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$!$%!4%302&3219=!$,(9!&,2'(-!$,*$!*.!*-(.2&%.(!0(3(1$20!*.$*52.%&$!*+2)%&,(-!

%.&/)%.D%.-/3(-!<*&2-%)*$*$%2.!%.!1028%4*)!*.-!-%&$*)!*0$(0%2)(&!27!&6()($*)!

4/&3)(!*.-!$,/&!,912$,(&%&(-!$,*$!*-(.2&%.(!102-/3(-!+9!$,(!4($*+2)%3!*3$%2.!

27!%.&/)%.!2.!&6()($*)!4/&3)(!%&!1*0$!27!*!7((-!720'*0-!4(3,*.%&4!$,*$!$,(.!

7*3%)%$*$(&!%.&/)%.`&!*3$%2.!2.!&6()($*)!4/&3)(!7%+0(&!+9!3*/&%.5!<*&2-%)*$*$%2.!

>^3b*9!*.-!F(&$(0=!"ZZPA:!;,(9!&/55(&$(-!$,*$!*-(.2&%.(!*3$&!-%0(3$)9!2.!

<*&3/)*0!&422$,!4/&3)(!(8$0*)/4%.*))9!*.-!$,*$!$,(!bDG;I!3,*..()!%&!*!12&&%+)(!

4(3,*.%&4!27!*3$%2.!5%<(.!$,*$!$,(!-%)*$20!*3$%2.!27!%.&/)%.!'*&!*$$(./*$(-!+9!



!
!

NE!

$,(!bDG;I!+)236(0!5)%+(.3)*4%-(!*.-!5%<(.!$,*$!*-(.2&%.(!%&!6.2'.!$2!*3$!<%*!

$,%&!3,*..()!>?()&2.!($!*):=!"ZZTA:!

!

#.!7/0$,(0!&/1120$!27!$,%&!,912$,(&%&=!G++%.6DM*.-+(05(.!*)&2!102<%-(-!(<%-(.3(!

$,*$!*-(.2&%.(!%&!%.<2)<(-!%.!%.&/)%.D%.-/3(-!<*&2-%)*$*$%2.!%.!,(*)$,9!,/4*.&!

*&!%.$0*+0*3,%*)!%.7/&%2.!27!-0*7)*d%.(!>*.!*-(.2&%.(D/1$*6(!+)236(0A!20!

$,(21,9))%.(!>*-(.2&%.(D0(3(1$20!*.$*52.%&$A!%.30(*&(-!*.-!-(30(*&(-!

0(&1(3$%<()9!%.&/)%.D%.-/3(-!%.30(*&(&!%.!720(*04!+)22-!7)2'!>G++%.6D

M*.-+(05(.!($!*):=!"ZZZA:!

!

#$!%&!12&&%+)(!$,*$!$,(!&(32.-!4(&&(.5(0&!720!?@!*.-!*-(.2&%.(!*3$!%.!*!

&9.(05%&$%3!4*..(0:!?@!()%3%$&!<*&2-%)*$*$%2.!+9!$,(!102-/3$%2.!27!3L^I=!',%3,!

0()*8(&!<*&3/)*0!&422$,!4/&3)(:!G-(.2&%.(!3*.!3*/&(!<*&2-%)*$*$%2.!+9!

102-/3%.5!3G^I=!',%3,!*)&2!0()*8(&!<*&3/)*0!&422$,!4/&3)(!>_*)(<%3!*.-!

]/0.&$236=!"ZZUA:!;,(0(!%&!(<%-(.3(!%.!$,(!)%$(0*$/0(!$,*$!3L^I!*.-!3G^I!*0(!

*+)(!$2!*3$!%.!*!&9.(05%&$%3!4*..(0!$2!3*/&(!<*&2-%)*$*$%2.!>c%$!($!*):=!"ZZ[Ag!

(81(0%4(.$&!/&%.5!&/1(07/&%2.!27!,*4&$(0!30(4*&$(0!4/&3)(!&,2'(-!*!&/10*D

*--%$%<(!<*&2-%)*$20!(77(3$!27!&/+&$*.3(&!$,*$!%.30(*&(!3G^I!*.-!3L^I!<(0&/&!

$,(!&/+&$*.3(&!*)2.(:!#$!%&!1)*/&%+)(!$,*$!$,(!(77(3$&!27!?@!*.-!*-(.2&%.(!$2!

%.30(*&(!$,(!102-/3$%2.!27!3L^I!*.-!3G^I!0(&1(3$%<()9!32/)-!+(!*3$%.5!$25($,(0!

$2!102-/3(!%.&/)%.D%.-/3(-!<*&2-%)*$*$%2.:!!

!

#$!4*9!+(!$,*$!?@!20!&24(!2$,(0!4(3,*.%&4!*3$&!0*1%-)9!$2!%.30(*&(!+)22-!7)2'!

'%$,%.!$,(!3*1%))*09!.($'206!+9!-%)*$%.5!$(04%.*)!*0$(0%2)(&!>&((!\%.3(.$!($!*):=!

>ETT[A=!',%3,!233/0&!+(720(!$,(!%.30(*&(!%.!+/)6!+)22-!7)2'=!',(0(*&=!$,(!



!
!

NN!

-%)*$*$%2.!27!1028%4*)!*0$(0%2)(&=!$,*$!$*6(&!*!)2.5(0!$%4(!$2!-(<()21!4*9!+(!-/(!

$2!$,(!102-/3$%2.!27!4($*+2)%3!102-/3$&=!&/3,!*&!*-(.2&%.(=!7024!$,(!&6()($*)!

4/&3)(!7%+(0&:!F2'(<(0=!$,(0(!%&!/.-2/+$(-)9!2<(0)*1!+($'((.!$,(&(!$'2!(77(3$&!

*&!$,(!(81(0%4(.$&!27!^3b*9!*.-!F(&$(0!&,2'(-!$,*$!*.!*-(.2&%.(!*.$*52.%&$!

*+2)%&,(-!%.&/)%.D%.-/3(-!-%)*$*$%2.!%.!+2$,!1028%4*)!*.-!$(04%.*)!*0$(0%2)(&:!

!

;,(!%.&/)%.!(812&/0(!%.-(8!10212&(-!+9!i6%Dj*0<%.(.!>"ZZUA!4*9!*)&2!+(!

(81)*%.(-!+9!*!)%.6!+($'((.!$,(!4($*+2)%3!*3$%2.&!27!%.&/)%.!*.-!$,(!

<*&2-%)*$*$%2.!102-/3(-:!;,/&=!50(*$(0!(812&/0(!$2!%.&/)%.!'%))!10(&/4*+)9!

3*/&(!%.30(*&(-!5)/32&(!/1$*6(!*.-!$,(0(720(!%.30(*&(-!5(.(0*$%2.!27!4($*+2)%3!

102-/3$&=!',%3,!,*<(!$,(!12$(.$%*)!$2!*3$!$2!102-/3(!<*&2-%)*$*$%2.:!!

(

)7O7Q(.A@B=5A*5ALB>3L(2:@<L5=:9:95<A(:AL(?433(?:99C(:>5L@(

;,(!-(42.&$0*$%2.!%.!(.-2$,()%*)!3())&!$,*$!%.30(*&(-!BBG!32.3(.$0*$%2.&!

-(30(*&(-!%.&/)%.D-(1(.-(.$!$902&%.(!1,2&1,209)*$%2.!27!#_JD"!*.-!$,/&!

*$$(./*$(-!$,(!%.&/)%.!&%5.*)%.5!3*&3*-(!>b%4!($!*):=!ETTOA=!102<%-(&!*!12&&%+)(!

)%.6!+($'((.!BBGD%.-/3(-!%.&/)%.!0(&%&$*.3(!*.-!(.-2$,()%*)!-9&7/.3$%2.!*&!$,(!

%.&/)%.!&%5.*)%.5!1*$,'*9!%&!&,*0(-!+9!&6()($*)!4/&3)(!*.-!<*&3/)*0!(.-2$,()%*)!

3())&!>*&!-%&3/&&(-!*+2<(A:!G&!&/3,=!BBG!*<*%)*+%)%$9!,*&!$,(!12$(.$%*)!$2!*77(3$!

%.&/)%.D%.-/3(-!<*&2-%)*$*$%2.!+9!*)$(0%.5!+2$,!5)/32&(!/1$*6(!>_*.-)(=!"ZU"=!

_2-(.!($!*):=!"ZZPA!*.-!(.-2$,()%/4D-(1(.-(.$!-%)*$*$%2.!>J$(%.+(05!($!*):=!"ZZV=!

I)(%.(0!($!*):=!ETTEA:!

!



!
!

N[!

;,(0(!%&!*.!%.<(0&(!3200()*$%2.!+($'((.!BBG!32.3(.$0*$%2.!*.-!%.&/)%.!

&(.&%$%<%$9!*&!BBG&!*3$!$2!-(30(*&(!$,(!/1$*6(!27!5)/32&(!+9!&6()($*)!4/&3)(!

>_*.-)(=!"ZU"=!_2-(.!($!*):=!"ZZPA:!G)$,2/5,!$,(0(!%&!*50((4(.$!$,*$!$,%&!%&!$,(!

3*&(=!$,(20%(&!2.!$,(!4(3,*.%&4&!+(,%.-!$,%&!0()*$%2.&,%1!<*09:!#$!'*&!10212&(-!

+9!_*.-)(!($!*):=!$,*$!*!0(3%1023*)!0()*$%2.&,%1!(8%&$&!+($'((.!$,(!4($*+2)%&4!27!

5)/32&(!*.-!BBG:!F(.3(=!$,(9!&,2'(-!%.!10(1*0*$%2.&!27!0*$!,(*0$!$,*$!*.!

%.30(*&(!%.!BBG!*<*%)*+%)%$9!3*/&(-!+9!%.7/&%2.!27!)%1%-!*.-!,(1*0%.!',%3,!

*3$%<*$(&!)%12102$(%.!)%1*&(!2.!(.-2$,()%*)!3())&=!%.30(*&(-!$,(!%.$0*3())/)*0!+/%)-!

/1!27!LPI!*.-!5)/32&(!+9!%.,%+%$%.5!6(9!5)932)9$%3!(.d94(&!*.-!$,(0(720(!

0(-/3(-!5)/32&(!/1$*6(!>_*.-)(=!"ZU"A:!F2'(<(0=!J,/)4*.`&!502/1!&,2'(-!+9!

/&%.5!?^_!%.!,(*)$,9!,/4*.&!$,*$!*!-(30(*&(!%.!5)/32&(!/1$*6(!3*/&(-!+9!

%.30(*&(-!1)*&4*!BBG!'*&!*&&23%*$(-!'%$,!*!-(30(*&(!%.!LPI!>_2-(.!($!*):=!

"ZZPA:!;,%&!)(-!$,(4!$2!12&$/)*$(!$,*$!BG!4*9!*3$!-%0(3$)9!2.!LRa;[!20!*77(3$!

/1&$0(*4!&%5.*))%.5:!

!

BBG&!,*<(!*)&2!+((.!-(42.&$0*$(-!$2!%.-/3(!(.-2$,()%*)!-9&7/.3$%2.:!R%1%-!*.-!

,(1*0%.!%.7/&%2.!%.$2!,(*)$,9!,/4*.&!720!$'2!,2/0&!$2!0*%&(!BBG!)(<()&!$2!$,2&(!

&((.!%.!%.&/)%.D0(&%&$*.$!&/+e(3$&!0(-/3(-!4/&3)(!<*&2-%)*$20!0(&12.&(&!$2!

4($,*3,2)%.(!3,)20%-(=!*.!(.-2$,()%/4D-(1(.-(.$!-%)*$20!>J$(%.+(05!($!*):=!

"ZZVA:!J%4%)*0)9=!)%1%-!*.-!,(1*0%.!%.7/&%2.!%.$2!,(*)$,9!,/4*.&!0(-/3(-!$,(!!

%.30(*&(!%.!7(420*)!+)22-!7)2'!(<26(-!+9!$,(!(.-2$,()%/4D-(1(.-(.$!-%)*$20!

*3($9)3,2)%.(!>G3,A!+9!OOY!>I)(%.(0!($!*):=!ETTEA:!

!

\*0%2/&!&$/-%(&!,*<(!%.<(&$%5*$(-!$,(!(77(3$&!27!%.30(*&(-!BBG!32.3(.$0*$%2.&!2.!

$,(!%.&/)%.D&%5.*)%.5!3*&3*-(:!#.!*50((4(.$!'%$,!$,(!0(&/)$&!27!b%4!($!*):=!2.!



!
!

NO!

(.-2$,()%*)!3())&!%.!,(*)$,9!%.-%<%-/*)&=!)%1%-!*.-!,(1*0%.!%.7/&%2.!72))2'(-!+9!FH!

3)*41!0(&/)$(-!%.!*!-(30(*&(!%.!5)/32&(!$0*.&120$!*.-!3241)($()9!*+2)%&,(-!$,(!

72/0!72)-!%.30(*&(!%.!4/&3)(!I#NDb!*3$%<%$9!&((.!%.!5)93(02)!*.-!,(1*0%.!%.7/&(-!

%.-%<%-/*)&!>S0(&.(0!($!*):=!"ZZZA:!B/0$,(0=!)%1%-Q,(1*0%.!%.7/&%2.!720!O!,2/0&!

10%20!$2!FH!3)*41!%.!32.&3%2/&!0*$&!0(&/)$(-!%.!+)/.$%.5!27!%.&/)%.!&$%4/)*$(-!#_JD

"!$902&%.(!1,2&1,209)*$%2.!*.-!*!OTY!-(30(*&(!%.!%.&/)%.D&$%4/)*$(-!#_JD"!

*&&23%*$(-!1,2&1,209*)$%2.!27!I#NDb!4(*&/0(-!%.!4/&3)(!&*41)(&!$*6(.!*$!$,(!

(.-!27!$,(!3)*41!>L0%77%.!($!*):=!"ZZZA:!

!

R%/!($!*):=!>ETTZA!-(42.&$0*$(-!*.!(77(3$!27!BBG!32.3(.$0*$%2.!2.!+2$,!5)/32&(!

/1$*6(!*.-!<*&2-%)*$*$%2.:!;,(9!&,2'(-!$,*$!*.!%.30(*&(!%.!BBG!%.!,(*)$,9!

,/4*.&!720!7%<(!,2/0&!%.-/3(-!+9!)%1%-!*.-!,(1*0%.!%.7/&%2.!3*/&(-!%.&/)%.!

0(&%&$*.3(!%.!$,(!&6()($*)!4/&3)(=!+)/.$%.5!+2$,!$,(!0(30/%$4(.$!27!4%302<*&3/)*0!

+)22-!<2)/4(!*.-!5)/32&(!-%&12&*)!&((.!%.!0(&12.&(!$2!FH!3)*41!*.-!*!4%8(-!

4(*):!B/0$,(0=!C)(06!($!*):=!>ETTEA!-(42.&$0*$(-!$,*$!)%1%-!*.-!,(1*0%.!%.7/&%2.!

10%20!$2!*.-!-/0%.5!FH!3)*41!%.!*.*(&$,($%d(-!0*$&!0(-/3(-!,%.-)%4+!5)/32&(!

/1$*6(!*.-!3*1%))*09!0(30/%$4(.$!*&!3241*0(-!'%$,!&*)%.(!%.7/&%2.!*.-!FH!

3)*41:!!

!

#.!)%5,$!27!$,(&(!0(&/)$&=!(81(0%4(.$&!-(&30%+(-!%.!$,%&!$,(&%&!'(0(!1(07204(-!$2!

%.<(&$%5*$(!',($,(0!*3/$(!)2'(0%.5!27!BBG!3*.!%4102<(!%.&/)%.!&(.&%$%<%$9!*.-!

%.&/)%.D%.-/3(-!<*&2-%)*$*$%2.!%.!)(*.!*.-!2+(&(!M/36(0!0*$&:!

!



!
!

NP!

)7O7T(/9H34(K4<K<@3L(I3>H:A5@I@(?<4(5A@B=5A*5ALB>3L(2:@<L5=:9:95<A(

G--%$%2.*)!12&&%+)(!4(3,*.%&4&!27!%.&/)%.D%.-/3(-!<*&2-%)*$*$%2.!10212&(-!%.!

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

!

.A94:>3==B=:4(>:=>5BI(

F*.!($!*):=!>"ZZOA!102<%-(!(<%-(.3(!$,*$!%.&/)%.!*3$&!%.!$'2!'*9&!$2!3*/&(!

<*&2-%)*$*$%2.:!a&%.5!%&2)*$(-!0*$!*20$*=!$,(9!7%0&$)9!&,2'(-!$,*$!(.-25(.2/&!

%.&/)%.!*3$&!2.!$,(!(.-2$,()%/4!$2!%.30(*&(!(.-2$,()%*)!3*)3%/4!*&!4(*&/0(-!

/&%.5!$,(!7)/20(&3(.$!C*>EqA!%.-%3*$20!7/0*!E=!0()(*&%.5!?@!',%3,!%.!$/0.!-(30(*&(&!

&422$,!4/&3)(!3*)3%/4!*.-!3*/&(&!0()*8*$%2.:!]/$=!%.&/)%.!*)&2!*3$(-!-%0(3$)9!2.!

$,(!&422$,!4/&3)(!27!%&2)*$(-!0*$!*20$*!*7$(0!(.-2$,()%*)!0(42<*)!$2!-(30(*&(!

%.$0*3())/)*0!3*)3%/4!32.3(.$0*$%2.!>F*.!($!*):=!"ZZOA:!#$!,*&!*)&2!+((.!&,2'.!

$,*$!%.&/)%.!*3$&!2.!<*&3/)*0!&422$,!4/&3)(!$2!3*/&(!3*)3%/4!(77)/8!<%*!C*>EqAD

G;I*&(!*3$%<%$9!$,(!-(30(*&(!%.!%.$0*3())/)*0!3*)3%/4!%.!<*&3/)*0!&422$,!4/&3)(!

$,(.!%.-/3(-!0()*8*$%2.!>M(4()!($!*):=!"ZZEA:!!

!

#.!32.-%$%2.&!27!%.&/)%.!0(&%&$*.3(!&/3,!*&!,91(0$(.&%2.=!3*)3%/4!4($*+2)%&4!%.!

<*&3/)*0!&422$,!4/&3)(!3*.!+(!*+.204*)=!3*/&%.5!,%5,(0!%.$0*3())/)*0!3*)3%/4!

32.3(.$0*$%2.&=!1(0,*1&!32.$0%+/$%.5!$2!+)/.$(-!0()*8*$%2.!%.!0(&12.&(!$2!%.&/)%.!

>]*)-%!($!*):=!"ZZPA:!!

(

G<L5BI(K<9:@@5BI*#%$:@3(U,:VW(XV(*#%$:@3Y(

;2!%.<(&$%5*$(!',($,(0!?*q=!bq!DG;I*&(!2.!<*&3/)*0!&422$,!4/&3)(!32.$0%+/$(&!

$2!%.&/)%.D%.-/3(-!<*&2-%)*$*$%2.=!;*36!($!*):=!/&(-!$,(!&1(3%7%3!?*q=!bq!DG;I*&(!

%.,%+%$20!2/*+*%.!%.!,(*)$,9!%.-%<%-/*)&!',2!'(0(!/.-(052%.5!FH!3)*41:!



!
!

NV!

@/*+*%.!&%5.%7%3*.$)9!%.,%+%$(-!%.&/)%.D%.-/3(-!<*&2-%)*$*$%2.!',(.!%.7/&(-!

+(720(!20!-/0%.5!FH!3)*41=!%.-%3*$%.5!$,*$!?*q=!bq!DG;I*&(!*3$%<%$9!%&!0(K/%0(-!

720!$,(!0(&12.&(:!#.!*--%$%2.=!RD?^^G!102-/3(-!+)/.$(-!<*&232.&$0%3$%2.!',(.!

5%<(.!%.!32.e/.3$%2.!'%$,!2/*+*%.!',%3,!%.-%3*$(&!?*q=!bq!DG;I*&(!%&!0(K/%0(-!

720!$,(!*3$%2.!27!?@=!*.-!+9!(8$0*12)*$%2.!720!%.&/)%.D%.-/3(-!<*&2-%)*$*$%2.!

>;*36!($!*):=!"ZZP*A:!!

!

?*q=!bq!DG;I*&(!%&!*!/+%K/%$2/&!(.d94(!*.-!,*&!-%77(0(.$!(77(3$&!%.!<*&3/)*0!

&422$,!4/&3)(!3())&!*.-!(.-2$,()%*)!3())&!>^(,*05!($!*):=!"ZZNA:!#.!+2$,!3())!

$91(&=!?*q=!bq!DG;I*&(!*3$&!$2!3*/&(!,91(012)*0%&*$%2.!27!$,(!4(4+0*.(!+9!

(83,*.5%.5!$,0((!%.$0*3())/)*0!12$*&&%/4!%2.&!720!$'2!(8$0*3())/)*0!&2-%/4!2.(&:!

#.!<*&3/)*0!&422$,!4/&3)(!3())&=!$,%&!,91(012)*0%&*$%2.!3*/&(&!$,(!3)2&/0(!27!

<2)$*5(D-(1(.-(.$!3*)3%/4!3,*..()&=!-(30(*&%.5!%.$0*3())/)*0!3*)3%/4!

32.3(.$0*$%2.&!*.-!3*/&%.5!0()*8*$%2.!>]/&&(!($!*):=!"ZUZA:!]9!32.$0*&$!%.!

(.-2$,()%*)!3())&=!$,(!%.30(*&(!%.!()(3$025(.%3!-0%<%.5!7203(!3*/&(&!*!12$(.$%*)D

-(1(.-(.$!3*)3%/4!%.7)/8!*.-!*.!%.30(*&(!%.!%.$0*3())/)*0!3*)3%/4!+(3*/&(!$,(0(!

*0(!.2!<2)$*5(D-(1(.-(.$!3*)3%/4!3,*..()&!%.!(.-2$,()%*)!3())&!>R/36,277!*.-!

]/&&(=!"ZZTA:!;,%&!%.30(*&(!%.!%.$0*3())/)*0!3*)3%/4!&$%4/)*$(&!(?@J!*.-!

$,(0(720(!?@!&9.$,(&%&!>I*)4(0!($!*):=!"ZUUA:!;,/&=!$,(!(77(3$!27!2/+*%.!2.!

%.&/)%.D%.-/3(-!<*&2-%)*$*$%2.!32/)-!+(!-/(!$2!%.,+%$%2.!27!$,(!<*&3/)*0!&422$,!

4/&3)(=!20!(.-2$,()%/4D4(-%*$(-!32412.(.$!27!-%)*$*$%2.!20!+2$,:!

!

J$%4/)*$%2.!27!?*q=!bq!DG;I*&(!4*9!0(K/%0(!$0*.&)23*$%2.!$2!$,(!3())/)*0!

4(4+0*.(W!%$!,*&!+((.!,912$,(&%d(-!$,*$!$,%&!1023(&&!'2/)-!$*6(!&24(!$%4(!*.-!

4*9!3200()*$(!'%$,!$,(!&)2'D2.&($!27!%.&/)%.D%.-/3(-!<*&2-%)*$*$%2.!>;*36!($!*):=!



!
!

NU!

"ZZP*A:!#.-((-=!@4*$&/6*.+(!*.-!b%$*&*$2!&,2'(-!$,*$!?*q=!bq!DG;I*&(!*3$%<%$9!

%.!$,(!1)*&4*!4(4+0*.(!70*3$%2.!27!7025!&6()($*)!4/&3)(!%&!":U!$%4(&!,%5,(0!%.!

%.&/)%.D&$%4/)*$(-!4/&3)(!$,*.!32.$02)!*7$(0!PT!4%./$(&:!J$/-%(&!1(07204(-!$2!
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Control L-NAME
Baseline MABP (mmHg) 113.8 ± 0.10 147.3 ± 5.1*

Baseline HR (bpm) 404.7 ± 10.6 350.8 ± 10.7 *
Baseline FBF (ml/min) 1.23 ± 0.10 0.5 ± 0.06 *

Baseline FVC (ml/min/mmHg) 0.011 ± 0.001 0.003 ± 0.000 *
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&78&49:&23#%!#29:#%-(!"#$%&'!'()*!+(&!,#'&$-.&!,$))/!

0$%1)'&!2&#'%3&2&.+!+#4&.!5)3!1).+3)$!#.-2#$'!67879:!#./!;8

<=>?!+3&#+&/!#.-2#$!67787@:A!

Animal ID Blood Glucose (mM)
1 5.2
2 5.5
3 5.7
4 5.2
5 4.8
6 5
7 5.9
8 4.1
9 7.4
10 6.8
11 3.4
12 7.8
13 8.4
14 5.6
15 5.6
16 6.5
17 6.4
18 6.2

Mean ± SEM 5.9 ± 0.3

Control

L-NAME

BB!
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NEFA (mM)  -20 min  40 min  80 min
Lean Vehicle Clamp 0.45 ± 0.03 0.09 ± 0.01 * 0.08 ± 0.00 *
Lean NAc Clamp 0.40 ± 0.02 0.08 ± 0.00 * 0.08 ± 0.00 *
Lean NAc Sham 0.41 ± 0.02 0.15 ± 0.03 *†§ 0.18 ± 0.04 *†§
Obese Vehicle Clamp 1.10 ± 0.11 0.58 ± 0.19 0.49 ± 0.18 *
Obese NAc Clamp 1.06 ± 0.09 0.36 ± 0.07 * 0.27 ± 0.05 *
Obese NAc Sham 0.74 ± 0.09 †§ 0.37 ± 0.03 * 0.33 ± 0.03 *
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In vitro recovery
Insulin concentration (pmol/L) Recovery (%)

3000 9.4 ± 0.4
1000 14.7 ± 1.8
300 3.2 ± 0.1

Inulin concentration (ug/ml) Recovery (%)
25 16.7 ± 5.2

In vitro recovery
Inulin concentration (ug/ml) Recovery (%)

25 16.7 ± 5.2

!"#$%&'()&!"#$%&'(#*%+,-%*.%/&0,*&.1/2$.1&"13&.12$.1(&!"#$%"&'"()*&")"+,&"(("-)*()*),"&)#"./*0")$1)2.$3.)
#$.#"./&*4$.)*.-)*&")5"*.)6)789)1$&)/:&"")5"*(;&"5"./()*/)"*#:)#$.#"./&*4$.<)=$.#"./&*4$.()3"&");("-)/$)
#$&&"(,$.-)/$)>"*.)*.-)$?"(")?*(*>)*.-)@8)#>*5,)'.(;>'.)#$.#"./&*4$.(A)/:;(A)BCC),5$>DE)1$&)>"*.)*.'5*>)*/)?*(*>A)
FCCC),5$>DE)1$&)>"*.)*.'5*>)*/)#>*5,)*.-)$?"(")*.'5*>)*/)#>*5,)*.-)G.*>>H)BCCC),5$>DE)1$&)$?"(")*.'5*>)*/)#>*5,<)

FII)



Stabilisation! Basal ! Clamp Phase!

Glucose (i.v variable infusion to maintain basal 
blood glucose)!

Time(min)!
-30! -20! -10! 0! 10! 20! 30! 40! 50! 60! 70! 80!

0! 2! 6!5!

Basal Steady State! Clamp Steady 
State!

4!

Insulin 10mU/kg/min (i.v constant 
infusion)!

-50!

3!

-60!-70!-80! -40!-90!

Inulin infusion (i.v constant infusion) 

7! 8!

-100!-110!-120!

ISF Sample 1 ISF Sample 4 ISF Sample 3 ISF Sample 0 ISF Sample 2 

Hyperinsulinaemic-euglycaemic clamp with microdialysis 

1

!"#$%&'()*+',%-.-/-0'$1&2'3-%'.4&'5&61$%&5&7.'-3'"71$0"7'8".4'5"/%-2"6091"1'2$%"7#'49:&%"71$0"76&5"/;
&$#09/6&5"/'/065:)!"#$%&!'()&#*$(!+,)!,-!./01!2'(3-&)4!567!),289&)!+&#&!:$99&:-&;!&<&#=!>1!2'(3-&)!?#$2!./01!
2'(3-&)4!5(39'(!'(?3)'$(!%&@,(!,-!.A1!2'(3-&)!,(;!:$(*(3&;!-B#$3@B$3-!-B&!8#$-$:$94!CD!:9,28!8#$-$:$9E!,)!
8#&<'$3)9=!;&):#'%&;E!)-,#-&;!,-!1!2'(3-&)!,(;!:$(*(3&;!?$#!A1!2'(3-&)4!5()39'(!'(?3)'$(!+,)!:$()-,(-!-B#$3@B$3-!
-B&!8#$-$:$9E!@93:$)&!'(?3)'$(!+,)!<,#'&;!'(!$#;&#!-$!2,'(-,'(!%9$$;!@93:$)&!:$(:&(-#,*$(4!F$+(+,#;!,##$+)!
#&8#&)&(-!89,)2,!),289&)4'011!



!
!

"#$!

!"#$%&'()''&*+$

!

%&!'(&)*&&+'!(,!-.+!(,-/0'*)-(0,!-0!-.(&!).12-+/!-.+/+!1/+!&+3+/14!+4+5+,-&!06!-.+!

5()/0'(147&(&!-+).,(8*+!-.1-!/+8*(/+!)1/+6*4!)0,&('+/1-(0,!(,!0/'+/!-0!02-(5(9+!

-.+!/+)03+/7!06!1!&*:&-1,)+!06!(,-+/+&-;!<.*&=!-.+!15+,'5+,-&!51'+!(,!-.(&!

).12-+/!066+/!-.+!0220/-*,(-7!-0!(52/03+!0,!-.+!5+-.0'040>7!2/+&+,-+'!(,!-.+!

4(-+/1-*/+;!!

!

?0/+!&(9+!

@A2+/(5+,-&!'+&)/(:+'!(,!B+)-(0,!C;";$$!&.0D+'!-.1-!-.+!/+)03+/7!06!:0-.!(,&*4(,!

1,'!(,*4(,!!"#$!$%!D1&!:+--+/!D(-.!1!2/0:+!D(-.!1!504+)*41/!D+(>.-!)*-E066!06!$##!

FG1!3+/&*&!CC!FG1;!H+)03+/7!06!:0-.!(,&*4(,!1,'!(,*4(,!!"#$!&'%!D1&!.(>.+/!D(-.!

-.+!CC!FG1!2/0:+=!:*-!>(3+,!-.1-!/+)03+/(+&!!"#$!&'%!1/+!>+,+/1447!5*).!.(>.+/!

-.1,!!"#$!$%!(-!D1&!50/+!(520/-1,-!-0!02-(5(9+!/+)03+/7!!"#$!$%;!!

!

<.+!+A2+/(5+,-!'+&)/(:+'!(,!B+)-(0,!C;";$$!14&0!&.0D+'!-.1-!-.+!"#!FG1!2/0:+!

D1&!,0-!&*(-1:4+!60/!-.+!5+1&*/+5+,-!06!(,&*4(,!!"#$!$%!*,'+/!-.+!2/+&+,-!

)0,'(-(0,&;!!

!

?+/6*&(0,!64*('$

<.+!+A2+/(5+,-&!06!B+)-(0,!C;";$!(,3+&-(>1-+'!-.+!02-(5*5!)0,)+,-/1-(0,!06!IB%!

(,!-.+!2+/6*&(0,!64*(';!$!J!IB%!>13+!.(>.+/!/+)03+/(+&!-.1,!"!J!IB%=!$!J!IB%!

D1&!-.+/+60/+!).0&+,!60/!*&+!(,!144!5()/0'(147&(&!+A2+/(5+,-&;!%&!'(&)*&&+'!(,!

-.+!(,-/0'*)-(0,!-0!-.(&!).12-+/=!>4*)0&+!D1&!14&0!1''+'!-0!-.+!2+/6*&1-+!-0!

2/+3+,-!-(&&*+!'+24+-(0,!06!>4*)0&+!KL0,,/0-.!+-!14;=!$MNOP;!



!
!

ETE!

!

I/41!0*$(!

;,(!(81(0%4(.$&!27!J(3$%2.!O:E:"!$(&$(-!-%77(0(.$!1/41!0*$(&!$2!(&$*+)%&,!$,(!

21$%4/4!0*$(!720!0(32<(09!27!%.&/)%.:!E:O=!E!*.-!"!µ)Q4%.!'(0(!$(&$(-:!"!µ)Q4%.!

'*&!72/.-!$2!5%<(!$,(!+(&$!0(32<(09!27!%.&/)%.:!;,(0(720(=!"!µ)Q4%.!'*&!3,2&(.!

720!/&(!%.!*))!4%302-%*)9&%&!(81(0%4(.$&:!!

!

@/$)($!$/+%.5!

@/$)($!$/+%.5!<2)/4(!'*&!3*)3/)*$(-!/&%.5!$,(!%.$(0.*)!-%*4($(0!27!$,(!BHI!

$/+%.5:!G.!2/$)($!$/+%.5!)(.5$,!27![O!34!'*&!3*)3/)*$(-!$2!,*<(!*!<2)/4(!27!O!µ)!

*.-!$,(0(720(!$2!3200(&12.-!$2!*!7%<(!4%./$(!$%4(!-()*9!7024!$%&&/(!$2!32))(3$%2.!

<%*):!;,(!C^G![VT!_(70%5(0*$(-!4%30270*3$%2.!32))(3$20!'*&!$,(0(720(!&$*0$(-!7%<(!

4%./$(&!*7$(0!$,(!%./)%.!%.7/&%2.!*.-!32/)-!$,(.!+(!$*6(.!$2!0(10(&(.$!0(*)!$%4(!

4(*&/0(4(.$&!27!$%&&/(!32.3(.$0*$%2.&=!*&!$,(!-()*9!%.!$,(!&*41)(!0(*3,%.5!$,(!

32))(3$%2.!<%*)!%&!*332/.$(-!720:!

!

H8$(0.*)!3*)%+0*$20!

G&!-%&3/&&(-!%.!J(3$%2.&!O:E:E!n!O:E:"T=!*!50(*$!-(*)!27!'206!'*&!32.-/3$(-!%.!*.!

*$$(41$!$2!<*)%-*$(!$,(!4($,2-!720!$,(!/&(!27!#./$(&$w!*.-!$,(!c*/5,!4($,2-!

720!$,(!4(*&/0(4(.$!27!%./)%.!*&!$,(!3*)%+0*$20!720!%.&/)%.:!F2'(<(0=!$,%&!102<(-!

.2$!$2!+(!12&&%+)(!%.!2/0!,*.-&:!;,/&=!$,(!'206!-(&30%+(-!%.!J(3$%2.!O:E:""!

<*)%-*$(-!$,(!/&(!27!]%2IGR`&!#./)%.!720!%.e(3$%2.!*.-!]%2IGR`&!B#;DLB_!>#./)%.A!

6%$!720!$,(!4(*&/0(4(.$!27!%./)%.!!"#$!$%!*.-!,(.3(=!*&!*!3*)%+0*$20!720!%.&/)%.:!!

!



!
!

ETN!

#.!$,(&(!(81(0%4(.$&=!%./)%.!'*&!%.7/&(-!%.$2!$,(!*.%4*)!10%20!$2!FH!3)*41!%.!

20-(0!$2!2+$*%.!&$(*-9D&$*$(!%./)%.!32.3(.$0*$%2.&!10%20!$2!FH!3)*41:!B%5/0(!O:""!

&,2'&!$,*$!%./)%.!32.3(.$0*$%2.!0(*3,(&!*!&$(*-9!&$*$(!*$!DET!4%./$(&!',(.!

+*&()%.(!4(*&/0(4(.$&!*0(!$*6(.!720!$,(!FH!3)*41:!;,/&=!$,(!%./)%.!-2&%.5!

102$232)!2.)9!-()*9(-!$,(!&$*0$!27!FH!3)*41!+9![T!4%./$(&!',%3,!&,2/)-!.2$!,*<(!

*.9!(77(3$!2.!$,(!(81(0%4(.$*)!2/$324(&:!#4120$*.$)9=!$,%&!102$232)!*<2%-&!$,(!

*--%$%2.*)!&/05%3*)!1023(-/0(!*.-!0(32<(09!0(K/%0(-!$2!%.&(0$!*.!2&42$%3!

4%.%1/41!*&!/&(-!%.!$,(!(81(0%4(.$&!27!>F2)4*.5!($!*):=!"ZZVA!2.!0*$&=!+/$!

&,20$(.&!$,(!$%4(!0(K/%0(-!$2!0(*3,!&$(*-9!&$*$(!%./)%.!32.3(.$0*$%2.!&((.!%.!

&24(!&$/-%(&!2.!,/4*.&!>Je2&$0*.-!($!*):=!"ZZZA:!

!

_(32<(09!27!%.&/)%.!!

H81(0%4(.$&!-(&30%+(-!%.!$,%&!3,*1$(0!'(0(!1(07204(-!$2!$09!$2!21$%4%d(!$,(!

0(32<(09!27!%.&/)%.!2.!3244(03%*))9!*<*%)*+)(!*&&*9&:!#$!'*&!72/.-!$,*$!%$!%&!.2$!

12&&%+)(!$2!/&(!$,(!^(032-%*!a)$0*&(.&%$%<(!_*$!#.&/)%.!HR#JG!'%$,!*!&4*))(0!

<2)/4(!$,*.!&1(3%7%(-:!;,(0(720(=!*)$,2/5,!$,(!&(.&%$%<%$9!27!$,(!*&&*9!%&!,%5,!%$!

'*&!.2$!&/%$*+)(!720!/&(!%.!$,(!10(&(.$!(81(0%4(.$&:!

!

;,(!%.&/)%.!32.3(.$0*$%2.&!%.!1)*&4*!*.-!#JB!-(&30%+(-!'(0(!*)'*9&!4(*&/0(-!

/&%.5!$,(!&*4(!%.&/)%.!*&&*9!$2!(.&/0(!$,*$!$,(!*77%.%$9!27!%.&/)%.!$2!$,(!*&&*9!'*&!

*)'*9&!$,(!&*4(=!$,/&=!4*6%.5!$,(!0(&/)$&!-%0(3$)9!3241*0*+)(:!;,%&!%&!*.!

%4120$*.$!*-<*.3(!*&!$,(!&*4(!*&&*9!,*&!.2$!*)'*9&!+((.!/&(-!%.!2$,(0!

(81(0%4(.$&!-(&30%+(-!%.!$,(!)%$(0*$/0(!>?%6)*&&2.!($!*):=!"ZZU=!Je2&$0*.-!($!*):=!

"ZZZ=!Je2&$0*.-!($!*):=!ETTTA:!G--%$%2.*))9=!&24(!%.<(&$%5*$%2.&!,*<(!/&(-!

0(32<(09!3*)3/)*$%2.&!7024!10(<%2/&!1*1(0&!$2!3*)3/)*$(!$,(!32.3(.$0*$%2.&!27!



!
!

ET[!

%.&/)%.!>F2)4*.5!($!*):=!"ZZZA:!@.!$,(!2$,(0!,*.-=!&24(!%.<(&$%5*$20&!,*<(!/&(-!

$,(!&*4(!*&&*9!$2!4(*&/0(!%.&/)%.!%.!1)*&4*!*.-!%.$(0&$%$%*)!&*41)(&!&/3,!*&!

F2)4*.5!>ETT"A!+/$!$,(!*&&*9!$,(9!/&(-!>I,*04*3%*!-2/+)(D*.$%+2-9!

0*-%2%44/.2*&&*9A!,*-!*!0*.5(!&%4%)*0!$2!$,*$!27!$,(!^(032-%*!_*$!#.&/)%.!HR#JG!

>F(04*.&!($!*):=!"ZZZA!*.-!$,(0(720(!-%-!.2$!277(0!3)*0%$9!*$!$,(!)2'(0!(.-:!!

!

#4120$*.$)9=!$,(!0(&/)$&!2+$*%.(-!%.!$,(!10(&(.$!&$/-%(&!'(0(!2+$*%.(-!/&%.5!*!

42-%7%(-!&$*.-*0-!3/0<(!&/3,!$,*$!,/4*.!%.&/)%.!'*&!4(*&/0(-!2.!*!,/4*.!

%.&/)%.!&$*.-*0-!3/0<(=!0*$,(0!$,*.!2.!$,(!0*$!%.&/)%.!3/0<(!102<%-(-!+9!$,(!

4*./7*3$/0(0:!;,%&!'*&!&,2'.!$2!+(!420(!*33/0*$(!*&!*.*)9d%.5!,/4*.!%.&/)%.!

&*41)(&!2.!$,(!0*$!&$*.-*0-!3/0<(!'*&!72/.-!$2!2<(0(&$%4*$(!%.&/)%.!

32.3(.$0*$%2.&!-/(!$2!$,(!302&&!0(*3$%<%$9!27!$,(!0*$!%.&/)%.!*.$%+2-9!'%$,!,/4*.!

%.&/)%.:!

!

F(06.(0!($!*):=!>ETTNA!4(*&/0(-!+*&*)!%.&/)%.!32.3(.$0*$%2.&!$,02/5,!$,(%0!/&(!27!

$,(!^(032-%*!a)$0*&(.&%$%<(!*&&*9!',%3,!,*&!*!-($(3$%2.!)%4%$!27!XT:Z!142)QR:!

F2'(<(0!$,%&!)(-!$2!)*05(!&*41)(&!+(%.5!.((-(-!-/(!$2!$,(!0(K/%0(-!EO!µ)!&*41)(!

<2)/4(:!G1*0$!7024!$,(&(!4(*&/0(4(.$&=!+*&*)!%.&/)%.!32.3(.$0*$%2.!,*&!.2$!

+((.!0(320-(-!%.!0*$&!*.-!$,(0(720(!+*&*)!32.3(.$0*$%2.&!27!%.&/)%.!%.!#JB!27!0*$&!

%&!.2$!6.2'.:!;,/&=!'206!'*&!32.-/3$(-!%.!$,(!&$/-%(&!27!$,%&!3,*1$(0!$2!$09!$2!

<*)%-*$(!*!4($,2-!'%$,!$,(!12$(.$%*)!$2!4(*&/0(!+*&*)!32.3(.$0*$%2.&!27!%.&/)%.:!

;,(!C09&$*)!C,(4!a)$0*&(.&%$%<(!_*$!#.&/)%.!HR#JG!'*&!/&(-!*&!%$!,*&!*!'%-(!

0*.5(!27!-($(3$%2.!*.-!,*&!+((.!<*)%-*$(-!%.!,2/&(!720!-($(3$%2.!-2'.!$2!O:[!

142)QR!>G.*)9$%3*)!L02/1=!G&$0*M(.(3*=!G)-(0)(9!I*06A:!]9!0/..%.5!*!,/4*.!



!
!

ETO!

%.&/)%.!3/0<(!%.!32.e/.3$%2.!'%$,!$,(!0*$!%.&/)%.!3/0<(!102<%-(-=!%.&/)%.!

32.3(.$0*$%2.&!32/)-!+(!4(*&/0(-!420(!*33/0*$()9:!

!

#.!*--%$%2.!$2!$,%&=!-/0%.5!%.%$%*)!!"#$!+.%!(81(0%4(.$&!%$!'*&!.2$(-!$,*$!$,(!

0(32<(09!27!%.&/)%.!<*0%(-!'%$,!$,(!1)*&4*!32.3(.$0*$%2.!27!%.&/)%.:!;,(0(720(!%$!

-%-!.2$!&((4!*110210%*$(!$2!*&&/4(!*!&%.5)(!!"#$!+.%!%.&/)%.!0(32<(09!<*)/(!720!

$,(!',2)(!(81(0%4(.$:!#.!20-(0!$2!*--0(&&!$,%&!102+)(4!$,0((!%.&/)%.!

32.3(.$0*$%2.&!'(0(!$(&$(-!720!$,(%0!!"#$!+.%!0(32<(09W!2.(!$,*$!3200(&12.-(-!$2!

$,(!+*&*)!1,*&(!%.!)(*.!0*$&=!2.(!$,*$!3200(&12.-(-!$2!$,(!(.-!27!$,(!FH!3)*41!%.!

)(*.!0*$&!>*&!'())!*&!+*&*)!32.3(.$0*$%2.&!%.!2+(&(!0*$&A!*.-!2.(!$,*$!

3200(&12.-(-!$2!2+(&(!*.%4*)&!*$!$,(!(.-!27!FH!3)*41:!;,%&!%.30(*&(-!$,(!

*33/0*39!27!$,(!4(*&/0(4(.$&!4*-(!/&%.5!$,%&!$(3,.%K/(!*&!%$!&(1*0*$(-!$,(!

0(32<(0%(&!%.$2!$,0((!+02*-!3*$(520%(&!27!32.3(.$0*$%2.&:!!

!

;2$*)!<2)/4(!27!&*41)(!0(K/%0(-!

"O!µ)!27!#JB!&*41)(!'*&!0(K/%0(-!$2!-%)/$(!#JB!&*41)(&!"!%.!"T!*.-!$2!,*<(!

(.2/5,!<2)/4(!$2!$(&$!OT!µ)!-%)/$(-!&*41)(!%.!-/1)%3*$(!2.!]%2IGR`&!B#;DLB_!

>#./)%.A!6%$:!"O!µ)!27!#JB!&*41)(!'*&!0(K/%0(-!$2!$(&$!#JB!&*41)(&!.(*$!2.!$,(!

C09&$*)!C,(4!_*$!a)$0*!J(.&%$%<(!#.&/)%.!HR#JG:!;,(0(720(!$2!*))2'!720!-(*-!&1*3(!

*.-!*.9!&4*))!/)$0*7%)$0*$%2.!27!&*41)(&=!4%302-%*)9&*$(!70*3$%2.&!27![T!4%./$(&!

'(0(!$*6(.!%.!20-(0!$2!(.&/0(!$,*$!$,(0(!'*&!(.2/5,!&*41)(!$2!*.*)9&(!(*3,!

70*3$%2.:!

!



!
!

ETP!

O7J7)(!<A>=B@5<A(

;2!&/44*0%&(=!(*3,!4($,2-2)25%3*)!32.&%-(0*$%2.!27!$,(!4%302-%*)9&%&!$(3,.%K/(!

'*&!$,202/5,)9!%.<(&$%5*$(-!%.!$,(!10(&(.$!3,*1$(0!$2!21$%4%d(!$,(!0(32<(09!*.-!

0()%*+%)%$9!27!$,(!4%302-%*)9&%&!4($,2-!%.!$,(!&/+&(K/(.$!3,*1$(0:!I20(!&%d(=!

1(07/&%2.!7)/%-!32.&$%$/(.$&=!1/41!0*$(=!2/$)($!$/+%.5!)(.5$,=!(8$(0.*)!3*)%+0*$20!

*.-!4(*&/0(4(.$!27!%.&/)%.!32.3(.$0*$%2.&!'(0(!*))!%.<(&$%5*$(-!*.-!21$%4%d(-:!

;,/&=!7024!$,(!0*.5(!27!-%77(0(.$!(81(0%4(.$*)!<*0%*+)(&!/&(-!%.!$,(!)%$(0*$/0(=!

$,(!+(&$!324+%.*$%2.!'*&!%-(.$%7%(-!%.!$,(!(81(0%4(.$&!-(&30%+(-!%.!$,%&!3,*1$(0:!!

;,/&=!$,(!0(&/)$*.$!32.-%$%2.&!'(0(!*&!72))2'&g!"TT!6S*!102+(!'%$,!1(07/&%2.!

7)/%-!27!"!Y!]JG!*.-!":O!442)QR!5)/32&(=!10(1*0(-!%.!T:ZY!&2-%/4!3,)20%-(=!

-()%<(0(-!*$!"!µ)Q4%.:!@/$)($!$/+%.5!'*&![O!34!*.-!32))(3$%2.!'*&!%.$2!

&%)%32.%&(-!5)*&&!4%302<%*)&!e/&$!+()2'!$,(!)(<()!27!$,(!*.%4*):!#./)%.=!*&!*!

3*)%+0*$20=!'*&!-()%<(0(-!*&!*!"!45Q65!+2)/&!*.-!T:TU!45Q65Q4%.!%.7/&%2.:!;,(!

102$232)!%&!0(10(&(.$(-!%.!B%5/0(!O:"O:!

!

!

!

!

!

!

!

!

!

!

!



!
!

ETV!

!"#$%&'(Q *(&FF&!%(/F(!"'/,.!(%&%'#"_0'/]./$%&'.,(%'&#%8&,%(

/,(.,G1-.,(#!!&GG(%/(%"&(81G!-&(.,%&'G%.%.#-(F-1.0(.,(/]&G&(

c1!X&'('#%G(

(

Q7)(.A94<LB>95<A(

(

G&!-%&3/&&(-!%.!$,(!L(.(0*)!#.$02-/3$%2.=!$,(!*3$%2.!27!%.&/)%.!%&!-(1(.-(.$!2.!%$&!

-%&$0%+/$%2.!+($'((.!$,0((!+2-9!7)/%-!3241*0$4(.$&:!;,/&=!%$!%&!6(9!$2!

-($(04%.%.5!%.&/)%.!&(.&%$%<%$9!27!&6()($*)!4/&3)(!*.-!%$&!4(3,*.%&4!27!*3$%2.!

$,*$!%.&/)%.!32.3(.$0*$%2.!'%$,%.!$,(!+%2D*<*%)*+)(!3241*0$4(.$!%(:!$,(!

%.$(0&$%$%*)!7)/%-=!%&!*33/0*$()9!*.-!0()%*+)9!-($(04%.(-:!G&!&/3,=!$,(!4($,2-!720!

$,(!*&&(&&4(.$!27!%.$(0&$%$%*)!%.&/)%.!32.3(.$0*$%2.!+9!4%302-%*)9&%&!'*&!$(&$(-!
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Time (hr) BH4 (umol/L) Ratio (BH4:BH2+B)
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32.3(.$0*$%2.&:!I)*&4*!%.&/)%.!32.3(.$0*$%2.&!*$!$,(!(.-!27!FH!3)*41!'(0(!

50(*$(0!<(0&/&!32.$02)!2+(&(!0*$&!+/$!$,%&!4*9!,*<(!0(7)(3$(-!.*$/0*)!<*0%*+%)%$9!

+($'((.!2+(&(!M/36(0!0*$&!1/03,*&(-!*$!-%77(0(.$!$%4(&!0*$,(0!$,*.!*.!(77(3$!27!

]F[:!;,(0(!'(0(!.2!&%5.%7%3*.$!3,*.5(&!%.!#JB!%.&/)%.!32.3(.$0*$%2.!'%$,!]F[!

$0(*$4(.$=!+/$!$,(0(!'*&!*!$(.-(.39!720!*.!%.30(*&(!<(0&/&!32.$02)!2+(&(!0*$&!*$!

+*&*)!*.-!-/0%.5!FH!3)*41!32.-%$%2.&:!
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!"#$%&'() *(+&,&'#-(./0!100/2,(

!

%&'!()'*+,,!+-./!(0!1&-/!1&'/-/!2'*'!1(!3/'!1&'!&45'*-6/3,-6+'.-7!'38,47+'.-7!

9:;<!7,+.5!-6!*+1/!1(!0(,,(2!1&'!*',+1-(6/&-5!='12''6!-6/3,-6>-6?37'?!.3/7,'!

)+/(?-,+1+1-(6!+6?!8,37(/'!351+@'!-61(!/@','1+,!.3/7,'A!B(1+=,4C!1(!'D+.-6'!

2&'1&'*!1&'/'!'00'71/!+*'!BE>?'5'6?'61!+6?!2&'1&'*!1&'4!+*'!,-6@'?!1(!

631*-1-(6+,!/1+13/A!!F3*1&'*C!'D5'*-.'61/!2'*'!7(6?371'?!1(!-6)'/1-8+1'!1&'!

-60,3'67'!(0!5,+/.+!0*''!0+114!+7-?/!(6!-6/3,-6>-6?37'?!)+/(?-,+1+1-(6C!8,37(/'!

351+@'!+6?!-6/3,-6!/'6/-1-)-14!3/-68!6-7(1-6-7!+7-?!9BG7<!1(!?'7*'+/'!5,+/.+!0*''!

0+114!+7-?!7(67'61*+1-(6/A!!

!

H-67'!1&'!0+71(*/!1&+1!*'83,+1'!1*+6/>'6?(1&',-+,!1*+6/5(*1!9%;%<!+*'!367,'+*C!

.'1&(?(,(84!2+/!?')',(5'?!1(!'6+=,'!-61'*/1-1-+,!7(67'61*+1-(6/!(0!-6/3,-6!1(!='!

0(,,(2'?!?3*-68!:;!7,+.5!=4!3/-68!1&'!1'7&6-I3'!(0!.-7*(?-+,4/-/A!!!!!

!

J-)'6!1&+1!1&'!(='/'!K37@'*!*+1!5*()-?'/!+!3/'03,!.(?',!(0!%45'!"!?-+='1'/C!

7(.5+*+=,'!'D5'*-.'61/!2'*'!1&'6!5'*0(*.'?!(6!(='/'!+6?!,'+6!K37@'*/!1(!1'/1!

2&'1&'*!7&*(6-7!+?.-6-/1*+1-(6!(0!1'1*+&4?*(=-(51'*-6C!+!7(>0+71(*!0(*!BE!

/461&'/-/C!7+6!-.5*()'!.3/7,'!)+/(?-,+1+1-(6C!1*+6/5(*1!(0!-6/3,-6!-61(!

-61'*/1-1-3.!+6?!8,37(/'!351+@'A!!!

!

%&'!-6-1-+,!/13?-'/!?'/7*-='?!-6!1&-/!1&'/-/!/&(2'?!1&+1!:;!7,+.5!2-1&!

/35*+5&4/-(,(8-7+,!7(67'61*+1-(6/!(0!-6/3,-6!?-?!6(1!+00'71!LGMN!(*!:OC!=31!

7+3/'?!)+/(?-,+1+1-(6!-6!1&'!&-6?,-.=!.3/7,'!(0!P-/1+*!*+1/!7(.5*-/-68!+6!

-67*'+/'!-6!FQR!1&+1!2+/!/-86-0-7+61,4!?-00'*'61!0*(.!=+/',-6'!0*(.!$S!.-631'/!
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%&'()*+!(&*!,(-.,(/!(0!#1!,.&203+4!563!789!)3:2.)3*!0%!,(.&0(.&!;/%%*!</2=%+3!

/3>3/+!(0!?4@!,A!'(+!(/+%!+.<&.B.=(&0/C!.&=)3(+3*!B)%,!;(+3/.&3!;C!063!DE!=/(,F!

B)%,!G$!,.&203+!%&'()*+!(&*!063)3B%)3!%==2))3*!,2=6!;3B%)3!063!.&=)3(+3!.&!

HIJ4!K*,.&.+0)(0.%&!%B!LMNKAE!0%!.&6.;.0!NO!+C&063+.+!F).%)!0%!DE!=/(,F!

=%,F/303/C!(;%/.+63*!063!.&+2/.&M.&*2=3*!.&=)3(+3!.&!HIJP!;20!+.<&.B.=(&0/C!

.&=)3(+3*!789!)3:2.)3*!0%!,(.&0(.&!;/%%*!</2=%+3!=%&=3&0)(0.%&!(0!?4@!,A4!

!

563!%;+3)>(0.%&!%B!.&=)3(+3*!789!*2).&<!DE!=/(,F!.&!)3+F%&+3!0%!LMNKAE!

=3)0(.&/C!'())(&0+!B2)063)!.&>3+0.<(0.%&!(+!.0!'(+!2&3-F3=03*!;(+3*!%&!3>.*3&=3!

.&!063!/.03)(02)3!Q+33!R3=0.%&!"4?S4!80!'(+!+2<<3+03*!.&!J6(F03)!"!06(0!063!.&=)3(+3!

.&!789!,(C!6(>3!)3B/3=03*!(&!3BB3=0!%B!(*3&%+.&3!%&!</2=%+3!0)(&+F%)0!+3=%&*()C!

0%!(&!.&=)3(+3!.&!,2+=/3!(=.*%+.+!.&*2=3*!;C!063!/%'3)!,2+=/3!;/%%*!B/%'!(B03)!LM

NKAE4!56.+!=%2/*!;3!03+03*!;C!3-F3).,3&0+!.&*2=.&<!(*3&%+.&3!)3=3F0%)!

;/%=T(*3!(B03)!LMNKAE!(&*!;C!,3(+2)3,3&0+!%B!6C*)%<3&!.%&!3BB/2-4!D%'3>3)P!.0!

'%2/*!(/+%!;3!.,F%)0(&0!0%!3+0(;/.+6!'63063)!DE!=/(,F!=%&0.&23+!0%!.&=)3(+3!

789!(B03)!LMNKAE!3>3&!'63&!;(+3/.&3!;/%%*!B/%'!.+!)3+0%)3*4!56.+!.++23!.+!

.,F%)0(&0!.&!(&%063)!)3+F3=04!H%)P!(/06%2<6!063!=%,F/303!)3,%>(/!%B!.&+2/.&M

.&*2=3*!>(+%*./(0(0.%&!;C!LMNKAE!.&*.=(03+!06(0!063!)3+F%&+3!.+!NO!*3F3&*3&0P!

06.+!)3+2/0!+6%2/*!;3!.&03)F)303*!'.06!=(20.%&4!562+P!NOR!.&6.;.0.%&!;C!LMNKAE!

)3,%>3+!063!0%&.=!>(+%*./(0%)!3BB3=0!%B!NO!;C!*3=)3(+.&<!063!=%&=3&0)(0.%&!%B!

=7AU!.&!063!>(+=2/()!+,%%06!,2+=/3!(+!'3//!(+!;C!.&6.;.0.&<!(&C!&3'!+C&063+.+!

%B!NO4!563)3B%)3P!&%0!%&/C!'(+!;(+3/.&3!AKVU!)(.+3*!(&*!;(+3/.&3!HVH!*3=)3(+3*!

(B03)!LMNKAEP!;20!063!=%&=3&0)(0.%&+!%B!NO!(&*!=7AU!06(0!()3!&%),(//C!F)3+3&0!

.&!063!>(+=2/()!+,%%06!,2+=/3!(&*!%063)!=3//+!()3!)3,%>3*4!563)3B%)3P!(!=/3()3)!

3-(,.&(0.%&!%B!063!)%/3!%B!NO!.&!.&+2/.&M.&*2=3*!>(+%*./(0(0.%&!=%2/*!;3!
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$%&'()*+!(,!&-*!.'/*!*01*2(/*)&.!3*2*!2*1*'&*+!()!4$)56)4&($)!3(&-!')!78!

49'/1:!;$)4622*)&!(),6.($)!$,!'!78!+$)$2!<.64-!'.!=7>?!3$69+!2*@*.&'%9(.-!78!

')+!4AB>!%'.*9()*.!&$!)$2/'9!1-C.($9$D(4'9!4$)4*)&2'&($).!3-(9.&!()-(%(&()D!&-*!

12$+64&($)!$,!)*3!78!%C!*78=:!E-(.!3$69+!&-*)!&*.&!3-*&-*2!&-*!().69()@

()+64*+!()42*'.*!()!FG;!(.!78@/*+('&*+!')+!3$69+!+*/$).&2'&*!3-*&-*2!

()-(%(&($)!$,!)*3!78@.C)&-*.(.!*,,*4&.!AHI!*J*)!3-*)!&$)(4!9*J*9.!$,!78K!4AB>!

')+!%'.*9()*!1*2,6.($)!'2*!2*.&$2*+:!

!

H)!;-'1&*2!LK!&-*!J'.$+(9'&$2!'4&($).!$,!().69()!3*2*!4$/1'2*+!()!')(/'9.!$,!

+(,,*2*)&!)6&2(&($)'9!.&'&6.M!NO!49'/1.!3*2*!4$)+64&*+!()!,*+!')+!,'.&*+!P(.&'2!

2'&.!3(&-!&-*!')(/'9Q.!%9$$+!D964$.*!9*J*9.!49'/1*+!'&!&-*(2!$3)!9*J*9:!R9$$+!

D964$.*!4$)4*)&2'&($).!')+!AHI!3*2*!.(D)(,(4')&9C!-(D-*2!()!&-*!,*+!2'&.!&-')!()!

&-*!,'.&*+!2'&.:!P-'&!(.!/$2*K!,*+!2'&.!*0-(%(&*+!().69()@()+64*+!J'.$+(9'&'&($)!

+62()D!NO!49'/1K!&-'&!3')*+!,2$/!ST!U!VTT!/()6&*.!3-*2*'.!,'.&*+!2'&.!.-$3*+!

)$!.(D)(,(4')&!4-')D*!()!FG;!3(&-!'!./'99!+*42*'.*!%*D())()D!'&!WST!/()6&*.:!H&!

&-*2*,$2*!.**/.!&-'&!&-*!/6.49*!J'.$+(9'&'&($)!*J$X*+!()!2*.1$).*!&$!NO!49'/1!

/'C!%*!9()X*+!&$!D964$.*!/*&'%$9(./K!2'(.()D!&-*!1$..(%(9(&C!&-'&!'!/*&'%$9(4!%C@

12$+64&!$,!D964$.*!/*&'%$9(./!/'C!%*!()J$9J*+!()!().69()@()+64*+!

J'.$+(9'&'&($):!E-(.!9*+!&$!,62&-*2!4$).(+*2'&($)!&-'&!'+*)$.()*!/'C!%*!'!

4$//$)!9()X!%*&3**)!&-*!/*&'%$9(4!')+!J'.$+(9'&$2!*,,*4&.!$,!().69():!H&!3$69+!

&-*2*,$2*!%*!()&*2*.&()D!&$!4$)+64&!NO!49'/1.!()!,*+!2'&.!6.()D!')!'+*)$.()*!

2*4*1&$2!')&'D$)(.&!.64-!'.!Y@1-*)C9&-*$1-C99()*!&$!()J*.&(D'&*!&-*!2$9*!$,!

'+*)$.()*!()!%$&-!D964$.*!61&'X*!')+!().69()@()+64*+!J'.$+(9'&'&($)!()!2*.1$).*!

&$!NO!49'/1:!H,!&-*!2*.69&.!.6DD*.&*+!'!2$9*!,$2!'+*)$.()*!&-*)!&-(.!4$69+!%*!

,62&-*2!*019$2*+!%C!6.()D!.*9*4&(J*!ZV!')+!Z"!2*4*1&$2!')&'D$)(.&.:!
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%&!'()!)*++,)&,-!&.(&!&.,!'(/0/+!12!&.,!3*)45,!6()1-05(&(&01/!0/!&.,!2,-!7(&)!(/-!

&.,!5(&,!&7,/-!217!6()141/)&704&01/!0/!&.,!2()&,-!7(&)!7,25,4&,-!&.,!6()141/)&704&17!

0/25*,/4,!12!)839(&.,&04!/,76,!(4&060&8!4(*),-!:8!0/)*50/;!%&!'1*5-!:,!0/&,7,)&0/+!

&1!&,)&!&.0)!:8!7,9,(&0/+!<=!45(39)!(2&,7!!!7,4,9&17!(/&(+1/0)&)!17!(2&,7!

-,/,76(&01/!12!&.,!.0/-503:;!!

!

=>9,703,/&)!0/!?.(9&,7!@!',7,!-,)0+/,-!&1!0/6,)&0+(&,!&.,!,22,4&)!12!(4*&,!

7,-*4&01/!0/!95()3(!AAB!0/-*4,-!:8!CB4!0/2*)01/!1/!0/)*50/D0/-*4,-!

6()1-05(&(&01/!(/-!+5*41),!*9&(E,!0/!5,(/!(/-!1:,),!F*4E,7!7(&);!G.,),!

,>9,703,/&)!',7,!9,72173,-!*)0/+!9,/&1:(7:0&(5!(/(,)&.,)0(H!'.,7,()!97,601*)!

,>9,703,/&)!.(-!:,,/!9,72173,-!*)0/+!B52(>(/!'.04.!0)!E/1'/!&1!5,(6,!&.,!

(*&1/1304!41/&715!12!&.,!?IJ!0/&(4&;!%/!&.,),!,>9,703,/&)H!&.,!5,(/!7(&)!',7,!

+06,/!51',7!-1),!12!0/)*50/!&.(/!0/!&.,!97,601*)!)&*-0,)!1/!K0)&(7!7(&)!LMN!6);!ON!

3PQE+Q30/R!(/-!1:,),!7(&)!',7,!+06,/!"N!3PQE+Q30/!7,25,4&0/+!&.,!E/1'/!

0/)*50/!7,)0)&(/4,!12!1:,),!F*4E,7!7(&);!S*70/+!<=!45(39)!1/!&.,!5,(/!F*4E,7!

7(&)H!TBUV!'()!)0+/0204(/&58!-,47,(),-!:,51'!:(),50/,!0/!())140(&01/!'0&.!&.,!

0/47,(),!0/!AI?!(/-!&.,!0/47,(),!0/!AI?!'()!31/19.()04W!&.,7,!'()!/1!'(/0/+!

-*70/+!&.,!5(&,7!9.(),!12!&.,!<=!45(39;!G.0)!-0)9(70&8!'1*5-!:,!41/)0)&,/&!'0&.!

&.,!97191)(5!&.(&!&.,!),41/-(78!'(/0/+!0)!4(*),-!:8!0/)*50/D0/-*4,-!0/47,(),!0/!

)839(&.,&04!/,76,!(4&060&8!217!B52(>(/!0)!E/1'/!&1!97,),76,!(*&1/1304!2*/4&01/!

:,&&,7!&.(/!1&.,7!(/(,)&.,&04);!C,6,7&.,5,))!9,/&1:(7:0&(5!0)!E/1'/!&1!:,!

97,2,7,/&0(5!0/!)&*-0,)!12!+5*41),!3,&(:150)3!(/-!&.,7,217,!'()!-,,3,-!&1!:,!

&.,!317,!(9971970(&,!3,&.1-!12!(/(,)&.,)0(!217!)*:),X*,/&!,>9,703,/&)!
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%&'()*+&%!*,!-.*'!-.&'*'!/'!*-!/0012&%!(134/)*'1,!2*-.!45+0*'.&%!4/4&)'!-./-!

./6&!3/*,07!5'&%!4&,-1+/)+*-/0!81)!&94&)*3&,-'!*,6106*,:!;<!(0/34!*,!)/-'=!

!

>,!-.&!&94&)*3&,-'!18!?./4-&)!@A!BC(!-)&/-3&,-!2/'!,1-!31)&!&88&(-*6&!-./,!BC(!

-)&/-3&,-!*,!(13+*,/-*1,!2*-.!;<!(0/34!/,%!-.&)&81)&!-.&!&88&(-'!'&&,!(/,!+&!

/''53&%!-1!,1-!+&!B<DC!3&%*/-&%=!

!

;12&6&)A!*,!0&/,!)/-'A!BC(!&,./,(&%!35'(0&!6/'1%*0/-1)!)&'41,'&!-1!;<!(0/34!*,!

-./-!0/):&)!(./,:&!1((5))&%!&/)0*&)!/,%!*,!1+&'&!)/-'A!BC(!)&6&/0&%!/!35'(0&!

6/'1%*0/-1)!)&'41,'&!-1!;<!(0/34E!-.&7!'.12&%!,1!(./,:&!*,!DF?!*,!)&'41,'&!-1!

;<!(0/34!/01,&=!BC(!*,85'*1,!/01,&!%*%!,1-!(/5'&!/,!*,()&/'&!*,!DF?!*,!&*-.&)!

0&/,!1)!1+&'&!)/-'=!!

!

G>H!)&I5*)&%!-1!3/*,-/*,!&5:07(/&3*/!2/'!35(.!012&)!*,!1+&'&A!-./,!0&/,!)/-'!

/,%!-.&!*,*-*/-*1,!18!-.&!*,()&/'&!*,!G>H!2/'!/0'1!35(.!'012&)!*,!1+&'&!-./,!0&/,!

)/-'=!BC(!*,85'*1,!%5)*,:!;<!(0/34!*,()&/'&%!-.&!%&6&0143&,-!18!-.&!*,()&/'&!*,!

G>H!*,!0&/,!)/-'!/,%!*,()&/'&%!-.&!J)/-&!18!*,()&/'&K!*,!1+&'&!)/-'!*,%*(/-*,:!

41'*-*6&!&88&(-'!1,!G>H!*,!+1-.=!;12&6&)A!/'!&94&(-&%!BC(!-)&/-3&,-A!%*%!,1-!

/0-&)!*,'50*,!'&,'*-*6*-7!3&/'5)&%!/-!-.&!40/-&/5!18!-.&!;<!(0/34!(1,'*'-&,-!2*-.!

-.&!'.1)-!4&)*1%!18!-)&/-3&,-!2*-.!BC(=!

!

L.&!8/(-!-./-!-.&!*,()&/'&'!*,!G>H!1((5))&%!&/)0*&)!*,!-.&!;<!(0/34!-./,!-.&!

*,()&/'&'!*,!DF?!*,!+1-.!0&/,!/,%!1+&'&!)/-'!'&&,!/-!-.&!&,%!18!;<!(0/34A!/:/*,!

41*,-'!-12/)%'!/!)10&!81)!/%&,1'*,&!1)!'13&!1-.&)!4)1%5(-!18!35'(0&!3&-/+10*'3!

*,!*,'50*,M*,%5(&%!6/'1%*0/-/-*1,=!>-!2150%!-.&)&81)&!+&!*,-&)&'-*,:!-1!)&4&/-!-.&!
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%&'%()*%+,-!./!012',%(!3!4-)+5!2+!26%+.-)+%!(%7%',.(!2+,25.+)-,8!91%!2:);),<!./!

=>7!,.!)+7(%2-%!7?@A!7.+7%+,(2,).+-!)+!-B%;%,2;!*4-7;%!2+6!C2-74;2(!-*..,1!

*4-7;%!'(.C)6%-!2+.,1%(!*%712+)-*!:<!D1)71!=>7!*2<!12C%!2//%7,%6!,1%!

)+-4;)+E)+647%6!C2-.6);2,2,).+8!914-F!(%'%,),).+!./!,1%!GH!7;2*'!%&'%()*%+,-!

4-)+5!2+!)+1):),.(!./!7?@A!'(.647,).+!-471!2-!*%,1<;%+%!:;4%!D.4;6!2;;.D!

)+C%-,)52,).+!./!,1)-!'.--):);),<8!I,!*2<!2;-.!:%!,12,!,1%!2:);),<!./!=>7!,.!

277%+,42,%!,1%!%2(;<!'12-%!./!,1%!)+7(%2-%!)+!?IJ!)+!:.,1!;%2+!2+6!.:%-%!(2,-!D2-!

(%;2,%6!,.!2+!)+7(%2-%!)+!7?@A!)+!-B%;%,2;!*4-7;%!/):(%-8!

!

I,!D.4;6!:%!)+,%(%-,)+5!,.!4+6%(,2B%!;.+5%(!%&'%()*%+,-!D),1!=>7!'2(,)74;2(;<!,.!

%-,2:;)-1!D1%,1%(!(%647)+5!KK>!)+!.:%-%!L47B%(!(2,-!D),1!71(.+)7!26*)+)-,(2,).+!

./!=>7!M.(!2+!2+2;.54%!./!=>7N!72++.,!.+;<!/27);),2,%!)+-4;)+E)+647%6!

C2-.6);2,2,).+!:4,!2;-.!)*'(.C%!)+-4;)+E-%+-),)C),<8!

!

O-)+5!,1%!(%-4;,-!./!%&'%()*%+,2;!012',%(-!"F!P!2+6!3!./!,1)-!,1%-)-!,1%!/.;;.D)+5!

6)25(2*!MK)54(%!Q8RN!)-!2!-71%*2,)7!./!,1%!'(.'.-%6!)+/;4%+7%!./!*%,2:.;)7!:<E

'(.647,-!./!5;47.-%!M/.(!)+-,2+7%!26%+.-)+%N!.+!,1%!C2-.6);2,.(!27,).+-!./!)+-4;)+!

2,!6)//%(%+,!;%C%;-!./!,1%!C2-74;2(!,(%%8!

!

!

!

!

!

!

!
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