EKNOEH|ME[OEMATA\OARMAKEYTIKAN|ENIETHMON
ERLY/EDITION/ON/PHARMACEUTICALISC \

votome 27 | "issue 1 & |

T 2015



Symbicort’

Molotikn & Moootikn uvBeon

@ Symbicort® Turbuhaler® 160 pg/4,5 pg/eionvon, kOvig yia elonvon.

KéBe ewonvedpevn &6an (8nAadn n Boon nou ansAguBepwveral and to eNOTOHIO TN CUOKEUNG) Nepiéxer: Boudeoovidbn 160
Hikpoypappdpia/elanvon kal Studpikh goupapikn ¢oppotepdin 4,5 Hikpoypappdpla/eionvon.

KdBe petpoupevn ddon nepiéxer: Boudeoovidn 200 pikpoypappdpra/elonvon Kal S1ubpLkA QoupapIkn poppotepdAn 6
Hikpoypappdpia/elanvon. Exboxa: Aaktéln povoidpikn 730 pikpoypappdpia ava 66on.

Symbicort® Turbuhaler® 320 pg/9 pg/cionvon, k6vig yia eionvon.
Ké&Be eianvedpevn &6on (8nAadni n B6on nou ansAguBepveral and to EMOTOUIO0 TN CUOKEURC) nepiéxel: Boudsoovidn 320
Hikpoypappdipia/elonvoi kal S1udpiki Goupapikh poppotepdAn 9 HIKpoypappdpia/elonvoR.

KdBe perpolpevn Sdon nepiéxer: Boubeoovibn 400 pikpoypappdpia/sionvon kat S 1ubpikh @oupapiki @oppotepdin 12
pikpoypappdpia/elonvon. ExBoxa: Aaktéln povoidpikh 491 pikpoypappdpia ava sdon.

MNa neproodtepeg nAnpoopicg, napakaAolpe va anevBuvbeite onv etaipeia AstraZeneca

AstraZeneca%

Oeotokonouiau 4 & Actpovautwy, 151 25 Magoual, TnA.: 21068 71 500, Fax: 210 68 59 195, TnA. MapayysAwww: 210 55 96 970-2, Fax: 210 55 96 973, wwwastrazeneca.gr



ZITA

MEDICAL MANAGEMENT

From vision to reality...

Sponsorship

Website & Digital Marketing
Graphic Design

Congress Organization
Scientific Journals

Financial Organization
Media Office

Travel Services

I} . - |
We've made it a science! CONTACT

www. zita-management.com




OAPMAKEYTIKH
TPIMHNIAIA EKAOZH ME @EMATA
®APMAKEYTIKQN EMIZTHMOQN
TOMOX 27, TEYXOZ I&Il,
IANOYAPIOZ - IOYNIOX 2015

AIEYOYNTHX XYNTAZEHX
A. Toavtiin
Kabnyntpua, Mavemiotiuio ABnvav,
tsantili@pharm.uoa.gr

APXIXYNTAKTHX
IA. Kapixkag
KaBnyntig, Texvoloywkd Ekmaidevtikd
I6pupa ABnvawv, karikasg@teiath.gr

YYNTAKTIKH ENITPOITH
K. Agpétiog
KaBnynmig, Mavemotiuio ABnvwov
B. Anuomoviog
KaBnyntg, llavemiomuio Occoaiovikng
N. KoApav
Galenica SA
X. Kovtoywwpyng
PhD, ITavemiotipio Oecoarovikng
I1. Koupouvdkng
Opot. Kabnyntrg,
[Mavemomuio Oecoarovikng
II. Mayaipog
KaBnynmig, Havemiotiuio ABnvwv
2. NikoAapoTovdog
Avam. Kabnynmig, Mavemomjuo Matpwv
I. Mawpag
Emix. KaBnynmg, Havemiomuio Matpwv
E.llavtepn)
Avar. KaBnyntpua, lMavemiotuo Abnvov
A. Pékkag
Avam. Kadnynmig, Mavemiotiuio ABnvov

E-mail ywa kataBeom epyaciov:
tsantili@pharm.uoa.gr, karikasg@teiath.gr

T TV NAEKTPOVIKT £k800T TG «PAPLAKEVTIKTIG»
KkaL 08nyieg Tpog cvyypageic
emoke@teite TNV StevBuvon: www.hsme.gr

Ta apBpa mov dnuoctevovtat otny “Papuaxevtikr”
kataywpovvtar ota Chemicals Abstracts,
EMBASE kat SCOPUS

PHARMAKEFTIKI
A QUARTERLY EDITION
ON PHARMACEUTICAL SCIENCES’ TOPICS
VOLUME 27, ISSUE 1&l],
JANUARY - JUNE 2015

EDITOR
A. Tsantili
Professor, University of Athens,
tsantili@pharm.uoa.gr

CO EDITOR
G.A. Karikas
Professor, Technological Educational
Institute of Athens, karikasg@teiath.gr

EDITORIAL BOARD
C. Demetzos
Professor, University of Athens
V.J. Demopoulos
Professor, University of Thessaloniki
N. Kolman
Galenica SA
Ch. Kontogiorgis
PhD, University of Thessaloniki
P. Kourounakis
Emeritus Professor,
University of Thessaloniki
P. Macheras
Professor, University of Athens
S. Nikolaropoulos
Associate Professor, University of Patras
G. Pairas
Assistant Professor, University of Patras
I. Panderi
Associate Professor, University of Athens
D. Rekkas
Associate Professor, University of Athens

E-mail for manuscript submission:
tsantili@pharm.uoa.gr, karikasg@teiath.gr

For “Pharmakeftiki” electronic edition
and instructions to authors
please visit www.hsmc.gr

Articles published in “Pharmakeftiki” are indexed
in Chemical Abstracts, EMBASE and SCOPUS




®APMAKEYTIKH, 27, 1&Il, 2015

PHARMAKEFTIKI, 27, 1&I1, 2015

IIEPIEXOMENA / CONTENTS

Emiokommon twv Newtepwv
AvtwmepAhmSatpuikov dopudrwv

dwtewr] Toovkn, lwavva Avépeddou 1-14
Boraginaceae: Atxtpoikn €kBeon

0€ TOEKA AAKAA0ELSN TTLPPOALLLS VNG

Xapidaog Aautavdarkog, Iwavva Xijvov,

Tedpyrog-AABéptos Kapikag 15-30

H Stapdym vy v eykvpdtnta g Oewpiag Twv eAevOé-
pwv pL{wv 1} 0&el8wTikOV stress yla tnv ynpavon. [po-
OQUTEG EMOTNHOVIKEG ATIOSEIEELS YLt TIG OEEIBWTIKES
BA&Beg o€ poplakd emimedo, TA MEPAPATOLWA KL LEAETES
o€ avOp®OTLVOUG TANOBVOoUOVG

AbBavdaiog BalaBavidng, Owuaic BAayoyidvvn,

MuiyanA PaAing 31-50
Néa - EEeAitelg 53-54
ExénAmoelg 55-56

Tpageio Awoiknong EAAnvikng Etarpeiag
dappakoynueiag
ZITA MEDICAL MANAGEMENT
10 YAp. Moaviag - MapkomovAov
19002, Nawavia, EAAGS o
TnA.:+302111001764
E-mail: fkaraoulani@zita-management.com

APOPO ENIZKOIIHXHX | REVIEW ARTICLE

Overview of the newer hypolipidaemic agents

Fotini Tsouki, loanna Andreadou 1-14
Nutritional exposure to toxic pyrrolizidine alkaloids
Charilaos Damianakos, loanna Chinou,

George-Albert Karikas. 15-30

The Controversy for the Validity of the Free Radical or
Oxidative Stress Theory of Ageing. Recent Scientific
Evidence for Oxidative Damage at Molecular Level,
Animals and Ageing Population-based Studies
Athanasios Valavanidis, Thomais Vlachogianni,

Michael Rallis 31-50
News & Developments 53-54
Meetings 55-56

Hellenic Society of Medicinal Chemistry
Management Office
ZITA MEDICAL MANAGEMENT
1st klm Peanias - Markopoulou
19002, Peania, Greece
Tel.: +30211 100 1764
E-mail: fkaraoulani@zita-management.com

07



VIAGRA obT

(S l ld en afl l citrate ) orodispersable tablets

E B

B3 kat tdpal

£ A

L7

i Bl \IAGRA 50m9
S10Kia S100MEIPOUEVT
oTO OTOMO

SIAVTEVAPIAT \ jois
Amd oTOPATOS xpnon P "

AigAleTal 070 aTopa.

4 BloKia Siaomnepopeva
gTo OTOHA

w0
x
a
=5
&b
Q
&
=
=

1. VIAGRA 50 mg Awokia 6aomielp6peva 0o atopa, Mepikngn Xapakmplotik@v Tou Mpoidvtos. ME EYXAPIZTH ‘&
@

i
W-'

G2 GLOBAL ESTABLISHED PHARMA BUSINESS

PFIZER HELLAS A.E.

Newo. Meooyeiwv 243, 154 51 N.Wuyikd, TnA. Eruomuovikiq Evnuépwong: 210 6785800, Mapayyehwv: 210 8199060.

H auvonrug];ﬂ.x,ﬂ. T0U IPOIOVTOG aKOAOUBE( O€ mduevn oeAida.



®APMAKEYTIKH, 27, 1&Il, 2015

PHARMAKEFTIKI, 27, 1&I1, 2015

AP®OPO ENIZKOITHXHZ | REVIEW ARTICLE

Emtiokommon twv Newtepwv
AvtwmepAlmS ALKV PapuaKwv

dwtewvn Toovkn, Imavva Avpeddov*

Topéag Pappakevtikig Xnueiag, Tppa ®appaxevtiknig, EKILA., [avemiom oo, Zwypagpov, ABva 157 71

[epianym

Ta tedevtaia xpovia, Adyw TG ETKPATNONG TOU
SuTkoU TPOTOV (W11 GUXVOTNTA ELPEVLIONG SL-
ATAPAXWV TWV EMTESWV TNG XOANOTEPOANG GTO
alpa gxel avénbel Spapatikd. H vmepAimidapia
elval évag amod Toug o1 UAVTIKOTEPOUG TTAPAYO-
VTEG KIVEVVOU yla TNV Ep@avion Ete@aviaiog No-
00UV, 1 oTtola evoyoToleital yiax to 50% mepimou
Twv Bavdtwy otig HILA. etnoiwg. H Bepamevtik
QVTLUETWTILOT TG VTTEPALTLISatpiog elvat amapol-
TNTN YA TNV ATOQUYT TNG ELPAVION G ETILTTAOKWV
aTd ™ vOG0. XN HETA ‘OTATIVEG ETIOXT] OL VEWTE-
PEG TIPOCEYYIOELG OTN PAPUAKEVTIKY AywYN Kot
OTNV £PELVA APOPOVV KUPIWGS LOPLA LE GTOXEL-
Hévn Spdon wote va emitevyBel eEAaylotomoinon
TV AQVETOVUNTWV EVEPYELOV KAL AVAKOV@LOT
TwV aobevmv Kabwg 1 Bepameia yio TV LTTEPAL-
mSapio Aapavetatl @’ opov {wng. Ta vewtepa
@Aapuaka mov €xovv eloaxel oTo epumopLo eival
TA LAKPLAG AAVO0U TIOAVAKOPESTA W-3 AlTtapd&
o&éa, Ta omola péow TG Spdong Toug o€ ToAAQ-
TAQ eVCUULKA CUOTNHATA, 081YOUV O€ EAATTWOT
TWV EMMESWV TWV TPLYAVKEPLSIWV TOL AlPATOG,
kaBwg kat To Alipogene tiparvovec, To povadt-
KO OKEVAG U YOVISLOKTG OEpaTelag 6TNV VTLLE-
TOTILOT TNG VTTEPALTLIS ALUING, ATIOKAELOTIKA Lot

Ewcaywyn

Ta AtmiSia Tov aipatog, SnAadn n xoAnotepOAn, ot
E0TEPEG TNG XOANOTEPOANG Kol TA TPLYAUKEPISLQ, KU-
KAO@OPOUV HETAED TWV LOTWV TOU CWUATOS UE TN
popenN Atmompwteivwv. OL AtmompwTeives elval pa-
KPOUOPLOKA CUUTAEY paTa PeToE) ATiSiwv KAl TTpw-

A0OEVEIG LE AVETIAPKELA ALTTOTIPWTEIVIKG ALTIG-
016, IOV GTOXEVEL GTNV ATTOKATAGTACT) TNG QVE-
TIAPKELNG AVTG. APKETA ELVAL TA PAPUAKEVTIKA
OKEVAOUATA IOV AVAUEVOUV QUTH TN OTLYUT| TNV
£€YKPLOT] TOUG ATTO TOUG aprOSLOUG POPELS, LE Y-
PAKTNPLOTIKOTEPO TO LOPLo Mipomersen, Eva OAL-
YOVOUKAEOTIS10 HE SPAGT] AVTI-UETAPPACTIKOV
TAPAYOVTQ, TO 0TOL0 avaaTEAAOVTAG TN GVUVOE-
o1 TNG AMOALTTOTPWTEVN G-B emiTUyXAVEL pElwaon
™G XauUnAng mukvotntTag Atmonpwteivng (LDL).
To Lomitapide, éva popLo ov poOKeLTAL GVVTO-
Ho va eloayBel otV ayopd, TPoKaAEl EAGTTWON
TV EMTESWV TNG TIOAD XAUNATIG TTUKVOTNTAG AL-
mompwTeivng (VLDL) Kot Twv YUAOUKPWDV, EVK
To avdAoyo s Bupoéivng Eprotirome, Spa eAat-
TWVOVTAG T TPLyAvkepiSia kot tnv LDL-yoAnote-
POAN. TéAoG, TOAAG Elval TA LOPLX TIOV VTIOKELVTOL
0€& TPEXOVOEG KALVIKEG SOKLUEG [E T ETILKPA-
TéoTepa va elval Ta Anacetrapib to omoio ava-
otéAAeL TNV TpwTeivn Cholesteryl ester transfer
protein (CEPT), to AMG-145 ov avaotéAAeL TNV
Proprotein convertase subtilisin/kexin type 9
(PCSK-9) xat to CER-001, éva pdplo mov ppeiton
™mv §pdon TG VPMATG TTUKVOTNTAG ALTIOTIPWTEL-
vn¢s (HDL) otov opyaviouo.

Teivwv ol omoieg amovoia AtmiSiwv yapaktnpilovtat
WG ATOMTOTIPWTEIVESG. AVAAOYQ [E TNV TIEPLEKTIKO-
TNTA TOUG € ATAPA CUGTATIKA OL ALTTOTIPW TEIVES Kal-
tatdooovtat o€ HDL, IDL, LDL kot VLDL katd ogipd
avooylag mpwtelvng/Amidiwy. O porog TG vm-
¢ mukvotntag HDL elvat ) cuAdoyn g xoAnote-

* Yuyypa@éag vtev0uvog yia tThv aAAnroypagia: Indvva AvSpedSov, E-mail: jandread@pharm.uoa.gr
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Iynua 1: Ametkdvion oxnuatiopov adnpwuatos os
aptnpia

POANG ATLO TOUG TEPLPEPLKOVG LOTOUG KL T) LETAPO-
pa NG oTo IaAp yla amotkosounon. I'ia to Adyo avtd
n HDL yapaxtpiletat wg “kaAn” xoAnotepoAn, ka-
0BG GUUBAAAEL GTNV ATIOUAKPUVOT) TNG XOANOTEPOANG
amod TV KukAo@opia. AvtiBeta oL vTtOAoLTeg evELae-
ong (IDL), xapunAng (LDL) kot toA0 xapunAng (VLDL)
TIEPLEKTIKOTNTAG ALTTOTIPWTEIVEG EKTEAOVV TNV AVTI-
otpon Sadikacia TapaAapufavovtag m XoANoTEPO-
AN aTtd TO NP KoL KATAVEUOVTAS TN 6TOUG LoTOVG. 3

1. YrepAmuSatpieg

1.1. Emoxonnon vmepMmidatutwv

OrvumepAmiSatpies elvat TaBoAOYIKEG KATACTACELS
Tov Yapakmpilovtat amo avinpéva emimeda Atmidi-
WV 010 aipa. AvdAoya pe TV aLTloAoyia Toug Kata-
Tdooovtal o€ TPWTOTAOT 1) 0LKOYEVY KAl 0€ SevTe-
pottabn 1) emiktnTn vEepAtSatpio. H mpwtomadng
vTEpATILS AL OQEIAETUL OE GUYKEKPLUEVT] YEVETIKT)
Statapoayn, OTWS yla TapaSetypa o LETAAAaEN o€
YOVISL IOV KWSLKOTIOLOUV TIPWTEIVEG-UTTOSOXEIG TWV
MTTOTIPWTEIVWV, EVMD TNV ELPAVLOT] TNG UTTOPEL VXL TTL-
podoTioouV TEPLBAALOVTIKA alTL, OTIWG 0 KABLOTL-
KOG TPOTIOG {w1)G, 1| AUENUEVT] KATAVAAWOT] APV
TpoPwV K.o. H Sevtepomadng vmepAtmiSatpio eivat
QATOTEAEG U KATIOLXG TIPOUTIAPXOVOAG LETALOALKTG

2
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BAGBNG O6TIWG 0 cakyapwdng Stafn g, kKAmTolag ov-
VUTIAPXOVOAG A0OEVELAG OTIWG TO VEQPPWOIKO GUVEPO-
po 11 o utoBuPeoEISLONOG, 1] UTTOPEL VO TIPOKAT Ol aTtO
™M ANYM QapPAK®VY OTIWG SLOVPTTIKA, B-avTaywVvl-
o0TéG T oloTpoyova. [lepattépw Katnyoplomoinon twv
vrepAmiSatpwv Baciletal otnv abénon Twv empe-
POUG AUTOTIPWTEIV®V SNAAST) TwV YLAopKp®V (VTTEP-
XVAopkpovaipia 1) LKt VTEPTPLyAvKEp LS aLpia), Twv
VLDL (ocvvduaopévn vmepAtmiSatpia 1 vepTpLyAv-
keptSapia), Twv IDL (Svopntodimonpwteivaipia), 1
Twv LDL-Amompwteivov (vtepyoAnotepoAatpia). #°

1.2. Abnpwudtwon

H vmepAimiSarpia xpnlet GUeON G AVTLLETWTILONG Ka-
Bwg elvaln kOpLa artia TG ABNPWUATWONG TWV ay-
yelwv, 1 omola pmopel va 08nynoeL oe oTeE@AvIAia
vH00, EPEPAYIN TOU HUOKAPSIOV, EYKEPAALKO LoXAL-
HKO emeledS10 K.a. [Tio ouykekppéva, Katd ) Stadt-
Kaolo oYNUatiopoL Tou abnpwopatog kupiapyo poAo
maifet n LDL-A\imompwteivn kat kuplwg 1 o&etdwpe-
vn popen ™. Ta o&eldwpéva cwpatidia tng LDL &i-
VL TOSIKA Yo To eVE0ONALKA KOTTAPA TWV Ay YEIWY
katmn BAGPN Tov Toug TpokaAoVv TUPOSOTEL TNV AVO-
o0AoyiKn amdkplon Tov opyaviopoL. 'Etol, péow g
oveowPeLONG owRaTSiwv LDL, T-Aep@okuttdpwy,
HLOKPO@AYWV KL ALLOTETAALWY, TX OTIOl0t € TEALKO
oTad10 TepIKAElOVTAL ATLO VWS OXNUATIONO, SuL-
oUPYOUVTAL OL KAAOVUEVESG AOTPWUATIKEG TTAGKES OTA
ToWHATA TwV ayyeiwv (Zxnua 1).

AVvTé €xEl WG GLVETIELA TN OTEVWOT] TWV APTIPLOV
KL TWV QAELOV TIPOKOAMVTAG EAGTTWON 1) KAl SLoko-
T TNG ALUATIKNG POT|G SLA LECW OUTWV, KATOHANYOVTOG
TeAKa o€ loyapia. Xe mepimtwon pnéng g abnpwpa-
TIKNG TTAGKXG, SNAAST ATtoKOAAN 011G TG ATt TO TOlX WO
Tov ayyelov, Snuovpyeitat 0popPos. O amokoAANpEVOG
Bpoupog ovopaletal £UBOAO KAl UTIOPEL VA TIPOKOAECEL
eUBoA| 1} o€ TepimTWON OV GTEPEL TNV AUPUATWOT) TNG
Kapdag, 080 Epppaypa tov pvokapsdiov. &7

1.3. OepamevTIKY) QVTIUETWTILON

H ouvnbn¢ Bepameio g umepAmiSapiog eotialeTat
KUPIlWG aTNV EAGTTWOT TWV EMTES WV TNG OALKN G Kot
G LDL-x0AnotepO6ANG TOL 0pOoU LE TN XOP1 YN oM Qv TL-
ATS U UK @V TTApayOvTwy. ‘EToLEMITUYXAVETAL EAEY-
X06 Kat kaBuotépnon ¢ TpodSov TG KapSlayyetla-
K11 VOO OV TIOV TIPOKOAEITAL aTtd TNV vTtEpALTIS atpia.
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1.3.1. poPrijuata

H Bepameia pe avtwmepAtmSatpika @apuaka Sev
EXEL KOVEVQ QTIOTEAEGUA OTNV AVTLOTPOPT TNG oM
UTLAPXOVO G KAPSLAYYELAKNG VOGOU KAl KATA GUVE-
TIELX GEV EVOUL APKETA ATIOTEAEGUATIKI O TNV TIPOANYM
EVOG LOXALULKOV ETIELCOSI0V. AKOUA, OE TTIOAAEG TtEpL-
TITWOELG OLKOYEVWOV - SNAXST YEVETIKG EAEYXOUEVWV-
UTEPALTILS ALULOV, ) DEPATIEVTIKY] AVTLLETWTILON UE
Ta oUVN O VT TEPATIS ALK A appaka (oTaTIVES,
PUTIPATES, VAo (VT), BECUEVTIKA TWV XOAKWV 0EEWV
KOl VG TOAE(G ATTOpPOPNONG TG XOANOTEPOANG) Sev
ETILPEPEL Ta avapevopeva amoteAéopatad’. Mapa-
Selypatog xapv, acbeveigumd Oepameia e oTATIVES,
ATOTUYXAVOULV va eAgyEouv Ta emimeda g LDL-xo-
ANoTEPOANG TOUG, aKOUT KoL e AP peydAwv Sooe-
WV, TAPAE TO YEYOVOS OTLAUTH 1 KATNYOPIX (POpUAKWY
€xeL DewpnOel OTL ATIOTEAETE TOUN OTNV AVTIUETWOTIL-
on MG umepATISaLpiag, e TV atopPaoctativny va &i-
VL TIAYKOOHIwG TPt 0e TwAnoels 2. TéAog, peydan
pepida twv achevav epgavifel Suocaveia oTig oTATI-
VEG, 1 0ot 0N YEL TNV EPPAVIOT APKETWV AVETILOV-
UNTWV EVEPYEL®V OTIWG 1 LUAAY(Q, eMPBAAAOVTOG TN
Staxotm ¢ Bepameiag M.

1.3.2 Xbyypoves llpooeyyioeis otnv épevva véwv
QVTIVTTEPATHLOQUULK Y TEPAYOVTWV- 1) UETA OTATIVES EMTOXT)
H oVyyxpovn épevva otn Bepameia TG vTTEpALTILS AL~
aG OTOXEVEL KUPIWG 6NV avakdAuvym popiwv mov Ba
€XOLV TA BEPATIEVTIKA OPEAT TWV OTATIVWOV XWPIG VA
EU@AVIoLV TIG AVETIOVUNTES EVEPYELEG TOUG (KUPIwG
pvomadeia kot paBdopvoAvon). AkOpUN VTTAPYEL Ava-
YKT Yl TNV QvokGAUm Loplwv e TEPLOCOTEPO EKAE-
KTIKT 8pdon Yo a’)€nomn TG ATTOTEAEGUATIKOTN TAG UE
EAQTTWOMN NG SOONG KL ATTOPUYT] TWV AveTLOVUN-
Twv evepyelwv. Tétola popla Ba pmopovoav va givat
HOVOKAWVIKA QVTIOWUATA PE Sp&oT) AVAoTOAEQ EV-
TOpwVv 1 VTOS0XEWV, AKOHA KoL HOpLa IOV Ba Ttapep-
Baivouv o1 peta@paoct yoviSiwv oxeT{OpeEVWV e
m™mv acBévela. TeAog, 1 avakdAvPm popiwv-piunTwyv
™G HDL-xoAnotepdAng amoteAel 6TOX0 TTOAAWVY EPEV-
WTIKWV opddwv. H HDL €xel S1apopeg puolodoy ke
Spacelg ov umopovv va 081yrcouvy ot otabepoToi-
N0T TV ABNPWHATIKOV TAAKOV AAAE Kal 0T Helw-
o1 tou pey£boug tovug. Emiong §pa amopakpivovtag
UEYAAEG TTOCOTNTEG XOANOTEPOANG ATIO TV KUKAOPO-
pia, BeATIOVOVTAG TN AELTOVPYIA TOV AYYELAKOU EV-
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S0OnAlov, TPOOTATEVOVTAG EVAVTL TOV 0EELSWTIKOV
stress Kol KaTaoTEAAOVTAG T @Agypovn. Etval @ave-
pO Aomov 6t Spdon popiwv-ppntwv e HDL otnv
AONPWUATWOT AVUUEVETAL VX EIVAL EVEPYETIKY. 12

2. AVTIUTEEP TS QUK & QAP AKX VEWTEPTG YEVLAG

[apovotddovtal vendTepa avTIVTEPALTILS ALK PEp-
poka TTov €xovv oxedlaotel kat avantuyBel pe faon
TIG GUYXPOVEG TIPOOEYYIoELS KOl 1161 KUKAO@POPOUV 1|
Bpiokovtatoto otadio éykplong. Ta véa auTa @apua-
Ka, LETAED AUTWV HOVOKAWVIKA AVTIOWUATA, CKEVA-
opata yoviSlakns fepateiag kat oAtyovoukAeoTidia,
amoTteAOVV 1) GTOXEVOLV VU ATIOTEAEGOVY EVOAAAKTL-
KEG BepaTeleg EVAVTLKUPLWG TWV HEXPLTWPA EVPEWS
XPNOLUOTIOLOVHEVWV OTATLVWOV KAl GLUTPATOV I} VA
ovyyxopnynfolv pe autég. Zulnteital o pnxaviopuos
Spdomg Toug, 1 BEPATEVTIK TOUG XP1ION KAl TUXOV
QVETILOVUNTEG EVEPYELEG.

2.1 Zvvtayoypapoiueva w-3 Mmapd oééa

Ta pakplag aAvciSag moAvakopeota w-3 Amapd o0&
katkupiws to EPA (eicosapentaenoicacid, C20:5 n-3)
katto DHA (docosahexaenoic acid, C22:6 n-3) sppa-
VIZOUV VTTOTPLYAUKEPLSALUKES LOLOTNTEG OTAV XOPN-
youvtat og VMmAEg 8doelg. AfloonpeiwTo eivatl to
YEYOVOG OTL 1] ATIOTEAECUATIKOTNTA TOV (POUPUAKOV
efaptatatl TOo0 amo t yopnyovuevn doomn (avdave-
TAL AVOAOYLIKA), 000 KoL aTtd Ta apX LKA THMES X TWV
TPLyAukepLSiwy Tov opov: ‘000 TiLo auinpévn ivat
QAPXLKT] CUYKEVTPWOT) TOUG, TOGO HEYAAVTEPT) ElVALT)
EAATTWOT TOUG PeTA TN ANYPN w-3 Atmapwv o&éwv!?
(Zxnpa 2).

2.1.1 Mnyavioudog Spaong

Ta w-3 Aimapd 0&éa avaoTEAAOVY GAUEGH TNV AKETU-
Aotpavo@epdon TS StakuAoyAvkepoAns (DGAT) kot
™MV QW EOVEPOAGST TOV WO EATISIKOV 0§€06, U0
évlupa mov maifovv Baotko poAo o flocvvBeoT Twv
TpryAukeptdiwv oto Nmap (Zxpa 3).

Méow NG avaoTOANG TwV EVIVHWV QUTWV EAXT-
TWVETALT EKKPLYOpeV Tocdtnta VLDL-yoAnotepod-
An¢ amo to Nmap. Tavtoxpova, avEdvetatn B-o&eldw-
01 TWV AP @V 0EEWV 0TA VTIEPOSVCWLATA KAL 6TX
LLTOXOVSPLA TV NTATIK®V KUTTAPWY, LECTW QUEN-
HEVNG EKPPACTIG TOU TTUPNVLIKOU HETAYPAPLKOV TIK-
payovta PPAR-a (o PPAR-a eival pédog tng otkoyé-

3
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Zynua 2: Mopiakn anetkévion evés w-3 Mmapou
oééoc

VELXG TWV TTUPNVIK®WV UTtoSoxéwVv PPAR - Peroxisome
Proliferator Activated Receptors- tov puOuilouv to
petafBoAiopd twv Amisiwv ota kutTapa). Kata cuvé-
TEL, LELWVETAL T SLABECILOTNTA TWV EAEVOEPWV AL-
TAPWV 0EEWV IOV UTTOPOVV VA XPNGLUOTION 00V yia
™ ovvOeom TpryAukepiSiwv (TG) pe amotéAeopa TV
eAdttwon twv TG tov TAdopatog. TéEAog, Ta w-3 Aura-
P& o&Ea aALEAVOLV TA ETITTES A TNG ALTTOTIPWTEVIKNG AL-
mdong (LPL) Tou mMAAopatog HEow EMaywyng Twv yo-
viSiwv Tov TV kwdkomoloVv 6To Amwdn totd. H LPL
elvat vmevBuvn Yy v LEPOAVON TWV TPLYAUKEPLSI-
WV TWV YVAopkpwy kat g VLDL, evd tpowOel emi-
ong TV TPOSANYT TWV VTIOAEUUATWY TOUG ATIO TA
nmatikd kottapa. ‘Etolr avéavetal n AmoAvTikn ka-
VOTNTA TOU TAAOUATOG KL WG ATOTEAEG A 1) KABap-
o1 tov ailpatog and TG, eved ouyxpovws auidvetat
evalonoia twv VLDL cwpatidiwv otnv amotkodo-
punon amd v LPL. 1+16

2.1.2. Ospamevtiky) aywyn

H aywyn pe w-3 Aimapd o&éa ouviotatal poévo oe
acBevelg pe ToAY VYMAG apyka emimeda TpLyAukept-
Siwv opoV, ouykekppueva vmiotepa a6 500 mg/dL
€V 1 oVVN O G YopnyoUevn 8601 @TAVELTA 4 g NHE-
pnoiwg. Ztoug acBeveic autovg emituyxavetat 45%
eAdtTwon Twv emmeSwyv Twv TG, 1) otoia cuvodeve-
TaL amd pkpn avénon (9%) twv emimédwv g HDL.
Me 1t Bepameio avtn ol acBeveig Tapovotdlovv pi-
KpOTEPO KIVELVO ELPAVLIOTG OTEPAVLIAIAG VOTOU KoL
Taykpeatitidag.3

4

Zxynpe 3: H DGAT kataivel tnv éaptduevn amd 1o
akétulo-CoA oUvOeon TG TPLaKUAOYAUKEPOANG

H amovoia avemBUuntwy evepyEL®V Kol QApHA-
KEUTIKWV OAANAETIISpACEWY E PAPUAKA TIOV LETA-
BoAiZovtat amd To kutdxpwpa P450 kablotd Ta w-3
Amapd o§Ex TOAVTIHA 0T oUVSLACTIKN Bepateia pe
otativeg oe aoBeveis pe pikt vepAtmidopio.t’

ZTNV aQUEPLKAVIKT ayopd KukAo@opel 161 To ov-
vTayoypa@olpuevo okevaopa Lovaza amo kabapg,
OUUTIUKVWUEVA w-3 ALTtapd o&€a KAt elval EYKeKPL-
pévo amod tov FDA yua tn Bepameia acBevwv pe cofa-
pnM vTtepTpLyAvkepLSatpio.'®

2.2. Tovidiaxn Ospamneia- Alipogene tiparvovec

To @apuaxo Alipogene tiparvovec ouv KUKAO@OpEL e
™mv epmopikn ovopacia Glybera eivat to TpwTo okev-
QOO YOVISLOKN G BEpaTieiag Yo TNV QVTIHETMTILON TNG
vmepAtmidatpiag mov gxeL mpotabel 2. Ltoxevel o
Bepameio aoBevwv pe vepAtmiatpio Adyw avemap-
Kelag g Atmompwteivikng Atmaong (LPL Defficiency).

2.2.1. 0 péAog tng Aitmompwtetvikn¢ Aiwcon¢ (LPL)

H LPL eivat éva évQupo Tov cuvtifetat kupiwg oToug
OKEAETIKOUG HUEG, GTO AWM LOTO KL GTO LUOKAP-
S1o kot mailel KOpLo poAO GTOV EAEYXO TNG XOANOTE-
POANG TOV 0PYAVIOHOV. ZUYKEKPLUEVA, KATAAVEL TOV
KATABOALGHO TV TPLYAUKEPLSIWV, TWV XUAOULKPWV
Kkl Twv VLDL-ATTOTpWTEV MV, ATOTPETOVTAG ETOLTY
OVUGOWPEVOT] TOUG 6TO TAGO U 20,

2.2.2. Avertapkeia Aimonpwtewvys Atmaong (LPLD)
H avemapkela oe LPL eivat pia kAnpovopikn auto-



®APMAKEYTIKH, 27, 1&Il, 2015

PHARMAKEFTIKI, 27, 1&I1, 2015

OWLKT] UTIOAELTIONEVT YEVETIKT] SLATAPOXT| TTOU 081)-
yet ot oVvBeom pn Aettovpytkov eviOpov. lpokoet-
ToL ATIO PETAAAGEELS 0TO YOVISL0 IOV KWSIKOTIOLEL TNV
LPL odny®vtag otnv EL@Aavion TePLoCOTEPWY ATIO
70 SLLPOPETIKWV, [N AELTOUPYIKDV HOPPWV TOU EV-
Couov. H LPLD pmopel va odnyroet o€ oela taykpe-
atitda, P SuvnTiKa BavatnEOpo KATAGTACT, EVK
umopel va eppaviotel cakyapwdng Stafntng kabwg
katabnpookAnpwon 2L

2.2.3 doun
To Alipogene tiparvovec meptéxel tn pop@n LPLS*7X
ToL AetToupykov avBpwivov yovidiov ¢ LPL, pa
pop @1 oL 081 Yel 08 AQUENUEVT ATIOLAKPUVOT) TWV
aBnNpPopaATOyOVWY HOPP®V TNG XOANGTEPOANG, OE
xaunAotepa emineda TG kat og VYMAGTEPQA eTITIES AL
HDL. To yoviSio peta@épetal péoa o€ £Evav Qopea
TIOU 8EV AVTIYPAPETAL AUTOVOUA KL SEV EVOWUATW-
VETAL 6TO YoviSiwua Tov opyaviopov. O @opéag av-
TOG amoTeAelTal amo TUHATa adevoiwy opoTUiTWV 1
kat 2 (AAV1 kat AAV2), kuttapopeyaroiwv (CMV) kat
LV NTIaTTIS oG M Ta TTOHPATIAV W CUCTATIKA EEXTPA-
Alletaim otoyevoT TOoV yoviSiov ota puika kKOTTAp,
TaKUpLa “epyootdota” mapaywyns LPL.

To Alipogene tiparvovec mapdyetat pe texvoloyia
avaovvduacpévou DNA e T xprjon KUTTApwYV eVTO-
UV Kal avacuvduacpévou ov baculovirus 22

2.2.4 Oepamevtikn) Aywyn

To Alipogene tiparvovec Siatibetal oe €tolpueg ov-
PLYYES LLAG XPTOEWS YLK AUTOXOPNYNOT EVEOUVIK®G
KATA TIPOTIUN oM 0Ta KATWw dxpa. Mia §66m touv @ap-
paKou elvat apkeT yla va eEao@aAicel TNV Tapate-
TAPEV TTAPOVGLA TG AELTOVPYLKNG TTPWTEVNG GTOV
opyaviopud Kot ISlaitepa 6TOVG HUEG OTIOV £XEL YIVEL
n éyxvon. H Bepameia pe to @appako avto odnyel
0€ EAATTWON TWV EMTESWV TWV TPLYAVKEPLSIWV pe-
yaAutepn ano 40%, pe avdAoyn eEAGTTWON KAl TWV
XVAoULkpwV NG KukAo@opiag. ‘Etol emituyyxavetal
EAATTWON TOV KIVEUVOU gU@avions Bavatnpopov
ofelag maykpeatitidag katd 70%. 194

2.2.5 AvemiO0untes evépyeleg

Agv £xouv TtapatnpnBel coBapég avemBOUNTES EVEP-
YELEG KaTA TN Xp1jon Tou Alipogene tiparvovec. Avtt-
BETwG, elval KOAG aveKTO amd ToUuG aoBEVEIS Kat

APOPO ENIZKOIIHXHX | REVIEW ARTICLE
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Zynua 4: Mopiakn Souri tov Mipomersen

ACPAAEG. ZUVIOTATUL WOTAGO 1] GUYXOPN YN O TTILWV
QAVOCOKATAOTAATIK®V QAPUAK®WVY YL TNV ATIOPUYN
™G evepPYOTIOiNoNG TWV KUTTAPOTOGIKWVY T-Agppo-
KUTTAPWV EVAVTLTOU (POPEQ, YEYOVOS TIou Ba 061 Y0¥-
0€ OTNV KATAGTPOPT] TOV SpacTiKoL popiov.??

3. ®dppaka ov Bpickovral 6T @aon
™G £yKpLong

3.1 Mipomersen

To péplo Mipromersen eykpibnke to 2013 amé to FDA
kot kukAo@opel otig H.ILA. uTté TNV gumopikn ovo-
paocia KYNAMRO. Ztoxevet ot Bepameia acBevmv pe
ooBapng popng umepxoAnotepoiatia ov Bpioko-
VTAL 0€ HEYAAO KIVOUVO YL ELPEVIOT oTE@AVLIAING
vOOOL KAl 0L 0Tol0L aduVaTOUV VA HELWGOVV T ETII-
meda ¢ LDL-x0AnotepoAng pe Tig cUUBATIKEG AvTL-
VTEPAMTILS AL UIKES BepaTEieg 24

3.1.1 Mnyavioudg dpaong

To Mipomersen ivat éva oAtyovoukAeotiSio to oToio
AeLTovpyel WG “QVTIHETAPPACTIKOG TTIapdyovTag”
(antisense drug), cuvdeodpevo pe to mRNA kot epmodi-
(OVTAG TO va LETAPPAOTEL 08 TOAVTIETTTIO KT KAV G IS
dépel aAAnAovyia BAoEWV CUUTIANPWUATIKT TIPOG TNV
aAAnAovyia tov mRNA tov yovidiov Tov kwdiKoToL-
el v amoAmompwTteivy ApoB (oxnua 4). ‘Etol, oxn-
patifel cuumAnpwpatika {eyn Bacewv pe To mRNA,
KaBLoTWOVTAG TO SIKAWVO KAl avaGTEAAOVTAG T1) LE-
Ta@paot tov oe ApoB. Me Tov TpoTO 0UTO “aTrEVEp-
yototeital” eppéows To yovidio g ApoB odnywvtag

5
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Xynua 5: Zynuatikn ansikdvion tng LDL émov @ai-
VETAL T,0 TPWTEIVIKO TNG TUNUA, ATTOTEAOUUEVO ATIO
ApoB kat ApoC

o€ xaunAa emineda Stabeoung amoAtmonpwteivng. To
Mipomersen @£peL eMiONG TPOTOTOMNHEVA VOUKAEO-
TS KA AKpQ, YEYOVOG IOV TO KABLOTA avOEKTIKO OTLG
VOUKAEQOES, TTapaTeivovTag TO XpOvo {wn¢ TNG aTov
opyaviopo.2+2

3.1.2. Amohimomtpwteivny ApoB
H ApoB elvat n k0pla Sopkr amoAlToTpwTEiv) oTA
XvAopkpd kat oty LDL-Atmompwteivn, Spadvtag ud-
Mota wg tpoadepa (ligand) petadl twv cwpatiSiwy
LDL kat Twv vmodox£wVv TouG oTa KUTTAPA TG TIE-
pLpépelag (Zxnpa 5). ‘Etoy, pe ) Bonbeia tng ApoB
EKTEAELTAL 1] LETAPOPA TNG XOANOTEPOANG GTOUG TIE-
pLYepLKov§ LoTovs. H ApoB mailel emiong poAo otnv
évapén kat tnv eEEAEN TG abNpwUATWONG, TIPOCEA-
KUOVTAG TA LOKPO@AYQ TNG KUKAOQOPIKG 0TO ONUELD
™G oxNUat{opevn§ TAGKAS. Me autdv Tov TpdTOo
EVIEIVETAL 1) CLUGGWPEVGT GUGTATIKWV TOU A{ATOG
oto abnpwpa, emttayVvovTag T SL1oyKwon tov.?
KaBwgn ovvBeon Twv yuAopkpwv kat tng LDL-yoAn-
oTePOANG Sev elvar Suvat) xwpi§ TNV EVOWUATWOT TNG
ApoB, 1 avaotoAr ™m¢ ovvBeat g TG attd To Mipomersen
EXEL WG ATOTEAEG A TNV EAGTTWOT) TG 0VUVOEGT G XUAO-
pkpwv kat LDL cwpatidiowv otanmatokvttapa.?

3.1.3. OspamevTiky) aywyn
To pHépLo KUKAOPOPEL VTIO TN LOPPT] TOV META VATPI-

6

ynua 6: Mopiakn Soun Th¢ Aomitauiong

0V GANTOG TOV, OE EVECLUT LOPPT] YL LTTOSOpLa XopT)-
YNOT| € ETOLUEG TIPO-YEULOUEVES HIKPEG TUPLYYES KO-
TAAANAES Yl avuTo)Oop1YNoT. AuTN 1 SUCYEPELX OTT
AP TOU PAPHAKOV Elval TTOAV TIBavO v 081ynoeL
0€ HELWUEVT] CUUUOPPWOT TWV AGOEVOV KL YA TO
AGYO0 LTS HEAETATALT) EVOWUATWOT TOV O€ TIEPLOTO-
TEPO EVXPNOTEG PAPLAKOTEXVLIKES LOPPES.

To Mipomersen peiwvel Ta enineda g ApoB ota
NTATIKA KOTTOPA KAt 46% mepimov kal ta emimeda
™G LDL-xoAnotepoAngs kata 47 % mepimov oe eBero-
VTEG IOV Ttapovsialav Sucavetia 0TIG OTATIVES Kol
Bplokovtav o avinuévo kivéuvo gppdvions ote@a-
viaiag véoou.®

3.1.4 AvemiO0unteg eVEpyeLes

OL avemBUUNTEG EVEPYELEG TTOU £XOVV KATAYPAPEL
Kot ™ xprion Mipomersen meptlapufdavovv avén-
HEVA ETHTES A NTIATIKWV TPAVOAUIVAC OV KAB MG KAl
NTATIKY 0TEATWOT). AtyoTEPO coBapég elvat o epedi-
GLOG OTO ONUELO TNG EVEOT|G KAL CUUTITWUATA YPITNG.

3.2. Lomitapide

To pépio Lomitapide tng etaipiag Aegerion
Pharmaceuticals eivat évag avaotoréag tng pLikpo-
CWULKNG TIPWTEIVNG LETAPOPAG TPLYAVKEPLSIWY, TO
oTtolo TpoopileTat ylax xopnynomn amd To oTopun o€
acBevelg pe cofapn vrepAimiSapia (oxnqua 6).
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Zynua 7: Mopiakn ameik6vion tng UKPOoWULAKTC
TPWTEVNG UETAPOPES TPLYAUKEPLSIWV

3.2.1. MikpoowuLKN TpwTEVN UETAPOPES
TpLyAvkeptdiowv MTP

H pixpoowpikn Tpwteivn HeTa@opag tptyAukepdi-
wv (MTP) eival plax evdokuttdpla TpwTeivn pHeETA-
POpPAag ATS{wv TOV GUVAVTATAL GTOV AUVAO TOV EV-
Somlaopatikol SIKTUoL Kal eivat vtelOLVY yLa TV
TPOcSeon Kl TNV eMakOAovON PepPPaviKn HETAPO-
pa AmiSikwv popiwv (oxnua 7). HMTP petapépel ta
TpLyAukepiSia, amd n B€om g AimiS ki ovvBeong,
otV amoAtmonpwteiv ApoB, Tov cuvtiBetal ota
poocwpata, KAt To oxnuatiopd twv VLDL - Auro-
TPWTEWVWOV. %7

3.2.2 AvaotoAn TG UIKpOooWULKNG TPWTEIVNG
UeTapopas tptyAvkeptSiowv MTP

H avaotoA g MTP amd to Lomitapide éxet wg amoté-
AEOO TN LETAPOPE AVETIAPKOVS TTOOOTN TG TPLYAUKE-
pSiwv otnv ApoB, To omolo odnyel TNV KaTAGTPOPY
TNG VEOGUVTIOEUEVTG ATIOMTIOTIPWTEIVNG, LLE AUEOT) OL-
VETIELQ TV QVAGTOAN TG EKKPLOTG TWV ALTIOTIPWTEV V.
Kata v avactoAr; m¢MTP mapepmodifetain ékkpion
1600 TwVv VLDL amo to jmap, 660 Kol TwV YUAOUKP®V
aTtO TO AETITO EVTEPO, LE ATIOTEAECUA TNV EAATTWOT TWV
eMMESWV TwV MTSlwv 6to TAdopa (oxnua 8).28

3.2.3 Oepamevtiky) aywyn
To Lomitapide €xeL ep@avicel mToAD evBappuvTiKd

Zynua 8: Zynuatikij amewovion g MTP kabBdg ‘pop-
Twvel’ ta Amidia otnv ApoB wote va puetapepbovv
o710 alua ws VLDL

QTOTEAEGLATA OE KAWVIKEG SOKLUES pdon g IT ko [T kot
TPOKELTAL VO SLOXETEVTEL OTNV AYOPA YL TNV EAAT-
Twon Twv emmeSwv ¢ LDL-xoAnotepoAng o acbe-
Ve(G pe opoluyWTIKT 0LKOYEVT| UTIEPXOA OTEPOAALLIA
KLyl TNV EAATTWOoN TV TPLyAvKepLSiwy o acbe-
Vel e Baplag Lop @G 0LKOYEVT UTIEPYXVAOUKPOVAL-
pio. Zuykekppéva, 1 xprion Lomitapide og §6om twv
40 mg nuepnoiwg per os odnyei o€ eAdtTwon g LDL
Kkatd 44% kat twv TG katd 33%. #°

3.2.4 AvemiO0unteg eVEPYELES

OLouyviTEPEG AVETILOVUNTEG EVEPYELEG TIOV EXOUV T
patnpnBel pe ™ xpnomn lomitapide eivat ot NTieg Ewg
HETPLEG Yoo TPEVTEPLKES Statapaxée. H amovoia cofa-
PWV AVETILOVUNTWV EVEPYELWV KAOLGTA TO HOPLO AUTO
TOAUTLO GTNV AVTIUETWTILOY SVO GORAPWV HOPPWV
yeveTikd kaBop{dpevwy vtepAtmSatumv. 2

3.3 Eprotirome

To @appaxo Eprotirome eivat éva avaAoyo tng Ov-
peoelSIkN G oppovng Bupoéivng (T4), To omoio Spa wg
EKAEKTIKOG AyWVLOTHG TOL B-uTtodoxéa tns Tptimdo-
Bupovivng (TRP) kot xpnotpoToteital yia tnv eAdT-
TWOT NG XOANGTEPOANG TOU TTAGGHATOS (XU 9 ).

3.3.1 TRB
0 vmodoxéag TRB amoteAel T pia amd Tig §Vo oo-

7
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Zynua 9: Xnuuxri Sourj Tov eprotirome

pop@éc tov upnvikov TR vtodoxéa tng Bupeoeldi-
KNG 0ppovn s tptiwdoBupovivng (T3). MecoraBel yia
T1G evBokpuvelg Spacelg g T3 oto NTap, oTOV EYKE-
Qa0 KL 6TOUG VE@POUG. AUTEG oxeTi{ovTal LE TNV
QVATITUEN, TNV KUTTAPLKT] SLLPOPOTIOiNGT) KAL TO HE-
Tafoiopd. H pesorapovpevn até tov TRB Spdon g
T3 o010 petaBoAlopd TG XOANoTEPOANG £XEL LEAETN)-
Bel extevwg, Sivovtag ™ Bdon yio ) xpromn Bupeoet-
SV avadoywv otnv vmtepAtmiSarpia. 3°

3.3.2 Mnyavioudg dpaong

To Eprotirome gAattwvel ta emimeda tng LDL-xoAn-
0TEPOANG GTOV 0PYAVIOUO QUEAVOVTAG TNV NTIATIKY
™m¢ k&Bapomn. H ovEeomn tov @appdxov pe tov TRB
UTIOS0XEQ GTOV TTUPTVA TWV NTATOKUTTAPWVY 081 Yel
0TIV EVEPYOTIO (MO LETAYPAPIK®V TTAPAYOVTWV TTOU
EVLOXVOLV TNV EKPPACT) TOV YoVIS{0V TTOU KwSIKOTIOL-
et tovumodoyéa LDL-R.’Etol, 1 avénuévn ovvBeon tou
vmodoxéa ¢ LDL kataAryet atnv avinuévn tpooin-
P ™G amd To TP KAl GTNV ATOUAKPLVOT| TNG ATIO
™V KukAo@opia. Akoun, aviavetat o aplOpog twv SR-
B1 vmodoyxéwv (scavenger receptor B1) tng HDL- xo-
AnotepoAng ota nratokVTTAPA. ETOL avdveTat kot
nnmatikn kabapon s HDL odnywvtag og xaunAote-
PO OLVOALKG eTTiTTES A Y0ANOTEPOANG 0TO TAGGHA. To
Eprotirome emdpd kot 6NV 7a-u8poEuAdcom Tng xo-
ANoTePOANG, éva Lo0EVIVIO TOV GCUCTILATOG TOV KV-
Toxpwpatog P450 (CYP7A1) mov 8pa o&eldwvovtag
TN XOANOTEPOAN KATA TN GUVOEDT] XOAK®DV 0EEWV ATIO
avt. H 6pacmpiéomta g 7a-udpofuidons avéave-
TaL, AVEAVOVTAG £TOL TN HETATPOTIN TNG XOANOTEPOANG
0€ XOMKQA 0&£q, Ta 0ol EKKPIVOVTAL OTO AETITO évTe-
po. TEAOG 1] ATTOUAKPUVOT] TWV XOALKW®V 0EEWV HECW
TWV KOTPAVWV aviaveTtal emiong. ZUVOAKE, 1 auén-
pévn mpdoAnm xoAnoTeEPOANG ATo TO NTIAp, 1] AVEN-

8
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HEVT SLOXETEVOT) TNG 0TI GUVOEGT XOALKWV 0EEWV Kol
N avéinuévn amofoAn Twv TeAevTalwv aATo TO UYL
EVTEPO KATAATYEL GE OTUAVTIKT EAGTTWOT TNG XOAN-
0TEPOANG OTOV OpYaAVIGHO. 3132

3.3.3. Oepamevtiky) aywyn

To Eprotirome ypnowpomoteital e cuvdvacpod pe
OTATIVEG, PIUTPATEG KAL VIAG VT YlX TOV ATIOTEAE-
OUATIKOTEPO EAEYXO TNG XOANGTEPOANG TOU OPYQVL-
opov. [Ipog To Tapdv 1 Xp1jo1 TOU TNV AVTLUETWTILOT
™m¢ vmepAtmidatpiog Sev eivat StadeSopévn kot Sia-
TiBeTatl yia autdv to okomd pdévo otig HILA. evw ot
aoBeveig Tou To Aappdavouv TapakoiovBovvrtal ou-
otnuatikd. Empépel peiwon g LDL-xoAnotepoing
€wG 57%. Emtiong, pewwvovtal ta tprtyAvkepidia tou
0poV £w¢ 33% kabwg KAt 1 SOULKN ATTOALTIOTIPWTE-
vn B éw¢ kat 30%. TéAoG pelwveL Ta emtimeda TG AL
mompwTteivNG A Lp(a) Tov 0pov £wg kat 43%. Auti 1
Spaon tov eivat Slaitepa onuavtikny kabws n Lp(a)
elval €vag oo ToUG OTHAVTIKOTEPOUG TIAPAYOVTES
abnpwpdtwong evw dev avtamokpivetat otn Bepa-
el pe otativeg. 3

3.3.4 AvemiO0unteg eVEpyeLes

[ap’ 6o Tov to Eprotirome mpokadel peiwon €wg kat
34% ot ovvow Bupoivn Tov opov (ta eTtiTedSa TNG
T3 Sev emnpealovtat), autd ev 0dnyel 6TV EPPAvIOT
OUUTITWHATWVY ATt To Bupeoeldn). Aev TpokaAei vTep-
1 uTto- BupeoelSIoPO, Sev TN PeAleL TO CWUATIKO B&-
pOG, TOV KapSLakd pubud, Tnv apTnpLlaki Tieon M Tig
opudveg Tou PUAoL. Ta Tapamdvw amodiSovtatl ot
HeYoAVTEPT CUYYEVELX TOU QPAPIAKOV TIPOG TOV UTO-
Soxéa TRB, ov elvat uevBLVOG yla TIG UTTOALTTILS AL LL-
KEG SPATELS TV BUPEOEISIKWV OPUOVWDV, GE OXEDT] LE
Tov TRa tov kupLapyel oty KapSid Kol 6To OKEAETO.
'ETOL, GUYKEVTPWVETAL GTO NTTAP EVW 1) TIPOCATYIT) TOU
aTo EWNTATIKOVG LoTOVG Elvat apeAnTea. 32

4. dappaka Tov BPioKOVTAL 6T PEOT) KAWVIK®V
Sokipwv

4.1 Anacetrapib

To poplo anacetrapib eival évag ekAeKTIKOG avaoTo-
AE0G TNG TIPWTEIVNG LETAPOPAG ECTEPWV XOANGTEPO-
Ang CEPT (cholesterylester transfer protein) (oxnua
10), To omolio avantiooeTal amd v etatpla Merck.
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Zynua 10: a. Xnuiknj Aouni b. Mopiaki ameikévion Tov
Anacetrapib

Bpioketal otn @don I Twv KAWIK®OV SOKIH®OV WOTE
va SlamoTwOel 1) KAWVIKTY 0TIOLS AT TA TOU 0T Pel-
WOT) TOU KIVSUVOU EPPAVIOTG OTEQAVLIXLNG VOGOoUL. 3*

4.1.1. llpwTeivn UETAPOPAS ETTEPWY YOANTTEPOANC,
CEPT

H mpwteivn CEPT cuvavtdtal 6To TAGoUA KoL TTpow-
Bel TN HETAPOPA EGTEPWV TNG XOANOTEPOANG ATIO TLG
un abnpwpatoydvous HDL-AtmompwTteiveg Tpog abn-
PWHATOYOVOUG ATIOTIPWTEIVES TIOU (PEPOVV GTO HOPLO
TOUG TNV amoAtompwteivi ApoB, éniadn VLDL, IDL
kat LDL-Atmompwteives. Emiong n CEPT ouppetéyel
KL 0TV QVT{OTPOQT HETAPOPA TNG XOANOTEPOANG.
YT0 HOVOTIATL UTO, 1] XOANOTEPOAT TWV TIEPLPEPLKDV
LOTWV HeTa@EpeTaL ap)Xkd otnv HDL-Aimompwteivn,
atd TNV oToia 6T CLVEXELX elval SuvaTo va peTa-
pepbel at’ evBeiag oto NTTap 1) va ueTa@epOEL, e ™
BonBewa tng CEPT, o¢ LDL kat VLDL-AtmompwTteiveg
oLomoleg v amodidouv TeAKA 6To AP LECW TOV
vmodoyéa LDL-R (oxfua 11).%

4.1.2 AvaotoArj tng CEPT

Me Bdomn Ta TTHPATAV®, 0 ATTOKAELOUOG TNG TIPWTEL-
vng CEPT pe tn xopriynon evdg avaoToAéx TG €mn-
PEALEL TNV KATOVOUT ECTEPWV TNG XOANGTEPOANG LE-
Ta&V LDL kat HDL-AmompwTeivwv. ZUYKEKPLUEVQ, )
pETa@OPA TwV e0Tépwv amd tnv HDL otnv LDL kat

APOPO ENIZKOIIHXHX | REVIEW ARTICLE

Vv VLDL 8ev pumopel va mpaypatomomOel, dpan pe-
tatpom g HDL o€ LDL-xoAnotepoAn avactéAAeTaL
Q¢ amotédeopa, aviavovtal Ta emimeda TG “KaAng”
HDL ot0 TAGOUQ, VG HEWWVOVTLTA ETHTES A TNG “Ka-
K1¢S", aBnpwpatoydvov LDL. Emtiong, éxet mapatnpn-
Oel pelwon Twv emmeSwv TG amoAtmompwteivng(a),
1 av&non TG CUYKEVTPWOTNG TNG 0TO{AG 6TO ARG LA
ouvdéetal mBavwG§ pe v abnpookAnpwon. 3

4.1.3 Amotedéouata KALVIKWV UEAETWOV

Ot kAwvikég perétes @aong Il ov mponynOnkav é8et-
Eav 8000EEAPTWUEVT EAATTWOT TWV ETUTESWV TNG
LDL-xoAnotepdAng kat avinom Twv eMmESwY NG
HDL-xoAnotepo6Ang. Afloonpelwto eivat To yeyovog
O0TLoe avtiBeon pe To poplo torcetrapib, To omolo giye
avamtuyOel pe VMAEG Tpoodokieg AAAQ eyKaTAAEL-
@ONKE HETAE ATIO KATAKOPLUET AVENOT TWV BAVATWY
ato kapdlayyelakd enelcddia, Sev TAPOLCLACTNKAV
avemBUUNTEG evEPYELEG attd To KapSiayyelako. 'Etat,
EVW T Ao@AAELa TOV anacetrapib £xeL116n Tekunplw-
Bel, pével va amodetyBel Kot 1 KAWVIKTY QTTOTEAECUATL-
KOTNTA Tov. 3¢

4.1.4 Ogpamevtiky aywyn

0 ouvduvaopdg anacetrapib pe atopBaoctativy mpo-
kaAel Socoegaptwpevn edattwon g LDL péxpt kot
70% kot emtiong ocoefaptwpevn avénon g HDL
péxpL kot 50%, evw Sev mapaTnPOVVTAL ETUTTWOELS
OTNV apTNPLAKN TtiEoN 1) TOV KApSLakd pubud Twv
AcBeVWOV. ZNUAVTIKO TTAEOVEKTN LA TOU @APHAEKOV
elvat emiong 1 tkavomomtiky BlodStaBectndTnTA TOU
TIOV ETMTUYXAVETAL LETA TNV ATIO TOU GTOUATOG XOPN-
YNOT] TOU KB WG KoL 1 KA apUaKOKLYT TLKT TOU, Ol
0ToieG o€ GLUVSVACUS pE TNV aTtoVG(a GoBaAPwWV aVe-
TOVUNTWV EVEPYELOV TO KABLoTOVV EATILS0POPO Uo-
PLO TNV AVTIWTEPALTILS ALULKT] arywyn. 37

4.2 MovokAwviké avtiowua AMG-145

To AMG-145 gxeL avamtuyBel amo v etaipia Amgen
Pharmaceuticals kat BplokeTal 6To 6TAS0 TWV KAL-
VIK®V Sokipwv @aong I pokettat yua éva €€’ oAo-
KAPOL avOp®TILVO HOVOKAWVIKO VTICWA, TO OTIO{0
amokAeleL tnv Proprotein convertase subtilisin/kexin
type 9 (PCSK9), pia mpwTeivn Tou EAQTTWVEL TNV LKA-
vOTNTA TOV TATOG VA amopakpUvel tnv LDL-xoAn-
oTEPOAN ad TNV KuKAo@opia.®
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4.2.1. PCSK9

H PCSK9 Seopetet Tov umodoyéa LDL-R ¢ LDL ot
NTMATOKVTTAPA KAl 08N YEl 6TNV TPOG TAt KATW pLBL-
OT] TOV apLOUOU TWV VTIOSOXEWV GTNV ETILPAVELA TWV
KUTTApwV. Katd cuVETELH HELWVETAL 1] TTOGOTNT
LDL-x0oAnotepOAng TOU £LGEPXETAL OTA NTATOKVTTA-
PO, LE ATIOTEAEC LA VO CUOCWPEVETAL 6TO Ao .3 Ot
otatives augdvouv Tov aplfpd twv vmodoxéwv LDL-R
AAAG TauTO)Xpova avEavouy kat ta emtimeda g PCSK9
(oxpo 12).4041

4.2.2 Avaotolrj tng PCSK9

To poplo AMG-145 mpoodévetat otnv PCSK9 mov ku-
KAo@opel oTo aipa, epmodiovtag Ty KAt auTOV TOV
TpOTo va ouvdebel atov umodoyéa LDL-R ota kO TTO-
pa tov matos. 'Etay, o utodoxéag eival eAevBepog va
mpocdéaeLtnv LDL-AtmompwTteivn kat va tnv amopa-
KpUVEL attd TNV KuKAo@opia. 2

4.2.3. Oepamevtikny Aywyn

Y& KAWKEG Sokipég aong I to AMG-145 amodeixdn-
KE APKETA ATTOTEAEGUATIKO. ZUYKEKPLUEV X, TIOAAXTIAES
800€LG TOV 08 GLVSVACUO PE XAUNAES EWG PETALES §O-
OEL§ oTATVWV eTé@epav peiwomn ¢ LDL-yoAnote-
pOANG Tov 0pov katd 81%. Katd tig Soxipég autég
Sev mapatnpnOnkav cofapeg avemBUuNTEG evép-
yeleg 1 Bavartol, evw Sev aviyvevOnkav aviioopata

10

Yl v egovdetépwon tov AMG-145 otov 0pd TwV
eBedovtwv.®

4.3 CER-001

To uépro CER-001 £xeL avamtuyxBel amo v etaipia
Cerenis Pharmaceuticals kat Bploketal 6to atadio
TV KAWVIKQOV Soktpwv @aong 1L [pdkettat yia éva
OUUTAOKO HETAE) avaoLVSUAOUEVNG avOpWTTLVNG
amoAtmompwteivng A-1 (ApoA-I) kat pwo@oAtmiSiwy,
oxedlaopévo yla va ppeitatrtn pacn g HDL-Aumo-
TPWTEIVNG aTOV 0pyavVIouO .

4.3.1. Amohimomtpwteivn ApoA-1

H ApoA-I amoteAel TNV kUpLa SOULKT] ATTOALTIOTIPWTE-
v ¢ HDL- Atmomtpwteivng, pdAog ¢ omoiag eivat
1 GUAAOYN TNG XOANGTEPOATG ATIO TOUG TIEPLPEPLKOVG
10TOUG KAL) LETAPOPA TNG 6TO NTTAP VLA ATIOLKOSO-
unon (oxNpa 13).

4.3.2. Mnyaviouog Apaong

Y& TPOKALVIKEG SOKIUEG KAl KAVIKEG SOKLUEG (PACTG
I to CER-001 amodeiyOnke apKeTd amOoTEAEGUATL-
KO GTNV KLY TOTIO(N O TNG XOANOTEPOANG TWV TEPL-
PePIK®V LoTtwv. Emtiong, mpodyel ) Stadikacio g
HETAPOPASG TNG CUCCWPEVUEVT|G XOANOTEPOANG ATIO
TA TOYWHATA TWV AyYElwV TTPOG To Tap, 4oL Kal
amolkodopeltal. ‘ETal, emTuyXdvetal  otadlaky
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Polar Surface |

Pheepholipida

ynua 12: Mopiakn Sour tng PCSK9

ATOUAKPUVOT] TWV CUGCWPEVREVWV ALTTAPW®V GU-
OTATIKOV TOWV AfNpWHATIKOV TAAK®OV A0 TA ay-
YELAKA TOXWHATA, 08NYWVTAG 0€ afloonpeiwT
EAATTWOT TNG TUOAVOTNTAG ELPAVIOTG KAPSLOYYEL-
aK®V eMeLc0SiwV *4,

4.3.3 Ospamevtikn Aywyn

To CER-001 mpoopiletal yla evSo@AEPLa xopnyn-
OT) OTNV QUECT] AVTIHETWTILOT TWV 0EEWV CUUTITWUA-
TWV NG OTEQAVLAING VOOOU KOG £xeL eTISEEeL Ape-
o1 §paoT oTNV ATOUAKPUVET ALTIS KWV CUGTATIKWV
ATIO T AYYELUKA TOYWUATA PEow TG HDL-pupmtikng
oL Spaong.

Tvunepaopata - IpooTTIKES

Kabwe péxpt kat onjuepa ot otatives e€akorovbovv
va €VOL TX ATIOTEAECUATIKOTEPX, ATPUAEGTEPQ KOl
EUKOAOTEPQ Slabéoipa @appaka yla ) Bepameio g
vmepAmiSatpiag, To {NTOVUEVO 0T VEQ PAPHUKA El-
VAL VO UTIEPTEPOUV OTLAVTIKA 0€ DEPATA AOPAAELAG,
QAVTOXNG KAL ATIOTEAECUATIKOTI TAG EVAVTL TWV VTIAP-
xOvtwv Bepamelwv. Akoun, n évbeln ya xpnon oe

Dynua 13: Zynuatikrj aneikévion th¢ Sourjs g HDL
OTTOV @, AIVETAL TO TPWTEIVIKO THS TUNUA, ATTOTEAOU-
UEVO KUplwes amd ApoA

OTIAVIOTEPESG LOPPES VTIEPALTILS ALLLOLG, OL OTIOLEG OU-
v Bw¢ ev avtamokplvovTal IKAVOTOMTIKA o€ Bepa-
TIE(EG LE OTATIVEG ATIOTEAEL GIUAVTIKO TTAEOVEKTT AL

H a¥yxpovn épeuva mpooavatoAiletal Kupiwg oTnv
e€evpeon Hoplwv Ylo TOV EKAEKTIKO XTIOKAELOUO EV-
TOUWV KALVTTOS0X£WV TIOV GUUUETEXOUV OTOV EAEYXO
NG XOANGTEPOANG, EVW VEEG TIPOOTITIKEG GTOV TOUEQ
auTto avolyel 1 yoviSiakn Bepameia. Ta TAL0V ava-
ykaio popLa 0TOV EAEYXO TNG XOANOTEPOANG UE OTO-
XO TOV TIEPLOPLOUS TG abNpwpdTwon Ba TpEmeL va
Spouv elte TPOWOWVTAG TNV AVTICTPOPN LETAPOPA
NG XOANOTEPOANG ATTO TOVG LOTOUG OTO 1T, ELTE TNV
avénomn me¢nmatikns kdbapong g LDL-yoAnotepo-
NG LECW SLAPOPWV UNXAVICUDV.

Qo1600, To AVEAVOUEVO KOGTOG TNG AVTIVTIEPALTIL-
Saupkns Bepameiag, kuplwg oe NAKIWHEVOLG TTAN OV-
opoVG, e TO TPOOSOKLIIO {WNG VA HEYOAWVEL (0WG
08NYNOELTOV APHOSLOUG (POPEIG GTO VA GUVELSN TOTIOL-
noovv 4TLN TPOANYM ™G abnpookAnpwong elval ToAY
QTIOTEAEGUATIKOTEPT) —KaL a§loonUelwTa pONVATEPT-
Qo TIG 0TIoLEG TTpooTaDeles Bepameiag TG 1|81 e€eALy-
HEVNG A0OEVELAG [LE AVTIVTIEPATIS ALK A pappaka. [

11
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Overview of the Newer
Hypolipidaemic Agents

Fotini Tsouki, loanna Andreadou*

Department of Pharmaceutical Chemsistry,
Faculty of Pharmacy, University of Athens,
Panepistimiopolis, Zografou, Athens, 15771, Greece

Summary
In recent years, due to the prevalence of
the western lifestyle, various disorders in
cholesterol levels in the bloodstream occur with
an increased frequency. Hyperlipidemia is one
of the most crucial factors leading to Coronary
Heart Disease, which is responsible for about
50% of the deaths occurring in the U.S. annually.
In order to avoid complications of the disease,
it is mandatory to manage hyperlipidemia
therapeutically. Newer approaches in drug
treatment and clinical research are primarily
focused on molecules exhibiting a targeted
effect, so as to minimize side effects and
maximize the relief for the patients, who
are obliged to a lifetime of adherence to
hypolipidemic treatment.

The newer drugs to be admitted to use
include long-chain polyunsaturated w-3 fatty
acids, which, due to their effects in multiple

BiAwoypagia

1.

12
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enzyme systems, result in lower triglyceride
blood levels, as well as Alipogene tiparvovec, the
only gene therapy agent used in hyperlipidemia
treatment, exclusively for patients with
lipoprotein lipase deficiency, and which is able
to correct the deficiency.

Many are the drugs who have completed
the clinical trials phase and are waiting for
their approval from the qualified agencies.
Such is the molecule Mipomersen, an
antisense oligonucleotide, which by inhibiting
Apolipoprotein-B synthesis results in decreased
LDL-cholesterol blood levels. Lopitamide
is another new agent, which decreases
VLDL-cholesterol and chylomicron levels
in the bloodstream, while the thyromimetic
Eprotirome decreases triglyceride and LDL
serum levels.

The most promising molecules of the many
currently undergoing clinical trials include
Anacetrapib, a selective cholesterylester
transfer protein inhibitor, AMG-145, a
proprotein convertase subtilisin/kexin type
9 inhibitor, and CER-001, an HDL-mimetic
molecule, which are all further analyzed in the
present review.

*Corresponding author: loanna Andreadou,
E-mail: jandread@pharm.uoa.gr
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Boraginaceae: Atatpo@ikn ékBeon
0€ TOEIKA AAKQAOELST) TUPPOALLLSLVNC

Xapilaog Aapavakoc!, Imavva Xnvov?!, Fewpyrog-AABéptog Kapikag?

Topéag Pappakoyvwoiag kot Xnueiag duvowmv [poidvtwv, Tunpa @appakevtikig, lavemotpo

ABnvay, Mavermiomudmoin Zoypdpov, 15771 Zwypdpov, ABrva

Tunpa TexvoAoyiag latpikmv Epyaotnpiwy, ZxoAn Em. Yyeiag kot [Tpovolag, Texvoloyikd Ekmaideutiko [§pupa ABnvwv, Abnva 12243

epianym

Ta aAkodogld1) TUPPOALLLSIvNG amoTEAOVV SeuTe-
poyevelg LeTaBoAiTeg, oL oTtoloL amavToVV KUpLA
OTLG PUTIKEG OLKOYEveLeg Boraginaceae, Asteraceae
kot Fabaceae. [ToAAG attd Ta YEVT TG OLKOYEVELAG
Boraginaceae, xp1GLILOTIOLOVVTAL GTNV LATPLKY, WG
Bapka otn KoountoAoyia, aAA& Kot ot Bropnya-
via Tpo@ LWV KoL T KAWOTOV@avToupyia.

To 1SLaTEPO XAPAKTNPLOTIKO TWV (PUTWV TNG OL-
Koyévelag Boraginaceae elvat 0tL Sev epLExouv
alfgpla édata, evw OAa Ta YEVT TG UTTOPOVV VA
TAPAYOLV 0AKAA0ELST) TTUPPOAL{LSivn g (PAS), Yeyo-
VG IOV T EVOYOTIOLEL yla TNV EKSNAWGN SLa@o-
PWV TEEPLTITWOEWV NTIATOTOEKOTNTAS, LLE TO YEVL-
KO 0po TUPPOALLLSLVIKTY aAKAAOEISwo. EmimAgoy,
aAkaAogldn mov mpoépyxovtal amo 1-vdpoupe-
BuA-1,2-8eb8pomuppoAllIdivn emédet€av OV

Ewcaywyn

MéypLta téAn tou 18° auwva ta putd Ta§vopovvtay
pe Bdom tov aplOpd TwV GTNHOVWV KAL TWV UTIEPWV
TOVUG, CUHPWVA PUE TO CVGTNHA TAELVOUNONG TOV
Linnaeus (Genera plantarum). To 1798, npocievetal
€va VEO cUOTNHA TAELVOUTOTG TWV PUTWV ATO TOV
Antoine Laurent de Jussiue, To omoio aciletoat oty
XP1N 0T TOAAQTIAWVY XOPAKTNPLOTIKWOV yla TO Kabopt-
OMO TV 0lKOYEVELWV TOVG. H kavotopa autr 16éa
TIPOGEPEPE ONUAVTIKTY BEATIWOT 0€ GYEON LE TO ap-
XK6 cvoTnua Tagvounong 2.

KOPKLVOYOVO, LETAAAAELOYOVO KAl TEPATOYOVO
Spaon. loAAa mpolovta Statpo®n (T.X. kpéag,
aQUYQ, YOAQ, HEAL AaXQVIKG KATD), TIPOEPXOUEVA
atd {wa, ToV TTPOcEAABaY TPOPY] ETILLOAVGHEVN
LLE GTIOPOVG PUTWV TOV TIEPLEXOLV PAs, pmtopoliv
TOAY €0KOAX VL LETAPEPOVV YV AAKAAOELS WOV
TUPPOALLLS (VNG 6TO KaBNpeEPVO SLALTOAGYLO TOV
avOpwTov.

ZTNV Tapovoa GUVTOUT AVACKOTN O, TIEPLYPA-
POVTOL T BOTOVIKAE KoL XNUELOTAEOVOUIKA XapOL-
KTNPLOTIK& TG olkoyévelag Boraginaceae, n xn-
Hela, 1 @APHAKOKIYNTIKY, 0 LETABOALTHOG, KAOWS
0Ll GULVETELEG 0OLaPT§ TOEKOTNTAG, OTIWG 1) 0&eia
@AeBoamo@paxtikn vooog (VOD), amd tnv avert-
8O Slatpo @kt EkBecm TOL AVOPWTIOV KL TWV
{wwv ota PAs.

[T0AAEG ATTO TIG OTUEPLVEG OLKOYEVELEG (PUTWV £XOVV
amodobel otov Jussiue. O Jussiue amédwae Tov 6po
«Boraginaceae» o€ pia amo tig 100 otkoyéveleg Tov
uTmMpXaVv 0Tto cVoTHUA Katataing Genera plantarum,
Baowlopevog oto Yévog Borago L., ev 1 péxpL TOTE Kat-
Tdtagn Tov yévoug Borago otnplldtav pe Baomn tov
Linnaeus, To Aatwiko ovopa «burray,mov onuaivet
TPYWTO EvBupa (AGYw TWV TPYWT®V TOUS UAAWV) 12,

Ta puéAn g owoyévelag Boraginaceae mapovaotafovv
pnetal Toug onuavtikés Sta@opég, TG00 6TO
@O W, 660 KAl 0TIG TAELavVOieg Kat T pop@ooyia

* Yuyypa@éag vtevOuvog yia tThv aAAnroypa@ia: George Albert Karikas, karikasg@teiath.gr
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TYPICAL BORAGE FLOWER

5 united petals (corolla)
with stamens attached

4 nutlets

\ fornices

5 sepals, united at hase
(calyx)

Zynua 1. Tuttikd poppoloyikd xapaktnpLoTikd Twv puTwy
Boraginaceae

TWV KAPTWV Kal Twv avBéwv tous. H owkoyévela
amoteAeitatamd 156 yévn kat meplocdtepa amo 2.500
eldn. MephapPavel pa mokdia §évépwv, B&pvwv
KOL TTOWV TIOV ATAvVT®WVTaL o€ 6Ao To k6opo. Ta Lo
yvwota €€ autwv givat to «Mn pe Anoudveig» (Forget
me not Myosotis sp.), o Bopayog (Borage Borago sp.), To
Topputo (Comfreys, Symphytum sp.), kot to HAtotpo-
o (Heliotropium sp.). [ToAAG att6 To yévn NG olkoyé-
VELAG XPT|CLLOTIOLOVVTAL GTOV LATPIKO TOUEQ, OTIWG KAl
WG Ba@ka ot KoountoAoyia, aAAd kot ot Blopnxa-
via Tpo@inwy kal ™ kKAwotov@avtovpyia 2.

H @apuakguTiky, 0LKOVOULKY Kol 0LKOAOYLKN
onpacia ™G okoyévelag Boraginaceae, o81yn-
oe otnv avamntuén Brotexvoloylkwv pnebdSwv
OTIWG 1) LOTOKAAALEPYELQ, 1) LETABOALKT] UNXAVLIKY
KL 0 in vitro pikpo-moAAamAacLacpdg, Tov EXouv
e@apuooTel yla TV mapaywyr Blodoyikd SpaoTikwmv
EVWOEWY, XPWOTIKMOV OUCLOV KAL YL TNV a’énon tou
TANBUVG OV TWV ATTELOVHEVWV UE EEQPAVLIOT] E8WV 2.

XapaKTNPLOTIKO YVWOPLOUX TNG OLKOYEVELAG
Boraginaceae eival 4TL Ta @UTAE TTOU AVKOUV OE
auTy, Sev EPLEXOLV alBEpLa EAaLa, eV OAQ T YEVT
NG UTTOPOVV VA TIAPAYOUV AAKAA0ELT TTUPPOALLSivT),
YEYOVOG IOV TA EVOXOTIOLEL YL TNV EKSAWOT) SLaPO-
PWV TEPLTTTWOEWY NTIATOTOEIKOTNTAS, [LE TO YEVIKO
6po TVPPOALLSIVIKT aAkadogibwon 2,

Botavikd 8edopéva olkoyévelag Boraginaceae
Tewypapikn katavoun
Ta @utd TG otkoyévelag Boraginaceae amavtwvtoal
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0€ TPOTILKEG, UTTOTPOTILKEG KoL EVKPATEG TIEPLOYES TOU
kOopov. MéAn tng euplokovTal o€ OAEG TIG NTEPOUG,
KaBw¢ kat o€ TOAAG voLd. EvSekTikd ava@épetat
O0TL 0N XYAwpida ¢ N. Appikng amavtwvtat 21
yévn kat 110 €idn Staokopmiopéva o€ ToLKiAovg
Buotomoug, otnv Kiva epgavidovtal 47 yévn kat 294
i1, evw otnv EAAGSa epavifovtal 12 yévn kot 42
€lén g okoyévelagl?

Mop@odoyika yapaktnptotikda Boraginaceae

Ta péAn ¢ owkoyévelag Boraginaceae givat kupilwg
ToWSoN UTA, HE capkwdelg pilec N pllwpata,
TIOAVETOVG, SLETOVG 1) HOVOETOVG SLdpkelag {wng, TTou
TOAV OUXVA KAAUTITOVTAL PE ayKaBwTES Tpixes. Ta
aven tovug, elvat cuvBwWG aKTIVOHOPPQ, VTTOYLVA
KOl TIEVTOUEPT], O€ OXN U SITTAOU OKOPTILOY, GUXVE
KOTA UNKOG HLa TTAEUPAS TWV KAGSWV 1] 6TNV AKPT|
ToL pioxov, o€ pLa OTIELPOELS WG KOVAOUPLAGHEVT|
emdvOion mov EeTuAiyetal, kKabws autd wpLpudlet. To
Xpwpa Tov avBovug pmopel va eivat pod, pwf, kitpvo
1 &oTpo, av Kat cuvnBwg ivat pmaAe. O kapmog eivat
pa Eepn k@ Povda mov amoteAeiTal cLVROWS aTd
Téooepa axaivia n plax Spumn. Ta @OAa elvat amAg,
oLvVN B WG YLVOVTALKAT EVOAAYT] 6TO KAGSO Kot eivat
TPYXWTA V2

dutoxnuka Sedopéva

OLva@BoKIVOVES, TAPAYWYX OLKOVIVG-aAKaVVIivI G
Kot Ta aAkaAoeld) TTuppoAtdivng elvat oL TAov
XOpaKTNPLoTIKol SevTepoyevels uetaforitesg, mov
xapaktnpifouv tnv okoyévela Boraginaceae. H
TAPOVoA AVAOKOTINOT) Bt E0TIAOTEL OTAL AAKAAOELST)
TUPPOALYLSivn g 23450,

Ta aAkaAoeldn) elvatl alwToUyeg KUKAIKES 0pYyavIKES
evwoelg,mov Bplokovtal o apvntikl 0éetSwTIKNY
Babuida, kat kKATAVEUOVTAL OE TTEPLOPLOUEVA OPLA
0ToUG {WVTES 0PYAVIOUOUS.

Ta aAkadoeldn elval ot Sevtepoyevels ekelvol
HeETAPBOAITEG TWV PUTWYV, TA OTOlK TIEPLEXOVV Eval
Baowko etepodtopo alwTov. Oewpeltal Yevikd Tl
mOava Aettovpyolv cav amoBepata alwTtov oE
Kkamola (61 @utwv. ATtavtowvtal Tepimov oto 5%
TOU OUVOAOL TWV PUTIK®V ELBMOV Kal TAPOVGLALOUVY
HEYAAN TIOKIAlo 6 TN XNULKY TOUG Soun. ATtd 6Aa Ta
QAKOAOELST) LOVOV OL EKTIPOCWTIOL TN G XTLLKNG OHAS G
NG TUPPOALYSIVIG, EVAL YVWOTA NTIXTOTOE KA popLo
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Iovemovive

Zynua 2. Aopikés oxéoels aAkaroel5wv muppoitltdivng
- pomaviov

Ta alkaroetd) muppoAtltdivng (PAs) sival
ETEPOKVKALKEG OPYAVIKEG EVWOELS TIOU AVIIKOUV GTA
aAKaA0ELON, epavifovTal o UON OE TIEPLOCOTEPA
amo 6000 @uta, oe mepimov 300 €idn putwy, ot
13 SLA@OPETIKEG PUTLKEG OLKOYEVELEG, LE TTAEOV
XAPOAKTNPLOTIKEG TIG 0lKoYEVeleg Boraginaceae
(6Aa ta yévn), Asteraceae (yévn Senecioneae,
Eupatorieae) kat Fabaceae (yévog Crotalaria)’®.

[Tepltocotepa amd 350 Stagopetikd PAs (xwpig
Tov aplBpd twv N oeldiwv) éxovv meplypagel
pEXPLTWPA KaL eivat Sedopévo OTL TtepiTou Ta Lo
amd avtd eivat nmartotoéikd’. EmmA£ov 1 cvvBeon
KOL T OUYKEVTPpWOT TwV PAs pmopel va kupaivetat
0€ OX£0M KE TIG KALUATIKEG Kol TEPLRAAAOVTIKEG
ovvOnKeg, TV NAkia, TO HEPOG TOV PUTOV KL TNV
molKIAla (YovoTuTog/xnuetdtumog)!?, eved ta idia
PUTIKA €(61 TTOV AVATITUCCOVTAL OE SLUPOPETIKES
TomoBfeoieg N o€ SLAPOPETIKEG £TTOXES, UTTOPEL va
TIEPLEXOUV SLAPOPETIKA AAKAA0ELST 1L,

H xnuikn e€étaon twv nmatotoéikwv et8wv
Senecio, Heliotropium xat Crotalaria amokaAve
AAKQAOELST HLAG AYVWOTNG WG TOTE OPASAG, IOV
meplelxav éva SaktvAto MuppoALlLSivng. Zta
aAkadoeldn TuppoAl{tSivns o SakTtuALOG LUV BWS
@EépeL Evav vEPoELUIEBVA- VTIOKATACTATY Kal £TOL
Snuovpyeitat pia apvo-aAko6An. Avti n apwo-
AAKOOAN OLUYVA €0TEPOTOLELTAL XAAA APKETEG
POpEG umopel va eivat eEAeVBepm 1| TpOTIOTONUEVT).
0 €0TEPIKOG YUPAKTPAG TTOAAWDV TTUPPOALLS VIKDV

APOPO EINIZKOITHXHY | REVIEW ARTICLE

alkalosldwv sivat éva kowvd onueio pe ta
aAkaAoeldn tov Tpomaviov (Lynqpa 2) kat
VOO TNPILEL TIG TAPOUOLES PE EKEIVEG TG ATPOTIIVIG
@APUAKOAOYLKEG LELOTNTEG, IOV EMLEELKVVOUV
KAToLla amd autad,

OL ATTOUOVWOELS KL Ol HEAETEG TIPOOSLOPLOHOU
Soung PAs glxe wg amotédeopa va TautoToInfovv
LEXPL ONUEPA EKATOVTASEG aAkaAoeldn
TUPPOALYLEivng 121314151617.1819 Tey 1k Tat NTIATOTO-
Ecd PEAN elval P OXETIKA OpOLOpopP @ Opada oA-
KOAOELS WV TIOU €X0VV SOUT) AAAVALKWOV EGTEPWV, 1|
oTtola Toug TtPoodidel v tkavoTnTa BLoAoyLknig
aAkvAiwong, yeyovdg, oV UTTOSELKVUEL OTL 1)
NMATOTOEKOTNTA IOV gR@avifovy eEapTaTal ATO
TNV KAVOTNTA Y& TNV CUYKEKPLUEVT] avTiSpaon.
[TuppoAllISvikd aAkaA0 e8] GAAWV SOpKWVY TOTIWV
Sev elval Nmatotoéika.

H v8poivon katn v8poyovoAuon TV EGTEPLKWV
OUASWV glvat oL KUPLEG XNULIKEG AVTISPACELG TWV
NMATOTOE KWV aAkoAoeldwv. Emiong onpavtikn etvat
1 Toxela aAANAOUETATPOTN LETAEY TWV TPLTOTAY WV
Bdoewv kat TwV SLaLTEPWG VEATOSLAAVTWOV
N-o0&e1S{wv Tovug, Tov pmopel va emitevydel petafo-
ALK 0€ UTA KAl Lo, OTIWGS £T{ONS KAl WE tn Vitro
oeldwon kat avaywymn. Ta N-o&eiSia pmopei va ato-
TeAOVV pEXPLTO 90% TOu aAkadoeLSkoV @opTtiov o€
KATOL (PUTA, KL G€ QUTHV TNV TEPITTWON Elval
Kuplopxn Lop@N LE TNV OTIOIX ELGEPYOVTUL GTOVG Op-
YaviopoUs HEow NG TPOPNG 2021222324

Botavikn katavour) PAs

Ytov mivaka 1 ava@épovtal oL BOTAVIKEG OLKOYEVELEG
KOL TQX KUPLOTEPU PUTIKA YEVT, OTIOL ep@avifovtat
TUPPOALLLSLVIKA AAKOAOELSY.

H ynmpeia tov adkarost8wv muppoAitdivng
(PAs)
A. Nekiveg
Ta @uTd Tov TEPLEXOLVV TTUPPOALYLSIVIKA XAKOAOEL-
M £0TEPLKOV TUTIOV, TWV OTIO{WV oL BATELS ovopalo-
VTOLVEKIVES, VL TIApAY Wy SIKUKALKWV KLVOAAKO-
0AWV 0L OTIOLEG UE TN CELPA TOUG Elval TAPAY WY TNG
1-v8potu-peduro-mupporldivng. H vekivn pmopei va
elval elte kopeopévn elte va Katéxel Eva SITTAG Seo o
otn 6¢on 1,2. (ZxNua 3)

EmumAgov, pmopel va @épel pa 1) Svo opadeg -OH
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Mivakag 1. Botaviky katavourj alkaloetSwv muppoAiltsivys 25,26,27,28

Owoyévera T'évog

Apocynaceae Alafia®, Anodendron?, Parsonsia®, Urechtites®

Boraginaceae Amsinckia®, Anchusa®, Asperugo®, Caccinea?, Cynoglossum®, Echium®, Ehretia, Heliotropium®, Lappu-
la®, Lindelofia®, Lithospermum, Macrotomia?, Messerschmidia, Myosotis®, Paracaryum?, Paracynoglos-
sum®, Rindera®, Solenanthus®, Symphytum?®, Tournefortia®, Trachelanthus?, Trichodesma®, Ulugbekia®

Celastraceae Bhesa?

Asteraceae Ageratum, Adenostyles® Brachyglottis®, Cacalia®, Chersodoma, Chromolaena, Cineraria, Crassocephalum,
Doronicum®, Emilia®, Erechtites®, Eupatorium®, Farfugium® Gynura, Homogyne, Jacmaia, Kleinia?, Ligula-
ria®, Nardosmia®, Notonia? Odontocline, Packera, Petasites®, Senecio®, Syneilesis®, Tussilago®, Werneria

Euphorbiaceae Phyllanthus, Securinega

Gramineae Festuca, Lolium, Thelepogon

Leguminoseae Adenocarpus, Crotalaria¢, Cytisus?, Lotononis

Orchidaceaed Chysis, Doritis, Hammaarbya, Kingiella, Liparis, Malaxis, Phalaenopsis, Vanda, Vandopsis

Ranunculaceae Caltha®

Rhizophoraceaed Cassipourea

Santalaceaed Thesium

Sapotaceaed Mimusops, Planchonella

Scrophulariaceae Castilleja®

a =Tévn amnd dmov €xouv amopovwBEel uN-NTATOTOEKES aLLVO-AAKOOAES KAl E0TEPES.

b = ['évn amd 6Tov €xouv amopovwOei nTATOTOEIKAE aAKaA0ELd

¢ =Tévn amo 6o €xouv amopovwOel kat ot Svo katnyopieg

d = Owoyéveleg 6oL Sev éxouv Bpebdel nratotodikd aAkaAoeLd).

Zynua 3. Aoy alkalogl5ovg mupporilidivig
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Zynpa 4. Nexiveg

ota C-2,C-6MC-7 oe Stoapopwon a1 f Ue amoTEAecpA
Vv Umapén otepeoicopepwv. Me e€aipeon Alya
AAKOAOELSY, OL BACELS TWV TTEPLOGATEPWV AVIIKOUV

otnv oelpa C-8a. OL ouVNBECTEPA ATIAVTWUEVEG
VEKIVEG 0T aAKaA0ELST) TUPPOALLLSiVIG PaivovTal
oTo TN 4 3458,
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Zynua 5. Movokapoévlucd oééa mov anavtov ota arka-
Aoetdn muppor{iSivig

B. Nekika oééa

Ta o&€a pe Ta oTola Elva ECTEPOTIONUEVES OL VEKIVEG
Aéyovtal vekikad o&éa. ‘OAa ektoG atd to 0&ko 0&EV
mepLéyovv 5-10 atopa C kat Stapépovv petadv
TouG WG Ttpog T Sopr. lleplapfBavouv povo- kat St-
kapBolulikd o&éa pe StakAadiopéves aAvaoideg, Tov
Baoilovtat oe amAd Soputkd cvotatikd. PEpouv we
vToKATACTATEG VEPOEL-, peBo&u- 1 dAAeg adkodu-,
emo&u-, kapBogu- kat akeTofu- opades. Apa Sopkd
UmopoVV Vo UTTAPEOLVV TTOAVApLOUA, OTEPED- KOl
Sltaotepeoicopepn TAPAYWYA. XTA TAPAKATW
OXNHATA QAIVOVTAL T TILO OTJLAVTLIKA LOVO- KaL
SwkapBolulikd o&éa ta ool £xouv aviyvevbel péxpt
TOPA OTA AAKAAOELS).

Ta Tlo onpavtikd povokapfoluiikd o&éa mov ovu-
VAVTWOVTAL 0TX aAKAA0ELST) TUPPOAL(LSivN G, aTELKO-
vidovtal oto Zxnua 5.

210 IXNua 6, ameltkovi{ovTal Ta TLO O UAVTIKE
SikapBofudika oéa yia Tov oxnuatiopnd 11-uedwv
HOKPOKUKALK®OV 0AkaAoetSmv TuppoAlltSivns (0Eca
8-C) xat ta o onpavtika SikapBodulikd ofea yia
OXNUATIONO 12-HEADMV LAKPOKUKALKWV AAKAAOELS OOV
TuppoAl{18ivns (0&€a 10-C).

I’ N oéeidia

Ta N o€eiSia elvat TTOAD TTOALKEG EVWOOELS, OL OTIO(ES €~
VoL V8ATOSLHAVTES Kl aSLEAVTEG GTOUG TTEPLOCOTE-
POUG 0PYAVLKOUG SLAAUTEG VW £XOVV TIEPLYPAPEL 0T
Stebv BipAoypapia meplocoTepa amd 660 2 (Zynua
7). H to&ucotnta twv N o&etSiwv elval yoaunAn 1 ape-

Zynue 6. AikapPoévdikd oééa atkaroetSav mupporilisivng
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Zynua 7. Hapadelyuata alkaloetSav wuppohlisivng

Antéa. H BlooivBeomn twv PAs Adapavel xwpa oTis pi-
eg, 6mov ta aAkaroeldn) ep@avidovtat wg N o&eidia.
Adyw Twv 1SlotTwv Twv N ofeldwpévwv PAs pmo-
poVV eVKOAQ Vo LETATOTII{OVTAL GE OPYAVA GTOXOUS
pHéoa ot UTA ¥

Me cLVSUAG O TWV VEKIVWV LLE VEKIKG 0EEX PTTOPEL
BeWpPNTIKE Vo oYX UATIOTEL Evag a@dvTaota HeydAog
aplOpog aAKaAoeldwv. XN @uo eixav Bpebel péxpt
70 1995 mepimov 400 mMuppoALLSVIKA AAKAAOELST)
TWV oTolwV oL SOPEG EXOUV AN PWG TIEPLY paPEl
PAoUaTOOKOTILKAE. Me TV e€aipeon Twv 30 mepimov
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YVWOT®V AAKAAOELS MV 0TOVEKIVIG, IOV §€ HTopovV
va oxnpaticovv N-o&eidia, 0 0Atkdg aplBpog Twv aA-
KaAoeldwv mov £xouv TavtomowmBel, cupumepiapfa-

vopévwv twv N-o&eldlwv, eivat peyadvtepog amd 700
3,4,5,6,28

To&kdtnta PAs
AAxodoeldn ov mpoépyovtat amd 1-vdpofupeOuA-
1,2-8e08pomuppoAllLlsivn kat eival ectepoTopUéva
pe éva TovAaytotov StakAadiopévo C-5 kapBoduikd
08V emiSetkvouy pla ToLKr, KAPKLVOyovo Kal
petaAda&loyovo Spaom. Mepimov 100 amod ta
HEXPL TWPU YVWOTA AAKAAOELST) TApOVGLATOVY
Tétola 6paom. Evioyvon avutol tou @aivopévou
mapovolaletat 6Tav pla akopa -OH opdda elodyetat
otnVv B€om 7 Kal eMTALOV E(VAL ECTEPOTIOLNUEVT,
Slaitepa 8 av 1 veKIvoSLOAN ecTepOTIOLELTAL PE EVa
SikapBoEuAiko o0&l yLo va TTap &y EL i HAKPOKUKALKY
évwon. Ta N-o&eidia Twv aAkaroeldwv, kata Bdon,
mapovotalovv Vv (Sl Toéikotnta. E@’ dcov elvay,
o€ avtiBeon pe Ti§ faoelg, efatpetikd véatodiaAv-
TA, UTTOKELVTAL O SLAQOPETIKI] PUAPUAKOKLIVITLKT.
MeTd amd otopatog xopnynon ta aAkaAoeldn 1 T«
N-0&e{S1& TOUG EMAVAPOUOLWOVOVTUL GTO EVTEPO, TA
N-o&eidia €xovtag mponyoupévwe VTTOGTEL avaywy
aTo TI§ aVaywYyAaoes TG Baktmplakns xAwpidag.
Eva Tupa Twv aAKoaAoeld®wv SLaoTATal OE
VEKIVEG KL VEKIKA 0&Ea Tt TIG U1 e€eLlSIKEVUEVES
E0TEPAOESG TOV AiTOG. OLVEKIVES elval Un TOEKES Kot
EKKPIVOVTOL OLIEVYUEVEG ATIO TA VEQPE KoL TA 0VPA.
To KUpLO TTOGOOTO TWV AAKAAOELS®V, HETAPEPETAL
0TO NTap, OOV Ol EMITEAOVUEVEG HETABOALKEG
LETATPOTEG EMLPEPOVV AVTIEPACELS YVWOTEG WG
“avtidpdoeig SnAntmpiaong” 34>,

Mnyaviouds toéixrc dSpaong twv PAs
Ta PAs §ev avti§polv ynuika wg kabapég xnukég
0VOLEG. Zav E0TEPEG AAKAAOELS WV UTopEl va elval ev
UEPEL CATIWVOTIOHEVOL LLE LT ELSIKEG USPOAATES e
TIG avTIOTOLYEG VEKIVEG KL VEKIKA 0EEN, TOGO GTOV
EVTEPLKO CWANVA OG0 KL KATE T LETAPOPE TOUG OTO
Nmap. Ta tpoidvta oxdong eivat pn Toélkd, OTw Ta
aAkaAoeLdY «yovéa» 28,

Amapaimn ywx v toéikn §pdon twv PAs eival
N BloevepyoToinon Toug (Tapdpola e TIG APAATO-
Eiveg). OL kukAkol SleaTépeg oTEVETAL OTL Elval TK
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OO TOEIKA 0AKAAOELSY, OL U1 KUKAWKOL SteoTépeg eviL-
AUEONG TOELKOTNTAG, EVW OL LOVOECTEPES ElvaL OL AL-
yotepo toéikol. Kopeouéva PAs eival un toéikd, ovp-
ewva pe v BAoypapia. H éktaon e toéikdtnTag
efaptatal amod Sopn, TIg cLUVAKOAOUVOES HETABOALKES
068006 kAt Ta TocooTd amotoéivwong. EmimAéoy,
ToAAol GAAoL TapayovTeS, OTIwS To €id0g, N NALkia, TO
VA0, M SLatpoEn KabBwg Kal BLOXTKES KAl (PUOIKES
Stepyaoieg Twv EuPLwv dvtwy, Ba propovoav SuVNTIKA
Vo ETINPEACOVV T1) BLOEVEPYOTIOINOT] TOUG.

0L évtova SpaoTIKEG NAEKTPOVIOPIAEG TTUPPOAES
€xouv Hikpo6 xpdvo {wng. AuTéG ypriyopa K&vouv
Sea0VG KAl KATAGTPEPOVY TA NTATIKA KOTTAPA.
Mepikd PAs 1 ot petafoAriteg toug eival mLo
otabepol, £€ToL HTOPOUV VA KUKAO@OPOUV Kal va
KATAGTPEPOLV eEWNTATIKOVS LoToUGS. KuTTapikol
punxaviopol 081nyovv o€ TAPAYWYA TTUPPOAWY, TA
omola amoBdAAovtat taxvtata. L6T660 oplopéva
HOPLA TIAPAYWYWV TTUPPOAWV UTTOPEL va TTapapeivouv
yla UNVeEG €wG KAl XpOVLX GTOV OPYAVLIOUO.
Oewpeital OTL TA TUPPOAKE TTAPAYWYA UTTOPOVV VA
AVOKUKA®WOOUV, avTISpmVTag PHE VEX VOUKAEOPIAQ
KAl TOVWOVOVTAG T KUTTaptky BA&PN epattépw. H
¢x0eom og PAs yla HeyaAVUTEPES XPOVIKEG TIEPLOSOUG
elvat kuplwg yvwot yla v nratiky BAGRn mov
pumopoVVv va MPoKaAEcoUV (AOY®w TOU NTATOG WG
KkUpla tepLoy mapaywyns), BAaPN oe mvelpova Kot
alpo@oépa ayyeia. e pkpotepa Babuod ta veppa, n
YOXOTPEVTEPLKT] 080G, TO TTAYKPEAS KAL O HUEAOG TWV
00TWV elval kataoTpeppéva. H @Aefikn amdppatn
OTO NTTOP KL TOUG TTVEVHOVEG, 1) LEYAAOKVOTWOM, N
QVOOTOAN TNG KUTTAPLKNG Staipeons (Litwon) katn
kippwomn Tou NTatog elvat onpadia e ToEKoTNTAG
Twv PAs. Etiong mapatnpinkav yovidiotoikeg
emdpaoels . AvaAdvutikotepa, ot BA&BEG IOV TTPOKA-
A0VUVTAL ATTO T XPTOT) TOUG AVAQEPOVTAL TIAPAKATW.

dappakokivntikin PAs

H Brovepyomoinon cvpPaivel kata kOpLo Adyo 6to
NTap amd v SpAct TOAAWDV SLALPOPETIKWVY UIKTWV
AeLtovpylwyv TwVv oetdacwv. Ta Bpuata Tov peta-
BoAlopov eite 06nyovv o€ evepyoToinon eite o€
amotoéivwon. Ot un toikol petafolites amofd-
Aovtat ypriyopa. H §paon g to§lkoTnTag yiveTal
pHEow NG 0&eldwomng Twv mapaywywv 1,2-6e08po-
muppoAlltdivng (DHP, muppdAeg). Auta ta Tuppo-
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Zynua 8. AAAvAuxri Sout twv SeidpomtuppoAt{tSivikdv arkaroetSwv

AlKA aAKOA0ELST) KATEXOUV AAAVALKT Sour| oL gv-
voel TNV avénon ¢ SpacTikdTNTAG TOVG. MOALS
Stapop@wBovV oL TVPPOAEG, UTTOPOVV VA KAVOUV
Seopovg pe to DNA, T mpwTeiveg, Ta apvo&éa kat
™mv yAovtaBelovn 3031 H §éopevon Twv TpwTeivov
pmopel va aAAGEeL TIG AELTOVPYIEG TWV KUTTAPWV
Kal va TpokaAéoel KuTTaptkn BAAPn kat Bdvato,
evw 1 Staotavpovpevn oVvdeon pe to DNA pmopetl
va dnuovpynoet kapkvoyévveon. Ta N oeiSia Sev
UTTOPOVV VA HETATPATIOVV KaTeVOElQV € TTUPPOAES.
Q0Td00, KATA TNV KATATOOT HETATPETOVTAL ATIO
éviupa ToL EVTEPOU 1) NTATIKA HKPOCWUATA OE
eAeBepeg Baoelg, ol omoleg elval TTOAV To&IkEG 32,

MetaBolioudg PAs

Ot petaoAikég avtidpaoels Aapfavouvy xwpa oto
Nmap. Eva mocootd Twv aAKaAoeldwv, To 0Tolo elvatl
o€ LOPPN EGTEPWV, UEPOAVETAL ATIO PN EEELSIKEVEVEG
eotepaoes. OLmapayopeves vekiveg xelvmotelel 0TL
ekkpivovTal amo ta ve@pd. AAkadoeldn avtoL Tou
TOTOVL £lval GYETIKA P TOEIKA, oV oL VeK(VeG Sev
mapdyovv To&ikoVs petaforiteg?. Map’ 6N avtd,
av ta KapBoEuAikd o&a tepLEXOLV SLAKAASIOUEVES
alvoideg, ToTe N VSPOAVON AVACTEAAETAL SPACTIKA
AOYW OTEPEOXNULKTG TAPEUTIOSLONG. AV UTA T
SVokoAa VEpoAVAUEVA KAKAAOELST) TIEPLEXOLV WG
Baolkd cvoTatikd vekivn TOTOV covumviSivng,
nAtotpldivng, petpovekivng 1 kpotavekivng, ToOTe
petatpémovtal ota avrtiotolya N-ofeibia amd
08UYEVAOES TV UKPOCWHATWV. AUTA Ta N-08eiSia
velotavtal petdbeon kal amdoomactn vepol yla
va Swoovv Ta avtiotolya SebSpomuppoALl{tSivika
aikatoeldn). EmmAéov, vmotiBetal emiong 0Tl

ovpBaiver vépodvdiwon Twv atoépwWY avBpaka
YELTOVIK®V 0TO dTopo Tov al{wtov (C-3 kat C-8),
mov odnyel ota MOAY aoctabn 3- kat 8-vdpodu-
TUPPOALLLSVIKA dAKAAOELSN. ATTIOGTIAGT) VEPOU ATTO
QUTA T AAKOAOELST, akoAovBoV eV aTo petdbeon,
mapéxel Ta avtiotoya SeU8pomUPPOoALlLELVIKA
aAkoA0eLdT?. AUTA Ta AKAAOELST, OTIWG PAIVETALOTO
TxNua 8, pe KOKKIVO XPWHA, TIEPLEXOUV ULX AAAVALKT)
Sopr) Tov emEpeL abEnon otV SpacTIKOTHTA.
EmumAéov, adlkadoeldn tOTOL oTOVEKIVNG, TTOV
Sta@épovuv atd Ta AAAX TTUPPOALUSIVIKG OAKAAOELON
o€ éva ueBVAL0 0To dtopo N KL pLot UIKETOVIKN
opada otov C-8, amokoSounOnkav mapopota. Emerta
aTO KATLOVIKY amdoTacn tng peBui- opddag, tTo
AAKOA0ELSEG TNG vop-N-0TOVEKIVIG TTOU TIPOKVTITEL
QVAKATATACOETAL 0TO 8-USPOEL-TIAPAYWYO KAL AUTO
oTo avtiotolyo 8e08poTLPPOAMILEIVIKO AAKOAOELSEG S,
018e08pomUPPOALYLSivES TTOU ATOTEAOVV TTAPAY WY
™G MUppoALsivig (SaktvAlog A) Kot Tou TUppPOAioL
(SakTtVAlog B) eival évtova SpacTikég Kat eivat ot
KatT ovoio SpaoTIKEG HOPPES TWV AAKAAOELSWV
TuppoAll1Sivne. Iapovoia Tupnvd@Awy eld®v (Nu), ot
Sleotépeg vploTavtal eite aTAn elte SITIAN StopLak
TLPNVO@ AN uTIokaTéoTao (avtidpacn SN,). Ze avti-
Spaoeig mov cupaivouy TapdAAnAa pmopel emiong va
AGBel xwpa P v8pOAVEOT) IOV 08N YEL OE OXNUATIOUO
Sevdpovekivwv (6ebSpopetpovekivn, SelSponAoTpt-
Stvn). Autég oL ovoieg Exouv TTapdpoLd SPACTIKOTNTA,
OUYKEKPLUEVA T TOEKOTNTA KL KApKIvoyovogs Spaan
TOUG pot&douv pe ekeiveg Twv SeiSpoarkaroeldwv?®
‘OAa Ta TTapamavw amelkovifovtot 6to Lympa 9.
Toppwva pe toug Mattocks & Jukes 3, 1 avtipaon
TWV HAKPOKVKALK®WV AAKAA0ELS WV EEKIVA amtd TV

21



®APMAKEYTIKH, 27, 1&I], 2015

APOPO EINIZKOITHZHY | REVIEW ARTICLE

PHARMAKEFTIK]I, 27, 1&I], 2015

CH.OCOR,
b

R.COO

N:

rinrog per povexhing-nlucr pibivng

g | T

R.COO CH,OCOR, RCOO (N CH,OCOR, RCO0 qn CH.OCOR, RC00 o CH,OCOR,
s D — B —— | &3
OH .
3-uSpofu-aixahonsic N-ofeiSio & uSpofu-ahkahoeBEc
R,COO CH.OCOR, HO CH.CH
—_— il
{ :) N s
BiiSpomuppohl v / Bdaibporuppolil iGivn Eaibpovacdivn
/ N
o 4
CH,OCOR, Nu CHCCOR, Nu CH Nu CH N
RCOC R,CO0"

REOD o CHOCOR,
N
CH,

TUTTOg CTOVEXNIG

}\_’ _CH:

Zynua 9. MetafoAiouds twv 1,2-akdpeotwv arkadosiSav mupporilidivig
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Zynua 10. AmoikoSounon tng oevekiovivye mpog 4-vépoév
-3-e€evdin

Béon 7. YmoAoyiopol pe MNDO (Modified Neglect of
Differential Orbitals), pia Tumikn péBodo yia Tov vTo-
AOYLOUO (POPTIWV KAL EVEPYELNKWV CUVELGPOPWY OTLG
empaveles Van der Waals, iSwaitepa yo v mepimtw-
OT] 0PYQAVIK®V LOPIWV IE ETEPOATOUN, ATIOKAAVTITOVV
OTLOLTIEPLOXEG SLAo)LoNG TIEPLEXOLY VIMAOTEPA HEPL-
K& @opTia atto dTL ol AAAEG TIEPLOXEG TOU popiov. Xtnv
TmepimTwon ¢ Se8pooeVEKLOVIVIG, AUTEG OL TIEPLO-
xésetvarota-0.341 yia v 9-CH,0 xat -0.328 yia v
7-CHO opada.

22

Y8pogu-, pepkamto- 1 apuvouddeg evivpuwy,
oEAPWVOV 0AAG Kal Bacewv Toupivng Kat TUPLULSVIG
1} VOUKAE0GLS WV TOUG UTTOPOUV VXL AELTOVPYTGOVV WG
mupnvo@ia. Etotto DNA kat / 1) to RNA pmopovv va
VTIOGTOVV AAKVALWOELS. 'HEN, A} aAkLALwoT) TIapEYEL
éva tpolov to omoio tpokadel aAloiwon Saxpkeiog oTov
KkAwvo Tou DNA kat /1) Tou RNA. Mua SumAn) aAkuAiwon
Ba eixe w¢ amotéAeopa Evav un avtioTpePLHo
OTAUPOSECUO AVAUESA OTOVUG SUO KAWVOUG TOU
DNA, 6Twg @aivetal Tapakatw. Av 8¢ yivel kamolx
Stadikacia S16pBwong, umopel va tpoPAre@del pe
BeBadtrta avtiSpaon kapkvoyeveong 2.

‘Exet mpotabel amd toug Segal et al.®*, pia mepatte-
pw petafBoAikn avtidpaon. 'E1ol, To aAKaA0ELSEG Oe-
VEKLOVIV Yix Tapadetyua, amotkodopeital og E-4-v-
Spotu-2-eEevaln, dmwe @aivetal ato Txnua 10. Ot
aASelSeG e SITIAG Seaud ot Béom 2,3 emidetkviouvy
TOEIKEG 1BLOTNTEC.

ATto ™V AN TTAELP A, T KOPETUEVA TTUPPOALLLS VLKA
aAKOA0€LSN KAt oL vekiveg Toug elvat pun toika. Xe
avtifeon pe ta Seidpo(A)TuppoAla 6oV To atopo N
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Bploketal o€ pia ToAL aotadn culUYLOKN KATACTAON
KoL Apot LTIOPEL VO AVTISpACEL AUEC WG LE TTVPMVOPLAQ,
Ta 1,2-kopeopéva aAkaroeldn elval KAtd mTOAV
oTaBepOTEPA KAL SEV UTIOKELVTAL OE AVTIOPACELG UE
TUpNVOPAQ 3536,

O¢cia koL xpovia nAntnpiaon PAs
LTa KOTTAPA TOU TATOG TA AAKOAOELSN TTUPPOAL(LSI-
VNG ETLPEPOVV TIG TTAPAKATW XAAQYEG:

e 10- wg 30-mAGoLlx pEYEBLVOT TWV KUTTAPWV
TOL )TTATOG (LEYAAOKVTTWON)

e ueyéBuvon TV MUPNVWV TWV NTATIKOV
KUTTAPWV HE a1EN 0T TNG TIUPTIVIKNG XPWHATIVIG

e Swatapadn tov peTaffoAlopo) TWV NTATIK®OV
KUTTOPWV PLE UTIOAOYIOUEG AELTOUPYLKES ATIWAELEG

*  ELPAVLION AKAVOVIOTNG HITWONG LE TAUTOXPOVT
avaoToAN TG HiTwong Ad0yw TapeUTOSiong
touv DNA

e KutTTapodiaipeon

e amolKoSounoN ALmapwy

AvTtég oL avTISpdoeLg TpokAAOVVTAL ATO pla Kol

povn mpocAnym 10 wg 20 mg evdog kaBapol aAkaAo-
€18006 N aAkaAoelSikoU pelypatog.

e  Mikpd mood aAkaAoeldwv (Atyotepo amd 10
ng) kat peyadtepn meplodog S1abeong toug
TPOKAAOVUV TIEPALTEPW KATACTPOPEG:

e TOAAATANCLAGUOG TOV ETONALOU TNG XOANPO-
pou 0800

e (Aeypovwdn dmonuata

e Kippwon

o yEVEOT] KAPKIVWUATWYV

e EMIOWPEVUTIKI KOL KEVTPOAOBLKN VEKPWOT) TWV
NMATIK®OV PAEBDV

AvTtn 1 vékpwon €xel kaBlepwBel otV Latpikn Pi-

BAloypapia wg Venoocclusive Disease (VOD- @Ae-
Bo-amo@paktikn acbévela) kal Bewpeital we 181Ky
mepintwon SnAntnplaons and aAkaroeldn Tuppo-
ALS8ivng (oevekiwon). Eival TpakTikd opola pe tnv
KAWIKN elkova Touv ouvdpopov Budd-Chiari. Ta kAL-
VIKG oUUTITORATA cVVIBWE ekdnAwvovTal Ea@vika
KatepLAapufavouy:

e TIOVOUG KWALKOV GTO ETILYACTPLO

e guetd Kt Sdppola

e Snuiovpyla aoKiTN EVTOG LEPLKWV NUEPWV

¢ SLOYKWOT KAl GKAN}pUVOT) TOU ITIATOG HEGK O
Alyeg BSopades

APOPO EINIZKOITHXHY | REVIEW ARTICLE

Y& ooBapdTePES TEPIMTWOELG TTAPATNPOVVTAL ETI(-

016 TA TAPAKATW CUUTITWUATAL:

*  QYYELOKLYNTIKN KaTappum

e qluatéupeon

°  aluoppaytkr Stappota

ExTé¢ amd Tig emibpacels oto Nmap, £X0Vv
Tapatnpn el coPapés TOEIKEG TTVELHOVIKEG KANOLWOELS
LLE VTTEPTALOT] TIVEVOVLIKTG apTNplag Kot emakdAovdn
avemdpkela §e€Lag koldiag. Otav ta mpoidvia
petafoAopov Sev pmopovv TALoV va TTaylSeVTOUV oTA
NTIATIKA KOTTAPQ, LETAPEPOVTAL LEGW TOV AILATOS OTA
TIVEVHOVIKA aptnpiSia, 6Tou tpokaAiovv BAGLN ota
evdoOnAakda ayyela. Zta tpLyoeldn, Ta evoOnAlaka
ayyela Sieyeipovtal mpog MoAAATAXGLAGUO
TPOKAAWDVTAG LEGO-VTIEPTPOPIX T ApTNPISLx KL,
WG €K TOUTOV, Lot V€N O TG THEGN G GTNV TIVEUHOVIKT
KukAo@opia kat ofela avemdpkela ™G Se€LaG KoAiag,
TIPOUOLA LLE TNV KAQOGIKN Ao OEVELA AOY W UTTEPTPOPIaG
KopSLAGS.

Kapkivoyovog dpaon PAs
Mua votodikn (xaunAdtepn tov 1 mg) mpoécAnym
TWV AAKAA0ELS WV TTUPPOALLLEIVIG Yo HEYAAVTEPES
TEPLOSOVG ElXE oAV ATIOTEAEOUA TIG TTAPAKATW PaO-
paieg aAdayéc ota dpyava:

e peyaiokVUTTWOM

o @Aefo-amo@pakTiky acOévela

e QTOIKOSOUNON ALTTAPWV

e TOAAATANGLAGUAG TOV eTONALOV TNG XOANPO-

pov 080V.

e kippwon

e olwdngumepmiacia

e ASEVOUATA T KAPKLVOUATA

H ouyvi] ep@dvion TpwToyEVOV NTATIKOV OYKWV
otoug katoikoug e K. katN. Appkng amodidetat oty
KATAVAAWOT TWV TAPASOCLAKDV PAPUAKEVTIKWOV
eUTWV TwVv yevwv Crotalaria, Cynoglossum,
Heliotropium ko Senecio. Le towciAa melpapata og (oo
LE UTA, PE EKYVAIOHATA TOUG 1] HE Ta KABop& oAKa-
AOEL61] TIOV ATIAVTWVTAL OTA TIPOAVAPEPBEVTA AUTA
PUTA, Exel emBePatwbein KAWVIKN elkOVa 3.

Metatdaéioydvog kat yevotoéiki Spdaon PAs

H petaArdragloyovog Spaon Twv aAKAAOELS OV
TUpPOoALlLSivng €xel 101 pedetnBel emapkwg. Ta
PUTIKA gkyVAlopata ] Ta AAKAAOELSIKAE pelypata
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Mivakag 2. [lpotewvdueva avektd emimeda éxOeons yia aképeota PAs kaw N-O&eiSia toug

AweOveig Apxég

Méon nuepnoia emetpendpevn 6om (TDI) oe Pas kat ta N-O&eidid toug

Bundesanzeiger (1992)

1lug/day (max. 6 eBSopades kat’ £tog)
0,1 pg/day (for medicinal product only)

Food Standards Australia New
Zealand (FSANZ) (2001)

1 ug/kg bw/day

Rijksinstituut voor 0,1 pg/kg bw/day
Volksgezondheid en
Milieu (RIVM) (2007)

[KEMPF et al. 2010]

(based on virtual safe dose of 0.43 ng/kg bw/day)

Committee on Toxicity (COT) (2008) | 0,1 ug/kg bw/day

TV euTWV Symphytum officinale Tov efeTdoTNKAV
0€ SLAPOPETIKA CUOTUATA SOKLULATLWV, EPLPAVIOAV
OAa petaAragloyovo Spaon ¥7.

Tepatoydvog Spdaon PAs

H tepatoyovog Spaom Twv aAkoAoetSwv TuppoALlLSivng
katadelyOnke pe pa eviomepLrovaikn éveon nAloTpivig
0€ KUOPOPOVVTEG APOUPAIOVG. ZE CUYKEVTPWOELS
50-200 mg aAkaloetbovg/kg Bapovg cwpatog
TapatnpnOnke tepatoydvog Spaot. AGoELS TTavw ato
200 mg/kg odnynoav 6to unTpikd Odvato Kot 6Tov
EKQUALOHO TwV ePfpVwv. [Tapopola amoteAéopata
aToKTNONKAV Pe TNV NALOTPIVY Kot To HETABOALTN TG
SevdponAlotpivn, 0 000G TTAPOVCLALEL TEPATOYOVO
Spaon 2.5 popég YmAdTepT aUTHG TNG APX KNG ovaiag .
OLtepatoyoves IBLOTNTEG TNGNALOTPIVNG artoSelxBnKav
emiong pe melpapata oe vVOp@es Drosophila
melanogaster®.

Oéeia pAePoamoppaktikr vooogs (VOD)

Ta PAs mpokaAoVv 6TovV AvOPpWTO HE GUVETELX TO
Bavato A0yw NTATIKAG AVETTAPKELAG 0TV 0&ela
@&on M Adyw kippwong €€ altiag TG apaTépeong
TIOU TIPOKUTITEL ATO PEN KIPGWV TOU olco@dyou. H
BvnooTTA AT TNV AVWTEPW VOGO SiveTal TePiTTOU
50%3.

Tétola mapadelypata €xovpe petd amd pia ofeia
SnAnmplaon, 6mov 20% twv acbevwv Ba TeB&vouv
ypriyopakatto 50% o avaxappouv AN pws. Ao Toug
emwvTeg, TEPiToL T0 20% PAVETAL VX AVaPPWVOUY
KAWLIKQ, evw apkeTol Ba avamtuéouv kippwon kot
XPOVLIA NTIATIKN avemdpkela apydtepa. Mepikol Ba
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avaTTUEOUV UTIOEELEG NTIATIKEG TTABOAOYIKEG AAAQYES,
otLoToieg TeEAkd elte B emAvBoVV eite Ba kataAnEovv
0€ KIppwoN KAl NTATIKY] AVETAPKELX. ZUVETIWE N
BvnodTTa amo ta PAs pmopel va elvat vyman

Emtiong ta PAs mtou Tiepleiyav kamola @appuakeuTIKd
Tpoidvta ot Sekaetior Tov ‘70 kat tov ‘80 Tov TEpACE-
VOU LV, EVEXOVTALOE AOOEVELES (CUUPWVA UE HEAETEG
a6 to Xovyk Kovyk, 1o Hvwpévo Baoidelo kat tig HITA)
TIOV TIPOKAAEG Y TO BAvato 1} TV eEEALEN TS Kippwon,
QKON KAl OE YWPEG UE AVETTUYUEVEG UTITPECIES
vyelag kot HETad) TwV VYMAGTEPWV OLKOVOLLIKMV KAl
HOPPWUEVWV OTPWHATWV TG KOWVWVIAG.

TéAog Ta PAs pmopolv va §pacouvv o€ cuvepyaasio
pe emBAafeis yio To NMap TAPAYOVTEG OTWG:
i, Baxtnplakég evbototiveg, adpato&iveg kat
TEPLRBAAAOVTIKOG XOUAKOG [UE GCUVETIEL VO ALENGOUV TNV
BAGBN oTO TP KABWG KAL TOV KAPKIVO. ZNUELOVOUE
OTLTA TS LA elval IBLAUTEPA EVAAWTA OTLG ETILMTWOELG
amd dnAntnplacn PAs. Autd miBavwe va o@eidetal
O0TO YEYOVOG OTL OTA VEOYVA KAL OTA EUPPLA TA ETIITIE-
Sa XaAKoU TOU NTATOG Evat UOIKE VYMAG, KATL TTOU
Ba pumopovoe va eVvioxVoeL TIG eMSPAoelg Twv PAs 38,

H ék0e0om Tov avOp®mov ota PAs and ta tpo@ua
ZTI§ AVATITUGOOUEVEG XWPES EYouV ava@epBel
KATAOTPOPIKES, 0EE(EG AN KALXPOVLIEG SNAN TN PLACELG.
XAd8eg avOpwot emnpedotnKay, OTWS @aiveTal
otV Ivéia 1o 1972, to Tatlikiotav to 1992, eite yx
Agyaviotav ot dekaetia tov 1970 kat tov 1990, to
2000, 2007 ka1 2008. Avta ta TpoApata cuvnOwg
TpokoAovvTal amd TEPLBAAAOVTIKOVG TIapdyovTe 38,
(Mivaxag 2)
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ITIG aVATTUYHEVEG XWPEG Ep@avilovTal wg
eml To mAelotov yaunAda emimeda mpooAnPng
PAs ov o@&lAovTal 6TV KATAVAAWOT QUTIKOV
PAPUAKEVTIKOV TPOTOVTWY KAl HOAVGUEVWY
TPOPIHWVY ELTIKNG Kat {wikn¢ TpoéAevong. Kupux
attia eival 1 TAyKOGULOTIOM o TWV AyopwyV, HECW
TWV 0To{wV HOAVOpHEVA TIPOTOVTA PETAPEPOUV
EVTOTILOUEVEG TOE(VEG o OAo Tov kOopo. ‘Etol,
AQVAAOYQ HE TNV TPOTIUNON GE CUYKEKPLUEVA
TPOPLUQ, TIAPOVOLALETAL LEYAAT) LETABANTOTNTA TG

¢xkBeomng twv avBpwTwv og PAS Kal CUYKEKPLUEVQ
38,39.

MéA, Topn

Ye oplopéva pédla, Ta emimeda twv PAs avépyovtatl
péxpt 3.900 pug/kg peAov. ‘Evag avBpwmog mov
KATavaAwveL 2 pepideg 40 g LEALOV TIEPLEKTIKOTNTAG
mepimov 2.500 pg/kg twv PAs, B ekteBel oe 100 pg
PAs/Muépa, yeyovog tov uTtepaivel TI CUVICTW UE-
veg 8ooels. ‘Exel avagepBel 6Tt pia £ykvog yuvaika
mov katavaiwve 20 pe 30 pg touv PAs/muépa, yév-
vnoe éva tadi Tov maoyeL amod potpaia BAALN Tov
nmatog. Twpa 66ov ag@opd v yOpn, CUUE®WVA [LE
mpdo@atn peAétn amo toug Kempfetal. 3, amd ta
55 eumopikd mpoidvta yupng o ayopaoTnKav
oV Evpwmn, ta 17 (tot 31%) mepreiyav 1080-
16350 PAs pg/kg. TEAoG M KATAVAA®WON TNG CUVIOT®W-
pevng nuepnolag moocotntag 10 g yvpne Ba e€ébete
ToV péow avBpwTo (mov €xel 30% mbavotnTa
ep@aviong PAs) oe 15 mg twv PAs.

Kapmoi, avyd, ydia, kpéag

0 A0yog moU 8ev MAPATNPOVUE OE UEYAAN
KAlpaka ofela meplotatika dnAntnpiaong PAs
OTLG AVETMTUYUEVEG XWPEG CUYKPLTLKA UE TLG
AVATITUGOOUEVEG, Elval N a@aipeon TPV TNV
aleon 0Awv TwV EEVV oTIOPpWV G€ KOKKOUG
(ovpumeplAapfavopévwy auTwy OV TEPLEXOUV
PAs) ota dSnuntplakd. Map” 6Aa akdpa Kot HETE
TNV TATPY] ATOUAKPUVOT] TWV «HOAVGUEVWV» OTIO-
pwv, Ta emimeda Twv PAs mov mapatnpovvtat
0T «KaBapd» oLTNpd TAPAUEVOUY ONUAVTIKE
kat vmoAoyiowua. Xe avyd (amd 6pvibeg Tov eiyav
HoAvVOEl TPEPONEVEG e CTIOPOVG TIOV TIEPLELY QY KL
KOKKOUG oo omépuata Heliotropium europaeum
kat Echium plantagineum) ta emineda twv PAs jtav

APOPO EINIZKOITHXHY | REVIEW ARTICLE

5-168 PAs ug/kg, eva Bpébnkav avyd (amod koTeg
Tov elxav Tpa@el pue Senecio vernalis) Tov §ev avi-
xvevTnkav kaBoAov PAs.

H meplextikdTnTa T0U YaAatog o PAs amd
ayeAddeg mov Statpé@ovtal nuepnoiws pe 200 g
Senecio ¢ptaoe éwgkat 10 ug/L. H mpdAnym twv 10
mL kat 35 mL amé to yaAa avtd, Ba 0dnyovoe oTig
emtpemopeves 0,1 pg kat 0,007 ug/kg PA/muépa (yia
évav avBpwto pe Bapog 50 kg) avtioToryo. AvTtd kot
AAAQ ATIOTEAECUATA ATIO APOVPAOUG KAL TTOVTIKL
Selyvouv dtLpdvo xaunAd emimeda twv PAs @aivetat
VO LETAPEPOVTAL GTO YAAQ.

[pémel va onpelwBel 6TL Tae PAs Tov mepLéxovtat
0TO KPEAG KAL 0TO YAAX SEV KATAGTPEPOVTAL LLE TO

Hayelpepa.

Zalates, apePnuata, UumayapLka

OVAAWSN uTA oV Tapdyovv PAs dTwe ta €(61
Twv Borago ko Symphytum cuvioTavtal wG caAATES
N ta @UAAa (LWlaviwv (6Ttwg Senecio vulgaris)
OUVUTIApYOUV pe @UAAa caAdtag. Puta ToOL
Tapdyouvv emiong PAs cuvtvovTal Yiot TApaoKELT
a@eyMuUATwy T.X. Symphytum spp., OTWG KAl O€
TUTOTIOMUEVEG 0GAToeG. ETiong BpéBnkav PAs o€
UTTOX 0P LKO, TIOU EPTIAEKET L 0€ BAvaTo eufpvov amd
NTATIKY] AVETTAPKELXL.

Ev katakAelSt v yia To péAL ko ) yOpn elpaote
olyovpol yla To Tteplexopuevo toug oe PAs, yia ta
QAL TTPOTOVTA SLATPOPNG HTTOPOVIE LOVO VXL UTIO-
Béoovupe, dtin péAvvon pe PAs eivat Suvatr. BéBata
TPETEL VA ONUELWOEl OTL OXETIKA Y UNAQ KaL evioTe
omopadikd mTood Twv PAs pmopolv va An@Bolv amo
™MV TPOPT, OUWE KAL AVTA TA TIOGA UTTOPEL VA Elvat
TBavn autia oL oyd-olyd efedicoeTal o€ XpOVIES
TABNOELG TWV KATAVAAWTOV.

MuppoAli8ivikn aAkaAoeidwon ota {wa

H muppoAilidviky alkaloelbwon TANTTEL eTtiong
T TIEPLOCOTEPX ELST KATOLKISLWV AYPOTIK®WV {WOWV
Kal (VUL YVWOTH HE TIOAAQ SLA@POPETIKA OVOUATA,
QAVAAOYX UE TNV TIEPLOXT] OTIOV EKSNAWONKET| TO €(50G
TOU (PUTOV TTOV TNV TIpokaAece. H acBévela avt o€
OPLOUEVEG XWPES YLa TIOAAA XpOVIX YapaKTNPLlOTAY
WG Kippwomn Tov NTaTog, pEXpL va StamiotwOel 6Tt
elvat to amotéAeopa SnAntnplaong amod @uto. lpwy
Tpoodloplotel To €(60G TOV NTATOTOELKOV PUTOV
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TIOV TNV TPOKAAEL, OL KTNVOTPOYOL SlamicTwoov
™MV SNANTNPLWAEN UM KATIOLWY Ao AUTA Ta €161
(Senecio jacobea, €idn Crotalaria) *3.

Muia GAAN ék@pacn TG MUPPOALLLSLVIKYG
aAkaAoeidwong eivat n BAAPN TwV TIVELUOVWVY pE
KATOOTPOPT TOU QVATIVEVGTLKOV eTONAlov, TTov
TapatnprOnke o€ {wa mov Tpéovtav pe Crotalaria
dura. XapakInploTIKEG aoBEveLleg TV AAOYWV
oweidlovtat oty C. retusa kat atnv C. rispata kot
ekdnAwvovtal n TpwTN pe BAGPN TOL NTTATOG KaL M
Sevtepn pe BAGBN TOL NTTATOG KAL TWV TIVELUOVWV2.
H Amnisckia intermedia elval To TPWTO QUTO ATO
Vv owkoyévela Boraginaceae mov gvéxete yla
TUPPOALYLSLVIKTY aAkaAoelSwoT. Tpo@ka Telpapata
L€ OTIOPOUG KL TIEPLOTATIKA KIPPWON G TOU TATOG O
TOAAG aypoTikd {wa emifefaiwoav v ToEKOTNTA
™G. To @UTO a6 Pdvo Tou Sev elvat EAKVOTIKO TIPOG
Bpwon Adyw ™G epeBLoTKNG VOGS TOV, AAAG OTav
0L 0TIOPOL TTEPVAVE ATLO TN BEPLOTIKI UNYOVT] QUTNH
TaveL va veilotatat. BEBata otav autd Bploketal oe
AXVPO KAL KOKKOUG SIUNTPLAKWV glvat 1 KUpLa Ttnyn
To&LKOU VALKOU 3.

To @utd Heliotropium lasiocarpum péAog tng
owkoyévelag Boraginaceae, oxetietat pe v pOALV-
o1 SLaPopwV KOKKWV SNUNTPLAKWOV TTOV Ttpoopilo-
VTaL Yo avBpoTIvy KatavaAwon Kat TTpokaAel pia
HOP@T] TPOPIKNG SNANTNPLlooN G LE CUVETELX TNV O&eia
Svotpopia tov avBpwmvov Nratogs. Epyaotnploakés
€peuveg ooV emPBePaiwoay v TOEIKOTNTA O HIKPA
TEPAUATOLWA TIPOXWPTOAV OTNV SLEPEVVT|ON TNG
TOAVOTNTAG UTIAPENG TG Ao BEVELRG OE arypOTIKGE {wa
™G (Stag meploxms. Etot fpebnike 6TL Ta {wa uTEPEPAY
aTo plo acHEveLa TOU NTTATOG TIHPOUOLA LLE QUTY] TTOU
elyxe exdnAlwbel otov avbpwmo, 6TAV TPpEPoOVTAV
HE SNUNTPLAKA Kol VTTOAE{HHATA SNUNTPLAK®Y
Tov £xouv poAvvOel ue omépuata H. lasiocarpum.
T'eyovdg mov kaBdpiLoe TNV NUATIKY SuaTpo@ia Adyw
Tov Heliotropium, w¢ acBévela Tov avOpwTOL KoL
TV 0LKOGLTWV {DWV TNG TEPLOXNG. ZTNV apXn NTav
oUXVOTEPOG 0 TiLo 0&VG TUTOG TNG aoBEvelag, aAA&
ApPYOTEPA TAVTOTIOWONKE KAl KATAYPAPNKE 1) XPOVIX
Nmatikn kippwon. MaAlota ava@épOnke 6TL OTAV 1|
OUYKEVTPWON TwV oeppdtwy Heliotropium oto
@AYNTO NTOV XUAUNAN 1] KATAGTPOPT] TWV NTATIKOV
KUTTAPWV NTAV EVPELN Kot AKOAOLOT BN KE ATIO TUTILKT)
kippwaon tov Nmatog 3.
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To Echium lycopsis (ovv.: E. plantagineum) emiong
KEAog NG olkoyévelag Boraginaceae, eivat veBu-
VO Yl To B&vato ToAAwv TpofAatwy amd acHévelq,
pe KAWIKN Kot mabooyikn elkova g SnAntnpiaong
amo Heliotropium europaeum.

TéAog N katavdAwon tov @utov Trichodesma
incanum, (Boraginaceae) amd dAoya kat fooeldi
TPOoKaAel pta acBéveia ota {wa autd mov emnpedlel
TO0O0 TO NTap OGO KAl TOUG MVEVUOVEG, OTTWG
ameSeixOn pe SLATPOPIKA TTELPANATA IOV EYLVAV
otV K.Acla *

ZUUTEPAOLAT

Hnmatotoikotta votepa amd mpdoAnym PAs, eivat
dedopévn. QoTto0o0, 1 6X€oM 8OO G-ATOTEAECUATOS
TIAPAPEVEL ACAPTG KAL OL SLaPopEG oTNV evatoOnoia
TWV ATOUWYV EEXWPLOTA PEYAAEG. OL SNANTNPLACELS UE
PAs elyav meptypa@ei ws «vooog taydfouvvour. Autd
onpaivel 6TL LOVO TOAY AlyEG ELPAVEIG TIEPITITWOELS
(exTOG AT TIG OTIOPASIKES TIEPIMTWOELG ETILENHIAG)
KaBw¢ KAl TOAAEG UTTOKALVIKEG EKONAWOTELS Elval
YVWOTEG, WOTOCO OLTIEPLOCOTEPES TWV TIEPLTITWOOEWV
Ba Ttapapeivouy pn avayvwplopéves. Aedopévou otL
Ta aAkaAoeldn) eEadei@ovtal péoa o 24 wPEG, 1
vmoyia dev Ba pmopovoe va emiPBefatwbel, kabwg
TO CUUTITOUATA UTOPEL VO XPELAGTOVV APKETES
NUEPES N UMVES yia va ep@aviotoVv. EmimAéoy,
NTATOTOEKOTNTA TOU TIpoKaAeiTaL amd Ta PAs
umopel eVkoAa va apepunveLOel W amotéAeopa
AAAWV ALTIOAOYIK®V TTHPAYOVTWYV, TL.X. KATAXPTON
AAKOOA 38,

Qotdoo0, Sev UTIAPXEL OUOLAOTIKA, LOKPOTIPOOE-
OUN TP aKoAoVON oM TV SESOUEVWV VLA VA EKTLUT-
Bel kata tooov 1 ékBeom oe PAs odnyel o avénuévn
OLUYVOTNTA EULPAVIONG XPOVLAG NTIATLKNG VOGOU 1)
Kapkivov otov avOpwo. AtaBéoipa KAWVIKG Kat
Telpapatika dedopéva Seixyvouv 4TL povo éva
eMeL00810 TOEIKOTNTAG PAS 1] KL evOEXOUEVWG Pl
pakpoypovia €kbeon oe xaunAda enimeda pmopel
va odnynoet o€ kippwon tov Nmatog. Ta PAs Ba
pumopovoayv EMIONG va ElVAL KAPKLVOYOVEG OVG(ES
yiwa tov avBpwTo, Sedouévou 4TL oplopéva amd
autd éxel amodelxBel 6TL TpoKkAAOUV KapKivo o€
melpapatofwa. Emiong oe apkeTég MEPIMTWOELS
To&LKOTNTAG OTOV AVOPWTO, TA AVAPEPOUEVA
TOGO00TA TNG KaOnuepvng mpooAnPng twv PAs
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Mivakag 3. AToSektij nueptiowa mpdAnyn twv Pas, 6o0v agopd TV Kapkivoydvo Spdon o€ évav eviAka ue Héoo cwUATL-

K0 Bdpog 60 kg.
TEPMANIA AYETPAAIA OAAANAIA ATTAIA SYM®QNA ME TO TTC
0.1ug (8ev €xeL amodeyBel 12 g 0.42 pg 0.15 pug
(amepLoplota) kivéuvog kapkivov)

BplokovTtal e KOVTIVA PHE QUTA TTOV ElVALYVWOTO OTL
TPOKAAOVGAV OYKOUG 0€ apoupaiovs. OL EKTIUNOELS
TV TPOCAPEWV TTOU TIPOKAAOVV TOEIKEG ETUEPACELS
otov GvBpwTo Seiyvouv 6Tl eival Lo evaiocHnToL
oL avBwTLvol LoTol, amd Toug apovpaiovg Kat Ta
katowiSia {wa. To yaunAd mToocootd TpooAn@Beicag
S86omg, mov tpokaiel VOD otov GvOpwTo eKTIUATAL
o€ 0,015 mg/kg cwpatikov Bapoug/Muépa KaLntav
amoTéAeoua auToBEpATEING UE EVA TTAPACKEVAC X
Tov TiepLeiye ovputo (Symphytum, comfrey) 38,

To AeBveg Kévtpo Epevvag yia tov Kapki-
vo (IARC) a&loAdoynoe Sta@opa PAs yia miBavr)
TPOKANON KapKivoyéveons to 1976 katl to 1983.
To ocvumépaocpa HTav OTL VT PYAV KETTAPKELS 1)
Teploplopéveg ev8ei€elg» yla TNV KapKivoyéveon
oe mepapatolwa (IARC, 1976) twv PAs, mov Te-
pLExovv ta @uta Petasites japonicum, Tussilago
farfara, Symphytum officinale, Senecio longilobus,
Senecio numorensis, Farfugium japonicum kai Senecio
cannabifolius. To kOpLo 6pyavo-cTdX0G ElvaL TO NTIAP,
OTIOU TTApATNPNONKAV 0L OYKOL TWV NTTATIKWOV KUT-
TAPWV KAl ALHOTAYYELO-EVE0ONALKE capkopatTa. e
OPLOUEVEG TIEPLTITWOELG, OL OYKOL OE EEW-NTIATIKOVG
Ll0ToUG (TVvevova, ToL TAYKPEATOG, TOV EVTEPOUL)
emiong mapatnpnOnkav. Mepika PAs, £xel amodeybel
OTL elval KapKLvoyovog HETA atd pia povo §oon. Ot
TuppoAikol petafoliteg, £xel emiong amodeyOel 6TL
elval KApKLVOyOvoL YLX TOUG apovpaiovs. QoTdo0o To
IARC katéAnée 0T0 CUUTIEPAGLA OTL OL EVITELG, SEV
UTTOPOVV VX KATATAYOUV WG KAPKLVOYOVES YLA TOV
avBpwTo, AAAG WG «TIBAVWMS KAPKLVOYOVO YL TOV
avOpwTo».

Z€ OPLOUEVEG XWPEG KOL OPLOUEVEG TIEPLOYES TEDON -
Kav opla xpnong ywa tnv mpoéoAnym PAs ta omoia
odnyovv oe pa amodektn nuepnota d6om 0,1 €wg
12 pg PAs. Ml GAAN TIpoG€yyLon amoTeAEl TNV «Ka-
TEVBLVVTIPLA YPAUUT] OXETIKA LLE TA OPLX TWV YOVO-

TOSIKWV TPOoopiewv». Tl YOVOTOELKEG EVOTELS XW-
pIG ETAPKN ATOSEIKTIKA OTOLYEIN VI EVA KATWTATO
mo0d, mpoteivetat amd to TTC n tpodoAnym twv 0,15
ug/ nuépa. (Mivakag 3)

XapnAda enimeda Sladeimovoag SLATPO@LKNG €K~
Beong oe PAs pumopel va avapévovtal, £T6L WOTE
OLlYA-OLyd eEEALOCOUEVES XPOVIEG AOOEVELEG OTIWG O
Kkapkivog, 1 kippwon KaL 1 TTVELUOVIKY UVTTEPTACT) VX
elval MOV ATTOTEAEGUATA ATIO TNV KATAVAAWOT
TPOPWV TIOL TiepLEYOLV XaunAd emineda PAs. ‘Eviu-
pa Tov Kutoxpwpatog P450 vokewvtal emiong oe
ETMAYWYN ATIO TOAAL (PUTIKA) PAPUAKEVTIKAE TIPOT-
OVTA Kal TN Xp1jo1 Toug B HTTopovoe v EVIGXVOEL
ONUAVTIKA 1 ToEkOTNTA TwV PAs ot Statpoen. H
TIAPATETAUEVT XPOVIKT TIEP0E0G TNG TTPOOSEVTIKNG
avamtuéng xpoviwv achevelwv, Tpoohétel ot
SuokoAia evtomiopol Twv Slatpo@ikwy Tnywv PAs.
[pémel va An@Bel vToYN 6TL TPOTOVTA PEALOV TL.X.
VOPOUEAL, KAPAUEAEG K. AT UTTOPEL VO TIEPLEYXOLV ETTI-
ong PAs, 6Twg @aivetal o poc@atn BLRAOYpa@L-
K1) ava@opa®.

Mmopel emiong, va vtdpget oltkoyevig evalobnoia
otn ToéKOTNTA TwV PAS. Adyw Twv yvwotwv Spa-
OEWV TOV, YLX T1] CUUUETOXT) TOUG o€ dnAntnplaon
kat mBavn kapkivoyovo Spacn toug, n ékBeon oe
PAs Ba tpémel va eivat 660 To Suvatdv xaunAotepn,
OTwG amatteitat ano to [PCS* 1988, v EFSA 2007
kat to BfR 2007. Zop@wva pe t dnpoctevpévn Pi-
BAoypapia eivat Suvato n péomn StattnTiky nuepn-
ol TpocAnym va eivat1én mepLocOTEPN ATIO TA TOCA
TwVv PAs ov Bewpovvtal ao@ain*?*3. ZToppwva pe
toug Kempf 3! kat Edgar?®, n nuepniola mpooAnym oe
PAs péow pedov, pmopei va tdoet ebkoAa ta 10-100
ug/Muépa. AAAeg T yEg Tpo@ipwy ov mepLEYouv PAs.
(T.x- Y&AQ, oupBatikd TpoildvTa oV umopel va epL-
€xouv ixvn PAs, To kpéag), elvat pev yvwoTteg, aAda
N Tpaypatikny €ékBeom Sev pmopel va agloAoynBet. O
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Abstract

Pyrrolizidine alkaloids (PAs) are secondary
metabolites, mainly found within Boraginaceae,
Asteraceae and Fabaceae plant families. Many
Boraginaceae species are used in medicine,
cosmetology, food and cotton industry.
Boraginaceae plants do not contain essential oils,
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whereas all of its members can produce PAs with
toxic effects to human, known as pyrrolizidine
alkaloidosis. Furthermore, PAs coming
from 1-hydroxy-1,2-dehydropyrrolizidine
have additionaly demonstrated potential
carcinogenic, mutagenic and teratogenetic
actions. Many nutritional products (e.g. meat,
eggs, milk, honey, vegetables etc,), coming from
animals fed by Boraginaceae corps, thus, they
could be easily transferred PAs traces to humans
daily diet.

In the presentreview article, are described the
Boraginaceae botanical-chemotaxonomic data,
PAs characteristics such as phytochemistry,
mode of action, metabolism, pharmacokinetics,
toxicity, (eg. VOD), as well as, the PAs human and
animal nutritional exposure.

*Corresponding author:
George Albert Karikas, karikasg@teiath.gr

ture, Molecules, 17,14310-14322,2012.
Damianakos H., Sotiroudis G., Chinou I.,
Pyrrolizidine Alkaloids from Onosma erecta, J.
Nat. Prod., 76,1829-1835, 2013.

Damianakos H., Jeziorek M., Pietrosiuk A., Chinou
I. The chemical profile on pyrrolizidine alkaloid
of selected Greek endemic Boraginaceae plants,
through GC-MS, J. AOAC Int., 2014.

Samuelsson G. (1996) ®appakevtika [Ipotdovta
duvokng Mpoédevong, MavemioTnuiakég
Ex66o¢e1g Kpntng.

Prakash A. S., Pereira T. N,, Reilly P. E., Seawright
A. A. Pyrrolizidine alkaloids in human diet, Muta-
tion Research, 443, 53-67,1999.

FuS., Shang T. Xiao P. Analysis of naphthoquinone
pigments in some Chinese medicinal Zi Cao, Yao-
xue Xuebao, 19,921-925, 1984.

Soler CM, Bado VB, Traore K, Bostick WM, Jones JW,
Hoogenboom G. Soil organic carbon dynamics and
cropyield for different crop rotations in a degraded



PAPMAKEYTIKH, 27, 1&Il, 2015

PHARMAKEFTIK]I, 27, 1&I], 2015

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

ferruginous tropical soil in a semi-arid region: a si-
mulation approach. ] Agric Sci. 149,579-593,2011.
Mattocks A. R. Toxicity of pyrrolizidine alkaloids,
Nature, 217,723-728,1968.

Kretsi O., Aligiannis N., Skaltsounis A.L., Chinou L.
B. Pyrrolizidine alkaloids from Onosma leptantha,
Helv. Chim.Acta, 86, 3136-3140, 2003.

El-Shazly A., Sarg T., Ateya A., Abdel Aziz E., El-
Dahmy S., Witte L., Wink M. Pyrrolizidine and tet-
rahydroisoquinoline alkaloids from Echium hu-
mile, Phytochemistry, 42, 225-230, 1996.
El-Shazly A., Sarg T, Witte L., Wink M. Pyrrolizidine
alkaloids from Cynoglossum creticum, Phytochem-
istry, 42,1217-1221, 1996.

El-Shazly A., Sarg T., Ateya A., Abdel Aziz A., El-
Dahmy S., Witte L., Wink M., Pyrrolizidine alka-
loids from Echium setosum and Echium vulgare.].
Nat. Prod. 59,310-313, 1996.

El-Shazly A., Sarg T., Ateya A., Abdel Aziz E., Witte
L., Wink M. Pyrrolizidine alkaloids of Cynoglos-
sum officinale and Cynoglossum amabile, Biochem.
Sytem. Ecol. 24,415-421, 1996.

Frolich C., Ober D., Hartmann T. Tissue distribu-
tion, core biosynthesis and diversification of py-
rrolizidine alkaloids of the lycopsamine type in
three Boraginaceae species, Phytochemistry, 68,
1026-1037,2007.

El-Shazly A., Abdel-Ghani A., Wink M. Pyrrolizidine
alkaloids from Onosma arenaria (Boraginaceae).
Biochem. Sytem. Ecol. 31,477-485,2003.

Braca A., Bader A, Siciliano T,, Morelli I., De Tom-
mas, N. New pyrrolizidine alkaloids and glyco-
sides from Anchusa strigosa. Planta Medica, 69,
835-841, 2003.

Mroczek T., Ndjoko K., Gtowniak K., Hostett-
mann K. On-line structure characterization
of pyrrolizidine alkaloids in Onosma stellula-
tum and Emilia coccinea by liquid chromatogra-
phy-ion-trap mass spectrometry. J. Chromatogr. A
1056,91-97,2004.

Mroczek T., Baj S., Chrobok A., Glowniak K.,
Screening for pyrrolizidine alkaloids in plant ma-
terials by electron ionization RP-HPLC-MS with
thermabeam interface. Biomed. Chromatogr. 18,
745-751,2004.

Colegate S. M., Edgar J. A., Knill A. M., Lee S. T.

23.

24,

25.

26.

27.

28.

29.

30.

31

32.

33.

APOPO EINIZKOITHXHY | REVIEW ARTICLE

Solid-phase extraction and HPLC-MS profiling
of pyrrolizidine alkaloids and their N-oxides: a
case study of Echium plantagineum. Phytochem.
Anal 16,108-119, 2005.

Alali F. Q., Tahboub Y. R, Ibrahim E. S., Qandil A. M.,
Tawaha K., Burgess J. P,; Sy A., Nakanishi Y., Kro-
11 D.]., Oberlies N. H. Pyrrolizidine alkaloids from
Echium glomeratum (Boraginaceae). Phytochem-
istry, 69, 2341-2346, 2008.

CaoY, Colegate S. M., Edgar]. A. Safety assessment
of food and herbal products containing hepato-
toxic pyrrolizidine alkaloids, Phytochem. Anal. 19,
526-533,2008.

Hirono I. (ed.) (1887) Naturally occurring car-
cinogens of plant origin. Toxicology, pathology
and biochemistry. Pyrrolizidine alkaloids. Else-
vier, 25-51.

Smith L. W,, Culvenor C. C.]. Plant sources of hepa-
totoxic pyrrolizidine alkaloids. J. Nat. Prod., 44,
129-152,1981.

Roeder E. Medicinal plants in Europe contain-
ing pyrrolizidine alkaloids. Pharmazie, 50, 83-
98, 1995.

Roeder E. Medicinal plants in China containing
pyrrolizidine alkaloids. Pharmazie, 55,711-726,
2000.

Hartmann T, Toppel G. Senecionine N-oxide, the
primary product of pyrrolizidine alkaloid biosyn-
thesis in root cultures of Senecio vulgaris. Phyto-
chemistry, 26,1639-1643,1987.

Stegelmeier B.L., Edgar].A., ColegateS.M., Gardner
D.R, Schoch TK, Coulombe R.A., Molyneux R.J.
Pyrrolizidine alkaloids plants, metabolism and
toxicity. ]. Nat. Toxins, 8,95-116, 1999.

Kempf M., Reinhard A., Beuerle T. Pyrrolizidine
alkaloids (PAs) in honey and pollen - legal regula-
tion of PA levels in food and animal feed required.
Mol.Nutr. Food Res. 54,158-168, 2010.
Wiedenfeld H. Plants containing pyrrolizidine al-
kaloids: toxicity and ploblems, Food additives and
Contaminants, 28, 282-292, 2011.

Mattocks A. R., Jukes R., (1992) The simple de-
tection of potentially toxic pyrrolizidine alkaloids
under “field” conditions.In: Poisonous plants, pro-
ceedings of the third international symposium.Ed.
James L.F. etal., 553-555.

29



®APMAKEYTIKH, 27, 1&I], 2015

APOPO EIIZKOITHXHY | REVIEW ARTICLE

34.

35.

36.

37.

38.

39.

30

Segall H. ]., Wilson D. W,, Dallas J. L. Haddon W. F.
trans-4-hydroxy-2-hexanal: a reactive metabolite
from the macrocyclic pyrrolizidine alkaloid sene-
cionine, Science, 229,472-475, 1985.

Mattocks A. R., White 1. N. H. Pyrrolic metabo-
lites from non-toxic pyrrolizidine alkaloids, Na-
ture, New Biol.,, 231,114-115,1971.

Styles]., Ashby]., Mattocks A. R. Evaluation in vit-
ro of several pyrrolizidine alkaloid carcinogens:
observations on the essential pyrrolic nucleus.
Carcinogenesis 1, 161-164, 1980.

Chen T, Mei N., Fu PP. Genotoxicity of pyrrolizidine
alkaloids. J. Appl. Toxicol. 30, 183-196, 2010.
EMA/HMPC/893108/2011, Public statement on
the use of herbal medicinal products, containing
toxic, unsaturated pyrrolizidine alkaloids (Pas),
06 November 2013.

Edgar].A., Colegate S.M., Boppré M. Molyneux R.].
Pyrrolizidine alkaloids in food: a spectrum of po-
tential health consequences. Food Addit. Contam
Part A 28,308-324,2011.

40.

41.

42,

43.

PHARMAKEFTIK]I, 27, 1&II, 2015

Kempf M, Wittig, Schonfeld K, Cramer L, Schrei-
er P. Beuerle T. Pyrrolizidine alkaloids in food:
downstream contamination in the food chain
caused by honey and pollen. Food Addit. Contam.
28,325-331,2011.

IPCS (1998) International Programme on Chem-
ical Safety (WHO). Pyrrolizidine Alkaloids. En-
vironmental Health Criteria 80. Geneva; http://
www.inchem.org/documents/ehc/ehc/ehc080.
htm [assessed 01.08.2011].

COT (2008) COT Statement on Pyrrolizidine Alka-
loids in Food. Committee on toxicity of chemicals
in food, consumer products and the environment.
cot.food.gov.uk/pdfs/cotstatementpa200806.pdf
[assessed 01.08.2011].

IARC (International Agency for Research on Can-
cer), IARC Monographs on the evaluation of car-
cinogenic risks to humans, 2002, vol. 82: Some
traditional herbal medicines, some mycotoxins,
naphthalene and styrene. Lyon, France, IARC
press.



PAPMAKEYTIKH, 27, 1&Il, 2015

PHARMAKEFTIK]I, 27, 1&I], 2015 APOPO EINIZKOITHXHY | REVIEW ARTICLE

The Controversy for the Validity
of the Free Radical or Oxidative
Stress Theory of Ageing

Recent Scientific Evidence for Oxidative Damage at Molecular
Level, Animals and Ageing Population - based Studies

Athanasios Valavanidis?’, Thomais Vlachogianni!, Michael Rallis?

'Department of Chemistry, University of Athens, Panepistimioupolis Zogtafou, 15784 Athens. Greece
2Faculty of Pharmacy, Department of Pharmaceutical Technology, University of

Athens, Panepistimioupolis Zografou, 15784 Athens, Greece

Summary

The biological processes of aging, the longevity of
mutlicellular organisms, and the role of genome
have been the focus of scientific research for
many decades. Various theories of aging have
been suggested and supported by scientific
evidence which can be basically subdivided
into two directions: damage-based theories and
programmed theories of aging. Despite recent
advances in molecular biology and genetics, the
mysteries that control human lifespan are yet
to be unravelled. Currently, the Free Radical/
Oxidative Stress Theory of Aging is the most
popular explanation of how aging occurs at a
molecular level in aerobic biological organisms.
Past studies in invertebrates and rodents
showed a correlation between increased lifespan
and resistance to oxidative stress. Extensive
scientific evidence support the free radical
theory of aging (FRTA) or oxidative stress theory
of aging (OSTA), which is manifested in levels of
oxidative damage to membrane lipids, proteins
and nuclear and mitochondrial DNA. But recent
results of other studies using transgenic/

knockout mice that overexpress or down-regulate
antioxidant enzymes challenge the veracity of this
theory since animals show no increase in their
lifespan. These results and other data seriously
call into question the role of oxidative damage/
stress in aging process in animals and support
the idea that the theory requires significant
modifications. Epidemiological evidence in
support of free radical/oxidative stress theory
of aging in humans was very difficult to measure
and there were very limited studies until now.
This review covers the basic aspects of various
theories of aging and their major problems
in developing a coherent aging theory that
separates causes from effects. Also, it is obvious
thatitis extraordinarily difficult to predict which
mechanistic theories of aging are correct. The
review focus on the controversy of the FRTA/
OSTA theory and the most recent papers which
support or questioned the validity of the role
of oxygen free radicals and the accumulation of
oxidative damage in mitochondrial and cellular
DNA in aging organisms and humans.

*Corresponding author: Prof. Athanasios Valavanidis, E-mail : valavanidis@chem.uoa.gr
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1. Introduction : Theories of Aging for Biological
Organisms
Aging is a universal feature of multicellular biological
organisms and is marked by a progressive decline
in the function or degeneration of multiple cells
and tissues. The biological processes of aging (or
senescence) and the relationship of senescence,
longevity and the genome can be found in some very
important scientific publications.!®

There are many types of theories of aging which
basically can be subdivided into two directions:
a) damage-based and b) programmed theories of
aging. Damage-based theories, as the name implies,
support that aging results from a continuous process
of damage accumulation (in basic biomolecules as
proteins, enzymes, membrane lipids and cellular and
mitochondrial DNA) originating in by-products of
metabolism. These damages accumulate throughout
the entire lifespan as by-product of normal cellular
processes, or as a consequence of inefficient repair
systems.>7 For programmed theories, aging it
is argued is not a result of random or stochastic
process but rather driven by genetically regulated
processes.®1°

Scientists agree that aging has a strong genetic
component. Even damage-based theories of aging
recognize that certain genetic factors, such as
defensive or protective genes, play a role in aging.
Likewise, programmed theories of aging recognize
that some forms of damage contribute to aging
and that environmental factors influence the
outcome of aging to some degree. So the difference
between these two camps lies in the underlying
mechanism: damage-based theories argue that
aging is predominantly a result of interactions
with the environment and/or from endogenous
chemical reactions and metabolic process.'''? In the
programmed theories scientists argued that aging
is predetermined and occurs on a fixed schedule
triggered by genetic programmes. It has been
proposed that aging is a result of changes in gene
expression that are either programmed or derived
from DNA structural changes.!®!*

One of the major problems in developing a
coherent aging theory is separating causes from
effects. It is extraordinarily difficult to predict which
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mechanistic theory of aging is correct. Evolutionary
considerations suggest aging is caused not by active
gene programming but by evolved limitations in
somatic maintenance, resulting in a build-up of
tissue and cellular damage. Ecological factors such
as hazard rates and food availability influence the
trade-offs between investing in growth, reproduction,
and somatic survival, explaining why species evolved
different life spans and why aging rate can sometimes
be altered, for example, by dietary restriction. To
understand the cell and molecular basis of aging is
to unravel the multiplicity of mechanisms causing
damage to accumulate and the complex array of
systems working to keep damage at bay.*>*¢

2. Programmed Theories of Aging

The programmed theory of aging has three sub-
categories: a) Programmed Longevity theory (or
gene regulation theory of aging) that argues aging
is the result of a sequential switching on and off of
certain genes, with senescence being defined as the
time when age-associated deficits are manifested, b)
Endocrine Theory of aging (or neuroendocrine theory)
in which biological clocks act through hormones to
control the pace of aging, c) Immunological Theory
of aging where the immune system is programmed
to decline over time, leading to an increased
vulnerability to infectious disease and thus aging and
death. Itis well documented that the effectiveness of
the immune system peaks at puberty and gradually
declines thereafter with advance in age. For example,
as one grows older, antibodies lose their effectiveness,
and fewer new diseases can be combated effectively
by the body, which causes cellular stress and eventual
death.'7?®

2.1 Longevity theory or gene regulation theory.

The theory that aging is the result of changes in
gene expression has been proposed many decades
ago. August Weismann (1834-1914, German
theorist and experimental biologist) was one of
the first biologists to use evolutionary arguments
to explain aging. His initial idea was that there
exists a specific death-mechanism designed by
natural selection to eliminate the old members of a
population. Proponents of this theory are interested



PAPMAKEYTIKH, 27, 1&Il, 2015

PHARMAKEFTIK]I, 27, 1&I], 2015

APOPO EINIZKOITHXHY | REVIEW ARTICLE

Figure 1. Telomeres play a significant role in cell fate and aging. EH Blackburn, CW Greider and JW Szostak won the Nobel
Prize of Physiology or Medicine, 2009, for the discovery of telomeres and telomerase “How chromosomes are protected by tel-
omere and the enzyme telomerase” (www.chem.uoa.gr, Emiotnuovikd Oéuata, BpaPeia Noumed)

in studying the human genome to see if there is an
“aging code”.?* A major milestone in aging research
was the discovery of a fixed lifespan for cells in
laboratory culture. In 1961, Leonard Hayflick found
that normal human cells in tissue culture go through
a finite number of cell divisions and then cease. This
maximum number of divisions is called the “Hayflick
Limit” Hayflick found that fetal cells replicate around
100 times. But cells taken from a 70-yr old reach
their limit after only 20 to 30 divisions.?**2

In the last decades a large number of scientists ex-
perimented with aging mechanisms and metabolic
processes, but discovering the biological basis of ag-
ing remained until now one of the greatest challeng-
es for science. Research on the biology of aging has
discovered a range of interventions and pathways
that control aging rate, especially a signaling net-
work that is sensitive to nutritional status and con-
trols growth, stress resistance, and aging. This net-
work includes the insulin/IGF-1 [insulin-like growth
factor 1(IGF-1), a protein that in humans is encoded
by the IGF1 gene]. A recent review collected the sci-
entific evidence on the insulin/IGF-1 pathway that
has been shown to affect lifespan and rate of aging in
avariety of animals including worms, flies and mice.
Genetic variation in this pathway may also affect hu-
man longevity. One gene, FOXO3A, a transcription-
al factor homologous to daf-16, has been repeatedly

associated with increased lifespan in several studies
in different ethnic populations.?

Also, the network includes target of rapamycin
(TOR) pathways [the mechanistic target of rapamy-
cin (TOR), is a protein that in humans is encoded by
the MTOR gene]. MTOR is a serine/threonine protein
kinase that regulates cell growth, proliferation, motil-
ity, survival, protein synthesis, and transcription. Yet
the biological processes upon which these pathways
act to control life span remain unclear. A long-stand-
ing guiding assumption about aging is thatitis caused
by wear and tear, particularly damage at the molec-
ular level by reactive oxygen species (ROS), includ-
ing free radicals, generated as by-products of cellu-
lar metabolism. Yet many recent tests of the oxidative
damage theory have come up negative. Recent scien-
tific projects have opened a new phase in biogeron-
tology in which fundamental assumptions about ag-
ing are being re-examined and revolutionary concepts
are emerging.®*

The discovery of telomeres and the enzyme tel-
omerase and their role in the protection of chromo-
somes added another interesting dimension to the
theories of aging. Telomere is a region of repetitive
nucleotide sequences at each end of a chromatid,
which protects the end of the chromosome from de-
terioration or from fusion with neighbouring chromo-
somes. During chromosome replication, the enzymes
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that duplicate DNA cannot continue their duplication
all the way to the end of a chromosome, so in each du-
plication the end of the chromosome is shortened.??

Telomeres play a central role in cell fate and aging
by adjusting the cellular response to stress (especially
oxidative stress) and growth stimulation on the
basis of previous cell divisions and DNA damage.
The average telomere length is set and maintained
in cells of the germline which typically express
high levels of telomerase. In somatic cells, telomere
length is very heterogeneous but typically declines
with age, posing a barrier to tumour growth but also
contributing to loss of cells with age.?® Located at the
ends of eukaryotic chromosomes and synthesized
by telomerase, telomeres maintain the stabilization
of chromosomes. Thus, the loss of telomeres’ length
may lead to DNA damage. The relationship between
cellular senescence and telomere shortening is well
established. Furthermore, telomere attrition occurs
with age, and is proposed to play a fundamental role in
the aging process and in the degeneration of humans
by age-related diseases.?*3°

The discovery that longer telomeres in humans are
statistically associated with longer life expectancies
is not a surprise. Since then, it has been firmly
established that telomere shortening imposes an
individual fitness cost in a number of mammalian
species, including humans. But telomere shortening is
easily avoided by application of telomerase, an enzyme
which is coded into nearly every eukaryotic genome,
but whose expression is suppressed most of the
time. The predominant assumption is that in higher
organisms, shortening telomeres provide a firewall
against tumour growth. A more straightforward
interpretation is that telomere attrition provides an
aging clock, reliably programming lifespans. The latter
hypothesis is routinely rejected by most biologists
because the benefit of programmed lifespan applies
only to the community, and in fact the individual pays
a substantial fitness cost. There is a long-standing
scepticism that the concept of fitness can be applied
on a communal level, and of group selection in
general. But the cancer hypothesis is problematic as
well. Animal studies indicate that there is a net fitness
costin sequestration of telomerase, even when cancer
risk is lowered. The hypothesis of protection against
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cancer has never been tested in animals that actually
limit telomerase expression, but only in mice, whose
lifespans are not telomerase-limited. Human medical
evidence suggests a net aggravation of cancer risk
from the sequestration of telomerase, because cells
with short telomeres are at high risk of neoplastic
transformation, and they also secrete cytokines that
exacerbate inflammation. If telomeres are an aging
clock, then telomerase makes an attractive target for
medical technologies that seek to expand the human
lifespans.®!

2.2. Neuroendocrine and neurochemical

theories of aging

Research showed that changes in hormone secretions,
through the hypothalamic-pituitary feedback system,
controls the pace of aging. Changes in the endocrine
glands, such as the adrenal and thyroid glands, ovaries,
and testes, are accompanied by corresponding
declines in functional capacity. An example of this
is the thinning of bones in women after menopause.
Proponents of this theory use various natural
and synthetic hormones, such as human growth
hormone, DHEA, or estrogen replacement, to slow
or reverse the aging process. Some theorists believe
certain hormones, such as insulin or cortisol, actually
accelerate aging and the development of degenerative
diseases. An imbalance of neurochemicals in the brain
hinders healthy cell division throughout the body. The
theory states that aging occurs because of the decline
in neurons and associated hormones during the
lifespan, as one of the cyclic body functions regulated
by “biological clocks,” and then would undergo a
continuum of sequential stages driven by nervous and
endocrine signals.3?3

2.3 Programmed decline in the inmune system

and aging

The decline of the immune system in humans leads
to increased vulnerability to infectious disease,
senescence and eventual death. Some scientists
suggested that the decreased immune function,
especially in the thymus and bone marrow, is the
basis for the lack of general well-being that leads
to aging. Declines in immune system function can
negatively affect the outcomes of many illnesses
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Figure 2. Mitochondria are important cellular organelles within eukaryotic cells that convert chemical
energy from food into energy that cells can use in the form of adenosine triphosphate (ATP)

such as pneumonia, urinary tract infections,
postoperative infections in the elderly adult. There
is an age-associated decline in T-cell functioning,
which is accompanied by a decrease in resistance.
The reduction in immunologic activities also leads
to an increase in autoimmune dysfunction with age.
Examples of autoimmune diseases are rheumatoid
arthritis, lupus, and multiple sclerosis. A breakdown
in the body’s immunological memory system causes
it to mistake normal cells as foreign and these are
attacked by the person’s own immune system.
Many biological data in humans support the notion
that age-associated immune dysfunction may at
least in part explain the aging process. Explanatory
power may be enhanced by combination with other
theories such as the free radical theory. Proponents
of the immunological theory of aging believe that a
healthy diet and lifestyle coupled with preventive
health measures, such as influenza and pneumonia
vaccinations and limiting exposure to pathogens, can
supportimmune function and help prevent aging and
untimely death.3538

3.Damaged-based theories of aging

The general idea behind damage-based theories
of aging is that all biological organisms slowly
build-up various types of damages in fundamental
macromolecules (e.g. oxidations in proteins, enzymes,
membrane lipids, DNA) and their accumulation with
age eventually leads to failure of critical organs like

the heart, lungs, or the whole body. Some scientists
suggested that very important oxidative damages
can take place in nucleotides affecting their critical
functions propagating senescence processes.
Transcription from damaged DNA can lead to
errors in the synthesis of proteins which build-up
over time and cause more errors in transcription,
creating an amplifying loop that eventually Kkills the
cell and leads to aging. Errors in DNA repair would
also affect the accuracy of the flow of information in
cells. Experiments showed that damaged proteins
accumulate with age and enzymes lose catalytic
activity. Membrane lipid peroxidation in cells is the
cause of degenerative diseases and aging. This can
lead to cellular dysfunction and accumulation of
various forms of biochemical damage. Even though
the initial hypothesis failed the test of time, some age-
related diseases could be due to protein defects and
accumulating of protein errors.3%4°

The Free Radical Theory of Aging (FRTA) was
formulated and proposed by Denham Harman in the
1950s. The theory postulated that oxygen free radicals
formed endoneously from normal biochemical
metabolism processes play an important role in the
aging process because increase oxidative damage
to biological molecules in cells (proteins, enzymes,
membrane lipids, cellular and mitochondrial
DNA).* The Free Radical Theory of Aging has been
modified to the Oxidative Stress Theory of Aging
(OSTA) because except of oxygen free radicals other
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Oxidative
Damage

Figure 3. Free radicals and ROS in general are produced
on a daily basis as part of normal metabolism in aerobic
organisms and increase substantially from external factors
(smoking, excessive food, exposure to radiation, UV sunlight,
carcinogenic substances, etc). Antioxidant enzymes and
low molecular weight antioxidants regulate the redox
homeostasis in cells

chemical species such as peroxides, aldehydes and
reactive oxidants (reactive oxygen species, ROS) also
play a role in oxidative damage to cells.*> The FRTA
theory gained credibility with the identification in
1969 of the enzyme superoxide dismutase (SOD),
which provided the first compelling evidence of in
vivo generation of superoxide anion (02--), and from
the subsequent elucidation of elaborate antioxidant
defenses.**** Gerontologists had long observed that
biological species with higher metabolic rates have
shorter maximum life span potential they age faster.
In fact, ithad been proposed at the turn of the century
that energy consumption per se was responsible for
senescence, a conceptreferred to as the “rate of living”
hypothesis. The realization that energy consumption
by mitochondria may resultin O2-- production linked
the free radical theory and the rate of living theory
irrevocably: a faster rate of respiration, associated
with a greater generation of oxygen radicals, hastens
aging. By now, the two concepts have essentially
merged.*

A refinement of free radical theory of aging
focused on mitochondrial oxidative damage. The
mitochondrial respiratory chain is a major site of
production of ROS in the cell and it has therefore been
suggested that mitochondria are the prime targets
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for oxidative damage. In recent years a refinement of
the FRTA into the mitochondrial free radical theory
of aging (MFRTA), considers mtDNA (mitochondrial
DNA) mutations to be the initiating, primary event
in the aging process. Although widely accepted, this
theory remains unproven, because the evidence
supporting it is largely correlative. For example,
long-lived animals produce fewer free radicals and
have lower oxidative damage levels in their tissues.
However, this does not prove that free radical
generation determines lifespan. At its most orthodox
MFRTA proposes that these free radicals damage
mitochondrial DNA (mtDNA) and in turn provoke
mutations that alter mitochondrial function.*’#?

Over the past decade, it has been progressively
appreciated that oxygen free radicals and reactive
oxygen and nitrogen species (ROS and NOS) can
function as important signalling molecules in
various metabolic mechanisms of biological species,
facilitating adaptation to stress in a wide variety of
physiological situations. So, the hypothesis that ROS
generation and oxidative damage is the main cause of
aging has been challenged.

Recent studies to examine the role of mitochondrial
oxidative stress in aging used transgenic and
knockout mouse models with altered expression of
mitochondrial antioxidant enzymes and mutant mice
models that have been genetically manipulated to
increase mitochondrial deletions or mutations. The
majority of these studies do not support a clear role
for mitochondrial oxidative stress or a vicious cycle
of oxidative damage in the determination of lifespan
in mice. However, as the reviewers emphasised,
several key questions remain to be addressed and
clearly more studies are required to fully understand
the role of mitochondria in age-related disease and
aging.* These studies also indicate another important
aspect. The incidence of many age-related diseases
and pathologies is altered in these mouse models,
suggesting that oxidative stress does significantly
influence some aspects of the aging process. It is
suggested that oxidative stress may affect aging
in disparate patterns among biological tissues or
under various environmental conditions. A recent
review summarized the current literature regarding
aging in antioxidant mutant mice and offer several
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interpretations of their support of the Oxidative Stress
Theory of Aging.>°

4. The controversy: studies supporting and
questioning the validity of free radical/oxidative
stress theory of aging

In the last decade the validity of the free radical or
oxidative stress theory of aging and the role of ROS
in biological multicellular organisms has been
questioned. But despite these claims by various
scientists and their experimental evidence, other
scientists favour the oxidative stress role and project
positive results from various experiments that
provide distinct support for the FRTA or OSTA theory.
The story of the controversy and a balanced position
of the latest papers on the subject has been presented
ina 2013 review.*

The controversy for the validity of FRTA or OSTA
started by a group of scientists in 2009. They
argued that while data from studies in invertebrates
(Caenorhabditis elegans and Drosophila melanogaster)
and rodents show correlation between increased
lifespan and resistance to oxidative stress, direct
evidence showing alterations of oxidative damage
or oxidative stress play a role in aging are limited
to a few studies with transgenic Drosophila that
overexpress antioxidant enzymes. They contacted
laboratory studies with mice on the effect of under-
or overexpressing a large number and wide variety
of genes coding for antioxidant enzymes. The data
called into question the hypothesis that alterations in
oxidative damage/stress play a role in the longevity
of mice.>

In contrast, in 2008, Moosmann and Behl (Dpt
Pathobiochemistry, |. Gutenberg University, Medical
School, Mainz, Germany). reported that a meta-
examination of genome sequences from 248
animal species (mammals, birds, fish, insects, etc)
with known maximum lifespan revealed that the
frequency with which cysteine amino acid is encoded
by mitochondrial DNA (mtDNA) is a specific and
phylogenetically ubiquitous molecular indicator
of aerobic longevity. Long-lived species synthesize
respiratory chain complexes which are depleted of
cysteine. Cysteine depletion was found on a proteome-
wide scale in aerobic vs anaerobic bacteria, archea, etc.
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The scientists concluded that protein-coding genes on
mtDNA constitute a quantitative trait locus for aerobic
longevity, wherein the oxidation of mitochondrially
translated cysteine mediates the coupling of trait and
locus. These results provide distinct support for the
FRTA.>® Also, the well known scientists Nemoto and
Finkel (Cardiovascular Branch, National Institutes
of Health, Bethesda, Maryland, USA) stated in two
reviews (2004-2005) that numerous cell cultures,
invertebrate, and mammalian models lend support
to the FRTA. They reviewed the evidence that both
supports and conflicts with the free radical theory and
examined the growing link between mitochondrial
metabolism, oxidant formation, and the biology of
aging. In the second paper they analysed the pro and
against arguments on the FRTA, and in their final
suggestion they concluded that “the cellular effects
of free radicals represent the most likely contender
to explain the aging process across a wide range of
species”.5*55

In 2005 the well known scientific group in the
department of Genetics and Medical Genetics,
(University of Wisconsin, USA) under Leeuwenburgh
and Prolla, published their experimental results
with mice expressing a proofreading-deficient
version of the mitochondrial DNA polymerase g
(POLG) which accumulate mtDNA mutations and
display features of accelerated aging. The results
suggested that accumulation of mtDNA mutations
that promote apoptosis may be a central mechanism
driving mammalian aging.’” In a joint paper by the
teams of Prolla, Barja, and Leeuwenburgh (2007) the
group studied the differences in longevity between
mice (B6 mouse strain) of different sexes. They
tested the assumption that female estrogen levels
protect from oxidative stress and thus increase
longevity. Experiments measured key parameters
of mitochondrial bioenergetics, oxidative stress
and apoptosis. The results showed no differences in
longevity between males and females in this mouse
strain, although estrogen levels are higher in females.
They did not find any differences in heart, skeletal
muscle and liver mitochondrial oxygen consumption
and ATP content between male and female mice.
Moreover, mitochondrial H,0,generation and oxidative
stress levels and concentration of 8-hydroxy-2’-
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deoxyguanosine (a special mutation caused by hydroxyl
free radical, HO) in mitochondrial DNA were similar in
both sexes. In addition, markers of apoptosis were not
different between male and female mice. These data
showed that there are no differences in mitochondrial
bioenergetics, oxidative stress and apoptosis due to
gender, supporting the MFRTA and indicating that
oxidative stress generation independent of estrogen
levels determined aging rate.>”

In a review of 2010 Ristow and Zarse (University
of Jena, Germany) disputed the FTRA theory. They
suggested that calorie restriction and specifically
reduced glucose metabolism induces mitochondrial
metabolism to extend lifespan in various model
organisms. In conflict with Harman’s FRTA theory,
according to these scientists, these effects may be due
to increased formation of ROS within the mitochondria
causing an adaptive response that culminates in
subsequently increased stress resistance assumed to
ultimately cause a long-term reduction of oxidative
stress. This type of retrograde response has been
named mitochondrial hormesis or mitohormesis
(hormesis is a controversial concept in which it has
been demonstrated that the induction of a stress can
lengthen lifespan in some species). Abrogation of this
mitochondrial ROS signal by antioxidants impairs the
lifespan-extending and health-promoting capabilities
of glucose restriction and physical exercise. These
findings indicate that ROS are essential signaling
molecules which are required to promote health and
longevity.>®

The theory of FRTA was tested by Yank and Hekimi
(Department of Biology, McGill University of Montréal,
Canada) in Caenorhabditis elegans with mutations in
genes that decrease electron transport and greatly
increase the longevity of C. elegans by a mechanism
that is distinct from that induced by reducing their
level of expression by RNAi. Electron transport is a
major source of the superoxide anion (0,~), which
in turn generates several types of toxic ROS, causing
oxidative stress and aging. These observations have
suggested that the longevity of such mitochondrial
mutants might result from a reduction in ROS
generation, which would be consistent with the
mitochondrial OSTA. In the past it was difficult to
measure ROS directly in living animals, and this has
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held back progress in determining their function in
aging. Yank and Hekimi have adapted a technique
of flow cytometry to directly measure ROS levels
in isolated mitochondria. Their findings were not
consistent with the mitochondrial oxidative stress
theory of aging. Instead they showed that increased
superoxide generation acts as a signal in young
mutant animals to trigger changes of gene expression
that prevent or attenuate the effects of subsequent
aging. They proposed that superoxide is generated as
a protective signal in response to molecular damage
sustained during wild-type aging as well. Their
model provided, according to the scientists, a new
explanation for the well-documented correlation
between ROS and the aged phenotype as a gradual
increase of molecular damage during aging would
trigger a gradually stronger ROS response.>®

Sahin and colleagues from the Belfer Institute for
Applied Cancer Science, Dana-Farber Cancer Institute
(Boston, MA, USA) proposed in Nature a unified the-
ory of aging involving telomere dysfunction, p53, im-
paired mitochondrial biogenesis and increased pro-
duction of ROS. According to their studies telomere
dysfunction activates p53-mediated cellular growth
arrest, senescence and apoptosis to drive progres-
sive atrophy and functional decline in high-turno-
ver tissues. The broader adverse impact of telomere
dysfunction across many tissues including more qui-
escent systems prompted transcriptomic network
analyses to identify common mechanisms operative
in haematopoietic stem cells, heart and liver. Their
studies in mice revealed profound repression of per-
oxisome proliferator-activated receptor gamma, co-
activator 1 alpha and beta (PGC-1a and PGC-1f) and
the downstream network in mice null for either tel-
omerase reverse transcriptase (Tert) or telomerase
RNA component (Terc) genes. Consistent with PGCs
as master regulators of mitochondrial physiology and
metabolism, telomere dysfunction is associated with
impaired mitochondrial biogenesis and function, de-
creased gluconeogenesis, cardiomyopathy, and in-
creased ROS. The research group demonstrated that
telomere dysfunction activates p53 which in turn
binds and represses PGC-1a and PGC-1 promoters,
thereby forging a direct link between telomere and
mitochondrial biology. They propose that the unified
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Figure 4. According to Sahin and DePinto major cellular pathways are implicated in the ageing process. Increased DNA damage,
p53 and p16 activity and mitochondrial dysfunction have been shown to promote functional decline and aging. By contrast,
decreased activity in the mammalian target of rapamycin (mTOR), S6 kinase (S6K) and the insulin and insulin-like growth
factor 1 (IGF1) pathways increase lifespan in different organisms

theory is the telomere-p53-PGC axis that contributes
to organ and metabolic failure and to diminishing or-
ganismal fitness in the setting of telomere dysfunc-
tion.®* Commenting on the validity of the suggestions,
Kelly in the same issue of Nature, stated “that the pa-
per describe a very important role of ROS in a unified
theory of aging”.¢!

Extending further to their initial suggestionin 2012
Sahin and DePinto proposed an axis of aging involv-
ing DNA and telomere damage, p53 and mitochondria
dysfunction. In their model, increased DNA oxidative
damage (telomere attrition, impaired DNA repair and
increased ROS levels) activates p53, and increasing
levels of p53 ultimately lead to compromised mito-
chondrial function through the repression of PPARy
co-activator 1a (PGC1la) and PGC1B (which promote
mitochondrial biogenesis). This p53-mediated mito-
chondrial dysfunction triggers a cycle of DNA dam-
age (by affecting the production of ROS, iron-sulphur
(Fe-S) clusters and NADH/NAD), which in turn leads
to further p53 activation and mitochondrial compro-
mise. They thought that oxidative damage to DNA and
mitochondrial degeneration are prime instigators of
aging in biological organisms but not in isolation. A
molecular circuit directly links DNA damage and de-
cline of mitochondrial biogenesis and function via p53
(p53 gene is a tumour suppressor gene, tumour pro-
tein p53 has been described as “the guardian of the
genome” because of its role in conserving stability by
preventing genome mutation and is encoded by ho-
mologous genes in various organisms such as TP53 in
humans). This axis of aging may account for both or-

gan decline and disease development associated with
advanced age and could illuminate a path for the de-
velopment of relevant therapeutics.®?

Also, other scientists suggested that the oxidative
stress theory of aging has provided the best possible
explanation for the processes which accompany aging
despite the questions raised for its validity lately. They
have conducted experiments to determine an array of
oxidative stress parameters in blood of male rats at
various intervals (1, 4, 8, 12, 18 and 24 months) dur-
ing their entire lifespan. Established protocols were
used to measure plasma antioxidant capacity, eryth-
rocyte plasma membrane redox system, lipid and
protein oxidation in erythrocytes and plasma, and
erythrocyte glutathione. The results provided direct
evidence that oxidative stress is minimal till approxi-
mately 1/3 of the total lifespan (8 months) and there
isa spurtin oxidative stress between 8 and 12 months.
The identification of a critical period in the lifespan of
rats coinciding with a spurt in oxidative stress is an
interesting finding. No such report is available in hu-
mans or in any other model systems during aging.®?

Cunningham et al. (2015, Barshop Institute for
Longevity and Aging Studies, The University of Tex-
as, San Antonio) argued in a recent paper that in spite
of intensive study, there is still controversy about the
FRTA/OSTA theory of aging, particularly in mam-
mals. The scientific team conducted the first detailed
studies on the role of thioredoxin (Trx) in the cyto-
sol (Trx1) and in mitochondria (Trx2) on oxidative
stress and aging using unique mouse models either
overexpressing or down-regulating Trx1 or Trx2. The
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results indicate that: a) oxidative stress and subse-
quent changes in signaling pathways could have dif-
ferent pathophysiological impacts at different stages
of mice’slife; b) changes in redox-sensitive signalling
controlled by levels of oxidative stress and redox state
could play more important roles in pathophysiology
than accumulation of oxidative damage; c) changes
in oxidative stress and redox state in different cellu-
lar compartments (cytosol, mitochondria, or nucleus)
could play different roles in pathophysiology during
aging, and d) the roles of oxidative stress and redox
state could have different pathophysiological conse-
quences in different organs/tissues/cells or patho-
physiological conditions. According to Cunningham
etal more studies are needed to critically test the role
of oxidative stress on aging and investigate changes in
redox-sensitive signalling pathways.®*

In 2014 Stuart and colleagues reviewed the ev-
idence for the MFRTA theory that has served as a
touchstone for research into the biology of aging.
The MFRTA suggests that oxidative damage to cellu-
lar macromolecules caused by ROS originating from
mitochondria, accumulates in cells over an animal’s
lifespan and eventually leads to the dysfunction and
failure that characterizes aging. A central prediction
of the theory is that the ability to ameliorate or slow
this process should be associated with a slowed rate of
aging and thus increased lifespan. A vast pool of data
bearing on this idea have been published. ROS produc-
tion, neutralization and macromolecule repair have
all been extensively studied in the context of longev-
ity. They reviewed experimental evidence from com-
parisons between naturally long- or short-lived ani-
mal species, from calorie restricted animals, and from
genetically modified animals and weigh the strength
of results supporting the MFRTA. Viewed as a whole,
the data accumulated from these studies have too of-
ten failed to support the theory. Well controlled stud-
ies from the past decade in particular have isolated
ROS as an experimental variable and have shown no
relationship between its production or neutralization
and aging or longevity. Instead, a role for mitochondri-
al ROS as intracellular messengers involved in the reg-
ulation of some basic cellular processes, such as pro-
liferation, differentiation and death, has emerged. If
mitochondrial ROS are involved in the aging process, it
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seems very likely it will be via highly specific and reg-
ulated cellular processes and not through indiscrimi-
nate oxidative damage to macromolecules.®®

Biologists Lagouge and Larsson (Dpt. Mitochondri-
al Biology, Max Planck Institute for Biology of Aging,
Cologne, Germany) questioned the MFRTA theory of
aging. According to their arguments evidence from an
increasing number of experimental studies has sug-
gested that mtDNA mutations may be generated by
replication errors rather than by accumulated oxida-
tive damage. Furthermore, interventions to modu-
late ROS levels in humans and animal models have not
produced consistent results in terms of delaying dis-
ease progression and extending lifespan. They stated
anumber of recent experimental findings that strong-
ly question the MFRTA leading to the emergence of
new theories of how age-associated mitochondrial
dysfunction may lead to aging. These new hypotheses
are mainly based on the underlying notion that, de-
spite their deleterious role, ROS are essential signal-
ling molecules that mediate stress responses in gener-
al and the stress response to age-dependent damage
in particular. They suggest that this novel view of ROS
roles has a clear impact on the interpretation of stud-
ies in which antioxidants have been used to treat hu-
man age-related diseases commonly linked to oxida-
tive stress.®®

According to gerontologists Freitas and de Magal-
haes (Integrative Genomics of Aging Group, Institute
of Integrative Biology, University of Liverpool), the
idea that damage to the DNA is the crucial cause of
aging remains a powerful one. DNA damage and mu-
tations of different types clearly accumulate with age
in mammalian tissues. Human progeroid syndromes
resulting in what appears to be accelerated aging have
been linked to defects in DNA repair or processing,
suggesting that elevated levels of DNA damage can ac-
celerate physiological decline and the development of
age-related diseases. Genetic manipulations of DNA
repair pathways in mice further strengthen this view
and also indicate that disruption of specific pathways,
such as nucleotide excision repair and non-homolo-
gous end joining, is more strongly associated with pre-
mature aging phenotypes. Delaying aging in mice by
decreasing levels of DNA damage, however, has not
been achieved yet, perhaps due to the complexity in-
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herent to DNA repair and DNA damage response path-
ways. Another open question is whether DNA repair
optimization is involved in the evolution of species
longevity, and they suggested that the way cells from
different organisms respond to DNA damage may be
crucial in species differences in aging. Taken togeth-
er, the data suggest a major role of DNA damage in
the modulation of longevity, possibly through effects
on cell dysfunction and loss, although understanding
how to modify DNA damage repair and response sys-
tems to delay aging remains a crucial challenge.®’
Support for the MFRTA provided in 2014 by anoth-
er well known scientist Gustavo Barja (Dpt Animal
Physiology II, Faculty of Biological Sciences, Com-
plutense University, Madrid, Spain). In two exten-
sive reviews he suggested that two parameters cor-
related with species longevity in the right sense: the
mitochondrial rate of reactive oxygen species (mi-
tROS) production and the degree of fatty acid unsatu-
ration of tissue membranes which are both are low in
long-lived animals. In addition, the best-known ma-
nipulation that extends longevity, dietary restriction,
also decreases the rate of mitROS production and ox-
idative damage to mtDNA. The scientific information
available until now supports a MFRTA focused on low
generation of endogenous damage and low sensitiv-
ity of cellular membranes to oxidation in long-lived
animals.®®®° Other scientists, in a review of 2015, ar-
gued that cellular senescence is a process that re-
sults from a variety of stresses (oxidative damage,
DNA mutations, etc), leading to a state of irreversible
growth arrest. Among all these stress effects the mi-
tochondrial is an effective inducer of cellular senes-
cence, but the mechanisms by which mitochondria
regulate permanent cell growth arrest are largely
unexplored. They noted that mitochondrial signal-
ing pathways that participate in establishing cellular
senescence are very important. They discussed the
role of mitochondrial ROS in aerobic organisms, mi-
tochondrial dynamics (fission and fusion), the elec-
tron transport chain (ETC), bioenergetic balance,
redox state, metabolic signature, and calcium home-
ostasis in controlling cellular growth arrest and in-
duce cellular senescence. Together, these pathways
provide a broader perspective for studying the con-
tribution of mitochondrial stress to aging, linking mi-
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tochondrial dysfunction and aging through the pro-
cess of cellular senescence.”®

Also, Japanese scientists published in 2015 a pa-
per supporting the FRTA theory based on a modi-
fied superoxide theory [it was a very important dis-
covery by Fridovich who in 1969 identified CuZnSOD
and in 1973 manganese superoxide dismutase (Mn-
SOD) and proposed “the Superoxide Theory” though
the production of O, and ROS in aerobic organisms].
Superoxide anion is considered to be a major factor
in oxidant toxicity in biological organisms, and mito-
chondrial MnSOD enzymes (which are a major source
of 0,7) constitute an essential defense against super-
oxide anion oxidative damage. The reaction of super-
oxide generated from mitochondria with nitric ox-
ide (NO) is faster than SOD catalyzed reaction, and
produces the highly oxidant peroxynitrite (ONOOH).
Based on research conducted after Fridovich’s semi-
nal studies, the Japanese scientists proposed a modi-
fied superoxide theory on aging, i.e., superoxide anion
is the origin of reactive oxygen and nitrogen species
(ROS & NOS) and, as such, causes various redox re-
lated diseases and promotes mechanisms of aging.”*

5. Epidemiological and nutritional

intervention evidence

Epidemiological evidence in support of free radical/
oxidative stress theory of aging in humans was very
difficult to measure and there were very limited stud-
ies in the last decade. But recently (2015) a group of
scientists (including Prof. Antonia Trichopoulou from
Greece) measured derivatives of reactive oxygen me-
tabolites (d-ROM) as a proxy for the ROS concentra-
tion and total thiol levels (TTL) as a proxy for the
redox control status in 2,932 participants of a popu-
lation-based cohort study from Germany. The medi-
an age of the population was 70 years of whom 120
participants died (mean follow-up of 3.3 years). The
epidemiological study found that oxidative stress bi-
omarkers were associated with all-cause mortality
in models adjusted for age, sex, education, smoking,
physical activity, and alcohol consumption. Adding
diseases, the inflammatory marker C-reactive pro-
tein or a cumulative somatic morbidity index did not
alter the results for TTL. However, the association of
d-ROM and mortality was attenuated and no longer
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statistically significant after adding C-reactive protein
and the somatic morbidity index to the model. So, the
results of this particular epidemiological cohort study
added supportive evidence of a different kind to the
FRTA or OSTA theories of aging.”

Another epidemiological study in 2004 aimed at
the correlation between the free radical levels and the
psychophysical health state of 125 ultraoctagenari-
an (80-89 years of age) in an East-Sicilian population
(Italy). The free radical effects were measured by us-
ing the free radical analytical system (FRAS) assess-
ing the derivatives of ROS metabolites (D-ROMs). The
psycho-physical state of the subjects was estimated by
means of the mini mental state examination (MMSE),
geriatric depression scale (GDS), activities of daily liv-
ing (ADL) and instrumental activities of daily living
(IADL). The nutritional state and the physical activ-
ity were evaluated through the mini nutritional as-
sessment (MNA) and the physical performance test
(PPT). The results showed statistically significant neg-
ative correlation between the free radical levels and
the cognitive performance and the levels of autono-
my and autosufficiency, and free radical levels and the
nutritional status. It was concluded that it is difficult
to define the exact role of free radicals in the determi-
nation of aging pattern, but they may be considered
without any doubt as true “markers” of an enhanced
oxidative stress, accompanying a non-successful ag-
ing process.”

A similar Italian study in 2013 evaluated the corre-
lation between the oxidative balance and nutritional
profile and/or psychopathological status, the oxida-
tive balance and nutritional profile and/or psycho-
pathological status in an ultraoctagenarian popula-
tion (24 subjects, 16 were over ninety-year-old, 9 of
them were females) living in a small country town, Or-
ria (Salerno, South Italy). Effects were measured by
routine specific serum tests, such as d-ROMs (reac-
tive oxygen metabolites) test and BAP (biological an-
tioxidant potential) test. The psycho-physical state of
the subjects was estimated by means of the mini men-
tal state examination (MMSE), activities of daily liv-
ing (ADL) and instrumental activities of daily living
(IADL). The nutritional state and the physical activity
of the subjects were evaluated through the mini nutri-
tional assessment (MNA). The study found that an ex-
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cessive oxidative stress influenced the psychophysical
state of the elderly, which subsequently exerted nega-
tive effects on the quality of life as well as the lifespan
of the subjects.”*”>

In the last decade caloric (or calorie) restriction
(consumption of restricted diet based on low calorie
intake) has been advanced as a scientific nutritional
intervention that has consistently been shown to ex-
tend lifespan and ameliorate aging-related degenera-
tive diseases.”®”” The basic argument for these studies
is that low caloric intake and restricted diet reduc-
es ROS generation and helps in upregulation of Sir-
tuins and related protective pathways against aging.
Sirtuin 1, also known as NAD-dependent deacetylase
sirtuin-1, is a protein that in humans is encoded by
the SIRT1 gene. SIRT1 stands for sirtuin (silent mat-
ing type information regulation 2 homolog). SIRT1 is
an enzyme that deacetylates proteins that contrib-
ute to cellular regulation, reaction to stressors and
longevity.”® Scientists investigated an alternative
dietary approach (since long term caloric restriction
in humans is not easy to apply) which is called
intermittent fasting diet (acting in similar biological
pathways). The study used 24 healthy individuals
(in a double crossover, double blinded randomized
clinical trial) who maintained overall energy balance
by alternating between days of fasting (25% of nor-
mal caloric intake) and feasting (175% of normal).
Participants underwent 2-3 week treatment periods:
intermittent fasting and intermittent fasting with an-
tioxidant (Vitamins C and E) supplementation and
found the diet tolerable. The results detected a mar-
ginal increase (2.7%) in SIRT3 expression due to the
intermittent fasting diet, but no change in expression
of other genes or oxidative stress markers. Also, it was
observed that intermittent fasting decreased plasma
insulin levels (1.01 uU/mL).”®

Another study analysed the relationship of antioxi-
dantand pro-oxidant factors of the diet and biomark-
ers of lipoprotein oxidation in a typical Mediterrane-
an population. The cross-sectional prospective study,
involved 815 randomly selected subjects (425 wom-
en and 390 men, for 3 years 2005-2007, NE Spain).
Dietary assessment (3-day food records), iron bio-
markers (serum ferritin, serum iron and transferrin
saturation), biochemical markers of lipoperoxida-
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tion (TBARS), antioxidant capacity (ORAC) and CRP
(C-Reactive Protein) were determined. The food pat-
tern was characterized by high consumption of vege-
tables, fruit, fish, olive oil and red wine, all have been
associated with improvements in the total antioxidant
capacity. Also, high body iron levels are known to con-
tribute to increases of oxidative stress by the genera-
tion of ROS. The results showed that lipoperoxidation
increased by age but no differences were observed by
sex. Antioxidant capacity is independent of age and
sex. In general, increasing age, tobacco, heme iron in-
take from meat and fish and transferrin saturation
were independently and positively associated with
TBARS, while non-heme iron was negatively associ-
ated. Vegetables, vitamin C intake and serum ferritin
were positively associated with ORAC, whereas satu-
rated fatty acids and meat intake were negatively as-
sociated. The highest intake of dietary non-heme iron,
vegetables and vitamin C intake exerts a protective ef-
fect against oxidation while the highest intake of die-
tary heme iron from meat and fish and saturated fatty
acids are associated with increased oxidative stress.®

Japan ranks internationally at the top in average life
expectancies: with 86.61 years for women and 80.21
years for men. Japan in 2014 had 46.21 centenarians
for every 100,000 people. Japanese scientists inves-
tigated the FRTA theory with Okinawa centenarians
(population 1,3 million, also known as one of the long-
est-lived people in the world). Japanese scientists in-
vestigated cell membrane LPO (lipid peroxidation),
SOD (superoxide dismutase, enzyme quenching su-
peroxide anions), and vitamin E as potential factors
in human aging and longevity. Antioxidants and vita-
mins play an important role in quenching ROS and re-
duce oxidative damage. Scientists compared plasma
lipid peroxide and vitamin E-plasma and intracellu-
lar tocopherol levels (total o, 3, and y), in centenarians
and compared with younger controls. Results showed
that both LPO and vitamin E tocopherols were low-
er in centenarians, with the exception of intracellular
[-tocopherol, which was significantly higher in cente-
narians versus younger controls. There were no signif-
icant differences between age groups for tocopherol:
cholesterol and tocopherol: LPO ratios. They conclud-
ed that the low plasma level of LPO in Okinawan cen-
tenarians, compared to younger controls, argues for
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protection against oxidative stress in the centenarian
population and is consistent with the predictions of
the FRTA theory, although the results do not strong-
ly support a role for vitamin E in this phenomenon.?!

6. Other modern theories of aging

Despite recent advances in molecular biology and
genetics, the mysteries that control human lifespan
are yet to be unravelled. The most widely accepted
overall theory of aging is the evolutionary senescence
theory of aging. Unlike the earlier programmed theory
of evolution and aging, which tried to find reasons
why evolution might favour aging, evolutionary
senescence theory focuses on the failure of natural
selection to affect late life traits. Evolutionary theories
of aging and longevity are those theories that try to
explain the remarkable differences in observed aging
rates and longevity records across different biological
species (compare, for example, mice and humans)
through interplay between the processes of mutation
and selection.?*#

6.1. Evolutionary senescence - Mutation accumula-
tion theory

The first modern, successful theory of mammal aging
was formulated by Peter Medawar in 1952 (British
biologist, 1915-1987, he was awarded the 1960 Nobel
Prize in Physiology or Medicine). His idea was that ag-
ing was a matter of neglect. Nature is a highly compet-
itive place, and almost all animals in nature die before
they attain old age. Therefore, there is not much rea-
son why the body should remain fit for the long haul
- not much selection pressure for traits that would
maintain viability past the time when most animals
would be dead anyway, killed by predators, disease,
or accident. Unlike the earlier programmed theory of
evolution and aging, which tried to find reasons why
evolution might favour aging, the evolutionary senes-
cence theory focuses on the failure of natural selec-
tion to affect late life traits. Natural selection, because
it operates via reproduction, can have little effect on
later life. In the wild, predation and accidents guar-
antee that there are always more younger individu-
als reproducing than older ones. Genes and mutations
that have harmful effects but appear only after repro-
duction is over do not affect reproductive success and
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therefore can be passed on to future generations. Pe-
ter Medawar proposed that the inability of natural
selection to influence late-life traits could mean that
genes with detrimental late life effects could contin-
ue to be passed from generation to generation. This
theory of aging is called the mutation accumulation
theory.#+#5

6.2. Theory of antagonistic pleiotropy
In 1957 George Williams (1926-2010, American evo-
lutionary biologist, Dpt of Natural Sciences, Michigan
State University, USA) formulated the theory of “an-
tagonistic pleiotropy”, meaning that some genes that
increase the odds of successful reproduction early in
life may have deleterious effects later in life. Because
the gene’s harmful effects do notappear until after re-
production is over, they cannot be eliminated through
natural selection. An example of antagonistic pleiot-
ropy in humans is p53, a gene that directs damaged
cells to stop reproducing or die. The gene helps pre-
vent cancer in younger people, but may be partly re-
sponsible for aging by impairing the body’s ability to
renew deteriorating tissues. Because of antagonistic
pleiotropy, it is likely that tinkering with genes to im-
prove late-life fitness could have a detrimental effect
on health at younger ages. Much experimental evi-
dence exists to support the basic premises of the evo-
lutionary senescence theory of aging.8588
Antagonistic pleiotropy theory of aging has not
been verified. Experimental biologists have looked for
the genes that cause aging, and since about 1990 the
technology has been available to find them efficient-
ly. Of the many aging genes that have been reported,
some seem to enhance fertility early in life, or to car-
ry other benefits. But there are other aging genes for
which no such corresponding benefit has been identi-
fied. Current evidence does not seem to fully support
the common view according to which cellular senes-
cence is a case of antagonistic pleiotropy in humans.
This is mainly because clear evidence is lacking of al-
leged detriments of cellular senescence specifically
at old ages and because its beneficial consequences
may play a role throughoutlife. Evolutionary hypoth-
eses on the origin and the adaptive value of cellular
senescence may be better understood and put to the
test only if, in addition to studying the mechanistic as-
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pects of cellular senescence, alarger-scale perspective
is taken on the impact of cellular senescence-influenc-
ing genotypes on human survival at different ages.®

6.3. The “disposable soma” theory of aging

In the 1970s, Thomas Kirkwood (biologist and pro-
fessor of medicine, Institute for Aging, University of
Newcastle) added to the evolutionary biology the-
ory of aging with his “disposable soma” theory. The
theory suggest that biological organisms have to bal-
ance the demands of maintaining their body cells, or
soma, and reproducing.?®°%%2 Because an organism
invests resources into reproduction, over time mu-
tations and other cellular damage accumulate in the
soma because the body cannotrepair all of it. The idea
explained some of the disparity in lifespan between
different types of organisms. Humans that have few
predators can allocate more resources to repairing
physical cellular damage since they will be able to re-
produce over a longer period of time. A caveat to the
“disposable soma” theory suggests that time, rather
than energy, is a limiting resource that may be criti-
cal to an organism. The concept is that each organism
must reproduce in an optimal period in order to en-
sure the greatest chance of success for the offspring.
The “disposable soma” theory seems to make sense
on a philosophical level but has many problems if one
looks at it in any detail. One obvious issue is that it
has notbeen demonstrated that “maintenance and re-
pair” actually takes a significant amount of effort or
resources when compared to the energy and resourc-
es required by the day-to-day existence of an organ-
ism much less the initial growth of the organism.De-
spite the multiple difficulties, the “disposable soma”
theory is among the most respected theories that are
compatible with traditional evolutionary theories.
The “disposable soma” theory proposes a trade-off
between fertility and longevity but existing findings
on this association have been mixed.>>°

6.4. The DNA damage theory of aging

Nuclear and mitochondrial DNA damage can contrib-
ute to aging either indirectly (by increasing apopto-
sis or cellular senescence) or directly (by increasing
cell dysfunction). This theory proposes that aging is
a consequence of unrepaired accumulation of natu-
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rally occurring damages (abnormal alterations) in
nuclear and mitochondrial DNA. Nuclear DNA dam-
age can contribute to aging either indirectly (by in-
creasing apoptosis or cellular senescence) or direct-
ly (by increasing cell dysfunction). In humans and
other mammals, cellular DNA damage (including ox-
idative damage by ROS) occurs frequently on a dai-
ly basis as part of physiological metabolism. Fortu-
nately, living cells through evolutionary process have
evolved with intelligent repair enzymes that con-
tinuously protect DNA from such damages. A num-
ber of mechanisms to detect and repair the various
types of damage occur to DNA, no matter whether
this damage is caused by the environment or by er-
rors in replication. Because DNA is a molecule that
plays a critical role in cell division, control of DNA re-
pair is closely tied to regulation of the cell cycle. In
eukaryotic cells one of the repair process is known
as nucleotide excision repair (NER), a complex pro-
cess that relies on the products of approximately 30
genes. DNA N-glycosylases are base excision-repair
proteins that locate and cleave damaged bases from
DNA as the first step in restoring the genetic blue-
print. Another mechanism which is called mismatch
repair deals with correcting mismatches of the nor-
mal bases; that is, failures to maintain normal Wat-
son-Crick base pairing (AeT, CeG). It can enlist the
aid of enzymes involved in both base-excision repair
(BER) and nucleotide-excision repair (NER) as well
as using enzymes specialized for this function.?®?
It is estimated that several thousand lesions or mu-
tations, through physiological metabolism (free radi-
cals, reactive biochemicals) and external exposures
occur every day in the DNA of each cell in mammals
depending on the rate of metabolism, diet and ener-
gy consumption. But some DNA damage may remain
despite the action of repair processes. The accumula-
tion of unrepaired DNA damage is more prevalent in
certain types of cells, particularly in non-replicating or
slowly replicating cells, such as cells in the brain, skel-
etal and cardiac muscle. These repair mechanisms be-
come less efficient with age and the accumulation of
damaged DNA, eventually causing the cells to malfunc-
tion and die. This theory also encompasses a role for
mitochondria, the cellular powerhouses, as important
factors in aging. Many scientists believe that with age
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mitochondrial damage is an important contributor to
aging in general. Why does the rate of mutations in-
crease with age and genomic rearrangements appear?
Multiple studies have shown a higherload of DNA dam-
age in old organisms. It is tempting to suggest these
changes are caused by DNA repair machinery becom-
ing less efficient and more error-prone with age.100-102

Many studies observed that accumulation of DNA
damage has been linked to the process of aging and
to the onset of degenerative and age-related diseas-
es. Studies on progeroid syndromes have suggested
that the DNA damage response is involved in regula-
tion of metabolic homeostasis. Other studies showed
that DNA damage could impair metabolic organ func-
tions (by cell death), senescence, induce tissue in-
flammation that disturbs the homeostasis of system-
ic metabolism.103-106

Conclusions

The study of aging has expanded rapidly both in depth
and in breadth in the last decades. Biological, genet-
ic, biochemical, epidemiologic, and demographic data
have generated a number of theories that attempted to
identify causes and degenerative processes. Scientists
agree thataging is an extremely complex, multifactori-
al process in which many factors may interact simulta-
neously or operate at many levels of functional organ-
ization. Similarly, different theories of aging are not
mutually exclusive and may adequately describe some
or all features of the normal aging process. More than
300 theories of aging were proposed in the last dec-
ades but the majority have been abandoned as they
could not be ratified when submitted to the appro-
priate experimental tests. Others, like the free radi-
cal theory of aging have found stronger experimen-
tal support but still there are many questions as to its
validity. Dietary antioxidants can reduce the accumu-
lation of oxidized molecules in mice, yet they fail to
extend lifespan. Calorie restriction is an intervention
that prolongs the lifespan (reduces ROS generation)
of nearly every organism to which it has been applied
but still lots of questions remained. Calorie restriction
alters the function of many other molecular, cellular,
and organ systems and remains difficult to distinguish
the ultimate cause of lifespan extension by this tech-
nique.’®” On the other hand, many of the more recent
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hypotheses proposed a relationship between aging,
accumulation of mtDNA and cDNA damages, loss of
telomeres, but their role on normal aging has still not
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Mepianym

01 BLoAoyikég Slepyaaies ynpavong, e Lakpo-
BLOTNTAG TWV TTOAVKVTTAPWY 0PYAVIGHUWDV KL O
POAOG TOV YOVISIWUATOG ATIOTEAEG QY TO ETIIKE-
VIPO ETILOTNUOVIKIG EPEVVAG YL TIOAAEG SEKQE-
tieg. XtV Slapkela auth TpoTABNKaY SLAQopES
Bewpleg TG ynpavong kot vooTnpixOnkav pe
EMOTNHOVIKESG aTtodel&els. OLBewpieg g ynpav-
ong Staywpilovtal ovoLAoTIKA € 500 OUASEG: oL
«BEWPIEG TTPOYPAUHUATIONOV TWV KUTTAPWV» KL
oL «Bewpies Baolopéves otV POOPA KUTTAPWV
KO(L YEVETIKOU VALKOU» (KAl CUGGWPEVOT HOPL-
akwVv BAaBwv). Av kat Exovv emitevxOel onpa-
VTIKEG IPOOSOL 6T HoplakT] BLloAoyia, YEVETIK)
KO LATPLKT], TO LUGTIPLO EAEYXOV TNG HAKPOL-
ONTAG TG WM G TWV HEPOPLWV OPYAVIOUWY KL
TOU avOPWTIOL SV £XEL AKOLT ATIOKAAVPOE( TTAN-
pw¢. Ta teAevTaia xpovia, 1 Bewplo Twv eEAeVOE-
pwv pLLwV/0EESWTIKOV stress elval T TAEoV 61-

LO@IANG ETLOTNLOVIKY] EENYN 0T TNG TTIOPELag NG

A TIEWpAUATOlwa Kot PUEG/ eTipveg E8etav ou-
OXETLON HETAEL HaKPOPBLOTNTAS KAl AVTIOTAOTG
0TO OEELBWTIKO stress. MeydAog aptOpdg emiotn-
HOVIKWV HEAETWV £YOVV VTIOGTNPIEEL TN Oewpi-
ag 'Mpavong twv EAevBepwv Pilwv 1) O¢elbwti-
KoV Stress Tov ekdnAwvetal pe VPMAG emimeda
o&eldwTIKWV BAaBwv ota Amidia Twv pepPpa-
VOV TV KUTTAPWYV, TIG TIPWTEIVESG KL TO TILUPT-
VKO Kol pitoxovéplakd DNA. AAAG oUyxpoveg
£PEVVEG KL OPLOUEVEG LEAETEG IOV X PN OLUO-
TIOLOVV SLayoVISLKOUG HUEG 1] MUEG [LE ATIEVEP-
yomomuéva cuykekpluéva yovidia (knockout
mice, MOTE VX 08N YN|OEL GE UTIEP- 1] UTIO- EKQPA-
0T GUYKEKPLLEVWV YOVISIWV) IOV VTIEPEKPP G-
Couv 1 VUTTOEKPPATOVY AVTIOEEIS WTIKG Eviuua,
TIPOKAAEG QY APPLEPNTIHOELS YLt TNV EYKUPOTN-
Ta NG Oewplag Adyw ™G EAAenmg amodel&ewv
yla abénomn g pakpoBLomTag. AUTA To ATTOTE-
Aéopata Kot GAAa Sedopeva BETOLVY EpWTNHATL-
KA Yo TO pOAO TWV 0EEWBWTIKWV BAafwv ot St-
EPYNOIN Y PAVOT G KL XTOULTOVY TPOTIOTIO OELG
™G Bewpiag. Emdnpodoyikés peAéteg mov vto-
otnpilovv ) Bewpla eErevBEpwV pLllwv/ oEeldw-
Tk stress glvat Teploplopeves. H emokommon
VTN KOAUTITEL TIG BACIKES TTAEVPEG TWV SLaPO-
PwWV BEWPLOV Y1PAVENG KAL TA OCTJLAVTIKOTEPA
TIPOLAUATA TOVG YLK VO AVATITUEOUY EVO GUVE-
KTk Aaiolo ™G Bewpiag g ynpavong mou St-
axwpIlleL aUTIEG KL EMMTWOELG. ATIO TNV AVATITU-
&N Twv Bewplwv @aivovtal ot Baotkeg SUTKOALEG
Yy va tpocsdloptaBolv oL unxaviopol ynpaveng
oV givat Bloxnuika Aettovpykol. H emiokomn-
OT) ETKEVTPWVETAL 0T SLotpdym v TV Bew-
pla erevBEpwV pL{wV/0EeEISWTIKOY Stress KoL Tig
TPOCPATEG EPYATLEG IOV EMIKPOTOVV 1] BETOLV
EPWTNLATIKA YLO TNV EYKUPOTNTA TOV POAOV TV
eAEVOEPWV PL{WV KL TNG CUGCWPEVONG OEELOW-
TIKGOV BAABWV 6TO TTUPNVIKO KAL LLTOXOVEPLAKO
DNA TwV 0pYQVIGH®OV KATAE TH YNPOVeT).
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Huepidec Empuoppwonc & Ekaidsvoncg
dapuakomolwv Papuakeiov
ato v EAAnvikn @appakevtikny Etatpeia

1. @.2. Hpaxleiov 1/3/2015, 2. .2. Mayvnoiag & AAuvpov, 14/3/2015, 3,4 ®.2. [1éAdag, Kvpraki)

L Empopewtikég Huepideg mov Sopyavwoe
O 1N E®E cuveyiomkav pe emituyia kot o B’ Ko-
KAoG eykaviaodnke ota Xavid, pe tn ouvsiop-
Y&vwon twv PappakevTik@dv ZuAAGYwv Xaviwv & Pe-
B0pvnG. O B’ kUKAOG TwV oepvapiwv oAokAnpwOnke
JLE LEYAAT) CUUIETOXT) KAL ETILTUXI0 KOL OLTUEPIBEG TIOV
mepAauBave Stopyavwbnkav og cuvepyasia e TOV
EKAOTOTE TOTIKO PapUaKELTIKO ZUAAOYO. ETiloppw-
Twkég Hpepldeg, pe Tn oUPUETOXT QUPUAKOTIOLDV KAl
€VPVUTEPOL KOLVOL EYVAV OTLS EENG TIOAELG:
e Kuplakn 5/10/2014, ®.X. [wavvivwv
o Kuplaxn 12/10/2014, ®.X. [Tatpwv
e Kuplakn 19/10/2014, ®.3. Adploag
eXappato 1/11/2014, ®.X. ArttwAoakapvaviog
o Kuptaxn 23/11/2014, ®.X. Zeppwv
©YaBBato 29/11/2014, .X. Képkupag
e Kvuplakn 30/11/2014, ®.X. Oecoarovikng

Me tn BeBatdotnTa 4TL Ol PAPUAKOTIOLOL EXOVV AVE-
YKN TIEPLOGOTEPO ATIO TTOTE TNV ETILO TN LOVIKT TEKUN -
plwon, v ouvaSed @K evOAppPUVOT|, HEGK OTOUG
8UOK0AOVG KaLpoU§ IOV SLavUEL 1] ETLOTHUN KAL TO
AeLToVPYMNUA TOUG: Eva BHa aKOUn TILO KOVTA 6TOV
avBpwTo - acBevn, pia cLPBOVAT] KaL TTHpaKOAoVOT-
OT) TIOVU GE OPLOUEVEG TIEPLTITWOELG, UTIOPEL VoL BEATL-
WOEL TNV TIOLOTNTA {WT|G TOV.

Metd tnv oAokApwon tou B’ KbkAov Huepidwvn
E®E mtpoxwpnoe atov I KbkAo Huepidwv tov omoi-
0V TO TIPOYPAUUAX TIAPATIBETAL GTNV OTNV ETTOUEVY
oeAida.

Mo mepattépw evnuépwon, yla tn Bepatoroyia
Kot Tov Tomo Ste€aywyng s kabe Huepidag ava
Voo, emikolvwvnote padl pag oto 211 100 1762 1
oto e.aggelopoulou@zita-management.com.

53



®APMAKEYTIKH, 27, 1&I], 2015

APOPO EINIZKOITHZHY | REVIEW ARTICLE

PHARMAKEFTIK]I, 27, 1&I], 2015

Mpoypapupa I’ KbkAov Huepidwv

1/3/2015 @. X. HpaxAeiov - HpdxAelo
® dappaxevtiky Ppovtida - 0po1 Mpaktiky, amd Ty Avva
ToavtiAn - KakovAiSov, A’ Avtimpoedpo g EPE kat Kabn-
yitpta Tuqpatos @apupoakevtikng EKITA.

© DapUAKOETAYPUTIVI|OT) OE OXECT] JLE TNV ACPAAT] XPp1IOM
TV QUTIKQOV TIPoidvTwy oto Pappakeio, amd v lwav-
va Xnvou Kabnyntpia otov Topéa Pappakoyvwoiog kat
Xnuetag Puok®v [poidvtwy, Tupatog PappakeLTIKNG
EKIIA.

® Aopu@opikn OptAia amd tnv AstraZeneca, yio to AcOpa:
Baokég apyés oty Stayvwon kat Bepameia, anod tov e-
wpylo MeAetn, AtevBuvtr) EZY, I.N. BeviZéAdeio HpaxAeiov.
14/3/2015 ®. 3. Mayvnoiag & AApupot - Borog
© Mn YmoxpewTikwg Zuvtayoypagovpeva Pappaka, amo
Vv EAévn ZkaAtod, Tapio g EPE ko Kabnyntpla Tun-
patog dappakevtikng EKIIA.

® dappakevTiky Ppovtida - 0pb1 Papuakevtkn Mpakti-
k1: O poAog Tov Pappakomolov, amd v Avva Toavtidn -
KakovAi§ov, A Avtimpdedpo g EPE ko Kabnyntpia Tun-
patog ®appakeutikig oto EKITA.

® Aopuoptkn OptAia amd v AstraZeneca, yia to AcOpa:
Baowkés apxés otnv Stdyvwon kat Ogpameia, amd tov Av-
Spéa AnpovAn, lvevpovoAdyo.
29/3/2015 @, 3. [TéAhag - ‘Edecoa

® dappakevtik Ppovtida - 0pdn Pappakevtikn Mpakti-
K1), amd tov AAkn [Mamayprioto, KAwikd dapuakomord.

® Aopu@opikr] Opdia PFIZER, «Ze€ovaAikn Yyeio: Aikaiw-
pa 6Awv», atd tov [avdo Ikpitoto, Xelpovpyod - OupoAdyo -
Av8pordyo, Aisaxtopa Tavemotnpiov Oec/vikng, FEE.B.U.
® Aopuopikr) Opdia AstraZeneca, «AcOpa: Baoucés apxég
oV Stdyvwon kat Bepareion

ato tov Anuitplo Aayovidn, AtevBuvti) MEO tou Nocoko-
peiov T'avvitowv.

© Yyxéon Pappakomolov - [Teddtn: Suvatd 6TA0 TNV avTLpE-
TWOTILOT EVOAAXKTIK®OV KaVaALwv StdBeong, amo tov Ilétpo
Kaoaptliav, appakomold - Xnuikod apudkwv, Avtimpoe-
Spo AKMEY (Akadnuia Marketing EmayyeApatiov Yyeilag).
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25/4/2015 D3, Awdekaviioov - P68og (TtoAn)

® dutobepameia - Botavobepameia, amd v lwavva Xn-
vov, Feviken Fpappatéa tng EQE kat Kabnynqtpla Tunpatog
Dapupaxoyvwaoiog & Xnuelag dvokwv Mpoidvtwv, EKIIA.
© dappakevtik Ppovtida - 0pdn Pappakevtikn Mpakti-
K1}: O pOAOG TOU PAPHAKOTIOLOV O TNV TIAPAKOAOVON O TWV
BEPATIEVTIKWV CUYKEVTPWOEWV TWV PAPUAKWY OTO AIjQ,
at6 v T{ovAla Attd - [ToAitov, apuakomotd - Toéiko-
A6yo, B’ Avtimpoedpo EPE kat Av. Kabnyntpia Tunpatog
Xnuelag, EKIIA.

© Aopuoptkn Opaia PFIZER «Zefovatwkn Yyela: Atkaiw-
pa 6Awv», a6 tov Baoidelo Tpappédn, MaboAdyo - latpt-
k06 AtevBuvtn GEP Pfizer Hellas.

® Aopu@opikr Opdia AstraZeneca «AcBpa: Baoikeg apyés
oV Slayvwon kat Bepameiar, amd tov Kpntikd Anuitpto,

[TvevpovoAdyo.

10/5/2015 @.3. Meoonviag - Kadapata
24/5/2015 ®. ¥. EvBotag - XaAkiSa
7/6/2015 @.X. Apapoag kot EavOng - Apdapa
21/6/2015 @. X. KoZavng - Kolavn
Xopnyol opihidyv:

AstraZeneca
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14-16 MAY 2015 ATHENS, GREECE

21st EAFP Annual Conference (European Association of Faculty of Pharmacy)
Quality Assurance in Pharmacy Education

http://eafponline.eu/conferences/athens2015/

27-18 MAY 2015 ATHENS, GREECE

1st International Congress of Controlled Release Society - Greek Local Chapter

http://www.afea.gr/event.aspZpid=146&ING=1 e
JUNE 7-10, 2015 ATHENS, GREECE
IXth Joint Meeting in Medicinal Chemistry

http://jmmc2015.gr/

JUNE 28 -JULY 1, 2015 PERUGIA, ITALY

Recent Developments in Pharmaceutical Analysis

http://rdpa2015.chimfarm.unipg.it/

JULY 1-3,2015 AVIGNON, FRANCE
51st International Conference on Medicinal Chemistry (RICT 2015)

http://www.rict2015.0rg

SEPTEMBER 14-16, 2015 ANTWERP, BELGIUM

Frontiers in Medicinal Chemistry Symposium

http://www.frontiers2015.org

SEPTEMBER 17,2015 ANTWERP, BELGIUM
2nd EFMC Young Medicinal Chemist Symposium (EFMC-YMCS 2015)

http://www.ldorganisation.com/v2/produits.php?langue=english&cle_menus=1238915995&cle data=1360153425

SEPTEMBER 27-30,2015 OEGSTGEEST (NEAR LEIDEN), THE NETHERLANDS
11th EFMC Short Course on Medicinal Chemistry - Engineering of Biopharmaceuticals

http://www.ldorganisation.com/v2/produits.php?langue=english&cle_menus=1238915978
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JUNE 28 - JULY 3, 2015 URBINO, ITALY
European School of Medicinal Chemistry (ESMEC)

http://www.esmec.eu/

JULY 3-5,2015 KRAKOW, POLAND
5th Meeting of the Paul Ehrlich MedChem Euro-PhD Network
http://pehrlichmedchem.eu/

SEPTEMBER 20-25, 2015 VIENNA, AUSTRIA
8th Summer School on Drug Design

http://www.univie.ac.at/europin/summerschool/europin-summerschool.html

NOVEMBER 15-18, 2015 REHOVOT, ISRAEL
6th EFMC International Symposium on Advances in Synthetic and Medicinal Chemistry (EFMC-ASMC'15)

http://www.efmc-asmc2015.org

MAY 15-19,2016 CAMERINO, ITALY

33rd Camerino-Cyprus Symposium : "Receptor Chemistry: Reality and Vision"

http://www.unicam.it/farmacia/symposium/welcome.htm

AUGUST 28 - SEPTEMBER 1, 2016 MANCHESTER, UK
XXIV EFMC International Symposium on Medicinal Chemistry (EFMC-ISMC 2016)

http://www.ldorganisation.com/v2/produits.php?langue=english&cle_menus=1238915829
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H EAAnvikn Papuakevtiki) Etalpela suyaplotel Ogpud tig eTtaipeieg, oL omoieg
HEO® TG EVEPYOUE TAPOVGLAG KXl GUMUETOXT)G TOVG 0TIS Empop@wtikég
Huepideg g EPE cvpfairiovv oty powOnomn ¢ Emetnpovikng Fvwong
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IYNTETMHMENH MEPIAHWH TON XAPAKTHPIZTIKQN TOY NPDIONTOZ. VIAGRA (sildenafil). AIZKIA AIAZMEIPOMENA XTO ZTOMA 50 MG

OEPANEYTIKEZ ENAEIZEIZ: To VIAGRA evdsinvutal Y £viMKeES avdpeg e 0Ltk SUOAELLOUPYLD, 1] 01O &val 1) avikayd i Ensugne 1 Srpnong wog 1epro .S 010078 Yia KavOIow Lkh
0eEDUTAKT DpaompeomTa. [a va EvaL anoTeEAETHaTKo T0 VIAGRA npene. va Lnapyel ae&ouaiikn dieyepan. ANTENAEIZEIZ: Ynigpeuaiwnota ot dpagikn ouoiar gg omowdnroTe arno 1a
ER00XN. ZOROWVA e 1S Yvw0 1£¢ Siudpacs NS e g peteBoAkig 030U 10U POVDELWDIOU 104 Q{w 10U/ SURAIKIS HOVOPwCPORIKIG youtvoouwng {CGMP), £xet deDel o olvievagiln
EVIOYUEL TLS UMDTAO KES DPACELS TWV VITPWIWY, KOL ETIOUEVIIC QVIEVDEIKVUTAL T} GUYXOPIYTON TS UE DOTES HOVOEELDI0U TOU QLWTOU (0TI TO VITPWAES QUUALD) N TQ vITPLON 08 0meldnnote
uopon. Ta 9apuaka yua 1] BEpQIE@ 'S 0 W UKIG DUOAELIOUPYIAS, CUMIELAQUBAYOREVIQ TS OV IEVCPIANG, d&v IPENEL va XPNOwWocoiviar 0€ avdpsg 01oug 0noloug dev cuviodiain og-
EOUTALKT DpaomplomTa (X, QUBsVELS LE TOBRPES KAPBLAYYEINKES DIATapIXES, Onwe actadn ambayyn n oodapn kapdakn avenapkela). To VIAGRA avievdeikvuTal 0€ aoBeveLS LE anwhela
MG OPATNS OTOV £vA 0PICALS AdYw@ Un-apmRITdIKrg TRAeDiag WXALKAS OTTkAg veuponadstag (NAION), aveEdpnta aro 10 av T0 JUMBAY QUTO £XEL JLOXETIONE! N O%L LE TTPONyOU Levn X0-
prynom evog avaatohsa mg PDES (BA. apaypapo ENIKES MPOEDONOMIES KA TIROQUATEELS KATA T XPIom). H QUQIAELR NS TIAVTEVTPIANS DEV EXEL HEAETNOEL UTIC AKOAOUBES UTIOKOTNYODIES
Qo0eviy Kat EMOPEVS QVTSVEEIKYUTA. N YPAOT TS 08 0oBapn nratiky duohettoupyle, urndraon (apmp .akni mieor < 90,50 mmHg), Tpooeato WTOPIKO EYKEPAAKOU EMELTODIOU N SHPPAYIATES
10U HUDKUEDLOU KGL YVWOLES KATIDOVOIIKES, EKPUALD UKES appLaAnotpeedonubetes, onws 1 ueAaypw o UK appBANopotdonaBend (Ui HEWvoUG wy GoBEVWY QULLV ILApouoLaduuY YEVELIKES
dlatapaxée Tov aueBANCTPoEdIKWY puapodlectepacay). EIAIKET MPOEIADNOIHIEIX KAI MPOOYAA=EIX KATA TH XPHIH: Npsmet va mponysitat Afyn atpikaU (0ToPIKOU Kal GUOLKT eEETaam
10U 00BevT], CUTWE WO TE VU DILYVICOTEL 1] ULULKI DUOAELLOUPYIL KAL vO KUBOPLo10UY 10 11BAvU UTICKEIPEVA GLUY, TPV EEE 10 1EL 10 EVOEXOHEYD ¥OPTIVIONS PUPHAKEUTIKIS aywyns. Kapdiayyelakol
napdyovted kivduveu: Mpw tv évapén otolacdnnots Bepanelag yia m oTuTkn duokettolpyia, 0 y.aTpag mpETeLva Kavel ekTiunar me Keodlayyelakns kartdotaang tou acbevous, dedousveu
O1L 1] OEEOUTALKT] DPUCINPOLTLE CUDXEUELGL He eva PaBpo kapdlayyelsou kivduvou. H oiviEvGPIAT napouotadel ayyelodlao lahuke s WICTES, 10U IPOKAAOUV TiILd KAt apodiKT LELwan)
™S APTrPLAKNC THeaN . v T oUvTIayoypaenan mg AAWVTEVAQIATS. 0 Viatpdg =pLmel va e£eTale! e mpocoyn Qv 0L QOEEVE(S TOU LIE OPIOLEVES UTIOKSIIEVEG VOCOUG Ba [mopeicay va emm-
peuoouv dUupEVWS UIe LG ayve DO TUALIKES EITUDPAVELS 10U QAPHGKOU, KALIDIAEPU OE QUOXE DN e 117 0gE 0UUAIKT) dpaotiplotnia, Z1oug aubevels ke augnuev suawbnoia o ayyel-
OBQOTANTIKE OUPTEQIAQRAVOVTAL KT QUTCL LE QTOGRAKTIKES TABATELS TOU Xidpou 505aU ™S aploTepdq KOWIAG (TLY. OTEVWOM ™G 00PTAS A UNEPTPOPIKT QMOGPAKTIKY (LU0KapdLoNaBala) i
EREWCL LE 10 CHAYIC OUYDECUD AIPOPIIC TTDANQIADY 0PYUYINDY QUOUTUALWY, 10U NAPOUOIACOLY 00BUpT) DUOAELLOUPYIU QUIOVOROU EAEYXOU Ty GpUDIGKTS 1o, To VIAGRA v.oxUel 10
UTIOTA ARG artoTEAETHA Twv VITpwAWY (BN, mapaypago AvteveeEelg). Meta v KukAo@opia Tou mpoldviog oy ayopd avagspnkav aofapd kapdiayyelakd cupBavta ouaxsTi{opeve e tau-
Lexpov) xpnor wu VIAGRA, oupiep AauBavoEvwy eLgpaypaiog 10U quokapdiov, cotadous otn0ayys, agvidoy kupdlakos uydiou, koIMakng appuipics, ayyewkns eyreQaAiS aloppayiag,
TIOPOTIKOU (YKl eTTELTOdiOU, UTEPTAENS Kal umtdTaanc. Ot meptacdtepol, alhd OxL 6Aol, amo Toug acBeavelc autalc slyav mpoindpyovies KapdayveLakoUs mapayovIes KIvauvou. MorAd
o 10 0yuBavia avapepnke G ouvERNoav Katd t 0.apKela g 0EEOUANIKNY £MAQTIE 1] ALVO HELQ QIO QUL KL HEPIKE avapepPOnke Gt 0 uvERTICay Alyo peta 1) xpior wu VIAGRA, xwpic ve-
EOUaAIKT Epaompiéma. Asy eval SuvaTov Vi POTDIOPIBEL £QV TC CUNBCVTA QUTA OLOYETICOVIAL QUEDNT HE TOUS TIAPAYOVIES QUTOUS 1) LE QARDUC apavovtes. Mpuriofag: Ta gappaka yia
v Depaieia mg 01w ukNg duoreoupy g, ouMEPNAUBAVOREVNS NS O LEVAPIANS, TOENEL VA XPNO UCTIOICUVIGL K& Tipo00XT] D& a00&VER 1E QVALDUIKES DUOKDPPIES 10U ILEOUS (ONWE Yw-
VW an, Ywom Ty ompayywdwy wpatey 1 veso tou Peyroniel 1 08 Q0BEVELS TIOU T KATATTAAT TOUS HTOPEL va TIPODLAEETEL YIa TIPLATIOHUE (0TS 1 OPETIAVOKUTTARIKY QVAIHLLIL, TO TIOAAQTAOUV
puéAwpa i Aeuxawdic). Exouy ava@ep0el nupaielapéves 0 LL0sIC KAl IPWIICHOS ue (7 Xprorn 0AvIevepRANg Katd iy sHiEpia ke 1d iy KukAD popia 10u npoidviog 0 iy ayopd. & nepiuwon
TIOU LA OTUOT) SIAPKEL YIQ DCOTTHA HEYANUTEDD TV 4 wpwy, 0 QUBaync 9a MPEME! va QvadMOel QUENT] IaTAKN BonBEL. Zav O MPLAMIONOS Dev BENATeEUTED QLETT, EVDEXETAL VA MPOKANBEL
BAGSN wev wwy 10U 1EoUL kat povian andela g 0eEouakikig avo i ag, Tauidypovn xorton ue dAoug avaowdesic PDES 1 aMeg Eepaiieieg ue duoieitoupyiag 0100ns: H uopaisie kut
T QrOTERECUATIKOT A M OIAVIEVAGANS, CE ouvdUQC|O He AXAoug AvaoTolelg PDES i ahAeg BEPCMEIES YIA TV TIVEULOVIKT apInpLakT utteptaon (MAY) nou reptexouy ovievapuin (REVATIO)
1 dAAeg pedodoug Bepanelag T oTUTIKNG duaheltoupyiag, dev €xouv pehemdel. Kata ouvemela nxpnon Tétewey ouvduaauwy dev guviotdtal. Emdpdgelg amy opaon: Tyouv avaoepOe(, au-
fopunta, MERITTWOELS DIATAPAXLY TC OPAOTIS HE T XOPMYNET S OIAVIEVAPIATIC Kal ahhwv avactolewy g PDES (BA. Tapaypago Ave8oumteg evepyeleg). Exouv avagepdel, auBopunta
KQLOE [La LEAETN MAPATIEroNG. TIEPITIWOE(S PN GOMPITOIKIE TPOIOIAS WOXAULIKTIS OMTIKIG veUperdlelas, |iag omaviag Katdotaons, de mm Xopnynem ms oivieva@ng kal GAAWY avagtoAswy
me PDES iBA. napaypago AveriBupnteg evepyeteg). Ot noBevelg TPENEL va eVIUEPWVOVTAL GTL OE TEEPITIWON A.pvidag 8.a1apayng mg 0paong, NPETEL va otapatmoowy m Angr tou VIAGRA
Kauva gupBoukeuteuy dpeoa ylatpo (BA. mapdypage Avievdeifelc). Tautdypovn xpnam Le prrovaRipn: Aev FUvIOTATAL  GUYXOPYNAN JUWTEVARANS ke prrovapipn. TauTdxpove Xoran e da-
QOPEVERYLLOUG ANMOKAELOTES: 2UVI0TATAL TIPOOOXT], CTaV ™ CIAVTEVRQLAN XOPTYEITAL O£ QUDEVELS OV AaUBAVOUV EVAV 0-A8PEVEPYIKO MOKAELOTT). apoU T OUYXOPMYTICT] LIOPEL va 0OTYT|0EL OE
QUURTOLAT KN UTIETA0M ae oplopéva eualn droua. Autd eival mbaveTepe va cuppel Wéoa ge didemua 4 wpwv Hetd and m xop ynam me ovtevaping. Mpoketuévou va Uelwdel To evieydlevo
ELPAVIOTS 0PBOOTATIKAC UNOTAOTS, 0L ACBEVELS TIPETEL VA EIVAL QIHODUVA LKA OTABEPETOMHEVOL 0T BEPArELd HE a-COPEVEPYIKO QTIOKAELOT TPV arto Ty Evapgn Bepanelas He olAvIEVaQiAn.
€a nipénet va eferaletal 1o evdexoueve Evaping Xopmmnomg me GIWVTEVAPEANS om ddan twv 25 mg. ErmumAéoy, 0. ylatpol Ba mpéne. va oupRouAedouy Toug adbevels y.a 1o Ti MPEMEl va
KQVOUY OE TEPLITTWAOT TIOU ELPAVIOTOUY QUUTTWHATA opBootatikng unotaong. Emdpacn oty aioppayia: Meeted pe avBpwruva aUoneTaALd UNOSELKVLOLY 0TLT CIAVTEVQPLAT) EVIOXUEL TV
QVTIOUYKOAATTLKT EMIDPGO™ TOU VITROTIPWOTIKOU vatpiou in vizre. Agy UMERYOUY 0TORE yia Ty ad@aAsta Xoorynme mg cilvtevagAng ge agBevels e alloppaylkas mabnoelg 1 e evepyo
TIEMTIKO EAKOS. EMOUEVWE, 1) OLAWVTEVAQIAT) TIPETIEL VO XOPTIYELTAL OE QUTOUS TOUS UOBEVEIS HOVO UETA TIO TPOOEKTKT QLLOADYTIOT TwY QVOHEVO LEVIOV WPEAELWY UE OXEOT] PO TOUS mBavoug
KIVOUVOUC, TO AETTTO UUEVLO TIOL ETUKAAUTITEL TO DITKIO TTEPIEXEL AQKTA(N. To VIAGRA dev Ba mPEMEL va XORNVEITG! 08 QVOPES JIE CTIAV.EC KANDOVOUIKES ducaveieg oTn yaAakTaln, QVETapKela
me Lapp dakiaong 1 dusancppoenon yAUkoge-yahaktodng. fuvaikeg: Asy svdeikvutad n xpron tou VIAGRA o yuvaikeg. TONIMOTHTA KYHZH KAI TAAQYXIA: To VIAGRA dev svdeikvutal
Y10 XP10T OTIS YUVAUKES. AEV UTIAPXOUY ETIIPKE S K. KAAQ EAEYXCHEVES LEAETES OE £YKLOUS 1 O€ YUVAIKES MoU BmAQCoUY. 2€ JEAETES Qvamapaywy g 08 apoupalous Ka. KoUVEALE, UETA amo
XCPNYTOT] OWTEVAPANE 0rd 10 0T0MA, eV TIEPOUOIAO KAV OXEUCOHEVES He 10 PAPLUKo avertOupnes evepyeles. Aev dlarw twlbnkay ETudPAvELS Oy W7 IKOIa N 1 poppoloyia tu unep-
{OTOC KETE QMO XOPNyNam, ang Tou oTopatog, armiwy dooewy 100 mg JUWTEVARIANS 08 LYIEiC eBeAovTEG., ANEMIOYMHTEZ ENEPTEIEZ: FUvoyn Tou POQIA ao@akeiag: To Tpogih aopaieiag
1eu VIAGRA BuaoiCetat ve 9570 aodeve s ok 74 dUIAD WEAES, EAEYXOUEVECS HE EIKOVIKD PEPHAKD KAVIKES ted€tes. DU ouyva avepepOeioe s avertBUpNIeg sVELYEIES DE KAIVIKES HEAELES 0E
Qofevei UTo Beparela pe TAVTEVAQEAN, TTav KeQahaAyia, e€adm, Buamegia, pIvIKn cupedpron, CaAn, vautia, ELAPELS, OTTTIKN DLTapayr). Kuavogia Kal opaan Saurm. Ou aveTudupnTeS EVEPYELES
10U NApampnonkay LELa Ty KUKAOQUPI T0U PUPHAKCU 0V ayopad £X0uy oUuyKev1pwOel, kaAUitoviag pia nepliodo = 10 xpovia, Kat exupnon, Ensdn dey avapepovial 0AES 0L averubupneg
EVEDYEIES OTOV Katoye AdeRg Kukhogoplag K de aupmepihauavovial oxeg ot faom S0 Uevwy QopaleEg, 0L JUXVOTITES AUTWY Twy CUMBAUATOY DEV UITOPOLY v KGBOPWITOUY |E ag0Tama.
Mepakarw nepatiBevial avd ouxvoma (modd auxvee (=1/10), ouxveg (=1./100 €wg <1/10), oxt ouyvée (=1/1.000 swg <1/700), onévieg (=10.000 £wg < 1/1.000), GAEQ 0L KAWVIKWS
QNUAVTIKES QVEMBUUNTES EVEPYELES, 0L OMIOIES MAPGATTANONKGY UF KAIVIKES UEAETES, WE ETUTTIOOT) LEYAAUTEDT QMO QUTT) TOU EIKOVIKOU 9APUAKOU. Frumpoofeta, kartay pagovial W | yvooTeES,
0l OUXVOTNTES TWY KAVIKGS SNUAVTAQV QvertBUpnTwy eYEPVELWY TIOL QwapeDENKAY G TV ELMELRa LETA Ty KUKAOPOPIA TOU TIPOICVTOC oMy ayopd. KAIVIKWG GNHOVTIKES avemBupnTes
EVEPYEIES MOV OVOPEPONKOY LE EMINTWON PEYAAUTEPI 0T OTI T EIKOVIKO POPHAKO UE EAEYXDHEVES KAIVIKES JEAETES KOOWE KOl KAIVIKWG ONUAVTIKES OVEMBUYPNTES EVEPYEIES TTOU OVOYEpBnKav
PETA TNV KUKAODOPIN TOU MPOiovTog aThv ayopd. MoAU suxveg: Kepaahyia. ZUXVEG: ZAAN. OTITIKES XPWHATIKES TP AUOPRWIELG™*, CrTTkn dlatapayn, doaom dapr, mapodiko epudrpa (flughing),
EEAYELS, pLvIKN oupgopnor, vautig, Sucreyia, 0y ouxves: Pwvitda, unepevaiodnola, utvnAia, unaednold, datapaxes dakpuppoas™ **, novog tou 0@8aAuol, pwiogoBla, puToyia, unepaipia
TCU 0QBAALO L, AAUTTOV BAELLLD, EMIMEQUKTAQ, (Ayy0g, SHB0ES, TaYUKARdIa, aioBnua MaAp@y, UNEPTaan, unotaom, eniatagn, oupdapnoT KOAM@Y TOU TIPROWITOU, VOG0 VaOTROAIO0QAYIKIS Ta-
AwdpCunomg, EUETCS, GAYOS Avw KOMAKNS xwpag, §npootoud, e5avETua, puadyia, Akyog 0Ta akpd, aplatoupta, Bwpakiko ahyog, komnworn, aioBnon Becpou, kapdakog puduos auinuevos.
Inavieg: AYYEIQKO eYKEQAAKG EMEWOAL0, MaPOdIKS OXCILKE EMELOODL0, ETUANTTTIKE KROM*, UNDTROTN STUANTITIKAS KPLOMS*, SUYKOTT, | apTIPLITAIKY TpAoBia oxaul< orTkr veuponddela
(NAION)*, arogpa&n Twy au@BANOTD0EDIKDY ayyelwy™, QopPPay.a T0U CupPANOTPOEIDOUL, Gp TPIOTKANPUVTIKT au@BANOTRONABE, DIaTaRayr TOU QHQIBANCTPOEDDUS, YAQUKWHA, EAAEIHNA
070 OTTUKG TIERia, & MAONQ, O 0EIMTY Ue @EVn, (UWTIQ, aoBEVTIQ, SEDRPOLATA TOU VAACEDOUC oOHaToL, Slatapayr MQ Pag, (udplam, 6paon diknv putoaTedvou, oidnua Teu
opOaucu, dLoykwon Tou cpBaiuou, opBaAuikr dlaTapayrn, UNEPQ.UI ToU ETUTIEPUKOTE, EPEBLOUOS Tou 09OTALOU, Un YUOIOAOYIKO aiobnua otov 0¢BaAuo, 0l0Tpa BAERApPOU, OUUXPW LATIONOS
TCU OKAPOU, KON *, gvidlog Kapdlakos 8Avatog™, Uepeypa ToU HUoKapdiou, KaIA.aky appulilic®, KOAMIKY LappuapJyr, aotadrg omEavyn. uaelykTiko aioBnia Aa.uol, pwike oidnua. &n-
POTTTIA PVIKOU BAEVVOYOV0 U, unawbnoia oTopatog, ouvdpopo Stevens-Johnson (SJISY*, 108N erdeppikn vekpoiuon (TEN)*, aipoppayia NEQUS, MPLATIOHOS ™, QLATO0TIEPKIQ, UTUoT QUEREVT,
elepeBloTomTa. *EYe. avepepBel Lovo katd m dIApKeLd ME MapaxkeACUBNm UETA ™MV KUKACGOpIa oty ayopd. **CrmikES XpwUaTIKES mapapopeaaels: Mpaatvouia, Xpopatog.ia, Kuavepia,
EpuBpouia kat ZavBogia. ***Alatapaxeg dakpuppoag: Znpogdaipia, Auspuikn dwatapayn sat Aakpuppota auinuevn. Avagepa udavolayouueviey averuBupniwy evepyelwy: I avavopa niba-
VOAOYOULEVWY QVETLAUUNTWY EVERYELWY HETA QO T Y0PNYNON A€LAS KUKAOPOPITG TOU HAPHAKELTIKOU TIPOICVTOC Elval ONPAVTIKY). ETITRETEL T CUVEXT) TIAPEKCAQUENCTT ™S TXEOMC 0¢EXOLG/KLY-
OUVOU TCU QEPHAKELTIROU TTOIOVIOS. ZNTEITAL Ao TOUS ENAYYEALATIES TOU TOREC TG UVELOVOHIKTS

TEPIBAAYNS va QVaPEPOUY OTOLETBATIOTE TUHAYOAOYOULEVES QVETIIBULNTES evepyelee: EAABDD:

EBvikeg Opyaviouog dapudkwy. Meooyeiwy 284, GR-15562 XoAepydg, ABfva, TnA: + 30 21 BO'I]HT']GTS v, '}’l’,VO’D\' T (P‘ipllﬂ-]((l TTLO (lﬁ(pﬂ;t.f[ KUl
32040380/337 ©ag: + 30 21 06549285, lototonog: hitp://www.eof.cr. KOmpog: GappakeuTikee .

Yrirpeoteg. Yroupyelo Yyeiag. CY-1470 Aeunwota, ®af: + 357 22608649, lototonog: A"'HPSPETS

www.meh.gev.cy/ohs. KATOX0Z AAEIAT KYKAODOPIAZ/ APIOMOX AAEIAZ KYKAO®OPIAZ: Plizer OAEL T avembn UNTEG g\rép?glgg Yo

Lim~ed, Sandwich, Ken: CT13 9NJ, Hvwuevo Baolelo. EU/1/58/077,021. TOMIKOZ ANTINPOZANOE: OAA 5

Prizar EAC AF., A, Megoyeitev 243, 154 51 Néo Wuyiko, Trh: +30 210 6785800, AANIKEE TIMES: L DD

50MG TAB, BT x 4 D.okia : 24,77 €. ®APMAKEYTIKO NPOON [IA TO ONOIO ANAITEITAI IATPIKH Zoprminpovovrog Ty « KITPINH KAPTA»
IYNTAMH. HMEPOMHNIA ANAOEQPHEHY (MEPIKHZ) TOY KEIMENOY:08/2014. TIA NAHPEIX

IYNTATOrPA®IKEE MAHPO®OPIEZ MAPAKAAEIZOE NA ANEYOYNEZTE ZTHN ETAIPIA.




ENIAEFMENEZ MAHPO®OPIEZ A TO ARCOXIA®

Ta kATwBI armoTENOVV AMOCTIOCHATIKEG TTANPOPOPIES K TNG TIEPIANYNG
XOPOKTNPIOTIKWV Tou TipoidvTog(MXM).

Mptv tn ouvtayoypd@non tou ARCOXIA®, cupBouleuBeite Tnv mAripn mepiAnyn
XOPOKTNPIOTIKWY TOU TTPOIOVTOG .

H amégaon yia va ouvtayoypagnBei évag ekhekTikdg COX-2 avaoTtohéag Ba mpémet va
BacifeTal oTNV EKTIUNGCN TWV CUVOAKWVATOUIKWVY KIVEUVWY TOu a0BevoUG.

Emeidn ot kivduvol yla To kapSilayyelakd cUOTNHA HE TNV ETOPIKOEIUTTN UmopEi va
auénBouv pe Tn 6on kat tn SidpKela TNG EKOEONC, TIPEMEL VA XOPNYEITAL N XAHNAOTEPN
AMOTENECHATIKA NUEPHOA SOON yia Tn MIKpoTEPN Suvartr Sidpkela Beparneiag.

To ARCOXIA® SiatiBetal o€ 4 S1aQOPETIKEG TTEPIEKTIKOTNTEG.

NEA ENAEIZH: 90 mg, Na t pikpng Sidpkelag Bepameia YETplou mOvou mou oxeTileTal
€ 0SOVTIATPIKI XEPOUPYIKN EMEUBAON (LEyIOTN SIAPKEID XOPYNONG 3 NUEPEC).

Avtevdeilaig:
. loTopikd unmepevalodnoiag otn SPACTIKN ousia 1 og omolOdHTOTE £KSOXO.
. Evepyd memTiko €AkoG 1 evepyn alpoppayia amd To YaOTPEVTEPIKO
. AoBeveic Tou éxouv mapouaidoel Bpoyxdomaco, oeia pvitida,

PVIKOUG TTOAUTTOSEC, AYYEIOVELPWTIKO 0idNHA, KVISwan,avTidpdoelg
AANEPYIKOU TUTTOU LETA TN XOPHYNON AKETUAOOAMKUAIKOU 0&€og ) MZAD,
ouvpnephapBavopévwy Twv avactodéwv COX-2 (tng KukAoo&uyevaonc-2).

. Kunon kat yahouyia.

YoBapn nratikri Sucherroupyia (aABoupivn Tou opou < 25 g/l i

BabuoAoyia Child-Pugh > 10)

Mpoodlopiobeioa tiun kaBapong Kpeatvivng <30 ml/min.

Matdié kat €@n ol NAIKIag HIKPOTEPNG TwV 16 ETWV

DOAeypOVWAONG VOOOC TOU EVTEPOU

TUp@opPNTIKA Kapdiakr avemdapkela (NYHA [1-1V)

A0BeveiG pe umEPTAON, Ot OTTIO{OL £X0LV EUUEVOUTES AUENUEVES TIHES

apTnplakng meong mavw amé 140/90 mmHg kat ot omoigg dev €xouv

eheyxOei EMOPKWC.

. Alayvwopévn IoXaIUIKE KapSlomdBela, epIPePIKN apTnElomabeia Kay' i
QAYYELQKT| EYKEPANIKT| VOOOC.

E1dikég mpoeidomoioeig Kat Idlaitepeg MPOPUAAEELG Katd Tn xprion:

EniSpaon 070 YAGTPEVTEPIKO

‘Exouv mapouotlacBei oe aoBeveic mou ENaBav ETOPIKOEIUTTN EMIMAOKEC TOU AVWTEPOU
YOOTPEVTEPIKOU CUOTHUATOC (SIATPATELS, EAKN 1 alpoppayieg (AEA), HEPIKEG amd TIg
oroieg odrynoav og Bavatn@opo anmotéAecpa.

Juviotdtal MPoooyr Katd T Bepaneia aoBevwv mou gival o€ peyaliTepo Kivduvo

Va TIOPOUGCIACOUV YOOTPEVTEPIKEG EMMAOKEG pe MZAD: n\iKiwpévol, acBeveic mou
Aappdavouv kdmoto AMo MZAD r) akeTUNOGAAIKUAIKO 08U TauTdxpova r) aoBeveic pe
TIPONYOULEVO IOTOPIKO YAOTPEVTEPIKIG VOOOU, OTIWG EEEAKWON KAl YOOTPEVTEPIKH
aigoppayia. Yrdpxel mepatépw avénon Tou KIvoUvou eRAaviong avembupunTwy
EVEPYEIWV TOU YAOTPEVTEPIKOU (YAOTPEVTEPIKI EEENKWON 1] AANEG EMITAOKEG QTTO TO
YOOTPEVTEPIKG) OTAV N ETOPIKOEIUTTN AABAVETAL TAUTOXPOVA LE AKETUNOGANKUAIKS
08U (aKOpN Kat o€ XapNAéG SO0ELS).

Kapdiayy £¢ embpaoeic

Ot KAIVIKEG HENETEG UTTOSEIKVUOUV OTI Ol EKAEKTIKOI avaoToAeig Tng COX-2 w¢ katnyopia
PAPHAEKWY pMopei va oxeTiCovTal pe auénpévo Kivouvo BpopBwTIKWY eMelcodiwv
(181aITéPWG EpPPaypa Tou HUoKapdiou Kal ayyelakd eYKEQAAIKO EMTEICOSI0) O€ OxEon
€ TO EIKOVIKO QPAPMAKO Kal HEPIKE MEAD. Emeidry ot Kivéuvol yla To kapSiayyeloko
o0OTNUA UE TNV ETOPIKOEIUMN prmopei va augnBouv pe n §6on kat tn SIdpKela Tng
€kBeONG, TPEMEL va XopnYE(Tal N XapnAdTEPN AMOTEAECUATIKY NUEPKOLA SO0N yla TN
HiKpoTePN Sduvath Sidpkela Bepameiag. H avdykn Tou aoBevolc yia CUMMTWHATIKN
avakou@Lon Kal N andkplon oTn Bepareia MPEMeL va EMAVEKTILATAL TIEPLOSIKG,
181aitepa oeaoBeveic pe ooteoapBpitida. Ot aoOEVEIG Ue ONUAVTIKOUG TTAPAYOVTES
KIVEUVOU yla EUPAavion KapSlayYEIOKWY CUPBapdTwy (Tm.x. uméptaon, umephimdarplia,
oakxapwdng SlaBATNG, KAMVIoHa) IPETTEL val avTIHETWTTI(OVTaL DEPATIEUTIKA HE
ETOPIKOEIUTTN HOVO PETA a6 TTPOOEKTIKN EKTIUNGN. Ot EKAEKTIKOI AVACTOAEI TNG
COX-2 &gV pmopouV va UTTOKATAOTHOOUV TO AKETUNOGAAUKIAIKO 0V yla Tpo@UAaEn
Kapdlayyelakwv OpopBoeuBoAKwV TaBRoewv Adyw ENEWPNE AVTIAILOTIETANIOKAG
Spdonge. Emopévwe, n avtiaipomeTaMakr aywyr) Sev mpémel va SlakomTeTal.

EniSpaon otn veppiki Aettoupyia. Ot veppikég mpooTtaylavdiveg eivat Suvatov

va mmaifouv avTIpPOTOTIKG POAO 0TN Slatrpnon TG VePpIKng Sinbnong. MNa

QAUTOV TO AOYO O€ KATAOTACEIC EMPBAPUPEVNG VEPPIKIAG SINONOoNG, n Xopriynon tng
ETOPIKOEIMUTTNG UITOPET VO TIPOKANEDEL EIWOT OTO OXNMUATIOHO TWV TTPOCTAYAQVSIVIV
Kall SEUTEPOYEVWG HEIWON TNG VEPPIKNAG AUETWONG KAl WG EK TOUTOU va 08NnyYroEl O
mepartépw empPAapuvon TG VEPPIKIG Aertoupyiag. Ot aoBeveic Tou gival o€ peyaNiTepo
KivEUVO €V TIPOKEIMEVW, EVAL EKEIVOL UE TIPOUTTAPXOUOCA ONUAVTIKH EMBAPUVON TNG
VEPPIKAG AEITOUPYIAG, LN AVTIPPOTTIOVHEVN KAPSIAKK AVETTAPKELD 1 Kippwon. &
auTOUG Toug aoBeveig Mpémel va apakoAouBeital n VEQPIKR Asttoupyia.

Katakpdtnon vypwy, oidnpa kat unéptacn. Onmwg Kat Pe AMNa @AapHaKa Tou
avaoTéNoLV T oUVOeoN Twv pooTayAavSiviv éxel Tapatnpndei katakpdtnon
UYPWV, 0idnpa Kat uTépTaon oe aoBeveig Tou eNdapBavav eTopikoipmm. Mpénet va
SiveTal TPOooXr 0TOUG ACBEVEIG e TTPONYOUHEVO IOTOPIKO KAPSIAKNG AVEMTAPKELDG,
Suohertoupyia TN aploTEPAG KOG 1) uTEPTAON Kal o€ aoOeVeig Pe mpoUndpyov
oibnua omolacdrmote AMNG attiohoyiag. Edv mapatnpnBei emdeivwon tng KAIKAG
KATAOTOONG QUTWY TwV aoBevwyv Ba TIPEMEL va yivovTal amapaitntol ENeyxot Kat edv
XPElaoBei umopei va Siakorei n etopiko&ipmn. H eTopiko&iumm pmopei va oxetietal

HE Mo ouxvda pavi{opevn kat cofapn uméptaon évavtt ANMwv MZAD Kat EKAEKTIKWY
COX-2 avaocTtoléwy, 181aitepa o€ PeYANeG SOTELC. MNa auTtd To Adyo, Ba mpémel va Sivetat

181aitePN TPOCOKT OTNV TAPAKOAOUONON TNE ApTNPIOKNAG TTiEoNG KaTd Tn SIdpKEla TG
Bepaneiag pe eTopiko&iumm. Eav n aptnplakr mieon avénBei onuavtikd, Tote Ba mpémel
va An@Bei umdPn ANAn evarakTikr Bepareia .

Emdpaosig oto fmap.

AUEACEIG EMITESWV TNG APIVOTPAVOPEPAONG TNG aAavivng (ALT) kat /r) TG AoTTIapTARNG
(AST) (Tepimou TPEIG 1} TEPIOOOTEPEG POPES ATTO TO AVWTEPO PUCIONOYIKO OPIO) £XOUV
avagepBei oe TEPITOU 1% TwV A0OEVWV TTOU CUUHETEIXAV OE KAIVIKEG MENETEG KAl OTOUG
omoioug XopnyRBNKE yla Sldotnua péxpt éva 1o eTopiko&iumn 30mg ,60 kat 90 mg
nuepnoiwg.Edv kdmolog acBevic epgpaviost CUMTWHATA Kal/r) onueia Tou Seikviouv
nratikr) SUCAEITOLPYIA, I} KATAYPAPE KATTOLA LN PUCLIONOYIKT| E0YACTNPLOKA
SoKipaoia TNG NIATIKAG AElToupyiag, TOTE 0 AoBEVNG TPEMEL va TTapakohouBeital
oTevd. Eav eppavioBolv onpeia Natikig avemdpkelag, 1 eav e§akolouBoulv va
KATAYPAPOVTAL [N PUCIOAOYIKEG TILEG TWV EPYACTNPIOKWY SOKIUACIWV (TPELG POPEG
TTAvVW amd TO AVWTEPO PUOIOAOYIKS OPLO), N ETOPIKOEIUTN Ba Tpémel va Slakomei.

levikég

Edv katd tn Sidpkela Tng Beparneiag ol aoBeveic mapouoidoouv emdeivwon Tng
AelToupyiag omolouSHTIOTE OPYAVIKOU CUCTHUATOG TTOU avapEPONKE TTapammavw,
TIPEMEL va An@BoUV KatdANAa pétpa kat va e§etacBei n Stakomm tng Bepaneiag

pe eTopiko&ipmn. Mpémel va ugiotatal KATdAANAN aTpIKn apakoAouBnon étav

n €TOPIKOEIUTN SideTal 08 NNIKIWHEVOUG Kal O€ A0OEVEIG LIE VEQPIKI, NTTATIKN, 1y
Kapdiakn Suohertoupyia. Mpémet va Sivetal 1diaitepn mpoooxn dtav yivetat évapén
™G Oepameiag pe eTOPIKOEIUN Og A0BEVEIG he apuSATWON. ZuvIoTATAL N EVUSATWON
Twv a0Bevwv Pty TNV évapén tng Oepaneiag pe eTopiko&iumm. Exouv avapepBei ToAy
oTAvIa 0oBapPEC SEPUATIKESG AVTIOPATELS, OPIOUEVEG aTTO TIG OTTOIEC BavaTNOPEG, TTOU
nephapBavouv amo@oMdwTikr deppatitida, cuvSpopo Stevens-Johnson,kat To&IKn
emMOEPHIKN VEKPOAUON O€ OxEON e TNV Xpron Twv MZAD Kat OPIoPEVWY EKAEKTIKWV
avaoTtoréwv COX-2 katd T Sidpkela mapakohoLONong LETA TV KukAogopia. Oaivetat
OT1 o1 aoBevei Slatpéxouv LPNAGTEPO KIVOLVO yla EUPAVION TETOLWVY avTISPACEWY
oTnv apyn tng Bepameiag 6mou n évapén tng avtidpaong Aappavel xwpa, otnv
TAEIOVOTNTA TWV TIEPITTWOEWY, HECA OTOV TTPWTO Prva Bepaneiag. Exouv avagepOei
ooBapég avtidpdaoelg unepevaiobnaiag (onwg avagulagia, Kat ayyelooidnpa) oe acOe-
VveiG mou AapBdvouv eTopiko&ipmn. Mepikoi ekAekTIKoi avaoToAeig Tng COX-2 éxouv
OXeTIO0El pe auEnpuévo KivEuvo SepHaTIKWV avTISPACEWV O AODEVEIS LIE IOTOPIKO
PAPHAKEVTIKNG AANEPYiag KABe TUMou. H xopriynon tng eTopiko&iumng Ba mpémet va
Siakomei pe TNV mpwn epavion deppatikol e§avOnuatog, BAARNE Tou BAevvoydvou,
1) omoloudnmote dAAou onpeiou uriepeualcOnoiac.

H eTopiko&ipumn pmopei va KaAOPEeL ToV TTUPETO Kal ANC CUUTTTWHATA TNG GAEYHOVAG.
Oa mpénel va Sivetal Tpoooyr dtav cuyxopnyeital ETopIkogiumn pe Bapeapivn ry
AM\a amoé Tou OTOHATOG XOPNYOUHEVA AVTIINKTIKA H Xprion TnNG ETOPIKO&IUNG, 6mwe
Kal KABOE POPUAKEUTIKOU TIPOIOVTOG TTOU gival yvwaoTo OTI avaoTEANEL TNV oUVOEDN
Kukhoo&uyevdong / mpootayhavsivng Sev cuvioTdtal o€ yuvaikeg mou mpoomadouv va
OUN\GBoLV.

Ta Siokia ARCOXIA mepiéxouv Aaktoln. AcBeveic pe omavia kKAnpovopikd mpoBAfpata
Suoavediag otn yohaktaln, pe ENenpn tng Lapp Aaktaong ri Suocamoppognon tng
YAUKO{NG-yahaktolng Sev Ba mpémel va A\apBavouy auto To GAPHAKO.

AvemOUuNTEG EVEPYELEG

Ot akOAoUBEC avemBUUNTES eVéPyeleg avapEéPONKav O KAIVIKEG LENETEG OE TTOCOOTO
peyaAutepo amnd To placebo, og aoBeveic pe OA 1y PA, xpdvia xapnAr oogualyia, iy
aykulomoinTikr) ommovSuAiTida, mou eAdupavav aywyn pe etopiko&ipmm 30mg, 60 mg
1 90 mg yla S1dotnua éwg 12 eBSopAdEC f Katd To Mpoypappa Twv pehetwv MEDAL
1 a6 TNV EUMELPIOl HETA TNV KUKAOPOPIa TOU GappdKou: oidnpa/katakpdtnon
S1aTaAPAKES (.. KOINOKO AAYOC, HETEWPIOHAG, OMOBOOTEPVIKOG KaUGOK) Sidppola,
Suomneyia, Suopopia amoé To mydoTplo, vauTia, ekxUpwon, EacBévion/koénwon,
av€nuévn ALT, au§npévn AST.

ANMNAemSpacelg pe GAAa QAPHAKEVTIKA IPOioVTa

AVTUTNKTIKA amd TOU OTOATOG: Z€ ATopa 0Tabepomolinpéva, O€ Xpovia Beparmeia pe
Bappapivn, n xopriynon e1opiko&ipmn 120 mg nuepnoiwg ocuvdédnke pe mepimou 13%
av&non oto xpdvo mpoBpouivng (International Normalised Ratio,INR).

AloupnTikd, avaotoAeic MEA kat AvtaywvioTtég TG Ayyelotaoiving Il: Ta MZAD
EVOEXETAL VOl HEIWOOLV TNV EMIGPACN TwV SI0UPNTIKWV KAt GANWV QVTIUTIEPTACIKWV
PAPHAKWV. Y€ OPIOPEVOUG A0OEVEIG e EMPBAPUPEVN VEQPIKH AVETTAPKELD (OTTWG TLY
a00eveiq pe apudatwon fi NNIKIwUEVOL aoBEVEiG pe emPBapupévn VEQPIKN A&lToupyia)
n ouyxopriynon avactoAéa MEA 1 avtaywvioTr Tng Ayyetotacivng Il pe mapdayovteg
TTOU AVACTENOULV TNV KUKAOOEUYEVAC UTTOpEi va 08Ny oeL o€ Tepaltépw emdeivwon
™G VEQPIKNE AeToupyiag, oupmephapBavopévng mbavig o&eiag VEQPIKNAG
QVETTAPKELAG, N OTToia CLVABWG Eival AVTIOTPENTA

AKETUNOOANIKUAIKO 0€U: H eTopiko&ipmn pmopei va xpnotpomotnOei tautdyxpova e To
OKETUNOGAAIKUAIKO 08U o€ SOOEIG TTOU XOpNnyouvTal yia TV KapSlayyelakr Tpo@UAagn
(xapnAr 86on akeTuAocaAiKuMKoU 0&£€0c). MAavTwg, n Tautdxpovn Xopriynon XapnAng
S860NG AKETUAOCAAIKUAIKOU 0&£€0G e ETOPIKOEIUTN pmopei va o8nyroel og avEnon Tou
PUBLOU EUPAVIONG TWV EAKWV TOU YAOTPEVTEPIKOU 1] AANWV ETMITAOKWV OE OXEON UE
NV XPron Hovo eTopiKo&iumng

ANeC:

Te pehéteg aMnAemidpaong pe dGAa @appaka, To ARCOXIA® Sev @AvnKe va éxel
ONUAVTIKA OMOTEAEOHATA OTN GAPHAKOKIVNTIKY TNG Mpedvi{ovng/mpedviCoAévng,
Ayo&ivne. H ketokovaldAn, évag 1oxupog avaotoléag Tou CYP3A4, Sev gixe
ONUAVTIKY KAIVIKA eMidpacn otnv edmnag 560N @apUakoKIvNTIKN TNG
€TOPIKOEIUTTNG.

Mptv tnv cuvtayoypdenon tou ARCOXIA, cupBouleubeite Ty mepiAnyn
XOPOKTNPIOTIKWY TOU TTPOIOVTOG__



‘Eva puano... XelpwVva Kadokaipty;

To NeuroAge eival pia ogipd cupnAnpwpdtwy S1atpo@Pig Nou uNooTNpideL TNV YVWOTIKNA
AgLtoupyia, TNV NVEUPATIKN EypAyopaon Kal tn SleukdéAuvon Tou UNvou.

Age NeuroAge@m NeuroAge&DM

NRG Sleep

BonBd otn &lathpnon tng ® ‘Exel €161k oxedlaotel yia va ® ‘Exel €161KAG oxedlaotel yla va
Agltoupyiag Tou eykepdnou OUPBAAEL otnv evioxuon NG OUpBdaneL otn SleukdoAuvon
KaL TNV £VIOXUGN TNG PVNPNG. gypnyopong dtav xpeLaoTel. Tou Unvou Kat otn Peiwon tou
MepLExel vav anoteAEoPATIKO EntnAéov BonBa otn Slathpnon XpOvou petaBaong otov Unvo.
ouvbUaopOo BACIKWY OUCTATIKWV NG Acltoupyiag tou eykepdnou, EnwnAéov BonBd otn Slathpnon
nou £xetL anodeixBei 0t Bonba otnv TNG OUYKEVIPWONG KAl TNG PVAUNG. NG AIToUpYiag Tou eyke@dnou
unooTNPLEN vOG UYLOUG eyKePAnou. Kat TG PvARNG.
® Zidnpog': ® Zidnpog?, NMavtobevik6 OEU?, ® Zidnpog?, NavtoBeviké OLU?,

» TUPBEAAEL OTN PUGLOAOYIKA Oupidivn?, Kuubdivnz, Oupidivn?, Kutidivn?,

(L)-Moutapivn?
+ MeAatovivn!:

YVWwOoukn Agttoupyia. (L)-fAoutapivn?

T 1.
® MavtoBeviké O§U: + Kagelvn®:

» ZupBdAAel oTn PUOLOAOYIKA
Slavontkn anddoon.

» ZupBdAneL otnv evioxuon TNG
€ypnyopong kat otn BeAtiwon tng
OUYKEVTPWONG.

+ (L)-Oclavivn:

» ZupBdAnAeL otn peiwon tou
XpOvou petdBaong otov Unvo.
+ BaAepidva:

» ZupBdAaneL otn dleukdAuvon Tou
unvou.

® OupLdivn?, Kutidivn?,
(L)-Moutapivn?

» ZupBdnnAet otn BeAtiwon tng
YVWOTIKNAG AglToupyiag.
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1. EYKEKPLPEVO ZUCGTATIKO  European Food sefety Authoriy 2. KALVIKG EAEYPEVO ZUOCTATIKO

JupnAnpwpata Alatpo@ric pe oibnpo kat navtobeviko o€U. AlaBdote tig “06nyies Xpriong” yia tn ouvioTwPevn
Soooroyia. Mnv unepBaivete tn ouviotwpevn Nuepriota 5éon. Ta ocupnAnpwpata 51atpoPrig Sev unokadblotouv
TNV Loopponnpévn SLatpoPr) Kat Tov UYLELVE TPOro {wng.

Q@undooetal pakpid and ta naidid.

Ap1Bpoi N'vwotonoinong EO®: NeuroAge 70674 / 4-10-2012, NeuroAge NRG 96836/7-11-2014,
NeuroAge Sleep 96837/7-11-2014

ANoKAELOTIKOG Alavopéag yia tnv EAAGSa:
ELPEN A.E. ®appakeutikn Blopnxavia
Tunpa Consumer Health Care

Aew®. Mapabwvog 95, 190 09 Miképpt ATtkig, TNA.: 211 1865 347,

ANOKAEIZTIKA
ZTA ®APMAKEIA

, , , EBVIKAG Aviotdoews 114, 551 34 Osooanovikn, TnA.: 2310 459 920-1
Kpata TN Yvnun og gypnyopon. www.elpen.gr, farmakeia@elpen.gr ®povtida yia tov avBpwrno

flyingcolours
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eloriconty, MSD)
ME ENAEI=H KAl ZXTON OAONTIKO NMONO?

To ARCOXIA® twpa evdeikvutat Kat yia tn pikpri¢ didpkelag Bepameia Tou PeTEYXEPNTIKOD PETPIOV 060VTIKOD TTOVOU'

KINHTHPIA AYNAMH

MNa ™ pikpn¢ Siapkeiag

Oepameia Tov'
4 N\

MeTeyxeipnuikov
Métpiov OSovTikou lNMovov

90mg pia @opda TNV NnUEPA
péylotn Sldpkela 3 NUEPEC.
&

Bevoic!

H anégaon yia va ouvtayoypagnOei évag exhektikdc COX-2 avaotohéag Ba mpémet va Baciletal 0Ty ekTipnon Twv 6uVoNIKG HIKGV KIVOUVWY TV
AdaEic uPn\dTEPEC AMO AUTEG TTOL GUVIOT@VTAN Yia KABE évdeld eite Bev éxouv eppavioet emmpooBem) amoteheopatikoTTa 1y dev éxouv akopa pehenBei. Adyw Twv KapSiayyeWK®V KIvoivwy, Tpémel va yopnyeitat
1 xapnAotepn anoteheopatiki nuepnota 5oon tou ARCOXIA yia T pikpotepn duvati didpkela Oepaneiag.’

Npw t cuvtayoypdepnon tov ARCOXIA®, cupBoulevOsite TRV mepiAnPn XAPAKTNPIGTIKWV TOV TIPOioVTOC yia avrevdeifelc, mpogidomonoelg, mpoulagerg
Kat avemOUpNTEC EVEPYELEC.
BiBNoypagia: 1. Arcoxia GRSPC

A BIANEZ= A.E. BioMHXANIA ®APMAKON

BIANEZ

V ETAIPEIA TOY OMIAOY NANNAKOMNOYAOY
LICENSEE/DISTRIBUTOR OF MERCK SHARP & DOHME, Division of MERCK & Co,, Inc,Whitehouse Station,N.J,USA.
lFpageia Emotnuovikni¢ Evnuépwaong
AOHNA: 056 Tatoiou 146 71 N. EpuBpaia, TnA.: 210 8009111 » E-Mail: mailboxevianex.gr e INTERNET: http://www.vianex.gr e @EZZANONIKH: Axadnpou 113,
KouBog Makpuyidvwn, Eboopiog ©gacahovikng, TK 56224, Tn: 2310 861683 « MTATPA: Mailwvoc 131, Tn\: 2610 221397
1 Registered Trademark of Merck & Co. Inc.,of Whitehouse Station New Jersey,U.S.A. & used under licence from MERCK & Co.,INC.

n
=
<
o)
S
3
>
@A
w
=



