBHa, HOKTOp OIOMOTiYHUX HAYK,
npodecop, 3aciyKeHUI NiTd HAyKH 1 TeXHIKH YKpaiHH, TUPEKTOP
HHIJ «IactutyT 6iomorii Ta megurmam»y KHiBChKOr0o HaIiOHAIEHOTO
yHiBepcutery imeni Tapaca IleBuenka, Jlaypear mpemii imeHi
O. B. llammamina HAH VYxkpainm, naypeatr J[lepxkaBHoi mpemii
YkpaiHu B ramy3i HAyKd 1 TEXHIKH.
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HapuanbHe BUAaHHS

Mapuenko Muxatino Mapxkosuu,
Keua Oxcana Bimaniisha,
Benuxun Muxona Muxonatiosuu,
Ocmanuenko Jlioomuna leaniena

OCHOBHU KCEHOBIOXIMIi

IHiopyunux

BianoBinaneuwuii 3a Bunyck M. M. Mapuenko
Jliteparypuuii penakrop O.B. Konooii



