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Senile asthenia (SA) is the leading geriatric syndrome which characterizes the most vulnerable group of older
patients. At the same time, senile asthenia is closely associated with other common geriatric syndromes, such as sar-
copenia, malnutrition, reduced mobility and falls, cognitive impairment and depression. Despite widespread adop-
tion, geriatric syndromes often remain undiagnosed. As a result, it leads to the patient functional dependence and
reduced quality of life, increasing the number of hospitalizations and the risk of death.

Concepts such as active longevity and healthy aging are increasingly used in society to develop action strategies
aimed at supporting the elderly and senile age.

Preventive and screening programs directed at preventing premature aging of the population and early detec-
tion of patients with risk factors for development of senile asthenia or its manifest signs are necessary.

Conclusions. Thus, the management of elderly and senile patients with polymorbidity should take into account
the presence of senile asthenia, the patient’s life priorities and be focused on the optimal quality of life and support-
ing the patient’s independence from outside assistance.
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The review of the literature reflects current ideas about the importance of cytochrome P450 enzymatic systems
for the detoxification of endogenous (hormones, signalling molecules, neurotransmitters) and exogenous substrates
(food, drugs, toxins), especially for the conversion of lipophilic molecules into water-soluble forms for excretion from
the body. The goals of biotransformation correspond to the body's need to remove endo — and exogenous, mainly li-
pophilic molecules that cross and are retained in cell membranes and the need to ensure the transformation of mole-
cules into a water-soluble form. According to the structure of cytochrome P450, it is a multi-enzyme protein complex
embedded in the phospholipid matrix of microsomes. Individual stimuli cause a response specific to different enzyme
variants, which depends on genetic control. Genetic polymorphism ensures an individual-sensitive detoxification re-
action of various molecules in the body. At the same time, the actual implementation of genetic monitoring methods
in medical practice remains insufficient. Moreover, different variants of genes can cover both the pathogenesis of the
disease and individual phases of pharmacological intervention (mechanism of action of drugs, their transport and
excretion, interaction with medications and unwanted side reactions). The formation of cytochrome P450 enzymes
is due to the genetic control of their expression in tissues and organs, and this regulation is individual. It can vary
significantly in activity levels (from minimal to ultra-fast). Some variants of genetic polymorphism of cytochrome
P450, which most actively affect the metabolism of drugs, are given. Understanding these reactions when conduct-
ing genetic analysis in patients will allow us to vary adequate dosage regimens, predict results for obtaining safe,
effective pharmacotherapy, and prevent the toxic effects of drugs.

Key words: acogenetics, cytochrome P450, enzyme polymorphism.
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Connection of the publication with planned re-
search works.

The work is a fragment of the Department of Clinical
Pharmacy and Clinical Pharmacology National Pirogov
Memorial Medical University research topic "Effective-
ness and safety of chemotherapeutic agents and meta-
bolic correctors in conditions of comorbid pathology",
state registration number 0119U000069.

Introduction.

Scientific and technical progress in medicine rapidly
complements our traditional understanding of human
biology and the prospects for optimal intervention in
the body adequate to its characteristics through the use
of medicinal products.

Pharmacotherapy can be considered as a “com-
promise between positive and negative effects on the
patient”, according to the author of the monograph
“Human Drug Metabolism” Coleman M.D. [1]. The drug
concentration should be within the therapeutic window
and index to adequately respond to therapy. The prog-
ress of pharmacology in recent years has contributed
to the increase in the market of relatively safe drugs,
but there is a sufficient number of drugs with narrow
parameters (warfarin, phenytoin, carbamazepine, the-
ophylline, valproate, etc.), so the question arises of the
body’s reaction to their neutralization, through elimina-
tion and achieving a reduction in concentrations. Such
attempts by the body should ensure the existence of a
drug dose within the therapeutic window, that is, in the
range of its pharmacological activity without toxicity (if
its concentrations exceed its upper level) [1]. It should
be remembered that “to a certain extent, the therapeu-
tic window is unique for each patient” against the back-
ground of considerable variations in his sensitivity to the
action of drugs [1].

How is this unique protection formed?

Millions of years of life on planet Earth formed the
body’s ability to detoxify substrates. It is assumed that
the acceleration of these processes in evolution oc-
curred against the background of the transition of or-
ganisms from their marine ancestors to a land existence.
The need to consume a significant amount of products
rich in plant components was accompanied by consum-
ing lipophilic toxins, plant hormone-like phytoestrogens
with long half-lives.

To protect against exogenous and endogenous me-
tabolites with possible toxic effects, nature had to create
systems for their neutralization, which led to the birth
of biotransformation enzymes - the cytochrome P450
system. The series of enzymes were so named because
they absorbed ultraviolet light at 450 nm in reduction
and interaction with SO (also called monooxygenases
or oxidoreductases) [2, 3]. Biotransformation reactions
were discussed quite actively half a century ago [3, 4].

The spectrum of their metabolic capabilities is usu-
ally very wide to ensure and maintain homeostasis,
practically due to the presence in every tissue, mainly
in the liver, intestines, lungs, and kidneys, in separate
areas of the brain, that is, a kaleidoscope of enzymes
is formed [5]. First of all, the protection response is
ensured through the genetic polymorphism of an indi-
vidual person, his genetic code, and its implementation,
for example, during antidepressant therapy [6]. The
pharmacological program for drugs, developing them
as signalling molecules, practically borrow these natu-

ral aspects and imitates their work in humans, intending
to precisely control their fate in the body: through the
right choice, the correct dose and time, and individual
genetics [7].

A generalization of these reactions can be defined as
the goals of detoxification.

Goals of biotransformation:

e biotransformation systems perform the role of the
first barrier in the ways of the influence of chemicals of
endogenous and exogenous origin on the cell;

e the need to metabolize many endogenous sub-
stances - steroids, neurosteroids, metabolites of ara-
chidonic acid, signalling molecules;

e the need to metabolize exogenous substrates —
food products, medicines, toxins, mainly lipophilic com-
pounds;

e the expediency of removing lipophilic molecules
that cross membranes and remain in cells for a long
time;

e change the structure of the lipophilic molecule
by converting it into a water-soluble form for excretion
from the body [2, 8].

Several problems of biotransformation arise on the
way to the implementation of these metabolic transfor-
mations:

 the properties of lipophilic molecules contribute
to the fact that cells retain these substances for a long
time, sometimes for a lifetime, which requires control
over their balance (formation and excretion);

» the stages of biotransformation are called | (oxida-
tion), Il (conjugation — addition of water-soluble sub-
stances — these can be sugars (glucuronic acid), salts
(sulfates), or amino acids, Il phases (efflux pump); all
this contributes to the fastest and most effective elimi-
nation chemicals from the body into the urine.

The structure of the CYP450 enzyme system:

e it is a multi-enzyme protein complex embedded
in the phospholipid matrix of microsomal membranes;
therefore, its activity depends on membrane phospho-
lipid components;

e this hemoprotein has hydrophobic properties;

e the amount of CYP450 depends on the response
to the introduction of various stimuli, specific for indi-
vidual variants of CYP (interaction is possible even with
one substrate) due to the activation of the gene code;

e it is this specificity to stimulants that determines
the presence of multiple forms of CYP;

« for the functioning of the system, the presence of
NADP-H-cytochrome P450-reductase, which transports
electrons (monooxygenase reaction) and phospholipids
in microsomes, is necessary;

« differences in the sequence of amino acids in the
polypeptide chain of the hemoprotein indicate the pres-
ence of genetic control of its synthesis by various genes;

« different forms of cytochrome P450 protein can
have the same molecular weight and some immunologi-
cal similarity [9, 10].

The aim of the study.

To generalize the current ideas about the biological
significance of biotransformation enzymes within the
enzymatic system of cytochromes P450 as metabolizers
of pharmacotherapeutic agents in the human body.

Object and research methods.

An informative scientific search was conducted
among literature sources devoted to the analysis of
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genetic polymorphism of cytochrome P450 enzymes,
which determines the results of pharmacotherapy from
efficacy to toxicity, by reviewing monographs, review ar-
ticles, and international recommendations, in the con-
text of evidence-based medicine research.

Main part.

The concept of “pharmacogenetics” was proposed
by Vogel in 1959 [11, 12]; over the last decades, it was
successfully supplemented in the publication of the
first World Guide for Drug Use and Pharmacogenomics
(2012) [13]. The available amount of cytochrome in the
membranes can be changed both in the direction of its
increase (enzyme induction) and decrease (inhibition,
depression) [14].

Meanwhile, attention to genetic control in the con-
text of pharmacogenetics is still in its initial state, given
the multitude of variants of gene polymorphisms [15].
On the examples of modern correction of diseases of
the nervous system, which occupy high places among
their prevalence [16, 17], several spectrums of the re-
sponse of genes to pharmacological intervention are
proposed. They include the following options:

« genes of disease pathogenesis (pathogenic genes)
directly

« genes of the mechanism of drug action (mechanis-
tic genes)

e genes of drug metabolism (metabolic genes)

« genes for drug transport (transporter genes)

* pleiotropic genes participate in multifaceted cas-
cades and metabolism in the body [17, 18].

Therefore, in the current conditions of human exis-
tence, the increase of stressful situations and depres-
sive states, and its role in the effectiveness and safety of
medicines directly involving cytochromes P450, should
be illustrated by examples of the participation of genetic
control [16, 17]. Variants of the interaction of detoxifica-
tion enzymes through genetic mechanisms with differ-
ent metabolites and drugs vary widely for various cyto-
chromes P450. They confirm their individuality [9, 10]
and show age, gender, circadian and ethnic differences
[19]. Therefore, it is clear that each drug is metabolized
following the subject’s genetic profile during his life [11,
20].

Some of the properties of particular forms of de-
toxification enzymes have been summarized in scientific
sources for almost half a century.

Features of CYP1A1l. The induction process has been
known since the 1960s, but the first steps towards un-
derstanding these effects were obtained in 1970. When
reacting with a known potent toxin — dioxin (TCDD),
the latter enters the cytoplasm of cells to the receptor
complex —ligand-bound subunit and protein (HSP-90). ,
known as the aryl hydrocarbon receptor (Ah-receptor),
later this complex (TCDD/Ah) migrates to the cell nucle-
us, leaves the heat shock protein in the cytoplasm, but
in the nucleus forms a heterodimer with the nuclear
protein ARNT, which already binds to specific sequences
for DNA and express the formation of CYP1A1. This ef-
fect begins a few hours after exposure to the toxin or
drug, but takes several days to reach the maximum ex-
pression of CYP. According to this mechanism, polycyclic
hydrocarbons, heterogeneous amines, and omeprazole
are metabolized in cells. But the meeting with them can
really be minimal, because this SUR is mostly “turned
off”, “sleeping”, in the absence of inductors [1].

Features of CYP1A2. On the contrary, the induction
of CYP1A2 has toxicological significance in the lungs: in
Clara cells, which are at the forefront of detoxifying pol-
lutants in the air. In these cells, the smooth endoplasmic
reticulum occupies almost half of the volume. It is stim-
ulated by nicotine in the formation of reactive epoxides,
free oxygen radicals — for “attack” on DNA, especially
carcinogens (for example, nitrosamines) [1, 11].

Features of the CYP2C19 gene: it has nine exons,
exist on chromosomes 10924 and 1g24.3, is synthesized
in the liver and affects almost 500 drugs: among them,
281 are substrates, 263 are inhibitors (72 weak, 127
moderate and 64 strong) and 23 are inducers CYP2C19
[11].

Features of CYP2B6, 2C8, 2C9 and 3A4. They are sig-
nificantly different from group 1A. Their inducers can be
phenobarbital, primidone, phenytoin, and rifampicin.
These cytochromes are controlled by a nuclear receptor
(constitutive receptor — CAR), which constantly stimu-
lates the expression of CYP. It controls the cytochrome
coactivator SRC-1 and binds to the retinoic acid X recep-
tor before meeting with DNA. The effect of inducers on
CAR/SRC-1 regulates the vital everyday metabolism of
xenobiotics and endogenous substrates. Interestingly,
the CYP2C9 gene (with nine exons on chromosome
10qg24) is mainly expressed in hepatocytes. More than
600 drugs are associated with its metabolism: 311 act
as substrates, 375 are inhibitors of various strengths (in
three variants), and 41 are inducers. Warfarin levels de-
pend on CYP2C9, and the enzyme’s activity is also differ-
ent in brain lesions [11].

CYP2E1: essential for the metabolism of other sub-
strates and drugs — isoniazid, paracetamol, hepatotox-
ins — CCl-4, carcinogens (benzene, vinyl chloride, tri-
chlorethylene), as well as for ethanol, acetone, pyridine,
protects the central nervous system in diabetes, starva-
tion. The effect of inducers can increase the number of
detoxification enzymes ten times [1, 11].

Features of CYP3A4/5 induction: a gene with 13
exons, on chromosome 7q21.1, prevails in the liver,
where these enzymes have a sufficient concentration,
which is why they interact with a significant number
of different groups of drugs — more than 1900, among
them 1033 - substrates, 696 - inhibitors of different
strengths and 241 — Cyp3A4 enzyme inducers. More-
over, for European populations, 82.7% prevail as exten-
sive, 15.9% moderate, and 1.4% ultra-rapid metaboliz-
ers (steroids, macrolides, rifampicin, antifungal azoles,
barbiturates, pesticides, etc.). The sensory nuclear re-
ceptor (NR11 or PXR — pregnane X receptor) binds to the
xenobiotic and further activates the PXR gene, which
reacts with various inducers. It also has an analogue
SXR — a sensitive receptor for steroids; further, the PXR/
substrate complex binds to another nuclear receptor
(RXR-retinoic acid receptor, this heterodimer affects the
3A4 gene (ER6 element). So, there is a rather complex
regulation, and interleukins negatively regulate PXR and
CAR (steroid balance) [1].

3A4 inducers accelerate the elimination of oral con-
traceptive ethyl estradiol, corticosteroids, and antiviral
drugs (ritonavir, nevirapine, and indanavir). Attention
should be paid to the following interaction: Hypericum
is an activator of the PXR receptor, induces CYP3A4 and
2C9, can double in 14 days (900 mg/day) the elimination
of, for example, alprazolam; it requires attention regard-
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ing long-term reception of Hypericum!!! Therefore, the
recommendations add: the need to clarify the patient’s
medical history regarding herbal preparations before
prescribing antidepressant therapy [12, 16].

Cytochrome CYP2D6: debrisoquine hydroxylase is
a gene with nine exons on chromosome 22q13.2. One
hundred forty-one allelic variants of this cytochrome
are known, so different alleles provide phenotypes of
extensive, moderate, weak and ultra-fast metabolism of
enzyme substrates, respectively. It is essential to detox-
ify tricyclic antidepressants, neuroleptics, benzodiaze-
pines, citalopram, some beta-blockers, and SSRIs. How-
ever, it has a small percentage of existence among other
cytochromes [21, 22], but it is essential in future genetic
control in psychiatry and addiction clinics [23, 24]. Ac-
cording to the database [13], the following are calcu-
lated among the 982 preparations of this cytochrome:
371 are substrates, more than 300 are inhibitors, and
18 are inducers. It is known that the variability of the
polymorphism also exists in healthy individuals: exten-
sive metabolizers up to 55.7%, moderate — 34.7%, slow
2.3% and ultra-fast 7.3%; among patients with depres-
sion, they are 64.7, respectively; 27.3; 4.8 and 3.1%, and
may differ in ethnic groups. For example, for Europeans
and Africans, the slow metabolism (7.8-6.7%), with a
north-south gradient, greatly exaggerates the low type
of activity in the Near East (0.94%) [11, 12].

The examples of individual representatives of the va-
riety of cytochrome P450 enzymes undoubtedly testify
to the profound natural adaptations of living organisms
through intracellular, intranuclear genetic control mech-
anisms. Therefore, the terms of the action of inducers
or inhibitors of the activity of these enzymes and their
effectiveness are quite individual and variable.

Moreover, the direct determination in clinical prac-
tice of genetic polymorphism of P450 cytochromes does
not yet provide a typical and expected response of a
specific organism to the proposed variant of pharma-
cotherapy with a drug. In the future, most of the ad-
ditional effects that determine this final individual re-
sult, changes in known or expected manifestations of
pharmacotherapy, should be mentioned. Therefore, as
stated above, the heterogeneity of the primary genetic
nature of the activity of biotransformation enzymes of
drugs is most important. They are modified by the influ-
ence of drugs that may have the properties of enzyme
inducers or inhibitors [25].

In a recent review by R. Cacabelos (2020), the pos-
sibilities of scientific perspective in-depth studies of ge-
netic polymorphism of biotransformation enzymes are
widely covered. Thus, they extend to the genetic analy-
sis of depression and Alzheimer’s disease: in the mani-
festations of metabolic, transport, pleiotropic genes and
their effects on the results of therapy with antidepres-
sants (remodulated by about 600 genes), psychotropic
drugs (associated with 100 genes) [20, 26].

Genetic control of cytochromes will undoubtedly dif-
fer in different ethnic and population groups. It may un-
expectedly level out the positive expected effect of ther-

apy in a specific region of medical institutions. It may
also depend on the ethnic population [26], gender, age
[27], and body weight of the patient [28, 29, 30]. The
general medical assessment of the patient’s condition
complicates the situation: different etiological factors
are possible, even for the same diagnosis, with various
manifestations of comorbidity. The previous anamnesis
of therapy, in which there were underestimated variants
of the interaction of drugs, is essential. It has been em-
phasized that patients with a neurological profile, such
as dementia, can use more than 6-12 drugs per day, pre-
dicting risks of interaction and adverse reactions [31].

It is essential that the termination of pharmacother-
apy against the background of the effect of the inducer
after several days causes the drug’s accumulation to the
toxicity level. Due to the lack of gradual correction of
the dose, it is desirable to consider such a situation.

To these medical component characteristics of the
patient, it is necessary to add social differences: behav-
ioural phenotype, signs of aggressive habits to drugs,
alcohol, smoking, and eating habits. Social diversity is
essential (both the patient’s income and the country’s
status), and the lack of access of doctors to modern high
technologies. The therapy results are formed against
the patient’s psychological characteristics (degree of
compliance, depression, anxiety, hypochondria, etc.).
The given list can play the role of masking effects on
the effectiveness of therapy or, on the contrary, mani-
festations of toxicity and unwanted drug reactions. The
heterogeneity of therapy results can be evidenced by
some contradictions in the results of meta-analyses,
even among quantitatively significant evidence-based
medicine trials, and even with careful pre-selection of
patients according to the indications for participation in
the study because they reflect the heterogeneity men-
tioned above of patients.

Conclusions.

The literature review covers essential information on
the existing genetic polymorphism of enzyme systems
of biotransformation (detoxification) — cytochromes
P450 in the human body, presented in scientific sources
over the last several decades of search.

Doctors should consider these features during the
pharmacotherapy of diseases to prevent both ineffec-
tive and toxic responses of the body to drugs.

Prospects for further research.

Referral of the patient to the diagnosis of genetic
polymorphism of cytochromes should be more critical
in the real practice of pharmacotherapy in current con-
ditions. Implementation of a pharmacogenomics strate-
gy for personalized medicine will serve as a helpful asset
for monitoring optimal therapy.
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KOHTPOJ1b PAPMAKOTEHETUKWU ®EPMEHTIB EIOTPAHCCDOPMALI,I:I:IIIKAPCbKVIX
3ACOBbIB — IHCTPYMEHT ANA 3ABE3NEYEHHA NEPCOHANISOBAHOI MEAULUUHU

BiHHMLbKKUI HaLiOHaNIbHUIA MeauYHMiA yHiBepcuTeT im. M.I. Muporosa (m. BiHHMLA, YKpaiHa)
dr_yakovleva@meta.ua

02170 nimepamypu 8i003epKastoO€e Cy4acHi yAs8neHHA 000 3HAYEeHHA hepMeHmamusHUX cucmem Yumoxpomy
P450 0518 0emoKcuKauii eHO02eHHUX (20PMOHIB, CU2HA/bHUX MOAeKys, HelipompaHcMimepis) ma eK302eHHUX
cybcmpamis (MpodyKkmu Xap4yy8aHHS, AIKAPCbKi 3aco0buU, MOKCUHU), 0cobauso 047 nepemeopeHHsA AinoginoHuUxX
MOeKyn y 8000PO34UHHI hopmu 018 8useOeHHsA i3 opaaHiamy. Llini 6iompaHcghopmauii sionosidaromes nompebi
op2aHizmy eudanumu eHO0 — ma eK302eHHi, MepesamcHo AinoginbHi MOoAeKyau, WO nepemuHaroms ma
YMPUMYOMbCA 8 KAIMUHHUX MeMbpaHax, HeobxioHicms 3a6e3neqyumu mpaHcghopMauito MosneKysn y 8000P034UHHY
¢opmy. 3a cmpykmyporo uyumoxpomu P450 — mynabmugpepmeHmHuli 6inkosuli Kommaekc, ebydosaHuli y
ghoconinioHuti mampikc mikpocom. OKpemi cmumysau 8UKAUKAIOMb crieyudghiuHy 015 pi3HUX eapiaHmie chepmeHmis
8i0Mn08i0b, AKA 3anexums 8i0 2eHemMuU4YHO020 KOHMposto. leHemuy4Huli nonimopghiam 3abesneyye iHOUBIOyanbHYy
4ymsusy peaKyito 0emoKcukauyii pi3HUX MoseKyn 8 opeaHiami. B moli 3ce yac peasibHe 8rpo8aodIeHHs 8 MiKAPCbKy
MPaKmMuKy memodis 2eHemu4yHo20 CrIOCMepPeXeHHA 3aAUWAEMbCA HO HeOoCMamHboMy pieHi. Tum binbwe, W0
Di3HIi 8apiaHMu 2eHige MOXCymb 0XONaA08aMU K NAMo2eHe3 3aX80PHBAHHSA, MAK | OKpeMi (ha3u hapmaKono2iyHo2o
8MpyYaHHA (MexaHiam 0Oii nikapcbkux 3acobis, ix mpaHcnopm ma susedeHHs, 83aEMOOIt0 3 NiIKAM Ma Heba (aHi
nobiyHi peakyii). ®opmysaHHA pepmeHmis yumoxpomy P450 0bymosneHo 2eHemu4YHUM KOHMpPOoAem ix ekcripecii 8
MKAHUHAX Ma o0p2aHax, npu4vyomy uys pe2ynayia iHougioyanbHa i Moxe 3HaYHO KOAUBAMUCA 34 PiBHAMU AKMUBHOCM|
(8i0 miHimanbHOI 00 HaOWeUOKoI). HagedeHo Oeski eapiaHmMu 2eHemu4Ho20 noaimopgiamy yumoxpomy P450, aki
Halibinow aKMueHO 8nausaMb Ha Memabosniam niKapcbKux 3acobis. Po3ymiHHA yux peakuill npu nposedeHH|
2eHemu4YyHo20 QaHani3y y nauieHmie 003801UMb 8apitoeamu adekeamHi 00308i pexcumu, pozHo3ysamu
pe3ynbmamu 0718 ompumMaHHA 6e3rneyHoi, epekmusHoi hapmakomepanii ma nornepeodreHHa MoKCcUu4Hoi Oii nikie.

Knw4oei cnoea: papmakozeHemuKa, yumoxpom P450, nonimopgiam pepmeHmie.

3B'A30K nyb6aiKauii i3 nnaHoBMMM HayKoOBO-goOCNIg-
HUMU poboTamu.

Pobota € ¢parmeHTOM HayKoBO-AOCNIAHOI Temwu
Kadeapwu KniHiyHOi dapmauii i KniHiyHOI papmakonorii
BHMY im. M.I. Muporosa «EpeKTMBHICTb Ta 6e3neKa Xi-
MioTepaneBTUYHUX 3ac06iB i MeTaboniyHMX KopeKTopiB
B YMOBAx KOMOP6IiAHOI naTonorii», Homep AepyKaBHOI
peecTpauii 0119U000069.

Bcryn.

HayKkoBMi1 Ta TEXHIYHMI Nporpec B MeANLMHI CTPIM-
KO [I0MOBHIOE Hallle TpaauLiliHe po3ymiHHA biosorii nto-
OVHW Ta NepcneKkTMBM OMNTMMANbHOIO, aAEeKBATHOrO ii
iHAMBIAYaNbHUM 0COBAMBOCTAM BTPYYAHHA B OPraHiam
yepes 3acToCyBaHHA NiKaPCbKUX 3acobis (/13).

dapmakoTepanito MOXHa PO3rAL4ATU AK KKOMMPO-
MIiC Mi*K MO3UTUBHWMM Ta HEraTUBHMM BMNAMBOM Ha Na-
LiEHTa», 33 AYMKOI aBTopa MoHorpadii «Human Drug
Metabolism» Coleman M.D. [1]. Aina 36epeskeHHA afeK-
BaTHOI BiAMNOBIAiI HA Tepanito, KOHUeHTpauia J13 nosu-
HHa 6yTM B MeXKax TepaneBTMYHOro BiKHa Ta Tepanes-
TUYHOrO iHAeKcy. Mporpec dapmakonorii OCTaHHI PoKn
cnpuag 36iNblUEHHIO HA PUHKY BiZHOCHO 6e3neyHux
13, ane 36epiraeTbca AOCTAaTHA KiNbKiCTb Npenaparis i3
BY3bKMMW UMMM NapameTpamu (BapdapuH, GeHiToiH,
KapbamaseniH, TeodiniHu, BaAbNpoaT TOLLO), TOMY BU-
HWKAE NUTAHHA PeaKL,ii OpraHiamy Ha iX 3HeLWKOAKEHHSA,
yepes BUBEAEHHA Ta AOCATHEHHA 3MEHLUEHHA KOHLEH-
Tpaui. Taki cnpobu opraHiamy NOBMHHI 3abe3neynTn ic-
HyBaHHA 203K JI3 came B MeXKax TepaneBTUYHOrO BiKHa,
TOb6TO B AianasoHi 1ioro ¢apmMaKoioriyHoi aKTUBHOCTI
6e3 TOKCMYHOCTI (AKLWO KOHLUEHTpaL,i Moro BMXoaATb 3a
MeXW Moro BepxHboro piBHsA) [1]. HeobxiaHo nam’aTaTty,
L0 «MEBHOM MipOtO TepaneBTUYHE BIKHO € YHIKaAbHUM

O KOXKHOTO MaujieHTa», Ha TAi BeNMYEe3HMX Bapiauin
moro yytamsocTi go aji /13 [1].

AKMM YNHOM GOPMYETLCA LLeM YHIKaNIbHUIA 3aXMCT?

MOIMBOCTI OpraHi3aMmy A0 3HeLLIKOAKEHHA cybcTpa-
TiB GopMyBannca MinbMOHAMM POKIB iCHYBaHHA KUTTA
Ha nnaHeti 3emnAa. punNycKatoTb, WO MNPUCKOPEHHA
LMX npoLecis B eBoOLT BigbyBanoca Ha /i nepexoay
OpraHi3miB Big, iXHIX MOPCbKMX NPeaKiB 40 HAa3eMHOro
icHyBaHHA. HeobxigHicTb BXKMBATW 3HAYHY KiNbKiCTb,
6araTMx POCAMHHUMW KOMMOHEHTAMMU MPOAYKTIB, Cy-
NPOBOAKYBaANACh CNOXKMBAHHAM NiNOQINbHUX TOKCUHIB,
POCNUHHUX FOPMOHANbHO MOAiIbHMX diToecTporeHis, 3
TPUBAZIMMM NepiogamMu HaniBpo3snagy.

[Ona 3axucTy Bif, €K30reHHUX Ta eHAOreHHUX MeTa-
60/1iTiB 3 MOXAUBUMM TOKCUYHUMM edeKTammM NpUPosaa
NoBWHHa ByNa CTBOPIOBATU CUCTEMM iX 3HELLKOAMKEHHS,
o i NpuBeno Ao HapoaxeHHs depmeHTiB bioTpaHc-
dopmalii — cuctemum yutoxpomis P450. Cepia pepmeH-
TiB Oyna Tak Ha3BaHa, TOMY LLLO BOHM NOMNHAAN yNbTPa-
dionetose cBiT10 Npu 450 HM, Ha WAAXaX BiAHOBNEHHA
Ta B3aemogii 3 CO (ix TaKoK Ha3nBaOTb MOHOOKCUTEHa-
3amMn abo okcugopeayktaszamu) [2, 3]. JocTaTHbO ak-
TUBHO peakuii bioTpaHcdopmau,ii obrosoptoBanuncs Bxe
nisctopivusa Tomy [3, 4].

CrnekTpw ix MeTaboniyHMX MOXKIMBOCTEN 3BMYANHO
AyKe WUpoKi, ans 3abe3neyeHHA Ta 3bepexeHHA ro-
MeOoCTasy, NPaKTUYHO 32 PaXyYHOK NPUCYTHOCTI B KOXKHIN
TKaHWHI, NepeBa*KHO B MeYiHLi, KULWEYHUKY, NereHax,
HUPKaX, B OKPEeMMX 30HaX MO3KY, TOOTO CKNaAaEeTbCA
Kanengockon pepmenTi [5]. Hacamnepeps, 3axucrt-sia-
noBiab 3abesnevyyeTbca yepes reHeTUYHUI nonimop-
di3m iHAMBIAYyaNbHOT NtOANHW, T FEHETUYHUIA KoA, MOoro
peanisauito, HaNpMKNa4, Npu Tepanii aHTMAenpecaHTa-
mu [6]. PapmakosoriyHa nporpama gns f13, pospobasa-
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HOUM iX AK CUTHaNbHI MONEKY/IN, NPAKTUYHO 3aM03UYYE
Li NpUPOAHI acneKkTn Ta imiTye ix poboTy y noguHu, 3
METOI TOYHOIO KOHTPO/IIO Hag, ix cyabboto B opraHiami:
Yyepes NpaBuIbHUI BUBIP, NpaBMAbHY 403y Ta Yac, iHAW-
BiAyanbHy reHeTuky [7].

Y3arasbHEeHHA UMX peaKkuihi MOXKHA BM3HAYUTU AK
Lini neTokcmKau,ii.

Llini 6ioTpaHcdhopmauii:

e cucteMm H6ioTpaHchopMaLLii BUKOHYIOTb posb nep-
woro 6ap’epy Ha WAAXax BAANBY XiMIYHUX PEYOBUH €H-
[OTEeHHOrO Ta €K30TeHHOTO NOXOAMKEHHA Ha KNITUHY;

* HeobXxigHicTb meTabonizyBaTn 6arato eHA0reHHUX
peyoBMH — CTepoiaiB, HelpocTepoiais, MeTaboniTie apa-
XiZOHOBOT KUCNOTU, CUTHANBHUX MONEKY;

e notpeba meTabonizyBaTM eK30reHHi cybcTpatm —
NPOAYKTW i, NiKapcbKi 3aC06U, TOKCUHK, NEepeBaXKHO
ninodinbHi cnonyku;

* [OUiNbHICTb BUAAANUTU NiNodinbHi MONerynu, Aki
nepeTnHalTb MembpaHW Ta Hagani TpPMBAAO 3Haxo-
OATbCA B KNITUHAX;

* 3MIHUTU CTPYKTYPY NiN0diIbHOT MONEKYAN LLISXOM
nepesefeHHA Tl y BOAOPO3UMHHY dopMy 1A BUBELEH-
HA 3 opraHismy [2, 8].

Ha wnaxax peanisauii umx metaboniyHux neperso-
peHb BUHMKaKOTb KinbKa npobnem bioTpaHchopmalii:

e BJIACTUBOCTI NiNO}INbHUX MONEKYN CNPUAOTb
TOMY, WO KAITUHU YTPUMYIOTb Li PEYOBMHWU TPUBAno,
iHKOMIM BCe KUTTA, WO noTpebye KOHTPOAIO 3a ix Banax-
COM (YTBOPEHHSIM Ta BUBEAEHHSAM);

e eTanu bioTpaHchopmauii HasmBawoTbca | (OKuUC-
HeHHs), |l (KoH'torauis — NpUEQHAHHA BOAOPO3YMH-
HUX PEYOBMH — Lie MOXKYTb BYTU LyKpwW (rntoKypoHoBa
Kucnota), coni (cynbdatu), abo amiHokucnotu, Il pasu
(edntoKkcHUI Hacoc); BCe Le CnpuAe HaWBUALWOMY Ta
epeKTMBHOMY BUBEAEHHIO XiMIYHUX PEYOBUH 3 OpraHis-
My B ceuy.

CTpyKTypa cuctemun pepmeHTis CYP450:

* Lle MynbTUdEepPMEHTHUIN BiIKOBMI KoMMJieKc, BOY-
noBaHui B docdoninigHUin MaTPUKC MIKPOCOMANbHUX
MembpaH; TOMy MOro aKTUBHICTb 3a/1IEXKNUTb Big memb-
paHHUX bocdoninigHUX KOMMNOHEHTIB;

* el remonpoTeig Mae rigpodobHi BNacTMBOCTI;

e KinbkKictb CYP450 3anexuTb Big, Bianosigi Ha BBe-
OEHHSA Pi3HMX CTUMYAIB, cneundiyHNX WOoA0 OKPEeMMUX
BapiaHTiB CYP (MOXnMBa B3aemofia HaBiTb 3 04HMM
cybcTpaTom) Yepes aKTMBaLLito reHOKoAy;

e camMe LA cneundiyHicTb 10 CTUMYNATOPIB | 06yMoB-
JIFOE HAABHICTb MHOXMHHUX dopm CYP;

e ana OYHKLIOHYBAaHHA cucTemu HeobxigHa Ha-
ABHICTb B  Mmikpocomax HAO®P-H-umtoxpom P450-
peayKTasu, Big, AKOI TPAHCMOPTYOTbCA eNeKTPOHM (Mo-
HOOKcHreHasHa peakuin), Ta pocdoniniam;

* BiAMIHHOCTI B NOCAIAOBHOCTI aMiHOKMCAOT B MNO-
NinenTMAHOMY NAHLOXKKY remonpoTeigy CBig4yaTb npo
HaABHICTb FEHETUYHOTO KOHTPO/IIO MOr0 CUHTE3Y Pi3HK-
MW reHamu;

e pi3Hi dopmu 6inka ymuToxpomy PA50 MOKYTb MaTh
O HAKOBY MOJIEKYNAPHY Macy, AeAKY iMyHOOFYHY CXO-
ictb [9, 10].

MeTta gocnigKeHHs.

Y3arasibHUTU Cy4acHi yaBAeHHA woao0 HionoriyHoro
3HayeHHA depmeHTiB bioTpaHchopmauii B mexax dpep-
MEHTaTUBHOI cucTemm umToxpomis P450, B AKOCTI meTa-
6oni3aTopis papmakoTepaneBTUYHUX 3aC06iB B OpraHis-
Mi NI0ANHN.

O6’eKT i meTOAM AOCNIAXKEHHA.

MpoBeaeHo iHboOpMaLLiiHMIA HAYKOBUI MOLLUYK Cepes,
[)Kepen nitepatypu, NPUCBAYEHUX aHaNi3y reHETUYHOTO
nosnimopdiamy depmeHTiB LUTOXpomiB P450, AKUIA BU-
3Ha4vae pe3ynbTatv dapmakoTepanii Big ePeKTUBHOCTI
[0 TOKCUMYHOCTI, LWAAXOM O3HalMOMAEHHA 3 MoHorpadi-
AMMW, OrNALOBUMU CTAaTTAMM, MIdKHAPOAHUMU PEKOMEH-
[auiamu, B yMOBax AOCNIAXKEHb AOKA30BOIi MegULMHN.

OCHOBHa YacTuHa.

KoHuenuia «papmakoreHeTUkn» byna 3anponoHo-
BaHa ®orenem B 1959 poui [11, 12], 3a ocTaHHi geca-
TMPIYYA BOHA YCNiWHO AOMOBHEHA Y BUAAHHI Neploro
BcecBiTHbOro KepiBHMLUTBA LWOA40 BUKOPWUCTAHHI JiKiB
Ta dapmakoreHetuui (World Guide for Drug Use and
Pharmacogenomics, 2012) [13]. HasBHa KinbKicTb Lu-
TOXPOMY B MemMbpaHax Mo¥e byTH 3miHeHa K B CTOPO-
HY Moro 36inbleHHs (iHAYKUia depMeHTy), TaK i 3MeH-
WweHHs (iHribiuis, genpecin) [14].

Mix TMm, yBara A0 reHeTUYHOTO KOHTPOJ/THO B YMOBAX
bapmaKoreHeTUKM BCE LLe 3HAXOAUTHCA B MOYATKOBOMY
CTaHi, 3 ypaxyBaHHAM 6e3nidyi BapiaHTiB nonimopdiamy
reHiB [15]. Ha npuKnagax cydacHoi KopeKuii 3axBopto-
BaHb HEPBOBOI CMCTEMW, WO 3alAMalOTb BUCOKI Mmicus
cepes ix posnosctogrkeHocTi [16, 17], nponoHyeTbca
OeKifibKa CNeKTpiB BiANOBIAj reHiB Ha ¢papmakosoriyHe
BTPYYaHHA, BOHM OXOMN/IOKOTb HACTYMHi BapiaHTL:

e 6e3nocepeHbO reHW MaToreHesy 3axBOPHBAHHA
(naToreHHi reHn)

e FeHM MexXaHi3My Aii NiKiB (MexaHiCTUYHi reHu)

 reHu meTaboniamy fikis (MeTaboniuHi reHn)

* FeHM TPAHCMOPTY NiKiB (reHM NepeHOoCHUKIB)

e NMIEMOTPOMNHI FeHn, WO NpUiMatoTb yyacTb B ba-
raTorpaHHMX Kackagax Ta meTaboniami B opraHiami [17,
18].

OTKe, B Cy4yaCHMX YMOBAx ICHYBaHHA /IOACTBA,
36iNbLUEHHA CTPECOBMX CUTYaLN Ta AenpecuBHUX CTa-
HiB CaMe Ha NPUKNaAax y4yacTi reHeTUYHOro KOHTPOO
cnig nNpointocTpyBaT Moro posb B epeKTUBHOCTI Ta H6e3-
neui JfikapcbKkux 3acobis, HesnocepesHbO 3a y4acTo
umToxpomis P450 [16, 17]. BapiaHTv B3aemogii eH3MmiB
LETOKCUMKALii yepe3 reHeTUYHi MexaHisMu 3 pisHMMK
meTabonitTamm Ta Nikamu LUMPOKO 3MIHIOKOTbCA ANA pi3-
HUX umTOXpOoMiB P450, BOHM NiaTBEPAXKYIOTD iX iHAUBI-
AyanbHicTb [9, 10], BOHM AEMOHCTPYHOTb BiKOBI, CTaTesi,
LMpKagHi Ta eTHiYHi BigmiHHOCTI [19]. Tomy 3po3ymino,
LLLO KOXKHMIW NiKapcbKil 3acib meTabonisyeTbea y Bigno-
BiAHOCTI 3 reHeTUYHMM npodinem cyb’ekTa npoTaArom
noro xutra [11, 20].

[eski 3 Bnactnsocten okpemux dopm GpepmeHTiB
LETOKCUMKALiT NiACYMKOBAHI B HAyKOBUX AXKepenax Bxe
MalixKe niscropivus.

Oco6nusocti CYP1AL. Mpouec iHayKLii byB Bigomum
31960 pokiB, ane nepLui KPOKM 40 PO3YMiIHHSA LUX BMIU-
BiB oTpMmaHo B 1970. Mpum peakLii 3 BigOMUM CUNbHUM
TOKCUMHOM — AiokcuHom (TCDD) ocTaHHiM noTpannse
B LMTOMAA3My KAITUH OO0 PeuenToOpHOro KOMMJIEKCY
— niraHaie3g’asaHa cyboauHuua Ta npoteid (HSP-90),
Bigomoro sk aryl hydrocarbon receptor (Ah-receptor),
Hagani uer komnnaekc (TCDD/Ah) mirpye oo aapa Kni-
TWH, 3anuWae GiNOK TEen/soBOro LWOKY B LMUTOMAA3MI,
ane B AApPi YTBOPIOE reTepoAnmep 3 AAepHUM npoTei-
HoM ARNT, kK1 BxKe 3B’A3yeTbCA i3 cneundiyHMMm no-
cnigosHoctTAMU ana OHK Ta eKkcnpecytoTb YyTBOPEHHA
CYP1A1. Llett edpeKT NOYMHAETLCA Yepes AeKiNbKa roguH
nicna BNAMBY TOKCMHY abo J13, ane 3alimae Aekinbka
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OHIB ONA JOCATHEHHS MaKcMManbHoi ekcnpecii CYP. 3a
TAaKMM MEXaHI3MOM B KNiTMHax MeTabonisytoTbca nosi-
LMKNIYHI BYrneBoAHi, reTeporeHHi amiHm, omenpason.
Ane 3ycTpiy 3 HUMK peanibHO MoKe ByTU MiHiManbHa,
TOoMYy WO uei CYP nepeBaXHO «BUKAKOYEHUI», «CNAs-
Ynit», Npu BiaCyTHOCTI iHAYKTOpIB [1].

Oco6nusocti CYP1A2. Hasnaku, iHaykuia CYP1A2
MA€E TOKCMKOJ/IOTIYHE 3HAYEHHA B JIEreHAX: B KAiTUHaX
Knapa, AKi B aBaHrapAi AeTOKCMKaLLi MOMOTAHTIB Y NO-
BiTpi. B UMX KNiTMHax malixke NosoBMHA 06CAry 3almae
TNafleHbKUA eHOoNAa3MaTUYHUIA PEeTUKYYM, BiH CTU-
MYJIFOETBCA HIKOTUHOM LLIOAO YTBOPEHHA PeaKTUBHUX
€enoKcuAiB, BibHUX paAnKaniB KUCHIO — A5 «aTaKM» Ha
[OHK, ocob611BO [0 KaHUeporeHis (HanpuKkaag, HiTposa-
MiHun) [1, 11].

OcobausocTi reHy CYP2C19: mae 9 eK30HiB, iCHyE Ha
10924 1a 1924.3 XpOMOCOMaX, CUHTE3YETbCA B MEYiHLi
Ta BNAKBaEe maixke Ha 500 npenapartis: cepes HMx 281 —
cybcTpaTtu, 263 — iHribiTopu (72 cnabkunx, 127 nomipHux
Ta 64 cunbHKX) i 23 — iHaykTopm CYP2C19 [11].

Ocobnunsocti CYP2B6, 2C8, 2C9 Ta 3A4. BOHM 3Ha4YHO
BiApi3HAOTbCA Big rpynu 1A, iX iHOAYKTOPamu MOXKyTb
6yt peHobapbitan, NnpumigoH, GeHiToiH, pudamniumH.
Li uMTOXpOMM KOHTPOMOIOTLCA AAEPHUM PELLenTOPOM
(KoHCTUTYLIMHMI peuenTop — CAR), AKMIA NOCTIAHO CTU-
myntoe ekcnpecito CYP. BiH ynpaBaae uMToXpoMom 3 Ko-
akTMBaTopom SRC-1, Ta 3B’A3aHuI 3 X-peL,enTopom pe-
TUHOBOI KMCNOTK A0 3ycTpivi 3 AHK. Bname iHayKTOpIiB Ha
CAR/SRC-1 peryntoe »KMTTEBO BaK/IMBUIA NOBCAKAEHHWNI
meTaboniam KceHobioTUKIB Ta eHAoreHHUX cybcTparTis.
LlikaBo, wo reH CYP2C9 (3 9 ek3oHamu Ha 10924 xpomo-
COMi) NepeBaXkHO EKCMPecyeTbCs B renatoumuTtax, binb-
we Ak 600 npenapaTiB Nos’s3aHi 3 toro metaboniamom:
311 gitotb AK cybetpaTtn, 375 — iHribiTopu pisHoi cnam
(B TpbOX BapiaHTax) Ta 41 — iHAyKTOpW. PiBHI Bapdapu-
Hy 3anexatb Big, CYP2C9, TakoXK aKTUBHICTb PpepmeHTy
pi3Ha NpwW ypaXKeHHAX roI0BHOro MO3Ky [11].

CYP2E1l: BaxkaumBui Ana MeTaboniamy iHWMX cy6-
cTpatis Ta /13 — i3oHia3nAy, napaueTamony, renatoTok-
cuHiB — CCl-4, kaHueporeHiB (6eH30n, BiHinxnopua,
TPUXNOPETUEH), @ TAKOXK A1 €TAHO/Y, ALETOHY, Nipu-
AuvHy, 3axuuae LLHC npu aiaberti, ronoaysaHHi. Bnaus
iHAYKTOPIB MOXe cnpusaTK 36iNblueHHI0 KinbKocTi dep-
MEHTIB AETOKCUKALLT B AecATOK pasis [1, 11].

Ocobausocti iHayKuii CYP3A4/5: reH 3 13 ek3o-
Hamu, Ha 7g21.1 XxpOMOCOMiI, NepeBarka€ B MeviHu,i, ae
ui GepmMeHTU MatoTb AOCTAaTHIO KOHLLEHTpaLito, TOMY i
B3AEMO/OTb i3 3HAYHOM KiJIbKICTIO Pi3HMX Tpyn Aikis
— binbwe 1900, cepen Hux 1033 — cybeTpatn, 696 —
iHri6iTopy pisHOT cunmn Ta 241 — iHAYKTOPU PepMeHTY
Cyp3A4. Npuyomy Ana eBponeiicbkux nonynauin 82,7%
nepesakatoTb AK eKCTeHcUBHI, 15,9% npomixkHi Ta 1,4%
— ynbTpawsuaki metabonizatopu (cTepoigM, MaKpo-
nign, pudamniymH, npoturpmbkosi asonu, 6apbitypa-
™, nectuuman Touwo). CEHCOpHUIN aaepHUIA peuenTop
(NR11 abo PXR — peuentop nperHaHa X) 3’egHyeTbcs 3
KCEHOBIOTMKOM, Hadani akTMBYE reH PXR, Wwo pearye i3
Pi3HUMM IHAYKTOPaMMU, BiH TaKOXK Ma€ aHasnor SXR— uyT-
MBUIA peuenTop [0 cTepoiais; Hagani komnaekc PXR/
cybcTpaT 3B'A3YETHCA 3 iHWWM ALEPHUM pPeLenTopom
(RXR-peuentopom peTMHOIBOI KMCAOTK, LEN reTepoam-
mep BNAMBaE Ha reH 3A4 (enemeHT ER6). OTKe, HasiBHA
[OCTaTHbO CKAaAHa perynsauia, NpUYomy iHTEepAEKiHN
HeraTuBHO peryntooTb PXR Ta CAR (6anaHc ctepoigis)

[1].

IHayKTopn 3A4 NPUCKOPKOKOTbL BUBEAEHHA Opanb-
HOTO KOHTPALLEeNTMBY €TU/ — ecTPaziony, TaKoX KOpTU-
KocTepoiais, NpoTueipycHUx J13 (pMTOHaBIp, HeBMpaniH,
iHaaHaBip). Cnig 3BepHYTM yBary LLOAO0 HAcTyMHOI B3a-
emogji: 3Bipobin — akTMBaTop peuenTtopa PXR, iHAyKye
CYP3A4 ta 2C9, moske BABivi 3a 14 aHis (900 mr/noby)
36iNbWIMTN BMBEAEHHA, HAaNPWUKAaA, annpasonama; e
notpebye yBaru Wwoa0 TpmMeanoro npuiiomy 3sipoboto!!!
OT)Ke, B peKOMeHAaL,iax A0AAETbCA: HEODXiAHICTb yTOu-
HIOBATM aHamHe3 nauieHTa woao ¢itonpenapartis 40
npu3HayeHHA Tepanii aHTMAenpecaHTamm [12, 16].

Uutoxpom CYP2[6: nebpu3oxiH-riapoKcuaasa —
reH 3 9 ek3oHamm, Ha 22q13.2 xpomocomi, Bigomo 141
anenbHUX BapPiaHTIB LbOro LUTOXPOMY, TOMY Pi3Hi aneni
3abe3nevytoTb GeHOTMNM BiANOBILHO EKCTEHCUMBHOIO,
NPOMIXKHOTO, cnabKoro Ta ynbTpalBWAKOrO meTabo-
nismy cybctpatie depmeHTy. BiH AyKe BarknuBuit ana
AEeTOKCUKaLii TPULMKNIYHUX aHTUAENPECAHTIB, Henpo-
NlenTuKiB, beH3oaiaseniHiB, uMTanonpama, Aeakux be-
Ta-6bnokaTopis, CI33C, xoua Ma€e He3HauyHWI BiACOTOK
iCHYBaHHA cepep, iHWKX uMTOoXpomis [21, 22], ane ayxe
BaXX/IMBUIM NPU MaBYyTHBOMY FeHEeTUYHOMY KOHTPOSi
B K/iHiKax ncuxiaTpii Ta HapkomaHii [23, 24]. 3a 6a3ot0
naHux [13], cepen 982 npenapaTiB LbOro LUTOXPOMY
po3paxoBaHo: 371 — cybcTpaTty, 6inbwe 300 — iHribiTo-
pu, 18 — iHayKkTOpW. Bigomo, wo BapiabenbHicTb noni-
Mopdi3my iCHYe i y 340pOBUX OCib: eKCTEHCUBHI MeTa-
6onizatopun Ao 55.7%, npomixkHi — 34,7%, nosinbHi 2,3%
Ta ynbTpawsuaki 7,3%; cepepn nauieHTis 3 genpeciamm
BOHM BigNOBiAHO CKNagawoTb 64,7; 27,3; 4,8 Ta 3,1%, Ta
MOXYTb BiPi3HATUCA B e€THIYHWMX rpynax. Hanpuknag,
ANA eBponenLiB Ta adprKaHLLiB NOBINbHUIA MeTabonizm
(7,8-6,7%), i3 rpafieHTOM NiBHiY-NiBAEHb, 3HAYHO Nepe-
BiNblUye HU3bKI TUN aKTMBHOCTI B ymoBax b/M3bKoro
Cxoay (0,94%) [11, 12].

HasepgeHi npMknaan okpeMux npeacTaBHUKIB Pi3HO-
MaHiTTa pepmeHTiB LmMTOXpOoMiB P450 6e3nepeyHo cBig-
YaTb LWOAO MUBUHHUX NPUPOAHIX NMPUCTOCYBAHb KUBUX
OpraHiamiB 4epes MexaHi3MW BHYTPILHbOKAITUHHOrO,
BHYTPILWHbOALEPHOTO FEHETUYHOIO KOHTPO/ID. ToMmy i
TePMiHM Aii iHAYKTOopiB abo iHrib6iTOpiB aKTUBHOCTI LUX
depmeHTiB, X epeKTUBHICTb AOCTAaTHLO iHAMBIAYANbHI
Ta BapiabesibHi.

Binbw TOro, 6esnocepegHbo BM3HAYEHHS B KAiHiY-
Hi MpaKTULi reHeTUYHOro nonimopdismy LUTOXPOMiB
P450 we He 3abe3neyye TMNOBY Ta OYiKyBaHY BigNOBiAb
KOHKPETHOro OpraHiamy Ha 3anpOnOHOBaHWI BapiaHT
dapmakoTepanii nikapcbKkum 3acobom. Hagani cnig 3ra-
AaTh BinbluicTb 4OAATKOBUX BM/MBIB, LLO BM3HAYaAOTh
Luen KiHUueBWui iHAMBIAYaNnbHUN pes3yabTaT, 3MiHM Bigo-
Mux abo ouikyBaHMX NpoAaBiB papmakroTepanii. OTKe, AK
HaBeAEeHO BuLLEe, Nepes yCiM Ma€ 3Ha4YeHHA HeoaHopIa-
HICTb NePBUHHOI reHeTUYHOI NPUPOAU aKTUBHOCTI dep-
MeHTiB BioTpaHcdopmal,ii NikiB, BOHM moaundiKyoTbCA
BM/IMBOM Npenaparis, WO MOXYTb MaTu BNACTUBOCTI
iHAYKTOpPIB uu iHribiTopiB depmeHTiB [25].

B HewoaaBHbomy ornaai R. Cacabelos (2020) wu-
POKO BUCBIT/IIOIOTLCA MOMKJIMBOCTI HAayKOBUX Mepcrnek-
TUBHUX MOMMUBAEHUX [AOCNIAKEHb TEHETUYHOro no-
nimopdismy depmeHTiB bioTpaHchopmalii. Tak, BOHM
PO3MOBCIOAMKYIOTLCA HA FEHETUYHUI aHani3 Aenpeci,
XxBopobu Anburerimepa: B npoABax MeTabonivyHux,
TPAHCMOPTHUX, NAENOTPOMNHUX FEHIB Ta iX BNAMBAX Ha
pe3ynbTaT Tepanii aHTMAenpecaHTamu (pemoaynio-
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toTbca 6ina 600 reHamu), NCUXOTPOMHMMU 3acobamum
(acouitotoTbea 3 100 reHamum) [20, 26].

[eHEeTUYHWNI KOHTPO/Ib LLUTOXPOMIB 6€3yMOBHO byae
BiAPI3HATUCA B PI3HMX €THIYHWUX, MONYAALIAHMX rpynax,
MO’Ke HecnogiBaHo HiBentoBaTU MO3UTUMBHUI OYiKyBa-
HUI edeKT Tepanii B KOHKPETHOMY PerioHi NiKapCbKmx
YCTaHOB. BiH TaKOX MOXKe 3ai1eXKaTu Big, eTHIYHOI nony-
nauii [26], ctaTi, BiKy [27], macu Tina naujeHTa [28, 29,
30]. YcknafHIE CUTyalito 3araibHa MeAMyHa OLiHKa
CTaHy XBOPOTro: MO/IMBI pi3Hi eTionorivyHi ¢pakTopu Ha-
BiTb OAHAKOBOrO AiarHo3y, HAABHICTb Pi3HOMAHITHUX
nposBiB KomopbigHocTi. Mae 3HayeHHA nonepeaHii
aHamHe3 Tepanii, B AKOMYy Oy NPUCYTHI HeA0O0LiHEHI
BapiaHTM B3aeMo|i NiKapcbKMx 3acobis. MNigKkpecneHo,
LLLO XBOpPi HeBpoJioriYyHoro npodinto, HanpuKkaaa, 3 ge-
MEHLLiED MOXYTb 3acTOCOBYBaTH bislblue K 6-12 nikap-
CbKMX 3acobiB 3a AeHb, NPUPIKatoYi pU3MKK B3aemogii Ta
nobiyHnx peakuin [31].

BarknnBo, WO NpuUnuHeHHA dapmakoTepanii Ha TAi
4iT iHAYKTOpa Yepes3 AeKinbKa AHIB BUKAMKAE HaKonu-
YeHHS NiKapCbKoro 3acoby 0 piBHA TOKCMYHOCTI, Yepes
BiZICYTHICTb MOCTYNoOBOI KopeKLuji 403K, 6axaHO Bpaxo-
BYBaTW TaKy CMTyaLlito.

Jo unx meguyHmMx CKNafoBUX XapaKTepUCTUK naLi-
€HTa HeobXiAHO [0AATH i couiaNbHi BiAMIHHOCTI: dpeHo-
TUN NOBEAiHKN, O3HAKM arpecuBHUX 3BUYOK [0 HAapKO-
TUKIB, aNIKOTON10, NaNiHHA, XapaKTep xap4yyBaHHA. Mae
3HAYeHHA coLliaNbHa PiI3HOMaHITHICTb (AK A0OXOAM XBO-
poro, TaK i cTaTyc KpaiHu), BiACYTHICTb AOCTyny Nikapis
[0 Cy4yacHUX BUCOKMX TexHoNori. Pesynbratn Tepanii
dopMyIOTbCA Ha T/ We i NCUX0NoriYHMX ocobaunBocTel

naui€eHTa (CTyniHb KOMNAMEHCY, Aenpecia, TPUBora, ino-
XOHApPIA Towpe). HaBeaeHWit nepenik moxe rpatu posb
MaCKyUMX BM/IMBIB Ha edeKTUBHICTb Tepanii abo, Ha-
BMaKM, NPOSABU TOKCMYHOCTI Ta HeOaXKaHWUX NiKAaPCbKUX
peakuiit. CBiAKOM HeoAHOPIAHOCTI pe3ynbTaTiB Tepanii
MOXYTb ByTW AeAKi NpoTMpiyyYA B HacnigKax meTaaHa-
Ni3y, HaBiTb cepef 3HaYHUX 3a KiNbKiCHUMK obcaramm
TpanniB AOKAa30BOi MEAULMHM, | HABITb NPU peTesibHOMY
nonepeaHbOMY Bigbopy NaLieHTIB 332 MOKA3aHHAMM A0
yyacTi B AOCNIAMXKEHHI, TOMY W0 BOHW BiAA3€PKaN0OTh
3a3Ha4yeHy BULLE HEOAHOPIAHICTb NALLIEHTIB.

BucHoBKM.

Ornag niTepaTypu OXOMIOE 3HAYHY iHPopMmaLito
LLLOA0 iICHYHYOro reHeTUYHOro nosimopdismy depmeHT-
HUX cuctem bioTpaHchopmauii (AeToKCHKaLLT) — LUTOX-
pomis P450 B ntoacbKOMy opraHismi, npeacrasneHy B
HAYKOBMX ArKepenax 3a OCTaHHI AeKiNbKa AecATupiv no-
LUYKY.

Po3ymiHHA LMx ocobamBocTen NoBMHHO ByTW Bpaxo-
BaHO NikapaAMKM Npu papmaKoTepanii 3aXBOptoBaHb, 411
nonepeaeHHA AK HeedeKTUBHOI, TaK i TOKCUYHOI BiA-
NnoBi4i OpraHi3amy Ha niKapCbKi NnpenapaTu.

MepcneKkTMBM NOAANbLUIUX [OCAIAKEHD.

HanpaBneHHA NauieHTa Ha A4iarHOCTUKY reHEeTUYHO-
ro nonimopdiamy LUTOXPOMIB MOBUHHO 3alimaTu bifb-
e 3HAaYeHHA B peanbHilt npakTuui dapmakoTepanii B
Cy4yacHUX ymoBax. BrnpoBagrKeHHs cTpaTerii ¢apmako-
reHOMiKM ANA NepCcoHani3oBaHOi MeguLMHN CNyryBaTu-
Me KOPUCHUM HaabaHHAM MOHITOPUHIY ONTUMANbHOI
Tepanii.
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KOHTPO/1Ib ®APMAKOMEHETUKU ®EPMEHTIB BIOTPAHCHOPMALIT NIKAPCbKUX 3ACOBIB — IHCTPYMEHT
ONA 3ABE3NEYEHHA NEPCOHANI3OBAHOI MEAULUHUA

flkoBnesa O. 0., lamba A. O., loitHa-Kapgacesuu O. 1O., Bitpyk T. K.

Pestome. Ornsag nitepatypy NpucBaYeHO 0cobanMBOCTAM depMeHTAaTUBHUX cucTeM uuToxpomy P450, aki chop-
MYBaJ/INCA B OPraHi3mi N104MHM NPOTArom eBostoLii. OCHOBHI 3aBAAHHA LMX CUCTEM: BUBOAUTM 3 OPraHi3my AK eHA0-
FeHHi, TaK i eK30reHHi cnosyku, ocobaneo Npu GapmakonoriyHOMy BTPyYaHHI. TaKMUM YMHOM OPFraHi3M KOHTPOJIIOE
3abe3neyeHHA edeKTMBHOI [03M NiKAapCbKUX 3acobiB Ta 3axMLLAE MOro Big, HaA/MLWKOBUX PIiBHIB KOHLLEHTPALMN,
TOBTO Bif, NPOABIB TOKCUYHOCTI. 1A cnucTemu umMToxpomiB P450 (MOHOOKcUreHasu abo oKcuaopeayKTasum) Tuno-
BUM € Pi3BHOMAHITTA iX CTPYKTYpM Ta PyHKLil, TOBTO came reHeTUYHUA nosimopdiam. 3a OCTaHHI AecaTupiyys 3Ha-
YHO PO3LUMPUBCA CNEKTP HAYKOBUX TEXHOJIOFIN, LLLOAO BU3HAYEHHSA PONi LUX GepMeHTaTUBHUX cucTem. Po3pobaeHo
Lini, npobaemun Ta 0cO6ANBOCTI CTPYKTYpU depmeHnTiB BioTpaHchopMal,ii Ha Wwaaxax MmeTaboniyHUX NepeTBOPEHb.
B opraHi3mi ntogMHu akTUBHICTb pepmeHTiB uuToxpomy P450 morKe KoIMBATUCA Bifg, HU3bKOT A0 HAATOLWBUAKOI, WO
3abe3neyye pi3Hi KOHLEHTpaL,i NiKiB, BiANOBIAHO WOA0 iX ePeKTUBHOCTI Ta Hesneku.

HaBezeHOo xapaKTepuUCTUKM HalibiNbLL BaXKAMBUX LUMTOXpOMiB P450, Wo matoTb 3HaYeHHs ana 6iotpaHcdopmauii
Pi3HMX rpyn NiKapCbKMX 3acobiB, 0CO6MBO NpPU yparkeHHsAX Ta dapmakroTepanii Hepeosoi cuctemu: CYP1A1, 1A2,
2C19, 2C9, 2E1, 3A4, 2D6. MexaHiamu gji oKpemMux BapiaHTIB LUTOXPOMIB LOMOBHIOOTLCA iX B3AEMOZAIEID 3 iHLWMK-
MKW MeTaboniTaMu, WO CYNpPOBOAMKYETLCA AK 36iNblEHHAM (Mig, BNAMBOM iHAYKTOPIB), TaK i 3MeHLeHHAM (npu aii
iHriBiTOpiB) X aKTMBHOCTI. AKLEHTYETLCA YBara Ha TOMY, WO TeHeTUYHMIA nonimopdiam pepmMeHTiB MoXKe 3HaUYHO
BapitoBaTK, TOMYy B MOMyAALIAX CNOCTEPiratoTbCcA Po36ixKHOCTI edeKTiB AeTOKCMKaL,ii NiKiB — Big MiHIManbHUX me-
TabonizaTopie (Ha TAi MOBINbHUX TUNIB) A0 YNbTPALIBUAKMX aKTUBHOCTEWN GpepMeHTIB cepes, nauieHTiB. CKnaaHicTb
reHeTM4HO 0byMOB/IEHOI BiANOBIAI Ha NiKAapCbKi 3acObM TaKOXK MOMKe 3a/1eKaTh Bif, eTHIYHMX, CTaTEBUX, BIKOBMX,
NCUXOIOTIYHMX, COLiaibHUX XapaKTEPUCTUK MaL,iEHTIB, B NonepeaHboro aHamHesy dapmakoTepanii, HAABHOCTI KO-
MOpOigHUX CTaHIB. [iarHOCTMKa reHeTUYHOro nofimopdiamy LmMToxpomis P450, po3yMiHHA MOro 3HaYeHHA NMOBUMHHO
LWMpLLE BNPOBAAKYBATUCA B peasibHy KNiHIYHY MPAKTUKY, WO A03BOIUTL MPOrHO3yBaTM ONTUMaNbHy GpapmakoTepa-
nito BiANOBIAHO A0 peanbHOI iHAMBIAYAaNbHOCTI NALLIEHTIB.

KntouoBsi cnosa: papmakoreHeTuka, umtoxpom P450, nonimopdizm pepmeHTiB.

CONTROL OF THE PHARMACOGENETICS OF ENZYMES’ MEDICINE BIOTRANSFORMATION — A TOOL FOR
PROVIDING PERSONALIZED MEDICINE

Yakovleva O. A., Zhamba A. 0., Hoina-Kardasevich O. Y., Vitruk T. K.

Abstract. The review of the literature is devoted to the peculiarities of cytochrome P450 enzymatic systems,
which were formed in the human body during evolution. The main tasks of these systems are to remove both en-
dogenous and exogenous compounds from the body, especially during pharmacological intervention. In this way,
the body controls the provision of an effective dose of medicines and protects it from excessive levels of concentra-
tions, i.e. from manifestations of toxicity. For the system of cytochromes P450 (monooxygenase or oxidoreductase),
the variety of their structure and functions is typical, that is, genetic polymorphism. In recent decades, the range
of scientific technologies has significantly expanded to determine the role of these enzymatic systems. The goals,
problems and features of the structure of enzymes of biotransformation on the pathways of metabolic transforma-
tions have been developed. In the human body, the activity of cytochrome P450 enzymes can range from low to
super-fast, which provides different concentrations of drugs, respectively, in terms of their effectiveness and safety.

The characteristics of the most important cytochromes P450, which are important for the biotransformation
of various groups of drugs, especially in the case of lesions and pharmacotherapy of the nervous system, are pre-
sented: CYP1A1, 1A2, 2C19, 2C9, 2E1, 3A4, 2D6. The mechanisms of action of certain variants of cytochromes are
complemented by their interaction with other metabolites, which is accompanied by both an increase (under the
influence of inducers) and a decrease (under the influence of inhibitors) of their activity. Attention is focused on
the fact that the genetic polymorphism of enzymes can vary significantly, so there are differences in the effects
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of drug detoxification in populations — from minimal metabolizers (on the background of slow types) to ultra-fast
enzyme activities among patients. The complexity of the genetically determined response to drugs may also de-
pend on the ethnic, gender, age, psychological, and social characteristics of the patients, on the previous history of
pharmacotherapy, and the presence of comorbid conditions. Diagnostics of genetic polymorphism of cytochromes
P450, understanding of their meaning should be more widely implemented in real clinical practice, which will allow
predicting optimal pharmacotherapy according to the real individuality of patients.

Key words: pharmacogenetics, cytochrome P450, enzyme polymorphism.
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