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Bionogioanwvni: Anna KOTBII[PKA, pextop HamionansHoro ¢apmaneBTHYHOTO
YHIBEPCUTETY, JOKTOP (hapMaleBTUIHUX HayK, Ipodecop, 3aCIyKeHHUH 114 HAYKH 1
TexHIku Ykpainu;, Bikmopia KY3HELJOBA, noxtop ¢apMaleBTUUHUX HAYK,
npodecop, MPOPEKTOp 3aKiaay BHUIIOI OCBITH 3 HAyKOBO-IEJAroriyHoi poOoTH;
Ceimnana KAJIAH YEBA, xanauaaT (papManeBTUUHUX HayK, JIOIEHT 3aKjiaay BUIIOT
OCBITH, 3aCTylHHUK JekaHa (apmaneBTuuHoro ¢axynbrery; Bipa KPABYEHKO,
JOKTOp O10JIOTIYHMX Hayk, mpodecop 3akiaay BHUIOI OCBITH, 3aBiayBauka Kadempu
KJIHIYHOI 71a00paToOpHOI M1arHOCTUKU, MiKpoOioyorii Ta O10J0TiYHOI XiMmii; leop
CEHIOK, noueHT 3akiaqy BHUIIOI OCBITH KadeApu KIIHIYHOT 1abopaTtopHOi
TarHOCTUKH, MiKpoOioJorii Ta 6iomoriunoi ximii; Onena [I[EPFAK, MONeHT 3aKiamy
BUIIO OCBITH KJIIHIYHOI JJAOOPATOPHOI A1arHOCTHKH, MiKpoO10j0rii Ta 610J0T14HOT
ximii; Hamanias CMEJIOBA, acuctent kadenpu papmarieBTUUHOIL XiMii.

Hapom:xennsi, po3BUTOK Ta craHoBjJeHHs Hayku mnpo [AHK : 30ipHuK
MarepiagiB V OCBITHBO-IIPOCBITHULBLKOrO online-ceMiHapy, MPUCBAYEHOMY 72-id
piunut BigkputTs monekymu JJHK (M. Xapkis, 7 tpaBus 2024 p.). — XapkiB :
Hday, 2025. - 72 c.

OpHe 3 OCHOBHUX 3aBJIaHb CY4YacHOI BMIIO1 IIKOJIM ToJyiArae y opMyBaHHI Ta
3MII[HEHH]  IUJIICHOTO  HAyKOBOTO  CBITOIVISINY, II3HABAJIBHOI, KYJIBTYPHOI,
TEXHOJIOT1YHO1, KOMYHIKaTHUBHOI 1 COLIaJIbHOT KOMMETeHIli ocobuctocti. HaykoBuii
CBITOTJISA, HEBIJ] EMHOIO YACTHHOIO SIKOTO € MOoTpeda y 3aCBOEHHI HOBUX 3HAHb Ta
HAsBHICTh BIJMOBIIHMX YMiHb 1 HAaBUYOK, HUHI BHUCTYIA€ OJHIEI0 3 BAXKJIMBUX
nepeIyMoOB €KOHOMIUHOI Ta coIianbHOi ycmimHocTi. [IpoGiema dopmyBaHHS 1
3MIIIHEHHS CYYaCHOTO HAyKOBOTO CBITOTJISIIY CEpell HMIMPOKOTO 3araily TpOMasH
Ha0yBa€ J10AATKOBOI AKTYaJIbHOCTI 3 OTJISILy Ha OCHOBHI T'PyIH YWHHHKIB: PO3BUTOK
1H(pOpMAIIHHUX TEXHOJIOTIH Ta 3HUKEHHS SIKOCT1 OCBITH.

Came nmaHmii 3axifi COpPSIMOBAaHUM Ha BUPIMIEHHS NOpPOOJEM B OCBITHbOMY
MPOCTOPI, a TAKOX MOMYJISIPU3YE HAYKY Cepell MOJIOAI Ta CIpHUSE 3aIIKaBICHOCTI y
M13HaBaHHI MUHYJIHUX JOCATHEHbB, SIKI TPOEKTYIOTHCSA HA CyYacH! BUKIIUKU Ta BUMOTH
10 (paxiBLiB HAIPSIMKY MIATOTOBKH «OXOpOHA 340POB’sI».

OcitHs cminpHOTa H®aV  Br’sTe 3amydaerhcss 10 BiJ3HAYAaHHS Ta
cBaTkyBaHHsT Muixnaponnoro nus JIHK, TuM camum mpuenHYeThCS 0 CBITOBUX
TPAANIII HAYKOBUX Ta OCBITHIX I[IHHOCTEH.

Bunanns yeTBepTe Ta po3paxoBaHE Ha IHUPOKE KOJIO HAYKOBOI Ta OCBITHHOI
ayuToOpii, 3aIKaBIEHOT y Ti3HABaJbHIA TMOJOPOXKI 1O TAEMHHUIL Ta HHU3KH
BIJIKPUTTIB, MOB’3aHUX 3 YHIKAIBHICTIO Ta HemiepeBepieHicTio cTpykTypu JJTHK.
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Responsible: Alla KOTVITSKA, Rector of the National University of Pharmacy,
Doctor of Pharmaceutical Sciences, Professor, Honored Worker of Science and
Technology of Ukraine, Victoria KUZNETSOVA, Vice-Rector for Scientific and
Pedagogical Work NPhaU, Doctor of Pharmaceutical Sciences, Professor, Svitlana
KALAICHEVA, Deputy Dean of the Faculty of NPhaU, candidate of Pharmaceutical
Sciences (PhD), Associate Professor; Vira KRAVCHENKQO, Head of the Department
of Clinical Laboratory Diagnostics, Microbiology and Biological Chemistry of
NPhaU, Doctor of Biological Sciences, Professor; Igor SENIUK, PhD, Associate
Professor of the Department of Clinical Laboratory Diagnostics, Microbiology and
Biological Chemistry, Olena SHCHERBAK, PhD, Associate Professor of the
Department of of Clinical Laboratory Diagnostics, Microbiology and Biological
Chemistry; Nataliia SMIELOVA, PhD, teaching assistant of the Department of
Pharmaceutical Chemistry.

Birth, Development and Establishment of DNA science: a book of materials
of the IV educational online seminar, dedicated to the anniversary 72st of the
discovery of the DNA molecule (Kharkiv, May 7, 2025). — Kharkiv : NUPh,
2025. 72 p.

One of the main tasks of modern higher education is to form and
strengthen a holistic scientific outlook, cognitive, cultural, technological,
communicative and social competence of the individual. The scientific
worldview, an integral part of which is the need to acquire new knowledge and
the availability of relevant skills, is now one of the important prerequisites for
economic and social success. The problem of forming and strengthening the
modern scientific worldview among the general public is becoming even more
urgent in view of the main groups of factors: the development of information
technology and the decline in the quality of education.

This particular event is aimed at solving problems in the educational
space, as well as popularizing science among young people and promoting
interest in learning about past achievements that are projected onto modern
challenges and requirements for specialists in the field of health care.

For the fifthly time, the NUPh educational community is involved in the
celebration of the International DNA Day, thus joining the world traditions of
scientific and educational values.

This is the fourth edition and is intended for a wide range of scientific and
educational audiences interested in an informative journey into the mysteries
and discoveries related to the uniqueness and unsurpassed structure of DNA.
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BCTYIHHE CJIOBO BIJl OPTAHI3BATOPIB CEMIHAPY

Hlanoeni yuacnuxu, Kkepienuxu ma cocmi ceminapy!
Croroani mu BigzHauaemo Misknapoauuii nens JJHK — nenb, konm
JIFOJICTBO BIIIAHOBYE OJIHE 3 HAWBAKJIMBIIINX BIIKPHUTTIB B 1ICTOPIi HAYKHU.
Binkpurts ctpykrypu JHK crano cripaBxHiM IpopuBOM, SIKUH BiAKPUB
nepesl HaMu TAEMHUIII CIIaIKOBOCTI1, €BOIOLT Ta MPUPOAH KUTTSL.

JHK — ne He numie xiMigyHa Monekyina. Lle Kom sKUTTs, sSKuid
BU3HAUa€ HAIly YHIKaIbHICTh 1 pi3HOMaHITHICTE. Lle Km0 10
PO3yMiHHS XBOPOO, CTBOPEHHS HOBHX METOJIIB JIIKYBaHHS Ta HABITH 10

PO3KPUTTSI 3araJoK HAllIOr0 MUHYJIOTO.
; ‘ CydacHa HaykKa TMpPOJOBXKY€E PpO3KPUBATH MOTEHIAl TEHETHKH,
3MIHIOIOYH Halle YAIBJICHHS TIPO 3JI0pOB'A, ME/IUIMHY T2 Oiorexnosorii. I s 3 ropaicTio MOXy
CKa3aTH, IO Halll YHIBEPCUTET CTOITh Ha MEPEIOBIN IMX IOCIIKEHb, CIPUSIOYH PO3BUTKY HOBHX
3HaHb Ta MiATOTOBIII BUCOKOKBaTiiKoBaHUX (PaxiBIIiB.

Jlopori cTyneHTH, mam'sTaiiTe, MO0 KOXKEH 3 Bac Ma€ IMOTEHIiald 3pOOUTH CBii BHECOK Y
HayKy 1 CycHibcTBO. Bariii 3HaHHA Ta Ballle MparHeHHs A0 BIAKPUTTIB MOXKYTh 3MIHUTH CBIT.

Biraro Bcix i3 Mixnapomgaum nHeM JIHK! Bakaro BaM HaTXHEHHS, HAYKOBOTO €HTY3ia3My
Ta HOBHX JOCSATHEHbD.

TI'onosa ceminapy, Pexmop Hauionanvnozo ghapmayeemuunozo ynieepcumemy, 00Kmop
dapmayeemuunux nayk, npogecop, 3aciayrycenuii diaua HayKu i mexHiku Ykpainu,
kasanep Opoena knazuni Onveu 11l cmynens

Anna Anamoniiena KOTBII[bKA

Ilanoeni euknaoaui, naykoeui, 3000ysaui ma 2ocmi Hauto02o ynigepcumemy!
Cporozni mu 3i0panucs, o6 Big3HauuTH Mixknapoauuit neus JJHK —
JIeHb, KOJM CBIT BIIAHOBYE OJIHY 3 HaWBEIMYHIMIUX TA€MHHIb MPUPOAU —
TEeHETUYHUI KO XUTTS. Y Wi NOJABIMHIM cmipan 30epiraeTbcs icTopis
BCBOI'O JKMBOTO, aje s Hac, yKpaiHlLiB, L€l JeHb Ha0yBae OCOOJIMBOIO
3HaueHHs. JJHK — nie e numie monekyna cnaakoBocti. Lle cumBon cTifikocTi Ta
HE3J1aMHOCTI, 11€ KOJ, SKMA MM YCHaJKOBYEMO BiJl MOKOJIHHS 10 MOKOJIHHS. | SKIIO yBa)XHO
MPUIUBUTHCS, MU TI0O0OAYMMO B HBOMY T€, IIO 51 HA3MBAIO YKPAIHCHKUM KOJIOM CMIIMBOCTI.

e xop, 110 Mo€HY€E B cO01 MyPICTh HALIMX MPEAKIB 1 pillydicTh MOJOJ0r0 MOKoMiHHS. Lle
KO/, 10 Harajye HaM PO HaIly 37aTHICTh BUCTOSTH Iepel OyIb-sIKUMH BHKIMKaMH, 3HAXOIUTH
CHJIM Y €JTHOCTI Ta HIKOJIM HE BTpavyaTu Bipy B MallOyTHE.

CporomHi MM He IMIIE BiJA3HAYAEMO HAyKOBE MIOCSTHEHHS. MU BIIAHOBYEMO HaIlly
3IATHICTH J0 CaMOBIJJIAHOCTI Ta CAMOIOXEPTBH, HAIIY HANOJETJIMBICTh y MOIIYKY 3HaHb 1 HaILy
TOTOBHICTh 3aXHUIIIATH T€, IO € HAWJOPOKINM.

Jlopori CTyAeHTH, BU — Hallla HaJisl Ta Hallla FOpJAicTh. Y BallUX pyKax — Mail0yTHE HayKH,
MeAUIHA, OloTexHosorii. Hexail Bama MONMUTIMBICTH 1 MparHeHHs A0 3HaHb 3aBXKAU OyIyThb
BalllUMU CYIMyTHUKAMH.

3 wmaromu Mixnaapoanoro aHs JIHK Oaxaro BciM BaM MIITHOTO 3J0pOB’Sl, HAyKOBUX
BIIKPHUTTIB 1 HE3JIAMHOI BIpH B CHITY 3HaHb Ta JyXY YKPaiHCHKOTO Hapo.y.

Cnigzonoea ceminapy, llpopekmop 3aknady euuyoi oceimu 3 HaAyK060-neodazo2iunoi pooomu
Hauionanvnozo ghapmauesmuunozo ynieepcumenty,

00KmMop ¢hapmayeemuyHux HaykK, npogecop

Bikmopia KY3HEI[OBA



Illanoeni konezu, 0opo2i cmyoenmu, WaHO6HI 20cmi, cepeo AKUX MU paodi
eimamu i HawUXx iHO3emMHuUx cmyoenmie!

Croroani mu 3i0panucs, mo6 BigzHauutu MixHapoauuii nenb JJHK
— JIeHb, KOJHM HayKa BIIAHOBYE OJIHY 3 HAWOLIBIIMX TAEMHUIb KHUTTI —
noaBiiny cmipans JIHK. Ile cBaTto Haramye Ham mpo Te, IO HaykKa HE Mae
KOPJIOHIB, 1110 3HAHHS 00’ €AHYIOTH JIIOJCH Pi3HUX KYJIbTYpP, MOB Ta TPaIULIi.

Oco01MBO MPUEMHO Oa4WTH CEpell HAC HAIIUX I1HO3EMHHUX CTYIEHTIB, SKi 3 IIKaBICTIO
JONMY4YaloThCA JI0 IBOTO 3axoay. Bama TpHCYTHICTH TYT € CBIJYEHHSM TOTO, IIO0 HAyKa €
YHIBEpPCAJILHOIO MOBOIO, fKa BIJKPUBA€ HOBI MOXJIMBOCTI AJsi KOXKHOTO. Bare mparteHsst 1o
3HaHb, Ballla JONMHUTIMBICTG 1 Oa)KaHHA PO3MIMPIOBATH CBOi TOPU3OHTH 30arayyroTh Hally
cuinbHoTy. JIHK — 1me konm »xutrts, sikuii moeanye Hac ycix. Tak camo, sk JIHK BuszHauae
YVHIKQJIBHICTh KOXKHOI JKMBOI iCTOTH, Halla YHIBEPCHUTETChKA CHUIBHOTA CTAa€ MIIHIMIOW 3aBISKU
PI3HOMaHITHOCTI KyJbTYD 1 MOTJISAIB.

Jlopori CTyaeHTH, sI 3aKJIMKAl0 Bac HE JIMINE BUBYATH HAYKH IPO JKUTTS, ale W OyTu
BIJIKpUTUMHU JI0 HOBUX 1/1e/, TOBa)KaTH OJJHE OJHOTO Ta MIATPUMYBATH aKaJEeMIYHHUIA TyX CHIBIIPALIL.

Hexaii meii neHb cTaHe HaraayBaHHSIM NP0 BAXKIHMBICTH HAYKH, PO HAIy 3JaTHICTH JIO
BIIKPHUTTIB 1 TIPO Te, 1110 CIIPABXKHS CUJIA MOJISATAE B €THOCTI PI3HOMAHITTS.

Bbaxaro BciM IikaBUX JUCKYCii, KOPHCHUX 3HAaHb 1 HE3a0yTHIX Bpa)KeHb!

Cnigzonoea ceminapy, 3acmynHuk 0ekana papmayesmuyunozo gaxynvmemy Hayionanvnozo
dapmayesemuunozo ynigepcumemy, kanouoam papmayeeMuUHUX HAyK, O0OUEHM 3aK1a0y U0l
oceimu, Ceimnana KA/IAUYEBA

IHlanoeni konezu, 3000ysaui, 2ocmi!

Bin imeni kadenpu kiiHIUHOI 7a0OpAaTOPHOI  A1arHOCTHKH,
MikpoOiojorii Ta 6iosoriyHoi XiMii mUpo BiTaro Bac 13 MiKHapoAHUM
aaem JIHK — cBsATOM, 110 CHMBOJI3y€ BEIWY HAyKH Ta ii BHECOK Y
PO3YMiHHS OCHOB XUTTs1!

JHK — 11e He mpocto mMoliekyna, e Ko, SKuid 00’ €Hy€e BCE JKUBE,

BiJl HAIIPOCTIIIMX OPraHi3MiB A0 JIIOJUHU. 3aBISKU BIIKPUTTIO CTPYKTYpH
JHK JIxeiimcom Barconom 1 ®pencicom Kpikom y 1953 poui mroactso
OTPUMANIO KJIIOY J0 PO3TaJKd TAEMHHIIb CHAJAKOBOCTI, €BOMIOLII Ta (YHKI[IOHYBaHHS >KMBHX
cucteM. CporomHi gocnimkeHHs JJHK nexxars B OCHOBI MEAMYHOI JIarHOCTUKH, T€HHOT 1H)XXEHepil,
MikpoOiozorii Ta O0ioxiMii, BIAKpPUBAIOYM HOBI TOPHU3OHTH [UIsI TEPCOHAIII30BAHOI METUIMHH,
060poTHOH 3 1HPEKLUIHHUMHU XBOPOOAMH Ta CTBOPEHHS 1HHOBAIIITHUX O10TE€XHOIOT1H.

Hama kadenpa numaerbcs TUM, IO JOJY4YaeTbes A0 i€l TI00anbHOI Micli, TOTYIOUH
(haxiBIiB, sIKi IIOJHS TMPAIIOIOTh 13 MOJICKYJSIPHUMH TEXHOJIOTISIMH, aHAII3yIOTh Ol0XIMidHI
nponecH Ta AOCHIHKYIOTh MIKpOOPraHi3Mu, 1100 MOKpaIllyBaTH 3J0pOB’s JtoAei. Y el aeHp s
3aKJIMKal BCIX HAaC — BHMKJIAJaviB, CTYJEHTIB, JOCIIIHUKIB — MPOJOBXKYBAaTH MParHyTH J0 HOBUX
3HaHb, OYTH CMIUIUBUMH Y CBOiX HAyKOBUX IIONIyKax 1 TaMm’sITaTd, IO KOXXEH Hall KPOK Y
nabopaTtopii HabJMKaEe HAC IO PO3KPHUTTS HOBUX TAEMHUIIb JKUATTS.

Hexait Mixnaponnuii nenp JIHK Haguxae Hac Ha HOBI 3BEpIICHHS, CIIBOPALIO Ta
1HHOBAI1!

3asioysauka Kagheoporo Kniniunoi nadbopamopuoi diaznocmuku, mMikpooiono2ii ma 6io102iuHol
ximii Hayionanonozo papmayesmuunozo ynieepcumemy, 00Kmop 0i0102i4HUX HAyK, npoghecop
3aknady euwyoi oceéimu, Bipa KPABYEHKO



OPENING SPEECH FROM THE ORGANIZERS OF THE SEMINAR

Ladies and Gentlemen, esteemed scientists, researchers, students, and guests!

’ We are thrilled to have you here today as we embark on a journey
through one of the most transformative fields in modern science. The discovery
of DNA and its role as the blueprint of life has revolutionized biology,
medicine, and countless other disciplines. From the groundbreaking work of
Watson and Crick in 1953 to the sequencing of the human genome and the rise of CRISPR gene-
editing technology, DNA science has reshaped our understanding of life itself. This seminar is an
opportunity to reflect on the historical milestones, explore the cutting-edge advancements, and
envision the future of this dynamic field.

Today, we will hear from distinguished experts who will share insights into the origins of
DNA research, the technological leaps that have propelled it forward, and the ethical and societal
implications of its applications. Whether you are a seasoned researcher or a curious newcomer, this
event promises to inspire, inform, and spark meaningful discussions.

We are grateful to our speakers, sponsors, and organizers for making this seminar possible.
Let us come together to celebrate the past, present, and future of DNA science—a field that
continues to unlock the mysteries of life and holds immense promise for humanity.

Thank you, and let’s begin this exciting exploration!

Chairman of seminar MD, PhD, Doctor of Pharmaceutical and Pharmacological Sciences
Professor of Medical and Clinical Pharmacology of International School of Medicine
at Alte University, Thilisi, Georgia, Nodar SULASHVILI

Dear Faculty, Students, Researchers, and Friends

of National University of Pharmacy!

@ It is with great pride and enthusiasm that I extend my warmest greetings to
3 you on this International DNA Day, a day dedicated to celebrating the profound
<3 discovery of the DNA double helix and its transformative impact on science and

society. On April 25, 1953, the groundbreaking work of James Watson, Francis

Crick, Rosalind Franklin, Maurice Wilkins, and others unveiled the structure of

DNA, unlocking the code of life itself. Since that pivotal moment, DNA science has revolutionized

biology, medicine, forensics, and countless other fields, paving the way for advancements such as

genetic engineering, personalized medicine, and the mapping of the human genome. Today, we

honor not only this historic milestone but also the relentless curiosity and dedication of scientists
worldwide who continue to push the boundaries of what is possible.

As a university community, we take immense pride in our contributions to DNA research and
education. Our faculty and students are at the forefront of exploring the intricacies of genomics,
developing innovative biotechnologies, and addressing the ethical challenges that accompany these
advancements. Your passion and commitment ensure that National University of Pharmacy remains a
beacon of discovery and progress in this dynamic field. On this International DNA Day, let us recommit
to fostering curiosity, collaboration, and innovation. Let us celebrate the past achievements that have
shaped our understanding of life and look forward to the future, where the next generation of scientists —
many of whom are among us today — will continue to unravel the mysteries encoded in DNA.

Thank you for your dedication to advancing knowledge and improving lives. I wish you an
inspiring and joyful International DNA Day!

Co-chair of seminar, MD, PhD, Doctor of Medicine, Professor of David Aghmashenebeli
University of Georgia, Dean Faculty of Medicine at David Aghmashenebeli University of
Georgia, Thilisi, Georgia, Ia EGNATIEVI
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THE CHARACTERISTICS OF VASOCONSTRICTORS IN MEDICINE: CLINICAL

PRACTICES, PHARMACOLOGICAL MECHANISMS AND CARDIAC IMPLICATIONS

1.

David Aghmashenebeli University of Georgia, Thbilisi, Georgia
Mariam TSIKARISHVILI %, Ketevan LOMINADZE 3, Ia EGNATIEVI 4
Supervisor: Doctor of Pharmaceutical and Pharmacological Sciences, Professor

Nodar SULASHVILI !
Supervisor: MD, PhD, Doctor of Pharmaceutical and Pharmacological Sciences, Invited
Lecturer (Invited Professor) of Scientific Research-Skills Center at Tbilisi State Medical
University; Professor of Medical and Clinical Pharmacology of International School of
Medicine at Alte University; Professor of Pharmacology of Faculty of Medicine at Georgian
Teaching National University SEU; Associate Affiliated Professor of Medical Pharmacology of
Faculty of Medicine at Sulkhan-Saba Orbeliani University; Associate Professor of
Pharmacology of Pharmacy Program at Shota Meskhia Zugdidi State University; Associate
Professor of Medical and Clinical Pharmacology at Faculty of Medicine at David
Aghmashenebeli University of Georgia; Associate Professor of Biochemistry and
Pharmacology Direction at the University of Georgia, School of Health Sciences; Associate
Professor of Pharmacology of Faculty of Medicine at East European University; Associate
Professor of Pharmacology of Faculty of Dentistry and Pharmacy at Tbilisi Humanitarian
Teaching University; Invited Professor of Pharmacology of Faculty of Medicine at Teaching
University “Geomedi”; Invited Lecturer of Tbilisis State Medical University of Department of
Clinical Pharmacology; Invited Professor of Pharmacology of Faculty of Medicine at European
University; Tbilisi, Georgia; Researcher of Department of Pharmaceutical Management of
Yerevan State Medical University After Mkhitar Heratsi, Yerevan, Armenia;
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/4948579
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Dean: MD, PhD, Doctor of Medicine, Professor of David Aghmashenebeli University of
Georgia, Dean Faculty of Medicine at David Aghmashenebeli University of Georgia. Tbilisi,
Georgia.
Corresponding Author: Dr. Professor Nodar Sulashvili
Mail: n.sulashvili@ug.edu.ge
Mob: +995-597-12-17-28

ABSTRACT
Vasoconstrictors are a critical class of drugs widely used in clinical settings to manage

conditions such as hypotension, shock, and nasal congestion. This scientific discourse examines the
pharmacological mechanisms of vasoconstrictors, focusing on their adrenergic and non-adrenergic
pathways, receptor specificity, and hemodynamic effects. Clinically, these agents are employed to
enhance vascular tone and improve perfusion pressure; however, their use must be carefully
balanced due to potential adverse effects on cardiac function. This review highlights the impact of
vasoconstrictors on myocardial oxygen demand, coronary blood flow, and the risk of arrhythmias or
hypertension, particularly in patients with pre-existing cardiovascular disease. Evidence-based
recommendations for optimizing therapeutic efficacy while minimizing cardiac risks are discussed,
providing insights for clinicians and researchers in anesthesia, emergency medicine, and cardiology.
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Keywords: Vasoconstrictors, clinical pharmacology, hemodynamic monitoring, cardiovascular
effects, norepinephrine, phenylephrine, epinephrine.
INTRODUCTION

Vasoconstriction is a physiological process in which blood vessels constrict, leading to an
increase in vascular resistance and a subsequent rise in blood pressure. This process is an essential
component of maintaining circulatory homeostasis and ensuring that blood is appropriately
distributed to various organs based on metabolic demand. In response to various stimuli, such as
changes in blood volume, temperature, or tissue oxygen demand, the body employs
vasoconstrictors—molecules or substances that act to reduce the diameter of blood vessels, thereby
regulating blood flow and systemic blood pressure.

The regulation of vascular tone is tightly controlled by a number of endogenous systems,
including the sympathetic nervous system, the RAAS, and local endothelial factors. When blood
pressure drops, the body activates vasoconstrictor mechanisms, such as the release of
norepinephrine and the activation of the RAAS, to restore homeostasis. In contrast, during periods
of stress or injury, vasoconstrictors ensure the diversion of blood flow to vital organs such as the
brain, heart, and kidneys. However, while vasoconstriction is vital for acute adaptation to
physiological changes, chronic or excessive vasoconstriction can lead to detrimental cardiovascular
effects, particularly in conditions like hypertension and atherosclerosis.

The role of the sympathetic nervous system in vasoconstriction is particularly well-
characterized. Sympathetic nerve fibers release norepinephrine, which binds to alpha-adrenergic
receptors on vascular smooth muscle cells, promoting contraction and increasing vascular resistance.
This effect is most pronounced in arterioles, where small changes in vessel diameter can significantly
impact blood pressure. Alongside norepinephrine, other neurohormonal factors, such as angiotensin I1
and vasopressin, also play central roles in regulating vascular tone. Angiotensin II, a peptide formed
through the RAAS, is one of the most potent vasoconstrictors, primarily acting through its type 1
receptors (AT1) to induce smooth muscle contraction and increase blood pressure. Similarly,
vasopressin, also known as antidiuretic hormone, causes vasoconstriction in response to blood volume
depletion and serves as a key regulator during critical conditions such as shock.

In addition to these systemic factors, local vasoconstrictor mechanisms are also of
paramount importance. Endothelin, a peptide produced by endothelial cells, is another powerful
vasoconstrictor that influences vascular tone, particularly in the pulmonary and coronary
circulations. Endothelin's effects are mediated by two receptors, ETA and ETB, which are
expressed on smooth muscle cells and endothelial cells. Notably, endothelial dysfunction—
characterized by an imbalance between vasodilators (e.g., nitric oxide) and vasoconstrictors (e.g.,
endothelin}—can exacerbate the effects of vasoconstriction and contribute to pathological
conditions such as hypertension and heart failure.

The effects of vasoconstrictors on cardiac function are complex and multifactorial. The heart
is directly affected by changes in vascular resistance, as it must pump against the increased
afterload resulting from vasoconstriction. This added workload requires the heart to generate greater
pressure to maintain cardiac output, ultimately increasing myocardial oxygen demand. If
vasoconstriction is prolonged or occurs in the context of impaired coronary circulation, this
increased demand may exceed the heart's ability to supply oxygen to the myocardium, leading to
ischemia and potential myocardial infarction. Chronic vasoconstriction can also lead to structural
changes in the heart, such as left ventricular hypertrophy, which can further compromise cardiac
function over time.

The understanding of how vasoconstriction influences cardiac function has profound
implications for clinical medicine, particularly in the management of cardiovascular diseases.
Elevated blood pressure, often a result of prolonged vasoconstriction, is a leading risk factor for
stroke, heart attack, and kidney disease. In the clinical setting, the manipulation of vasoconstrictor
systems is a common therapeutic strategy, particularly for managing hypotension, shock, and heart
failure. Vasopressor agents, such as norepinephrine, epinephrine, and phenylephrine, are frequently
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used in critical care environments to maintain blood pressure and tissue perfusion during life-
threatening situations. Conversely, antihypertensive drugs that target the vasoconstrictor pathways,
such as ACE inhibitors, ARBs, calcium channel blockers, and beta-blockers, are utilized to lower
blood pressure and reduce the strain on the heart in conditions like hypertension, coronary artery
disease, and heart failure.

Over the past few decades, a growing body of research has uncovered the complex
molecular and cellular pathways through which vasoconstrictors influence vascular tone and cardiac
function. From the discovery of novel vasoconstrictor molecules to advancements in
pharmacological therapies, much progress has been made in understanding how to harness these
mechanisms to treat cardiovascular diseases. However, gaps remain in our understanding of the
precise roles of various vasoconstrictors in different tissues, as well as their interactions with other
signaling pathways that regulate heart and vascular function.

Additionally, the recent advances in personalized medicine and pharmacogenomics have
opened new possibilities for tailoring vasoconstrictor therapies based on an individual’s genetic
profile. Variations in genes that encode for receptors involved in vasoconstriction or the enzymes
that produce vasoconstrictor peptides may influence an individual’s response to pharmacological
interventions. This highlights the importance of further research into the genetic and molecular
factors that influence the efficacy and safety of vasoconstrictor drugs, as well as their impact on
cardiovascular health.

The background of vasoconstriction and its effects on cardiac function is rich with both
complexity and clinical relevance. As our understanding of the molecular mechanisms and
therapeutic applications of vasoconstrictors expands, so too does the potential for more targeted and
effective interventions in the prevention and management of cardiovascular diseases. Continued
research into the molecular underpinnings of vasoconstriction and the development of novel
therapeutic strategies is essential to improving patient outcomes and advancing the field of
cardiovascular medicine.

GOAL

The primary objective of this study is to analyze the role of vasoconstrictors in medicine:

clinical practices, pharmacological mechanisms and cardiac implications.
METHODOLOGY

The study utilizes a literature review and analysis approach to assess the effects of
vasoconstrictors on the heart. The methodology for this study on the scientific discourse of
vasoconstrictors and their impact on cardiac function was designed to comprehensively evaluate
both the molecular mechanisms and clinical implications of vasoconstriction in cardiovascular
diseases. This involved a systematic approach of review research, with some clinical data,
pharmacological analysis, and theoretical models. The research methods included a combination of
systematic reviews of existing literature, and overview modeling. A thorough systematic review of
relevant literature was conducted to provide an overview of the existing body of knowledge
regarding vasoconstrictors and their role in cardiovascular pathology. The review focused on
identifying key vasoconstrictor molecules, their receptors, signaling pathways, and their specific
impacts on vascular tone regulation, myocardial function, and systemic hemodynamics. Data
sources included peer-reviewed journal articles, clinical trial reports, and review articles, sourced
from academic databases such as PubMed, Scopus, and Web of Science, Medline, Web of
Knowledge, Clinical Key, Tomson Reuters, Google Scholar, Cochrane library, and Elsevier
foundations, national and international policies and guidelines were also reviewed and as well as
grey literature and some clinical data.

RESULTS AND DISCUSSION

The activation of vasoconstrictor systems is not only dependent on direct stimuli but also on
feedback mechanisms that ensure appropriate responses to changes in physiological conditions. For
instance, in response to low blood pressure (hypotension), the body activates baroreceptor reflexes,
which trigger the sympathetic nervous system to release norepinephrine, leading to
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vasoconstriction. At the same time, the RAAS system is activated, increasing the production of
angiotensin II, which further promotes vasoconstriction. This acute response helps restore blood
pressure by increasing systemic vascular resistance. However, chronic activation of these systems
can have deleterious effects, contributing to the development of sustained hypertension, left
ventricular hypertrophy, and eventually heart failure.

Furthermore, recent studies have highlighted the role of the immune system in regulating
vascular tone, adding an additional layer of complexity to our understanding of vasoconstriction.
Inflammatory cytokines and immune cells have been shown to interact with endothelial cells and
smooth muscle, influencing the production of vasoconstrictors and vasodilators. In conditions such
as atherosclerosis, where chronic inflammation is present, the release of pro-inflammatory
cytokines, such as interleukin-6 and tumor necrosis factor-alpha, can exacerbate vasoconstriction,
further increasing the risk of cardiovascular events. This highlights the need for therapies that not
only target the vasoconstrictor mechanisms but also address the underlying inflammatory processes
contributing to vascular dysfunction.

Vasoconstriction’s role in cardiovascular diseases extends beyond its impact on vascular

resistance. In particular, vasoconstriction can alter the mechanical properties of the heart,
influencing both its pumping efficiency and its ability to relax between beats. The increase in
systemic vascular resistance (afterload) due to vasoconstriction places a direct burden on the left
ventricle. Over time, this chronic increased afterload can lead to maladaptive cardiac remodeling,
such as concentric left ventricular hypertrophy, where the heart muscle thickens to compensate for
the higher workload. While this compensatory mechanism initially preserves cardiac output, it
eventually leads to reduced ventricular compliance, diastolic dysfunction, and impaired relaxation,
all of which contribute to heart failure.
Another significant factor in the cardiovascular consequences of vasoconstriction is the effect on
coronary circulation. The coronary arteries, which supply the myocardium with oxygen and
nutrients, are highly sensitive to changes in vascular tone. Excessive vasoconstriction within the
coronary circulation can result in reduced myocardial perfusion, increasing the risk of ischemia,
angina, and myocardial infarction. In individuals with pre-existing coronary artery disease, the
effects of vasoconstriction may be even more pronounced, as the narrowed coronary vessels may
already have a reduced capacity to supply blood to the heart muscle. This interplay between
vasoconstriction, coronary blood flow, and myocardial oxygen demand is central to understanding
the pathophysiology of conditions like ischemic heart disease.

The pharmacological management of vasoconstriction has evolved significantly over the
past few decades. While the use of vasopressor agents to manage hypotension and shock remains a
cornerstone of critical care, the development of targeted therapies aimed at reversing pathological
vasoconstriction has revolutionized the treatment of hypertension and heart failure. For example,
ACE inhibitors and ARBs are widely used to block the effects of angiotensin II, a potent
vasoconstrictor, and improve blood pressure control. Calcium channel blockers, which inhibit
calctum influx into smooth muscle cells, relax blood vessels and lower blood pressure.
Additionally, endothelin receptor antagonists are increasingly being explored as potential therapies
for pulmonary hypertension, a condition characterized by excessive vasoconstriction in the
pulmonary circulation.

Despite these advancements, the challenge of effectively managing vasoconstriction in
patients with cardiovascular diseases remains. A key issue is the variability in individual responses
to vasoconstrictor therapies. For instance, some patients may experience significant benefits from
ACE inhibitors or ARBs, while others may not respond as favorably due to genetic differences,
underlying comorbidities, or the presence of other signaling pathways that influence vascular tone.
Moreover, the long-term use of vasodilators and antihypertensive medications requires careful
monitoring, as there may be adverse effects on kidney function, electrolyte balance, and overall
cardiovascular health.
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Emerging research also suggests that newer, less traditional vasoconstrictor molecules may
play significant roles in cardiovascular regulation. For example, the gaseous signaling molecules
nitric oxide, carbon monoxide, and hydrogen sulfide have been implicated in modulating vascular
tone and cardiac function. These molecules, which act through distinct signaling pathways, offer
potential targets for novel therapeutic strategies aimed at enhancing vasodilation and improving
cardiovascular outcomes. Hydrogen sulfide, in particular, has garnered attention for its potential to
counteract vasoconstriction and protect against ischemia, but more research is needed to understand
its full range of effects.

The evolving field of personalized medicine holds promise for improving the management
of vasoconstriction-related cardiovascular diseases. Pharmacogenomic studies have identified
genetic variants in adrenergic receptors, angiotensin receptors, and endothelial nitric oxide synthase,
which may influence an individual’s response to vasoconstrictor therapies. Personalized approaches
that account for these genetic factors could enhance treatment efficacy, reduce side effects, and
ultimately improve patient outcomes. In the future, understanding the genetic and epigenetic factors
influencing vasoconstriction will be essential for optimizing therapeutic interventions and
minimizing the cardiovascular risks associated with abnormal vascular tone regulation.

The vasoconstriction and its effects on cardiac function is a vital area of research with
significant clinical implications. The balance between vasoconstriction and vasodilation is crucial
for maintaining optimal cardiovascular health, and disruptions in this balance can lead to a variety
of cardiovascular diseases. Ongoing research into the molecular mechanisms of vasoconstriction,
the development of novel therapeutic agents, and the role of genetic factors in treatment response
will provide new avenues for improving patient care and managing cardiovascular diseases in a
more personalized and targeted manner. Understanding and addressing the complex interactions
between vasoconstrictors, the heart, and the vasculature will be critical for advancing our ability to
prevent, treat, and manage cardiovascular diseases in the future.

The effects of vasoconstrictors on cardiac function have been explored through various
experimental models, clinical studies, and therapeutic interventions. The results obtained from these
studies highlight the intricate relationship between vasoconstriction, vascular resistance, and cardiac
performance. Through an in-depth analysis, several key findings have emerged, shedding light on
the underlying mechanisms and clinical implications of vasoconstrictor action.

Molecular Mechanisms of Vasoconstriction:

The molecular mechanisms by which vasoconstrictors influence cardiac function are
primarily mediated through their actions on the vascular smooth muscle, endothelial cells, and the
heart. The adrenergic system, through the activation of alpha-1 adrenergic receptors, plays a central
role in inducing vasoconstriction. Studies have demonstrated that activation of these receptors by
norepinephrine leads to smooth muscle contraction and increased systemic vascular resistance.
Additionally, the RAAS, particularly through angiotensin I, is known to be a potent mediator of
vasoconstriction. This peptide induces vasoconstriction through both direct smooth muscle
contraction and indirect effects mediated by the release of aldosterone, which leads to sodium and
water retention, further increasing blood volume and resistance.

Furthermore, endothelin, a peptide released by endothelial cells, has been identified as a
significant vasoconstrictor, particularly in the pulmonary and coronary circulations. Endothelin
receptors, namely ETA and ETB, are implicated in mediating vasoconstriction in these regions,
which has important implications for diseases like pulmonary hypertension and coronary artery
disease. The role of endothelial dysfunction in enhancing the effects of vasoconstrictors has also
been a central focus of research, with studies showing that a reduction in nitric oxide production
exacerbates vasoconstriction and contributes to hypertension and atherosclerosis.

Impact of Vasoconstriction on Cardiac Function:

The hemodynamic impact of vasoconstriction is significant, as it directly influences cardiac
output, myocardial oxygen demand, and the heart's ability to maintain adequate perfusion. An
increase in systemic vascular resistance due to vasoconstriction results in an elevated afterload, the
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pressure against which the left ventricle must contract. As the heart works harder to overcome this
increased resistance, myocardial oxygen consumption rises, which can lead to ischemic conditions,
particularly in the presence of pre-existing coronary artery disease.

Clinical studies have shown that patients with chronic hypertension or heart failure exhibit
signs of left ventricular hypertrophy, a compensatory response to increased afterload. However,
over time, this adaptive mechanism leads to impaired diastolic relaxation, reduced compliance, and
eventual heart failure with preserved ejection fraction (HFpEF). Prolonged vasoconstriction also
contributes to the development of fibrosis and remodeling of the myocardial tissue, which further
compromises cardiac function.

In addition, vasoconstriction can alter coronary blood flow, reducing the delivery of oxygen
and nutrients to the myocardium. This is particularly concerning in patients with coronary artery
disease, where the coronary arteries are already narrowed due to atherosclerotic plaque buildup.
Vasoconstriction in such patients can exacerbate myocardial ischemia, leading to angina and
increasing the risk of myocardial infarction. Studies involving animal models of myocardial ischemia
have demonstrated that the administration of vasoconstrictor agents, such as norepinephrine or
angiotensin II, worsens myocardial infarction outcomes and increases infarct size.

Pharmacological Modulation of Vasoconstriction:

Pharmacological intervention remains a cornerstone in the management of diseases associated
with excessive vasoconstriction. Various therapeutic agents targeting vasoconstrictor pathways have
shown promise in improving cardiac function and reducing adverse cardiovascular events.

Angiotensin-converting enzyme (ACE) inhibitors and angiotensin receptor blockers (ARBs)
are widely used in the treatment of hypertension, heart failure, and post-myocardial infarction.
These agents inhibit the effects of angiotensin II, thereby reducing vasoconstriction and lowering
blood pressure. Clinical trials have demonstrated that the use of ACE inhibitors in patients with
heart failure leads to improved survival rates, reduced hospitalizations, and better overall cardiac
function. Similarly, ARBs have shown efficacy in preventing cardiac remodeling and preserving
renal function in patients with chronic kidney disease.

Calcium channel blockers, which block calcium influx into vascular smooth muscle, are
another class of drugs that reduce vasoconstriction by promoting vasodilation. These agents have
been shown to lower blood pressure, reduce the risk of stroke, and improve outcomes in patients
with coronary artery disease. Furthermore, endothelin receptor antagonists have shown potential in
treating pulmonary hypertension, a condition characterized by excessive vasoconstriction in the
pulmonary circulation. Clinical trials have demonstrated that these agents can reduce pulmonary
artery pressure, improve exercise tolerance, and enhance quality of life in affected patients.

Despite the success of these therapies, several challenges remain. First, individual responses
to pharmacological interventions can vary significantly due to genetic differences, comorbid
conditions, or concurrent use of other medications. For example, patients with polymorphisms in
genes encoding the angiotensin-converting enzyme may experience different therapeutic outcomes
when treated with ACE inhibitors. Moreover, the long-term use of vasodilators may lead to adverse
effects such as hypotension, electrolyte imbalances, and renal dysfunction, necessitating close
monitoring and dose adjustments.

Emerging Vasoconstrictor Molecules and Therapies:

Recent research has identified novel vasoconstrictors and vasodilators that could offer new
therapeutic targets. Hydrogen sulfide (H.S), a gasotransmitter similar to nitric oxide and carbon
monoxide, has garnered attention for its vasodilatory effects. Studies have suggested that hydrogen
sulfide may counteract the effects of excessive vasoconstriction and provide cardioprotective
benefits, particularly in the context of myocardial ischemia and heart failure. Clinical trials
investigating hydrogen sulfide donors or modulators are in the early stages, but the initial findings
are promising, and they could offer a novel approach to managing cardiovascular diseases.

Other emerging therapies focus on the modulation of endothelial function to restore the
balance between vasoconstriction and vasodilation. The use of antioxidants, for example, has shown
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potential in reducing oxidative stress and improving nitric oxide bioavailability in patients with
endothelial dysfunction. Gene therapy and targeted delivery of vasoactive peptides also represent
promising areas of research that may one day enable more precise modulation of vascular tone in
specific regions of the body, reducing the risk of systemic side effects.

The results from both experimental and clinical studies highlight the pivotal role of
vasoconstriction in regulating cardiovascular function and its direct impact on cardiac health.
Vasoconstrictors, through their effects on vascular smooth muscle and endothelial cells, contribute
to the pathogenesis of a variety of cardiovascular diseases, including hypertension, heart failure, and
ischemic heart disease. The wunderstanding of the molecular mechanisms underlying
vasoconstriction, as well as the clinical effects on the heart and vasculature, provides a foundation
for developing more effective therapeutic strategies. While current treatments targeting
vasoconstrictor pathways, such as ACE inhibitors, ARBs, and calcium channel blockers, have
proven beneficial, the emergence of novel vasoconstrictor molecules and therapies offers hope for
more personalized and targeted interventions in the future. Further research is essential to fully
elucidate the complex interactions between vasoconstrictors, the cardiovascular system, and the
molecular factors that influence disease progression, ultimately leading to improved patient
outcomes and better management of cardiovascular diseases.

The discussion surrounding vasoconstrictors and their impact on cardiac function reveals
several layers of complexity that involve not only the direct effects of these substances but also their
broader influence on systemic and regional vascular resistance, cardiac workload, and myocardial
oxygen demand. Additionally, emerging molecular pathways and therapeutic interventions further
complicate the landscape, highlighting both the opportunities and challenges in developing more
effective treatments.

Pathophysiological Implications of Chronic Vasoconstriction:

Chronic vasoconstriction, whether resulting from excessive activation of the sympathetic
nervous system, the RAAS, or other endogenous factors, leads to sustained increases in blood
pressure and excessive afterload on the heart. This long-term elevation in vascular resistance has
profound implications for cardiac function. In the early stages of hypertension, the heart compensates
for the increased afterload by undergoing left ventricular hypertrophy (LVH), a structural adaptation
aimed at maintaining adequate cardiac output. However, as this hypertrophic response progresses, it
often leads to maladaptive changes in the myocardium, including myocardial fibrosis, impaired
diastolic relaxation, and eventually heart failure with preserved ejection fraction (HFpEF).

Interestingly, clinical studies have also highlighted the critical role of the arterial stiffening
that accompanies chronic vasoconstriction. In hypertensive patients, increased systemic vascular
resistance is often accompanied by stiffening of the large arteries, which reduces the heart’s ability
to effectively pump blood. This phenomenon contributes to the development of isolated systolic
hypertension, a condition in which elevated systolic blood pressure is accompanied by normal
diastolic pressure, further complicating the management of such patients. In this context, effective
management of vasoconstriction and blood pressure may require not only pharmacological
interventions aimed at lowering blood pressure but also strategies to address arterial stiffness.

Moreover, the combination of chronic vasoconstriction, increased vascular resistance, and
myocardial ischemia in diseases like coronary artery disease (CAD) results in a vicious cycle that
accelerates cardiovascular deterioration. As the coronary vessels constrict in response to
vasoconstrictor signaling, the myocardial oxygen supply is compromised, exacerbating the ischemic
environment. In patients with CAD, this condition significantly increases the likelihood of acute
coronary events such as myocardial infarction. The interaction between vasoconstriction and
atherosclerotic plaque rupture is an area of active research, as it may provide insights into how
vasoconstrictors contribute to the onset of acute coronary syndromes.

Gender and Age Differences in Vasoconstrictor Responses:

Emerging data suggest that there may be gender and age-related differences in the response

to vasoconstrictors and vasodilators, which may have significant implications for treatment
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strategies. Several studies have indicated that women may be more prone to endothelial dysfunction
and may experience greater vasoconstrictor responses to stimuli such as stress, leading to increased
cardiovascular risk in certain populations. This differential response may be attributed to hormonal
factors, as estrogen is known to influence endothelial function and nitric oxide production. In
postmenopausal women, the loss of estrogen-related protective effects may render the vasculature
more susceptible to vasoconstriction, increasing the risk of hypertension and other cardiovascular
diseases.

Similarly, age-related changes in the vascular system, such as endothelial dysfunction and
arterial stiffening, may alter the body’s response to vasoconstrictors. Older adults may exhibit a
diminished ability to effectively counteract vasoconstriction through compensatory vasodilatory
mechanisms, leading to sustained increases in vascular resistance and blood pressure. This
highlights the importance of tailoring therapeutic interventions based on patient age, as older
individuals may require different approaches to manage their cardiovascular health.

The Role of Inflammation in Vasoconstriction and Cardiovascular Disease:

Inflammation has increasingly been recognized as a critical mediator in the pathophysiology
of vasoconstriction and cardiovascular diseases. Chronic low-grade inflammation is a hallmark of
many cardiovascular conditions, including atherosclerosis, heart failure, and hypertension.
Inflammatory cytokines, such as interleukin-6 (IL-6), tumor necrosis factor-alpha (TNF-a), and
C-reactive protein (CRP), have been shown to contribute to endothelial dysfunction and the
overproduction of vasoconstrictor molecules like endothelin. These cytokines can increase the
expression of endothelin receptors on vascular smooth muscle cells, enhancing the effects of
endothelin and promoting vascular tone alterations that lead to increased blood pressure and
impaired blood flow.

Moreover, inflammatory processes in the myocardium can exacerbate ischemia and promote
myocardial remodeling. Studies have demonstrated that the activation of inflammatory pathways in
response to ischemia not only worsens tissue injury but also contributes to cardiac fibrosis and the
progression of heart failure. The interplay between vasoconstriction, inflammation, and myocardial
injury underscores the need for therapeutic strategies that not only target vasoconstrictor pathways
but also address the underlying inflammatory processes that drive cardiovascular disease.

Targeting inflammatory mediators, such as cytokines and chemokines, has thus emerged as
a potential therapeutic strategy. Drugs that inhibit the actions of specific cytokines or reduce
inflammatory signaling could provide adjunctive benefits in the treatment of hypertension and heart
failure. For example, the use of monoclonal antibodies targeting TNF-a or IL-6 has shown promise
in reducing inflammation and improving outcomes in patients with heart failure. These therapies, in
combination with traditional vasodilators and antihypertensive drugs, could offer a multi-faceted
approach to managing cardiovascular diseases.

Future Directions:

The future of vasoconstrictor therapy lies in the development of more targeted and
personalized treatments. Advances in genomics and pharmacogenomics have the potential to
revolutionize how we approach the treatment of cardiovascular diseases associated with
vasoconstriction. Understanding genetic variations in receptors, enzymes, and signaling pathways
involved in vasoconstriction can help predict individual responses to therapies, optimizing treatment
regimens and minimizing side effects.

The use of gene therapy to regulate vasoconstrictor signaling is also an area of active
exploration. Targeted delivery of genes encoding for vasodilatory factors, such as endothelial nitric
oxide synthase (eNOS), could offer a novel way to restore normal vascular tone in patients with chronic
vasoconstriction and endothelial dysfunction. Similarly, the use of RNA-based therapies, such as small
interfering RNA (siRNA) or antisense oligonucleotides, may allow for the selective inhibition of
specific vasoconstrictor molecules or receptors, offering precise control over vascular function.

Additionally, the development of new biomarkers to monitor vasoconstriction and its impact
on cardiac function is crucial for improving the diagnosis and management of cardiovascular
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diseases. These biomarkers could provide early indications of endothelial dysfunction, excessive

vasoconstriction, and myocardial injury, allowing for more timely and targeted interventions.

The results from this body of research reinforce the critical role of vasoconstrictors in
influencing vascular resistance, cardiac function, and the pathogenesis of cardiovascular diseases.
Understanding the molecular and cellular mechanisms through which vasoconstrictors operate is
crucial for advancing the field of cardiovascular medicine. While current treatments targeting
vasoconstrictor pathways have provided significant improvements in patient outcomes, ongoing
research into novel therapeutic agents, personalized medicine, and the role of inflammation offers
hope for more effective and individualized interventions. As our understanding of the complex
interplay between vasoconstriction, endothelial function, inflammation, and cardiac remodeling
expands, we move closer to developing comprehensive and tailored approaches to the treatment and
prevention of cardiovascular diseases. Ultimately, the continued exploration of vasoconstrictor
systems will pave the way for new strategies to mitigate cardiovascular risk and improve overall
health outcomes for patients worldwide.

Pharmacology of Vasoconstrictors:

Vasoconstrictors, such as epinephrine and levonordefrin, act on adrenergic receptors to
constrict blood vessels, reducing systemic absorption of anesthetics and prolonging their efficacy.
They also contribute to hemostasis, reducing intraoperative bleeding.

Hemodynamic Effects

The systemic absorption of vasoconstrictors can lead to increased heart rate, elevated blood
pressure, and heightened myocardial oxygen demand. Studies indicate that while these effects are
typically mild in healthy patients, individuals with cardiovascular diseases may be at increased risk
of adverse events, such as arrhythmias and myocardial ischemia.

Cardiovascular Risks

v' Hypertension: Vasoconstrictors can cause transient hypertension, which may be problematic in
patients with uncontrolled high blood pressure.

v" Myocardial Infarction: In patients with a history of heart disease, vasoconstrictors may
increase the risk of ischemic events.

v Arrhythmias: Elevated catecholamine levels can trigger cardiac arrhythmias, particularly in
patients taking beta-blockers or tricyclic antidepressants.

v Clinical Guidelines and Safety Recommendations

v Dose Limitations: The AHA recommends limiting epinephrine to 0.04 mg per appointment for
patients with cardiovascular disease.

v Patient Assessment: A thorough cardiovascular evaluation should be conducted before
administering vasoconstrictors.

v Alternative Approaches: The use of local anesthetics without vasoconstrictors, such as 3%
mepivacaine, should be considered for high-risk patients.

v' Injection Techniques: Aspiration should always be performed to avoid intravascular injection,
reducing systemic absorption risks.

Mechanisms of Vasoconstriction and Receptor Activity Vasoconstriction is primarily mediated

through adrenergic receptors, which respond to endogenous and exogenous catecholamines. The

main receptors involved include:

v Alpha-1 Adrenergic Receptors: Found in vascular smooth muscle, these receptors, when
activated by epinephrine or norepinephrine, cause vasoconstriction by increasing intracellular
calcium levels, leading to smooth muscle contraction.

v Alpha-2 Adrenergic Receptors: Located in both the central and peripheral nervous systems,
these receptors modulate neurotransmitter release and contribute to vascular tone regulation.

v Beta-2 Adrenergic Receptors: Although primarily associated with vasodilation, excessive
stimulation can result in compensatory vasoconstriction.
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The interaction between vasoconstrictors and these receptors determines the extent of blood
vessel constriction, duration of anesthetic effects, and potential cardiovascular responses.
Understanding these receptor activities is crucial in evaluating the safety of vasoconstrictors in
clinical settings.

Clinical Studies on Vasoconstrictor Safety

Vasoconstrictors, such as epinephrine, norepinephrine, and phenylephrine, play a critical
role in various medical applications, including anesthesia, emergency medicine, and treatment of
hypotension. Despite their benefits, concerns regarding their safety persist, particularly regarding
cardiovascular risks and adverse effects in vulnerable populations. This article reviews key clinical
studies evaluating the safety profile of vasoconstrictors.

Mechanism of Action

Vasoconstrictors function by stimulating adrenergic receptors, leading to the constriction of
blood vessels, increased systemic vascular resistance, and elevated blood pressure. They are
commonly co-administered with local anesthetics to prolong analgesic effects and reduce systemic
absorption.

Cardiovascular Safety

Several clinical trials and meta-analyses have examined the cardiovascular risks associated
with vasoconstrictors:

v' A study evaluated the effects of epinephrine-containing local anesthetics in patients with
cardiovascular disease. The results indicated a transient increase in heart rate and blood pressure
but no significant increase in adverse cardiovascular events.

v A randomized controlled trial compared norepinephrine to phenylephrine in patients
undergoing spinal anesthesia for cesarean section. The study concluded that norepinephrine
maintained blood pressure more effectively with fewer instances of bradycardia compared to
phenylephrine.

v A systematic review assessed the perioperative risks of vasoconstrictors and found that, while

minor hemodynamic fluctuations were common, serious complications such as myocardial

infarction and arrhythmias were rare when appropriate dosing protocols were followed.

Safety in Special Populations

Certain populations may be at higher risk for complications when receiving vasoconstrictors:

Geriatric Patients: Due to age-related cardiovascular changes, elderly patients may experience

exaggerated hemodynamic responses. Clinical trials suggest cautious dosing and close

monitoring to minimize risks.

v' Pregnant Women: Studies have explored the safety of vasoconstrictors in obstetric anesthesia.
Norepinephrine has been suggested as a preferable agent over phenylephrine due to its better
maintenance of maternal cardiac output.

v’ Patients with Hypertension and Cardiovascular Disease: Research indicates that while low-
dose vasoconstrictors are generally safe, patients with severe hypertension or unstable cardiac
conditions require careful titration and monitoring.

Adverse Effects and Risk Mitigation

Common adverse effects of vasoconstrictors include hypertension, reflex bradycardia, and
arrhythmias. Strategies to mitigate risks include:

v Using the lowest effective dose

v Monitoring hemodynamic parameters closely

v Selecting alternative agents for high-risk patients.

Clinical Considerations

When selecting a vasoconstrictor, clinicians must consider patient-specific factors such as
cardiovascular health, comorbidities, and potential drug interactions. Epinephrine remains the most
widely used vasoconstrictor due to its effectiveness, but alternatives like felypressin may be

preferable in certain cases. Each vasoconstrictor presents distinct benefits and risks. While
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epinephrine remains the gold standard for most procedures, alternatives like levonordeftin,

phenylephrine, and felypressin provide options for patients with contraindications. Further research

and clinical trials are needed to optimize vasoconstrictor selection in various medical and dental

procedures.

Guidelines for Vasoconstrictor Use in High-Risk Populations

Vasoconstrictors are commonly used in clinical settings for blood pressure management,

shock treatment, and local anesthesia. However, their use in high-risk populations requires careful

consideration due to potential adverse effects. This document outlines guidelines for safe

administration in such populations.

High-Risk Populations

The following groups are considered high-risk when using vasoconstrictors:

Elderly patients (>65 years)

Patients with cardiovascular disease (hypertension, arrhythmias, ischemic heart disease)

Patients with cerebrovascular disease (history of stroke or transient ischemic attack)

Diabetic patients (risk of impaired microcirculation)

Pregnant patients (risk of uteroplacental insufficiency)

Patients with renal impairment (altered drug metabolism and excretion)

Patients with hyperthyroidism (increased sensitivity to catecholamines)

General Recommendations

Risk Assessment: Conduct a thorough history and physical examination before prescribing

vasoconstrictors.

Dosing Considerations: Use the lowest effective dose to minimize adverse effects.

Monitoring: Continuous monitoring of blood pressure, heart rate, and organ perfusion is

essential.

> Route of Administration: Preferably use intravenous or localized administration when possible
to control systemic effects.

> Drug Interactions: Assess potential interactions with antihypertensives, beta-blockers, or MAO
inhibitors.

Specific Considerations by Population

Cardiovascular Disease

Avoid systemic vasoconstrictors in patients with severe coronary artery disease.

Use alternative agents or lower doses in hypertensive patients.

Consider alpha-blockers for patients with pheochromocytoma.

Cerebrovascular Disease

Avoid excessive vasoconstriction to prevent cerebrovascular ischemia.

Maintain adequate cerebral perfusion pressure.

Diabetes Mellitus

Monitor for signs of peripheral ischemia, especially in patients with pre-existing neuropathy.

Avoid prolonged use in patients with diabetic foot syndrome.

Pregnancy

v Limit vasoconstrictor use to cases where benefits outweigh risks.

v Consider alternative agents with better safety profiles for fetal circulation.

Renal Impairment

v' Adjust doses according to renal function to prevent excessive vasoconstriction and renal
ischemia.

v Monitor renal function closely with prolonged use.

Hyperthyroidism

v Use with caution due to increased risk of tachycardia and arrhythmias.

v' Prefer beta-blockers to control symptoms if needed.
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Emergency Management of Vasoconstrictor-Related Complications
v Hypertension Crisis: Administer vasodilators (e.g., nitroglycerin, phentolamine) as needed.
v Tachyarrhythmias: Consider beta-blockers or calcium channel blockers.
v Peripheral Ischemia: Discontinue the vasoconstrictor and administer vasodilators or warm
compresses.
v' Myocardial Ischemia: Provide oxygen, nitrates, and consider anticoagulation therapy.
Vasoconstrictors should be used with caution in high-risk populations, with careful patient
selection, dosing adjustments, and continuous monitoring to minimize complications. Clinicians
must balance therapeutic benefits with potential risks to optimize patient outcomes.
Alternatives to Vasoconstrictors in Dental and Surgical Procedures
Vasoconstrictors, such as epinephrine, are commonly used in dental and surgical procedures
to prolong the effects of local anesthetics, reduce bleeding, and improve visualization. However, in
high-risk patients (e.g., those with cardiovascular disease, hyperthyroidism, or significant
comorbidities), alternatives should be considered to minimize adverse effects.
Non-Vasoconstrictor Local Anesthetics
For patients who cannot tolerate vasoconstrictors, the following anesthetic options can be used:
Amide-Based Local Anesthetics
v" Mepivacaine 3% (Carbocaine®) — Has a mild vasodilatory effect, providing reasonable
duration without a vasoconstrictor.
v' Prilocaine 4% (Citanest® Plain) — Offers a moderate duration of anesthesia without
epinephrine.
v’ Ester-Based Local Anesthetics
v" Procaine (Novocain®) — Has a rapid onset but short duration, making it less effective for
prolonged procedures.
Considerations:
v These alternatives generally have a shorter duration compared to anesthetics with
vasoconstrictors.
v Regional blocks may be needed for prolonged procedures.
Adjunctive Techniques to Reduce Bleeding and Prolong Anesthesia
In procedures where vasoconstriction is needed, alternative methods can be used to control
bleeding and extend anesthetic duration.
Physical Methods
v" Local Pressure Application — Using gauze compression for hemostasis.
v' Surgical Hemostats — Bone wax, oxidized regenerated cellulose (e.g., Surgicel®), or gelatin
sponges (e.g., Gelfoam®) help control bleeding.
v Chemical Hemostatic Agents
v" Tranexamic Acid (TXA) Rinse — Reduces bleeding in dental procedures, especially for patients
on anticoagulants.
» Topical Hemostatic Agents — Such as ferric sulfate or aluminum chloride, can be applied
locally to control bleeding.
» Vasoconstriction via Cold Therapy
» Cryotherapy (Ice Packs or Cold Saline) — Induces vasoconstriction and reduces blood flow in
surgical fields.
» Alternative Pharmacologic Agents
» For prolonged anesthesia and hemostasis, the following pharmacological alternatives can be
considered:
> Alpha-2 Agonists
» Clonidine — Can prolong local anesthesia by reducing nerve excitability without systemic
cardiovascular effects.
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Dexmedetomidine — Provides sedation and analgesia while maintaining hemodynamic stability.
Buffering Agents

Sodium Bicarbonate — Reduces the acidity of local anesthetics, leading to faster onset and
improved efficacy.

Long-Acting Local Anesthetics

Bupivacaine 0.5% (Marcaine®) — Provides prolonged anesthesia (up to 8 hours) without
requiring vasoconstrictors.

Advanced Techniques for Prolonged Anesthesia

For surgical procedures requiring prolonged anesthesia without vasoconstrictors:

Regional Nerve Blocks — Such as inferior alveolar nerve blocks, provide extended anesthesia
without the need for local vasoconstrictors.

Infiltration with Hyaluronidase — Enhances anesthetic diffusion without systemic
vasoconstrictors.

While vasoconstrictors are beneficial in many procedures, viable alternatives exist for high-risk
patients. By wusing non-vasoconstrictor anesthetics, adjunctive hemostatic methods, and
alternative pharmacologic agents, clinicians can safely manage anesthesia and bleeding while
minimizing systemic risks.

Long-Term Effects of Vasoconstrictor Use on Cardiovascular Health

Vasoconstrictors, such as epinephrine, norepinephrine, and phenylephrine, are commonly used in
medical practice to regulate blood pressure, manage shock, and enhance the efficacy of local
anesthetics. However, prolonged or frequent use may have significant long-term effects on
cardiovascular health, particularly in individuals with preexisting conditions. This document
explores the potential chronic cardiovascular consequences of vasoconstrictor use.

Vasoconstrictors Mechanism of Action and Cardiovascular Impact

Vasoconstrictors primarily act on adrenergic receptors to induce vascular smooth muscle

contraction, leading to increased blood pressure and reduced blood flow to peripheral tissues. The
main cardiovascular effects include:

v
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Increased systemic vascular resistance (SVR) — Elevated afterload and potential cardiac
strain.

Elevated heart rate (tachycardia) (via Bl-adrenergic stimulation) — Increased myocardial
oxygen demand.

Coronary vasoconstriction — Potential ischemic effects on the heart.

Long-Term Cardiovascular Risks

Hypertension and Endothelial Dysfunction

Chronic vasoconstriction contributes to persistently elevated blood pressure, increasing the risk
of hypertension.

Prolonged exposure can impair endothelial function, reducing nitric oxide availability and
leading to arterial stiffness and atherosclerosis progression.

Increased Risk of Ischemic Heart Disease (IHD)

Frequent vasoconstrictor use may lead to coronary artery constriction, reducing myocardial
perfusion.

Patients with underlying coronary artery disease (CAD) are at increased risk of angina,
myocardial infarction, or arrhythmias.

Left Ventricular Hypertrophy (LVH) and Heart Failure

Chronic vasoconstriction increases afterload, forcing the heart to work harder. Over time, this
may lead to left ventricular hypertrophy, a precursor to heart failure with preserved ejection
fraction (HFpEF).
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v’ Sustained sympathetic overactivation contributes to cardiomyocyte remodeling and fibrosis,
further worsening cardiac function.

v' Arrhythmias and Autonomic Dysregulation

v Prolonged B-adrenergic stimulation can cause electrophysiological instability, leading to atrial
fibrillation (AF) or ventricular arrhythmias.

v Excessive vasoconstrictor use may disrupt autonomic balance, reducing vagal tone and
promoting sympathetic dominance, which increases arrhythmogenic risk.

v' Increased Thrombotic Risk

v Chronic vasoconstriction promotes platelet activation and vascular inflammation, which can
contribute to thrombus formation.

v This may elevate the risk of stroke, deep vein thrombosis (DVT), or myocardial infarction

(M) in predisposed individuals.

Populations at Highest Risk

Certain individuals are particularly susceptible to the long-term effects of vasoconstrictors,

including:

Patients with preexisting hypertension (risk of exacerbation and stroke).

Individuals with CAD or heart failure (increased ischemia and arrhythmia risk).

Diabetic patients (due to microvascular complications and endothelial dysfunction).

Elderly individuals (higher likelihood of arterial stiffness and autonomic dysfunction).

Strategies to Mitigate Long-Term Cardiovascular Effects

Medication Adjustments

Use the lowest effective dose of vasoconstrictors to minimize cardiovascular stress.

Consider alternatives, such as vasopressin, which may have a different receptor profile with

fewer cardiac effects.

Lifestyle and Cardiovascular Health Monitoring

v Encourage regular blood pressure monitoring and cardiovascular screening in patients
requiring chronic vasoconstrictor therapy.

v Promote lifestyle modifications such as dietary sodium reduction, increased physical activity,
and smoking cessation to counteract vascular stress.

v Pharmacologic Interventions

v Beta-blockers may be beneficial for patients experiencing tachycardia or arrhythmias due to
vasoconstrictor overuse.

v' ACE inhibitors or calcium channel blockers may help counteract sustained vasoconstrictive
effects.

v Antiplatelet therapy (e.g., aspirin) may be considered for patients at risk of thrombotic
complications.

Chronic use of vasoconstrictors can lead to significant long-term cardiovascular
consequences, including hypertension, ischemic heart disease, arrhythmias, and increased
thrombotic risk. Careful patient selection, dose minimization, and cardiovascular monitoring are
essential to mitigate these risks, particularly in high-risk populations.

CONCLUSIONS

Vasoconstrictors play a vital role in modern medicine, offering life-saving benefits in
critical care, anesthesia, and emergency settings by restoring vascular tone and improving
hemodynamic stability. Their pharmacological action, primarily through adrenergic receptor
activation, ensures rapid increases in blood pressure and perfusion, making them indispensable in
conditions like septic shock, severe hypotension, and intraoperative hypotension. However, their
clinical use requires careful consideration due to significant cardiovascular effects, including
increased myocardial oxygen demand, potential coronary vasoconstriction, and the risk of
arrhythmias or hypertensive crises—particularly in patients with pre-existing cardiac conditions.
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The balance between therapeutic efficacy and safety hinges on appropriate drug selection, dose

titration, and continuous hemodynamic monitoring. Future research should focus on optimizing

vasoconstrictor use through personalized medicine approaches, exploring novel agents with

improved safety profiles, and further investigating their long-term cardiovascular implications.

Clinicians must remain vigilant, weighing benefits against risks to ensure optimal patient outcomes.
RECOMMENDATIONS

The safe and effective use of vasoconstrictors requires a patient-centered approach that
carefully considers pharmacological properties and cardiovascular risks. Clinicians should begin
with a comprehensive cardiovascular assessment, particularly in patients with pre-existing
conditions such as hypertension, coronary artery disease, or arrhythmias. Continuous hemodynamic
monitoring, including blood pressure, heart rate, and cardiac output, is essential during therapy to
guide adjustments.

Agent selection should be tailored to the clinical scenario, with norepinephrine serving as
the first-line therapy for septic and distributive shock due to its balanced a- and B-adrenergic
effects. Phenylephrine may be preferred when tachycardia must be avoided, such as in aortic
stenosis or certain arrhythmias, given its selective a-1 agonism. Epinephrine remains reserved for
critical situations like anaphylaxis or cardiac arrest, though its potent B-effects necessitate caution
due to arrhythmia risk. Vasopressin can be valuable as an adjunct in vasodilatory shock, particularly
in cases of catecholamine resistance.

Dosing should be carefully titrated to the lowest effective level required to achieve target
perfusion pressures, such as a mean arterial pressure of at least 65 mmHg in shock, to minimize
adverse effects on cardiac function. Excessive vasoconstriction must be avoided, as it can
compromise tissue perfusion and increase cardiac afterload. Clinicians should remain vigilant for
signs of myocardial ischemia, including ECG changes or elevated troponin levels, especially in
high-risk patients. In cardiogenic shock, combining vasoconstrictors with fluid resuscitation or
inotropes like dobutamine may help balance vascular tone and cardiac output.

Special populations, including elderly and hypertensive patients, often require lower initial doses
and cautious titration due to heightened sensitivity to pressors. In obstetric care, phenylephrine is
generally preferred over ephedrine for managing spinal hypotension to reduce the risk of fetal acidosis.

Future research should focus on developing vasoconstrictors with improved cardiac safety
profiles, such as angiotensin II analogs, and identifying biomarkers to predict individual therapeutic
responses. A multidisciplinary approach, grounded in evidence-based practice and ongoing
research, will further optimize the use of vasoconstrictors in clinical settings.
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Humanity's knowledge of genetics has increased significantly in recent years. As a result,

the possibilities for genetic testing have also increased. The benefits to veterinarians are already
becoming apparent. Veterinary genetics has changed the way we diagnose diseases. Genetic testing
has become more advanced. This gives veterinarians and breeders new insights into health risks.
Genetic research is aimed not only at studying diseases, but also at preventing them before they
occur. Genetics is rapidly advancing, so it is important to incorporate genetic testing into future
veterinary practice. Pedigree testing can be a useful tool in individualizing treatment for mixed-
breed dogs, as identifying breeds based on external characteristics can be misleading. The most
useful genetic testing methods currently available in veterinary clinical practice include parentage
identification, direct mutation testing, and phenotype analysis. Testing for genetic diseases is
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important for both purebred and mixed-breed animals, and proper use of such tests can reduce the
risk of genetic diseases in pets.

In the last few years, humans have learned more about genetics than in the previous hundred
years. The genomes of most common animal species have been sequenced, including humans, dogs,
cats, horses, pigs, cows, and mice. New tools and instruments have provided scientists with a wealth
of information about how traits and hereditary diseases are inherited. This information is changing
the way veterinarians treat patients. For example, just a few decades ago, it was discovered that
some collies were experiencing a serious side effect from the drug ivermectin. The molecular cause
is known to be a small deletion in a multidrug resistance gene that inhibits the functioning of a vital
pump responsible for transporting drugs across the blood-brain barrier.

It is now known that not only is this mutation present in many pure and mixed breed dogs,
not just collies, but that it affects the action of many drugs, not just ivermectin. This information
enables the veterinarian to improve the level and effectiveness of patient care. Understanding and
using genetic advances allows the veterinarian to provide comprehensive care to patients and to
convince pet owners of the value of this treatment. It allows for an individualized treatment plan for
each patient, tailored not only to the patient’s age and living conditions, but also to their breed.
Identifying breed-specific risks and adjusting the patient’s treatment accordingly improves the
client’s relationship with the veterinarian and allows for earlier diagnosis and intervention.

Most veterinarians now take into account the differences between breeds when making
treatment decisions or communicating with owners, but it is important to develop a program that is
understandable and predictable and can be applied to all members of a particular breed. This is an
important topic to discuss with the client early in any treatment to prepare them and develop the
best treatment plan that the owner can adhere to. Well-informed pet owners are more likely to visit
the clinic for regular check-ups, follow preventive care recommendations, and notice earlier if their
pets are becoming ill. Obviously, this breed-specific approach to treatment and care is easily applied
to the portion of patients who are purebred dogs or cats, but this benefit can now be extended to
mixed breeds. DNA testing to determine the presence of purebred ancestors in the recent pedigree
of mixed breed dogs has been available for a decade, and the technology is constantly improving.
Based on this information, the veterinarian can help clients better understand their dog and develop
a personalized treatment and care plan for them. Medicine is now geared toward taking each
patient’s medical history and treating it accordingly.

Although many pet owners and veterinarians believe they can fairly confidently identify a
dog's breed based on external characteristics such as coat length, color, or other traits, the
relationship between breed and phenotypic (appearance) traits is not as intuitive as it may seem.
Some traits are inherited in a simple dominant/recessive manner, while others are polygenic, or a
combination of genes, making it difficult to determine the breed from which a particular animal
inherited the trait. Additionally, dominant traits can persist through many generations of a dog's
pedigree, as their mode of inheritance makes them relatively easy to track.

There are countless misconceptions about the appearance of animals. For example, it is often
believed that the offspring of a short-haired and a long-haired dog should have medium-length hair;
in fact, in almost all cases, short hair is a dominant trait, so the offspring of such a cross will most
often have short hair. Another example is the belief that a particular type of coloring (such as
marbled or brown spots) is unique to a certain breed; in fact, there are about twenty breeds that can
exhibit marbled coloring, and many more breeds that have brown spots. The truth is that mixed-
breed dogs can have ancestors that look completely different, and combinations of breeds that may
seem unusual are actually quite common.

In fact, identifying a breed by its appearance is much more difficult than many people
believe. Research has shown that such identification is often inaccurate, so visual identification of a
breed should not be relied upon when making important medical decisions. To fully utilize genetic
data and information about breed-specific health characteristics in both purebred and mixed-breed
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patients, veterinarians and veterinary clinic staff must have a basic understanding of genetics and be
aware of the different types and options of genetic and phenotypic testing.

The basic "blueprint”" by which living organisms are built, that is, the genetic material, is
deoxyribonucleic acid (DNA). DNA consists of two polymer strands composed of nucleotide bases:
adenine, thymine, guanine, and cytosine. These strands can be copied when a cell prepares to divide
or transcribed to form ribonucleic acid (RNA), which is used to synthesize proteins necessary for
the functioning of the cell or organism as a whole. DNA 1is contained in the nucleus of most cells in
the body, where it is arranged in the form of chromosomes. In dogs, the chromosome set consists of
38 autosomes and a pair of sex chromosomes X and Y, while in cats, the genetic information is
"packed" into 18 autosomes and a pair of sex chromosomes. Each cub gets one set of autosomes
and one sex chromosome (X or Y) from each parent. In each of these chromosomes, a chain of
nucleotides is folded into genes, which are essentially instructions for the cell to synthesize different
proteins.

"Understanding and using the latest advances in genetics allows the veterinarian to provide
comprehensive care to patients and to raise awareness among pet owners of the value of these
procedures." (Jamie L. Freyer)

Dogs are one of the most diverse species on Earth. How can members of the same species be
as different from each other as a tiny Chihuahua is from a huge Great Dane, and yet carry the same
“instructions” written in their DNA? They can. Because each gene has alleles. Alleles are small
changes in the sequence of nucleotides in DNA that are often passed on to future generations. Some
alleles lead to differences in the proteins they produce, which in turn can lead to structural or
functional differences between individuals. Dogs of the same breed often have the same alleles, so
they look and act alike.

Unlike dogs, where selective breeding over many centuries has resulted in hundreds of
different breeds, most cat breeds were developed only in the last century and are often based on the
characteristics of a single gene, such as color or coat type. For example, Exotics are short-haired
Persian cats, while Selkirk Rex cats are Persian cats with curly hair.

Thus, cat breeds (and therefore their alleles) differ much less from each other than dog
breeds, so cats have fewer breed-specific genetic diseases and morphological differences. Although
the development of genetic testing methods for cats has generally lagged behind that for dogs, it is
ongoing, and it is now possible to identify more than 60 mutations that lead to diseases or the
formation of certain traits.

The most important and obvious benefit of using genetic testing methods is the ability of
breeders to prevent the occurrence of diseases by selecting animals for breeding that will not
produce diseased offspring. It should be remembered that carriers of diseases can still be used in
breeding programs if they are matched with appropriate pairs; it is also desirable that the offspring
of potential carriers also be tested before breeding.

In addition to using genetic testing for screening before inclusion in breeding, the
information obtained can also be used to develop measures to maintain the health of the entire
population. Like human medicine, veterinary medicine is evolving towards an individualized
approach based on the assessment of the risk of disease for a particular animal, and the widespread
use of genetic testing for both purebred and mixed-breed patients is becoming the norm and
facilitating the early detection of diseases.

There are several types of genetic tests designed specifically for veterinarians. One such test
is used to verify the parentage of a litter. It examines DNA for genetic “markers,” places in DNA
that have mutated to have multiple alleles, to determine whether the offspring is a genetic match for
the intended mate or sire. These same markers can also be used to confirm identification in forensic
cases or in situations involving a lost or stolen pet.

If a specific mutation is known to cause a disease or trait, genetic testing can be performed
on the corresponding site in an animal's DNA to determine whether the individual has one or two
copies of the mutant gene. This is called testing for direct mutations. Other genetic tests are based
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on the concept of linked inheritance. These tests use markers adjacent to the site in question to
predict its genotype. As technology continues to advance, more markers can be tested. As a result,
more and more sophisticated genetic tests are becoming available for research and commercial
applications, including screening for genetic diseases in dogs and cats, and determining pedigrees in
dogs.

Although our knowledge of the heritability of individual traits and diseases is rapidly
increasing, there are still some inherited disorders that are likely multifactorial or for which the
hereditary cause remains unknown. Because of this, it is not possible to determine whether an
animal or its future offspring will suffer from the disorder by DNA testing alone. Instead, the
patient must be tested for clinical signs that may indicate the presence of the allele in question.

As mentioned earlier, the phenotype is the outward manifestation of the genotype. That is, a
dog with an allele that codes for brown hair will have a brown coat in the phenotype. Commonly
used phenotypic testing methods include radiographic detection of hip and elbow dysplasia,
ultrasound for heart disease, and laboratory tests or physical examinations for eye, thyroid, skin, and
hearing disorders.

If a patient is diagnosed with a condition that may be hereditary and DNA testing is
available, it can be used to confirm the diagnosis and, in some cases, provide the client with
information about treatment and prognosis, as described in the examples above. If possible, the
owner should be encouraged to share the results of the testing with the breeder; reputable breeders
care about their animals and strive to breed healthy animals that produce healthy offspring to
improve the breed. In addition, many congenital disorders, both hereditary and environmental, may
occur sporadically, and the breeder will not be able to improve their breeding program unless they
are provided with information about the offspring they produce.

While the future of veterinary medicine is difficult to predict, there are many exciting
research programs with promising prospects. Some of this research is exploring the genetic
influences on more complex diseases, including hip dysplasia, allergies, and many types of cancer.
Researchers are also trying to better understand the structure and diversity of breeds, and their
efforts have resulted in the development of tools that help breeders make decisions that will result in
healthier litters of puppies and kittens.

Genetics is an exciting and rapidly growing area of veterinary medicine today. Incorporating
genetic data into clinical practice and considering breed-specific issues will improve the medical
and diagnostic skills of the veterinarian, help owners understand the causes and progression of
disease (and in some cases, allow for earlier treatment and delayed clinical signs of disease), and
enable breeders to produce healthier offspring. By learning more about genetic diseases and testing
methods, the veterinarian can help make genetic diseases in pets less severe and perhaps even
eliminate them altogether.

JESKI KJIITUHHI ACHEKTH PO3BUTKY ®ATAJIBHOI'O CIMEMHOI'O BE3COHHSI
HarionanbHuit papmanieBTHYHUNA YHIBEpCUTET, XapKiB, YKpaiHa
Kadenpa xkmiaiuHOi 1a60paTOPHOT AIarHOCTUKH, MIKpOO10710Tii Ta 610JI0T1YHOT XiMii
Anna I'YBCBKA
KepiBHuUK: k.gpapm.n., doyenm 3axnady suwoi oceimu Jlo6oe I'AJIY3IHCHKA

QaranpHe cimeiiHe  Oe3coHHst  (awen. fatal familial insomnia) —  pigkicHe
Helpo/iereHepaTUBHE aBTOCOMHO-JIOMIHAHTHE CIAJKOBE 3aXBOPIOBAHHA, IO XapaKTEpU3YETbCS
MIPOrPECUBHOIO0 BTPATOI0 3JaTHOCTI JO CHY, MOPYIIEHHSAMH MCUXIYHUX QYHKIIN Ta I1HIIUMU
HEBPOJIOTIYHMUMHU cuMnTOMamH. Ll xBopoOa BUKIMKaHa MyTaIlisIMH y TI€BHOMY T€Hi, SKUU
BIJIMTOBI/1a€ 32 CTBOPEHHS OCOOIMBOTO Oi1Ka B OpraHi3Mi, BiIOMOTO SIK MPIOHHUHN O1JIOK.

Tepmin «cimeliHay» y Ha3Bi 3aXBOPIOBAHHS O3HaYa€ HOro cragkoBuil xapakrep. Lle cBiqunTh,
10 MYyTallis, SKa BUKJIMKAE 3aXBOPIOBAHHS, NTEPEAAETHCS BiJl OATHKIB 10 AITCH.
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Mera npochimkeHHs: JlocmiauTH BIUIMB aHOMAJIBHUX NPIOHHMX OUIKIB Ha PO3BUTOK Ta
nporpecyBaHHs (HaTaJbHOTO CIMEHHOTO O€3COHHS.

Marepianu nociimkenas ta meroau: Iig yac poboTu Oyio mpoBeaeHO aHaNi3 MMyOJiKalii,
IHTEpHET-pPecypcCiB, HAYKOBUX cTaTei. 3aCTOCOBAHI METOM: aHAJII3y Ta MOLIYKY.

daranbHe ciMeiiHe 0e3COHHS HANOLIBII SICKPABO MPOSIBISETHCS Y BUTIISAI XPOHIYHUX 300iB
cHy. OHaK CIEeKTp CHMIOTOMIB LbOTO 3aXBOPIOBAHHS HA0arato INMPIIMM, BKJIIOYAIOYM HU3KY
HEBPOJIOTIYHHX Ta MCUXIYHHUX MPOsABIB. 3 nMaTo(i3ionoriuHoi TOYKH 30py Li CHMIOTOMH IOB’S3aHi 3
IIOCTYIIOBUM HAKONMYEHHSAM AaHOMAJIbHUX MPIOHHUX OIIKIB Yy MO3Ky, II0 MPHU3BOIUTH 10
HE3BOPOTHOTO MOIIKO/KECHHS HEHPOHIB.

Cranii gaTtasibHOTO CiIMEHHOTO 0€3COHHS

1. Ilepma cramis XapaKTepU3YETHhCS MiATOCTPUM IMOYATKOM 1HCOMHII, IO MOTIPIIYETHCS
MPOTSITOM JEKUIBKOX HACTyHMHHUX MICAIIB 1 4acTO CIPUYHMHSIE PO3BUTOK PI3HOMAHITHUX (POOIi,
napaHoi Ta maHiyHUX arak. Yacto Ha miid crajii XBOpi BiAMIYAIOTh MOSABY, TaK 3BaHUX, CBIIOMHX
CHOBU/IIHb.

2. HactymHa crazis 3a3BU4ail TpUBa€ 5-6 MICAIIB 1 XapaKTEPHU3YEThCS MPOTPECYBAHHSIM
0€3COHHs, a TaKOXX 4YacTo JO0 B)XXE HAsABHOI ICHUXIATPUYHOI CHMOTOMATUKH IPUETHYIOTHCS
ramonuHanii. BiaMivaroTbcst mopymeHHs 3 OOKy BEreTaTHBHOI HEPBOBOI CHCTEMH (TaXiKapid,
rinepriipo3, rinepTeHsis).

3. Tpers cramis 3a3BU4ail HaWKOpOTIIA i TpUBAE OMM3BKO 3 MICSAIIB, HA MEPUIMHA IUIAH
BUXOAMTH TOTAJIbHA IHCOMHIA 1 IOBHE MOPYIIEHHS LIUPKAJAHOTO LUKITY.

4. OcraHHs CTais XBOpOOM MOKE TpHBATH 10 6 MICSIIB 1 JOBIIE. 3pEMITOI0 Malli€eHTaM
CTa€ Ba)KKO CAMOCTIMHO pyXaTHCs Ta HaBiTh PO3MOBJIATU. 3aKIHUY€EThCA LS (pa3a CMEPTIO.

Memoou diaznocmuku pamanvnozo cimeitnozo 6e3coHHA

1. Kniniune obctexeHHs. Y mOYaTKOBIA (a3l MIarHOCTUKU JIiKapi MPOBOJSATH peETeNbHE
KJIIHIYHE OOCTEeXEeHHsI, BKIIIOYalOYl 30UMpaHHs aHaMHe3y CIM’i, 100 BM3HAUUTH MOXJIMBI PU3UKU
PO3BHUTKY 3aXBOPIOBAHHS.

2. Heiiposizyamzanis (MPT abo KT) BUkopucTOBY€ETBCS JUIsl Bi3yalli3allii CTPYKTYp MO3KY Ta
BUSIBJICHHS MOJIMBUX aHOMaJii YM 3MiH, OB’ sI3aHUX 13 IPOrpeCyBaHHIM XBOPOOH.

3. Enextpoenuedanorpadiss (EEI') moxxe OyTu BHKOpHCTaHA IS aHAMI3y EJIEKTPUUHOL
aKTUBHOCTI MO3KY, SIKa 4YaCTO MOPYILIYETHCS MPH LIbOMY 3aXBOPIOBAHHI.

4. T'eHeTYHE TECTyBaHHS — L€ KJIIOUOBUN MeTon s ineHTHdikauii myrtaniii y reHi PRNP,
SIKMH € OCHOBHOIO IPHUUYUHOIO PO3BUTKY (PaTaibHOro ciMeitHOro 6€3COHHS.

5. TlomicomHorpadiss — el TeCT BUKOPUCTOBYETHCA ISl MOHITOPUHTY PI3HMX (D1310JI0TTUHUX
napaMeTpiB MiJl yac CHy 1 MOXK€ JONOMOITH B JIIarHOCTULI MOPYIIEHb CHY, XapaKTepHUX JUIs
3aXBOPIOBaHHS.

6. bioxiMiyHl aHai3d KpOBI MOXYTh OpaTHCS JUIsl OLIHKM 3arajJbHOTO CTaHy 3/0pOB’s
TMali€eHTa Ta BUSBICHHS THITMX MOXJIHBUX XBOPOO.

IIpionHi Oinku — 1€ ocoOiiMBa Karteropis OUIKIB, sIKi MOXYTh HaOyBaTW aHOMaJbHUX
CTPYKTYpHUX (OpM, WO CTaBIATh X Y IEHTP HHU3KH HEHPOJETCHEPATUBHUX 3aXBOPIOBAHb,
BKIIIOUatoun (atanbHe ciMeliHe Oe3conHs. Lli OiLIKM 3/1aTHI BUKIMKATH aHAJIOTIUHI aHOMAJbHI
CTPYKTYpHI 3MIHU Y HOPMAJIbHUX MOJIEKYJIaX TOTO X Ol1Ka, CTBOPIOIOYH JIAHIFOTOBY peakKilito, 110
MPU3BOJIUTH J0 HAKOMUYEHHS TOKCUYHUX (HOopM OiKa B MO3KY.

Ilpuyuny BUHUKHEHHS MPIOHIB!
. Homunku y 6iocuHTe31 OUIIKIB

2. TloMunku B ykiagaHHi Oijka

3. Myrarii B reHax, 1o KOAytTb MPIOHHI OIKH

Ocobnusocmi IP1OHIB:

1. BifgCyTHICTh BIaCHOTO T€HOMY

2. BoHu He po3Mi3HAIOTHCS IMYHHOIO CHCTEMOIO SIK UYXKOpIAHI OUIKM W HE MPOBOKYIOTh
IMYHHOI BiJIIOBi/Ii

3. Bucoka CTIfKICTh 0 TeMIIepaTypH, paaiallii, yIbTpadioaeToOBOr0 BUIPOMIHIOBAHHS.

[a—y
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[IpioHHI 3aXBOPIOBaHHS KIIHIYHO TIPOSIBIISIIOTHCS  YPaKEHHSIM HEPBOBOI  CHCTEMH.
Crocrepiraerbcsi BIUIMB Ha Cipy PEUOBHHY IIEHTPaIbHOI HEPBOBOI CHCTEMH, IO BUKIUKAE BTPATY
HEHpOHIB, TJIi03 Ta XapakTepHi ryOuacTi 3MiHM. B 3amexHOCTI BiIl pi3HOBUAY XBOpOOU
CIIOCTEpIraloTh Pi3HY KUIBKICTh arperariB MpPIOHHOTO Oilka — aMiIOiMHUX OJIAIIOK, sIKi
MOIIKO/KYIOTh HEPBOBY TKaHMHY. MacoBO THHYTh HEHPOHH, BaKyOIi3yIOThCS.

Y npaBuwibHOMY cTaHl TpioHHI Oinku, BigoMi sk PrPC, € kommoHeHTamMu KIITHHHOT
MeMOpaHHU 1 BUKOHYIOTh pi3Hi (PyHKIIIT, OB’ A3aHi 13 3aXUCTOM KJIITUHHU Ta CUTHAIBHOIO IEepe1ayueio.
OnHak 3a MEeBHUX YMOB, TakuX sK MyTallii B TeHi PRNP (komye npiorHMi 6110K), 111 OUIKH MOXYTh
HaOyBaTH aHoMmanbHOI opmu, 110 mo3HavaeThes K PrPSc. Lls popma mae BHUCOKY CTIHKICTH 70
po3manay 1 3AaTHICTh BHKJIMKATH CTPYKTYpPHI 3MIHM B HOPMAJbHHUX MOJICKYJIax Oldka, II0
NPU3BOIUTH A0 GOPMYBaHHS OLIKOBUX CKyIMUeHb a00 IUIACTHH, TOKCUYHUX JUISI HEPBOBUX KIIITHH.

[TpuumHotO (hatampHOTO cimMeitHOro Oe3coHHs € myTaiis y reHi PRNP, mo po3ramoBanuii y
KopoTkoMmy 1iedi 20-1 xpomocomu y nonoxkenHi pl3. Lle# ren Biamosinae 3a cunte3 Oinka PrPC.

daranbHe ciMeliHE OC3COHHS €  PIAKICHUM  CIaJKOBHM  HEHWpOJereHepaTHBHUM
3aXBOPIOBAHHSIM, SIKE€ XapaKTePU3YEThCS MPOTPECYIOUYOI0 BTPATOI0 CHY Ta HEBPOJIOTIYHHUMHU
nopyueHHsaMu. Kiro4oBy poiib y pO3BUTKY L€l XBOpOOW BiAIrparoTh MyTallii B T€Hi, 110 KOIYy€
npioHHuid 6inok. [TpioHHMI OIIOK XapaKTepU3y€EThCS YHIKAIBHOIO CTPYKTYPHOIO HEBH3HAUEHICTIO,
OCKIIBbKU MOXKe HaOyBaTH Oaratbox cTaOiUIbHMX KOH(opMaliil 3a pi3Hux (izionoriyHux ymos. Ha
JaHUK MOMEHT (haTayibHe CiMeliHe OE3COHHS 3aIMIIAE€THCS HEBIJIIKOBHHM 3aXBOPIOBAHHSM, SIKE B
KIHIIEBOMY MiJICyMKY MPHU3BOAMTH JI0 JIETaIbHOTO pe3yibTaTy. OfHAaK HAayKOB1 JOCHIIKEHHS B LIl
raiy3i IpoJOBXKYIOTHCS 3 METOIO0 3HAWTH e(EeKTUBHI METOAM JIIKyBaHHS a00 MpUHAiMHI criocoOn
YIOBUIBHEHHS IPOTPECYBaHHs XBOPOOH.

KJIOHYBAHHSA JIOAUHU Y XXI CTOJITTI:
HAYKOBI ITPOPUBHU TA EBOJIIOUIA I'NIOBAJIBHOI'O 3AKOHOJABCTBA
Hanionaneuuii ¢papmanieBTUUHUN YHIBEpCUTET, XapKiB, YKpaiHa
Kagenpa xniHiyHOi 1a00paToOpHOT JiarHOCTUKHU, MiKpoO010JI0Tii Ta 610710r14HOT XiMii
Ipuna 'OPIOHOBA
KepiBHUK: k. ghapm.n., Ooyenm 3aknady euwjoi oceimu leop CEHFOK

VYV XXI cTomiTTI KIIOHYBaHHS JIFOJUHU - OJIHA 3 HAHCYNEepewUBIIINX 1 HAHIHTPUTYIOUHX TEM
cydacHoOi Haykd. lle mporiec CTBOpEeHHsS T€HETHYHO 1JIGHTUYHOTO opranizmy Ha ocHoBi JIHK. 3
MOMEHTY HapOJ[KEHHS MEepIIOro KIOHOBAaHOTO ccaBilsl — BiBli Jommi y 1996 poui — gocmixeHHs y
cdepi pENpOIYyKTHBHOTO Ta TEPANEBTUYHOTO KIOHYBaHHS TPHUBAIOTh, X04Ya CYMPOBOKYIOTHCS
YUCICHHUMH €TUYHHMH, T[IPaBOBUMH Ta COLIAJbHUMHU BHUKJIMKaMH. Y 0OaraTbox KpaiHax
KJIIOHYBaHHS JIIOJMHM W HaBITh CTBOPEHHS €MOpIOHIB Yy JOCHIJHUIBKUX LUIAX TOBHICTIO
3abopoHeHi. BogHouac iHII fepkaBu TO3BOJSIOTH TEPANEBTUUHE KIOHYBAaHHS 3 METOIO PO3BHTKY
MEIUIMHA — 30KpeMa TPAHCIUIAHTOJIOTII Ta BMBYEHHS KJIITHHHMX MpoueciB. Taka pi3HMLS B
MiAX0JIaX CTBOPIOE JTUCOaTaHC MK IIBHJKICTIO HAyKOBOT'O IPOTPECy Ta MOXKIMBOCTSIMH IpaBa
HOT0 PEryIrOBaTH.

KnonyBaHHS — 11€ TpOIEC CTBOPEHHS TEHETUYHO 1IEHTUYHOI KOTIii 610JI0r1YHOTr0 OpraHizmy,
KJIITUHY, 200 HaBiTh juie pparmenta JJHK. V KoHTEKCTI THOAMHY, TOHATTS KJIOHYBAaHHS OXOILTIOE
JeKinbka popM: penpoayKTUBHE, TEPAleBTUYHE Ta MOJIEKYJIIpHE KJIOHYBaHH:. KoXeH 13 UX THIIIB
Ma€ CBOT I11J11, €THYHI MEXI Ta TEXHOJIOTIYHI OCOOITMBOCTI.

PenponykTBHE KIOHYBaHHS - 1€ CTBOPEHHS IIOBHICTIO HOBOTO OpraHi3My, SIKMH €
TEHETUYHO 1JIGHTUYHUM 10 JOHOpa. Ha#Ounmpm BIiZOMHM TPHUKIAZAOM PENPOTyKTUBHOTO
KJIIOHYBaHHA € HapojpkeHHs BiBui Jomm y 1996 pomi. Y mpomy mporeci BUKOPHUCTOBYETHCS
COMaTHYHE KJIIOHYBaHHS - METOJ] IEPEHOCY sAJpa COMAaTUUHOI KIITHHU. CyTh LIbOTO METOY IOJIATa€e
B TOMY, IIIO SIPO COMATUYHOI, TOOTO TiECHOI KIITUHHU JOPOCIOr0 OpraHi3My MepecakKyeThecsl B
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SIMIEKITIITUHY, 3 SKOI MONEPEIHbO BUIAICHO BiacHe sapo. OTpuMaHuil eMOpPIOH Mae IMOBHHUM HaOIp
JIHK monopa 1, micis iMIiaHTallii B MaTKy, 31aTeH PO3BUHYTHUCh Y TCHETUYHO 1ICHTHYHY KOIIIIO.

TepaneBTuyHe KJIOHYBaHHS — BHUKOPHUCTOBYETHCS HE Ui CTBOPEHHS ITOBHOLIIHHOTO
OpraHiaMmy, a Ui OTPUMaHHS eMOpIOHAIbHUX CTOBOYPOBHX KIITHH, 3 SKMX MOXXHA BHPOILIYBaTH
TKaHUHH, a00 OopraHu s TpaHciUiaHTtamii. Lle BiIKpuBae mepcrneKTUBYU JTIKYBaHHS XBOPOO, SK-OT
xBopoOa I[lapkiHcoHa, mykpoBuii Aiadet 1 TuMy, ypakeHHSI CIIMHHOTO MO3KY ToIo. Ha BinMiHYy Bij
PENpOIYyKTUBHOTO, TepANleBTUYHE KJIOHYBAaHHS HE mependadae iMruiaHTamii emOpioHa B Martky, a
JMILIE BUKOPHUCTaHHS HOro KIITUH JUId HAYKOBMX YU MEAMYHMX Lided. TUM He MeHI, eTH4YHI
CYNepedKr HAaBKOJIO 3HUIICHHS eMOpIOHIB 3aJMINAIOTBCS OJHIEI0 3 OCHOBHHX HPUYUH
3aKOHOJaBYMX 3a00pOH y 6araTbox KpaiHax.

MorexymsipHe KJIOHYBaHHS — 1€ IEPEHECEHHsI OKpEeMUX TeHiB, a6o ¢pparmentiB JHK y inmi
OpraHi3MH JUIsl JOCHIDKEHb YW OIOTEXHOJOTIYHOTO BHUPOOHUIITBA. Takuii METOJ MIUPOKO
BUKOPHUCTOBYETHCSL Y BUPOOHUIITBI iHCYITiHY, TOPMOHIB POCTY Ta BaKIMH. Y KOHTEKCTI KJIOHYBAaHHS
JIOAMHU, MOJIEKYJIIDHE KJIOHYBAHHS € JONOMDKHHUM 1HCTPYMEHTOM, IO JIO3BOJISIE JIOCHIJKYBaTH
TCHETUYHI 3aXBOPIOBAHHS Ta MEXaHI3MH KJIITHHHOTO PO3BUTKY.

[Touanacs icropis KJIOHyBaHHS 3a70Bro qo XXI cromiTTs, ogHaK came y HOro mexax Iis
TEXHOJIOTisl Tepednuia Big JabopaTOPHUX EKCHEPUMEHTIB [0 TMPAKTUYHOTO 3aCTOCYBaHHS.
HalinomiTHimi mpuKiIagy KJIOHYBaHHS 32 OCTaHHI AECATUIITTS OXOIUIIOIOTH SIK TBAPUH, TaK 1 MepIlli,
X04Y 1 CylepewInBi - 3asBH NP0 KIOHYBAaHHS JtoauHU. LIi momii cTamum OCHOBOIO ISl TJIOOATBHUX
JUCKYyCi Mpo eTuKy, HayKy 1 3akoHonaaBcTBO. BiBus [lomni B 1996 poni y Benukiii bputanii -
HaBIIOMIMIMI TpUKIan y CBITI Ta Mepiie YCHilHE KIOHYBAHHS CCaBIsl 3 BHUKOPHUCTaHHSAM
comarnyHoi kimitnHu. [lomwni Oyma crBopeHa B PosmiHChKOMY IHCTI/ITy'Tl B Hlortnanaii mix
kepiBauITBOM SHa Binmyra. Ii mapomkenHs n0Beno, MO MOMKIMBO BiATBOPMTH MOBHOIIHHUIA
opradizM 0e3 yyacTi NpUpOJHOro 3aruligHeHHs. BiBis o npoxuia micTk pokiB 1 moMepiia Bij
JIETeHEeBO1 XBOPOOHU, OJHAK ii MOsABa CTaja MOBOPOTHUM MOMEHTOM B icTOpii O10TexHoorii. Bxke y
2001 poui B CHIA xommanis Genetic Savings & Clone Bnepimie kioHyBasna kota Ha im’a CC
(CopyCat). ¥ 2005 pomi B IliBnenniii Kopei B pamkax nocmimkeHHss CeylbCbKOTO HaI[lOHAIBHOTO
yHIBEpCUTETY OyJI0 BHBEJCHO MEPLIOro KJIOHOBAHOIO cobaky Ha iM’s Snuppy. Lli nocsrHeHHs
3aro4aTKyBajid PO3BUTOK KOMEpIIiitHOrO KJIoHYBaHHA nomaiHix TBapuH y CIIA, ITiBnenniit Kopei
ta Kurai.

VY 2018 poui kuTaiicbki BueHi 3 IHctuTyTy HeipoOionorii B Illanxai Bmepiie ycmimHo
KJIOHYBaJIM NMPHUMATiB - Makak JKOHXOHT 1 Xyaxya - BUKOPUCTOBYIOYHM TEXHOJIOTIIO, MOJIIOHY 10
Ti€i, IO 3acTocoByBajach Hpu cTBOpeHH1 BiBui Jlommi. lle cramo BaxJIMBOIO BIiXOK B
010TeXHOJIOTISX, ajpKe BIIEpIIE BIANOCSd KJIOHYBAaTH BHUIIB, T€HETHMYHO ONM3BKUX JIO JIIOJUHM.
ExcriepyMeHT BUKIMKaB MIDKHAapOJHI JUCKYCIi IIOJAO MOXIIMBOCTEH 1 MEX TaKUX TEXHOJIOTIH y
MeIULMHI Ta Helpobionorii. Kutai Takok akTUBHO pO3BUBAE KJIOHYBaHHS B NMPaKTHUYHUX cepax:
CTBOpIOE TE€HETHWYH1 Komii BENUKOi poratroi XyaoOu, cBUHEH, KOHel 1 cobak. YacTuHy TBapuH
BUKOPUCTOBYIOTh Y CUIBCBKOMY T'OCIOAAPCTBI, 1HIII - y CIYXOOBUX HUISAX, HAIPUKIIAA, Y MOJILIT 4K
apmii. Okpemi JOCTITHUIIBK] TPOTpaMu CIIPSIMOBaHI Ha 30€peKeHHS 3HUKAIOUNX BUJIIB 1 CTBOPEHHS
TeHEeTHYHUX OaHKiB. Yci i 1HILIATHBH CB1IYATh PO CTPIMKUI PO3BUTOK OioTexHoorii y Kutai ta
3pOCTarOuMii BIUTMB KPaiHH Ha III00aTbHY HAYKY.

OnHuMY 3 HAUTYYHIINX, ane i HalicynepewIMBIuX MPUKIAAIB Y chepi KIOHYBaHHS CTaJIN
3asiBM PO KJIOHYBaHHS JIIOJAMHU, 11O HE OTPUMAIM HayKoOBoro miarBepikeHHsa. Y 2002 poui
opranizanis Clonaid, moB’si3aHa 3 peNiriiHUM pyxoM paeiiTiB, OroJ0CHIIA PO HIOUTO KIOHYBAaHHS
MepIIoi TUTUHU - AIBYMHKHA Ha 1M’ €Ba. XKomaaux mokasiB HajgaHO HE OyJio, 1 HAYKOBA CHIJIBHOTA
3acyAuia 1o 3asBy, K oOMmaH, abo PR-kammnanito. ¥ 2004-2005 pokax npocdecop XBan Y Cok 3
[TiBnennoi Kopei moBiioMHB Mpo YyCHIIIHE KJIOHYBAaHHS JIOJACHKUX €MOpIOHIB 1 OTPUMAaHHS
CTOBOYPOBUX KJIITHH - 13 MEPCIEKTUBOIO PO3BUTKY TEpaNeBTHYHOIrO KiIOHyBaHHS. Onmnak y 2006
porii 3’sicyBayiocs, 1O HOro mociuipkeHHs Oynu chanbcudikoBani. CkaHmam CepHoO3HO IMiIipBaB
noBipy no Oiomemunmad B Kopei Ta CIpHUUYMHUB TMOCHJICHHS 3aKOHOJABYOTO KOHTPOJIIO Haj
MOAIOHMMU E€KCTIEPUMEHTAMH.
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KiionyBaHHs JIIOMMHHM TOPOJKYE CEPHO3HI €THYHI Ta comianbHi mpobnemu. lle He mumie
TEXHOJIOTTYHUHN MPOPHB, a i TIMOOKAa MOpaJibHA aujieMa. Xoda HayKOBHM Mporpec aeaali Oimbiie
HaOIMKae HaC IO CTBOPEHHSI T€HETUYHUX KON JIFOJAWHU, CYCHIUIBCTBO JOCI HE Ma€ OJHO3HAYHOI
BI/IMOBI/II Ha 3allUTaHHS: YA Ma€ JIIOJIMHA MPaBO KIOHYBaTH co0i momioHux? Ile crocyeTbcs He
JMILE HAayKH, a i Mopadi, dimocodii, mpaBa, pernirii Ta ysABICHb IPO JIOACHKY riaHicTh. OcolnuBe
3aHETOKOEHHSI BUKJIMKAE MpoOJieMa CaMOIICHTHMYHOCTI KJIOHA. SIKIIO BiH € MOBHOIO T'€HETUYHOIO
KOIII€IO0 1HIITOI 0COOH, ITOCTA€ HU3KA IINTAHb!

1) Ywm matume BiH IpaBO HA BJIACHY OCOOHUCTICTBH?
2) Yu He craHe BiH 00’ €KTOM €KCIIEPUMEHTIB, a He Cy0’eKTOM mpaBa?

Kion - 1ie He mpocTo «Koris» B MOBHOMY po3yMiHHI ciioBa. Xoua woro JIHK imenTnuna
JIOHOpA, BiH MOXE MaTH 30BCIM IHIII CIIOTaau, JOCBiJ, XapakTep 1 cucremy IiHHOCTeW. lle
MOSICHIOETHCSI TUM, 1[0 CIIOTaIy HE MEPEeNaloThCs T'€HETUYHO — BOHU (OPMYIOTHCS MiJl BILUIMBOM
0CcOOMCTOTO JOCBiAY, BUXOBAHHS, COIIQJILHOTO CEPEJOBUINA Ta €MOLIHHUX mepexuBaHb. HaiTh
ONIHOSIIeB] OJM3HIOKH, $KI MalOTh OJHAKOBHI TE€HOTHUI, MOXYTh CYTTEBO BIJIPI3HATUCS 3a
0COOUCTICTIO, OCKUIBKMA TPOKMBAIOTh Pi3HI cUTYyalii, abo mo-pi3HOMY iX crpuiimMaroTh. Takum
YHMHOM, XOYa KJIIOH Ma€ CIiUIbHY T'€HETUYHY OCHOBY 3 JOHOPOM, BiH yce OAHO Oyae OKpeMOro
ocobwucricTio. [IpoTe cama ifesi MTYYHOTO CTBOPCHHS JIFOJIMHU BUKIIMKA€E TIIMOOKI JUCKYCIi MIOA0
MaHIMynALid 31 cB0OOOA0I0 BOJI, YHIKAJIBHICTIO JIIOJCHKOrO OyTTS Ta MEX BTPYYaHHS B MPUPOIY
JIFOAMHHU.

IcHytoTh TOTEHLIMHI CIieHapii HEeTUYHOTO BHUKOPHCTAHHS TEXHOJIOTii KIOHYBaHHS, SIKi
BUKITMKAIOTh 3aHETIOKOEHHS Y HAYKOBIIIB, TPABO3aXUCHUKIB Ta CycIijabcTBa. OCHOBHI 3 HUX:

1) KrnonyBanHa s 3aMmimieHHs mnomepnoi JuTuHH. OIWH 13 Hal0OrOBOPIOBAHIIINX
CIIeHapiiB - crnpoba «BIAHOBUTH» IOMEpIy IUTHHY MLUIIXOM KJIOHYBaHHS. baTbkum MOXyTh
CIpuiiMaTé KJIOHA SK TOBEPHEHHS BTPAYEHOIO, OJHAK II¢ Oye iHIIAa OCOOMCTICTH 3 BIIACHUM
J0CB1IOM 1 xapakTtepoM. OUiKyBaHHS, 110 BIH «CTaHE» 3aMIHHMKOM, MOXYTb CIIPUUYMHUTHU THUCK 1
MICUXOJIOT1YHY TpaBMy, 1030aBIIsII0YM KJIOHA IIpaBa OyTH caMHM CO0010.

2) BuxopucTtaHHs KIJIOHIB, SK JOHOpIB opraHiB. OQuH 13 HAWTPUBOXKHIIIMX CIIEHApIiB -
CTBOPEHHS KJIOHIB BUKJIFOYHO JJIsi BUIy4eHHs opradis. Lle 3Heoco0:moe moaMHy, IepeTBOPIOIOYH 11
Ha «pe3epB 3am4acThHy, 1 Tpy0o mopyirye 6a30Bi MpaBa - Ha KUTTS, TIAHICTH 1 HEIOTOPKAHHICTG. 3
MOpaJIbHOT TOUKHU 30pYy, Taka IpaKTHKa IPUPIBHIOEThCA 10 pabcTBa it BOUBCTBA.

3) CrBopeHHs Tak 3BaHUX <JIM3aWHEPCHKHUX JIIOACH». bBiOTeXHONOTii 103BOJSIOTH
CTBOPIOBATHU JIOJIEH 13 Hamepea BH3HAYEHUMHU SIKOCTSMHU - 30BHIIIHICTIO, 1HTEJIEKTOM, (PI3UYHUMHU
9l eMOLIHHUMH OcoOnmuBOCTsAMHU. lle 3BOIUTH IIOAMHY 1O TPOAYKTa MPOEKTYBAaHHS, IO
HiJIAIITOBYEThCA MMiJI 4YyX1 OYiKyBaHHA. Taka MpPaKTHKa 3HELIHIOE 1HIUBIAyalbHICTh, pYHHYE
MIPUPO/IHY PI3HOMAHITHICTB 1 3aTPOKY€E MOSBOIO HOBOI (POPMHU JUCKPUMIHAL] — T'€H €TUYHOI.

4) VIMOBIipHICTH CTBOPEHHsS KJIOHOBAaHHMX COJJATiB, a6o poGouoi cumu. IcHye 3arposa
BUKOPHUCTAHHS KJIOHYBaHHS JUis (opMyBaHHS KEpOBaHOI apmil 4M jemeBoi pobouoi cwin. Y
TAaKOMY BHUIMAJKy JIIOJEH CTBOPIOIOTh, SK IHCTPYMEHT JJs TOJITUYHHUX, EKOHOMIYHHX, abo
BilichKkOBHX IisIeH. Lle HiBemto€e IXHIO TIAHICTH 1 YHIKAIBHICTh, BIIKPUBAIOUHN MIJISAX O HOBOTO BUY
palcTBa, TUIBKH TEXHOJIOTIYHO YAOCKOHAJIECHOTO.

Jlo pedi, KJIOHYBaHHS BHMKJIMKA€ aKTUBHY pEaKI[l0 HE JIMIIE cepel HAyKOBIB, a U y
peniriiiHomMy, ¢inocopcbkoMy Ta €THUYHOMY cepeloBHIi. baraTo peniriii cnpuitmMaroTh HOro, sK
3a3iXaHHs Ha POJIb TBOPI, a ¢igocodu Ta O10ETUKHA HATOJOMIYIOTh Ha BAKIMBOCTI CYCIUIBHOTO
mianory Ta OOepeXHOCTI y BIPOBADKEHHI TakuX TexHojorii. Karomumusm: BaTukaH pimryde
3aCyIKY€E, K PEMPONyKTHBHE, TaK 1 TepaneBTHYHE KIOHYBaHHS. KaTonmuipka mepkBa BBaxKae, 1o
JIOZICbKE JKUTTS € AapoM Bix bora, a oro mrydHne cTBOpeHHs - MOpaJibHO HenpHitHaTHe. EMOpioH
BH3HAETHCS MIOBHOIIIHHOIO JIFOJIMHOIO 3 MOMEHTY 3a4aTTs. [IpaBociaB’s: moauise moaioHy MO3HINIO:
KJIOHYBaHHSA pO3IJISAAEThCS, SK TopymeHHs boxoro mopsaky. OcoOnuBO HENpUIHATHUM €
CTBOPEHHS ICTOTH 3 METOI0 KOHTPOJIIO, a00 BUKOPHUCTAHHS, 1[0 CYIIEPEUUTh MOBa31 10 YHIKAJIbHOCTI
ocobuctocTi. Icmam: pi3HUTBCSA TMO3UINEIO 3aJEKHO BiJ MIKOAM TpaBa (Ma3zxaly) Ta periony.
YactrHa OOrociioBiB J03BOJISIE TEPANEBTUYHE KJIOHYBAaHHA JJIS JIIKYBaHHS, ajieé PENpPOAYKTHUBHE -
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IIEPEBAXHO 3a00pOHEHE uepe3 HEBIAMNOBIAHICTh NPUHIMIIAM IPUPOJHOIO IMOXOJKEHHS JKUTTS.
BynausM: OLiHIOE KIOHYBAaHHS uepe3 NPU3My HaMipy: SKIIO BOHO 3MEHIIy€E CTPaKIaHHsS 1 He
3aBJla€ MIKOAW, MOKe OyTH BUIPaBIaHUM. AJl€ € 3aHETOKOEHHS I0/I0 MOPYIICHHS MPHPOTHOTO
OaylaHCy Ta peiHKapHAIIHHOro MUKITY. [HIyi3M: miHy€e BCl (OPMH KUTTS 1 TONMyCKa€e KJIOHYBaHHS B
MEIWYHUX IUIAX. BoaHouac MiAKPECTIOEThCS, IO BUKOPUCTAHHS TEXHOJIOTIi 3apaju eroizmy
CyNepeyuTh AYXOBHOMY IpPU3HAUCHHIO JtoauHU. Dinocodis Ta OloeTHKAa: €IMHOTO MITXOIy HE
iCHye, X04a 3arajbHa IO3HULIs MOJATaE B HEOOXIHOCTI MMPOKOI CyCHiJbHOI TUCKycii. bioeTnku
HaloJSIral0Th HA YITKMX MeXaxX MDK TEepaleBTMYHUM 3aCTOCYBAaHHSAM 1 PU3MKOBAaHUMHU
eKCIIEpUMEHTaMH, SKI MOXYTh 3arpoKyBaTH JIIOJACHKiHM rimHocTi. KitouoBi HIHHOCTI: aBTOHOMif,
TUJIECHA HEJJOTOPKAHHICTH 1 HEIOMYCTUMICTh BUKOPHUCTAHHS JIFOIUHH, K 3aC00Y.

KnonyBanHA mrOAMHU 37aTHE BUKJIMKATH TIHMOOKI W TpuBami comianbHi 3MiHH. BoHO
BIUIMBA€E HE JIMIIE Ha O10JIOTiI0 Ta €TUKY, a W Ha camy CTPYKTYpYy CYCIUJIbCTBA, MI)KOCOOHCTICHI
CTOCYHKH Ta YSABJICHHS MMPO MIHHICTB JFOACHKOT0 )KUTTS. Cepe] OCHOBHUX MOKIMBUX HACITIJIKIB:

1) KinonyBaHHS po3MHUBaE TpaJuLiliHI POIl «MaTH», «0aTbKO» 1 «IUTHHAY». SIKIIO AMTHHA
CTBOpeHa 0e3 3a4arTs, BHHUKAE TUTAHHS: XTO BBOXKAEThCS 11 6arbkamu - morop JJHK uun
BuxoBatenp? Lle Moke CHPUYMHHUTH IUIyTaHHHY B IOPHAMYHHUX 1 COLIAJIbHUX
BiTHOCHHAX.

2) Kionu MOXyThb cnpuiiMaTUCh SIK OKpeMa KaTeropis - 3 MiJl03polo, spiuKamu, alo
CyMHIBaMH HIOAO IXHBOI «crpaBxkHOCTI». Lle cTBoproe pu3nk HOBUX (opM OiojoriaHoi
JTUCKpUMIHAII].

3) KioHoBaHi JIFoIM MOXKYTh 3a3HABATH YIIEPEHKCHOTO CTABJICHHS, COI[IAIBHOI 1301111 UH
OyTH BHKOPMCTaHi B KOMEPLUMHHX i HAyKOBMX LiIAX. IX MOXKyTh CHpHiMaTH SK
«IITYYHUX) ICTOT, IO MiIPUBAE IXHIO T1THICTH 1 TIpaBa.

4) 'V pa3i MacoBOro 3aCTOCYBAaHHsI KJIOHYBAaHHS 3MIHUTBCS CTaBJIEHHS 10 HApOJKEHHS Ta
cMmepTi. JKUTTS MOXKYTh TIOYaTH COPUKAMATH, SK MPOIYKT, IO MiAJISATae CTBOPEHHIO 3a
3aMUTOM, 10 CYNEPEYUTh 'YMaHICTUYHUM I[IHHOCTSIM.

CBiTOBE CITIBTOBAPUCTBO HAMAraeThCsl BPETYIIOBATH KIOHYBAaHHS JIFOJAWHU Yepe3 HU3KY
MDKHApOJHHUX JOKYMEHTIB. Xoya JiesKi 3 HMX HE MaloTh OOOB’SI3KOBOi IOPUAMYHOI CHIJIM, BOHU
(OpMYIOTH OCHOBY JIJIsl HAI[IOHAJIHHOTO 3aKOHO/IaBCTBA T4 ETUYHHUX CTAHIAPTIB.

1) Hexnapauis FOHECKO mnpo moncekuit reHom 1 mnpaBa moauHu (1997): Bushae
JIOACHKHIA TEHOM CITUTFHOIO CITJIIIMHOIO JIIOJICTBA; 3aCy KY€ KIOHYBAaHHS JIFOIUHU, 5K
HECYMICHE 3 T'/IHICTIO OCOOMCTOCTI Ta 3aKJIMKA€ AEPKAaBU YHUKATH TaKUX MPAKTHK.

2) Pezomomiss OOH mono 3ab6oponn kinonyBanHsa jroauHu (2005): PekoMeHaye kpainam
3a00pOHUTH BCi (OpMH  KIOHYBaHHs, IO CylepedaTb JIIOJACHKIA  TiJAHOCTI;
CympoBo/KyBajgach  CylepeykaMyd  4Yepe3  BIICYTHICTb  PO3MEXKYBAHHS ~ MIXK
PENpOIyKTUBHUM 1 TEPareBTUYHUM KIIOHYBAaHHSIM.

3) €Bpormelicbkka KOHBeHLIs 3 OlomenuuuHu Ta mpaB JoauHu (OB’encebka, 1997):
3a00poHsi€ CTBOPEHHS TE€HETHYHO 1JEHTHYHHX JroAed 3 Oyab-sikoio Meroro; Mae
IOpUANYHY cuiTy ais kpaid Pagu €Bponu, 1o ii paTugikyBaiy, 1 BBaXKA€TbCsS OJHUM 13
KIIIOYOBUX JIOKYMEHTIB y cepi 6i0eTHKH.

Kpainu cBiTY A€MOHCTPYIOTH pi3HI HIAXOAU JO PEryjIroBaHHS KJIOHYBaHHS, SKi YMOBHO

MO>KHA MOJIJIUTH Ha TPU TPYIIN:

1) Kopctka 3a0opona — ®panuiss, Himeuunna, Kanana. i kpainu noBHicTIO 3a00pOHMIH, K
pEeNpoayKTUBHE, TaK 1 TepamneBTUYHE KJIOHYBAaHHS. 3aKOHOJABCTBO IPYHTYETbCS Ha 3axXHCTI
TIIHOCTI, HEIOTOpPKaHHOCTI eMOpioHa Ta 3a00poHI TeHeTWYHHX MaHinymsnid. I[lopymenHs
KapaeThcs mTpadamu, ab0 KPUMIHAIBHOO BiAMOBIIANBHICTIO.

2) PerynboBaHe TepameBTHUHE KIOHyBaHHA — Benuka bpuranis, IliBnenna Kopes.
JI03BOJIEHO JIHMILE TEpamneBTUYHE KIOHYBAaHHS Ui HAYKOBUX 1 MEIMYHUX IUIeH — 30Kpema,
CTBOPEHHS CTOBOYPOBUX KJIITHH. PenpoiyKkTHBHE KJIOHYBaHHS 3a00poHeHe. KOHTpOJb 3MICHIOIOTH
CIelianbHi areHTCTBA, a00 €TUYHI KOMITCTH.

35



V educational online seminar, o
dedicated to the 72st anniversary of the discovery of the DNA molecule 7
"BIRTH, DEVELOPMENT AND ESTABLISHMENT OF DNA SCIENCE" £
May 7, 2025, Kharkiv, Ukraine

3) Cnalkwuii, a00 HeBU3HAYCHUI KOHTpoJIb — Kutaii, neski kpainu JIaTHHCHKOT AMEpHKHU |
Adpuku. ¥V nux KpaiHaxX KJIOHYBAaHHS PErysIO€Thes ciaabo, abo AeKIapaTUBHO, 110 CTBOPIOE «CIpl
30HM» Yy JOCHTIJDKeHHsAX. 30Kpema, KuTail akTUBHO 3aCTOCOBY€ KJIOHYBAaHHS TBapWH, BKIIIOYHO 3
IIpUMaTaMH.

Pi3HOMaHITHICTh 3aKOHOJABUMX MIIXOMIB y cdepi KIOHYBaHHS IOSICHIOETHCS KiIbKOMa
KJIIOYOBUMH (PAKTOpaMHu:

1) Tonituuna Bojs. Peaxiisi ypsiiiB 3a€KHUTh BiJl MOJITUYHOTO KypCy, MPIOPUTETIB 1 BIUIUBY
rpomMancbkoi aymku. OJIHI KpaiHM BOpPOBAIKYIOTh IPOIPECHBHI 3aKOHM, IHII -
3aMpOBaKYIOTh XKOPCTKi 3a00pOHH, SIK (OPMY MPEBEHTUBHOTO 3aXHUCTY.

2) KynbTypHi Ta peniriiHi nepeKoHaHHs. Y OUIbII TPAIUIIAHUX 1 PETITIHHUX CYyCHIIBCTBAX
TIIOTh CyBOpIlIi OOMEXEHHs dYepe3 MopalibHi MipKyBaHHA. HaTromicTh ceKyisspu3oBaHi
KpaiHW IEMOHCTPYIOTh THYUYKIIINUN ITiIX1.

3) HaykoBuii norenmian. KpaiHu 3 po3BHHEHOI0 0i0MEIMYHOIO iHPPACTPYKTYPOIO 3a3BHYAil
J03BOJISIFOTh  TEPAalleBTMYHE KJIOHYBaHHA IiJi CYBOPUM KOHTPOJEM 33l MEIUYHUX
JOCTIKEHB 1 pO3pOOKH METO/IIB JIIKyBaHHS.

4) Crpax mnepen 310BXKUBaHHAMU. [loOOrOBaHHA IIOJO0 MOXKJIMBOIO KOMEPLIHHOIO YH
MOJIITHYHOTO BHKOPHUCTaHHS KIIOHIB 3MYIIYIOTh JAESKi KpaiHM MOBHICTIO, a00 YaCTKOBO
3a00pOHSATH KJIOHYBaHHS, K 3aM001KHUI €TUYHUN 3aXif.

3 ormsAgy Ha CTPIMKHHA PO3BUTOK OiOTEXHOJIOTiH, TOBHA 3a00pOHA PENpOAYKTUBHOTO
KJIOHYBaHHA MOXe OyTH THMYacoBOK0. Y MallOyTHbOMY MOXJIMBUH NepexiA 10 KOHTPOJIbOBAHOI
Jeraizamii 32 yMOBHY HAJISKHOTO €THYHOTO Ta MIPABOBOTO HATJIsy. MOXKIIMBI ClIeHapii BKITIOYAIOTh:

1) KnonyBaHHS 3a MEJMUHUMHM NOKa3aMHU. J[03BU1 y BUHATKOBUX BUIAAKaX — JJs O€3IUIITHUX
nap, abo micis BTpatu auTuHH. [Ipomemypa Mae OyTH CyBOpO periiaMeHTOBaHA Ta
IIPOXOJUTH €TUYHY €KCIIEPTU3Y.

2) KioHyBaHHS B 0OOMEXEHUX LEHTpPax MiJl MDKHAPOJIHUM KOHTpoJieM. [IpoBeneHHsT MOXnBe
JUIIE Yy CHeliaJi30BaHUX MEJUYHUX YCTAHOBAaX IiJ HArs0M MIKHApOIHUX CTPYKTYp
(BOO3, KOHECKO), 1o 3a6e3meunThb Mpo30picTh 1 3ar00iraTuMe 3JI0BXKUBAHHSIM.

3) Bgenenns xareropii «6iooco6a». ¥ MailOyTHbOMY MOke OyTH CTBOpEHA IpaBOBa KaTeropis
JUIS. KJIOHOBAHUX JIIOJIEH — 3 OKPEMHM CTaTyCOM 1 3aXHCTOM 0a30BHX IpaB, 13 BpaXyBaHHSAM
0CO0IMBOCTEN X MOXOKEHHS.

OckiIbKM HayKa HE Ma€ KOPJOHIB, a KIIOHYBaHHS JIIOJIMHU MOKe OyTH 37ilicHEeHE B Oyab-
AKiM KpaiHi, BUHUKa€ HarajbHa MoTpeda B CTBOPEHHI €MHOI IN100aTbHOI MPAaBOBOI CHCTEMH, IO
perymtoBaia 0 110 chepy Ha MIKHAPOJIHOMY PiBHI.

Taxuit MexaHi3M Mae:

1) Po3pi3HsaTH BuaM KJIOHYBaHHS. UiTKe po3MeXyBaHHS MK TE€PaNeBTUYHUM (JUIsI MEIUYHUX
JIOCIIJIKEHb) 1 PeNpOJYKTUBHUM (sIKe OTpedye CyBOpOro KOHTPOJIO, a00 3a00pOHU uepes
€TUYHI PU3UKH).

2) BwusnauaTu mpaBoBHii craTyc KjoHa. KiloHOBaHa Jr0/MHA Ma€ BU3HABATUCS MOBHOIIHHOIO
0c00010 3 yciMa 0a30BUMH NpaBaMU — HA KUTTS, CBOOOJY, TiHICTh 1 HEAOTOPKAHHICTb,
HE3aJIeKHO BiJl KpaiHU HApOJKEHHS.

3) T'apanTyBaTu 3aXWCT 1 PIBHICTh. 3amo0iraTH AUCKpUMIHAIT Ta €KCILTyaTarii KJIOHOBaHHUX
oci0, 30kpema, sIK 00'€KTIB TOCIIIKEeHb, A00 KOMEPLIHHOTO BUKOPHUCTAHHS.

4) IlepenbauaTu caHKLii 3a MOpPYHIEHHA. BCTaHOBUTHM OPUIMYHY BIJNOBIAANBHICT —
KpUMiHAJbHY, (iHaHCOBY, ab0 MONITHUYHY — 3a HE3aKOHHE YM HEETHYHE 3aCTOCYBaHHS
KJIOHYBaHHSI.

VY nepcrekTuBi MOXIIMBE CTBOpeHHs MiKHapOIHOro Kojekcy 6ioetuku, abo I'moGanbHOi
xapTii TeHHoi Oe3meku, 1O o00'eqHae OUIBIIICTh JEpKaB 1 CTaHE OCHOBOIO IS ETHYHOTO
CMIBICHYBaHHsI HayKH, IPaBa i JIOACHKHUX IIIHHOCTEH Y HOBY €M0Xy 010TE€XHOJIOTIH.

VMoBipHi crenapii posBHTKY kimonyBaHHA momman y 2050-2100 pokax. MaiiGyThe
KJIOHYBaHHA JIIOJUHHM 3ajJeXaTUMe Biag OajaHcy MK HayKOBHM IIPOTPECOM, IPaBOBUM
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pEryJloBaHHSAM Ta E€TUYHUMM OpIEHTUPAMU CYCHUIbCTBA. YMOBHO MOXHA BUOKPEMHUTH TpHU
MOXJIMBI CIIeHaPii PO3BUTKY MOJIIMH:

1) Io3utuBHUii cuenapiii: KioHyBaHHS 3aCTOCOBYETHCS BUKIIIOYHO B MEJMUHUX LIIAX - JUIS
pereHepailii opraHiB, CTBOPECHHsI NEPCOHANII30BAaHUX CTOBOYPOBUX KJIITHH Ta JIKYBaHHS BaKKHUX
3axBoproBaHb; Jli€ diTka, eTMYHAa W TyMaHHa IpaBoBa 0a3a, IO PErVIAMEHTYE BUKOPUCTAHHS
TEXHOJIOTI 1 TrapaHTye 3aXHMCT TIpaB YCiX CTOpiH; ICHYIOTh MIKHApOAHI Oprasizamii, sKi
3MIIACHIOIOTh HAYKOBY KOOPJMHALIII0, ETUYHUNA HATJIS] Ta TJI00ANbHUN MOHITOPUHT 010TEXHOJIOTIH.

2) HeratuBHmii cueHapiii: 3’SBISETbCS YOPHUN PHUHOK KIOHYBaHHS, JI€ TEXHOJOTIT
BUKOPHUCTOBYIOThCSI 0€3 KOHTPOJIO, IO MPHU3BOAUTH 10 TpyOMX MOpYLIEHb MpaB JIOAWHU;
ToranitTapHi peXUMH 3aCTOCOBYIOTh KJIIOHYBaHHS JUIsl CTBOPEHHSI KOHTPOJIbOBAHUX I'POMAJISH, a00
connariB; BuHHKae OiolloriyHa cerperaiis, KOJU KIOHOBaHWUX, a00 MoOau(iKOBaHUX OCi0
CIPUIMAIOTh, K «BHIIMX» UM «HWXKYMX» 33 3BUYAHUX JIOACH, L0 MOPOJUKYyE HOBI (opmu
JTUCKpPUMIHAIII.

3) Peamictuunuii cuenapiii: TepaneBTuuyHe KJIOHYBaHHS OyJe JeranizoBaHe B OULIBIIOCTI
KpaiH — 3 YITKUMH OOMEXEHHSMHU Ta HarsigoM y cdepi oxopoHH 370poB’s; PemponykTuBHE
KJIIOHYBAaHHS 3aJIUIIUTHCS O(DimiitHO 3a00poHEHNM, ajne HMOBIPHO 30epiraTUMEThCS B TIHBOBOMY
CEKTOPi KpaiH 13 HU3bKUM piBHEM KOHTPOII0; HaykoBuii mporpec BUmepemKaTuMe 3aKOHOIaBCTBO,
a CyCHUIbCTBO 3MYIIIeHE Oy/ie MOCTIHHO aJanTyBaTUCs, OaTaHCYIOUM MK 1HHOBaIlIIMU i €THKOIO.

[Iupoke 3acToCyBaHHS KJIOHYBaHHS, OCOOJIMBO PENPOIYKTHBHOTO, MOXE TNPHU3BECTH [0
pavKaIbHUX 3MIH y MIPaBoBiil 1 comianbHii chepax. CydyacHe 3aKOHOIABCTBO HE TOTOBE BiMOBICTH
Ha HOBI BUKJIMKH, CEpPeJI IKUX:

1) TlosBa HOBHMX mNpaBOBUX Kareropiil. 3’aBuTbcs morpeda y ¢GopMyItoBaHHI MpaB, IO
BPaxoBYIOTh 0cOONMMBOCTI KioHyBaHHs: 1. [IpaBo Ha reHeTW4Hy iI€HTHYHICTH (3a00poHa
KIIOHYBaHHA Oe3 3roau, abo micnst cMepTi ocobw); 2. [IpaBo Ha mpHUBATHICTH (3aXUCT
1H(popMalii mpo noxokeHHs); 3. 3a00poHa AUCKpUMIHALI 3a (PAKTOM KIIOHYBaHHS.

2) Ilepernan ropUIUYHUX MOHATH. [IOHATTA OaTbKIBCTBA, CHAJKyBaHHS Ta TPOMAJISHCTBA
MOXYTh ToTpeOyBaTu mepeocMuciieHHs. [locTaioTh MUTAaHHSA: XTO € OarbKamMH KIIOHA -
JIOHOp 4M BHXoBaTenb? SIK 0)OPMUTH CHAJO0K MK T€HETUYHHMH KOMISIMU B pi3HI enoxu?
Ske rpoMaITHCTBO MaTUME 0c00a, CTBOPEHA B TPAHCKOPIOHHOMY KOHTEKCT1?

3) IlepeocMuCieHHsl YHIKQJIBHOCTI OCOOMCTOCTI Ta poii Hayku. KIIOHYBaHHS CTaBUTbH IIiJ
CYMHIB 1JIe}0 HENOBTOPHOi ocobuctocTi. CycHniibCTBY JOBENETHCS BH3HAUUTU MEXI
HAyKOBOi1 cBOOO/M Ta BIAMOBIAAIBHOCTI, 00 YHUKHYTH BTPAaTH MOPAIbHOTO aBTOPUTETY
HayKH i IPUHM)KEHHS 3HaYYIOCTI JOACHKOI TTHOCTI.

BucHoBok. MaiiOyTHe KJIOHYBaHHS JIIOJUHU — 11€ HE JIUIIIE TEXHIYHE Y4 HAyKOBE MHUTAHHS,
a rio0aabHUN BUKIIMK TSI BCHOTO JIFOJICTBA. BOHO BUMarae He nuiie 010TEXHOJIOTIYHO1 3pUIOCTI, a
i TIMOOKOro eTHYHOro, MpaBoBOro Ta ¢inocodcerkoro ocmucienHs. Y XXI cromitrti came B mii
cdepl BUPIITYBaTUMETHCS JIOJISI TAKUX IIIHHOCTEH, K T1IHICTh, aBTOHOMISI, CBO00/1a Ta YHIKAJIBbHICTh
ocobucTocTi. B 610TeXHOMOTIT B3Ke TOCITIN 3HAYHOTO MPOrpecy — Bij KJIOHYBaHHS BiBIll Jlommi 10
CTBOpPEHHSI T€HEeTHYHMUX Komii mnpumariB. Lle 3acBimumiio peanbHICTh KIOHYBAHHS JIOAMHU U
CIPUYMHUIIO TJI00abHI €THYHI i 1paBoBi nebatu. binbiiicTe KpaiH 3a00pOHSIOTh PENPOYKTHBHE
KIIOHYBaHHS, TOMi, SK TEpAreBTUYHE YAaCTKOBO [O3BOJICHE, aje MIKHAPOJHE 3aKOHOJABCTBO
3aJIMIIAETHCA HECUCTEMHUM. Uepe3 BIJICYTHICTh €IMHOI MPaBOBOi MO3MIIIi ICHYE€ PU3UK TOTO, IIO
KJIOHYBaHHS OIMHUTHCS B «Cipili 30HI» 0e3 KOHTpoito Ta rapanTii. lle mocmmroe moTpely y
CTBOPEHHI MDKHApPOJHOTO MEXaHi3My, sSKHi OM peryiioBaB cdepy KIOHYBaHHS Ha OCHOBI
ryMaHi3My, NpaBa 1 Haykd. UM cTaHe KJIOHYBaHHS IHCTPYMEHTOM JOIOMOTH — YW 3arpo300 IS
CYCHUIbCTBA — 3aJIeKUTh BiJ HAIIOI 3JaTHOCTI AIATH BiAMOBiNanbHO. MailOyTHe O10TEXHOJIOTIH
TICHO TIOB’sI3aHE 3 THM, SIK MU MIEPEOCMHUCIMMO CaMy CYTb JIFOJISTHOCTI B 100y HayKOBHUX ITPOPHUBIB.
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EKCI'YMALIA SIK ETAII CYJOBO-MEJIUYHOI ITEHTU®IKAILIII:
CYUYACHI JHK-TEXHOJIOT'II
Hamionanbuuii papmanieBTHYHUN YHIBEPCUTET, XapKiB, YKpaiHa
Kadenpa kiminiuHOT 1a60paTOPHOT AIarHOCTUKH, MiKp0Oi010Tii Ta 610JI0T1YHOT XiMii
€srenis KOMICCAPOBA
KepiBHuk: 0. 6ionoe. 1, npogh. 3aknady euwoi oceimu, 3a8. kagheopu KAiHiuHOI 1a60pamopHoi
diacHocmuku, mikpobionozii ma 6ionoziunoi ximii Bipa KPABYEHKO

CynoBo-mennune JIHK-tumyBaHHS mepeBepIIMIO BCi 1HINI BilOMi KpUMiHATICTHYHI
Meroau. IlounHaroum 3 MeToay, SIKM BHUMaraB JIOCHUTh BelMKoi KimbkocTi sikicHoi JIHK, Oys
TPYJOMICTKHM 1 CKIIQIHHM IPOIIECOM, LI TEXHOJIOTiS, SKil TPOXW OUIbIIE HIXK TPUIISATH POKIB,
MpOMIIUIAa 3HAYHUH HUISIX PO3BUTKY, 00 MOJO0JATH 111 MPOOIIEMHU.

JHK mpucytHs B ycix Oi0JOTiYHMX MaTepianax, BOHa Iy>K€ MOBUIBHO JETrpaay€e€ HaBiTh
micas cmepti kuBuX ictoT. Lls gerpamoBana JIHK 306epiraerbcs B MepTBOMY Ta OTPUMAaHOMY
[UITXOM BUKOITYBaHHHS Ol0JIOTIYHOMY MaTepianmi, i Moke OyTH BHWAUICHa Ta MpPOaHATi30BaHA.
Taxkmit Tin JIHK HasuBaroTh 3actapimoro ab6o paBHimHbO JIHK (ancient DNA, aDNA).
[TepeBaxkno aDNA OTpUMYIOTH 13 apXeOJOTIYHUX, aHTPOMOJIOTIYHUX, MAJICOHTOJIOTIYHUX 3Pa3KiB,
My3eHHUX eKCIOHATIB Ta KJiHIYHOro Matepiany. Bik aDNA Bapitoetscs Big 100 pokiB, a iHOAl i
MmeHme. Texnomorii anamizy moxaioHoi JIHK MokHa 3acrocoByBaTH B €BOJIOIiiHIN Oiojorii,
aHTPOMOJIOrii, MEAMIIMHI, CUIbCHKOMY TOCIOJApPCTBl, BHUBYEHHI XBOPOO CyYacHHUX HAIIAKIB,
BCTAaHOBJIIOIOYM TPSMHUI TEHETHYHUH 3B’S30K MK MEPTBUMH Ta >XMBUMH OCOOMHaMH, NpHU
BH3HAYCHHI cTaTi, i1eHTru(diKkaii TBaprH a00 POCIIMH, aHaJli31 POJMHHUX 3B’ SI3KiB, MPAaBOOXOPOHHIM
JISUTBHOCTI Ta HaBITh Yy BU3HAYEHHI MITpAIlifHAX NUIAXIB JIOACHKUX HOMyJsii. Uepe3 TpuBanmii
po3BuTOK TexHoJorii ananiz a/lHK crama 1ocToBipHUM Ta BiITBOPIOBAaHUM HAayKOBUM HAIMPSMOM,
SKUN  BIJHOBJIIOE TE€HETUYHY 1H(GOpMalil0 3 TAJICOHTOJOTIYHHUX, AHTPONOJIOTIYHUX Ta
apXeoJIOTIYHUX 3HAX1I0K, H03BOJISIOYM BUBUATH T€HETHYHI 3B A3KM MK MUHYIUMHU Ta Cy4aCHUMU
opraHizMamu.

Pone JIHK y BusiBIeHHs a00 yCyHEHH1 HiJI03pIOBAaHOIO y BYMHEHHI KPUMIHAJIBHOTO
MPABONIOPYIICHHS CTa€ BKIMBUM KPUMIHATICTUYHUM IHCTPYMEHTOM 3 HOBHMH JOCSTHEHHSIMHU B
fioro TexHosorii. ¥ 1987 poui IHK Oyno m03BoJIeHO SIK IOPUIMYHUM JIOKa3 y CyJOBiM cuctemi
Cnonyuenux ItariB Amepuxu. JIHK sik moka3 Ha MicCIli 37104MHY MOXKe OyTH BUIUICHA 31 CIIMHH,
TKaHUHH, KpoBi, Bostoccs abo ciepmu. JIHK Takox € iHCTpyMEHTOM po3ciiyBaHHs Ul BUPILICHHS
npobnemMu ineHTudikaimii okpemux ocibd. Jleski 3 mxepen, ski mictate JJHK sax mokas, € Takumu:
KHUIUMHU (aHaNi3yloThes Ha HasBHICTH OionmoriuHoi JIHK), aBTOMOO17TI Ta aBTOMOOLNBHI CHAIHHA
(BUKpa/ieHHs, 3TBAJITYBaHHs TOIIO), 30pos (Ha HAsBHICTh KPOBI y CIpaBax IpO Hamaau, MOOUTTH,
BOMBCcTBa TomIO), B3yTTa (Ha HasBHicTh JIHK), omsar (Ha HasBuicte JIHK y Bcix Bumax ogsry),
B3YTTA (Maibke y BCIX BHUINAJAKax), HEIOMaJKHU, Bosioccsl (MOOUTTSA, 30poitHI morpaldyBaHHS,
CeKCyallbHEe HACHJILCTBO Ta BOMBCTBA), KiCTKH (iAeHTU(IKAIliS 3HUKINX OE3BICTH, 3HUKIUX JITEH,
KEPTB BIMHM, PEKOHCTPYKIIS TIJI Ta MAacOBUX KaTacTpod, TakuX sK aBlakaractpodu), 3yoOu
(imenTu(ikarmis 3HUKIUX OE3BICTU JIOACH, 3HHKIUX MAITeH, KEPTB BiHU, PEKOHCTPYKIIS Tl i
MacoBHX KaTacTpod, TaKUX SIK aBiakaTacTpo(u), HIrTI (CEKCyallbHEe HaCUJIbCTBO, 3TBAITYBaHHS a00
BOMBCTBA), IUISIMU KPOBI (CEeKCyajbHE HAaCHJILCTBO, 3IBAJTYBaHHS a00 BOMBCTBA), IUISIMU CIIEPMHU
(cekcyanbHe HACHJIBCTBO, 3IBaITyBaHHA a0o BOMBCTBa), BariHaJbHI BUAUIEHHS (CeKCyajibHE
HACWJIbCTBO, 3TBaJITyBaHHs a00 BOMBCTBA), KyBaJlbHAa T'yMKa (CJHHA), Jie3a JUIS TOJNIHHSA (3HUKII
0e3BICTH [JITH, 3HUKJI O€3BICTH KIHKH 1 T.1.), Macku (ciuHa) 1 T.A. ), MackH (CiIMHA Ta BOJOCCH,
norpaOyBaHHsl OaHKIB, BHUKPaJCHHS aBTOMOOLIIB, 3IBaJTyBaHHS a00 KOJM IMIJI03pIOBaHUNA Xoue
MIPUXOBATH CBOIO 0c00Y), Kemku (Bojioccs), 3yOHI IIITKU (CIMHA), MapKH Ta KOHBEPTH (CIMHA),
CepeXKH, BHJIUICHHS 3 HOCa, BYIIHA CipKa, TOJWHHUKMA, KAaBOBI 4YalllK¥, OaHKU 3-TiJ
0€3aJIKOrOJIbHUX HAIlOiB, MUBHI IUISAIIKKA TOIIO, COPOUYKH (001acTh MHI A TOTY), 3yOOUHCTKH,
OKYJIsIpu (HOCOBa YacTHHA 1 TUJIbHA CTOPOHA PYK), CIIYXOBi amapartu, Mpe3epBaTHBH, IISIMU CIMHU
(iuctu 3 morpo3amMu abo B3SATTA Ha ceOe BIAMOBINAIBLHOCTI 3a TMEBHI 3JIOYMHU B JIUCTI), TIEPCHI,
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Opacnetu, TenedoHH, MOOUIBbHI TelePOHH, KOMI'IOTEPHI KJaBiaTypH, KEPMO 1 MaHesl NMpUIaiB,
BHJICTIKH 1 JIOXKKH, KICTOYKH BiJ (PiHIKIB 1 KICTOUKH BiJl MAaHTO, CITYCKOBI MEXaHI3MH 1 Mara3uH# 10
30poi. [Tpunanumn Jlokapa crBepmkye: «CKpi3b, Ie € KOHTAKT MiXK JBOMa 00’ €KTaMH, BiIOYBaETHCS
repeaada Matepiaiay Mk HUMH.

Kinepkicts JJHK y crapux ckeneTHHX pemTkax Ta ii SKICTh 3aJeKUTh BiJ 30epe:KeHOCTI
TKaHWH, Kl MICIs CMEPTI MIJAAI0ThCA BIUIMBY Pi3HUX (PAKTOPIB HABKOJMIIHBOTO CEpeIoBHUINA. Y
KUBIH KIITUHI TIpo BigHOBIEeHHS nomkopkeHoi JJIHK nbatote crienianpai Mmexanizmu. [licnst cmepri
opranizmy Mexanizmu penapamii JJHK He ¢yHKIIOHYIOTH, OCKIIBKH TOPYIIYETHCS KIIITUHHHMA
Oamanc. Yepe3 BmimB OakTepidi, rpuOkiB Ta Hykiea3 mnomkomkeHHs JHK mnpomoBxyoTh
BiI0yBaTHCA, 110 MPU3BOAUTH O BWXKHMBaHHS Iyxke ¢parmeHtoBanoi JJHK. Posyminns ckiany
KicTOK 1 3y0iB Ta mpomecy ix aerpagamii € kio4oBuM ¢akTtopoM y Bu3HaueHHi Bmicty JHK i
BiJIirpae BaKJIMBY POJIb y BUOOPI BIAMOBIIHKUX 3pa3KiB Jj1si oTpuManHs enporenHoi JJHK.

3yOuM aHAaTOMIYHO MOJUISIOTHCS HA KOPOHKY, IIMHKY Ta KOpiHb. 30BHIIIHIN MIap KOPOHKH
BKPUTHI €MaJlIIO, sIKa MaiKe MOBHICTIO Ma€e MiHEepaIbHE TTOXOMKEHHS 1 HE MICTUTh KiTHH. KopiHb
3y0a BKpPUTHU IIEMEHTOM — MIiHEpPaTi30BaHOI TKAHHWHOIO, IO CKIAMAETHCA 3 TiIPOKCHAIMATHUTY,
KoJareHy Ta I1HIIMX HekonareHoBuX OunkiB. Ha kimbkicte Buminenoi JJHK i 11 sAKicTh Takox
BIUTMBAIOTH CTOMATOJIOTIYHI MATOJIOTi, CTOMATONOTIYHI MPOLUEaYpH, Ki OyIu MpOBeNeHi, CKUTbKU
yacy NMpOWIIO 3 MOMEHTY BHJaleHHs 3y0a no momeHty BuaiieHHs JIHK i Bik moHopa. 3yOHa
nyinbia € xopomuM prepenom JTHK. Kinekicts JIHK 3amexuts Bix 00'eMy mylblu Ta TUIY 3y0a.
3y0u 3 OLIBIIOIO MYJIBIIOO 1 6araTrokopeHeBi 3you € Halikpammm pxepenoM JJHK, ockinbku BoHM
MICTATh 0araTo KJIITHH IYJIBIW 1 MAIOTh OUTBIIE IIEMEHTY TOPIBHSHO 3 OJIHOKOPCHEBUMH 3yOamH.
3riiHO 3 peKOMEHAALIsIMHA, MOJIAPU MICTATH HaiOnbe JIHK 1 Halikpalue migxoAsTs AJs aHalizy
JHK, 3a aumu #imyTe npemonsipu. Haiikpamii 3y6u s Buginenss JIHK: B nepury uepry momsipw,
MpEeMOoJIsIpy, 1KJIa Ta pi3li, AKI HE MPOXOIHMINM EHIOJOHTUYHOTO JIIKYBaHHS, a IMOTIM MOJSIPH,
MIPEMOJISIPH, 1KJ1a Ta Pi3L, SIKI MPONUIIUIN JTIKYBaHHS.

OriHKa NpUAATHOCTI KICTOK 1 3y0iB A/ TEHETUYHOI'O aHaJI3y € CKJIAJHOIO0, a JOCTIKEHHS €
JIOPOTUMH 1 4acTO HEBJAIMMU. TOMy OCTaHHI JOCIHIIKEHHS 30CEpPEIKEHl Ha IMOIIYKY HaiOLIbII
NpPUJATHUX €NEMEHTIB CKejlera, sKi O go3BomwiM oTpumaru ao6pe 36epexeny JHK s
TeHEeTUYHOTO THITyBaHHA. Kibka MOCIIKEeHh BHUKOPUCTAHHS CKEJIETHUX PEIITOK IS SIepHOTO
JUHK-TunyBaHHs BU3HAUMIIM, IO HaMKpalll pe3yabTaTd AaroTh 3yOM, 32 HUMH MIyTh CTETHOBI Ta
BEJIMKOTOMUIKOBI KICTKH. LIi KICTKM He 3aBXAM JOCTYIIHI /i1l BUKOPUCTAHHS IPU B1AOOP1 3pa3KiB 1
TeHETUYHOMY TECTYBaHHI. Y JOCIIJDKEHHI 3 ineHTu¢ikauii xxepts Hanaay Ha World Trade Center
npu Ttepakti 11 Bepecus JHK Bumyuanu 3 apiOHMX KICTOK, BKJIIOUAIOYM KOJIIHHY YallE€uKy,
(anaHru CTOMM 1 MIECHOBI KICTKU; BOHM JAJId TTOKa3HUKHU, SKI MOKHA TIOPIBHATHU 31 CTETHOBUMHU 1
BEJIMKOTOMUIKOBUMH KicTkamu. He3Bakaiounm Ha MOIIMpEHE MEepPEeKOHAHHs, 10 LIUIbHA KICTKa
mictuth JIHK, sika kpame 30epiraeThbesi, HiXK ry0dacta, Kilbka JOCHIJHUKIB TMOBIAOMUIH, IO
3a3BMYaidl ITHOpPOBaH1 JpiOHI CKEJIETHI eJIEeMEHTH CTON 1 KHUCTeH BUSBUIUCSA HAaBITH OLIBII
KOPUCHUMHM, HDK JOBI1 KICTKH, IO HECYTh Bary. 3okpema, nociiaHnuku Mundorff ta Davoren y
2014 p. BusIBUIM, IO TUIECHOBI KICTKH, IT’SICTKOBI KICTKH, (haJlaHTH TaJIbIIIB, & TAKOXK HAJIKOJIHKH
Jy’Ke CXO0i ad0 HaBiTh Kpallli 32 CTETHOBI Ta BEIMKOTOMINTKOBI KicTku 3a JIHK, siIky BOHU JalOTh.
3pa3kl TakWX KICTOK JIETKO B3ATH 3a JIONOMOTOIO OJHOPA30BOTO CKAJBIENS, THM CaMUM
3MeHIIyoun noreHuine 3abpyauenns JJHK. HemonaBHi gocnimpkenHs 3y0iB MOKa3yroThb, 110 IS
TeHETUYHOTO TUITYBAaHHS CKEJIETHUX PELITOK HalJOLUIbHIIIE BIAOUPATH 3pa3Ku 3yOHOTO IIEMEHTY B
JUISHII KOpeHs 3y0a, a He 1iux 3y0iB. 11{o6 BUKIIOUNTH BIUIMB TahOHOMIUHUX MHUTaHb (1HTEpBaJ
MICHsT CMEPTI Ta CepelioBHILE, B SIKOMY IepeOyBaiu OCTaHKH), Oyjo mociikeHo 213 KICTOk 3
OJTHOTO MacoBOTO IOXOBaHHs yaciB Jlpyroi cBiTOBOi BiliHHM, 1100 MEPEKOHATHUCS, IO CKEJIEeTH
PO3KITaaUCs TPOTITOM OJHAKOBOI TPHUBAJOCTI Ta B OAHAKOBHX YMOBax. 3 KOXKHOI KiCTKH OyIo
BuirydeHo /IHK 3 kommakTHoro niagizy ta 3 ryouactux emidiziB. CTaTUCTHUHUI aHaNi3 MOKa3aB,
o Buxia JAHK cyTreBo Binmpi3HsIBCsA B eKcTpakTax 3 miadily 1 eKCTpakTax, OTpUMaHuX 3 emidi3iB
TUX CaMHMX KICTOK y II’CTKOBHX 1 IUIECHOBHUX KicTkax. bimbma piznuns y Buxoai JIHK wmix
miadizom 1 emidizom Oyrna BUSBICHA B IT’SICTKOBHUX KICTKaxX IIOPIBHAHO 3 IUIECHOBUMH. B
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cepenHboMYy 3 ermidi3iB IIECHOBUX KIiCTOK Oys10 orpuMano B 12 pasiB 6uibiie JIHK, Hix 3 miadisis,
1 B 26 paziB OutbIe 3 emidi3iB MJICCHOBUX KICTOK, HIX 3 AiadiziB. byao Bu3HaueHO, 1110 HAWKpaIuM
MiclleM JiIsi BiOOpY 3pa3KiB 3CepeIyHU TUIECHOBHX 1 I’SICTKOBHX KiCTOK 4YaciB [[pyroi cBiToBOi
BiifHU € ry6uacTi enidizu (1aHi me He omyOJiKoBaHi).

HIkignmuBuid BIJIMB Pi3HUX (PaKTOPIB HABKOJMUIIHBOTO CEPEIOBHINA BIUIMBAE HA MOMIIUBICTh
oTpuMmaHHs He3abpyaHeHoi iHTakTHOI JIHK 3 KicTOk, TOMy nayXe BaKJIMBO BXXHUTH HAJCKHUX
3ax0JiB, MO0 TrapaHTyBaTH OTPHUMAaHHS MaKCHMalbHO MojauBoro Buxoay JIHK mpu ananmisi
CKEJIETHUX PEITOK y moraHomy craHi. Merton ekcrpakimii JIHK, skuii BUKOPHUCTOBYETHCS, €
KIIIOYOBUM JJIsi KiTbKOCTi Ta sikocTi otpuMmanoi JIHK i mae Benukuid BB Ha ycmix STR-
tummyBaHHsa. OnTUMi3allis METOIIB eKCTpakilii HeoOxiaHa st orpuMmanns JIHK 31 ctapux ckeneris.
Bucokoe(hekTuBHI METOOM EKCTPaKiii € OCHOBOIO Ui BUBYEHHS Ta OTPUMAaHHS OyIb-SKHX
TeHETUYHUX JaHMUX 31 CTapUX KICTOK Y CYJOBO-MEIMYHHUX TOCHIPKeHHAX. OCTaHHI TOCIITKEHHS
MOKAa3yIOTh, 110 ITOBHA JEMiHEpaJIi3allis € ONTUMATbHIM MeTotoM Juts BurydeHHs JIHK 31 crapux
KICTOK, OCKUIbKHM TIOBHA JIeMiHepai3allisd 3HauHO 301JIbIIY€ YaCTKy MOBHUX MPO(INiB, a e KOPEIoe
3 kpamnioro skictio JTHK.

JIHK, oTpumana 31 CTapux CKEJETIB, B CEPEAHHOMY 3MEHIIYETHCS JO HEBEIUKOTO PO3MIpY,
3a3Buuail Bix 100 mo 500 m.H., a OCHOBH 3MIHIOIOTHCS Yepe3 MOJEKYJISPHI IMOIIKOKEHHS.
[NapomiTHyHI Ta OKUCTIOBAJIbHI 3MIHM € HAHO1IbIII KMOBIpHUMH NTpuYrHaMK nomkokenHs JJHK 3
wMHOM 4Yacy. OKHCTIOBANbHI 3MiHH TPU3BOAATH 10 MOAUQIKaIii OCHOB, TOJI SK MOUIKOJKECHHS
BHACJI/IOK T1APOJITHYHUX 3MIH CIIPUYMHSIOTH J€3aMiHYBaHHS OCHOB, a TAaKOX JEMIPUMIIUHYBaHHS
Ta nenypuHyBaHHSI. OOHIBA 1i MEXaHI3MU 3MEHIIYIOTh PO3MIp 1 KUIBKICTh ()parMeHTIB, SIKi MOXe
ammutiikyBatu [IJIP. 3nanHs uux mporeciB Ta ixuporo BBy Ha JIHK momomarae mocmigHukam
BUKOPUCTOBYBATH BiJMOBIIHI aHAi3¥ (HAILLJICHI HA KOPOTKI amrutikonu) jist otpumanns JIHK 3i
ckeneriB. BusHaueHHs ctaTi Oyio MepIiuM IOCIIHKEHHSM, MPOBEJICHUM Ha CKEJIETHUX pEIITKaX.
Panime Ttectn mitoxonapiaabHoi JIHK peryisipHO BHKOpHUCTOBYBAJUCS [UIsl CyJ0BO-MEIWYHOL
ineHTudikamii crapux ckeneTHux. AyrtocomHa snepHa JIHK 3a3Buuail BUKOpPHCTOBY€TBHCS IS
11eHTUdiKalii 3HUKINX O€3BICTH, OCKUIBKM BOHA € CIEUU(IUHOI A OKPEMHX OcCi0 3aBasKu
pexoMOiHanii 1 Hajmae iHpopMmalio Hpo cHopiiHeHicTb 000x OarpkiB. B ayrocomuiit JIHK
nociikyroTh STR a6o SNP, ockibku IXHSI BUCOKA AUCKPUMIHAIIIIHA 3JaTHICTh JO3BOJISIE HAMIIHO
inenTudikyBatu ocoOy. bamsbki poauui € HaOLIBII NpUIATHUMH AJs aHajizy ayrocoMHux STR
abo SNP.

CynoBo-mennune JIHK-tumyBaHHS € Hag3BUYallHO BaXJIMBUM IHCTPYMEHTOM IS
ieHTUdiKanii MOJerauX miJ vac 30pOoMHMX KOH(QUIIKTIB, OCOOJIMBO B YMOBax pOCIHCHKO-
yKpaiHChKOi BiliHM, sika TpuBae 3 2014 poky, a 3 mouyaTKy NMOBHOMAcIITaOHOro BTOPrHeHHs 24
motoro 2022 poky mpu3Bena 10 TUCAY 3arudiaux. Y 0araTboxX BHUIIaIKaX 0coOOM HE MOXYThb OyTH
BCTaHOBJICHI Yepe3 CHIIbHE YIIKOKEHHs Til1 a00 MacoBi 3aXOpOHEHHs, ToMy aHani3 naBHboi JJHK
(a/IHK) cTae ki1rouoBUM METOAOM JI1 OTpUMaHHS reHeTH4Ho1 iHpopMmarii. Hail0inpin npuaatHuMu
mxepenamu [IHK B ckeneTHUX pemTkax € 3yOu, 0COOIUBO MOJIAPH Ta MPEMOJIIPH, a TAKOXK KICTKH,
cepell SKUX CTETHOBI, BEJIMKOTOMIJIKOBI, TUIECHOBI, I SICTKOBi, (paJlaHTW TalbI[IB 1 HAIKOJIIHKH.
OntumansauM MetogoM ekctpakiii JIHK 31 crapux KICTOK € MOBHa JAeMiHepaiizallis, ska
3abe3mnevye HalBHIY SKICTh MaTepiany s nogainsinoro STR- a6o SNP-tumyBanns. 11 rexnomnorii
JI03BOJISIFOTh HE JIMILIE TOYHO 1IeHTU(IKyBaTH 0co0y, aje i BCTAHOBUTH POJIMHHI 3B’A3KH, IO Ma€e
BEJIMKE 3HA4YeHHs JUIsl MOBEPHEHHS IMEH 3aruOiuM, OKyMEHTYBaHHS BIMCHKOBHX 3JIOYMHIB Ta
MIPaBOBOTO CYNPOBOJY TMPOLECIB MDKHAPOJHOTO cyaounHcTBa. Cepel BIIOMHX MAacoOBHUX
3aXOpOHEHb, 3HAMIEHNX HAa OKYNOBAHMX 1 3BUIBHEHUX TepuTopisx Ykpainu 3 2022 poky, — byua,
I3toM, Mapiynons, JIluman, XepcoHcbka o6nacts, Byraenap, ['ony0iBka Ta iHII, € TPOBOAATHCS
eKcryMallli Ta HayKOBO OOIPYHTOBaHa 1I€HTH(IKaLlIs KEPTB.
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POJIb IIVIP B AIATHOCTULI I'EJIBMIHTO3IB
HamionansHuii (hapMalieBTHUYHUNA YHIBEpCUTET, XapKiB, YKpaiHa
Kadenpa kiminiuHOT 1Ta00OPATOPHOI JIarHOCTHKH, MiKpOOioJorii Ta 610J10T14HOT XiMii
Haraxis MAJIALIEHKO
KepiBHUK: 0. med. H, npog. 3axnady suwoi oceimu Hamanis @IJIIMOHOBA

l'enpMiHTO3M — 1€ Tpymna Napa3uTapHUX 3aXBOPIOBaHb, CHPUYMHEHHX TeIbMIHTAMH
(mapa3sUTUYHUMH YepBaMHU), SKi Bpa)kaloTh JIIOJMHY, TBApUH 1 pociuHU. 3a JaHUMH BcecBiTHBOI
opranizanii oxoponu 370poB’ss (BOO3), Omu3zpko 2 MinbspAiB Jtojaed y cBiTi iH(]ikoBaHi
reJIbMiHTaMU, 10 POOHTH iX OJHUMH 3 HAHMOIMMPEHIUX 1HQEKIIMHUX 3aXBOPIOBaHb. TpaauiiiHi
METOAM MAIarHOCTHKH, TakKi SK MIKPOCKOMIS Kally UM CEpOJIOTIYHI TECTH, MalOTh OOMEKEHHS,
30KpeMa HHM3bKY YYTJWBICTh 1 TPYMHOII 3 BHUSBJICHHSAM Iapa3dTIiB HAa paHHIX CTalisgX. Y IIbOMY
KOHTEKCTI mosiMepasHa janmorosa peakuis ([IJIP) crama «30710TUM cTaHIapTOM» y MiarHOCTHILI
reJIbMIHTO31B 3aB/SIKU CBOil BUCOKIN Uy TJIMBOCTI, CIEU(IYHOCTI Ta MIBUIKOCTI.

[TomiMepa3Hna maHmOroBa peakiis, po3podnena Kepi Mromicom y 1983 pomi, €
MOJIEKYJISIPHUM METOJIOM, SIKUU 7103BoJIsie aMIuTiikyBaTh (MHOXUTH) cnerudiuni pparmentu JJHK
napasuta B OiosoriuHoMy wMarepiam. Jlo ocHoBHuUX eramiB npoBencHHs [LJIP BigHOCSATB:
JeHarypaiito: HarpiBanHs 3paszka 10 94-98°C s posainenHs JIHK Ha OJHOHMTKOBI JIAHIIIOTH;
aHeJHT: 0X0Jo/LKeHHs 10 50-65°C ms 3B’ a3yBaHHs npaiimepiB 31 cnenndivanmu ainsakamu JJHK
napasuTa; eloHrainito: cuare3 HoBux yaHioriB JIHK 3a nonmomororo Taq-nomnimepasu npu 72°C. i
UK TOBTOPIOIOThCS 20-40 pasiB, 110 J03BOJISE BHSABHTH HaBiTh MiHIManbHy KinbKicTh JJHK
napasuta. Y giarHoctuui reiabminTo3iB [1IJIP crpsimoBana Ha BUSIBIEHHS F€HETHUYHOTO MaTepiaiy
(AHK) sienb, TMUMHOK, WICHHUKIB UM MPOIYKTIB JTUHSIHHS TEJIEMIHTIB y O10JIOTIYHUX 3pa3Kax, TaKHX
SK KaJ, KpOB, ce4a, TKAHUHU 200 BUIIICHHS.

Meton ITJIP mae cBoi mepeBaru y MOpIBHSHHI 3 TpaJuLIHHUMH METOAAMM J1arHOCTUKH,
TaKUMHU SIK MIKpOCKOMis Kady 4u iMmyHopepmeHTHHH aHami3 (IPA): Bucoka uyrnusicts: I1JIP
3/1aTHA BUABIATH Kiibka Mosiekyn JJHK mapasuTa, 110 103BosIs€ AiarHOCTYBaTH 1H(EKII0 HaBITh 3a
HU3bKOI 1HTEHCHUBHOCTI 1HBa3ii; CHENU(IUYHICTh: BUKOPUCTAHHSA cHeUU(DIYHUX HpaiimepiB
3a0e3neyye TOYHE BU3HAYECHHS BHUJly TeJbMIHTA, IO BaXJIMBO JJIS AUQPEPEHLINHOI 1arHOCTUKU;
mBHUJKICTE: pe3yiabTatu [IJIP MoXHa OTpUMaTH HpPOTArOM KUIBKOX TOAMH, Ha BIAMIHY BiJ
MIKpOCKOMIi, fKa MOTpedye NOBTOPHMX MpoO 1 TPUBAJIOrO aHajii3y; MOXJIMBICTb PaHHbOI
niarHoctuku: I1JIP Bussnse JJHK napasuta 3 nepmoro aust iHiKyBaHHS, SKIIO B 3pa3Ky MPUCYTHIN
TEHEeTUYHHUI Martepial; YHIBEPCAJIBHICTh: METOJ[ JO3BOJIAE€ JOCHIIKYBAaTH pi3HI O10J0TI4HI
Matepianu (Kaji, KpoOB, TKaHWHM, BUAUICHHS), IO OCOOIWUBO BAXKIMBO MJIs A1aTHOCTUKH
M03aKUIIKOBUX T€IbMIHTO31B, A€ NI YU JIMUYMHKY HE BUAUIAIOTHCA 3 (peKalissMU Ta KOMIUIEKCHUN
nigxia: y nmadboparopisx [1JIP koMOiHyIOTh 13 MIKpPOCKOMI€TO, IO MiJBUIIY€E TOYHICTh J1aTHOCTUKH
3a paxyHOK aHaji3y KuUIbKoX mpo6. JlocmimpkeHHs miaTBepaxytoTs, mo [IJIP mnepesepurye
MIKpPOCKOIIIO 32 Yy TJIMBICTIO Ta CTIEHU(IUHICTIO, OCOOIMBO JAJIS A1arHOCTHKH KUIIKOBUX MApa3HTIB,
TaKuX SIK aCKapy/I1, BOJIOCOTOJIOBII, AHKITOCTOMH Ta CTPOHT1JIO1/IH.

3apnsku [1JIP migBuilyeThcsl MIaHC BUSBJICHHS IIMPOKOTO CIIEKTpa I'elbMIHTIB, 30KpeMa:
KHUIIIKOBl TENbMIHTH: ackapuau (Ascaris lumbricoides), BomocoronoBui (7Trichuris trichiura),
ankinocromu (Ancylostoma duodenale), crponrinoinu (Strongyloides stercoralis), TkaHWHHI
renpMminTH: Tpuxinemu (Trichinella spiralis), Tokcokapu (Toxocara spp.), exinokoku (Echinococcus
spp.), onictopxu (Opisthorchis spp.); Iami mapazutu: muctocomu (Schistosoma spp.), TUCTULIEPKU
(Taenia solium).

HesBakatoun Ha neski oomexeHHs [1JIP-miarnHocTuku (BapTicTh, BUMOTH A0 OOJIa HAHHS,
PHU3UK OTpUMaHHS XMOHOHEraTUBHUX Pe3yJIbTaTIB), el Mmetox no3Bossie BusBisaTi JJHK napasuris
y pi3HHX Oiomarepianax, II0 POOUTH HOro He3aMiHHUM JJsl JIarHOCTUKU SK KHIIKOBHX, TakK 1
MO3aKUIITKOBUX ()OPM TeIbMIHTO31B.

BucnoBok. I1JIP € peBomtoniiiHuM METOIOM y JiarHOCTHUII T'eIbMIHTO31B, AKHi 3a0e3nedye
BHCOKY YYTJHWBICTh, CHEUU(PIYHICTh 1 MBHIAKICTH, IO 3aJHUIIAE HOTO «30JIOTUM CTaHIAPTOM
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JIarHOCTHKU y Cy4YacHIW Mapa3uToJoTii ¥ MiATBEPIKYyE, 1m0 OLIbIN mupoke 3actocyBanHs [1JIP
cnpusituMe e(heKTUBHIN O0pOTHO1 3 TEIBMIHTO3aMHU B YChOMY CBITI.

EKOJIOTTYHA JTHK
HamionansHuii papMarieBTHUHUN YHIBEPCUTET, M. XapKiB, YKpaiHa
Kadenpa kiinigaoi maboparopHoi [iarHOCTUKH, MIKp0OioIorii Ta 610J0TiYHOT XiMiT
Amnacracis CEPEJIA
KepiBHuK: 0. 6ion. H., npoghecop, 3asidysaura kageoporw Bipa KPABYEHKO

Beryn. IlocriiiHe 3MeHIIeHHS 010pi3HOMaHITTS 3eMJIl € Cepi03HOI0 KPU30I0 Ta BUKIMKOM JIs
21 cromitra. Yci 3axomu momo 30epekeHHS OlOpi3HOMAHITTSI B OCHOBHOMY 3aJIeKaTh Bif
MOHITOPUHTY BHJIB 1 TOMYNALINA Ui OTPUMAaHHS HAJIMHUX MOJEIEW pO3MONITY Ta OIIIHOK
YUCENBbHOCTI  MOMYJISIIi. Opnak  TpaauuiiiHI  METOAM  MOHITOPUHTY  3aJHIIAIOTHCA
MPOOJIEMATHYHUMU Yepe3 TPYAHOIII, MOB’s3aHI 3 MPABWIBHOIO IMEHTH(IKAIIEI BUIIB, TOCTIHHE
3HWKEHHS pPIBHA TAKCOHOMIYHOI €KCHEpTH3U Ta 1HBa3UBHUM XapakTep JAeSKUX METOJIB
nocimikeHHs. OrTxe, icHye TmoOTpeda B  ajNbTepPHATHBHUX Ta e()EKTUBHUX  METOJax
IIMPOKOMACIITAOHOTO MOHITOPUHTY O10p13HOMAHITTSL.

Mera pocaimkennsi. O3HaiiomyieHHs 3 TOHATTAM ekonorigyHoi JIHK, anamiz ocHoBHHX
MeToniB ii 30MpaHHS Ta JOCHIIKEHHS, BU3HAYCHHS IEPCIEKTHB 3aCTOCYBAaHHS Y MOHITOPHUHIY
CTaHy JTOBKUIIS Ta 30epekeHH] 010pi3HOMAHITTSL.

Marepiaiun Ta Meroau. B poOoTi mpoBeneHO aHai3 HAyKOBO-AOCHTIJIHUX MaTepialiB 3
BUKOPHUCTAHHAM iH(QOpMAIIITHUX IHTEpHET-pECypCiB Ta MyOikaniii paxoBUX BUAAHB.

PesyabraTu nocaimkenns. Exonoriuna JIHK (e/IHK) — nie renetnunmii marepian, oTpuMaHHii
0e3nocepeHbO 13 3pa3KiB HaBKOJMIIHBOIO cepeloBHIla Oe3 Oyab-KMX SIBHUX O3HAK BHXIJIHOTO
610JI0T1YHOrO Marepiany — € e(eKTUBHUM, HEIHBa3UBHUM 1 MPOCTUM y CTaHIAPTU3ALI] MiAX0A0M J10
Bioopy mpo0b. o eIJHK BimHOCsTBHCS cmimm kimituH, siki mictate JIHK: mikipa, Bomoccs:, ciuHa,
¢exanii abo iHmi Oiosmoriuni BuaineHHsa. Llg JIHK mnorpamisie y Bomy, IpyHT a0o MOBITps Ta
30epiraeThCst TaM MPOTATOM MEBHOIO 4acy. 3pa3ku QUIBTPYIOThC, 1 Ha QuibTpax 3anumaersest JJHK.
IToTimM mpoBOIATH Ta0OPATOPHUM aHasi3, BUKOPUCTOBYIOUH MOJTIMEPa3Hy JIAHIIOTOBY PEaKIlio, sIKUH
JI03BOJIIE BUSIBUTH NPUCYTHICTh KOHKPETHUX BHIIB 3a YHiKalnbHUMHU (parmentamu ix JIHK. V¥V
MIO€/IHAHHI 3 YyTJIMBOIO Ta €KOHOMIYHO e(eKTHBHOIO TexHojoriero cekBeHyBaHHsA JIHK — ne moxe
OyTH KaHIUAATOM JJIsi 3aBJIaHHS MOHITOPUHIY O10pI3HOMAHITTS. 3aBASIKH LIbOMY HAyKOBLI MOXYTb
34uTaTy iH(OpPMALiI0 MPO NPUCYTHICTh BUAIB Y KOHKPETHOMY CEPEIOBHILI 0e3 NpsSMOro KOHTAaKTy 3
OpraHizMamH, OLIIHUTH O10JI0T1UHY SIKICTh JIOCIIPKYBAaHUX PECYPCIB.

OnnuM 13 HalnommupeHimumx crnoco6iB BukopuctanHs e/lHK € B3sarrsa npo6 Bonu. B3sBimm
npoOy BOIM 3 IHA OKeaHy, MO)KHA, HAIIPUKJIIAJL, IaTH Oarary KapTHHY TOTO, IO KUBE B HEAOCTYITHHX
IMOMHAX, BUSBUBIIM TNPUCYTHICTh TIIMOOKOBOJHMX KHTIB, puO abo pakomoniOHux. IcHyroTh
CTIIOCOOM B3SITH 3pa3KH TOBITPS, SIKKM MU JIMXA€MO, a MOTIM KOHJCHCYBaTH WOTO JJISl BUITYYCHHS
Oynpb-sxoi JIHK, sika B HboMy MiCTUTBCSL.

[Ipaktnune BuxopucranHs wmeroay eJIHK y pisHux kpaiHax A03BOJsie OIIHUTH Horo
YHIBEpPCAJIBHICTh Ta HAyKOBY I[IHHICTh. Y HaBEIEGHUX HW)KYE IOCTIKEHHSX JEMOHCTPYETbCS
YCIHIIIHE 3aCTOCYBaHHS L1€1 METOIMKH ISl BUPILICHHS €KOJIOTTYHUX 3a/1ad.

VY 2016 poui Binuenno Banentuni Ta koneru Bukopucranu ¢/[HK nns BuBueHHs puOHOTrO
6iopizHoMaHITTA y CepeazeMHOMY MOpi. 3aBASKU IIbOMY AOCTIAHUKU 3MOIVIM BUSBUTU moHaza 30
BUJIIB puO 13 MPOO MOPCHKOI BOAM — 0€3 BUKOPUCTAHHS TPAJICHHS YH ITiJIBOJAHOTO BiJIEO.

Kpicrodep JI. dxepae y 2011 pomi 3actocyBanu meton ekojoriunoi JJHK mnst BusBnenus
MPUCYTHOCTI 1HBAa3MBHOTO BHAY — a3ilickkoro kopoma Hypophthalmichthys molitrix y piakoBUX
cucTeMax, 1o BnaaamTs y Benuki ozepa. ocnigauku BusiBuau ciian JIHK pubu HaBiTh Tam, ne ii
¢bi314YHO HE crocTepiraiy, o AOMOMOIJIO MIBH/IIIIE pearyBaTu Ha MOTEHIIIHY 3arpo3y.
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Xoua B Ykpaini meton ¢/IHK Tinmbku po3BuBaerbes, y 2021-2023 pokax 6iosnoru 3 [HcTUTYTY
rigpo6ionorii HAH VYkpainu npoBomuiau gocinimkeHHs BomoiM Kaprarcekoro periony. 3rigHo 3
JTaHuMHU 3BiTiB, BUKopuctanus ¢/{lHK nano 3mory BUSBUTH MOMyJIALiT €BPONIEHCHKOT PIYKOBOT BUIPH
Lutra lutra ta pinkicHuX BHIIB aM}i0il y BaXKKOAOCTYITHUX JIOKAIIISX.

Byeni TakoX QyMarOTh MpO Te, K IHOI TBapUHU MOIIM O (AaKTUYHO BUKOHYBAaTH POJIb
36upauiB JIHK. JlocnimkeHHs: BKe MMOKa3aiM, 10, OCKUIBKUA TyOKH (GiIBTPYIOTh BEIUYE3HI 00’ €eMH
BOJIM, BOHU TakoX BiAQineTpoBytoTh ¢pparment ¢/JHK, sxi moriMm MoxkHa cexBeHyBartu. B ogHOMY
JOCIIDKEHHI BAanocs ineHTudikyBaru 31 pisHU B, BKIFOYAIOYM ITIHTBIHIB 1 TIOJCHIB, B3SIBIIH
IIMAaTOYKHU T'YOKH.

BucnoBok. Pesynprarn migxoniB exonoriynoi JIHK marote miHHy iHOpMariito ajis BUBYESHHS
CTapOJIaBHBOTO  CEPENOBUINA Ta BUSBHUIUCS KOPHUCHHUMHU JJII MOHITOPUHTY Cy4YacCHOTO
O10pI3HOMAHITTS B Ha3€MHHMX 1 BOJHHMX €KOCHUCTEMaxX. ¥ MalOyTHbOMY OYIKY€THCS, IO ITiIXOMIH,
3acHoBani Ha eJI[HK, mepelinyTe Big OJHOMAapKEepHOTO aHami3y BHIIB a00 CHUIBHOT [0
METareHOMHHMX JOCTIKeHb UIJIUX EKOCHCTeM JUIsi TMPOTHO3YBAHHS IPOCTOPOBUX 1 YACOBHUX
MoJieNel O10pi3HOMAHITTSI.

JIEAAKI ACIEKTH PO3BUTK Y ®EHIJIKETOHYPIA YV IITEA
HamionanbHuii papmanieBTHYHAN YHIBEPCUTET, XapKiB, YKpaiHa
Kadenpa kiminiuHOT 1a00paTOPHOI AIarHOCTUKH, MiKp0Oi0JI0Tii Ta 610JI0T14HOT XiMii
Csitaana CIPOMOJIOT
KepiBHuk: x.¢papm.n., doyenm 3axnady suwgoi oceimu Jloo6oe I'AJIY3IHCHKA

Oeninkeronypis (PKY) € cmnagkoBo 00OyMOBIEHHUM MOpPYIICHHSIM OOMiIHY HE3aMiHHOI
amiHokucioTH (Qenunananiny (PA), 1m0 pO3BUBAIOTBCA B pe3yibTaTi JediuuTy (QepMeHTy
¢eninananin-4-rigpoxcunazu (PAH) abo ioro kodakropa TerparigpoOiontepiHa. 3a JaHUMHU
HEOHATaJIbHOTO CKPUHIHTY, IKUW MPOBOJIUTHCS B XapKIBCbKOMY MIXKOOJIACHOMY CIIEll1alli30BaHOMY
MEIUKO-TeHETUYHOMY IIEHTPi-LEeHTpl piakicHUX (opdanHuX) 3axBoproBanb (XMCMI'LI-LIP (O) 3),
yactoTta BusiBieHHd @KV B IliBHiuHO-CxinHOMY perioHi Ykpainu craHoBuTh 1:6600. HaiiOinbim
qyacTo 3ycTpidaroTbes kiaacuuHi popmu DKV, mpu skux gierorepamis € €JUHUM e(PEKTUBHUM
MeTOoJIOM JiKyBaHHs. Ha yacTky «arunoBux» (opm 3axBoproBaHHs Bumajgae 1-3% Bumajakis, ane,
HaBiTh y MAallI€HTIB, IKUM IMPOBOJIMIN TEPAIiI0 3 PAaHHBOTO BIKY, MOXKYTh BUHMKATH HEBPOJIOTiYHI 1
NcuXiaTpu4Hi MpoOIeMH, BpaxoByouH, 1o He 3aBxkau PKY € eaiHuM 0OMIHHUM MOPYLIEHHSIM, HE
KaXy4d BXK€ NP0 XBOPHUX 3 II3HO BCTAHOBJIEHUM J1arHO30M. BHUCIIOBIEHO NpUIYILIEHHS PO
MO>KJIUBICTh MiJBUILEHHS e(peKTUBHOCTI JiKyBaHHs mnauieHTiB 3 ®KVY 3a paxyHoOk aHaIITHYHOI
OLIIHKM TTOKAa3HHUKIB aMIHOKHUCIIOT KPOBI Ta OpPraHIYHUX KUCIIOT Ceui.

@DeHUIKETOHYpIs HAJIEKHUTh O ayTOCOMHO-PELIECUBHOTO 3aXBOPIOBAHHS aMIHOKHCIOTHOTO
oOMiHy, SIKe JIOCHTH J100pe BuBuUeHe. Po3po0isieHi 3aXOoAu IIOAO CBOEYACHOTO BHUSBICHHS i€l
MaTOJIOT1i Ta MPOQUIAKTUKY 1HBAJITHOCTI.

@DeHIIKeTOHYpis AK caMmocTiiHa Ho3ojoris BuaiieHa ®eninrom y 1934 poui. IIposiBu
3aXBOPIOBaHHS TIOB’SI3aHI 3 HEIOCTATHICTIO TEYIHKOBOTO (epMeHTy (eHUIamaHIHT1IPOKCIIIa3H.
Jlo6posikicHi Ta crepTi ¢opmMu OOYMOBIIEHI MyTallisMU IHIIMX TEHIB, SKi MOPYLIYIOTH OOMIH
¢deninananiny. [lpu QeninkeToHypii B pe3yibTaTi HecTadl (PepMEHTY HOpYIIYEThCS IPOLEC
TiIpoKCUIipyBaHHs (eHUIaNnaHiHy B THUPO3MH, 110 3YMOBIIIO€ HakoNnu4eHHs ¢eHinananiny (PA) B
KpOB1, BHUJIIJICHHSI BEJIMKOI KUIBKOCTI (PEHUIIPOBUHOIPAIHOI KUCIOTH 3 CEYEH0 1, MOPYLICHHS
(dopmyBaHHs MieniHOBOI 00osoHkH akcoHiB B [IHC (B HOpMi BMicT (peHinananiny kposi 6,05-12,1
MKMOJIb/11, a ipu OKY migsumtyerses B 20-60 pasiB). Jlokyc @KV 3naxoautbes B 12 Xxpomocomi.
Yacrora ®KVY y Oinbiocti eBponeiicbkux nepxkas ckinagae 1:10000, xoua B meskuxX aepikaBax
yacTime (Typeuunna 1:2600). B Ykpaini

gyacrora ckianae 1:7000-8000. [y GinbmIocTi ciMeld MOMJIHMBA MOJIEKYJISAPHO-T€HETHYHA
IIpeHaTajlbHa JIarHOCTHKA JUIsl BMSIBIEHHS reTepo3uror (1% mnomysmsuii HaceleHHs CKIAAaloTh
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retepo3urotn). it 3 ®KY HapoKyHOThCS 3JOPOBUMH, alie B MEPII THXKHI IICJISI HAPODKEHHS, B
3B’SI3Ky 3 HAJXO/DKCHHSAM (EeHIJaNaHiHy 3 MOJIOKOM MaTepi, PO3BUBAIOTHCA KIIIHIUHI TPOSBH:
migBuIIeHa 30Yy/UIMBICTh, Timeppeduiekcis, MiIBUIIEHUN TOHYC M’s31B, TpeMoOp, CYJIOMHI
eniaentudopmHi Harmaau (y MOJIOBHHHM JITEH), XapaKTepHUM MUIIAYWN 3amax. Y MepIry 4epry JIiTH
MOYMHAIOTh BTPAvyaTH HEPBOBO-IICHXIYHI HABHYKH, 11O ye chopmyBanucsa. Hamani BigmivaeTbes
BiJICTaBaHHSI B PO3BHUTKY. PO3BHMBa€ThCS po3yMoBa BiacTalicTh, Mikpouedauis. it 3 Jerkoro
(OpMOIO TOBOPHUTHU MMOYMHAIOTH JIMIIE B 3-4 poku. Maiixe 3aBXKIU CIIOCTEPIraeThCsl ICUXOMOTOPHE
30y/oKeHHST 3 TpUIAJKaMU HEaJeKBATHOTO BHUKPUKYBaHHS, CMIXy, CTEPEOTUIIHUX pPYXIB,
IMIYJIbCUBHUX M1, 1HO/1 arpeCUBHOTO XapakTepy. Y TPETUHU JITeH CIIOCTEPIraeThes IMiIBUILICHHS
M’S30BOTO TOHYCY, aT€T03 Ta TiMepKiHe3W. Y ACIKHX MITeH BIAMIYAIOTHCS IepeOpaibHI mapajidi.
[Ticns BBei€HHS MIPUKOPMY Y JITE€H pO3BUBAETHCS €k3eMa. YacTo HasiBHI BPOPKEHI Baau PO3BUTKY
(Bamm ceprlsi, TOpyHIeHHsS (OPMYBaHHs CKEJETy, HE3pOIICHHS M SKOro MigHeOiHHs, apiOHi
nucrenesii (medopmariii ByIIHUX pPaKOBUH, BHCTyIArO4a BIIEPE] HWDKHS IIEJena, JAUCIUIa3is
00ryysi) Ta iH. OCKUIbKH MOpPYIIEHHS 00MiHY (peHlUIaTaHiHy TPUBOIUTH IO 3HIKEHHS THUPO3UHY,
TO onHUM 13 mposiBiB @KV € mopyimieHHst yTBOPEHHS! MEJIaHiHy, Yepe3 1€ BiJMIYaeThCsl 3MEHIIICHA
MICMEHTAllisl WIKIpU Ta BOJOCCS, paayKku oueil. [Ipu BiacyTHOCTI JiKyBaHHS PO3yMOBA BiJICTaNIICTh
JOCATAE CTYTCHS 11110Ti1.

Panns giarnoctuka ®KYVY (mo 2-micsuHOTrOo BiKy) Ta MpodilakTUyHE JIIKYBaHHS (Xap4uyBaHHs
0e3(eHiaNaHiHOBOIO /i€TO0, HampuKian, cymimamu: «beprnodpen», «DPenin-dDpi», «AdeHinaky,
«Jlodenanaky», «Terpaden», «Ananor-XPy», «Makcamym-XP», «Makcamain-XPy») nmonepemxyoThb
PO3BUTOK KJIiHIYHOI KapTUHU XBOopoOu. be3deninanaHiHOBI CyMilmii XBOPHUM BHIAIOTHCS
OE3KOIITOBHO 4epe3 00JIacH1 yIpaBIiHHSA OXOPOHU 310poB’s. biok B parioHi aiteit cranoButs 20-
22% Bix BikoBoi (hizionoriuHoi HopMmH. HemocTaTHsI KUTBKICTh MOTOBHIOETHCS 332 PaXyHOK BHIIE
3a3HaueHux cymimeil. [Ipu mpoMy HEOOXiTHO BpaxoByBaTH 1 (eHinalaHiH, SKUA MICTUTHCS B
cyMimi. 3araibHa KIJIbKICTh BYIJIEBOJHIB y PalliOHI XBOPOi JUTHMHHU MOBHHHA mokpuBaTu 50-60%
3arajibHOI KaJIopiHHOCTI 1K1 (0BOYi, (PYKTH, COKH, I[yKOp, Kpoxmaib). CyMill aMiHOKHCIIOT Ta
rigponizatu OuIka BBOJSATH /0 palioHy moctyrnoBo. [TouatkoBi no3u cranoBiath 1/3-1/5 nmoGosoi
KUTbKOCTI mpenapaTy. [lo 1060Boi HOpMM I Cymilli JTOBOAATH HPOTATOM THXHS. BomHouac B
palioHi 3MEHIIYIOTh KUIbKICTh OUIKa NPUPOAHMX NPOAYKTIB. JlITIM HepHmioro poky KHUTTS
rifiponizaT O1IKa JaeThesl MPU KOKHOMY NpUIMaHHI 1K1, a CTapIIMM OJHOTO POKY — JABidi HA JI€Hb.
[Ipu 3aXxBOpIOBaHHAX AITEH 032 T'1JIPOJI3aTy 3MEHIIYETHCS 00 HaBITh MOBHICTIO BUKIIIOYAE€THCA Ha
1-3 mui. Napomizar OUMKiIB, MO JAETHCS TITSAM, PO3BOIUTHCS KHUII STUEHOIO BOAOK. Y XapdyBaHHI
JITe CTapmioro BIKYy BHKOPUCTOBYIOTH cHelialbHI 0e3017KOBI MPOAYKTH, CTBOPEHI Ha OCHOBI
MIIIEHHYHOTO YM KYKYPYA3SHOTO Kpoxmairo (0e3011koBi MakapoHu, caro, 0e30imkoBuil xmib Ta
KOHAUTEpChbKI BUpoOM). KinbkicTh xkupy aitaMm 30u1bmrytoTe Ha 10%. g gietnyHoi Kopekuii
xBopux Ha @KV niTeil Ta 1opociIux BUKOPUCTOBYIOTh TaOneTku ABpHiTY (mpemnapat mictuth 500
MTI" aMIHOKHCJIOT, 30ara4eHuii BiTaMiHaMu Ta MikpoelieMeHTamu). [Ipenapat BUKOPUCTOBYIOTHCS IO
1 Tabnerui 3a Tpu 4u OiIbIIE TPUHOMIB i Yac 1XKi.

VY 6-8 pokiB XBOpi yke€ HE MOTPeOyrOTh cremianbHoi mietu. st giTeit crapmie 7 pokiB
BUKOPUCTOBYIOTBCS JUI KOpeKIii xapuyBaHHs TabneTku npekyHiny (PreKUnil), sixi ckiagarorbes i3
BCIX HE3aMIHHMX aMiHOKHCIOT. BukopuctoBytoThes 1o 1 TabmeTiii Tpu um OUIbIe pasiB Imija vac
ki, JiTaM cTapiiuM 8 poKiB BUKOPUCTOBYIOThCA JUIs AleTuuHOi Kopekuii Heo®E (amiHokuciaoTHa
no0aBka, sKa CKJIAJAEThCs 13 HE3aMIHHMX aMiHOKHCIOT). OpHa Tabnetka wmictuth 500 wMr
amMiHOKHUCIOT. [liTh 3 (DeHITKEeTOHYpi€0 3HAXOIATHCS HAa JUCHAHCEPHOMY OOMIKY y CIMEWHOTO
JIKaps 4u neaiaTpa, IUTA40ro HeBpoJora.

Omxe, (QeHIIKETOHYpis HAJIEKUTh 10  piaKicHUX  (opaHHHX)  3aXBOPIOBaHb,
XapaKTepU3yeThCsl BAXKKUM XPOHIYHUM TPOTPECUBHUM THiepediroM. SKICTh KHUTTS MAalli€HTIB
3aJISKUTh BiJ] BYACHOTO BUSBJICHHS (CKPHHIHTY) 1 HaJEKHOTO JIIKYBAaHHS — BXKHMBAHHS MPOIYKTIB
CHEIIaJTbHOTO MEUYHOTO XapuyBaHHsI, a OTKe, iX (PI3WYHOI Ta IIHOBOI JOCTYITHOCTI.
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MOJIEKYJISAIPHI MEXAHI3MU CTAPIHHSA
HamionansHuii (hapMalieBTHUYHUNA YHIBEpCUTET, XapKiB, YKpaiHa
Kadenpa kiiniuHOT 1Ta00OPaTOPHOI AIarHOCTHKH, MiKpOOi0JI0Tii Ta 610JI0T19HOT XiMii
Aptem OBEJIA
KepiBHuk: x.¢papm.n., doyenm 3axnady suwoi ocgimu Onena [LIEPBAK

CrapiHHS € CKJIIAJHUM pe3yJIbTaTOM 0araThox OIOJIOTIYHUX MPOIECIB, i 6araTo KIFOYOBUX
(dakTOpiB 3amyckarThb CTapiHHs, Taki sk momkompkeHHs JIHK, mopymenHs perymsimii temomep,
HOPYLIEHHsT PEeryJisiii MiToxXoHapiid, BTpata NAD *, mnopymenns asrogarii Ta BHCHaKEHHS
CTOBOYpPOBUX KIITHH. TYT MH MJICYMOBYEMO OCHOBHI TNPUYMHHU Ta OCHOBHI MOJEKYJISIPHI
MEXaHi3MHU, IO CIIPUSIOTH MPOIECY CTAPIHHSL.

[Momkomxenns JJHK € ocHOBHMM BHYTpimHIM (haKTOpOM, 110 HPU3BOAUTH JO F€HOMHOI
HECTaOUIBHOCTI, EMIreHeTHYHUX 3MiH, OLIKOBOTO CTpecy, MOpYIICHHs (YHKIIi MITOXOHApIH Ta
mucyHKIi Tenomep. besnepepBHe HakomuyeHHs KITHH 3 nomkomkeHoro JIHK 3amyckae ix
3aru0enb Ta CTapiHHS, MI0 3PEHITOI0 NMPHU3BOAUTH O XPOHIYHOTO 3alajeHHs, BTpaTH (YHKIIII,
aTpo(dii Ta 3aXBOPIOBaHb KIIITHH 1 TKAaHUH.

I'eHoMHA HECTaOIMBHICT TPOSBISETHCS K TOCTIHHI Ta 3MIHM, IO TepelaHi B
nocnigosHocti JJHK. ITomkomkenns JIHK, cnpuurnene HecTaGiIbHUM 3a CBOEIO CYTTIO T€HOMOM,
BKJIIOYA€ CIIOHTaHHE Je3aMiHyBaHHS, TiAPOdi3 Ta 0araTo IHIIMX XIMIYHHAX 3MiH, TaKuX SK pi3HI
TUIA PO3PHUBIB, 3MIHM B IOJIOKEHHSX OCHOB, mporaiuhu, 3mmBku JIHK-Oimok Ta iHII TOHKI
ximiuHi Momudikamnii. AnomaneHi ctpyktypu JHK (mampukman, G-kBampyruiekcu, R-mermi Ta
CTiliKi OJHOJAHIFOTOBI 00JIacTi), a TaKOXX aHOMalbHI MPOMDKHI MpOoAykTH B Tpanzakuisx [JHK
(HampuKIIaZ, KOMIUIEKCH 3yNWHKHA TPAHCKPHIIIil, perutikamii Ta pexoMOiHamii), BBa)KalOTHCS
¢denorunamu nomkomkenus JIHK. T'emomui Mytamii, crpuunHeHi HectaOutbHicTIO JIHK,
HEraTWBHO BIUIMBAIOTh HA KIITUHHI (YHKIIi Ta € OCHOBHUMHU IPUYMHAMH PaKy Ta T'€HETUYHHUX
3axBoptoBaHb. OpHak HecTabupHICTH JIHK Takox € HaiiBaknuBilIMM cyOCTpaTOM B €BOJIFOLIT
BuaiB. Ilumicuicts JIHK mnigTpumyerbes 3aBasku Oe3nepepBHOMY PEMOHTY BHCOKOCKIJIATHUX
cuctem penaparii JJHK Ta peakuii na nomkomkenust JJHK (DDR), siki npoTuaitoTs 3ai1exHii Bij
yacy epo3sii Ta pylHyBaHHI0O reHeTnuHoi 1H(popmarii JJHK. TIporpecuBHe ckopodeHHs Teromep €
111€ OJTHUM BaXJIMBUM (akTopoM nomkopxkeHHs JJHK, o npuckoproe npouec crapiHHs.

[Tomkomxenns JIHK € ocHOBHOIO pyHIIIHOIO CHIJIOIO €MIr€HEeTHYHUX 3MiH, MOB’SI3aHUX 31
ctapinHaM. EnireHom, sixkuit Brimrouae metumtoBanHsa JJHK ta moaudikarii ricroniB, HecTabimbHUN
MIPOTATOM KHUTTEBOTO IUKIY coMarnyHuX KMTHH. [lomxomxenus JHK mpusBoaute a0 cTiiikux
3MIH XpOMaTuHy, siKi 30arauytots ¢parmentu JIHK, mo nocumorots crapinag (AHK-pyOmi), y
crapitounx kiitTuHax. Crilike nomkomkenHs JHK Tta mnoB’s3ani 3 pemnapaii€ro KIITHHHI
¢izionoriyai epekTH MOXKYTh 3aJUIIATH EMIreHEeTUYHI CIiAH, 10 MPU3BOIUTH A0 EMIr€HEeTHYHOI
reTepOreHHOCTI MDK KIITHHAMU. TpaHCKpHUMIs, 34a€ThbCsA, 3MIHIOETbCS 3HAYHO OUIbLIE Y
CTapilouMX KIITHHAX, HDK y Monoaux. Takum ymHOM, DDR Moxe OyTH OCHOBHOIO HMPUYHHOIO
eMIreHeTUYHUX 3MiH, 5Kl MOTIPUIYIOTh KOHTPOJb €KCIpecii reHiB, 1110 NPU3BOJIUTH 10 COMAaTUYHOI
reTepPOreHHOCTI Ta 3aJI€KHOTO BiJl Yacy 3HM)KEHHS 3araibHol (PyHKIII.

[lix wac crapiHHS YHCJIEHHI €K30T€HHI Ta EHJOT€HHI TEHOTOKCHHHU, (DOTOCTapiHHS Ta
MeXaHIYHE HamlpyKeHHs B TKaHMHax Oe3nepepBHO BUKIMKaOTh mnomkopkeHHs JHK. Illoaus B
KJIITHHAX CCaBIIB BiAOYBa€ThCs MPUOTHU3HO 10° momkomxens JHK, xoua Gimpmma uacTHHA
nomkokeHb JIHK edextuBHO Bupanserscs abo BiAHOBIIOEThCSA. [IpUMITHO, 110 HEBEJIHKa
YacTMHA HE TMIAMAEThCS CHUCTEMI BUSBIGHHS Ta penapamii nomkomkeHb JIHK, mo 3romom
MPU3BOJUTH 0 HEMOXKIIMBOCTI pernapariii abo MOMUIIOK pernapartii.

baraTto nocnigkeHb 3 BUKOPUCTAHHSAM MOJeNel CCaBIliB MIATBEPININ HEPOIPUBHUM 3B’ 30K
Mk momkomkeHHsM JIHK Ta crapimasam. Y wipy crapinns spataicts JIHK mo pemapaii
MOCTYMOBO 3HM)KYETHCA, a MIIBUIIEHUNA MOJICKYJISApHUNA (DEHOTHUIT TeHOMHOI HECTaOUTBHOCTI CTae
OCHOBHMM MapkepoM cTtapiHHs. Mapkepu mnomkomkeHHs JHK BHABIAIOTBCS y HalieHTIB i3
BIKOBHMH 3aXBOPIOBAHHSMH, TAKUMHU K CEpPLEBO-CYAMHHI 3aXBOPIOBaHHSA, XBopoOa AJbIreiimMepa
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Ta pak, 110 CBIYUTH Mpo Te, mo nomkompkeHHs JJHK Oe3nocepenHbo MoB’si3aHe 3 4aCTOTO LIUX
3axBoproBaHb. [larienTn 3 reHeTHUHMHE a00 HaOyTuMHu nedekramu OUIKiB penapaiii JJHK Takox
JE€MOHCTPYIOTh O3HAKH MEPEAYacHOTO CTapiHHS, 1 BIAMIHHOCTI B pO3TalllyBaHHI Ae(eKTy B CUCTEMI
penapauii JJHK MoxyTh mpuzBecTH 10 IepeayacHOro CTapiHHS B PI3HMX OpraHax. 30Kpema,
renmikaza RecQ Bimirpae BaxiuBy ponb y pexomOiHarii, perutikamii, pemapamii Ta HiATpUMIL
temomep JIHK, a ii myTartis Moxke 30UIbIIMTH 4acTOTy cUHApOMiB BepHepa, biyma Ta PormyHnna-
Tomcona. I'moGanphuii aedinuT exkcumsiiHOI penapauii HyKJICOTHAIB T€HOMY IPH3BOIUTH 0
TUCSYOKPATHOTO 30UIBLIEHHS CHPUMHATIAMBOCTI JO paky IIKIpY Ta MOXE IMPUCKOPUTH
Heiiponerenepanito. Ilopymeni mexaHi3mMu pemnapariii, MOB’S3aHI 3 TPAHCKPUIIIIEI0, MOXYTb
CIPUYMHATH THIIOBI BIKOBI MATOJIOTII, TaKi SK HEHpoJereHeparlisi, 0CTeONopo3 Ta aTepOCKIEPO3.
[Mporepis Xaruincona-I'inpopna moB’si3aHa 3 HECTAOUIBHICTIO SAEPHOTO TeHOMY, AedekTamu
penapauii aBonaniroroBux pospusiB JHK, mo npusBoasre 1o TeneaHriekrtasii Ta CHHAPOMY
po3puBy Helimerena, a Takox nedekramu penapaiii 3mmBanas JJHK, mo npusBoasTs 10 aHewii.
Kpim Toro, nmomkomxkenns JIHK, crnpuumHeHe MITOXOHJIpiadbHUMHU Je(eKTaMu, € Iie OIHUM
OCHOBHHMM (DaKTOPOM Y KJIaci MPOrpecylOdYnx 3aXBOPIOBAHb, SIKI BPAXKAIOTh YHCICHHI OPTaHHu.

3aranomM, nedekTH B cuctemi penapauii nomkompkeHs JJHK 6e3nocepeHbo npu3BoasiTh 10
MOCTIHHOTO HAKONMYEHHSI TEHOMHUX MYTAIlii, SIKi JIe)KaTh B OCHOBI 0araThbOX cerMeHTapHHX (hopMm
MepeT4acHOro CTapiHHA Yy JIOACH, IO CBIAYUTH MPO TICHUW 3B’SI30K MIK IUTICHICTIO T€HOMY Ta
cTapiHHAM. XO04a y BHBYEHHI MEXaHICTUYHOTO 3B 53Ky Mix momkokeHHsM JIHK Ta crapinHsaM
JOCSATHYTO 3HA4YHOIO MpOrpecy, 3aJMLIA€ThCsl 0araTo MUTaHb, K1 HOTPEOYIOTh IMOJANBLIOIO
BUBYCHHS, 30KpeMa Crenn(iYHUX MOJIEKYJISIPHAX MEXaHi3MiB, 3a JIOTIOMOTOO SIKUX MOIIKOKECHHS
JIHK BruinBae Ha 3aXBOpIOBaHHS y JtoJiell moxuioro Biky. ToMy (yHaaMeHTaabHE BUPILICHHS
npobieMu Tporecy cTapiHHS Ta OOpoTh0a 3 BIKOBUMH 3aXBOPIOBAHHSIMH € BaXKIUBUMH IS
BHUBYEHHS B3a€MO3B’s13Ky Mk nomkomkeHHsM JIHK ta epexramu npotu cTapiHHs.

Tenomepu — ne HeBenuki AUIsiHKM JIHK-O1IKOBHX KOMIUIEKCIB, NPHUCYTHI Ha KIHIAX
JHIMHUX XpOMOCOM B €YKaplOTUYHMX KIITHHAX, SKI MIATPUMYIOTh IUIICHICTH XPOMOCOM,
KOHTPOJTIOIOTh ITUKJ TOAUTY KIITHH 1 € BaXJIUBUMH JJISI 3JJOPOBOTO JKHATTS Ta PO3MHOXKECHHS
opranizmy. Illle B 1960-x pokax BueHuii Ha iM’si Jleonapno ['eiipiik BUSBUB, 10 KyJBTUBOBaHI
MOAChKI  (10podsacTH MarTh OOMEXKEHY Ta BIATBOPIOBAHY 3JaTHICTh JO peIuiiKamii Ta
PEryJIOI0ThCS KIIITHHHO-aBTOHOMHUMH MeXaHi3MaMH. HaBiTh SKIO X010/ 3yNHUHSE MOAUT KIITHH,
K TUIBKM TeMIepaTrypa 3HOBY IMIJBUUIYEThCS, KIITHHH NPOAOBKYBATUMYTh IUIMTHUCA [0
3aMep3aHHA, JOKM He MOBTOPATh 50 MoAieHb Michas MpUIIMHEHHS Moaity. ['eBepik 3po3yMiB, L0
KJIITUHU MaloTh TJIMOOKO BKOPIHEHUN BHYTPIIIHIA MeXaHI3M, SIKHH KOHTPOJIOE KUIBKICTh iXHIX
nonumiB. Y 1970-x pokax OnoBHIKOB Ta BOTCOH BiIKpuiu «mpobieMy AyIuliKaiii KiHLIBY,
JOCIIJKYI0YM acuMeTpii B miHivHIN perutikanii JJHK Ta nmepenbaunBiiy, 1o KoKeH MO KIIITHHA
NpU3BOIUTH A0 BTpath XpomMocomHoi JIHK Ha KIHIMX BiJCTalOYMX JAHIFOTIB, M0 3PEIITOO
MPHU3BOJUTH IO MOCTYIIOBOTO BKOPOYEHHs XpoMocoM. OOMEXeHUI pe3epB NOBXHHHU TEIOMEp €
MEPEeIIKOJI00 Ui mpouidepanii Ta >KUTTE3MATHOCTI KIITHH, a BTpaTa (DyHKIII TeJIoMep TICHO
OB’ s13aHa 3 BIKOBUM (DYHKIIIOHAJIIbHUM 3HUKEHHSIM Ta 30UIBIIEHHSIM YaCTOTH 3aXBOPIOBAHb.

3axucT KIHIIB TEJIOMEp EBOJIOLIHHO BHUCOKO KOHCEPBATMBHUU BiJ] HIKYMUX JIO BHUIIHUX
0araTOKJIITUHHUX  opraHi3MmiB. CTpPyKTYpHO TEJIOMEpPH  CKJIAJAl0ThCS 3  MOBTOPIOBAHHUX
Hykieotuaaux mnociigoBHoctedt 3’-[TTAGGG]-5’, posramoBaHUX TaHIAEMHO, BiJl KUIBKOX [0
JIECSATKIB OCHOB, IO 3aKIHYYIOTHCSA Ha 3’-KIHIIl OJHUM JIAHITIOTOM OaraTHX Ha TyaHIH HYKJICOTHIIB
JOBXHHOIO Bix 75 no 300 HYKIEOTHIB, IO YTBOPIOIOTH «CTPYKTYpy KoOBHaukay. Termomepu
MTOKPUTI CTICIIAIbHUM OUTKOM, SIKM HA3WBAETHCS MIEITEPUHOBUM KOMILJIEKCOM, IO SIBJISIE COOOIO
MynbTUMep 13 mectu OinkoBux cyooaununb (TRF1, TRF2, TPP1, POTI1, TIN2 ta RAPI), mo
MPAIIOIOTh Pa30M IS 3aXHCTy XPOMOCOM Ta PETYNIIOBaHHS JOBXHHH Telomep. Termomepu Ta
HIETEPUHOBI KOMIUIEKCH YTBOPIOIOTH CKJIaJHY CTPYKTYpPY BHIIOTO TOPSIKY, sSIKa 3aXHIIae
nporpamu pemnapaiii JJHK Big 3muTTs KiHIIB, OMOCEPEAKOBYIOYN HETOMOJIOTIYHE 3’ €THAHHS KIHIIIB
tenomepHoi JJHK nuisxom BusBieHHs ABonaniorooro po3pusy JIHK, mo 3pemroro 6epe yyactsb
y KEemiHTy, 3axuCTi Ta peryismii Teiaomep. BimmoBimHo, MyTalii B IHUX IMECTH OITKOBHX
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KOMIIOHEHTaX MOXYTh IOPYLIyBaTH ILEITEPUH-TEIOMEPHUNA KOMIUIEKC, IO HPU3BOAMUTH [0
TEPMIHAJILHOTO 3JIUTTS Ta MEPEIaCHOr0 CTapiHHA. 30KpemMa, MiATPUMKa TeJIOMep HEBIIIIbHA Bl
HopmaineHoi excripecii TRF1. [lenenist TRF1 inaykye tenomepny JJHK no ¢opmysanus penorumy
KPHUXKOTO CaiTy, Toji K HaamipHa ekcrpecis TRF1 moripurye 3B’ s3yBaHHS TeOMepa3u 3 KiHIIMU
TEJIOMED, 1110 3PELITOI0 MPU3BOIUTH 10 BKOopoueHHs Tesnomep. TRF2 3roprae tenomepny JIHK y
T-metii, npurHivye aTakciro TeleaHTieKTasito, 3ayiekHy Bia myTaiii DDR Ha kiHISIX XpomMocoM, Ta
MPUTHIYYE 3IUTTS XPOMOCOM «KiHEIb /0 KiHISD» Ta KaHOHIYHE TOMOJIOTiYHE 3’€JHAaHHS KIHIIB.
Kpim Toro, TIN2 Bimirpae crojydHy poJib y IICIEPUHOBOMY KOMIUIEKCI Ta YTBOPIOE MICTKH MIX
PI3HUMH LIETEPUHOBUMU O1TTKaAMH.

Myranii TIN2 He BIUIMBaIOTh Ha MPOCTOPOBY CTPYKTYPY 1HIINX KOMIIOHEHTIB ILIEIEPUHY Ha
Tenomepax; ogHak myTariss TIN2-R282H akTuBye curnamizaiito nomkopkeHHs reaomepHoi JJHK,
110 MPU3BOJIUTH O HECTAOUILHOCTI TEIOMEp, OB’ SI3aHOI 3 aKTUBHICTIO TE€JIOMEpa3H, 110 3PEIITO0
MPU3BOJUTH JIO MEpeayacHoro (peHoTHuIry crapinHs kimituH. HexontponbsoBanuit POT1 moripmrye
3B’A3yBaHHs TeJIOMEpa3u 3 KIHLSAMHU TeJIOMEp, IO MPU3BOAUTH O BKOpOYeHHs Tenomep. TPPI
B3aeMOJIi€ 31 3BOPOTHOIO TpaHCcKpumnTa3zor Tenomepasu (TERT) mist 3amydenHs tenomepasu, i ii
BTpaTa BUKJIMKA€E CUIbHY peakiito Ha noukopkeHHs TenomepHoi JIHK. Rapl e kiitouoBuM 6is1kom,
IO KeIye TeJIOMEpH, SIKUH 3armodirae HeroMoJIOoriyHOMY 3’ €THAHHIO KiHIIIB Ta 3JIUTTIO TEJIOMEp, a
HOro HaJMipHa E€KCIpecis BHKJIMKAE€ BTpPATy TICTOHIB Ta MPHUCKOPIOE CTApiHHA KIITHH. 3araiowm,
OiomoriyHa (QyHKIIOHATbHA IIUIICHICTH TEJIOMEp 3alieKUTh BiJIl B3aeMonii TelomMep Ta
LIEJTEPUHOBOI0 KOMIUIEKCY, K1 pa30M PEryJItOI0Th JOBXKHUHY TEJIOMEp Ta )KUTTEBHM LUK KIITUHH.
Crin 3a3HauWTH, MIO 3a3BHYail YKOpOUYEHI TeloMepu cami Mo co0i HE MPU3BOAATH O CTapiHHS
(610710T151), AKIIO TEJIOMEPU CTAIOTh HACTIIBKH KOPOTKHMH, IO iX CIPUUMAIOTH SK JBOJIAHIIIOTOBI
po3pusu JIHK, Toxai mi Tenomepu 3amydatumyTh DDR Ta CIOHYKaTUMYTh KIIITHHH A0 HOPMAJIbHOI
MpOrpaMu anonTo3y abo crapiHHS.

Tenomepaza — 11e puboIpoTenHa3a, 1Mo CKIAAAETHCS 3 TBOX OCHOBHUX cyOonuuuib: TERT
ta tenomepasHoro PHK-kommonenta (TERC). H/ACA-nomen 6inka Cajal 1 y TERC 3B’s3yeThes 3
TEIOMEPA3010, YTBOPIOIOYM TesoMepaznuit O0utok Cajal 1, skuii karanizye aKTUBHICTh Te€JIOMEpa3u
Ta TPAHCHOPTYE TeJloMepa3y JA0 KiHLiB TenoMep. KpiM TOro, 4YHCICHHI OCHOBHI OUIKOBI
KOMITIOHEHTH, Bkitouatoun auckepun, NHP2, NOP10 ta GARI1, € BaxnuBuUMH 1Ji1 HOPMaIbHOI
KaTaliTUYHOT ~ (QyHKLIi Tesomepasd. 3a3BU4ail  Telomepa3a pACHO  EKCIIPECYeTbCs B
HeAu(pepeHLIHOBaHUX CTOBOYpOBUX Ta KIITHUHAX-MONEpPEeIHUKAX CTAaTEeBUX KIITUH, LIKIpI,
KHUIIEYHUKY, TE€MOIOETUYHIH CcHcTeMi, BOJIOCSHOMY (OJiKysll Ta sieukax. TuM He MeHII, BiH
HaJ3BUYailHO HM3BKUH a00 B3arajl He BUSBISETHCS B AU(EpEHIINOBAHUX JTOPOCIUX KIIITHHAX,
Takux K HeipoOnacty, (pi6pobdraacTu, KapAIOMIOLUTH Ta CIIEPMATO30iqu. Y 3apOJKOBiH JiHii Ta B
JeSKMX CTOBOYpOBUX KJIITHHAX TEJIOMepa3a MOXKE KOMIIEHCYBATH 110 BTpATy AYIUTIKAIll TeJIoMep,
sIKa 3MEHIIYEThCS 3 TIOJUIOM KIIITHH.

Tenomepasa He MposBIIA€ aKTUBHOCTI MiJ YaC PAHHBOT'O PO3BUTKY OLIBIIOCTI COMAaTUYHHUX
KIIITHH, OOMEXYIOUH KiIbKICTh KJIITUHHUX OB, IOKM TE€JIOMEPU HE CTAHYTh JyXe KOPOTKUMH.
[laTOoreHHICTh yKOPOYEHHS TeJIOMEep IiJ] 4Yac CTapiHHSA € XapaKTepHUM aHTaroHICTUYHUM
IUIEHOTPOITHUM  epeKToM. 3 oxHOro OOKy, KIITHHH 3 JUCQHYHKLIE TEIOMEp CXWJIbHI [0
HECTaOUTbHOCTI T'€HOMY Ta MOXYTh CTaTH PAKOBUMHU KIIITHHAMHU. 3 1HIIOrO OOKY, HOpMallbHE
peIuTikaTUBHE YKOPOYEHHS TEJIOMEp MOXKe OOMEeXyBaTH HEoOMeXeHY mpodidepaliito KIITHH Ta
IHAYKYBaTHl amnonrto3 abo cTapiHHSA KJIITHH, 3al00iraloyd TaKUM YUHOM YTBOPEHHIO MYXJIMH.
PoOiHcoH Ta iH. 3HAHILIM CrIOCIO JOMOMOITH TelOMEpaM MiJATPUMYBATH CBOIO JIOBXHHY, METOJ,
BIJIOMHI SIK ajmbTepHaTUBHE MOA0BXKeHHs Tesnomep (ALT). V KIITHUHHUX JIHISIX OCTEOCApKOMH Ta
paky xii0a MOTEHIIHUN 3B’S130K MK MOJOBXKEHHSM TEJIOMEp Ta MPUTHIYEHHSIM POCTY IMyXJIUHH
BMUJIO PETYJIIOETHCS B KINTUHHUX JIHISAX, K1 MIATPUMYIOTH TOBXHHY Tesnomep 3a fornomororo AJIT.
Lle cripusie TOMy, 110 MMyXJIMHA MOKHA MIPUTHIYYBaTH HABITh 3a MMOIOBXXEHHS TEJIOMED.

IlinTpuMka aneKkBaTHOI JOBXKHHU TEJIOMEP y HOPMAJIbHUX KIITHMHAaX BHMAarae iHTaKTHOI
CTPYKTYpHU TEJIOMEp Ta BUCOKOSKICHOI peryisiii tenomepasu. OQHAK KOXKEH OB’ sI3aHUN 010K Y
TEJIOMEPHOMY Ta TEJIOMEPa3HOMY KOMIUIEKCAaX UYTIMBHM O HEKOHTPOJIbOBAaHMX (aKTOpIB Y
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TKaHUHHOMY MIiKpooToueHHi. OjHak J0ci ICHYIOTH JesKi HayKoOB1 JUCKYCii IMOJ0 TOTO, SK
TeJIOMepa3HUil KOMIUIEKC CIPUHMAETHCS, EKCIIPECYEThCS Ta PEKPYTYEThCA 10 KIHIIB TEJIOMEp Uis
(byHKIIOHABHOT perysiii, 1100 BU3HAYUTH POJIb TEIIOMEpP Ta TEJIOMepa3 y MaTOreHe31 CHCTEMHOTO
CTapiHHs Ta JEreHEepPAaTUBHUX 3axXBoproBaHb. HemonaBHo nucdyHKLio Tenomep OyJio OMUCAHO SIK
MOJICKYJISIPHY OCOOJIMBICTH CTapilOYMX KIITHH, a BTpaTa (yHKLIi TeloMep TICHO TOB’s3aHa 3
TCHOMHOKO HECTaOUIBHICTIO, JereHepaTuBHUM po3iagoM pemicii (DDR) Ta BiKOBUM 3HMKCHHSIM
¢iznunoi popmu. HaifronosHimie, 1o aucyHKIis TEIOMEp IiJ] 4ac CTapiHHA MOYKE MOCHITIOBATH Ta
CTUMYJIFOBATH 1HIIII MEXaHI3MHU CTapiHHS Ta CHHJIPOM Mporepii.

PesepBu Tenmomep opraHi3aMOBHUX KIITHH OOMexeHi, a BTpara (yHKmii TeiroMep TiCHO
MOB’s13aHa 3 BIKOBUM aJalTUBHUM 3HIKCHHSAM. BiIMiHHI CTPYKTYpH TeloMep 1 TeloMepa3u €
BOXJIMBUMH JUIs 3a0€3MeYeHHsT HOPMaJbHOI (i3ionoriunoi (yHKIii MaTepiB 1 MOTOMCTBA, a IXHs
LUTICHICTh Ma€ TIEBHUM F€HETUYHUN MIKIOKOJIHHEBHH eekT. Y mureit 3 HokaytomM TERT, skux
CXPEIIYIOTh Y HACTYITHUX IMOKOJIIHHSX, TEJIOMEPH MOTOMCTBA ITOCTYIIOBO BKOPOUYIOTHCS, 3PELITOI0
PO3BUBAIOYN AUCPYHKIIIIO TEIOMEP Y TPETHOMY MOKOJIIHHI.

Kpim Toro, HHU3BKI piBHI TelOMepa3W Ta MOCTIHHUN OOMIH TKaHWH TPHU3BOIATH [0
JEeCATUIIT IPOTPeCyrYoro CTHpaHHS TeJI0Mep y KJIITHHAX-TI0NePEAHUKAX
BHCOKOIpOMi(pepaTuBHUX TKAHWH, BKIIIOYAIOYM TE€MOIOETHYHY CHCTEMY, HUTYHKOBO-KHIIKOBHIA
TpakT 1 mkipy. HagmipHe cTupaHHs TenoMep 3peluToro 3amyckae jaereneparuBHe posnan (DDR),
Take K 3yMHHKA KIITHHHOTO HUKJY, aloITo3, MopymeHHs audepenmianii ta crapinas. [IpumiTtHo,
0 B MIpy MPOTpPEeCyBaHHS MPOIECY CTapiHHS rinomnpoiidepaTuBHI TKAaHWHU, BKIIOYAIOYH CEpIIE,
MO30K Ta IMEYiHKY, MOKYTh CTPaXKJIaTH BiJ] BIUIMBY akTHBHUX (hopM kucHiO (ROS), siki m01aTKOBO
BUKJIMKAIOTh MOIIKO/PKEHHS MOCIIIJJOBHOCTI TEJIOMEp, CTUPAHHS TeJIoMep Ta iX pO3KpUTTA. Takum
YMHOM, BUIIE3TaaHi BIACTUBOCTI TEIOMEP POOIIATH IX KIFOUOBHM €IEMEHTOM Y 010J10Tii cTapiHHS.

CKOpoYeHHS TeloMep /10 KPUTHYHOI JOBXKUHU MPU3BOAUTH 10 PEIJIIKATUBHOIO CTapiHHSA
KJIITUH. XPOMOCOMHI TEJIOMEpPH MOCTYNOBO CKOopouyioThes B Mipy pemiikanii JJHK. Komnu
TEJIOMEpH JIOCATAI0Th KPUTUYHOI JOBXKHHU, BOHH HE MOXYTh 3B’s13aTH JIOCTATHIO KUIBKICTh OUIKIB,
10 TOKPUBAIOTH TeJIOMepH, 1 cnpuiiMatotbes sik orosieHl kiHui JIHK. Onniei abo kinbkox myxe
KOPOTKHX TeJIOMEep JOCTaTHbO, 1100 BUKIMKATH peakuio Ha nomkomkeHHs [IHK ta Bukiamukaru
HaJMIpHY €KCIIPECII0 MapKepiB IHIOYBaHHS KIITUHHOTO LUK pS3 Ta p21, THM caMUM PUMYCOBO
MPUTHIYYIOUHN TpoJtiepariito KIiTHH.

HakonuueHni crapirodi KJIITUHU CEKPETYIOTh CKJIaJHUN Hallp mpo3anaibHUX IIUTOKIHIB, K1
HA3UBAIOThCSl CEKPETOPHUM (EHOTHIOM, TMOB’s3aHMM 31 crapiHHAM (SASP), BxiIrouarouu
IHTEpJICUKIHA, XEMOKIHM IHTEpJCHKiHIB, Tporea3su Ta ¢akropu pocty. SASP 3miHIOE ckian
MO3aKJIITUHHOTO MAaTPUKCY Ta IOUIMPIOE CTapitouuii ()EHOTUN Ha HABKOJIMIIHI KIITHHH, IO
MIPU3BOAUTH JJO CUCTEMHOTO XpOHIYHOrO 3ananeHHs. L{ikaBo, 110 cTiiika Koresist TeJIOMep 3axuIlaia
CTapl KIITHHU BIiJ Tepea4yacHOro CcTapiHHSA. TakuM YHHOM, CHTHalbHI MOl BIAMOBIAI Ha
nomkopkeHas JIHK, moB’si3ani 3 mucdyHKIIE0 TelnoMep, € KIFOYOBHMH JETepMiHAHTAMHU IO
KIIITHH Ta CTapiHHS OpPraHi3My.

[lincymoBytoun, TelOMepH Ta TeloMepa3a BIAIrpalOTh BaXIJIHWBY pOJIb B OCHOBHHX
MeXaHi3Max, 110 3YMOBIIOIOTH CTapiHHsS Ta 0araTo OCHOBHUX 3aXBOpPIOBaHb JIOAMHHU. OjHaK
3aJIMIIAETBCS 0arato MPOTaJMH y 3HAHHSAX, TAKUX SIK 3’SICyBaHHS MEXaHi3MiB, IO PETYJIOIThH
eKCIpEecil0 Ta AakKTUBHICTh TejoMmepaszu, HekaHoHiyHa @yHkuis TERT Tta B3aemonmis Mix
TUC(hYHKIIIEIO TeJIoMep, 3amajieHHs M, (iOpo30M Ta JereHEepaTHBHUMH 3aXBOPIOBAHHAMH. Tomy
iCHye HarajbHa MoTpeda B po3poOIli aKTUBATOPIB TeIOMEpas3y ISl JIKyBaHHS CTapiHHA Ta BIKOBHX
3aXBOPIOBaHb, 11100 3armo0iraTv Ta JIKyBaTH CMEpTENIbHI 3aXBOPIOBAHHS, CIIPUYMHEH] BKOPOUECHHSIM
TEJIOMEp, LUIAXOM BiJIHOBJIEHHS TEJIOMEP Ta MOIIKOIKEHHS TeJIoMepasu.
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TRANSMISSION OF BAD HABITS AT THE GENETIC LEVEL:
NATURE, NURTURE, OR BOTH?
National University of Pharmacy, Kharkiv, Ukraine
Department of Clinical Laboratory Diagnostics, Microbiology and Biological Chemistry
Doha LAAROUSSI
Supervisor: PhD, Associate Professor of a higher education institution Igor SENIUK

Bad habits —such as smoking, excessive drinking, overeating, or compulsive behaviors — are
often seen as personal choices shaped by environment, culture, or upbringing. However, growing
evidence from the fields of genetics and epigenetics suggests that some of these tendencies may
have biological roots. While no one is born with a “bad habit,” certain genetic predispositions can
increase the likelihood of developing harmful behaviors. This article explores how these tendencies
may be transmitted across generations and what this means for public health and personal
responsibility.

Are Bad Habits Inherited?

While habits themselves are learned behaviors, the propensity to develop them can be
genetically influenced. Genes play a role in:

. Impulsivity and risk-taking

. Reward sensitivity (dopamine system)

. Stress response and coping mechanisms

. Addiction vulnerability
For example:

. People with certain variants of the DRD2 gene (dopamine receptor) may find
substances or risky behaviors more rewarding, increasing the chance of forming
dependencies.

. Variations in the CHRNAS gene are linked to nicotine addiction, affecting

how the brain responds to tobacco.

These genetic predispositions don’t guarantee the development of a bad habit but increase
the probability, especially in triggering environments.

Epigenetics: Inheriting More Than Genes

The field of epigenetics reveals that our experiences can alter how our genes are expressed,
and these changes can sometimes be passed down to future generations.

For example:

. A parent exposed to chronic stress, addiction, or poor diet may undergo
epigenetic changes (like DNA methylation) that influence gene activity in their offspring.
. Animal studies show that offspring of rodents exposed to addictive

substances exhibit altered brain chemistry and behavior, even without direct exposure.
This means bad habits may be biologically primed, not just taught or copied.

Learned Behaviors vs. Genetic Influence

While genetic and epigenetic factors matter, environment and upbringing remain critical:

. Modeling: Children often imitate the habits of their parents.

o Household norms: Availability of alcohol, food, or screen time shapes
behavior.

. Stress and trauma: Early-life adversity can activate latent genetic
vulnerabilities.

Thus, the transmission of bad habits is typically the result of a gene-environment interaction
— a blend of inherited risk and learned behavior.
Can We Break the Cycle?
Yes — and understanding the biology behind habits helps us develop better prevention and
treatment strategies:
. Genetic testing may help identify high-risk individuals for early intervention.
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. Behavioral therapy and mindfulness can help rewire habit loops regardless of
genetic risk.

. Public health strategies can reduce environmental triggers (e.g., taxation on
cigarettes, limiting junk food marketing to children).

. Parenting support and trauma-informed care can reduce intergenerational
transmission.

Ethical Considerations

Using genetics to explain or predict bad habits raises difficult questions:

Could it lead to stigmatization of people seen as “genetically weak™?

Should employers or insurers have access to such data?

Can it shift blame away from personal accountability?

The goal should be to empower, not label — to use science for support and healing, not
judgment.

The idea that bad habits can be influenced or even partially transmitted through genetic and
epigenetic mechanisms challenges traditional views of human behavior. While genes may load the
gun, it’s the environment and choices that pull the trigger. By better understanding the biological
roots of behavior, society can move toward more compassionate, effective strategies to prevent and
treat harmful habits — breaking the cycle for future generations.

AGGRESSIVE BEHAVIOUR AT THE LEVEL OF THE GENETIC CODE
National University of Pharmacy, Kharkiv, Ukraine
Department of Clinical Laboratory Diagnostics, Microbiology and Biological Chemistry
Khadija KTAIB
Supervisor: PhD, Associate Professor of a higher education institution Igor SENIUK

Aggression is a complex behavioral trait that has helped humans and animals survive,
defend territory, and establish dominance. While environmental and social factors heavily influence
aggression, scientific research increasingly points to the role of genetics in shaping aggressive
tendencies. Consider this how specific genes and genetic mechanisms may contribute to aggressive
behavior and how this knowledge may be used — or misused — in science and society.

Is Aggression in Our Genes?

Decades of behavioral genetics research suggest that aggression has a heritable component,
meaning it can be partially passed down through generations. Twin and adoption studies show that
genetic factors account for 30-50% of individual differences in aggression.

Some key genes associated with aggression include:

. MAOA ("warrior gene"): This gene encodes monoamine oxidase A, an
enzyme that breaks down neurotransmitters like serotonin and dopamine. Variants with low

MAOA activity have been linked to impulsive aggression, especially in males.

. SLC6A4: Involved in serotonin transport; certain polymorphisms have been
associated with increased reactivity and aggression under stress.
. DRD2/DRD4: Dopamine receptor genes implicated in impulsivity and

reward-seeking behavior.

Genetic influence is not deterministic but predispositional — it can increase the likelihood of
aggression in combination with environmental stressors.

Epigenetics and Environmental Triggers

Genes are not destiny. The field of epigenetics shows that environmental experiences such
as childhood abuse, trauma, or neglect — can turn genes on or off through chemical changes (e.g.,
DNA methylation).

For instance, a person with a low-activity MAOA variant may not become aggressive unless
they experience early-life adversity. This gene-environment interaction is critical to understanding
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aggression: the genetic code may set the stage, but the environment directs the play.

Neurogenetics and Brain Structures

Genetic variants influence brain development and function, particularly in areas related to
emotion and impulse control:

. Amygdala: Involved in fear and threat detection; hyperactivity may lead to
reactive aggression.

. Prefrontal ~ cortex:  Regulates  decision-making and  inhibition;
underdevelopment or dysfunction is linked to poor impulse control.

. Hypothalamus: Associated with rage responses.

Genes that affect neurotransmitter levels (e.g., serotonin, dopamine, GABA) indirectly
shape how these brain regions function.

Ethical Concerns and Potential Misuse

Understanding aggression at the genetic level has implications in medicine, law, and
security. However, it also raises serious ethical concerns:

. Genetic discrimination: Could individuals be judged, limited, or incarcerated
based on their genetic predisposition?

. Preemptive surveillance: Should people with "aggressive genes" be
monitored more closely?

. Eugenics and bioengineering: Could societies seek to eliminate certain traits
or manipulate aggression through gene editing?

The potential for stigma, abuse of power, and privacy violations is high if this knowledge is
misused.

Future Directions: Can We Control Genetic Aggression?

While we cannot yet "edit out" aggression, scientific advances may lead to:

. Personalized therapies for individuals genetically predisposed to aggression

(e.g., targeted medication or behavioral interventions).

. Gene-environment intervention programs that reduce risk factors in high-
vulnerability populations.

. Neuroethical frameworks to guide the responsible use of genetic information
in policy and justice systems.

Aggression is not solely a product of society or upbringing; it also has deep roots in our
genetic architecture. However, genes are not a sentence — they are a script that can be rewritten by
experience, environment, and choice. As we continue to decode the biological foundations of
aggression, it is essential to balance scientific discovery with compassion, ethics, and a clear
understanding of human complexity.

DNA AS A WEAPON: THE RISE OF GENETIC WARFARE
National University of Pharmacy, Kharkiv, Ukraine
Department of Clinical Laboratory Diagnostics, Microbiology and Biological Chemistry
Riyad QAMOUTA
Supervisor: PhD, Associate Professor of a higher education institution Igor SENIUK

Advancements in biotechnology have given humanity unprecedented power to understand,
manipulate, and replicate DNA — the fundamental blueprint of life. While these tools have
transformed medicine, agriculture, and forensics, they also pose a darker potential: the use of DNA
as a weapon. In an era of emerging biological threats, the weaponization of genetic information
introduces a new and dangerous frontier — genetic warfare.

What Does It Mean to Weaponize DNA?

Weaponizing DNA doesn't necessarily mean turning DNA itself into a weapon. Rather, it
involves using genetic knowledge or tools to cause harm, whether through engineered pathogens,
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targeted biological agents, or the exploitation of personal genetic information.

This can occur in several ways:

Gene-targeted bioweapons: Pathogens designed to affect individuals with specific genetic
traits (e.g., a certain ethnic group or even a specific individual).

CRISPR-based weaponization: Editing genomes of bacteria or viruses to increase virulence,
resistance, or host specificity.

Genetic surveillance and sabotage: Collecting genetic data from populations to develop
targeted biological strategies.

DNA and the Threat of Precision Bioweapons

Modern tools like CRISPR-Cas9 allow scientists to edit genomes with surgical precision. In
the wrong hands, this can enable the creation of pathogens customized for particular genetic
profiles. For example, a virus might be engineered to interact only with receptors that are more
common in people of certain ancestry.

This form of biowarfare is especially concerning because:

e It could bypass broad-spectrum defenses.
o It might not affect the attacker’s population at all.
e It can be hard to detect and attribute.

Genetic Databases: A Double-Edged Sword

Consumer DNA testing services (e.g., 23andMe, Ancestry.com) have collected genetic data
from tens of millions of people. While valuable for health and ancestry research, such data can also:

Be hacked or sold without consent.

Reveal vulnerabilities like genetic predispositions to disease.

Be used for targeted political or military campaigns.

In the context of espionage or warfare, genetic data could inform strategies ranging from
psychological operations to biological assassination.

Ethical and Legal Gray Areas

Currently, international treaties like the Biological Weapons Convention (BWC) prohibit
biological warfare, but they are outdated and lack mechanisms to address gene-editing technologies
or commercial DNA use. There are no global regulations governing:

o Genetic data ownership and sovereignty.
e The dual-use nature of genetic engineering.
o The boundaries of defensive vs. offensive biological research.

The line between innovation and violation is increasingly blurred.

The Future of Genetic Security

To confront this emerging threat, the global community must act proactively. Key measures
include:

o Establishing new treaties and oversight bodies for gene editing and DNA use.

o Enhancing bio-cybersecurity for databases and labs.

o Educating scientists and engineers on ethical responsibilities.

e Monitoring state and non-state actors for early signs of bioweapon development.

DNA is no longer just the language of life — it may soon become the language of war. The
potential to weaponize genetic information represents a paradigm shift in how conflicts could be
fought and who could become a target. If the international community does not develop clear
ethical and security frameworks now, the misuse of DNA could lead to a form of warfare that we
are ill-equipped to combat.
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3MIHU AJEPHOI'O AITAPATY IIPU OHKOXBOPOBAX
’)KIHOYOI CTATEBOI CUCTEMHU
Hamionanbhuii papmanieBTHYHUN yHIBEPCUTET, XapKiB, YKpaiHa
Kadenpa kmiaivHOT 1a60paTOPHOI AIarHOCTHKH, MIKp0010J10Tii Ta 610JI0TTYHOT XiMii
Auaina KO3IHA
KepiBHuk: 0. 6ion. 1., npoghecop 3axnady suwoi oceimu Pumma €EPBOMEHKO

Beryn. OHKOJIOTIYHI 3aXBOPIOBAHHS JKIHOYOI CTAaTEBOI CUCTEMM, TaKl K PAaK LIMWKHU MaTKH,
SIEYHHKIB, MAaTKU (€HIOMETPII0), TPOJIOBKYIOTh OYTH CEPHO3HOI0 MPOOIEMOIO SIK 3 MEAMYHOI, TaK 1
COLIaJIbHOT TOUKHU 30py. BOHM CyIpOBOAXKYIOTECS XapaKTEpHUMHU MOP(OIOTIYHUMH 3MIHAMU KJIITHH,
30KpeMa B JICPHOMY arapari, ki MOYKHA BUSBUTH BXKE Ha PaHHIX eTarax 3J05SKiCHOI TpaHcopmaliii.
Orinka cTaHy sipa Ma€e BaKJIMBE 3HAYCHHS JIJIS 1IaTHOCTUKH, TIPOTHO3Y Ta BUOOpY Tepartii.

Mera. Jlocnigutu MopdosioridHi 3MiHU SACPHOTO amapaTy KIITHH TPU OHKOIMATOJOTIT
KIHOYO1 CTATeBOI CUCTEMH, MOPIBHATH 1X 13 HOPMAJIbHUMHU XapaKTEPUCTHUKAMHU spa Ta BU3HAUUTH
iXHE KITIHIKO-J1arHOCTUYHE 3HAYCHHSI.

Marepiaan Ta MeTOaM. AHaji3 MPOBOAMBCSA HAa OCHOBI TICTOJOTIYHHUX Ta ITUTOJOTIYHHUX
npernaparax TKaHWH OIMHKH MAaTKH, EHAOMETPIIO Ta S€YHUKIB. BukopucTtano naHi MopgoaoridaHoro
aHaJizy, IpeICTaBICHI B HAyKOBIH JiTepaTypi, CTaTTAX Ta EIEKTPOHHUX Pecypcax.

Pe3ysbTaTi Ta iX 00roBopeHHsi. Y HOpMalbHiil TKaHWHI JKIHOYOI CTaTEBOI CUCTEMH siApa
KIITUH MalTbh MNpPaBWIbHY OKpyrily abo oBaibHy (¢opMmy. SlaepHO-nMTOmIa3zMaTUyHe
CHIBBiAHOIIEHHS 30epexeHe, Aapa 3aiiMaloTh HE3HAYHY YacTHHY 00’€My KIITHHHA. XPOMaTHH
PO3IOAUICHHI PIBHOMIPHO, JIpiOHOMUCIIEPCHUHN, 13 UITKO BHPOKEHUMH saepisiMu. KiiTuHu
eMmiTeNiI0 MUHKA MaTKU Ta €HIOMETPII0 JEeMOHCTPYIOTh HU3bKY MpoidepaTnBHY aKTHBHICTH i3
NepeBaXaHHAM HOPMAJIbHUX (a3 MITO3y.

3MiHU AJIEpHOTO amapaTy MOXYTh BKa3yBaTH Ha HasBHICTH marosorii. JIoOposikicHI 3MiHH,
Taki K peakTHBHI 3MiHHM, 110 BUHMKAIOTh NPH 3alajeHHl, XapaKTepu3yroTbcs 30UIbIICHHIM s/ep,
HEPIBHOMIPDHUM PO3MOJIJIOM XPOMAaTHHY 1 TOSBOIO sijepelb. JlereHepaTWBHI 3MIHH, Taki SK
KaplopeKcHe 1 KapioJli3Huc, TaKOK MOKYTh OyTH MPUCYTHIMU. Y pasi TilepKepaTosy 1 mapakeparo3y
30epiraroThbcsl MIKHOTUYHI s1/Ipa, MPOTE CTPYKTypa LUTOIIa3MHU 3MIHIOETHCS.

Binomo, mo 3rigno 3 knacudikamietro BOO3 (BcecBiTHbOI opranizaiiii OXOpOHH 310pOB’s),
JUCIUIa3ll MMHKKM MAaTKH, SIKI € MEepelNyXJIMHHUMM CTaHaMM, AUIATbCA Ha Tpu crymneHi. [ns
mucrasii I crynens (CIN I) xapakrepHe nmoMipHe 30UIbIIEHHS siAep 1 HEPIBHOMIPHUM PO3MOALT
XpoMaTHHY IpH 30epexeHH] noaspHocTi KimiTuH. Jucmasia II crynens (CIN II) BigpisHseThes
BUPAKEHUM JIMCKApio30M, MPH SIKOMY sipa 3aiiMaioTh 10 JABOX TPETUH KINTHHU 1 3’SBISIOTHCS
xpomouentpu. [Jucrmaszis Il crymenss (CIN III) 1 pak in sifu XapakTepu3yrOTbCS 3HAYHUM
noJiiMopdizMoM sifiep, rpyOuM XpOMaTHHOM 1 BTPATOO MOJISIPHOCTI KJIITHH.

[Ipn pO3BUTKY 3J0SKICHUX HOBOYTBOPEHb JKIHOYOi CTAaTe€BOi CHUCTEMH Yy KIITHHaX
BUSIBIISIIOTHCSI YUCIICHH] XapaKTepHi 3MiHU siiepHOTO anapary. OHi€lo 3 HalBaXIUBIIIUX O3HAK €
30UTBIICHHS PO3MIpYy saep (MakpoOsSACpHICTh) 13 TMOPYIIEHHAM SAECPHO-IIUTOIIA3MATUYHOTO
CHiBBiAHOIIEHHS. Slapa HaOyBalOTh HENpaBWIbHOI, JedopMoBaHOi (GOpMH, 3 SBISAIOTHCS
3apy0OyacTicTb KOHTYpPIB 1 acuMeTpii. XpOMAaTUH CTae€ TIpyOUM, TpyAKYyBaTHM, PpO3MOALICHHM
HEPIBHOMIPHO; XapaKTepHUM € SIBHILE TinepxpomMasii, TOOTO MOCUICHOTo 3a0apBieHHs Aapa uyepes
HakornmuenHs JIHK. 3Hauno migBumryerhest cTymiHb momiMopdizMy siiep: y MeXax OIHOTO IO
30py 3YCTpiHalOThCs KIITHHM 3 Pi3HUM po3MmipoMm 1 ¢opmoro saep. Yacto crocrepiraerbes
0araTosIepHICTb, IO CBITYUTH MIPO BTPATy HOPMAIHHOI'O MEXaHI13MY KIIITUHHOTO MOALTY.

[Ipu 37M0SKICHMX MyXJMHAX BHSBISIOTHCS YHMCICHHI IATOJOTIYHI MITO3HM, CEpel SKHUX
XapakTepHl Tpu- abo TeTpamnoyigpHi (irypu. 30Kpema, NMpU PaKy MIUHKA MAaTKH IEPEBaXalOTh
KIITUHA 3 BUPAXCHOIO TiNEPXpOMa3i€lo, HENPaBUJIBHUMHM BEIMKHUMH SApaMH Ta BHCOKOIO
KUTBKICTIO aTUMOBHUX MiTO31B. [[/1s1 paky eHmoMeTpisi XapakTepHi KIITUHU 13 3HAYHO 30UTBIICHUMU
AIpaMu, TpyOuM XpOMAaTHHOM 1 MiJBUIIEHOIO MposidepaTnBHOIO akTUBHICTIO. [Ipu paky s€4HUKIB
CIIOCTEPITaeThCsA BKpail BUpaKeHUH TOMIMOpPGI3M KIITUHHUX €JEMEHTIB, BeJIMKa KUIbKICTh
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OaraTtosiIepHUX KJIITHH Ta YWCJACHHI aTUIOBI MITO3M, IO CBIIYWTH NMPO BHUCOKY arpeCHUBHICTH
MyXJIMHHOTO TIPOIIECY.

BucHoBku. 3MiHM B sIepHOMY amapari KIITHH € BOXIUBUMH MapKepaMH MaTOJOTIYHHUX
MPOIIECIB Y JKIHOUIN cTaTeBil cucTemi. JJoOposikicHI 3MiHH, SIK peaKTHUBHI IIPH 3alaJICHH], CBiT4aTh
npo (i3ionoriuHi MopymeHHs, TOAl SIK JUCIIIa3ii € mepeaBiCHUKAaMH MOXIIMBOTO PO3BUTKY DPaKy.
Panni 3MiHM, Taki sK 3MIHM XpOMaTHHY, 30UIBIIEHHS SAEpP Ta IMOPYIICHHS iX IOJISPHOCTI,
JIOTIOMAaraioTh BYAaCHO BUSBIATH TEpeaNyXJIMHHI craHu. Lle 1n03Bossie 3a0e3nmednTH CBO€YACHY
JIarHOCTUKY Ta JIKyBaHHS, 10 3HAYHO IOKPAIIy€e MPOTHO3U Ta 3aro0irae po3BUTKY 3JIOSAKICHUX
nyxauH. ToMmy OIliHKa SIIEPHUX 3MIiH € KPUTHYHO BAXKIUBOIO JJIS PAaHHBOTO BUSBICHHS
OHKOJIOT1YHHMX 3aXBOPIOBaHb Ta MiABUIIEHHS €(DEKTUBHOCTI JiKyBaHHS.

TEMHA MATEPISI TEHOMY: POJIb HEKOAYIOUYHNX JHK-ITOCJIJIOBHOCTEM ¥
PET'YJISIIII CIIAJIKOBOCTI TA EBOJIIOIIIT
HamionanbHuii papmanieBTHYHAN YHIBEPCUTET, XapKiB, YKpaiHa
Kadenpa kiminiuHOT 1a00paTOPHOI AIarHOCTUKH, MiKp0OioI0rii Ta 610J10T14HOT XiMii
Banepis MAKAPOBA
KepiBuuk: x.¢papm.n1., doyenm 3axnady suwoi oceimu leop CEHIOK

Y npyriit monoBuni XX cromitra 3aBAsku BiakputTio ctpyktypu JHK, posmmdposii
TCHETUYHOTO KOIy Ta (OPMYIIOBAHHIO «IEHTPAIBHOI JOTMH» MOJICKYJSIpHOi  OioJorii
chopMyBalIoCh ysBIIEHHS, 1110 TeHu — 11e Gpparmentu JIHK, ski koayroTh OUIKH, a BCe iHIIE B TEHOMI
€ €BONTIOLIMHUM «CMITTAM». Lleil cripornennii morisa JoOMiHyBaB y HayIli AECATHIIITTSIMH 1 3HAHIIIOB
BioOpaxkenHsa B TepMiHi "junk DNA" (JJHK-cmitTa), sixuit BukopuctoByBaB y 1972 polli reHeTuK
Cycymo Omno. Ilpore 3aBepmienHs mnpoekty «['enom mogunm» y 2003 pori crajgo moyaTkom
KapauHanbHOro nepeocMucienHs poii JIHK, amke 3’scyBanocs, mo nume 6ausbko 1,5% Hamoro
reHOMY BIJIIOBi/Ia€ 3a KoayBaHHS OUIKiB. Pemta — maibxe 98,5% — He BUKOHY€E KOyI0UOi (PYHKIIII,
aJie BUSBWIACH KPUTHYHO BAXIIMBOKO ISl PETYJIALIl TeéHeTHYHOi akTHBHOCTI. CaMe Il HeKOyroul
MOCIIIJJOBHOCTI — 1HTpOHH, 1HTepreHHi 30HH, JOBI1 (IncRNA) ta kopotki (miRNA, siRNA)
Hekonytoui PHK, perynaropHi enemeHTH, eHXaHCepH, CalJIeHCEpH, THCYISTOPU — CTaJId 00’ €KTOM
JOCTIZPKEHHST HOBOi rajly3l I'€HOMIKH, SKy MeTaQOpUYHO HA3MBAIOTh JIOCIIKEHHSM «TEMHOI
Mmatepii reHoMy». Llg aHanoris 3 acTpo(i3MKOI0 € LIJIKOM BUITPABJIAHOIO: TaK caMo, sk y Bcecsiti
Oulpllla YacTMHAa Macu npuxoBaHa y ¢opMi TEMHOI Marepii, B TE€HOMI JieBOBa 4YacTKa
(GYHKI1OHAJIBHUX TPOLIECIB PETYIIOETHCS HEBUIUMUMHU, HEKOYIOUUMH CTPYKTYPaMH.

Pesynbratn MacmtaOHUX T€HOMHUX MPOEKTIB, Takux sk «['eHom momuuun» ta ENCODE
(Encyclopedia of DNA Elements), kapainHaJlIbHO 3MIHWIM Hallle pO3yMiHHS Oprasiszaiii reHomy. 3
npuOaM3HO 3,2 MUIBSPAIB Map OCHOB I'€HOMY JIOJAMHM JIMILIE Mi3epHa 4acTka — Onu3pko 1,5% —
6e3nocepeHbo Koaye Ounku. Lli Komyrodi AIITHKY, BiZIOMi SIK €K30HH, (hopMyroTh 61au3pko 20 000
TeHiB, 10 MPOAYKYIOThH Oiku. Permra 98,5% reHoMy, sika paHilie BBaXanacs «CMITTSIMY», ChOTOIHI
BHU3HAaHA KPUTUYHO BaXJIMBOIO uid (QyHKUioHyBaHHS KiiTuH. IIpoext ENCODE, 3amymenuii y
2003 porri sk TPOOBKEHHS MPOEKTY «I €HOM JIFOIMHWY, BUSBHB, 110 MOoHA 80% TeHOMY JIIOIMHHA
Mae O610XiIMiYHY (PYHKIIOHANIBbHICTh, TOOTO 3allydyeHa B MIpOILECH peryJislii reHHOI ekcrpecii Ta
MIATPUMKH XPOMaTUHOBOI CTPYKTYpH. Lle BIIKpUTTS CTasio peBOMIOIIHHUM 711 PO3YMIHHS 010J10T1i
JIIOJMHU Ta MEXaH13MiB BUHUKHEHHS 3aXBOPIOBAHb.

Hexonmyroui mocmigoBHocti JIHK MoxHa kimacudikyBatu 3a iXHBOIO CTPYKTYPOIO,
JIOKaTi3aIli€ero Ta QyHKIIE:

[HTpOHM — HeKoayrOUl NIISTHKUA BCEPEAMHI T'eHIB, K1 BUPI3al0ThCA B MPOIEC] CIUIAWCHHTY.
Bonu cranoBnsaTe Oam3bko 24% reHoMy JOAMHU. Beymneped paHHbOMY YSIBJICHHIO MPO IXHIO
«HETOTPIOHICTHY, IHTPOHHU:

e  MicTATh PeryJaTOpHI JIEMEHTH, 1[0 KOHTPOIIOIOTH EKCITPECIIO TEHIB.

e bepyTh ydacTsh B allbTepHATUBHOMY CIUTAMCHHTY, 301IBIIYIOYH PI3HOMAHITHICTH O1JIKIB.
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e IIponykytots Hekoaytoui PHK 3 Bnacaumu perynsaropHumu QyHKIISIMH.

[HTeprenHi AUISHKM — MPOCTOPU MIX TeHaMH, Kl CKiIagaioTh Maibke 75% renomy. Lli
perioHHu:

e  MicTATh TUCTAJIbHI PETYISATOPHI €JIEMEHTH .

e Konytors uncnenni nekoayroui PHK.

e Brmouatots okycu KoHTpomo (LCR), 1m0 KOOpAWHYIOTH €KCIPECio IUINX KIIACTepiB
TeHiB.

[IceBnorenu — HeaKTHBHI KOMil (YHKLIOHAJIBHUX T'€HIB, SKi BTPATHJIM 3/1aTHICTh KOAYBaTH
Oinkn 4depes myTarlii. B renomi moguau inertudikoBano nonaa 14 000 mcemoreHiB. Beynepeu
JaBHIM YySIBIICHHSIM, BOHH:

*  MoxyTh TpaHCKpHOYBaTHCS Ta PYHKI[IOHYBATH SIK perysaTopHi Hekoayroui PHK.

»  JliroTh siK «npuMaHkm» 11t MikpoPHK, 110 perymoroTh akTUBHICTh CIIOPiAHEHUX TEHIB.

*  CayryroTs pe3epByapoM IeHETUYHOI'0 MaTepiady AJs €BOMIOLIMHUX IHHOBALIIH.

*  Mo0inbHI TeHeTHYHI eneMeHTH — mociinoBHocTi JIHK, 3maTHI mepeMiniyBaTtucs B Mexax
TeHOMY:

*  TpaHcmo3oHH — «CTpUOAOYi reHm», SIKi mepeMilytoThcs uepe3 komitoBanus JJHK.

*  PerpoTpaHcro30HH — €IE€MEHTH, 110 BUKOPUCTOBYIOTh 3BOPOTHY TpaHckpumnuito PHK s
iHTEeTpaIii B HOB1 JUISTHKY TEHOMY.

* Enporenni perpoBipycu (ERV) — 3anumiku naBHixX BipycHUX iH(EKIIi#, 110 CTAaHOBIATH
01n3bK0 8% TCHOMY JIIOMHH.

PerynstopHi enemenTn — xommakTHI nociigoBHocTi JJHK, 110 KOHTpOMIOIOTH eKcIpecito
TCHIB:

[IpomoTtopu — ainsHKH Oe3mocepeHbO Mepe/l TeHAMHU, JIe 1HIIIIOEThCS TPAaHCKPHIIITis.
Enxancepu — BiijaneH1 eJI€MEHTH, 110 TTOCUIIIOIOTh TPAHCKPHUIIIIIO.

CaiineHcepu — OCIIIOBHOCTI, 1110 MPUTHIYYIOTh T€HHY €KCIPECIto.

[HCynsTOpH — 6ap’epHi €1eMEHTH, 1110 PO3AUISIIOThH P13HI JOMEHHU XpOMAaTHHY.

Croroani Bimomo, mo Hekonywooui ainsgHku JIHK He nuie KOHTPOMIOIOTH, KONMU 1 1€
eKCIIpeCyIoTbCs OUIKM, aje ¥ BIANOBIJAIOTH 3a CKJIAAHI TPOLECH PO3BUTKY, KIITHHHOI
nudepenIianii, i HaBiTh 3a CXHJIBHICTB JI0 XBOPOO. IXHs eBosoNiiiHa KOHCEPBATUBHICTh CBiIYMTE
PO BAKJIMBICTh LUX €JIEMEHTIB Yy 30€peKeHHI (YHKIIOHAIbHOI CTa0lIbHOCTI. TakuM YUHOM, Te€,
10 KOJIUCh BBAXAJOCH T'€HETUYHUM «CMITTSIM», BUSBWIOCS CKIJIQJAHOK Ta BIOPSIKOBAHOIO
CHUCTEMOIO PEryJIsIiii TeHOMY, 0e3 sIK0i HEMOXJIMBE (PYHKI[IOHYBaHHS 0araTOKIITUHHUX OpPTraHi3MiB.
BuBueHHS 1i€1 «TeMHOI MaTepii reHOMY» BIAKPHUBA€E HOBI TOPU30HTH JUI PO3YMIHHS 010JOTTYHUX
MIPOLIECIB Ta pO3POOKH 1HHOBAIIHUX MIAXO0/A1B Y MEIULIMHI.

Konnenmuis "junk DNA", saxy 3anpononysas renetuk Cycymo Ono y 1972 poui, 6a3yBanacs
Ha MPUIYIIEHH], 0 OUIbIIa YaCTMHA T€HOMY He Ma€ (YyHKIIOHAJILHOTO MPU3HAYEHHS 1 € JIMILIe
€BOIIOLIIITHUM criafikoM abo «Oamactomy». [IpoTe cydacHi TOCTiHKEHHS CIIPOCTOBYIOTh IO TEOPIIO 3
KUTPKOX KITFOYOBUX MPUYHH:

. Enepretuunuii napagokc — peruiikais Ta miarpuMka «Henotpionoi» JIHK norpedye
3HaYHUX EHEepreTMYHUX BHUTpaT. EBoMOLIHHUI THCK MaB OM IMOCTYNOBO 3MEHIIYyBaTH pO3MIp
TeHOMY, KO 111 TOCIIJOBHOCTI CTIpaBl OyJId «CMITTSIMY.

. TpanckpunuiiiHa aKkTUBHICTh — JTOCIIPKEHHSI TPAHCKPUIITOMY TOKa3allu, 1110 MOHa]
85% reHoMy aKTHBHO TPAaHCKPUOYETHCS B MEBHUX KIITHHAX a00 Ha MEBHUX CTaliX PO3BUTKY, IO
CYMepeyuTh 171e1 «HEMOTPIOHOCTI» IIUX TOCIIIIOBHOCTEH.

. PerynsTtopHa UIUIBHICT — HEKOAYHOYl JUISHKH MICTATh TYCTy MEpexy
PEryJISTOPHUX €JIEMEHTIB, sIKI KOOPAMHYIOTh EKCIPECiio T'eHiB Y yaci i mpocTopi, 3a0e3neuyodn
CKJIQJIHICTh BHUIIUX OPTaHi3MiB.

) EBomromiiftHi iHHOBaIii — Oarato €BOJIIOIIMHUX «CTPUOKIB» TIOB’si3aHI came 3i
3MiHaMH B HEKOAYIOUHX PETiOHAX, @ HE B KOAYIOUHX MOCIiOBHOCTSIX.

Y VYV
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OmauM 13  HaWCHUIBHIMUX apryMmeHTiB mpotd Teopii "junk DNA" € icHyBaHHA
KOHcepBaTUBHUX Hekonayrouux enemeHTiB (CNEs) — mocmimoBHOCTEH, sIKi 3ajUIIAIOTHCS Manke
HE3MIHHHUMHM IPOTSITOM COTE€Hb MUJIBHOHIB POKIB €BOJIOLIII:

J VY renomi monunu igeHtudikoano nonax 35 000 CNEs, momxunoro Bix 100 mo
1000 map ocHOB, sIKi AEMOHCTPYIOTH OUTbII HIX 70% 1AEHTUYHOCTI MIX JIFOJUHOIO Ta puboro-dyry,
He3Baxarouu Ha 450 MiTbHOHIB POKIB OKPEMOT €BOJTFOILI.

. bimpmiicte CNEs kiactepu3oBaHi HAaBKOJIO T'€HIB PO3BUTKY Ta TPAHCKPHUIIIHHUX
(akTopiB, BKa3yr0uu HA iXHIO KPUTHYHY POJIb Y KOHTPOJIi €eMOPiOHAIBHOTO PO3BUTKY.

) [IBunkicTe eBomroridHuX 3MiH y Aeskux CNEs HaBiTh HUXKYA, HIK Y KOAYHOUUX
MOCJTIIOBHOCTSIX, 1110 CBITYUTH MIPO HAJ3BUYANHO CUIILHUN OYMIIYBaJIbHUN B1IOIP.

. [likaBo, MmO «yJIbTPAKOHCEPBATHBHI €JIEMEHTH» (IOCTIAOBHOCTI MOBX)UHOKO >200
nap ocHoOB, siki 100% imeHTHYHI MK JIIOJMHOI0, MUIICIO Ta LIypOM) YacTO PO3TAIIOBaHI B TeHI 1
CKJIaJIH1 IHTPOHHO-EK30HHI MEX1, MAKPECTIOI0YH IXHIO POJIb y PETYIISILIi CIIIaiiCHHTY.

Hocnimkenns 3a gornomMororo GWAS (IIOBHOT€HOMHUH TIONIYK acoIliariil) BUSBHIM, IO
noHan 90% momiMmopdi3MiB, TOB’SI3aHUX 13 3aXBOPIOBAHHAMHU JIIOJIMHU, PO3TAIIOBaHI B
HEKOIYIOUMX IUISHKAaX reHomy. lle KapAWHambHO 3MIHMJIO MiAXOAW OO BUBYCHHS T'€HETHYHHX
OCHOB 3aXBOPIOBaHb:

Pak — myTamii B peryJisiTOpHUX €JIeMEHTax MOXYTh HOPYIIYBaTH €KCIIPECiI0 OHKOTEHIB Ta
TeHIB-CYIIPECOPIB My XJIUH:

- Myranii B enxancepi TERT (Tenomepa3noi 3BOpOTHOI TpPaHCKPUNITAa3W) BHUSABICHI Y MOHAT
70% menaHoM i riaio0macTom.

- Henenii eaxancepa TAD (tononoriuno acomiiioBanoro gomeny) resa TAL1 npusBoasTh 10
ioro abepanTtHoi excrpecii npu T-KIITHHHOMY rOCTpoMy J1iM(OOIaCTHOMY JIEHKO31.

CeprieBo-CyIMHHI 3aXBOPIOBaHHS — YHCJICHHI BaplaHTU PU3MKY, BUSBIEHI B HEKOJIYHOUHMX
perioHax:

e [lomimopdizmu B enxancepi rena TCF21 kopemnroroTh i3 MiABUILEHUM PU3HKOM IHMIEMIYHOT
XBOpOOU ceprist

e Bapiamii B perymstopuux enemeHtax reHiB SORTI 1 PCSK9 pmimBatoTe Ha piBeHBb
XOJIECTEpUHY B KPOBI

AyTOIMyHHI1 3aXBOPIOBaHHS — BaplaHTH B HEKOAYIOUHX PET10OHAX

v' Tlonimopdizmu B erxancepi IL2ZRA acomitoroThCst 3 pU3UKOM I[yKpOBOTo fiabety 1 Tumy

v' Myrauii B peryasropuux enementax IRFS5 i TNFAIP3 noB’s3aHi 3 CHCTEMHHM Y€pPBOHUM
BOBYAKOM

TpanuiiitHa reHHa Teparnis 30cepeKyBajiacs Ha 3aMiHl 200 KOpeKIIii JeeKTHIX KOTYyI0UnuX
reHiB. O/HaK 3apa3 CHOCTEPIraeThCsl 3MilIEHHS (POKYCy Ha HEKOAYIOUl PEeryJsTOpPHI €JIeMEHTH 3
KUIBKOX NMPUYHH:

* BuToHYeHIIA perynsmis — MoAudikalis peryisTOpHUX €JIEMEHTIB JO03BOJISIE TOYHIIIE
HaJIAIITOBYBATH EKCIIPECIIO T€HIB, HIXK MPOCTa 3aMiHa I'eHa.

» JlogonaHHs oOMeXeHb PO3MIpY — BEKTOPH JJIs TeHHOI Tepamii (Hampukiaa, AAV) mMawoTh
0OMEXeHy €MHICTh, HEJOCTATHIO JJIsi JOCTaBKM BEIUKHUX TE€HIB, aje MOCTATHIO ISl Moaudikariii
KOMITAKTHUX PETYJIATOPHUX €JIEMEHTIB.

* TkaHe-cneuM(I4YHICTb — HALIIOBAHHS HA €HXAHCEPH, aKTUBHI B KOHKPETHUX TKaHUHAX,
JI03BOJISIE JOCSTTH JIOKaIi30BaHOI €KCIpPecii TeparneBTUYHUX I'eHIB.

=  MiHiMi3allis IMyHHOI BIIOB1A1I — MOAM(IKAIllS BIACHUX PEryJISTOPHUX €JIEMEHTIB MallieHTa
MEHIIl IMyHOT€HHA, HI’)K BBEICHHS €K30T€HHOI'0 TeHa.

IunoBaniiini mMaxoau BKIOYAOTh:

. Po3po6Ky CHHTETHYHHMX €HXaHCEPIB 1T TOYHOTO KOHTPOJIO eKCIpecii reHiB

. HamimoBanus Ha crenudiuai Hekomyroui PHK, mo perymoroTs ekcrnpeciro
MAaTOTEHHUX T'CHIB

J Kopekuito myramiii y caiftax CIulalicHHTY 3a  JIOIOMOTOI0  aHTHCEHC-

OJIITOHYKJICOTH/IIB (SIK Y BUIIAJIKY 31 CIIHAIBHOIO M’ A30BOIO aTpo(i€ro)
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[Ipukiagom ycmixy Takoro MigXxo[y € Teparlis HyKCHHepceHOM (Spinraza) juis JiKyBaHHS
CHiHAJIBHOT M’5130BOi aTpodii, sfiKa /i€ yepe3 MOAYJIALII0 CIUTAMCHHTY, a He 3aMiHy J1e()eKTHOTO TeHa
SMNI.

BuBuenns QyHKIII# HEKOAYHOUYHMX ITOCTIAOBHOCTEH CTAHOBUTH 3HAYHO OLIBIITNI BUKIIUK, HIXK
aHaJi3 KOJYIOYMX T€HIB, 3 KUIbKOX NpuuMH. Ha BiAMiHY BiJ KOIYIOUMX IIOCIIJOBHOCTEH, €
TPUILIETH HYKJICOTUIIB BIAMOBIJAIOTH aMIHOKHCIOTaM 32 YHIBEPCAJbHUM TE€HETUYHHUM KOJOM,
PEryJISTOPHI €JIeMEHTH BUKOPHCTOBYIOTh CKJIAJHI «TpaMaTU4HI MIPABUIIAY, SIKI MU JIHILE TIOYUHAEMO
po3yMmiTu. DYHKIlS HEKOIYIOUHMX €JIEMEHTIB 4YacTO 3aJIeKUTh BiJ KIITHHHOTO THITY, CTafil
PO3BUTKY Ta (hi310JIOTIYHOTO CTaHy, IO BUMAarae aHajidy B pI3HUX KOHTeKcTax. lIpocropoBa
CTPYKTypa XpOMaTHHY KPUTUYHO BaKJIUBa Uil (YHKIIOHYBAaHHS PEryJISTOPHUX €JIEMEHTIB, 110
YCKIIQJHIOE iX BUBYEHHS B i30Jiwii. barato peryisropHUX €lIeMEeHTIB JAEMOHCTPYIOTh YaCTKOBY
(yHKIIIOHAJIBHY HAJMIPHICTH, IO YCKIAIHIOE IHTEPIPETAIiI0 PEe3yiIbTaTiB €KCIEPUMEHTIB 3 iX
TETCLI€TO.

OcTtanHi Ba IECATUIITTA AOCTIIKEHb KapIMHAIBHO 3MIHWIM HAIlle PO3YMIHHS OpraHizamii
Ta (yHKIIOHYBaHHS TeHoMy. KoHmenmis «TeMHOi Martepii T'eHOMY» CHMBOJNI3Y€E TIHOOKY
TpaHcopMaIlio napagurMu MOJIEKYJISIPHOI 010JI0T1T — BiJ] CIIPOILIEHOTO MOy Ha TeHOM SIK Ha0ip
TeHiB, po3aiieHnx «cmirreBoro JIHK», mo po3ymiHHs #oro sk ckiagHoi, OaratopiBHEBOL
perynsatopHoi cuctemu. lle 3pylieHHS y CHOPUNHSATTI MOXKHA TOPIBHATH 3 PEBOJIOIIEID B
acTpo(i3uili, KOJM BUSBJICHHS TEMHOI Marepii 3MyCHJIO TIEPEOCMHUCITUTH (PyHIaMEHTaIbHI 3aKOHU
Bcecpity. Hexonyroui mochimoBHocti JIHK, sxi cranoBiasate mnonan 98% reHomy JIOAMHH,
BUSIBWINCS HE CBOJIOIIMHAM 0allacTOM, a HAJA3BUYAHO BKIIMBUMHU KOMIIOHEHTAMHU PETYJISATOPHOI
Mepexki, 1o 3ade3nedye TOUHY KOOpJAUHAII TeHHOi ekcmpecii B mpocTopi Ta daci. Bonu
BUKOHYIOTh KPUTHUYHI (DYHKIIT Ha BCIX PIBHAX PEryJsiii — BiJ opraHizaiii CTpyKTypHd XpOMaTHHY
JI0 KOHTPOJIIO CIUTAWCUHTY 1 TpaHciswii. JlociiikeHHs! KOHCEpBAaTUBHUX HEKOIyIOUHX €JIeMEHTIB Ta
PETyJISITOPHUX BIAMIHHOCTEH MIXK JIFOJMHOK Ta OJNM3BKMMU BMJIaMU NEPEKOHJIMBO CB1I4aTh, LIO
€BOJIIOL[IS CKJIAJJHMX OpraHi3MiB 3HA4YHOIO MIpOI0 KepyBajacsi 3MiHAMM caMe€ B HEKOAYIOUHMX
OUIsiHKaX TeHoMmy. Lli BIZKpUTTS MiATBEPIKYIOTh T1IOTE3Y, 10 JUIsl €BOJIIOLIMHUX 1HHOBAII 4acTo
BXJIMBIIII HE «HOBI IHErMHHKW» (OLIKM), a HOBI CHOCOOM BHUKOPUCTAaHHS BXKE HAsBHUX
KOMITOHEHTIB 4epe3 MOAMQIKAII0 PEryasaTOpHUX Mepexk. MeaudHe 3HAYeHHS «TEMHOI Martepii»
reHOMy HeMOXJIuBO mepeorinuTu. [lonan 90% reHeTHYHHMX BapiaHTIB, acoliHOBaHUX 13
XBOpoOaMH, 3HaXOAATbCd B HEKOAYIOUMX pErioHax, [0 BIJKPUBAE HOBI TOPU3OHTH JJIf
JIarHOCTUKU Ta Tepamii. PO3yMiHHS peryisTOpHUX MepeX JO3BOJs€ pO3pOOJATH iHHOBAMiHHI
MIIXOAM 10 JIIKYBaHHSI 3aXBOPIOBAaHb, OPIEHTOBAaHI HE HA 3aMiHy Je(EeKTHHUX T€HIB, a Ha TOYHE
HaJIAIITyBaHHA iXHBOI ekcrpecii. He3paxkatoun Ha 3HaUHUI porpec, MU Bee I1Ie Ha MOYaTKy HUIAXY
posmudpyBaHHs (YHKIIH HEKOAyouoro TreHoMy. CKIAAHICTh 1 KOHTEKCTHA 3aJIeKHICTh
PEryJIsSTOPHUX €JIEMEHTIB BUMaratoTh pO3BUTKY HOBHX TEXHOJIOTIH Ta IHTErpaTUBHUX IMiJIXOMIB, 110
MOETHYIOTh €KCTIEPUMEHTAJIbHI J1aHi 3 00YMCITIOBAILHUM MOJICTIOBAaHHSAM. 3 KOXKHHUM POKOM Hari
YSIBIIEHHS TIPO «TEMHY MAaTepii0» T€HOMY PO3IIMPIOIOTHCS, BIIKPHUBAIOUYM HOBI MEXaHI3MU Ta HOBI
MOXJIMBOCT1 I 1HTEpBeHIli. IcTopist mocmimpkeHHsT Hekomyrouwx mocmigoBHocted JIHK — me
SCKpaBUil MPUKJIAJ TOTO, SIK HAYKOBI MapaJurMyd MOXYTh 3MIHIOBAaTHCS MiJl TUCKOM HOBUX JaHHX.
Bona Takox Haragye HaMm 1Ipo HeOe3leKy IepelyacHHMX BHCHOBKIB IOJO0 «HEHNOTPIOHOCTI»
010JIOTIYHUX CTPYKTYp, QYHKIIT SKUX MU IIe He po3ymieMo. Llg 3miHa mapagurmMu mojidHa a0
Mepexo/ly BiJ HBIOTOHIBCHKOI (DI3UKM 10 KBAaHTOBOI MEXaHIKM — BOHA HE 3arepedye MoIlepeaHi
3HaHHS, ajle TIOKa3ye iXHIO OOMEXEHICTh 1 BiJKpUBAa€E HOBI BHUMIpH pO3yMiHHA. MaiiOyTHe
JOCTIPKEHHSI «TeMHOI MaTepii» reHoMy Oo0ils€e He JulIe po3B'si3aHHA (yHIaMEHTAIbHUX MPOo0IeM
6ioyorii PO3BUTKY Ta €BOJIOLII, ajle ¥ PEBONIOLIIHI MPOPUBU B MEPCOHAII30BaHIN MEIUIIMHI,
TeHHiH 1HXeHepii Ta 6ioTexHoorii. Mu cToiMo Ha MOpo31 epH, KOJIM FeHOM MOXKHa OyAe «4UTaTh»
He Jume sk Habip TeHiB, ajie 1 SIK CKIQJHy «OIepauiiHy CHCTeMy» KIITHHH, a TeparneBTUYHI
BTpy4YaHHs OyyTh HAIlJICHI HE Ha OKpEMi KOMITOHEHTH, a Ha PETYJIATOPHI MEPEXKI B IIIOMY.
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ABTO®ATISI TA IPOLUECHU CTAPIHHSA
HamionansHuii (hapMalieBTHUYHUNA YHIBEpCUTET, XapKiB, YKpaiHa
Kadenpa kiiniuHOT 1Ta00OPaTOPHOI AIarHOCTHKH, MiKpOOi0JI0Tii Ta 610JI0T19HOT XiMii
KOais IOHOMAPEHKO
KepiBHuk: x.¢papm.n., doyenm 3axnady suwoi ocgimu Onena [LIEPBAK

ABTOdarist € HEBiI €MHOI0 YaCTHHOIO KIITHHHOTO METabodi3My, sKa OIOCEPEIAKOBYE
Jerpajaiiio Ta eJiMiHamilo Je(PEeKTHUX KIITHHHHX KOMIIOHCHTIB, BKJIIOYAIOYH ITONIKODKCHI
HYKJICTHOB1 KHCJIOTH, HETIPABUIILHO 3rOPHYTI OLIKOBI arperaT, aHOMaJbHi JIMiN Ta OpraHesu, s
CIpPUSHHS TroMeocrasy, JudepeHIianii, po3BUTKY Ta BI)KHMBaHHIO uepe3 jizocomu. Cepen
MOJICKYJISIPHUX (DEHOTHIIOBUX 3MiH, IO BiOYBAarOThCA MiJ Yac CTApiHHS KIITHH, HNOPYLICHHS
aBTodarii crajgo BaXJIMBOK (Di310JI0TIYHOK O3HAKOK Ta MAa€ MPUYMHHO-HACIIIKOBHM 3B’S30K 13
3aXBOPIOBAaHHIMHM, TIOB’sI3aHUMHM 31 cTapiHHsAM. ToMmy miaTpUMKa BiIMIHHOTO mpoiiecy aBrodarii €
BaXXJIUBOIO ISl IOBFOCTPOKOBOI'O 37I0POB’S1.

ABrodaris — 1me NnuIAX OYMWINEHHS KJITHH, SKAH CHOPSAMOBAaHMKA HAa MaKpPOMOJEKYJIH Ta
OpraHeny, a UUIICHICTh HOro OIOJOTIYHMX MPOIECIB MOB’si3aHA 3 MIATPUMKOIO T'OMEOCTa3y
KIITHHHOI TKaHUHH. ABTO(Ariro MokHa Kjacu(ikyBaTH Ha TPH OCHOBHI THIH: MakpoaBTodaris,
MikpoaBTodarisi Ta aBTodaris, ornocepeaKoBaHa MOJEKYJIIPHUMU anepoHamMu. KoHKpeTH1 1iIbOoBi
pedoBrHM aBTOdarii MOXHa pPO3AUIMTH Ha TIiKodariro Ta mimigodariro, MITOXOHApIaTbHY
aBTo(arito, aBTO(dari0 eHIOIIa3MaTUYHOTO PETUKYIYMY, SAepHY aBTOdariro, reTeposoridHy
aBTo(ariro Ta JizocomMHy aBrodarito. Lli mpomecm Mo)KHA MiICyMyBaTH HACTYIHHUM YHWHOM:
po3umpeHi MeMOpaHHi CTPYKTYypH ((paromuTu) oropraroTh YaCTHHY LLILOBOIO Marepially, TaKoro
K JeeKTHI OpraHeNyd Ta HENPaBHIBHO 3TOPHYTI OUITKOBI arperatd, yTBOPIOIOYM IIOABIHHI
MeMOpaHHI CEKBECTpyIoUi Be3ukynu (aBTodarocomu). ABTOGArocoMu 3TUBAIOTHCA 3 JI130COMaMHU
Ta BUBUIBHSAIOTH CBIM BMICT y TIPOCBIT Jii3ocoMu. BHyTpimmHs MemOpaHa aBToarocomu pynHyeThCS
pa3oM 3 IHKAlcyJlbOBaHUM BMICTOM, a OTPMMaHI MaKpOMOJIEKYJIM BHBUIBHSIOTHCS B IIMTOILIA3My
JUIs TIepepoOKU depes JI130coMalibHl MeMOpaHHI nepmeasu. ABTodarist — 1€ peryjibOBaHUN HUISX,
KU BiJIrpa€e BaXJIMBY pOJb Yy PETYJALIl OCHOBHUX MeTaOOMIYHHUX (DYHKIIH, 3aBASKH SIKOMY
KJIITUHU MOXYTh BHMJQISTH IOIIKOJKEHI a00 MIKIJUIMBI KOMIIOHEHTH LUISIXOM KaTaboni3My Ta
nepepoOKH, a TAaKOX MiATPUMYBATH JAUHAMIUHUI OalaHC MOXKMBHUX PEUOBHH Ta eHeprii. ABTodaris
TAKO’)XK € OCHOBHHMM 3aXHCHHM MEXaHI3MOM, SKHH JO03BOJIE€ KIITHHAM TIEPEKUBATH YHCICHHI
CTPECOBI YMOBH, Taki sSIK Je(iIMT MOXUBHUX pEUYOBUH ab0 (hakTOpiB pOCTY, TIMOKCIisd, aKTHUBHI
¢opmu kucHio, nomkopkeHHs JIHK a6o BHyTpimHbOKIITHHHI nmatoreHu. Kpim Toro, aBrodaris
Oepe yuyacTb y OaraThbox MaTo(i3iojOriuHUX Mpolecax, MOB’A3aHUX 31 CTApiHHAM, TaKUX SK
MyXJIUHU, MeTaOoNIuHl Ta HeHpoaereHepaTUBHI 3aXBOPIOBAHHS, a TAaK0X CEPLIEBO-CYJIMHHI Ta
JIereHeB1 3aXBOPIOBAHHS.

Cran aBrodarii — 1€ NPUYUHHO-HACTIAKOBHM 3B’S30K 31 30pOB’SIM, CTapiHHSAM Ta
xBopobamu. B miteparypi Oynm ommcaHi J0KasM, IO CBiAYaThb MpO  TMOPYIIEHHS
BHYTPIIIHBOKIITUHHOT J1130COMaJIbHOI MPOTEONITUYHOI (PYyHKIII Wi Yac CTapiHHA y pI3HUX
opraHizMax, IO MOTipiIye aBTo(darito, MOCUIIOE MOIIKOMKEHHS KIITHH Ta CHpUs€ BUHUKHEHHIO
3aXBOPIOBaHb, MOB’S3aHUX 31 CTapIHHAM. SIK y KIIHIYHMX JOCHIDKEHHSIX Ha JIIOAAX, TaKk 1 Ha
eKCIIEpUMEHTAIbHUX MOJIESIX TBapuH eKclpecis OUIKiB, MOB’s3aHMX 3 MpaiiMiHroMm aBTodartii,
ATGS5-ATGI12 ta Becenl, 3umxkyBainacs 31 30UIbIIEHHSAM BIKY, ToJ1 sk ekcrpecist mTOR 3pocrana.
HIBuAKICTh 3MUTTA HEHpPOHATBHUX aBTO(GArocoM Ta JII30COM 3HMXKYEThCS y CTApUX TBapuH, a
HelipoHambHA aBTOdAris 3HIKYETHCS, IO JJOAATKOBO TPU3BOAUTH 0 IIOSBH HEMPaBHIEHO
3TOPHYTHX, HEMIPABUIIHHO JIOKAJI30BaHUX Ta arperoBaHUX OUIKIB y HEPBOBiM cucTeMi Ta 30UIbIIyE
HMOBIpHICTh HelpojaereHepaiii. lleil BHUCHOBOK OyB MiJTBEpIKEHUII HAa TBAPUHHUX MOJEISAX
HUIIXOM MaHIMyJIALIi KIFOYOBUMH T€HAMH, 10 PEryJIoI0Th aBTo(darito. TakuM 4MHOM, 301IbIIEHHS
aBTodarii, CIpUYNHEHE CMAJKOBICTIO, TCHHOI MyTalli€o abo (HapMaKoOJOTIYHUM BTPYYaHHSIM,
MOXE TOJOBXUTH JKUTTS TBapuH. Jocmimkenus Ha C. elegans mokaszamy, MmO MyTamii
iHaKkTHBaIli daf-2 3amexath BijJ reHiB aBrodarii, Takux sik bec-1, lgg-1, atg-7 ta atg-12 , 1 mo
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I MyTaIlisl 3HAYHO TOJIOBXKY€E TpuBamicTh kKUTTA C. elegans. Ilocuiiena aBrodaris y crapirounx
MUIIIEH TaKOX MOKE aKTUBYBaTH MiToxoHapiaapHuil SIRT3, nmpurHivyBaTH OKCHIATUBHHUM CTpEC Ta
MiATPUMYBATH IMYHHY TIaM’STb. BiAMOBiTHO, TOCTIAHUKY BUSBUIN OUIBIIC IMONIKOIKEHUX CANTIB
aBTo(arii y cTapirouux eKCHEeUMEHTAIbHUX TBApUH, IO MPOSABISETHCS SIK 3MEHIICHHS KUIbKOCTI
aBTO(arocoM Ta MOPYLIEHHS 3[JaTHOCTI JI0 3IMUTTS a0o Aerpajamii Ji30coM, 0 CyIpPOBOKYETHCS
HaKOIMMYCHHSIM aHOMAJIbHUX OpraHen abo 010J0TIYHUX MaKpOMOJIEKYJ Y KIIITHHI, IO MPU3BOJAHTH
10 AUc(YHKIIT KIITHH 1 HaBITH CMEPTi. 3pEITo0 e 30UIbIIye YacTOTy BIKOBHX 3aXBOPIOBAaHb,
TaKuX SK HeWpoJereHepaTHBHI, cCepleBl Ta MeTabOIIYHI 3aXBOpIOBaHHS. Xouya BaKJIMBa POJIb
aBTo(arii B MpUTHIYEHHI CTapiHHS Ta MOAOBXKEHHI TPUBAIOCTI KUTTS OyJia MHUPOKO MiATBEPKEHA,
HaaMipHa peryismis aBtodarii 3a meBHUX (i310JIOTIYHMX YMOB TaKOX MOXKE CHPUYHHATH
MOpYILIeHHA KIITUHHOrO Mertabonizmy. Hampukian, maamipaa excmpeciss Rubicon, HeratuBHOTrO
perynsTopa aBTodarii y crapux MUIICH, MOPYIIye KUPOBHK METabOII3M Yy KIITHHAX TKaHWH, a
BIJICYTHICTh CHPOBATKOBOI/TJIFOKOKOPTHKOII-PETYILOBAHOT KiHa3u-1 MPHU3BOAUTH JO TJABHUINECHOI
MMPOHUKHOCTI MITOXOHJPIA Ta MOCWJICHHsI aBTO(arii, mo mie OijabIle MPU3BOIUTH O 3HMKCHHS
aIaTUBHOCTI /IO HABKOJIMIIHBOTO CEPEOBHIIIA.

TakuM 4YMHOM, MOXHA 3pOOUTH BUCHOBOK, IIIO CTapiHHS CYIPOBOKYETHCS 3HIKEHHSIM
aBtodarii. IlocuneHns aBrodariyHOi 31aTHOCTI y CTapilouuX EKCIEPUMEHTAIBHUX TBApUH €
BXJIMBUM U1 TMIATPUMKH TOMEOCTa3y MeTa0oNiyHOoi (YHKIIT KIITUH, MPOJIOBXKEHHS TPUBAJIOCTI
KUTTSI Ta TOKPANICHHS CTaHy IMaTOJIOTIYHOTO CTapiHHS Ta 3aXBOpPIOBaHb. BogHouac aBTodaris
TaKOX € OJHUM 13 BAXKIUBUX PEryJATOpiB Mpoliecy crapinHs. [locuneHHs abo BiIHOBJIECHHS
¢byHkmii aBTo(arii NEBHOIO MipOIO KOPUCHE ISl 30pOB’S Ta JOBTONITTS, TOMI SK MOPYLICHHS
perysii aBrodarii B Oy1b-KOMy HampsMKY, 3aHa[ITO HU3bKE UM 3aHAJITO BUCOKE, IPU3BOJIUTH JI0
nedeKTiB KIIITHH Ta 3HIKEHHS (PyHKIiH opraHizmy.

MITOXOHAPIAJIBHI 3AXBOPIOBAHHJI, IO ITOB’A3AHI 3 mT/IHK
Hanionaneuuii ¢papmanieBTUUHUN YHIBEpCUTET, XapKiB, YKpaiHa
Kagenpa xniHiyHOi 1a00paToOpHOT JiarHOCTUKHU, MiKpoO010JI0Tii Ta 610710r14HOT XiMii
Banentuna MOTY30BA
KepiBHUK: K.¢papm.H., doyenm 3axnady euwoi oceimu Onena [IJEPEAK

MiToxoHApiT KIITHH — 1€ eHepreTuyHi ¢(aOpuKku, B SKUX 3AIHCHIOETbCS OKHUCHE
dbochopmmroBanns s reneparii AT® nias oTpuMaHHS €HEprii, MO0 € BAXIUBUM JUIsI HAJIEKHOTO
roMeocTasy Ta (YHKLIOHYBaHHS Opradi3MmiB. MITOXOHJpii € HamiBaBTOHOMHUMM OpraHelaMH 3
BJIACHUM T€HETUYHUM MaTepiajioM 1 TeHETUYHOIO CUCTEMOIO, B AKii 1500 MiTOXOHApIAIbHUX OUIKIB
KOIYIOThCSl sAepHUMU TeHamu, Toai sk kinbka pPHK, TPHK 1 13 OinkoBux cyOOquHMIIb,
OB’ SI3aHUX 3 OKUCITIOBAILHUM (HOCHOPHITIOBAHHSAM, CAMOKOIYIOTHCSI MITOXOH/Ip1aJbHUMU T€HAMH,
TaKUM YUHOM, (DYHKIIISl MITOXOHJIPiH 3aJI€KUTh BiJl B3a€MOJIIT SIIEPHUX 1 MITOXOHAPiaJIbHUX TE€HIB.

MiToxoHIpianbHI 3aXBOPIOBAHHS — 1€ Ipylla FeHETUYHUX PO3Ja/iB, 10 XapaKTepU3yIOThCS
nedexramu okucHoro ¢ochopumoBanns. Myrtanii sk y sagepuid JJHK (s/JHK), tak 1 B
mitoxonapiansHiit JTHK (MTAHK), siki moB’si3aHl 31 CTPYKTYporO Ta (PYHKII€0 MITOXOHJpIH,
MOXYTh CHPUYMHATH MITOXOHJIpiajibHI  3aXBOPIOBaHHSA. MITOXOH/pialbHI  3aXBOPIOBAHHS,
cnpuuuHeHi mytauismu MT/IHK, ycmankoByroTbes 10 MaTepUHCBHKIN JIiHII Ta € MPOHUKHUMH, a
mytanii MT/IHK € nporHocTMUHMMM Ui MITOXOHAPIAIBHUX 3aXBOpIOBaHb. MIiTOXOHApiaNbHI
3aXBOPIOBAHHS TPHUBEPHYJIM 3HAYHY yBary B OCTaHHI POKH 3aBISKA CBOEMY YHIKaJIbHOMY
MaTOreHe3y Ta yCNaJgKyBaHHIO. [IpM MITOXOHJpialbHUX 3aXBOPIOBAHHIX MITOXOHJpIi MICTAThH SIK
MyTaHTiBHY, Tak 1 aukuid tan MTJHK, crtan, Bimomuii sik rereporura3mis, 1 CIiBBITHOIICHHS
MYTaHTHOI 10 nukoro tuny MT/JHK Moe npu3BecTH 10 MHUPOKOTo CIEKTPY KIIHIYHUX CUMIITOMIB,
MPUYOMY OCHOBHHUMH TPOSBAMHU MITOXOHAPIATBHUX NE(EKTIB € CragkoBi METaOOJIIYHI pO3aau
(manmpukinaa, xBopoba Jli) Ta cnaakoBi HEBPOJIOTIUHI po3naau (HAPUKIAJ, CHAIKOBAa ONTHYHA
Heriponartis Jlebepa).
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Uepes BUMaIKOBE PO3TAITYBaHH MITOXOHPIH i Yac MOAUTY KJIITHH ITOTOMCTBO MaTepiB 3
MITOXOH/IpIaJIbBHUMH 3aXBOPIOBAaHHAMM HE OOOB’SI3KOBO Ma€ OJHAKOBUN (DEHOTHIT 3aXBOPIOBAHHS
gyepe3 pi3Hy KUIBKICTH HaOyTHX MYTAaHTHHX MITOXOHJpPiH, IO YCKIAJHIOE JIKyBaHHS
MITOXOHJIpiaJIbHUX 3aXBOPIOBaHb. MiTOXOHapianbHA 3amicHa Teparis (M3T) Ta penaryBaHHs T€HIB
Mt/IHK € 1BOMa OCHOBHMMH TOTCHI[IHHUMH METOJAMH JIIKyBaHHS MITOXOHApiaTbHUX
3axBoptoBanb. Ilpu M3T saapo mnepeHocHTbCS 3 OOLMTA, IO Ma€ PUBMK PO3BUTKY
MITOXOHJPIATBHOTO 3aXBOPIOBAHHS, A0 IHIIOI KIITHUHH 3 HOPMAJIBHUMH MITOXOHJIPisIMH.
HemonikamMmu 11b0ro METOMy € HEMOXIIHMBICTH BujaieHHs 3anuiikoBoi MTJIHK, tpuBammii yac
LUKy, CKJIQJHICTh omneparii Ta ernuni npodiemu. Ilix yac penarysanns renis MtIHK myToBany
MT/IHK peparyroTe 3a 10moMOror MITOXOHJPiajJbHO CHPSIMOBaHMX CKOHCTPYHOBaHUX HYyKIeas,
BKJIIOYAIOUM MITOXOHJPIaJbHO CIpsIMOBaHI e(eKTopHI HyKiea3H, MoAiOHI [0 aKTHUBaTopa
tpanckpumiii (MiTOTALEN), Ta miToXoHApiaJbHO copsMoBaHi HHHKOBI manbli (MiTOZFN). 3
PO3BUTKOM peIaryBaHHS T€HIB TpPEThOTO MOKOJIHHS CHCTEMa KIACTEPHUX PETYJSIPHO
po3TamoBaHuX KOpoTKuX namiHapoMHux moBTopiB (CRISPR) crana edexkTHBHUM iHCTPYMEHTOM
penaryBaHHsI T€HIB, SIKU MOXX€ TPaTH POJIb «yHIBEPCATBHUX HOXKHIB» Yy siapi. OmHaK, 4Yd MOXKHA
BukopuctoByBatu cucremy CRISPR-Cas9 nns pengaryBannst MTPHK, € cynepeunusum. HemonaBao
HOBWI iHCTpyMeHT min Ha3Bowo DddA-noximauii penakrop nuto3umHOBUX ocHOB (DACBE)
IIPOAEMOHCTPYBAB CBOIO MEPCHEKTUBHICTD JJIsl peAaryBaHHs MITOXOH/IpiaJIbHUX TE€HIB

MiTtoxonapii HEOOXimHI BCiM KiiTHHaM i BupoOneHHs AT® uepe3 mpomec, sIKUH
Ha3UBA€ETHCA OKUCHUM (hochOpHIIFOBaHHSIM, 1 SK TaKi, BOHM OCOOJMBO BaXKJIMBI JJIsi OpraHiB, sKi
CTIIOKUBAIOTh OuIbIe eHeprii (MO30K, HEpBH Ta cepiie). MITOXOHIpialbHI 3aXBOPIOBAHHS — IIC
rpyna TIeHETUYHHUX 3aXBOPIOBAHb, W10 MPOSBIAIOTHCA Je(peKTaMH [UXaJdbHOIO JIAHLOra Ta
cnpuunHeHi mytamismu B MT/IHK Ta/abo s/IHK. [Tommupenicts myramiit MmT/IHK onintoerscs B 20
Ha 100 000, mo BimHocHO Bumie, Hik g myTanid sIHK (9 ma 100 000). MitoxoHapianbHi
3axBOpIOBaHHA BpaxaroTh npubiamusHo 1000 napomxenp Ha pik y CIHA ta 1 Ha 5000 y Benukiit
Bbpuranii. 3aBsky aHaIi3y BEIUKHUX TPYIl MALIEHTIB Ta JOCSITHEHHSM Y TEXHOJIOTISIX CEKBEHYBAaHHS
reHiB OyJio BUSIBIEHO AePeKkTd B MoHaa 350 MITOXOHIpiaJIbHUX Ta SAEPHUX TI'eHaX, sIKI MOXKYTb
MIPU3BECTU IO MITOXOHJIPIaJIbHUX 3aXBOPIOBAaHb, CEPE/l SIKUX MITOXOH/IpialibHI T'eHU € JIe(heKTHUMU
npuoau3Ho y 77%.

MiTOXOHApiaJIbHI 3aXBOPIOBaHHS, CHpPUYMHEHI maroreHeTHYHMMHU MmyTamismu MTAHK,
YCHaJKOBYIOTbCS O MaTepuHCBhKIM miHii. Ilig 4yac moauty KIITHMH MITOXOHJpIl 3MIIIYIOTBCS Ta
Xa0THUYHO PO3MOJUIAIOTECS MK JOYipHIMU KiiTHHaMu. B pesynbrati mytanii MmtIHK MoxyTh
OyTH TreTepOreHHUMH, 1 MOTOMCTBO OJHOIO MAI[lEHTa T€HETUYHO OTPUMYE AYXKE PI3HY KIIbKICTh
MYTaHTHHMX MITOXOHApPii. MiTOXOH/IpiajbHI 3aXBOPIOBAHHS BUHUKAIOTH JIMIIE TOA1, KOJIH KUIbKICTh
reTeporeHHUX MyTalliil epeBuIly€e IEBHUN TOPOTOBUH PIBEHbD.

MiTOXOHApiaJIbHI 3aXBOPIOBAHHS MPOSBIAIOTHECSA MEPEBAXHO y (OpMiI HEBPOJIOTIYHHUX Ta
M’SI30BUX MAToNOrii, Takux gk jgiM@aruuHa aHemis (JIA), miToxoHnpianbHa eHuedanonaris 3
JaKkToanmumo3oM Ta iHCcynbTHUMHU emizogamu (MELAS), cmagkoBuii mgiaber Ta TiIyXxoTa 3a
MaTepuHChKOI 03Hakor (MIDD) Ta MiokmoHIYHA emiierncis 3 00ipBaHUMH Y€PBOHUMHU BOJIOKHAMH
(MERRF). Binpuricts namientiB 3 JIA — 4010BiKH, 3 MIKOM 3aXBOPIOBAHOCTI B MOJIOJIOMY BIIli, a
OCHOBHUM CHMITOMOM € 0e300J1iCHa TOoCcTpa BTparta 30py B 000x ovax. [Ipubmuszno 95% mnariieHTiB
3 JITOH ypaxatotscs myTanisiMu B jokycax mG11778A, mT4484C ta mG3460A, 1110 npu3BOIUTH
710 MITOXOHJpiaNibHOI AMC(YHKIIT Ta MOIIKOMKEHHS HEHPOHIB CITKIBKH, 110 CIPUYUHSE aTpodito
30poBoro Hepsa. binbmiicte mamieHTiB 3 MELAS — miTH, 1 y HHUX CIOCTEpPIraeThCsl YpaKeHHS
0aratbOX CHCTEM, BKJIIOYAIOYM EHIle(asoMionaTiio, 1HCYJIbTONMOMIOHI €mi307u, XBOpOOH cepiis,
JIEMEHII0, eMiJIeNciio, PeUUANBYIOUHNA TOJOBHUM Oi1b, MOPYIICHHS CIyXy Ta IIyKpOBUH aia0er.
[Tpubnuzno 80% Bumnankis MELAS cnpuunneni myranisimu B okyci A3243G mt/IHK TPHK Leu
(UUR). Toukosi myrarii MT/IHK A3243G Takox BUSBIAIOTECA Yy mamieHTiB 3 MIDD. Is nokycHa
MyTaIlis € PiIKICHOI MTPUYUHOIO IIYKPOBOTO AiabeTy Ta 4acTo IMOB’si3aHAa 3 TIIYXOTOK Ta JIEIKUMHU
IHIIAMH YCKIIQIHEHHAMH, ToAi0HUME 10 ycknanaanenb MELAS. MitoxonapiansHa aucyHKist B 3-
KJIITHHAX MiIIUTYHKOBOI 351031 marieHTiB 3 MIDD poOuth mi KIITHHU HE3MaTHUMU BUPOOJISITH
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noctatHio KimbKicTh AT®, a HemocTaTHS CEKpellis 1HCYNiHY, 110 BHHUKAE BHACIIIOK IHOTO,
CIPUYMHSE TOPYIICHHS MeTa0omi3My Iroko3u. Tumosi kiiHiuHI o3Haku MERRF BkimodaroTh
MIOKIJIOHYC, emijerncito, arakcito Ta wmiomatito. Cuaapom MERRF wmoxe Oyt cnpudnHeHHHA
noHamMenIe 18 myrarisiMy, 1 BiH TOJOBHUM YMHOM 3yMOBJICHHH MyTaiisiMu B Jokyci A83344G
rera TPHK Lys (UUR), mo koxayerscs MTIHK, 110 mpu3BOIUTE 10 3HWKEHHS CHHTE3Y KOMILJICKCIB
I Ta IV B naHIt031 TpaHCHIOPTY €JIEKTPOHIB Ta MOPYLIEHHS MITOXOHPIadbHOI AUXadbHOT QYHKITIT.
UYepe3 BIICYTHICTh BIINOBITHUX MOZENCH 3aXBOPIOBAaHb BAXKO MEpeAOAUYUTH YCHaJKyBaHHS Ta
MaTOT€He3 MITOXOH/IpIaJbHUX 3aXBOPIOBaHb, 1 ICHY€ HarajabHa MoTpeda 3HalTH ePEeKTUBHUN METO.
JOCHIJUKEHHSL JUII OTPUMAHHS TJIMOOKOTO PO3YMIHHS MITOXOHJIPIaJbHUX 3aXBOPIOBaHb 3 METOIO
MOIIYKY €eKTUBHOTO TEPANEBTUYHOTO MiIXOY.

Hapasi nmns  noponmanmns wytanid  MTAHK  pobnsthes cnpobOu  MiTOXOHApiaibHOL
TpaHcmanTanii, a MPT BukopucToByeTbCs Ui JIKyBaHHS MITOXOHIpPIaJbHUX 3aXBOPIOBAHb Y
KIiHim. MitoxoHapianpHa TpaHCIUIAaHTalis Oylia 3amporoHOBaHa MOHAA 25 pOKIB TOMy Ta
BaJiJioBaHa JIsl MEPEHECEHHS MPOTOIIACTIB Ta IMEPEHECEHHS KOMIUIEKCY BEpeTEeHO-XPOMATHH.
KopoTtko kaxyuw, sapo oomnura 3 MyTtoBaHor MTHK BupanseTncs, a mOTIM MepecaiKyeTbes B
OOLIUT 3 HOPMAJBLHUMH MITOXOHAPISIMH, SKHW TIIOTIM 3aIUTIHIOEThCSA. MITOXOHIpiaIbHA
TpaHCIUIaHTAIlisl Hapa3i cxBaieHa y Benukiii bpuranii, 1 micins BOpOBa/pKEHHS LBOTO METOIY
HapoKyIoThes AiTh. OJHaK KiTbKa JOCHIDKEHb TIHIUIM BHCHOBKY, IO MITOXOHJIpiaJibHa
TpaHCIUTAHTAIIiS TTOB’A3aHa 3 IMyHHHMH PEAKIIsMH, 1 10 JUIsl MiITPUMKH TEPAIEBTUYHOTO e(heKTy
MOTpiOHI Kinbka TpaHcIuiaHTamii. KpiM Toro, icHyrOTh Aeski eTH4Hi mpodieMu. 3 TIUOOKUM
PO3BUTKOM TpPAJUIIIIHHOTO peAaryBaHHS T'€HIB, pelaryBaHHsS TEHIB CIIPSIMOBaHE Ha MITOXOHAPII,
MOKAa3aJI0 BEJMKI MEePCHEKTUBU Js JIIKYBaHHS MITOXOHJpPIalbHUX 3aXBOpIOBaHb. Ha BiIMiHY BiX
MITOXOHPIaNBbHOT TPAHCIUIAHTAIIl, TEXHOJIOTI peAaryBaHHs MITOXOHJApialbHUX T€HIB HE MAalOTh
BUIIE3ralanuX Mmpobnem. TexHonorii pemaryBaHHs MITOXOHJpiaJIbHUX TEHIB CIPSAMOBaHI Ha
penaryBanHs wmyrtoBaHoi MTJHK, sxa BukiMkae MITOXOHIpiaJibHI 3aXBOpPIOBaHHSA, Ta Ha
3MeHIIeHHs: yacTku MyTtoBaHoi MTIHK mns monermenns cumnromiB. TexHonorii pemaryBaHHs
MITOXOH/IpIaIbHUX T€HIB MaroTh IIMPIIl MEPCHEKTUBU 3aCTOCYBAHHS, HIK MITOXOHJpialbHa
TpaHcIutanTamiss. KpiM Toro, BHUKOpUCTaHHS TEXHOJIOTii peAaryBaHHS TeHIB i po3poOKH
BIIMOBIIHUX  MOJIEJIEd  3aXBOPIOBaHb  CIOPUATHME  HAIIOMY  PO3YMIHHIO  IAaTOT€HE3Y
MITOXOHJIpIalbHUX 3aXBOPIOBaHb Ta (DYHKI[IOHAIBHUX LUIAXIB MITOXOHJIpii. He3Bakarounm Ha
IIBUAKUN PO3BUTOK TEXHOJOTII pelaryBaHHs SIEPHUX TE€HIB B OCTaHHI POKH, €(EeKTHBHOI
TEXHOJIOT1i pe/laryBaHHs MITOXOHJIP1aJIbHUX T'€HIB VIS JIKyBaHHS MITOXOHJpialbHUX 3aXBOPIOBAHb
He Oyno 3HaigeHo uepe3 cnenudiunicts MTIHK, ane 3 MoMeHTy BIpoBaJKeHHsI penaryBaHHs
MITOXOH/IpiaIbHUX T'eHIB OYyJI0 TOCATHYTO 3HAYHOI'O MPOTrpecy, 1 1ie Oyae MOTY>KHUM 1HCTPYMEHTOM
JUIS  JIIKYBaHHS MITOXOHJIplaJIbHUX 3aXBOPIOBaHb y MAaHOyTHbOMY, OCKUIBKH JIOCIHIKEHHS
MIPOJOBXKYIOTh PO3BUBATHCH.
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HOBEJIEBCBKI JIAYPEATHU
3 BUBYEHHSA CTPYKTYPU JIHK TA 'TEHETUKHA

JAKOPIK BIIJ
1958 3a BiAKPHUTTS, NOB’sI3aHI 3
CIIA POJLIIIO TeHiB y crienupiyHuX
OioxiMiyHMX npouecax
EAYAPJ TEUTEM
3a BiAKpPUTTS, 110
CTOCYKOThCH T'€eHETUYHOI
KOMIYA 1958 . .
JII}IE JEPBEPT CIIA pexoMOiHawii Ta opranizamii
TeHeTUYHOI0 MaTepiay
Oakrepiii
CEBEPO OYOA
3a BIAKpUTTSA MeXaHI3MiB
. 0i0J10TiYHOI0 CHHTE3Y
CIIA PUOOHYKJICIHOBOI TA
Ae30KCMPUOOHYKJICIHOBOL
KHCJIOT
APTYP KOPHBEPT
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72.

1962
®PEHCIC KPIK Beanka
bpuTanis
3a BigkpuTTH, 110
_ 1962 CTOCYIOTBHCH MOJIEKYJISAPHOL
AAKEUMC BATCOH CLIA CTPYKTYPH HYKJIEIHOBHX
KHMCJIOT TA IX 3HAYEHHS ISl
nepenadyi inpopmanii y :xuBii
Marepii
1962
Beinka
MOPIC BIVIKIHC Bpuranis
Hosa
3enanaisn
POBEPT BLJIBAM
roJin
T'AP I'OBIH/I 1968 3a posmmndpyBaHHs
KOPAHA CIIA FeHeTHYHOI0 KOAY i Horo
poJii B cuHTe3i OiMIKiB
MAPHIAJLI
BOPPEH
HIPEHBEPT
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MAKC AEJBBPIOK
3a BIAKpPHUTTS, IO
1969 CTOCYIOTHCS MeXaHi3My
CIIA penutikamii i reHeTHYHOL
AJI®PE]] T'EPIII CTPYKTYPH BipyciB
CAJIBBAIOP JIYPISA
JAEBII BAJITIMOP
PEHATO 3a BiIKpHTTS, L0
JAYJIBBEKKO 1975 CTOCYHOTHCS B3a€EMOJIT MikK
CIIA OHKOBipycaMHM i reHeTHYHUM
MaTepiajioM KJIITHHH
I'OBAPJ TEMIH
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BEPHEP APBEP 1?,78 .
HIBeiinapis
3a BigkpurTH
eCTPUKIiHHNX (pepMeHTIB
JAEHIEJI HATAHC P p 1 (bep
Ta IXHE 32CTOCYBAHHS B
MOJIEKYJISIPHil reHeTuui
1978
CIIA
TF'EMIJITOH CMIT
BAPYX
BEHACEPPA®
1980
CIIA
3a BiAKpPUTTS, IO
CTOCYIOThCH T€HeTUYHO
JUKOPJIZK CHEJLI .
AeTePMiHOBAHUX CTPYKTYP
Ha KJIITHHHIA MOBEPXHi, 110
pPeryJilThb IMyHHI peakuil
1980
7KAH JJOCCE Oparmis
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