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ANALKOIlHLH
 

MUOKOp610Kri IOXOllJiO KOI n AlltOUpVIKOtntO 

tOU lJuOKop6iou 

N.n. !\EUKO<; 

Kap6/oMyoc;. AvanAnpwTric; Ka8nynrric; TOU A.n.e. 

ntpiAllllJll: Le nepimWOIl ~UOKOPOlOKJi<; 10XOl~io<; 

OIOlopoooeTOl o~eoo 11 OIOOTOAIKJi KOI OTIl ouvt
xelo 11 OUOTOAIKJi AetToupyio TIl<; KOpOIO<;. 01 ~IOXIl
~IKt<; ~ETO~oM<;, oe KUTTOPlKO wineoo, KOTO Til 
OlopKelO oo~oPJi<; 10XOl~io<; OUVOijJi~OVTOl oe: a) TO
xeio e~ovTAIlOIl TWV on08e~oTwv AlP KOI CP, ~) 

oloonooll TOU AMP oe ooevooivll, 11 onoio TOXtW<; 
~eTOTptneTOl oe uno~ov8ivll, 100iVIl KOI oe ~IKPJi 

noooTIlTO ~ov8ivll<; KOI y) evooKuTTOPIO OU~1l01l TWV 
ovopyovwv cpWOCPOPlKWV, TOU Mg++ KOI o~twoll, 11 
onoio nopoMIlAO ~E Til TOXdo e~ovTAIlOIl TWV ~I

KpWV on08e~OTWv yAUKOyOVOU, ovooTtMel Tllv 
evepyonOlll8eioo OPXIKO ovoepo~IO yAUKOAUOIl. 
Mtoo oe 15 Aemo nepinou, 11 0PXIKJi OVOOTptijJl~1l 

cpooll TWV 10XOl~IKWV OIOTOPOXWV, oe KUTTOPIKO 
enineoo, ~eTOnimel oe ~Il OVOOTptijJl~ll, e~olTio<; 

TIl<; PJi~Il<; TOU oopKeIM~~Olo<; TWV ~UOKOPOIOKWV 

KUTTOPWV ana TIlV ove~tAeYKTIl OU~lloll TOU Ca2+, 
TOU KUTTOplKOU OIOtl~OlO<; KOI TIl<; nopoywyJi<; 
eAeu8epwv PI~WV o~uyovou. 01 AelTOupYIKt<; 10XOI
~IKt<; OIOlOPOXt<; TIl<; ~UOKOPOIOKJi<; oUOTOATOTIl

EI~ArQrH 

Ta tOVta a<J~E<J'tiou rrai~ouv <Jrrou8aio pOAO 
<JLte; lCuHapuCEe; AEt'tOupyiEe; lCat Et8tlCO'tEpa <JUV
8EOUV 't1']V ElCrroAro<J1'] 'tl']e; lCUHaptlCile; llE!l~pUV1']e; 

IlE 't1'] IlU1lCi) crU<Jrra<Jl'] (1']AElC'tpOIl1']xaVtlCi) crU~EU
~1']). ~'ta ~\JOKap()taKU KUtTapa, <JE lCa'tU<JLa<J1'] 
1']pElliae;, 1'] <JU<J'taALtlCi) <JU<JlCEUi) /lvoaivll-aKrivll 
ava<J'tEME'tat arro Lte; PUellt<JLtlCEe; rrpro'telVEe; rpo

1w/lvoaivll lCat rponovivll· 'OLaV aU~1']eEi 1'] <JUylCE
v'tpro<Jl'] 'tou Ca++ <J't0 lCuHaporrAa<J~a 'tou lCUHU
pOU, EVWVE'tat IlE 't1']V 'tporroviVT], orro'tE lCa'tapyEi
'tat 1'] rraparruvro ava<J'taALtlCi) 8pu<Jl'] lCat rrpOlCa
AElLat IlU1lCil crU<Jrra<J1']. ~'ta Mia ~\Ji:Ka aITEtaKU 
KUttapa 1'] 'tporroviv1'] aVLtlCaei<J'ta'tat arro 't1']v 
rrpro'tE'i'v1'] KaA/loJov).,ivll. Kat <J't1']v rrEpirr'tro<Jl'] au
'ti), o'tav aU~UVE'tat 1'] Ev80lCUHUpta <JUylCEV'tpro<Jl'] 

TO<; OIOKpivOVTOl oe OVOoTptijJl~e<; (stunning KOI hi
bernating ~UOKOpOIO) KOI oe ~ovl~e<; (vtKpwOIl nE
PlOXJi<; TOU ~uoKopoiou). 01 XPovle<; (~ovl~e<;) 10XOI
~IKt<; OIOlOPOXt<; TIl<; ~UOKOPOIOKJi<; AetToupyio<; 
ocpeiAovTOl a) OTIlV onwAelo ~EYOAWV T~Il~OTWV ou
OTOATOU ~uoKopoiou KOI OTIl «OIOOTPOcpJi" TOU oxJi
~OTO<; TIl<; oploTepJi<; KOlAiO<;, nou ou~~oMouv ana 
KOlVOU OTIl XPOVlO unepCPopTloll TOU em~wvTo<; ~uo

Kopoiou KOI ~) OTIlV evepyonoilloll oUOTIl~OTlKWV Ji 
TomKwv veupo-op~OVlKWV OUOTIl~OTWV nou enllpe
o~ouv o~eoo TO KOpOIOKO KUTTOPO (~UOKOpOIOKO 

KOI Ivo~MoTe<;). TtAO<;, 11 KopOlonpOOTooio tVOVTI 
TIl<; 10XOl~io<; TOU ~uoKopoiou yiveTOl ~e a) Evooye
vei<; ~IlXOVIO~OU<; (onw<; TO 10XOl~IKO «preconditio
ning» KOI TO oeUTepo nopo8upo OUTOU, 11 uno~io, 

KOleXOAo~ive<;, OKETUAOXOAivll, TOXUKOpoio Ji TO
xeio ~1l~OT006TIlOIl), ~) ~ETO~OAIKOU<; KOI y) cpop
~OKOAOYlKOU<; nopoyovTe<; (OVTOYWVlOTt<; TOU
 
OO~EOTiou, ~-OvooToAei<;, a-MEA, Tpl~eTO~loivll
 

KAn.).
 
IrmOKpareta 1997, 1: 129-143.
 

'tOU Ca++, 'to tOV EVWVE'tat IlE 't1']v lCaAIl080uAiv1'], 
EVEpyorrOtEi'tat 'to EV~UIlO /lvoaiVll Klwiall, 'to 
orroio <pro<JljlOpUAtWVEt 't1']v EAa<ppu MU<JO 't1']e; Ilu
o<JiVT]e;, Em'tpErrOV'tae; 't1']V aM1']AOErri8pa<J1'] IlUO
<Jiv1']e; lCat alC'tiv1']e; (aITEtOcrU<Jrra<Jl']) (EtlC. I)'. 

Ka'tu 't1']V EVEpyorroi1']<J1'] 'trov lluolCap8talCWV 
lCUHUprov, 'to tOV a<J~E<J'ttO Et<JEPXE'tat <J'tO lCUHa
porrAa<Jlla IlE<Jro 'trov 8taUAroV 'turrou L 'tou a<J~E
<J'tlOU, Ot orroiOt «avoiyouv» lCa'tu 't1']v ElCrroAro<Jl'] 
'tl']e; lCuHaptlCi)e; IlEIl~pUV1']e; lCat EiVat Euai<Je1']'tOt 
<J'tl'] 8pu<Jl'] 'trov av'tayrovt<J'twv 'tou Ca++. Mta Ilt 
lCpi) rro<Jo't1']'ta a<J~E<J'tiou Et<JEPXE'tat 8ta IlE<JOU 
't1']e; lCUHaptlCi)e; IlEIl~pUV1']e; IlE 'to IlTJxaVt<Jllo 
aV'taMayi)e; Na+ - Ca++ (Eva tOV a<J~E<J'tiou aV'taA
AU<J<JE'tat IlE 'tpia tov'ta va'tpiou) (EtlC. 2a). H rra
parruvro apxtlCi) aU~TJ<JTJ 'tou Ca++ <J't0 lCUHapo
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ElK. 1. <DOiVETO! 0XIH.lOTLKO 11 oloKiVllOll TOU Ca++, OE KUT
TOPIKO EninEoo, KOTO Tllv EVEpyonoilloll KO! ouonooll TOU 
Kunopou. 

7tAa<Tlla EVEpy07totEi <T'tT] (J\)VEXEta 'tT]V a7tEAEU8E
pro<TT] 'tOU a<T~E<T'tiou (trigger) a7to 'to <TapK07tAa
<Tlla'ttKo OiKWO (SR) Kat 'tEAtKll 7tpOKaAEi'tat, 
07tro~ avacpEp8T]KE, T] cn)<T7ta<TT] 'tOU KUnupou. 
AnieE'ta, Ka'tu 'tTl XaAa<TT] 'tou KUHUpOU, 'to tOV 
a<T~E<T'tto a7t0llaKpuvE'tat EVEpYTJ'ttKU a7to 'to KU't
mp07tAa<Tlla IlE 'tTl OPU<TT] 'trov anAtwv Ca++ - AT
pase 7tpO~ 'to <TapK07tAa<Tlla'ttKo OiK'tUO Kat EK'tO~ 

'tOU KUnupou, IlE<Tro 'tOU <TapKEtAlilllla'tO~ (EtK. 
2~)1~. 

Em~PAI:H THI: O::EIAI: II:XAIMIAI: I:TH I:Y
I:TAJ\TIKH J\EITOYPriA THI: KAP~IAI: 

H IlEAE'tT] 'tT]~ E7tiopa<TT]~ 'tT]~ IlUOKapOtaKft~ 

t<TXatllia~ <T'tT]V KOtAtaKll Aet'toupyia UPXt<TE 'to 
1935 IlE 'ta KAa<TtKU 7tEtpUlla'ta 'trov Tennant Kat 
Wiggers'. Ot EPEUVT]'tE~ IlEAE'tT]<TaV <TE 7tEtpalla'to
~roa (<TKUAou~), Ka'tu 'tTl OtUpKEta 8ropaKo't0Illl~, 

'tt~ IlE'ta~oAE~ 7tOU E7tt(J\)Il~aivouv <T'tT] lluoKap
otaKft (J\)<T'taA'to'tT]'ta, <TE 7tEpi7t'tro<TT] 7tPOKAT]<TT]~ 

~paXEia~ t<TXatllia~ IlE'tu a7to 7tapoOtKll <T'tEcpa
vtaia a7t6cppa~T]. L'ta 7tEtpUlla'ta OEiX8T]KE o'tt Ka

'tu 'tT]v t<TXatllia 'to IlUOKUpOto IlE"ta7ti7t'tEt a7to "tT]v 
Ka'tU<T'ta<TT] 'tT]~ EVEPYTJ'ttKll~ (J\)<T'tOAtKll~ ~PUxuv

<TT]~ (active systolic shortening) <TE Ka'tU<T'ta<TT] 
7ta8T]'ttKft~ (J\)<T'tOAtKft~ E7ttllllKUV<TT]~ (passive sy
stolic lengthening). ME"tE7tEt'ta 7tEtpUlla'ta EOEt
~av o'tt T] Ota<T'toAtKft OU<TAEt'toupyia 7tpOT]YEi'tat 
<T'ta8Epu 'tT]~ (J\)<T'tOAtKft~ Kat O'tt 7tapa'tEmIlEVT] 
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ElK. 2. <DOiVETOI OXll~OTLKO 11 ouonooll (A) Kalil XOAOOll 
(8) TOU Kunopou KO! OIl~EIWVETO! 0 POAO<; TOU Ca++. 

Ota<T'toAtKll OU<TAEt'toupyia Il7tOpEi va aKoAou8Ei 
~paXEiE~ 7tEptOOOU~ <T'tEcpavtaia~ a7tocppa~T]~. rE
VtKU, ot EVOOKUnuptot llT]xaVt<Tlloi 7tOU OOT]YOUV 
<T'tT]V Eva7to8E<TT] 'tOU a<T~E<T"tiou (sequestration) 
<T"ta U7tOKUnaptKU opyavtAta ~pE8T]KE va Eivat 
EKAEK'ttKU EUai<T8T]'tot <T"tT]V t<TXatllia4. 

Ta 'tEAEU'taia xpovta, IlEAE'tE~ <TE a<T8EvEi~ IlE 
aYYEto(J\)<T7ta<T'ttKll <T'tT]8unYI ~01l8T]<Tav <T'tT] OtEU
Kpivt<TT] 'trov OtEpya<TtWV 7tOU xapaK'tT]pi~ouv 'ta 
E7tEt<TOOta 'tT]~ o~Eia~ t<TXatllia~5. EtotKo"tEpa, oEi
X8T]KE o'tt T] IlEiro<TT] 'tT]~ lluoKapOtaKll~ atIlU'tro<TT]~ 

(J\)VooEuE"tat a7to UIlE<TT] (IlE<Ta <TE Aiya OEU'tEpOAE
7t'ta) IlEiro<TT] 'tT]~ AEt'tOupytKo'tT]'ta~ 'tT]~ apt<T'tEPll~ 

KotAia~. '07tro~ Kat <T'ta 7tEtpalla"to~roa, apXtKU 
OtampU<T<TEmt T] Ota<T'tOAtKll AEt'toupyia (Otam
PU<T<TE'tat T] Ota<T'tOAtKft dp/dt Kat aU~UVE'tat T] 'tE
AoOta<T'tOAtKft 7tiE<TT]) Kat aKoAou8Ei T] (J\)<T'tOAtKft 
~A.a~T], T] o7toia EKCPPU~E'tat IlE IlEiro<TT] "tT]~ (J\)<T't0
AtKft~ dp/dt Kat 'tT]~ (J\)<T'tOAtKft~ 7tiE<TT]~. Kat ot 
ouo aU"te~ IlE'ta~oAe~ 7tpoTJYouv'tat IlEptKU OEU'tE
pOAe7t"ta 'tT]~ evap~T]~ 'trov HKrIKWV IlE'ta~oAwv 
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(TCnD<JT] 'WU OlU0n;/lUTOC; ST) KUl UKOAOu80uV'tUl 
UTCO TCpOOOW'tlKil KOlAlUKll Olam<JT] , evw omv 
UTCOKUm0'tu8ei eTCuPKllC; 0Te<jJuvluiu Ul/lan,()<JT] 
mXEWC; eTCl0'tpE<jJOUV 0TU UPXlKa eTCiTCeou, nupo
/lOlU UTCOTeAe0/lUTU eTCneux8TJKUV TCp00<jJum KUl 
KUTa 'tT] OlaPKelU 'tT]C; 0Te<jJuvluiuC; uyyelOYpu
<jJiUC;6. 

01 J310xrU.llKt<; ~£lal3oAt<;, O£ KUTIaplKO £nin£

l)o, Kala U\ l)laPK£la ool3apn<; IOXQl~ia<; ouvo

qJi~ovlal 6)<; £~li<;: 

a) Taxeia e~G.vT}"IJOIJ TWV an08ej1G.Twv TOV 

A TP Kal TIJC; CPo ElolKc)'tepu, TJ CP e~u<jJuvi~eTUl 

0xeoov TCAilpwc; /lE0U 0TU TCpWTU oeUTepOAeTCTU 
'tT]C; l0xul/liuC;, evw 10 ATP /lelWveml ~puouTepu, 

LTU 15 AeTCTa /lelWVeml KaTW UTCO 10 35% KUl 10 

TC0000't0 UUTO 0'tU 40 A£TCTa TCE<jJT£1 KaTW UTCO 
10%7, 

fJ) H XfJIJOlj1onoilJolJ TOV ATP, 0£ ~UPlEC; 

10XUl/li£C;, oOTJy£i, in vivo, 0£ 50%, il KUl/l£yUAU
T£PTJ, TCPWl/lTJ uU~TJ<JT] 'WU ADP, Q0T000, TJ uU~TJ
<JT] uun; tlVUl n:upoOlKll (AOYW 'tT]C; uV'tiopu<JT]C; 
/lUOKlVa<JT]C;) KUl 0£ 10 A£TCTa TO ADP /l£lWV£ml. 
nUpaMTJAu, 10 n:upuYO/l£VO AMP Kum~oAi~£TUl 

0£ uo£v00iVTj, TJ oTCoiu /l£TUTPETC£TUl 0£ uTCo~uv8i
VTj, 100iVTj KUl 0£ /lIKpil TC000'tT]TU ~uv8iVTjC;, 

y) M£Ta UTCO /liu uPXlKll £v£pyoTCoiTJail 'tT]C;, 
TJ UV(l£PO~lU yAUKOAU<JT] UVU0TEAAeTUl TUXEWC; AO
yw £~aV'tATJ<JT]C; TWV /lIKPWV UTC08£/laTWV 'WU yAU
KOYOVOU KUl 'tT]C; auYKEV'tPW<JT]C; TCpWToviwv TCOU 
U0KOUV UVU0TUA'tlKll Opa<JT]. ElOlKOT£PU, uu~uv£
TUl TJ £VOOKUHUplU auYKEV'tPW<JT] TWV uvoPyuvwv 
<jJwmpoplKwV (P 

J 
) TOU Mg++ KUl T£AlKU UVUTCW0

0£TUl £VOOKUHUPIU O~EW<JT] (UU~aV£TUl TJ auYKE
V'tpw<JT] TWV 10V'tWV UOPOyOVOU)? (ElK, 3). 

KUTa 'tT] OlaPK£IU 'tT]C; /lUOKUPOlUKllC; 10XUl
/liuC; TCUpU'tT]p£lTUl /lIU TCPWl/lTJ, /lIKPil, MAO. <JT]
/lUV'tlKll, uU~TJ<JT] 'tT]C; auYKEV'tPW<JT]C; 'WU Ca++ 0TO 
KUHUPOTCAU0/lU KUl /laAI0'tU TCPO'WU uU~TJ8£i TJ 
OAlKll l0'tlKll auYKEV'tPW<JT] 'WU 10V'WC;, KUl £vw 
olu'tT]p£iTUl TJ UK£pUlO'tT]TU TOU 0UPK£tAil/l/lu'Wc;, 
TJ Aenoupyiu TWV £V~U/lWV (Na+ - K + ATPase KUl 
Ca++ - ATPase), 01 /lTJXUVI0/loi uvmMu'Yilc; lO
V'twv (Na+ - Ca++ KUl Na+ - H+) KUl TJ /l£TU~OAlKll 

lKUVO'tT]TU TWV /lnoxovopiwv, H TCPWl/lTJ uun; uu
~TJ<JT] TOU Ca++ 0't0 KUHUPOTCAU0/lU (KUTU TU UPXl
Ka 0'taOlU 'tT]C; /lUOKUpOlUKllC; 10XUl/liuC;) o<jJ£lA£
TUl 0'tT] OUaxEp£IU 'tT]C; £v£PYTJ'tl KllC; UTCO/laKPUV
<JT]C; UUTOU UTCO TO KUHUPOTCAU0/lU KUTU 'tT] Olap
K£IU 'tT]<; XUAU<JT]<; TOU KUHUpOU, Ku8000V TC£PlO
pi~£TUl 11 OlU8£0l/l0'tT]TU TOU ATP TCOU UTCUlT£iTUl 
ylU 'tT]V £v£pyoTCoiTJ<JT] 'tT]<; ATPa<JT]C; (/l£IWV£TUl 0 

Interrupted COrOn8'Y now 

Inhibition .01 oxidalMl phOSph.o!Ylati.on 

ElK. 3. 01 ~IOXIlI.lIKtc; I.l£TO~OAtc; nou £nloul.l~oivouv O£ 
KunoplKo £nin£oo KOla Til OlapK£IO oo~oplic; I.lUOKOpOIO

Klic; loxoll.lioC;. 

pu8/l0C; TCP00A11\j1TJC; TOU Ca++ UTCO TO 0UpKOTCAU
0/lUTlKO OiKTUO), KUl TCUPUMTJAU UV'tlKU8i0TUTUl 
10 Ca++ UTCO 10 H+ (UU~aV£'tUl AOYW 'tT]C; O~EW<JT]C;) 

0'tlC; 8E0£1C; OE0/lWailC; 'WU (/lnOXOVOplU KATC.) 
(ElK. 2~ KUl 4)7. 

np00<jJUTU TCl8uvOAOyi]8TJK£ UTCO TOV Opie8 

OTI TJ uPXlKll l0XUl/llKll 0U0TCU<JT] UTCOT£Aei EVU 
0TCououio KUl /lTJ UVU0'tPE\jIl/lO T£AlKO <JT]/l£io 'tT]C; 
00~upilc; /lUOKUpOlUKllC; 10XUl/liuC;. E lOIKOT£pU, 11 
aU0TCU<JT] UTCO 'tT] 0'tlY/lil TCOU £V£pyoTCol£iml UTCO 
'tT]v UU~TJ<JT] 'WU Ca++ 0't0 KUHUPOTCAU0/lU, auv£
Xi~£TUl EWC; OTOU KUTUVMW8£i OAO TO 01u8E01Jl0 
ATP 0'tT] /lU00ivTJ ATPa<JT] (TJ XU/lTJAil 0UyKE
VTpW<JT] TOU ATP UTCOTtA£i /lTJXUVI0/l0 £v£pyoTCoi
TJ<JT]C; - trigger 'tT]C; aU0n:u<JT]C;). 'ET0l, TJ l0XUl/llKll 
aU0TCU<JT] £TClT£iv£TUl u<jJ' mun;c; /l£ TTJ /l£iw<JT] 
TOU ATP, £vw uV'ti8£m, 11 aU0TCU<JT] £TCn£iv£1 'tT]v 

10XUl/llKll ~Aa~TJ au/lTClE~OVmc; 'tlC; 0't£<jJuvlUi£C; 
up'tT]pi£C;. L'W l0XUl/llKO /lUOKapOlO 11 n:upuyw'Yil 
ATP UTCO 'tT] yAUKOAU<JT] 8£wp£iml 0TCOUouiu ylU 

'tT] OIUn;PTJ<JT] TWV UV'tAlWV 0't0 0UPK£lATJ/l/lU, 11 
Opu<JT] TWV oTCoiwv XP£IU~£TUl £VEPY£lU. YTCap
Xouv 'WUAUXI0'WV ouo TETOl£C; UVTAi£C; 010 0Up
K£lATJ/l/lU, TCOU WOOWVOUV 'tT]V TCpOC; TU E~W /l£TU
<jJopa TWV 10V'tWV Na+ KUl Ca++, KUl /lIU uV'tAiu 

TCP00ATJ\jI11<; 'WU Ca++ 010 0UPKOTCAU0'tlKO OiKWO 
(SR). 0 Opie KUl auv9 UTC00'tT]pi~ouv O'tl TJ £VEp
Y£IU YlU 'tT] OIUn;PTJ<JT] 'tT]C; OPU0'tT]plO'tT]mc; UUTWV 
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ElK. 4. LXTJIlOTlKi] ovonOpa0100Tl TWV EvooKunoplKwv 

8tOEWV on6 TI<; onoiE<; TO Ca++ OVTlKo8iOTOlOl on6 TO l6v 

uopoy6vo. 

"tWV UV"tAtWV 1tpOEPXE"tUt KU"tU 1tpo"tiIlTJCJ11 U1tO "tTJ 
yAUKOAUCJ11. 0 IlEytcr"tOi; pu81l0~ 1tUpuYWYll~ ATP 
U1tO "tTJ yAUKOAUCJ11 8EV ll1topEi PEPatU vu 1tpoIlTJ
8EUcrEt "tt~ EVEPYEtUKE~ U1tUt"tllcrEt~ "tou IlUOKUp
8iou ytU "tTJv 1tAllPTJ crUcr1tUm; ""COU, aMU ll1topEi 
wO""tocro vu crullPUMEt oumw8w~ O""tTJv EmpiwCJ11 
"tou tcrXUq..ltKOU lluOKup8iou, pu8Ilii;ov"tU~ "tt~ 

uV"tAiE~ "tTJ~ IlEIlPPUVTJ~, u1tEU8uvwv ytu"tTJ IlE"tUKi
vTJCJ11 "twv tov"twv vu"tpiou Kat ucrpEcr"tiou Kat E1tTJ
pEui;ov"tU~ E"tm EIlllEcru KUt "tU cruO""tllIlU"tU UV"tUA
AUYll~ tov"twv (exchange systems), 01tW~ ytU 1tUPU
8EtYllU Na+/H+ Kat Na+/Ca++. TEAO~, Iltu U1t08ECJ11 
1tOU cruV8EE"tat O""tEVU IlE "tU 1tUPU1tUVW EivUt OU TJ 
U\flTJAll ESW"tEptKli cruyKEV"tpWCJ11 "twv EAEU8EpWV 
At1tUPWV OSEWV (FFA) UcrKEi Emi;lllltU 8puCJ11 O""tTJ 
AEt"tOUpyiu "tTJ~ IlEIlPPUVTJ~9. 

Ka8w~ 1tupu"tEivE"tUt TJ ~uoKup8tuKll tcrxUt
Iliu, TJ !lPXtKll IltKPll uuSTJcrTJ "tou ucrpEO""tiou 0""t0 
Ku"t"tuP01tAucrllu IlE"tu1ti1t"tEt "tUXEW~ crE Iliu UVESE
AEyK"tU ~EYUATJ UUSTJCJ11 TJ o1toiu EivUt t8tUi"tEpU 
Emi;lllltu ytU "to KU"t"tUPO, Ku8ocrov 08TJyEi crE 
EVEpy01toiTJCJ11 "twv EVi;UIlWV npwreaawv KUt rpw
arpoAmaawv IlE U1tO"tEAEcr~U va 1tpOKaAOUV"tUt 
PAaPE~ cru~ U1tOKU"t"tUptKE~ crucrKEUE~ (crUPKEtATJ~

IlU, cruPK01tAucrIlU"ttKO 8iK"tUO, cruO""taA"tE~ 1tPW"tEt"
VE~), KUt ~TJXUVtKll 8ucrAEt"toupyiu, Wcr"tE "tEAtKU 
vu 1tpOKaAEi"tUt (1tUpuMTJAU ~E "tTJ cruvEpytKli 8pu
011 "twv EAEU8EpWV pti;wv osuyovou KUt "tTJv uvu
1t"tUSTJ Ev80KU"t"tUptKOU ot811IlU"t0~) PllSTJ "twv IlEIl
ppuvwv KUt KU"t"tUptKO~ 8uvu"t0~ (EtK. 5F. 

H UVESEAEyK"tTJ UUSTJCJ11 "tou EAEU8EpOU UcrPE
O""tiou 0""t0 KU"t"tuP01tAucrllu, KU"tU "tTJ 8tUpKEtU "tTJ~ 

1tUPU"tE"tU~EVTJ~ ~uoKup8tUKll~ tcrXUtlliu~, EiVUt 
U1tO"tEAEcrIlU 1tOMWV 1tUpuyov"twv, 1tOU EVEpyO-

AIIOTEAEl:MATA nAPATETAMENHl: n:XAIMlAl: 

ElK. 5. H oVE~tAEYKTTl OU~TlOTl TWV Ca++ KOI 01 unEu8uvoi 

~TlxoVlo~oi 010 ~UOKopoloKa Kunopo KOla TTl OlapKEIO 

ool3opi]<; 10xol~io<;. 

1tOtoUV"tUt U1tO "tTJv tcrXUt~iu KUt Et8tKO"tEpU (EtK. 
5): 

u) H upxtKli UUSTJCJ11 "tou ucrpEcr"tiou 08TJyEi 
crE EVEPY01toiTJCJ11 "tou EVi;UIlOU Calpain II (1tpW"tE
UCJ11 "tou KU"t"tuP01tAucrIlU"tO~, TJ 8pUcr"ttKO"tTJ"tU "tTJ~ 

o1toiu~ ESUp"tU"tat U1tO "tTJv 1tupoucriu ""COU UcrPE
cr"tiou). lltO""tEUE"tUt OU "to EVi;UIlO EIl1tAEKE"tUt 
O""tTJV U1tEAEU8EpWCJ11 "tou ucrpEO""tiou U1tO "to crup
Ko1tAucrIlU"ttKO 8iK"tUO, KU"tU "tTJV tcrXUt~iu, UUSu
vov"tu~ ""CO Xpovo 8tuVOtSTJ~ "twv 8tUUAWV U1tEAEU
8EPWCJ11~ "tou Ca++ U1tO "to SH7. 

P) H aUSTJCJ11 "twv toV"twv u8poyovou 08TJyEi 
crE Ev80KU"t"tuPtKll UUSTJCJ11 "twv tov"twv vu"tpiou, 
Ku8w~ cr""CO cruPKEtATJllllU "to tOV H+ uV"taMUcrcrE
"tUt ~E "to tOV vu"tpto (crUO""tTJ~U uV"taMuYl1~ Nu+ 
H+). 

y) H IlEtWCJ11 "tou ATP 08TJyEi crE UVUO""toAll 
"tTJ~ Nu+ - K+- ATPuCJ11~ 0""t0 crUpKEiATJ ~Ilu, IlE 
U1tO"tEAEcrIlU "tTJv Ev80KU"t"tUptKli U1tEP<pOp"tWCJ11 
vU"tpiou, TJ o1toiu crullPUMEt U1tO "tTJ Iltu cr"tTJv uu
STJCJ11 ""cou ucrpEO""tiou 0""t0 KU"t"tuP01tAucrllu, A6yw 
UUSTJIlEVTJ~ uV"taMuYll~ "tou IlE "to UcrPEcrUO cr"tO 
cruPKEtATJllllU (crUcr"tTJIlU UV"taMUYll~ Nu+ - Ca++), 
EVW U1tO "tTJv UMTJ crE KU"t"tUptKO oi8TJIlU 1tOU 08TJ
yEi crE KU"t"tUptKO 8uvu"t0 (PllSTJ KunUptKWV IlEIl
PpUVWV)10. 

y) Ku"tu "tTJV t<JXatlliu, KUt O""tTJV UPXtKll <pUCJ11 
"tTJ~ E1tUVUt~U"tWCJ11~, 1tUpu"tTJPEi"tUt (IlE 8tu<popou~ 

IlTJXUVtcrlloU~) UUSTJIlEVTJ 1tUpuywYl1 EAEU8EpWV pt
i;wv 02 KUt OH. Et8tKo"tEpu, TJ tcrXUtlliu EUVOEi "tTJ 
IlE"tU"tP01tll ""COU crXE"ttKU UVEVEpyOU EVi;UIlOU ~av6i

/ 
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135 mTIOKPATEIA, 1,3 

AEITOYPriKEI: ~IATAPAXEI: O<DEIAOMENEI: 
I:TH MYOKAP~IAKH II:XAIMIA 

1.	 MetlOxall.llKIi anonA.,~ia l.IuoKapliiou, Ii ~a«p
VlaOl.ltvo Ii ~aAlOl.ltvo l.IuoKaplilo (Stunning 
tou l.IuoKapliiou) 

KaAEhat II 1l1lXUVtri] OUO"AEt'toupyiu 1tOU 1tU
PUIlEVEt IlE'tu 'tllv E1tUVatIlUn0O"ll 'tou lluolCupoiou 
lCat 1tUPU 'tllV u1touO"iu Illl uvuO"'tPE\jItIlWV PAUPWV 
II o1toiu O"WPUiVEt IlE'tu U1tO IltU O"XE'!tlCU ppuXEiu 
1tEpiooo to"Xatlliu~ (l0-15 AE1t'tU). H lCU'tUO"'!UO"ll 
uuni '!l1~ O"UO"'taA'!tri]~ oUO"Aet1:Oupyiu~ ll1topEi VU 
1tUPUIlEivEt ym WPE~ i] UlCOllll lCat 1lIlEPE~, UMU 
'tEAtlCU 'to IlUOlCUP0tO UVaAUIlPUVEt7• 

To U1t01tAlllC'tO IlUOlCUpOtO, ytU 1tpw'tll cpopu 
1tUpu'tllpi]elllCE O"E 1l0V'!EMU 1tEtPUIlU'tol;wwv, 
01tOU IlE'tU U1tO EVU ppUXu E1tEtO"OOtO O"opupi]~ 

to"Xatlliu~, 1tOU 1tpolCAi]elllCE IlE 'tllv o~Eiu U1tocpPu
~ll 'tll~ O"'tEcpuvtuiu~ up'!l1piu~ (ll o1toiu OIlW~ OEV 
i]'tuv 't00"0 E1ttllll1CUO"IlEVll WO"'tE VU 1tPOlCaAEO"Et Illl 
uvuO"'tPE\jItlllllCUnUPtri] PAUPll) 1tUPEIlEtVE O"opu
pi] 'tllllIlU'!tri] IlUOlCUPOturi] OUO"AEt'toupyiu. H lCU
'tUO"'taAIlEVll O"UO"'tUA.'ttri] AEt'!OUpyiu, 1l0Aovo'!t 
lCUeUO"'tEpllIlEVU, E1tUVEPXE'!Ut 1tAi]pW~. L'!l1 O"UVE
XEtU, IlE'!tO"Xatlltri] U1to1tAll~iu lluolCupoiou (stun
ned myocardium) OEiXelllCE o'!t O"UllpuivEt lCat O"E 
illE~ lCU'!UO"'tUO"Et~ ElC'tO~ U1tO 'tll O"'tEcpuVtuiu U1tO
CPPU~ll, 01tW~ ym 1tUPUOEtYllu I6

: 

u)	 O"E O"'!UeEpi] O"'tEcpuVtuiu O"'tEVWO"ll, 
P) O"E IlEtWIlEVE~ ECPEOpEiE~ O"'tEcpuVtuiu~ 

poi]~ xwpi~ O"'tEcpuVtuiu O"'tEVWO"ll, 01tW~ ytU 1tUPU
OEtYIlU O"'!llV U1tEp'tpocpiu 'tll~ UptO"'tEPU~ lCotAiu~. 

y)	 H lCAtVtri] EpEUVU EOEt~E '!l1V UVU1t'tu~ll 

stunned lluolCupoiou O"E UO"eEVEi~ IlE'tU U1tO E1ttW
XllllEVll epOllpOAUO"ll, 

0)	 O"E to"XatlltlCU E1tEtO"OOtU 1tOU 1tpOlCUAoU
v'tat IlE '!l1v UO"lCllO"ll, 

E)	 O"'!l1V UO"'tuei] O"'!l1eUYXll lCat 
O"'t) IlE'tU U1tO XEtpOupytri] E1tEIlPUO"ll O"'!l1V 

lCUpOtU. 
L1:O llAElC'tPOVtlCO IltlCPOO"lC01ttO u1toumul;ouv 

Ot UVU'tOlltlC01tUeoAoytlCE~ IlE'tUPOAE~. H OtU'!UpU
xi] 'tll~ O"UO"'taA'to'!l1'tU~ CPUiVE'tat vu UV'tUVUlCAU 
IltU OtU'tupuxi] 0"'t0 IlllXUVtO"Il0 crUI;EU~ll~ JleyepaY/ 
- aua1tUa17, U1tO'tEAEO"IlU IlEptlCi]~ 1tPW'tEOAUO"ll~ 

'tWV O"UO"'taA'tWV IlU01Vtoiwv, 1tOU OOllYEi O"E IlEiw
O"ll 'tll~ EUatO"ellO"iu~ O"'!ll OPUO"ll 'tOU Ca++. H 1tpOO
OEU'!tlCi] U1tOlCU'tUO"'tUO"ll 'tWV 1tPW'tE1VWV UU'tWV EU
eUVE'!Ut ytU 'tllV E1ttPPUOUVOIlEVll UVUlCUll\jlll '!l1~ 

1tEptOXtri]~ O"UO"'taA'!tri]~ AEt'!Oupyiu~ (Iliv. 1). 
IlaAatO'tEPU 1tteUVOAOYEhat o'!t 'to IlE'!tO"Xat

IltlCO U1t01tAlllC1:O IlUOlCUpow OcpEiAE'tat O"'tllv U1tW

nivaKac; 1. KunoplKEC; KOI unoKunoplKEC; ~ET0130,\tC; 

OTO "stunned" ~uoKapolo 

- <1>umoAoylKu EUp~~UTU crTQ TJAEK1:POVIKO ~lKPOcrKOltlO
 

- <1>umoAoYIK~ 8lUKivTJcrTJ Ca++
 
- MEIWIlEVTJ UltUVnnK01:TJ1:U crTQ Ca++
 
- Y ltEPEKqJPUcrTJ 1:WV ltpw1:{ivwv ltOU EVWVOV1:Ul IlE ucr~E

crno (calcium-binding) 
- AMUY~ eEcrTJ~ (translocation) 1:WV EVSUlllKWV (JUcr1:TJIlU

1:WV 

AEtU 'tWV, U\jIllAi]~ EVEPYEtU~, CPWO"CPOptlCWV U1tOeE
IlU'tWV. OO"'tOO"O, ll1tUpouO"iu U~tOAOYll~ O"UO"'taA'!t
ri]~ U1tUV'!l1O"ll~ 0"'!l1 xopi]YllO"ll E~WYEVWV lCU'tEXO
AUlltVWV OEV Il1tOpEi VU E~llyi]O"Et '!l1V U1tUP~ll at
'!tU'ti]~ crxEO"ll~ IlE'!U~U '!l1~ IlEiWO"ll~ 'tWV U1tOeEIlU
'twv ATP lCat IlEtWIlEVll~ pumri]~ O"UO"'taA'to'!l1'tU~. 

E1tt1tpOO"eE'tU, UVUAU'!tlCE~ IlEAE'tE~, 01tOU 1tpOO"OtO
pil;ov'!UV II O"UylCEV'tpWO"ll 'tOU EVOOlCunuptOu 
UO"pEO"'tiou O"'to «stunned» IlUOlCUpOtO, EOEt~UV 

o'!t, ElC'tO~ U1tO '!l1 Otu'tupuxi] 0"'t0 IlllXUVtO"Il0 crU
I;EU~ll~ Jleyepa17 - aua1tuaY/, 'tu E1ti1tEOU 'tou UO"PE
O"'tiou, lCU'tU '!l1 OtUPlCEtU 'tll~ EVEpY01toillO"ll~, Eivat 
'tEAEiW~ cpUO"tOAoytlCU. Ot IlEAE'tE~ 'tll~ OIlUOU~ Gao 
lCat O"UV (1995)17 E1ttPEpuiwO"uv uuni '!l1 oUO"uvu
Aoyiu IlE'!U~U '!l1~ EVOO1CUnUptlCi]~ O"UY1CEV'tPWO"ll~ 

UO"pEO"'tiou lCat 'tll~ IlEtWIlEVll~ OUVUllll~ O"UO"'taA'to
'tll'tu~ lCat EOEt~UV O'!t IlE 'tllV 1tupouO"iu CPUO"tOAO
ytri]~ O"UYlCEV'tPWO"ll~ uO"pEO"'tiou (activator) II 
U1tUV'!t'!tlCO'tll'tU 'twv O"UO"'taA'twv 1tPW'tE1VWV UIl
PAUVE'!Ut O"opupu, 1t.x. ytU OEOOIlEVll O"UylCEV'tpW
O"ll Ca++ 1tUPOOtlCU 'to IlUOlCUP0tO UVU1tWO"O"Et Ilt
lCPO'tEPll OUVUllll· H IlE'!UPOAi] uu'ti] O"'tllV U1tUV'!t
'!tlCO'!l1'!U EVUV'!t 'tou Ca++ ElCcppul;E'tat IlE 'tllV 1tpO~ 

'tu OE~tU IlE'tu't01ttO"ll 'tll~ O"XEO"ll~ Ca++ - JUVUf117 av
aroA~r;. LlEV Eivat O"UCPE~ UV II IlEtWIlEVll u1tuv'!t'!t
lCO'tll'tU 'twv Iluolvtoiwv 0"'t0 Ca++ OcpEiAE'tat O"'tll 
IlEiwO"ll '!l1~ IlEytO"'!l1~ O"UO"'taA'!tri]~ OUVUllll~, 1tOU 
EVEpy01tOtEhat U1tO 1:0 UO"PEO"'!tO, i] O"E IlEtWIlEVll 
EuatO"ellO"iu O"'to UO"PEO"'!tO. Av lCat OEV EXEt UlCOllll 
U1tOOEtX'tEi, U1tUPXOUV IlUp'tUpiE~ 1tOU 1tteUVOAO
youv IltU UIlEO"ll IlE'!UPOAi] 'tWV lCUPOtUlCWV IlU01Vt
oiwv IlE U1tO'tEAEO"IlU VU UIlPAUVE'tat II EUatO"ellO"iu 
'tOU~ 0"'t0 Ca++. 

H 1tUpuywyi] EAEUeEpWV ptl;wv O"E U\jIllAi] O"U
ylCEV'tpWO"ll, lCU'tU 'tll O"'!tYIli] 'tll~ E1tUVatIlU'tWO"ll~, 

EVOX01tOti]ell lCE O"'!l1v 1tUeOyEVEO"ll 'tOU IlE'!tO"Xatllt
lCOU U1t01tAlllC'tOU IlUOlCupoiou. 0 lCU'!UPPUlC'!l1~ 

'tWV yEyOVO'twv 1tOU OOllYOUV 0"'t0 «stunned» IlUO
lCUpOW 1ttO"'tEUE'tat o'!t Il1tOpEi vu ElCCPPUO"'tEi w~ 

E~i]~: E1tUVatIlU'tWO"ll IlE oumwoll 1tpoO"cpopu o~u
yovou O"'tou~ to"XatlltlCOU~ to"'tou~, 1tOU EVEPY01tOtEi 
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'to crxrH.la'!lcr~o ~eYaAwv 1tocro'ti]'twv, 1tOAU 'tO~t
KWV, eAeu8epwv ptt;wv o~uyovou, Ot o1toie~ 1tpO

KaAWV'!U~ u1tepO~eibW<TIl 'tWV At1ttbiwv 'tOU crap

KetAi]~~a'tO~ ~e'!U~illouv 1tapObtKU 'tT] bta~e~
~paVtKi] bta1tepa'to'tT]'!U, em'tpe1tOv'!U~ '!T]v eicrobo 

'tou acr~e<J'!iou. H 1tapObtKi] aU'ti] U1tep<P0p'tW<TIl 
acr~e<J'!1OU eu8uve'!Ut yta 'tT]V evepyo1toiT]<TIl apt8

~ou 1tpW'tWAU'!lKWV evt;u~wv, u1teu8uvwv yta 'tT] 

~A<i~T] 'twv ~uotvtbiwv. 'E'tcrt, exet AOytKi] T] 1tpO

cr1tu8eta e~OUbe'tepwcrT]~ 'tT]~ 1tapaywyi]~ eAeu8e
pwv ptt;wv o~uyovou Ka'tU 'tT] cr'!ly~i] 'tT]~ e1tavat

~U'twcrT]~ ~e 'tT] xopi]YT]crT] <pap~UKwv, a1tocrK01tW
v'!U~ <J'!T]v 1tape~1tObt<TIl aVU1t'tu~T]~ 'tOU «stun
ned» ~uoKapbiou. 

Ot Frass Kat cruv (1993), ~eAe'twv'!U~ cr'tO ~e

'!lcrXat~tKO a1t01tAT]K'tO ~UOKupb1O 'tT] yOVtbtaKi] 

eK<ppa<TIl, bta1ticr'twcrav ~ia U1tepeK<ppacrT] (over

expression) ~eptKWV 1tpw'tetvwv 1tOU evwvov'tat 

~e 'to acr~ecr'!lo (calcium - binding), 01tW~ yta 1ta

pUbety~a 'tT]~ SERCA-2, 'tT]~ <pwcr<poAa~1tUVT]~ 

(phospholamban), 'tT]~ KaAcreKouecr'tpiVT]~(calse

questrin), Kat 'tT]~ KaA~obOuAivT]~ (calmodulin), 

U1tocr'tT]pit;ov'!U~'tT]V U1tO\jlT] O'!l T] ~pabeia avuvT]

\jIT] 'tOu «~a<pvtacr~evou» ~uoKapbiou crxe'tit;e'!Ut 
~e 'to Xpovo 1tOU xpetut;e'!Ut yta 'tT]v a1tOKa'tu<J'!a
crT] 'twv bta'tapay~evwv 1tpw'tetvwv lg • 

TeAo~, ~e'tu a1to ~paxeia a1to<ppa~T] 'tT]~ cr'te
<pavtaia~ ap'tT]pia~ 1tapa'tT]pi]8T]Ke Kat eva uMo 
<patvo~evo. EtbtKo'tepa btam<J'!w8T]Ke eVboKU'!'!a

ptKi] e1tavabteu8e'tT]<TIl (rearrangement) ~eptKWV 

evt;wtKWV cru<J'!T]~u'twv 1tOU 1teptAa~~UVet 'tT] ~e
'!U'tom<TIl (translocation) evt;u~wv a1to 'to KU't'!U

p01tAacr~a 1tPO~ 'to crapKeiMT]~a, 01tW~ yta 1tapu

bety~a 'tT]~ 1tpw'tetVtKi]~ KtVU<TIl~, 'tT]~ bUvu~evT]~ 

va 1tpoKAT]8ei, (inducible) cr0v8e<TIl~ 'tou NO 'twv 

~UOKU'!'!UPWV, 'tT]~ 5' - VOUKAW'!lbucrT]~ Kat 'tT]~ 

avacr'!UA'!tKi]~ (inhibitory) G - 1tpw'te"fvT]~. 0 aKpt

~i]~ POAO~ aU'ti]~ 'tT]~ e1tavabteu8e'tT]<TIl~aKO~T] ei
Vat uyvw<J'!o~ aMu <paive'!Ut va 1tait;et KU1t01O po

AO cr'tT]v tcrXat~tKi] <<7tp01tOVT]<TIl» 'tou ~uoKapbiou 

(ischemic preconditioning). 

2.	 laxal~UKtl VciPK1"J lOU ~uoKap6iou tl xel~a~6
~evo ~uoKcip610 (Hibernation) 

E~~evoucra, aMu bUVT]'!lKU ava<J'!pe\jlt~ T] 

~AU~T] 'tT]~ crU<J'!M'!lKi]~ Aenoupyia~, 1tOU o<peiAe

'tat cre cruveXtt;o~evT] U1tOat~u'tW<TIl 'tou ~uoKap
biou, 01tW~ 1t.X. cre XPOVta T]ma tcrxat~ia7. LlT]Aa

bi], T] tcrXat~tKT] VUPKT] 'tT]~ KapbtU~ 1taptcr'tuvet 

~ia xpovta u1toat~a'tou~evT] KapbtU, T] o1toia '!U

xew~ avaAa~~UVet 'tT] <pumoAoytKi] cru<J'!aA'to'tT]'tU 
'tT]~, o'!Uv a1toKa'!Ucr'!U8ei T] <J'!e<pavtaia pOT]. 0 

OpO~ «hibernating myocardium» 1tpW'!T] <popu 

XPT]m~01tOti]8T]Ke yta '!T]v 1teptypa<pi] evo~ KAtVt

KOU <patvo~evou cre acr8evei~ ~e xpovta aKtvT]cria 

i] cro~apT] U1tOKtVT]'!lKO'tT]'!U 't~ T] ~u'twv 'tou ~uo

KapbtaKOu 'tOtxw~a'to~ 1tOU beixvouv crT]~aV'!lKi] 

~eA'!iwcrT] 'tT]~ Aet'toupyia~ 'tou~ ~e'tu '!T]v e1tavat
~u'twcrT]. MOAOVO'!l U1tUpXet aKo~T] a~tOAoYT] bta

~UXT] Ka'tu 1tocrov Ot <pucr101ta80AoytKOi ~T]xavt

cr~oi, 1tOU ObT]YOUV cr'tO «xet~at;o~evo» ~UOKUP

b1O, eivat T] xpovta U1tOat~u'tW<TIl, i] e1taVaAa~~a

vo~eva «stunning», '!U Xpoviw~ au'tu bucrAenoup
youv'!U 't~ T] ~a'ta, o'!Uv ~eAe'tT]80uv ayye1Oypa<pt

KU T] T]xwKapb1Oypa<ptKU, be bta<pepouv <patVo~e

VtKU a1tO '!U aKtvT]'!lKU e~<ppay~eva 't~i]~a'!U, 

eK'to~ a1tO 'tT]V u1tap~T] KU1tOta~ crucr'!UA'!tKi]~ e<pe
bpeia~ Ka'tU 'tT] bteyepcri] 'tou~ Kat 'tT] buva'tO'tT]'!U 

Aet'toupytKi]~ aVuvT]\jIT]~, o'!Uv a1toKa'tacr'!U8ei T] 
at~u'twcri] 'tOU~16. 

Le Ku'!'!aptKO e1ti1tebO, T] btaKivT]<TIl 'tou Ca++ 

eivat crT]~aV'!lKU ~etw~evT] e1ti a1toucria~ ~ta~ 

cr1toubaia~ eVbet~T]~ u1toKei~evT]~ tcrXat~ia~. Au'tT] 
eiVat T] bta<pOpu a1to 'to stunned ~UOKUpb1O, 01tOU 

U1tUPXet <pucr1OAoytKi] ~e'!UKivT]<TIl 'tou Ca++. 

Le aV'tiee<TIl ~e 'to ~e'!lcrXat~tKO a1t01tAT]K'tO 

~UOKupb1O (stunned ~UOKupb1O), 01tOU <J'!O T]Ae
K'tpOVtKO ~tKPOcrK01t1O bev 1tapa'tT]pouv'!Ut ~e'!U

~oAe~, cr'tO xet~at;o~evo (hibernating) ~UOKUpb1O 

1tapa'tT]pouv'!Ut 'tU1ttKe~ 1ta80AoytKe~ etKOVe~, 1ta

po~ote~ ~e aU'!e<; 1tOU 1tapa'tT]pouv'!Ut cr'!l~ ~1O\jIie~ 

~uoKapbiou, 1tOU Aa~~uvov'!Ut a1to acr8evei~ ~e 

xpovta bucrAet'tOupyia 'tT]~ aptcr'tepi]~ KOtAia~. H 
mo xapaK'tT]ptcr'!lKi] etKOVa eiVat aU'ti] 1tOU 1tapa

'tT]pei'tat cr'ta ~uoKu'!'!apa a1to U1tOKtvT]'!lKe~ Kat 

aKtvT]'!lKe~ ~uOKapbtaKe~ 1tep1Oxe~ 1tOU bev exouv 
e~<ppax'tei, T]'t01: a) e~a<puvtcrT] 'twv cru<J'!aA'!lKWV 

UAtKWV 01tW~ 1t.X. a1tWAeta nov crapKo~epiwv (sa

romeres) ~) e~<puvt<TIl aU~T]~evou apt8~ou ~t

KPWV ~t'toxovbpiwv y) aU~T]crT] 'tT]~ 1tepteK'!lKO'tT]
'!U~ cre yAUKOyovo Kat b) a1tWAeta 'tou crapK01tAa

cr~a'!lKOU btK'tUOU (iliv. 2). EiVat cr1toubaio va 'to

niVOKOC; 2. KUTTOPIKt<; KOI unoKuTTOplKt<; I-I£TO~OAt<; 

010 "hibernating" I-IUOKOPOIO 

Amoi,EIU TWV aupKollEplOiwv -'> llElWll£V~ IlETUKi v~a~ TOU Ca++ 

LUaaWpH)a~ TOU yicuKOyovou -'> AUSTJll£VTJ IlETU<jlOpa YAUK01;TJS 
MIKpa lllTOXOVOPW -'> OIUT~PTJaTJ 0SElOWnKOl' 

llETUpoAlallou 
npOOOwnK~ EK<jllJAlcrTJ -'> urrorrTw<JTJ 
XpOVIU OUaAEl TOupyiu -'> lJrrEp£K<jlpaaTJ TTJS <jlW(J(pO-

AUllrravTJS 
•	 rrTJAiKOlJ GLUTI/GLUT4 -'> IlTJ au1;wSTJ IlETU<jlOpas 

YAlJK01;TJS KUI IvaouAiv~S 

! 
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VtO"'tEi WO"'tOO"O OU U1tOlJO"tU~OlJV 'tU O"T]IlEiu EK<plJ
AtO"UKWV PAUPWV I9 • 

ME 'tllv EIl<PUVtO"T] 'tE'tOtWV UOpWV 1C\)UUpt
KWV UVWllaAtWV O"E IllJOKUpOto, 1tOlJ Eivat UKOllll 
PtWO"tIlO, OEV Eivat 1tUPU~EVO OU EiVat EV'!OVU Ota
'tUPUYIlEVT] 11 IllJOKUPOtUK~ O"lJO"'taA'to'tll'tu. 

ME'tu~u 'tWV lJ1t08EO"EWV, 1tOlJ EXOlJV 1tpo'tU8Ei 
ytU 'tllv E~~YllO"T] 'tWV OtU'tUpUXWV UlJ'twv, EXEt 
KEpoiO"Et EOU<pOt; 11 U1t0'JIll OU U1tO'tEAOUV OElJ'tEPO
1tu8~ 1tPOO"uPIlOY~ 'tOlJ to"XatlltKOU IllJOKUpOiOlJ O"E 
Iliu KU'tUO"'tUO"T] XPOVtat; EMEt'JIllt; <poP'ttO"T]t; (un
loading) (u1tolJO"iu ppUXlJvO"T]t; O<PEtA0IlEVllt; O"E 
o~Eiu tcrxatlliu) Kat toiWt; IlE'tu U1tO 1tEtPUlluuKEt; 
1tUPU'!T]P~O"Ett; O"E 'tOilEt; 811AOEtOWV IllJWV yuuwv, 
01tOlJ EIl<Puvi1;ov'tUt 1tUPOIlOtU 1tu80AoyouVU'tOllt
KU ElJP~IlU'tu. Ot 1tu80AoyouVU't0IltKEt; UlJ'tEt; IlE
'tUPOAEt; KU'tU KU1tOto 'tP01tO 8Wi1;olJV EIlPPlJlKU 
KUUUPU 16. 

Ku'tu '!T]V U1tEtKOVtO"T] 'tOlJ IllJOKupoiOlJ IlE 'tllV 
'tEXVt~ PET, OtU1ttO"'tWVE'tUt <plJO"toAOyt~ (~ UKO
1111 KUt UlJ~llIlEvll) 1tpoO"All'JIll FOG ('8F_ 
deoxyglucose), 1tOlJ EiVat oEiK'tllt; 'tOlJ IlE'tUPOAt
0"1l0U 'tllt; yAlJK01;llt; O"'!T]v 1tEPtoX~ 'tllt; XPOVtUt; 
OlJO"AEt1:0lJpyiut; '!T]t; UptO"'tEp~t; KotAiut;. H EIl<PUVt
O"T] ~llu'tOt; FOG O"lJv~8wt; 1tPOllllVUEt UVUVll'JIll 
'!T]t; AEt1:0lJPytKo'tll'tut; IlE'tu U1tO 'tllv E1tUVatIlU'tW

\ O"T] Kat yEVtKU EXEt 1tpo'tu8Ei O"uv oEiK'tllt; '!T]t; PtW
O"tIlO'!T]'tUt; 'tOlJ IllJOKupoiolJ. MEptKoi EpElJVll'tEt; 
EXOlJV O"lJVOEO"Et 'tU UlJ~llIlEVU ~llu'tU FOG, 1tOlJ 
1tUpu'!T]pouV'!at O"'tU XPOVtU OlJO"AEt1:0lJPYouv'tU 
't1l~IlU'tU 'tOlJ IllJOKupoiolJ, IlE 'tll O"lJYKEV'!PWO"T] 
yAlJKOyOVOlJ O"'tU «hibernating» IllJOKUUUpU, 'twv 
Pto'JItWV 'twv 'tllllIlU'tWV UlJ'twv, oEixvov'tUt; Iliu 
IlE'tUPOA~ 0"'t0 IlE'tUPOAtO"Il0 'tOlJ yAlJKOyOVOlJ 0"'t0 
«hibernating» IllJOKUpOto20. 

E1tt1tpo0"8E'tU EXOlJV ppE8Ei Kat UMEt; EVOEi
~Ett; IlE'tUPOA~t; 'tWV IlE'tUPOAtKWV O"lJv811KWV 0"'tO 
xEtllu1;ollEVO IllJOKUpOto (hibernating) Kat KlJpiWt; 
oEiX811KE OU Ot 1tpW'tE'tVEt; 1tOlJ O"lJV'tEMOUV O"'tllv , IlE'tU<pOPU '!T]t; yAlJK01;llt; OtU IlEO"OlJ 'tWV 1C\)UUpt
KWV IlEIlPPUVWV UVaAUIlPUVOlJV Kat 1tMt 'tllV EIl
PPlJtK~ 'tOlJt; EK<pPUO"T] 1t.X. 'tllt; GLUT-1, Iliu 1tpW

, 'tE'i'VT] IlE'tu<poPUt; 'tllt; yAlJK01;llt;, 11 o1toiu EiVat UVE
~UP'tll'!T] '!T]t; OpuO"T]t; 'tllt; tvO"olJAiVllt;, O"E O"XEO"T] IlE 
'!T] <plJO"toAOyt~ GLUT-4, 1tpw'td'vll, 11 o1toiu 
E~Up'tU'tat U1tO 'tllV tvO"olJAiVT]. Eivat E1tiO"T]t; EVOtU
<pEPOV vu 'tOVtO"'tEi, OU 1tUPU 'tll O"opup~ lJ1tOKtVT]
O"iu, 0 't01ttKOt; O~EtOWUKOt; IlE'tUPOAtO"Il0t;, 01tWt; 

IlE'tPEl'!at IlE 'tll ell acetate, 1l0AOVOU IlEtWVE'tat 
111tiwt; 1tUPUIlEVEt UKOlllllJ'JIllAo'tEPOt; O"E O"XEO"T] IlE 
'tOv OlJAWOll to"'to20. 

Av Kat 11 UVUVll'JIll 'tllt; O"lJO"'taAUK~t; AEt'tOlJP

yiUt;, IlE'tu '!T]V E1tUVatIlU'tWO"T], U1tO'tEAEi EVU U1tO 
'tu Kpt1:~ptU 'tOlJ ElJptO"KOIlEVOlJ O"E to"Xatllt~ vup
Kll IllJOKupoiolJ, EiVat <pUVEpO U1tO UVU't0lltK01tU
80AOytKEt; EtKOVEt; OU 11 OtEpyuO"iu UlJ't~ EiVat 
ppuoEiu, E1tEtO~ EIl1tAEKE'tat Iliu aUv8E'tll OtEpyU
O"iu U1tOKU'tUO"'tUO"T]t; Kat aUv8EO"llt; 1tPW'tElVWV. H 
U1t0'JIll UlJ't~ 1tpoO"<pu'tU E1ttPEPatw811KE O"E EVU 
oEiYIlU U0"8EVWV 01tOlJ Ot Vanoverschelde Kat O"lJV. 
(1994)21 U1tEOEt~UV OU 0 XPOVOt; 1tOlJ XPEtu1;E'tat 
ytU 'tllV U1tOKU'tUO"'tUO"T] 'tOlJ 'tllllIlUUKOU 11~KOlJt; 

pPUXlJvO"T]t; (segment length shortening) EiVat 
PPUOUt; Kat UKOAOlJ8Ei Iliu XPOVt~ 1tEpiooo, 'tllt; 
'tu~llt; 34 ± 25 llIlEPEt;. rEVtKU, 00"0 IlEyUAU'tEpOt; 
Upt81l0t; UVWIlMWV IllJOKlJUUPWV 1tUpu'tllpouv'tUt 
O"'tll OlJO"AEt1:0lJPYouO"u 1tEPtoX~, 'tOO"O IltKPO'tEPll 
1tt8uvo'!T]'tu lJ1tUPXEt vu U1tOKu'tuO"'tu8Ei 11 O"lJO"'tUA
u~ AEt1:0lJpyiu. To YEyoVOt; OU, 01tWt; oEiX811KE 
1tpoO"<pu'tU, 0"'t0 «hibernating» IllJOKUpOto E1ttO"lJIl
PUiVEt KlJUUptK~ U1t01t'tWO"T] (1tPOYPUIlIlUUO"IlEvOt; 
KlJUUptKOt; 8uvu't0t;), IlUt; KUVEt vu UVU8EWP~0"0lJ
IlE 'tllv U1tO'JI~ Ilut; ou 'to xEtllu1;ollEVO (hiberna
ting) IllJOKUpOto EiVat Iliu 0"'tU8EP01tOtllIlEvll KU
'tUO"'tUO"ll, 1tOlJ 1tEptIlEVEt vu uvu1;WOYOV1l8Ei IlE'tu 
'tllV E1tUVatIlU'tWO"ll. Av UlJ't~ 11 1tPOOOElJU~ OtEp
yuO"iu KlJ't'tUPt~~ EK<pUAtO"T]t; E1ttPEPatw8Ei, yiVE
'tat <pUVEpO OU lJ1tUPXEt EVU OptO"IlEVO XPOVtKO 1tE
pt8wpto 8EPU1tElJU~t; UVUIlE'tW1ttO"T]t; UlJ'twv 'twv 
U0"8EVWV, yta VU EiVat OlJVU~ 11 UVUVll'JIll 'tOlJ ElJ
ptO"KOIlEVOlJ O"E to"XatlltK~ vUPKll IllJOKupoiolJl6. 

rEVtKU, ot ouo 1tUPU1tUVW KU'tUO"'tUO"Ett; EiVat 
uVUO"'tPE'JItIlEt;, xwpit; VU 1tUPUIlEVOlJV EV'tOVEt; 
llAEK'tpo<plJO"toAoytKEt; UVWllaAiEt; ~ UVU'tOlltKEt; 
PAUPEt;. H Otu<popu IlE'tU~U 'tOlJt; EiVat OU O"'!T]v 
1tPW'!T] 1tEpi1t'twO"T] 11 O"'tE<puvtuiu po~ EiVat <plJO"to
AOyt~, EVW O"'!T] OEU'tEPll IlEtWIlEvll. (J>UiVE'tat OU 
U1tO'tEAOUV EVOOyEVEit; KUpOto1tpoO"'tU'tElJUKOUt; 
Il11XUVtO"llout;. A1to UlJ'tOut; 0 1tpw'tOt; (stunning), 
OiVEt 'tllv tKUVO'tll'tU uvuVT]'JIllt; 'tllt; AEt1:0lJpytKO
'tll'tUt; 'tOlJ IllJOKupoiolJ IlE'tu U1tO o~Eiu to"Xatlliu 
Kat 0 OEU'tEPOt; E~UO"<pUAi1;Et 'tll PtWO"tIlO'tll'tU 'tOlJ 
KUpOtUKOU to"'tOU O"'tll XPOVta IllJOKUPOtUK~ to"Xat
Iliu IlE 'tll Ota't~PllO"T] IlEtWIlEVllt; KUPOtU~t; AEt
'tOlJpytKO'tll'tUt; (performanceV 16. 

3) 'E~cppav~a 

AVU<pEpE'tat O"'tllv 1111 uvuO"'tPE'JItllll PAuPll 
'!T]t; KUpOtUt;, 01tOlJ 1tUPU'tllPEhat KlJUUptKOt; 8u
VU'tOt; Kat to"U~ VEKpWO"T] IltUt; 1tEptoX~t; 'tOlJ IllJO
KupoiOlJ A6yw OtUK01t~t; ~ IlEyMllt; IlEiWO"T]t; 'tllt; 
O"'tE<puVtuiut; PO~t; ytU OtUO"'tllIlU tKUVO vu 1tpOKU
AEO"Et 1111 UVUO"'tPE'JItIlEt; PAUPEt;. 

E1ttllllKlJO"IlEVU E1tEtO"OOtU to"Xatlliut; EVEpyO
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1tOlOUV crEtpU OtEpyucrUJ.w, 1tOU 001lYOUV crE ~1l 

uvucr'tPE\jIt~ll umOAztU 'tTJ~ UVU'tO~t1ci]~ lCU'tU<J1CEU
i]~ lCat 'tTJ~ AEt'tOupytlCO'tll'tU~ 'tOU ~uolCupoiou, 

UVE~Up'tll'tu uv 11 cr'tE<puvtaiu poi] E1tUVEyKU'tucr'tu
8Ei tlCUV01tOlllnlCU22. 

Xp6vlee; 61010poxte; tile; IJUOKop610K!ie; Ael
lOUPYIK6t1l10e; ocpelA6lJevee; oe IJUOKop610K!i 

IOXOllJio 

rta 1tOMU XPOVta 1ttcr'tEUOV'tUV on 11 OUcrAEt
'tOupyiu 't1l~ Uptcr'tEpi]~ lCOlAiu~ lCat 11 lCUpOtalCi] 
UVE1tUPlCEtU cr'tOu~ acr8EvEi~ ~E cr'tE<pavtaia vocro 
i]'tUV ~ta ava1tO<pEUlC'tTJ cruVE1tEta 't1l~ a1t(i.>AEta~ 

~UOlCapOta1Cl]~ ~u~a~ E~at'tia~ 't1l~ UVU1t'tU~ll~ O~E

O~ E~<ppuy~a'tO~ 'tOU ~uolCapoiou. ncr'tocro, 1tPO
cr<pa'tE~ ~EAE'tE~ EOEt~UV on ~Et(J)~EVll crucr'taA'tO
'tTJ'ta 'tou ~uolCupoiou ~1tOpEi va 1tapa'tllp1l8Ei crE 
~twcrt~a, ~1l tcrXat~tlCU, ~UOlCUpOtalCU lCU't'tapa 
crav cruVE1tEta EVO~ cruv8E'tOU lCat ~ll1tAi]pOU~ YV(J)
cr'tOU ~llxaVtcr~ou, 1tOU EVEpY01tOlEi'tat a1tO 'tTJV 
tcrXat~ia. H cru~~OAi] 'tou «stunned» lCat «hiber
nating» ~uolCapoiou cr'tllv UVU1t'tu~ll oucrAzt'tOUP
yia~ 't1l~ aptcr'tEpi]~ lCOtAia~ crE Ucr8EvEi~ ~E tcrXat
~tlCi] lCapOta1Cl] vocro, ~1tOpEi va EXEt 1tpalC'ttlCU 
cr1tOUOUiE~ 1tpoYV(J)crnlCE~ lCat 8Epa1tEu'ttlCE~ E<pUp
~OYE~ lCat cr'tO EyyU~ ~EMOV OtU<POPE~ 1CAtvtlCE~ 

~EAE'tE~ 8a AUcrOUV Optcr'ttlCU 'to 8E~a au't06• 

rEVtlCU, 11 XPOVta lCapOtalCi] aVE1tUplCEta crE 
acr8Evi] ~E cr'tE<pavtaia vocro a1tO'tEAEi ~ta 1tt8avi] 
cruVE1tEta 't1l~ vocrou, 01tOU 1tOMa1tAOi ~llxaVt

cr~oi, 1tOU ava1t'tucrcroV'tUt cr'tt~ OtU<pOPE~ 1CAtVtlCE~ 
ElCOllAWcrEt~ 't1l~ vocrou ~1topEi va 001lyi]crouv crE 
cru~<poPlln1Cl] lCapOta1Cl] aVE1tUplCEta (LKA) ~E 

~Ei(J)<JT] 't1l~ E1tt~i(J)crll~, aU~ll<JT] 't1l~ vocrll po'tll'ta~ 

lCat E1tt~Upuvcrll 't1l~ 1toto'tTJ'ta~ 't1l~ ~(J)i]~. 
H crucr'tOAtlCi] lCat Otacr'tOAtlCi] oucrAEt'tOupyia 

a1tO'tEAOUV U~EcrE~ cruVE1tEtE~ 't1l~ tcrxat~ia~ 'tou 
~uolCapoiou. L'tt~ 1tEptcrcr6'tEPE~ 1tEPt1t'twcrEt~ 11 
o~Eia aVE1tUplCEta 't1l~ AK 1tpOlCaAEi'tat a1tO tcrxat
~ia ~EYUAOU wi]~a'tO~ 'tou ~uolCapoiou '01t(J)~ 

ava<pEp81llCE, 11 oucrAEt'toupyia 'tou ~uolCapoiou 

~1topEi va avacr'tpE<pE'tat aU'to~a'ta (stunned ~uo
lCUpOto) i] ~E 'tllV a1tOlCa'tucr'tacrll 't1l~ <pUcrtOAOyt
lCi]~ cr'tE<pavtaia~ poi]~ (hibernating ~UOlCUpOto), i] 
'tEAO~ va Eivat ~1l avacr'tpE\jIt~ll (VElCP(J)crll ~uo
lCapoiou i] E~<ppay~a)6. 

L'tOU~ 1tEPtcrcrO'tEPOU~ ucr8EvEi~ 11 OUcrAEt
'tOupyia 't1l~ AK crE XPOVta tcrXat~ia 1tUptcr'tUVEt 
~ia ~tlC'ti] EtlCOVa E1taVaAa~~avO~Evll~ tcrXat~ia~, 

«stunning», «hibernating» lCat Ota'tOlX(J)~a'ttlCWV, 

i] ~1l, E~<ppay~u't(J)v. APXtlCU 1tapa'tllPEi'tat a1tW
Azta 't1l~ AEt'tOupytlCO'tll'ta~ 'tOu ~uolCapoiou crav 

a1tO'tEAEcr~a tcrXat~ia~ crXEn~O~EVll~ ~E aVE1tap
lCi] 1tpocr<popu EVEpYEta~ lCat cruvu8pOt<JT] 'tO~tlCWV 

~E'ta~oAt'twv. H a1tWAEta ~EYUA(J)V 't~ll~u't(J)v cru
cr'tUA'tOu ~uolCapoiou lCat 11 «Otacr'tpO<pi]» 'tou crxi]
~a'tO~ 't1l~ AK cru~~liMouv cr'tll xpovta U1tEP<POP
'ttcrll 'tou E1tt~WV'to~ ~uolCapoiou. E1tt1tpocr8E'ta, 11 
EVEpy01toill<JT] crucr'tll~anlCWv i] 't01ttlCWV VEUpOOp
~OVtlCWV crucr'tll~u't(J)v ~1topEi va opa u~Ecra 1tuv(J) 
cr'ta lCapOtalCU lCunapa, cru~1tEptAa~~avo~Ev(J)V 

't(J)V lCapOtalCWV ~U01CU't'tUP(J)V lCat 't(J)V tVO~Aa

cr'tWv. MOAovo'tt 'ta ~uolCU't'tapa EXOUV 'tTJv tlCaVo
't1l'tU va au~uvov'tat crE ~EYE80~ lCat 1tUXO~, OEV 
aU~UVE'tUt avuAoya 'to 'tptXOEtOtlCO ayyEtalCO crU
cr'tll~a, ~E a1tO'tEAEcr~a 'tllV aVU1t'tu~ll crXE'ttlCi]~ 

apai(J)crll~ 'tOu 'tptXOEtOtlCOU OtlC'tUOU. Au'to, ~a~i 

~E 't1l vocro 't(J)V ~EYUA(J)V cr'tE<pavtai(J)v ayyEi(J)v, 
001lYEi crE XPOVta U1tOat~U't(J)crll 'tOu E1tt~WV'tO~ ~u

olCapoiou. Mia 'tE'tOta XPOVta U1tOat~u't(J)crll 1tt8a
VOAOyEi'tat a1to 't1l ~E'talCi Vllcrll 'tOu crucr'ti]~a'to~ 

tcroEv~U~(J)V 't1l~ LDH crE ~1l aEpO~ta Ev~u~a. E1tt
1tpocr8E'ta, oEiX'tlllCE crE lCUpOtE~ 1tEtpu~a'tO~w(J)v 

(E1ti~UE~) ~E 1taAatO ElC'tE'tU~EVO ~uolCapOtalCO E~

<ppay~a, ~ia ~E'tUlCivll<JT] 'tou 1tPOW1tOU tcroEv~u
~(J)V 't1l~ ~uocrivll~ lCat 't1l~ lCpEUnVtlCi]~ lCtVUcrll~ 

crE 1tEptcrcrO'tEPO E~~PUtlCU 1tpO'tU1tU, 01t(J)~ cru~~ai

VEt aV'ticr'tOlxa lCat crE liMa ~OV'tEMa lCapOtalCi]~ 

U1tEp<popn<JT]~, U1tEp'tpo<pia~ lCat aVE1tUplCEta~. H 
1tapa1tuv(J) ota1ticr't(J)<JT] 1taptcr'tuvEt Eva ~llxavt

cr~o avu1tpocrap~oyi]~, 1tOU E~OllCOVO~Ei EVEpyEta 
au~uvov'tU~ 'tllV U1tO'tEAEcr~anlCo'tll'ta 'tOu ~llxavt
lCOU EPYOU (lCa'tu 't1l OtUPlCEta 't1l~ EAEt\jlll~ EVEp
YEta~ 't1l~ Ota'tE'ta~Evll~ aVE1taplCOU<JT]~ lCapOtU~), 

cru~~UMEt 0~(J)~ cr'tll ~Ei(J)<JT] 't1l~ cru<J'taA'to'tll
'ta~2'. 

Ka8w~ <J'tllV aVE1taplCoucra lCapOtU a~~AuvE
'tat 11 crucr'taAnlCi] a1tuv'tTJ<JT] cr'tll OtEyEP<JT] 't(J)V 
~-U1tOOOXE(J)V, aU~UVEt 0 apt8~0~ 't(J)V U1tOOOXE(J)V 
't1l~ aYYEto'tacrivll~ II lCat 11 U1tEAEu8Ep(J)<JT] 'tOu 
«OEU'tEpOU ayyEAto<pOpOU» cr'tllV OtEyEP<JT] 'tTJ~ ay
YEto'tacrivll~ II. Ot lCapOtalCOi tvO~Mcr'tE~ cru~~UA

AOUV E1ti<JT]~ cr'tllv avu1t'tu~ll 'tou lCOtAtalCOU remo
delling. To lCoMayovo Eivat Euaicr81l't0 cr'tTJv 
tcrXat~ia lCat 'to ~UOlCapOtalCO E~<ppay~u 001lYEi 
crE a1tWAEta 't1l~ <pUcrtOAOytlCi]~ lCa'tucrlCEUi]~ 'tOU 
lCoMayovou 'to 01toio avnlCa8icr'tu'tUt a1tO OUAWOll 
tcr'tO. Ot tVO~AUcr'tE~ U1tEp'tPE<pOV'tat lCat 11 1tapa
y(J)yi] 'tOU lCOMUyOVOU p\)8~i~E'tat a1to 't1l Opu<JT] 
't1l~ aYYEto'tUcrivll~ II, 11 o1toia EVEPY01tOtEi'tat ~E
'tu a1to Eva ~UOlCUpOtUlCO E~<ppuy~a. L'tOU~ tVO
~AUcr'tE~ 1tOU EXOUV lCu'tacr'tpa<pEi a1to 'to ~uolCap

OtalCO E~<ppay~u E~aAEi<pE'tat 11 ~t't(J)n1Cl] a1tuv'tll
crll cr'tllV ElC8Ecri] 'tOU~ cr'tllV aYYEto'tacrivll II. Au'to 
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O~WS; bf:v crW~UiVf:t cr'WUS; tVO~Aacr'!f:S; 1tOU ~pi
crKOV'!at cr'!o f:1tt1;WV IlUOKUpbto Kat cr'WUS; 01tOiOUS; 
UVUyvwpi1;oV'!Ut U1tObOXf:iS; '!T]S; uYYf:to'!UcriVT]S; II, 
'!(mou I (AT,P. 

LUIl1tf:pucr~u'!tKU,T] tcrXat~tKi] KUpbtUKi] UVf:
1tUpKf:ta dvat ~iu crUv8f:'!T] btf:pyucriu uv'!t<J'!pE'l't
~T]S; Kat ~T] UVU<J'!PE'l't~T]S; tcrXat~tKi]S; bUcrAf:t
'!oupyiuS; Kat XPOVtWV ~f:'!U~OAWV, 1tOU O<pdAOV'!at 
crf: U1tf:p<popncrT] OyKOU. Ot 1lf:'!U~OAES; 1tOU f:~1tAE
KOV'!at bta<pEpOUV U1tO U'!O~O crf: U'!OIlO Kat dVat 
f:~UP'!WIlf:Vf:S; U1tO 'W XPOVO. H 1tOpdU cr'W XPOVO 
U1tO ~OVT] '!T]S; f:~UP'!U'!at U1tO '!T]V EK'!U<JT] '!T]S; Up
XtKi]S; ~AU~T]S; Kat '!T]V f:~EAt~T] '!T]S; tcrXat~tKi]S; 
KUpbtUKi]S; vocrOU. 

"'
 

o OpOS; «tcrxat~tKi] IlUOKUpbt01tU8f:ta» XPT]

crt~01tOti]8T]Kf: ytU 1tPW'!T] <popu U1tO '!ous; Burch
 
Kat <JUV 'W 1970 Kat UVU<pEpf:'!at crf: ~iu KU'!Ucr'!U

crT] KU'!U '!T]V o1toiu T] «tcrXatlltKi] KUpbtUKi] vo

cros;» obT]Yf:i crf: cro~upou ~u81l0U IlUOKUpbtUKi]
 
bucrAf:t'!oupyiu T] o1toiu <JUXvu dvat bucrbtllKpt'!T] 
U1tO ns; f:KbT]AWcrf:tS; '!T]S; 1tpw'!01tu80uS; ~UOKUpbto
1tu8f:taS;~.j. H tcrXatlltKi] IlUOKUpbto1tu8f:tu 1tUPU
~EVf:t EVU KUKWS; opt1;o~f:vO KAtVtKO crUvbpollO Kat 
1l0AOVOn T] <J'!T]8UYXT] crf: KU1tOta XPOVtKi] <J'!tYlli] 
f:~EAt~T]S; '!T]S; vocrou u1to'!f:Ad '!T]V !CUpta KAtVtKi] 
'!T]S; f:Kbi]AW<JT], '!o crUll1t'!WIlU uu'!o ll1topf:i <J'!T] cru
VEXf:tU vu f:~u<puVtcr'!d Kat vu uvnKu'!ucr'!u8d U1tO 
bucr1tVOtU Kat f:UKOAT] K01tW<JT] ~f: 1tpOObwnKi] 
f:yKu'!ucr'!UcrT] KUpbtuKi]S; UVf:1tUPKf:tUS;. L'!O tcr'W
ptKO '!WV ucr8f:VWV UVU<pEpf:'!at cruvi]8wS; IlUOKUp
btUKO EIl<PPUYIlU, uv Kat U1tUPXOUV ucr8f:vf:iS; ~f: 
cro~upi] <J'!f:<puvtuiu vocro Kat KUpbtUKi] UVf:1tUp
Kf:ta xwpiS; t<J'!OptKO cr'!T]8uYXT]S;, 01tO'!f: f:cr<PaAIlE
VU <JUXVU '!i8f:'!at T] btUYVW<JT] '!T]S; 1tpw'W1tu80US; 
IlUOKUpbto1tu8f:tUS;, tbiwS; O'!UV bf:V EXf:t btf:Vf:PYT]
8d cr'!f:<pUVtOypu<piu6. 

EiVat YVW<J'!O on Kat T] 1tpw'W1tu8i]s; Kat T] 
tcrXatlltKi] bta'!UnKi] IlUOKUpbt01tu8f:ta XUPUK'!T]
pi1;ov'!at U1tO 1tpOObwnKi] f:1l<pUVt<JT] KUpbtaKi]S; 
btU'!U<JT]S;, T] o1toiu crxf:'!i1;f:'!at Ilf: '!T]v f:YKU'!U<J'!U

'\ <JT] <JU1l<PopT]nKi]s; KUpbtUKi]S; UVf:1tUPKf:tUS;. H 
tcr'WAOYtKi] f:~E'!U<JT] 'WU IlUOKUpbiou bf:V ~1topd 

VU ~f:xwpicrf:t f:UKOAU ns; buo KU'!u<J'!ucrf:tS;, f:1tf:tbi] 
1lf:'!u8uvunu, Kat crns; buo 1tf:pt1t'!wcrf:tS; U1tOKaAU
1t'Wv'!at f:K'!f:'!U~EVf:S; 1tf:ptoXES; f:VbtUIlf:<JT]S; Kat 1tf:
ptaYYf:tUKi]S; ivw<JT]S;. 'E'!crt, T] bta<pOptKi] btUyvw
<JT] cr'!T]pi1;f:'!at <J'!T]V 1tupoucriu i] ~T] <JT]~uvnKwv 

aAAOtwcrf:WV cr'!U f:1ttKUpbtUKU <J'!f:<puvtuiu uyydu 
Ilf: '!T] <JUVU1tUP~T] i] ~T] KAtVtKWV i] f:pyucr'!T]ptU
KWV IlUp'!uptWV tcrXat~iuS;. E1tt1tpocr8f:'!u, 1l0AOVO
n T] U1tObf:t~T] '!T]S; <J'!f:<puvtuiuS; «IlUKpouyyf:to1tU
8f:tuS;» d Vat U1tUput'!T]'!T] yta '!T] btUYVW<JT] '!T]S; Vo

crou, f:ivat bUvu'!o crf: ~f:ptKES; 1tf:pt1t'!wcrf:tS; '!o crUv
bPOIlO vu 1tpoKAT]8f:i U1tO '!T]v UVU1t'!u~T] <J'!f:<pu
vtuiuS; «lltKpouYYf:to1tu8f:tuS;»6. I1pocr<pu'!u 1tUPU
'!T]pi]8T]Kf: o'!t crf: ucr8f:vf:iS;, Ilf: <J'!T]8UYXtKU f:VO
XAi]IlU'!U Kat 8f:nKi] bOKtllucriu K01tW<JT]S;, xwpiS; 
0IlWS; <J'!f:<puVtOypU<ptKU wpi]llu'!u, (crUVbpo~o X) 
1tUpu'!T]pf:t'!at <J'!u8f:pu btU'!UPUY~EVT] btU<J'!OAtKi] 
1tAi]PW<JT] '!T]S; Upt<J'!f:pi]s; KOtAiuS;, 01tWS; uu'!i] f:AEY
Xf:'!at ~f: '!T] btU~t'!POf:tbtKi] '!Uxu'!T]'!U poi]s; KU'!U 
'!T] IlE80bO doppler. H 1tUpu'!i]PT]crT] on <J'!ouS; 
ucr8f:vdS; uU'WuS; T] btucr'WAtKi] 1tAi]PW<JT] ~f:A nw
Vf:'!at <J'!u8f:pu, 1tUpUUT]AU Ilf: '!U crull1t'!WIlU'!U 
'!T]S; <J'!T]8uYXT]S;, XOPT]Ywv'!US; ~-uvu<J'!oAf:iS;, bd
XVf:t on T] tcrXat~iu 1tt8uvwS; u1to'!f:Ad '!T]v at'!iu 
UVU1t'!u~T]S; '!T]S; vocrou. H btacr'WAtKi] UVWIlUAiu 
~1topf:i vu U1to'!f:Af:i 'W 1tpw'W <JT]~f:io 1tpOObWn
Ki]S; f:yKU'!U<J'!U<JT]S; UVf:1tUPKf:taS; '!T]S; Upt<J'!f:pi]s; 
KOtAiuS;, T] o1toiu llf:ptKES; <pOpES; 1tupu'!T]pd'!at crf: 
ucr8f:vdS; Ilf: crUvbpo~o X~5. 

I<J'!oAoytKES; llup'!upif:S; bf:ixvouv on '!O KOA
AUYOVO '!ou IlUOKUpbiou ll1topd vu bta'!upuX'!d 
cro~upu U1tO UVU<J'!PE'l'tllf:S; tcrXatlltKES; ~AU~f:S;. 

EtbtKO'!f:pU, crf: ucr8f:Vf:iS; Ilf: cro~upi] <J'!f:<puvtaiu 
vocro Kat xwpis; KAtVtKi] ~up'!upiu IlUOKUpbtUKOU 
f:1l<PPUYIlUWS;, f:1tUVUAU~~UVOIlf:VU f:1tf:tcrobtU 
tcrXatlliuS; '!ou IlUOKUpbiou ll1topd vu EXOUV Iliu 
<JUcrcrwpwnKi] bpucrT] Kat vu 1tpOKUAOUV '!01ttKES; 
Vf:KPWcrf:tS;, 1tOU f:u8uvov'!at, 1tt8uvwS;, ytU '!T] 1lf:'!U
8uvunu UVf:UPf:<JT] 1tOMU1tAWV IltKpWV f:cr'!tWV IlU
OKUpbtUKWV tVWcrf:WV6.~5. 

KAP~IOnpOI:TAI:IA ENANTI THI: MYOKAP
~IAKHI: II:XAIMIAI: 

Evl5oyeveic; J.lllxaVI0J.l0i Kapl5lonpOotaoiac; 
1. I(JXUlJ.ltKi] 1tPOrtotflU(JtU 1] 1tP01tOVTJOTJ tOU 

fluOimpOtOU (preconditioning). 'EXf:t bf:tX'!d crf: 
1tf:tpullu'!o1;wu o'!t 4 1tf:V'!UAf:1t'!U f:1tf:tcrobtU U1tO
<pPU~T]S; '!T]S; <J'!f:<puvtuiuS; up'!T]piuS; uKoAou80UIlf:
VU U1tO 1tf:ptObOUS; f:1tUVatIlU'!wcrT]S; 1tpO '!T]S; f:yKU
'!ucr'!U<JT]S; IltUS; f:1tt1lT]KEcr'!f:PT]S; 1tf:ptObOU (40 Af:
1t'!wv) tcrXUtlliuS;, ll1topd vu 1tPOcr'!U'!E'l'OUV '!T]v 
KUpbtU Ilf: U1tO'!EAf:crIlU VU UVU1t'!ucrcrf:'!at IltKpo'!f:
PT] crf: EK'!U<JT] vEKpWcrT] (tcrXat~tKO preconditio
ning) Kat VU 1tUpU'!T]pf:t'!at EV'WVT] uvnuppU8lltKi] 
bpU<JT]. 

H tcrXat~iu, Uu'!i] Ku8' WU'!i] , 1tpOKaAd ~tU 

1tPocrupllocrnKi] U1tUV'!T]<JT] <J'!T]V tcrXUtlliu. To 
<PatVOIlf:VO uu'!o dVat KUAU yvw<J'!o crTJllf:PU Kat 
1tupU'!T]pd'!Ut '!ocro crf: 1tf:tpu~u'!o1;wu (f:1tiIlUf:S;, 
KOUVEAtU, cr!CUAOUS;, xoipouS; KA1t) ocro Kat cr'WV 
uv8pw1t0. H tcrXatlltKi] 1tPOf:'Wtllucriu 'WU IlUO

I 
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Kupoiou (preconditioning) Elvat EVU ppUXUpto 
<patVO~EVO, 'tou o1toiou T] EUEpyEnKi] 1tPO<nU'tEU
nKi] 'tou Opu<J11 ~EUi>vE'tat ~Ecru crE 2 OlpE~26. 

o KUPto~ ~T]XUVtcr~o~ 'tT]~ 1tpocr'!U'tEunKi]~ 

OPU<J11~ 'tou «preconditioning» E~llYEhat U1tO '!T] 
OtEyEP<J11 'tffiV u1tOOOxeffiv 'tT]~ uOEvocriVT]~ Al Kat 
EV ~epEt 'tffiV U1tOOOXEffiV A2 U1tO 'tT]V uOEvocriVT] 
(u1t08E<J11 downey). H uOEvocriVT] T] o1toiu 1tUpUyE
'tat U1tO '!T]V uOpOAU<J11 'tou ATP (EtK. 7), ~ecrffi 

'tffiV u1tOOOxeffiv A I' 'tT]~ G 1tpffi'tdVT]~, Kat <pfficr<pO
At1tU<J11~ C, U1tEAEU8EpOlVEt EVOOYEVEl~ 1tpocr'tEU'tt
Ke~ oucriE~, 01tffi~ T] crUV8E'tUcrT] 'tOU o~Etoiou 'tOU 
usOl'tou (NO) 1tOU oOT]yEi cr'!T]v 1tUpUyffiyi] 'tou NO 
Kat 1tPOKaAEl /lE'!U't01tt<J11 (translocation) 'tT]~ 

1tPffi'tElVtKi]~ KtVU<J11~ C (PKC) U1tO 'to KU'!'!UPO
1tAUcr/lU cr'LO crUPKElAT]/l~U, /lE OtUVot~T] 'tffiV OtUU
AffiV K+ 'tffiV E~up'tffi/leVffiV U1tO 'to ATP. TEAtKU, 
1tpOKUAEi'!Ut pPUxuv<J11 'tou OUVU~tKOU OPU<J11~ Kat 
/lElffi<J11 'tT]~ EtcrOOoU tOV'tffiV ucrpEcr'tiou (Ca++ in
flux), 1tOU oOT]yEi crE KU'tU<nOAi] 'tT]~ cr0cr1tu<J11~, 

~Eiffi<J11 'tT]~ KU'!UVUA.ffi<J11~ KU'!'!UPtKi]~ EVEPYEtu~, 

E~otKOVO~T]<J11 ATP Kat OtU'ti]pT]<J11 'tT]~ KUpOtU
Ki]~ AEt'tOupyiu~27. 

Y 1tUPXEt T] 1tt8uvo'tT]'!U vu U1tO'tEAEl T] tcrxat
~tKi] 1tPOE'LOt/lucriu 'tOU /luOKupoiou (preconditio
ning) /liu EtKOVU 'tT]~ <pUatKi]~ E~eAt~T]~ /lEptKOlV 
tcrXat/ltKOlV crUVOPO/lffiV <nov uv8po.mo, 01tffi~ ytU 
1tUPUOEty~u 'tu E1tEtcroOtu ucr'!U80u~ cr'tT]8uYXT]~, 

1tOU 1tPOT]youv'tat 'LOU OEM, ~1topEi vu Eu8uvo
V'!Ut ytU EUvOlKi] E~eAt~T] 'LOU E/l<PPUY~U'LO~, i] 'LO 
<patVO/lEVO UU'tO vu EU8uVE'tat ytU 'to AtYO'tEPO 1t0
VO Kat 'tT] ~Etffi~eVT] UVU\jfffi<J11 'LOU OtU<ni]~u'tO~ 

ST ~E'tU 'tT] OEU'tEPT] Otu'!UcrT] 'LOU ~1tUAOVtoU KU'tU 
'!T] OtUpKEtU 'tT]'; <nE<puvtuiu.; UyyEto1tAU<ntKi].; 
(PTCA) KA1t 26 . 

2. Miltl:po «1tupciOupo» tTJC; 10'XUlJ,l1Ki]C; 1tpO£
tOlJ,luO'iuC; tOU J,luOKupoiou (second window of 
ischemic preconditioning). A1tO'!EAEi ~iu E1ttPpU
OUVo~eVT] Kat E1tt~T]Ke<nEpT] OPU<J11 , 1tOU <pepE'tat 
~E 'to OVO~U «OEU'tEpO 1tupu8upo 1tpocr'!Ucriac; 'LOU 
Y ellon», Kat cru~pui VEL /lecru crn.; 1tPOl'tE'; 24 
OlpE';, oivonu.; <no «preconditioning» ~iu Ol<pU
atKi] ~op<pi], (~iu KAucratKi] Kat /liu O\jft~T] <pucrT]). 

o /IT]XUVtcr~o.; ElVat Otu<popEnKo,;, E1tEtOi] 
EK'tO'; U1tO 'tT]v OPU<J11 'tT]'; uOEvocrivT]'; 1tUpu'tT]pou
v'tat ~E'tupoAe.; <nT]v eK<ppu<J11 'tffiV YOVtOiffiV ~Ept
KOlV 1tpo<nu'tEUnKOlv ouatOlv, 01tffi'; ytu 1tUpUOEty
~U 'tT]'; 8Ep~i].; 1tPffi'tEl'vT]'; 'LOU shock (Heat Shock 
Protein = HSP), i] 'tffiV EVOOyEvOlV UV'tto~EtOffin
KOlV oUatOlV, 01tffi'; 'tT]'; Mn-SOD2x. 

3. Y1to~iu. 'EXEt OEtX'tEi on T] u1to~iu, uU'ti] T] 
iOtu, OtEYEipEt evu 'tP01tO KUpOto1tpo<nucriu.;.:'6. 

4. H ryxuO'TJ KUt£XOAUJ,llVOlV. BpteT]KE vu 
~EtOlVEt '!T]v EK'!U<J11 'tou E~<PPUY~u'to,;, /liu OPU<J11 
T] o1toiu, exov'!U.; U1tO\jfT] 'tT]v EUEpyEnKi] opucrT] 
1tOU UcrKEi T] xopi]yT]<J11 'tffiV p-uvu<noAeffiv, <pUiVE
'tat UVUKOAOu8T] Kat 1tUpUOO~T]. H EUEpyEnKi] OPU
crT] 'tffiV KU'tEXOAU/llVOlV crE 1tEpi1t'tfficrT] E~<PPUY~U
'to.; 'tOU ~uOKupoiou, EiVat 1tpuY/lun OUcrE~i]YT]'tT] 

Kat 1tUPU n.; U1t08EcrEt.;, 1tOU KU'tU KatpOU'; EXOUV 
Otu'tU1tffi8Ei, 1tUPU~EVEt ucrU<pi].;.:'6. 

6. H UK£tUAOXOAiVTJ OtU 'tffiV ~oUcrKUptVtKOlV 

M, U1tOOOXEffiV U1tEAEU8EpOlVEt Vt'tptKO o~EiOto 

(NO) U1tO '!U Evo08T]AtUKU KU'!'!UpU, 'LO o1toio OtE
yEipEt 'tT] OtUAU'ti] (soluble) yOUUVtAtKi] KUKAUcrT] 
(guanylate cyclase) <nu KUpOtUKU /lUOKU'!'!UpU, /lE 
U1to'teAEcr~u 'tT]v UU~T]crT] 'tou cGMP, uyyEtoOtU
<nOAi] , otcivot~T] 'tffiV OtuUAffiV K+ Kat KU'tUcr'tOAi] 
'tT]'; /lUOKUpOtUKi].; crU<nUA'tO'tT]'!U'; Kat E1tO/leVffi~ 

~Elffi<J11 'tffiV U1tUt'ti]crEffiV crE 0~uyoVO.:'6. 

6. Miu 1tUp001Ki] tuXdu pTJJ,lUtOOOtTJO'TJ iJ tU
XUKupoiu 1tpOKUAEi KUpOto1tpo<nucriu. TIt8uvOl.; T] 
Opu<J11 VU o<pEiAE'tat <nT] crXE'ttKi] tcrxat/liu 1tOU 
UVU1t'tUcrcrE'tat26. 

METABOAIKH ~PArTHPIOTHTA 

H tcrXat/liu OOllYEi crE ~Eiffi<J11 '!T]'; 1tEptEKn
KO'tT]'!U'; crE yAUKOyOVO Kat e'tat ~EtOlVE'!Ut 'to yAU
KOAU'ttKO U1tOcr'tPffi~U (glycolytic substrate). LE 
~e'tptu tcrXat~iu (aUu 0Xt cr'!T]v cropupou pu8~ou 

tcrXat~iu) T] eyxu<J11 YAUKOST]'; Kat tvcrouAiVT]'; UU
~UVEt cr'!U KU'!'!UPU '!U E1ti1tEOU 'LOU ATP, 1tOU EiVat 
U1tupuhT]'to ytU 'tT] opucrnKO'!T]'tU '!T]'; unAiu.; 
Nu+/K+ ATPU<J11';. ME 'LOV 'tP01tO UU'tO ~E~roVE'tat 

'to fficr/lffinKO <pop'tio (osmolar load) Kat PEAnro
VE'tat 'LO U1to'teAEcr~u '!T]'; tcrXat~iu.; / E1tUVat~U'tffi
<J11'; (EtK. 8)26. 

<l>APMAKOAOriKH KAP~lonporTAriA 

1. LU~<pffiVU ~E 'tu 1tUpU1tUVffi, KupOto1tPO
cr'tucriu ~1tOpEi vu E1tt'tEUX8Ei ~E 'tT] xopi]yT]<J11 
uOEvocrivT]';, PpuOUKtvivT]~, Vt'tptKOU o~EiOtoU 

(NO), '!T] OteYEp<J11 'tffiV u, UOpEvEpytKWV u1tOOOxe
ffiV Kat '!T]'; PKC Kat '!T] OtUVot~TJ 'tffiV OtUUAffiV K+. 

2. Ot fJ-avaaTOAeic;, 01tffi'; oEiXeT]KE crE 1toMe.; 
KAtVtKe~ ~EAe'tE';, E~<puvisouv U\jfT]Ai] opucrnKi] 
KUpOto1tpo<nucriu, ~EtWVOV'tu~ 'tT] eVT]'tO'tT]'!U Kat 
'!T]V E1tUVE~<pUVt<J11 'tOU E~<ppciy~u'LO';. 0 ~T]XUVt

cr~O.; OPU<J11'; EiVat 1toMU1tM.; Kat 1tEptA.U~PUVEt 

'tT] pUe~t<J11 crE KU'!'!UptKO E1ti1tEOO 'tou cAMP. 
A1to 'tT]v MAT] ~EptU, U1tUPXEt ev'toVT] ~up'tupiu 

ytU '!T]v 'tO~tKi] Opci<J11 'tffiV KU'tEXOAUJ,.UVWV, 11 
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IIUlOKPATEIA, 1,3 

ADENOSINE 

ElK. 8. Tponol; nopoywyr']l; OOE:vooiVIll;, o~E:ioWOIll; KOI 
WOIlWTlKr']l; unE:p<p0pTlOIll; KOTO TIlV OI()PKE:tO Till; IOXOI
Iliol;. 

01toiu U1tOKAEiE'tat llE 'tTl xopijYT]<JT] 'tWV q>UPllU
KWV UU'tWV, KUt 'tOvi1;OV'tat Kat at EV'tOVEt; UV'tto
~EtOW'ttKEt; tOtO'tT]'tEt; 'tT]t; 1tp01tpUVOAOAT]t; Kat KUp
PEV'ttAOAT]t;. 

3. Ot UV'tUYWVHJ'tEt; 'tou ucrPEcr'tiou EXEt OEt- ' 
X'tEt o'tt UcrKouv KU1tOtU KupOt01tpOcr'tU'tEU'ttri] 
OPU<JT], 1tOU U1tOOiOE'tUt mo Opucr'ttKO U1tOKAEtcrllo 
'twv OtUUAWV 'timou L 'tou Ca++ Kat llEiW<JT] 'tT]t; 
KU't'tUptri]t; U1tEpq>Op'tt<JT]t; llE UcrPEcr'ttO. 

4. L'tT]V 1tEpi1t'tw<JT] xopijYll<JT]t; u-MEA, T] 
KupOt01tpocr'tucriu EiVat EllllEcrlj (U1tO'tEAEcrllu 1t.X. 
llEiW<JT]t; 'tT]t; An crE U1tEp'tUcrtKOUt; Ucr8EvEit;), ij 
UllE<JT], E1tt'tEivOV'tUt; 'tout; ijOT]Uq>tcr'tUllEVOUt; 1tpO
cr'tU'tEU'ttKOut; llljXUVtcrllOut;. Ot u-MEA UcrKouv 
UyyEtOOtUcr'tUA'ttKij, Kat UV'tt-uu~T]'ttri] OPU<JT] , 
llEtWVOV'tUt; 'tU E1ti1tEOU 'tT]t; UyyEtO'tEvcriVT]t; II Kat 
UVUcr'tEMOUV 'tT]V EKKpt<JT] 'tT]t; aAOOcr'tEpOVT]t;. 
E1tt1tpocr8E'tu, Ku8Wt; 'to MEA EiVat 'tUU'tO<JT]IlO llE 
'tljv KtVtVU<JT], at u-MEA (KU1t't01tpiAT], EVaAu1tpi
AT] ij PUllt1tpiAT] KA1t.) uu~uvouv 'to crXT]IlU'ttcrllO 
'tT]t; ppuOUKtviVT]t;, llE cruvE1tEtU 'tljV U1tEAEU8EpW
crlj 'tou NO Kat 'tljt; 1tpocr'tuKUKAiVljt; (EtK. 9). 

5. H UVUcr'tOAij 'twv AT I U1tOOOXEWV 'tT]t; UY
yEtO'tEVcriVT]t; II (AOcrUp'tuvT]), IlOAOVO'tt OEV UU~U
VEt 'tT]V 1tUpuywyij 'tT]t; ppuOUKtvivT]t;, UU~UVEt 'tTl 
opucrT] 'tWV U1tOOOXEWV AT2 KUt 'tT]V UV'tt
U1t01t'tW'ttKij Opu<JT]. 

6. H 'tptllE'tu1;toivT] (trimetazidine = TMZ) 
OEiX8T]KE VU EXEt 1tpOcr·ta'tEU'ttKij OPU<JT] cr'to tcrXat
lltKO llUOKUPOtO KUt cr'tT]v 1tEpi1t'tw<JT] tcrXatlliut; I 
E1tUVatllU'tW<JT]t; Kat U1tO'tEAEt EVU UV'tt-lcrXatlltKO 
1tUPUY0V'tU, 1tOU PEA'ttWVEt 'tT]v KatAtUri] OUcrAEt
'toupyiu. 0 UKptpijt; 'tP01tOt; OPU<JT]t; 1tUPUllEVEt 

1---.... ( 

'----:-"J
KININASE II ! ) 

( t cGMP ) 

ElK. 9. <DOiVE:TOI 11 ouoXtTloll IlE:TO~U Till; I3poouKlviVIll;, 
OOE:vooiVIll;, npooTOKuKAiVIll; KOI TaU NO, Ko8wl; KOI 0 

npOOTOTE:UTIKOl; Tponol; OPOOIll; TWV o-MEA. 

ucrUq>ijt;. H KU't'tUp01tpOcr'tU'tEU'ttKij opucrT] q>UiVE
'tat UVE~UP'tlj'tlj U1tO KU1tOtOV atllOOUVUlltKO llT]XU
VtcrllO Kat OE yiVE'tat llEcrw 'tT]t; 0IlOtocr'tucrT]t; 'tOU 
ucrpEcr'tiou ij 'tljt; Ku8upcrT]t; (scavenging) 'twv 
EAEU8EpWV pt1;wv. M1topEi VU crXE'ti1;E'tUt IiE'tT] llE
'tUPOAtri] OPU<JT] 'tOU q>apllUKOU, 1tOU E1tt'tUYXUVEt 
'tTl Ota'tijpT]<JT] 'tWV KU't'tUptKWV E1tt1tEOWV 'tljt; 'tpt
q>Wcrq>OptKijt; aOEvocrivT]t; (ATP). H TMZ llEtWVEt 
EVOOKU't'taptKu 'ta avopyuvu q>Wcrq>OptKU Kat 'to 
Pa8110 o~EiowcrT]t; Kat llEtWVEt 'to wcrllW'ttKO q>OP
'tio va'tpiou, (osmolar Na+ load), E1tt'tPE1tOV'tUt; 
Ilia EUVOtri] llE'tUKiVT]<JT] 'twv toV'twv llEcrw 'twv 
llT]XavtcrllWV uv'tUAAayijt; toV'twv Na+/H+ Kat 
Ca++/3Na+ (EtK. 8)2<'. 

ABSTRACT 

Lefkos N. Myocardial ischemia and myocardial 
function. Hippokratia 1997, 1: 129-143. 

Myocardial ischemia sirectly affects the dia
stolic initialy and then th systolic cardiac function. 
The biochemical changes, in cellular level, during 
severe ischemia are summerized as follow: a) a ra
pid exhaustion of ATP and CP reserves, b) decom
position of AMP to adenosine which is rapidly con
verted to hypoxanthine, iosine and a small amount 
of xanthine, and c) intracellular increase of nonor
ganic phosphates, Mg++ and intracellular acidosis 
which in parallel, with the rapid exhaustion of the 
low reserves of glucagone, inhibits the initialy acti
vated anaerobic glycolysis. In about 15 minutes, 
the initially reversible phase of ischemic disturban
cies, in cellular level, converted to irreversible, be
cause of the breakdown of the sarcolema of myo
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cardial cells as a result of uncontrolled Ca++ in
crease, intracellular oedema and free-oxygen radi
cals producction. Functional ischemic disorders of 
myocardial contractility are classified as reversible 
[stunning and hibernating myocardium] and per
manent [necrosis of a myocardial region]. The 
chronic [pernanent] ischemic disorders of myocar
dial function were attributed to: a) loss of-extended 
regions of contracil myocardium and distortion of 
the pattern of left ventricle both contributed to 
chronic overload of surviving myocardium and b) 
inactivation of systemic or local neurohormonal sy
stems who directly affect cardiac cells [myocar
diac cells and inoblasts]. Finally, the cardioprotec
tion against myocardial ischemia is obtained by: a) 
endogenous mechanisms [such as ischemic "pre
conditioning" and its second window, hypoxia, ca
techolamines, acetylcholine, tachycardia or rapid 
pacing], b) metabolic and c) pharmacologic agents 
[Ca++-antagonists, b-blockers, a-MEA, trimetazidi
ne etc). 
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