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Radiofarmaci “metal-based” nella cardiologia nucleare e nell’imaging tumorale

Stato dell’Arte

Molti  dei nuclidi  impiegati  nella preparazione di radiofarmaci sono metalli di transizione. Tra 

questi il 99mTc, radionuclide gamma emittente (t1/2=6,02h; E=141 kev), prodotto attraverso l’uso 

di  un generatore portatile di 99Mo-99mTc, è considerato il  nuclide di  elezione nella diagnosi 

SPECT (Single Photon Emission Tomography). La recente scoperta di  un nuovo ed efficiente 

metodo per la produzione di  complessi del  99mTc contenenti  il legame multiplo terminale 

tecnezio-azoto [99mTc!N]2+ ha aperto la possibilità di valutare l’attività biologica di  diverse classi 

di azoturo complessi di 99mTc e di proporli come radiofarmaci di perfusione o recettori specifici[1].

Obbiettivi

Il  presente progetto propone un’attività di ricerca che si estende a diversi settori della 

Medicina Nucleare, quali la Cardiologia, l’Imaging Molecolare, la sintesi  di  nuovi  radiofarmaci 

“metal-based”.

Sintesi e valutazione biologica di una serie di nuovi 99mTc(N)-eterocomplessi e loro confronto 

con 99mTc(N)DBODC(PNP5)

Un primo obbiettivo consiste nel migliorare le caratteristiche biologiche di 
99mTc(N)DBODC(PNP5), “lead compound” di  una serie di azoturo complessi  monocationici  del 

t ipo [99mTc(N)DTC(PNP)]+ (DTC=dit iocarbammato al i fat ico a catena l ineare; 

PNP=aminodifosfina), attualmente in fase di studio clinico come tracciante di  perfusione 

cardiaca[2]. L’attività di ricerca sarà focalizzata al  miglioramento di  un parametro di elevata 

importanza clinica: l’estrazione di primo passaggio, mantenendo inalterate le favorevoli 

proprietà diagnostiche. Tale risultato potrà essere conseguito attraverso un attento studio di 

relazione struttura – attività che prevede una razionale modifica dei  leganti  ditiocarbammici, 

ottimizzando il  volume molecolare e la lipofilia del  complesso finale e, non da ultimo, il suo 

profilo farmacocinetico.

Saranno quindi sintetizzati leganti  ditiocarbammici aliciclici, contenenti diversi eteroatomi 

opportunamente funzionalizzati: la sintesi sarà condotta in accordo a quanto riportato in 

letteratura, utilizzando ammine primarie o secondarie. I leganti ottenuti saranno quindi 

sottoposti  a caratterizzazione chimico-fisica mediante analisi elementare e tecniche 

spettroscopiche.
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I leganti  ottenuti saranno utilizzati  nella preparazione dei corrispondenti  complessi a livello 

macroscopico con 99Tc  o 185/187Re (10-3/10-6 M) e a livello di tracciante 99mTc (10-9/10-11 M). I 
99Tc/185/187Re complessi  saranno quindi sottoposti a caratterizzazione chimico-fisica allo stato 

solido ed in soluzione. I complessi prodotti a livello di  tracciante (99mTc) saranno invece 

caratterizzati per comparazione cromatografica TLC e HPLC con gli  analoghi  composti prodotti 

a livello millimolare.

Dalla cardiologia nucleare all’imaging tumorale

99mTc(N)DBODC(PNP5) si  localizza irreversibilmente nelle strutture mitocondriali  in forza di un 

gradiente elettrico transmembrana negativo. Inoltre, studi  di metabolismo condotti al  fine di 

chiarire il  meccanismo di  rapida rimozione di  tale complesso dagli organi non bersaglio hanno 

dimostrato che 99mTc(N)DBODC(PNP5) è eliminato nella sua forma nativa e che l’escrezione è 

mediata dai  trasportatori  Pgp/MDR-Pgp (multidrug resistant proteins),aspetti  questi che lasciano 

intravvedere la possibilità di estendere la applicabilità diagnostica di questo complesso e dei 

suoi derivati dal campo cardiologico a quello oncologico.

In questa parte del progetto si intende quindi valutare la possibilità di  estendere l’applicabilità 

diagnostica di questo nuovo tracciante al monitoraggio e visualizzazione di alcune forme 

neoplastiche caratterizzate da elevata densità mitocondriale, nonché alla valutazione della 

refrattarietà delle cellule al suo accumulo.

Applicabilità della tecnologia [Tc(N)(PNP)]2+ alla preparazione di radiofarmaci target-specifici

Un terzo obbiettivo consiste nel  verificare la possibilità di  applicare il  frammento molecolare 

[Tc(N)(PNP)]2+ alla marcatura di molecole biologicamente attive mantenendo inalterate le 

proprietà biologiche di queste ultime. [Tc(N)(PNP)]2+ può essere coordinato in modo efficiente e 

versatile dall’amminoacido cisteina a formare complessi neutri o carichi, caratterizzati  da una 

elevata attività specifica. Nel caso di peptidi, l’aggiunta di un residuo cisteinico terminale alla 

sequenza amminoacidica prescelta consente di ottenere un chelante bifunzionale in grado di 

reagire selettivamente con il frammento molecolare dando così origine al complesso finale[3].

Molecole di  interesse nella selezione di sonde molecolari  con cisteina possono essere: i) 

peptidi contenenti la sequenza RGD (Arg-Gly-Asp) selettiva verso l’integrina alfa-V beta-3 

coinvolta nell’angiogenesi  ed in numerose metastasi tumorali; ii) derivati dell’ormone alfa-MSH 

in grado di legare con elevata selettività recettori  della melanocortina-1 (MC-1) sovra espressi 

sulla superficie di cellule melanomatose.

Alla preparazione dei corrispondenti complessi seguiranno lo studio di stabilità in vitro e di 

transchelazione con cisteina e glutatione, nonché la valutazione biologica in vitro ed in vivo.

Analogamente ed in parallelo sarà valutata anche l’applicabilità del frammento [Tc(N)(R2PS)]+ 

(R2PS=fosfinotiolo variamente sostituito), nella preparazione di radiofarmaci target-specifici.

1. Bolzati C., Boschi A., Uccelli L., Tisato F., Refosco F., Cagnolini A., Duatti A., Prakash S., Bandoli G., Chemistry of 

the Strong Electrophilic Metal Fragment [99Tc(N)(PXP)]2+ (PXP = Diphosphine Ligand). A Novel Tool for the 

Selective Labelling of Small Molecules, Journal of the American Chemical Society vol 124, 38 11468 – 11479.

2. Cittanti C. et al., Whole Body Biodistribution and Radiation Dosimetry of the New Cardiac Tracer 99mTc-N-DBODC. 

(2008), J Nucl Med 49, 1299 – 1304.

Bolzati C., Cavazza-Ceccato M., Agostini S., Tokunaga S., Bandoli G., Subcellular Distribution and Metabolism of 

the Potential Myocardial Imaging Agent [99mTc(N)(DBODC)(PNP5)]. J Nucl Med (2008); 49: 1336 – 1344.

3. Bolzati C., Caporale A., Agostini S., Carta D., Cavazza-Ceccato M., Refosco F., Tisato F., Schievano E., Bandoli 

G.,  Avidin-biotin system: a small library of cysteine biotinylated derivatives designed for the [99mTc(N)(PNP)]2+ 

metal fragment, Nuclear Medicine and Biology 34 (2206) 511 – 522.
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)-=.,$I&?)"&%.'(.%'3)$"&,()$;'*)' ,.".-+.M' #+)%)//&-($' %&' "4)3)"&'(.%' =,&33.-+$'3$%."$%&,.'

bXX3W"YU_Y<U<-_cFdM' J' >+&+&' ?,$?$>+&' %&' ,.&%)//&/)$-.' ()' -#$@)' +,&"")&-+)' ()' ?.,=#>)$-.'

"&,()&"&;'1-'?&,+)"$%&,.M')%'"$3?%.>>$'3$-$"&+)$-)"$'bXX3W"YU_Y<U<i_Y*B7*5_cd'4&',)@.%&+$'

(.%%.' ?,$?,).+S' H)$%$E)"4.' "4.' >)' &@@)")-&-$' &' K#.%%.' )(.&%);' !+#()' H)$()>+,)H#+)@)' 4&--$'

.@)(.-/)&+$' #-' .%.@&+$' .' ?.,>)>+.-+.' &""#3#%$' (.%' +,&"")&-+.' -.%' +.>>#+$' "&,()&"$M' "$-'

")-.+)"4.' (P.%)3)-&/)$-.' .3&+)"&M' ?$%3$-&,.' .(' .?&+)"&' .>+,.3&3.-+.' ,&?)(.' .'

K#&-+)+&+)@.V' =&++$,)' K#.>+)' "4.' ?.,3.++$-$' %P&"K#)>)/)$-.' )-' +.3?)' H,.@)' (P)33&E)-)' ()'

.%.@&+&'K#&%)+S'()&E-$>+)"&M'>#?.,)$,.'&'K#.%%.'$++.-#+.'"$-')'"$3?%.>>)'3$-$"&+)$-)")'XX3W"I

!.>+&3)H)' .' XX3W"IW.+,$=$>a)-;' 1-' ?&,+)"$%&,.' +&%.' =&@$,.@$%.' "$3H)-&/)$-.' ?.,3.++.' #-&'

"4)&,&'@)>#&%)//&/)$-.'()'&%+.,&/)$-)'"4.')-+.,.>>&-$'%&'?&,.+.')-=.,$I&?)"&%.'(.%'3)$"&,()$;'

A'K#.>+.'?,$3.++.-+)'"&,&++.,)>+)"4.'>)'&>>$")&-$'&>?.++)')-(.>)(.,&H)%)M'+)?)")'(.)'+,&"")&-+)'

3$-$"&+)$-)")M'K#&%)'#-&',.%&+)@&3.-+.'H&>>&'.>+,&/)$-.'()'?,)3$'?&>>&EE)$'Y"&;'\Gp_'.'#-&'
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+,&>"#,&H)%.',)()>+,)H#/)$-.'>.'"$3?&,&+)'"$-'K#.%%&'()'"$3?%.>>)'-.#+,)M'-$-')-'#>$'"%)-)"$M'

"$3.' XX3W"IW.H$,$q)3.' YrrIXDp_'.'XX3W-YU_IU$.+' YrGIXGp_;' <.,' K#.>+)' #%+)3)' "$3?$>+)M'

%P.%.@&+&' .>+,&/)$-.' ()'?,)3$' ?&>>&EE)$' .' %&' ,.%&+)@&',)()>+,)H#/)$-.'>$-$' "$,,.%&+.'&('#-&'

3&EE)$,.'3$H)%)+S'($@#+&'&%%&'.%.@&+&'%)?$a)%)")+S'(.%'?,$($++$'.'&%%P&>>.-/&'()'"&,)"&;

W,&"")&-+)' "&,()&")' "&,&++.,)//&+)' (&' #-P.%.@&+&' .>+,&/)$-.' ()' ?,)3$' ?&>>&EE)$'

?.,3.++$-$M' &' +.3?)'H,.@)'(&%%&' >$33)-)>+,&/)$-.M' #-&' "$,,.++&' @&%#+&/)$-.'K#&-+)+&+)@&'

(.%%$'>+&+$'(.)'>)-E$%)'3)$")+)'.'(.%%P.=a)").-/&'(.%%&'?$3?&'"&,()&"&'-.%'>#$'"$3?%.>>$'&-"4.'

-.%%.'&,..')?$?.,=#>.;

1-'K#.>+&'>./)$-.'(.%'%&@$,$'Y%.89!:.+;_'>)')-+.-(.'@&%#+&,.'%&'?$>>)H)%)+S'()'3)E%)$,&,.'

%.'"&,&++.,)>+)"4.'H)$%$E)"4.'()'bXX3W"YU_Y<U<i_Y*B7*5_cdM' )-'?&,+)"$%&,.' ()' )-",.3.-+&,.'

%P.>+,&/)$-.' ()' ?,)3$' ?&>>&EE)$' 3&-+.-.-($' )-&%+.,&+.' %.' >#.' =&@$,.@$%)' ?,$?,).+S'

()&E-$>+)"4.;'W&%.',)>#%+&+$'?$+,S'.>>.,.',&EE)#-+$'@&,)&-($'&%"#-)'?&,&3.+,)'"4)3)"$Ia)>)")M'

=$-(&3.-+&%)'K#&%)')%'@$%#3.'3$%."$%&,.'.'%&'%)?$a)%)&;'6P&>)33.+,)&'(.%'"$3?%.>>$'"$->.-+.'

)-=&++)M' &++,&@.,>$' %P)-+,$(#/)$-.' ()' $??$,+#-.' @&,)&/)$-)' )-()?.-(.-+)' (.%' %.E&-+.'

()=$>a)-&33)-)"$' .'()'K#.%%$'()+)$"&,H&33)"$M'()'$++)3)//&,.')%'?,$a)%$' =&,3&"$")-.+)"$'(.%'

"$3?%.>>$' a)-&%.M' ?.,3.++.-($' "$>L' ()' ,.&%)//&,.' @.,>)$-)' >?.,&H)%3.-+.' 3)E%)$,&+.' ()'

bXX3W"YU_Y<U<i_Y*B7*5_cd;' A%%$' >"$?$' >$-$' #+)%)//&+)' %.E&-+)' ()+)$"&,H&33)")' &%)")"%)")'

"$-+.-.-+)'()@.,>)'.+.,$&+$3)'$??$,+#-&3.-+.'=#-/)$-&%)//&+);

1'-#$@)'%.E&-+)'>$-$'"&,&++.,)//&+)'3.()&-+)'&-&%)>)'.%.3.-+&,.M'+."-)"4.'>?.++,$>"$?)"4.'

.' ()' >?.++,$3.+,)&' ()'3&>>&;' 6&' ?,.?&,&/)$-.' (.)' -#$@)' "$3?%.>>)' "$-' XX3W"' .' %&' ,.%&+)@&'

"&,&++.,)//&/)$-.' J'.>.E#)+&' +,&3)+.' &-&%)>)' ",$3&+$E,&a)"4.'K#&-+)+&+)@.' W65' .'h<65;' 6&'

>+&H)%)+S' )-' @)+,$' J' "$-($++&' @&%#+&-($' %&' ,.>)>+.-/&' &%%&' +,&->"4.%&/)$-.' )-' ?,.>.-/&' ()'

."".>>)' ()' E%#+&+)$-.' .' ")>+.)-&;' 1' +,&"")&-+)' ()' 3&EE)$,.' )-+.,.>>.' >$-$' @&%#+&+)' -.%' %$,$'

?,$a)%$'H)$()>+,)H#+)@$'.'-.%%&'%$,$'"&?&")+S'()&E-$>+)"&;

A; bXX3W"YU_Y<U<i_Y*B7*5_cd:'(&%%&'"&,()&%$E)&'-#"%.&,.'&%%P)3&E)-E'+#3$,&%.

XX3W"I!+.>+&3)H)' J' >+&+$' #-$' (.)' ?,)3)' +,&"")&-+)M' $,)E)-&,)&3.-+.' >@)%#??&+)' "$3.'

,&()$=&,3&")' ?.,' )3&E)-E' "&,()&"$M' &(' .>>.,.' #+)%)//&+$' -.%%&' ()&E-$>)' ()' &%"#-)' +)?)' ()'

+#3$,.'.'@&%)(&+$' "$3.'>#H>+,&+$'<=>?,(,'Y/2)-&352(+5*"&"-6'@*+15$-*&'"_M'.'K#)-()'"$3.'

+,&"")&-+.' -.%%&' @)>#&%)//&/)$-.' )-' @)@$' &++,&@.,>$' %P#>$' ()' +."-)"4.' +$3$E,&a)"4.'

(.%%P.>?,.>>)$-.'()'0*TI<E<;'W&%.'#+)%)//$'J'?$>>)H)%.'E,&/).'&%'3.""&-)>3$'()'&""#3#%$'(.%'

+,&"")&-+.' &%%P)-+.,-$' (.%%.' >+,#++#,.'3)+$"$-(,)&%)M' E#)(&+$' (&' #-'?,$".>>$' ()' ()==#>)$-.'

?&>>)@&' .' >$>+.-#+$' (&' #-' E,&().-+.' .%.++,)"$' E.-.,&+$' (&' #-' .%.@&+$' ?$+.-/)&%.' ()'

+,&->3.3H,&-&'3)+$"$-(,)&%.M' "4.' -.'(.+.,3)-&' #-' )-+,&??$%&3.-+$' ),,.@.,>)H)%.;' 1%' >#$'

&""#3#%$' J' ?&,+)"$%&,3.-+.' ?,$-#-")&+$M' a)-$' &' ().")' @$%+.'3&EE)$,.M' )-'".%%#%.' +#3$,&%)'

>.->)H)%)' "4.' ?,.>.-+&-$' #-&' (.->)+S'3)+$"$-(,)&%.'>#?.,)$,.' ,)>?.++$' &' K#.%%&' ()' ".%%#%.'

-$,3&%)M')-'@),+n'()'#-&'3&EE)$,.'()==.,.-/&'()'E,&().-+.' .%.++,)"$' Y\G'39_;'o-&',)(#/)$-.'

(.%%P&""#3#%$' )-+,&".%%#%&,.' ()'K#.>+$' +,&"")&-+.'?#s' .>>.,.' "$,,.%&+&' &' ()@.,>)' =.-$3.-)'

H)$%$E)")M' &%"#-)'(.)'K#&%)'>$-$' &>>$")&+)'&%%&'>$@,&I.>?,.>>)$-.'()'?&,+)"$%&,)'E%)"$?,$+.)-.'

+,&->I3.3H,&-&' 0*TI<E<M' AW<' ()?.-(.-+)M' ?,$($++.' (&%' E.-.' 0*TID;' O#.>+.' ?,$+.)-.'

,.E$%&-$'%P.=a%#>>$'()'-#3.,$>)'&E.-+)'&('&/)$-.'")+$+$>>)"&'Y"$-'"&,&++.,)>+)"4.'>+,#++#,&%)'.'

=#-/)$-&%)' ()@.,>._M' ,.-(.-($' )-'K#.>+$' 3$($' %.' ".%%#%.' +#3$,&%)' ,.>)>+.-+)' &%%P&/)$-.' ()'

()@.,>)' =&,3&");' 1-' K#.>+.' ".%%#%.' %P&""#3#%$' ()' XX3W"I!.>+&3)H)' J' )-@.,>&3.-+.'

?,$?$,/)$-&%.'&)' %)@.%%)'()'.>?,.>>)$-.'()'<E<M' "$3.' ()3$>+,&+$'(&%%P&#3.-+&+&' "&?+&/)$-.'
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(.%' +,&"")&-+.'($?$' .>?$>)/)$-.'(.%%.'>+.>>.'&'3$(#%&+$,)'()'0*T'Y@.,&?&3)%M'")"%$>?$,)-&'

AM' .%&",)(&,' .' @&%>?$(&,_;' O#.>+.' >$>+&-/.M' H%$""&-($' %&' =#-/)$-.' (.%%.'<E<M' )-(#"$-$' #-'

&#3.-+$'(.%%&'"$-".-+,&/)$-.'(.%'+,&"")&-+.'&%%P)-+.,-$'(.%%.'".%%#%.;

*&%'?#-+$'()'@)>+&'"%)-)"$M'%&'@&%#+&/)$-.')-'@)@$'(.%%P.>?,.>>)$-.'.'(.%%&'=#-/)$-&%)+S'(.%%.'

0*TI<E<M' ?.,3.++.' ()' >.%./)$-&,.' ?&/).-+)' "4.' ?$>>$-$' H.-.a)")&,.' ()' +,&++&3.-+)'

+.,&?.#+)")'Y"4.3)$+.,&?)")_V' ()' ()>+)-E#.,.' >.' %&' =&,3&"$' ,.>)>+.-/&'"4.' >)' J' )->+&#,&+&'J'

3.()&+&' (&' <E<' $' 3.-$' .' K#)-()' >.%./)$-&,.' ?&/).-+)' "4.' ?$>>$-$' H.-.a)")&,.' (.%'

+,&++&3.-+$' "$-' )-)H)+$,)' (.%%.' <E<;' 1-$%+,.M'3)>#,.' =#-/)$-&%)' "4.'(.a)-)>"$-$' %$' >+&+$' ()'

0*TI<E<'3.()&-+.' %P&??%)"&/)$-.'()'+."-)"4.'-$-')-@&>)@.' K#&%)'?$>>$-$'.>>.,.'%&'!<Q5W'

,&??,.>.-+&-$' #-'3&EE)$,'@&-+&EE)$',)>?.++$' &%%.'+."-)"4.'()'@&%#+&/)$-.'"$-@.-/)$-&%)')-'

@)+,$'"4.'-.".>>)+&-$'()'?,.%).@)'H)$?+)");

A-&%$E&3.-+.' &' K#&-+$' $>>.,@&+$' ?.,' XX3W"I!.>+&3)H)M' bXX3W"YU_Y<U<i_Y*B7*5_cd' >)'

%$"&%)//&' ),,.@.,>)H)%3.-+.' -.%%.' >+,#++#,.'3)+$"$-(,)&%)' )-' =$,/&' ()'#-' E,&().-+.'.%.++,)"$'

+,&->I3.3H,&-&'-.E&+)@$'"$3.'()3$>+,&+$'(&'>+#()'()'()>+,)H#/)$-.'>#H".%%#%&,.M'"$-($++)'

>#'3)$"&,()$' )>$%&+$' ()' ,&++$;' 1-$%+,.M' >+#()' ()' 3.+&H$%)>3$' "$-($++)'&%' a)-.' ()' "4)&,),.' )%'

3.""&-)>3$' ()' ,&?)(&' ,)3$/)$-.' ()' +&%.' "$3?%.>>$' (&E%)' $,E&-)' -$-' H.,>&E%)$' 4&--$'

()3$>+,&+$' "4.' bXX3W"YU_Y<U<i_Y*B7*5_cd' J' .%)3)-&+$' -.%%&' >#&' =$,3&' -&+)@&' .' "4.'

%P.>",./)$-.'J'3.()&+&'(&'+,&>?$,+&,)'<E<`0*TI<E<M'&>?.++)'K#.>+)'"4.'%&>")&-$' )-+,&@.(.,.'

%&' ?$>>)H)%)+S' ()' .>+.-(.,.' ' %P&??%)"&H)%)+S' ()&E-$>+)"&' ()' K#.>+$' -#$@$' +,&"")&-+.' &%'

3$-)+$,&EE)$' .' @)>#&%)//&/)$-.' ()' &%"#-.' =$,3.' -.$%&>+)"4.' YH.-)E-.' .' 3&%)E-._M'

"&,&++.,)//&+.' (&' #-&' .%.@&+&' (.->)+S' 3)+$"$-(,)&%.M' -$-"4N' &%%&' @&%#+&/)$-.' (.%%&'

,.=,&++&,).+S'(.%%.'".%%#%.'&%'>#$'&""#3#%$;

1-'K#.>+&'>./)$-.' Y%.89!:.+A_M' J' @&%#+&+&' )-'@)+,$' %&'")-.+)"&'()'&""#3#%$' ()' bXX3W"YU_

Y<U<i_Y*B7*5_cd'&']'t'.'Cj't5M')-'&%"#-.'%)-..'".%%#%&,)'K#&%)'FGGr'Y#2/6'+$B65&6'+@6'@*5_'

.' 052Ij' Y#2/6'+ C5*6"-+ @6'@*5_' .' -.%%.' "$,,)>?$-(.-+)' %)-..' =&,3&"$I,.>)>+.-+)' Y5DC' .'

052Ij`0*Td_M')-'?,.>.-/&'.'-$-'()'$??$,+#-)'0*T'3$(#%&+$,)M'#+)%)//&-($'XX3W"I!.>+&3)H)'

"$3.',)=.,)3.-+$;

A??%)"&H)%)+S'&%%&'?,.?&,&/)$-.'()',&()$=&,3&")'-65(*-I>?.")a)")

6$'>"$?$'Y%.89!:.+0_'()'K#.>+&'?&,+.'(.%'%&@$,$'"$->)>+.'-.%'@.,)a)"&,.'%&'?$>>)H)%)+S'()'&??%)"&,.'

)%' =,&33.-+$' 3$%."$%&,.' bXX3W"YU_Y<U<-_cFd' &%%&' 3&,"&+#,&' ()' 3$%."$%.' H)$%$E)"&3.-+.' &++)@.'

3&-+.-.-($' )-&%+.,&+.' %.' ?,$?,).+S' H)$%$E)"4.' ()' K#.>+.' #%+)3.;' 5$3.' E)S' ,)?$,+&+$M' bXX3W"YU_

Y<U<-_cFd'?#s'.>>.,.'"$$,()-&+$')-'3$($'.=a)").-+.'.'@.,>&+)%.'(&%%P&33)-$&")($'")>+.)-&'&'=$,3&,.'

"$3?%.>>)'-.#+,)'$'"&,)"4.'(.%'+)?$'bXX3W"YU_Y<U<-_Y5g>IT_cd`GM'"&,&++.,)//&+)'(&'#-&'.%.@&+&'&++)@)+S'

>?.")a)"&;' U.%' "&>$' ()' ?.?+)()M' %P&EE)#-+&' ()' #-' ,.>)(#$' ")>+.)-)"$' +.,3)-&%.' &%%&' >.K#.-/&'

&33)-$&")()"&' ?,.>".%+&' "$->.-+.' ()' $++.-.,.' #-' "4.%&-+.' H)=#-/)$-&%.' )-' E,&($' ()' ,.&E),.'

>.%.++)@&3.-+.' "$-' )%' =,&33.-+$' 3$%."$%&,.' (&-($' "$>L' $,)E)-.' &%' "$3?%.>>$' a)-&%.;' <$)"4N'

%P&EE)#-+&' #%+.,)$,.' ()' #-' &33)-$&")($' &(' #-&' "&+.-&' ?.?+)()"&' "$>+)+#)>".' #-&' 3$()a)"&/)$-.'

-&+#&%.'%&'>+,#++#,&'"4)3)"&'(.%'?.?+)(.',)>#%+&-+.'-$-'J'>)E-)a)"&+)@&3.-+.'?.,+#,H&+&'.M')-'K#.>+$'

3$($M' J' ?$>>)H)%.'3&-+.-.,.'K#&>)' )-&%+.,&+.' %.' ?,$?,).+S' H)$%$E)"4.'$,)E)-&,).;'O#.>+&'?&,+.' (.%'

%&@$,$'J'>+&+&'$,E&-)//&+&'"$3.'>.E#.:

D; >)-+.>)'.'3$()a)"&/)$-.'()'>.%./)$-&+.'>$-(.'3$%."$%&,)'"$-'")>+.)-&;'0$%."$%.'()')-+.,.>>.'

>$-$' (.,)@&+)' (.%%P$,3$-.' uI0!hM' )-' E,&($' ()' %.E&,.' "$-' .%.@&+&' >?.")a)")+S' .' >.%.++)@)+S'
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,.".++$,)' (.%%&' 3.%&-$"$,+)-&ID' Y05ID_M' >$@,&.>?,.>>)' >#%%&' >#?.,a)").' ()' ".%%#%.'

3.%&-$3&+$>.;' 1' ?.?+)()' "$>L' $++.-#+)' >$-$' >+&+)' "$-)#E&+)' &%' =,&33.-+$' 3$%."$%&,.'

bXX3W"YU_Y<U<-_cFd' $++.-.-($' "$3?%.>>)' &>)33.+,)")' 3$-$"&+)$-)")' bXX3W"YU_Y<U<-_Y5g>I

U!_cdM'$'-.#+,)'bXX3W"YU_Y<U<-_Y5g>I7!_c;

D; ?,.?&,&/)$-.'(.)'"$,,)>?$-(.-+)'"$3?%.>>)'"$-'XX3W"'.'DrrT.;

F; >+#()' ()' >+&H)%)+S' )-' @)+,$' .' ()' +,&->"4.%&/)$-.' "$-' ")>+.)-&' .' E%#+&+)$-.' (.)' "$3?%.>>)'

,&()$3&,"&+);

C; 9&%#+&/)$-.'H)$%$E)"&')-'@)+,$'.(')-'@)@$;
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AH>+,&"+

!g-+4.>)>'&-('H)$%$E)"&%'.@&%#&+)$-'$='&'>.,).>'$='-.v'XX3W"YU_I4.+.,$"$3?%.q.>'

&-('"$3?&,)>$-'v)+4'bXX3W"YU_Y<U<i_Y*B7*5_cd

7@.,' +4.' %&>+' =.v'g.&,>M' #>)-E' bW"YU_Y<U<_cFd' +."4-$%$EgM'>$3.'3.3H.,>'$='3g' ,.>.&,"4'#-)+'

?,$?$>.(' &' -.v' >.,).>' $=' 3g$"&,()&%' +,&".,>M' "4&,&"+.,)/.(' Hg' +4.' ?,.>.-".' $=' &' +.,3)-&%'

+."4-.+)#3' I' -)+,$E.-' 3#%+)?%.' H$-(;' 1-'?&,+)"#%&,M' +4.' 3$-$"&+)$-)"' bXX3W"YU_Y<U<i_Y*B7*5_c

d"$3?%.q' >4$v>' $,)E)-&%' )3&E)-E' ?,$?.,+).>' &??,$&"4)-E' +4.' )(.&%' H.4&@)$,;' A-)3&%' >+#().>'

,.@.&%.('&'4)E4'&-('?.,>)>+.-+'3g$"&,()&%'#?+&^.'&>'v.%%'&>',&?)('H%$$(M' %#-E>'&-('%)@.,'"%.&,&-".'

+4#>' .q4)H)+)-E'#-?,.".(.-+.(' )3&E)-E' "4&,&"+.,)>+)">'v)+4',.>?."+' +$' +4.'"$33.,")&%%g'&@&)%&H%.'

3g$"&,()&%' )3&E)-E' &E.-+>M' XX3W"I!.>+&3)H)' &-(' XX3W"IW.+,$=$>3)-;' 1-' ?&,+)"#%&,M' +4)>' =&@$,&H%.'

"$3H)-&+)$-'?.,3)+>'"%.&,'@)>#&%)/&+)$-'$='+4.'?,.>.-".'$='3g$"&,()&%')-=.,'&?)"&%'v&%%'&%+.,&+)$->;

W,&".,>'v)+4'4)E4.,' a),>+I?&>>'.q+,&"+)$-'v)%%' &""#,&+.%g' +,&"^'H%$$(' a%$v>' $@.,' &' v)(.,' ,&-E.'

+4&-'+,&".,>' v)+4' %$v.,' a),>+I?&>>' .q+,&"+)$-'&-('+4#>'3&g'?$+.-+)&%%g' H.'3$,.' >.->)+)@.' =$,' +4.'

K#&-+)+&+)@.' .@&%#&+)$-' $=' 3)%(.,' a%$vI%)3)+)-E' "$,$-&,g' >+.-$>)>' #-(.,' >+,.>>' "$-()+)$->V' )-'

&(()+)$-'&'-$-I%)-.&,'H.4&@)$,'v$#%('H.'?,.=.,,.('=$,'&'K#&%)+&+)@.'&>>.>>3.-+;'W4#>M'3$()a)"&+)$-'

$=' +4.' bXX3W"YU_Y<U<i_Y*B7*5_cd' "$3?$#-(')-'$,(.,'+$' )-",.&>.' )+>' a),>+' ?&>>'.q+,&"+)$-'=,&"+)$-M'

v4)%.'^..?)-E'+4.',.3&)-)-E' )3&E)-E'?,$?.,+).>'#-&%+.,&+.(M'v$#%('H.',.K#),.(;' W4)>'E$&%'"&-'H.'

&"4).@.('Hg'@&,g)-E'>$3.'",#")&%'?4g>)"$I"4.3)"&%'?&,&3.+.,>' >#"4'&>'%)?$?4)%)")+g'&-('3$%."#%&,'

@$%#3.;'W4.'&>g33.+,)"&%'-&+#,.'$='+4.>.'"$3?$#-(>'?.,3)+>M'+4,$#E4'+4.')-(.?.-(.-+'@&,)&+)$-'

$=' +4.' ()?4$>?4)-$&3)-.' &-(' +4.' ()+4)$"&,H&3&+.' %)E&-(>M' +4.' a)-.' +#-)-E' $=' )+>' H)$%$E)"&%'

?,$?.,+).>M' +4#>' $H+&)-)-E' &-' )3?,$@.3.-+' $=' +4.' =&@$,&H%.' ?,$?.,+).>' $=' bXX3W"YU_Y<U<i_

Y*B7*5_cd;' 2$,' +4)>' ?#,?$>.' &%)?4&+)"' <U<' %)E&-(>' "$-+&)-)-E' &%^$qgI&%^g%' "4&)->' &-(' &%)"g"%)"'

()+4)$"&,H&3&+.'%)E&-(>' &??,$?,)&+.%g'3$()a).('&-('"$-+&)-)-E'()==.,.-+'4.+.,$&+$3>'v)%%'H.'#>.;'

W4)>'?&,+'$='+4.'?,$w."+'v)%%'H.'>.+'#?'&>'=$%%$v:

1. !g-+4.>)>' &-(' ?4g>)"$I"4.3)"&%' "4&,&"+.,)/&+)$-' $=' +4.' %)E&-(>' Hg' 3.&->' $=' .%.3.-+&%'

&-&%g>)>M'>?."+,$>"$?)"'3.+4$(>'Y1TM'U0TM'8IT&g>_M'3&>>'>?."+,$3.+,g;

2. !g-+4.>)>' $=' +4.' "$,,.>?$-()E' "$3?%.q.>' v)+4' XX`XX3W"' &-(' +4.),' ?4g>)"$I"4.3)"&%'

"4&,&"+.,)/&+)$-' )-' +4.' >$%)(' >+&+.' &-(' )-' >$%#+)$-;' O#&%)+&+)@.' &-(' K#&-+)+&+)@.'

"4,$3&+$E,&?4)"'&-&%g>)>M'Hg'W65'&-('h<65M'v)%%'&%>$'H.'?.,=$,3.(;

3. 1-' @)+,$' >+&H)%)+g' &-('+,&->"4.%&+)$-' +$v&,(>' &-'.q".>>' $=' "g>+.)-.' &-(' E%#+&+4)$-.'$=' &%%'

>g-+4.>)/.('"$3?$#-(>'v)%%'H.'.@&%#&+.(;'5$3?&,)>$-'$='H)$()>+,)H#+)$-'(&+&'$='+4.>.'-.v'

"$3?$#-(>'v)+4' +4.' H)$%$E)"&%' ?,$a)%.>' $=' +4.'bXX3W"YU_Y<U<i_Y*B7*5_cd"$3?%.q' &-('$='

+4.'"$33.,")&%%g'&@&)%&H%.'XX3W"I&E.-+>')>'?,.>.-+.(;

bXX3W"YU_Y<U<i_Y*B7*5_cd'=,$3'-#"%.&,'"&,()$%$Eg'+$'+#3$,')3&E)-E

XX3W"I!.>+&3)H)' 4&>' H..-' $-.' $=' +4.' a),>+' +,&".,>' )-)+)&%%g' (.@.%$?.(' &>' 3g$"&,()&%' )3&E)-E'

&E.-+>' +$' H.' .3?%$g.(' =$,' +4.' ()&E-$>)-E' $=' >.@.,&%' ^)-(' $=' +#3$,>' &-(' @&%)(&+.(' &>' >#)+&H%.'

>#H>+,&+.'=$,'0*TI<E?'Y3#%+)(,#E',.>)>+&-".'?,$+.)->_M'4.-".'%)^.'&'+,&".,'=$,')-'@)@$'@)>#&%)/&+)$-'

$=' 0*TI<E?' .q?,.>>)$-' +4,$#E4' +$3$E,&?4g' +."4-)K#.>;' !#"4' #>.' v&>' 3&(.' ?$>>)H%.' Hg' &-'
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),,.@.,>)H%.'+,&??)-E'3."4&-)>3'$='+4.'+,&".,')-+$'+4.'3)+$"4$-(,)&%'>+,#"+#,.>'(,)@.-'Hg'&'?&>>)@.'

()==#>)$-' ?,$".>>' &%>$' >#??$,+.(' Hg' &-' .%."+,)"' E,&().-+' (#.' +$' &' 4)E4' 3)+$"4$-(,)&%'

+,&->3.3H,&-.'?$+.-+)&%;

A-&%$E$#>%g' +$' XX3W"I!.>+&3)H)M' bXX3W"YU_Y<U<i_Y*B7*5_cd' v&>' ),,.@.,>)H%g' %$"&%)/.(')-+$' +4.'

3)+$"4$-(,)&%' >+,#"+#,.' +4&-^>' +$' +4.' -.E&+)@.' 3)+$"4$-(,)&%' +,&->3.3H,&-.' ?$+.-+)&%;' 1-'

&(()+)$-M'3.+&H$%)"' >+#().>' &)3.('+$' "%&,)=g' +4.',.&>$-'H.4)-('+4.' ,&?)('.q",.+)$-'$='+4.'"$3?%.q'

=,$3'-$-I+&,E.+'+)>>#.>',.@.&%.('+4&+'+4.'&E.-+'v&>'.%)3)-&+.(')-'+4.'-&+)@.'=$,3'&-('+4&+'+4.',&?)('

.q",.+)$-'$='+4.'"$3?%.q'=,$3' +4.'?,)-")?&%'$,E&->' $='3.+&H$%)>3' )>' "$,,.%&+.('+$'+4.'<E?'`'0*TI

<E?'+,&->?$,+' =#-"+)$-' $=' +4.>.' >)+.>' &>' .@)(.-".(' Hg' +4.' <E?' )-4)H)+)$-' >+#().>;' W4)>' H.4&@)$,'

>#EE.>+>'.q+.-()-E'+4.'"%)-)"&%'&??%)"&+)$->'=,$-'"&,()$%$Eg'+$'$-"$%$Eg;

1-' +4)>' ?&,+' $=' +4.'?,$w."+' )+' )>' ?%&--.('+$' .@&%#&+.'+4.'=.&>)&H)%)+g'$='.q+.-()-E' +4.'()&E-$>+)"'

&??%)"&+)$-'$=' +4)>' &E.-+' +$' +4.')3&E)-E' &-('3$-)+$,)-E'$='>$3.' H.-)E-&-+' 3&%)E-&-+' -.$?%&>+)"'

=$,3>M'&>'v.%%'&>'+$'+4.'&>>.>>3.-+'$='+4.'".%%',.>)>+&-".;

0$,.')-'(.+&)%'v)%%'H.'.@&%#&+.('+4.'#?+&^.'^)-.+)"M'&+']'&-('Cjt5M'$='bXX3W"YU_Y<U<i_Y*B7*5_cd''

&-('>$3.'&-&%$E>)-'>.%."+.('".%%'%)-.>'>#"4'&>'FGGr'Y4#3&-'$@&,)&-'"&-".,_'&-('052j'Y4#3&-'

H,.&>+'"&-".,_'&-('+4.'"$,,.>?$-()-E',.>)>+&-+'".%%'%)-.>M'#>)-E'XX3W"I!.>+&3)H)'&>',.=.,.-".;

A??%)"&H)%)+g'$='bXX3W"`DrrT.YU_Y<U<_cFd'+."4-$%$Eg'+$'+4.'?,.?&,&+)$-'$='+&,E.+'

>?.")a)"'&E.-+>

T.".-+%g'>$3.'3.3H.,>'$='3g',.>.&,"4'#-)+',.?$,+.('&'-.v'&-('.=a)").-+' >g-+4.+)"'3.+4$('=$,'

+4.' ?,.?&,&+)$-M' )-' 4)E4' g).%(M' $=' &>g33.+,)"&%' W"Y9_' &-(' T.Y9_'-)+,)($' "$3?%.q.>' #>.=#%' )-'+4.'

(.@.%$?3.-+' $='?.,=#>)$-'&-(' +&,E.+' >?.")a)"' ,&()$?4&,3&".#+)"&%>;' W4)>' 3.+4$(' )>' H&>.('$-'+4.'

"4.3)"&%' ?,$?.,+).>' $=' +4.' b0YU_8FY<U<_cG`d' "$3?%.q' Y0[XX`XX3W"M' Dri`Drj`DrrT.M'

<U<[()?4$>?4)-&3)-.M'8[7hFM'5%IM'7hI;'1-'+4.'b0YU_Y<U<_cFd'3$).+g'+4.'mI&"".?+$,'<'&+$3>')-(#".'

&-'.-4&-".3.-+' $='+4.'.%."+,$?4g%)"'H.4&@)$,M' +4#>' )-",.&>)-E' +4.',.&"+)@)+g'+$v&,(>' -#"%.$?4)%.>'

"$-+&)-)-E' xI($-$,' &+$3>;' 1-' ?&,+)"#%&,M' H)(.-+&+.' %)E&-(>' Yef_' "$-+&)-)-E' 7M' UM' !' ($-$,' &+$3>'

>4$v.('4)E4'&=a)-)+g'=$,'+4.'b0YU_Y<U<_cFd'3$).+gM'+4#>'E)@)-E'&'>.,).>'$='&>g33.+,)"&%'"$3?$#-(>'

$=' +4.' +g?.' b0YU_Ye8_Y<U<_cG`d' Yef[()+4)$"&,H&3&+.>' $,' "g>+.)-.' (.,)@&+)@.>_M' =.&+#,)-E' +v$'

()==.,.-+' H)(.-+&+.' %)E&-(>' "$$,()-&+.(' +$' +4.' >&3.'3.+&%' ".-+.,;' W4.'$??$,+#-)+g' $=' >&+#,&+)-E'

&>g33.+,)"&%%g'+4.'3.+&%'"$$,()-&+)$-'>?4.,.'$?.->' +4.'&@.-#.'+$'+4.',.&%)/&+)$-'$='&'v)(.'@&,).+g'

$=' ,&()$I"$3?%.q.>' v4$>.' ?4g>)$"4.3)"&%' ?,$?.,+).>' "&-' H.' a)-.%g' +#-.(' +$' "$-=.,' >?.")a)"' &-('

(.>),&H%.'?4&,3&"$^)-.+)"'?,$?.,+).>'+$'+4.'a)-&%'"$3?%.q.>;

W4.' &)3' $='+4.'?,.>.-+'?,$w."+' )>' +$' @.,)=g' +4.'&??%)"&H)%)+g' $=' +4)>' >g-+4.+)"' ?&,&()E3' =$,' +4.'

%&H.%)-E'$='^-$v-'$,'?$+.-+)&%%g'"%)-)"&%%g',.%.@&-+'H)$&"+)@.'3$%."#%.>'.)+4.,'=,$3'+4.'()&E-$>+)"'$,'

+4.,&?.#+)"'?$)-+'$='v).@;'W4.'>"$?.'$=' +4)>'?&,+'$='+4.'?,$w."+' )>' +$'@.,)=g'+4.'$??$,+#-)+g'+$'&??%g'

b0YU_Y<U<_cFd' +."4-$%$Eg' +$' +4.' %&H.%)-E'$='H)$&"+)@.'3$%."#%.>' v)+4$#+' &%+.,)-E' +4.),' H)$%$E)"&%'

?,$?.,+).>;' W4.' &3)-$I&")(' 5g>' ()>?%&g>' .q".%%.-+' "$$,()-&+)-E' ?,$?.,+).>' +$v&,(' +4.' b0YU_

Y<U<_cFd' ?,$@)()-E'&' >)3?%.'v&g'+$' )-"$,?$,&+.'>4$,+' ?.?+)(.'"4&)->' )-+$' &'-)+,)($' &>g33.+,)"&%'

"$3?%.q;' 5g>' H)-(>' +4.' b0YU_Y<U<_cFd' 3$).+g' +$' g).%(' +4.' "$,,.>?$-()-E' 3)q.(' b0YU_Y5g>IT_

Y<U<_cG`d' "$3?$#-(' )-' 4)E4' >?.")a)"' &"+)@)+g' YjGkBK`3$%_;' o>)-E' ?.?+)(.>M' +4.' &(()+)$-' $=' &'

+.,3)-&%' "g>+.)-.' ,.>)(#.' +$' +4.' >.%."+.(' &3)-$&")(' >.K#.-".' &==$,(>' &-' .=a)").-+' H)=#-"+)$-&%'

"4.%&+.' v4)"4' >.%."+)@.%g' ,.&"+>' v)+4' +4.' 3$%."#%&,' =,&E3.-+' ?,$(#")-E' +4.' a)-&%' &>g33.+,)"&%'

"$3?%.q;' !)-".' +4.' &(()+)$-' $=' &-$+4.,' &3)-$&")(' +$' &' ?.?+)(.' "4&)-' ,.?,.>.-+>' &' -&+#,&%'

3$()a)"&+)$-M' +4.' "4.3)"&%' >+,#"+#,.' $=' +4.' ,.>#%+)-E' ?.?+)(.' ($.>' -$+' >#==.,' =,$3' &' >)E-)a)"&-+'

819



?.,+#,H&+)$-;' 1-' +4)>' v&g' +4.' -&+)@.' H)$%$E)"&%' ?,$?.,+).>' &,.' ?,.>.,@.(' &%3$>+' #-3$()a).(;'

<,.%)3)-&,g' >+#().>' "&,,).(' $#+' #>)-E' ()==.,.-+' ?.?+)(.>' >#"4'&>' +4.'55yrD ' Y&"+)@.' $-' +4.' 55yF'

,.".?+$,'$@.,I.q?,.>>.(')-'>.@.,&%'+#3$,>'$='-.#,$.-($",)-'$,)E)-_M'E&@.'&'"%.&,')-()"&+)$-')-'+4)>'

v&g;

0$%."#%.>' +4&+' &,.' +&^.-' )-+$' "$->)(.,&+)$-' )-' +4)>' >4&,.(' ,.>.&,"4' ?,$w."+' &,.' +v$' uI0!h'

4$,3$-.'(.,)@.('?.?+)(.'&-&%$E>'v)+4'4)E4'>?.")a)")+g'&-('>.%."+)@)+g'+$v&,('3.%&"$,+)-ID'Y05ID_'

,.".?+$,>'$@.,'.q?,.>>.('$-'+4.'>#,=&".'$='3.%&-$3&'".%%>;'2$%%$v)-E'+4)>'>"4.3.')+'v)%%'H.'?$>>)H%.'

+$'$H+&)-'3$-$"&+)$-)"'&>g33.+,)"&%'"$3?%.q.>;

W4)>'?&,+'$='+4.'?,$w."+')>'$,E&-)/.(')-'+4.'=$%%$v)-E'?4&>.>:

D; !g-+4.>)>'$='+4.'"$,,.>?$-()-E'"$3?%.q.>'v)+4'XX3W";

F; B)-()-E'&-(')3&E)-E'>+#().>')-'H$+4'4.&%+4g'&-('+#3$,'H.&,)-E'3)".`,&+>;

W4.' >."$-(' ?&,+' $=' +4.' ?,$w."+' "$->)>+' )-' +4.' @&%)(&+)$-' $=' <Qkg%&+.(' UI3.+4g%I!I3.+4g%'

()+4)$"&,H&/&+.' &>' &' -.v' ,.&E.-+' =$,' +4.' 4)E4Ig).%(' ?,.?&,&+)$-' $=' -)+,)($' DrrT.'

,&()$?4&,3&".#+)"&%>;

W4.' "#,,.-+' &@&)%&H)%)+g' $=' .=a)").-+' 3.+4$(>' =$,' +4.'4)E4Ig).%('?,$(#"+)$-'$='XX3W"' &-(' DrrT.'

"$3?$#-(>b&c' "$-+&)-)-E' +4.'+.,3)-&%'b0YU_cFd' Y0[XX3W"M' DrrT._' E,$#?'&+' -$I"&,,).,I&((.('YU5A_'

%.@.%bHc'4&>'>+)3#%&+.(')-+.,.>+' )-'+4.'?,.?&,&+)$-'$='-.v'XX3W"' &-('DrrT.',&()$?4&,3&".#+)"&%>' =$,'

()&E-$>+)"' &-('+4.,&?.#+)"' &??%)"&+)$->;'!)-".'+4.'-)+,)($'UCz' %)E&-(')>'"$->)(.,.('+4.'>+,$-E.>+' mI

($-$,' E,$#?M' )+' "&-' .==."+)@.%g' )3?&,+' &' >+,$-E' >+&H)%)/&+)$-' +$' 3.+&%>' )-' 4)E4' $q)(&+)$-' >+&+.>;'

A"+#&%%gM' +4.' b0!UcFd' "$,.' Y0[XX3W"' &-(' DrrT._' .q4)H)+>' &' ,.3&,^&H%.' ,.($q' )-.,+-.>>' &-('4)E4'

>+&H)%)+g'$@.,'&'v)(.',&-E.'$='?h'@&%#.>M' &' =&"+' +4&+' 3&^.>' )+' &-' )-+.,.>+)-E'"&-()(&+.'=$,' -#"%.&,'

3.()")-.'&??%)"&+)$->b"M(c;'

W4.' ,$#+.' +$v&,(>' +4.' .=a)").-+' ?,.?&,&+)$-' $=' XX3W"' -)+,)($' bXX3W"UcFd' "$3?$#-(>' ,.>#%+.('

#-.q?."+.(%g' =,$3' .q?.,)3.-+>' )-@$%@)-E' +4.' ,.&"+)$-' $=' bXX3W"7]cz' v)+4' +,)?4.-g%I?4$>?4)-.'

Y<<4C_' &-(' +4.' !"4)==' H&>.' (.,)@&+)@.' $=' ()+4)$"&,H&/)"' &")(M' !I3.+4g%ICIYFI4g(,$qgH.-g%)(.-._'

()+4)$"&,H&/&+.' YhF6_M' #-(.,' &")()"' "$-()+)$->;' 1-' +4)>' ,.&"+)$-M' hF6' ?%&g.(' +4.' ,$%.' $=' H$+4'

"$$,()-&+)-E'%)E&-('&-('($-$,'$='-)+,)($'YUCz_'-)+,$E.-'&+$3>M'&-('+4.'#-.q?."+.('?,$(#"+'v&>'+4.'
XX3W"' -)+,)($' "$3?%.q'bXX3W"YU_Y6_Y<<4C_c;' 2#,+4.,' >+#().>' >4$v.('+4&+' +4.'>)3?%.,' (.,)@&+)@.'UI

3.+4g%I'!I3.+4g%'()'+4)$"&,H&/&+.' bhFU{UY5hC_{5Y[!_'!5hC[h*W5fc')>' &'@.,g'?$v.,=#%'>$#,".' $='

UCz' E,$#?>' )-'+4.',.&"+)$-'v)+4'bXX3W"7]cz' &>'$-%g'&'=.v'3)",$E,&3>'$='+4)>',.&E.-+'&,.',.K#),.('+$'

&==$,('+4.'bXX3W"!UcFd'"$,.;'

W4.' ?,$3)-.-+' ,$%.'$=' h*W5f'&>' &'E.-.,&+$,' $='UCz' E,$#?>' v&>'>4&,?%g' "$-a),3.('Hg'>+#().>'

&)3.('&+'$H+&)-)-E' +4.'&-&%$E$#>' DrrT.!U'E,$#?'=,$3' +4.' E.-.,&+$,I' ?,$(#".('bDrrT.7]cz' b&c;' W4.'

=$,3&+)$-' $=' +4)>' 3.+&%%)"' "$,.' )-'?4g>)$%$E)"&%' >$%#+)$-' )>' =&,' 3$,.' ()=a)"#%+' +4&-' =$,' +4.' XX3W"'

&-&%$E#.'H."&#>.'$='+4.'%$v.,'>+&-(&,('$=',.(#"+)$-'?$+.-+)&%'$=',4.-)#3'"$3?%.q.>;'*.>?)+.'+4)>M'

+4.',.&"+)$-'$=' bDrrT.7]cz' v)+4'*W5fM' )-' +4.'?,.>.-".'$=' >$()#3' Q*WA' &-('>+&-(&,('&3$#-+>' Y|D'

3E_' $=' !-5%FM' &+' ,$$3' +.3?.,&+#,.M' E&@.' DrrT.I-)+,)($' "$3?%.q.>' )-' 4)E4'g).%(;' 7-' +4.' "$-+,&,gM'

$+4.,' UCz' ($-$,>M' .=a)").-+%g' .3?%$g.(' v)+4' bXX3W"7]czM' g).%(.(' $-%g' )-"$3?%.+.' "$-@.,>)$-' $='

bDrrT.7]cz;'
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D'!+.=&-)&'AE$>+)-)M'5,)>+)-&'B$%/&+)M'Q%)&-&'*)($-NM'0&,)$'5&@&//&'5.""&+$M'2)$,.-/$'T.=$>"$M'6#)E)'A%$wM'5%&#()$'

A,,&M'0)"4.%&' A#,)%)$M'A--&' 6#")&'W$,-.>.%%$M'*).E$'W.>&#,$'&-('k)&-"&,%$'0$,.%%)M'4#*+D4@E:FE,:,FGHI+/*-6)+

J56(/*'-+ )6C*)*3+ @#$)*@7"-$K&'&'?L+E00MLF+ 1*1-&3*+ J$5+00M?H+ 5*@*1-$5"+ &/6(&'(N+ &'+ B&-5$+6'3+&'+B&B$+"-23&*"M' };'

<.?+;'!");'FGGjV'LM:'FDDIFDX;



W4.'3&)-'(,)@)-E'=$,".'+4&+'3&^.>'h*W5f'&-'.q".%%.-+',.&E.-+' )-'+4.'=$,3&+)$-'$='+4.'b0!UcFd'

"$,.'Y0[XX3W"'&-('DrrT._'"&-'H.'>#,.%g'&++,)H#+.('+$')+>'"$3H)-.('&H)%)+g'+$'($-&+.'UCz' E,$#?>'&-(M'

"$-"$3)+&-+%gM'+$'>+&H)%)/.'+4.'3.+&%'".-+.,'Hg'"$$,()-&+)$-'&>'&'H)(.-+&+.'%)E&-(;

1-(..(M'&'-#3H.,'$='W"'&-('T.'"$3?%.q.>'4&@.'H..-')>$%&+.('&-('"4&,&"+.,)/.('v4.,.'h*W5f')>'

H$#-('+$' +4.'3.+&%'&>' &'3$-$&-)$-)"' H)(.-+&+.'%)E&-('Y*W5f_' +4,$#E4'+4.'-.#+,&%'>#%=#,' &+$3'$='

+4.'{5[!'3$).+g'&-('+4.'(.?,$+$-&+.('+.,3)-&%'&3)-$'E,$#?M'+4#>' >#??$,+)-E'+4.'@).v'+4&+'*W5f'

"$$,()-&+)$-' v$#%(' H.' &-' )3?$,+&-+' >+.?' )-' +4.' 3."4&-)>3' $=' =$,3&+)$-'$=' +4.'0!U'E,$#?' b.c;'

h$v.@.,M'+4.'E$$('"4.%&+)-E'?,$?.,+).>'$='*W5f'H."$3.'&'()>&(@&-+&E.'v4.-'.q"4&-E.',.&"+)$-'Hg'

&-$+4.,' %)E&-(' 4&>' +$' H.' "&,,).(' $#+' +$' $H+&)-' +4.' (.>),.(' a)-&%' "$3?%.q;' o>#&%%gM' +4)>' "&-' H.'

&""$3?%)>4.('Hg')-",.&>)-E'+4.'&3$#-+'$='+4.'.q"4&-E)-E'%)E&-(M'H#+'+4)>'"$->+)+#+.>'&-')3?$,+&-+'

%)3)+&+)$-'v4.-'4)E4'>?.")a)"'&"+)@)+).>'&,.',.K#),.(;

W$' $@.,"$3.' +4)>' 3&w$,' (,&vH&"^M' v.' &++.3?+' +$' @&%)(&+.' &' -.v' ()+4)$"&,H&/&+.' (.,)@&+)@.'

.q4)H)+)-E'&'%$v.,'"$$,()-&+)-E'&H)%)+g' =$,' +4.'3.+&%'v4)%.'?,.>.,@)-E')+>'UCz' ($-$,'?,$?.,+).>;'2$,'

+4)>' ?#,?$>.FM' &' >+.,)"&%%g'.-"#3H.,)-E' >#H>+)+#.-+M' TM' 4&>' H..-'&??.-(.(' +$' +4.'?,)3&,g' &3)-.'

E,$#?'$='h*W5f:'&'?$%g.+4g%.-.E%g"$%'Y<QkM' &@.,&E.'0-'\GG_'"$-w#E&+.'$='h*W5f'Yh7F5I<Qk\GGI

*W5f_;

W4)>'>."$-('?&,+'$='+4.'?,$w."+')>'$,E&-)/.(')-'+4.'=$%%$v)-E'?4&>.>:

D; 9&%)(&+)$-'$='<Qkg%&+.('UI3.+4g%I!I3.+4g%'()+4)$"&,H&/&+.' &>' &'-.v',.&E.-+' =$,'+4.'4)E4I

g).%('?,.?&,&+)$-'$='-)+,)($'DrrT.',&()$?4&,3&".#+)"&%>;

F; W4.' "$->.K#.-+' ?$>>)H%.' ?,.?&,&+)$-' $=' &' >.,).>' $=' ?,.@)$#>%g' (.>",)H.(' 3)q.('

&>g33.+,)"&%' -)+,)($' +."4-.+)#3' &-('?,.@)$#>%g' #-,.?$,+.(' ,4.-)#3' "$3?$#-(>' $=' +4.'

+g?.' b0YU_Y5g>IT_Y<U<_cG`d' Y<U<[()?4$>?4)-.' %)E&-(V' 5g>IT[' uI0!h' 4$,3$-.' (.,)@.('
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displays both nucleophilic and electrophilic reactivity
[5].

3. Reactivity of the transition metal nitrido moiety

3.1. Nucleophilic behavior

When the transition metal is more electrophilic in
nature, a nucleophilic nitrido ligand should result. More
often early and middle transition metal complexes
contain nucleophilic M!/N moieties. Although there
are examples of late transition metal nitrido complexes
reacting in nucleophilic manner, such as the organome-
tallic osmium(VI) complexes studied by Shapley and
coworkers [6]. Nucleophilic behavior has been observed
with, for example, tungsten(VI) [7], manganese(V) [8,9],
and rhenium(V) [10] nitrido complexes. These com-
plexes, for example, will react with electrophiles, such as
methyltriflate [7,10], trifluoroacetic anhydride [8!/10],
and trityl tetrafluoroborate [10] to produce the corre-
sponding imido derivatives with no change in the
oxidation state of the metal. In the complexes studied
by Leung and Wong [10], it is worth noting that the

isoelectronic osmium(VI) analogues do not react under
the same conditions with electrophiles demonstrating
the importance of the transition metal and oxidation
state on the reactivity of the nitrido ligand. Further
examples of nucleophilic nitrido transition metal com-
plexes will be discussed when appropriate in the Survey
of Groups 6!/8 section. A simplistic representation of
the nucleophilicity of the nitrido moiety is presented in
Scheme 1.

Fig. 2. The molecular orbital description of nitrido and imido bonding in an octahedral. Adapted from Ref. [1].

Fig. 3. Case A represents a nucleophilic ligand and Case B represents an electrophilic ligand. Adapted from Refs. [1,3a,4].

Scheme 1. Simplified representations of the nucleophilic behavior of
the nitrido moiety.

Scheme 2. Simplified representations of the Lewis basicity of the
nitrido moiety.
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=$;->;#$2 %.66 / &.%% 7.70 / &.!% %&.4( / &.0& %!.'( / %.%& %'.!& / &.5%

?,>@292 &.%6 / &.&! &.!% / &.&% &.!0 / &.&& &.!6 / &.&% &.!4 / &.&&

A3#$- // 7(.07 // !!.&7 / &.40 6.0! / %.%6 6.!6 / &.5'

B*C-99*DE7.'.DF#2G#>;3#C,H#2$-D#$D3*;;#DG-9D@2"I9->>2DJ66"B@KLMK8L8'MKNB1OP!MQRDK#$D;3-D3*;;#SD

3#>,9;*;#D->I3->>#D@2"-DTG2>-U+SD"-G#*D/D)NM.
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!"#$!"#$!"#$ %&"#$%&"#$%&"#$ '&"#$'&"#$'&"#$ (&"#$(&"#$(&"#$ %!&"#$%!&"#$%!&"#$

)*$+,- &./0 1 &.&' &.'( 1 &.&( &.'/ 1 &.&( &.!2 1 &.&% &.!3 1 &.&!

4,56- './0 1 &.!0 './7 1 &./( '.(3 1 &.%% '.%& 1 &.'7 '.(/ 1 &.%'

859"5$- %.3& 1 &.&/ %./& 1 &.&7 %.'' 1 &.&/ %.&/ 1 &.&/ %.%2 1 &.&!

:-+*;5 !.!2 1 &.'' &.3( 1 &.&/ &.'' 1 &.&' &.!( 1 &.&! &.%3 1 &.&/

<-$- %0.77 1 &.'7 %&.0% 1 &.37 3.0( 1 &.%3 0.&! 1 &.2' '.73 1 &./%

=$;->;#$5 /./( 1 &.27 2.73 1 %.// (.!& 1 !.!( %%.'0 1 %.%& 3.%! 1 !./0

?,>@595 &.0' 1 &.&' &.0' 1 &.&3 &.(/ 1 &.&& &.0/ 1 &.&3 &.0% 1 &.%&

A6#$- 1 !3.27 1 0.&& 0'.2' 1 './& '%.3! 1 (.!2 !0.( 1 (.'3

B*C-99*DE/./.DF#5G#>;6#C,H#5$-D#$D6*;;#DG-9D@5"I9->>5DJ77"B@KLMK8L80MKNB4OP!MQRDK#$D;6-D6*;;#SD

6#>,9;*;#D->I6->>#D@5"-DTG5>-U+SD"-G#*D1D)NM.

!"#$!"#$!"#$ %&"#$%&"#$%&"#$ '&"#$'&"#$'&"#$ (&"#$(&"#$(&"#$ %!&"#$%!&"#$%!&"#$

)*$+,- &.(/ 1 &.%' &.'3 1 &.&( &.%' 1 &.&% &.&/ 1 &.&% &.&! 1 &.&%

4,56- '.72 1 &.'/ '.37 1 &.// '.02 1 &.'! '.(' 1 &./( '.3' 1 &.!(

859"5$- %.3! 1 &.&( %./2 1 &.&7 %.'& 1 &.%/ %./& 1 &.!3 %.%0 1 &.!3

:-+*;5 '.!% 1 &.'! !.3( 1 &.&/ &.72 1 &.&% &.77 1 &.%3 &.(7 1 &.%3

<-$- %0.!0 1 !.33 %&.0% 1 &.07 3.2! 1 &.'& 0.0/ 1 &.33 '.03 1 &./&

=$;->;#$5 %%.2' 1 %.0( 2.73 1 %.// %&.2' 1 %.30 %'.3/ 1 /.22 2.%! 1 %./0

?,>@595 &.'% 1 &.%& &.'/ 1 &.&! &.'3 1 &.&0 &.!' 1 &.&! &.%( 1 &.&/

A6#$- 11 !3.27 1 0.&& !/.&& 1 &.&0 '(.0/ 1 '.7& '7.0/ 1 0.7&

B*C-99*DE/.0.DF#5G#>;6#C,H#5$-D#$D6*;;#DG-9D@5"I9->>5DJ77"B@KLMK8L8%&MKNB4OP!MQRDK#$D;6-D6*;;#SD

6#>,9;*;#D->I6->>#D@5"-DTG5>-U+SD"-G#*D1D)NM.
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!"#$!"#$!"#$ %&"#$%&"#$%&"#$ '&"#$'&"#$'&"#$ (&"#$(&"#$(&"#$ %!&"#$%!&"#$%!&"#$

)*$+,- &.!! / &.&% &.&( / &.&& &.&! / &.&& &.&% / &.&& &.&& / &.&&

0,12- %.34 / &.5% !.'3 / &.&5 !.'' / &.&6 !.'5 / &.5& !.5& / &.&3

718"1$- %.&( / &.%3 &.39 / &.&6 &.9! / &.&! &.(% / &.&! &.%& / &.&(

:-+*;1 5.34 / '.!4 5.6% / &.&3 %.%' / &.&9 &.(( / &.&' &.'6 / &.&9

<-$- 5.36 / &.35 6.'5 / &.!' '.34 / &.&3 '.%3 / &.!( !.6& / &.!'

=$;->;#$1 6.63 / !.!( !.(& / &.'3 %!.'6 / !.%! !.94 / &.%' %6.49 / %%.%!

?,>@181 &.'! / &.%& &.!( / &.&! &.'% / &.&% &.64 / &.%3 &.5! / &.&5

A2#$- // 94.'& // 5!.5! / %'.(5 '3.35 / %5.%! %6.9% / 5.%6

B*C-88*DE5.(.DF#1G#>;2#C,H#1$-D#$D2*;;#DG-8D@1"I8->>1DJ44"B@KLMK7L7'MKNB0OP'MQRDK#$D;2-D2*;;#SD

2#>,8;*;#D->I2->>#D@1"-DTG1>-U+SD"-G#*D/D)NM.

!"#$!"#$!"#$ %&"#$%&"#$%&"#$ '&"#$'&"#$'&"#$ (&"#$(&"#$(&"#$ %!&"#$%!&"#$%!&"#$

)*$+,- &.%( / &.&5 &.&' / &.&! &.&% / &.&& &.&! / &.&& &.&% / &.&&

0,12- '.%6 / &.'% !.4' / &.6' '.&( / &.!( '.!6 / &.5( !.94 / &.64

718"1$- %.%( / &.&' %.&( / &.%' &.99 / &.&' %.&% / &.&5 %.&' / &.%4

:-+*;1 !.4% / &.!5 &.(5 / &.&6 &.!5 / &.&6 &.!% / &.&( &.%' / &.&'

<-$- 9.65 / %.&& 6.5% / &.&9 6.6 / &.'5 5.36 / &.%9 '.94 / &.'(

=$;->;#$1 !.&% / &.%4 9.(( / 6.'& 6.&9 / !.6! 3.(3 / %.(' !9.3( / %5.64

?,>@181 &.%4 / &.&' &.'! / &.&( &.%( / &.&! &.'6 / &.&6 &.6& / &.&4

A2#$- // 5(.35 // !!.&5 / &.63 4.3! / %.%4 4.!4 / &.9'

B*C-88*DE5.9.DF#1G#>;2#C,H#1$-D#$D2*;;#DG-8D@1"I8->>1DJ44"B@KLMK7L7'MKNB0OP5MQRDK#$D;2-D2*;;#SD

2#>,8;*;#D->I2->>#D@1"-DTG1>-U+SD"-G#*D/D)NM.
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!"#$!"#$!"#$ %&"#$%&"#$%&"#$ '&"#$'&"#$'&"#$ (&"#$(&"#$(&"#$ %!&"#$%!&"#$%!&"#$

)*$+,- &.'/ 0 &.&& &.&1 0 &.&% &.&/ 0 &.&% &.&' 0 &.&& &.&' 0 &.&%

2,34- %.15 0 &.&( !.&6 0 &.&/ !.5' 0 &.&7 '.&1 0 &.&7 !.56 0 &.%&

839"3$- %.'1 0 &.5' &.7( 0 &.&6 &.6& 0 &.&6 %.&% 0 &.%% %.%1 0 &.'%

:-+*;3 /.!% 0 %.%5 !.%' 0 &.&7 %.&6 0 &.%& %.(! 0 &.56 %.5' 0 &.%%

<-$- %!.(& 0 !./& %&.7% 0 %.'( %%.1% 0 &.!/ %%.!1 0 &.(& %&.67 0 &.'(

=$;->;#$3 %&.5' 0 &.16 %(.15 0 %.(% %%.'5 0 &.(5 %/.!1 0 &.%& 5%.'& 0 (.(1

?,>@393 &.%/ 0 &.&% &.!% 0 &.&% &.%1 0 &.&! &.'1 0 &.%5 &.'1 0 &.%%

A*B-99*CD5.7.CE#3F#>;4#B,G#3$-C#$C4*;;#CF-9C@3"H9->>3CI66"A@JKLJ8K8'LJMA2NO/LPQCJ#$C;4-C4*;;#RC

4#>,9;*;#C->H4->>#C@3"-CSF3>-T+RC"-F#*C0C)ML.

!"#$!"#$!"#$ %&"#$%&"#$%&"#$ '&"#$'&"#$'&"#$ (&"#$(&"#$(&"#$ %!&"#$%!&"#$%!&"#$

)*$+,- &.!5 0 &.&! &.&/ 0 &.&% &.&! 0 &.&& &.&% 0 &.&& &.&% 0 &.&&

2,34- '.17 0 &.'% '.1' 0 &.'& 5.&& 0 &.!% '.(! 0 &.%& './7 0 &.%(

839"3$- %.6' 0 &.&1 %.%& 0 &.%& %.!! 0 &.%/ &.61 0 &.&1 &.61 0 &.&%

:-+*;3 %.7/ 0 &.&! &.5' 0 &.&1 &.!5 0 &.&( &.%' 0 &.&% &.&7 0 &.&&

<-$- %!.!% 0 &.1' (.(% 0 &.77 /./% 0 &.!( /.%1 0 &.77 '.5( 0 &.%1

=$;->;#$3 !.55 0 &.&6 5.76 0 %.!' (.!6 0 &.%7 7.!7 0 &.(( /.55 0 %.1&

U4#$- 7.1% 0 %.%' (1.61 0 !.7& 51.5% 0 1.(/ '/.%& 0 1.(% !(.! 0 /.%!

A*B-99*CD5.6.CE#3F#>;4#B,G#3$-C#$C4*;;#CF-9C@3"H9->>3CI66"A@JKLJ8K8'LJMA2NO%1LPQCJ#$C;4-C4*;;#RC

4#>,9;*;#C->H4->>#C@3"-CSF3>-T+RC"-F#*C0C)ML.
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!"#$!"#$!"#$ %&"#$%&"#$%&"#$ '&"#$'&"#$'&"#$

()$*+, &-%' . &-/0 &-&! . &-&& &-&/ . &-&&

1+23, 4-!/ . &-'/ 5-4& . &-%6 %-76 . &-'&

829"2$, /-/! . &-44 /-/7 . &-&4 &-04 . &-&0

:,*);2 /-/' . &-5% &-%& . &-&/ &-/4 . &-&!

<,$, /!-&% . &-7% 0-5% . /-/& 4-57 . &-55

=$;,>;#$2 4-!7 . /-&6 /'-46 . &-// /5-54 . /-70

?3#$, 6-4& . %-05 %'-'7 . !-5! !6-6& . 7-5&

@)A,99)BC5-/&-BD#2E#>;3#A+F#2$,B#$B3);;#BE,9BG2"H9,>>2BI66"@GJKLJ8K84LJM@1NO/7LPQBJ#$B;3,B3);;#RB

3#>+9;);#B,>H3,>>#BG2",BSE2>,T*RB",E#)B.B(ML-

!"#$!"#$!"#$ %&"#$%&"#$%&"#$ '&"#$'&"#$'&"#$

()$*+, &-%' . &-&% &-&0 . &-&& &-&5 . &-&/

1+23, %-6/ . &-5/ 5-7' . &-7/ 5-40 . &-&0

829"2$, /-50 . &-/5 /-!% . &-/5 /-/& . &-/4

:,*);2 /-06 . &-&% &-%/ . &-&0 &-/7 . &-&%

<,$, /5-6/ . &-'& //-'7 . &-&% 7-/! . &-5&

=$;,>;#$2 /!-/% . 5-&6 /%-64 . 5-/! 6-4/ . &-0/

?3#$, . 4!-&/ . /&-/7 %4-6% . //-56

@)A,99)BC5-//-BD#2E#>;3#A+F#2$,B#$B3);;#BE,9BG2"H9,>>2BI66"@GJKLJ8K87LJM@1NO/7LPQBJ#$B;3,B3);;#RB

3#>+9;);#B,>H3,>>#BG2",BSE2>,T*RB",E#)B.B(ML-

0

5

10

15

20

Sangue Cuore Polmone Fegato Rene Intestino

(PNP5)(DTC-L17)

%
ID
/g

Organo

2min 30min 60min

0

5

10

15

20

Sangue Cuore Polmone Fegato Rene Intestino

(PNP7)(DTC-L17)

%
ID
/g

Organo

2min 30min 60min

7&



!"#$!"#$!"#$ %&"#$%&"#$%&"#$ '&"#$'&"#$'&"#$

()$*+, &-'. / &-!& &-01 / &-&0 &-&1 / &-&0

2+34, %-!' / &-0. %-!& / &-!! !-5. / &-!'

637"3$, 0-58 / &-&. 0-0! / &-&8 &-.8 / &-&8

9,*):3 !-;0 / &-;1 0-05 / &-0' 0-&. / &-08

<,$, 0%-&. / !-&8 8-%& / &-&% ;-00 / &-%&

=$:,>:#$3 5-;' / &-'& 0!-1' / &-;. 0;-!1 / &-8.

?)@,77)AB;-0!-AC#3D#>:4#@+E#3$,A#$A4)::#AD,7AF3"G7,>>3AH.."?FIJKI6J60&KIL?2MN01KOPAI#$A:4,A4)::#QA

4#>+7:):#A,>G4,>>#AF3",ARD3>,S*QA",D#)A/A(LK-

!"#$!"#$!"#$ 0&"#$0&"#$0&"#$ %&"#$%&"#$%&"#$ '&"#$'&"#$'&"#$ 0!&"#$0!&"#$0!&"#$

()$*+, &-!0 / &-&% &-&5 / &-&' &-&; / &-&0 &-&! / &-&& &-&! / &-&0

2+34, ;-%; / &-%& '-0' / %-!! ;-!& / &-%; %-%; / &-58 %-58 / &-%5

637"3$, 0-;! / &-0& 0-8% / 0-!! &-5' / &-&! &-1% / &-!& 0-&0 / &-0;

9,*):3 !-&% / &-;% !-&; / 0-;! &-1' / &-88 &-%. / &-&! &-!' / &-0.

T#7E) 0-;& / &-;! 0-'% / &-'% &-8. / &-&' &-!5 / &-&% &-%. / &-!8

<,$, 0;-08 / 0-!0 0;-1! / 8-51 1-!' / !-0% '-.& / 0-51 8-55 / &-'0

=$:,>:#$3 '-&1 / &-%8 08-18 / 1-15 5-!8 / ;-8' 00-05 / 8-1% 5-8' / %-'0

T+>F373 &-;% / &-&! &-18 / &-;1 &-85 / &-00 &-%. / &-0! &-%. / &-&'

?#43#D, 0-'8 / &-%1 %-.1 / &-!8 0-'8 / &-0. 0-.' / &-!; !-;0 / &-8'

U4#$, &-&& / &-&& 0-10 / !-!& 8-8% / ;-!; %-11 / !-'5 ;-&. / 0-!5

?)@,77)AB;-0%-AC#3D#>:4#@+E#3$,A#$A4)::#AD,7AF3"G7,>>3AH.."?FIJKI6J68KIL?2MN!&KOPAI#$A:4,A4)::#QA

4#>+7:):#A,>G4,>>#AF3",ARD3>,S*QA",D#)A/A(LK-
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!"#$!"#$!"#$ %&"#$%&"#$%&"#$ '&"#$'&"#$'&"#$ (!&"#$(!&"#$(!&"#$

)*$+,- &.(% / &.&( &.&% / &.&& &.&% / &.&! &.&( / &.&!

0,12- %.(3 / &.&3 %.43 / &.5& %.%% / &.&( %.6' / &.7&

819"1$- &.7' / &.&4 (.&7 / &.5! &.67 / &.&3 &.'& / &.('

:-+*;1 (.43 / (.35 &.36 / &.!3 &.!7 / &.(( &.(6 / &.&%

<#9=* (.77 / &.%' &.76 / &.%3 &.5' / &.(( &.%& / &.&7

>-$- (!.46 / &.7( '.!7 / &.!' 5.6& / (.(6 3.!( / &.'(

?$;-@;#$1 ((.57 / 6.(! (6.!3 / 5.&4 ('.%( / &.3' (6.&( / !.(4

<,@A191 &.!6 / &.&5 &.3& / &.&& &.!4 / &.&! &.!5 / &.&4

);1"*A1 (.'5 / &.(5 (.!! / &.34 (.!& / &.&( &.7! / &.(5

B2#$- / %7.&% / 4.45 !&.6% / %.!3 7.4& / &.%5

C*D-99*EF3.(3.EG#1H#@;2#D,=#1$-E#$E2*;;#EH-9EA1"I9-@@1EJ44"CAKLMK8L85MKNC0OP(4MQREK#$E;2-E2*;;#SE

2#@,9;*;#E-@I2-@@#EA1"-ETH1@-U+SE"-H#*E/E)NM.

!"#$!"#$!"#$ %&"#$%&"#$%&"#$ '&"#$'&"#$'&"#$ (!&"#$(!&"#$(!&"#$

)*$+,- &.(! / &.&( &.&( / &.&& &.&6 / &.&6 &.&( / &.&5

0,12- !.53 / &.&& !.!7 / &.!( !.37 / &.!3 !.6& / &.%7

819"1$- &.7% / &.!& &.55 / &.&4 &.'6 / &.&4 &.'3 / &.%&

:-+*;1 !.4' / &.'! &.!6 / &.&! &.!' / &.&& &.(% / &.&3

<#9=* (.6! / &.!! &.35 / &.&! &.55 / &.&& &.(% / &.&3

>-$- ((.35 / (.!! 3.33 / &.4% 3.6' / (.!3 %.'' / &.!6

?$;-@;#$1 !.4' / &.(! (3.(7 / 4.%5 ((.%4 / '.55 '.%( / &.(&

<,@A191 &.!& / &.&( &.(4 / &.&! &.!! / &.&% &.!% / &.&%

);1"*A1 (.&! / &.&& (.!7 / &.7% (.%& / &.!% (.'% / &.6&

B2#$- / (!.7( / 6.4! 4.7! / !.%3 4.%3 / 5.&!

C*D-99*EF3.(5.EG#1H#@;2#D,=#1$-E#$E2*;;#EH-9EA1"I9-@@1EJ44"CAKLMK8L85MKNC0OP!&MQR
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!" #$%&"'&(#&)%*&'+%&,&" -*.)./%$%&" &/",.)%&" %$'+0$*&"." 1*$2&34."#.&" 3(5-0.))&" #.00$" ).*&." 6775839:;

9<:<=;9>8?@A/;BC" &/#&3$/(" 34&$*$5./%." 3(5." D+.)%&" -*.)./%&/(" +/$" .0.,$%$" ." -.*)&)%./%."

3$-%$E&(/."3$*#&$3$F")+-.*&(*."$"D+.00$".)&'&%$"#$&"3(5-()%&"$%%+$05./%."&5-&.1$%&"&/"30&/&3$"77583@

G.)%$5&'&"."77583@8.%*(H()2&5I"

!" ,$0(*&" #&"$%%&,&%J"3$*#&$3$"*$33(0%&"$" %.5-&"'*.,&"#$00$")(55&/&)%*$E&(/.F" 3(5."K"."LM"5&/+%&F"

*$--*.)./%$/("+/$"'+(/$"$--*())&5$E&(/."#.00N&/#&3."#&".)%*$E&(/."3(*(/$*&3("#&"-*&5("-$))$11&(I"

O/$" )()%$/E&$0." ,$*&$E&(/." #.00$" 3$-%$E&(/." 3$*#&$3$" &/&E&$0." *&)+0%$" #&-./#./%." #$00$" /$%+*$" #.0"

0.1$/%."#&%&(3$*'$55&3(">8?@A/I

!" 3(5-0.))&".)&'&)3(/(" +/$"3$-%$E&(/."-(05(/$*."'$))$F"34.")&"5$/%&./."#+*$/%."&0"-.*&(#("#&"

()).*,$E&(/.F" .,&#./E&$/#(" +/$" 0./%$" 3&/.%&3$" #&" .0&5&/$E&(/.I" A$" 30.$*$/3." .5$%&3$" P" -.*" %+%%&"

5(0%("*$-&#$I"A$"3$-%$E&(/.".-$%&3$"P" &55.#&$%$"."%*$/)&%(*&$"."0N.0&5&/$E&(/."#$"D+.)%("(*1$/("P"

,.0(3."."D+$/%&%$%&,$I"AN.0&5&/$E&(/."#.&"-*(#(%%&"$,,&./."%*$5&%."0$",&$"&/%.)%&/$0."."0$",&$"*./$0.I"!"
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>8-(.5.N+/%(# %45*M./+;7# *H+/)+# %/# H5*4.# 4%# 65.3.-*5+# '/*# 4+6.(*5%MM*M%./+# 4+(# 6.)+/M%*(+# 4%#

>+>25*/*#>%).-./45%*(+O#((#E*52./%(#-%*/%4+#>8-(.5.N+/%(#%45*M./+#%/Q('%&-+#&'((+#5+*M%./%#4%#&%/)+&%#

65.)+%-*# /+%# >%).-./45%O# A+%# >%).-./45%7# %(# -*52./%(# -%*/%4+# >8-(.5.N+/%(# %45*M./+# *))5*3+5&*# (*#

>+>25*/*# N.&N.(%6%4%-*# %/# N.5>*# /+')5*# +# &'--+&&%3*>+/)+# 4+65.)./*# *((1*>>%/*# &+-./4*5%*:#

WZC



!"#$%#& "'&()!*+& +'")'"%+,& -.&///01& +&23#$4)& 53'4)& "'&()!*+&+'")'"%+1& 5!#$#'4+& 3'+&%+!"%+&'#6+4"7+&

+*5"+*#'4#&8#.)%+."99+4+&$3&%"!%+&8"#%"&+4)*"1&".&%:#&6."&%)'(#!"$%#&3'&%+*5)&#.#44!"%)&*).4)&8#;).#,&

/"<& 5#!*#44#& +..=+'")'#& 8"& !"8"(()'8#!#& (+%".*#'4#& '#"& *#99"& ')'& 5).+!"1& 23+."& .#& *#*;!+'#&

()$()."5"8"%:#,& -.& 5!)%#$$)& 53<& #$$#!#& !"5#434)& "''3*#!#7)."& 7).4#1& 8"$4!366#'8)& ".& 5)4#'9"+.#& 8"&

*#*;!+'+,& >'%:#& 3'+& 5"%%).+& 23+'4"4?& 8"&///@& 53<& 4!+$5)!4+!#& 3'& #')!*#& '3*#!)& 8"& 5!)4)'"1&

8"$4!366#'8)&".&6!+8"#'4#&8"&5A&#&%)!4)%"!%3"4+'8)&.+&%+4#'+&!#$5"!+4)!"+

-'&B+;#..+&CD,E&$)')&!"5)!4+4"&6."&+%!)'"*"&%)!!"$5)'8#'4"&+..#&."'##&%#..3.+!"&$438"+4#&FG".8&4H5#&#&

7+!"+;".#&%)!!"$5)'8#'4#&(+!*+%)&!#$"$4#'4#I1&$5#%"J"%+'8)&5#!&%"+$%3'+&.+&4"5).)6"+&8"&4!+$5)!4+4)!#&

>C/&%+!+44#!"$4"%+1&')'%:K&6."&"'";"4)!"&8L#.#9")'#,

M"'#+&%#..3.+!#&G".8&4H5#& N+!"+'4#&(+!*+%)&!#$"$4#'4#&N+!"+'4#&(+!*+%)&!#$"$4#'4#&
Trasportatore
ABC

-'";"4)!#

MCF7
(breast cancer)

& & &

2008
(ovarian cancer)

& 060OPQRE

 Verapamile,
Cyclosporina A,
MC18

2008
(ovarian cancer)

& PR0E /H%.)$5)!"'+&>1&PSTUE

A2780
(ovarian cancer)

V V

MDCK
(Madin-Darby-Canine-Kidney)
MDCK
(Madin-Darby-Canine-Kidney)

V V

&
!"#$%!&'(

(Breast cancer;
Doxorubicine resistant)

060OPQRE

Verapamile,
Cyclosporina A,
MC18, MC134

&

!"#$%!&'(
(Breast cancer;
Doxorubicine resistant)

PR0E /H%.)$5)!"'+&>1&PSTUE1&P/ETW

&

")*+
(ovarian cancer; 
DDP resistant)

PR0E /H%.)$5)!"'&>1&PSTUE1&P/ETW

")*+
(ovarian cancer; 
DDP resistant) PR0X PSTUE

,-$./%,01(
(ovarian cancer; 
Doxorubicine resistant)

MRP2
MRP1

MK571
Cyclosporina A, MK571, MC150

!"&2%!'3)FP+8"'VC+!;HV/+'"'#VS"8'#HY&PR0E&4!+'$(#%4#8IPR0E PSTUE1&P/ETW

B+;#..+&CD,E,&M"'##&%#..3.+!"&#8&"'";"4)!"&7+.34+4"&"'&23#$4)&$438"),

Z6'"&#$5#!"*#'4)&%)'(!)'4+&.+&5#!%#'43+.#&8"&%+54+9")'#&%#..3.+!#&F354+[#I&8#.&\]]*B%F^IF0^0TI

FQCZQ/I_`&%)'&23#..+&8#.&]]*B%Va#$4+*";",

b#'#!+.*#'4#& "'& 4#!*"'"& 8"& 354+[#& %#..3.+!#1& .+& 8"((#!#'4#& ."5)J"."%"4?& #& $).3;"."4?& 8#"& 83#&

%)*5.#$$"& "'J.3"$%#& $3..+& .)!)& 5#!*#+;"."4?& #& !#.+4"7+& +(J"'"4?& 5#!& "& 4!+$5)!4+4)!"& 0V60& PQRE&

8#4#!*"'+'8)&8"((#!#'9#&'#.&.)!)&"'"9"+.#&+%%3*3.),

-& c!"#$% &'()*$L& 8#"& 83#& 4!+%%"+'4"& '#..#& 8"7#!$#& ."'##& %#..3.+!"& (+!*+%)& $#'$";"."& #& '#..#&

%)!!"$5)'8#'4"& (+!*+%)& !#$"$4#'4"1& +&D&#& dU&e/1& $)')& !"5)!4+4"&'#..#& B+;#..#& CD,XVCD,T,& -& 8+4"& $)')&

#$5!#$$"& %)*#& 5#!%#'43+.#& 8"& 354+[#& %#..3.+!#& $3& 3'+& *#8"+& 8"& D& #$5#!"*#'4",& fW& 8#J"'"$%#& .+&

8"((#!#'9+& '#..+& 5#!%#'43+.#& 8"& 354+[#& ;+$+.#& !#6"$4!+4)& +& dU& e/& #& D& e/1& *#'4!#& fE& 8#J"'"$%#& .+&

8"((#!#'9+&'#..+&5#!%#'43+.#&8"&354+[#&4!+&%#..3.#&')!*+."&#&.#&%)!!"$5)'8#'4"&(+!*+%)&!#$"$4#'4",

-'&$3%%#$$")'#&$)')&5!#$#'4+4"&"&8+4"&!#.+4"7"&+..)&$438")&"'&%)'8"9")'"&;+$+."&FD&#&dU&e/I&8"&\]]*B%V

a#$4+*";"_&#&\]]*B%F^IF0^0TIFQCZQ/I_`&'#..#&."'##g

h XWWiO/Edj

h P/@U&O&P/@UOPQR

h >XUiW&O&>XUiWO>8!`

h PQ/S&O&PQ/SOPR0E

Edk



2008
time 

course
DBODC5 4 

°C

DBODC5 4 

°C

DBODC5 4 

°C

DBODC5 37 

°C

DBODC5 37 

°C

DBODC5 37 

°C
(5)!0 (5)!1 MIBI 4 °CMIBI 4 °CMIBI 4 °C MIBI 37 °CMIBI 37 °CMIBI 37 °C

MIBI

!

MIBI

!1

C13*

mediamedia ± DS media ± DS mediamedia ± DS media ± DS

5 min 1.78 ± 0.49 8.71 ± 1.21 6.93 2.03 1.92 ± 0.9 10.2 ± 2.25 8.28 1.12

15 min 1.80 ± 0.47 9.42 ± 0.67 7.62 1.39 2.17 ± 0.5 12.5 ± 3.15 10.28 0.59

30 min 2.21 ± 0.77 10.81 ± 1.63 8.6 2.97 1.80 ± 0.7 10.4 ± 2.01 8.64 -0.68

60 min 3.12 ± 0.73 10.93 ± 1.46 7.81 3.08 1.56 ± 0.5 11.6 ± 1.59 10.01 1.15

90 min 3.27 ± 1.37 10.58 ± 1.80 7.31 1.44 2.22 ± 0.9 10.3 ± 2.08 8.11 0.41

120 min 2.95 ± 0.99 10.29 ± 1.54 7.34 2.28 2.45 ± 1.3 10.5 ± 1.32 8.03 1.01

time courseDBODC5 4 °CDBODC5 4 °CDBODC5 4 °C DBODC5 37 °CDBODC5 37 °CDBODC5 37 °C (5)!0 (5)!1 MIBI 4 °CMIBI 4 °CMIBI 4 °C MIBI 37 °CMIBI 37 °CMIBI 37 °C MIBI!MIBI!1

mediamedia ± DS media ± DS mediamedia ± DS media ± DS

5 min 2.72 ± 0.50 6.68 ± 1.49 3.96 2.58 ± 0.7 9.08 ± 1.58 6.5

15 min 2.18 ± 0.51 8.03 ± 0.95 5.85 2.96 ± 1 11.9 ± 2.42 8.9

30 min 2.56 ± 1.40 7.84 ± 1.03 5.28 2.46 ± 1.6 11.1 ± 1.15 8.66

60 min 1.17 ± 0.39 7.85 ± 0.78 6.68 2.16 ± 0.4 10.4 ± 2.12 8.26

90 min 2.60 ± 0.75 9.14 ± 1.90 6.54 2.06 ± 1 9.92 ± 2.32 7.86

120 min 1.79 ± 0.36 8.01 ± 2.45 6.22 2.44 ± 1.3 9.47 ± 2.05 7.03

!"#$%%"&'()*)&+,-".$&/0&1223!45675868975:';:<7=>&$&223!4?@$A-"30#0B&C"%D-"-E&"&(&F<&$&GH&F<B&0I&

4$%%D%$&/$%&-0,E&*JJK&$&<LGM)

8$N&DI"&4E3,N$IA0EI$&,0O&N",0/"&/$%&/"-E&-"#D%"N$B&EPI0&!"#$%%"&Q&A$PD0-"&/"&/D$&PN"R040B&/EC$&0I&

DI"& SEN3"& ATD0A0-"3$I-$& "44"--0C"I-$B& Q& N0,EN-"-E& %U"I/"3$I-E& /$0&/D$& -N"440"I-0& 0I&SDIV0EI$& /$%&

-$3,E)

WN"R04E&'()L)&<EISNEI-E&/$%%"&,$N4$I-D"%$&/0&D,-".$&/0&1223!45675868975:';:<7=>&$&223!4?

@$A-"30#0B&C"%D-"-E&"&(&F<&$&GH&F<B&0I&4$%%D%$&/$%&-0,E&*JJK)
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Linea cellulare 2008: uptake a 4 e 37 °C 
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!"#$%&'()*+,+(-'./"'.0'(1233#(42"&2.05#32(1%(540#62(1%(7889:&;<=;><>?=;@)A@-=BC(2(889:&D

E2F0#9%G%H(I#350#0'(#(*(J-(2(KL(J-H(%.(&233532(123(0%4'(-MKN+

MCF7
time 

course

DBODC5 4 

°C

DBODC5 4 

°C

DBODC5 4 

°C

DBODC5 37 

°C

DBODC5 37 

°C

DBODC5 37 

°C
(5)!0 (5)!1 MIBI 4 °CMIBI 4 °CMIBI 4 °C MIBI 37 °CMIBI 37 °CMIBI 37 °C

MIBI

!0

MIBI

!1

MCF7/

MDR

mediamedia ± DS media ± DS mediamedia ± DS media ± DS

5 min 1.85 ± 0.61 5.20 ± 0.68 3.35 1.95 1.82 ± 0.5 11 ± 2.65 9.17 3.85

15 min 2.56 ± 0.62 5.90 ± 1.22 3.34 1.21 2.03 ± 0.4 11.9 ± 2.23 9.83 3.6

30 min 2.37 ± 0.55 5.97 ± 0.97 3.6 0.91 2.18 ± 0.6 12.7 ± 2.39 10.52 4.1

60 min 2.59 ± 0.63 6.47 ± 1.45 3.88 1.46 2.31 ± 0.6 11.5 ± 2.47 9.14 3.02

90 min 2.61 ± 0.51 6.69 ± 1.09 4.08 1.75 2.36 ± 0.9 11 ± 1.88 8.62 3.57

120 min 2.73 ± 0.80 6.57 ± 1.23 3.84 0.93 2.52 ± 0.7 10.3 ± 1.81 7.8 2.98

time courseDBODC5 4 °CDBODC5 4 °CDBODC5 4 °CDBODC5 37 °CDBODC5 37 °CDBODC5 37 °C (5)!0 (5)!1 MIBI 4 °CMIBI 4 °CMIBI 4 °C MIBI 37 °CMIBI 37 °CMIBI 37 °C MIBI!0MIBI!1

mediamedia ± DS media ± DS mediamedia ± DS media ± DS

5 min 1.70 ± 0.67 3.25 ± 1.32 1.55 2.67 ± 1.1 7.14 ± 0.81 4.47

15 min 2.51 ± 1.06 4.69 ± 0.65 2.18 2.43 ± 0.8 8.26 ± 1.05 5.83

30 min 2.30 ± 0.87 5.06 ± 0.77 2.76 2.27 ± 0.9 8.60 ± 1.37 6.33

60 min 2.64 ± 1.45 5.01 ± 1.09 2.37 2.37 ± 1.2 8.43 ± 1.34 6.06

90 min 2.26 ± 0.74 4.94 ± 1.31 2.68 2.90 ± 1.1 7.41 ± 1.49 4.51

120 min 2.36 ± 0.67 5.64 ± 0.71 3.28 3.00 ± 1.3 7.34 ± 0.87 4.34

:#G233#()*+K+(O40#62(1%(7889:&;<=;><>?=;@)A@-=BC(2(889:&DE2F0#9%G%H(I#350#0'(#(*(J-(2(KL(J-H(%.(

&233532(123(0%4'(P-QL(2(P-QLRP@S+
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Linea cellulare C13*: uptake a 4 e 37 °C
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!"#$%&'()*+,+(-'./"'.0'(1233#(42"&2.05#32(1%(540#62(1%(7889:&;<=;><>?=;@)A@-=BC(2(889:&D

E2F0#9%G%H(I#350#0'(#(*(J-(2(,K(J-H(%.(&233532(123(0%4'(L-MK+
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E2F0#9%G%H(I#350#0'(#(*(J-(2(,K(J-H(%.(&233532(123(0%4'(L-MKNL@O+
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Linea cellulare MCF7: uptake a 4 e 37 °C
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Linea cellulare MCF7/MDR: uptake a 4 e 37 °C
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A2780 

wt

time 

course

DBODC5 4 

°C

DBODC5 4 

°C

DBODC5 4 

°C

DBODC5 37 

°C

DBODC5 37 

°C

DBODC5 37 

°C
(5)!0 (5)!1 MIBI 4 °CMIBI 4 °CMIBI 4 °C MIBI 37 °CMIBI 37 °CMIBI 37 °C

MIBI

!

MIBI

!1

A2780

/Adr

mediamedia ± DS media ± DS mediamedia ± DS media ± DS

5 min 0.31 ± 0.10 12.25 ± 1.25 11.94 9.89 0.30 ± 0.1 14.4 ± 1.41 14.12 10.54

15 min 0.35 ± 0.21 17.93 ± 2.15 17.58 15.02 0.33 ± 0.2 17.3 ± 2.22 16.93 12.67

30 min 0.43 ± 0.30 17.67 ± 1.35 17.24 15.1 0.73 ± 0.7 19 ± 0.99 18.26 15.21

60 min 0.45 ± 0.25 12.36 ± 1.42 11.91 9.05 0.86 ± 0.6 15.2 ± 2.33 14.33 11.01

90 min 0.85 ± 0.63 10.34 ± 1.79 9.49 6.86 0.80 ± 0.8 14 ± 1.72 13.21 10.25

120 min 0.72 ± 0.30 8.53 ± 1.40 7.81 5.82 0.36 ± 0.2 12 ± 0.96 11.63 8.15

time courseDBODC5 4 °CDBODC5 4 °CDBODC5 4 °CDBODC5 37 °CDBODC5 37 °CDBODC5 37 °C (5)!0 (5)!1 MIBI 4 °CMIBI 4 °CMIBI 4 °C MIBI 37 °CMIBI 37 °CMIBI 37 °C MIBI!MIBI!1

mediamedia ± DS media ± DS mediamedia ± DS media ± DS

5 min 1.29 ± 0.20 2.36 ± 0.89 1.07 2.35 ± 0.5 3.88 ± 1.76 1.53

15 min 2.45 ± 0.60 2.91 ± 0.88 0.46 1.59 ± 0.2 4.59 ± 1.47 3

30 min 2.02 ± 0.00 2.57 ± 0.95 0.55 2.74 ± 0.6 3.78 ± 1.15 1.04

60 min 2.34 ± 0.34 3.31 ± 0.95 0.97 3.78 ± 0.7 4.18 ± 1.54 0.4

90 min 2.28 ± 0.33 3.48 ± 1.81 1.2 3.13 ± 0.2 3.76 ± 1.28 0.63

120 min 3.60 ± 0.69 2.71 ± 1.29 -0.89 1.80 ± 0.2 3.84 ± 1.61 2.04

!"#$%%"&'()()&*+,"-$&./&0112!345647578649':9;6<=&$&112!3>?$@,"2/#/A&B"%C,",D&"&(&E;&$&FG&E;A&/H&

3$%%C%$&.$%&,/+D&IJGKL&$&IJGKLMI.N)

ON"P/3D&'()8)&;DHQNDH,D&.$%%"&+$N3$H,C"%$&./&C+,"-$&./&0112!345647578649':9;6<=&$&112!3>

?$@,"2/#/A&B"%C,",D&"&(&E;&$&FG&E;A&/H&3$%%C%$&.$%&,/+D&IJGKL)
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Linea cellulare A2780: uptake a 4 e 37 °C
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!"#$%&'()*+,+(-'./"'.0'(1233#(42"&2.05#32(1%(540#62(1%(7889:&;<=;><>?=;@)A@-=BC(2(889:&D

E2F0#9%G%H(I#350#0'(#(*(J-(2(KL(J-H(%.(&233532(123(0%4'(MNLOPQM1"+

MDCK 

wt

time 

course

DBODC5 4 

°C

DBODC5 4 

°C

DBODC5 4 

°C

DBODC5 37 

°C

DBODC5 37 

°C

DBODC5 37 

°C
(5)!0 (5)!1 MIBI 4 °CMIBI 4 °CMIBI 4 °C MIBI 37 °CMIBI 37 °CMIBI 37 °C

MIBI

!

MIBI

!1

MDCK

/MRP1

mediamedia ± DS media ± DS mediamedia ± DS media ± DS

5 min 1.37 ± 0.54 4.98 ± 1.86 3.61 1.74 0.91 ± 0.4 4.70 ± 0.48 3.79 -1.77

15 min 1.45 ± 0.29 6.48 ± 1.67 5.03 3.25 0.94 ± 0 7.90 ± 0.46 6.96 0.94

30 min 1.81 ± 0.46 6.79 ± 2.15 4.98 3.77 0.31 ± 0.2 9.24 ± 1.16 8.93 2.39

60 min 1.87 ± 0.57 7.24 ± 2.14 5.37 3.76 1.57 ± 0.1 11 ± 1.24 9.4 4.96

90 min 2.92 ± 0.32 6.76 ± 1.56 3.84 3.38 2.65 ± 0.8 12.3 ± 1.04 9.64 7.25

120 min 3.39 ± 0.34 6.93 ± 2.23 3.54 3.92 3.95 ± 0.9 11.8 ± 0.95 7.86 7.14

time courseDBODC5 4 °CDBODC5 4 °CDBODC5 4 °CDBODC5 37 °CDBODC5 37 °CDBODC5 37 °C (5)!0 (5)!1 MIBI 4 °CMIBI 4 °CMIBI 4 °C MIBI 37 °CMIBI 37 °CMIBI 37 °C MIBI!MIBI!1

mediamedia ± DS media ± DS mediamedia ± DS media ± DS

5 min 0.96 ± 0.29 3.24 ± 1.13 2.28 0.53 ± 0.4 6.47 ± 2.09 5.94

15 min ±±± 3.23 ± 1.12 ±±± 6.96 ± 2.08

30 min ±±± 3.02 ± 0.87 ±±± 6.85 ± 1.98

60 min 1.35 ± 0.40 3.48 ± 1.09 2.13 2.10 ± 1.3 6.01 ± 2.04 3.91

90 min ±±± 3.38 ± 1.15 ±±± 5.04 ± 1.67

120 min 1.97 ± 0.44 3.01 ± 1.09 1.04 1.64 ± 0.4 4.67 ± 1.69 3.03

:#G233#()*+?+(R40#62(1%(7889:&;<=;><>?=;@)A@-=BC(2(889:&DE2F0#9%G%H(I#350#0'(#(*(J-(2(KL(J-H(%.(

&233532(123(0%4'(S@-T(2(S@-TQSU>V+

0

5.5

11.0

16.5

22.0

5 min 15 min 30 min 60 min 90 min 120 min

Linea cellulare A2780/Adr: uptake a 4 e 37 °C
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Linea cellulare MDCK wt: uptake a 4 e 37 °C
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Linea cellulare MDCK/MRP1: uptake a 4 e 37 °C
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!" #$%&'())*" %$)+,-.$/" .(''(" 0*1(,)(" '*.((" #(''2'-,*/" 2.-" #*.(+*#-" 0*" #-&+-3*$.(" )*%*'(/"

#-,-++(,*33-+-/" -" 45" 67/" 0-" 2." ,-&*0$" *.#,(%(.+$" 0(''8-++*1*+9" .(*" &,*%*" :;" %*." 0-''8*.*3*$"
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(5)!4=[CycA(50um) - 37 °C] MIBI!4=[CycA(50um) - 37 °C]

(5)!6=[MC18(50uM) - 37 °C] MIBI!6=[MC18(50uM) - 37 °C]
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Linea cellulare C13*: raffronto A
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(5)! MIBI!

(5)!2=[Vrp(80um) - 37 °C] MIBI!2=[Vrp(80um) - 37 °C]

(5)!3=[Vrp(50um) - 37 °C] MIBI!3=[Vrp(50um) - 37 °C]

(5)!4=[CycA(50um) - 37 °C] MIBI!4=[CycA(50um) - 37 °C]

(5)!5=[BSO - 37 °C] MIBI!5=[BSO - 37 °C]
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Linea cellulare C13*: raffronto B
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e

time course

(5)!6=[MC18(50uM) - 37 °C] MIBI!6=[MC18(50uM) - 37 °C]

(5)!10=[MC134(50uM) - 37 °C] MIBI!10=[MC134(50uM) - 37 °C]

(5)!7=[MK571(50uM) - 37 °C] MIBI!7=[MK571(50uM) - 37 °C]

(5)!9=[MC150(50uM) - 37 °C] MIBI!9
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Linea cellulare C13*: raffronto C

%
 U

p
ta

k
e

time course

(5)!6=[MC18(50uM) - 37 °C] MIBI!6=[MC18(50uM) - 37 °C]

(5)!7=[MK571(50uM) - 37 °C] MIBI!7=[MK571(50uM) - 37 °C]

(5)!8=[MC18+MK571 - 37 °C] MIBI!8=[MC18+MK571 - 37 °C]
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Linea cellulare C13*: raffronto D
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time course

(5)!4=[CycA(50um) - 37 °C] MIBI!4=[CycA(50um) - 37 °C]

(5)!10=[MC134(50uM) - 37 °C] MIBI!10=[MC134(50uM) - 37 °C]

(5)!9=[MC150(50uM) - 37 °C] MIBI!9=[MC150(50uM) - 37 °C]
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MCF7/

MDR+

time 

course
DBODC5 37 °CDBODC5 37 °CDBODC5 37 °CDBODC5 37 °C (5) Vrp (80uM)(5) Vrp (80uM)(5) Vrp (80uM)(5) Vrp (80uM) (5) Vrp (50uM)(5) Vrp (50uM)(5) Vrp (50uM)(5) Vrp (50uM) (5) CycA (50uM)(5) CycA (50uM)(5) CycA (50uM)(5) CycA (50uM)

mediamedia ± DS (5)! media ± DS (5)!2 media± DS (5)!3 media ± DS (5)!4

5 min 3.25 ± 1.32 1.55 12.66 ± 3.34 9.41 13.5 ± 0.37 10.29 6.57 ± 2.19 3.32

15 min 4.69 ± 0.65 2.18 20.41 ± 3.47 15.72 20.9 ± 0.69 16.25 7.67 ± 1.80 2.98

30 min 5.06 ± 0.77 2.76 25.14 ± 3.61 20.08 22 ± 0.44 16.9 8.46 ± 2.44 3.4

60 min 5.01 ± 1.09 2.37 26.53 ± 2.20 21.52 21.7 ± 0.44 16.69 8.75 ± 1.71 3.74

90 min 4.94 ± 1.31 2.68 24.27 ± 2.91 19.33 21.3 ± 0.70 16.4 9.29 ± 2.99 4.35

120 min 5.64 ± 0.71 3.28 21.54 ± 2.44 15.9 18.7 ± 1.06 13.09 10.2 ± 3.97 4.52

MCF7/

MDR+

time 

course
(5) MC18 (50uM)(5) MC18 (50uM)(5) MC18 (50uM)(5) MC18 (50uM) (5) MK571 (50uM)(5) MK571 (50uM)(5) MK571 (50uM)(5) MK571 (50uM) (5) MK571+MC18 (5) MK571+MC18 (5) MK571+MC18 (5) MK571+MC18 

mediamedia ± DS (5)!6 media ± DS (5)!7 media± DS (5)!8 media ± DS !

5 min 5.67 ± 1.66 2.42 13.59 ± 1.80 10.34 14.3 ± 3.29 11.09 ±±±

15 min 10.02 ± 6.61 5.33 21.59 ± 1.08 16.9 21 ± 3.13 16.32 ±±±

30 min 8.29 ± 2.73 3.23 26.37 ± 2.27 21.31 24.2 ± 3.99 19.14 ±±±

60 min 7.75 ± 2.72 2.74 26.73 ± 2.53 21.72 23.7 ± 7.09 18.73 ±±±

90 min 6.88 ± 2.67 1.94 24.57 ± 4.22 19.63 20.8 ± 6.48 15.83 ±±±

120 min 8.89 ± 3.88 3.25 19.13 ± 0.63 13.49 17.6 ± 1.00 11.94 ±±±
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MCF7/

MDR+

time 

course
MIBI 37 °CMIBI 37 °CMIBI 37 °CMIBI 37 °C MIBI Vrp (80uM)MIBI Vrp (80uM)MIBI Vrp (80uM)MIBI Vrp (80uM) MIBI Vrp (50uM)MIBI Vrp (50uM)MIBI Vrp (50uM)MIBI Vrp (50uM) MIBI CycA (50uM)MIBI CycA (50uM)MIBI CycA (50uM)MIBI CycA (50uM)

mediamedia ± DS MIBI!media ± DS MIBI!2media± DS MIBI!3media ± DS MIBI!4

5 min 7.14 ± 0.81 4.47 15.84 ± 2.21 8.7 22.2 ± 1.38 15.02 7.02 ± 1.30 -0.12

15 min 8.26 ± 1.05 5.83 23.46 ± 3.08 15.2 25.1 ± 0.03 16.83 7.89 ± 1.22 -0.37

30 min 8.60 ± 1.37 6.33 28.38 ± 3.39 19.78 28.2 ± 0.63 19.57 7.99 ± 1.85 -0.61

60 min 8.43 ± 1.34 6.06 29.21 ± 5.53 20.78 26.3 ± 0.58 17.9 7.28 ± 1.94 -1.15

90 min 7.41 ± 1.49 4.51 26.53 ± 3.82 19.12 26.6 ± 0.30 19.14 7.85 ± 2.09 0.44

120 min 7.34 ± 0.87 4.34 23.28 ± 4.44 15.94 19.8 ± 0.60 12.42 8.03 ± 2.77 0.69

MCF7/

MDR+

time 

course
MIBI MC18 (50uM)MIBI MC18 (50uM)MIBI MC18 (50uM)MIBI MC18 (50uM) MIBI MK571 (50uM)MIBI MK571 (50uM)MIBI MK571 (50uM)MIBI MK571 (50uM)

MIBI 

MK571+MC18 

MIBI 

MK571+MC18 

MIBI 

MK571+MC18 

MIBI 

MK571+MC18 

mediamedia ± DS MIBI!6media ± DS MIBI!7media± DS MIBI!8media ± DS !

5 min 9.39 ± 1.39 2.25 15.38 ± 6.13 8.24 14.1 ± 2.78 7 ±±±

15 min 11.45 ± 2.31 3.19 18.41 ± 3.78 10.15 19.9 ± 5.56 11.61 ±±±

30 min 12.12 ± 1.95 3.52 20.98 ± 5.80 12.38 24.9 ± 5.83 16.33 ±±±

60 min 10.77 ± 1.66 2.34 20.60 ± 6.10 12.17 25 ± 8.41 16.61 ±±±

90 min 10.81 ± 2.68 3.4 19.00 ± 6.73 11.59 22.3 ± 7.46 14.85 ±±±

120 min 8.37 ± 2.18 1.03 17.97 ± 6.01 10.63 20.5 ± 6.89 13.18 ±±±
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V(%7+B2#
8B9(23+)&3+)9"7%

IWH=RK=XK GIX<GX Q H G<KIW#Dn,2=G WHK<j K<jIW

H=F%7+)YB%7+B2",(9% GK>=WQ=R jQ<GG H<Q G K<WIX#Dn,2=G GWj<jj K<HGj

!(/2UX jj>G=KR=> GKI<R> H<Q G = HQI<>j =

In un vial si lascia reagire la miscela composta da dietilvinilfosfonato (5 mmol, 820.7 mg, 768 µl), 2-

metossietilammina (2.5 mmol, 187.7 mg, 217 µl) e LiClO4 (2.5 mmol, 256.9 mg), a 75 °C per 24 ore. Al 

termine,  la soluzione appare di colore giallo chiaro, di consistenza oleosa. I rapporti equivalenti indicati in 

tabella sono stati oggetto di un breve studio...il raddoppio degli equivalenti di LiClO4 non porta ad un 

aumento di resa, così come crescere in eccesso il quantitativo di dietilvinilfosfonato.
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