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INEPIAHYH

[apa Vv amayopevon amd tov Ilaykoopio Opyavioud Avti-Ntomwvyk,
TO VTOTIVYK aipaTog, Kuplwg HE TN XPNOTN Tapayovtwv SLEYEPGNG TNG
epubpoToinong KaL TN HETAYYLON AlpATog, XPNOooToLlEiTal amd abAntég
TIoL B€A0UV VL ATOKTIIO0UV ABEULTO TIAEOVEKTN LA, auEAvovTag TNV aegpofia
IKaVOTNTA TOUG, HEoW OVENOMG TNG ToPaywyns €pubpwv alpoc@aipiwy.
MéBodot apeong avixvevong, mov Bacilovtal o€ TEXVIKEG NAEKTPOPOPNONG,
QVOCOTIPOGSLOPLGHOU KL XPWHATOYPOPIOG GUIEVYUEVNG UE PUOCUATOUETPIO
pal®v, PTopovV Vo aVIXVELGOUV aVOGUVSUNCUEVEG £PUOPOTIOMTIVES Kot
aAAovg apdyovtes Siéyepomg ™G EpuBpoToinomg, EVEM 1) OLOAOYN HETAYYLOM
alpatog pmopel va aviyveuTtel pe KutTapopeTpia pong. MeExpL onuepa Sev
vmapyetl SlaBéoun pEBoSOG AUEST|G AVIXVELONG TNG AUTOAOYNG UETAYYLONG
aipatog. To yeyovag autd o€ cuVSLAOUO PE TN SUCKOAIX EVTIOTILGHOU VEWY
OUVEXWG AVASUOLEVWV OTIOYOPEVHEV®V OVGLMV, KABWG KaL T1 XP1o1 TIOAA®Y
SLOPOPETIKWV aVACUVSLAGHEVWY EPUBPOTIOMTIVWV GE UIKPOSOTELS, 081]yN0E
TNV EMGTI AN TOV AVTL-VTOTIVYK G TNV OVATITUEN HEBOSwV Epeon avixveuong.
H gupeon aviyvevon tov vromvyk aipatog facileTot ot peyaAvTepn SLapKeLo
IOV £XELT) EMIBPAOT TNG XPNIONG LLAG ATIXYOPEVUEVNG oVGiag 1) peBOSov aTov
0pYQWVIOUO, O OXEON UE TO XPOVO THPAMOVIG TNG 1) €KBEDTIC TOL o€ QUTNV.
To BloAoyikd AwxBatnplo ABANTY, WG GTPATIYIKI] YIX TNV EUUEST) AVIXVELOT
VTOTIVYK a{IATOG HECW TNG SLOXPOVIKNG TapakoAoVONoNG Twv EMMESWV
TWV AUOTOAOYIK®MV TIOPOUETPWY OE ATOUIKO ETITESO, AMOTEAEl ONUAVTIKY
kataktnon. Néeg mpooeyyloel, OLwG, 0TO VTOTIVYK ailatog Snovpyovv
VEEG AVOAUTIKEG TIPOKAT|OELG KL G €K TOUTOU SMULOVPYELTAL 1] AVAYKT Y
TEPAULTEPW EVIOYVOT VTOV TOL EpYaAEiov. H Epeuva otpépetalatn xpron vEwv
EUUEOWV BLOSEIKTWV VIOTIVYK AUUATOG, UE XUPAKTNPLOTIKA Tapadelypato
To TPO@(A G161)pov, OV TIAPAKOAOVOE( Tal EMITMESA TWV TPWTEVWV TNG
opoLO0TAONG OLB1POV, Kal TOV EAEYX0 HETABOAWV G€ KUTTAPLIKO, LOPLOKO 1)
YEVETIKO eTiTESO, IOV OPEAOVTAL OE VIOTIVYK aipatog. O cuvSuaouog Tou
BloAoywkov AtaBatmpiov ABANTI pe GAAOLG ERIETOUS BLOSEIKTEG EKTILATOL OTL
B eVioXVOEL TNV ATIOTEAEGUATIKOTNTA TWV EAEYXWV VTOTIVYK QL{HATOG.
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1. EIXATQIrH

Avéapeoa ota peydia kot cofapd mpoBApata Tov
€XEL VAL QVTILETWTI{OEL 0 oVYXPOVOG abBANTIoNdS, TO
(PULVOUEVO TOU VTOTVYK KATEXEL KEVTIPLKY OZom.
To vtoTvyK cuvicTatal Kuplwg 0TV TIPpooTAdELa
ATOKTNONG ASIKOU TIAEOVEKTNUATOG, EVAVTIL TWV
UTIOAOITIWVY cuvaywvIlopevwy abAntwy, pe xprion
(PAPUAKEVTIKWOV OUCLOV KAL ATIXYOPEVHEVWV PEDOD-
Swv. ApkeTol aBANTEG LTTOKVTITOUY OTOV TEPAGHO
™G XPNONG TETOLWY TPAKTIKWV HE 6TOXO TNV ViKn
KAl TEALKA TNV amOKTNon VAIKWOV amoiafwv Kol
ENUNG, HE ATOTEAEGUA T OTPEPAWOT TOU €V AYW-
vileoBat, TV aAAolworn ATOTEAECUATWY KAl TNV
anagiwon Touv abAnTikov Wewdovs. H tadtion tou
aOANTIoOHOU KAl EL8IKE TOU TTPWTABANTIONOV HE TO
VTIOTILVYK OTNV OUVEISNOT TOV KOGHOU Kol KUpiwg
TWV VEWV TALSLOV ATIOTEAEL KATAGTPOPLKY] OUVE-
mewx kat aAndwn Boupa ota Bepédia Tov abANTL-
opov. Me v avamtuén véwv gvaiontwv kat atmo-
TEAEGUATIKWOV HEBOSWV EAEYXOU TOU VIOTILVYK, TIOU
Baaoilovtal o6e KAVOTOUEG AVOAVTIKESG TEXVOAOYIES,
1 TPAKTIKY auTwV Tou BéAouv va Eeyeddoouv to
oLOTNUA KATEVOVVETAL GE VEEG EVPAVTOOTES E-
0660ug amoktnong abéuttov mMAsovekTnatos. To
VIOTVYK alpatog lval pla TETOW UACTLYN, TTIHpA
TIG 0OPBapPEG ETMTWOELS IOV UTIOPEL va £XEL OTNV
vyela.!

H av&énon tng mocodTnTAG NG Qluoc@alpivig
oto aipa elvat o povog TpOTOG yLo va evioxLBel n
agpofla tkavotnta evog abAnt. Ta epuBpd awpo-
o@aipla LECW TNG ALUOCGEALPIVIG HETAPEPOVV TO
0&UYOVO ATIO TOUG TIVEVHOVES OTOUG HUES, EMOUEVWG
1N VMASTEPT CLUYKEVTPWOT] TOUG GTO alpa auEAvel
™ péylot poéaAnPm o&uydvou kat BEATIWVEL TV
agpofla tkavotnta.? 'Hén amd toug OAvpmiakols
Aywveg tov Mefucov to 1968, mapatnpnbnke 4Tt
oL aBANTEG aTd TEPLOYXEG e HEYXAVTEPO VYOUETPO
képSloav TOUG TEPLOGATEPOUG AyWVES avToxng. Ot
abAnTég mpoomabolv va evioxVoovv TV agpofia
KavOTNTA TOUG, E(TE E UOLKS TPOTO VTIOE(NG TTOV
TPOKAe(TAL ATO TOAPATETAUEV] TPOTIOVNON OF
vPopEeTpo, ElTE XPNOLLOTOLWOVTAG ABEULTOVG TPO-
TouG.2

To 1972 px oglpd MEPAPATWY, OTA OTOlaL LYW
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atopa vToBANONKav oe aPaipeon KAl EMAVEYXUOT)
TOV a{laToG TOUG, TPV ATLO TNV EAEYYOLEVT AOKN O,
amedelav O0TL N avinon ¢ cLYKEVTPWONS TNG al-
HOO@ALPIVIG AOYW TNG LETAYYLONG BEATIOTOTIOLEL T
ueylo mpodaAnym 0ELYOVOU KAl GUVETIWG TNV OE-
pof kavotnta.t ‘Etol, n petdyylon aipatog amo-
TEAEOE [ TAKTIKY aBEpLTNG evioyvong ¢ abAn-
TKNG anddoong. 'ia Tov Adyo auTd, TO VIOTILVYK pE
HETAYYLOT A{LATOG ATAyopeVTNKE 0TOV ABANTIONS
amd v Awbvp Odvumaky Emtpom (AOE) to
1986.5'Eva xpdvo vwpitepa, To 1985, £ywve @ik
1 KAwvoToinon tov yovidiov tng epuBpomomtivng
(erythropoietin, EPO), dmote oVvtopa cuvtebnke
Kol 1 TpwIn avlpwmiv avacuvSuacopévn Epu-
Bpomowmtivn (Recombinant Human Erythropoietin,
rHuEPO). Ot rHuEPOs xpnowomotoUvtal yw tnv
QVTILETWTILON AoOEVELDV OTIWG 1 avalpia, TELST
emayouv T Sadikacio g epubBpotonong yio tnv
Tapaywyn epuBpwV aLLoc@ALPl®VY, ATIOTEAWMVTAG
0TOX0 TWV AOANTWVY, TIOV TIG XPTOLLOTIOLOVV YLK VX
avénoovv Vv agpofia tkavotnta tous. To 1990 1
AOE amayopevoe kat ™ xprion rHUEPOs, mapoTt
Sev Ntav akoun Sabeoipes pébodol y v avi-
XVELOT TouG.°

H (8puon tov Maykdopiov Opyaviopot Avti-Nto-
mwyk (World Anti-Doping Agency, WADA) to 1999
ouvéBale otV opydvworn &vog BéATioTou Tpo-
YPAUUATOG Yl TNV KATOTOAEUNOT] TOU VTOTILVYK
Kal v evapudvion tng Asttovpylag Twv epyaotn-
plwv edéyxov vidmvyk. ZOpwva pe tov WADA, wg
VIOTLVYK aipatog oplleTal 1 KATdypnon opLopEvwy
ovoLwv 1/Kat peBodwv ya v aténon tov aplpov
TV gpLBPOV alpoc@alpiwv oTo aipa, 1) oTola ETL-
TPETEL OTO WU VA LETAPEPEL TIEPLGTOTEPO OEUYO-
VO OTOUG HUEG, TIPOKEIUEVOL Vo eVioXLBel 1 abAn-
TIKN avtoxn Kot amddoon.” TUUTANPWUATIKE, e
Baom tov Kataroyo Amayopevpévwv Ouowwv (List
of Prohibited Substances) tou WADA, to vtomivyk
aipatog meplapBdavel omoladnimote TpPooTAOELX
XEPLOPOU TOU Q{HATOG KAl TWV CUGTATIKWVY TOU,
omwg 1 xprion rHUEPO kat mapayovtwv SiEyepong
epuBpomoinong (Erythropoiesis Stimulating Agents,
ESAs), ouvBetikwv @opéwv ofuyovou kat petayyi-
OEWV AlHATOG 1) TApAyWYWV Tov.”8

Mapd v anaydpevon tov and tov WADA, o vto-
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@@ 9/*9/*./*'*9/'
apyEyovo CFU-GEMM BFU-E CFU-E  mposouSpoBhdotn  Boossguin  MoMupuwpaTada
CUOTOUNTIKG spuBpofhdoTn  EpUBpoPidoTn
e I_ efaptnon ang EFO _I

Ewova 1. Ztdbia tng eéaptaduevns amé oévydvo kat pubui{duevns amd epvOpomomtivy Siadikaociag
epvBpomoinons, CFU-GEMM: povdda oxnuatiouov amoLkiiV KOKKLOKUTTAP WV-EpUOPWV-UOVOKUTTAPWV-
ueyakapvokvttapwv, BFU-E: povada éxpnéne oxnuatiouov epvbpdag oeipag, CFU-E: povada oxnuatiopov
amoikLV epuBpdc oeipds (tpomomomuévn pwtoypapia).””

TIVYK a{PaTtog eMAEYETAL CUXVA AT ABANTEG OV
BéAouv va amoKTHooUV aBEUITO TTAEOVEKTHA KAl
amoteAel TaVTOXpOVA €V oNUAVTIKO Tiedio €pev-
VOGS Yl TNV ETLOTHUN TOU QVTL-VTOTIVYK. loTopika
N aueon aviyvevon rHUEPOs pe tn xprion niektpo-
POPNTIKWV TEXVIKWOV ATIOTEAECE CNUAVTIKO Brjua,
08NYWVTAG o€ eEKATOVTASES BeTIKA Selypata o Ta-
ykoouo emimedo Siaxpovikd.® H apeon aviyvevon
OHOAOYNG HETAYYLONG AlLATOG £YLVE OTI] CUVEXELX
EQLKTI) LE TN XP1ioN KuTTApOopeTpiag pone.® Av Kot
Slaitepa oNUAVTIKY, 1| GUECT] AVIXVELOT] VTOTILVYK
aipatog, £€yve cUVTOUN KATAVONTO OTL SeV eTTaPKEL
yla TV aviyveuon OAwV TV TEPLTTWOEWY, OTIWS N
QUTOAOYN HETAYYLOT ailaTog, 0dnywvTag o€ Slapo-
peTIKEG Tpooeyyioets. H epappoyn tov BloAoykov
AwBatnpiov ABAnt (Athlete Biological Passport,
ABP) pe mv mapakoAoBnon AUATOAOYIK®OV TIopo-
HETPWV GE ATOUKO emiTteSo, AvolEe Tov SpoUo Yl
™mv éupeon aviyvevon vtomvyk aipatos. H Baokn
18¢a touv ABP Baciletal oto 0TL oL peTafoAég o€ u-
Ol0A0YLKEG SLaSIKAGLEG TOV 0pYyAVIGHO, IOV UTTOPEL

VO ETILPEPEL ] XPTOT ULXG ATIXYOPEVHEVNG oUoiag 1

ueb680v, cuoyeTilovTal [LE TOV EVTOTILOUO TWV Kot
TaAANAwv €ppecwv Plodektwv. ‘ETol, n mapako-
AovOnon ¢ Slaklpavons avTwy Twv PLOSEKT®OV
o€ atopko emimedo kal oe BaBog xpovov, pmopel
Vo amoKOAVYPEL TN XP1OT ATAYOPEVUEVWV OUOLWDV
N HeBOSwv avetapta amd v ovaia 1 ) uébodo
IOV XpNolomonke. 1

H mapoVoa avackommnon mapouotdlel Tig onua-
vTiKOTEPEG £EEAIEELG TNG TeEAeuTalag SekaeTiag OTIg
TEXVIKEG GUEOTG KAl EUUEOTIG AVIXVEVOTG TOU VTO-
TIVYK a{lOTOG Kol EMONUAIVEL T ONUAVTIKOTITA
™G XPNoNG Twv BLOSEIKTWVY Yyl Tov €AEyX0 VTO-
mwyk. Emiong moapatiBevtal cuvomTIKA OXETIKA
oTolxela puotoAoyiag yio TNV KaAUTEPT KATAVOT 0T
Tov BépaTtog.

2. XTOIXEIA ®YXIOAOTI'IAX
2.1 EpvOpomoinon

Ta epuBpa awpoo@aipia €xovv éva péco Ypovo
emBiwong 120 nuépeg Kol wG TEAKWS Slagopo-
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mompéva kuTTapa 8ev €xouv TN SuvatdTNTA VA
moAAamAaclaoTovv. H ouveyng avamAnpwor toug
yivetal péow pag Stadikaciag mapaywyng wpt-
LWV €PUBPOKVUTTAPWY OTOV HUEAD TWV 00TWY, N
omoia ovopaletal epubpoToinomn KoL EMAYETAL ATTO
v EPO, v opudvn Tov TTapdyeTal amd Toug ve-
@poUG KaL 8pa 6TO HUEAD TV 00TWV SleyelpovTag
TOV TOAAQTAQCLAGHO Kol TN Sla@opoTmoinorn Twv
TPoYovik®wv gpuBpokuttdpwv.!!’ To cvvoro Twv
KUTTAPWY, amd TO TPWTO SECUEVHEVO TPOG TNV
epuBpoToinon moAvdVvapo apx£yovo aLUOToLTL-
KO KUTTOPO PHEXPL TA WPLUA €pLBPA alpocaipla
amoteAoUV TNV pubpd celpd, TG omolag Ta Baot-
KO XOPOKTNPLOTIKA wpipavong elvat n pelwon tov
pey€Boug Tou KUTTApPov, N avinon g ofuvPiAiag
TOU TPWTOTAGOUATOG, N Helwon g oUvBeong
DNA xat RNA, kabmg kat 1 avénon g mooodTnTag
™m¢ apoo@atpivng.tz13

Ta pop@oAoykd avayvwpiolpa KUTTApA TG EPU-
Bpds oepdg ovopalovtal BAACTES Kal pe cLVeEXE(
SLLPOPOTIOTELS KATAAYOUV OTO EKTIUPTIVWUEVO
awpo gpubPoKUTTAPO, TOU OVOUATETAL SIKTLOE-
puBpokvTTAPO, TO 0Tto(0, APOV Tapapeivel yia 1-2
NUEPES 0TO HUEAD, amodidetal otV KukAogopia.
[IpokelTal yia kOTTAPO PEYOAVTEPO OO TO WPLLO
€pLOPOKVTTAPO KAL PE UIKPOTEPT TEPLEKTIKOTNT
0€ ALUOCEALPIVY, EVW XAPAKTNPLOTIKY eival N Ta-
povcia piBoocwpiko’) RNA (rRNA). A@ov tapapeivet
oTnV KukAo@opia ywa 1-2 nuépeg to Siktuoegpubpo-
KOTTOpO YXGvel To rRNA kot KukAo@opel o wg wpL-
po gpuBpo apoopaiplo (Ekova 1).1213

Ta epuBpd alpoo@aipla AmOTEAOVV TO TEAIKO
TAPAywyo Twv gpuBpofAacTwv TOU HUEAOL Kal
xapaktnpifovtal amd tnv EAAeWm TUPNVA KoL op-
yavisiwv, To oxnfua apgikotlov dickov, tnv mAa-
OTIKOTNTA TNG EPUBPOKVTTAPLKNG HEUPBPAVNS, Kal
TO KOKKWVO XpWHO AOYw TNG MANPWONG TOUG UE
awpoo@atpivn. Kabe epuBpokittapo mepiéxel 30pg
alpoo@alpivng, To HOPLO TNG OTOlNG ATOTEAEITAL
aTO TECOEPLS TOAVTIEMTIOIKEG aAvoideg, avd SVo
OUOLEG, IOV GUVEEOVTAL PE TIETTISIKOUG SECUOVG KoL
avadtmiovovtal pHe auatnpd kaboptopévn Sopn. Ze
KkaBe pa avadimAwpevn aAvciba vTtapyeL Tpocap-
™muévo éva poplo aipung pe éva atopo oLdnpov 6To
kévtpo tov. 1113 'Etoy, 1o 0&uydvo Seopedetat Tayv-
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TATA TNV ALLOc@aALpivT), KATW amo cuvOnkes vm-
MG CUYKEVTPWONG 0§UYOVOU OTOUG TIVEVHOVES, KAL
ATOSEGUEVETAL GTOUG LGTOUG, OTIOU 1] CUYKEVTPWOT)
ofuyovou eivat xaunAn. H {wn twv epubpokutta-
PWV OAOKATPWVETAL UE TN PAYOKUTTAPWOT] TOUG
ATO TA HOKPOPAYX KUTTAPXK TOU OTIANVOG. 41

H p0UBuion g gpubpomoinong yivetat pe eldikd
EWKUTTAPLX KoL EVEOKUTTAPLX onpata pe Bdon
TIG AVAYKEG TOU OPYQVIOUOU o€ o&uyovo. O kupL-
oG atonTpag ¢ tdong Tov ofuydvou PBpioketat
OTA TEPLOWANVAPLAKA KUTTHPA TOU VeQPOU. T1pod-
KELTOL YLX HLO LETOHAAOTIPWTEIVN IOV TIEPLEXEL aLipn
LE £Va ATOUO OLETPOV KoL OE KATAOTACELS UTIOEIG
puBuilel Tov emayopevo amd vmoiia mapdyovta-1
(hypoxia inducible factor-1, HIF-1). O HIF-1 eivow
ETEPOSIUEPNG UETAYPAPIKOS TIAPAYOVTAS, VTIEVOU-
VOG YLot TNV EMAYwWYN TG £KQPAOTG TOU YoviSiov
™G EPO o€ ouvOnkes EAAendmg oEuydvou Kot amoTe-
Aetta amo 8Yo vmopovades, HIF-1a ko HIF-1p. Ma-
poucia ofuyovov, o HIF-1a amoikodopeitat TpwTte-
0AUTIKG pe TNV cupPoAr] TG TPoAVA-USPOEVAGOT G
tov HIF-1. Z& cuvOnkeg umoéiag autr) 1 e€aptwpevn
amd o&uydvo TPOoAUA-USPOEUAGON avaoTEAAETOL
kal 1 amowkoddéunon tov HIF-1a otapatacel ‘Etaoy,
o HIF-1a eloépyetal otov mupniva Kot GUVSEETAL LE
tov HIF-1B oynuatifovtag éva otabepod Siuepég, To
0T0{0 TIPOAYEL TN HETAYPAPT) TOL YoviSiov TG EPO.
Emonpaivetar, 6Tt o HIF-1 embpd kat eupéowg
oTNV 0ELYOVWON TWV LOTWV, KaBWS amoTteAsl onua-
VTIKO QYYELOYEVETIKO TapdyovTa.tt3

H enidpaon g EPO ota kOttapa g epubpadg
oElpag apyilel pe T oUvEeoT] NG LLE TOV UTIOSOXEQG
¢ (erythropoietin receptor, EPO-R), o omoiog ek-
@paletaL otnVv eMPavelx Tous. H oivéeon evog po-
piov EPO pe to e€wpeufpavikd akpo tov SHeEPoUg
UTIOSOXEX TNG, ETUPEPEL EVEPYOTIOINOT) TOU EVSOUE-
Bpavikol Gxpou TOU PECW PWOEOPLAIWOTG, KAl
HECW LOVOTIOTIWOV HETAYWYNG ONHATOG ETAYETAL 1
£K@pPaoT YOVISIwV TTOAAATANGLAG IOV Kol SLapopo-
moinong otov upniva. MapdAinia, n obvdeon g
EPO pe tov EPO-R mtpodyel TV @wo@opuliwon ap-
VI TIK®OV pUOULETOV, HECWw TWV 0TOlwV 08 SeVTEPO
Xpovo 1o cvotnua Ba emavérBel oe npepla. Ta Si-
KTLOEPUOPOKVTTAPA KL TA WPLLA EPUOPOKVTTAP
Sev @épovv vodoyeis epubpomomtivne.t?
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2.2. TOTOL VIOMIVYK aipatog

Toppwva pe tov WADA, 1 xpfion ouvBETIKWV @o-
pEwV 0&uydvov, oL petayyioels aipatos kat n xprion
rHUEPOs kat ESAs sivat ol Tpels Baotkol toToL vto-
TIWVYK a{patog, To omolo amayopeVeTal TO00 EVTOG
aywva, 600 Kot ekTog aywva.” Ot pgdodol yia v
aviyveuor] Tou TepvoUV ato Tov faAcIKO TEPLOPLOUO
TV Blodoylk®wV SelypHaTwy Ta 0Tola cLAAEYovVTAL
Yl €AEYXO0 VTOTILVYK TOV €lval T oVpA KAL TO otipio
(oA, TAGo A 1) 0pOG), AV KoL Ta TEAELTAIX XPOVIX
£XOUV KAVEL TNV ELPAVLOT] TOUG KoL GAAX EVOAAAKTL-
Ka BLOAOYIKA UTTOGTPWUATA, OTIWG OL ATIOEN PAUEVES
knAideg aipatog (Dried Blood Spots, DBS) 1 oUpwv
(Dried Urine Spots, DUS), To adAlo kat ot tpixes.t*

H eAevbepn awpoo@aipivn, dtav Sev meptfdAie-
TaL SNAadY] 6TO E0WTEPIKO TWV EPUOPOKVLTTAPWY,
pumopel va TPOKAAECEL EVTOVI] QYYELOGUGTOAT),
aKOun Kol va yivel ToKn ylx Toug ve@poUg Kot
Tov eyké@aro.* OL ouvBeTikol popeig ofuyodvov ei-
val KaBaplopeves TPWTEIVEG 1) XNULKEG OVCIEG IOV
ATOTEAOVV VTIOKATACTATH aipatos (TexvnTo aipa),
KaBw¢ pmopolv va xpnoomomovv avti g at-
Hoo@ALP{VNG YO TN UNXAVIKT HETA@OPA 0&uydVou,
pL 18LOTNTA OV eKPETAAAEVOVTAL Ol AOANTES Yia
0KOTOUG VIOTVYK aipatos. Xwpilovtal og Vo ye-
VIKEG KaTnyoples, Toug @opeis ofuydvou pe Bdon
m™mv awpoo@aipiv (Hemoglobin-Based Oxygen
Carriers, HBOCs) kat toug umep@BoploavOpakeg
(Perfluorocarbons, PFCs).” Ot HBOCs eivat ovowa-
OTIKA T TIPOIOVTA TPOTOTOMONG TG AlLocPaLpi-
G avBpwmov 1 Booeldwv £melTa amd avacuvdu-
QOO 1) TIOAUUEPLONO, TTIOV UTIOPOUV v GUVSEOVTAL
KAL VA LETAPEPOVV TO 0EUYOVO TTAPOUOLA LE TNV (PU-
OK1| ALLOGPALPIVY, ATIOPEVYOVTAS OUWS TIG TOELKES
mapevépyeleg.tt® Ao tnv dAAn ot PFCs 8ev €xouv
LKOVOTNTA CVVEEGTG LE TO 0EUYOVO, OTIWG 1) (PUOLKN
alpoo@atpivn, cAAQ TPOKELTAL Y KABapd XNULKES
UM TIOALKEG EVWOELS, OL OTIO(EG XOPTYOUVTAL GE HOp-
PN YOAOKTWUATOG TIOU UTTOPEL Vo Spaoel oav Sia-
A kot petagopéag oéuyovou.l® Ou cuvBetikol
@opeig o&uybvou xpnolomolovvtal GTNV LXTPLKY
0€ TIEPLTITWOELG EKTAKTNG AVAYKNG, OTAV SEV LTIAP-
XeL Stabéopo avBpwmvo aipa, 1 6TAvV Sev VTIAPYEL
APKETOG XPOVOG yla TOV EAeyX0 ocLUBATOHTNTAG KoL

TOavn g poAuvveons oto SwploBev aipa.’

H petdayylon aipatog 1 mapay®ywyv Tou lval 1
SevTepN KATNYOPIlA VTOTILVYK QPATOG Kol UTTOPEL Vo
elvat autdAoyn 1 opdAoyn. TNV auTdAOYN HETAYYL-
on to aipa AapBdavetatl amd To 6T KAL TOV HETAY-
yiletat Eavd, SnAadn o 66Tn¢ Kat o §£kTn¢ ivat To
(810 dtopo. ATd TV GAAN, 0TV OLOAOYT LETAYYLON
To ailpo Aappavetal amd to §0TN Kal peTayylleTal
0To 84K pe TV (Sl opdda aipartog, SnAadn o 56-
NG Kol 0 SEKTNG elvat SLLPOPETIKA ATOUA TOV {SLov
€idovc.” Katd v tumikn Sadikacia ¢ HETAYYL-
ong o 86tnG Sivel wa TOGOTNTA ALUATOG, TO OTI0(0
(uyokevTpeltal, ta gpubpd aitpoo@aipla kabla-
VOUV KAl amoBnkevovTal 6€ KATAAANAEG GUVONKEG.
Alyeg pépeg pv Tov aywva cuvifwg ta epubpa at-
Hoo@aipla ekxéovtal 0To SEKTN, auEdvovTag dueoa
TNV IKAOVOTNTA HETAPOPES 0EUYdVOUL.?

H ev8oyeviig avBpmmivn epuBpotomtivny (human
erythropoietin, HUEPO) eivat n kVpia oppdvn mov
emSpd o Sadikacio g epubpomoinong. H xpnon
Sua@opwv rHUEPOs katéyel kuplapyxn B€on avapue-
0O OTIG TTOPAVOUES TIPAKTIKESG IOV XPTGLUOTIOLOVV
oL AOANTEG Yla VA ATTOKTIO0VV AOEULTO TTAEOVEKTN-
Ha kKot ovumeplAappavovtal otov Katdioyo Ama-
yopevpevwyv Ovotwv tov WADA padl pe 6Aoug toug
YvwoTtoug ESAs, kaBwg kal pHe AyvwoTEG OUGIES IOV
£xouv Tapopola xnuikn dopn 1 BloAoyikn Asttoup-
yia.® Ot rHUEPOs éyouv tov {810 aptBud apvoieéwv
ue tnv HUEPO kot mapdyovtal pe xprjon KoaAAlep-
YELOV KUTTAPLKWV CEPWV, OTIWG WOBNKIK®OV KUT-
TapwVv KEQkov xapotep (Chinese Hamster Ovary,
CHO) 1} ve@plk®V KUTTApwV Hikpov xauotep (Baby
Hamster Kidney, BHK).® To pépio tg HUEPO mept-
éxeL tpelg N-ouvdedepéves kat pa 0-ouv8edepévn
0ALYOOOKXQPLTIKEG TIAELPIKEG aAvoibes (N-yAuka-
veg kat O-yAukdvn). H N-yAukoluAiwomn puBpuilet
™ ovyyévela g EPO pe tov EPO-R, kabwg kat to
Xpovo nulwng g otov opo. Emeldn) ol petapeta-
(PPUACTIKEG TPOTIOTIOWOELS EEAPTWVTAL ATO TA EV-
Tupa TWV KUTTAPWY GTA OTIOLQ TIPAYUATOTIOLELTOL T
ouvBeon s EPO, 1 xprjon Sta@dépwv KLTTAPIKWY
OELPWV £XEL WG ATOTEAECUA SLALPOPEG G TNV YAVKO-
CuAiwomn g mpwTeivng. [Tapa TN StapopeTikn yYAv-
koluAlwon ot rHUEPOs Swatnpolv mapdopola Sopn
kal dpaon pe v HUEPO, Spivtag wg aywvioTeg
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tov EPO-R.5Y AvdAoya pe tn oUvBeomn kot ) @Uon
TOU TPOTUTOV YAUKOZUAIWONG, OL ERTIOPLKA TTaPa-
YOUEVEG ETOETIVEG akoAovBoUvTaL ATtd Eva EAANVL-
KO ypapua (o, B, §, w, K), eV SLaPOPEG TNV QpLvO-
gk aAAnAovyia voSekvoovTal e T Xpron evog
Tuxaiov Tpobepatog (T.y. Sapumosmnoetivy-a).o1718

OL mpw ¢ yevidg rHUEPOs (emoetivn o, emoeTivn
B), exppaotnkav oe CHO xiTtTtapa kat eykpibnkav
70 1989 amd tov Opyavioud Tpoipwv kot Papud-
kwv (Food and Drug Administration, FDA) ywx
Bepameio avalpikov acBevov. H 8g0tepng yevidg
rHuUEPO, Sapumemoetivn o (darbepoetin a, dEPO)
elvar yvwot kt wg NESP (novel erythropoiesis-
stimulating protein) kat eykp{6nke to 2011 amo tov
FDA (egpmopuwkn) ovopacio Aranesp®), av kain xpron
NG YLt GKOTIOUG VTOTILVYK N TAV YVWOTH vwpltepa.
H tpitng yeviag rHUEPO elval évag ouveyng evep-
yomowmtig tou EPO-R (continuous erythropoietin
receptor activator, CERA) eppaviotnke otnv ayo-
p& to 2007 (gpmopikn) ovopacio Mircera®) kau ex-
@paotnke oe CHO kuTTOpPIKY OEPA IOV TIAPNYAYE
EMOETIVN-B ouvedepévn pe ToALVABUVAEVOYAUKOAT
(polyethylene glycol, PEG).6

Apdon ESA pe 8iaitepo evlaépov Exouv Kot ava-
Aoya popla g epuBpomomTivng, OTIWG oL avacuVEL-
aopéves mpwTtelveg ovvtnéng g EPO pe ™ Papud
aAvaida meploym Fc twv avBpomivwv avocoo@aipt-
vwv IgG (EPO-Fc), kaBwg amodeiydnke 6TL Sieyeipouvv
™mv gpubpoToinon HeETA amd Yoprynon o€ KAWIKN
peAétn @aong 1812 Akoun, éva loyxvpd WLTIKOG TeTTi-
610 ™ EPO (erythropoietin mimetic peptide, EMP),
pe TNV ovopaocia peginesatide (epmopikr) ovopaoio
Hematide) amayopevtnke amd tov WADA to 2009,
evw to 2012 eykpibnke ywa ™ Bepameia avatkwy
acBevwv. [Tapdtin Soun Tou Slaépet amd auth ™G
EPO, umopei va Sieyeipel tov Siuepiopd tov EPO-R
KoL EVEPYOTIOLEl TIAPOUOLEG EVEOKUTTUPLKEG 080UG
OTHLATOSOTNONG IOV TTPOKAAOUVY epubpoToino, £xo-
VTG HAALOTA TIAPATETAUEVO XPOVO NUlwT)G.5817

Amtayopevpévn elvat kat 1 xprion Tapayoviwv
evepyotoinong tou HIE TIpdkeitan yioo Spaotikég
ovoles [my. Daprodustat (GSK1278863), Molidustat
(BAY85-3934), Roxadustat (FG-4592), Vadadustat
(AKB-6548)], ot omoleg avaoTEAAOLV TNV TPOAVA-V-
SpotuAddon tou HIF-1 xau Bpiokovtal oe kKAwikeg So-
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KILEG daong I yia ) Bepameia g avapiag kot ™mg
XPOvwaG veppkng vooou.t!” Tlpdoata amayopeltn)-
KE KOL 1] XP1ON TOU EEVOU WG TIHPAYOVTA EVEPYOTIOL-
nong mg ovvBeong HIF-1a, kabBws kat To KoBA&ATLO,
emeldn ta Wvta koBaAtiov (Co?*) cuvdéovtal e Tov
HIF-1a, eumodifovtag v amowodounon tov. 0 péAog
Tou kofaAtiou StoywplleTal EVIEA®S aTtd TO POAO TNG
koBaAapivng (Brrapivn B12) mov Sev €xel amodedery-
névn emidpact oty Beitiwon ™m¢ aBANTIKNG amoddo-
omnG81720

Axéun, otov Katdloyo cupmepilapfavovtat ot
TPWTEIVEG GUVTNENG ATIOTEAOVNEVEG ATIO TO €§w-
KUTTAPLO TP A TOU VTTOSoXEX TNG aKTLBivng TUTIOU
ITA (activin type II receptor, ActRII) kat tn otabepn
meploxn Fc ¢ avBpwmvng avocoo@atpivng IgGl,
oV &lval yvwaTol kal wg mayides axtiBivng.t’ O
ActRII avijkeL 0TV UTIOYEVELX TWV VTTOSOXEWY TOV
avintkol mapdyovta Twv dykwv-f (tumor growth
factor-B, TGF-B) mov ocvppetéyouvv petadl AAAwv
otV apvntikn pvBuLen g epubpomoinong. OL ma-
yi8eg akTifivng cuvSEéovTal PE TOUG OCUVEETEG TOV
ActRII kat toug Tayldevouvy, avacTéAlovtag TV
evdokutTapla petaywyny onuatog TGF-B kot v
apvntkn pvBuLon ¢ mapaywyns EPO. Etaoy, ot ta-
yideg axtifivng emdyouv v mapaywyn EPO xwpig
va ouvdeBovv otov EPO-R. Ilpdkettat yia Spaoti-
kéG ovoieg, 0Ttws To Luspatercept (ACE-536) kat to
Sotatercept (ACE-011), mov Bplokovtatl vTtd KAWL-
KEG HeEAETEG Y TN Bepameia ™G avapiog.8-23

Amayopeupévol oaAAd Atyétepo peAeTnpévoL Ei-
Val Kol Ol aVOOoTOAel pHeETaypa@ikol) Tapdyovta
GATA (m.x. o K-11706), o omoiog KataoTéAAEL TN
Swadkacia ¢ epubpomoinong, 87 kabwg kat ka-
Ol U1 €PUBPOTIOMTIKA HOPLA TIAPAYWYA TNG
EPO, L€ VEUPOTIPOOTATEVTIKEG LOLOTNTEG XpPTOL-
HEG oTn Bepameia VEUPOEKPUALGTIKWV BN CEWY,
OTwG N aclaro-gpubpoTmomtivn (AsialoEPO) kat 1
kapBapvitwpévn epvBpomomrtivy (Carbamylated
Erythropoietin, CEP0Q).8

3. MEOGOAOI AMEXHX ANIXNEYXHX
3.1 HBOCs kot PFCs

Ytovg OAvpmiakoUs Aywves tng ABnvag to 2004
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Ewkova 2. [lpétuma katavouric ue 1IEF twv npwtns (rHUEPO), Ssitepng (dEPO) kat tpitng (CERA) yevidg
avaovvduacuUEVWY EpUBPOTONTIVAYV, OUYKPLTIKG Ue TH HUEPO, émeita and eupavion ue ynuelopwtadyeia.B

XPNOHOTOMONKE YIa TPWTN Popd pia péBodog vy
™mv aviyvevon twv HBOCs, ot omoiot €gouv peyadv-
TEPO poplakd Bapog amd v evoyev alpoc@at-
pivi. H pébodog Baoiletal otnv nAektpo@opnon
WG Stadikacia Slaxwplopovy TOug KoL oTNV OTo-
KAglopoU peyéBovg-vypoxpwpatoypa@io vmang
anodoong (Size Exclusion Chromatography-High
Performance Liquid Chromatography, SEC-HPLC).?®
Emtiong, éxouv mpotabel ueBodot yia tnv aviyvevon
PFCs e xpnon agpoxpwpatoypa@iag culevypévng
pe @acpoatopetpia palwv (Gas Chromatography-
Mass Spectrometry, GC-MS) og Selypata aipatog,
KaBwG KAl og SElylaTa EKTTVEOUEVOU AP, PLAG TIOU
oL ovoieg autég amofaAlovtal Kupiwg pHEow TG
QVATIVOT|G, ETITPETOVTAG VA TIAPABUPO avixveLong
avw twv 10 nuepwv. Qotdoo, apereydpevn eivoun
ST pno” TG AKEPALOTNTAS TWV OVCLWV oTA SElY-
HOTO QUTA PEXPL T LETAPOPA TOUG OTA EPYATTIPL
eAéyxov. 142627

3.2 Metdyylon aipatog

To 2004 TTPoOVGLACTNKE YLa TIPWTH QOPA pEB0Sog
yla v aviyvevon ™G oudAoynNGg HETAYYLONG aipo-
TOG LLE KUTTOPOUETPIA pOT|G, 1) oTola PTopel pe T
XPNomn avtopwv evavtl dwdeka epubpokuTTapl-
KWV QVTLYOVWV VO aVIXVEVOEL TIG HIKPESG SLPOPES
IOV UTIAPXOLV OTA AVTLYOVa ETLPAVEING TWV £PU-
BpokutTdpwy peTa TOL 80TN KAl TOU SekTtN.>?
EmmpooBétwg, £xel mpotabel uebodog yia v avi-
XVEUOT TNG OPOAOYNG LETAYYLONG AlUATOG UE AVA-
Avon SElYHATWV AIPATOG XPNOLUOTIOLOVTAG TNV
TEYVIKN NG 0AVCLSWTNG avTibpaong ToAvpEpGong
TPAyRatTikov xpdvou (real time-Polymerase Chain
Reaction, real time-PCR). H ué6odog auti, mov emt-
TpémeL TV evioyvomn kat aviyvevon tov DNA tovu
80t péoa oto Selypa Tov SEkTn, Exel eMKLPWOEL
0AAG Sev e@apudletal akoun og emimedo povtivag
amd Ta epyactipla eEAEyxou vtomvyk.2 Méxpt on-
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pepa Sev vapyeL kapia péBodog yla tnv apeon avi-
XVEUOT] TNG AUTOAOYTG HETAYYLONG allaTog.2

3.3 rHuEPOs kot dAAot ESAs
3.3.1 Teyvikés nAeKTPOPOPNONG

H avantuén pebodov aueong aviyvevong rHUEPOs
apynoe oxebov pa dekaetia amd Ty Evapén g
KATAYPNONG TOUG, KABWGS 1 OHOLOTNTA TOUG HE TNV
HUuEPO elvat tétola tov Sev tav e@IKTos 0 Stayw-
plopds Toug.t H toondextipkn eotiaom (isoelectric
focusing, IEF) eivow 1 texvikn pe v omola €ylve
EPIKTOG 0 SLaxwpLopds Toug. O petady Toug Sago-
P£G 0N YAUKOZUALWOT KATAANYOUV O€ SLaPOPETIKO
TEAKO KaBapd @OoPTIO TOU EKAGTOTE TIPWTEIVIKOV
popiov o éva oplopévo pH. H IEF ekpetaAiedetal
TG SLPOPEG AUTEG, KAVOVTAG SUVATH TNV aviXvev-
on rHUEPO ota oUpa o0& GUYKEVTPWOELG EMTESWV
ng/ml, kaBw¢ ol mpwteiveg Staywpifovtar ovp-
@wVva Pe To LloomAekTpkd onueio (pl) toug.2>2° O
mpw ¢ Yevids rHUEPOs elvat Atyotepo 6&veg amod
v HUEPO, cuvenws To cuvoAikd Toug opTio €i-
VoL AtyOTEPO APYNTIKO KAL LETAKLVOUVTAL O YLK TTLO
Baown meployn tov ktwpatog ™ IEF (Ewkova
2).3931 H BrodiaBecipdtntd TOUg lval xapunAn Kot
ATULTOVVTAL €WG TPELG §0aelg v gfSopada yia
™mv emitevdn DepPATEVTIKWV OATMOTEAEOUATWY, HE
TO Xpovo NUIlwNG TOVG 6ToV 0pd VU Elval TiEPiTOU
8 wpeg.2 H emoetivn §, n omola eivaw n pévn mov
EKPPAOTNKE 0 AvOPWTILVN KUTTAPLKI OELPA, EXEL
Tapopolo po@iA katavouns pe v HUEPO kot 8ev
umopel va aviyveuBei pe IEE32 H dEPO €yel peyaiv-
TepT YAukoludiwon pe v tpoobikn Vo emmAEoV
N-YAUKQVWV, ETOUEVWG EXEL TIEPLOCOTEPO APV TIKO
@optio amd v HUEPO, dpa petakiveital oe akoun
o 6€wvn mepLoyr Touv Tnktwuatog ¢ IEF (Etkdva
2).63031 O Srapopég otn yAukoQuAiwon avénoav
poplakny pala TG TPWTEVNG, pelwoav T ovyyé-
vela pog tov EPO-R kot avénoav to xpovo nulwng
0TO TPLTAACLO, TIEPITOV 24 wpeG. AdYyw TOU peya-
AUTepoL xpdvou NULwNG, HEWWBNKE 1 amapaltnn
Sdocoloyia o efdopadiaia N kat pnviaia Baon kot
avénbnke To xpovikd Tapabupo aviyvevong g o€
7 nuépec.t’3° Emiong, 1 CERA Adyw ™ ¢ teykvAiwong
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ep@aviel xaunAotepn ovyyevela yia tov EPO-R,
EVW PETAKWVEITAL aTNV TiLo Pacikn Teploxn tng IEF
(Ewova 2).5%" EmmAfov, Adyw pey£0oug epmodile-
TOL 1) OTIEPARATIKY 810101 TNG ATtd TOUG VEQPOUG
KaLn £€KkpLot] TS ota ovpa. Emopévwe, n aviyvevon
™G pe IEF yivetal o€ Seiypata opov énetta amd eva
amapaimto otddlo avocokabapiopov. H egaipett-
k1| otaBepotnta g CERA oto alpa éxel wg amote-
Aeopa éva xpovo nulwng 70-122 wpeg, ToL PELWVEL
™ XopNyNon g o€ pia @opa to urva n Atydtepo.t’
Abdyw Touv gvpltepou mapablpov aviyvevong, M
Sevtepng kat tpitng yevidg rHUEPOs elval Atydtepo
mOavo va TpoTiunBovv amo Toug afANTES Yo oKo-
TOUG VTOTILVYK.

‘Exet SwamiotwBel 6TL TA poplaka Papn Twv
rHuEPOs eivat peyoadOtepa amod to poplakd Bapog
™¢ HUEPO Adyw TG Stapopetikns yAukoluAiw-
ong. Emopévwg, n nAekTpo@opnon mpwTEVOVY o€
TKTWHA ToAVaKpLAapLSiov pe SwdekvAd Beuxd
vatpo (sodium dodecyl sulfate-polyacrylamide
gel electrophoresis, SDS-PAGE), mou Siaxwpilel Tig
TpwTElveG pe Bdon to poplako toug Bapog, pmopel
va xpnopomomBel yi TV aviyveuon Twv avacuv-
Svaopévwv TIPWTEIVAOV o€ ovpa kKal aipa. Adyw g
VPMANG TIEPLEKTIKOTNTAS TWV 0UPWV KAl TOU aipo-
T0G 0€ MPWTEIVEG, Ta Selypata MPEMEL APYIKA va
UTIOGTOUV QVOGOKADAPLOUO LE KATIOLX TEXVLKT QVO-
ooavyyévelag.3*3* Ta tedevtaia xpovia €xovv Tept-
ypa@el TOAAG povTéda avocokabaplopov e xprion
AVTIOWHATWY 1| HAYVNTIKOV vavoo@alptdiowv.’® H
meykuAlwpevn doun g CERA cuvdéetau pe to SDS,
eumodifovtag Tov SlaYwpLoPd Kol KAVOVTOSG TILO
8UokoAn v avixvevon ¢ pe SDS-PAGE. la tov
Adyo avtd mpotdbnke N avtikatdotaon tou SDS
ue capkooVALo (N-Lauroylsarcosine/sarcosyl, SAR),
o8Ny®wvTag oty eTMiteLEN KAAVTEPOL SLaYWPLOUOV
™6 pe SAR-PAGE nAextpo@opnon, 1 omoia pmopel
va XpNoLoTonBel KoL yla TNV avixveuon Twv VTo-
Aowmwv rHUEPOs,53¢ evw 1 aviyvevon toug pe aut
™V TEXVIKY pmopel va yivel kat oe DBS.B81'0)ec ot
rHuEPOs, ov kwolvtal apydtepa AGyw Tou peya-
AUTepoV TOUG poplakol Bdapoug, ep@avifovtal oe
{wveg Tavw amod v avtiotoyn {wvn g HUEPO,
£TELTA ATTO NAEKTPOPOPTOT TPWTEIVWV.303*

Ol TEXVIKEG AEKTPOPOPNOELG UTTOPOVV VA XPT|OL-
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potmowmBovv kal yi Tov €éAeyxo GAAwv ESAs mépa
atd tig rHUEPOs. H aviyvevomn ¢ EPO-Fc pmopei va
yivel o Selypata opov pe SDS-PAGE kat SAR-PAGE,
EVW E(VAL EQIKTOG KAL 0 EVTOTILOUOG TN G O0€ Selypata
aipatog pe IEF émerta anod eviuukn| e€aAsendm tou
Fc tpuuatog.3”28 H aviyvevor| tou peginesatide eivat
Suvatn oe Selypata mAdopatog kot opov pe SDS-
PAGE.**TIpdo@ata, TpoTdOnKe KL 1 aviyvevon Twv
mayldwv aktifivng oe 0pd pe SAR-PAGE.*

Epeuvntikéc Sokipés €8elav OTL 0 avoooka-
Baplopds SelyudTwv TAAGUOTOS Kol 0pOU WE EVa
OUVSVAGCHO AVOCOUAYVITIK®OV o@APL8iwV EMKA-
Avppévov pe otpemtafidivn kot BloTvuliwpévou
TOAVKAWVLIKOU avTl-EPO avtiompatog pv amo Tig
TAPATIAV®W NAEKTPOPOPNTIKEG TEXVIKEG KAAUTITEL
Ta kpitripla Tou WADA Kot emITpEmeL TNV aviXvev-
on mpwtn¢ yevids rHUEPOs, dEPO, CERA kot EPO-
Fc pe amAd avocootimwua mpwTtelvwv (western
blotting) avti Tou SitmAov oL XpnolpoTOLEiTAL TNV
gykekpLpévn amod tov WADA pébodo, amopevyovrtag
TIG U1 EL8IKEG SETPEVOELG TWV AVTICWHATWY KAL LEL-
MVOVTAG TOV GUVOALKO XpOVO NG avaAuTIKNG StadL-
kaoiag.*

OLNAEKTPOPOPNTIKEG TEXVIKEG, EKTOG TOV OTL Elval
OpPKETA XPOVOROpPES Yot avaAVoELS pouTivag, ivat
KL OPKETA TMOAVTIAOKEG O€ eTimMeESO €KTIUNONG ATO-
teAéopatos. 'Etol, o WADA e€edwoe kpimpla vy
™V eVAPUOVIOT TWV EPYAOTNPIWV OXETIKA UE TNV
Tavtomoinon twv rHUEPOs émerta amd v eped-
VIO HE XNUELOPWTAVYELX TWV NAEKTPOPOPNTIKWV
mpo@I(A katavoung toug.:! Ta epyactnpla xpnot-
HOTIOLOVV UTIOAOYLOTIKA TIPOYPAUUATA HE OAYOPLO-
Houg TaLvounonG PACIOUEVOUS OTA KPLTHPLX QUTA,
omwg to Tpdypappa GASEpo, yia va Stac@aAioTtein
OVTIKELUEVIKOTITA TWV ATIOTEAEGUATWV.

3.3.2 Teyvikég avooompoaSLoptauot

Epeuvntég ot Zoundia, avémtuiav éva véo ypnyo-
po TeaT Yl TNV aviyvevon rHUEPOs o€ Selypata ov-
PWV KAL AHATOG ETELTA ATIO AVOCOKABAPLOUO, YVW-
otd WG avooodokipacio wopopens vmofonbov-
pevng amod pepfpavn (Membrane-Assisted Isoform
Immunoassay, MAIIA). H pé6odog auvtn cuvdudlet
TO XPWHATOYPAPIKO SLaYWPLoHO TwV YAUKOQUALW-

névwv woopopewv s EPO pe ocuykoAintivn omo-
pou oitou (wheat germ agglutinin, WGA) kat évav
gvaioONTo TMAEVPIKNG POTIG AVOCOTIPOGSLOPLONO.*
Kat og aut} Vv mtepimtwon o Staywplopnds Baoile-
Tt 0TI§ SLaopés ¢ yYAukoQuAlwong, oL oTtoleg gv-
BvvovTal Yl Tov SLa@opeTiko Babuo avtioTpenTng
mpocdeon pe tnv WGA. Ot mpwtng yevidg rHUEPOs
aAAnAemiSpolv meplocdtepo pe tnv WGA amd tnv
HuEPO, 1 dEPO &yet akoun peyoaAltepn ovyyévela
oUVEEDNG, AOYW TwWV TEPLOGATEPWY LEATAVOpA-
KWV, evo 11 CERA €xel xapunAdtepn cuyyEvela KL atd
v HUEPO.5*2 Metd t) 0UvSeot Toug ekAovovTtal o€
SLaopeTiko Xpovo, avaAoyo pe to fabuod ovvdeon
TouG, pe xpnomn SteAdvpdtwv N-aketuvAoyAvkolopi-
VNG KOl QVIXVEVOVTOL PUE TOV TAEUPLKNG PONG QVO-
00TIPOGSLOPLONO, HE TO OTITIKO ONUA TNG AViyvev-
ong va elval avaAoyo G GUYKEVTPWONG NG KAOE
gpuBpomomtivng.*>* H nédodog mapovotalel ToAD
KaAn evaodnola, eldikd y delypata mAdopatog
e HEYAAO TtapdBupo aviyvevong 72-96 wpeg, OpwG,
1 QVTIKELUEVIKOTNTA OTNV EKTIUNOT TWV ATOTEAE-
OMATWV lval akdun mo SUCKOAN o€ GXEON UE TIG
NAEKTPOPOPNTIKEG TEXVIKEG 364344

Ta tedevtaia xpovia yivetal pia TpoomaBela ava-
mtuéng peBddwv mou Pacifovtal otn Sokipacia
evlupo-oulevypévng avocoTmpoopd@nong (enzyme-
linked immunosorbent assay, ELISA), yla v avi-
xvevon dEPO, CERA, EPO-Fc, peginesatide kot mayi-
Swv axtBivng og opd N TAGOUQ, TTOV WGTOCO SV
£xouv e@appootel o€ emiMeS0 CUOTNUATIKOV EAEY-
XOU VTOTLVYK. 173945

3.3.3 Texvikég ypwuatoypapiog

Hxprion mg vypoxpwpatoypapias cufevypevng pe bi-
Supn @acpatopetpio palwv (Liquid Chromatography-
tandem Mass Spectrometry, LC-MS/MS), tépa a6 tv
TEPAOTIA GUUPBOAN TNG OTNV aviyvevotn avafoAkwy
oUWV, Seiyvel va umopel vt GUUPBAAEL OHAVTIKA Kot
otV aviyvevon popiwv pkpol poplakol Bapoug mov
XPTCLLOTIOLOVVTAL YL VTOTIVYK QLOTOG, Ta OTIOlx SgV
aviveVOVTaL TTAVTA DKOAA HE TIG TIpoavapepBEeioes
nefodoug. Xrabepomomteg HIF pmopouvv va aviyvev-
Bolv og ovpa kaL TAGopa pe xprion LC-MS/MS, amat-
TVTaG neBddoug pe xaunAr avoAuTtikny gvatctnaia.

119



PAPMAKEYTIKH, 32,111, 2020 | 111-132

APOPO ENIZKOITHXHX

PHARMAKEFTIK]I, 32,111, 2020 | 111-132

'Etol, €xeL yivel e@ktog o evromiopdg Roxadustat,
Daprodustat xat Molidustat.***° E¢icov amoteAeopa-
TN @ailvetal va elvat  xpnon LC-MS/MS ywx v
aviyvevon peginesatide oe ovpa, opd 11 DBS.395152
EmumAéoy, ta tedevtaia xpovia éxouv Tpotadel pé-
00601 LC-MS/MS yia Vv aviyvevor Luspatercept kot
Sotatercept pe mapdaBupa aviyvevong oTo aipo TOLAG-
XLoTOV 96 (HPEC. 224045

Av KoL oL TEXVIKEG NAEKTPOPOPTONG TIPOTILWVTAL
Yl TNV aviyveuon Twv HeYaAUTEPWY popiwv, Exouv
mpotabei péBodot LC-MS/MS yia Tnv TavTomoinon
rHuUEPOs o€ Seiypota ovpwv kat aipatog petd amo
méYm pe mentidaoes. H mpooéyylon avt Baciletal
OTNV QVIXVELOT GUYKEKPLUEVWV TEMTIOIKWY TUN-
HATWV TWV 0PHOVOV 1] TWV VSATAVOPAKIKWOV aAvL-
oldwv Tov @épovy, emTpémovtag v aviyvevon
mpw¢ yevias rHUEPOs, dEPO kat CERA o€ ouyke-
VIpwoelg emmédwy ng/ml, kabwe KaL tnv aviyvev-
on EPO-Fc o€ 0p06.3% Tédog, To aéplo Eévov pmopel
va aviyvevBel og oUpa pe xprion GC-MS pe mapdadu-
po aviyvevong 48 wpeg.>

3.4 MsovekTipuata pefodwv dueong aviyvev-
ong

H ouvpfoAn twv pebddwv apeong aviyvevong vio-
TWYK alpatog eival avap@lopntnta Wwitepa on-
HOVTLKT] 0TIV KATATIOAEUNOT) TOU VIOTILVYK ailatog.
Qot600, Sev emapKoOVY yla Vo KOAUYPOUV OAES TIG
TIEPITITWOELS KL VA EMLTUYXOUV TOV TANPY EVTOTIL-
op6 tou. Evtovotepo mpofAnpatiopnd mpokaAst
amovoia peBoddov daueong aviyvevong tng auto-
Aoyng petayylong aipartos. Tnv amovoia avty tnv
Yvwpilouvv kaAd ot aBAnTég Tov emBupovY va Ka-
TAPUYOLV O€ TIPAKTIKEG VTOTILVYK KAl ATtoSeSeLy ué-
Vo TTPOTLHOUV TN XOPNYNOT TOV S1koV TOUG a{atog
N TWV THPAYWYWV TOL.2

Miot GAATN TAKTIKN TIOU ETALYETAL CUXVA ATO TOUG
abAnTég elvar 1 xprion ESAs oe §00¢€1G HkpOTEPES
TV BEPATEVTIKWY, HIKPAIVOVTAG TIEPLOGATEPO TO
mapdBupo aviyvevon kat amartwvtag pedodSoug
pe xaunAdtepn avaAuTtiky gvateOnoia ywx v avi-
XVEUOT] UKPOTEPWV CUYKEVIpWOoewv. [lapd to pi-
KpO xpovikd Tapabupo aviyvevong, o aBAnNTNG ega-
KkoAouBel va €xel axoun v Betkn emiSpaon g

120

REVIEW ARTICLE

Spaotkng ovoiag otnv amddoon tou, KaABws oTLg
TIEPLOCATEPEG TIEPITITWOELG 1] ATIYOPEVIUEVT] ovoia
amoBAAAETAL YPNYOPXA ATIO TOV OPYOVIOUO, 0AAG T
eTMiSpaon ™G SlapKel Ylot ApKETEG NUEPES, AKOUN KoL
eB8ouddeg, evwy pumopei va StatnpnOel pe cuvexoue-
V1 Xop1ynon akoun kot ToAd xaunAwv §6cewv. 461
Axoun, gxel mapatnpnBel ota MAaiow VTOTIVYK N
Xpnon amo abAntég PEYPHATWVY HE SLPOPETIKEG
rHuEPOs o€ pikpo8oaoeLs, yia va emmpedlouv Tig xa-
PUKTNPLOTIKEG ELKOVEG TOU TPOPIA KATAVOUNG TTOV
Sivel pe IEF kabe mpwteivn.°

AapBavovtag vmtoyn 6tL 6Ao mepLoodTEPOL VEoL
ESAs gpavifovtal kal KukAo@opoUv atnv povpn
ayopdQ, 1 XPOVLKY) VOTEPTOT) TIOU VTTAPXEL LETAEV TNG
OTIYUNG ERPAVIONG ULOG VEAG 0VOING VTOTILVYK Kot
NG OTYUNG EUPAVIONG HLOG ETONUNG AVOAVTIKIG
neBO80L yla TNV Gueon aviyvevor NG, HEYOAWVEL
akoun meploodtepo.X’ Av kat 1 Gueon TavTOTOMm-
omn ESAs pe LC-MS/MS amodeixBnke moA) amoteAe-
OUATIKN TO KUPLO PELOVEKTNUA lval OTL 1 péB0SOG
amoLtel VALKO ava@opdg, To omolo gival cuyva Sa-
0¢010 HOVO aTIO TIG PAPUAKEVTIKEG ETALPEIEG TIOV
AVATITUO00UV QUTA T TIPOIOVTA, EVW Kal oL HéBodot
ELISA amattodv v Umapén katdAAnAwv aviiow-
HaTwv, Tov Sev elval StaBéoiua yia OAeg TIG TeEPL-
TTWOoELS. &30

4. MEOOAOI EMMEXHX ANIXNEYXHX

H amovoia pebddov dueong aviyvevong avtdro-
YNG LETAYYLONG A{LATOG, 1) CUVEXTIG ELPAVLIOT VEWV
ESAs, To pikp6 mapabupo aviyvevong Toug kal 1 xo-
PNYNON TOUG O€ LKPOSOCELS 081yNoav TNV EMLOTH-
U1 TOU QVTL-VTOTILVYK OTNV QVATTUEN VEWV pedo-
Swv upeong aviyvevong pe xprion Blodektwv. Qg
Blodeiktng (biomarker) opiletailn petprioun ovoia
€v0OG BloAoylkol) cucTHATOG TNG oTolag oL Sao-
PEG OTN CUYKEVTPWOT 1} OL KAAXYEG GTNV TIAPOUGI
o€ éva Bloroyiko Selypa, avtavakAolv oe petafo-
A£G TNG UOLOAOYLIKNG AELTOUPYING TOU CUGTHHA-
toG. H emiSpaon ¢ xpriong HIOG aToryopeELUEVNG
ovoiag 1 neBddov kat oL petaforés mov umopel va
ETIUPEPEL OTA ETUTES A TWV BLOSEIKTWV TIAPAUEVOUY
QVIXVEVOLUA 0TO CWUA KoL Ta BLOAOYIKA VYPA, YLo
TOA) PEYAAVTEPO XPOVIKO SlAoTnua amd v Sl
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™V ovolia, Tov pTmopel va amofAAAeTaL ypiiyopa Kot
OUVETI®OG VX UMV aviyveDeTal pe pebodoug aupeong
avixvevons.5>5® H onuavtikdtnta Twv PloSelkt®dv
KATASEIKVUETAL ATIO TIG TEPIMITWOELS VTIAPENG Oe-
TIKOV Selypdtwv abAntwy, Ta omoia é8woav ap-
VN TIKA ATTOTEAEGUATA ETELTA ATIO TNV AVAAUGOT) UE
KAXOLKEG peBOSOUG eAéyyxov vTOTILVYK.*® EEdAAov,
ovp@wva pe tov lMaykdoputo Kodika Avti-Ntomivyk
Tov WADA, w¢ viomvyk petadd dAAwv opiletal n
Tapovsia amayopevpévng ovaiag 1 HETABOALTWV 1
Blodewktwv TG o€ Selypa abAnt.>’

4.1 Blodoywko AraBatiplo ABAnTI

0 €AeyxoG TNG ALLOc@ALPIVNG KL TOU QLUATOKPITN
BETOVTAG CUYKEKPLUEVA AVOTATA OPLX ATIAYOPEL-
ong Baon MANOVOULAKNAG KATAVOUTS, NTAV 1) TTPW-
TN TPOCEYYLON TOV VIOBETNOAV KATIOLEG ABANTIKES
OHOCTIOVSIEG OOV GTPATNYLKY YL TOV EVTOTILOUO
vTomvyk ailpatog. Eivat yvwotd 6tL, 1 xopriynon
ESAs auEAvel TIG TIHEG KATIOLWVY AUATOAOYIKWDV TIO-
PUAUETPWY, EVW T HETAYYLON alpaTtog Kol 1 StakoTm
xopnynong ESAs odnyel ot peiwon toug. EmumAgoy,
TapatnpnOnke 6TL 1 amOCoLPOT Kal eTavéyxuon ai-
LOTOG TIPOKOAOUV XOPAKTNPLOTIKEG OAAOLWOELS OF
apketolg Selkteg NG epubpomoinong, apnvovtag
€va. XOPAKTNPLOTIKO BLOAOYIKO OTOTUTIWUA GTOV
aBAn T, 21058

H vioBémon avotatwy Tipov Bdon mAnbuoult-
KNG KATAVOUNG VL0t KATIOLEG ALUATOAOYIKESG UETA-
BAntég amodelxbnke mwg ev Ntav n BEAToT AVon
KAOWG VTTAPYXOLV KAL TIEPITTITWOELS U1 VTOTIAPLOUE-
vwv abAntwv mov €xouv ek @UoEWG VYMAES TIUES
atpoo@apivns kat atpatokpit.>® evikdtepa 1 vio-
Bémon mMAnBuouaK®OV KpLINpiwv Yo oToladNToTE
ev8oyevn TapPAUETPO PEOVEKTEL AGYO TNG LEYAANG
BoAoyikng peTafANTOTNTA 0 AMOAUTEG TLUES, OL
OTIO(EG O€ OPLOPEVEG TIEPLTITWOELG EVEEXETAL VAL U1V
ETITPETOVV Pl oa@1] Slapopomoimon UETadL Twv
(PUOIKA QUENUEVWV TIUWV HLAG EVEOYEVOUS Ttapa-
UETPOU Kl VOGS aSIKNHatos vtomvyk. [lapdio mov
Ta TANBUOULAKAE KPLTPLAL ava@opds amodeiyxdn-
KOV loXUpd epyaieia yia ToAAG xpovia 1) vIoBETN-
o1 HEMOVWHEVWY oplwV Yix K&Be abAnTh Bewpov-
vTal oAV o alomioTn AVon €MELSN PTTOPOUV va

EVOWUATWOOUV TOAAEG SLAPOPETIKEG TITUXEG OTNV
EMSPAON TWV APATOAOYIK®OV TAPAUETPWY, OTIWG
@aVOTUTIOL, HETABOAKES Statapaxés Slapovr o€
UYOUETPO K.ATL.

Me Bdaom v vTtO0€0M OTL OL TIHEG TWV ALUATOAO-
YIKOV TApapETPWVY elval oTabepes yia KaBe ouyke-
KPLLEVO UTIOKE(PEVO, TipoTaBnKe TN Sekaetion Tov
2000 o 6pog BloAoywko Awafatiplo ABAnt1 (Athlete
Biological Passport, ABP), 6Tov kataypd@ovtal pe-
HOVWHEVA EVPT AVAPOPAES TOU ALUATOAOYIKOV TIPO-
@IA evOG aBANTY Yo TANO0G ALUATOAOYIK®V TTopa-
HETPWV oL oTtoieg peTpovivtal o€ B&Bog xpdvou Kat
TIOU OVOUOAEG TIUEG UTIOPEL VU EVEPYOTIOLOVV ElTE
eMIMALOV EAEYYOUG eite KaTnyopieg Sidmpadng vio-
TwyK aipotog.®% To 2009, o WADA xabiépwoe to
ABP w¢ Baoiko epyaAeio 6TO CUGTNUATIKO EAEYXO
VTOTIVYK o€ Selypata alpatog, kabws amodeikviel
OTL &vag abAnTig Tapatolel TApAVOUWS TIG PU-
OLOAOYIKEG QULUOTOAOYIKEG TTAPAUETPOVS TOV.25 To
ABP amotélece TepAOTIO KALVOTOUIX OTOV €AEYXO
VIOTVYK, SL0TL yla TIPpWTN POopA KaBLEPpWVETAL N
AToYYEALX KATNYOPLWV VTOTILVYK, XWPIG TNV GUEDT
aviyveuomn WLaG CUYKEKPLLEVG ATTAYOPEVEVTG OV-
olagn nedd8d0v.23055

To ABP amoteAeitar amo SVo evotnteg, TN OTe-
poeLdn kat TV awpatoroykn. H mapovoa avaoko-
TNON ETUKEVTPWVETAL OTNV ALULATOAOYIKY EVOTNTA,
1 omola amooKOTEL TNV aviyvevon omolacdNmoTe
HOP@TNG VTOTIVYK a{LOTOG, GTOXEVOVTAS GTOV TIPOC-
Sloplopd ™G XP1IoNG ATAYOPEVUEVWV OUGLMOV 1 HE-
006wV yla v evioyvon tng mapaywyng epubpwv
alpoo@alpiwyv, TG HETAPOPAS 0fuyovou Kal NG
agpoflag amd6doone.s® T'a to Adyo auvtd, cuAAEyo-
VTaL SLaXPOVIKA TIANPOPOPIES YA GUYKEKPLUEVES
QLA TOAOYLKEG TTAPAUETPOUG, ETMELTA ATO AVAALOT)
Selypudtwv oAtkol aiaTtog 0€ ALUATOAOYIKO ava-
AvT.2% To POVTEAO TOU ALUATOAOYLKOU avaAuTHh
Ba mpémel va eivat To {810 vy 6Aa Ta gpyacTipla,
WOTE VU UVTIAPYEL CUYKPLOHOTNTA PETAEL TwV Sla-
XPOVIK®WV UETPoEwV. Ol TTAPAUETPOL AUTEG Elval,
o awpatokpitng (haematocrit, HCT), n awpoo@api-
vn (haemoglobin, HGB), o apBudg epubpwv aipo-
o@alpiwv (red blood cells count, RBC), to gVpog
KATAVOUNG EPUOPWV APOTPALPIWY — TUTILKY OTIO-
kAton (red blood cell distribution width - standard
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deviation, RDW-SD), o pécog 6ykog epubpwv at-
poo@aipiwv (mean corpuscular volume, MCV),
N HEOM TEPLEKTIKOTNTA oupoo@alpivng (mean
corpuscular haemoglobin, MCH), 1 péon mukvoty-
T opoo@atpivng (mean corpuscular haemoglobin
concentration, MCHC), o apOudég Siktuoepubpo-
Kuttdpwv (reticulocytes count, RET#), To mocootd
SwctvogpuBpokuttdpwy (reticulocytes percentage,
RET%), to KAQoUO avwpluwv SkTuogpuBpokuT-
Tdpwv (immature reticulocyte fraction, IRF), o
aplOuog awpometarinwv (platelets count, PLT) kot o
aplBpdg Asukwv apoo@atpiowv ( white blood cells
count, WBC). EmumAéov, cuvaptioel Twv mapandvw
TAPAPETPWV VTTOAOYICOVTAL Ol TIOAVTIHPAUETPLKOL
Seikteg OFF-score kat ABPS (abnormal blood profile
score). 0 WADA éxel ekSWoeL TEYVIKO EYYpPAPO TIOV
TEPAAUBAVEL UTIOYPEWTIKESG ATIALTIOELG YIX T GUA-
A0Y1, TN LETAPOPA KL TNV AVAAVGT) TWV SELYUATWV
aipatog, KaBwe kat yux t Stayeiplon Twv amoteAe-
OuATWV yla tov éAgyxo Tov ABPS?

Ol alLaTOAOYIKEG TAPAUETPOL TTAPaAKOAOUBOVVTL
HE TNV Tapodo Ttov Xpovou Kot avaAlovtal Xpnol-
HOTIOLWOVTAG €V OTATIOTIKO HOVTEAD €EXywYNS
oupumepacpatwy to omoio Paciletal o Bewpla
tov Bayes (Bayesian inference) ywt tnv emwkatpo-
Toinon ¢ mMBavoTnTag pag vTodeon, Kabws Si-
atiBevtal TeploodTEPEG TANPOPOPiEG 1| SeSopeva.
'Etol, AapBdavovtat utoym TponyoUUEVES TILES VX
™ Suvapkny avaivon plag akoAovbiag Sedopévwv
Kol Snpovpyeital apatoroykd mpo@i ywa kdbe
abAnt.> H mpocapuoyn tov tpo@iA pe ta véa k&Oe
opd Sedopéva TPoPAETIEL Eva AVAUEVOUEVO EVPOG
TILWOV YIx KaBe aBANTY), EVTOG TOV 0TIo{0V TIPETEL VX
Bplokovtal ot TIHEG TWV ALUATOAOYIKWV SEKTWYV,
UTIOO£TOVTAG TN PUOLOAOYIKY] KATAGTHGT TOU 0p-
yaviopov tov.2%

[Ipdo@arta, £xeL avapepbel 6TL 0 TPOGSLOPLONOG
™6 avaAoyiag petadl g padag tns HGB otov wpt-
po TANBuopd EpUOPOKVTTAPWY KAL OTA SIKTVOEPU-
BpoxvtTapa (avaroyia RBC, / Ret,, ) eival o kaAv-
TEPOG BEIKTNG YIX TNV AUTOAOYN LETAYYLON A{PATOG,
H emtayvvopevn epubpomoinon Tou TPOKUTITEL
ato tn xpnorn rHUEPO pmopel va odnynoet oty ma-
paywyn SIkTuogpLBPOKLTTAPWY YWPIG aidnpo (ueL-
wpévn MCH 8wktvogpuBpokvuttédpwy, MCH ) axoun
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KL 0Tav T amofepata oLdnpov eivat QUOLOAOYLKA.
H xopniynon odnpov padi pe rHuEPO odnyel o€ ad-
&non ™m¢ MCH_xow g RET,, o€ oUykpiom pe ™ xo-
pnynomn povo rHUEPO, evw o RET# pével avennpé-
aotoG.? Mlepattépw PEAETEG Elval ATTAPAITNTES YL
™V TBavn TpocBNkn 6to ABP Twv alpatoroyikwv
mapapetpwy RET, kot MCH .

EmunpdoBeta, £xel amodeiyBel n kaAvTtepn gval-
obnoia kat amoteAeopatikotnTa Tov ABP o€ axéon
HE TIG HEBASOVG NAEKTPOPOPNONG YIX TNV QViXVEL-
0T EMOETIV®V, EVW WUTOPEL va XproLuomonBel Kot
ywa Vv éupeon aviyvevon rHUEPOs véag yevidg.
Mia povo 86on CERA €xet onpavtikny emidpaon
OTIG ALUATOAOYIKEG TTAPAUETPOUG AGY®W TOU HAKPOU
xpovou nuilwns g oto aipa.l®®t To ABP cupmin-
PWHATIKA HE TIG pEBASOVG dueom g aviyvevong Exet
aTOSETEL £va ONUAVTIKO EPYAAELO YIX TOV EVTOTIL-
oMo TOU VTOTIVYK ai{paTOG, KL aUTO amoSelkvOETL
OTIO T1) CUVEXWG NVEAVOLEVT] XP11OT] TOU OE EAEYXOUG
VTOTILVYK 0TO TEPATHUA TWV XPOVWV. ¢

H e@oappoyn amoTeAeopatikOTEPWY EAEYYXWV
VIOTIVYK péow TG Xpriong tou ABP od1ynoe toug
aBAnTég Tov BEAoVY va avEfoouv abéuta Ty oE-
POBLX tkavOTNTA TOUG va PAEOUV VEOUG TPOTIOUS YL
va Eeyedaoouvv tov emionuo éAeyyo. ‘Etol, mbavo-
Aoyeitaw 1 xpron wikpodocewv ESAs amd abAntég,
HE 0TOXO VU ATO@UYOLV TIG HEYAAES SLAKUUAVOELS
OTA EMIMESA TWV ALUATOAOYIK®WV TOPAUETPWV KoL
TOUTOXPOVA VA PELDGOLVY TO Tap&Bupo AueoN§ avi-
XVEUONG TOUG. AUTEG OL MIKPOSOOELS AV KAL KTTOTV-
TWVOVTAL 0TI TIapapéTpoug Tov ABP, Snuioupyovv
UIKPEG QTOKAICELS OTO ALUATOAOYLKO TIPO@IA, oL
omoieg umopovv va amodoBolv gvkoAda KatL og AA-
AEG TIAPAUETPOUG TIOU EMNPEATOVV TIG ALUATOAOYL-
KEG HeTABANTES aAAG Sev oxeTI{OVTAL PE VTOTILVYK,
Omw¢ ¢xkBeon oe VPoOUETPO, BEPUIKN KaTamdvnon,
acBévela, Xp1oN EMTPEMOUEVWV CUUTIATPWUATWY
Statpo@n|s k.a.5% T tapddetypa, xapunAéc 86oeLg
rHUEPO Sev av&avouv tov RET# o€ évtovo Badpo,
Kal gival AyvwaoTo av auth 1 [Kp Toug avénon
utopel kat va KaAVYEL TNV HelwoT TOUG HETE aTtd
HETAYYLON, evw Tipdo@ata vTpée TepimTwon avi-
xvevong otabepomowmtn HIF (Roxadustat) og dely-
Ha oVpov abAnTn pe xprion LC-MS/MS, xwpig va
mapatnpnovv onuavtikés aArowwoelg oto ABP.
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1655461 E{yai Aotmtdv avepd dtiLto ABP xpetaletal va
evioyvBel. H épevva katevBivetal otnv avamtudn
VEWV BLOSEIKTWOV gupeons aviyvevong mov Ba ov-
umAnpwoovv to ABP av&dvovtag v evaiednoia
TOU OMUOVTIKOU aquTtov gpyaieiov. Mia alyxpovn
TPOCEYYLOT TIPOG AUTHV TV KateVBLvom oV £xeL
TPAPNEEL APKETA TO EPEVVITIKO EVELAPEPOV QV KOl
Sev €xel akopa vioBetnBel emionpa eivatl n TaVTO-
XPOVN HEAETN TOV TIPO@IA TOV GLdTipov.

4.2 llpo@iA c181)pov

0 oidnpog katéxel onNUAvVTIKO poAo otn ovvBeom
™6 alpoo@atpivng kat otnv gpubpoToinon, kabwg
T0 0&uydOvo SeopeVeTal Kol ATOSEGUEVETAL LETAEY
TOU 61811POoV NG A{UNG KAt TNG TIOAVTIETTISIKIG AL-
oiSag mov v mepBdArer’ H opoldotaon tov ot
SMpov TpolToBETEL LOOPPOTILX AVAESH GTNV ATIOP-
popnon Kat amof3oAn Tov. AuT 1 avoTnpn pLBLoN
TOoU PHETABOALGOV TOU GLET)POV ATIALTEL TT) GUUHETO-
XM ToAAWV Tpwteivwv.®® H HUEPO extdg amd pub-
WOTAG TNG TTapaywyns EpUBPOKUTTAPWY Elval Kot
pLOULETAG TOV PETAPBOALOUOV TOU GLOTPOV, WG EK
TouTou 1 Xxoprynon ESAs kai n petdyylon aipatog
EMMNPEAJOVV TNV OUOLOCTACT TOU OL81POV Kal TWV
TPWTEIVWV OV GUUUETEYOLVV o€ auTnV. EmimAgoy,
elval yvwoTr] TAKTIKN padi Pe Tn Xoprynon KATolov
ESAs 1] T peTayylon aipatog va xopnyeitat kat ovu-
UTIANPWHATIKOG 6i81pog, S10TL £xel amodelyBel oTL
éxel kaA0Tepa ATOTEALCUATA OTNV ATOS00T, EVW
petafdAel O €vTova Kol TG TOPAUETPOUS TOU
ABP.'7 0 TocoTik6G TPOaSL0pLoog TOV G181 pov Kal
TWV TPWTENVOV auT®V pe xprion uebodwv ELISA
kat LC-MS/MS Ba pmopovioes va e@appoctel o€ pia
OTPATNYIKY HEAETNG EMITESWY Kl pLuBULONG GLdn-
pov (ironomics), avtioTolxa pe TV TAPAKOAOVON-
0T TWV ALUOTOAOYIK®V TAPAUETPWY, YA TOV Kabo-
pLopo VG TIPO@IA o8 pov yia k&Be abAntn.>>°

To Tpo@iA Tou G181pov evog aBANTN ep@avilel
OUYKEKPLUEVEG LETAPOAEG ETIELTA ATIO VTIOTILVYK Q-
patos (Ewkova 3).5 [lio cuykekpLpéva, Petd amd
xopfynon rHUEPO evepyomoteitat n Stadwkacia g
€pLBPOTOINGONG GTOV LUEAG TWV 0GTWV TIOV ATIALTEL
™M ouppeTox old1pov, kATL Tou cupfaivel kat pe
™MV amoécLPon A{laTOG yla QUTOAOYN HETAYYLOM,

£V KATA TNV EMAVEYYUOT] TOVU A{ATOG GTOV 0pYa-
VIoPO Sev amatteital n mapaywyn vEwv epubpokuT-
TAPWV AOYW EMAPKELNG ATIO TA HETAYYLOUEVA KAL)
gpuBpomoinon otapatd. ‘Etol, 1 moocdTTA 6181)pOv
O0TO A UELWVETAL PE TNV EVEPYOTIOINOT TG EPU-
Bpomoinong, kabws TepLocdTEPOG GidNPOG KATAVA-
AWVETAL EVW TA EMTESA TOL ALEAVOLV OTAV 1) EPL-
Bpomoinomn maveL5ot

H tpavo@epivn, mov eivat ) kOpla mpwTteivn peta-
POpPAG oL8NPOV 0N KUKAOE@OPIA KAl GTOUG LGTOVUG,
akoAovBel ta (Sta TtpoTUTIA PETABOAN|S pE TOV GidN-
po. O oidnpog mov amalteital ywa ) ovvOeomn ™G
alpoo@atpiving AapBdavetar amd epuvBpofAdcteg,
oUVOESENEVOG LE TNV TPpaVO@EPVT, HECW TOV VUTO-
Soxéa g tpavo@epivne. H pétpnon Stadutov vmo-
Soxéa tpavo@epivng (soluble transferring receptor,
sTfR) elvat avdAoyn pe T ouvoAlkn pdla TG KuT-
TAPLKNG EKQPAOTG TOU KAL KATA EMEKTAOT AVAAOY
He Ta emimeda ¢ Tpavo@epivne.t>% Ad v GAAn
TAELPQ, N @ePPLTIVY TIOL gival pla TTPpWTEVT ato-
Bnkevong oL8NPOV CUCXETILETAL AVTIOTPOPWS LE
Ta emimeda odnpov kal Tpavo@epivng ato aipa. H
OUYKEVTPWON TNG PEPPLTIVIG 0TO TAAGHA EXEL GE-
o1 oxéom HE TI§ amoB1KES GLE1)POV GTOV 0PYAVIOO,
OTIOTE UELWVETAL 060 0 Gl6NPOG CUUUETEXEL OTNV
gpuBpomoinomn kal aVEAVETAL € TEPITTWOELS UTIEP-
POpTWONG oLdrpov.t?13

H eiSivn, to memtidio Tov Nmatog mov pubuilet
™ StaBeodTTA TOL OLT)POoL GTNV EpuBpoToinom
LE TNV TIPOCAPHOYT] TNG ATTOPPOPNONG G181 POV KAl
NG EMAVaKVKAO@Opiag Tov, £xeL epguvnBel wg véog
Suvapikdg Blodeixtng petdyylong aipartos.4 ‘Otav
0 MUEADG €xEL avAyKN 6idnpo yia Tnv epubpoToino,
ToTE N ePSivn Ttapapével o YapnAd emimeda kot M
peppoTopTivy, 1 oTtola EAEYXEL TNV TTOCOTNTA TOU
odnpov mov Ba mepdoel TNV KukAo@opia, eEdyel
TPOG TNV TPAVOPEPLVT TNV TTOGOTNTA IOV XPEL&le-
Tat AvtiBeta, 6TAV 0 pUEADG Sev xpetdleTal aidbnpo,
ToTE N ePiSivn avavetal, cuvSEeTal e TN PePpPoO-
mopTtivn kat 0dnyel oe MpwTedAVON OAN TNV TIEPiO-
ocla NG, meplopifovtag m Spdaomn s Me tov Tpod-
0 U TH 1) TEAKT) TTOGOTNTA GLEN POV TIOV ELGEPXETAL
OTOV 0pYQVIOHO, TEAKA puBuiletal amd v ePidi-
vn.136* MeAéteg £6et€av OTL Ta emimeda TG ePidivng
HELWVOVTAL KoL HETA amd yxopnynon dAiwv ESAs,

123



PAPMAKEYTIKH, 32,111, 2020 | 111-132 APOPO ENIZKOITHXHX
PHARMAKEFTIK]I, 32,111, 2020 | 111-132 REVIEW ARTICLE
IIAHPOT SEPPITINK sTIR E¥IATNH SEFPONIOPTINH | EPYBPOSEPPONH
XOPHTHEZH (HUEPD Y | Y | A Y | A A
EIANEIXYEH

AIMATOE A A N A N b

ANOEYPEH

ADMATOE N N A N A A

Ewkdva 3. Metafoléc Tov po@il Tov oibripov émeita amd uedédovg vromvyk aiuatog.

omwg otaBepomomtwv HIF kat Sotatercept.®> Tuve-
TwG, N ePLdivn pmopel va eivat Evag véog Suvapkog
Blodeiktng yla tnv aviyvevon ESAs. Zuykekppéva, n
ePdivn-25 @aivetal va ival 1 loopopen ePidivng
HE TOV TiLo BLOAOYIKA EVEPYO POAO GTNV OUOLOCTA-
omn odnpou Kat €xeL TNV VPMAOGTEPT CUYKEVTPWOT)
amo TIG AAAEG LOOHOPPEG GTOV 0p0, AAAA amovcia
KATOAANAWY QVTIoWPATWV TTIov Ba Seapevouv povo
QUTY] TNV LGOUOP PN TIPOTLUATOL 1] AVIXVEVON TNG LE
LC-MS/MS avti ywa ELISA.®® H mpéo@pata avaka-
A@beioa epuBpopeppdvn £xel avadelyBel ws evag
evlla@épwv vodm@log BLodeiktng vtomvyk aipa-
706, Kabws mapayetal and epuBpoPAdcTeg EmElTa
amd evepyomoinon tng epubpomoinong kat kata-
otéAel v ék@paon G ePndivngt3® Te pedéteg
XOP1YNONG GUVSVAGUEVWY EPUBPOTIOMTIVAOV VEXS
YeVIaG, Ta emtimeda epuBpo@eppoVNS ViR ONKaY o1-
HavTIKG amd v Tpitn nuépa ¢ xopnynons dEPO
N CERA, ev® pewwdnkav oe 7 1 14 nuépeg avtiotol-
Xa petd ™ xopnynon.*’

Emeldn 6Aeg auTEG oL ePTIAEKOUEVEG 0TO peTafo-
Alopd tou o pov TpwTElveg emSeikviouvy VYMAN
SlaopoToinon PeTadl TV ATOPWY, 1| ATOULKY St-
QXPOVIKY TIpaKoAoVONOT TOUG OE UL TIPOGEYYLOT|
HE TN HOPEN TPO@IA Gdnpov, @alvetal va eivat
MLt KATAAANAT OTPATNYIKY Yl TNV oViXVELON TNG
XEPAYWYNONG TOU aipatog. QoTd600, OTWS KAl TO
TPOPIA alpaTOog, £TOL KL TO TIPOPIA GLEN POV ETIN pE-
aletal amod SLePoPoUS TTAPAYOVTES, OTWGS 1| AOK)-
on, N @AEYHOV®OONG amoKpLon, 1| TPOTOVNON OF
VYOUETPO, 1 XOPNYNON VOULH®WYV CUUTANPWUATWY
oM pov K.o., OV TEPLOpifouv TNV TANPN EQApPUO-
Y1 Tou otig Stadikacieg eAéyyov vTomvyk.o5® T
Tapadetyua, n @epprtivn elval pa Tpwteivn oelag
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PAong, omoTE 1 CUYKEVTPWOT| TNG AVEAVETAL OF TiE-
pLITWoeLS @Aeypovnig. To i8lo pmopel va oupfetl kot
LE TNV CLYKEVTPWON NG ePYLSIVNG, EVvw o€ CLUVONKES
PAEYUOVNIG HELWVETAL 1] £K@paoT EpuBpoTomTivig
Adyw ™G 6pdonG avaoToAéwV TOU VTIOKIVITH TOU
yovidiov g, emnpedlovtag Kat to HETAROALGUO TOV
odnpou.*2 0L SLapopég oto petafoAopod tov oLdn-
pov pPeTadl avEpwV KOl YUVOIKWV TIPETEL ETIONG
va kaBoplotovv KoAd Tipv amd kabe evdexopevn
g@appoyn evdg Boroykov SiaBatnpiov odfpov.>

4.3 Hbmass

Ye éva atopo, petaforés oty HGB ouvenmdyovtatl
Kol PHeTafoAéG otn péylotn TpocAnym ofuyovov,
woTO00 £xeL amodeyBel 6TLn pétpnon g HGB dev
glval 1000 TPOBAETTTIKY KL 1] GUVOAIKY pHala ™G
awgoo@aipivng (total mass of hemoglobin, Hbmass)
ovoxetiletal KaAUTEPA PE TN MEYLOTN TPOGANYM
ofuyovouv.?2 H Hbmass eppaviotnke wg evaiodn-
T0¢ SelknG petayyong aipatog, oAA& to KLPLO
UELOVEKTNUA QUTNG TNG EATILEOPOPAS TIAPAUETPOV
glvar o0tL N pétpnon g Hbmass Baciletal ot pe-
08080 avamvorg povoieldiov Touv avBpaka (carbon
monoxide, CO). To CO eivat To&kd kal pmopel va pet-
WOEL TNV LKvOTNTA doknong. EmmAgov, 1 pébodog
avamvong CO yla va mpaypatomomBel cwotd amat-
Tel amo Toug aBANTEG TV AT PN cUVEPYATIX TOUG,
Sivovtag toug v evkalpia av B£Aovv va aAAolw-
00UV TO ATTOTEAECUA TOU EAEYYOL.5568

4.4 miRNAs

Ta miRNAs 1] microRNAs elvat pikpd pn kwdikoToun-
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Twkd RNA mov Aettoupyolv 0Tn HETAYPOPLKT] KAL [LE-
TOUETAYPAPLKY pLUBULOT TNG YOVISIAKNG EKQPAONG.
Ta kukAo@opovvta miRNAs Tov aviyvevovtal 0To
TAQO U Kot TOV 0pd ToV alpatos, wg evaioOntol Sei-
KTEG SLa@OpwV TABO@UGLOAOYIK®OV KATACTACEWY,
pmopovv va xpnopomomnBolv kot wg Blodeikteg vtod-
TWYK, kaBwg ExeL mapatnpnBel aAdayn ota emimeda
£K@PPUOTIG TOUG HETA ATTO AUTOAOYT HETAYYLOT 1) XO-
pnynomn CERA. Autd ta miRNAs mpoépyovtal amd T
KOTTOpA TOV TIVEVHOVX KaL TOU NTtatog. To mapdBupo
aViYVELONG YL AUTEG TIG TIAPATPOVUEVEG AAAXYES
elval HEXPL TPELG NUEPEG PETA TN HETAYYLON AUATOS,
0AA& ovykekpiuévo miRNA, to miR-144, spgpavice
OTUOVTIKY QUENOT OTNV EKEPACT] TOU TIOU SUPKECE
27 nuépeg petd tn xoprynon CERA3% H Suoypovikn
TAPAKoAOVON oM TwV KUKAOE@OoPoUVTwV MiRNAs pe
XPNOM TEYVIKOV LETAYPOAPWLIKNG (transcriptomics),
OTlwG oL HIKpoouaToLyies (microarrays) kot TOGOTL-
k1 real time PCR, pmopel va amoteAéoel pa amoteAe-
OUOTIKY) OTPATNYIKI IO TN XPT)OT] QUTWV TWV VEWV
Blodeiktwv.5

4.5 MeTtafoA£¢ TIPWTEIVOV £pLOPOKVTTAPLKNAG
pepppdvng

H amobnkevon twv epubBpokLTTApWY Yl HEYGAO
XPOVIKO SlAoTNUa, OTA TAXIGLO TOU VTOTILVYK Q-
HOTOG HE HETAYYLOTN Q{UATOG 1) TAPAYWYWV TOU,
TUPoSoTel AAAAYEG OTIC UEUPBPAVIKES TOUG TIPW-
TElveg, To oxNua KoL To uéyefog tove.5% MéBodol
TPWTEWULKNG (proteomics), 6Twe 1 Stodidotatn
NAEKTPOEAPNON KAl TO AVOGOOTUTIWUA TIPWTE-
ivwv, og cuvdvaocpud pe LC-MS Sivouv tn Suvato-
mMTa TPoodloplopoy TG Tapovasiag amobnkev-
HEVWV €PUBPOKVTTAPWY OTO Alpa HE EVTOTILOUO
mhavov Blodektwy, dws 1 mepofupedolivny 2
(peroxiredoxin 2), pa avtlofeldwTikn TpwTeivn
OV BPIOKETAL KAVOVIKA OTO KUTTAPOTIAACHA TOU
€PUOPOKVTTAPOV, AAAA KATA TNV amoONKEVON UE-
TavaoteVel oty pepPpavn touv.’%’t Akdun, peta
atd Po&n oAkov alpatog éxel TapatnpnOei o oxn-
HOTIONOG PKPOOWHATIS WV epLBp®V alpoc@atpi-
wVv (RBC-microparticles), mou pmopouvv gvkoia va
xpnowomomBovv yia Tnv aviyvevon autéAoyng
UETAYYLONG LE KUTTAPOUETPIA pOT)G.72

[Ipoéo@ata, mpotabnke pa péBodog ylow T pé-
TPNON TWV AVOPLUWY SIKTUOEPUOPOKVTTAPWVY Kal
Twv gpubpwv awpoo@atpiwv oe DBS. Kuttapoet-
Sikég mpwteiveg petpovvtal pe LC-MS/MS émel-
Ta amd mEYN twv DBS pe Opugivn. H CD71 elvat
1 ovvSedpeVT HE HEUBPAVT] LOP@T] TOU VTOSOXEX
™G TPAVoPEPLVNG, EKPPALETAL EVTOVA OE AQVWPLULA
SwctvogpubpokiTTapa, OTov eival vTEVOULYY Yo
TN HETA@OPA& O181pov oTa KUTTAPA yla cUvOeon
alpoo@atpivig Kot amovoldlel ota wplua SIKTu-
ogpuBpokUTTApPA Kol ot gpubpd atpoo@aipla. H
Band3 eivat pa oAokAnpwpevn pepBpaviky Tpw-
TEVN YVWOTN Kol WG QVTHAAGKTNG aviovTwy 1, Tov
oTo alpa ek@paletal povo o epubpd apoc@aipa
Kol SiktuokVTTApPA, CLPPRGAAOVTAG oV oTabepo-
moinon ¢ pepBpavng touvs. H ocuykévtpwon twv
CD71 kot Band3 o€ DBS £xelL 8eix0el T ovoyetile-
TAL KAAQ PE TOUG aplBPoVS TWV aVOPLULWY SIKTUO-
£PLOPOKVLTTAPWY KaL TWV EPLOPWV ALPLOTPALPILWY,
avtiotolya. H péfodog Sokipudotnke o€ pia HEAETT
QUTOAOYNG HETAYYLONG amoTeAOVUEVN amo 15 eBe-
Aovtég. Metd N petdyylon, n uéon avaoyia CD71/
Band3 omv opdda aipatog ftav otatiotikd Sia-
(POPETIKN Ao TV opdda eAéyyov. Iepattépw So-
KLUEG Elval ATApAlTNTEG YIX TOV TIPOGSLOPLOUS TNG
Slaxpovikng otabepotntag Tov Adyouv CD71/Band3
KoL YL TNV HEAETN NG TILO VNG HETABOATIG TOU AGYyw
UYOUETPOU, PAEYHOVTG, £VTOVNG AOKNOTG 17/KaL XO-
priynong pikpoddoewv ESAs.”374

4.6 MAXoTIKOTIOM TEG

Ol 6AKOL TIOV XPTOLUOTIOLOVVTAL YL TNV aToOKEL-
o1 TOV a{HaTOS KAl TWV EPUOPOKLTTAPWY Elval Ka-
Taokevaopévol amod moAvBivuioxiwpido (PVC), ato
omoi{o TpooTiBevTal TTAACTIKOTIOWTES YLl VO TIopé-
XETAL 1 KATAAANAN eukapPio. O cvvnBéotepa xpn-
OLUOTIOLOVHEVOG TIAXCTIKOTOMTHG lvat 0 @BaAkdg
Si-2-auBvAetudeotépag (di-2-ethylhexyl phthalate,
DEHP). H paxpompdBeoun amobrikevon tou aipa-
TOG O€ UTOVUG TOVG 6AKOVS 08NYEL oTn SLdyuon Twv
@BAAKWOV evwoewy o0TO amobnkevpevo aipa, ot
omoleg 0N cuVEXEL PeTayYIloVTaL [E TO QA GTOV
abAn. Awdgopeg peréteg €xouv katadeiel v
aviYvevon Twv TAACTIKOTIOMTWY OUTWV Kol TWV
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peTafoMTwV Toug, w¢ PLodelkTeg VTOTIVYK LE pE-
Tdyylom aipatog, yio HiKpd Xpoviko SLaoTnua HeTA
™m petdyylon xpnowomnowwvtoag LC-MS.%8 Eto av-
Bpwmvo cwpa, To DEHP udpoAvetal oe povo(2-at-
BuAetud) @BaAkO eotépa [mono(2-ethylhexyl)
phthalate, MEHP] kot akoAoUBw¢ o&eldwvetal kat
yAukovpoviletat o€ povo(2-atBuA-5-u8potuetul)
@BaAlkd eotépa [mono(2-ethyl-5hydroxyhexyl)
phthalate, 50H-MEHP], pdvo(5-o€ogfud) @BaAikd
eotépa [mono(2-ethyl-5-oxohexyl) phthalate, 5o0xo-
MEHP], povo(2-atBuA-(5-kapBokutevtud) @BaALko
eotépa, [mono(2-ethyl-5-carboxypentyl) phthalate,
5cx-MEPP] kot povo(2-kapBo&upebuAegud) BaAt-
k06 eotépa [mono(2-carboxymethylhexyl) phthalate,
2cx-MMHP] ou amoteAov 6AoL Seikteg NG £kBeong
oe DEHP. Ot petaforiteg 5¢cx-MEPP kot 2cx-MMHP
Tapovctddouvy 8laitepo evlla@Eipov eEaLTiag To e-
y&Aov xpdvou nulwng Tous. Av KaL oL TIEpLoGATEPOL
petafoAiteg eival aviyveloLOL APKETEG WPEG LETA
™ petayyton (12 wpeg), autd Ta V0 POPLY ETIEKTEL-
vouv To mapdBupo aviyvevong yla €wg kot 1-2 nué-
peG. [ap ‘OAa autd, To KUPLO UELOVEKTNUA QUTNG TNG
uebddov aviyvevong sivat 6Tl ot EOAAKEG EVWOOELS
elval mapovoeg oe TTOAAEG TTAXOTIKEG GUOKEVATIES
kaBnuepwg xpriong kot pmopel va Bpebel ota ovpa
HETG amd eTTAYYEAUATIKN 1) SlOTPO@IKY £KkBEOT.567570

4.7 Avocoloywkol Blodeikteg

A&ileL va onpelwBel 6tL voBECELG TTOL VTTOGTNPI-
(oVV, TWG KUTTAPIKA KATAAOLTIX IOV TIPOEPYOVTOL
amd amoOnKeVPEVO AP EMAYOUV ULO KUTTOPLKY
KOl LOPLOKI] QVOOOAOYIKY aTOKPLOT Kl HETAPRAA-
AovV TO TPOPIA €k@pacnS TwV T-AEUPOKUTTAPWV
Kal TTw¢ 1 £puBpoTOMTIV AVEAVEL TNV KATAGTOAN
TV T-AepPOKUTTAPWY pe SlapecoAdpnon Twv pa-
Kpo@daywv, pumopovv va Bonbnoovv oTov evtoTiL-
Oopo6 VEwV avocodoykwV Blodeiktwv. H otpatnykn
avtr BéBata Sev £xel TpoTiun el e€atiag Tov dTL oL
avoooAoyikol Selkteg avapévetal va emnpealovtat
O€ TEEPITITWOELS ALILOALVONG Kot pOAVVETG.5877.78

5. XYMIIEPAXMATA

To vtomvyk aipatog amoteAel €va QVTIKEIPEVO
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évtovou mpofAnuatiopol yix tov kabapod obAn-
Topd. O péhodol aueong aviyvevong deiyvouv va
elvau emapkeis kuplwg ya v aviyvevon rHUEPOs,
Kat xperadovtat BeEATiwon ylx TV avixvevon wKpo-
TEPWV HOPilwV, VW SV UTTOPOVV VA AVIXVEVGOULV
TNV auTOAoYT HETAYYLoN aipatog, véoug ESAs kat
uwkpodooelg rHUEPOs. Xt AVon kamowwv amo av-
TV Twv TPoBANudTwyv cuvéBaie 1 vBETNON pe-
068wV Eupeong aviyveuong Pe apxn TNV EQAPUOYT
Touv ABP. Znjuepa, to ABP egival kdtL TEPLOGOTEPO
amod i amAnl oelpd HEUOVWUEVWY TIHWV PLlodeL-
ktwv. Etepoyevels mapdyovteg, 6Twg n nAkia, to
U0, YEVETIKA OTOLXELR, KAAQ KOl TIAT|pO@OpPLES YL
TIG OUVONKEG TIPOTIOVNONG, TIG GLVONKEG GUAAOYTG
KOl HETAPOPAG TWV Selypatwy, kabiotovv to ABP
Mt TAQT@OpUA Y TNV aELoAGYNoT TOAAATIAWVY
ETILOTNHOVIKWVY oTolXelwV.” H eméktaon touv ABP
HE TIEPLOCOTEPOVS EPPETOVS BlodeikTes Ba loxupo-
TIOWCEL OKOUT TIEPLOGOTEPO TNV OTMOTEAECUATIKO-
™mTd ToV.

Ot petafoArég ato TPOEIA o1dMpoV PTOPOVV Vo
ATOTEAEGOUV GUUTIAN PWUATIKOUG PBLoSelKTeEG TOU
ABP yla v aviyvevon vtomvyk aipatog, uvmd thv
mpoUTOBeon va petpovvtal BLodelkTeg IOV KATA-
Sdewcviouvv TV Tapoucia 1| amovcio @AEYLOVTG.
'EToL, To Tpo@iA owdnpov umopel va Spacel ov-
UTIAT pWUATIKA YL TNV AVIXVEVOT) ATIAYOPEVUEVWV
0UCLWV Kol va evioyVoel Ttepattépw to ABP oty
TPOOTADELN KATATOAEUNONG TOU VTOTILVYK. Mg
Baom autn ™ Aoyik, N HEAAOVTIKY épguva Xpn-
OLLOTIOLWVTAG HAXONUATIKA HOVTEAN Ba TIPETEL Vo
otpagel oe mMOBavolG cuVSVAGHOUG TWV avadvo-
HEVWV BLOSEIKTWOV £UUEONS AVIXVELOTG VTOTILVYK
alpatog Tov ava@epOnkav.5° Alag@opetikd BloAo-
YIKAQ UTIOGTPOUATA, OTIWS TA 0UPA, TO 0ALKO alpa,
To mMAdoua 1 ot DBS Ba pmopovv va mapd&oyovv
ouuTANpwpatika dedopéva kal Ba avénoovv v
e€elbikevon kal TIg eMSO0ELS TNG XPNIoNS TwV Pi-
08EKTWV.

0 ouvduaouds Blodetktwyv BeATLOVEL TN Slayvw-
oTIKN akpifela o oVykpLam HE TN XpYon EVOG HoOVo
Selktn koL Tapéxel va Loxupo epyaieio eatopt-
KEUUEVNG aQVvAAUOTG, BEATIOVOVTAG TO YEVIKO Ta-
paBupo aviyveuong koL ™ oxeon eLSIKOTNTAG-EV-
atoOnoiag. Eivat afloonpueiwto 6tL oL Blodeikteg o€
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peyaAo Babuod eival aveEdptnrol amd tnv mpoodo
™G QAPUAKEVTIKNG Blounyxaviag, n omola pe ToxV-
TaToug pubpols TpounBevBel cuvEXWS TNV ayopa
HE VEX (PAPUAKA KOl OKEVAOHUATA, TIOU UTTOPOVV
TOPAVOUX Va XpNoLpotonfolv amd Toug abAnTég
yia ™ BeAtiwon ¢ amddoong tovs. H Bloroyia
TOU aVBPWOTLVOU OWUATOG glval, OUWG, OXETIKA
otafepn Yo TIG BaoIkEG PUOLOAOYLKEG AELTOVPYIES,
KkaBwg 1 eEEAEN TOL avOpwWTIivOL cWUATOG aTtaLTEl
apketég yeviés. ‘Etol, ot Blodeixtes mov xpnotpo-
TOLOUVTAL ONUEPA GV BEIKTEG LK CUYKEKPLUEVNG
petafoAng Ba pmopovv va xpnoipotonBovv Kot
UEAAOVTIKA Yla TNV AVIXVELOT O0TIOLOVSTTIOTE VEOU
PaPUAKOV 1 TEXVIKNG Tov Ba TpokaAel TnVv (St

ouykekpluévn petaforn. o mapadeypa, ot on-
nepwol BLodelkteg TOV VTOTIVYK aipatog elvat 16m
gvaicOnTol oTo YOVISLOKO VTOTILVYK HE TNV KATA-
XPNON YoVISLaKn G Bepateiag yia TNV EK@PACT] TOV
yoviSiov ¢ epuBpomomtivng.>®

EYXAPIXTIEX

H epsvvntikny epyacia vmootnpixthke amo to EA-
Anviko Tépvua Epsvvag kat Kawvotoulag (EAIAEK)
kat amé ) Fevik) Ipauuateia Epevvag kat Texvolo-
ylag (I'TET), oto mAaioio th¢ Apdong «Ymotpopieg
EAIAEK Ymoyneiwv Aibaxtépwv» (Ap. Zoufaocng
14544).
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INEPIAHWH

Despite being prohibited by the World Anti-Doping Agency, blood dop-
ing through Erythropoiesis Stimulating Agents (ESAs) misuse and blood
transfusion, is used by athletes who want to gain an unfair advantage
by increasing the red blood cells production and hence their aerobic
capacity. Methods of direct detection, based on techniques like elec-
trophoresis, immunoassays and chromatography combined with mass
spectrometry, can be used to detect recombinant erythropoietins and
other ESAs, while homologous blood transfusion is detected using flow
cytometry. The absence of a method for the direct detection of autolo-
gous blood transfusion, the inability to detect new banned substances,
and the difficulty in detecting microdoses of recombinant erythropoie-
tins have led anti-doping science to develop methods of indirect detec-
tion. The Athlete Biological Passport, as a strategy for the blood doping
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detection through the long-term monitoring of hematological parame-

Panagiotis Sakellariou

com
lIoannis S. Angelis

ters’ levels of its individual athlete, is an important achievement. How-
ever, new approaches to blood doping create new analytical challenges
for doping control and there is a need for the enforcement of this excel-
lent detection tool. Research is focused on the use of new blood doping
indirect biomarkers, such as the monitoring of iron metabolism pro-
teins level. Indirect biomarkers may also include the changes at cellular,

molecular or genetic level due to blood doping. The combination of the
Athlete Biological Passport with other indirect biomarkers is believed
to enhance the effectiveness of blood doping tests.
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nanoparticles; magnetic = The particles of magnetite were prepared using a chemical condensation
ointment method. The crystalline structure, morphology and the magnetic prop-
erties of the ferrite particles were studied by means of X-ray diffraction
(XRD) and vibrating sample magnetometer (VSM). By an appropriate com-
bination of the magnetic ointment bases prepared using different amounts
of magnetic nanoparticles (MNPs) and different type of bases it was pos-
sible to obtain a system with a good texture and magnetic properties. The
water absorption capacity of polyethylene glycol (PEG) formulations was
related to the MNPs concentration. Magnetic measurements of a formu-
lation PEG 400/1900 with MNPs 30% have demonstrated the increase of
magnetization as a result of reduction of temperature from 300 K to 77 K
and the transition from superparamagnetic to ferromagnetic behavior of
* CORRESPONDING AUTHOR:  a formulation (Hc = 100 Oe). These results suggest a potential of the new
Vedernykova Iryna, E-mail: ~ magnetic ointment bases for the development of modified dosage form for
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1. Introduction

Magnetic nanotechnology is widely used in modern
pharmaceutical science!®. Magnetite nanoparticles
(Fe,0,) are used as magnetic material of Magnetic
Drug Delivery Systems®!1,

Chronic tonsillitis is one of the most common otorhi-
nolaryngological diseases. Treatments for tonsillitis
focus on eliminating infection and inflammation asso-
ciated with the condition. Chronic tonsillitis is correct-
ed by tonsillectomy (surgical removal of the tonsils)*2.

The idea was to create the dosage form with the
magnetite particles in the form of ointment. An oint-
ment is a viscous semisolid preparation used topically
on a variety of body surfaces. They compose of active
ingredient and ointment base. Ointment bases are
used as vehicles for medicated ointments. The mag-
netic ointment can be applied directly to the tonsils,
then begin the influence of permanent magnetic field
on the area of projection of the Palatine tonsils (ante-
rolateral surface of the neck). Use of such a magnetic
formulation with its applying and fixing via an external
magnet on the tonsils will allow improving the efficacy
of local treatment.

Topical therapy is desirable since, in addition to
targeting the site of infection, it reduces the risk of
systemic side effects thus the main aim of this study
was to design novel magnetic topical dosage form for
topical treatment of otorhinolaryngological infectious
diseases such as tonsillitis. This investigation consist-
ed of preparation and evaluation of magnetite nano-
particles (MNPs) and magnetic ointment bases using
different amounts of MNPs and different type of bases
to obtain a system with a good texture and magnetic
properties. To our knowledge, no other reports exist
of the preparation and evaluation of magnetic dosage
form for topical treatment of otorhinolaryngological
infectious diseases.

2. Materials and methods
2.1 Materials

Iron (II) chloride (FeCl,-6H,0), iron (II) sulfate
(FeSO,-7H,0), NH,-H,0 (25% w/w aqueous solu-
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tion) and polyethylene glycols were purchased from
E. Merck Ltd. (India). Lugol iodine was purchased
from Instamed Labchem (India); sea buckthorn oil
from X.S. Biotech Co., Ltd. (China) and oleic acid
from Beijing ChemWorks (China). All chemicals
were of analytical grade.

2.2 Synthesis of magnetite nanoparticles

Ultrafine particles of FeFe,0, were prepared by
co-precipitating aqueous solutions of iron (II) salt
(FeSO, - 7H,0) and iron (III) salt (FeCl, - 6H,0) in
an alkaline medium (25% NH,-H,0). 13.89 g (0.05
mol) of FeSO,”7 H,0 and 26.90 g (0.1 mol) of Fe-
Cl,"6H,0 were dissolved in 1 L of distilled water at
heating (60-70°C). 25% aqueous ammonia solution
was added drop-wise with continuous stirring un-
til complete precipitation of the black ferrite was
achieved (pH 9-11). After the system was cooled to
room temperature, the precipitates were collected
using magnetic separation and washed with dis-
tilled water until pH neutral, producing thus sam-
ples MNPs.

2.3 Preparation of ointment bases

Nine ointment bases of varying compositions (Ta-
ble 1) were prepared by using different amounts of
MNPs and different type of bases. The mixtures of
PEG were prepared by melting together polyethyl-
ene glycol (PEG 400 and PEG 1500) on a hot plate/
stirrer (at 702C). The PEG 400/1500 ratios weight
were 9/1 (forms I-V) and 4/1 (forms VI-VII), re-
spectively. MNPs were added to this molten base
while stirring. The entire mixture was stirred while
cooling. The prepared ointment bases were put in
ointment jars and were stored at room temperature
pending the evaluation. The ingredients of the dif-
ferent formulations (I to IX) are listed in Table 1.

2.4 Particle characterization
The X-ray diffraction (XRD) patterns of the samples

were recorded on a Siemens D500 X-ray powder
diffractometer using copper radiation. Slow scans
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Table 1: Compositions used in the study to prepare ointment bases

Ingredients

II III IV
MNPs 20 25 30 35
PEG 400 72 67.5 63.0 58.5
PEG 1500 8 7.5 7.0 6.5

Lugol iodine

Sea buckthorn oil

Oleic acid - - - -

Formulations
\' VI VII VIII IX
40 25 30 10 50
54.0 60.0 56 - -
6.0 15.0 14 - -
- - - 90 -
- - - - 47.5
- - - - 2.5

Table 2: Phase composition and characteristics of MNPs

Lattice
Phase Mass, % a
parameters, (A)
93.3(6) a=8.3668(12)
y-Fe,0, 6.2(2) a=8.348(4)
a-Fe,0, 0.4(2) a=5.0280
c=13.651

of the selected diffraction peaks were carried out in
the step mode (step size 0.03°, measurement time
75 s. The crystallite size of the nanocrystalline sam-
ples was measured from the X-ray line broadening
using the Debye-Scherrer formula after accounting
for instrumental broadening. Magnetization meas-
urements were performed in a vibrating sample
magnetometer (VSM) at 300 K and 77K using a su-
perconducting magnet to produce fields up 2 kQOe.

2.5 Density measurement and rheological analysis of
formulations

The density measurements of the formulations (I-
IX) were carried out using a 50 ml pycnometer. For
the hard samples, the pycnometer was filled with
the melted sample. After 24 h storage at room tem-
perature the mass was measured. Rheological anal-
ysis was performed on a rotary viscometer Rheotest

Crystallite size and
d, g/cm’ . .
microstrain, nm/ %
5.28 16/0.14
4.89 9/0.13
5.27 27/-

RV2 (VEB MLW Medingen, Germany). The rheologi-
cal behavior was studied by continuous shear inves-
tigations, which were performed in order to evalu-
ate the shear stress (Pa) as a function of shear rate
(s1). The study was started with a shear rate of 1 s
up to a maximum of 500 s and back to 1 s, and the
resulting shear stress was measured at temperature
34°C (thermostatic water bath was used).

2.6 Water absorption capacity of ointment bases

The water absorption capacity of ointment bases
(PEG 400/1500 mixture 9/1; PEG 400/1500 mix-
ture 9/1 with magnetite 25% (PEG/MNPs25), 30%
(PEG/MNPs30) and 35% (PEG/MNPs35) at 37 °C
were measured in vitro through cellulose mem-
brane inserted in the Franz diffusion cell. Distilled
water was used as the medium. An electronic bal-
ance (AND, Model GF400, accuracy * 0.001 g Japan)
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Table 3: The parameters of the composition and physical characteristics of the ointment

bases
Formulations
Ingredients
II 111 v \' VI VII VIII IX

Mass part of

20 25 30 35 40 25 30 10 50
MNPs, %
Volume part of

5.35 6.68 8.08 9.43 10.81 6.35 7.87 2.44 12.5
MNPs, %
Density, g/cm? 1.281 1320 1356 1402 1432 1331 1378 1.271 1.306
Saturation
magnetization, 3.52 4,47 5.32 6.21 36.69 7.09 517 1.61 8.16
emu/g

were used to measure weight of samples before and
after immersion. In order to reduce error, all tests
were performed in triplicate.

3. Results and discussion
3.1 Characterization of as-synthesized MNPs

The formation of Fe 0, was confirmed by XRD, and
is shown in Figure 1. The pattern has well defined
peaks from reflection planes (220), (311), (400),
(422), (511) and (440), which were indexed in the
Fd3m(227) space group corresponding to a spinel
cubic structure of magnetite (JCPDS PDF card No.
19-629). The presence of maghemite (y-Fe,0.) and
hematite (a-Fe,0.), beside to the major magnetite
phase, have been confirmed by X-ray diffraction
analysis (Table 2).

The magnetic measurement confirms that the
synthesized particles exhibit superparamagnetic
properties at room temperature. The magnetization
curve for the MNPs exhibits immeasurable values
of coercivity field and remnant magnetization. The
particles have high saturation magnetization values
(67 emu/g), which is consistent with the value re-
ported in the literature for a magnetite sample with
the same sizes [13].
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3.2 Evaluation of the properties of magnetic oint-
ment bases

To develop a successful magnetic dosage form for-
mulation for topical treatment of otorhinolaryngo-
logical infectious diseases such as tonsillitis, it is
important to study the rheology, texture, and mag-
netic properties. The results of comparing of the
properties of the proposed compositions (Table
3) showed that the optimum formulations are II -
IV because they have the best structure and one of
the highest magnetic properties, which allowing its
manipulation with an external magnetic field. Other
formulations were not accepted because they have
liquefied structure like formulations I, VIII-IX or too
dense structures like formulations V-VII.

The magnetic interactions between the dispersed
MNPs make them agglomerate and settle down. The
highly dense PEG mixture provides steric hindrance
preventing nanoparticle from aggregation. There-
fore, the formulations II - IV with the PEG mixture
were selected for further study.

Regarding flow behavior all the formulations
show very similar characteristics (Figure 2). The
flow curves of the tested formulations revealed a
non-Newtonian shear-thinning behavior, with yield
value. The formulations with higher yield values
showed higher values of viscosity and shear stress
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Figure 1. X-ray diffraction pattern of MNPs

than the other formulations. Thixotropy, a reversi-
ble variation of viscosity with time, was observed in
all formulations, demonstrated by the presence of
hysteresis area between ascending and descending
curves of the rheograms. Regarding the hysteresis
area, this was slightly greater in the case of formula-
tions PEG/MNPs30 and PEG/MNPs35.

PEGs are hydrophilic materials and are extensive-
ly used in pharmacy. Solid PEGs in the mixture with
liquid PEGs will lead to a white, pasty ointment with
good solubility in water, good dissolving properties
and suitable for many active substances!*1, It is well
known that, the type of the base used in formulating
of a topical medication markedly affects the perme-
ability of drug. Numerous actives can be dissolved in
PEGs resulting in a good bioavailability'”-?.. Polyeth-
ylene glycol (PEG) and PEG derivatives are the most
effective and widely used polymer for improving na-
nomaterial stability?2-2¢,

3.3 Water absorption capacity of ointment bases

All samples exhibit significant osmotic activity to
distilled water (Figure 3). Incorporation of MNPs
into the PEG mixture will decrease the water ab-
sorption activity of the formulations. As the content
of active PEG decreases the activity of the samples
naturally decreases.

The presence of a negative charge of Fe-O- groups
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Figure 2. Rheogram for the ointment bases PEG
400/1500 mixture 9/1 with magnetite

25% (PEG/MNPs25), 30% (PEG/MNPs30) and 35%
(PEG/MNPs35)
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Figure 3. The water absorption activity of PEG
400/1500 mixture 9/1(PEG);

the ointment bases PEG 400/1500 mixture 9/1 with
magnetite 25% (PEG/MNPs25),

30% (PEG/MNPs30) and 35% (PEG/MNPs35)

on the surface of MNPs causes the disordering of in-
termolecular forces of colloidal solution. The effect
of external magnetic field on absorption venues can
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Figure 4. Normalized magnetization loops at temperatures of 300K (a) and 77 K (b)

be expected. However, no significant differences
were observed on the water absorption activity of
the formulations under the influence of the magnet-
ic field (100 mT). Reducing of the absorption prop-
erties has a positive effect, because it is well known
that the hydrophilic compounds (such as PEG) can
damage cell membranes causing rashes, dry skin,
contact dermatitis and surface damage to the skin?’.

3.4 Magnetic characterization of the formulation
PEG/MNPs30

Magnetic behavior was studied for the formulation
I1I with the optimal content of magnetite 30% (Fig-
ure 4).

Figure 4 shows the magnetization versus field
plot at temperatures of 300 K (a) and 77 K (b).
It can be seen that hysteresis disappeared with a
little remanence and coercirvity (Hc), indicating
the absence as a long range magnetic dipole-di-
pole interaction among the assemblies of super-
paramagnetic nanoparticles in the formulation at
a room temperature. When the temperature was
decreased to 77 K, the magnetization of the sample
increased (from 5.32 emu/g till 6.24 emu/g) with a
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symmetric hysteresis loop, and showed a transition
from superparamagnetic to ferromagnetic behav-
ior of MNPs in the sample (Hc = 100 Oe). The dif-
ference in the intensity of the saturation between
300 K and 77 K is due to the magnetic ordering of
superparamagnetic particles of the low-coercivity
phase. Such behavior is typical for magnetite nano-
particles of single-domain size?.

Based on the fact, that magnetite has a high value
of thermal conductivity (9.7 WmK1??), it is reason-
able to use the prepared ointment base as a thermal
conductivity medium for cryotherapy of the tonsils.
Use of such a magnetic formulation with its apply-
ing and fixing via an external magnet on the area
of pathologies will allow improving the efficacy of
cryogenic treatment and destruction, will provide
good adhesion and contact of the tonsils with metal
applicators through which a cryogen passes. As it is
realized, the final temperature level would be signif-
icantly lowered, the maximum freezing rate will be
increased.

4., Conclusion

In this study a magnetic system has been developed,
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PEG/MNPs formulation with a good texture and
magnetic properties which might be a suitable oint-
ment base for target treatment of otorhinolaryngo-
logical infectious diseases such as tonsillitis or can
be used alone (e.g. as thermal conductivity medium
for cryotherapy). O
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bisoprolol, High-
Performance Liquid Introduction. Analytical method development is a continuous process that
Chromatography, progresses in parallel with the evolution of the drug product. The ruggedness
validation, robustness, or robustness of an analytical method is a measure of its capacity to reproduce
Youden’s test  results when the procedure is repeated under different circumstances. Robust-
ness should be considered a property of the experimental optimum used in an
analytical procedure. The aim of the study was to evaluate the rubustness of
determination of bisoprolol in tablets using Youden'’s test for HPLC method de-
veloment. Research methods. An efficient method to assess the robustness of
analytical methodsis by Youden'’s test, by means of an experiment design which
involves seven analytical parameters combined in eight tests. In the recent stud-
ies, we assessed the robustness of a chromatographic method to quantify bi-
soprolol in tablets using Youden’s test. Results and discussion. By using the
Youden'’s test criteria, HPLC method showed to be greatly robust concerning bi-
* CORRESPONDING AUTHOR:  soprolol content, at the introduction of variation in seven analytic parameters.
Liliya Logoyda - PhD,DSc,Head =~ The lowest variation in enalapril content was 0.91 %, when was used column
of Department of Pharmaceutical =~ Waters Symmetry C18 column (3.9 mm i.d. X 150 mm, 5 pum). For the first time,
Chemistry  a holistic approach involving simultaneous innovations in particle technology
1. Horbachevsky Ternopil National ~— and instrument design was endeavored to meet and tackle the issues of the an-
Medical University, Ukraine, ~ alytical laboratory. This was done in order to make analytical scientists more
Ternopil, Ruska, 36 successful and businesses more profitable and productive. Conclusions. Youd-
email: logojda@tdmu.eduua  en’s test proved to be an efficient and helpful tool for the robustness evaluation
of HPLC method for assay of bisoprolol in dosage forms. The main advantage of
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Youden test is the fact that it keeps the required time and effort to a minimum,
since only a limited number of determinations have to be made, using combina-
tions of the chosen investigated factors. Hence, the method can be readily and
conveniently applied for routine analysis of quality control of bisoprolol in its
dosage form and can be used for dissolution studies.

Introduction

Analytical methods are intended to establish the
identity, purity, physical characteristics and po-
tency of drugs. Methods are developed to sup-
port drug testing against specifications during
manufacturing and quality release operations, as
well as during long-term stability studies. Meth-
ods may also support safety and characteriza-
tion studies or evaluations of drug performance.
Analytical method development is a continuous
process that progresses in parallel with the evolu-
tion of the drug product. The notion of phase-ap-
propriate method development is a critical one if
time, cost and efficiency are concerns. The goal
and purpose of the method should reflect the
phase of drug development. During early drug de-
velopment the methods may focus on API behav-
ior. They should be suitable to support pre-clinical
safety evaluations, pre-formulation studies, and
prototype product stability studies. As drug de-
velopment progresses, the analytical methods are
refined and expanded, based on increased API and
drug product knowledge. The methods should be
robust and uncomplicated, while still meeting the
appropriate regulatory guidelines®.

It is a laborious, complex and straining process
to evaluate the robustness of chromatographic
method of analysis, taking into account the large
number of analytical parameters of validation re-
sults that should be considered to carry out the
test. Robustness High-Performance Liquid Chro-
matography (HPLC) testing by the application of
Youden’s test and statistical analysis were ap-
plied to judge the method robustness. The main
advantages of Youden’s test is that it decreases
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Figure 1: Chemical structure of bisoprolol fumarate

the required time and effort, since only a limited
number of determinations have to be made, us-
ing combinations of the chosen investigated fac-
tors. This study yields useful information, being a
fundamental part of method validation. The basic
idea of Youden'’s test is not to study one alteration
at time but to introduce several changes at once,
in such a way that the effects of individual changes
can be ascertained**.

Bisoprolol is a synthetic, betal-selective (cardi-
oselective) adrenoceptor blocking agent without
significant membrane stabilizing activity or in-
trinsic sympathomimetic activity in its therapeu-
tic dosage range. The chemical name of bisoprolol
fumarate is 1-(propan-2-ylamino)-3-[4-(2-pro-
pan-2-yloxyethoxymethyl) phenoxy]propan-2-
ol (Fig. 1)°. The two substituents present in the
para position of the benzene ring might be the
reason for its fl-adrenergic receptor selectivity.
The most prominent effect of bisoprolol fumarate
is the negative chronotropic effect, resulting in a
reduction in resting and exercise heart rate. There
is a fall in resting and exercise cardiac output with
little observed change in stroke volume, and only
a small increase in right atrial pressure, or pulmo-
nary capillary wedge pressure at rest or during
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Table 1: Analytical parameters and variations for the robustness study of HPLC method

development of bisoprolol

Parameter Nominal condition Variation
Acetonitrile in

A/a ) 25 - A 35 - a
mobile phase
Buffer solution

B/b pH 7.0 in mobile 75 - B 65 - b
phase
pH of buffer

C/c solution in mobile 7.0 - C 7.7 - c
phase
Column

D/d 35 - D 40 - d
temperature, °C
Mobile phase flow

E/e . 1.4 - E 1.0 - e
rate, ml/min

i Waters Symmetry Nucleosil
F/f Column supplier - F - f
C18 column C18

Chromatograph )

G/g Agilent 1290 - G HP 1100 - g
model

exercise. mm, 5 um). Chromatographic separation was car-

The aim of the work was to study the robustness
of HPLC method for the quantitation of bisoprolol,
using Youden'’s test, and determine the analytical
parameters that present greater influence in the
final results of the HLC method development.

Methods
Chemicals and reagents

Bisoprolol fumarate was obtained as a gift from
Farmak pharmaceuticals (Kiev, Ukraine). HPLC
grade acetonitrile, triethylamine, ammonium
phosphate, orthophosphoric acid were obtained
from Merck pharamaceticals.

Instrumentation and chromatographic condi-
tions

Waters Symmetry C18 column (3.9 mm i.d. X 150

ried out at ambient temperature (22°C - 25°C).
The compound was separated isocratically with a
mobile phase consisting of acetonitrile and phos-
phate buffer solution pH 7.0 (25/75, v/v) at a flow
rate 1.4 mL/min with injection volume 10 pL. The
effluent was monitored spectrophotometrically at
wavelength 226 nm.

Preparation of mobile phase

To prepare phosphate buffer solution pH 7.0.:
6.60 g of ammonium phosphate dissolve in 980
mL of water, add 2.0 mL of triethylamine, fix the
pH of the solution to the value (7.0 = 0.05) with
phosphoric acid, and then add the volume of the
solution with water P to 1000.0 mL and mix.

Stock standard solutions

Primary stock solutions of bisoprolol fumarate
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Table 2: Factorial combinations of the analytical parameters for robustness study in HPLC

method development

Analytical parameter Parameter

Acetonitrile in mobile phase A
Buffer solution pH 7.0 in mobile phase B
pH of buffer solution in mobile phase C
Column temperature D
Mobile phase flow rate E
Column supplier F
Chromatograph model G
Result S

was prepared daily separately by dissolving 25 mg
of each in 250 mL volumetric flasks (0.1 mg/mL)
in mobile phase. Limits of the range of application
of the procedure were determined from 70% to
130% to the nominal concentration of bisoprolol
fumarate (0.1 mg/mL) in the test solution.

Procedures

The standard solutions were prepared by dilu-
tion of the stock standard solution with mobile
phase. Triplicate 20.0 uL injections were made for
each concentration and chromatographed under
the condition described above. The peak area of
each concentration was plotted against the corre-
sponding concentration to obtain the calibration
graph and regression equation was computed.

Results and discussion

The robustness evaluation of HPLC method de-
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Factorial combination

C c C c C c
D d d d d D D
E e e E e E
f F F f f F

velopment for bisoprolol assay was studied using
the method proposed by Youdene Steiner. Youd-
en’s test was applied to examine seven analytical
parameters for HPLC method delevopment. Then,
eight runs were performed with goal to determine
the effect of each parameter in the finishing re-
sult. The seven analytical parameters have been
employed, as well as the introduced variations are
demonstrated at table 1. The analytical conditions
at the nominal values are represented by capital
letters and the conditions with the small variation
are represented by lowercase letters.

The seven parameters and its respective varia-
tions were combined in eight assays or chromato-
graphic runs, performed in a random order. Table
2 demonstrates the factorial combination of the
parameters for the Youden'’s test. The analyses re-
sults are shown by letters from s to z. Hence, when
combination 1 was studied, the obtained result
was s. When combination 2 was assayed, the ob-
tained result was ¢, and so successively.
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Table 3: Difference in effects of the analytical parameters in content and retention time

(Rt) for bisoprolol HPLC quantitation

Effect Content (%) Rt (min)
Acetonitrile in mobile phase 0.21 -0.37
Buffer solution pH 7.0 in mobile phase 0.26 -0.31
pH of buffer solution in mobile phase 0.42 0.45
Column temperature -0.05 0.05
Mobile phase flow rate -0.03 0.05
Column supplier 0.91 -2.05
Chromatograph model -0.02 0.05

In each combination, three injections of each
sample and standard solutions were carried out
at the working concentration. After the alteration
of chromatographic column or mobile phase com-
position, there was a waiting of 30 min for system
stabilization. The evaluated results in each com-
bination were peak area, retention time (Rt), tail-
ing factor (T), theoretical plates number (N) and
enalapril content.

For evaluating the effect of the column tempera-
ture in the final result of the analyses, the follow-
ing equation 1 was used:
EffectC/c=(s+u+w+y)/4-(t+v+x+2z) /4 (1)

Through the use of Youden'’s test, it is possible
to establish certainly the parameters which pres-
ent higher influence in the final result of the anal-
yses and perform a more rigorous control in the
eventual variations of these parameters that may
occur during a routine analysis of quality control.

In our study, first trials were directed to find
optimal chromatographic conditions for HPLC
method development. Our objective of the chro-
matographic method development was to achieve
a peak tailing factor <1.5, retention time in be-
tween 2 and 3 min, along with good resolution®2,
In both equipments (Agilent 1290 and HP1100),
were carried out simultaneously the assays for

the robustness study of the chromatographic
method. The results obtained in the eight runs to
bisoprolol sample and standard solutions.

The difference in effects of the parameter vari-
ations in the analysis results presented Table 3.

By using the criteria of Youden's test, HPLC
method developed to be greatly robust regard-
ing content of bisoprolol, when variations in sev-
en analytical parameters were evaluated?. The
lowest variation in enalapril content was 0.91 %,
when was used column Waters Symmetry C18
column (3.9 mm i.d. X 150 mm, 5 pm).

A holistic approach involving simultaneous in-
novations in particle technology and instrument
design was endeavored to meet and tackle the is-
sues of the analytical laboratory in quality control.
This was done in order to make chemical scien-
tists more successful and businesses more profit-
able and productive. Symmetry® LC Columns are
manufactured using high purity silica and tight-
ly controlled manufacturing processes to ensure
that you receive a column that exceeds the stand-
ards for HPLC column performance. Symmetry®
C18 columns feature monofunctionally bonded
C18 ligands on a high purity base-deactived sili-
ca. Symmetry® columns have the tightest column
specifications in the industry giving resulting
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highly reproducible chromatographic results.
CONCLUSION

Youden'’s test proved to be an efficient and helpful
tool for the robustness evaluation of HPLC method
for assay of bisoprolol in dosage forms. The main
advantage of Youden test is the fact that it keeps
the required time and effort to a minimum, since
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1. Introduction

121 Bakinskaya, Russian Federation

ABSTRACT

The present study was aimed at the experimental research of the psycho-
tropic action of the seeds, leaves, petals and fruit extracts of Nelumbo nu-
cifera grown in Astrakhan. In the article we study general motor activity,
exploratory behavior, anxiety and behavior of despair of adult rats after
treatment with extracts of seeds, leaves, petals and fruits of Nelumbo nucif-
era. The animals of experimental groups received intragastric Nelumbo nu-
cifera extracts for 14 days. Exploratory behavior and anxiety of rats were
studied using Suok-test. Despair behavior of rats was studied using Porsolt
test. It was found that seeds, leaves, petals and fruits extracts of Nelumbo
nucifera contributed to the activation of exploratory behavior patterns and
to a decrease of anxiety in animals in the Suok-test. More significantly, the
behavior of animals in the Suok test was altered by the action of extracts
of petals and fruits of the Nelumbo nucifera. These extracts have shown an-
tidepressant activity in Porsolt test. The fruit extract of Nelumbo nucifera
showed the most vivid antidepressant properties.

logical activity and low toxicity, so they are promis-
ing for pharmacological correction and prevention

Prevention of disorder of the higher integrative
functions of the brain, learning and memory pro-
cesses is an urgent problem of medicine and health
care. Every year, there is an increase in mental and
neurological disorders that arise as a result of a con-
stant increase in the influence of stress factors!. In
this regard, one of the tasks is the development and
implementation of new preventive and therapeutic
and recovery technologies with the initial forms of
violations of higher brain functions.

Herbal substances have a wide spectrum of bio-
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of functional disorders of the nervous system. It was
interesting for us to research Nelumbo nucifera. Ne-
lumbo nucifera Gaertn. Nymphaeaceae also known
as sacred lotus is a large aquatic herb with stout,
creeping rhizome found throughout India. Nelumbo
nucifera is native in China, Japan and possibly In-
dia. Almost all parts of the lotus plant are eaten as
vegetable and also used in the indigenous medical
system. Nelumbo nucifera is a part of more than two
hundred preparations of Chinese and Indian medi-
cine. Nelumbo nucifera is reported to possess an an-
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tidiarrhoeal, psychopharmacological, diuretic, an-
tipyretic, antimicrobial, hypoglycemic qualities. Its
biologically active substances have different effects:
adaptogenic, antidepressant, sedative?3, lipid-low-
ering®, anticarcinogenic>® and others®”®. Antioxi-
dant activity of various parts of Nelumbo nucifera is
well determined, e.g. leaves®®1?, stamens!! and rhi-
zomes3.

Large areas of the river Volga delta are occupied
with Nelumbo nucifera, preserved from the pregla-
cial period. The Nelumbo has a scientific value as a
relic of the Gondwana flora that existed more than
100 million years ago (Mesozoic, late Cretaceous)2.
Nelumbo nucifera belongs to the Nelumbonaceae.
The Astrakhan population of Nelumbo grows in shal-
low water areas of the Volga estuary along the banks
of small rivers, in delta. It is gelofit, grassy long-root-
ing polycarpic, coastal-water hyperglyphophyte, hy-
drophyte®s.

The major phytoconstituents provided by the Nel-
umbo nucifera are alkaloids like dauricine, lotusine,
nuciferine, pronuciferine, liensinine, isoliensinine,
roemerine, nelumbine and neferine. Nelumbo nucif-
era also contain flavonoids, saponins, phenolics and
carbohydrate!*.

In this study we explored the psychotropic effects
of the Nelumbo nucifera extracts, which were real-
ized through cholinergic, dopaminergic, noradren-
ergic and serotonergic neurotransmitter systems by
activating cAMP in the hippocampus and prefrontal
cortex.

So, the purpose of this article was an experimen-
tal study of the psychotropic action of the seed, leaf,
petal and fruit extracts of Nelumbo nucifera grown
in Astrakhan region.

2. Materials and methods:

Plant Material

Lotus seeds, leafs, petals and fruits were collected
from natural resource in Astrakhan Nature Reserve
(45°34'52" N, 47°54'59" E), Astrakhan Oblast, Rus-
sia. The specimens were identified by scientific staff
of the Astrakhan Nature Reserve, Astrakhan Oblast,
Russia.
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Extracts Preparation

Seeds, leaves, petals and fruits of Nelumbo nucifera
were separately ground to powder. Then, 20 g of
powder was poured into 500 ml of 60% ethanol and
placed for 3 hours at 60 ° C in the thermostat. After
this, the alcohol was distilled off in a rotary evapora-
tor. The extract solutions were administered to the
animals intragastric by means of a probe for 14 days
at a dose of 200 mg /kg.

Chemical Analysis of Extracts

In the received aqueous-alcoholic Nelumbo nucif-
era extracts, the total content of flavonoids was de-
termined by thin layer chromatography with densi-
tometry.

Preparation of solutions of standard samples.
1 mg of a standard sample of quercetin is dissolved
in 5 ml of methanol in a pycnometer with a capacity
of 10 ml. the Volume of the pycnometer is brought
to the mark with methanol and thoroughly mixed.
The resulting solution contains 100mg/1 (Level 1)
of quercetin.

From this solution, prepare standard solutions in
methanol with concentrations of 25mg/1 (Level 4);
50mg/1 (Level 3) and 75mg/] (Level 2). Solutions
are stable during the day.

Sample preparation. Stop-cystitis tablets of at
least 3 pieces are weighed, the average weight of the
tablet is obtained, then carefully crushed in a mor-
tar and from the resulting powder, a 14-15 mg sus-
pension is taken into a microcentrifuge tube of the
Eppendorf type. 1 ml of methanol is added to a test
tube with a sample attachment, thoroughly mixed
on a shaker for 30 min and centrifuged for 3 min at
12000 rpm. carefully Select the 900 ml aliquot with-
out touching the sediment and place it in a 2 ml vial.

Preparation of the chromatographic cham-
ber and preparation of the eluent. The chroma-
tographic chamber is lined with filter paper along
the inner walls so that the lower part of the paper
touches the bottom of the chamber.

10 ml of formic acid and 10 ml of water are placed
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in a 250 ml measuring cylinder with a lapped stop-
per, thoroughly mixed and then add 50 ml of ethyl
acetate and 30 ml of butanol, again thoroughly
mixed. The eluent is introduced into the chromato-
graphic chamber, while wetting the filter paper. The
level of the mobile phase at the bottom of the cham-
ber must be at least 1.0 mm and not more than 5.0
mm. the Saturation of the chamber is 1 hour at 20°C.

Preparation of chromatographic plates. Before
working, the plates are washed with methanol (as-
cending method) to the upper edge, dried and acti-
vated at 1200C for 20 minutes in a drying Cabinet.

Application of standard samples and samples
to the chromatographic plate. CAMAG ATS4 au-
tosampler is used for applying samples.

The washed and activated plate is placed on the
autosampler table. Vials with standard solutions
and samples are placed in the autosampler tripod.

The distance from the application line to the low-
er edge of the plate is 15 mm. the Distance from
the application point to the edges of the plate is 15
mm.the Total number of samples on a single plate of
10x15 cm (including standards) is up to 24 pieces.
The applied volume of standard samples and test
samples is 4 pl. The application is carried out with a
4 mm wide strip.

Separation of samples. The plate is placed in
a pre-saturated chromatographic chamber and
eluted, the length of the run is 4.5 cm. the Plate is
dried for 5-10 minutes at room temperature (fume
hood!), and then - in a drying Cabinet at a tempera-
ture of 85+30C for 5 minutes. Then leave to Mature
the plate for 6-12 hours at room temperature in a
dark place.

Quantitative processing of the chromatogram.
For quantitative processing of the chromatogram,
a CAMAG TLC Scanner 3 scanning densitometer is
used at a wavelength of 410 nm and a gap size of
2.00x 0.2 mm.

Data reception and quantitative processing of the
obtained results are carried out on a computer us-
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ing the WinCATS program

The concentration of quercetin in the analyzed
samples was calculated by the formula:

C mg/tab = Ctlc (mg/1) x P x V(ml) x mt (mg) x
0.001 / mu (mg)

C% = Ctlc (mg/1) x Px V(ml) x 0.1 / mH (mg),

where Cmg / tab -the concentration of quercetin
in the sample, mg / tablet; C% - the concentration
of quercetin in the sample,%; Ctlc - the concentra-
tion of quercetin in the sample, calculated by TLC
calibration, mg / 1; P - the dilution factor (used only
in case of dilution of the extract); V - the volume of
methanol in which the sample was extracted, ml; mt
- the mass of the tablet, mg; mn - the sample weight
for extraction, mg; 0.001 - is the conversion factor
of I to ml; 0.1 - conversion factor t0%.

The obtained solutions of extracts with the pre-
cipitate were divided into two fractions: 1 - liquid
(G); 2 - sediment. The flavonoids were extracted
from the precipitate with methanol for 30 minutes,
centrifuged for 2 minutes at 16000 rpm, and the
resulting methanol extracts were used for analysis
(MeOH).

Experimental protocol
Animal care procedures were conducted in accord-
ance with the guidelines set by the European Com-
munity Council Directives. The procedures used in
this study stand in strict accordance with the Euro-
pean legislation and the guidelines of the National
Institutes of Health on the use and care of laborato-
ry animals, the Order of the Ministry of Health of the
Russian Federation No. 199n of April 1, 2016 “On
Approval of Laboratory Practice Rules” and the pro-
tocol of Ethical Committee of the FSBEI of HE “As-
trakhan State Medical University” of the Ministry of
Health of Russia No. 8 of November 24, 2015

To prove our hypotheses, we tested rats in the
Suok and Porsolt tests. We studied general motor
activity, exploratory behavior, anxiety and behavior
of despair in adult rats after treatment with extracts
of Nelumbo nucifera.

Experiments were carried out on 50 adult male
rats (weighing about 200 g; n = 10 in each group).
All the animals used in this study were experimen-
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tally naive, housed 6-8 per cage with free access to
food. The animals were maintained on a 12:12 h
light/dark cycle. Behavioral testing was always con-
ducted between 10.00 and 12.00 o’clock.

The animals were divided into 5 equal groups ran-
domly as follows:

Group [, Control: only saline solution treated;

Group II, Test group I: received seeds extract of
Nelumbo nucifera, 200mg/kg BW, administered in-
tragastrically for 14 days;

Group IlI, Test group II: received leaves extract of
Nelumbo nucifera, 200mg/kg BW, administered in-
tragastrically for 14 days;

Group 1V, Test group III: received petals extract of
Nelumbo nucifera, 200mg/kg BW, administered in-
tragastrically for 14 days;

Group V, Test group IV: received fruits extract of
Nelumbo nucifera, 200mg/kg BW, administered in-
tragastrically for 14 days.

Porsolt Test

The behavioral despair test (Porsolt forced swim-
ming test) is a test, centered on a rodent’s response
to the threat of drowning, whose result has been
interpreted as measuring susceptibility to negative
mood[15,16]. It is commonly used to measure the
effectiveness of antidepressants. In the forced swim
test rats are placed in a small, confined space, such
as a large graduated cylinder filled halfway with wa-
ter. In our experiments we used a cylindrical plastic
tank with a height of 50 cm, with an internal diam-
eter of 38 cm, filled with water to a height of 38 cm,
and a water temperature of 22 * 1° C. Initially, there
is a period of vigorous activity during which the an-
imal tries to escape. Eventually, the animal ceases
vigorous activity and exhibits a characteristic im-
mobility in which it only moves to maintain its head
above water. This physical immobility is thought to
be an indication of behavioral despair. Investiga-
tors measure the amount of time between the point
when the animal is placed in the chamber and the
onset of immobility. Testing time was 3 minutes. In
the experiments were recorded the latency time to
the first movement, the latent period to the first im-
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mobility, the time of active and passive swimming,
the refusal of active swimming — immobilization or
“freezing” (considered as an experimental model of
behavior depression or “despair behavior”), num-
ber of diving.

Suok-test

The light-dark modification of Suok test (ST) was
constructed in accordance with the specifications
published in Nature Protocols[17,18] and consisted
of an aluminum rod, 2,4-m in length by 2 mm in di-
ameter with four 60-W bulbs 40 cm above the rod
(directed light) to illuminate the light part of the
test, providing the only lighting in the experimen-
tal room. The rod was separated into two lengths
of several 15-cm long segments on either side of a
30-cm long central zone and elevated to a height
of 20 cm from the cushioned floor by two vertical
stands. The experimental room was dimly lit during
all tests. In all ST experiments, the rats were placed
individually in the middle part of the test (snout fac-
ing either end) and their behaviors were observed
for 5 min by an experienced observer, scoring the
number (frequency) of anxiety and motor-related
behaviors. The Suok test measures exploration, risk
assessment behaviors, and sensorimotor integra-
tion; it was developed to target behavioral abnor-
malities that arise from pathways mediating anxiety
and vestibular function.

We recorded the latent period (LP) of leaving
the center; horizontal activity; vertical activity, ori-
entation, the number of head dips, the number of
missteps, the number of stops, the number of tran-
sitions and time spent in the dark and light com-
partments of Suok-test. Each group of animals was
tested in ST once, 30 minutes after the last feeding
by extracts’ solutions.

Statistics

All results are shown as mean + SEM. Data were
analyzed by Student test for comparisons between
experimental groups. A probability of less than 0.05
is considered as statistically significant.
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Table 1: Concentration of quercetin and rutin in extracts, mg /1

Nelumbo nucifera extracts flavonoid
rutin
Fruits G )
quercetin
rutin
Leaves G ]
quercetin
rutin
Petals G )
quercetin
rutin
Seeds G )
quercetin
. rutin
Fruits MeOH
quercetin
rutin
Leaves MeOH )
quercetin
rutin
Petals MeOH '
quercetin
rutin
Seeds MeOH

3. Results and discussion

A chemical analysis was performed to determine
the concentration of the main biologically active
substances in Nelumbo nucifera extracts’ samples
obtained. Analysis of flavonoids content showed
that extracts obtained from different parts of plants
differed in the concentration of rutin and quercetin
(Table 1). The concentration of flavonoids was stud-
ied in two fractions: in the liquid phase and in the
MeOH precipitate. In the liquid phase, a small con-
centration of rutin was characteristic of the extract
from the petals, the extracts were arranged in the
following order: leaves - fruits. In the liquid phase
of the Nelumbo nucifera seed extract rutin was not
detected. The concentration of quercetin in the lig-
uid phase was approximately the same in extracts
of fruits, leaves and petals, whereas in the seed
extract its concentration was slightly lower. In the

152

Rf X (average)
0.33 4.893 mg
0.77 27.26 mg
0.30 16.63 mg
0.77 25.64 mg
0.28 29.50 mg
0.76 29.28 mg
0.77 15.01 mg
0.78 14.85 mg
0.78 43.12 mg
0.36 14.55 mg
0.77 16.64 mg
0.78 12.21 mg

MeOH precipitate, rutin was found only in the pet-
als’ extract. The content of quercetin was maximal
in the extract of the leaves of the Nelumbo nucifera,
and then it was decreasing in the extracts of petals,
fruits and seeds.

So, the rutin content in samples can be ranked as
follows: petals > leaves > fruits > seeds.

And quercetin content in samples we can rank as
follows: petals > fruits > leaves > seeds.

In this study, we explored behavioral and psycho-
physiological effects of Nelumbo nucifera extracts.
Control and experimental rats were exposed to Suok
and Porsolt tests to assess exploratory behavior,
anxiety and behavior of despair.

In the Porsolt test rats after treatment to Nelum-
bo nucifera seeds’ extract showed a decrease of la-
tent period before the first movement, significant
increase of the time of active swimming in the test
(p<0.05) and simultaneously reduction of immobi-
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Table 2: The influence of nelumbo nucifera extracts on the behavior of despair in the

porsolt test

Nelumbo nucifera extracts

Parameters Control seeds leaves fruits petals
Latency period (sec) 1.3+0.28 1.0+0 1.4+0.16 3.0£1.21 0.7£0.18
The time of active

. 63.1+16.71 136.6£19.96 *  64.6+17.71 156.5+6.62*  68.0+23.80
swimming (sec)
The time of passive

. 16.9+2.10 13.6+2.26 11.6+2.17 14.4+2.60 9.3£2.51 *
swimming (sec)
The time of
) . 4.8+1.13 0.5+0.32 * 2.0£0.47 * 0.7£0.67* 2.0£0.86
immobilization (sec)
Time before 1-st

87.0£15.41 38.8+25.46 60.1+16.60 12.7+12.66*  54.7+21.48

immobilization (sec)

lization time (p<0.01), while the remaining param-
eters varied less significantly in comparison with
control animals (Table 2).

Rats after treatment to Nelumbo nucifera leaves’
extract displayed similar changes in behavior in the
Porsolt test. The extract treatment decreased the
despair behavior in the Porsolt test, while the im-
mobilization time significantly decreased (p<0.05).

Rats after Nelumbo nucifera fruits’ extract treat-
ment showed the most significant changes in the
behavior of despair in the Porsolt test. Under the
influence of the extract, there was a significant de-
crease in desperation patterns in the test. The time
of active swimming significantly increased in test,
while the time spent by the animals for immobili-
zation and the time before the first immobilization
reduced (Table 2).

The petals’ extract of Nelumbo nucifera also
changed the behavior of the animals in the Porsolt
test, but these changes were less significant.

Thus, the fruits’ extract of Nelumbo nucifera had
the most obvious antidepressant properties. Ex-
tracts seeds, leaves and petals of Nelumbo nucifera
also had antidepressant properties, but they were

less evident. So, we can rank the influence of Nelum-
bo nucifera extracts on rats in Porsolt test as follow:
fruits > seeds > petals > leaves.

So, patterns of behavior of female rats in the Suok-
test varied depending on the type of the extract. All
of they caused an increase in the patterns of explor-
atory behavior and a decrease in the anxiety of fe-
male rats.

In the light part of the light-dark test, rats after
treatment by Nelumbo nucifera seeds’ extract dis-
played an increased number of head dips and time
spent compared to controls. No significant differ-
ences in number of segments which travelled, verti-
cal rears, orientation, defecation boli were detected
between controls and rats with treatment to Nelum-
bo nucifera seeds extract (Table 3).

Rats after treatment to Nelumbo nucifera leaves’
extract displayed an increased number of orien-
tation, head dips, number of stops and latency to
leave compared to controls. No significant differ-
ences in number of segments which travelled and
missteps between controls and rats who got treat-
ment to Nelumbo nucifera leaves extract were de-
tected (Table 3).
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Table 3: The influence of nelumbo nucifera extracts on the parameters of behavior in the light

part of the suok test

Nelumbo nucifera extracts

Parameters Control seeds leaves fruits petals
Latency to leave, sec 13.4£4.03 13.8+£3.73 22.3x7.01 13.1£3.05 11.7+4.21
Horizontal activity
. 4.5+1.76 3.8+1.38 4.8+1.26 6.0+1.87 11.8+3.11*
(number of sectors visited)
Vertical activity
) 0.2+0.22 0.1+0.11 0 0.1+0.11 0
(number of vertical rears)
Orientation
) ) i 0.7+0.27 1.5+0.54 2.2+0.47* 3.1+1.03* 2.8+0.71

(side-directed exploration)
Head dips (number of

1.7+0.75 2.8+0.91 4.0£1.48 7.0£2.21* 5.3+0.82*
exploratory looks down)
Time spent, sec 72.1+15.79 90.1+21.29 73.5+24.57 132.7+20.38* 148.2+£22.59*
Number of missteps 1.4+0.24 0.5+0.14* 0.7+0.46 2.5+0.72 1.8+0.51
Stopping activity

1.4+0.46 1.6+0.58 4.0£1.06* 3.4+0.94* 2.6+0.83

(number of stops)

Extract of Nelumbo nucifera fruits led to similar > fruits > leaves > seeds.

but more prominent changes. In the light part of
the light-dark test, rats after treatment to Nelum-
bo nucifera fruits extract displayed a significant
increase of number of orientation, head dips, stops
and time spent compared to controls. No significant
differences in number of vertical rears and missteps
between controls and rats after treatment to Nelum-
bo nucifera fruits’ extract were detected (Table 3).
Rats after treatment to Nelumbo nucifera petals’
extract displayed an increased number of sectors
visited, orientation, head dips, number of stops and
time spent compared to controls (Table 3). So, we
can rank the influence of Nelumbo nucifera extracts
onrats in light part of the Suok-test as follow: petals
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In the dark compartment of the Suok-test, there
was a similar effect of all studied Nelumbo nucifera
extracts on rats’ behavior (Table 4).

In the dark part of the light-dark Suok-test, rats
after treatment to Nelumbo nucifera seeds extract,
as well as in the control group, showed an increase
in the number of stops, head dips, orientation and
the time spent in the compartment. Also these rats
showed significant increase in the number of tran-
sitions, and a decrease in displacement activity to
zero compared to control values.

Rats after treatment to Nelumbo nucifera petals’
extract displayed an increase in horizontal activity,
the number of stops and the number of head dips,
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Table 4: The influence of nelumbo nucifera extracts on the parameters of behavior in the dark

part of the suok test

Parameters Control seeds leaves fruits petals
Horizontal activity
. 4.7+ 0.73 9.2+ 2.02 6.1+ 1.29 4.5+ 141 9.1+ 1.29
(number of sectors visited)
Vertical activity
) 0.5+ 0.29 0.2+ 0.22 0.1+ 0.11 0.1+ 0.11 0
(number of vertical rears)
Orientation (side-directed
: 1.5+ 0.32 2.7+ 0.71 3.5+ 0.61 1.7+ 0.68 3.7+ 1.04*
exploration)
Head dips (number of
3.3+ 1.08 5.6+ 1.41 6.3+ 1.33 3.5+ 0.99 6.6+ 1.94
exploratory looks down)
Time spent, sec 109.3+ 22.35 166.9+ 27.27 202.9+33.71* 117.6%*24.14 153.3%29.46
Number of missteps 1.7+ 0.36 1.8+ 0.27 1.8+ 0.42 1.8+ 0.53 2.3+ 0.84
Stopping activi
PELLIEEEy 18£053  2.6£0.60 4.6+ 0.84* 28090  3.6+083
(number of stops)
Transitions 1.0+ 0.27 2.7+ 0.76* 1.3+ 0.28 1.1+ 0.35 1.8+ 0.11

orientation and the number of transitions between
compartments in comparison with the control
group.

In the dark compartment of the Suok-test, rats af-
ter treatment to Nelumbo nucifera leaves extract dis-
played an increase in horizontal activity, the number
of stops and the number of head dips, orientation,
and the time spent in the dark compartment of the
test in comparison with control animals. So, accord-
ing to the data obtained, we can rank the influence
of Nelumbo nucifera extracts on rats in dark part of
the Suok-test as follow: petals > leaves > seeds >
fruits.

Thus, biologically active substances of fruits, pet-
als, leaves and seeds of Nelumbo nucifera had a simi-
lar influence on the behavior of animals in the Suok-
test. Their orientation-exploratory behavior was
activated, while the emotionality and anxiety level

Nelumbo nucifera extracts

of the rats under the influence of the biological ac-
tive substances of Nelumbo nucifera was decreased,
but the degree of these changes depends on the type
of the extract.

The most prominent effect on psychophysiologi-
cal indicators was typical for petals and fruits Ne-
lumbo nucifera extracts, and the highest content
of rutin and quercetin according to the results of
chemical analysis was detected in them. It is neces-
sary to note that ranks of Nelumbo nucifera extracts
influence in light part of the Suok-test are the same
as ranks of quercetin content in samples, so we can
suppose that quercetin content can play the main
role in samples’ activity in this test. On the other
hand, some differences in ranks of rutin and querce-
tin content and ranks of samples’ activity in other
tests allows us to suppose their complex activity or
an additional activity of other known biologically
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active substances[7, 14] found in Nelumbo nucifera
extracts. [
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*01/11/2020-30/11/2020 6th INTERNATIONAL ELECTRONIC CONFERENCE ON MEDICINAL
CHEMISTRY

https://sciforum.net/series/ecmc/latest

*11-13 NOVEMBER 2020
9TH OFFICIAL CONFERENCE OF THE INTERNATIONAL CHEMICAL BIOLOGY SOCIETY
(Virtual ICBS2020) Virtual Meeting

https://www.chemical-biology.org/page/ICBS2020

* 26 - 27 PEBPOYAPIOY 2021
VIRTUAL MEETING 18THHELLENIC SYMPOSIUM ON MEDICINAL CHEMISTRY (HSMC-18)
EFMC Sponsored Event

https://helmedchem2020.gr/

¢ 29 AUGUST - 2 SEPTEMBER 2021 - BASEL, SWITZERLAND
XXVI EFMC INTERNATIONAL SYMPOSIUM ON MEDICINAL CHEMISTRY (EFMC-ISMC 2021)EFMC
SYMPOSIUM

https://www.efmc-ismc.org/

¢ 2-3 SEPTEMBER 2021, BASEL, SWITZERLAND
8TH EFMC YOUNG MEDICINAL CHEMISTS' SYMPOSIUM
(EFMC-YMCS 2021) EFMC Symposium

https://www.efmc-ymcs.org/

*19-23 SEPTEMBER 2021, BARCELONA, SPAIN
23RD EUROPEAN SYMPOSIUM ON QUANTITATIVE STRUCTURE-ACTIVITY RELATIONSHIP ( 23RD
EUROQSAR) EFMC Sponsored Event

https://www.euroqsar2020.org/
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