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Pesiome

MeaamoHuHbm e gobpe no3zHam XOpMOH, ue-
paew, ocobeHa poaa B8 CUHXpOHU3UpaHEMO Ha eHgo-
2eHHUA Hu vacoBHuk ¢ BbHWHama cpega - npouec,
ype3 Kolmo ce nocmueza nogobpaBare Ha aganmuB-
Hume cnocobHocmu u Bceobwume PyYHKUUU, KaKmo
u ygbaxkaBaHe Ha npogbakumeAHocmma Ha >kuBom
npu >xuBume opeaHuzmu. B gonbaHeHue, npegu no-
Beue om gBe gecemuaemua ce noaBaBam goka3a-
meacmBa 3a moBa, ue menamoHuHbmM geticmBa kamo
MOWHA aHMUOKCUgaHMHA MOAEKYAQ, nhpegcmabas-
Bawa BaxkHa yacm om cneuuguyYHUME 3AWUMHU aH-
MUuOKCUgaHmMHu mexaHu3mu Ha maaomo. BcowiHocm,
mol gemoHCmMpupa Kakmo npak, maka u KocBeH
epekm, HacoveH cpewy npoueca Ha okucaeHue. LLlo
ce omHaca go nbvpBua - uzbecmHo e, ue meaamoHu-
Hbm npegcmabaaBa Hal-MOWHUAM eHgOo2EHEH ,,04uC-
mumea” Ha cBobogHu pagukaAu, onucaH go mo3u
momeHm. BbB Bmopua cayual - mol oka3zBa cmu-
myaupawo BauaHue Bbpxy gpyau aHMUOKCUgaHMHU
MOAEKUAU (Hanp. 2AymamuoH), Kamo NO UHgUPeKMeH
HauuH Bogu go nogobpaBare edpekmuBrHocmma Ha
ugAama aHMuUoOKCUgaHmMHa cucmema.

3Hae ce, ue penpogykmuBHama pyHKuus, no-cne-
UUAAHO Ma3u Ha »keHckama noaoBa cucmema, nokas-
Ba cuaHo uzpazeHa yyBcmBumearHOCM KbM XPOHUYHU
yBpegu u okcugamuBHo-cmpecoBu gakmopu.

Abstract

Melatonin is a well-known hormone that has
a particular ability in synchronizing our endoge-
nous clock with the external environment, there-
fore increasing the adaptability, functions and life
span of living organisms. In addition, more than
two decades ago, it was discovered that mela-
tonin acts as a potent antioxidant molecule, there-
fore being an important part of the antioxidant
mechanism of the body. In fact, it demonstrates
both a direct and an indirect effect against oxi-
dation. As far as the first one is considered, mela-
tonin is the most potent free radicals endogenous
scavenger known to date. In the second case, it
has a stimulatory effect on other antioxidant mol-
ecules such as glutathione, therefore indirectly
ameliorating the efficiency of the entire antioxi-
dant mechanism.

The other side of the coin is the reproductive
system, in particular the female reproductive system,
which is considered to be very sensitive to chron-
odisruption and to oxidative insults. In particular,
melatonin is able not only to re-synchronize altered
hormonal rhythms and to protect the oocytes from
oxidation, but it is also endogenously produced by
the follicle itself that contains the appropriate ma-
chinery, thus indicating the importance of melatonin.

Endocrinologia vol. XXVII N22/2022




Maypuyuo Hopguo

Ba>kHOMO 3HauYeHuUe Ha MEeAAMOHUHA Ce CbCMOoUu
He camo B8 HezoBama cnocobHOCM ga pPeCcuHXpPOHU-
3upa OMKAOHEHUME XOPMOHAAHU pUMMU U mMaka ga
npegna3zBa oouumume om okucAeHue, Ho u 666 6b3-
MO>KHOCMMa 3a cobcmBeHomo My eHgo2eHHO Npou3-
BogcmBo om cneuudguuHa cucmema, Hamupawa ce 6
camua POAUKUYA.

Vimaltku npegBug KazaHOMoO go MOMEHMaA, UeA-
ma Ha Hacmoawua 0630p e ga ce hokycupa, om egHa
cmpaHa, Bbpxy poAama Ha MeAamoHUHA Kamo 4Yacm
Om CUHXpoOHU3Upawama cucmema, BkarouUMeEAHO
Bbpxy HAKOU NPUYUHU U NOCAEguUUU OM HapyweHu-
ama 6 uupkaguaHHume pummu, a om gpyea - ga no-
Kaxke cnocobHocmma my ga npomekmupa mBupge
ya3Bumume mokaHu, kakBamo e >xeHckama noaoBa
cucmema, om BauaHuemo Ha okcugamuBHua cmpec.
Hakpaa e nocmaBen akuetm 8bpxy ynompebama Ha
MEAAMOHUH NpU AedeHuemo Ha HapyweHua 6 yupka-
guaHHume pummu - moezaBa, koeamo e Heobxogum
NO-MOWEH aHMUOKCUgaHmMeH Nogxog.

KatoyoBu gymu:

With that in mind, this review focuses, on
one side, on the role of melatonin as a part of the
synchronizing system, including also some causes
and consequences of chronodisruption. On the
other side on its ability to protect sensitive tissues,
as the female reproductive one, from oxidative
events. Finally, emphasis is given to melatonin use
in the therapy of circadian rhythms dysregulations
and when a more potent antioxidant approach is
necessary.

Key words:

MEAAMOHUH; >KeHCKa penpogykmuBHa cucmema;
uupKaguaHHU pummu; aHmuokcugaHmu

melatonin; female reproductive system; circadian
rhythms; chronodisruption

BbBegeHue

Bw6egeHue - npouzxog u ocHoBHu 6uono-
2UYHU XapaKmepucmuku Ha MeAamOHUHa

Micmopuama 3a CbwHOCMMa Ha MeAamoHuHa
gamupa om Hauyarnomo Ha doBewkama eBoatouua. B
getcmBumeAHoCcm ma3u Maaka MOAeKYAa, uzBecmta
owe Kamo Buo2eHeH amuH UAU UHQOA (MoAapHama
My maca e 232.278 g/Mol), ce noaBaBa mHoz0 paro 6
>kuBume opeaHu3zmu. BnocregcmBue ma 3anouBa ga
ce "u3zoAupa, no Bpeme Ha uarama eBoatouus, Kamo
MeAamoHuHbm, npucbecmBaw, B cezawHume >xkubBu
Ope2aHu3Mu, ce cyuma 3a ugeHmuudeH ¢ mo3u 6 uua-
HoGakmepuume, koumo cbwecmByBam Ha 3emama
om muauapgu 2oguHu. OmkpuBa ce ogpuyuarHo npe3
1958 2. om AepHep (1). OmmoezaBa goceea uHme-
pecbm KbM masu moaekyaa He 3amuxBa, HanpomuB
- nopaxkga nosBama Ha mHoxxecmBo HayyHu pazpa-
6omku, onumBawu ce ga pazeagaam mucmepuama
OKOAO HeliHomo 3HaveHue (1).

V3HauaaHo ce cmama, ye npou3zBogcmBomo Ha
MEAAMOHUH € Camo om enuu3zHama »xAe3a, Ho C me-
yeHue Ha Bpememo ce HampynBam Bce noBeue go-
KazameacmBa, ye Mol ce cekpemupa oM MHO20, ako

He u om Bcuuku KAemKu Ha YoBewkua op2aHu3bm.
[MbpBoHauarHo gelcmBuemo Ha meAramoHuHa ce
cBbp3zBa ¢ peacyravuama Ha uupkaguaHHua (u 20-
guwHUA) pumbM, Kamo Hanocaegbk ce noaBaBam
npoyuBarua, nomBobprkgaBawu PYHKUUOHAAHOMO
pazHoobpazue Ha mo3u GuozeHeH amuH eekmu Ha
moaekyaapHo HuBo, koumo ca 6 cbcmosHue ga mo-
gudguyupam @u3uoAo2uAMa Ha Op2aHume u opaa-
HU3MUMe Kamo uaAo (2). Migeama, ye meaamoHUHbM
Moxe ga ce npou3Bexkga camo y >kuBomHu, npume-
»aBawu enuduzHa xxae3a, ¢ Bpememo npemubpnaba
mogudpukauua, mbl Kamo ce gokazBa, ye Bceku >xkub
ope2aHu3zbm, BratouumeaHo Gakmepuu, egHOKAeMbY-
HU Op2aHuU3Mu U pacmeHus, uma cnhocobHocmma ga
20 cuHmesupa. Lllo ce omHaca go mpaHcgykuus-
ma Ha meaamoHuHoBua cuzHaA, uHgoAbm gelcmBa
ype3 gobpe no3zHamu membpaHHu peuenmopu (MT1
u MT2) (3), a Cbw,o U C nOMOWMa Ha agpeHu maku-
Ba (RZR/ROR aadga) (4) . Bonpeku moBa, HezoBume
geticmBua gareu He ce obacHaBam cbe cBbp3BaHe-
mo My camo ¢ mo3u Bug peuenmopu. CBbp3Bawu 3a
He20 30HU ca onucaHu Kakmo 6 yumo30Aa, maka u Ha
HuBo mumoxoHgpuu. B gonbaHeHue, ycmaHoBeHu ca
U HAKOU peuenmop-He3aBucumu edpekmu Ha meaamo-
HUHa u gokazameacmBo 3a moBa e cnocobHocmma

62
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My ga gedcmBa kamo ,odyucmumeA” Ha pagukaau,
npemuHaBalku pa3zaudHu gu3uoro2uuHu Gapuepu 6
opeaHuzma. Cmucbabm Ha Bcuuko npegcmabero go
momeHma e, ye BepoamHo HAMA KAeMKa UAU (PYHKUUA
om pacmumeaHua u >xxuBomuxckua cBam, koamo ga
ocmate ,HegokocHama” om Bb3gedcmBuemo Ha me-
AamoHuHa. BcbwHocm, mol u3znbaHaBa eceHuuaaHa
pOAQ NpuU peguua PU3UOAO2UYHU NPOUECU, a CbWO
maka uma 02POMHO 3HaYeHuUe U NpuU emuonamozeHe-
3ama Ha mHo)kecmBo HapyweHus (5).

Hackopo ce gokaagBa, uye nwvpBoHauaaHOmMoO
geticmBue Ha mearamoHuHa 666 homocuHmemuuHu-
me yuaHobakmepuu, noaBaBuau ce Ha 3emama npegu
3,2-3,5 muAuapga 20guHu, e moBa Ha aHmuoKcugaHm.
ToBa ce obacHaBa ¢ pakma, ye pomocuHmezama e
npouec, cBbp3aH ¢ eeHepupaHemo Ha mokcuyHu cBo-
00gHU pagukaAu. Apyaume (OUHKUUU Ha MEAAMOHUHA
ce pa3zBuBam 68 mMHO20 no-kbceH eman Ha eBoAlouua-
ma (6). 3Hae ce, ye KucAOpogbm e ocHoBeH eaemeHm
3a aepobHUMe op2aHu3Mu, Mbl Kamo okcugamuBHu-
am memaboauzbm npegcmabBaaBa GasuceH eHepau-
eH uzmouHuk 3a Bcuuku xuBu opzaHuzmu. Bunpeku
moBa, yacmuyHama pegykuua Ha O, Npu HOpMmaAHa-
ma ¢puzuorozun Ha op2aHuzmume, Bogu go obpasy-
BaHe Ha peakmuBHu kucaopogHu BugoBe (ROS). Tezu
moaekyau BrkarouBam gBe ocHoBHU 2pynu:

1. cBobogHu pagukaAu, Hanpumep - CYNnepoKCuU-
geH aHUOH U XUGPOKCUAEH paguka u

2. MOAEKYAU, Kamo BogopogeH nepokcug.

M3BecmHo e, ye okcugamuBHuam cmpec 6b3-
HukBa npu gucbaraHC mexxgy NPo-OKCUgaHMHU U aH-
mu-okcugaHmMHu moAekyau 6866 Bpbika ¢ yBeauuaBa-
He Ha ROS u Ha peakmuBHume azomHu BugoBe (RNS),
Kakmo u HamaraBane Ha akmuBHocmma Ha 3awum-
HUA aHMUOKCUgaHMeH MexaHu3bm. MeaamoHuHbm
uznbAHaBa ocHoBHa poaa B cnomeHamua npomekmu-
BeH npomuBookucaumeaeH mexaHuzbm. BcbwHocm,
Ma3zu MHO2O(PYHKUUOHAAHA Buo2eHHa MOAEKYAQ, Yu-
amo amducpurHa npupoga U gaBa Bb3zmoxxHocm ga
npemuHaBa npe3 pasAudHU MOPEO-PUIUOAO2UYHU
6apuepu u Bcuuku cybkaAembUYHU OomgeAu, npegnas-
Ba kKaembuHUMeE membpaHu, eaekKmpoH-mpaHcnopm-
Hume Bepuau u MumMoOxoHgpuume om okcugamuBHa
yBpega (7). B noA3a Ha nocregHume gaHHU € Hame-
peHama 3HayumeAHo noBuweHa KOHUeHMpauua Ha
meAamoHuH (uHgoA) Ha HuBo cybkAaembUYHO npoOC-
mpaHcmBo 8 cpaBHeHue ¢ ma3u B kpbBma. Bepoam-
HO meAramoHuHbM HaBauza B mumoxoHgpuume upes
oAuz2onenmugHu mpaHcnopmepu (PEPTT u PEPT2) u
u3eAexga, ye (pyHKUUOHUPA Kamo anukaAeH aHMuoK-
cugaHm (4). OcBeH ue nocmbnBa om yupkysauusma,
MeAaMOHUHBM MOXe ga ce npou3Berkga u om camu-
me MUMOXOHgPUU, KAmMO NOCA€gHUME Hay4HU gaHHU
nomBbprkgaBam poasma my 8 gonvbAHUMeAHama 3a-
wuma Kamo moweH aHmuokcugaHm (8, 9). OcBeH

moBa, meaamoruHbm yBeauuaBa nponyckauBocmma
Ha membpaHume u gedicmBa kamo uHxubumop Ha Au-
nooKcu2eHa3ama, chnomazalku 3a NOggbp>kaHemo Ha
epekmuBHOCMMa Ha AOKaAHaMa aHMUoOKCcugaHmHa
cucmema (10).

CaegoBameano - Bucokume KoHUueHmMpauuu
Ha MeAamoHuHa, gedcmBaw, Kamo aHmMuokcugaHm,
ocuzypaBam mowHa aHmMuOKCUgaHMHa 3awuma Ha
Bcuuku me3u opeateau, koumo obukHoBeHo ca u3Ao-
»KeHu Ha BpegHomo Bb3gelicmBue Ha cBobogHume
pagukaau. BaxkHo e ga ce ombeaexu, ye MoAeKyAa-
ma Ha MeAamoHuHa, 3a ga u3zaBu cobcmBernama cu
aHmuokcugaHmHa akmuBHocm, mpab6a ga npemuHe
Nnpe3 Npouec Ha OKUCAEHUE U He moxe ga Obge pe-
gyuupaHa B8 uzxogHOmMo cu noaoXkeHue, Mbl Kamo
obpazyBa HakoAkOo cmabuaHu npogykma, cBbp3Bad-
Ku ce cbe cBobogHume pagukaau. lNMopagu masu npu-
YyuHa meaamoHuHbm cmaBa uzBecmen kamo ,KpaeH”
UAU ,CYUUUgeH” aHMUOKCUgaHmM U KOHUeHmpauuama
My B8 guzuorczuuHUMeE mevHocmu HamaraBa ¢
HanpegBaHe Ha npoueca Ha ,ouucmBane”. B gonba-
HeHue, HezoBume memaboaumu cbwo npumexaBam
aHmuokcugaHmuu cBodcmBa; no Mo3u HauyuH 3awu-
mama, koamo ce ocuzypaba cpewy okcugamuBHomo
yBpexkgare Ha kaemkume (ocobeHo Ha AHK) ce npe-
Bpbwa 6 HenpekbcHam npouec (11).

Cekpeyua u memaboAumeH nsm Ha MeAa-
moHuHa. MeanamoHuHo6 yupkaguaHex
pumsm — HOpma u namoaAozus.

Moggbp>kaHemo Ha gobpo 3gpaBe 3aBucu om
npeyu3Ho opeaHu3zupaHama BvmpewHa cucmema,
KOAMO ce CUHXpoHu3upa ¢ gHeBHua/HoweH (cBem-
AUHa/MbMHUHA) UuKbA Ha BbHWHama cpega. Ta3u
cmpuKmMHa opaaHu3auua ce ocueypaBa om caoxeH
mexaHu3bm, BratouBawy, ,6uorozuver yacoBHUK” (pas-
noaoxkeH B cynpaxuazmarHomo agpo, SCN), kolimo
e B8 cobcmosHue ga gemoHcmpupa aBmoHomeH uup-
KaguaHeH pumbm om maako noBeue om 24 vaca. Ha
KAEMbUYHO HUBO MaKpOMOAEKYAHUAM MmpaHcKpun-
uuoHHo-3aBucum ocuuramop ce opmupa om m.
Hap. ,4acoBHUK’, NO-MOYHO - OM 2eHUme, KOHMpPOo-
AUPAHU OM Hez2o, KOUMO gonpuHacaAm 3a pUMMUYHU-
me (PyHKUUU Ha opeaHu3ma. 3Hae ce, ye KAemkume
umam onpegeAaeH uupkageH pumbm, Nognomazauw,
cnocobHocmma um ga oueanBam, kamo om cbwecm-
BeHo 3HauYeHue e mo3u pumbm ga 6bge gobpe cuH-
XpoHu3upaH ¢ BbHWHUA gHeBeH/HOWEH UUKDbA, 3a ga
ce baraHcupam eHgozeHHUMe npouecu. Ta3u poaa ce
uznobaHaBa om meaamoHuHa (N-auemua-5-memokcu-
mpunmamut), gobpe nozHamuam, Npou3xo>kgauw, om
mpunmodaxa, UHJoA Ha enudpu3zHama >kae3a. Tou ce
npou3Bexkga u cekpemupa cnopeg uupKaguaHHua pu-
mbm, cBbp3aH ¢ yukbaa cBemauHa/mbmHuHa.

AokazaHo e, ye Hal-MaAKO Yemupu eH3uma

Endocrinologia vol. XXVII Ne2/2022




Maurizio Nordio

yvsacmBam B8 cuHme3za Ha meaamoHuHa. EguH om
max e apuA-arkua-amuHoBama-N-auemua-mpaHcepa-
3a (NAT), koamo ce cuuma 3a cKkopocm-peayAupawy,
eH3uM Ha meaamonHuHoBama 6GuocuHmesa. NAT ce
xapakmepusupa ¢ uerogHeBeH pumbm Ha cekpeuus,
gocmuzauku 100 nbmu no-Bucoku KoHUEeHMpauuu No
Bpeme Ha mbmHama pasa, 8 cpabrerHue ¢ cBemaama
yacm Ha geHa. CumnamukycoBume HepBHU OKOHuYa-
Hua B 2opHua uepBukaaeH 2aH2AuOH ocBobokgaBam
HopenuHedpuH (NE) 6 cbomBemcmBue ¢ uupkaguan-
Hua pumbm, koimo ce cBbp3Ba ¢ uukbaa cBemauHa/
mbmHUHa 6 okoAHama cpega, yBeauuaBalku cekpe-
uuasma Ha NAT no Bpeme Ha mbmHama cpaza. NE
uHgyuupa meramoHuHoBama GuocuHmesza om enu-
puzHUMeE KAemMKU, cmumyaupadku npeBpbwaHemo
Ha mpunmocpaHa B 5-xugpokcumpunmodpaH (upe3
eH3uMa mpunmoaHxugpoKcuaasza), koumo Bnocaeg-
cmBue ce gekapbokcuaupa go cepomoHuH. Cepomo-
HUHbM ce auemuaupa B8 N-auemua-cepomoHuH (om
NAT), koumo Hakpaa npembpnaBa O-memuAupaHe
go obpazyBaHe Ha MmeramoOHUH C NOMOWMA Ha Xu-
gpokcu-uHgoA-O-memua-mpaHcgepazama  (HIOMT).
BegHbyx nonagHaro 8 kpvBoobpaweHuemo, npubau-
3umeaHo 70% om KoAaudecmBomo Ha cuHme3upaHun
meAamoHuH ce cBbp3Ba ¢ aAbymuH, a ocmaHaaume
30% ce noemam om OKOAHUME MbKaHU.

OcHoBHuam memaboAaumeH Nbm Ha meAamo-
HuHa npemuHaBa npe3 uepHua gpob, Kbgemo moae-
KyAama ce XugpoKCcuaupa go 6-xugpoKCUMEAAMOHUH,
careg moBa ce KOHIO2UpPa CbC CYAPAM UAU 2AKOKYPO-
Ham U Hakpaa ce ekckpemupa € ypuHama. Ycmao-
BeHo e, ue gHeBHama ekcno3uyua Ha pemuHama Ha
cBemauna Bause npako Bbpxy npouzBogcmBomo Ha
MEeAaMOHUH, nomuckalku pumbma my. ToBa ce gba-
KU Ha gupekmuama HeBpotrHa Bpb3ka mexxgy okomo
U enudpuzHama xae3a, upe3 koamo ce noaydaBa acHa
uHgpopmayuA 3a Haauduemo Ha cBemauHa uAu Mbm-
HuHa 6 okoaHama cpega. Cuuma ce, Ye meAamoHu-
Hbm e noBcemecmHa moaekyaa - ,nbmyBa” uz ueaua
yoBewku Op2aHU3bM, gocmuza pazAUYHU MbKaHu U
opeaHu. Xumudyeckomo my u3oaupaHe 668 Bcuuku usz-
cregBaHu go momerma BugoBe 20 npaBu kaHgugam
3a yHuBepcaaHa cueHaaHa moAekyaa. HuBama Ha mena-
MOHUHA Ce cmMamam 3a Hal-mouHuA nepudpepeH map-
Kep Ha yoBewkusa yupkaguaHeH pumbm Ha Bazama Ha
npozpamupaHua Bempewer 24-yacoB yacoBHuk (12).

He cbwecmByBam omgeau 6 uvoBewkua opeza-
HU3bM, cbxpaHaBawu meaamoHuHa, 3amoBa uzmepe-
Hume my HuBa B naazmama gupekmHo ompa3zaBam
KoAudecmBomo Ha cuHmesupaHua om enudu3ama
uHgoA. IMpu xopama cekpeuuama Ha MEAAMOHUH ce
yBeauuaBa HenocpegcmBeHo caeg HacmbnBaHe Ha
Howyma, ¢ HabAlogaBaw, ce nuk caeg NoAyHoOW, (Mexxgy
2:00 u 4:00 vaca) u nocaregBawa aza Ha hocmenex-
HO HamaAaBaHe Ha KoHueHmpauuume my 68 kpvBma
666 Bmopama noroBuHa Ha mbmHama vacm. Cepym-

Hume HuBa Ha MeAamoOHUHa Npe3 Howma mo2am ga
Bapupam 3HauumeaHo cnopeg Bb3pacmma Ha UuH-
guBugume, kamo Hau-Bucoko koauvecmBo ce omuu-
ma npe3 nbpBume 2oguHu om >uBoma, cnagalku
HenocpegcmBeHo npegu nybepmema, gocmuzalku
cmabuaHu cmoUHoCcmu npes3 uarama 3pasa Bv3zpacm
u Hakpasa - HamaaaBalku npoepecuBHo no Bpeme Ha
npoueca Ha cmapeete (13).

Cob2AacHO yupKaguaHHUA CU pumMbM, MEAAMOHU-
HbmM ce omgeaa HalU-Beve npe3 HowMa, C HaU-HUCKU
naazmeHu HuBa npe3 gena. CaegoBamenro, cBem-
AUHaMa ce cyuma 3a Hal-egpekmuBHuAM Hamas-
Baw, cekpeuuama Ha meramoHuHa ¢akmop. Ekcne-
PUMEHMAAHO, XPOHUYHOMO U3Aaz2aHe Ha cBemauHa
no Bpeme Ha Howma (0coBGeHO Npu Kbca gbAXKUHA
Ha cBemaurHama BbaHa Ha cnekmbpa 460-480 nm,
m.Hap. cuHa cBemauHa) Bogu go cepuo3HuU Hapy-
weHun, 3acaeawu BAa20NOAYYUEMO U HOPMAAHUME
dyHkuuu B voBewkua opeaHuzbm. 3a pazauka om
Hawume npeguu, Koumo ca >uBeau eguHcmBeHo u
camo B8 ecmecmBeHu cpegu, npegcmaBumeaume Ha
cbBpemerHHomo uvoBewko nokoaeHue om pazBumu-
me cmpaHu umam Bb63M0XKHOCMMa UeAeHaCOYeHO ga
KOHMpoAupam uukbaa cBemauHa/mbmHuHa. Hemu-
HYEeMO MogepHUCMuYHUAM HavuH Ha >kuBom Bogu go
npomeHu, kacaewu u3AazaHemo Ha cBemauHa - npo-
epecuBHo 06wo HamaraBaHe Ha uHmeH3uBHoCcmmMa u
Bpememo Ha gelicmBue Ha cBemaurama; 3abaBaHe u
pegyuupaHe Ha ekcno3uuuama npe3 geHs u noBuwa-
Baremo U npe3 Howma; u Hakpaa - uzmecmBaHe Ha
cBemaunHua cnekmbp Kbm u3znoa3zBaHe Ha uzkycm-
BeHu uzmouHuuu Ha cBemauHa 6 Hacoka cuH KOMNo-
HeHm. Aoka3aHo e, ye cBemauHama npe3 Howma c
gbAXKUHA Ha BbaHama mexxkgy 460-480 nm moxe ga
npuduHu yBpexkgaHe Ha okomo - npoHukBaHemo U 6
KAemMKUMe U mexHume opeaHeAu moxke ga npegu3Bu-
Ka 2eHepupaHe Ha ROS 8 mumoxoHgpuume Ha pemu-
HaAHUA enumeA u gopu pazBumue Ha anonmo3sa.

B 3akaroyenue, HowHomo ocBemaeHue, no-
KoHkpemHo moBa om Kbco-BbAHOBua cnekmbp
(Hanp. ekpaHu Ha mobuaHu meAedoHu u mabaemu),
mpabBa ga ce u3zba26a, 3awomo cuHama cBemau-
Ha npe3 Howma uma no-cuaHo Bv3gedcmBue Bbpxy
kaemkume Ha pemuHama 86 cpaBHeHue ¢ moBa Ha
cavHueBama cuna cBemaunHa npe3 gena (14). 3amo-
Ba, HanocAaegbk ce pazpabomBam npuaoxeHus, ue-
AAWU HamaaaBaHe Ha ompuuameAHume egekmu om
uznoazBaHemo Ha eaekmpoHHU ycmpoticmBa npe3
Howma upe3 peayaupaHe Ha yBemoBama memnepa-
mypa Ha gucnaea cnopeg ecmecmBeHua uukbAa cBem-
AUHA/MBbMHUHA, @ UMEHHO — pegykuua Ha BAuaHuemo
Ha cuHa cBemauHa npe3 Howma u yBeauuaBaHemo
My npe3 cBemaume uvacoBe Ha geHa. Bbnpeku moBa,
3a ga ce noggbpika 6Aa20NOAYHUEMO Ha uupKaguaH
HUA pumbm, e Heobxogumo uznoazBaHemo Ha nogxo-
gawu HuBa Ha ocBemaeHue npe3 geHa. AHeBHama
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cBemaurHa He mpa66a ga 6bge begHa Ha BbAHU C
KbCa gbAXKUHA, MbU Kamo MakcumasHama voBewka
uupkaguaHHa yyBcmBumeaHocm No omHoweHue Ha
cnocobHoCcmMma 3a nomuckaHe Ha MeAamoHuHa ce
cpewa B mazu yacm Ha cnekmbpa.

CowecmByBam HAKOAKO cumyauuu, Npu Kou-
mo uHguBugume 6uBam u3A0KEHU Ha XPOHUYHO
yBpexkgawo uupkaguaHHume pummu ocBemaBaHe
CbC cepuo3zHu HezamuBHu epekmu Bbpxy uvoBew-
komo 3gpabBe (15). TakaBa, Hanpumep, e pabomama
Ha CMEHU, KOAmo Ce cpewa U3KAIOYUMEAHO 4ecmo
8 Hawemo cvBpemue. Mima gokazameacmBa, e npu-
6Auzumenro 15 go 20% om pabomewume uHguBugu
8 EBpona u CALLL uznvaHaBam 3agbakeHuama cu no
Bpeme Ha cmeHu, BkalouumeaHo u npe3 Howma. bpo-
am um ce noBuwaBa go 30%, koeamo ce pazerexxgam
cekmopume Ha npou3zBogcmBomo, MUHHOMO geAo,
mpaHcnopma, 3gpaBeonazBatemo, KomyHukauuu-
me u xomeauepcmBomo. Peguua enugemuoAo2uYHU
uzcaegBarua gemoHcmpupam noBuweH puck om
pazBumue Ha onpegereHu BugoBe 3rokavecmBeHu
3aboaaBaHug, @ UMEHHO - pak Ha 2bpgama u eHgo-
mempuyma, npocmamama, gebeaomo uepBo u pek-
muyma. [MpuvuHama e HapywaBaHemo Ha gelcmOBu-
emo Ha uupkaguaHHua ocuuramop 6 pe3zyamam Ha
npomeHeHUA meAramoHUHOB uupkaguaHeH pumbm C
pegyuupaHe Ha mearamoHuHoBume KoHUeHMpauuu
nopagu u3noa3BaHama npe3 Howma cBemauHa. B
mo3u peg Ha mucau cbuwecmByBam gaHHU, npeno-
pbuBawu Ha >keHume ¢ HacregcmBeHa npegpaznoAo-
YKEHOCM KbM pak Ha 2bpgama ga u3zbaeBam uznoa3Ba-
Hemo Ha cBemauHa npe3 HowHume yacoBe (16).

Tol kamo yupkaguaHHuam ocuyuaamop yuacmBa
6 pecyaupaHemo Ha CUZHAAHUA NM Ha KAEMbYHO ge-
AeHe, HezoBomo eBermyanHo yBpexxkgare 6u goBeno
go HapyweHua B KOHMPOAA Ha KAEMBUYHUA UUKBA C
nocaeguua - yckopaBaHe Ha pacmexka Ha 3a0Kavecm-
BeHu kaemku. OcBen moBa, conbmcecmBawomo Hama-
AaBaHe Ha KOHUEHMpauuume Ha MeAamoHUHa MOXKe
ga npegu3Buka ,u3dyepnBaHe” Ha HaauuHOCMMa My
Kamo aHmuoKcugaHmHa MOAekyAa, cbomBemuo -
CMUMYAUpaHe Ha mymopoz2eHe3ama u yckopaBaHe Ha
3a0KkavecmBeHua pacmex. ToBa npegnoaoxxeHue e 6
cbomBemcmBue ¢ pakma 3a HabalogaBaHua npouec
Ha CMUMYAUpaHe Ha AUNUgHA Nepokcugauua u Hama-
AaBaHe Ha 2AymamuoH nepokcugazama u cynepokcug
gucmymaszama npu >kKuBomuHCKU MOgeAu C ekcne-
puUMEHMaAHO omcmpaHeHu enudusHu Xae3u. B go-
NbAHEHUE ce gemoHcmpupa u B3aumoBpb3ka mexgy
pabomama Ha CMeHU U HaAuyuemo Ha memaboAumeH
CUHgPOM, CbpgeuHo-cbgoBu 3aboaaBaHus u 3axapeH
guabem mun 2 (3Am2) (14). MNokazaHo e, ye Hapy-
weHuama 6 xpaHeHemo u HaAU4YUEMO Ha 3amMAbCMA-
BaHe, Kakmo u apmepuaAHa XxunepmoHus, mo2am ga
6bgam caegcmBue uau ga ce Baowam om pabomama
Ha CMEHU, KOAMO gonbAHUMeAHO Bogu u go OMKAO-

HeHua B cbHA. be3cbHuemo cbwo ce cBbp3Ba ¢ npo-
meHu 8 noBegeHuemo Ha xpaHeHe U peayrauuama Ha
MEeAeCHOMO Me2A0.

Kopeaauuasma mexxgy noBuweHua uHgekc Ha
meaecHa maca BcaegcmBue HowHO xpaHeHe u Baua-
HUEMO Ha yupkKaguaHHama pummuyvHocm npu ycBo-
aBanemo Ha xpaHumeaHume BewecmBa e caroxkHa u
u3zuckBa gonbAHUMEAHU HayuHu obcaegBaHua. Ha-
CKOpO Ce goka3a, 4e uHcyauHoBama pe3ucmeHm-
Hocm ce BrowaBa om cmyweHua 6 yupkaguaHHua
pumbm npu ycaoBua Ha xpoHuuHo 6Ge3cbHue (17).
OcBen moBa, npomaHama 6 uncyaurHoBama uyBcm-
Bumeanocm ce xapakmepu3supa u ¢ yBeauyeHue Ha
mapkepume 3a Bb3nareHue npu uzcaegBaHume uHgu-
Bugu. EgHa om npegBugumume nocaeguuu Ha npoBo-
KupaHua HoweH meaamoHuHoB geduuum nog Baus-
Huemo Ha u3zkycmBeHa cBemauHa, e uHgyuupaHemo
Ha noBuweHo okucaumeaHomo yBpexkgaHe Ha Guo-
MOAeKyAUme. AOKa3aHo e, ve uupkaguaHHume Cmy-
weHus, HabatogaBaHu npu noBmapawu ce cmeHu Ha
geHoHowHuUme a3y, ybeauuaBam okcugamuBHama
yBpega, HamaraBam npogbAkUMeAHOCMMa Ha >Ku-
Bom npu xxuBomuu u Bogam go yBeauuaBaHe koauue-
cmBomo Ha 8-xugpokcugeokcuzayaHo3uH (Npogykm,
npouzmuyaw, om cBo6ogHo pagukarHo yBpexkgaHe
Ha AHK) 8 AHK npu pabomewume Ha cmeHu (18).

Apyza yecma cumyauus, npu Koamo ce Hapy-
waBa BbmpewHuam uupkaguaHeH pumbm, e m. Hap.
,gkem-raz2” (yacoBa paszauka) - 6bp3o nbmyBaHe
npe3 pa3audHu yacoBu 30HU ¢ HacmbnBawa MmBbpge
gpacmuyHa npomaHa 6 opezaHu3zma, Heno3zBoaaBawa
2AQQKO aganmupaHe Ha eHgoezeHHama uupkaguaHHa
cucmema. BcowHocm, meaamonuHoBuam pumbm ce
uzmecmBa, kamo He cbBnaga ¢ uukbra cBemauHa/
Mpak Ha BbHWHama cpega. Yecmu cumnmomu ca
HapyweHua B8 cbHa, noaBa Ha mpeBoxkHocm, nomu-
CHamo HacmpoeHue, cmomawHo-YpeBHu onaakBaHua
u cBemoBbpmex. [pe3 nocregHume 20guHU ce Ha-
o6AatogaBa m. Hap. couyuaneH ,gkem-aaz2” - uzmecmBa-
He Ha Bpememo 3a cbH U akmuBHOCM C HAKOAKO vaca
npe3 pabomHume u cvbomBemuo noyuBHume gHu,
ocobeHo npu no-maagume uHguBugu. OcBeH moBa,
kKakmo 6e ombeaazaHo no-2ope, noA3BaHemo Ha uH-
mepHem, Bugeo uepu u meaeBuzua go KbCHO npe3
Howma npegu3BukBa HamaraBaHe Ha pu3zuOAO2UYHO-
MO HOWHO NokayBaHe Ha MeAamMOoHUHA Nopagu u3Aa-
2aHemo npeg cbBpemerHu LED ekpaHu, 3a koumo e
uzBecmto, ye nomuckam meramoHuHoBama cekpe-
uua nopagu no-BucoKkomo Cu CbgbpykaHue Ha CuHa
cBemauna B8 cpaBHeHue ¢ moBa Ha beaume KpywKu
C Hakeykaema >Kuvka u KoMnakmHume AymuHecueHm-
HU Kpywku. B pesyamam Ha moBa npu toHowume ce
pa3BuBa gucbaraHc mexxgy GuoAo2UMHUME U COuUaA-
HUMe pummu, KOUMO 3aegHO CbC 3azybama Ha CbH,
Bogam go ymopa, gieBHa cbHAUBOCcM, noBegeHuecku
npobAemu U Hegobpu akagemMuyHU NOCMUXKeHUA.
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Maypuyuo Hopguo

Bcuuko moBa e npegnocmabBka 3a 6bgewu 3gpabo-
cA0BHU npobaemu kamo pazBumue Ha 3amabcmaba-
He, memaboAaumeH cuHgpom, 3Am2, noBuweH cbp-
gevHo-cbgoB puck u uHepmuaumem (19).
MpoBegeHume enugemuorozuvHu npoyyBaHua
nokazBam, ye geuama 6 gHewHo Bpeme cnam npu-
6auzumenro 1,2 uvaca no-maako om BpbcmHuyume
cu om muHaausa Bek. KbcHomo AazaHe u 3acnuBane u
no-paHHomMo cbbyskgaHe npu cbBpemeHHume OHOWU
Bogam go gecuHxpoHu3auua 68 geHOHOWHUA puMbBM.
MHozo BaxkHu ca peyamamume om HAKOAKO NpoyY-
BaHua cpeg nogpacmBawume, a umeHHO HabAlgeHU-
ama, ve 47,8% om 2umHazucmume 68 VHgua, 25% 6
snonus, 22,8% 6 CALLL, 16,1% 6 Kumau u 9,9% 8 Vc-
naHua cmpagam om 6e3cbHuUe nopagu MHO20 U pas-
AUYHU NPUYUHU, Kamo ocHoBHU dhakmopu 3a moBa
ca HapyweHume HaBuuu u HenpaBuAHuAM Ha4yuH Ha
>kuBom (20). B mo3u acnekm e pa3zpabomeHa mex-
HoAoz2ug, ocueypaBawa vacoBe Ha omgux npu me3u
uHguBugu u yeAawa KOpekuUa Ha Hegocmuea Ha CbH
(21). CaegoBameAHO, XpOHUYHUAM COUUAAEH ,goKem-
Aa2”, HabatogaBaH npu Hemaabk 6pol om nogpacmBa-
wume uHguBugu, mpabBa ga ce pazeaexga kKamo
eceHuuareH npobaem B cpepama Ha obwecmBeHo-
mo 3gpaBe. Hanocaeguk ce nybaukyBam Bce noBe-
ye gaHHu, nokazBawu, Ye nonyaauuama om geua 6
npegyvuAuwHa Bb3pacm e ocobeHo yuyBecmBumeaHa
Kbm BeuepHo uzaazaHe Ha cBemauHa no omHoweHue
Ha nomuckaHe Ha meaamoHuHoBomo ocBoboxxgerue
€ KpalHa nocaeguua - AecHO u 6bp30 HapywaBaHe
Ha uupkaguaHHua pumbm (22). Emo 3awpo, cvBcem
ckopo b6e pazpabomen cneuyuareH 6ar cBemauHHO-U3-
AbuBaw, guog (ocBob6ogeH om uzabuBaHemo Ha CuHA
cBemauHa), umaw, 3a ueA pegyuyupaHe Ha onucaHume
XpOHOOUOAO2UYHU HapyweHusa (23).

MenamoHuH u penpogykuus

Aobpe uzBecmHo e, ue HeagekBamHomo Bpeme
3a noaBa, cnekmbp U uHMeH3umem Ha Bxogawama
cBemauHa kbm pemuHama 6 pe3yamam Ha HOWHU
akmuBHOCMU U CbH Npe3 geHa, e KAbYoB dpakmop
3a obacHaBaHe Ha yecmomama Ha HapywaBaHe Ha
XPOHOBUOAO2UYHUME PUMMU, MbU Kamo He Camo
npegu3BukBa HecmabuaHocm Ha 2aaBHua BbmpeweH
nedcmelkbp, HO CbWoO Maka HamaaaBa cuHmesa Ha
meaamoHuH. Kakmo Gewe ombeaa3aHo, HamaAeHu-
aAM CUHME3 Ha MEAAMOHUH Nopagu MHO20KpamHume
enu3ogu Ha u3aaeaHe Ha cBemaura no Bpeme Ha Ho-
wma uzpae BaxkHa poaa B namozeHe3ama Ha pegu-
ua 3aboanBaHun: pak Ha 2bpgama, cbpgeuHo-cbgoBu
npobaemu, 3Am2, koeHumuBHa guchyHkuua, penpo-
gykmuBHU HapyweHua npu mbxe u >eHu (24). Lo
ce Kacae go nocaegHume - ycmaHoBeHa e cmpoza
B3aumoBpb3zka mexkgy HuBama Ha meAramoHUHa U XKeH-
ckama onaogumeaHa cnocobHocm. Om gecemuaemu-
aHacam ce 3Hae, ye meaamoHuHbm ydacmBa 6 peayaa-

uuama Ha penpogykmuBHama cucmema u npu gBama
NOAQ, KAMO NOCAEgHUME Hay4HU gaHHU Kame20pUuyHO
3amBbprkgaBam 3HaHUama Hu 6 ma3zu obaacm (25).

BcowiHocm, meramoHuHbm e 8 cbecmoaHue ga
KOHMpoAuUpa penpogykmuBHama oc ¢ nomowma Ha
U3KAIOUYUMEAHO CAOXKEH mexaHu3bm, BrarouBaw, pe-
2yAUPAHEMO Ha Cekpeuuama Ha 20HagompPONUH-OC-
BoborkgaBawua xopmor (GnRH) u akmuBHocmma Ha
uHxubumopa Ha 20HagomponuH-ocBoboxxgaBawua
xopmoH (GnlH). Cuuma ce, ye GnlH uepae cbwecm-
BeHa poaa B cuzHaaHuA Nbm, pe2yaupawy, mbiKKama
u >keHckama penpogykmuBHa cucmema, geticmBadku
gupekmto Bbpxy GnlH-HeBpoHume upe3 peuenmo-
pume cu, 3a ga cmumyaupa (Npu NMuyu) UAU Nomucka
(npu 6o3adHuyu) ekcnpecuama u ocBoboxkgaBaHemo
Ha GnlH (26). Taka, npu 603atHuuume GnlH e 6 cobc-
mosaHue ga uHxubupa akmuBHocmma Ha KOMNOHEH-
mume 0om XunomaAamo-xunogu3o-2oHagHama oc,
npomeHalku u cekcyaaHomo noBegerue. Cbgbpika-
Huemo Ha GnlH 8 mo3bka ce Bause om npomeHu 6
npogbAkumeaHocmma Ha geHa. CobwecmByBam go-
KazameacmBa, ye meramoHUHbM cmumyaupa ocBo-
6o>xgaBaremo Ha GnlH om xunomaramyca Kakmo Ha
nmuuu, maka u Ha 6o3adHuuu. M3katouumenro 3abe-
AekumeaeH e pakmvm, ye GnlH-HeBpoHume umam
cnocobHocmma ga ekcnpecupam meAamoHuHoBu
peuenmopu Ha noBbpxHocmMMma cu, Kamo No Mmo3u
Ha4YUH Cce nNpegnoAaza HaAUYMUEMO Ha Cmpo2a pe2yAa-
mopHa B3aumoBpb3ka mexxgy enuguzapHUA XOPMOH U
geticmBuemo Ha GnlH 8 mo3bka (27). B gonbAHeHue,
ycmaHoBeHo e, ye MeAamoHUHbBM CMUMYAUpPa Cekpe-
yuama Ha npo2ecmepoH om 2paHyro3a kaemku (28).

OnucaH e u gpyz npuueaeH 3a geicmBuemo Ha
MEAAMOHUHA Op2aH - Xunogu3Hama »*Ae3a, Kamo ce
cMama, 4e gomuHupawomo macmo 3a cBop3BaHe ¢
peuenmopume e pars tuberalis (PT) - mbHbK cAol
Ha npegHama xunodu3a, obxBawaw, gpb>kkama u
npocmupaw, ce pocmpaAaHo no BeHmpaaHama no-
BbpxHocm Ha eminentia mediana. B gHewHo Bpeme
ce cyuma, Ye NPOgbAXKUMEAHOCMMA Ha MEAAMOHU-
HoBua cuzHaa (gbAabe Npe3 3umama u KpambK npe3
Aaamomo) 3agBuxkBa dpomonepuoguuHua KOHMPOA
Bbpxy pazHoobpazHume acnekmu Ha HeBpo-eHgo-
KpuHHama u3uoroeug, BKAIYUMEAHO - Aakmom-
pogo-penpogykmuBHama oc upe3 PT npu Bb3zpacm-
HuU 603adHuuu (12).

YoBewkama penpogykmuBHa cnocobHocm, oba-
ye, uz2Aexga no-maako 3aBucuma om ce3oHHume Ba-
puauuu 8 gbAkuHama Ha geHs, Ho moBa He o3HauaBa,
ye MeramoHUHbM Hama edpekmu Bbpxy voBewkume
penpogykmuBHu opeaHu. BcbwHocm, gaHHume om
nocregHume gBe gecemuaemus couam, ye enudu-
3apHUAM UHQOA Ce Xapakmepu3upa ¢ mHoxxecmBo
gupekmHu edekmu Bbpxy 2o0Hagume U U MexHume
agHekcu npu yoBeka u gpyeume 603atHuUuU (13).

Mo-cneuuaaHo, KakKmo cmabuAHuaAM yupKaguaHeH
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pUMbBM, Maka u 3anazeHama yukaudHocm 6 meaamo-
HuHoBama cekpeuua ca om u3kAloYuMeAHa BaxkHocm
3a onMumaAHama pu3zuoAoc2ua Ha aluHUUUME, HOP-
MaAHOMO NpomuyaHe Ha GpemeHHOCMMa U paxkga-
Hemo. B ma3u Bpb3ka - cBemauHama npe3 Howma
MOXE ga nomucHe CpegHOWHUME MamoYHU KOH-
mpakuuu no Bpeme Ha mpemua mpumecmbp Ha Gpe-
meHHocmma. AokazameacmBo 3a moBa ca no-yuecmu-
me paxkgaHua npe3 Howma 6 cpaBHeHue ¢ me3u npe3
geHa - omgaBa ce 3HaveHue Ha npaBuaHua meramoHu-
HOB pum®bM Npu KOOPgUHUPaHemMOo Ha HOWHUME KOH-
mpakuuu. Om gpyea cmpaHa - >xeHume ¢ no-Bucoku
HOWHU MeAamoHuHoBu HuBa nokazBam no-mowHuU u
KOOPgUHUpPAHU MamoyvHu KoHmpakuyuu no Bpeme Ha
paxxgaHemo (13). OcBen moBa xpoHobuoAro2uuHUME
HapyweHua no Bpeme Ha GpemeHHocmma oka3zBam
HezamuBHu edexkmu Bbpxy 3gpaBemo Ha nomom-
cmBomo, BkarouBawu memaboAumHu, CbpgeyHo-Cb-
goBu u koeHumuBHU omKkAoHeHua. B 3akaloueHue -
u3AazaHemo Ha cBemauHa npe3 Howma HeCbMHEHO
mpab6a ga ce uzba28a, mbU Kamo e goka3aHo, ye
mo HapywaBa 2aaBHua BbmpeweH uupkaguaHeH va-
coBHuk, nomuckaiku noBuweHume HowHuU HuBa Ha
MeAamoHUHa U uHgyuupadku u3aBama Ha pazAudHu
BugoBe 3a6oaaBaHus (20).

3Hae ce, Ye MeAAMOHUHbM MOXE ga Ce NPou3-
Bexkga u om >xeHckume nepudepHu penpogykmuB-
HU oOpeaHu, BkAlYUMEAHO om 2paHyAao3a KAemKU-
me, KYmyAayc oodopyc u oouumume. Bcuuku me3u
KAEMKU Mo2am ga 6bgam npuvuHa 3a HaAUYUEMO Ha
mpukpamHo no-Bucoko CbgbpiKaHue Ha MEAAMOHUH
B8v6 goaukyaapHama meuHocm B cpaBHeHue ¢ moBa
68 kpbBHUA nomok (29, 30). Aockopo ce cmamauwe,
ye NPou3xXogbm Ha mearamoHuHa 6668 oaukyrapHa-
ma meyHocm e BaegcmBue HampynBanemo my upes
npouec Ha ycBoaBarne om kpwbBHua cepym. Cowecm-
ByBam gokazameacmBa, obaue, nokazBawu, ye cne-
uuduyHu KAemku B aduHuyume (nocoyeHu no-20pe)
ca B cocmosaHue ga cuimesupam u ocBoborkgaBam
606 hoaukyrapHama meyHocm meramoHuH (31).

Makmbm, Yye uHMpapoAuKyaapume KoHUeHmpa-
UUU Ha MeAamoHUH npu xopa ca gBa nbmu no-Buco-
ku 8 2oremume npegoBysamopHu oaukyau 6 cpa-
BeHue c no-maAKume aHMpaHu, He3peAu (POAUKYAU,
nogcka3Ba, ue noBuweHume HuBa Ha meaamoHuHa
Kamo moweH aHmuokcugaHm 6 nepuoga Ha oByna-
yua buxa buau om 2oAaama PU3UOAO2UYHA NOA3A.

B Hacmoawua Hay4yeH 0630p ce npegcmabam ak-
MyaAHU gaHHU, goka3zBawu cuAHama NOAO>KUMEAHa
Bpb3ka mexkgy HuBama Ha mearamoHuHa 868 goau-
KyAapHama meyHocm u kadecmBomo u koaudecmBo-
mo Ha oouumume. OcBeH moBa, ce usmbkBa cneuu-
dpuyHama poaa Ha meaamoHuHa 868 goaukyrapHama
meuHocm - HuBama Ha MeAamMOoOHUHA MOXKe ga Ce pa3-
2AeXKgam Kamo mapkep Ha auuHukoB pesepB u npe-
gukmop 3a ycneBaemocmma Ha npegnpuemume uH

Bumpo mexHUKu 3a onAoxgaHe (32). B gonbaHeHue,
npu >KuBomMuHCKU MOgeAu meAramoHUuHbmM e B cbc-
MoAHUE ga HamaAu OoKucAumeAHomo yBpexxgaHe Ha
2paHyro3zHume kaemku (33). Cmama ce, ye geticmBu-
€mo Ha UHgoAa Kamo MOWHa aHMuUoOKCUugaHmHa Mo-
AEBKUYAQ € OM U3KAIOUUMEAHO 20Aama BaxkHocm, mbl
Kamo e uzBecmHo, Ye 2amemume u eMbpuoHUMe Npu
603alHuUUUMe ca cuaHo yazBumu kbm Bb3zgeticmBu-
emo Ha okcugamuBHua cmpec ¢ Haauvue Ha Bucoku
AunugHu HuBa u Bb3nareHue ¢ Bucoko CbgbprkaHue
Ha cBobogHu pagukaau. Hakpamko, XpoHu4Huam
Bb3naaumener npouec, ugeHmudpuyupax 6 atuHuka
no Bpeme Ha oBynrauun, BraouBa yBeauueH cuHmes
Ha NpoCMazAaHguHU u uumokuHu, noBuweHo akmu-
BupaHe Ha NPOMEOAUMUYHU eH3UMU U CMmUuMyAupa-
Ha kanuaspHa nponyckauBocm - Bcuuku cBbp3aHu ¢
no-Bucoko npou3zBogcmBo Ha yBpexxgawu peakmub-
HU kucAaopogHu BugoBe. OcBern moBa e uzBecmHo,
ye makpogazume, reBkouumume u cbgoBume eH-
gomeAHU KAemKu, Hamupawu ce 6 HenocpegcmBera
06AU30CM O 20Aemume (POAUKYAU, gonpuHacam 3a
npou3BogcmBomo Ha cBobogHu pagukaau no Bpeme
Ha pynmypupaHemo Ha poaukyaume (34). CBobogHu-
me pagukaau Bauaam Ha GaraHca mexkgy peakuuume
Ha okucaeHue-pegykuun, HapywaBam gBycaolHama
pochoAunugHa cumempun Ha nAa3meHama membpa-
Ha u 3acuaBam AunugHama nepokcugauusa. Emo 3awpo,
3a ga ce npegna3u atdHukoBama mbkaH om npoueca
Ha okucAaeHue no Bpeme Ha oByrauusma, noBuwaba-
Hemo Ha mearamoHuHoBume HuBa 6u 2apaHmuparo
uzbaeBarHemo Ha eBeHmyanHa moaekyaspHa yBpega
¢ peyamam - pa3zBumue Ha 3gpaB emOpuoH u NAog.
Taka, nocAegHumMe Hay4HU gaHHuU noka3Bam, ue meaa-
MOHUHBbM e B CbCcmoaHue 3HaYUMeAHO ga Nnogobpu
UUMONAA3MEHOMO 3PEeHe Ha oouumume Npu eKkc-
nepumeHmu ¢ egbp pozam gobumuvk, noBausBadku
6Aa2onpuaMHO pa3znpegeAeHUEMO Ha Opz2aHeAume,
yBeauvaBaliku BbmpekrembuHume HuBa Ha 2ayma-
muoHa u ATP, cmumyaupalku 2eHHama ekcnpecua
Ha aHMUOKCUgaHMumMe U UAAOCMHO MOgyAupadKu m.
Hap. cbbumus, cBbp3aHu ¢ onaoxkgaHemo. KpadHuam
pe3yamam e nogobpeH Kanauumem Ha pepmuAau3ayua
u cnocobHocm 3a gobpo pazBumue Ha demyca (35).

TepaneBmuqHu acnekmu Ha mMeAamoHUHa

Peguua HayuHu uzcaegoBameau gemoHcmpupam,
ye ekcnepumeHmaaHomo yBpexkgaHe Ha oouumume
npu Muwu Mogeau, npegu3zBukaHo om ynompe-6a-
ma Ha buciperonr A (BPA - uzBecmeH kamo moweH
Hapywumea (gu3zpynmop) Ha kadecmBomo Ha oouu-
mume npu 603alHuUUU) MOXe ga npembpnu 06pamHo
pa3zBumue upe3 NpuAo>KEHUE HAa MEAAMOHUH in Vivo,
nogobpaBadku npoueca Ha pepmuauzauua upe3 6v3-
cmaroBaBane Ha BP-ungyuupaHume gecpekmu 8 npo-
meuHume u cbbumuama OKOAO NPOUECa HA ONAOXKJa-
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He upe3 HamaaaBaHe HuBama Ha ROS u uHxubupaHe
Ha anonmo3ama (36). B gonbAHeHue, ckopoweH Ha-
ydeH mpyg nokazBa, ue meramoHUHbM MOXe ga ce
uznoa3zBa kamo cneyuuyeH hapmakoro2uYeH

azeHm npu npegomBpamaBaHe Ha penpogykmub-
Hama MOKCUYHOCM, NPUYUHEHa oM XumuuHu Bewe-
cmBa, HapywaBawu eHgoKpuHHama cucmema (Hanp.
BPA) (37). VI Hakpas e goka3zaHo, Ye MeAamoOHUHbM
MO>KE ga MOgyAUpa KAeMbUHUA ckeaem, nogobpaBad-
KU puzudeckama kaembuHa pezucmeHmyocm (38).

OnaogumeaHama cnocobHocm npu  eHume
npegcmabBaaBa HenocmoaHHa BeAuduHa npe3 penpo-
gykmuBHua nepuog (om meHapxe go meHonay3a),
Kamo Hal-06wo ce xapakmepu3upa € NUK Ha OKOAO
25-20oguwHa Bb3pacm u npoezpecuBHo pegyuupaHe
caeg 35-mama 2oguHa om >xuBoma. B gnewHo Bpeme
nopagu HacmoAawume KYAmypHU U COUUAAHU MeH-
geHuuu MHo20 om >eHume no cBema pewaBam ga
3abaBam ,cBoa momenm” 3a koHuenuua. [Mpe3 no-
caregHume gecemuaemun Bb3pacmma 3a 3abpemers-
BaHe npozpecuBro ce yBeauuaBa - npoueHMbM Ha
»KEHUMe, nocmuzHaau bpemeHHocm Ha Bbv3pacm > 30
2. ce noBuwaBa om 5% npe3 1975 2. go okoAo 26%
npe3 2010 2. CaegoBamearHo - noBeuemo om max,
Ko2amo pewaBam ga 3aueHam, ca c u3aBa Ha uHgep-
muAumem nopagu aBaHcupaa npouec Ha atyHukoB0o
cmapeeHe (39).

No-HoBu gaHHu, noayyeHu om u3caegBaHa uHgud-
cka 2pyna om >eHu, nomBubpykgaBam cuzHuukaHm-
Hama poAa Ha no-maagama Bb3pacm 8 npoueca Ha on-
AO>KgaHe, kamo nogyepmaBam ocobeHomo U 3HaueHue
npu u3noa3BaHume mexHuku 3a in vitro pepmuauza-
uua (40). Om GuorozuyHa 2AegHa MOYKa NPOUECHM Ha
cmapeeHe Ha aldHUUUMe ce Xxapakmepu3upa CbC cnag
668 yHkuuama Ha mumoxoHgpuume u HapywaBaHe
Ha UHMez2pumema Ha yumockearema (3acaza ce gbAXKuU-
Hama Ha meaomepa, Koumo ce cyuma 3a Guomapkep
Ha KAEMbYHOMO CcmapeeHe U e CuAHO yyBcmBumenaen
Ha okcugamuBHu cbbumus), HamaraBaHe Ha pe3epBa
om oouumu u yBeauuaBaHe Ha 6poa Ha me3u, xapak-
mepu3upawu ce ¢ No-HUCKo kayecmBo (41). Om masu
2AegHa Mouka MumoxoHgpuume ce Bb3npuemam 3a
nbpBuyHu eHepaulHU 2eHepamopu - ocHoBeH u3movu-
HUK U map2emHu opeaaHeau 3a cBobogHu pagukaau,
Kamo MUmOXOHgpuaAHuam okcugamuBeH cmpec ce
cuuma 3a ocHoBeH hakmop, gonpuHacaw, 3a npoueca
Ha cmapeeHe. [NocaegHume gaHHU OM Aumepamypa-
ma acHo nokazBam, ye meramoHuHbM € B cbcmoaHue
3HauumeAHo ga 3abaBu pepmuaHua cnag, cBobp3aH
¢ penpogykmuBHomo cmapeeHe upe3 nogobpaBaHe
Kakmo Ha kayecmBomo, maka u Ha KoaudecmBomo
Ha npousBeskgaHume oouumu. IMo-cneyuasHo - meaa-
moHuHbm npoaBaBa cBoa edpekm, noBauaBalku mu-
MOXOHgPUAAHOMO OKucAUmeAHo yBpexkgaHe (npego-
mBpamaBa okucAeHUemo Ha KapguoAunuHa — KAl4Y0B6
KOMNOHEHM OM MUMOXOHgpUaAHama membpata) u

Bb3nupalku anonmo3zama, kamo 6 cbwomo Bpeme
onocpegcmBa 3anazBaHemo Ha onmumasHama Mu-
MOXOHgpUaAHa (PYHKUUA Ha cmapeewus AUYHUK U
noggbp)kaHemo Ha gbAXKUHAMa Ha MmeAomepume
B aduHuyume Ha Bb3pacmHu muwu mogeau (7, 42).
Taka HacoyeHO cpewy MumMoxoHgpuume, gedcmBue-
MO Ha MeAamoOHUHa u32aexkga npuBaekameaHa nepc-
nekmuBa 3a 6razonpuamHo noBausBaHe Ha 3gpabe-
MO U NpogbAXKUMeAHocmma Ha »xxuBom, mbl kamo
nogmaagaBaHemo Ha cmapeewume MUMOXOHgpUU
6u moz2ra0 ga 6bge uHmMepecHa cmpameezua 3a NOgo-
6paBane Ha 06womo HrazocbecmonHue (43).

Aobpe uzBecmuo e, ue 3amabcmaBaHemo npu
xopama e cBbp3aHo ¢ HebrazonpuamHa nepcnek-
muBa, kacaewa penpogykmuBHua cnekmbp. lNopa-
gu maszu npuduHa obe3zHume >xuBomuHcku mMogeau
ca uznoa3BaHu B pazAuuHU HayuyHU eKcnepumeHmu
C ueAa gemoHcmpauua Ha moBa, ye opaaHOMO npu-
AOXKEHUE Ha MEAAMOHUH Bu MO2A0 3HAYUMEAHO ga
HamaAu 2eHepupademo Ha ROS u cupmyuHu, Kakmo
u ga npegomBpamu pazBumuemo Ha XpPOMO30MHU
aHoMaAuu u medomudHu gepekmu 6 oouumume c
KpaeH pe3yamam - no-3gpaBu embpuoHu (44). OcBen
moBa e goka3aHo, ye cynaemeHmauuama C MeAamo-
HUH 3HauumeAHo nogobpsaBa nomeHuuara Ha 0o0-
uumHama MuUMmMoOXOHgpUaAHa membpaHa, cMmumyaupa
npou3zBogcmBomo Ha ATP u npegu3BukBa no-opea-
HU3UpaHO pa3npegeAeHue Ha akmuBHU 2paHyAupaHu
MumoxoHgpuu 6 3peewume oouumu (BaxkeH uHgekc
Ha maxHomo kavecmBo).

OcobeH uHmepec npegcmabBaaBam ckopowHu-
me gaHHU 3a poAama Ha meramoHuHa 8 npomexkmu-
paHemo Ha eHgonaazmamuuHua pemukyaym (EP) om
BpegHomo Bb3geticmBue Ha oKucAeHUEMO U NOCAE]-
Bawo yBpexxgaHe, Kamo NO MO3uU HayuH ce Nocmu-
2a npegna3BaHe Ha penpogykmuBHume opezaHu om
npexxgeBpemeHHo cmapeeHe. Hanpumep, HamepeHo
e, Ye uHMpanepumMoOHEaAHOMO UHXKeKmupaHe Ha
AUNONOAU3AXapugu NpU MUWKU moxe ga 3ababu ux-
mpaymepuHHUA pacmex Ha pemyca u ga goBege go
HacmbnBaHe Ha cmbpm. B gonbAHeHUe, naaueHmama
Ha me3u GpemeHHU MUWKU ce npegcmaba cbe 3HavU-
meAeH cmpec 3a EP, kodmo 6uBa HanbAHO NpeogoAaH
npu npegBapumeAHO NPUAOXKEHUE Ha MEAaMmOHUH,
u3aBaBaw, npomekmuBeH echekm cnpamo pacmeka u
pazBumuemo Ha pemyca (45).

Hegobpomo kavecmBo Ha aluekaemkume e
eguH om ocHoBHume npobAemu, Harazaw, NpuAazaHe
Ha acucmupaHa penpogykmuBHa mexHoaoz2ua (APT).
Kamo ocHoBeH namozeHemuueH mexaHu3bm ce cnpa-
2a okcucaumeaHomo yBpexgaHe Ha 2amemama. B
mo3u peg Ha mucAau npucbemBuemo Ha ,04ucmume-
AU“ Ha cBobogHumMe pagukaAu, KakKmo U Ha aHmuo-
KCUugaHmHU eH3UMU, Koumo 2u memaboAu3upam go
HeakmuBHU Nnpogykmu, e om 0cobeHo 3HaveHue 3a
npomekuuama Ha aduekAemkama om HaAu4uemo Ha
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okcugamuBer cmpec. CAeg Kamo MeAamoHUHbM ce
cmama 3a npak akmuBamop Ha ,o4ucmumeaume” Ha
cBobogHUMeE pagukaAau, cmumMyramop Ha 2eHHama
ekcnpecusa u geicmBuemo Ha aHMuoKcugaHmHume
€H3UMU, pe30HHO e ga ce obmucau Bb3moskHocmma
3a ynompebama Ha mo3u UHgoA 8 Hacoka nogobps-
BaHe Ha kayecmBomo Ha uvoBewkume aluekaemku,
Kakmo npu ecmecmBeHu ycroBus, maka u npu APT.
BcobwHOCM, nNpuAOXKEHUEMO Ha MEeAAmOHUH npu
YKEHU C UHbepmuAumem U HeycnewHu onumu 3a
koHuenuua npu APT Bogu go cuz2HugpukaHmMHO no-
gobpeHue 6 npoueHma Ha cAyyaume ¢ nocmuzHama
hepmuauzayun ype3 pegyuupaHe cmeneHma Ha y6-
pexkgawo Bb3geticmBue Ha cBobogHume pagukasu
u yBeauuaBare Ha Gpoa Ha oouumume, ycneau ga
gocmuzHam mamypauus (46). B egHo BaxkHo npoyu-
BaHe ce goka3zBa, ye uHUUUUpPAHEMO HAa MeAamOHU-
HoBa mepanua npegu APT u npogbaxkaBaHemo G no
Bpeme Ha OpemeHHocmma nogobpaBa waHcoBeme
3a ycnewHa hepmuau3zayus, nocmueare u 3aBopuw-
BaHe Ha HopmaaHa GpemeHHocm ¢ 6au30 50% (47).

AaHHUME Oom paHgoOMU3UpPaHO, KOHMPOAUPAHO,
gBolHo-caano npoyuBaHe nokazBam, ue cynaemen-
mauuama C MEAAMOHUH NpU NauueHMKU CbC CUHg-
pom Ha noAukucmo3Hu atduHuuyu (PCOS), nogaoskeHu
Ha in vitro dpepmuauzauvua nopagu Aowo KavecmBo
Ha oouumume, MoOXe 3Ha4umeAHo ga nogobpu Ka-
yecmBomo um u moBa Ha dpemyca, getdcmBaliku cu-
Hepa2u4YHO C UHO3UMOAa, u3znbAHAaBaw, cbwo BaxkHa
poaa B penpogykuyuama (48). Apyau HayuHU pe3yama-
MU, NOAYYEHU NpU ekcnepumeHmaHu npoyuBaHun c
>kuBomuHcku mogeau Ha PCOS, gemoHcmpupam, ve
MeAamOoHUHBM e cnocobeH ga UHgyuupa mamypauun
Ha agpama Ha oouumume U ga oCu2ypu HY>KHUA NO-
meHyuaA 3a HopmaaHa pepmuauzavua (49). B masu
Hacoka ca u uHuuuupaHume 2oAaam 6pol npoyuBa-
Huf, ueaawu u3zBbpwbBaHe Ha no-nogpobHa oueHka
Ha epekmume OMm NPUAOXKEHUEMO Ha MEAAMOHUH
Nnpu mAaagu >keHu, nogaoxkeHu Ha APT (50). HayuHo-
mo obcaegBane Ha Hongwanyu u comp. (51) ce aBaBa
nomBubpykgeHue Ha xunome3ama, Ye nayueHmkume
¢ PCOS umam HamaAeHU KOHUeHmpauuu Ha meAramo-
HUH 666 doaukyaume.

Caeg nocmueaHe Ha bpemeHHOCM, CNOHMAHHO
uau upe3 APT, mauuuHume meramoruHoBu HuBa npo-
epecuBHo HapacmBam go Bpememo Ha ouakBaHua
MepPMUH, 3a ga ocu2ypam maka Heobxogumume 3a
(popmupaHemo u gudpepeHyuayuama Ha mo3byHUMeE
cmpykmypu Ha pemyca Bucoku HuBa Ha xopmoHa.
3Hae ce, ye cepymHUMeE KOHUEeHmMpauuu Ha meaamo-
HuHa gocmuzam cBoAa nuk Npe3 mpemu Mpumecmbsp
- HabalogaBam ce noBeue om gBykpamHo noBuweHu
cmoUHocmu B cpaBHeHue ¢ me3u npu HebpemeHHU
»KeHu, kamo BnocaegcmBue cuaHo cnagam go nbpBo-
HauaAHUMe cu HuBa npegu bpemeHHocmma Ha Bmo-
pus geH cAeg paxkgaHemo.

INpu HaAuvue Ha namoAo2u4Ha GpemeHHoCm Hu-
Bama Ha meAramoHUHa ca goKa3aHo NO-HUCKU cAeqg 32-
ma 2ecmauuoHHa cegmuua. MadyuHUAM MeAaMmOHUH
ocuzaypaBa novpBua yupkaguaHeH cuzHaa Ha pemyca
u e moakoBa BaxkeH 3apagu gobpe uzBecmHua cu
aHmuokcugaiHmeH npomekmuBeH edgekm. 3amoBa
HUCKUSM NAQ3MEH MEAAMOHUH UAU CMyMmeHUam uup-
KaguaHeH pumbm (Hanp. npu cBemauHa npe3 Howma)
no Bpeme Ha GpemeHHOoCcMmMa mo2am ga goBegam go
HapyweHusa B npozpamupaHemo Ha (hemanHUA MO3bK
C gbAeOCpouHU HebAazonpuamHu edpekmu. [lamo-
¢puzuorozuuHama ocHoBa Ha me3u pe3yamamu ce
cBbp3Ba c uHgykyuama Ha okcugamuBeH cmpec npu
OpemeHHOCMU, YCAOXKHEHU Hanpumep C 2ecmauuo-
HeH 3axapeH guabem, uHMpaymepuHHa pemapgauus,
npeekAamncun, Mat4vuHo HegoxpaHBare u cmpec. Om
mazu 2AegHa mouka, NOMuCKaHemo Ha MadduHua
uupKaguaHeH puMbM Ha MEAAMOHUHA NPU NPOJbAXKU-
meAHO u3Aazare Ha cBemauHa npe3 Howma no Bpeme
Ha Bmopama noaroBuHa Ha GpemeHHOCMMa MOXe ga
npegu3Buka peguua omkaoHeHua 666 emarHomo
pazBumue, meXXgy KOUMO - uHMpaymepuHHa pe-
mapgauun, HapyweH UAU NOMUCHAM PUMbM Ha KOp-
mukocmepoHa, HapyweHua 6 mozbuHomo pa3zBumue
- Bcuuku me, HabaogaBanu npu onumu ¢ xuBomHu.
Taka, pabomama Ha cmeHu no Bpeme Ha GpemeHHocm
ce acoyuupa ¢ noBuweH puck om HacmbnBaHe Ha CNOH-
maneH abopm, npexkgeBpemeHHo paxkgaHe u/uAu payk-
gaHe Ha MaAKu 3a 2ecmauuoHHama Bv3pacm geua (52).
CowecmByBam HoBu gaHHu, noka3Bawu, e AedeHue-
MO C MEAAMOHUH NPU YCAO>KHeHa bpemeHHocm ce aBa-
Ba egpekmuBerH mepaneBmuueH nogxog, npegnaszBaw,
pemyca om noaBama Ha mo3buHU yBpexxgaHua (53).

AHmuokcugaHmHume kadecmBa Ha meramoHu-
Ha ce gemoHcmpupam u Ha HuBo naaueHma, Kbge-
Mo uHgoAbm ce npogyuupa 6 2oremu koauvecmBa
u okazBa npomekuua Nno omHoweHue HacmbnBaHe
Ha MOAEKYAAPHO yBpexkgaHe u KAembuHa guCYHK-
uua BcaegcmBue AokaaeH okcugamuBeH cmpec.
CowecmByBam npoyuBaHug, koumo goka3zBam cne-
uugpuyHama cnocobHoCm Ha nAaueHmMama ga npogy-
uupa meramoHuH no Bpeme Ha GpemeHHocmma (om
7 2.c. go ovakBaHua mepmuH) C MakCUMaAHA ekxcnpe-
cua 0OKOAO mpemu mpumecmbp. B gonbaHeHue, nop-
BuuHuam Buro3zeH yumompocobracm ce oka3Ba, ue
npumexaBa kaouyoBa poaa 6 npogykuuama Ha naa-
UeHMapeH MEeAAMOoOHUH, Kamo in Vitro npuAoXkeHama
meAramoHuHoBa mepanua moxke ga uHgyuupa ybBe-
AuvaBaHe Ha cekpeuuama Ha voBewkua Xopuo2oHa-
go-mponuH (uXl), BepoamHo upe3 Bpb3ikama my ¢
MT1- u MT2-meramoHuHoBu peuenmopu, Koemo om
cBoa cmpana gonpunaca 3a npaBuaHomo yYHKUUO-
HupaHe Ha nAaaueHmama (54). HecbmHeHo e Heobxo-
gumo cb3gaBaHemo Ha GaraHC mexkgy npouecume Ha
dhopmupaHe u gezeHepauusa Ha cuHUUMUOMpPogobaac-
ma (npou3au3aw, om npoAudpepayuama Ha uumompo-
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pobracma) ¢ uea npeBeHuua Ha Bb3HUKBaHe Ha na-
MOAO2UYEH NPOUEC, 3acazaw, NAaueHmama, Kamo
6 mo3u peg Ha MUCAU MEAAMOHUHBbM MOXe ga ce
oKaXke C eceHuuaAaHo BauaHue Bbpxy cb3zgaBaHemo
Ha cmabuAHa xomeocmasa MexXxgy uumompogob-
Aacm-cuHuumuompogobracm. BcvbwHocm, gobpe
uzBecmHo e, ve uHgoabm u3znbAHaBa BaxkHa peay-
AamopHa poAa npu HacmbnBaHe Ha anonmo3ama,
nokazBaldku aHmMu-anoNMoMuYHU egekmu npu Hop-
MaAHUMe KAemKu, u npo-anonmomuuHu makuBa npu
pakoBume kaemku. Cyuma ce, ye ma3u PYHKUUOHAA-
Ha gBolHcmBeHocm ce u3znoazBa om naaueHmama
C UeA noggbpykaHe Ha Heobxogumua GaaaHc mexgy
Uumo- u cuHuumuompodgobracma (55).

B HayuHo npoyuBaHe, uznoa3zBawo >xuBomuHcku
mogeau (kpaBu) B cpegHa u mpema noaoBuHa Ha Gpe-
meHHocmma, u3caregoBameaume  gemoHcmpupam,
ye cynaemeHmauuama ¢ meaamoHuH yBeauuaBa ym-
OGuAukaAaHua apmepuaseH kpbBomok, koimo npegu
moBa e 6uAa pegyuupaH nopagu O2paHuUdYeHoO XpaHe-
He. IMpegnoaaza ce, ue Mo3u cneuyudguyeH omzoBop
Ha ymbuAUKaAHaMa apmepuasHa XemoguHamuka u
emarHomo pazBumue, pecnekmuBHo, moxe ga ce
meguupa vyacmuuHo nocpegcmBom Bpb3ka cbe cbgo-
Bume mernamoHuHoBu peuenmopu (56).

3acaykaBa cu ga ce ombeaexku, ve NpPUAOXKe-
HUEMO Ha MEAAMOHUH e cnocobHO ga npegomBpamu
CEepUO3HU NAAUEHMApPHU U (peEMaAHU NPOMEHU U Npu
OpemeHHU XeHu Cbe 3axapeH guabem (57).

Ha 6azama Ha 2opeu3AoxkeHume pakmu ce pas-
bupa, yue meramoHUHbM MoXKe ga Gbge u3znoa3Ban
Kamo hapmakorozuuHo cpegcmBo. Om mazu 2aegHa
mouka, Bb3MOXKHOCMMa 3a eK302eHHO NPUAOXKEHUE
Ha MEAQMOHUH C UeA NpomaHa Ha (pazume Ha yoBew-
Kume uupkaguaHHU pummu e onucaHo 3a nbpBu nbm
6 cpegama Ha 80-me 2oguHu (58). CnocobHocmma
Ha uHgoAa ga ce HamecBa 6 uupkaguaHHua pumbm
6 3aBucumocm om Guoroz2uuHomo Bpeme Ha NpuAo-
eHue ce e uznoazBana npu AeueHUEMO Ha pa3AudHU
HapyweHus, cBbp3aHu ¢ gecuHxpoHU3auuama Ha uu-
KbAa CbH/6ogbpcmBare. YcmaHoBeHo e, ve nepopan-
HOMO npuAoykeHue Ha meramoHuH (0,3-5 mg/Beuep)
Bogu go obaekyeHue Ha cumnmomume Npu cumya-
uuu, cBbp3aHu ¢ pazka yacoBa pazauka (Brkarouumen-
HO CouuaAHa), Kakmo u npu paboma Ha cmeHu.

OepomHu ycuaua ca cbepegomoveHu 6 onumu
ga ce ycmaHoBu onmumareH meramoHuHoB mepa-
neBmuueH pexxum, kamo 8 momeHma ce npuema caeg-
HUAM KOHCEeHCYC: meramoHuHbm mpabBa ga Gbge
npuemaH BuHazu no egHo u cbwo Bpeme npubau3u-
meAHO okoao 22,00 u B8 onpegeaeHa uHguBugyaaHa
go3a, Nocmu2awa CUHXPOHU3UpPaHe Ha pumbma CbH/
6ogbpcmBare. He mpabBa ga ce 3abpaba, ve HOwHU-
am NUK Ha MeAaMOHUHa (PU3UOAO2UYHO HamaraBa c
HanpegBaHemo Ha Bb3pacmma, koemo obacHaBa He-
obxogumocmma om no-Bucoka go3a MmeaamoHuH npu
no-8b3pacmuume nauyueHmu. 3acayxkaBa cu ga ce

ombeAesku, Ye NPUAOXKEHUemO Ha MeAramoHuH 666
Bucoku go3u npu mAagu xopa moxe ga goBege go Ha-
pyweHun 6 cbHa kamo noaBa Ha KowMmapu u CUMNMO-
MU Ha MaxmypAyk Ha caegBawama cympuH. 3amoBa,
u3eAexga, e meramoHuH B8 koaudecmBo okoao 1-2
me Ha Beuep e Hal-nogxogaw, 3a NOCMU2aHe Ha Pe3YA-
mam Ge3 u3zaBa Ha cmpaHUYHU ePeKkmu NPU NO-MAa-
gama nonyaauua. Koecamo cmaBa Bvnpoc 3a m.Hap.
,dacoBa pazauka“, koamo ocHOBHO 3acaza maagume
nauueHmu, e BaxkHo ga ce 3acezHe Bbnpocbm 3a
Bb3moxkHocmma 3a 6b3HukBaHe Ha HapyweHua 6
uupkKaguaHHua pumbm, HamaraBaHe Ha nAazmeHume
KOHUEeHMpayuu Ha MeaamoHuHa cbe cbuwecmByBaw,
puck om noaBa Ha penpogykmuBHu memaboAumHu,
CbpgeuHo-cbgoBu u OHKOAO2UYHU NPOBAEMU.
EcpekmuBHocmma Ha eK302eHHO npuAazaHuA
MEAAMOHUH Kamo CUHXPOHU3Upaw, azeHm npu Hapy-
WEeHUA Ha uupKaguaHHua pumbm e gobpe uzBecmHa,
Kamo u3noA3zBaHemo My C UeA NoCMu2aHe Ha MoWwHa
aHmuokcugaHmua akmuBHocm omBapa wupoku nepc-
nekmuBu, kacaewu ocobeHo penpogykmuBHama cuc-
mema. OueBugHo e, ue meaamoHuHbM npegcmabanBa
cbwecmBeHa yacm om mexaHu3ma, Koimo PU3UOAO-
2UYHO peayaupa penpogykmuBHama cucmema, getcm-
Baiku Bbpxy Bceku HeuH komnoHeHm. B gonbAaHeHue,
uma gokazameacmBa, ye He uaromo koauvecmBo me-
AAMOHUH Ce Npogyuupa om enudu3ama - HamepeHo
e, ye nepudpepHume penpogykmuBHu cmpykmypu
umam mexaHu3zmu 3a akmuBHa npogykuua Ha Meramo-
HUH C ueA nokpuBare Ha cobcmBeHume cu Hyxgu.
MumoxoHgpuume ca cnocobHu ga npousBexkgam me-
AAMOHUH U cregoBameaHo Hama kaemka 8 voBewkun
Op2aHuU3bM, KOAMO ga He cuHmesupa mo3u BaxkeH
uHgoa. To3u pakm ob6ozamaBa no3zHaHuama 3a noBce-
mecmHume (PUHKUUU Ha MEAAMOHUHA, KOUMO ce ge-
AAM Ha peuenmopHo-meguupaHu u makuBa, HezaBucu-
mu om peuenmopa. ToBa Bogu go npegnorokeHuemo,
ye UHgoAbm Moxke ga 6bge om pewaBawo 3HaveHue
3a NoggbprkaHe He camo Ha penpogykmuBHomo Oaa-
20CbCmMoaHue, Ho U Ha gobpomo 3gpaBe kamo uano.
HopmaaHume cusuoao2udHu pummu ca BaxkHu
3a NnoggbpykaHemo Ha cmabuAHa cpega 3a op2aHu3ma
Ha malikama, koamo Gu ocu2ypuAra Ha NAoga cepua
Om CMuUMyAU, yaecHaBawu npeHamaAaHOmo nepuen-
muBHo obyveHue u pazBumuemo Ha HezoBa nogxo-
gawa BbmpewHa u BvHwHa cpega. Kamo caegcmBue
- noaBama Ha yupkaguaHHu pummu, koumo Beuve npu
cbecmBam no Bpeme Ha >xuBoma Ha naoga Kamo pe-
goBHu noBmopeHua Ha ugeHmMuyHu nocaegoBamen-
HOCMU (Hanp. UukAu Ha cBemaAuHa/mbmHUHA), MOXKe
ga My nomozHe ga pa3Bue cnocobHocmma cu ga ce
aganmupa Kbm npomaHama 8 cpega, xapakmepu3zupa-
wa ce cbC cmpukmHa nocaegoBamearocm. Om masu
2AegHa MOoYKa, MEAAMOHUHBbM, KOUMO u2paeocHoBHa
poaa B peayaapHOCMMa U CUHXPOHU3UPAHEMO Ha ueH-
mpaAHUme u nepudgepHu ocuuAauuu, no3BoaaBaliku
pa3zBumuemo Ha xapMoHUYHO BbmpewHo PYHKUUO-
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HUpaHe U aganmupaHe Ha BbmpewHama cpega Kbm
BbHWHamMa, ce cuuma 3a Hal-gobpua nepudpepeH Guo-
MapKep 3a HOpMaAHOCMMA Ha uupkaguaHHume pummu
npu uoBeka. NMopagu ma3u npuuuHa, uznoa3zBaHemo
MY, CAMOCMOAMEAHO UAU Kamo agioBaHmHa mepanus,
€ CUAHO NpPenopbYUMEAHO He camo 3a 3ana3BaHe Ha go-
6pomo 3gpabe kamo uaro, HO U B KOHKpemHu cAyvau,
Hanpumep npu HapyweHua 6 penpogykmuBHa cucme-
Ma u npu maagu, u npu no-8v3pacmuu xexu. Kakmo 6e
NOCOYEHO NO-20PE, NPUAOXKEHUEMO HA MEAAMOHUH e 6
CcbCcmoaHue ga ocuzypu no-Bucoko kauecmBo Ha oouu-
mume u caegoBameaHo ga nogobpu peyamamume om
APT ¢ nocaegBawpo pazBumue Ha no-gobpu embpuoHu,
pemycu u HoBopogeHu.

3akAaloueHue

Vicmopuama Ha meaamoHuHa, noka3zBawa poas-
ma my Ha eipekuBeH mepaneBmuueH a2eHm, gaseu
He npukatouBa go myk. HanpomuB - u3zeaexga, ve ¢

HanpegBaHemo Ha Haykama KAUHUYHama my ynompe-
6a cmaBa Bce no-wupoka, ocobeHo B o6racmma Ha
»KeHckama penpogykuug, kKbgemo 2aaBHume geticm-
Bawu Auua ca oouumume, naaueHmMama u embpuoHbLmM/
naogbm/HoBopogeHomo. Bcuuku me mozam ga Ob-
gam 6aazonpuamcmBaHu om gedcmBuemo Ha onmu-
MaAHU KoAudecmBa MeramoHUH C UeA KopuaupaHe Ha
HapyweHuama B uupkaguaHHUA puUMbM U/UAU Chpa-
BaHe ¢ noBuweHomo okucaumeAHo yBpekgaHe Ha
yazBumume meaecHu cmpykmypu. Om masu 2aegHa
mouka, pajwupaBaHemo Ha ynompebama Ha mea-
moHuHa 6 pymuHHama KAUHUYHA Npakmuka 6u MO2A0
ga ce Bb3npueme kamo 3aameH cmaHgapm 6 npeBen-
yuama u AedeHuemo Ha HapacmBawama no obem na-
moaozun, kamo mpabBa ga ce B3eme nog BHumaHue
hakmbm, Ye noA3ama om mo3u ocHoBeH GuozeHeH
amuH e cBbp3aHa He camo ¢ nocmuz2aHemo Ha penpo-
gykmuBHo GAazonoAyUue, HO U ¢ nogobpaBaHemo Ha
dpyHKuuama, kacaewa Bcuyku gpyau mbkaHu u opaa-
HU B yoBewkua op2aHu3bM.

brazogapHocmu: PegakyuoHHama koAezua uzkazBa 6aazogapHocm 3a npe6oga Ha o630pa Ha
g-p AaHueaa KoaeBa-TromiongxueBa u g-p Ekamepuna babagxxanoBa,
Kaunuka no EngokpuHorozua u 6orecmu Ha oomaHama, YMBAA ,,C6. Teopzu*, MY, NMroBguB.
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Pe3slome

XpoHuuHama o6cmpykmuBHa 6erogpobHa 60-
Aecm (XOBb) e egHa om Bogewume npuduHu 3a 3a-
6oreBaemocm u cmbpmHocm 6 cBemoBen mawab.
Hapywenuama 6 nHuBama Ha wumoBugHume xop-
MOHU ca no-yecmu npu nauueHmu ¢ XObb 8 cpaB-
HeHue c obwama nonyaauus.

Lleama Ha Hacmoaw,ama o0630pHa cmamua e
ga nokake HAKOU OM HaAUYHUME gaHHU 3a Npome-
Hume B xunomaaamo-xunogu3Ho-MmupeougHama oc
npu XOBbb. CuHgpom®bm Ha Hoaecm c Hemupeou-
geH npousxog (NTIS) e Hal-uecmo HabatogaBaHo-
MO omKAOHeHUe Ha wumoBugHume XOpMOHU npu
nauueHmu ¢ XOBbB, caegBaH Ha Bmopo macmo om
xunomupeougu3ma. MpomeHume 6 xopmoHume u
KAUHUYHama gucyHkuyua Ha wumoBugHama xae3a
ca cBbp3aHu C NO-AOWU KAUHUYHU pe3yamamu npu
nayueHmume c¢ XOBb kamo Hanpumep no-yecmu
ek3auepbauuu u no-npogbakKUmMeAHa uHmybauus.
3a pazepaHuyaBane Ha NTIS om opaaHuuHa 6oaecm
Ha wumoBugHama >Ae3a e HeobOXogum paswupeH
AabopamopeH naHea, BkarouBaw, mupeougHu aHmu-
meAa u eBeHmyarHo exozpadcko u3zcaegBaHe Ha
»kae3zama. He e acHo gaau NTIS e peakuus Ha

Abstract

Chronic obstructive pulmonary disease
(COPD) is one of the leading causes of mor-
bidity and mortality worldwide. Thyroid test ab-
normalities are more common in patients with
COPD than in the general population. The aim
of this review is to discuss the available data on
changes of the pituitary-thyroid axis in COPD.
Non-Thyroidal lliness Syndrome (NTIS) is by far
the most frequent abnormality in thyroid func-
tion tests (TFTs) patients with COPD, followed
by hypothyroidism. Abnormal TFTs and thyroid
dysfunction are associated with poorer clinical
outcomes in patients with COPD, i.e. frequent
exacerbations and longer weaning periods if
intubated. The differentiation of NTIS from thy-
roid disease requires extensive lab tests includ-
ing thyroid antibodies as well as thyroid ultra-
sound.

It is still unclear whether NTIS is an adapta-
tion or maladaptation syndrome. It is not certain
whether a specific treatment is really indicated
unlike true hyper - or hypothyroidism. Proper
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aganmauua Ha op2aHu3ma uau ob6pamHo - Ha maaa-
ganmauuq. Bce owe e obekm Ha guckycua u gaau
caegBa ga 6bge aekyBaH, 3a pajauka om ucCmuH-
CKUA Xunep- uAu xunomupeougu3bm. MNpaBuaHama
mepanug, obaue, noBauaBa HecamuBHume nocae-
guyu, KakKmo Nnpu NayueHmu ¢ Xunomupeougu3bm,
maka u npu makuBa ¢ xunepmupeougu3bm.

KatovoBu gymu:

treatment in patients with hypo- or hypothyroid-
ism, however, may revert negative consequences.

Key words:

XOBbb; wumoBugHa »Ae3a; kKomopbugHocm;
Xunomupeougu3bm; Xunepmupeougu3bm; mupeo-
ugHa gucgyHKUUA Npu HemupeougHu 3aboaaBaHun

COPD; thyroid; comorbidity; hypothyroidism; hyper-
thyroidism; non-thyroidal illness syndrome (NTIS)

BbBegeHue

XpoHuuHama obcmpykmuBHa 6GearogpobHa
6orecm (XOBB) e cpeg Bogewume npuduHu 3a 3a-
6oreBemocm u cmbpmHocm B8 cBemoBern mawab
(1,2). Obwama 6orecmHocm B cBemoBeH mawab
npe3 2010 2. ce oueHaBa Ha 11,7% cpeg Auuama
Hag 30-eoguwHa Bb3pacm, kamo ce omyuma yBe-
AuveHue ¢ 68.9% cnpamo 1990 2. (1). YoBewkume
3a2ybu, BrkAlOYUMEAHO U om cepuo3Ho BroweHo
kauyecmBo Ha >kuBom, ca mHo20 Bucoku (2). Mybau-
kyBaHu ca cneyuduuHu 3a LlenmpaaHa u MI3mouHa
EBpona memoguuHu ykazaHua 3a noBegeHue npu
XOBb (3). KpumuuHa oueHka Ha 426 bbA2apcKu na-
uueHmu ¢ XOBbb ycmanoBaBa Bucoka omHocumea-
Ha Yecmoma Ha MexXKKume CAy4au, Kakmo u 20AA-
Ma COUUAAHO-UKOHOMUYECKA meXXecm Ha camomo
3aboaaBare (4). MNpuuyuHume 3a moBa ce mbpcam
cpeg Bucokomo paznpocmpaHeHue Ha mMMIOHONY-
weHemo y Hac, cpeg hpakmopume Ha OKOAHama
cpega u cpeg ocobeHocmume Ha 3gpaBeonazHa-
ma cucmema. Cmo om Bcuukume 426 yvyacmHuuyu
(23,5%) ca umaau eHgOKpuHHa komopbugHocm, a
32 - memaboaumHu npugpyxkaBawu 3ab6oaaBaHun
(4). AoeuuHo caegBa ga ce ouakBa, ye Hal-vecmume
eHgOKPUHHU KomopbugHocmu BepoamHo ca 3axap-
Huam guabem (guceaukemusama) u npomeHume 6
wumoBugHume XOpMOHU.

XOBb npegcmaBaaBa mexxko XpoHUYHO 3a60Aa-
BaHe ¢ yecmu enu3ogu Ha obocmpaHe (ocmpu ek3a-
uepbauuu). MNMauueHMumMe umam Yecmo XunoKcemus
U/UAU XUNepKanHuAa, HAAUUE € AOKAAHO U/UAU CUCmeMm-
Ho Bb3naseHue (noBuweHu LWUMOKUHU), NpuAazam ce
MEgUKaMEHMU Kamo Hanpumep 2AI0KOKOpMuKougu,
Koumo Bauasm Ha XOpmMoHaAHuUA DaaaHC Ha opeaHu-
3ma. Yecmume xocnumaausauuu BbBexxgam gonba-
HumMeAeH ocmbp cmpecoB eaemeHm. Bcuuku mesu
pakmopu Bausaam Ha HuUBama Ha mupeougHume

XOPMOHU U (PYHKUUOHAAHa guHamuka u cmaBam
npuyuHa NOogobHU OmMKAOHeHUA ga ce omkpuBam
no-yecmo npu XObb, omkoAakomo 6 obwomo Ha-
ceaeHue (5,6). Om cBoa cmpaHa, npomeHume 8 wu-
moBugHume XOpPMOHU U uaAOCMHama Xunomaaa-
MO-xunogu3Ho-wumoBugHa 0C umam nomeHuuaa
ga mogyaupam xoga Ha ocHoBHomo 3aboaaBaHe
(XOBb). Hacmoawuam o630p uma 3a ueA ga KomeH-
mupa Hakou om BaxkHume KAUHUYHU acnekmu Ha
gBynocouHomo B3aumogeticmBue ,XObb € wu-
moBugHa xae3a”.

CuHgpom Ha bonecm om HemupeougeH
npousxog (NTIS) - kpamko npegcmaBgaxe

MpomeHume 6 mupeougHama xomeocmasza npu
XObBbb Hau-yecmo ca no muna Ha maka HapeuyeHua
,CUHgPOM Ha boarecm om HemupeougeH npou3xog”
(7-9). Tol e onucaH 3a nbpBu nbm npe3 70-me 20-
guHU Ha muHaausa Bek kamo aHcambbA OM NpomMeHuU
8 HuBama Ha wumoBugHume xopmoHu B8 pezyamam
om HaAuuue Ha gpyzo cepuo3Ho 3aboanaBane (8). B
Hayaromo e BvbBegeHo noHamuemo ,cuHgpom Ha
Huckua T,” (low T, syndrome), BnocaegcmbBue 6
MexgyHapogHama kaacudukauua Ha 6orecmume
(MKbB 10) e npegnouemeH mepmuHbM ,,CUHGPOM Ha
borecm ¢ eymupeougu3zvm” (kog E 7,8; euthyroid
sick syndrome). Hat-akmyaaHuam 6 momenma mep-
MUH € ,CUHgPOM Ha boAecm om HemupeougeH npo-
uzxog” (Non-Thyroidal Illlness Syndrome, NTIS) (7).

NTIS o6xBawa pa3zaudHu cmeneHu u obxBam
Ha npomeHu B8 mupeougHume XOPMOHU - U30AUpa-
HO noHuxeHue Ha fT, (obuyalna HauarHa Haxogka),
egHoBpemenHo noHuxenue Ha fT, u fT, npu Hop-
maaHo TCX (npu 3agbabouaBaHe Ha npomeHume)
gO NOHUXKeHUe Ha nepugepHume xopmoHu u TCX
(8 HanpegHaaume cmagul Ha NTIS) (7). Nogxogauw,
mogea 3a uzyuaBaHe Ha cuHgpoma npegcmaBaaBam
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6orHume 8 uHmeH3zuBHume omgeaeHus (9). Ocm-
pume mexXKu CbCmoaHUA Ce gomMuHupam om Ha-
pyweHue B cBbp3zBaremo Ha wumoBugHume xop-
MOHU C MpaHCNOpMHUME NPOMeEeUHU, NOHUXeHa
ekcnpecua u akmuBHocm Ha gelioguHasza 1 (no-
HuxeHa koHBepcua na T, 8 T,), noBuwena akmu6-
Hocm Ha gelioguHa3a 3 (noBuwena koHBepcun 6
obpamen T,, Bmecmo 8 akmuBrua T3) u noHuxeHo
noemaHe Ha MUPEOUgHU XOPMOHU OM MbKaHume.
Bcuuko moBa ce cayuBa Ha poHa u Ha uzBecmHo
HegoxpaHBaHe Ha nauueHma u ce pa3aaexkga kamo
noAe3Ha aganmauufa Ha op2aHu3ma cpewy npeko-
mepeH kamaboauzbm. B xpoHuuHama ¢aza Ha mex-
Komo cucmemHo 3aboaaBaHe Bogewo e nomucka-
HEMO Ha Xunomaaamo-xunou3zHama cekpeuua Ha
mupeomponeH-puAu3duH2 xopmoH u TCX, gokamo
Ha nepugepHo mbkaHHO HUBo e noBuweHa ekcnpe-
cuama Ha BbmpekaembUHU peyenmopu (Hanpumep
Ha MCT8), Ha agpeHU peuenmopu 3a MupeougHuU-
me XOpMoOHU, 3aegHo ¢ noBuweHa akmuBHocm Ha
getioguHasa 2 (noBuwena konBepcua 6 T, Ha HuBo
xunomaaamyc-xunodu3za). Cnopu ce omHOCHO Guo-
AO2UYHUA CMUCbBA Ha Me3U NPOMEHU, HO Yacm om
aBmopume cyumam, Ye me ca aganMmayuoOHHU, a He
maraganmauuoHHu. 1o npuHuun, cuaAHUMe u npo-
gbAKUMEAHU NOHUXKEHUA Ha NepugepHUme XoOpMmo-
Hu u TCX 8 pamkume Ha NTIS ce uHmepnpemupam
Kamo HebAazonpuameH npo2HOCMUYEH NpuU3HaK 3a
noBuweHa 6orecmHocm u cmbpmuocm (8,9). O6-
CbXKga ce u xunomesa 3a pazBumue Ha ,8bmpekae-
MbyeH xunomupeougu3bm” Ha ¢oHa Ha NTIS, Ho
mA MpPYgHO MOXKe ga ce gokaxke, mbl Kamo mapke-
pume 3a mbkaHHo B8b3gedcmBue Ha mupeougHume
XOPMOHU (Kamo HampuypemuyHume nenmugu om
cbpuemo, KpbecmocaHume KoArazeHoBu Bpb3ku om
KOCMuUmMe UAU CneuuguyHu 2A00YAUHU OM YepHUsn
gpob) mozam ga 6bgam NnpomeHeHU 3apagu camus
XOBbb uau KomopbugHocmume (Hanpumep cbpgeu-
Ha yBpega).

Aobpomo nozHaBaHe Ha npomeHume npu NTIS
e BaxxHo 3a omepaHuyaBaHemo My Om UCMUHCKO
3aboanBave Ha wumoBugHama xae3a (npeguwe-
cmBawo uau HoBonoaBuao ce). 3a gupepeHuuaaHa-
ma guaz2Ho3a om Ba>kHO 3HaveHuUe e CHemaHemo Ha
nNbAHa aHamHe3a, npoBexxgaHemo Ha exozpadycko
uzcaegBaHe Ha wumoBugHama xaAe3a u eBeHmyaa-
HO u3zcAegBaHe Ha mupeougHua aBmoumyHumem.
AONBAHUMEAHO 3ampygHeHue MOXKe ga cCb3gage
dakmbm, ye B nepuogume Ha pexkoHBarecueHuus
U3XOgHO HOPMAAHOMO UAU NoHUXeHOo HuBo Ha TCX
moxke ga ce noBuwu u mozaBa e BaxkHo omepaHu-
yaBaHemo om ucmuHcKu Xxunomupeougu3bm. [Mpu
npoduma Ha Aumepamypama mpa66a ga ce uma
npegBug u pakmbm, ye 6 yacm om nybaukauuu-
me no memama XObb aBmopume He ca eHgoKkpu-
HOAO3U U Yyecmo u3noa3Bam mepmuHa ,mupeougHa
guchyHuua”, 6e3 ga e Haauue obpazHo u3zcaegBaHe

Ha mupeougesma u 6e3 u3kaouBaHe Ha mupeou-
geH aBmoumyHumem (10,11). A BcbwHOCcm ce uma
npegBug gaaeu no obwomo noHamue ,npomeHu 6
HuBama Ha mupeougHume xopmoHu” (12,13).

Mo omHoweHue Ha eBeHMyaAHOMO AeveHue Ha
,BbmpekrembuHua”’ xunomupeougu3zbm npu NTIS
Bvobwe HAMa gocmambyHo gaHHu 3a eBeHnmyaaHu
noA3u. PaHgomuzupaHume npoyuBaHua, obekm Ha
nocaegBawu aHaAU3uU, ca MHO20 MaAKO U ca 2AaBHo
6 obracmma Ha KapguoAo2uama, Kapguoxupypausa-
ma u uHmeH3zuBHama meguuuHa (9). Noumu noao-
BuHama om max ca npuAazaau mpulogMmupOHUH,
ocmaHaAama - MUpPOKCUH.

Yecmoma Ha npobaema ,npoMeHeHU
mupeougHu xopMoHu* npu XObb

lNpoyuBaHuama B ma3u obaacm 3anouBam
npe3 80-me 20guHU Ha MuHaAua Bek, egHoBpe-
MEHHO CbC CmaHgapmu3upaHe Ha u3zmepBaHuama
Ha mupeougHume xopmoHu B kpbBma. MbpBume
npoyuBaHua ca u Bbpxy MHO20 MaAKU NauUEHMCKU
koArekmuBu (13). EgHo om maakomo npoyuBarus, 6
KOUMO ca NpuAazaHu u exozpaua UAU CUUHMuU2pa-
pua Ha wumoBugHama xaAe3a, gamupa om 2004 2.
u cpaBraBa 32 nayueHmu cbc cmabuaHa XObb u 15
3gpaBu koHmpoau (12). B moBa npoyuBaHe mupeo-
ugHUmMe XOpMOoHU ca buau 6 pedepeHmHuU 2paHuUU
npu Bcuuku nauuenmu, Ho Bce nak HuBama Ha fT,
ca buau no-Bucoku npu nayueHmume 8 cpaBHeHue
¢ koHmpoaume, gokamo TCX u fT, He ca ce pa3Au-
yaBaau 3Hauumo (12). CvBpemerHume npoyuBarusn
CbWo He ca ocobeHo 2oremu no Gpol yyacmHuyu.
ABe ckopowHu nybaukayuu om MHgua uzyuaBam
npob6aema (10,11). B nbpBomo yuacmBam 50 nauu-
eHmu ¢ HoBoguazHocmuuyupada XObb, om koumo
36 (72%) ca umaau ymepeHo no mexkecm 3aboanBa-
He, a ocmaHaAaume 14 (28%) - mexka popma (10).
OcemHagecem (36%) ca umaau HopmaaHu HuBa Ha
mupeougHume XxopmoHu, 27 (54%) - u3aBeH xu-
nomupeougu3ibm u 10% - cybkAUHUYEH XUnomupe-
ougu3zbm. Yecmomama Ha npomaHa 6 mupeougHu-
me XopmMoHU e H6uaa no-Bucoka npu nauueHmume
¢ mexbk XObb - 71,4% c u3zaBeH xunomupeougu-
3bM U 14,3% - cbc cybrkauHuveH (10). Bmopomo
npoyuBaHe o6xBawa 171 nayuenmu ¢ XOBbb (11).
ABmopume gokaagBam mupeougHa gucgyHKuUA
npu 43 nauueHmu (25%) u mo camo Xunomupeougu-
3bM. HYecmomama my e 6uaa 3Havumo no-Bucoka
npu yvyacmuuuume 6 cmened 4 no GOLD kamo
mupeougHama gucyHKUUa ce e acouuupasa c
no-yecmu uzocmpanua (11). Typcku ekun uzcaegBa
309 nauyueHmu cbc cmabuaHa XOBbb (om koumo
297 muxe) u omkpuBa wumoBugHa 6orecm B 68
(22%) om max (14). Xunomupeougu3bm ca UMaAu
7 yuacmuuka (2%), xunepmupeougu3ibm - 16 gywu
(5%), a 45 (15%) ca buau eymupeougHu.
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ABmopume 3akaouaBam, ve Hald-yuecmo cpewaHu-
me 3ab6oaaBaHua Ha wumoBugHama xae3za 68 max-

HOomo npoyuBaHe ca HemoKcuuyHa (eymupeougHa)

HOgO3Ha 2ywa, CUHgpPOoM Ha bGoaecm cC eymupeo-

Ugu3bBM U MOKCUYHa Hogo3Ha 2ywa (14).

[lo gpye HauuH cmoam Hew,ama npu nayueHmMu
C Me>XKU (popmu Ha Boaecmma UAU € XOCNUMAaAU-
3auua no noBog obocmpare Ha XObb. B npoyuBa-
He Ha |. Dimopolou u comp. ce omkpuBa Bpb3ka
Mexkgy mexkecmma Ha 6oarecmma, cmeneHma Ha
XUNOKCeMua U npomeHeHua memaboAu3bm Ha ne-
pugepHume mupeougHu xopmoHu (15). B egHo
yecmo uyumupaHo npoyuBane F. Karadag u cemp.
oueHaBam 83 nauueHmu cbc cmabuava XOBB, 20
nayueHmu ¢ obocmpade u 30 3gpaBu KoOHMpoAu
(16). B cmabuaHama nogepyna me guazHOCMUUuu-
pam 10% cbc cbwuHcka 6orecm Ha wumoBugHa-
ma >ae3a, 20% c NTIS u 70% - 6e3 mupeougHu
HapyweHua. [Mpu nauueHmume 606 ¢aza Ha oboc-
mpaHe npoueHmume ca obpamuu: 20% umam wu-
moBugHa 6oarecm, 70% - NTIS u camo 10% Hamam
mupeougHu omkAaoHeHuA. [Npu mexka XObb me
HabatogaBam no-Hucku HuBa Ha obw, T, u cbomHo-
wenue T,/T, (15). HuBama Ha mupeougHume xop-
MOHU Ce NPOMEHAM U NpPU HaAUYUe Ha guxameAHa
HegocmamwbyHocm. [pu cpaBHeHue Ha 65 nauu-
eHma ¢ XOBbb u guxameaAHa HegocmambyHOCM U
18 ¢ XOBb, Ho 6e3 guxameAHa HegocmambyHOCM,
npomeHu 6 HuBama Ha mupeougHume XOPMOHU ca
gokymeHmupaHu npu 52,3% om nbpBama nogzpy-
na u npu 44,4% - 666 Bmopama (6e3 guxameaHa
HegocmambuHocm) (17). Cpeg 134 nauueHmu, xoc-
numaau3upaHu no noBog XObb, D. Huang u comp.
omkpuBam omkAaoHeHUAa B mupeougHuMe XOPMOHU
npu 26,9% om max (18).

Mo gpye HauuH cmoAam Hew,ama Npu nayueHmMu
C mexKu (popmu Ha Boaecmma uAu € Xxocnumaau3a-
uua no noBog obocmpane Ha XObb. B npoyuBane
Ha |. Dimopolou u comp. ce omkpuBa Bpb3ka mex-
gy meXkecmma Ha Hoarecmma, cmeneHma Ha Xuno-
Kcemua U npomeHeHua memaboAu3bmM Ha nepudep-
HUMe mupeougHu xopmoHu (15). B egHo uvecmo
uumupaHo npoyuBare F. Karadag u cbmp. oueHa-
Bam 83 nauueHmu cbc cmabuaHa XOBbb, 20 nauu-
eHmu ¢ obocmpare u 30 3gpaBu koHmpoau (16). B
cmabuAHama nogepyna me guazHocmuuupam 10%
CbC CbwuHcka boaecm Ha wumoBugHama xae3a,
20% ¢ NTIS u 70% - 6e3 mupeougHU HapyweHus.
INpu nauueHmume 666 aza Ha obocmpaHe npo-
ueHmume ca obpamuu: 20% umam wumoBugHa 6o-
aecm, 70% - NTIS u camo 10% Hamam mupeougHu
omkaoHeHua. Mpu mexka XObb me HabaogaBam
no-tucku HuBa Ha obw, T, u cbomHoweHue T,/T,
(15). HuBama Ha mupeougHume XOPMOHU Ce Npo-
MEHAM U NpuU HaAu4YUe Ha guxameAHa Hegocmamdby-
Hocm. [Mpu cpaBHeHue Ha 65 nauuenma ¢ XObb u
guxameAHa HegocmamdbyHocm u 18 ¢ XObbB, Ho 6e3

guxameAHa HegocmamwbyHocm, npomeHu 6 HuBa-
ma Ha mupeougHuMmMe XOPMOHU Ca gOKYyMeHmMupaHu
npu 52,3% om nvpBama nogepyna u npu 44,4% -
6866 Bmopama (6e3 guxameAHa HegocmambyHOCM)
(17). Cpeg 134 nauueHmu, xocnumaau3upaHu no
noBog XOBbb, D. Huang u cemp. omkpuBam om-
KAOHeHuUa B mupeougHume XopmoHuU npu 26,9% om
max (18).

B 060bwenHue Ha uumupaHume npoyuBaHun
MOe ga ce Kaxke, ye yecmomama u cmeneHma
Ha omkAaoHeHusma 6 mupeougHume XOPMOHU Npu
XOBb 3aBucam om mHo20 pakmopu u BepoamHo
makuBa omkaoHeHua ce cpewam 6 go 20% om na-
yueHmume 6 cmabuaHa paza u 6 go 70% 666 daza
Ha obocmpaHe, xocnumaau3auus uau uHmeH3uBHo
peaHumayuoHHO AedeHue. Bb3moxkHO e u yecmoma-
ma Ha op2aHu4dHa mupeougHa 6orecm ga e no-6u-
coka B cpaBHeHue ¢ 06WOMO HaceAeHue, HO Man-
Kume 3aceza npoyuBaHua He no3BoraBam cuaypeH
uzB8og no mo3u Bwvnpoc.

Bpb3ska Ha HUBama Ha mupeougHume xop-
MOHU ¢ napamempume Ha benogpobHama

¢yHkuua u eBeHmyanHama npozHo3a npu

XObb

lNMpoyuBaHuama, Koumo mbpcam KopeAauuu
MEeXgy napamempume Ha guwaHemo (ocHoBHo cnu-
pomempus), KpbBHo-2a308ua aHaAu3 u mupeougHume
XOPMOHU Ca gocma MHO200pOoUHU, HO pe3yamamume
UM ca u gocma pazHonocouru (12,13,15,16,18-21). B
uumuparo Beyve npoyuBare Bbpxy 32 nauueHmu cbe
cmabuana XObb HuBama Ha fT, ca KopeAupaau noao-
>KUMEAHO CbC cmolHocmume Ha BumanHua u gpopcu-
paHua BumaneH kanauyumem, MEO1T u napuuarHomo
HaAazaHe Ha kucaopoga (PaO,), gokamo eguHcmBera-
ma ompuuameaHa Kopeaauus e buaa ¢ napyuarHomo
HaAazaHe Ha BbarepogHua gByokuc, PaCO, (12). Vau
0606weHo, BAoweHume 6erogpobHU hyHKUUA U 2a-
3006MmeH KopeAupam c Hucku HuBa Ha akmuBhua fT,
(12). B npoyuBaremo Ha |. Dimopolou u comp. npu Ha-
NbAHO KOoMneHcupaHume navueHmu ¢ XObb (DEOT >
50%) He e umaro Bpb3ka mexkgy napamempume Ha
ocHoBHomMo 3ab6oaaBaHe U MupeougHUuMe XOPMOHU,
gokamo npu auuama ¢ MEOT < 50% e buaa Haruue
CUAHa NOAOXKUMeAHa kopeAauua mexkgy PaO, u cb-
omHoweHuemo Ha obwume T,/T, (15). 3amoBa u me
omgaBam Bogewa poaa Ha xunokcemuama, KOAmo
noBauaBa memaboAauzma Ha mupeougHuMe XOPMOHU
(15). B npoyuBanemo Ha F. Karadag u comp. Hald-20Ae-
mume noHuxerua Ha TCX, fT, u cbomHowenue T,/T,
ca BuAu Npu navueHMuUmMe ¢ mexxka xunokcemus (16).
Taka me npaBam uzBecmto pazepaHuveHue Ha Baua-
HUEMO Ha OMgeAHUMe hakmopu Kamo meyecmma
Ha 6boaecmma Bause noBeue Ha cbomHowenuemo T,/
T,, gokamo Xunokcemuama uma gocma no-u3zpazeHo
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BAauaHue Bvbpxy nepudepHume xopmoru u TCX. Un-
mepecHa 8 moBa npoyuBaHe e auncama Ha kakBamo
u ga e 6buao Bpb3ka Ha MuUpeougHUME XOPMOHU C XU-
nepkanHuama (16). B npoyuBanHemo Ha D. Huang u
Cbmp. Npu Xocnumaau3upaHu no Bpeme Ha obocmps-
He nauueHmu He e ycmaHoBeHa Bpb3ka mexgy mu-
peougHume xopmoHu U HuBama Ha PaO, uau PaCO,
(18). HuBama Ha TCX u fT, obaue ca KopeAupaau ho-
Aroxkumearno ¢ MEOT (r=0,329 u r=0,192). Npu moBa
chupomempuy4HUMe noka3dameau ca HGuAu no-gobpu
6 nogepynama ¢ HOpMaAHU MUPEOUgHU XOpMOHU B
cpaBHeHue ¢ ma3zu ¢ abHopmHu HuBa. ABmopume
3akAtoyaBam, de 3anazeHuam dpopcupaH BumaneH
kanauumem ce aBaBa npomekmuBeH ¢hakmop, aco-
yuupaH C NOHUW>XeHa yecmoma Ha omkAoHeHua 6 mu-
peougHume xopmoHu (18). B gpyzo npoyuBaHe npu
132 xocnumaau3zupaHu no noBog obocmpaHe nauu-
eHmu ¢ XOBb e ycmanoBeHa 55% yecmoma Ha NTIS
Kamo Hal-4ecmomo OMKAOHeHUe e BUAO NOHUXKeHUe
Ha TCX (19). MNauyuenmume ¢ NTIS ca umaau 3Hauu-
MO no-Hucku HuBa Ha PaO, u no-Hucka camypauua
U ca omuyemeHu noAoxkumeaHa Bpb3ka mexgy fT, u
PaO, (r=0,313) u ompuuameana mexxgy fT3 u PaCO,
(r=-0,183). ABmopume cmu2am go 3aKAlHeHUemo,
ye xunokcemuama Bogu go YHKUUOHAAHU Hapyuwle-
HUA Ha ocma Xuhomaaamyc-xunogusia-wumoBugHa
»KAe3a, gokamo XxunepkanHuama BAuse ocHOBHO Ha
cekpeuusma u KoHBepcuama Ha nepugepHume xop-
moHu (19).

Vinmepec npegcmaBasBam u gaHHume npu na-
uueHmu ¢ XObb Ha mexaHuuHa BeHmuaauusa (moecm
¢ Bb3MOXKHO Hal-mexxkume HapyweHus). Z. Yasar u
cbmp. onucBam 125 nogobHu nauueHmu, AaekyBaHu
6 uHmeH3uBHuU omgeaeHua u ycmaHoBaBam Haauuue
Ha NTIS npu 61 om max (48,8%) (20). Te3u nauueHmu
ca umaau no-rowu ckopoBe no APACHE II, no-gbabe
nepuog Ha omBukBaHe om mexaHuuHa BeHmuaauun
u no-Bucoka yecmoma Ha 6GeArogpobHU UHEKUUU.
YgbAaxKeHama HYKga om mexaHudHa BeHmuaauus e
KopeAaupaia ¢ HuBama Ha fT, (20). C. Terzano u comp.
onucBam 168 nauueHmu ¢ XObb, HacoueHuU Kbm KAU-
HuuHo 38eH0, u kamezopu3zupam 33 om max (19,6%)
Kamo cAyyau Ha u3aBeH xunomupeougu3zbm, 22
(13%) - kamo cybKAUHUYEH Xunomupeougu3bm U 48
(28,6%) - kamo xunepmupeougHu (21). INpu xunomu-
peougHuUMe nayueHmMu ca onucaHu no-Hucku HuBa Ha
PaO, u no-Bucoku Ha PaCO,, kamo e 6uaa Haauue u
ompuuameaHa Kopeaauua mexgy PaO, u TCX. Tpu
maAX ca BUAU NO-HUCKU U MaKCUMaAHUME uHcnupamop-
HU HaAnzaHua (MIP), a makcumaaHume ekcnupamopHu
HaaszaHusa (MEP) ca kopeaupaau ¢ TCX (21).

B obobuweHue moyke ga ce Kaxke, Ye no-mexxkume
¢dopmu Ha XObb ce xapakmepu3upam C npomeHeHU
HuBa Ha mupeougHume XopmoHu u BAroweHu napa-
Mempu Ha guwaHemo u KpbBHo-zazoBua obmeH.

Had-cuaHuam obuw, hakmop e camomo ocHoBHO
3ab6oanBaHe XOBbb. BepoamHo e HaAuue u gonbAHU-

meAHa npaka Bpb3ka MUPEOUgHU XOPMOHU - guxa-
meAHa ¢pyHKuua/2a3oobmen, koamo Bause no obpa-
meH nbm Ha ocHoBHomo 3aboaaBane.

Namo¢usuonozuyHa obocHoBka Ha Bpb3-
kama mekgy HaAauduemo u npomuyaHemo
Ha XObb u mupeougHume xopmMoHuU

Tazu Bpb3ka moxe ga ce pazeaexxkga gBynocou-
Ho. Om egHa cmpaHa - kak ocHoBHomo 3aboanBa-
He (XOBbb) noBauaBa cekpeuuama, memaboauzma u
geticmBuemo Ha mupeougHumMe XOPMOHU U MUpeo-
ugHama oc 6 HedHama uyarocm. Om gpyea cmpaHa -
Kak NpOMEHeHUMe MupeougHU XOPMOHU U NO-CNEUUAAHO
XUNomMupeougu3Mbm UAU Xunepmupeougu3mbm Baus-
am Ha guxameAHama pyHKuua, 2a3oobmeHa u obwa-
ma npozHo3a npu XObb. 3a no-gobpo pa3zbupaHe Ha
ny6AukyBaHume chakmu mpabBa ga ce npunomHu U
xunomes3ama 3a cuHgpoma NTIS kamo cbecmosHue Ha
,BbmpekrembueH xunomupeouguzbm” (21,22).

Kak Haauduemo u npomuvyaHemo Ha XObb npo-
MEHA mupeougHama oc

Peguua gpakmopu 6uxa moz2au ga obacHam aco-
uuauuama mexxgy XObb (u obocmpaHuama) u npo-
meHeHama pyHkuua Ha wumoBugHama >kae3a. Cpeg
Hal-yecmo 06CbXKgaHume akmopu, Ype3 Koumo
XOBb npomeHa mupeougHama yHKUUA, Ca XPOHUY-
Homo Bb3nareHue, MMIOHONYWEHEMO, XUNoKcua-
ma u npuaazaHume megukameHmu 3a noBauaBaHe Ha
6earogpobHua npouec.

XpoHuuHomo Bb3naserHue npu XOBb ce cBbp3Ba
¢ npou3zBogcmBomo Ha uHmepaeBkut (IL)-1b, mymop
HekpomuueH cpakmop (TNF)-a, IL-8, IL-6 u cpubpuHo-
2eH om aaBeonapHume makpodpazu U HeympoguAU
(23-25). HuBama Ha yumokuHume ca no-Bucoku npu
nayueHmu ¢ XObb 6 cpaBHeHue ¢ koHMpoAHa 2pyna
6e3 XOBb kakmo 8 cmabuAHO cbCcmoAHuUe, Maka u
npu obocmpsaHe. bakmepuaaHama cynepuHpekuua
AO2UYHO CMUMYAUPA NpOouH(PAAMamopHama cekpe-
Uus, a HAKou namozeHu Guxa mo2au ga ynpaxHaBam
U MOAEKYAAPHA MUMUKPUA NO OMHOWEHUE Ha wumo-
BugHama >kae3a. Cmama ce, ye Bb3naaumeaHume yu-
mokuHu noBauaBam Bcuuku HuBa Ha mupeougHama
oc. Ha HuBo xunomaaamyc me noBauaBam HeBpome-
guauuama u noHuxkaBam npouzBogcmBomo Ha TPX
Kamo gonbAHUMEAHO obycaaBam ,UUMOKUH-UHQY-
uupaHomo yceware 3a 6orecm” (25). OcBen moBa
noHwkaBam cuHmesa u cekpeuuama Ha wumoBugHu-
me XOPMOHU, Ha MupokcuH-cBbp3zBawua 2A06yAuH,
kakmo u koHBepcusma Ha T, 8 T, (23,24). iumpaBe-
HO3HOMO NpPUAOXKeHUe Ha pekombuHaHmeH IL-6 Bogu
go ocmpo HamaraBane Ha HuBama na T, u TCX (26).
YcmanoBeHa e npaBonponopuuoHaaHa Kopeaauun
mexgy IL-6 u obwua mputogmuporuH (TT,) u omHo-
weHuemo TT,/TT, npu cmabuanu nayuermu (16).
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TiomioHeBuam gum Cbgbprka 3HAUUMEAHO KOAU-
yecmBo cBobogHU pagukasu, Koumo moz2am ga yb6-
pegam cmpykmypama Ha guxameAHume nbmuwa u
ga cmumyaupam Bb3naseHuemo. LlueapeHuam gum
npuBauua akmuBupaHu Bb3naaumesHu KAEMKU KbM
6eaume gpoboBe - gpye uzmouHuk Ha cBobogHu pa-
gUKaAU U OKCugaHmu, gonpuHacawu 3a gbAazompad-
HO Bb3nareHue (27). EHgokpuHHama cucmema He e
UHEPMHA KbM KOMNOHEHMUME Ha uu2apeHus gum
(28). Mo-Bucoku HuBa Ha cepymeH obw, mpuliogmu-
poHuH (TT,) ca omkpumu npu mragu 3gpabu nywa-
yu B cpaBHeHue ¢ Henywavu, KOeMo npegnoaaza, ye
miomioHonyweHemo gedcmBa HezaBucumo om Haau-
yuemo Ha XObb (28).

XpoHu4yHama Xunokcemua e gpya 4yecmo uumu-
paH dpakmop. Obcbikga ce eBeHmyarHomo U BauaHue
Bbpxy omzoBopa Ha TCX kbm TPX, kakmo u Bbpxy ne-
pucpeprama konBepcua Ha T, 8 T, (15,18). Vinmepecen
e (pakmbm, Ye XunepkanHuama, u3eAexga, uma MHO-
20 no-maAka poaa 8 mosu Bug HapyweHus, Bepoam-
HO U 3awomo Hau-pewaBawomo HapyweHue e moBa
6 okucaumeaHume Bepuau U MUMOXOHYPUAAHOMO
guwanre (nog BauaHue Ha Xunokcemuama u XUNOKCU-
ama). Tezu gpakmu noguyepmaBam u yuyacmuemo Ha
okucAumeAHuUa cmpec kamo ,,06udadHua BuHoBHuUK” 6
namoao2udHume npouecu npu XOBb. MNpoyuBaHe no
mo3u Bbnpoc nybaukyBam A. Mancini u cemp. (29).
Te uzcaegBam AunoduaHus koeHzum Q10 u obwusa aH-
muokcugaHmeH kanauumem npu 32 6oaHu ¢ XObb u
45 3gpaBu koHmMpoau u gokazBam noBuweH OKUCAU-
meAeH cmpec Npu nauueHmume ¢ Hucku HuBa Ha T3
kamo npaBam u3Bog u 3a cbyuacmue Ha T, 6 mogyau-
paHemo Ha aHmuoKcugaHmHume cucmemu (29).

Hapywenama konBepcua Ha T, 8 T, npu XObb
ce obacHaBa c pazauuHu gpakmopu. EgHa om no-cma-
pume xunome3u npuBauua kamo BuHoBHuk noBuwe-
Hume cepymHu HuBa Ha cBo6ogHU macmHu KuCeAuHu
npu mexku 3aboanaBaHua ¢ kamaboauzbm. Te ca go-
KazaH uHxubumop Ha ekcmpamupeougHama koHBep-
cuaHa T, 6 T, kakmo u Ha cBbp3BaHemo Ha mupeo-
ugHUMe XOPMOHU KbM MpaHCNOpmMHuUmMe npomeuHu
(30). Mo-cbBpemerHu xunomes3u uzBexkgam Hanpeg
npomeHume B geloguHazume, no-cneyuarHo mun 1
(akmuBupaw, eH3um, Hamupaw, ce 8 wumoBugHama
Ae3a, 6bbpeuyume, Aumgouumume u MHO20 gpyau
mbKaHu) u mun 3 (ge3zakmuBupaw, eH3um, ekcnpe-
cupad 6 naaueHma, AUMPOUUMU U MHO20 gpyau)
(24,31,32). MNpoyuBare omkpuBa noBuweHu cepymHu
HuBa Ha gedloguHaszu mun 1 u mun 3 npu 50 nauueH-
mu ¢ XOBbb 6 cpaBHerue ¢ 30 konmpoau (31). Om
gpyea cmpaxa, noBuweHuemo Ha npouHgpAamamop-
HUMe YUMOKUHU noHuxkaBa ekcnpecusma Ha geliogu-
Haza mun 1 u maka noHuxxaBa npouzBogcmBomo Ha
T, (24). B gonbaHeHue, uma gokazameacmBa, ye mun
3 gelioguHaza ce ekcnpecupa ycuaeHo 6 2paHyaouu-

mume no Bpeme Ha GakmepuaAHa UHGPeKUUA, KAMOo Maka
ce 2eHepupam AOKaAHO llogugu ¢ nomeHyuaaHa Gakme-
puuugHa u ovucmBawga cyHkyua (32). A moBa om cBosa
cmpaHa noguyepmaBa poaama Ha GakmepuaaHama uH-
dhekyun 6 yarocmHama namozeHe3a Ha npoueca.

Peguua megukameHmu mo2am ga npomeHam B3a-
umoBpb3ikume no ocma Xxunomaiamyc-xunocdusa.
Cpeg max 3agbakumeaHo mpadBa ga ce cnomeHam
2AlOKOpMUKOUgume u gonamuHbm. Bbv3getdcmBuama
Ha 2AtoKopmukougume ca uzBecmHu mHo20 omgab-
Ha U Ha mAax HAMma ga ce cnupame B8 gemadau - 2Aab-
Ho nomuckaHe Ha TCX u Ha koHBepcusma Ha T, 8
T, (33,34). AonamuHbm, Kolmo yecmo ce u3noa3Ba
3a NoggbpikaHe Ha XxemoguHamukama npu Kpumud-
HO DOAHU nNauueHmMu, e KAacuvecku UHxXubumop Ha
cekpeuuama Ha TPX u TCX (35,36).

Om Bcuuko uzbpoeHo cmaBa acHo, ye Haauyu-
emo Ha XObb u npoBexxgaHomo AeueHue mozam ga
Hapywam mupeougHama XOMeocmas3a NO MHOXe-
cmBo pazauuHu mexaHuzmu. Ha Que. 1 e npegcmaBen
onum 3a cucmemamusupaHe Ha ocHoBHume cBbp3Ba-
wu 36eHa npu mo3u Bug namoaozua (22).

Kak npomeHume 68 mupeougHama oc noBauaBam npo-
muyaHemo u npozHo3ama Ha XObb

O6uiu NoAGKeHUA 33 CbyYyacmuemo Ha mupeougHu-
me xopmonu 6 npomuyanemo Ha XObb

ViHmepnpemauuama Ha mo3u Bbnpoc e 3ampyg-
HeHa om ¢pakma, ve B noBeuemo cayuau Ha omKAO-
HeHua B HuBama Ha mMupeougHUME XOPMOHU Npu
XOBbb BcovwHocm ce kacae 3a NTIS. CuzypHomo my
pazepaHuuaBaHe om gpyza nogaexkawa mupeougHa
namoaozua He e Bb3MOXHO 6e3 goNbAHUMEAHO U3-
caegBare Ha fT,, mupeougHu aHmumeaa u exozpacpun
Ha wumoBugHama >ae3a. 3oAupaHomo noHuxkeHue
Ha TCX moxke ga ce uHmMepnpemupa No2pewHo Kamo
CYOKAUHUYEH Xunepmupeougu3bm, a NPexogHomo
my noBuwerue Bb6 gpazama Ha pekoHBarecueHuua -
3a xunomupeougu3bm. PeaaHo noumu Hama npocnek-
muBHu npoyuBaHua 3a npomuyaHemo Ha op2aHuYHa
mupeougHa 6oaecm Ha ¢poHa Ha XOBb. 3amoBa u
pa3cbxkgeHusma 3a BauaHuemo Ha wumoBugHama
xae3a Bopxy 6eaogpobHama 6oaecm u hyHKUUA ca
u3zBaeueHu om no3HaHuama 6 obracmma Ha ¢pu3uo-
Ao2uama/moaekyaspHama bGuoAo2uf, Kakmo u om
npomeHume 6 6erogpobHama cucmema npu 60AHU
C goKa3aH xunep- UAU XUNOMUPEOUgU3bM.

TupeougHume XOPMOHU UMam pa3AUYHU 2EHOM-
HU U HezeHomHU Bb3gedcmBua (37,38). Kamo mogea
3a maxHomo npoyuBaHe yecmo e uznoa3BaH kapguo-
muouumsbm. B TabA. T no-goAay ca obobweHu Hakou
om 2eHomHume Bb3gelicmBua Ha mupeougHume
XOpMoHU Bbpxy ekcnpecuama Ha onpegeAeHu 2eHu B
Kapguomuouuma (38).
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Bpb3ka mexxgy XObb u mupeougHama gucgyHkyua / namoaozua - no (22)

® CucmemHo Bb3naseHue

* bpoHxuaaHa o6cmpykuun
* Xunokcemus
* TiomioHONyweHe

® Bov3pacm

®* Ynompeba Ha Kopmukocmepougu

® AucthyHkuua no ocma
Xunomaaamyc-xunodusa

* HamareH omzaoBop Ha
wumoBugHama »xae3a kbm TCX

* HamaaeHa nepucpepHa koHBepcun

Tabauya 1.

HaT, BT,

* NTIS (cuHgpom Ha Goaecm npu
eymupeougu3bm)

* Xunomupeougu3zbm

* Xunepmupeougu3bm

Ecpekmu Ha mupeougHume xopmoHu Bbpxy ekcnpecuama Ha 2eHu 68 kapguomuouumume - no (38)

CmumyAaupam ce (NoAGKUMEAHA peayAayun)

Momuckam ce (ompuyameAHa pezyrayus)

Texxkka Bepuza Ha a-muo3uHa

Te>kka Bepuea Ha B-muo3uHa

Kaauut-3aBucuma AT(D-3a B8 capkonAaazmamuyHuA
pemuKkyAym

MochorambaH (uHxubumop)

Na+/K+ AT(D-a3a

KamaaumuuHu cybeguHuuu Ha ageHuAamuuKAaazume

B1-agpeHepauyeH peuenmop

al-peuenmop 3a mupeougHuMe XOPMOHU

[MpegcvpgeH HampuypemuyeH XOPMOH

O06meHHUK Ha Na+/Ca2+

BoamaskHo-3aBucumu kaaueBu kaHaau
(Kv1, Kv4, Kv4.3)

Kakmo ce Buxkga om mabAuuama, mupeougHu-
me XOPMOHU pezyAaupam peguua 2eHu, Kogupauiu
MmuoubpuAepHU U Kaauul-pe2yramopHU NpomeuHu.
Te ycuaBam mumoxoHgpuaArHUME OKUCAUMEAHU NPO-
uecu u 6azarHama obmaHa. Kom moBa ce go6aBa u
BAauaHuemo um Bbpxy memaboauzma Ha npomeuHu-
me, aunugume u Bbeaexugpamume, kakmo u Bbpxy
akmuBHocmma Ha mHoxecmBo membpaHHo-cBbp3a-
HU eH3umu (39).

OmpaxkeHue Ha xunomupeouguima Bsbpxy npo-
muuyaHiemo Ha XObb

[MTogobHO Ha 0ObwWoOMO HaceAeHue, U Npu hauu-
eHmume ¢ XObb xunomupeougu3mbm ce cpewa
no-uecmo om Xunepmupeougu3zma. 3abaBaHemo Ha
HeBpo-myckyaHomo npegaBaHe u noHuXkeHama ekc-
npecusa Ha pa3zaudHu 6eambvuu B8 muodubpume ca 6
ocHoBama Ha HabAogaBaHama gucyHkuua Ha

guxameaHama myckyaamypa. Cuaama, koamo pasz-
BuBam guxameaHume MYCKYAU Npu Xxunomupeougu-
3bM, e oueHaBaHa npegu 30 2oguHu om N. Siafakas
u comp. (40). Te ocbwecmBaBam cnupomempua npu
43 XunomupeougHU AUUAQ U gONBAHUMEAHO OUEHA-
Bam MmakcumaaHuUmMe cCmamuYHU UHCNUPamMopHU U
eKcnupamopHU HaAazaHua. Te ca KopeAupaAu AuHel-
Ho ¢ HuBama Ha TCX (ompuuamenHa kopeAauus) u T,
(noaoxkumeaHa kopeaauun). ABmopume npoBexkgam
U 3aMecmumeAHoO AedyeHue ¢ MUPOKCUH U ycmaHoBa-
Bam noBuweHue Ha cmamuyHumMe HaanzaHua B Kpaa
Ha AedeHuemo. Taka me goka3zBam Bpb3kama mexxgy
cuaama, koasmo pazBuBam guxameaHume Myckyau u
cmeneHma Ha xunomupeougu3ma (40). Kem Hamane-
Hama MYCKyAHa cuaa ce gobaba u 3abaBeHomo HeB-
poMyckyaHo npoBeskgaHe, koemo e omgaBHa goka3za-
HO u B cAayuaa kacae u opeHudHua HepB (41). Aobpe
uzBecmHa e u ckaAoHHOCMMA Kbm XunoBeHmuaauua
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Tabauuya 2.

Bb3moxkHu B3aumoBpb3ku mexkgy uzaBeHua xunomupeougu3ibm u npomuyademo Ha XObb - no (22).

KAuHuUuYeH npobOaem

MogAexxawu mexaHu3Mu

[MoHUXKeHUe Ha MaKCUMaAHUMe UHCNUPamopHU
u ekcnupamopHu gebumu

AucyHKUUA Ha guxameAHUMe MYcKyAu

3abaBeHo HeBpo-mcykyaHo npoBeskgaHe

IMoHukeHa ekcnpecua Ha MmuogubpuAepHu Geambuu
HeBponamusa Ha n. phrenicus

AnBeonapHa xunoBenmunauun

[MomucHamu guxameAHuU pegaekcu
Caabocm Ha guxameAaHume MycKyau

MaeBpaaru uzauBu (xorecmeporoBu)

O6cmpykmuBHa cbHHa anHea

HagHopmeHo meaao / 3amabecmaBane
OmaazaHe Ha MyKonpomeuHu U noAu3axapugu
MomucHamu guxameAHu pedAekcu

[MoBuweHa yecmoma Ha 060cmpﬂHu9ma

AucyHKUUA Ha guxameAHUMe MYcKyau
[NomucHamu guxameAHu pegaekcu
MoBuweHa cCKAOHHOCM KbM UHheKuuu

npu u3aBern xunomupeougu3zbm (42). Cpeg npuyu-
Hume 3a HamaaeHama BeHmuaayua ce 0b6CcbxKga Cob-
yemaHue om nepumepHU U UeHMpPaAHU MEXaHU3MU:
ob6cmpykmuBHa cbHHA anHen, HAGHOPMEHO ME2A0,
omaazaHe Ha mMykonpomeuHu B8 cbeguHumeaHama
mbkaH (u AuzaBuuume) u muonamua. AONbAHUMEA-
HO, XUnOMUpPEeougu3mMbm Ce acoyuupa C NOHUXEeHa
akmuBHocm Ha okucaumeaHume npouecu 8 mumo-
xoHgpuume. Peguua npoyuBarua onucBam Bpb3ka
MeXXgy noHuXXeHume HuBa Ha mupeougHUMe XOPMO-
HU U kpbBHOo-2a308ume napamempu. B npoyuBaHe-
mo Ha C. Terzano u cbmp. nauueHmume ¢ u3aBen
XUNOMUPEoUgu3bm ca Umaau no-Hucku HuBa Ha pO2
U ca noka3aau meHgeHuua 3a no-Bucoku HuBa Ha
pCO, (21). HabaogaBaHa e u noAokumeAHa Kope-
Aauua meXkgy cmouHocmume Ha TSH u yecmomama
Ha ek3auepbayuume, m.e. nauueHMumMe C Xunomu-
peougu3zbm umam no-Bucoka yecmoma Ha ek3auep-
bauuu (43).

B cBoa 0630p no memama E. Akpinar npegaaza
CXeMaMmUuYHO HAKOAKO mexaHu3ma, cBubp3Bawu Xu-
nomupeougu3ma ¢ npomuuasHemo Ha XObb (22).

AeyeHuemo Ha xunomupeougu3ma npu XObb
caegBa obuyaliHume Hacoku. Bbvnpeku ve Hakou Heza-
muBHu ehekmu Ha xunomupeougu3zma mo2am ga 0b-
gam noBausaHu om mepanusma, ecpekmbvm Bbpxy Ge-
AOgpobHama (yHKUUA U NpO2HO3ama He € NPOY.UeH.
He e uzacHeHO gaAau 3amecmumeAHama mepanusa C
reBomupokcun Bogu go nogobperue 6 KAuHUYHUME
nokazameaAu, HO MyckyaHama caabocm, npuduHeHa
om xunomupeougu3zbm, e obpamuma creg AedeHue
(40). CaegBa ga ce umam npegBug u Bb3moxkHOCMU-
me 3a AekapcmBeru B3aumogedcmBua Ha aAeBomupo-
KcuHa ¢ npoBexxgaHama mepanus (Hanpumep ¢ UHgU-

pekmHu aHmukoaz2yraHmu, HCI1BC, npomoHHuU uH-
Xubumopu u mMHO20 gpyeau). [pu nauueHmu, KOumo
npuemam mBbpge MHO20 MEgUKAMEHMU UAU HE MO-
2am ga npuemam AeBomupokcuH Ha 2aagHo, caegBa
ga ce 0OMUCAU NpUAOXKEHUE HA meYyHa (hopma Ha Ae-
BomupokcuH, koamo He ce BAuse om yaca Ha xpaHe-
He u HanbABaHemo Ha cmomaxa. BeHo3zHa popma 3a
NpuAo>KeHUe Ha AeBOMUPOKCUH Y Hac He e HaAudHa.
CaegBa ga ce uma npegBug u Bb3geticmBuemo Ha
u3pazeHua xunomupeougu3bm Bbpxy memaboauzma
U (hapmakoKuHemuKama Ha pa3AudHUME npuAazaHu
MegukameHmu, KkakbBmo e kaacuyeckuam npumep C
npomeHeHomo geticmBue Ha meoduauHa (44).

Ompameuue Ha Xxunepmupeougu3ima GBQXI_.{ npomu-
uyaHemo Ha XObb

M3aBeHuam Xxunepmupeougu3bm MOXe ga no-
BAuse Ha mMogera Ha guwaHe, BeposmHo nopagu
geticmBuemo Ha mupeougHume XopmoHu Bbpxy ueH-
mpaAHume (noBuweH XunokcudeH CMUMUA) U nepu-
hepHUME (XunepkanHuYeH CMUMYA) pe2yramopHU
mexaHu3mu. pu nauueHmu ¢ XObb u xunepmupeo-
ugu3zbm moxke ga ce pa3zBue myckyaHa caabocm 8 pe-
3yamam Ha noBuweH kamaboauzbm. MMpu navyueHmu
¢ mupeomokcuko3a ce HabaogaBa 3azyba Ha myckya-
Ha Maca U MycKyaHa cuaa. Myckyatama 3azyba moxe
ga e pe3yamam u om HegoxpaHBaHe, Koemo e yecmo
cpewaHo npu nauueHmu ¢ XOBb. AucnHeama u xu-
nepBeHmuaauuama ca yecmu npu nayueHmu ¢ xunep-
mupeougu3bm u 6u mpabBaro ga goBegam go om-
HocumeAHo no-Bucoku HuBa Ha pO, u no-Hucku HuBa
Ha pCO,. ToBa obaye He ce nomBbpskgaBa uzuaro 6
pa3AudHume npoyuBanua (45,46). G. Kahaly u comp.
uzcaegBam 42 nauueHmu ¢ HoBoomkpum xunep-
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mupeougu3bm U omuumam eekma Ha 7-gHeBHo
A€YEHUE C NPONPaHOAOA, KaKmo U mo3u om noc-
mueaHemo Ha eymupeougu3bm 6 meceua NO-KbCHO
(45). Mo Bpeme Ha xunepmupeougu3zma aBmopume
pezucmpupam HeeekmuBHOCM Ha KapguonyAmo-
HaAHama yHkuua (no-maako noBuweHue Ha popcu-
paHua BumaaeH Kanauumem u KUCAOPOgHamMa guy-
3ua npu HamoBapBaHe 6 6auzocm go aHaepobHama
2paHuua), caabocm Ha guxameAaHama myckyaamypa
U noHWwkKeH obw, puzuyecku kanauumem. Te Cb0oO-
wabam 3a 3Hayuma Koperauua mexxgy fT, u cmod-
HOoCmMume Ha MmuHymHama BeHmuaauyua u KUCAOPOg-
Hume HuBa (45). B npoyuBaHe om cbwua nepuog
npu cpaBHeHue Ha 15 xunepmupeougHu u 15 eymu-
peougHu Auua ce ycmaroBaBa, ue xunepmupeoug-
HUMEe umam NO-HUCKO NapuuaAsHo HaaszaHe Ha CO,
u no-Bucok obem Ha uHcnupamopHua NomMok (46).
[Mpu oueHka Ha yyBcmBumeaHocmma KbM 0CHOBHU-
me guxameAHU CMUMYAU Ce peaucmpupa ho-u3pa-
3eH omz20oB0op Kbm XUNOKCemuama u xunepkanHuama
npu xunepmupeougHume nauueHmu. YyBcmBumen-
HOCMMa Ha guxameAHua ueHMbp Kbm HuBama Ha
Kucaopoga u BveaepogHua gByokuc ca Kopeaupaau
c HuBama Ha T, (46). ToBa HabalogeHue e HeouakBa-
Ho npegBug meHgeHyuama Kbm xunepBeHmunauus
U XUNOKanHUA Npu MUPeomMoKCUYHU nayueHmu 6e3
XOBb u BepoamHo ompa3zaBa arBeoaapHama xuno-
Benmuaauua npu nauueHmu ¢ XObb.

Puckbm om guxameAHa HegocmambyHOCM U3-
2aexkga e yBeaudeH npu nayueHmu € xunepmupeo-
ugu3zbm B pezyamam Ha crabocm Ha guxameAHama
Myckyaamypa, HamareH bGerogpobeH KbmnaalHC U
noBuweHa uyyBcmBumeaHocm Ha nepudepHume u
ueHmpaAHUme xemopeuenmopu. AedeHuemo Ha Xu-
nepmupeougu3ima npu nauueHmu ¢ XOBb caegBa
cmaHgapmuume npenopbku. ObpamHo, xunepmu-
peougu3mbm cregBa ga ce uma npegBug npu npuaa-
2aHe Ha gpyau megukameHmu nopagu noBuweHama
6ema-agpeHepauyHa akmuBHocm u yckopeH memabo-
AU3BM Ha megukameHmume. NMoBuweHo BHumaHue ce
uzuckBa npu npunrokeHue Ha log-cbgbprkawu Bewe-
cmBa (koHmpacmHu BewecmBa, amuogapoH, Cbgbp-
»kawu Gogugu ekcnekmopaHmu u gpyau). CaegBa ga
ce omyuma u Bb3moxxHocmma 3a pazBbumue Ha

napuuaseH XUunokKopmMuuU3bM NpuU Mexkume u npo-
gbAXKUMEAHU eNu30gu Ha Xunepmupeougu3bm, 0Co-
6eHo no Bpeme Ha npoaexkaBane B omgeaeHuama 3a
uHmeH3uBHa guxameAHa peaHumauus.

3akAloyeHue

TupeougHama gucgyHkuua u NTIS yecmo oc-
maBam HeguazHoCMuuupaHo cbnbmcmBawo 3a-
6oraBarHe npu XOBB. Te obaue umam BaxkHU KAU-
HUYHU NOCAeguuu, Koumo mozam ga noBauaam
HeeamuBHO Ha Xx0ga u npoezHo3zama Ha 6erogpob-
Homo 3aboaaBane. [Mpu3zHauume u cumnmomume
Ha opeaHuvHu4YHUmMe 3aboaaBaHun Ha wumoBugHa-
ma >Ae3a mozam ga 6bgam HecneuyuuyHU, OCO-
6eHo npu Bb3pacmHu xopa, nopagu Koemo gude-
peHuuaAHama guazHo3a MeXKgy cumnmomume Ha
XObb u me3u npu 3aboaaBare Ha wumoBugHama
»KAe3a moxke ga npegu3zBuka 3ampygHeHua. NTIS e
Had-yecmo HabaiogaBaHama mupeougHa KoHCme-
Aauua npu navuenmu ¢ XObb, caegBan om xunomu-
peougu3bm. 3amoBa npu CbmMHeHue 3agbAXKUMEA-
Ho ce u3zcaegBam egHoBpemenno TCX u fT,, a npu
HeacHomu - u fT,, naloc eBeHmyarHo mupeougHu
aHmumeaa (3a omkpuBaHe Ha AabopamopHu 2pew-
KU U gupepeHuuarHa guazHo3a Ha NTIS). 3a oueHka
Ha mopdgporo2uama Ha wumoBugHama »kae3a ocBeH
naanayuama e MHO20 noAe3Ho u yampazBykoBomo
uzcaegBane. MNpucbcmBuemo Ha NTIS npecmaBaa-
Ba caoxkeH pebYyc 3a KAUHUUUCMA - HaAUUE AU e
,B8bmpexkrembuer” xunomupeougu3bm, mpabBa au
ga ce npegnpuema HakakBo aeuerue. Heobxogumu
ca wupokomawabHu u gemalAHu Obgewu npoyu-
BaHua 3a omzoBop Ha me3u Bbnpocu. KauHuuHama
gucyHkyua Ha wumoBugHama xae3za e cBbp3a-
Ha C NO-AOWU KAUHUYHU pe3yamamu npu nauueH-
mu ¢ XObb, kamo yBeauyaBaHe vyecmomama Ha
ek3auepbauuume u npogbAakumeAaHa uHmybauus.
HampynBam ce gaHHU, ye HacoueHOMO AeveHue Ha
KAUHUYHUME XUNO- UAU Xunepmupeougu3bm noBau-
aBa bAazonpuamHO npomuyaHemo U Npo2Ho3ama
Ha berogpobHama Goaecm.
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Pe3siome

OkcugamuBHuam cmpec e kaouoB ¢pakmop 3a 3gpaBemo u namoeeHe3zama Ha peguua o6meHHU 3a60-
AaBaHua. Tol HacmbnBa, koezamo npouzBogcmBomo Ha peakmuBHu kucropogHu BugoBe (ROS) HagBuwaba
eHgozeHHama aHmuokcugaHmua akmuBHocm. KemoezeHHama guema - HuckoBbeaexugpamua guema 6o2ama Ha
MazHUHU, moxke ga noBauaBa okcugamuBHua cmpec, Bb3geticmBalku Ha MUMOXOHgPUAAHOMO KoAudecmBo u/
uAu kauecmBo u BepoamHo ga cnomaza 3a ygwvaxkabBare Ha xuBoma. Cynaemenmuparemo ¢ Bumamur D moxke
ga HamaAau HuBama Ha uepHogpober okcugamuBeH cmpec u ga nogobpu Bb3nareHuemo upe3 HamaraBate Ha
AunugHama nepokcugauua u npouzBogcmBomo Ha UUMOKUHU.

Lleama Ha Hacmoswemo npoyuBaHe e ga oueHum HuBama Ha AymamuoH nepokcugasa Kamo aHmuoKCU-
garmeH mapkep u 8-OHdG kamo npookcugaHmeHn mapkep npu onumHu >uBomHu, NOgAOXKEHU Ha Kemoguema,
cynaemeHmupadu ¢ Bumamux D, npuemawu kemoguema u Bumamux D egHoBpemeHHO u KOHMPOAHa 2pyna Ha
cmaHgapmHa guema.

Memogu: 40 6poa onumHu >xuBomHu (MbXXKU MuwKu) 6axa pe3geaeHu Ha yemupu 2pynu (n=10 Bb6 Bcaka
2pyna) u 6axa NOGAOXKEHU Ha Pa3AUYHU XpaHUMEAHU PeXKumu U cynaemeHmupate 3a 30 gHu.

Pegyamamu: Hat-Bucoku HuBa Ha aHmMuoKcugaHmMHUA Mapkep 2AymamuoH nepokcugasa u Had-Huckume HuBa
Ha npookcugaHmHua mapkep (8-OHDG) ca HabatogaBaru 6 epynama ¢ kemoguema + Bumamur D, noka3Balku
Hat-Bucokama aHmuokcugaHmHa cuaa Ha masu kombuHauus. Camo Bumamur D u camo kemoguemama nokazBam
no-Bucoku HuBa Ha 2aymamuoH nepokcugasa u no-Hucku HuBa Ha 8-OHDG 8 cpaBHeHue ¢ KoHmMpoAHama 2pyna.

Heobxogumu ca gonbaHumeAHu npoydBaHus, koumo u3jcaegBam 3agbaboyeHo BauaHuemo Ha pazAuvdHU
XpaHUMEAHU PEeXUMU U cynaemeHmupaHemo Ha Bumamunu 3a onmumarHo noBausBaHe Ha oxkcugamuBHua
CMpec U KAEMbYHOMO CMapeeHe.

KaroyoBu gymu: oxcugamuBen cmpec, kemozeHHa guema, Bumamun D

geuHo-cbgoBu HapyweHus, HeBpogezeHepamuBHu u
gpyau 3aboaaBaHua npuBauvam 2oaamo BHumaHue Ha
HayuHama obwHocm npe3 nocaegHume 2ogutu (1, 2).

BbBegeHue

OkcugamuBHuam cmpec e kavoB gakmop 3a

3gpaBemo u namozeHe3ama Ha peguua obmeHHu 3a60-
aaBarua. HezoBomo ocobeHo yyacmue 6 pazBumue-
mo Ha 3amabcmaBate, 3axapeH guabem mun 2, Cop-

B 3gpaBume aepobu npouzBogcmBomo Ha cBo-
6ogHU pagukaau e npubauzumeaHo BaaaHcupaHo om
aHMuUoOKcugaHmHu 3awumuu cucmemu. Okcugamu-
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BeH cmpec HacmbnBa, koeamo npouzBogcmBomo Ha
peakmuBHu kucropogHu BugoBe (ROS) HagBuwaBa
eHgoz2eHHama aHmuokcugaHmHa akmuBHocm (3-5).
NomeHyuaAHUME WEemu ca HapeyeHu ,,0KUCAUMEAHO
yBpeskgane”.

PazauuHume xpaHumeAHu u gBuzameAHu peku-
mu okazBam Bb3zgelicmBue Bbpxy 2o0peonucaHume
noka3zameau. lNMpoyuBaHua nokazBam, ye kemozeHHa
guema - HuckoBbeaexugpamHa guema Goeama Ha
MazHuHu, moxke ga noBausBa okcugamuBHua cmpec,
Bb3gedcmBalku  Ha MUMOXOHJPUAAHOMO  KOAUYE-
cmBo u/uau kavwecmBo u BeposmHo ga cnomaea 3a
ygbaxkaBare Ha >kuBoma (6, 7). KemozeHHama guema
npegu3BukBa HauaaHo nokauBaHe Ha npogykyuama Ha
ROS, koumo mozam ga uzpasm poAa Ha pegokc-cue-
HaAu3auua, akmuBupalku gemokcuKayuoHHUMe mexa-
HU3MU Ha KAemkama. Tpu cegmuuu CAeg HayaAomo Ha
guemama ce HabalogaBa o6pamtuam ecpekm (8).

OcBen B ckernemHama MuHepaau3auus, no-
Hacmoawem e u3zBecmuo, ye Bumamun D yuvacmBa
6 npoanonmomuuHu, aHMuaH2UO2EHHU, aHMUNPOAU-
pepamuBHu, npogudepeHyupawu, aHmuuHBazuBHu
U aHMuMemacmamuuHu GuorozuuHu npouecu (9, 10).
OcBen moBa uma u HoBu gokazameacmBa, ve Buma-
muH D moxke ga uma aHmuokcugaHmHu u npomuBo-
Bb3naaumeaHu gyxkyuu (11). CynaemeHmupaHemo
¢ Bumamun D moxke ga Hamaau HuBama Ha uepHOgpo-
6eH okcugamuBeH cmpec u ga hogobpu Bb3naseHue-
mo upe3 HamaraBaHe Ha AunugHama nepokcugauua u
npouzBogcmBomo Ha uumokuHu (10, 12).

IAaymamuor nepokcugazama (GPx) e ceAeHCbgbp-
»Kaw, aHmMuoKcugaHmeH eH3um, Kkoumo edgekmuBHo
HamarsBa H,O, u aunugHume nepokcugu cbomBem-
Ho go Boga u AunugHu aakoxoau u om cBoa cmpaHa
okucAaBa 2aymamuoHa go 2AymamuoH gucyadug.
HamaareHuam 2AaymamuoH uz2pae ocHoBHa poaa B
peayaupaHemo Ha BbmpekrembUYHOMO OKUCAUMEA-
Ho-Bb3cmaroBumeaHo cbcmosHue Ha cbgoBume
KAemku, kamo ocuaypaBa pegyuupawu ekBuBanrer-
mu 3a MHozo OuoxumuuHu nbmuwga (13). 8-xugpo-
Kcu-ge3okcueyaHo3uH (8-Hydroxy-desoxyguanosine,8-
OHdG) e buomapkep, kolimo ce uznoa3Ba 3a oueHka
Ha yBpexxgaHemo Ha AHK npu xopa caeg u3aazaHe
Ha KaHuepozeHHo BauaHue, kamo miomioHeB gum,
azbecmoBu BaakHa, MeXKKU MemMaAu U NOAUUUKAUYHU
apomamHu BvereBogopogu (14). INpe3 nocregHume
2oguHu 8-OHdG ce uznoa3Ba wupoko 8 mMHO20 npo-
yuBaHua He camo kamo Guomapkep 3a uzmepBaHe Ha
eHgozeHHO okcugamuBHo yBpeskgaHe Ha AHK.

Bb6 Bpb3ka ¢ nocoueHume gaHHu cu nocmaBuxme
3a ueA ga oueHum HuBama Ha TaymamuoH nepokcugasa
Kamo aHmuokcugaHmeH mapkep u 8-OHdG kamo npo-
OKCUgaHMeH mapkep npu onumHu >kuBom Hu (MuwKku),
NOgAOXKEHU Ha Kemoguema, cynaemeHmupaHu ¢ Buma-
muH D, npuemawu kemoguema u Bumamux D egHoBpe-
MEHHO U KOHMPOAHA 2pyna Ha cmaHgampHa guema.

Mamepuaau u memogu

40 6poa onumHu >kuBomHU (Mb>XKKU MUWKU) Baxa
pa3geAeHu Ha yemupu 2pynu (n=10 666 Bcaka 2pyna)
u 6aXa NOGAOXKEHU Ha Pa3AUYHU XPaHUMEAHU PeXKUmu
u cynaemeHmupare 3a 30 gHu:

lpyna 1 (n=10) - kemoguema (KetoCAL 4:1 at
libitum)

lpyna 2 - kemoguema + Bumamun D (KetoCAL
4:1 at libitum + 1 kanka 500 Ul Vigantol per os gneBHo)

lpyna 3 - Bumamun D (1 kanka 500 Ul Vigantol
per os gHeBHO)

lpyna 4 - KOHMpPOAHA 2pyna Ha cMaHgapmHa gu-
ema at libitum

Teanomo Ha onumuume >xuBomHu Gewe uzmep-
BaHo BegHbxk cegmuuHo. XKuBomHume 6axa omaaex-
gaHu 8 cmaHgapmHu AabopamopHu ycaoBua. Excne-
pumeHmbm ce npoBege npe3 mecey, HoemBpu 2021
2.. 3a npoBe>xkgaHe Ha onuma H6ewe noAyueHo pazpe-
weHue om bbAcapckama azeHuua no H6ezonacHocm
Ha xpaHume N 316/15.10.2021.

Caeg 30 gHeBHO mpemupaHe, muwkume 6axa
cakpuduuupaHu cnopeg npuemume emuyHu cmat-
gampu u 6axa 83emu kpbBHU Npobu.

HuBama Ha 2aymamuoH nepokcugasza 8 kpbB-
Hua cepym Gaxa u3zcaegBaHu Kamo aHMU-OKCugaH-
meH mapkep. bewe u3znoazBan Mouse Glutathione
Peroxidase (GSH-PX) Quantitative sandwich ELISA kit.
CepymHume HuBa Ha eaymamuoH nepokcugasza 6axa
u34ucAeHu ype3 uzzomBaHe Ha cmaHgapmHa kpuBa.
HuBama Ha 8-xugpokcu-ge3okcueyaHo3uH (8-OHDG)
6axa u3caegBaHu Kamo npo-oKcugaHMeH Mmapkep.
bewe u3znoazBan Mouse 8-OHDG competitive ELISA
kit. CepymHume HuBa Ha 8-OHDG 6axa u3zducaeHu
ype3 uzzomBare Ha cmaHgapmHa kpuBa.

Pesyamamu

Onumuume >kuBomHu noHacaxa gobpe Bcuuku
XpaHumeaHu pexxumu. He HabGatogaBaxme 3Hauumen-
HU pa3Auku 6 HaggaBaHemo Ha Me2A0 MexXgy U3cAeg-
BaHume 2pynu. AuHamukama Ha CpegHOMO Me2A0 €
nokazaHa 6 Tabauuya 1.

[AymamuoH nepokcugasa

CpegHume cepymHu HUBa Ha 2aymamuoH Nepok-
cugaza ca npegcmabBenu Ha Queypa 1.

Had-Bucoku HuBa Ha 2aymamuoH nepokcugasa ce
HabalogaBaxa 6 2pynama Ha kemoguema + BumamuH
D (146,65 u/l), a HaG-HUcKku - B KOHMpoAHamMa 2pyna
(97,54 u/l). CepymHume HuBa Ha 2AymamuoH NepoKcu-
ga3a 6 2pynama c Bumamur D (130,95 u/l) ca no-Buco-
KU om me3u 8 KOHMpoAHaMa 2pyna u MaAko No-HUCKU
om me3u 6 2pynama c kemoguema (136,76 u/l).

8 Xugpokcu 2 gezokcueyaHo3uH (8-OHDG)
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CmpokoBa-CmounoBa, Mapeapuma B. u compygHuyu

_ CpegHo me2Ao npu pa3audHume 2pynu uzcaegBarHu onumuu >kuBomHu.

Ipyna CpegHo CpegHo CpegHo CpegHo CpegHo Obwo
Ha4YaAHO meaAo meaAo meaAo meano HapacmBatre
me2A0 (2) cegmuua (2) 2 cegmuua (2) | 3 cegmuua (2) | 4 cegmuua (2) (%)

Bumamuu D | 19,75 22 23 24 27 37%
Bumamun D+ | 20,5 24 25 27 28 37%
Kemoguema
Kemoguema | 19,5 22,5 24 26 27 38%
KoumpoaHa 19,1 21,5 23 24 26 36%
2pyna

Queypa 1.

FAymamuoH nepokcukasa (u/l)

CpegHu 200

CEPYMHU

HuBa Ha

2AymamuoH 150

nepokcugasa.
100
50 .
0

Vit D BumamuH A + Kemoguema KoHmpoaHa
Kemoguema 2pyna

" 8-OHDG (ng/ml) Oueypa 2.
CpegHu cepymHu
20 HuBa Ha 8-OHDG.
15
10
5
0
Vit D BumamuH A + Kemoguema KoHmpoaHa
Kemoguema 2pyna
CpegHume cepymHu HuBa Ha 8-OHDG ca npeg-  nocaegBaHa om 2pynama Ha kemoguema (15,06 ng/
cmaBenu Ha Dueypa 2. ml) u ma3zu Ha Bumamun D (12,93 ng/ml). Had-Hucku
Had-Bucoku cepymHu HuBa Ha 8-OHDG ca me cmotHocmu Ha 8-OHDG ca HabalogaBaHu 8 2py-
HabatogaBaHu B konmpoaHama 2pyna (19,99 ng/ml), nama ¢ Bumamun D + kemoguema (10,02 ng/ml)
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Obcvikgane

B Hacmoawemo npoyuBaHe aHaau3zupaxme Hu-
Bama Ha npo-okCUgaHMHU U aHMUOKCUgaHMHU map-
Kepu Nnpu onumHu >XuBomHu, NOGAOXKEHU Ha pas-
AUYHU XpaHUMEAHU peXumu - KemozeHHa guema,
KemozeHHa guema ¢ go6aBare Ha Bumamun D, camo
npuem Ha BumamuH D u KOHMpPOAHa 2pyna Ha cmax-
gapmHa guema.

MtuoxkecmBo HayuHu u3zcaegBaHua Hamupam
Bpb3Kka Mexkgy npuaazaHemo Ha Kemoz2eHHa guema
U CMUMYAUPHEMO Ha peguua aHMUuOKCUgaHMHU u
npomuBoBb3naaumeaHu mexaHuzmu (7,16,17). TMo-
AOKUMeAHOMO BAuaHUE Ha KemoHHUmMe meaa ce
pazBuBa c meuyeHue Ha Bpememo. MvpBoHauarHo
e HabawgaBaHo noBuweHue Ha ROS u meguamo-
pume Ha Bb3nareHuemo, nocaegBaHo om aganmu-
BeH kaembueH 3awumeH omezoBop. ToBa Bogu go
NOAOXKUMEAHA pea2yArauusa Ha 3awumHume KAembY-
HU MexaHu3mu, a mo om cBoa cmpana - go noBu-
weHa aHmuokcugaHmua u npomuBoBb3znaaumeaHa
akmuBHocm u Bb3zcmanoBaBare Ha kKaemkume (14).
Cmama ce, ye kemozeHHama guema npoabBaba cBou-
me NOAOXKUMEAHU edieKmu Ype3 CMUMyAupaHe Ha
MumoxoHgpuaaHama ¢ytkuua (17).Te3u gaHH u ce
nomBbp>kgaBam om noaydeHume om Hac pe3yama-
mu, noka3zBawu noBuwabaHe Ha aHMuoKcugaHMHa-
ma 3awuma npu onumHu >kuBomMHU NOYAOXKEHU Ha
kemoguema 8 npogbuaxkeHue Ha 30 gHu.

Bumamun D yuyacmBa 6 peguua kaembuHU
npo-uecu, cBbp3aHu C 2AlOKO3HaMa u AunugHama
obmaHa u uma npomuBoBb3znarumeAaHu, aHMUOKCU-
gaHmuu u HeBponpomekmuBHu cBolicmBa (9,10). He-
gocmambuHocm Ha Bumamun D e cBbp3aHa ¢ edpek-
mume Ha okcugamuBeH cmpec u Bb3nareHuemo u
NO MO3U HAYUH C HAMaAeHa NPomMeKUUA NPU CbCMOA-
HUA Kamo 3axapeH guabem u vepHogpobHa ucxemus
(11,17). Cynaemermupademo ¢ BumamuH D moxe ga
pegyuupa HuBama Ha uepHogpobHua okcugamubBeH
CMpec U ga HamaAu AunugHama nepokcugayus u npo-
uzBogcmBomo Ha uUMOoKUHU.

B HayuHama Aumepamypa Hama Kamez20puyHu
gaHHu 3a BauaHuemo Ha KOmMBuHauua om Kemogue-
ma u cynaemenmupane ¢ Bumamun D Bbpxy HuBama
Ha okcugamuBen cmpec. Caeg nepopaseH npuem,
Bumamun D (Bumamun D, uau D,) obuxkHoBeHo ce
abcopbupa B mbHkumMe yepBa ¢ gpyau xpaHUMEAHU
mazHuHu (18-20). Haauuuemo Ha masHuHu B8 AymeHa
npegu3BukBa ocBoborxkgaaHe Ha >KABUHU KUCEAUHU,
koumo npegu3zBukBam emyrcupaHemo u nognoma-
2am ob6pa3zyBaHemo Ha Cbgbprkawu AUNUGU MUUEAU
(12, 21). bBoeamama Ha mMa3HuHU Kemoguema e 6b3-
MO>KHO Ha noBauaBa baazonpuamuo ycBoaBaHemo Ha
Bumamur D u N0 MO3u HaYuH ga Nognomaeza u Hez20-
Bume aHmuokcugaHmHu egpekmu.

3akaloyeHue

OkcugamuBHuam cmpec ce gbAXu Ha noBuwe-
HO obpa3yBaHe Ha peakmuBHuU KucaopogHu BugoBe
(ROS) uAu Ha HamaAeH aHMUOKCUgaHMeH Kanauu-
mem (4, 8, 14). ToBa ca xumuuecku peakmuBHuU Cb-
eguHeHusn, koumo ce npou3zBexxgam 6 pe3zyamam
om HopmaAHua aepobeH kKAembueH memaboAuzbm u
ca Heobxogumu 3a BaxkHU UMYHOAO2UYHU peakuuu,
KAEMbYHUA pacmex u gupepeHyuayus, Ho npousBe-
geHu B npekomepHu KoAauvecmBa, mozam ga 6bgam
BpegHu (19,20).

KemoezeHHama guema Hamupa WUPOKO NPUAO-
»keHue B ynpaBaeHuemo Ha peguua MeguUUUHCKU
cbemosnHua. Tpe3 nocaegHUMe 20guUHU ce Hampyn-
Bam Bce noBeue gokazameacmBa 3a cmumyaupa-
womo  BauaHue Ha kemozeHHama guema Bbpxy
MUMOXOHgpuaAHama 6GuozeHe3a, nogobpaBare Ha
MUMOXOHgpUaAHama pyHkuua u HamaraBaHe Ha Ok-
cugamuBHua cmpec (22, 23).

AHmuokcugaHmHume u npomuBoBb3naaumeaHu
edpekmu Ha Bumamun D ce HabGaogaBam 6 peguua
npoyuBaxun (9,10).

B HayuHama Aumepamypa Hama ybegumeaHu
gaHHu 3a BAauaHuemo Ha KombuHUpaHemo Ha Kemo-
2eHHa guema u cynaemeHmupane ¢ Bumamun D Bbp-
xy HuBama Ha okcugamuBeH cmpec. Hacmoawemo
npoyuBare nokazBa no-zoasma aHMUOKCUgaHMHA
akmuBHocm Ha mazu kombuHauus, cpaBHeHo ¢ om-
geAHOMO NPUAOXKHUE Ha Kemoguema uAu gobaBaxe
Ha Bumamun D.

AaHHume om Hawemo npoyuBaHe ca KOHcCuc-
MEHMHU NO OMHOWEHUE HAa NPO-OKCUgaHMHuUmMe u
aHMuokcugaHmHume mapkepu. Hat-Bucoku HuBa Ha
aHMUOKCUgaHMHUA Mapkep 2AymamuoH nepokcuga-
3a u Hal-Huckume HuBa Ha npookcugaHMHUA MapKep
(8-OHdG) ca HabaogaBanu B epynama ¢ kemoguema
+ Bumamut D, nokazBalku Hal-Bucokama aHMuUOKCU-
gaHmHa cuaa Ha ma3u kombuHauua. Camo BumamuH
D u camo kemoguemama noka3zBam no-Bucoku HuBa
Ha 2AymamuoH nepokcuga3a u no-Hucku HuBa Ha
8-OHDG 8 cpaBHeHue c KoHMpoAHama 2pyna.

Heobxogumu ca gonbaHUmMeAHU npoydBaHus,
Koumo u3caegBam 3agbaboyeHo BauaHuemo Ha pas-
AUYHU XPAHUMEAHU PEXXUMU U CYNAEMEHMUpPaHemo
¢ BumamuHu 3a onmumanHo noBauaBaHe Ha okcuga-
muBHua cmpec u KAembYHOMO cMmapeeHe.

brazogaprocmu: Hacmoawemo npoy4Ba-
He e u3zBvpweno ¢ puHancoBama nogkpena Ha
KOHKYpc ,Mpag uzcregoBamen 2021 na MY,
Cocpusa, gozoBop Ne A—130/2021
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Oxidative stress is a key factor in health and the pathogenesis of several metabolic diseases. It occurs when

the production of reactive oxygen species (ROS) exceeds endogenous antioxidant activity. A ketogenic, low-carbo-
hydrate, high-fat diet can affect mitochondrial quantity and /or quality, this reducing oxidative stress and possibly
helping to prolong life. Vitamin D supplementation can reduce the levels of hepatic oxidative stress and improve

inflammation by reducing lipid peroxidation and cytokine production.

The aim of our study was to evaluate the levels of Glutathione peroxidase as an antioxidant marker and
8-OHdG as a prooxidant marker in experimental animals that are supplemented with vitamin D alone, receiving
ketogenic diet alone, keto-diet + vitamin D and a standard control group.

Methods: 40 experimental animals (male mice) were divided into 4 groups (n-10 in each group) and subjected

to different diets and supplementation for 30 days.

Results: The highest levels of the antioxidant marker Glutathione peroxidase and the lowest levels of the proo-
xidant marker (8-OHdG) were observed in the keto-diet + vitamin D group, showing the highest antioxidant power
of this combination. Vitamin D alone and keto-diet alone showed higher levels of glutathione peroxidase and lower

levels of 8-OHdG, compared to the control group.

Further studies are needed to thoroughly investigate the effects of different diets and vitamin supplements to

optimally influence oxidative stress and cellular aging.

Key words: oxidative stress, ketogenic diet, vitamin D

Introduction

Oxidative stress is a key factor in health and the
pathogenesis of several metabolic diseases. Its’ involve-
ment in the development of obesity, type 2 diabetes,
cardiovascular disorders, neurodegenerative and oth-
er diseases has attracted the attention of scientific re-
search in recent years (1, 2). In healthy aerobes, the
production of reactive oxygen species (ROS) is balan-

ced by antioxidant defence systems. Oxidative stress
occurs when their production exceeds endogenous an-
tioxidant activity (3,4,5). Potential cell damage is called
,oxidative damage”.

Different diets and exercise regimens have an im-
pact on the above indicators. Studies show that a ke-
togenic, low carbohydrate, high fat diet can influence
oxidative stress levels by affecting the mitochondrial
quantity and / or quality and possibly helping to
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prolong life (6, 7). The ketogenic diet causes an initial
increase in ROS production, which can play a role in
redox signaling, activating detoxification cellular mech-
anisms. The opposite effect is observed approximately
three weeks after the start of the diet (8).

In addition to skeletal mineralization, it is now
known that Vitamin D is involved in pro-apoptotic,
antiangiogenic, antiproliferative, antiinvasive and an-
timetastatic biological processes (9, 10). There is also
new evidence that vitamin D may have antioxidant and
anti-inflammatory functions (11). Vitamin D supplemen-
tation can reduce the levels of hepatic oxidative stress
and improve inflammation by reducing lipid peroxida-
tion and cytokine production (10, 12).

Glutathione peroxidase (GPx) is a selenium con-
taining antioxidant enzyme that effectively reduces
H202 and lipid peroxides to water and lipid alcohols,
respectively, and reduces glutathione to glutathione
disulfide. Reduced glutathione plays a key role in reg-
ulating the intracellular redox state of vascular cells,
providing reducing equivalents for many biochemical
pathways (13). 8-Hydroxy-desoxyguanosine (8-OHdG)
is a biomarker used to assess DNA damage in humans
after exposure to carcinogens such as tobacco smoke,
asbestos fibers, metals and polycyclic aromatic carbo-
hydrates (14). In recent years 8-OHdG has been widely
used in many studies as a biomarker to measure endog-
enous oxidative DNA damage.

In connection with these data, we aimed to assess
the levels of Glutathione peroxidase as an antioxidant
marker and 8-OHdG as prooxidant marker in experi-
mental animals (mice) receiving keto diet and Vitamin
D supplementation, receiving keto diet alone, vitamin
D alone and control group on a standard diet.

Materials and methods

Forty laboratory mice were divided in four groups
(n=10 in each group) and exposed to different diet and
supplementation regimens for 30 days:

- Group 1 - low fat ketogenic diet (KetoCAL 4:1
at libitum)

« Group 2 - low fat ketogenic diet + supplementa-
tion of vitamin D (KetoCAL 4:1 at libitum + 1 drop 500
Ul Vigantol per os daily)

« Group 3 - standard feed + supplementation of
vitamin D (1 drop 500 Ul Vigantol per os daily)

« Group 4 - standard feed - control group on
standard laboratory food at libitum

Body weight was measured weekly.

The animals were kept in standard laboratory con-
ditions. The experiment was conducted in November
2021. Permission was obtained from the Bulgarian
Food Safety Agency N 316 / 15.10.2021.

After 30 days under the described diet and sup-
plementation, the mice were euthanized according to
accepted ethical standards and blood samples were
taken.

Blood serum levels of Glutathione Peroxidase
were studied to determine anti-oxidative levels. Mouse
Glutathione Peroxidase (GSH-PX) Quantitative sand-
wich ELISA kit was used. Serum levels of glutathione
peroxidase were then calculated using standard curve
preparation.

Blood serum levels of 8 Hydroxy 2 Desoxyguano-
sine (8-OHdG) were studied to determine pro-oxida-
tive levels. Mouse 8-OHdG competitive ELISA kits were
used, and serum levels were calculated using standard
curve preparation.

Results

All diets were well tolerated. We did not observe
significant differences in body weight gain between
study groups. The average weight dynamics are shown
in the Table 1.

Glutathione peroxidase
Average serum levels of Glutathione peroxidase
are presented on Figure 1.

The highest levels of Glutathione peroxidase were
observed in the Vitamin D +Keto diet group and the
lowest levels were observed in the control group. The
Serum levels of Glutathione peroxidase in the Vitamin
D group were higher than the ones in the control group
and slightly lower than ones in the Keto diet group.

8 Hydroxy 2 Desoxyguanosine (8-OHdG)
Average serum levels of 8-OHdG are presented in
Figure 2.

The highest blood serum levels of 8-OHJG were
observed in the control group (19,99 ng/ml), followed
by the keto group (15,06 ng/ml) and the Vitamin D
group (12,93 ng/ml). The lowest values of 8-OHDG
were observed in the Vitamin D + Keto diet group
(10,02 ng/ml)

Discussions

In the present study, we analyzed the levels of
prooxidant and antioxidant markers in experimental
animals subjected to different diets - ketogenic diet,
ketogenic diet with added vitamin D, vitamin D alone
and control group on standard diet.

Numerous studies have linked the ketogenic diet
to the stimulation of several antioxidant and anti-inflam-
matory mechanisms (7,16,17). The positive effects of
ketone bodies develop over time. An increase in ROS
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_ Average weight in the different study groups

Group Average Average Average Average Average Total
initial weight weight weight weight increase
weight (g) 1 week (g) 2 weeks (g) 3 weeks (g) 4 weeks (g) (%)

Vitamin D 19,75 22 23 24 27 37%
Vitamin D + 20,5 24 25 27 28 37%
Keto diet
Keto diet 19,5 22,5 24 26 27 38%
Control 19,1 21,5 23 24 26 36%
Figure 1. . .
Gluthatione peroxidase (u/l)
Average 200
serum levels
of Glutathi-
one peroxi- 150
dase
100
50
Vit D Vitamin D + Ketodiet Control
ketodiet group
Average serum
levels of 8-OHdG
20
15
10
5
0 —
Vit D Vitamin D + Ketodiet Control
ketodiet group
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and inflammatory mediators was initially observed, fol-
lowed by an adaptive cellular defence response. This
leads to positive regulation of cellular defence mecha-
nisms, which in turn leads to increased antioxidant and
anti-inflammatory activity and cell repair (14). It is con-
sidered that the ketogenic diet is providing its positive
effects by stimulating mitochondrial function (17).

These data are confirmed by the results of our
study, showing an increase in antioxidant protection in ex-
perimental animals subjected to the keto diet for 30 days.

Vitamin D is involved in several cellular processes
related to glucose and lipid metabolism and has anti-in-
flammatory, antioxidant, and neuroprotective proper-
ties (9,10). Vitamin D deficiency is associated with the
effects of oxidative stress and inflammation and thus
reduced protection in conditions such as diabetes and
hepatic ischemia (11,17). Vitamin D supplementation
can reduce levels of hepatic oxidative stress and reduce
lipid peroxidation and cytokine production.

There is no conclusive data in the scientific liter-
ature on the effect of a combination of keto diet and
vitamin D supplementation on oxidative stress levels.

After oral administration, vitamin D (vitamin D2
or D3) is usually absorbed in the small intestine with
other dietary fats. (18,19,20). The presence of fat in the
lumen stimulates the release of bile acids, which cause
emulsification and promote the formation of lipid-con-
taining micelles (12,21). The high-fat ketodiet may have
a beneficial effect on the absorption of vitamin D and
thus support its antioxidant effects.

Conclusion

Oxidative stress is caused by increased formation
of reactive oxygen species (ROS) or reduced antioxidant
capacity (4,8,14). ROS are chemically reactive com-
pounds produced as a result of normal aerobic cellular

metabolism and are required for important immuno-
logical responses, cell growth and differentiation, but
when produced in excessive amounts they can be
harmful (19,20).

The ketogenic diet is widely used in the manage-
ment of a number of medical conditions. In recent
years, there is growing evidence of the stimulating ef-
fect of ketogenic diet on mitochondrial biogenesis, im-
proving mitochondrial function and reducing oxidative
stress (22,23). The antioxidant and anti-inflammatory
effects of Vitamin D have also been observed in a num-
ber of studies (9,10).

There are no explicit data available in the scientif-
ic literature on the effect of combining a ketogenic diet
and vitamin D supplementation on oxidative stress lev-
els. The present study shows greater antioxidant activi-
ty of this combination compared to a single ketodiet or
vitamin D supplementation. Our data are consistent in
measuring levels of prooxidant and antioxidant markers.

The highest levels of the antioxidant marker gluta-
thione peroxidase and the lowest levels of the prooxi-
dant marker (8-OHDG) were observed in the ketodiet
+ vitamin D group, showing the highest antioxidant
power of this combination. Vitamin D supplementation
alone and the ketodiet alone showed higher levels of
glutathione peroxidase and lower levels of 8-OHdAG
compared to the control group.

Further studies are needed to thoroughly investi-
gate the effects of different diets and vitamin supple-
ments to optimally respond to oxidative stress and cel-
lular aging
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Pesiome

3axapHuam guabem kamo XpoHU4HO memaboAaumHo 3aboaaBaHe e gobpe uzBecmHo cbe cBoume cucmem-
HU ecpekmu B pesyamam Ha noBauaBaHe memaboauzma Ha Bbaaexugpamu, NpomeuHu U macmu. AokymeHmu-
paHa u nogpobHo u3yueHa e Bpb3kama mexkgy 3axapHua guabem mun 2 (3Am2), uHcyauHoBama pezucmenm-
HOCM u memaboAumHua cuHgpom, Kakmo u cBbp3aHume € me3u CbCmMoAHUA HapyweHa penpogykmuBHama
pyHkuua, npomara B HuBama Ha aHgpoezeHume u pazBumue Ha xuno2oHagu3bmM NpuU MbXKe. 3axapeH guabem
mun 1 (3Am1) ¢ Bogewu UHCYAUHONEHUA U XUNEpP2AUKEMUA CbWo ce acouuupa ¢ uzBecmHo noBauaBare Ha
XunoAamo-xunodpuzo-zoHagHama oc (XXI), hepmuaumema u XopmoHaAHUME NOKa3ameAu Ha MbXKeme, a mou-
Hume mexaHu3zmu Ha yBpega ca Bvnpoc Ha wupok HayueH gebam.

Llea Ha npoy4Banemo e ga ce cpaBHam cepymHume HuBa Ha aHgpozeHUmMe npu mbxke cbC 3AmMT u cbom-
BemHu no Bv3zpacm u ITM kauHuuHO 3gpabu mbxke B penpogykmuBHo akmuBHa Bb3pacm.

Mamepuaau u memogu: TpoyuBaHemo o6xBawa 71 auua - 30 mbxe cbec 3Am1 u 41 KAuHUYHO 3gpabBu
MbXKe, CAYKewu 3a KoHmMpoaHa 2pyna. CHema e nogpobHa aHamHe3a no omHoweHue gaBHocm Ha 3aboas-
BaHemo, npuaazaHu uHcyauHu, obwa gHeBHa go3a uHcyauH (OAA). MNpu Bcuuku yyacmHuuu ca u3zBopuweHu
aHmponomempuydHu uzmepBaHua: meaao, pbcm, obukoaka Ha maaus (T) u xaHwa (X), u34uCAeHU ca UHgEeKC Ha
meaAecHa maca (MTM) u T/X. M3caegBaru ca 6a3aaHu HuBa Ha AymeuHu3upaw, xopmoH (LH), poaukyrocmumy-
Aupaw, xopmoH (FSH), ecmpaguoa (E2), mecmocmepon (T), noroBu - xopomoHu cBbp3Bawy, 2a06yaun (SHBG),
gexugpoenuaHgpocmepoH-cyadpam (DHEA-S), mupeocmumyaupaw, xopmoH (TSH), cepymen npoaakmut (Prl),
agpeHokopmukomponeH xopmoH (ACTH), cympewen kopmu3oa (corisol 8h). M3uucaeHu ca: cBobogeH aHgpoze-
HeH uHgekc (FAI), cBobogen mecmocmepon (cFT) u GuoHaaudeH mecmomepoH (BioT). OueHeH e 2AuKemu4HUA
KOHMpPOA upe3 kpbBHa 3axap Ha 2raagHo (FBG), 2aukupan xemozrobun (HbA| ) u mukpoarbymunypua (U-ALB).
BuoxumuuHume uzcaegBaHua BxatouBam uzcaegBare HuBama Ha 06w, 6eambk (TPROT), aabymut (ALB) u kpe-
amuHuH (CREA).

Pezyamamu: CpegHama B8b3pacm Ha uzcaregBaHume muixke e 31,72+6,05 2., kamo He ce ycmaHoBaBa cma-
mucmuYecku 3HavuMa pa3Auka No OMHOWeHUEe Ha MO3U NoKa3ameA Mexgy Auuama cbc 3AmT u KoHmpoAume
(p=0,944). CpegHuam NTM e 24,87+6,03 k2/m>, omHoB0 6e3 cuzHupukaHmMHa pazauka mexkgy gbeme uzcaegBa-
HU 2pynu (p=0,537). Mbxxeme cbc 3Am1 ca ¢ no-20Aama obukoAka Ha maauama (p<0,05) u noBuweHo
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omnowerue T/X (p=0,000), Ho ¢ no-maaka obukoAka Ha xaHwa (p<0,05). HuBama na HbA, u FBG ca cmamuc-
muvecku 3Hauumo no-Bucoku npu mbxkeme cbc 3Am1 cnpamo 3gpaBume koHmpoau (p=0,000, pecn.). Bcuuku
yyvacmHuyu ca ¢ HopMaAHu HuBa Ha obw, beAmbK U aABYMUH NPU AUNCA HA CMamuCMUYecKU 3HauYuma pa3auka
Ha me3u nokazameau mexxgy gBeme 2pynu (p=0,188, p=0,600, pecn.). Auuama 8 Hacmoawemo npoyuBare ca c
eymupeougHa (PyHKUUA, HOPMONPOAAKMUHEMUA, HOpMaAHU HuBa Ha cympeweH kopmu3oa u ACTH. Mbxkeme
cbe 3Am1 ca cbc cmamucmudecku 3Havumo no-Bucoku HuBa Ha SHBG (p=0,000) u no-Hucku HuBa Ha FAI cnps-
MO KoHmpoaume (p=0,004). He ce gocmuaHa cmamucmuyecku 3Hadyuma pa3Auka no omHoweHue HuBa Ha T u
cFT (p=0,101, p=0,465, pecn.). B 2pynama Ha 3Am1 npaBu BneuamaeHue meHgeHuUAMa Kbm NO-HUCKU HUBa Ha
BioT cnpamo koHmpoaHama epyna, 6e3 moBa ga gocmueza cmamucmuyecku 3Hadyuma paszauka (p=0,071). He ce
omkpuBam cuz2HuukamHu pa3zAuku u no omHoweHue HuBama Ha LH, FSH, LH/FSH u E2 mexxgy gBeme 2pynu

mbxke (p=0,126, p=0,553, p=0,284, p=0,900, pecn).

3akarodeHue: Mbxe cbe 3AmT cbe cpegHa gaBHocm Ha 3a6oaaBaHemo 10 2. u Aunca Ha guabemHa makpo-
aHeuonamusa U guabemHa Hegoponamua HAMAM gaHHU 3a U3pa3eH aHgpO2EeHEH gedhuyum U ca cbC cbhocmabu-
Mu cnpamo 3gpaBume mobyxke B8 penpogykmuBro akmuBHa Bb3pacm HuBa Ha noAoBu XOPMOHU.

KaroyoBu gymu: 3axapeH guabem mun 1, 20HagOMPONHU XOPMOHU, NPOAAKMUH, mecmocmepoH, SHBG, FAL

BvBegeHue

Om kpaa Ha 17 Bek gamupam cvbobweHua 3a
Bpb3kama mexgy HapyweHama penpogykmuBHa
hyHKUUA U 3axapHua guabem, HO ycuaeHOMoO u3yua-
Bare Ha acouuauyusma mexxgy HuBama Ha mecmoc-
mepoHa u memaboaumHomo 3aboaaBaHe 3anouBam
npe3 60-me 2oguHu Ha 20-mu Bek (1). PenpogykmuB-
Hama oyHuKua e >kuzHeHo BaxkHa 3a uHguBuga u 3a-
Bucu om buHumMe mexaHu3Mu Ha peayrauun u B3au-
mogedacmBue meXkgy xunomasamyca, xunodpuzama
u 20Hagume, obeguHeHu B m. Hap. Xunomaaamo-xu-
nocpuzo-2oHagHa oc (XXI) oc (2). XunomaaamuuHuam
gekanenmug 20HagoOMPONUH-PUAUU3UHZ XOPMOHbBM
(GnRH) geticmBa Bbpxy xunogu3zapHume 20Hago-
mpocpu u cmumyaupa nyacamuBHama cekpeuua Ha
2oHagomponuHume. AymeuHusupawusm (LH) u ¢o-
AUKYyAOCMUMyAUpawuam xopmoH (FSH) akmuBupam
comamuyHume kaemku 8 2oHagume 3a cuHmes Ha
CMepoUgHU U NENMUJHU XOPMOHU, Nognomazalku
cnepmamozeHe3ama. [lyacamuBrama cekpeuua Ha
GnRH e uzkatouumeaHo uyBecmBumenHa Kbm mema-
6OAUMHU (hakmMopu, XOPMOHU U NepuepHU Cu2HaAU,
KOUMO ca ¢ 0cObeHO 20AAMO 3HavYeHue 3a Noggbp-
»kaHe Ha Bpb3lkama xomeocmaza-penpogykuua (3).
Cpeg max ca uHcyauHbm u kpbBHama 3axap, nopagu
KOemo NamoAO2UYHU CbcmoaHusg, cBbp3aHu ¢ ocmpa
UAU XPOHUYHA XUnep- UAU XUNOUHCYAUHemus, Xunep-
UAU XUNO2AUKEMUA, MO2am ga Hapywam AecHo XXI oc
(4). AHgpozeHume, ¢ 2aaBeH npegcmaBumea mecmo-
cmepoHbM, ca XopmoHu, yyacmBawu 8 gudepeHuu-
paHemo Ha BbHwHUMe u BbmpewHu noaoBu opeaHu
npu mbxkeme, 8 noggbpykaHemo u pazBumuemo Ha
BmopuuHume noaoBu Geae3u u penpogykmuBHama
pyHkuug, okazBam BauaHue Bbpxy memaboauzmaHa
npomeutu, Bbaaexugpamu u macmu, noBauaBam no-
BegeHuemo u koeHumuBHume cnocobHocmu (5).

Aobpe u3zBecmHo e, ue mbXXeme CbC 3axapeH
guabem mun 2 (3Am2) umam no-Hucku HuBa Ha mec-
mocmepoH 6 cpaBHeHue ¢ obwama nonyaauus, Koe-
mo ce acouuupa ¢ HamaaeHa uHcyauHoBa uyBcmBu-
meAHOCM U uHcyauHoBa pezucmenHmuocm (MP) (6).
Memaboaumuuam cungpom (MC), noBuweHomo
omaaezaHe Ha BucuepaarHa macmHa mbkaH, VP ca He-
3aBucum puckoB pakmop 3a noBuweH cbpgeyHo-Cb-
goB (CC) puck u noBauaBam He camo kavecmBomo
Ha >xuBom, HO u HezoBama npogbaKUMeArHocm (7).
BausHuemo Ha 3Am1 Bbpxy penpogykmuBHama
hyHKUUA NpU MbXKe NpogbakaBa ga 6bge He u3uAAO
u3yuyeHo u pazbpaHo. VIHcyauHoneHuama u xunepaau-
kemuama, kamo Bogewu namomu3UOAO2UYHU Mexa-
Hu3mu npu 3Am1, Guxa Mo2AU ga umam NomMeHUUaAeH
edpekm Bbpxy 2oHagHama yHKuua Ha mbxkeme (8).
MpoyuBanua npu ekcnepumeHmaaHu >kuBomHu cbe
3Am1 gemoHCmpupam cmymeHa chepmamozeHe3’a,
noBuweHa yecmoma Ha mepamo300Cnepmus, Hama-
AEHO Me2A0 Ha enugumume, nomucHamu HuBa Ha LH
u FSH u mecmocmepoHa, noHuxxeHo aubugo (9,10).
M3BecmHo e, ue xunepaaukemuama u cBbp3zaHume
¢ Hea noBuweHo HampynBaHe Ha KpalHu Npogykmu
Ha 2AukupaHemo, ydacmBam 6 namozeHe3zama Ha
cbgoBume ycroxkHeHua npu 3A (11). NoBuweH okcu-
gamuBeH cmpec, 3acureHa AHK ¢ppazmenmayua Ha
cnepmamo3ougume, nomucHama XXI oc, cmymeHa
cnepmamogzeHe3a, epekmuAHa gucyHKuua ca cpeg
obcbykgaHume HapyweHua npu 3Am1 (12,13). Tlo
omHoweHue HuBama Ha aHgpo2eHUMe NPU Mb>Ke CbC
3Am1, gaHHume 6 Aumepamypama ca npomuBopeyu-
Bu, koemo Hu momuBupa ga npoBegem HacmoawEemo
npoyuBane.

Lleama e ga ce u3zcaegBam HuBama Ha aHgpo-
2eHUmMe npu mbXxe cbc 3Am1 kamo ce u3zBbpwu
cpaBHumMeAeH aHaAu3 Ha nokazameAu Cnpamo Cbom-
BemHu no Bb3pacm u MTM kauHuuHO 3gpaBu mbike 6
penpogykmuBHo akmuBHa Bb3pacm.
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Mamepuaau u memogu

Hacmoawomo npoyuBaHe npegcmabBanBa mpa-
cBep3aaHo, obcepBauyuoHHO, mun cAyval-koHMpPoAa
npoyuBare npu 31 mbxe cbec 3AmT u 41 memabo-
AumHo 3gpaBu koHmpoau. INpoyuBaHemo e npoBe-
geHo 6 KauHuka no EHgokpuHoAo2ua u 6oaecmu Ha
obmanama npu YMBAA ,CB8. lfeopau” - INroBguB 6 ne-
puog m. aHyapu 2018 2. - m. gekemBpu 2020 2. Aobpo-
BoaHomo yuyacmue Ha Auyama om npoyuBaHuama e
ygocmoBepeHo upe3 npegBapumeaHo nognucaHo
uHopmupaHo cweracue 8 cbomBemecmBue ¢ Aekaa-
pavuama om Xeazuxku. V3caegBaremo e ogobpero
om Komucuama no HayuHa emuka kbm cbBema no
HayuHo-uzcaegoBameacka gedHocm npu MeguuuH-
cku YHuBepcumem, MroBgub.

Kpumepuu 3a BkatouBane 6 npoyuBaHemo ca aun-
ca Ha: 3A mun 2, HaAaudue Ha CbpgeuHa, guxameaHa,
6bOpeyHa uau YepHogpobHa HegocmambyHOCM, NPo-
AugpepamuBHa pemuHonamus, guabemHa makpoaHauo
- namus, guabemHa Hedoponamus, Haauvue Ha ocmpa
gekomneHcauua Ha memaboAaumHomo 3aboaaBaHe Kbm
momeHma Ha npoBexgaHe Ha u3caegBaHuama, Aeve-
HUE Ha XpOHUYHa CbnbmcmBawa NnamoAo2us, Koemo
6u Mo2A0 ga noBaune XOPMOHAAHU Me NoKa3ameau.

Mpu Bcuuku yyacmuuuu 6 npoyuBaHemo ca u3z-
BbpweHu caegHume aHmponomempuyHu u3zmepBa-
HUA: MEe2A0, PbCM, U3YUCAEH € UHJEKC Ha meAecHa
maca no cmaHgapmHama gopmyaa (14). M3mepeHu
ca 0buUKOAKa Ha maAuama - No cpegama Ha pazcmos-
HUEMO MeXgy goAHua pbb Ha pebpeHama gbaa u uAu-
ayHume 2pebeHu, a obUKoAKama Ha xaHwa - Ha Hu-
Bomo Ha 20remume mpoxaimepu. V3caegBanuama
ca npoBegeHu B uznpaBeHo noroxxeHue ¢ npubpaHu
Kpaka u pbue ¢ wuBawku membp. M3cregBanu ca ba-
3aAaHu HuBa Ha AymeuHusupaw, xopmoH (LH), dpoauky-
Aocmumyaupaw, xopmoH (FSH), ecmpaguoa (E2), 06-
wmecmocmepoH (T), noroBu - xopomoHu cBbp3Bauwy,
2n0byauH  (SHBG),  gexugpoenuaHgpocmepoH-CyA-
am (DHEA-S), mupeocmumyaupaw, xopmoH (TSH),
cepymeH npoaakmuH (Prl), agpeHokopmukomponeH
xopmoH (ACTH), cympeweH kopmu3oa (corisol 8h).

M3uucaeHu ca: cBobogeH aHgpo2eHeH uHgekc
(FAI), uznoazBana e caegHama (popmyaa 3a u34vucAe-
Hue: Testosterone (nmol/l) x 100/ SHBG (nmol/l). Kon-
ueHmpauyuume Ha MecmocmepoHa ca NPeu34ucAeHU
om ng/ml 8 nmol/l upe3 npenopbuaHua om pupmama
npou3zBogumea Ha mecm-Habopa koeduuyueHm F =
3,47, m.e. 1 ng/ml x 3,47 = 1 nmol/Il. KaakyaupaHu no
dopmyrama Ha Vermeulen ca cBo6ogeH mecmocme-
poH (cFT) u 6uoHaauueH mecmocmepon (bioT) (15).
[AUKEMUYHUAM KOHMPOA € OueHeH upe3 KpbBHa 3a-
xap Ha 2ragHo (FBG), 2aukupan xemozaobun (HbA, )
u mukpoarbymuHypua (U-ALB). M3caegBaru ca cowo
obw, 6eambk (TPROT) u aabymun (ALB) u cepymeH
kpeamuHuH (CREA).

BeHo3zHama kpbB 3a AabopamopHume uzcaegBa-
Hua e B3umaHa npu cmaHgapmHu ycaroBua - cympuH
paHo, caeg 12-yacoB nepuog Ha HowHO 2ragyBate.
Bcuuku kAuHu4YHO-AaBopamopHu uzcaegBaHua ca u3-
BbpweHu B Llenmpaana Kaunuuna Aabopamopua npu
YMBAA ,,C8emu lTeopau” - EAA MaoBguB. 3a Bcuuku
u3zcaegBaHu nokazameau ce u3BvpwBa cucmemen
BvmperabopamopeH KOHMPOA u BbHWHA oueHKa
Ha kauecmBomo upe3 yuacmue 6 HayuoHaAHU U
MEXgyHapogHU npoepamu, 3a koemo Aabopamopu-
ama paznoAaza cbc cbomBemHume cepmudpukamu.
CepymHu KoHueHmpauuu Ha LH, FSH, E2, T, SHBG, Prl,
DHEA-S, cortisol 8h, ACTH, TSH ca u3caegBaHu upe3
UMYHOEH3UMEH aHaAu3 C XeMUAYMUHUCUEHMHa ge-
mekuun, aHaauzamop: Access 2 Immunoassay System,
Beckman Coulter, Inc., US. luukupaHuam xemoeao-
buH e uzcregBaH ¢ mypbugumempudeH UMYHOUHXU-
bupaw, memog caeg xemoAu3a Ha epumpoyumume 8
nvAHa KpbB Ha aBmomamuyeH KAUHUYHO-XUMUYEH aHa-
Auzamop AU 480, Beckman Coulter (USA). Mukpoana-
6ymuHypuama 6 24-yacoBa guypesza e onpegeseHa C
umyHomypbugumempudeH memog Ha aBmomamudeH
KAUHUYHO-XuMmu4eH aHaauzamop AU 480, Beckman
Coulter (USA). KAUHUYHO-XUMUYHUME noKa3zameAu ca
u3BbpweHu Ha KAUHUYHO-XUMUYeH aHaAauzamop AU
480, Beckman Coulter (USA) no opuauHaAHu npozpa-
MU C KOHBEHUUOHAAHU aHaAUMUYHUME NPUHUUNU Ha
uznoa3zBaHume memogu.

AaHHume ca npegcmaBeHu ¢ memogu Ha ge-
ckpunmuBHama U UHbepeHmMHa  CcMamucmuKu.
[MopBoHauaaHo koauvecmBeHume npomeHAuBu ca
mecmBaHu 3a HOPMaAHOCM Ha CMamucCMuU4ecko-
mo paznpegereHue uype3 mecma Ha Lllanupo-Yuak.
Bcuuku ¢ HOpmaAHO paznpegeaeHue ca ONUCaHU CbC
cpegHa apummemuyHa £ cmaHgapmHO OMKAOHEeHUe
(SD). CpaBHeHuama mexxgy gBe epynu ca aHaAu3u-
paHu ¢ t-mecm 3a He3aBucumu uzBagku. [Npu aunca
Ha HOPMAAHO paznpegeAeHue gaHHUMe ca onucaHu ¢
meguaHa u uHmepkBapmuaeH pa3zmax (IQR). CpaBHe-
HuAMa Mexgy 2pynume ca uzBbpuweHu ¢ homowma
Ha HenapamempuuHume mecmoBe Ha Man-YumHu 3a
gBe HezaBucumu 2pynu. Cmamucmuyeckuam aHaAus3
Ha gaHHume e u3BbpweH ¢ nomowma Ha SPSS v.26
3a Windows (IBM Corp., 2019 2. ApmoHk, Hio Mopk:
IBM Corp). 3a Bcuuku mecmoBe p-cmouHocm <0,05
ce omyuma Kamo cmamucmuyecku 3Hayuma.

Pesyamamu

Pesyamamume om npoBegeHume aHmpono-
mempuyHu u3jcaegBarua ca npegcmabBeru 68 Tabauya
1. CpegHama Bb3pacm Ha u3caegBaHume mbike e
31,7246,05 2., kamo He ce ycmarHoBaBa cmamucmu-
yecku 3Hauyuma pasAuka mexkgy Auuama cbe 3Am1 u
KOHMpPOAUME NO OMHOWEHUE Ha MO3u Nokajamea
(p=0,944). CpegHuam VTM e 24,87+6,03 ke/m?, om-
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HoBo 6e3 cmamucmuuecku 3HaYUMa pazAuKka Mexgy
gBeme 2pynu muxe (p=0,537). Auuama cvc 3Am1
ca ¢ no-2oaama obukoAka Ha maausma (p<0,05) u no-
BuweHo omHoweHue T/X (p=0,000), HO C no-maka
obukoaka Ha xaHwa (p<0,05) (Taba. 1).

B Tabauya 2 ca noka3aHu pe3yamamume Ha u3Bop-
weHume buoxumuuHume u3caegBaHua Ha Bcuuku yuac-
mHuuu. OvakBaro, HuBama Ha HbA, . u kpbBHa 3axap
Ha 2AagHo ca no-Bucoku npu mbxkeme cbe 3AmT cnpa-
mo 3gpaBume koHmpoau (p=0,000, pecn.). CpegHama
npogbAkumeaHocm Ha 3Am1 e 10,47+5,59 2., cpegHa
OAA 55,77417,32E. TNpu Bcuyku yuacmHuuu ce ycma-
HoBuxa HopmaAHu HuBa Ha 06w, 6eambk u aABYMuH, 6e3
cmamucmuyecku 3HavumMa pa3auka Mexxgy mesu noka-
3ameau npu gBeme 2pynu (p=0,188, p=0,600, pecn.).
Mubxxeme cbc 3Am1 He ce npegcmaBam ¢ noBuweHa
ekckpeuua Ha aAbymuH B ypunama (Taba. 2).

Pesyamamume om u3BbpwieHume XOpMOHaAHU
u3caegBarua ca npegcmaBeru 68 Tabauya 3. Bcuuku
yydacmHuyu ca eymupeougHu, C gaHHU 32 HOPMONPO-
AakmuHemus. B epynama Ha 3Am1 HuBama Ha cepym-
HUA NPOAAKMUH Ca C MEHgEeHUUA KbM NO-HUCKU, HO He
ce gocmuea go Cu2HUfuUKamHa pazAuka cnpamo 3gpa-
Bume kKoHMpoAu - HUBOMO Ha 3HaYUMOCM € 2paHuY-
HO (p=0,058). N3katoueHa e nbpBuuHa HagbbLOpeu-
Ho-kopoBa HegocmamwbuHOCM upe3 pe3yamamume
3a pedpepeHmHU cMoUHOCMU Ha cympeweH Kopmu-

meHgeHuua Kbm No-HUcku HuBa Ha BioT cnpamo Ko-
mpoAHama 2pyna, 6e3 moBa ga gocmuea cmamuc-
muyecku 3Havuma paszauka (p=0,071). ABeme 2pynu
MbXKe He ce pazaudaBam cuzHugukaHMHO NO OMHO-
weHue HuBa Ha LH, FSH, LH/FSH (p=0,126, p=0,553,
p=0,284). AuncBam gaHHU 32 omKkAOoHeHua 6 HuBama
Ha ecmpozeHume, Kamo HAMA cmamucmuyecku pas-
AUKU Mexkgy gBeme 2pynu (p=0,900) (Taba. 3).

Obcbikgane

B Hacmoawemo npoyuBare auncBam gaHHU 3a
XUN020HAgOMpPONEH XUNO20HAgU3bM CPEg MbXKe CbC
3Am1 6 penpogykmuBHo akmuBHa Bb3pacm. HuBa-
ma Ha obuw, u uzyucaeH cBobogeH mecmocmepoHNpu
Mbxkeme cbc 3AmT He ce pazauuaBam cuzHucpukam-
HO om me3u npu 3gpaBume kKoHMpoau. Te3u pe3ya-
mamu nomBbp>kgaBam u npeguwHu u3caegBaHus.
Tomar u ceomp. cbobwaBam 3a HopmaaHu HuBa Ha
obw, T cpeg mbxke cbe 3AMT - B cpegama Ha pede-
peHmHua uimepBan, cpaBHumu ¢ me3u Ha obwama
nonyaauua muxke (16). B gpyao npoyuBane cpeg 121
3gpaBu moxke u 93 cbc 3AMT CbWO He ce omKpu-
Bam cueHugukaHmHu pazauku 8 HuBama Ha obw, T,
KaKmo U KOopeAauuu Ha aHgpoezeHa C epekmuAHama
gucpyHkuua (17). Van Dam u cbmp. uzcaregBam 52
mbXe cbe 3A mun 1 6e3 mukpoBackyaapHu ycaox-

Tabauya 1.

Ipynu 3Am1 Konmpoau P - value

AHMpPONOMEMPUYHU NO- Mokazamea (n=30) (n=41)
rajamentl nbt H3CAeE: Bw3pacm (2oguHu) 32;8 32,9 0,944"
BaHume 2pynu mbike median; IOR

UTM (k2/m2) 24,61+2,86 25,0642,02 0,537°

meanxSD

OO6ukoAka maaua (cm) 83,619,18 80,616,74 <0,05°

meanxSD

OO6ukoAKa xaHw (cm) 95,4+7,37 98,8+6,59 <0,05°

meanxSD

T/X
° - T-test; meanxSD 0,85+0,08 0,81£0,03 0,000°
'~ Mann-Withey U test

30A u ACTH. Mbxeme cbc 3Am1 ce okazBam cbe
cmamucmuyecku 3Hayumo no-Bucoku HuBa Ha SHBG
cnpamo koHmpoaume (p=0,000), koemo gaBa ompaxe-
Hue Ha FAI - 2pynama Ha 3Am1 e cbC cuzHUPUKAHMHO
NO-HUCKU CMOUHOCMU CNpAMO KOHMpOAHama 2pyna
(p=0,004). AuncBa cmamucmuyecku 3HaYuMa pa3auka
no omHoweHue HuBa Ha obw, cepymeH mecmocme-
poH u u3uucaeH cBobogeH mecmocmepoH (p=0,101,
p=0,465, pecn.). B epynama 3Am1 ce omuyuma

HeHus, cpaBraBalku 2u ¢ 53 cbomBemHu no Bb3pacm
U UHgeKc Ha meaecHa maca (MTM) 3gpaBu koHmpoau.
Pezyamamume nokazBam, ve nauueHmume cbC 3A
mun 1 umam cxogHu HuBa Ha mecmocmepoH uno-Bu-
coku SHBG, kakmo u meHgeHuua KbM NO-HUCHLK cBo-
6ogeH mecmocmepoH cnpamo 3gpaBume KOHMPOAU
(18). OueHaBalku XopmoHaAeH Ccmamyc, epekmuAHa
pyHKuuga, genpecua u kadecmBo Ha »kuBom, Hylmarova
u cemp. npoBexkgam npoyuBaHe cpeg 57 nauueHma
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Tabauya 2.

(N) 3Am1 Konmpoau P - value
buoxumuunu nokazamenau | Mokazamea (n=37) (n=41)
8 .
Ha giieme apynti Mok FBG (mmol/l) 7,9242,27 5,07£0,24 0,000°
meanSD
HbA, (%) 8,24%1,24 4,9620,23 0,000°
mean*SD
ALB (g/1) 43,4342,04 44,95+2,86 0,600°
meanxSD
TPROT (g/1) 68,72+4,08 69,96+3,85 0,188°
mean*SD
CREA (umol/l) 78,5,12 88;13,5 0,004'
median; IQR
° _ T-test; U-ALB (ug/min) 8,9;26,05 - -
'~ Mann-Withey U test median; IQR
(N) 3Am1 Konmpoau P - value Tabauya 3.
Mokazamen (n=37) (n=41) XopMoHaAHU NoKazameau
- - Ha u3caegBaHume 2pynu
Median; IQR Median; IQR MbKe
LH (1U/l) 4,28;2,02 4,61;1,44 0,126
FSH (mIU/ml) 4,77:2,89 4,87;2,15 0,553"
LH/FSH 0,83;0,36 0,91;0,28 0,284!
E2 (pg/ml) 29,64;13,48 30,80;12,40 0,900"
T (mg/ml)* 5,02+1,12 4,64+0,90 0,101°
SHBG (nmol/l) 38,8;17,40 28,60;10,15 0,000"
FAI 47,82;24,09 62,64;21,28 0,004'
cFT (ng/ml) 0,091;0,04 0,097+0,03 0,465
BioT (ng/ml)* 2,26%0,70 2,48+0,50 0,071
Prl (mU/I) 146,79;79,07 171,51;67,54 0,058’
TSH (mU/1) 1,79;0,87 1,82;1,18 0,688!
DHEA-S (ug/dl)* 269,05476,14 283,04472,75 0,328°
ACTH (pg/ml)* 28,95+9,30 28,44+9,57 0,854°
Cortisol 8h (nmol/I)* 438,04+107,45 406,64+105,05 0,279° Tt
° - T-test;

'~ Mann-Withey U test

cbe 3A mun T Ha Bb3pacm 18-50 2. cbe cpegHa npo-
gbakumeaHocm Ha 3aboaaBanemo 15 2. OmuoBo
HuBama Ha obwua mecmocmepoH He ce pa3Auva-
Bam cvwecmBeHo mexkgy guabemuuume u 3gpabu-
me koHmpoau (19). Om gpyea cmpaHa, uzcaegBad-
KU XOPMOHaAHUA NpOUA Ha 69 mbxe cbc 3AMT,
Grossmann u cbmp. cbobwabam 3a cuzHuuUKaHM-
HO NO-HUCBK MecmocmepoH. [To-Bucokuam NTM u
HagHOpMeHOMo mezao cpeg yyacmuuuyume 8 moBa

npoyuBare 6u mo2A0 ga gonpuHaca 3a me3u pe3yama-
mu (20). Aobpe uzBecmHa e Bpb3kama mexgy 3Am2
u MTM (21). Huckume HuBa Ha mecmocmepoHa npu
nauueHMu cbc 3AM2 u memaboAumeH CUHgpPOM ce
obacHaBam ¢ noBuwenama apomamazHa akmuBHocm
8 agunoyumumume u noBuweHume HuBa Ha ecmpa-
guoa, koumo nomuckam XXI' oc u cbomBemto Bo-
gam go HamanaBaHe HuBama Ha T (22). B Hawemo
npoyuBaHe mbxkeme cbc 3Am1 ca ¢ HOpMaAHO
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meAecHO mez2Ao u auncBam gaHHu 3a 3amabcmaBane,
Koemo moxke ga bbge cpeg ocHoBaHuama 3a pede-
peHmHume HuBa Ha obwua mecmocmepoH.

SHBG e ocHoBHuam mpaHcnopmeH NpPomeuH,
KoUmo ce cekpemupa om 4yepHua gpob u npu mbxxe
8 penpogykmuBHa Bb3pacm u cBbp3B6a okoro 60%
om obwua mecmocmepoH B8 kpbBoobpaweHuemo.
Mema aHaau3z Ha Hag 50 obcepBauuoHHu npoyuBa-
HUA U MaAko Hag 20 xuaagu mbyke, nomBbprkgaBa
Bpb3zkama mexxkgy Huckume HuBa Ha SHBG ¢ memabo-
AUMHUA CUHgPOM U 3AM2, KaKmo U ompuuameAHama
KopeAauua mMexgy uHcyauHoBama pezucmeHmHocm
u HuBama Ha 2ra06yauHa (23). ToBeuemo npoyuyBa-
HuUa cpeg mbXe cbCc 3Am1, obave, gemoHcmpupam
no-Bucoku HuBa Ha SHBG cnpamo 3gpaBume Ko-
mpoau (16,17,19,24). B Hawemo npoyuBaHe mb>keme
cbe 3Am1 ca cbe cueHugukaHmMHo no-Bucoku HuBa
Ha SHBG cnpamo 3gpaBume koHmpoau. V38ecmen
e uHxubumopHua epekm Ha uHcyauHa Bbpxy SHBG
(25). HamepeHa e cbwecmBena pazauka 6 HuBama-
Ha SHBG npu nauueHmu cbc cybkymaHHO npuAroxKe-
HUE Ha UHCYAUH u makuBa C uHMpanepumMoHeaAHO
uHcyauHoBo npuroxkeHue (26). MNMopagu XunouHCYAu-
Hemuama npu 3AmT nopmaaHama uHcyauHoBa KoH-
ueHmpauua e HamaAeHa, a NOGKOXXHO NPUAOXKEHUAM,
nponyckadku first pass edpekma Ha yepHua gpob e 6
HegocmambyHo koAudecmBo, 3a ga ynpaxkHaba cBosa
uHxubumoper epekm Bvpxy SHBG. ToBa Bogu go
noBuweHu HuBa B yupkysauuama Ha nocAegHua Npu
MbXKe cbe 3Am1 (19).

Te3zu pe3zyamamu 3a SHBG umam omHoweHue
u kbm FAl u cFT. CBobogHuam mecmocmepoH,
HecBbp3aHama ¢ npomeuHu pakuug, e Guoro2udHO
akmuBHama. Ta ocbwecmBaBa mbkaHHUME edhekmu
Ha aHgpoezeHume kamo ce cBbp36a cbe cneyuguyHu-
me agpeHu peuenmopu (5). AupekmHomo uzmepBaHe
€ MPYgHO NPUAOXKUMO, €MO 3awo ca pazpabomeHu
Mamemamuyecku MogeAu, ¢ nomowma Ha koumo c6o-
6ogHuAm mecmocmepoH ga 6bge uzvucAaeH. B Hawe-
mo npoyuBaHe FAl e cuezHUpUKAHMHO NO-HUCHK Npu
MbXeme cbc 3AmT cnpamo 3gpaBume KoHMpoAU,
NpU AUNCa HA CMamMuCMUYecKUu 3HaYuma pazauka no
omuoweHue HuBama Ha cFT. Te3u pe3yamamu ca no-
gobHu Ha gpyeu aBmopu. He e gokazaHa kopeaauus
Ha FAl c 2AukemuyHUA KOHMPOA, NPOGbAXKUMEAHOC-
mma Ha 3aboaaBaHemo uAu gaHHUMe 3a epekmuAHa
gucpyHkuua (19), Ho cbwecmByBa HezamuBHa Kope-
Aauua ¢ ITM (16). MonuxkeHu HuBa Ha FAl u cFT cb06-
waBam Hakou aBmopu (18-20), koemo 6 cbuemaHuec
noBuweHume HuBa Ha SHBG gemoHcmpupa meHge-
UuA KbM XUNO20Hagu3bm cpeg mbxxeme cbc 3Am1.

B mupceHe Ha obacHeHue 3a hyHKUUOHUpaHemMO
Ha XXI oc npu guabemuuu, Bacceti u comp. u3zcaeg-
Bam cekpeuuama Ha 2oHagomponuHume 6 omzoBop
Ha ek302eHHOo npuaokedH GnRH. MNpoBexkgam cbwo u
eAeKMPOHHA MUKPOCKONUA 32 MbpCeHe Ha aHOMaAuU
Ha HUBo cnepmamo3zougu. Pe3yamamume noka3zBam

noHuwxkeH omeoBop Ha LH u FSH kbm GnRH, 3Hauu-
MEeAHO NO-HUCbK MOMUAUMEmM Ha chepmamo3ougu-
me u no-Bucok NpoueHmM Ha He3pPEeAU U CKAOHHU KbM
anonmo3a makuBa, omkoAkomo npu 3gpabu KoHmpo-

u (27). B gpy2o npoyuBare Lopez u comp. u3caeg-
Bam maagu guabemuuu cbc 3AmT 6e3 cucmemHu
ycAoxkHeHua om 3aboaaBaHemo u ¢ kpamka gaBHocm
- 3,72. ABmopume gemoHCmpupam, ye navueHmu c
AOW 2AUKEMUYEH KOHMPOA UMam NO-HUCKA eHgO2eH-
Ha nyacoBa uecmoma Ha LH u noHuxxeH omezoBop Ha
LH kbm enu3oguyHo npuaazaHe Ha ek3o2eHeH GnRH
(28). 3akaloueHuemo e, ue Auncama Ha omzoBop npo-
uzmuya om HenocpegcmBeHume ecpekmu Ha guabe-
ma, a He M gbA20CPOUHUME YCAOXKHEHUA Ha 3ab0Aa-
BaHemo (kakBumo B cayuaa auncBam).

B Hacmoawemo npoyuBaHe HuBama Ha 20Hago-
MpOoNHUME XOPMOHU Npu MbXKe cbC 3Am1 He ce om-
AubaBam cvwecmBeHo om me3u Ha 3gpaBume KoH-
mpoau. Hakou aBmopu gokaagBam no-Bucoku HuBa
Ha LH cpeg mwvxeme cvc 3AmT npu cenocmaBumu
3a FSH cnpmo 3gpaBume koHmpoau, kamo pe3yama-
mume aBmopume o6acHaBam c no-Huckume HuBa Ha
FAl u cFT (nopagu HopmaAeH obw, cepymeH mecmoc-
mepoH), Kolmo cmumyaupa cekpeuuama Ha LH (19).

Mubikeme cbec 3AmT 8 Hawemo npoyuBaHe ce
npegcmaBam c 2oaama obukoAka Ha maauama u no-
BuweHo omHoweHue T/X cnpamo 3gpaBume KoH-
mpoau. ITM e eguH om Hal-yecmo u3noazBaHume
B exxgHeBHama KAUHUYHA NpaKmMuKa 3a CKPUHUH2 Ha
3amabecmaBaHemo, HO moU He e noka3amea 3a paz-
epaHuvaBaHe Ha MyckyaHa om macmHa mbkaH (29).
Om gpyeza cmpaHa omHoweHuemo T/X ce uznoa3Ba
3a HageXkgHa oueHKa Ha npepaznpegeaeHuemo Ha
MT 68 maromo u onpegeaare Ha Buga 3amabcmaBa-
He, Kamo CAYXKU U 3a HeuHBazuBHa oueHka Ha CC
puck (30). B cBemoBHama aumepamypa ce Hampyn-
Bam Bce noBeue gaHHu 3a noBuweHa yecmoma Ha
MC cpeg nauueHmume cbvc 3Am1 (32,33), kakmo u
3a Bpb3kama Ha NocaegHUA C MUKPO- U MakpoBacky-
AapHume ycaoxkHeHua (31). Bbnpeku Auncama Ha
guabemHa makpoaHauonamusg, Hepponamua u npo-
AupepamuBHa pemuHonamusa, mbXkeme cbC 3Am1
8 Hawemo npoyuBaHe ca ¢ noBuweHo omHoweHue
T/X. Bpb3ka Ha nokazameaa C 2AUKEMUYHUA KOHMPOA,
gaBHocmma Ha 3aboanBanemo, OAA ca obekm Ha
O6bgewu Hay4yHU pa3zpabomku.

B 3akar4eHue, mbXeme cbC 3Am1 umam Cb-
nocmaBumu HuBa Ha noaoBu XopmoHU cbc cbomBem-
HU no Bb3pacm u NTM kauHuuHO 3gpaBu mbxe 6
penpogykmuBHo akmuBHa Bb3pacm. C o2aeq u3acHa-
BaHe Ha namozeHe3ama Ha gemoHCmpupaHume pe-
3yamamu - no-8ucoku cmouHocmu Ha SHBG u no-Hu-
cbk FAIl npu 3Am1, e Heobxoguma no-3agbaboyeHa
OueHKa Ha NokazameAume Ha 2AUKEMUYHUA KOHMPOA,
gaBrocmma Ha 3a6oaaBanemo, go3ume Ha npuaaza-
HUME UHCYAUHU.

98

EHgokpuHonozus Tom XXVII Ne2/2022



Original article

Sex Hormones in Men with Type 1 Diabetes
Mellitus

llieva-Gerova, Maria l.", Koleva-Tyutyundzhieva, Daniela I.', Nyagolova, Presiana V.’,
Orbetzova, Maria M., Raycheva, Ralitsa D.2, Deneva, Tanya I.}

' Clinic of Endocrinology and Metabolic Diseases, ,Sv. Georgy” University General Hospital, Department
of Endocrinology, Medical Faculty, Medical University of Plovdiv

2 Department of Social Medicine and Public Health, Faculty of public health, Medical University of
Plovdiv

3 Central Clinical Laboratory, ,Sv. Georgy” University General Hospital, Faculty of Medicine, Medical
University of Plovdiv

Addpress for correspondence: Submitted: 02. 06. 2022
Dr. Maria llieva-Gerova, Accepted: 04. 06. 2022
Clinic of Endocrinology and Metabolic Diseases,

,Sv. Georgy” University General Hospital, Medical University of Plovdiv

15A ,Vasil Aprilov”, blvd Plovdiv - 4000,

e-mail: mimilieva@yahoo.com

Diabetes mellitus as a chronic metabolic disease is well known for its systemic effects as a result of affecting
the metabolism of carbohydrates, proteins and fats. The relationship between type 2 diabetes mellitus (DM2), insu-
lin resistance and metabolic syndrome, as well as related reproductive disorders in men, and changes in androgen
levels and the development of hypogonadism have been documented and studied in detail. Type 1 diabetes melli-
tus (DM1) with leading insulinopenia and hyperglycaemia has also been linked to the influence of the hypothalam-
ic-pituitary-gonadal axis (HPG axis) and fertility where hormonal parameters in men, and the exact mechanisms of
damage are the subject of widespread scientific debate.

The aim of the study was to compare serum androgen levels in men with DM1 and age- and BMI-matched
clinically healthy men of active reproductive age.

Materials and methods: The study included 71 individuals - 30 men with DM1 and 41 clinically healthy men
serving as a control group. A detailed medical history related to disease duration, insulin administered, total daily
insulin dose (TDI) was taken. Anthropometric measurements of weight, height, waist (W) and hip circumference
(H) were performed on all participants, body mass index (BMI) and W/H were calculated. Basal levels of luteinizing
hormone (LH), follicle-stimulating hormone (FSH), estradiol (E2), testosterone (T), sex hormone binding globulin
(SHBG), dehydroepiandrosterone sulfate (DHEA-S), thyroid stimulating hormone (TSH), serum prolactin (Prl), adre-
nocorticotropic hormone (ACTH), morning cortisol (corisol 8h) were studied. Free androgen index (FAI), calculated
free testosterone (cFT) and bioavailable testosterone (BioT) were calculated. Fasting blood glucose (FBG), glycated
hemoglobin (HbA, ) and microalbuminuria (U-ALB) were assessed. Biochemical studies had been expanded to
include levels of total protein (TPROT), albumin (ALB) and creatinine (CREA).).

Results: The mean age of the studied men was 31,72+ 6,05 years, and no statistically significant difference was
found in this indicator between the persons with DM1 and the controls (p = 0,944). The mean BMI was 24,87+
6,03 kg/m?, again without significant difference between the two study groups (p=0,537). Men with DM1 had been
found to have a larger waist circumference (p<0,05) and increased W/H ratio (p = 0,000), but a smaller hip circum-
ference (p<0,05). HbA, -and FBG levels were statistically significantly higher in men with DM1 compared to healthy
controls (p=0,000, respectively). All participants had normal levels of total protein and albumin in the absence of
statistically significant differences in these indicators between the two groups (p=0,188, p=0,600, respectively). The
participants in the present study had euthyroid function, normoprolactinaemia, normal morning cortisol and ACTH
levels. Men with DM1 had statistically significantly higher SHBG levels (p=0,000) and lower FAI levels compared to
controls (p=0,004).
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No statistically significant difference was found in terms of T and cFT levels (p=0,101, p=0,465, respectively). Lower
levels of BioT compared to the control group were noticeable in the DM1 group, but without reaching a statistically
significant difference (p=0,071). There were no significant differences in the levels of LH, FSH, LH / FSH and E2 in the
two groups of men (p=0,126, p=0,553, p=0,284, p=0,900, respectively).

Conclusion: Men with DM1 with mean disease duration of 10 years and no diabetic macroangiopathy and
diabetic nephropathy had no evidence of androgen deficiency and were comparable to healthy men in active re-

productive age respective of sex hormone levels.

Key words: type 1 diabetes mellitus, gonadotropins, prolactin, testosterone, SHBG, FAL.

Introduction

The link between impaired reproductive function
and diabetes dates back to the late 17th century, but
intensive study of the association between testoster-
one levels and metabolic disease began in the 1960s
(1). Reproductive function is vital for the individual and
depends on the subtle mechanisms of regulation and
interaction between the hypothalamus, pituitary gland
and gonads, united in the so-called HPG axis (2). The
hypothalamic decapeptide gonadotropin hormone-re-
leasing hormone (GnRH) acts on the pituitary gonado-
trophs and stimulates the pulsatile secretion of gonad-
otropins. The luteinizing (LH) and follicle-stimulating
hormone (FSH) activate somatic cells in the gonads to
synthesize steroid and peptide hormones, supporting
spermatogenesis. Pulsatile secretion of GnRH is ex-
tremely sensitive to metabolic factors, hormones and
peripheral signals, which are particularly important for
maintaining the relationship between homeostasis and
reproduction (3). Insulin and blood sugar are amongst
the latter, so pathological conditions associated with
acute or chronic hyper- or hypoinsulinemia, hyper- or
hypoglycaemia can easily disrupt the HPG axis (4).
Androgens, with testosterone being the main represen-
tative, are hormones involved in the differentiation of
external and internal genitalia in men. They also take
part in the maintenance and development of secondary
sex characteristics and the reproductive function. They
affect the metabolism of proteins, carbohydrates and
fats and determine behavior and cognitive abilities (5).

It is well known that men with type 2 diabetes
mellitus (DM2) have lower testosterone levels than the
general population, which is associated with reduced
insulin sensitivity and insulin resistance (IR). (6). Meta-
bolic syndrome (MS), increased visceral adipose tissue
deposition, and IR are independent risk factors for in-
creased cardiovascular (CV) risk and have their impact
not only on the quality of life but also on its span. (7).
The effect of DM1 on the male reproductive function
remains unclear - not entirely studied or understood.
Insulinopenia and hyperglycaemia, as leading patho-
physiological mechanisms in DM1, could have a poten-
tial effect on the gonadal function in men (8). Studies in
experimental animals with DM1 have shown impaired

spermatogenesis, increased incidence of teratozo-
ospermia, decreased weight of epididymides, sup-
pressed LH and FSH and testosterone levels, decreased
libido (9,10). It is known that hyperglycaemia and the
associated increased accumulation of glycation end
products are involved in the pathogenesis of vascular
complications in DM (11). Increased oxidative stress,
higher DNA fragmentation of sperm, suppressed HPG
axis, impaired spermatogenesis and erectile dysfunc-
tion are among the disorders discussed in DM1 (12,13).
Regarding androgen levels in men with DM1, the data
in the literature are contradictory, which motivated us
to conduct the present study.

The aim is to study androgen levels in men with
DM1 compared to clinically healthy men in active re-
productive age of similar age and BMI by performing a
comparative analysis of indicators.

Materials and methods

The present study was a transversal, observational,
case-control study in 31 men with DM1 and 41 meta-
bolically healthy controls. The study was conducted at
the Clinic of Endocrinology and Metabolic Diseases at
the ,Sv. Georgy” University General Hospital in Plovdiv
in the period January 2018 - December 2020. Volun-
tary participation of study participants was certified by
pre-signed informed consent in accordance with the
Declaration of Helsinki. The study was approved by the
Scientific Ethics committee of the Department of Sci-
ence and Research at the Medical University of Plovdiv.

Inclusion criteria for the study were: lack of proven
type 2 diabetes; history of heart, respiratory, renal or
hepatic failure, proliferative retinopathy, diabetic mac-
roangiopathy, diabetic nephropathy, acute decompen-
sation of metabolic disease at the time of treatment,
treatment of concomitant chronic pathology, which
could affect hormonal parameters.

The following anthropometric measurements were
performed on all participants: weight, height and body
mass index was calculated according to the standard
formula (14). Waist circumference was measured in the
middle of the distance between the lower edge of the
costal arch and the iliac crests, and the hip circumfer-
ence was measured at the level of the large trochanters.
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The measurements were performed in an upright po-
sition with adducted legs and arms with the help of a
sewing tape measure. Basal levels of luteinizing hor-
mone (LH), follicle-stimulating hormone (FSH), estradi-
ol (E2), testosterone (T), sex hormone binding globulin
(SHBG), dehydroepiandrosterone sulfate (DHEA-S),
thyroid stimulating hormone (TSH), serum prolactin
(Prl), adrenocorticotropic hormone (ACTH), morning
cortisol (corisol 8h) were studied. The free androgen
index (FAI), was calculated where the following formula
was used: Testosterone (nmol/l) x 100/SHBG (nmol/l).
Testosterone concentrations were recalculated from
ng/ml into nmol/l using the test kit manufacturer's rec-
ommended coefficient F = 3,47, ie. 1 ng/ml x 3,47 =
1 nmol/l. Calculated free testosterone (cFT) and bio-
available testosterone (bioT) were calculated according
to the Vermeulen formula (15). Glycemic control was
assessed by fasting blood sugar (FBG), glycated hemo-
globin (HbA, ) and microalbuminuria (U-ALB). Total
protein (TPROT) and albumin (ALB) and serum creat-
inine (CREA) were also studied.

Venous blood for laboratory tests was taken under
standard conditions - early in the morning, after a 12-
hour period of night fasting. All clinical and laboratory
tests were performed in the Central Clinical Laborato-
ry at the ,Sv. Georgy” University General Hospital in
Plovdiv. Systematic intra-laboratory control and exter-
nal quality assessment were performed for all studied
indicators through participation in national and inter-
national programs, for which the laboratory has the
relevant certificates. Serum concentrations of LH, FSH,
E2, T, SHBG, Prl, DHEA-S, cortisol 8h, ACTH, TSH were
tested by enzyme-linked immunosorbent assay with
chemiluminescent detection, done with the Access 2
Immunoassay System, Beckman Coulter, Inc., US ana-
lyzer. Glycated hemoglobin was tested by turbidimetric
immunoinhibitory method after hemolysis of erythro-
cytes in whole blood using the automatic clinical chem-
istry analyzer AU 480, Beckman Coulter (USA). Mi-
croalbuminuria in 24-hour diuresis was determined by
immunoturbidimetric method of the automatic clinical
chemistry analyzer AU 480, Beckman Coulter (USA).
The clinical and chemical indicators were performed on
a clinical chemistry analyzer AU 480, Beckman Coulter
(USA) according to original programs with convention-
al analytical principles of the used methods.

Data were presented by methods of descriptive
and inferential statistics. Initially, the quantitative vari-
ables were tested for normality of the statistical distri-
bution by the Shapiro-Wilk test. All with normal distri-
bution were described with arithmetic mean + standard
deviation (SD). Comparisons between two groups were
analyzed by t-test for independent samples. In the ab-
sence of a normal distribution, data were described with
median and interquartile range (IQR). Comparisons be-
tween groups were performed usingthe non-parametric
Mann-Whitney tests for two independent groups.

Statistical analysis of the data was performed using
SPSS v.26 for Windows (IBM Corp., 2019 Armonk,
New York: IBM Corp). A p-value of <0,05 was consid-
ered statistically significant for all tests.

Results

The results of the conducted anthropometric stud-
ies are presented in Table 1. The mean age of the men
studied was 31,72 £ 6,05 years of age, with no statis-
tically significant difference between the DM1 group
and controls (p=0,944). The mean BMI was 24,87 *
6,03 kg / m?, again without a statistically significant dif-
ference between the two groups of men (p = 0,537).
Individuals with DM1 had a larger waist circumference
(p <0,05) and increased W/H ratio (p = 0,000), but with
a smaller hip circumference (p<0,05). Table 2 shows the
results of the performed biochemical studies of all par-
ticipants. As expected, fasting HbA, _ and fasting blood
sugar levels were higher in men with DM1 compared
to healthy controls (p = 0,000, respectively). The mean
duration of DM1 was 10,47 £ 5,59, mean TDI 55,77
+17,32E. Normal levels of total protein and albumin
were found in all, with no statistically significant differ-
ence in these indicators between the two groups (p =
0,188, p = 0,600, respectively). Men with DM1 did not
present increased urinary albumin excretion.

The results of the performed hormone tests are pre-
sented in Table 3. All participants were euthyroid, with
evidence of normoprolactinemia. In the DM1 group,
serum prolactin levels were lower in the absence of a
significant difference from healthy controls. (p=0,058).
Primary adrenocortical insufficiency was ruled out by
results for morning cortisol and ACTH reference val-
ues. Men with DM1 had statistically significantly high-
er levels of SHBG than controls (p=0,000). Regarding
FAI - the group of DM1 had significantly lower values
compared to the control group (p = 0,004). There is no
statistically significant difference between total serum
testosterone levels and calculated free testosterone (p
= 0,101, p = 0,465, respectively). In the DM1 group,
lower levels of BioT were reported compared to the
control group, without reaching a statistically significant
difference (p = 0,071). The two groups of men did not
differ significantly in terms of LH, FSH, LH / FSH levels
(p=0,126, p= 0,553, p = 0,284). There are no data on
deviations in estrogen levels, in the absence of statisti-
cal significance between the two groups (p = 0,900).

Discussion

The present study did not yield evidence of hypo-
gonadotropic hypogonadism in men with DM1 in ac-
tive reproductive age. Total testosterone levels among
men with DM1 did not differ significantly from those in
healthy controls. These results are confirmed by previ-
ous studies. Tomar et al. reported normal levels of total
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T among men with DM1 - in the middle of the refer-
ence interval, comparable to those of the general male
population (16). Another study of 121 healthy men and
93 with DM1 also found no significant differences in
total T levels or correlations of androgen and erectile
dysfunction. (17). Van Dam et al. studied 52 men with
type 1 diabetes without microvascular complications,
comparing them with 53 healthy controls of identical
age and body mass index (BMI). The results show that
patients with type 1 diabetes have similar testosterone
levels and higher SHBG, as well as a tendency to have
lower free testosterone compared to healthy controls.
(18). Assessing hormonal status, erectile function, de-
pression and quality of life, Hylmarova et al. conducted
a study among 57 patients with type 1 diabetes aged
18-50 years with an average disease duration of 15
years. Again, total testosterone levels did not differ sig-
nificantly between diabetics and healthy controls (19).
On the other hand, studying the hormonal profile of 69
men with DM1 Grossmann et al. reported significantly
lower testosterone. Higher BMI and overweight among
participants in this study could contribute to these re-
sults (20). The relationship between DM2 and BMI is
well known (21). Low testosterone levels in patients
with DM2 and metabolic syndrome are explained by
increased aromatase activity in adipocytes and elevat-
ed estradiol levels, which suppress the HPG axis and
lead to low T levels. (22). In our study, men with DM1

DM2, as well as the negative correlation between insu-
lin resistance and globulin levels. (23). However, most
studies in men with DM1 have shown higher levels of
SHBG compared to healthy controls (16,17,19,24). In
our study, men with DM1 had significantly higher levels
of SHBG compared to healthy controls. The inhibitory
effect of insulin on SHBG is known (25). A significant dif-
ference has been found in SHBG levels in patients with
subcutaneous insulin administration and those with intra-
peritoneal insulin administration (26). Due to hypoinsu-
linemia in DM1, portal insulin concentration is reduced
and subcutaneously administered insulin, avoiding the
first pass effect of the liver, is insufficient to exert its in-
hibitory effect on SHBG. This leads to increased levels in
the circulation of the latter in men with DM1.

These SHBG results are also related to FAI and
cFT. Free testosterone, the non-protein fraction, is bi-
ologically active, exerts the tissue effects of androgens
by binding to specific nuclear receptors (5). Direct mea-
surement is difficult to apply, so mathematical models
have been developed to calculate free testosterone.

In our study, FAI was significantly lower in men with
DMT1 compared to healthy controls, with no statistical-
ly significant difference in cFT levels. These results are
similar to what other authors had concluded. FAI has
not been shown to correlate with glycemic control, dis-
ease duration, or erectile dysfunction. (19), but there
is a negative correlation with BMI (16). Decreased FAI

Table 1.

Groups DM1 Controls P - value
Anthropometric parame- Parameter (n=30) (n=41)
ters in the studied groups - 3
of men. Age (years) median; IQR 32;8 32,9 0,944
BMI (kg/m>) mean+SD 24,61+2,86 25,06+2,02 0,537°
Waist circumference (cm) 83,619,18 80,616,74 <0,05°
meanxSD
Hip circumference (cm) 95,4+7,37 98,816,59 <0,05°
meanxSD
° - T-test; W/H meantSD 0,85+0,08 0,81+0,03 0,000°
'- Mann-Withey U test

were of normal body weight and lacked evidence of
obesity, which may be among the reasons for reference
testosterone levels.

SHBG is the major transporter protein secreted by
the liver and in men of reproductive age binds about
60% of total testosterone in the bloodstream. A me-
ta-analysis of more than 50 observational studies and
just over 20,000 men confirmed the association be-
tween low SHBG levels with metabolic syndrome and
and CFT levels have been reported by some authors
(18,19,20), which in combination with elevated SHBG
levels demonstrates a tendency for hypogonadism
among men with DMT.

In search of an explanation for the functioning of
the HPG axis in diabetics, Bacceti et al. investigated the
secretion of gonadotropins in response to exogenously
administered GnRH. They also performed electron mi-
croscopy to look for abnormalities at the sperm level.
The results showed a lower response of LH and FSH
to GnRH, significantly lower sperm motility and a high-
er percentage of immature and apoptosis-prone ones
than in healthy controls. (27). In another study, Lopez
et al. studied young diabetics with DM1 without sys-
temic complications of the disease and with a short dis-
ease duration of 3,7 years. The authors demonstrated
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Table 2. Groups DM1 Controls P - value
Biochemical parameters Parameter (n=30) (n=41)
of both groups of men.
FBG (mmol/l) meanzSD 7,92+2,27 5,07+0,24 0,000°
HbA, (%) mean=SD 8,24+1,24 4,96%0,23 0,000°
ALB (g/lI) meanzSD 43,43+2,04 44,95%2,86 0,600°
TPROT (g/1) mean+SD 68,72+4,08 69,96+3,85 0,188°
CREA (pmol/l) median; IQR 78,5;12 88;13,5 0,004'
° _ T-test; U-ALB (ug/min) median; IQR 8,9;26,05 - -
'~ Mann-Withey U test
(N) DM1 Controls P - value Table 3.
Parameter (n=37) (n=41) Hormonal parameters
in the studied groups of
Median; IQR Median; IQR men.
LH (1U/1) 4,28;2,02 4,61;1,44 0,126'
FSH (mIU/ml) 4,77:2,89 4,87;2,15 0,553"
LH/FSH 0,83;0,36 0,91;0,28 0,284
E2 (pg/ml) 29,64;13,48 30,80;12,40 0,900"
T (mg/ml)* 5,02+1,12 4,64%0,90 0,101°
SHBG (nmol/l) 38,8;17,40 28,60;10,15 0,000"
FAI 47,82;24,09 62,64;21,28 0,004'
cFT (ng/ml) 0,091;0,04 0,097+0,03 0,465
BioT (ng/ml)* 2,26%0,70 2,48+0,50 0,071
Prl (mU/I) 146,79;79,07 171,51;67,54 0,058’
TSH (mU/1) 1,79;0,87 1,82;1,18 0,688"
DHEA-S (ug/dI)* 269,0576,14 283,04£72,75 0,328°
ACTH (pg/ml)* 28,95+9,30 28,44%9,57 0,854°
Cortisol 8h (nmol/l)* | 438,04£107,45 406,64+105,05 | 0,279° ° _ Ttest;

that patients with poor glycemic control had a lower
endogenous pulse rate of LH and a reduced response
of LH to episodic administration of exogenous GnRH
(28). The conclusion is that the lack of response stems
from the immediate effects of diabetes and not from
the long-term complications of the disease (since such
are not present in the case).

In the present study, gonadotropin levels in men
with DM1 did not differ significantly from those in
healthy controls. Some authors report higher LH levels
among men with DM1 compared to FSH compared to
healthy controls, with the authors explaining the results
with lower levels of FAl and cFT (due to normal total se-
rum testosterone), which stimulates LH secretion. (19).

Men with DMT1 in our study presented with a large
waist circumference and an increased W/H ratio com-

'- Mann-Withey U test

pared to healthy controls. BMI is one of the most com-
monly used in daily clinical practice for obesity screen-
ing, but it is not an indicator for distinguishing muscle
from adipose tissue (29). On the other hand, the W /
H ratio is used to reliably assess the redistribution of
adipose tissue in the body and determine the type of
obesity, and also serves as a non-invasive assessment of
cardiovascular risk (30). The world literature is accumu-
lating more and more data on the increased incidence of
MS among patients with DMT1 (32,33), as well as the rela-
tionship of the latter with micro- and macrovascularcompli-
cations. (31). Despite the lack of diabetic macroangiopathy,
nephropathy and proliferative retinopathy, men with DM1
in our study had an increased W/H ratio. The relationship
of the indicator with glycemic con trol, the duration of the
disease and TDI is the subject of future research.
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In conclusion, men with DM1 had levels of sex hormones and BMI comparable to matched clinically healthy
men of active reproductive age. In order to clarify the pathogenesis of the demonstrated results - higher SHBG
values and lower FAl in DM1, a more in-depth assessment is needed considering glycemic control, disease duration

and insulin doses.
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paHaBa ce u ce uznpawa. Taka Hal-AecHO uHpopmauuama ce BvuBeskga 6 6azama-gaHHu Ha BAE.
0) Bmopuam gokymeHm e nucmo-yBepeHue om HauyarHuka Ha KauHukama/OmgeaeHuemo,
Kbgemo cneuuaAu3jupam, uau om YnpaBumeaa Ha aAedue6HomMo 3aBegeHue. Taka ce ygocmo-

BepaBa agmuHucmpamuBHo HauaAOMoO Ha cneyuaAu3auuama No eHgOKPUHOAO2UA.
6) Caeg nom6BuvpgeHa pegobHa pecucmpauusn
ce npaBu 6aHkoB npeBog Ha ureHcku BHoc om 25,00 AB. 3a cbomBemHama KaaeHgapHa
20guHa no nocoyeHama baHkoBa cmemka.

bbazapcko Apykecm6o no EHgokpuHorozus (BAE)



Kasyc

BOAecm HA UOI"I HIPPEI-EInaOU: RCIE'bB EI\UHU‘-IEH

¢eHOmun onpegead xomcnom mymayugama
c. 500G>A (p.Arg167GIn)?

Togopo6Ba, Kama H.', Ko6aueB6a, Kama Cm.2, buaue6a, Cmenaa B.', Toue6, Hauko
.3, 3axapueBa, CabuHna 3.4, EAenko6a, Amanacka I1.*

T KauHuka no Engokpuroaozus, YMBAA ,A-p . Cmpancku”, MeguuyuHcku YHuBepcumem, MNMaeBex
2Kamegpa no MeguuuHcka 2eHemuka, MeguuuHcku YHuBepcumem, NaeBeH

3 OmgeaeHue no Ob6pazHa guazHocmuka, YMBAA ,CB. Mapuna“, MeguuuHcku yHuBepcumem, NaeBer
4KauHuka no Xunomaaamo-xunogpu3apHu, HagbbbpeuHu u 2oHagHu 3aboaaBaHus,

YCBAAE ,Akag. MBaH MeHueB”, Meguuurcku yHuBepcumem, Cocpun

MNMocmwnBare: 25. 05. 2022

Agpec 3a kopecnoHgeHUUA:
gpec 3 g geny lpuemane: 06. 06. 2022

Aou,. Kama TogopoBa, g.m.,

Bmopa KauHuuHa 6a3a, KauHuka no EHgokpuHoAo2ua
6yA. BAagumup BazoB Ne 91

INreBen 5800, bvazapusa

e-mail: todorova_kate@abv.bg

Pe3siome

BwvBegenue: borecmma (uau cuHgpombm) Ha von Hippel - Lindau (VHL) npegcmaBaaBa pagko 2eHe-
muuHo 3a60Aa8aHe, gbAaKawo ce Ha mymauusa 8 egHOUMEHHUA MYMOP-CYNpPeCcopeH 2eH, paznoAoxeH Bvpxy
KbCOMO pamo Ha xpomo3zoma 3 (3p25-26). ABmo3zomHo-goMuHaHMHUAM mun Ha yHacaegaBaHe onpegean
50% puck 3a NOKOAEHUEMO Ha HocumeAume Ha 2epmuHamuBHa mymauua. KAuHUYHamMa KapmuHa moxe ga
BkalouBa pazauuHu Heonaazmu, Had-yecmume om KOUmMo ca: heoXpoMoOUuUMOM, XemaHauobracmom, 6b606-
peueH KapuuHom, HeBpoeHgOKPUHHU naHKpeacHU mymopu u gp. [poBexxgaHemo Ha 2eHemuYHa KOHCYA-
mauun u HaBpemeHHa guazHocmuka gaBam Bb3MoKHOCM 3a paHHa u kadecmBeHa 2pudka 3a hauueHmume
C MO3U HeonAaCmMuyeH CUHGPOM.

Lleama Ha Hacmosawama nybaukauua e ga ce npegcmabBu egHa pamuaua cbC cuHgpoma Ha von Hippel
- Lindau (VHL) u 0630p no npobaema ¢ ¢pokyc Bbpxy npeguzBukameacmBama, cBbp3aHu ¢ KAUHUYHAMa gua-
2HOCMuUKa (Kpumepuu, KAUHUKO-XOPMOHAAHa Xxapakmepucmuka), 2eHemuuHu mecmoBe u KoHcyamupate.

Mamepuaau u memogu: NpegcmaBame mpu nocaegoBameaHu NOKOAeHUS Om 3acezHama pamuaus,
nocmeneHHama u3aBa Ha pazAudHU KOMOUHAUUU OM KAAcudeckume KAUHUYHU Xapakmepucmuku Ha moBa
HacregcmBeHo 3aboaaBaHe u HAKOU 2eHemuyHU ocobeHocmu. AaHHUMeE ca noAyveHu Yype3 npoyuBaHe Ha
HaAUYHamMa MeguuuHCcKa gokymeHmauua Ha cemelicmBomo, gbazo2oguwHo HabAlogeHue u npocaegaBaHe.

Pezyamamu: TopBoHayaaHo nocmaBeHama cnopeg KAUHUYMHUME Kpumepuu guazHo3a e gokas3aHa
npe3 2007 2. upe3 2eHemuYeH aHaAu3 Ha mpume 2eHepauuu (6aba, madka u BHyk), kamo npu 6abama u
malkama e omkpuma mymauusa 8 ek3oH 3 Ha VHL-2eHna - ¢. 500G>A (p.Arg167GIn).

3akayenue: 13pazeHume 2eHomun-peHOMUNHU Kopeaauuu u cbBpemeHHume ob6pa3zHu memogu 3a
guazHOCMUKa, 3aegHO C 2eHEMUYHOMO KOHCYAmupaHe u HaBpemeHHomo mecmBaxe, no3BoaaBam paHHO
guazHocmuuupaHe u cBoeBpemeHHo AedyeHue Ha mymopume, Bauzawu B cbcmaBa Ha ouakBaHua eHo-
mun, npu omkpumume pogcmBeHuyu cbe cuHgpoma Ha VHL.

KaroyoBu gymu: cungpom Ha von Hippel-Lindau, (peoxpomouumom, xemanzuobracmonm,
2eHemuYeH aHaAu3.
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BbBegeHue

borecmma Ha von Hippel-Lindau (VHL) e pagko
2eHemuuHo aBmo3zomHo-gomuHaHmHo 3aboaaBane,
Xapakmepu3upawo ce ¢ Bucoka neHempaHmHocm u
BapuabuaHa ekcnpecuBrocm. INpegcmabaaBa popma
Ha goOMUHaHMHO yHacAegaBaw, ce pamureH HeonAaac-
MuueH CUHgPOM, C Npegpa3znoAoxKeHue 3a pazBumue
Ha pa3auuHu 3a0kadecmBeHu u gobpokavecmBeru
mymopu. MpuuuraBa ce om mymauua 6v6 VHL my-
mop cynpecopeH 2eH (1), paznoaoxen B8 kbcomo
pamo Ha 3. xpomo3oma (3p25-26), kogupaw, npomeuH
(VHL npomeut).

HopmaaHuam 6eambueH npogykm Ha VHL 2eHa
uma gBe ocHoBHU u3zogopmu u yyacmBa 6 pezayaa-
yuama Ha 2eHHama MpaHCcKpUNUUA, NOCM-MpPaHCKPU-
NUUOHHamMa 2eHHa ekcnpecua u B npouecume Ha
KAembyHa anonmo3a u youkBumunupaxe. Tol e om-
20B80peH 3a HOPMAAHOMO (PYHKUUOHUPAHE Ha M.Hap.
,KUCAOPOgEH CeH30p” Ha KAaemkama, pe2yaupaulku
eguH cneuuduyeH MPaHCKPUNUUOHEH (hakmop, Xu-
nokcua-uHgyuupyem pakmop-1 aacpa (HIF-Ta), kolmo
e omeaoBopeH 3a kAembyHua om2060p KbM XUNOKCUA.
B ycroBuama Ha kaembuHa Hopmokcua VHL npome-
uHbm ce cBobp3Ba c gpyau pakmopu (Rbx1, cullin-2,
elongin B, elongin C), ob6pa3zyBaliku 6 yumozora m.
Hap. E3-AaucazeH komnaekc (uau VHL-komnaekc). Mpu
Hopmokcua npoauHoBume ocmambuu Ha C- u N-mep-
MUHaAHUMe yuacmbuu Ha HIFTa ca xugpokcuaupaHu
nog geticmBuemo Ha cneyugUUYHU NPOAUA-XUJPOKCU-
Aa3u, koemo 2u npaBu ,pazno3zHaBaemu”’ om VHL-npo-
meuHa - mou 2u cBbp3Ba u ,nogaBa” 3a nocregBawa
noAauybukBumuHauua u geepagauua (2). AKo Hacmb-
Nu XUNOKCUA, NPOAUA-XUgPOKCUAa3ume ce uHakmuBu-
pam, HIF1a He ce pagno3HaBa om VHL npomeuHa, He
ce pa3epaxda, a ce cBvp3Ba ¢ xunokcus-uHgyuupyem
cpakmop-1 6ema (HIF-1p) B8 xemepogumep. INocaeg-
Huam ce mpaHcaouupa 8 kKAembYHOMO Agpo, U3NBA-
HaBalKku pyHKUUAMa Ha MPAHCKPUNUUOHEH hakmop
3a peguua Map2emHu 2eHU, Kogupauwu NPoOmMeuHu ¢
KatouoBa poaa B aHeuozeHe3zama, epumponoe3ama,
2AOKO3HUA memaboAu3bm U mpaHcnopm. Ha uzcae-
goBameAume, omKpUAU MO3U MexaHu3bm, bewe npu-
cbgeHa HobearoBama Hazpaga 3a meguuuHa u ou3uo-
Aoz2ua npe3 2019 2. (3).

To3u cueHapull ce pa3uepaBa u npu Haaudue
Ha mymauua 666 VHL-2zeHa (4). AbepanmHuam VHL
npomeuH HapywaBa popmupaHemo Ha E3-aueazHus
KOMNAEKC U KAemKama noAydaBa noezpeweH cuzHaa
3a xunokcua (nceBgoxunokcus), HIF-la He ce pas-
no3zHaBa om VHL npomeuHa u He ce pa3epaxkga (5).
Hampynanuam HIF-1a/HIF-1p xemepogumep cmumy-
AUpa NPOgYKUUAMA Ha HAKOU UUMOKUHU U pacmeskHu
hakmopu - cbgoB eHgomeaeH pacmexkeH pakmop
(VEGF), npousxoxgaw, om mpombouumume pacme-
eH pakmop 6ema (PDGFf), mparcgopmupauw, pac-
mexeH dakmop aaga (TGFa) u cybcmaryuu,

Hanogob6aBawu epumponoemuHa (Que.1) (6,7).

CueraaHuam nvm VHL/HIF uma u3kalouumeaHo
BaxkHa poaa B peayrauuama Ha KucAaopogHama Xo-
meocmaza u BbmpekrembyHua memaboAuzbm. Au-
cpeayrauua B mo3u Nbm Ha cu2HaAHa mpaHcgykuua
nopagu 2epmuHamuBHu, comamuuyHu mymauuu UuAu
enuzeHemuyHU Mogudpukauuu e omkatouBaw, ak-
mop 3a mymopozeHe3zama npu 6oaecmma Ha VHL.
AbHopmHo akmuBupanume HIF-1 u HIF-2 ¢akmo-
pu penpozpamupam memaboau3ma Ha MymopHume
KAEMKU om aHaepobHa B aepobHa 2AuKoAu3a.

Cyuma ce, ue uHakmuBupaHemo u Ha gBama ane-
AQ Ha MYMOP-CYNpecopHUA 2eH cmapmupa Mymopo-
2eHezama (Knudson’s two-hit hypothesis). INopBuam
anen obukHoBeHo ce uHakmuBupa upe3 2epmuHamuB-
Ha mymauua (Had-yecmo e yHacaegeHa u e ocHoBa 3a
pamurHume popmu Ha 3aboaaBaHemo), a Bmopuam
aAeA - Upe3 gonbAHUMEAHA COMamuyHa mymauun Ha
no-kbceH eman (8). MnakmuBuparemo Ha VHL 2eHa
uMa HAKOAKO nocaegcmBus, om koumo Had-8axkHu
ca 3azybama Ha mymop-cynpecopHa cnocobHocm
Ha npomeHeHua uAau AuncBaw, VHL npomeuH, He-
nomucHamama up-peayrauusa Ha HIF u noBuwenama
Npogykuua Ha pacmexkHume ¢akmopu. Bcuuku me
CmMuMyAUpam MymopHUA pacmed, XapakmepeH 3a
6orecmma Ha VHL (9).

Tymopu B cbcmaBa Ha borecmma Ha von
Hippel-Lindau

(Meoxpomoyumomume ca KamexoAamuH-cekpe-
mupawu mymopu, ycmanoBaBawu ce npu 6orecmma
Ha VHL c yvecmoma mexgy 10-20%. XapakmepHo 3a
max e, ye me ca pamuAHu, no-yecmo gBycmparHu,
6eHuzHeHu u ce noaBaBam B parHa Bb3pacm.

XemaHzauobracmomume (Xb) ca Hal-munudHuam
3a 6orecmma Bug mymopu. No-yecmo me ca gobpo-
kauecmBeHu, uzepageHu om HoBoobpa3zyBaHu KpbBo-
HocHU cbgoBe u Bb3HUKBam B ueHmpaaHama HepBHa
cucmema (LJHC), Had-uecmo ¢ aokaauzayus 6 maakua
MO3bK U B 2pbbHauHuUmMe KopeHuyema, kakmo u 6 pe-
muHama. Bb3HukBam 6 no-maaga Bvb3pacm (mexgy
12 u 20 2oguHu) u umam 6bp3 pacmex. [Npegnoaaza
ce, Ue KAEMKUMeE, OM KOUMO Npou3xoykgam, ca 3a-
gbpykaHu 6 pazBumuemo cu xemaHauobaacmHu npe-
KypCcopHU kaemku. B xoga Ha pazBumuemo Ha Xb, 6
no-HanpegHaAume cmaguu, mymopHume KAemku mo-
2am ga obpazyBam kpwbBHU ocmpoBu u ekcmpameqgy-
AapHa xemamonoesa (10).

Kucmume ca caegBawume no yecmoma nposaBu
Ha VHL. Te ce aokaauzupam 8 6b6peuume, naHkpea-
Ca U 2eHUMAAHUA Mpakm.

bwvbpeyHokremwvyeH kapuuHom (BKK) u naHkpe-
acHu HeBpoeHgokpuHHu mymopu (HET) cbwo ca xa-
pakmepHu 3a VHL.

CneuuduyHama KAUHUYHA KAacugpukauua pa3ge-
AA AUUama, cmpagawu om 6oaecmma VHL, Ha gBe
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buoaozuuHo gelicmBue Ha npomeuHa Ha VHL
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TpaHckpunuug Ha 2eHu 3a
VEGF, PDGF, EpumponoemuH,
TGFa, GLUT-1 u gp.

2pynu: nauueHmMuUMe, Npu KOUMO Hama (PEOXPOMOUU-
mom, ce Kaacucpuuupam kamo VHL mun 1 ¢peHomun, a
me3u, KOumo ca € PEOXPOMOUUMOM, Ce Kaacugpuuupam
kamo VHL mun 2 ¢peHomun. Tun 2 ¢peHomun Ha VHL ce
nogpa3geaa Ha cybmunoBe 2A u 2B - cnopeg pucka 3a
pazBumue Ha 6bbpeueH kapuuHom. Tun 2A He ce acouuu-
pa ¢ 6bbpeveH kapuuHom, a BrkaouBa dpeoxpomouumom
u Xb Ha LIHC, gokamo mun 2B obeguHaBa nauueHmu c
gpeoxpomouumon, bKK, Xb u/uau gpye mymop Ha LIHC.
XapakmepHo 3a mun 2A u mun 2B e cbuemaHuemo Ha
gpeoxpomouumom u Xb Ha LIHC u pemunama (11). Mpu
mun 2C 3acezHamume nauueHmu pazBuBam eguHcmBe-
HO U30AUPaHU (HEOXPOMOUUMOMU.

KAUHUYHama kapmuHa Ha cuHgpoma ce npeg-
cmaBa ¢ egHoBpemeHHOMO Haauudue Ha noHe gBe
guazHOCMuUUpaHu HeonAazmu - Xb Ha pemuHama
uau Ha LIHC, deoxpomouumom, 6b0peuHu kucmu/
KapUUHOM, NaHKpeacHU Kucmu/KucmageHomu UAU
HET, no-pagko mymopu Ha eHgoAumamuyHuAa cak
UAU enugugumuca npu mbXkeme/ wupokama mamou-
Ha Bpb3ka npu >keHume, Kakmo U Ha gpyau mecma 6
2eHUMaAHua mpakm (12).

AuazrHozama VHL moxe ga ce nocmaBu no kau-
HUYHU Kpumepuu, HO ce nomBbpkgaBa cbc cuayp-
HOCM CaMO CAeg MOAEKYAHO-2eHEMUYHO u3caegBaHe.

3a guaeHocmuuupaHe Ha VHL no KAUHUYHU Kpu-
mepuu e HY>XXHO nauueHmMbm ga nonagHe 6 egHa om
uzbpoeHume mpu 2pynu:

1) nauueHm ¢ pamuaHa aHamHe3a 3a VHL u Ha-

AUYUE Ha NOHe eguH OM MmunuyYHUMe 3a CUHgpoMma
mymopu (Xb Ha pemuHama uau Ha LIHC, cBemaokae-
mbueH 0bOpeuveH KapuuHom, naHkpeamuuyeH HET,
MUMOpPU Ha EHgOAUMGPAMUYHUA CaK);

2) gBa uau noBeue Xb 8 pemunama uau LIHC;

3) equd Xb 8 pemunama uau 68 LIHC, 68 cvue-
maHue C NoHe eguH oM Mmunu4yHume 3a CUHgPOMa
BucueparHu mymopu (C u3kAloYeHue Ha GbOpeuHu
KuCcmu u Kucmu Ha enuguguma!l) (13). MoaekyaHo-2e-
HemuuHomo u3zcaegBate e 3agbakumeaHo npu Beeku
nauueHm c¢ HoBoguazHocmuuupard Xb Ha LIHC, npu
HoBoguazHocmuuupaHo 3aboaaBaHe C xapakmepHu
3a 6orecmma Ha VHL npoaBu, 3acazawu oyume uAu
BucueparHume opzaHu, UAU NPU NOAOXKUMeEAHa ¢pa-
MUAHa aHamHe3a 3a VHL-acouuupaHu mymopu (14).

feHemuuHuam aHaau3 nomBubprkgaba guazHo3a-
ma npu goka3zBaHe Ha xemepo3u2omeH hamoAo2u-
yeH BapuaHm 666 VHL 2eHa. Hald-uecmo cpewaHume
Mymauuu npu mo3u (pamuAeH CUHgPOM ca missense
3ameHume (52%), caegBanu om frameshift mymauu-
ume (13%), nonsense 3ameHume (11%), no-pegku ca
geAaeuyuume Ha ueaus 2eH (10%), splice site mymauuu-
me (7%) u in-frame geaeyquu/uncepyuume (6%) (15).

PagAauuHume 2eHemuyHU Mymauuu onpegeaam
Pa3AUYHU KAUHUYHO-(peHOMUNHU KopeAauuu. [eHOMHU-
me geAeyuu ca xapakmepHu 3a gpeHomun 1, npu ko-
mo He ce pa3BuBa peoxpomouumom, missense myma-
uuume ca Hall-uecmo cpewaHu npu peHomun 2, npu
koumo BuHazu Bb3HUKBa heoxpomouumom (16).
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KAuHU4YHU cAyyau

Hacmoawomo u3aoxeHue npegcmaBa pempoc-
nekmuBHO hamuAaua CbC 3ace2Hamu Om CUHgpoma
Ha VHL pogcmBeruuu (maiika, gbuwepa u BHyk) om
mpu nokoAeHus, kamo cpaBHaBa ycmaHoBeHume
2eHOMUN-PEeHOMUNHU KOopeAauuu C HayyHama uH-
hopmauun, nybaukyBaHa no memama. VM3zomBeHo e
pogocroBHo gbpBo, BrarouBawo u gpyau cycnekms-
HU 3a 6oaecmma Ha VHL uaenoBe Ha cemedcmBomo.
AaHHUMe ca noAyveHu upe3 npoyuBaHe Ha HaAuuHa-
ma meguuuHcKa gokymeHmauua Ha cemelicmBomo
(caeg noayuaBaHemo Ha UH(POPMUPAHO Cba2Aacue om
NBAHOAEMEH UYAEH) U gbA2020gUWHO HabAlOgeHue u
npocaegnaBaHe.

MeguuuHckama ucmopua Ha HabaogaBaHume
yaeHoBe om hamuauama we 6bge onucaHa 68 mpu
omgeAHU Kazyca.

Kaunuden cayyau 1: lNpobaHgbm (UHgekceH
nayueHm) e >keHa Ha 20 2oguwHa Bb3pacm, Koamo
npe3 m. peBpyapu 1971 2. mbpcu Aekapcka nomouy,
8 OdmaamorozuyHa kauHuka 6 MY, aeBen, 666
Bpb3ka cbC 3ambaaaBaHe 3peHuemo Ha gBeme ouu.
Mo cbwomo Bpeme e ycmaHoBeHa GpemeHHOCM
- npekpameHa NO MeguUUHCKU nhokKa3aHua 3apagu
puUCK om caenoma, nopagu cbmMHeHue 3a Xb Ha pe-
muHama. BaowaBaHemo Ha 3peHuemo npoepecupa,
Bbnpeku npuAazaHama megukameHmo3Ha mepanus,
u gBe 20guHU NO-KbCHO ce Haraza nocmbnBaHe 6
O(PMaAMOAO2UYHA KAUHUKA, Kbgemo ca NPUAOXKEHU
HEeKOAKOKpamHu kceHoHoBu omokoazyaravuu. Ha
6a3zama Ha paHo u3aBuaume ce Xb Ha pemunama e
npegnoaoxeHa 6orecm Ha von Hippel-Lindau. INpe3
cregBawama 2oguHa ce ycmanoBaBam gBycmpanHa
BmopuuHa cybKkomneHcupaHa 2AayKoma U YCAO>XKHeHa
3pasa kamapakma Ha gacHOmMoO 0KO, Kakmo U omaen-
Bate Ha pemuHama Ha cbwomo oko. CbcmoaHuemo
nocmeneHHO npozpecupa go amaBposa BgacHo, a
caeg uzBecmHo Bpeme nauueHmkama oKoHYamMeAHO
2ybu 3peHuemo u Ha AaBomo oko.

[Npe3 1982 2. HacmwbnBa Bmopa GpemeHHOCM,
3aBbpwiuaa ycnewHo € paxkgaHe Ha geme Om >KeH-
cku noA. boaecmma Ha VHL e goka3zaHa npe3 2007
2. HoBa u3aBa Ha cuHgpoma ce gokymeHmupa udak
npe3 2010 2. caeg KAT ¢ koHmpacm. OnucaHama
Haxogka cbomBemcmBa Ha ueHmMpaAHa xemaHa2uoma-
mo3a, pa3noAroxkeHa B o6aacmma Ha gacHama MaAko-
mo3buHa xemucepa. CkeHupa ce ymepeHo 2oaama
oBougHa gopmauun, gobpe oepaHudeHa (go 40 mm),
C XemepogeHCHa UHMpaAe3uoOHHa Xapakmepucmuka
- HaAuyue Ha XunepgeHCHa COAUgHA KOMNOHeHMa C
pazmepu 20/22 mMm U KUCmMuyHa XunogeHcHa KOMNo-
HeHma ¢ pa3mepu 24/17 mm; uzpaseH ,mass effect”,
Bogew, go gechopmauua u gucrokauua 8aaBo Ha 4-mu

BeHmpuKyA, ¢ gaHHu 3a BbmpewHa okay3zuBHa xugpo-
uepanrua (Que. 2A u Que. 2b). NMpoBegeHa e cyb-

okuyunumaaHa KpaHuomomua C napuuasHa mymopHa
pe3ekuun, kamo 6auzocmma Ha Xb go 2oaam kpbBo-
HOCeH Cbg He e no3Boaura momaaHomo omcmpa-
HaBaHe Ha mymopa. Xucmoaoz2udyHama guazHo3a e
MaAu2HeH XxemaHauonepuuumom, ¢ Bmopa cmenex
Ha MmaaueHeHocm. [lpoBegena e caegonepamuBHa
Abyemepanua ¢ obwga go3a 50 pet. OcmamubyuHama
MymopHa mbkaH e GuAa pe3ucmeHmHa Ha Abueseye-
Huemo u 6 pamkume Ha mpu 20guHu HacmbnBa noB-
mopHomo U pa3zpacmBane. MNpoBegenHama KAT (2013
2.) gokazBa pe3ugyasHa mymopHa Ae3ua C pazmepu,
UgeHMUYHU C Me3u Npegu onepayuama, u cXxogHa xa-
pakmepucmuka, Ho 6 cmpykmypama He ce Bu3yaau-
3upa omuemauBo coaugHama komnoHeHma (Que. 3).
EgHa 2oguHa no-kbcHo (2014 2.), upe3 agpeHo-mazHu-
meH pe3oHaHc (IMP) ce ycmanoBaBa oomypauuoHHa
xugpoueaaus, NpuduHeHa om MymopHua peuuguB
(Due. 4). NMpocaegeHama Ae3ua He e nokajaaa gaHHU
3a cbwecmBeH pacmexx B pamkume Ha egHa 20guHa
(Due. 5). MNMpenopbuaHo e uzBvupwBaHe Ha gekomnpe-
cuBHa onepamuBHa uHmepBeHuua, KamMo ce npegaa-
2a mepanua ¢ AekcamemasoH go geHa Ha onepauus-
ma. Mpe3 2016 2. e B3emo peweHue 3a peonepauus
¢ KubepHox. B paHHua caegonepamuBeH nepuog Ha-
cmbnBa maaueHeHa xunepmepmus, ¢ noBuwabaxe Ha
meaecHama memnepamypa go 40°C, ¢ KAUHUYHU Npo-
aBu Ha ocmpa cbpgeyHa ucxemusn, KOMa U pamaneH
u3xog 3a nauueHmkama (Ha 61-2oguwHa Bb3pacm).

Kaunuden cayyau 2: To3u ka3yc npegcmaba
pazBumuemo Ha cumnmomamukama npu gbuieps-
ma Ha npobaHga (om Cayuad 1). NMopBume onrakBa-
Hua gamupam om 2003 2., koeamo (Ha 21 2oguwHa
Bb3pacm) e guaeHoCMuUUpaHa pemuHaAHa Ae3ua Ha
AaB0 0KO, cycnekmHa 3a aHeuomamos3a - oCbuwecm-
BeHa e payopecueuHoBa aHzuozpagpua (DA), koamo
omxBbpaa comHeHuemo. Mo-kbcHo BbnpocHama Ae-
3ua e onpegeAeHa kamo hakomamo3sa.

MopBuam gokazaH Mymop e goKymeHmupaH
npe3 m. okmomBpu 2006 2., Ko2amo caeg Xunepmo-
HUYHU Kpu3u U ocmpa 3agcmepHasHa 6oAka e npo-
BegeHo exozpagpcko u3caegBaHe Ha KopemHume
opeaHu, koemo ycmarHoBaBa gBycmpaHHu Ae3uu 6
HagbvbbpeuHume >ae3u. BuzyaauzupaHume HoBo-
obpazyBarua ca obekmuBu3zupaHu u upe3 Komnio-
mbp-momoepadpcko (KT) uzcaegBane ¢ koHmpacm,
onucBawo 2u kamo gBycmpaHHU MeKOMbKaHHU
XunepgeHCcHU HOgUAU, € pazmepu 51/42 mm B gacHa
HagbbbpeuHa >kae3a u 41/24 mm B anBa HagbbOpeuHa
Ae3a - 0bpa3Hu xapakmepucmuku, cbomBemHu Ha
gBycmpaHeH heoxpomouumom. M36bpweHa e gec-
HoCcmpaHHa momaaHa u AeBocmpaHHa cybmomaaHa
agpeHarekmomua. AuazHo3zama gBycmpaHeH geox-
pomouumom e nomBbpgeHa C XUCMOAO2UYHO U3-
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caegBane. 3a nocmonepamuBHua Xunokopmuuu3bm
e 3anoyHama 3amecmumeAHa mepanus ¢ [NpegHu3oH
7,5 me gHeBHo u Maygpokopmu3zoH 50 mka gHeBHO,
Ha (poHa Ha KOeMo e NoCMu2Ham OMAUYEH KOHMPOA.
HanpaBeruam npe3 2007 2. 2ceHemuyeH aHaAu3 6 EB-
ponelicka 6oaHuua ,2XKopxx NMomnugy”, Mapux, OpaH-
uua, ycmardoBaBa mymauua 6 ex3oH 3 Ha VHL-2eHa
- ¢. 500G>A (p.Arg167Gln) (17).

INpegonepamuBeH o6pa3 Ha xemaHauobAac-
mom. KAT ¢ koHmpacm om 08. 04. 2010 e.

3D npegonepamuBeH 06pa3 Ha xemaHauo-
6Aacmom. KAT ¢ koHmpacm om 08. 04. 2010 a.
ViHmpaakcuaaHo B gacHa uepenHa amka, 6
obracmma Ha gacHama MaAKOMO3bYHa Xe-
mucgepa, napameguasHO ce ckeHupa gobpe
o2paHuveHa ymepeHo 2oaama go 40mm (6 ak-
cuaneH naaH) oBougHa gopmauua. Cbwama
€ C hoguepmaHo xemepogeHCHa uHmpane3u-
OHaAHa Xapakmepucmuka - HaAuyue Ha Xu-
nepgeHcHa COAUgHA KOMNOHeHmMa € pa3mepu
20/22 MM U KUCMUYHA XUNOgEHCHa KOMNOHEH-
ma AamepaaHo ¢ pazmepu 24/17 mm. Vi3pazen
mass-effect, Bogew, go gecpopmauua u gucao-
Kayua HaaaBo Ha 4-mu BeHMPUKYA, C gaHHU 3a
BvmpewHa okayzuBHa xugpouedaaus.

Mpe3 2007 2. ce guazHocmuuupa HoBa nponaBa
Ha 6orecmma - kucma 6 onawkama Ha naHkpeaca,
KoAamo C meyeHue Ha Bpememo npembpnaba obpa-
mHa pe3zopbuua. NMayueHmkama u3HocBa ycnewHa
6pemeHHOCM U npe3 2009 2. paxkga geme om Mb>KKU
noA. Tpu 20guUHU NO-KbCHO, NPU PyHgocKonuA, ce yc-
manoBaBa Haauuue Ha Xb, npegu3Bukaa kpbBou3auB
8 pemunama u cmbkroBugHOMO MAAO HA gACHOMO
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oko, no noBog Ha koemo e npoBegeHa razepmepa-
nua. B kpaa Ha 2021 2. HacmbnBa HoB kpbBous3auB 6
pemuHama Ha CbwoMmo OKO ¢ nocAegBawa AazepHa
koazyaauus. pe3 2017 2. ce ycmaHoBaBa exozpad-
cku HoBa naHkpeacHa kucma - mo3u nbm 6 obaac-
mma Ha 2aaBama, KoaAmo go HaCMoAWUA MOMEHM He
noka3Ba gaHHU 3a pacmex. Ype3 mazHUMHO-pe3oHaH-
cHa momoezpadgpua e Bu3zyaauzupaH U MUKpOageHOM
Ha Xunocpuzama, ymouyHeH Kamo XOPMOHOHeceKkpe-
mupauw,. [NocaegHama ycmaHoBeHa Ae3ua e xemaHeau-
om B gecHua gaa Ha vepHua gpob ¢ guamembp 6 mm,
KoUmo cbwo He HapacmBa. MNMauueHmkama nogaexxu
Ha akmuBHO KAuHUYHO HabAaogeHue, aabopamop-
HO-XOPMOHaAEH KOHMPOA U pe2yaapHo npocaegaBare
ype3 Bu3yaauzupawu memogu.

Kaunuden cayyaa 3: Tlpu cuHa (KAUHUYHO
3gpaB) Ha nayueHmkama om Kasyc 2, Ha T-20guwHa
Bb3pacm ce npoBerkga 2eHemuueH aHaAu3 3a mbpce-
He Ha Mymauuama, goka3zaHa npu maukama u 6abama.
Pesyamambm om uzcaegBanemo He ycmaHoBaBa my-
mauua 666 2eHa.

ObcbrkgaHe

borecmma Ha VHL e omkpuma, 6Ara2ogapeHue Ha
HezaBucumume pazpabomku Ha Hemckua OPMaAMO-
aroe Eugen von Hippel, koimo npe3 1904 2. 3a nbpBu
nbm onucBa Xb Ha pemuHama, u wBegckua hamoaoe
Arvid Lindau, koiimo npe3 1926 2. omkpuBa acouuauusn
mexgy xemaHauobracmomume Ha LIHC u pemuHama.
Lindau uska3Ba xunomes3ama, ve Bepoamuo Xb Ha

MocmonepamuBeH 06pa3 Ha peuuguB Ha xe-
maH2uobracmom. KAT 6e3 koHmpacm om 13.
08. 2013a.

Haxogkama e ugeHmuyHa ¢ ma3zu om 2010 2.,
Ho B cmpykmypama He ce Bu3yaauzupa om-
yemauBo coaugHama komnoHeHma 6 mymop-
Hama popmauuA.

pemuHama B8b3HuUKBam Kbm mpemua AyHapeH mecel,
Ha GpemeHHOoCmMmMa, Mbl kamo gomozaBa pemuHama
Bce owe He e BackyaapuzupaHa (18). Ipe3 nocaeg-
Hua Bek npoyuBaHuama no memama npogbakaBam.
EgHo om max goka3Ba, ye 6poam Ha HoBume u3aBu
Ha 2oguwHa 6a3a He e NOCMOoAHEH NPEe3 UeAusa >Ku-
Bom, a 3aBucu om Bb3pacmma Ha nauyueHmume,
mexHuAa 2eHOMuUN U AOKaAu3auyuama Ha aeuume (19).
AokaagBaHume KAUHUYHU Ka3ycu npu gBeme
>KEHU Ca npumep 3a Kaacudecka u3aBa Ha Goaecmma
Ha VHL. Hauarnomo Ha 6oaecmma u npu gBeme e
0KOAO 20-20guwHama um Bv3pacm, npoaBuro ce cbe
CXOgHa KAUHUYHA Xapakmepucmuka - npu madkama
c pemuHeH XBb, a npu gbwepama ¢ o4YHa hakomamo-
3a. Ha 6azama Ha cneuuduvHama KAUHUYHA Xapak-
mepucmuka, 6oaecmma Moxe ga ce Kaacuduuupa
kamo mun 2A pernomun. No-maagama Bv3pacm u ou-
Hama u3aBa Ha Goaecmma ca xapakmepHU KAUHUYHU
ocobeHocmu, Koumo npegnoAazam HocumeacmBo
Ha missense-mymauuu 668 VHL. Bvb3HukHaauam 6
no-kbcHa Bb3pacm (56 2.) markomo3bueH Xb, e ma-
AUZHEH U ¢ peuuguBupauw, xapakmep. XpOHOAO2UHHO-
mo my pazBumue nokazBa 6bp3 memn Ha pacmex, C
gaHHU 3a Komnpecusn, HeBb3MOXKHOCM 3a MOMAaAHO
omcmpanaBaHe caeg HeBpoxupypeuduHa uHmepBen-
uua u peucmeHmHocm Kbm Abdemepanuama. Cne-
uucuyHo 3a mo3buyHume Xb npu 6orecmma Ha VHL
€, Ye OMHOCUMEAHO PAJKO Ca MaAUZHEHU.
Bb3HukHaaume npu gbwepama gBycmpanHu ge-
oxpomouumomu ca beHuzHeHu. NoaBama Ha myamu-
naeHu gobpokadecmBeHu eoxpomouumomu e Xa-
pakmepeH beae2 3a 6orecmma Ha VHL. TunuyHama
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XOPMOHaAHa KoHCmMeAauua Ha gpeoxpomouumoma B
pamkume Ha cuHgpoma Ha VHL 6u 6uaa ¢ npeBaau-pa-
wa HopagpeHaauHoBa cekpeuus. ToBa e cowecmBera
pa3Auka om XOpMOHaAHama KoHcmeAauus, xapakmep-
Ha 32 MHo)kecmBeHa eHgokpuHHa HeonAa3ua (MEN-2),

Kbgemo obuvaliHo agpeHaauHoBama cekpeuus e gomu-
Hupawg. [MpuyuHama 3a moBa e omnagaHemo Ha cmu-
MyAupawua ecpekm Ha VHL npomeuHa Bbpxy ekcnpe-

cuama Ha peHuaemaHoAamuH-N-wemua-mpaHceepasa

lNocmonepamuBen obpa3 Ha peuuguB Ha
xemaHauobracmom.  MazHuUmMHo-pe3oHaHCcHa
momoepacpua - HamuBHa, om 19. 04. 2014 .
MuppamenmenmopuaaHo B8gacHo, B8 obaac-
mma Ha gacHa MAAKOMO3buHa Xxemucdepa,
ce uzobpazaBa oBougHa hopmauua ¢ pe3ku,
HO HepaBHu -A0byaupaHu, ouepmanua. B T1
u T2 npemepBaHuama 6 Hea ekcueHMpPUYHO,
MeguarHo ce u3obpa3aBa coaugeH xeme-
pouHmeHceH okyc ¢ pazmepu 24/18 mm.
AamepanHo ce Bu3zyasuzupam meuHo-ekBu-
BareHmHU nceBgokuCMUYHU KOMNOHEHMU.
[MepudokaaHO, OKOAO UupKymgepeHuuama
Ha mymopHama maca, ce uzobpazaba xunoun-
meHcHa AeHmoBugHa 30Ha - 3aeyba Ha cuzHa-
AQ, acouuUpaHa C HaAUYHama HeKoMyHuuupa-
wa obmypayuoHHa xugpougedanus.

KAT c koHmpacm om 20.07.2015 2. Mocmone-
pamuBeH obpa3 Ha peuuguB Ha xemaH2uobAa-
cmom. be3 npomara 6 Haxogkama om 2014 2.

(PNMT) (eH3um, ocbwecmBaBaw, memuaupaHemo Ha
HopagpeHaaun go AgpeHaauH) (17).

HabalogaBanama peuuguBupawa kucma Ha na-
Kpeaca npu mAagama >kKeHa € acumnmomamuvHa, HO
nogaexkawa Ha guHamudHo npocaegaBaHe. log Ha-
o6AatogeHue e ocmaBer u HoBonoaBuauam ce xemaHau-
OM Ha yepHua gpob. MNaHkpeacHomo 3acazaHe npu 60-
Aecmma Ha VHL BkatouBa kucmu, kucmageHomu uHET,
koumo ce HabAlogaBam npu okoAo 2/3 om cayyaume.
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Mopagu moBa, ue heoxpomoyumomume ce gba-
»Kam Ha 2eHemuueH gegpekm, Npu PamuiHa aHamHe-
3a 3a (PEOXPOMOUUMOM U CbMHeHue 3a Goaecmma
Ha VHL e 3agbaxumeaHo ga ce u3Bbpwiu MOAEKYA-
Ho-2eHemu4yeH aHaau3, nbpBo Ha npobaHga (UHgeKc-
HUA NauueHm), a Npu goka3zaHa mymauua - U Ha He-
208ume pogcmBeHuuu om nvpBa cmeneH (cubcu/
b6pamsa,cecmpu u geua). [Mpu pogumea - HOCUMEA Ha
2epmuHamuBHa mymauusg, 3a 6oaecmma Ha VHL, 3a
Bcako egHo om geuama uma 50% BepoamHocm ga
yHacAegu mazu mymauus, a Ommyk U NpegpaznoAo-
»eHuemo 3a 3aboaaBanemo. feHemuuyHOMO u3CAeg-
BaHe npu gBeme >xeHu (malka u gbwepna) gokazBa
missense mymauusa p.Arg167GlIn, Bogewa go uzaBa Ha
3aboaaBaHemo 6 gBe nocregoBameaHu nokoaeHuA
(16). MNpoBegeHuam 2eHemuueH aHaau3 6 mpemama
2eHepauua (BHyka) He ycmaHoBaBa mymauua 6b06
VHL 2eHa, koemo goka3Ba, ue mol He e yHacAeguA
2eHemuUYHUA gedpekm om malika CU U HAMA puck 3a
3aboaaBaHemo.

CoBpemenHHomo noBegeHue, 6a3zupaHo Ha uene-
HacoueH 2eHemMuYeH aHaAU3 3@ MbpCeHe Ha cheuu-
PuUYHU Mymauuu, acouuupaHu ¢ boaecmma Ha VHL,
gokasBa uzkalouumenHo BaxkHama poaa Ha 2eHemuu-
Hama KoHCyAmauua Npu nauueHmume ¢ HacaegcmBe-
Hu 3a60Aa6aHun. Poaama Ha eeHemuyHUA KOHCYAMaHM
e He camo 3a npegocmaBaHe Ha UHPOPMAYUA OMHOCHO
puckoBeme 3a npegaBaHe Ha mymauuama u npegpas-
noAoxkeHuemo 3a 3aboasBaHemo 6 nomomcmBomo,
HO U 3a ugeHmudpuyupaHe Ha me3u pogcmBeHuuu om
hamuAauama, KOUMO UMam PUCK ga ca HOCUMeAU Ha
2eHemuuHua gedpekm. HacouBaHemo 3a 2eHemuueH
mecm Ha makuBa pogcmBeruuu no3BoaaBa npecumn-
momamuuHa (npegu KAuHUYHU npoaBu) guazHoCcMuKa
Ha Mymauuama, akmuBHO KAUHUYHO npocaegaBaHe C
B63M0O>KHOCM 3a No-paHHa guazHOCMUKa Ha MYMOp-
Hume Ae3uu u no-edpekmuBHomo um aeuerue. Cnopeg
gaHHu Ha Nordstrom-O'Brien u cemp., u Ong u cemp.
npu 6orecmma Ha VHL Hat-uecmume (50% om cayya-
ume) Mymauuu ca missense, Kamo me ce acoyuupam ¢
63% puck 3a pazBumue Ha (heoXPoMOUUMOM UAU pe-
Homun mun 2 (15, 20).

Exun Ha Liu u comp. cbobwaBam 3a 2eHomun-gpe-
HOMUNHU KopeAauuu npu 6oaecmma VHL, Ho 6863 oc-
HoBa Ha mymauuu 8 mecmama Ha cBbp3BaHe Ha HIF-a.
Te nomBbpykgaBam, uve missense mymauyuume ce
acouuupam c noBuweH puck om PEOXPOMOUUMOM.
Puckem om heoxpomouumom e no-Hucwbk B epynama
Ha missense mymauuu 68 macmomo Ha cBbp3BaHe Ha
HIF-a, omkoakomo B 2pynama Ha missense mymayuu
8 macmo 3a cBbp3BaHe, pazauuHo om HIF-a. Mayuer-
mume 6 2pynama Ha mymauuu 8 macmo 3a cBbp36a-
He, pazauuHo om HIF-a, umam no-Bucok puck om de-
oxpomouumom U no-Hucbk puck om Xb Ha LJHC, BKK
u mymop Ha naHkpeaca. OcBen moBa, mymauyuume
Bmacmo 3a cBbp3Bare, pazauuHo om HIF-a, ca He3aBu-

cumo cBbp3aHu ¢ no-gobpa obwa npexuBaemocm u
cneuudguuHa 3a Xb Ha LIHC npexxuBaemocm (21).

Apyz korekmuB, Ha Lee u cvaBmopu, gokas-
Ba, ye amuHokuceAuHHume 3ameHu 8 macmomo Ha
cBbp3Bane Ha HIF-a ce acouuupam ¢ Bb3pacmoBo-3a-
Bucum puck om Xb Ha LIHC. MimeHHO mou e cuzHudu-
KaHmHO no-Bucok Npu Auua, HOCUMEAU Ha missense
mymauuu 8 macmomo 3a cBbp3Bare Ha HIF-a (22). Aa-
HHUME om gpyau 2eHemuyHu npoy4yBaHua nokazBam,
ye frameshift u nonsense mymauuu, npuvuHaBawu
npexxgeBpemeHHO cnupaHe Ha GeambuHuUA CuHMES,
ce cbuemaBam c no-Bucok puck 3a pazBumue Ha Xb
6 LIHC, 8 cpaBHeHue ¢ missense mymauuume (23).

MeHomunHume xapakmepucmuku 3aBucam He
camo oM mMAacmomo Ha mymauuama. PazauduHu mou-
koBu mymauuu 6 eguH u cbwu KogoH, HO Bogewu
gO pa3AuYHa amuHOKUCEeAUHHa 3amaHa, Bogam go
cbwecmBeru pazauku 668 deHomunHama u3aBa
Ha 3aboaaBaHemo (2). Mpu Hawume nauueHmMkKu ¢
KAUHUYHO npoaBeHa 6oaecm Ha VHL, e ycmanoBe-
Ha mymauua ¢.500G>A (p.Arg167GIn) 8 ek3oH 3 Ha
VHL-2eHa, koamo e cBbp3aHa CbC 3amaHa Ha amuHO-
KuceAuHama ap2uHuH ¢ 2aymamuH 8 kogoH 167 816
VHL-npomeuHa.

[Mpu MOAEKYAApHO-2eHEMUYEH aHaAU3 Ha Maa-
Ka ceaekmupaHa 2pyna om Oba2apcku nhauvueHmu,
cmpagawu om 6oaecmma Ha VHL, ce ycmanoBaBam
Mymauuu C pazaudHa Aokaauzauus 8 ek3oHume Ha
VHL. Tpu om ycmaHoBeHume mymayuu nonagam 6
ek30H 3, koemo 20 npaBu ,2opewa mouka” (hot spot).
Had-yecmo 3aceztam u onucBaH kamo ,hot spot” e
KogoH 167, mymauuama 8 koimo Bogu go 3amaHa Ha
amuHokuceAauHama apauHuH (Arg) ¢ 2aymamut (Gln).
AMUHOKUCEAUHHamMa 3amaHa NPOMEHA mMecmama 3a
cBobp3Bare Ha EanoHeuH B u C u He no3BoaaBa popmu-
paHe Ha VHL npomeuH - EroHaun B-C mymop-cynpe-
copeH komnaekc (24). Missense mymauuama c.500G>A
(p.Arg167GIn) ce ycmanoBaBa npu 9,5% om Bcuuku
cemelcmBa ¢ 6orecmma Ha VHL u 8 35,3% om ce-
met-cmBama ¢ 6oaecmma Ha VHL ¢ peHomun mun 2
(25). Tpab6a ga ce noguepmae, ye uma NONYAAUUOH-
HU pa3zaudua B 2eHomun-heHoMUNHUME KopeAauuu.
MpoyuBatuama cpeg 3anagHu nonyAauuu ycmaHo-
BaBam npegpaznoao>keHoCcM npeqgumMHO Kbm u3aBa
Ha peHaAeH KapuuHom u peHaAHu kucmu (VHL mun 1
dpeHomun) npu Masu mymauus.

IMpu mun 2A ca ycmanoBeHu u gpyau gBe cneuu-
puuHu missense-mymauuu - Tyr98His (m. Hap. ,Black
Forest“-mymauusa) u Tyr112His, npegpa3norazawu
KbM pa3zBumue Ha peoxpomouumom u Xb, HO He u
6b06peueH kapuuHom (17, 26).

B 80% om cayuaume, mymauuama, omkpuma 6 npo-
6aHga, ce okazBa yHacaegeHa u ce gokazBa 6 eguHua om
pogumeAume Ha navueHma. TakaBa mymauua yecmo e
Bb3HUKHaAa MHO20 omgaBHa u ce e npegaBara nocaego-
BameAHO Om NOKOAEHUE Ha NOKOAEHUE, Kamo MPYgHO
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PogocaoBHo gbpBo Ha onucaHama gpamuaus
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leHearoz2uyHUAM aHaAu3 BkaouBa 24 pogcmBeHuka om nem NOKOAeHUA (NOKOAEHUAMA ca O3HaYeHU
C pumcku yugppu). NMpobaHgbm e 03HauYeH CbC cmpeaka.

U3norzBanu cumBoau:

O - XK€HCKU NOA

|:| - MBXKKU NOA
3awpuxoBanu cumBonau:

. - VHL - UHpapKmM Ha Muokapga

moxke ga bbge npocaegeHa Ha3ag 66 Bpememo (27).
lfeHemuy4HUAM aHaAu3 Ha pogocroBHomo gbpBo
6 makuBa pamuauu no3zBoaaBa ga ce npocaegu npeg-
noAazaemama zeHemuvna Bpb3ka u yHacaegaBare om
npapogumea. AHaau3zbm Ha pogocroBHomo gbpBo
Ha onucaHama om Hac ¢gpamuaun (Due. 6) ycmaHoBa-
Ba: 6bawa Ha npobaHga - nouuHar B maaga Bv3zpacm
(28 2.) om BHezanHa cbpgeuHa cmbpm (BepoamHo
uHgapkm); 3gpab 6pam Ha npobaHga uma BHyk, no-
yuHaa Ha 10 2oguwHa Bb3pacm om AeBkemun. Hama
goCMambUYHO 2eHEeaA02UYHU gaHHU, KOumo ga go-
kazBam HacregcmBeHocm npu npobaHga u yHacae-
gaBare Ha 3aboaaBaHemo/2eHemuuHua gecpekm om
eguHua pogumea. Bonpeku moBa, BepoamHocmma
3a yHacaegaBaHe ocmaBa, mbl kamo ce kacae 3a ab-
MO30MHO-gOMUHAaHMHO 3aboanaBane ¢ 50% puck 3a
npegaBaHe Ha mymaHmtua arer 6 nomomcmBomo. B
npeobragaBawama yacm om guazHocmuuyupaHume
cAyyau Ha boarecmma Ha VHL uma gaHHu 3a hamun-

. - MO3bUeH mMymop

ZguaeoHaAHa AUHUA - NoYuHaA pogcmBeHuk

|:| - AeBkemun

HOCM U eguH 3ace2Ham pogumea, u camo 20% om
cAydaume ca cnopaguyHa uzaBa, pesyamam om de
NOVO HacMbNUAA Mymauua npu Auua 6e3 gaHHu 3a
HacaregcmBernocm (27).

OcBen eepmuHamuBrama mymauua 8 eguHus
areA Ha 2eHa, cbwecmBeHo ycaroBue 3a uzabBa Ha
mymopoezeHe3zama npu 6orecmma Ha VHL e 8b3HuUK-
BaHemo Ha gonbAHUMeEAHA mMymauus, npuduHaBawa
uHakmuBupaHe u Ha Bmopua HopmaaeH area - mo3u
peHomeH ce pazBuBa Ha HUBO comamuuHa KAemKa u
e uzBecmeH kamo ,3a2yba Ha xemepo3zuzomHocm”
(LOH, loss of heterozygosity). LOH Ha mymop-cynpe-
copHua VHL e goka3zaHo npu Xb Ha LIHC, BKK, mymo-
pume Ha eHgOAUMEAMUYHUA CaK U enugugumasHume
KucmageHomu, u BepoamHo ce omHaca u 3a ocmata-
Aume mymopu, cBop3anu ¢ VHL (28).

PanHama guazHocmuka Ha mymopume no3Bo-
AnBa cBoeBpemenHo 3anouBaHe Ha AedeHue U NOGO-
6paBaHe uzxoga om 6orecmma. MoHacmoawem 6
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KAUHUYHama guazHocmuka Ha 6oaecmma Ha VHL
ce u3znoA3Bam nO3uMpOH-eMUCUOHHaMa Mmomozpa-
pua/komniombpHa momozpadcpua ¢ 68Gallium-DOTA
nenmug 3a no-6bP30 U WAGAWO UEAOMEAECHO CKe-
HupaHe (29) u exo-eHgockonckomo GuoncupaHe Ha
naHKkpeamuuyHU Ae3uu, NOgXOgawo NpU NauueHmu ¢
6b6peuHa HegocmambuHocm. Te3u memogu no3Bo-
AaBam ygobHo cpaBhaBaHe Ha obpazHume Haxogku
¢ ueAa cBoeBpemeHHo ycmaroBaBaHe Ha guHamuka 6
pacme>ka Ha mymopHama maca (30).

NMpozHo3zama Ha 6Goaecmma ce onpegeAa om
b6poa Ha 3acezHamume opeaHu. Xb Ha LIHC ca c
HaU-cbwecmBeHa mexxecm Bbpxy oueHkama Ha gbA-
20CPOYHUA NPO2HOCMUYEH puck, 3auomo Bb3HUKHa-
Aume B peyamam Ha maxHama Komnpecua HeBpoao-
2uuHu yBpeskgaHua ca Heobpamumu u ¢ npozpecuBex
xog. AeyeHuemo Ha Xb Ha LIHC e xupypzuuHo, c
MUHUMaAHO uHBa3uBHu HeBpoxupypauuHu mexHUKU
Kamo Mukpoxupypeaus, HeBpoHaBuzauusa, uHmpaone-
pamuBeH HeBpomoHumMopuH2 ¢ eHgoBackyaapHa em-
6oauzauun (31, 32). Xb Ha pemuHama moxe ga 6bge
cbuemaH € Kamapakma, 2Aaykoma, omaenBaHe Ha
pemuHama, MakyaHa ekcygauua, cmbkaoBugeH Kpb-
Bou3auB u 3aeyba Ha 3peHue (33). 3a ga ce uzbezHe
makaBa, Xb mpab6a ga ce rekyBam cBoeBpemeHHo.
Hacmoswomo pazBumue Ha meguuyuHama npegaa-
2a MHo)kecmBo mepaneBmuuHu Bb3MOXKHOCMU, HO
AazepHama koazyaauua ce gokazBa kamo Hal-edpek-
muBeH memog 3a AedeHue Ha MaAKume Mymopu Ha
nepugpepHama pemuta. [lpu no-zoaemume mymopu
AEUYEHUEMO € upe3 Kpuokoazyrauua uau Gpaxumepa-
nua. Camo 6 HanpegHaAu caydau Ha ouHa yBpega ce
cmuea go pe3ekuua Ha mymopHama cgpopmauun (34).

OnucBam ce peguua HOBU KAUHUYHU U3aBu, Kamo
aHopekcus (35), napomugeH mykoenugepmougeH Kap-
uuHoMm (36), koxkeH KucmageHom (37), kapguomezaausn
(38) u egHa amunuuHa npoaBa Ha 6oaecmma Ha VHL
npu mymauusa (Arg167GIn), koamo ce u3zaBaBa He camo
¢ gBycmpaHHu PeoxpoMouUMOMU, HO U C KapuuHoug
Ha beaume gpob6oBe, u HET Ha naHkpeaca (39).

Bcuuku nayueHmu c 6orecmma Ha VHL u Hocu-
meaume Ha 2epmuHamuBHa mymauua nogaexkam Ha
akmuBHo HabAlgeHue U guazHoCMu4HO ymouHaBa-
He 6 cbomBemcmBue ¢ Bb3npuemama ckpuHuHzoBa
npoepama. Mpu gokazaHume HOCUMEAU Ha Mymauuu
666 VHL 2eHa e Heobxogumo: 1) ExxecogHo ga ce u3-
Bvpwba npeareg Ha pemuHama uype3 uHgupekmHa
oPmMaAMOCKoNUa cAeg MegukameHmo3Ha mugpuasa
u yampazBykoBo uzcaegBaHe Ha KOpemHU oOpzaHu;
2) Ha Bceku gBe 2oguHu ga ce npoBexkga nbAeH (u-
3UKaAeH npezaaeg C uzcaegBaHe Ha YpUHHU UAU NAA3-
MEHU MemaHe@puHU U abgomuHaaHa KOMNIOMbPHa
momozpadpua ¢ npuueaHocm kbm 6b6peyu, naHkpeac
U HagbbbOpeuHu >xAe3u. [pu namoAo2uyHU Haxogku
(KAUHUKO-XOPMOHAAHU UAU 0Opa3zHu) e HeobXxogumo
ga ce npoBege AMP Ha KOpemHU Op2aHu UAU paguo-

uzomonHo u3caegBare c¢ '*'l-memaliogobeH3uA 2y-
aHuguH ("'I-MIBG) 3a ymouHaBaHe Ha AOKaAu3auus-
ma. Heobxogumo e npoBexxgare Ha AMP Ha 2raBen
u epbbHaueH Mo3bk U BbmpewHua cayxoB kaHaa ¢
koHmpacm (gadolinium) u ayguoaozauuHo uzcaregBaHe
Ha Bceku 2 2oguHu (40).

Ha npocurakmuuHo npocaegaBaHe nogaexkam
Bcuuku pogcmBeHuuu om nbpBa cmeneH Ha nauvueH-
mu ¢ VHL, kamo ce npenopbuBa exke2ogHa OUeHKa,
C HayaAo om egHo2oguwHa Bv3pacm, 3a npobaemu
CbC 3peHuUemo U cayxa, HeBpoAo2uyHU cumnmomu U
npocaegaBaHe Ha kKpbBHOMO HaaszaHe. 3a CKPUHUH2
Ha dpeoxpomouumomume ce u3znoazBam exezogHu
uzcaegBaHun Ha NAa3MeHU MemaHempPUHU UAU ppak-
UuoHUpaHu memanedpuHu 6 24-yacoBa ypuHa, kKamo
ce 3anoyHe om 5-2oguwHa Bb3pacm (41).

Kom momenma, Bce owe 6e3 omeoBop ocmaBa
Bbnpocbm gaau GpemeHHOCMMaA, NPOgbAKUMEA-
Hama ynompeba Ha XOpMOHaAHa KoHMpauenuus, Ha
XOpMOH-3amecmBawia mepanua UAU XOPMOHaAHA CMu-
MyAauua npu in vitro pepmuauzauun Moxe ga gage
mAacbk Ha pacmexa Ha mymopume 6 cbcmaBa Ha
CUHgpPOMa UAU ga OMKAKYU mpaHcgopmayuama Ha
H6eHuzHeHume BapuaHmu B MaAu2HEHU NpU >KEHU - Xe-
Mepo3U20MHU HOCUMEAKU Ha 2epmuHamuBHU myma-
uuu B 2ena VHL.

AeueHuemo Ha heoxpomouumomume e onepa-
muBHo, ¢ noBuweH puck om peuuguBu, gopu npu
H6eHuzHeHume Bapuanmu, 6 pe3yamam Ha nepcucmu-
pawusa 2eHemudeH gecpekm. [Npu pegkume maAuzHeHuU
BapuaHmu gbAeocpouHama npozHo3a e aowa; 6 go-
NbAHEHUE KbM Xupypauama ce npuaaza KombuHupaHa
mepanus ¢ *'I-MIBG u xumuomepanus ¢ yukaooca-
mug, gakapbazuH u BuHkpucmuH, yecmo ¢ He3agoBo-
AUMeAeH pe3yamam. MegukameHMO3HOMO AeveHue
Ha apmepuaAHama xunepmoua BkatouBa npurodke-
HUe Ha aAdpa-agpeHopeuenmopHU aHmazoHucmu (gpe-
HOKCUBGEH3aMUH, NPa3o3uH U goKCa3ocuH), KaauueBu
aHMaz2oHUCMU, MUPO3UH-XUgPOKCUAA3HUA UHXUGUMop
memuamupo3uH, ACE-uHxubumopu. bema-6aokepu-
me mpa6Ba ga ce go6aBam camo caeg edpekmuBHa
aapa-6a0Kkaga, npu HeoBragaemu maxukapguu. BHu-
mameAHo mpabBa ga ce npuaazam u npenapamume c
KombBuHUpaHa aadpa- u Hema-6aokupawa akmuBHocm
(rnabemanon, kapBeguaoA) - nopagu gomuHupaw@ama
cu 6bema-6aokupawa akmuBHocm e npenopbLUUMEAHO
KOMOUHUpPaHemMOoO UM C HUCKU go3u aAdpa-baokep.

3aA0XKeHU ca KAUHUYHU npoyuBaHua ¢ uznumBa-
He Ha MegukameHmu, UHXUbupawu cneyuguyHU cue-
HaAHU NbMuwa B maAruzHeHUMeE PEOXPOMOUUMOMHU
KAEMKU, HAacOYeHU KbM uHxubuuua Ha Raf-1 kuHa3a,
ocHoBeH eH3um Ha mumoeeH akmuBupaHua npome-
uHKuHa3eH (MAPK)-cueHareH nbm, kolmo peayaupa
KaembuHama npoaudpepauus (42) u Notch-1 3a 6aoku-
paHe Ha aHauozeHe3ama npu Xb, rokaauzuparu 6 LIHC
(43). Tesu nbmuwa ce npoydBam u Npu megyaapHua
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mupeougeH KapuyuHOM U KapuuHougume, u mo>ke bu
ca mapzem 3a obewaBawu 6bgewu mepanuu.

PazpabomeHu ca uHxubumopu, mapzemupawu
VHL/HIF-cuzHaAHUa nbm Ha mpaHcgykuus. [Mpome-
uHkuHazHume unxubumopu (MKM) nomuckam aH-
2uo2eHe3ama upe3 uHxubuuua Ha VEGF-cuzHaaHuA
nom, 6aokupauku VEGF-auzaHgume uau VEGF-pe-
uenmopume. Ao momeHma ca pa3zpabomenu Hag 40
MKW, uznoazBaru B AeveHuemo Ha paka (Sunitinib,
Cabozantinib, Danitinib u gp.). OcHoBHuam mexaHu-
3bM Ha gelicmBue ce cBexxga go baokupaHe npoAuge-
pauvuama Ha mymopHUme KAemku, NomuckaHe Ha me-
macmazume u npeogoaAaBaHe Ha mepaneBmuyHama
peucmeHmHocm. Pe3yamamume om KAUHUYHUME
uznumBanua ca obHagexxgaBawu omHOCHO ehekma
UM NpU NapazaHaAUOMU U memacmamuyHu (Peoxpo-
mouumomu. Hal-gobpu peyamamu ca HabaogaBa-
HU cAeg ynompebama Ha Pazopanib (44). B kAuHuuHO
npoyuBare, ob6xBawawo nayueHmMu ¢ Goaecmma Ha
VHL, e ycmanoBetro, ye 13 om obwo 31 nayuenmu
(42%) gocmuzam mepaneBmuuHo-mapaemupaHua
omezoBop, nogobeH omzoBop e HabalogaBaH npu 31
(52%) om 59 nauueHmu c bKK (45).

CeaekmuBHume HIF-uHxubumopu ca obekm Ha
3agbAboueHu u uHmen3uBHu npoyuBaHua. Aba2o
Bpeme ce e cyumano, ye MPAHCKPUNUUOHHUME MO-
Aekyau, cBbp3aHu ¢ xunokcua uHgyuupyemume gak-
mopu, He mo2am ga Hbgam megukameHmMo3HO mapze-
mupaHu. Ceza, Ha 6azama Ha cmpykmypHoO nogobue
¢ HIF-2a, ca pagpabomeHu gBe papmakoro2u4HU MO-
Aekyau, PT 2385 u PT 2399, HacoueHU Kbm UHXUbOUpa-
He Ha HIF-2a, 3awomo e HabAogaBaro, ue HIF-2a ce
eknpecupa B8 no-zonama cmeneH, omkoakomo HIF-Taq,
npu mymauua 666 VHL. NMpoBegeHume in vitro u in
vivo npoyuBaHua gokazBam, ue uHxubumopume Ha
HIF-2a ca mHo20 no-obewaBawu, 0MKOAKOMO UHXU-
6umopume Ha HIF-Ta npu mymopu, acouuupaHu ¢ My-
mauuu 666 VHL. Belzutifan (WeliregTM) e unxubumop
Ha HIF-2a u e ogobpeH om AmepukaHckama a2eHuuA 3a
KOHMPOA Ha XxpaHu u AekapcmBa (FDA) npe3 aBaycm
2021 2. Tol e noka3zaH 3a AedeHue Ha Bb3pacmHu C
6orecmma Ha VHL, koumo ce Hyxkgaasm om mepanusn
Ha cBbp3aHume c Hea ycaroxkHeHus, kamo Xb Ha LIHC u
naHkpeacHu HET, Ha Koumo He ce HaAaza cnewHa one-
pauus. beasymudpan ce cBbp3Ba ¢ HIF-2a u Bb3npe-

namcmBa cBvp3Baremo ¢ HIF-1f, c koemo ce nomucka
mpaHcKpuNuUaAMa u ekcnpecuama Ha 2eHume om 6uo-
Xumu4yHama nbmeka Ha HIF-2a (46, 47).

M3numBaHu ca u gpyau mepaneBmuyHu MOAEKY-
AU, koumo Bb3geticmBam Ha pazAuyHU cmbnaaa
om VHL/HIF-cueHaaHua nbm - 17 N alyllamino -17
N dimethoxy - geldanamycin u 17 dymethyilami-
noethylamino-17 demetho xigeldanamycin. Pagpabo menu
ca u cenekmuBHu uHxubumopu Ha HIF-1a (echinomicin,
bisphenol A, cryptotranshynon u gp.), koumo ca obe-
wabBawu B AevueHueMo Ha MemacmamuyHu napazaH-
2AUOMU U (heoxpomouumomu. B npouec Ha KAUHUYHU
uznumBaxua e u npuao>xkeHuemo Ha cmBoaoBu kaem-
KU Npu mazu pagka namoaozausn (48).

3akaloyeHue

OnucaHume KAUHUYHU cAyYau npegcmaBam mpu
nocaegoBameAHu NOKoAeHUA oM pamuAus, Hocewa
mymauua 868 VHL. KauHuuHama kapmuta u pa3Bu-
mue Ha 6orecmma npu max cbomBemcmBam Ha uH-
dopmavuama, uzBecmHa 3a cuHgpoma go MOMeHma.
MonekyaHo-zeHemuuHUAM aHaAu3 goka3a HOCUMEA-
cmBomo Ha 2epmuHamuBHa mymauus, acouyuupaHa
¢ 6oaecmma Ha VHL, 8 nopBa cmenen pogcmBeHu-
uu (madka u gbuwepa) om gBe nocregoBamenHu 2e-
Hepauuu u He nomBbpgu mymauuama 6 mpemomo
nokoAaeHue (koemo e 6e3 puck 3a 3aboaaBaHemo).
Hacmoawama nybaukauyua npegcmaBa ocHoBHume
npegu3zBukameacmBa npu cuHgpoma Ha VHL, cBbp-
3aHu ¢ HaBpemeHHOMO nocmaBaHe Ha KAUHUYHA gua-
2HO3a, goka3zBaHe Ha 2eHemuy4HUA gedpekm u 3Have-
HUEMO Ha 2eHeaA02UYHUA aHaAu3 3a npocAegabBaHe
yHacaegaBaHemo u ugeHmudpuyupare Ha puckoBu-
me pogcmBeHuuu.

Hanpegbkbm Ha meguuyuHama no3BoaaBa upes
uznoa3zBaHe nomeHuuara Ha 2eHemMUYHUME MeECMO-
Be (guazHocmuuHu u npeBaHmuBHuU) u 2eHemuyHama
KoHcyamauua (3a npegocmaBaHe Ha uHhopmauua u
omkpuBare Ha pogcmBeHuuu ¢ puck 3a HocumeacmBo
Ha 2eHemu4HUA gedhekm) ga ce cb3gagam cbBpemen-
HU HaCOKU 3a paHHa guaz2Hocmuka, npocAegaBaHe u
AeveHUue Ha nauueHmume cbc 3aboaaBaHemo VHL,
Koemo ga um npegocmaBu no-gobpu warcoBe 3a npe-
»kuBaBare u nogobpeHo kavecmBo Ha >kuBom.
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Introduction: von Hippel-Lindau disease (or syndrome) is a rare genetic disorder due to a mutation in the
eponymous tumor suppressor gene located on the short arm of chromosome 3 (3p25-26). The autosomal domi-
nant type of inheritance determines a 50% risk for the offspring of germline mutation carriers. The clinical presen-
tation may include various neoplasms, the most common of which are: pheochromocytoma, hemangioblastoma,
renal carcinoma, neuroendocrine pancreatic tumors, etc. Genetic counselling and timely diagnosis enable early
and quality care for patients with this neoplastic syndrome.

The aim of this publication is to present a family with von Hippel-Lindau syndrome and an overview of the
problem with a focus on the challenges associated with clinical diagnosis (criteria, clinical and hormonal character-
istics), genetic testing and counselling.

Materials and methods: We present three successive generations of an affected family, the gradual manifes-
tation of different combinations of the classical clinical features of this inherited disease and some genetic features.
The data were obtained by examining the available medical records of the family, long-term observation and fol-
low-ups.

Results: The initial diagnosis in accordance with clinical criteria was confirmed in 2007 by genetic analysis of
the three generations (grandmother, mother and grandson), and a mutation in exon 3 of the VHL gene, c. 500G>A
(p.Arg167GlIn), was found in the grandmother and mother.

Conclusion: The pronounced genotype-phenotype correlations and modern imaging methods, together with
genetic counselling and timely testing, allow for early diagnosis and timely treatment of tumors associated with the
expected phenotype in relatives with VHL syndrome.

Key words: von Hippel-Lindau syndrome, pheochromocytoma, hemangioblastoma, genetic analysis.
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Introduction:

Von Hippel-Lindau disease (VHL) is a rare autoso-
mal dominant genetic disorder characterized by high
penetrance and variable expression. It is a form of dom-
inantly inherited familial neoplastic syndrome with a
predisposition to develop various malignant and benign
tumors. Itis caused by a mutation in the VHL tumor sup-
pressor gene (1), located in the short arm of chromo-
some 3 (3p25-26), encoding a protein (VHL protein).

The normal protein product of the VHL gene has
two major isoforms and is involved in the regulation
of gene transcription, post-transcriptional gene expres-
sion and in the processes of cell apoptosis and ubig-
uitination. It is responsible for the normal functioning
of the so-called ,oxygen sensor” of the cell, regulating
one specific transcription factor, hypoxia-inducible fac-
tor-1 alpha (HIF-1a), which is responsible for the cellular
response to hypoxia. Under conditions of cellular nor-
moxia, the VHL protein binds to other factors (RbxT1,
cullin-2, elongin B, elongin C), forming in the cytosol
the so-called E3-ligase complex (or VHL-complex). In
normoxia, the proline residues of the C- and N-terminal
sites of HIFTa are hydroxylated under the action of spe-
cific prolyl hydroxylases, making them ,recognizable”
by the VHL-protein - which binds them and ,submits”
them for subsequent polyubiquitination and degrada-
tion (2). If hypoxia occurs, the prolyl hydroxylases are
inactivated, HIFTa is not recognized by the VHL pro-
tein, is not degraded, and binds to hypoxia-inducible
factor-1 beta (HIF-1p) forming a heterodimer. The latter
is translocated into the cell nucleus, serving as a tran-
scription factor for a number of target genes encoding
proteins with key roles in angiogenesis, erythropoiesis,
glucose metabolism and transport. The researchers
who discovered this mechanism were awarded the
2019 Nobel Prize in Medicine or Physiology (3).

This scenario also plays out in the presence of a
mutation in the VHL gene (4). The aberrant VHL pro-
tein disrupts the formation of the E3-ligase complex and
the cell receives a false hypoxia signal (pseudohypoxia),
HIF-Ta is not recognized by the VHL protein and is not
degraded (5). The accumulated HIF-1a/HIF-1p heterod-
imer stimulates the production of some cytokines and
growth factors, such as vascular endothelial growth fac-
tor (VEGF), platelet-derived growth factor beta (PDG-
FB), transforming growth factor alpha (TGFa), and eryth-
ropoietin-like substances (Fig.1); (6,7).

The VHL/HIF signaling pathway plays a crucial
role in the regulation of oxygen homeostasis and intra-
cellular metabolism. Dysregulation in this signal trans-
duction pathway due to germline, somatic mutations
or epigenetic modifications is a triggering factor for tu-
morigenesis in VHL disease. Abnormally activated HIF-
1 and HIF-2 factors reprogram tumor cell metabolism
from anaerobic to aerobic glycolysis.

Inactivation of both alleles of the VHL tumor

suppressor gene is thought to initiate tumorigenesis
(Knudson's two-hit hypothesis). The first allele is usual-
ly inactivated by a germline mutation (most commonly
inherited and the basis for familial forms of the disease),
and the second allele by an additional somatic mutation
at a later stage (8). Inactivation of the VHL gene has seve -
ral consequences, the most important of which are loss
of tumor-suppressor capacity of the altered or missing
VHL protein, unsuppressed up-regulation of HIF, and in-
creased production of growth factors. All of these stimu-
late the tumor growth characteristic of VHL disease (9).

Tumors in the composition of von
Hippel-Lindau disease

Pheochromocytomas are catecholamine-secret-
ing tumors found in VHL disease with an incidence
between 10-20%. They are characteristically familial,
more often bilateral, benign, and occur at an early age.

Haemangioblastomas (HBs) are the most typical
type of tumors for this disease. They are mostly benign,
composed of newly formed blood vessels and arise in
the central nervous system (CNS), most often with lo-
calization in the cerebellum and spinal cord, as well as
in the retina. They arise at a younger age (between 12
and 20 years) and have rapid growth. The cells from
which they originate are presumed to be developmen-
tally arrested hemangioblastic precursor cells. In the
course of HBs development, in more advanced stages,
tumor cells may form blood islands and extramedullary
hematopoiesis (10).

Cysts are the next most common manifestation of
VHL. They are localized in the kidneys, pancreas and
genital tract.

Renal cell carcinoma (RCC) and pancreatic neuro-
endocrine tumors (NET) are also characteristic of VHL.

The specific clinical classification divides individ-
uals with VHL into two groups: patients who do not
have pheochromocytoma are classified as VHL type
1 phenotype, and those who develop a pheochromo-
cytoma are classified as VHL type 2 phenotype. The
type 2 phenotype of VHL is subdivided into 2A and
2B subtypes according to the risk of developing renal
cell carcinoma. The 2A type is not associated with renal
cell carcinoma, but includes pheochromocytoma and
CNS HBs, whereas type 2B unites patients with pheo-
chromocytoma, RCC, HBs and/or other CNS tumor.
The combination of pheochromocytoma and CNS and
retinal HBs (11) is characteristic of types 2A and type
2B. In type 2C, affected patients develop only isolated
pheochromocytomas.

The clinical presentation of the syndrome is asso-
ciated with the simultaneous presence of at least two
diagnosed neoplasms - retinal or CNS HBs, pheochro-
mocytoma, renal cysts/carcinomas, pancreatic cysts/
cystadenomas or NETs, less commonly tumors of the
endolymphatic sac or epididymis in men/broad uterine lig-
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ament in women, and elsewhere in the genital tract (12).

The diagnosis of VHL can be made by clinical crite-
ria, but is only confirmed with certainty after molecular
genetic testing. To diagnose VHL by clinical criteria, the
patient must fall into one of the three groups listed:

1) a patient with a family history of VHL and the
presence of at least one of the tumors typical of the
syndrome (retinal or CNS HB, clear cell renal cell carci-
noma, pancreatic NET, endolymphatic sac tumors);

2) two or more retinal or CNS HBs;

3) one retinal or CNS HB in association with at
least one of the typical of the syndrome visceral tumors
(excluding renal and epididymal cysts!) (13). Molecular
genetic testing is mandatory in any patient with newly
diagnosed CNS HB, newly diagnosed disease with typ-
ical VHL disease manifestations involving the eyes or
visceral organs, or a positive family history of VHL-asso-
ciated tumors (14).

Genetic analysis confirms the diagnosis when a
heterozygous pathologic variant in the VHL gene is
demonstrated. The most common mutations in this
familial syndrome are missense substitutions (52%),
followed by frameshift mutations (13%), nonsense sub-
stitutions (11%), and less common are whole gene de-
letions (10%), splice site mutations (7%), and in-frame
deletions/insertions (6%) (15).

Different genetic mutations define different gen-
otype-phenotype correlations. Genomic deletions are
characteristic of phenotype 1, in which no pheochro-

mocytoma develops; missense mutations are most
common in phenotype 2, in which a pheochromocyto-
ma always occurs (16).

Clinical cases

This paper retrospectively presents a family with
relatives affected by VHL syndrome (mother, daughter
and grandson) from three generations, comparing the
genotype-phenotype correlations found with the scien-
tific information published on the subject. A family tree
including other family members with a possible VHL
disease was also prepared. Data were obtained by ex-
amining the available family medical records (after ob-
taining informed consent from an adult member) and
long-term observation and follow-up.

The medical history of the family members ob-
served will be described in three separate case studies.

Clinical case 1: The proband (index patient) was
a 20-year-old woman who sought medical attention at
the Ophthalmology Clinic at MU, Pleven in February
1971, in connection with blurred vision in both eyes.
At the same time a pregnancy was established - later
terminated on medical grounds because of the risk of
blindness due to a suspected retinal HB. The deteriora-
tion of vision progressed, despite the medical therapy
administered, and two years later admission to an oph-
thalmology clinic was required, where multiple xenon
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photocoagulations were applied. Von Hippel-Lindau dis-
ease was presumed on the basis of the early manifesta-
tions of retinal HBs. In the following year, bilateral second-
ary subcompensated glaucoma and complicated mature
cataract of the right eye, as well as retinal detachment of
the same eye, were found. The condition gradually pro-
gressed to amaurosis in the right eye, and after some time
the patient finally lost vision in the left eye as well.

In 1982, a second pregnancy occurred, resulting in
the successful birth of a female child. VHL disease was
genetically confirmed in 2007. A new manifestation of
the syndrome was documented only in 2010 after a
contrast-enhanced CT scan. The finding described cor-
responded to central hemangiomatosis located in the
right cerebellar hemisphere. A moderately large ovoid
formation was scanned - well circumscribed (up to 40
mm), with heterogeneous intralesional characteristics:
the presence of a hyperdense solid component measur-
ing 20/22mm and a cystic hypodense component mea-
suring 24/17mm; a pronounced ,mass effect” leading
to deformity and dislocation to the left of the 4th ven-
tricle, with evidence of internal occlusive hydroceph-
alus (Fig. 2A and Fig. 2B). A suboccipital craniotomy
with partial tumor resection was performed, and the
proximity of the HB to a large blood vessel prevented
total tumor removal. The histological diagnosis was ma-
lignant hemangiopericytoma, with grade 2 malignancy.
Postoperative radiotherapy was performed with a total
dose of 50 Gray. The residual tumor tissue was resis-
tant to the radiotherapy and regrowth occurred within
three years. A CT scan (2013) demonstrated a residual
tumor lesion with dimensions identical to those before
surgery and similar characteristics, but the solid com-
ponent was not clearly visible in the structure (Fig. 3).
One year later (2014), magnetic resonance imaging
(MRI) revealed occlusive hydrocephalus caused by the
tumor recurrence (Fig. 4). The traced lesion showed no
evidence of significant growth within one year (Fig. 5).
Decompressive surgery was recommended, and Dexa-
methasone therapy was suggested until the day of sur-
gery. In 2016, the decision was made to reoperate with
a CyberKnife. In the early postoperative period, malig-
nant hyperthermia occurred, with an increase in body
temperature up to 40°C, with clinical manifestations of
acute cardiac ischemia, coma, and a fatal outcome for
the patient (61 years of age at the time).

Clinical Case 2: This case study presents the
evolution of symptoms in the daughter of the pro-
band (from case 1). The first complaints date back to
2003 when (at the age of 21 years) a retinal lesion
was diaghosed in the left eye, suggestive of angio-
matosis - a fluorescein angiography (FA) was per-
formed, which rejected the suspicion. The lesion in
question was later determined to be phakomatosis.

The first proven tumor was documented in Octo-
ber 2006, when, following hypertensive crises and

acute retrosternal chest pain, an abdominal ultrasonog-
raphy was performed, which revealed bilateral adrenal
lesions. The visualized neoplasms were also objectified
by contrast-enhanced computed tomography (CT), de-
scribing them as bilateral soft tissue hyperdense nod-
ules, measuring 51/42mm in the right adrenal gland
and 41/24mm in the left adrenal gland, with imaging
features consistent with bilateral pheochromocyto-
mas. Right total and left subtotal adrenalectomy was
performed. The diagnosis of bilateral pheochromocy-
tomas was confirmed by the histological examination.
For postoperative hypocorticism, replacement thera-
py with Prednisone 7,5 mg daily and Fludrocortisone
50 mcg daily was initiated and excellent control was
achieved. Genetic analysis performed in 2007 at the
,Georges Pompidou” European Hospital (HEGP), Paris,
France, revealed a mutation in exon 3 of the VHL gene,
c. 500G>A (p.Arg167GIn) (17).

In 2007, a new manifestation of the disease was
diagnosed - a cyst in the tail of the pancreas, which over
time underwent reverse resorption. The patienthad a suc-
cessful pregnancy and gave birth to a male child in 2009.
Three years later, fundoscopy revealed the presence of a
HB causing retinal and vitreous haemorrhage in the right
eye, for which laser therapy was performed. At the end
of 2021, another retinal haemorrhage occurred in the
same eye with subsequent laser coagulation. In 2017,
a new pancreatic cyst was detected by an ultrasound
scan, this time in the head region, which has shown no
evidence of growth to date. A pituitary microadenoma,
specified as hormone non-secreting, was also visualized
on MRI. The last lesion identified was a 6 mm diameter
hemangioma in the right lobe of the liver, which also did
not grow over time. The patient is under active clinical
observation, laboratory and hormonal monitoring and
regular follow-up by imaging modalities.

Clinical Case 3: The son (clinically healthy) of
the patient in Case 2, at the age of 1 year, underwent
genetic analysis in search of the mutation found in the
mother and grandmother. The test did not detect a mu-
tation in the VHL gene.

Discussion:

VHL disease was discovered thanks to the inde-
pendent work of German ophthalmologist Eugen von
Hippel, who first described retinal HBs in 1904, and
Swedish pathologist Arvid Lindau, who in 1926 discov-
ered an association between CNS and retinal heman-
gioblastomas. Lindau hypothesized that retinal HBs
probably arise by the third lunar month of gestation, as
the retina is not yet vascularized by then (18). Over the
last century, research on the topic has continued. One
of the studies proved that the number of new mani-
festations per year is not constant throughout life, but
depends on the age of the patients, their genotype and
the localization of the lesions (19).
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The clinical cases of the two women reported are
examples of classic manifestation of VHL disease. The
onset of the disease in both of them was around the
age of 20 years, manifested with similar clinical charac-
teristics - the mother with a retinal HB and the daughter
with ocular phakomatosis. Based on the specific clinical
characteristics, the disease can be classified as a type
2A phenotype. Younger age and ocular manifestation
of the disease are characteristic clinical features that

Preoperative image of hemangioblastoma.
Contrast-enhanced CT - 08/04/2010.

3D preoperative image of hemangioblastoma.
Contrast-enhanced CT - 08/04/2010.
Intra-axially in the right cranial fossa, in the re-
gion of the right cerebellar hemisphere, a well
circumscribed moderately large to 40mm
(axial) ovoid formation is scanned paramedially.
The latter has a markedly heterogeneous intral-
esional characteristic - the presence of a hyper-
dense solid component measuring 20/22mm
and a cystic hypodense component laterally
measuring 24/17mm. Pronounced mass-effect
leading to deformity and dislocation to the left
of the 4" ventricle, with evidence of internal
occlusive hydrocephalus.

suggest the carriage of missense mutations in VHL. The
cerebellar HB, which occurred at a later age (56 years),
was malignant and relapsing. Its chronologic evolution
shows a rapid growth rate, with evidence of compres-
sion, inability of total removal after neurosurgical inter-
vention, and resistance to radiotherapy. A specific fea-
ture of cerebellar HBs in VHL disease is that they rarely
are malignant.
The bilateral pheochromocytomas in the daugh-
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ter were benign. The appearance of multiple benign
pheochromocytomas is a characteristic feature of VHL
disease. Typical hormonal constellation of the pheochro-
mocytoma within VHL disease would be one of predom-
inant noradrenaline secretion. This is a significant differ-
ence from the hormonal constellation characteristic of
multiple endocrine neoplasia (MEN-2), where adrenal se-
cretion is usually predominant. The reason for this is the
abrogation of the stimulatory effect of the VHL protein
on the expression of phenylethanolamine-N-methyltrans-
ferase (PNMT) (an enzyme involved in the methylation
of Noradrenaline to Adrenaline) (17).

The recurrent pancreatic cyst observed in the young
woman was asymptomatic but it required a dynamic fol-
low-up. The new-onset hemangioma of the liver also re-
mained under observation. Pancreatic involvement in
VHL disease includes cysts, cystadenomas, and NETs,
which are observed in about 2/3 of cases.

Because pheochromocytomas are due to a genetic
defect, in cases of a family history of pheochromocy-
toma and suspicion of VHL disease, it is mandatory to
perform a molecular genetic analysis, firstly on the pro-
band (index patient), and in case of a proven mutation,
also on his first-degree relatives (siblings and children).
In the case of a parent carrying a germline mutation
for VHL disease, each of the children has a 50% prob-
ability of inheriting this mutation and hence the pre-
disposition for the disease. Genetic testing in both fe-
males (mother and daughter) demonstrated a missense
mutation - p.Arg167GlIn leading to disease expression
in two consecutive generations (16). Genetic analysis
performed in the third generation (grandson) did not

Postoperative image of hemangioblastoma
recurrence. CT - 13/08/2013.

The finding is identical to that of 2010, but the
solid component of the tumor formation is not
clearly visible in the structure.

detect the mutation in the VHL gene, proving that he
did not inherit the genetic defect from his mother and
is not at risk for the disease.

Current management based on targeted genetic
analysis in search of specific mutations associated with
VHL disease demonstrates the critical role of genetic
counselling in patients with inherited diseases. The role
of the genetic counsellor is not only to provide informa-
tion on the risks of transmission of the mutation and the
predisposition for the disease in the offspring, but also
to identify those relatives in the family who are at risk of
carrying the genetic defect. Referral for genetic testing
of such relatives allows presymptomatic (before clinical
manifestations) diagnosis of the mutation, active clini-
cal follow-up with the possibility of earlier diagnosis of
tumor lesions and more effective treatment. According
to Nordstrom-O'Brien et al. and Ong et al. in VHL dis-
ease, missense mutations are the most common (50%
of cases) and are associated with a 63% risk of develop-
ing pheochromocytoma or type 2 phenotype (15, 20).

A team of Liu et al. reported genotype-phenotype
correlations in VHL disease, but based on mutations in
HIF-a binding sites. They confirmed that missense mu-
tations are associated with an increased risk of pheo-
chromocytoma. The risk of pheochromocytoma was
lower in the group of missense mutations in the HIF-a
binding site than in the group of missense mutations in
a binding site other than for HIF-a. Patients in the group
of mutations in a binding site other than for HIF-a had
a higher risk of pheochromocytoma and a lower riskof
CNS HBs, RCC, and pancreatic tumor. Furthermore,
mutations in a binding site other than for HIF-a were in-
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dependently associated with better overall survival and
CNS HB-specific survival.

Another team, by Lee et al, demonstrated that
amino acid substitutions in the HIF-a binding site are
associated with an age-dependent risk of CNS HBs. It
was significantly higher in individuals carrying missense
mutations in the HIF-a binding site (22). Evidence from
other genetic studies has shown that frameshift and
nonsense mutations causing premature arrest of pro-

Postoperative image of recurrence of heman-
gioblastoma. Magnetic resonance imaging -
Native, 19/04/2014.

Infratentorial on the right, in the area of the
right cerebellar hemisphere, an ovoid forma-
tion with sharp, but irregular - lobulated, out-
lines is visualized. In T1 and T2 measurements,
eccentrically, medially a solid heterointense fo-
cus measuring 24/18 mm is depicted. Laterally,
fluid-equivalent pseudocystic components are
visualized. Perifocally, around the circum-
ference of the tumor mass, a hypointense
band-like area is depicted - a loss of signal
associated with the present noncommissural
occlusive hydrocephalus.

Contrast-enhanced CT - 20/07/2015. Postoper-
ative image of recurrence of hemangioblasto-
ma. No change in the findings from 2014.

tein synthesis are associated with a higher risk of devel-
oping CNS HBs compared to missense mutations (23).

Phenotypic characteristics depend not only on
the site of mutation. Different point mutations in the
same codon, but leading to different amino acid substi-
tutions, lead to significant differences in the phenotypic
expression of the disease (2). In our patients with clini-
cally manifested VHL disease, the ¢.500G>A mutation
(p.Arg167GlIn) in exon 3 of the VHL gene was found to
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be associated with a substitution of the amino acid ar-
ginine for glutamine at codon 167 of the VHL protein.

Molecular genetic analysis of a small selected
group of Bulgarian patients with VHL disease revealed
mutations with different localization in the VHL exons.
Three of the identified mutations fall in exon 3, making it
a hot spot. The most commonly affected and described
as a hot spot is codon 167, the mutation in which re-
sults in the amino acid arginine (Arg) being replaced by
glutamine (GlIn). The amino acid substitution alters the
Elongin B and C binding sites and prevents the forma-
tion of the VHL protein-Elongin B-C tumor-suppressor
complex (24). The missense mutation c.500G>A (p.Ar-
g167GlIn) is found in 9,5% of all families with VHL dis-
ease and in 35,3% of families with VHL disease with a
type 2 phenotype (25). It should be emphasized that
there are population differences in genotype-pheno-
type correlations. Studies in Western populations have
found a predilection predominantly for the expression
of renal cell carcinoma and renal cysts (VHL type 1 phe-
notype) with this mutation.

In type 2A, two other specific missense mutations,
Tyr98His (the so-called , Black Forest” mutation) and Tyr112His,
have been found to predispose to the development of pheo-
chromocytoma and HBs but not renal carcinoma (17, 26).

In 80% of cases, the mutation in the proband is
found to be inherited and is proven in one of the pa-
tient's parents. Such a mutation has often arisen long ago
and has been passed down sequentially from generation
to generation, and it is difficult to trace back in time (27).

Genetic analysis of the family tree in such families
allows the presumed genetic relationship and inheri-
tance from an ancestor to be traced. Analysis of the
family tree of the family we described (Fig. 6) reveals:
the proband's father died at a young age (28 yr) of sud-
den cardiac death (probably a heart attack); the pro-
band's healthy brother had a grandson who died at 10
yr of leukemia. There is insufficient genealogical data to
prove heritability in the proband and inheritance of the
disease/genetic defect from one parent. However, the
likelihood of inheritance remains as this is an autosomal
dominant disease with a 50% risk of passing the mutant
allele to the offspring. In the vast majority of diagnosed
cases of VHL disease, there is evidence of familiality
and a single affected parent, and only 20% of cases are
sporadic resulting from a de novo mutation occurring
in individuals without evidence of inheritance (27).

In addition to the germline mutation in one allele
of the gene, an essential condition for the expression of
tumorigenesis in VHL disease is the occurrence of an
additional mutation causing inactivation of the second
normal allele, a phenomenon that develops at somatic
cell level and is known as loss of heterozygosity (LOH).
LOH of tumor-suppressor VHL has been demonstrat-
ed in CNS HBs, RCC, endolymphatic sac tumors, and
epididymal cystadenomas, and likely applies to other
VHL-related tumors as well (28).

Early diagnosis of tumors allows timely initiation
of treatment and improves the outcome of the disease.
Current methods in the clinical diagnosis of VHL disease
are positron emission tomography/computed tomogra-
phy with 68Gallium-DOTA peptide for faster and more
sparing whole-body scanning (29) and echo-endoscop-
ic biopsy of pancreatic lesions, suitable for patients with
renal failure. These methods allow convenient compar-
ison of imaging findings for the timely detection of dy-
namics in tumor mass growth (30).

The prognosis of the disease is determined by the
number of organs affected. CNS HBs have the most
significant impact on long-term prognostic risk as-
sessment because the neurological damage resulting
from their compression is irreversible and progressive.
Treatment of CNS HBs is surgical, with minimally in-
vasive neurosurgical techniques such as microsurgery,
neuronavigation, and intraoperative neuromonitoring
with endovascular embolization (31, 32). A retinal HB
can be associated with cataract, glaucoma, retinal de-
tachment, macular exudation, vitreous haemorrhage
and vision loss (33). To avoid the latter, HBs should
be treated promptly. Current development of medicine
offers multiple therapeutic options, but laser coagula-
tion is proving to be the most effective method for the
treatment of small peripheral retinal tumors. For larger
tumors, treatment is by cryocoagulation or brachyther-
apy. Only in advanced cases of ocular damage is resec-
tion of the tumor formation performed (34).

A few new clinical manifestations have been de-
scribed, such as anorexia (35), parotid mucoepider-
moid carcinoma (36), cutaneous cystadenoma (37),
cardiomegaly (38), and an atypical manifestation of
VHL disease in a mutation (Arg167GlIn) that presents
not only with bilateral pheochromocytomas, but also
with lung carcinoids, and pancreatic NETs (39).

All patients with VHL disease and germline muta-
tion carriers should undergo active surveillance and di-
agnostic refinement according to the accepted screen-
ing program. In proven carriers of mutations in the VHL
gene, it is necessary to:

1) Annually examine the retina by indirect ophthal-
moscopy after pharmacological mydriasis and abdomi-
nal ultrasound examination

2) Every two years, a complete physical examina-
tion with urine or plasma metanephrine testing and
abdominal computed tomography with targeting of
the kidneys, pancreas, and adrenal glands should be
performed. In case of pathological findings (clini-
co-hormonal or imaging), abdominal MRI or radio-
isotope study with 131l-metaiodobenzyl guanidine
(1311-MIBG) shouldbe performed to clarify the localiza-
tion. Contrast-enhanced MRI of the brain, spinal cord
and internal auditory canal (with gadolinium) and au-
diological examination every 2 years is necessary (40).

All first-degree relatives of patients with VHL are-
subject to preventive follow-up, and annual evaluation,
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beginning at one year of age, for visual and hearing
problems, neurological symptoms, and blood pressure
monitoring is recommended. For screening of pheo-
chromocytomas, annual blood tests for plasma meta-
nephrines or fractionated 24h-urinary metanephrines
are used, starting at 5 years of age (41).

At present, the question remains unanswered
whether pregnancy, prolonged use of hormonal
contraception, hormone replacement therapy, or
hormonal stimulation in IVF-procedures can boost
the growth of the tumors comprising the syndrome
or trigger the transformation of benign to malignant
variants in female heterozygous carriers of germline
mutations in the VHL gene.

Treatment of pheochromocytomas is surgical, with
an increased risk of recurrence, even in benign variants,
as a result of the persistent genetic defect. In the rare
malignant variants, the long-term prognosis is poor; in
addition to surgery, combination therapy with 'l

. - brain tumor

Zdiagonal line - deceased relative

|:| - leukemia

MIBG and chemotherapy with cyclophosphamide,
dacarbazine, and vincristine is used, often with an unsat-
isfactory outcome. Drug treatment of arterial hyperten-
sion includes the administration of alpha-adrenoreceptor
antagonists (phenoxybenzamine, prazosin, and doxaz-
osin), calcium antagonists, the tyrosine hydroxylase in-
hibitor methyltyrosine, and ACE inhibitors. Beta-blockers
should be added only after effective alpha-blockade, in
uncontrollable tachycardias. Preparations with com-
bined alpha- and beta-blocking activity (labetalol, carve-
dilol) should also be used with caution - due to their
predominant beta-blocking activity, combining them
with low doses of alpha-blocker is advisable.

Clinical trials testing drugs inhibiting specific sig-
naling pathways in malignant pheochromocytoma cells
have been designed to inhibit Raf-1 kinase, a key en-
zyme of the mitogen-activated protein kinase (MAPK)-
sighaling pathway that regulates cell proliferation (42),
and Notch-1 to block angiogenesis in CNS-localized
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HBs (43). These pathways are also being explored in
medullary thyroid carcinomas and carcinoids, and may
be targets for promising future therapies.

Inhibitors targeting the VHL/HIF signal transduction
pathway have been developed. Protein kinase inhibitors
(PKls) suppress angiogenesis by inhibiting the VEGF-sig-
naling pathway by blocking VEGF ligands or VEGF re-
ceptors. So far, more than 40 PCls have been developed
and used in cancer treatment (Sunitinib, Cabozantinib,
Danitinib, etc.). The main mechanism of action is to
block tumor cell proliferation, suppress metastasis and
overcome therapeutic resistance. Results from clinical
trials are encouraging regarding their effect in paragan-
gliomas and metastatic pheochromocytomas. The best
results have been observed after the use of Pazopanib
(44). In a clinical trial involving patients with VHL dis-
ease, 13 of 31 patients (42%) were found to achieve
a therapeutic-targeted response; a similar response was
observed in 31 (52%) of 59 patients with RCC (45).

Selective HIF inhibitors are the subject of extensive
and intensive research. For a long time, it was thought
that transcription molecules associated with hypoxia-in-
ducible factors could not be medically targeted. Now,
based on structural similarity to HIF-2a, two pharmaco-
logical molecules, PT 2385 and PT 2399, have been de-
veloped to target HIF-2a inhibition because HIF-2a has
been observed to be expressed to a greater extent than
HIF-Ta when mutated in VHL. In vitro and in vivo stud-
ies have demonstrated that HIF-2a inhibitors are much
more promising than HIF-1a inhibitors in tumors asso-
ciated with mutations in VHL. Belzutifan (WeliregTM)
is an inhibitor of HIF-2a and was approved by the U.S.
Food and Drug Administration (FDA) in August 2021.
It is indicated for the treatment of adults with VHL dis-
ease who require therapy for associated complications,
such as CNS HBs and pancreatic NETs, who do not
require emergency surgery. Belzutifan binds to HIF-2a
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about t he syndrome to date. Molecular genetic analy-
sis proved the carriage of the germline mutation associ-
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(1) Aa npeBegam no 6aHko6ama cmemka Ha BAE coguwHuA cu yAeHcku
6Hoc 3a 2020 2. - 50 AeBa, 32 2021 2. - 50 Ae6a u 3a 2022 2. uau o6wo 150 AG6.

(8 ureHckua BHoc e BkatoueH u eoguwHUAM aboHameHm 3a cn. EHgokpuHoAoeus 3a 2020, 2021 u 2022 e.)

baHko6a cmemka Ha koamo ga ce Hanpabu npeBogbm e:
byabank, IBAN - BGO6UNCR76301076254999

3a BAE uaeHcku BHoc 3a 2020 u 2027 2. OM ... (ume, hbamuaus)

Pazmep Ha YreHckua BHoc 3a CgpyxeHuemo, cb2aacHo PeweHue Ha O6wo-
mo cvbpaHue Ha BAE om 2007 a:
v 50,00 AB. 3a cneuuaaucm (30,00 AB. ce npeBexkgam Ha cn. EHgokpuHoaozua u 20,00 AB.
ocmaBam 6 BAE)
v/ 25,00 AB. 3a cneuuaauzarm/gokmoparm (15,00 AB.
ce npeBexkgam Ha cn. EHgokpuHoAo2ua u 10,00 AB. ocmaBam 6 BAE).

(2 KoAezume, Koumo ca npoMeHuUAU agpecHama cu pezucmpayus, ga
u3npamam Hali-nogpo6Ha uH(opmayua C akmyaaeH agpec 3a noaydabane
Ha cn. EHgokpuHoAoz2ua, BKA. NOWEHCKU KOG Ha ceAauwemo, XK ..., OAOK ...,
emax ..., anapmameHm ..., Ume ...
Ha e-mail: anmarbor@abv.bg - npog. bopucoBa

9Cneu,ua/\u3aﬂmume, KOUMO YCNewHo Ca NOAOXKUAU gbpxaBHua ugnum
NO eHgOKPUHOAO2UA, ga CKAaHUpPam u ujnpamam cKaHupaHama cu gunAoma,
3a ga 6bgam npepeaucmpupaHu Kamo eHgoKpuHoAo3u 6 6azama-gaHHuU Ha
bAE.
C mobBa couwecmBeHo ce npomeHa cmamymbsm um.

O 1ima 1HoBu cneyuaAu3aHmMu N0 eHgOKPUHOAO2UA, KOUMO He ca YaeHoBe Ha
BAE, HO >xeAaam ga noAayuyabam cn. EHgokpuHoAoz2uA.
Pegbm 3a ohopmare Ha ureHcmBo e caegHuam:

a) Bauza ce 6 MumepHem cmpanuyama Ha BAE - www.endo-bg.com, c bymoH Peaucmpauus
ce uzBaxkga PeaucmpauuoHHa kapma, koamo ce nonbaBa Had-nogpobHo B8 Word popmam, cox-
paHaBa ce u ce uznpawa. Taka Hal-AecHO uHpopmauuama ce BbBeskga 8 6azama-gaHHu Ha BAE.
0) Bmopuam gokymeHm e nucmo-yBepeHue om HauaaHuka Ha KauHukama/OmgeaeHuemo,
Kbgemo cneuuaAu3zupam, uau om YnpaBumeaa Ha Aeue6HOmMoO 3aBegeHue. Taka ce ygocmo-

BepaBa agmuHucmpamuBHO HauaAOMoO Ha cneyuaAu3auuama No eHgoOKPUHOAO2UA.
6) Caeg nombBuvpgeHa pegobHa pecucmpauuan

ce npaBu 6aHkoB npeBog Ha uaeHcku BHoc om 25,00 AB. 3a cbomBemHama kaaeHgapHa

20guHa no nocoveHama baHkoBa cmemka.

buAzapcko Apykecm6o no EHgokpuHonozus (BAE)
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E-mail: morbetzova@abv.bg

CnucaHue ,EHgokpuHOAO2uf”, u3gaHue Ha
bbAreapckomo gpykecmBo No eHgoKpuHOAO2US,
u3au3za B 4 KHUXKU 20guwHO. B Hez2o ce omne-
yamBam opu2uHaAHU Hay4YHU CMamuu, onucaHuA
Ha KAUHUYHU CAy4Yau, o630pu, peueH3uu, UHgop-
mauus 3a npoBegeHu u npegcmoawu Hay4HU Cb-
H6umua u gpyau mamepuaau 6 cpepama Ha KAu-
HUYHamMa eHgokpuHoAozua. O630pHUMe mame-
puaau om Oba2apcku aBmopu u3auzam Ha Gba-
2apCKU e3UK C pe3iome Ha BbA2apcku U aH2AUlC-
Ku e3uk. Opuz2uHaAHUMeE Cmamuu u Ka3ycu ce
omneyamBam egHoBpemeHHO Ha GbA2apcku u
aHa2Aulcku e3uk. o ycmompenue Ha aBmopcku-
me koaekmuBu u npeugHka Ha pegakyuoHHama
kore2ua Bb3 ocHoBa xapakmepa Ha Mamepuaaa,
HAKOU OpU2UHAAHU cmamuu mozam ga Obgam
nybaukyBaHu camo Ha BbA2apcku e3uk. Mamepu-
aaume, npegocmaBenu om uyxgu aBmopu, ce
nomecmBam Ha aH2AUUCKU e3UK C UAAOCMEH UAU
nogbpax npeBog Ha 6bA2apCcKu €3UK N0 NpeueH-
Ka Ha pegakyuoHHama KoAezus.

Mamepuaaume ce uznpawam Ha 6bA2apcku
e3uk B8 eaekmpoHen Bug ¢ wpudpm Times New
Roman, pagmep 12 Ha e-mail Ha 2aaBHua pegakmop

The journal of the Bulgarian Society of
Endocrinology ,Endocrinologia” is published in 4
issues per year. It accepts for publication original
research papers, case reports, short communica-
tions, reviews, opinions on new medical books,
commentaries and announcements for past of
future scientific events (congresses, symposia, etc.)
in all fields of clinical Endocrinology.

The reviews are published in Bulgarian lan-
guage with an abstract both in Bulgarian and English.
The original papers and case reports are published
also in both languages. Some original research
papers may be published in Bulgarian only, depend-
ing on the content and the decision of the authors
and the editors. Papers of non-Bulgarian authors are
published in English with full of partial translation into
Bulgarian, provided by the Editorial board.

The manuscripts should be submitted initially
in Bulgarian (for materials from abroad - in English)
as MS Word.doc files, formatted in 12 pt. Times
New Roman typeface. The manuscript is then
checked for compliance with the edition’s require-
ments and sent to the reviewers. If accepted for
publication after the review, the authors are
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(3a uyrkgecmpaHHume mamepuaAu - Ha aHeAulCKuU
e3uk). Caeg peugH3upaHe u npuemare 3a neyam 6
CpOK go 3 cegmuuu okoHuameAHuam BapuaHm ce
npegocmaBa ¢ npeBog Ha aH2AulcKU e3uK (C u3-
KAlOUeHue Ha 0630pume) Ha e-mail Ha 2aaBHua pe-
gakmop € NPUgPY>KUMEAHO NUCMO Ha agpeca Ha
pegakuuama, nognucaHo om aBmopume, ¢ Koemo
nomBbpkgaBam cbaracuemo cu 3a yyacmue u
gekAaapupam, ve mamepuarbm He e omneyamBax
8 gpyau HayuHu cnucaHusg, ocBer kamo pe3iome Ha
CbobWEeHUe, U3HECeHO Ha HayueH (hopym.

Ob6embm Ha npegcmaBeHume mamepuasu
He mpa6Ba ga npeBuwaBa 10 cmaHgapmHu (no
1800 3Haka) cmpaHuuyu 3a opu2uHaAHUMe cma-
muu, 14 cmpanuuu 3a o630pHUMe cmamuu, 4
CMpaHuyu 3a Kazycume, 2 cmpaHuuu 3a uHgop-
mauua OMHOCHO Hay4HU NpoaBu u HaYy4YHU gUCKY-
cuu, T cmpaHuua 3a peueH3uu Ha moHozpaduu,
yyebHuuu u np. B nocoueHua obem He ce Braiou-
Bam mumyaHama cmpaHuua u pe3iomemo.

Cmpykmypama Ha cmamuume mpa66a ga
omeoBapa Ha caegHume u3uckBaHus:

TumyaHa cmpaHuua

a) 3a2aaBue, umena Ha aBmopume, mecmo-
paboma, HayuHa opeaHu3auus. Npu noBeue abB-
mopcku 38eHa ¢ apabcka yupa ce mapkupam
KopecnoHgupawume um aBmopu.

0) cbwume gaHHU Ha aH2AUUCKU e3UK Ce U3-
nucBam nog Gba2apckua mekcm. [pu cmamuu
om uyxgu aBmopu 6baeapckuam mekcm caegBa
aH2AUUCKUA.

8) agpec 3a KopecnoHgeHUUA - Cbgbpika
gaHHume Ha aBmopa 3a KopecnoHgeHuua Ha ObA-
2apCku U aH2AUUCKU e3UK - ume, mecmopaboma,
NOWEHCKU U eAeKMPOHEH agpec.

Pe3iome
Pesiomemo ce npegcmaBa Ha omgeAHa
cmpanuya 8 o6em go 250 gymu. To mpabBa ga
Obge cmpykmypupaHo kakmo caegBa: uea, ma-
MepuaAu u Memogu, pe3yamamu u 3akAtoHeHuA.
Tazu cmpykmypa He Baxu 3a 0630pHUMe cma-
muu. NMocouBam ce go 5 katouoBu gymu.

OcHoBen mekcm
OpuzuHaaHume cmamuu mpabBa ga ca
cmpykmypupaHu kakmo caegBa: BbB8egerue, ma-
mepuaA U Memogu, pe3yamamu, ob6cbXKgare,
3akAloueHue u/uau u3zBogu. B mekcma ce gonyc-
Kam camo O(UUUAAHO NpUemu MeXgyHapogHu
CbKkpaweHua, ocmadaaume mpatBa ga 6bgam

required to submit within 3 weeks the corrected
version together with the English language transla-
tion (not applicable for review articles). A cover let-
ter, signed by all authors is mailed to the editors,
stating any conflicts of interest and that the manu-
script in full or any part of it has not been pub-
lished elsewhere or simultaneously submitted for
publication, except as an abstract of congress par-
ticipation.

The size of each paper should not exceed 10
standard pages (1800 characters) for original
research articles, 14 pages for reviews, 4 pages for
case reports, 2 pages for short communications,
discussions or scientific events announcements or
comments and 1 page on medical book reviews.
The manuscripts should be structured as follows:

Title page

a. Title, names of the authors (family name fol-
lowed by given name), affiliation. If more than one
affiliation, they should be designated by Arabic
numbers in Bulgarian and English languages.

b. A short title up to 8 words should be pro-
vided

c. Address of the corresponding author name,
postal address (business of home as preferred),
phone number, fax number, email address.

Abstract

The abstract should occupy the next page of
the manuscript and not exceed 250 words. The
abstracts of original research papers should be
clearly structured with Aim; Materials and meth-
ods; Results; Conclusions. Abstracts of review
papers may not follow that structure. Up to five
key words should be written after the abstract.

Main text

Original papers should be structured as fol-
lows: Introduction; Aim; Materials and methods;
Results; Discussion; Conclusions. Any abbreviation
that is not commonly accepted should be written in
full followed by the abbreviation in parentheses at
first mention in the text. The International System of
Units (SI) should be used for all measurement units.
Citations in the text are designated by their bibliog-
raphy sequential numbers in parentheses.

Tables and figures

Each table should be on a separate page after
the bibliography with the table caption preceding
it. All illustrations should be submitted as separate
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YkasaHug 3a aBmopume

Instructions to authors

noacHeHu 8 mekcma npu nbpBama um noaBa. 3a
MEPHUME eguHUUU € 3agbAXKUMmeAHa MeXgyHa-
pogHama cucmema SI. Llumamume Bvmpe 6
mekcma ce ombeaazBam camo ¢ Homepama um B
KHU20NUCa, 02pageHu C MaAku CKOOU.

TabAuyu u uaArocmpauyuu

Bcaka mabauua ce npegocmaBa Ha omgea-
Ha cmpaHuua caeg kHuz2onuca. 3azaabuama Ha
mabauuyume ce uznucBam Hag max. Malocmpauu-
ume ce npegcmaBam Ha omgeaHu ¢ataoBe. pa-
duku u guazpamu ce npegocmadam 666 dopma-
mu xls (MS Excel), .ppt (MS PowerPoint), .eps
(encapsulated postscript), koumo no3zB8oaaB8am
pegakmupaHe. CHumku (cobcmBenu), kKakmo u
penpogykuuume Ha noa3zBaHu om yyxgu uzmou-
Huuu om MumepHem ga 6bgam npegcmabanu ¢
gobpo kauecmBo 666 popmam JPEG u pe3onio-
yua 300 dpi. Tekcmbm KbmM uAlOCMpaguume ce
npegcmaBa B kpaa Ha ocHOBHUA mekcm, caeg
mabauuume. Homepauuama Ha mabauuyume u
uAloCcmpayuume e ¢ apabcku uugpu u ce Nocou-
Ba 6 ocHoBHua mekcm. [Mpu u3znoa3zBaHe Ha
yykg uastocmpamuBeH mamepuaa, nOCAEgHUAM
mpabBa ga 6bge npugpyxeH cbc cbomBemHo
cbeaacue 3a Bb3npousBexxkgaHe om Hocumean Ha
aBmopckume npaBa. ToBa ce ykazBa 8 mekcma
KbM UAIOCMpayuama.

KHuz2onuc

Knueonucbm ce npegcmaBa Ha omgeaHa
cmpaHuua. bpoam Ha uumupaHume uzmouHuyu
e npenopbyumeAHo ga He HagxBbpaa 25 (3a 06-
3opHume cmamuu 40) kamo caegBa ga BkaouBa
aKmyaAHU U3MOYHUUU OM nocaegHume 5 20gu-
HU, Kakmo u nybAukayuu om Gbaz2apcku aBmopu,
pabomuau no cbomBemuusa npobaem. Mogpex-
gaHemo Ha uzmouHuuyume ga cmaBa no pega Ha
noaBa B8 mexkcma. KHuzonucbm ce opopma cbe-
AacHo YHudpuuupaHume u3uckBanus 3a nybauka-
uuu B8 o6aacmma Ha GuoAo2uaAMa U MeguuuHama
u e onpocmena Bepcua Ha cmua BankyBoup (http:
//www. ncbi. nlm.nih. gov/pmc/ articles/ PMC
3142758/). Bcuuku aBmopu ce ombeaazBam c
hamuAHO ume, nocaegBaHo om uHUUUAAUME.
IMpu noBeue om wecm aBmopu, caeg wecmusa ce
nocmaBsa et al. CaegBa uaromo 3azaaBue Ha uu-
mupaHama cmamus (c 2aaBra 6ykBa e camo Ha-
YyaaHama gyma), HazBaHue Ha cnucaHuemo u3nu-
caHo cbkpameHo cnopeg Index Medicus, 2o0guHa,
mom, 6pol Ha kHuxkkama B maaku ckobu (He3a-
gbAKUMEAEH NPU U3gaHUA C HENPEKbCHAMO

files. Diagrams and graphs should be prepared in
XLS (MS Excel), PPT (MS PowerPoint), EPS (encap-
sulated postscript) file formats that permit further
processing. Bitmap images (photographs etc.)
should be submitted in JPEG format and resolution
300 dpi. The figure captions are added to the main
article document after the tables. All tables and fig-
ures are numbered sequentially and should be
referred to in the text. If illustrations from other
sources are used, the latter should be accompa-
nied by the relevant permission for reproduction
with a reference in the figure caption.

References

The references should be presented on a sep-
arate page at the end of the manuscript. It is rec-
ommended that the number of references should
not exceed 25 titles for original research articles
and 40 titles for the reviews. It is advisable that
sources on the topic from the recent five years be
used. The references are listed in their order of first
appearance in the text. They should follow the
Vancouver format and the Uniform requirements
(http:// www.ncbi. nlm. nih.gov/pmc/ articles/
PMC 3142758/). All authors should be listed for
papers with up to six authors; for papers with more
than six authors, the first six only should be listed,
followed by et al. The authors are followed by the
full title of the paper (Only the first word is capital-
ized). The journal title is abreviated in conformity
with the latest edition of Index Medicus, followed
by year, volume, issue in parentheses (not neces-
sary for periodicals with a continuous pagination
throughout the volume) and full first and last page.
Chapters of books are cited in the same way, the
full name off the chapter first, followed by ,In:”, full
title of the book, editors, publisher, town, year, first
and last pages of the cited chapter.

Examples
Reference to a journal article:
1. Mclachlan S, Prumel MF, Rapoport B.
Cell Mediated or Humoral immunity in Graves’
ophthalmopathy? |/ Clin Endocrinol Metab 1994;
78 (5): 1070-1074.

If the original cited paper is in Bulgarian:

2. Christov VI, Gocheva N, Petkova M,
Zacharieva S, Tankova Tz, Orbetzova M, et al. A
consensus of the Bulgaran Institute Metabolic Syn-
drome on the metabolic syndrome. Nauka
Endocrinologia. 2010; 2: 53-70 (in Bulgarian)

132

EHgokpuHonozus Tom XXVII Ne2/2022



HOMepupaHe Ha cmpaHuuyume 6 moma), NbAHU
HayaAHa u KpalHa cmpaduua. MaBu (pa3geau)
om KHu2u ce u3znucBam no aHarO2UYEH HauuH,
kamo cAaeg aBmopa u 3azaaBuemo Ha 2aaBama
(pazgena) ce ombeaazBam umeHama Ha pegakmo-
pume, nbAHOMO 3azAaBue Ha KHU2ama, u3gamen-
cmBomo, 2pagbm u 2oguHama Ha u3zgaBane, Ha-
YyaAHama u kpatiHama cmpaHuua. Vi3mouHuyume
Ha Kupuauua caegBa ga 6vbgam npegcmaBeHu u ¢
opueuHaaHua um npeBog Ha aHa2AulCKU UAU
mpaHcAumepauua (ako U3mMoYHUKbBM HAMA Opu-
2uHareH npeBog Ha 3azaaBuemo u pe3iome Ha aH-
2aulicku) u cbe 3abeaexka 8 ckobu (in Bulgarian).
KHu2onucbm Ha op2uHaAHUMeE cmamuu ce omne-
yamBa caeg aHzaulckuA mekcm.

Mpumepu:

Cmamusa om cnucaHue:

1. MclLachlan S, Prumel MF, Rapoport B.
Cell Mediated or Humoral immunity in Graves’
ophthalmopathy? | Clin Endocrinol Metab 1994;
78 (5): 1070-1074.

2. Christov VI, Gocheva N, Petkova M,
Zacharieva S, Tankova Tz, Orbetzova M, et al.
A consensus of the Bulgaran Institute Metabolic
Syndrome on the metabolic syndrome. Nauka
Endocrinologia. 2010; 2: 53-70 (in Bulgarian)
(XpucmoB Ba, F'oueBa H, INemkoBa M, 3axapu-
eBa C, OpbeuoBa M u cvaBm. KoHceHcyc Ha
bbAzapckua uHcmumym ,MemaboAumeH cuH-
gpom” 3a noBegeHue npu memaboAumeH CUHg-
pom. Hayka Engokpurnonoeua 2010; 2: 53-70).

Ia6a (pazgea) om kHuza:

1. Delange F. Endemic Cretenism. In: Brave-
man L, Utiger R, editors. The Thyroid. 9-th ed.
Philadelphia: Lippincott Co; 1991. p. 942-955.

Mamepuarume mpa66a ga ca HanucaHu Ha
npaburen 6wvrzapcku, pecnekmuBHO aHzAUGCKU
e3uk npu cnazBane Ha cbBpemennume npabBuna 3a
npaBonuc u nyukmyayua. lpenopvyumenno e ab-
mopume ga KOHCYAMupam aHzAulCKUA MmeKcm C
guroroz uau aHzaozoBopaw. Pegakyuama mosxe
ga Hacoyu kem kBaauguyupanu npeBogayu 3a
npeBog uau pegakmupaHe Ha mamepuaaume Ha
aHZAULCKU e3uK cpewjy 3ansaujane. Mamepuaau,
Koumo He omzoBapam Ha uzuckBanuama Ha cnu-
canuemo, ce Bpwvujam Ha aBmopume 3a kopexkyuu
npegu ga 6bgam npegageHu 3a peyeH3zupaHe.

(XpucmoB Ba, FoueBa H, lNemkoBa M, 3axapueBa
C, OpbeuoBa M u cvaBm. KoHceHcyc Ha bbazap-
cKua uHcmumym ,MemaboAumeH cuHgpom” 3a
noBegeHue npu memaboaumeH cuHgpom. Hayka
EHgokpuHorozua 2010; 2: 53-70).

References to a book chapter:

1. Delange F. Endemic Cretenism. In: Brave-
man L, Utiger R, editors. The Thyroid. 9-th ed.
Philadelphia: Lippincott Co; 1991. p. 942-955.

The manuscripts should be prepared in good
contemporary language with correct spelling, gram-
mar and punctuation. Non-native English authors
are advised to consult the text with a native speaker
or a philologist. On demand, the editors might rec-
ommend paid qualified translators for text transla-
tion or language proof-reading. Manuscripts that do
not comply with the requirements of the journal will
be returned to the authors for corrections before
being forwarded to the reviewers.
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