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ty Sas’ Saal chy Gu Lie cys Ala fyy Ala Ale Oye ‘The Gly Maa! Seat Cya {SEOHD NG M87
rhe fe Ras’ Xas’ Sly Mn Pe Cys Ala Fyy Ala ala Cys ‘Thr Gly das! Oys Xaar (SEOIO NC 2489:
Ly ys Kat Rae? Bry BP Re yw AIR Bye Ale Ala Cys Thr Gly Cys Kast {SROIO Ren Ah ees

Bly. Tar Cys Ras! Kear Gly Glu We Dye Ala Tyr Ala Aly Cys TRE Gly Gye Kae! Yan? {SEQAO Baga
Qhy Yhe Cys Asar Gly Kaw? Glir tle ye Ala lhyy Ala Ala tye The Gly cys {BEOHD NOE 2484
hy eas Gy Xow! Sait Qu Tae Cys Ala dyx Ale Als Cyn tay sly cys (SEQ NO: 2492
Shy Sas! Gly Taal xaat Rage Qiu Ge Cyr Ala tyr ale Ale Cys Thr Shy cys SHONe 2403
ky “yt Naw? hye “Hig Ras? Tle Oye Ala Tye Abi ALA Cee he Gy nye (SBE NO wat”
525 : Ove Ghy Mas Glu fle Sea’ Cye Ale Tye Ale Ale Oye Thr Gly ove {SEGHD NO;  

}
}
}
}
}
}
}
3

98 }
. Tye Baa’ aly 3 Siu tle Cya Xeat Sia Tyr Ala dla Cys TRY Gly Ove GEA AO: 2406 }
HUY AGKT Gy Baa! Raa’ Glu Cle Cys Bia Naa? Byer Ala Ale Lys The Gly tye fataht, ed4er7 }

‘hy Dyn Bxer Why Ras! Xaat Glu dle Cye Ada ‘tye Kaas Ala Rin Oye The iy cys GSEONG MO Seea}
Raw’ Oy ABA’ Yaat Sia Kid oye Ala Tyr Ala Xaat RlA CYR "the Gly dye GGEOU NO:saap }
faa’ oly Xaa? Jaa Glu Tle Cys Ala Tye Ala Ala Kaa’ Qyee Thr @y tys (ORD NG SSEN j
Raa’ Bly Ava’ fant Siu Mn Cys Ala Tye Bis Abs Cye Naat Thy Gly oye ASEGHD Nee Vsth }
Raa Biy Saat Yaut da rin Sys Aka Tyr Sis Ala Cys thr Xaa’ Gly cys gakQio NO 2bae }
Rea? Gly Kaa’ Xaat Gly Ye Sys ala Tyo Ala Ala Cys The why Neat Cys (REQNTE DAR}
Raa’ Wy Haat Yes! Glu Vie cys Ale Tee Ale ala Qes Une Gly cys Rea? EOIONO: BW |
‘daa’ OYy Raa’ Glu Kael Fle dye Ala Tyr Ala Ala Gye Thy Sly Gye (SECHO NGL ZSOS: }
‘Raat Ghy Maa? Wha Xéat Ras’ Tle Oys Ala Tyr Ma Ale Oye Thr Gly tye (SEGRE NO; 2808 )
Kaa’ Yly Maal Wie Kao’ Te kgat oys Ala Dr Kis Ala Cys TRe Glyoye (GEQID NO: 2507 }

}:

  

6

 

Raal Shy Nas! Gie Xaai die Cys Xus' Ala Tyr Bla Ala Gye Thy Gly Oys (SEONG NO: 2508
Baa! Gly Nas! Gi Xs’ Lie Qye Ale Xaat Pyx Ala Ais Oyx The Oly ays (SHONO ARG
Mas! @ly- 29s? Gky Naat Yas Sys Ala Dye Raa’ Ala Bis Cya Thr Sly Gye (SERID Noh 2O10 )
Maat @hy tual @hi kaa? Tle Cys Ala Tye Ale Kaa’ Ble Cyw Thr OTy Gye IMEOIDNO: 2tt )

Gy Yan! Gly Xan’ Tle Cys Ala Qe Ala Ala Naat Gye The Gly cya GRAIN NG 2512}
Kaa! @ly Naa’ Gin Xaat Be, Cys Ala Tyr Ala Ala Cys Sas’ Thy Gly cys (SECRD ROCEES »
Raai aly Naat Gu Xeat die Ok Ala Tyr Ala Ala Cys. Thr xaat Sly Oya (GEGNO: RBIs)
Raa’ Gly Maat Gu kee! dle Cyt Ale DaMa Ale Gye The Gly Yas! cya {SSQND NO 2815

- Naat @lp Xaat Gla kant Gle Cys Ala Tyr Ala Ala Cys The Gy dys Kaa (SRQUE RO 2818.)
Raa’ @ly Naat Gly Vie Seat cys Abe Tye BlaAig Cys Thy Gly Cys {SEQ NA 25}

ys Sea@ly Ras! Plu Tie Sea Nast Spe hia rye Ala Waa Uys Thr Gly oye (GEQUENG: 2518 }
Kaat Gy Xas! Sly The Kus" Cys Kaw ala Tye Ala Ale. Cys Thr Sly cya (GEOQNINO: 2549 3
Kaa’ Gly faa! Glu fla Baa! Oya APS kaet Nyr Ale Ale Cys the Sly Gye (HRGHD NO: 2820 }
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Cys Sins! Gly Naw’ Glu le Xaat Sys Ala Vy Raa! nla Ala cya The Gly oye (SGNosed }
y Cya Nag? Gly Ned? Glu Tig wad’ Cye Ale Dyz Ala Raa’ Ala Oye The Gy Dyes (SEORO 2822 }

Oye Ssal Shy Sant Slo Me Naat Gp Ala ‘yx Ala Als Mast Gye The Gly Oye {SEQHO: 2529
Ye Sye Kent Gly Xeat Gia Tle Max! Cya Ble Tyx Ala Ala Cys-Naa! Thr Gly cys MeOIO NCBead

y cya by x 2 Ile Xea? Cys Ala Tye Ale Ala Cys ‘Te Raa! Olly Cye. GEOG Ato8es }
he Oya Kant Gly Kaa! Gia Tle Xaat Cre Ala Tyr Ale Ala Cys Thr Sly xas' Gye 8

pealys Kaa Gdy xaal Stu cle Xpat Gye Aka yr Als Ale Oye The Oty Cye Eaae

if
{SROQH3 NOL 2828

ere : {SERID NOL 2earCys Nas? Gly Naa! Qa Tie Cya Kaa’ Ala‘tyr Ale Ala Oys ‘The Ghy° Oye (st
{Se
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Bro ¢ cys 3? G3 TNs Gye Kast daat Ala dyr ala Ble Cpe Thr Oly Cys {SEOM ND: 2829
Bro ¢ y Oye Nan? of 1 Gi The Cya Ksat Ada Raa? Tye Ala Als dye the Sly ye (SEOIo NO: 25S

¢ fys Ses® Uly Now! Gu (ie Gye Xaet Albu Tyr Kaa’ Als Ala Oye Thr oly
p tye asa! Gly. Sag! chs die Gye Raat Ala Vyr Ada liad! Ala Oye Thr Ghy fac (SESHNO: 3622
P OYS Kee' Biv Kea’ Gia Die Cys Baa? ala Tye Als Ala Zea! Cex ‘Ne Gly Cys (SEQR NO: 2833

tye Kast hy kat Glu Da tye Rast Aka Gyr Als Ala fys Qos? ‘the Gly oys (SEQNEY a5ye Kae Sly Kaa’ Glu Tie Oye Saat Ala Tyr Al« Ala Oys ‘hr fae Gly Cys GSEENE NO: 2585 }
xy 4aa! Glu The Gys Kant Ala Tyr ale Mla tye *
Ly Haat Qh Vin Gye as Als Tyr Ale Ala Cyetye fas! Gly Nas! Gu Ike Gye Als Sus! Tye Ala Ada Gye Sly cys (SHOW: NO: ae

y Cys Bad Gly Yas! Glu Tle ye Bla Sea! Xaal Tyr Ala Ala Cys The Giy Cya’ (SRGINOL 2598
tye Yau? Gty Nea’ Gig we cys sla: Kaa’ Tye Xwa! Ria Ala Cys Thr Gly Oye (GEcHD Ney eese

Y Oye Raa’ Bly Neal Wy Tie Cys Ala Xaa’ Dyr Als Kaas Ala Oye She Gly Qye (QEQID Nth 254) }
Dye San! Sly Raat Gldle Cys Ala Kee! Tyr Ala Ala maa? Oys Thr Ghy Oye (GEGID Ni2842}Ness Real dye Keath ola yie Gee Ale Kaat Tyr Ala Bla Gys Real thr tly fys (SEQIE NOs 2843 ,

foe Ses Baa Sy Tan’ Gli Ile Gye ala Moa! Tyr Ala Ala Cys Thr kas? Gly cys (SEONow asad }
Dye Raat Sly Aeal Gin Tie Cya Ala Naat Tyr Ale. Bln Cys he Ghy Jaal Uye SEONO: ges

Bye Naa’ Bly aaal G1U Te Cys Ala Nas! Tyr Ale Als Cys Thr @ly fyn Kaw’ (SECO NO: B48 |
iy Raa’ Bly Kaa’ Glo Tle Cys Ale: tyr Raat Ala Alu Cys Tix GLY cya. iSECKO NCe 2eet

 fye kaa sty Kad? Ola We flys Ola yx Bae? Kaa’ hla Ala Cye “Far. Oy dys “(SENDNO: 8us
eyo Jan! Gly Raat Glu fe cys Ala Tyr Yaa! ala Maa! Ala Cys The Glycys {seoNoss
Oye Bar’ Oly Raa’ Gly Tle Cys Ale Tyx Naat Als Bla Maa’ Cys Thy ¢aly cys {SEQNG aS

Ry. Cyn Mew’ Sly Raat Qiw Tle dye Ala Tyr Maal ala Als Qyew Naa! The Gig Cye (SRO NOxEES
Cys Rawk Xie cya ala Tye Kaa’ AlaAla Cys ‘thr aa’ Sly Gye {SRCHO NCH2602

Gly Phe Oy Saat {SRQID RO. 285

fue Gly thr Oyo Ava? Giy Real

BeShe Cys Raat &
y Cys Raat & B Why Kea? Oya SECO KO:2826iySys Yaa? [SEQUYHO: 2bU7

8Sf
&
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(BBQ WO: 2568 )
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(Sau NOrgers |
(SEGNG: 2872 }
(SED Nee 2873 }y

:
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}
}
}
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{SEQ MOCASTS |
CORONOS R678
(SSONO: gare
(SERDNG:2578
{SEQRDNY: 2578
(GHD Nok 2580
{SEONk 2884 }
(SEHQRY WA2582. }

(SEQHO NE2888 )
{SEQNe BBs }
{SEQ NO: BERG }
{SERN NIK. 2586}
{SEQNE 2687 }
(SEGRE Nise 2588 7
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: Cya Nes! Gly Glu Kaa! Nast Ue Cye Rls vyt Ala-Sav! Ala Cys THY @ly cvs
f Cyn Rae? Gy Wa Kaa! Seat Wer Ove AL& ye Ada Ala Xue? tye Tee Uly tye

B Cys Kaa OLY Gy hia? Kaa’ Eke Gps Ala DyrAla Ala Oya Nas! The Shy cve
y Cyn Zaal Xan’ Kdat Pie Cys aha Ter AlR Ala Cy Thy Rue? Sly Ove

Dy Kar’ x Naa’ Xan’ te Cve Aja Tyr Ale Ala flys ‘Shr Gly Naa! aya
hy oys Kaa Bly ant Baa? Ya Oya Ala ‘tyr dle Ala cys ‘thy ely les Kast
Bye Ue Cys Raat aby 1eaas The Zant Oya Bla ys ale Ata oys Thy ayy OSs
Sky The Gyy Naat GRy dla Sew? Se kaa Bayt Cys Ala Tyr Ala Ala dys Thy Shy oye
Gly Cys Host Ghy Glu Naa’ Le Yas! Cys kag’ Bla tye Als Ala Cys Tur GlyCys
SLy Thy Gye Naa! Gly Gla Kea! Ta Xawt dye Ala Nast Tyr Ale Sle Oye thr Gly oye
Bly Phe Cys Xa? Gly Blu Kaa’ Pie Kea’ Uye Aka Tyr. Nas!’ Ale Aly dye The Ghy ops
Bt yoThs ays Kaw hy Slo Kaa’ Lis Raa? Oye Sls Tyr Ale Aas’ Aba ya Thr Sty. dys
Bly The Oys Kaa aly Gia Xas* The Kees Oye Ale Dvr Ala Als Kaa? Oys Tar Gly tye
Siy The Oye Kaa’ Bly Glu fast The Kaa’ Pye Ala dyer ala Ale Cys Xaal the Gly tye
Giy Rig Cys Raat Gly Gly Mast Fhe kaee cys Ala. Tye Als Ale Oye Thy kaa! Gly cys
Shy The Cys Raat hy Haat The kaat cys Aka Syr Ala Rha Cys Thr Gly vasa’ cys
Sty ther: ys Mast Le Kant Cys Aka Sve Ala Ala Oya ‘SheShy(ye Nea!
Shy vhe ¢ i gf. Naa’ Tle Gye Naa! Mia TyeAla Ala Oye The diy oes
Sky The ¢ Ly Mas’ Yle Cya Kaw’ Naat Ala tyr Ale Ala Cys The G1} cya
Shy Phe ¢ ly Gig Kae’ Pla Cys Kaa! Als Kaa’ Tyh Als Ala Cys The Gly tye
Giy Tae iy Kan’ 226 Sye Kage Ala Nyy Maa’ Ala Ake Oye The Sly oye

Bem Gly ye Cys Naa! aly Gia Keat Tle Gya-Kaa’ Aba Tye Ale Mast Ala Sys Thr oly cys
Bre Gy The Cys Nea! Gly Gia Kael Pie Cya Kaa’ Ala Tyr Ale Abs Aaa’ Oye The ely Cys
Bea Gly THe Cys. Neat Ghy Gia Kaat tle Cys Zaat Ale DykAle Ale. cyy Naa! TheBLY Gye
Pre UWly The Cys. Asa’ Gly Gla. Kaal Lie Cys Aas’ Ale Tyr Ale Ala Oyx ‘Pir kaal Gly cys
dea ty Por Oye Nas? Gly Blu kas’ dle cya xed’ Ala Tyr Ale Ala Gye Thr Gly Kaa’ oye
Seo Uy Thr Oya saa? dy Wha Kast Tla-cyw waa! Ala ye Als Aka Cys The Gly dye Kaa!
Ben Gly THE Oye Aaa’ Gly Sle Kee! £18 Cya Ala Ade! fyx Ala Ala Gye Thr Gly dye.
ROO Gly The Gye Naat Gly Glu daa die dyad als Saat Naa! Tyr Ale Ala Cye The Gly oye
Heo. Gly The Oye Nsw? Gly Siu Kaa Cle Cys Ala Kaa’ Tyr Kaa’ Ala Ala Cys The Gly oys
Bro dily hy Oye Ska! Gly Gla Naa? Tle dys Ala daa‘ ‘tyr Ale Aas? Ala cys The Gly ove
pud- Gly Yhu Cys Nee’ Gly GhNea! ke Cys Ala Kaa! ‘tyeAka Ala Kaat Cys Throuky Gye
fro Gly Thy Cys Nae! Gly @iw Naat Tle Cys Ale Raa! Tyr Mla Kla Gye xaaé Phe Gly Cys
Rea (hy The y Blu Kaa? Lie Cys Als Kaat Tyr, Ala Ake Cys The Rast Ghy Ove 

FIG. 2.
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{SEQNG: ZH}
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{SECRD NCe 2508 }
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{SHAIR ROC BB1B }
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{SEQNO: 8842 }
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SEOIO NG 2814}
(SEGID NG: 2815 )
(SEQR ANG, 2816 )
(SECO NG 2817 }
{SELND NOL 2618 }
(SEONG NO: 2618 }
{SEQNOc RRO }
(SEQW) NO: FHE7 }
(BRaD worseer}
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veo Gly The Oye Kee' Oy Glu Nos! Tle Cys Ala tye Ble Ala Cyea Thr Oly Saal Cys Kaa’ ISROIN NOeesT $
Peo Oly Thy yg Sag! @hy Gi saat Mle ys Aha TySin Ala Gye The Oy Cye. Xa! ISEDID NO? 2458 }
PNG Uy Thy Gye Maa! Gy qh Ree’ Re Uys Ala Tyr Ala Ala Oya ‘the @ly. Cys Ase’ Kees (SERIO NONgeda }
$ro Gly Yhy oye Yar? Gly iu Ye laa’ cys ala Tye alg Ala cya Thr Gly cys (SECO. NUE 7980 }

by % Kaa! Bly Glu Lie Rea? Kaa Cys Ala Tyr Ma ale cys Bhe oly Cys (SEONO: 264 }
Kaa! Sly Giw Ele Raa’ Kaw! Raa? Cya Ale Tyr ala Mla Cys The Gly cys (GEQONO: 2662 }z
uaa’ Wy Glu tle’ Aaa? Raat Cys Kaa’ Rls Tyr bla Ala. Oye vhe ah
Ban’ Gly Siu fhe Naat Kaa’ Cys Ala Nag! gyn ada Ala Cys Phy ol

RRR? ky GIR -Lle. Nad! Seat tyes Sada tyr Raat Ale Ala cya The Ot
Raat Gly Bh Mont Rear Qyw Ala Ty Ala Maa! Als Cys ‘the Gly tye (SiO NO: 2868 }
Raa’ Bly Tig Xag! Aaa’ Cys Aly tyr Ake Ala Kaa’ Gye Ter Ghy Cha (SEQID NCH a6e7 }

Ren Oly The Cea Raat Sty Kags’ Yaa? Cvs Bla Tyr Abd Ala Ops Ras! Thy Gly Cpe (SEORE NO! 2960 3
Bree Gly the Gye Xa Ghy Kaw? Naat Cys Tye Ala Ake Cys The Xaat Gly oye GHOINO: 2860.)

y Sys {SEOID Ros 2882 }
y Sye (SEQINNO: 2004}
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 D2esKaal hy Kaw’ Sent Cys Ala Tyr Ala Ala Oya The Gky Baa’ tye (SEONG: 2670}
Kae!’ Gly Giv “(le Kaa’ Saat Cye Ada Tyr Ada Ala Cys The (iy dys daat ¢ ‘eeortbe a& ot suet wt

Pro

Bra ah
Pra hy
Pye

s kant”
 Yaa’ Sys Xda Ata Tyr Als Ala Cye The Siy cys {SE }

Kast @ly Gly Tle Xaa! Cys Aan’ Bax! Aka tye Ala Ala Cys The hy Cpe (GEONO: 2879 }
Maa’ Oly Bla Lla ast Cys New Ala Aaa’ ‘tyr Ala Ale CysThe Giy cya OEONING: 2674 }
Yxar, Gly Bia Tle Awa’ Cys Neat Ala Tye Kaa’ Aka ALA Cye The hy Oye (SEHD NO: 2678}

Beret Xan’ Gly Gin Tle Mea! Gya Nawt Ala Tyr Ala Raat Ala Cys The Gly oye (SEQHD Ack 267e }
sro s < Kay’ Sly GeTle Xeat Sys Kea’ Ala Tyr Bla Bis Raat Q's ther Gy cys (SEQNO: 2877 ?
ro SU) The Cys Kart Gly why fle Kaa’ ya Sea’ Bin Tye dle Bis Gye xad? “The Gly Cys (EOI NOL sara }

 

 

 
fen Sly The cys Maat Gly Gig Tie Eka Cyw Xaal Als fyr Ala kla Gye thy Kaa’ Gly Uys ISEQHO Noy wave}

y Kaa dle Nea! Cys kaa Ala dyr Als Als Gyo Tht Gly Nad? Gye GECHO NEE 2Had)
“¥a0° fhe Raat Cys Xeat Ala tyr Sis Ala Gye Tue Gly Sys Kas’ (SECNO Nob dédt }
kaat &y tle Joat Cys Bla Was? Tye ala ala Oye Tir diy dye EMO NO BHR

3 Kaa® & e Mag? ye Sin Naa’ Raat Tyr Ale Sia Cys Tar-Sly Oye (ECHO NOK 8683 ;
3 e.kaet Gly Giw Le Yas! Mya Bla Saal Tye Naa? Ala ‘Ala Opa THE Gly Dye {SEQ Nik gaa }
ae Sse’ By Gla Tle Naw! Cy Ala Nae? Tyr ale Seat Ala cya The Gly Cys (SEO N28|
8 ‘Kaaé aly Gle tle Naat Cys Sie Nsw! Dye Hla Ala Nast cys The Shyoye (GEQW) WO: 2086 }
3B st Aaa’ Gy @lu Tle Maa? Cya ‘ale Naa’ tye Ale Aka Cys Raa’ She Wy tye (EQ NO: 2037 }

3s kaa? Bly BivDe kaw! Cys ala Nag’ ye Bla ale cys var Raa’ Oly Cys BQW.NO: ga88 |
y Vie Ops Aaa! Gly Glu The yas! Cy Ala Kea’ tyr Ale Ala Sys Fhe Gly Naa’ Cys (GRONOC 6R8 3.
yids Dys Kaa’ @ly GlTle Kea’ dye Ale Saat TYKia Ala Dys Thy Gly Cys Xaat {EQIONO: gaan |
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Meat Ghy Shu che Naa! Cys AiR Fyk Maal Ala Aka Oya hr aly. tye {SEQHNO: 2504.)
‘Aue’ Gip Bla Pky Kee’ Cys Ald Tye Naat Raw Ale da Cys Che Sly Cys GEOR NO QBa2J

saat Glp Gly tle Kaa’ nyse Ale tys Jaa! Ala Kea Aba Gye She Gly cys GEOIN NO: 2583. }
Xas’ Gy Glu Lid Xaal Cys Ala Tyr Fas’ Ala Ale Agal- Cys Thy -@ly ty EGO ce ope }
Naat Gly ha Ye kaa’ Sys Ala Tuy Kaa’ Bla Ala Cys Kaa’ fae Shy tye (SEGNO: S8O5 }a Kae’ STY Gy Lie Kaa! Oya Ala Tye Yaa! Kia Abe tye The Bea Ghy cys SEAN NOs Broa }5 ER

s Kee Bly @hy Lie Kaw’? Oya Ala Tyr Kaa’ Ala Ala ‘Cys Thr Gly aac cys (SEN NG; zo }s daat Bly Gly tle kaa‘ Qye Ala ‘ye want Als Ala Cys thr Gly Cys Kast (SEQID Wor 26e8 }ty Kaa’ By Gle Tie Raa’ Cys Als Tye S14 48a) Ala Cys Thr Gly ove PSEQIG NEY ee j2
ys Raat Gly Glu rhe Kaa’ Sya Ala Tyr Alu Kaw! Kaa‘ Ala Uys Phe Gly oye SHONO ara y

Coe Nast Gly ia Ke Xeae’ Cye ala “tye Aly Kaa’ Bis Ran? Cys The Gly ty SCID NO; aro J2 Maat Gly Siu Yle Raat Uya Ala Tyr Ala Aaat Aja Cys Xaas Thy Ghy Cys (SEONO Vtg )
o' Saal Gly Glu Tle Raa? Gye Aly Tpr ala Just Ala Cyr thr <aat Giy dye BOS NOS 2703 }

fe Naat Bly Ga We Raa? Cys Ala Tyr Sie des? Ala Oye The Gly Mex? Cye EONO a7ad |
Seat Shy Ghn tis Kaa’ Cys Ala Tye ala faa! Aka Cys Thy Gly Oye Rar’ GEONO: 70K }

Sag’ iy Givi fie Kaat ys Ala Vy Bia Ale Zaat See Yhr Sly ays {SRLKO NOD:32768 }
Seat Aly dha tie Kae’ Oye Ala dyx als Ala Kaa’ kas! cys The Oly cys &JROMO NO B707 )

Mya Kea Giy Ghy Cle Kaa’ Cys Ale dyr Ala Ala Aha! Gee Keat Tre Gly Cys SEQNC 278 5
wa Kaa® Bly Gi tle Maal Cys ale Tyr Ale Ale Naw? Cyn The Naa’ Gly Gea {SEGINO! 2709 }
ya Kaa’ Oy Gip tLe Maal Cys Ale tye Ale Bia Mas! Cys The Gly kaat cya (ROI MO.246 }

s Kas? GRY la The Baa! Cys Bla Tyr Alg@ Ala Kea? Cys The Qty Cys Kaa’ (SEM NO 27 Tt)
eq Gly She cys Maa? hy Ala We Naat Cya Sla Yyy ata Ala tye Raat Ter Gty cys (SEERID NEE BPI}
Pa Gly hy tys Xa? Uy Sha Nea! ya Ala Tys Mla Ala Cys Bau! Raat Thy Gly Ops {SEQ 1X a3 $
Bee Biy Far Cys Maw? Gly Gla Tis Kaat cys Alayr Als Ala Oye Nea" Phe Kea’ Oly Cys {BEOID NOO2744. }

Ere Oy The Cys Raat why Gla 2 Sad’ Cys Ala tyr His Ada Oya Kaw’ The Gly. Neat Cys @ERID HO: R218y
73

  
 fya iy thr Cys Beat Gip Glu Tle kat cys Ala Pye Ald Ala Cys: Sax’ fhe Gly Cys Kaa? EOD NQr 2378

ExOGly ‘Har Oye Rew’? Gly Glu tia Mae" Cys Aha dye Aly Ala Cys Thy Raat Sly Oye {BEQID NO: 2777b
weaey Vhr Gye xaa’ Gly Ghy Tie Kaa’ cys Ala TysAla Ale Gye The xa! Kaas Shy Gye (SEGIONO: 2719} y Yhr Cys Naat Gly Ghy ie Kaa’ Cys Ala Tyr Ale Ala Cyd The Mast Shy use! Cya (SEO NE 2E99 7

3 ? ERY. Cys. Nes! Qiy Glu the Kaa’ ove Ata Tye Alea Ala Gye ‘Yhy Mant Gly Cve Kant (SOR NOrar7o }
y thr Ga Seg’ Gly. Glu fie kaa Sys Ala tyr Ale ala cys the Gly'RaaY Oye (SEHD NOv gt1 }

thy fia Neat GIG Gis Tie Kaa’ Oye Ala TY Ada Bla Cys Thr Gly Raa? Naat Gye (SECHO NO: 2822 }
Phy Sea’ Gly Gy Kan’ Oye Ala Tyr Ale Ala Cys The Gly Kaa’ Oye Raat (SSI NOL 2723 }
vie “Mag? Gly Glu Plea Kaat Ove Ala tye Bla.Ala Qya The Gly Cys Xaat {BREND NO: W724 }

RIG.2
(sheet$4 of 114}
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F2f226

Pro Gly ‘fix Cys Xaat oly Glu Mie Kaw? tye Ala Sys ala sla Cys ThE Oly Oye Nat! Aaa GECHONO TZ}
iyPrd Aig hy Qys Seat @ly ha Vie Cyk Kant ala dyn Ale fla Cya Tar Gly oye (SBRD ROL eTeS Y

: wy Thx Cys deat Why Glu Le. Que Sse’ Xaal Alw Tyr Ma Mix Cys Thr Gly oye {ROSHID IME O72?2

Yh: tye Raa? Oy Gla Xv Cys Kaa’ Rast Kaa’ Sis Yyr Ale Mia Cys Shy Shy Cys (SEQ MEK 2788
y Tae Cys Raat Shy Gky Lic cya Xeat Aaa? Ala Jaat Tyr ale Bla Cys The Gly Ore (SFO NO RTS; i : 2
CThr Uys Zant Shysik Tle Cyt Kaa’ Rag! Ala tyr Rak? Bla Ate Cye The Gly oes (SEOWENG: 273R iy Th cya Xan! Gay Gla Te OyNew’ Rgav Sis tyr Ala Xeat Ale Gys he Gly cys GEGHINO: 2734

Pyoyke Dye dasa? Gehy Gla Xda dyes Kaa? Mea! Ala tyro hla Ala Kaa’ fye. thy Gly fea (SECO NO gide
Ly Tes Cys Raa’ BY Gla Tle Cys kaa’ See Aba Tyr Als. Ala Gye Nast The Gly Ove (GID kts 279s
Ly The nyu
ly. Why Oys Kaay Gly Uly dle ya Naa? Raat aka Tyr Ala Ala Qye The Gly Eee’ ya GEO) NO: 2235

Bre Gly Thr Gys faa’ @ly Glu Die Gye Aaa’ Kaa’ Ala Tyr AlaoAls. Cys Thr Gly Gye Kaas (GEGNo.grag}
Pio Chy ‘hy ye Saxe Ghy Gia Ty Gye Kaw’ Ae AAW) Tye Bla Ala Sys the Gy oye TSEQID HO. TAT
Fro ohThy ‘lies Cyn Bee? Gy Gu Vie Cys Kaat Ais Kaa’ Kaal Tyr Ala Ala dys The Siy Cye (GOW NO Ras
Pro Wy Mar Cya Maw? Shy QIMe cis Mae! Bis Kaa? Dye Bea! Ada Ala Oys Thr Sly Gya (EOI No: 2728
Pro Gly ‘Thy Cy Waa Ody Gia Te Cys dant Ale Raat Tyr Ala Raa’ Ala Cys Thr Gly Gye (GemNG 2id0
pro Ghy Thr Gye East ly Glu Pe Cye Kagel Bis Raa’ Tye Ale ala Asal tye Mir Gly oye (SEQHD NO: Bras
Bre Shy Var Gye Naw! Gly Gly is cys xaat Ala Xaat Tyr Ala Ale Cys Xnat Thr Ghy Sys (GROW NO, 278s |
‘Po SLY The Cyr Kaa’ Sly Slide Cyo Asw Wid. Mes! Tye ala Ala Cya Thr Kast Gly cya (BEQIO NO: 2783 }

: ero iy the ge Kaa’ Oly Glu tle. cya xsal Ala Nes! Dye-Aba Ale Sys The Gly tas’ Cys (EID Ro. e744 }

 

 

}
5}

}
}
}
}
}

Raat ity Gin Cie cys Xaa’ Xast Ala tyr Ala Ala Cyw ‘thy daar Gly dey (BEQID he srt}
}Sae

)
}ié
y
$\
3
>

 

ly Tar Oy Sly Gia Tle oye Ras? Ale Naa! Gyr Ala Ala Cys Var Gly cys Kaac (SHOHO: 2745.)
the Sly Gh. Tle Sys Maa’ Ala Tyr Raat Ala Ale Oye Thr Gly tye {SRONO: 2748 }
She Gly Gia Tle oye Xaa’ Ala Tyr Neot Raw? ala Ala Gye Dor Gly Oye (SRI NORMT

y othe Sly Gin The Cys Kaa’ Bia Tyr Nous ‘Ala Kaa! Ala oye thy Gly Gye (SEQ NO. 2748 }
hx Gly Clu. tle dys Kat Ale Tyr Jaa! Ala bis Xee' Cys Tar Gly cye (SEOID NOUZ743 }

ey Xaat Ala tyr Maa? Ala Ala Cys Nas! The Bly Cox GSGIO NG ZIG }
tye Xaat Ala Tyr Baa Ala Ala Cys The faa’ Bly dyy (SEGQID NG: 270 3
cys Xaat Ala Tyx Bea? Mla Als Cys Thr Gly Yeah cye (SROIG NG, 2782 )
Cys Xaat Ala Tyr Had’ Ala Ale cya thr Gly Oya Saw (SEGIDNG: BT?
Gye Xaat Ala Tye Ais xaal bla Uys the Gy Cys {SEGNK BPG ).

“iy
“hy
thr Oye .
Mr Cys Xe

yo Thx Gye

wiy Se
eky Gia

7 ty Gia
‘ey She
ety Ge.

Rid 
awPtGS.FABAGOBAEb
&RA4FH444 Shy Cys Sly Gu Tle Uys Raa! Ale Tye Ale gaa’ Nav’ Ale Cys The Gy ye ECONO 2755 )

Ly TRy Uye Mwy Gly Gla Tie Cys Maat Ale Tye Ala Yea! Ale Naot Gye the Sky cya (SRONOCaTSS }.
Mar Oyo aly Win tie Oye Naw? Ala yx Ala Naa’ Ale Cys Baa” ThE Sly Cys (SEQHS ROv arr 3
hr Ups Xd! Gyr Mat Tha apa xag? Ala Dyer Ala Xaa’ Ble Cys Thr xae Sly tye GROWENO:2758}

FG.
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we Kad! Ala Tyy Ale faat Ala cys Thr Gly Kaa’ ee (Gtomnoig7sg }
Kaa’ Ala Ty: Ale Naat Aba Oye The oly Cpe Maa! SEN NO: § }

Cyan Maat Ala Typ Ale Aba Kae’ (Oys THE @)y Cys {SEQ NO: 27a }
1 Kae? Ala Tyr Ales Ala Kaa’ Mast Gve Phy dig Cyan GROW RO oyae}

yx Ran! Ala Tyr Ale Ale Kaa! Cys Kaa? he Bly Cys GECID NO: o7e3 }
S Kaa’ ALA Tyy Ala Ala Maat Cye Thr Maat Oly Cye PHONeBed

ad 23g
ew petdeoernd fo.& 2

ss ae a&& 2 %

me tza%   

weCoad
442 NSA!’ Ghy Ole Tle Uys Xaat Ala Yyr ala Ala Raa’ Cye The Oty kaa? Gyo’ CREONO: 2768

Nea? Gly Big ile Cys kes! Ala Tyr Ale Ale Raa’ Gyd Thr Gly cya Kae (SECHD NOIZE
Nant Gly Oly Te Cyn Yaa! Ala tyr Ala Ala Cys Maa! ‘Mir Gly tys (SEONO: 28F
Maa’ Ghy Glu Tle Cys Anat Ala Tyr-Als Ale Cys Maa! New! Pe Gly Cye BROW WO. 27GB )

y

RRR’ Thy @y Xs cow Kaat Abs tyr AIR Ala Oya Mas! Thy Naat Shy cys {SEQG NO: PBB
aa’ Oy Giu The cya Raat Ala Tyr-Als Ala Qyw Neal the Gly war? cys &SEQUYNO: 2P7Xaa? Oly Gu The tye Kae? Ale cTyr Ala &la Cys Sea’ Thr Sly Gye Xaet (SECHO NO: ZTTt

s Kea? Gly Gla Ile Sys Kaa’ Aka Tyr Ala ala Cys Tor Raat Gly Cys (OEBCHNEE SE feeMeeeMeaenetenCheOeeeee: Raat Gly. Glu Win ys. kaa’ Ala Tyr ala Sia Cys. The Rast Kaa’ oky Gee PRBOND WCOPPS
Raat Gly ih Tle Cys Xast Ala Tye Ada Ale Cys The Ree? Gly okaw’ Gye (SERIG Nh 22rd
Maat GIy Gls fig Gye Maat Aka Tye Ba Ale ‘Gye See Ran’? Gly ya feat PSECRD NOv 2775
Nad’ @iy Gia Lhe Gye xual Ala fvy Ale ala Oye Thr Gly xHao cys {SEGIO SER2arr

ly G1y De Cyn daa! ala Spy Als Ale Cys Tay Gly Nast Raat Oye (SPQ Ne any
ve wey Gla Yle Gye Neat Mia Tyr ale Ale Cye The Gly Rag? ys Ren? (REONO2778

Pee Oh Oly Gin Mle cya Real Ala tye ala Ale Gye The Sly Oye Xan! SRENOE BPTS )
Bre Gy ‘ ‘Gly Gin Tks Cys Xaat Ria Tyr Ala Ala cys Thy Gly Cys Naa’ Kaas (SEONGNO: SHG }
Fre ky ‘thr Oye Nast Gly Gla Pin dys Ala Nast Tys Ada Als Gye Der Shy Cys {SRCRD NOs 2B ED
geo diy thr Cys Nua Gly Gia Fle Cys ala Nas’ Xaat Tyr Ala Ala Cys the Oty Cys “$SRQU NG 2782 4
Pro Cy She Cy Neat Gly Oh Tis Cy Ala Meg! Aga Bax’ Tyr Ada Abs Oye Thr Ghy Gyo (SIERQHING: 2783 k
dro Oly Tur cya Mua My Gly Sle Cys Ale Kaa’ Yoo! Tyr Kaas Gn Ale Oye Thr Gly dys (SEOIG NORR)
Pyro Gky The cys Kee? Gly Glu ele. cys ALA Naw! Neat Tyr Ala Yeah Ale Oya Yar Gly tys. {SEONO: 2788}

vo Oly Shy Cya kaa! Oly Gia ie Cys Ala Xsat Jeat Tyr Ala Nin Baa’ Oye War Gy oye (SEONO: 2786 }
al

BA.fetPett4be CY
Aeor)«

Ala daa! Maat Tye Ala’ Ala Gye Xaat thr Gly Oye (SEQIN NO! 2787}
Ala Kad? Raa’ Tyr Ala Ala Cys The Maat Gly oes (SEQIN NO: 2788 }
Ala Kas’ deat Tyr Ala Aln Gye The Gly Zaa! cys. (SEONO: £760}

Deo Gly the Gya Raat aly Shi
ProGly fhe Cye Keat Gly Gy
Pre Gly Bee Dys Kea! Gly Gia

$9 esa8
Ho

tt 2
et

eG

fre. Gly Fix Oye Raw? oly Gn We dys Ala kaa’ Jaa vyy Ald Als Cys Thur Gly Gye Age’ (BEOID NO: £780 }
“eo Oy ‘Yhr Cys Bax’ Oty Gu Phe oye Ala Ran’ Tyres! Ala Aly Gyo Thr Glycys SEGIG NO! 2784 }
fre Wy Thy Lys Kast Gy. Glu Tle. cys Ala waa’ Tyr Naa! Kae? Mia Ala Cys Thr Gly Oye (SEQNO2782 3

FIG.Z
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{SEQNK 27BS }
(BRU RO: BPM)
{SEQUINO: 2798 }
(EQNEO. 2706 }
SHOW NOX 27ST )
ISEQIG NO: 278s )
IhEOHO NO: BGO }
{SEH NO: Bean |.
{SEIN Nee SHG}
(SEQRG: 2s)
(SOK NO: 2505 }
ISI NO: aRas |}
{SENGs 2805 }
EOI HO: 2800 }
ISEQHS MO: A807 }
{SEGRE NO: SOS }
FAD NO sed}
{SRQUD Nth 2BIG Y
{SEQNOs 2817}
SEONOLABR }
{SECNO MO: 2813 }-

}(SEO NO2818
{SEONOs e848 }
(SEQ. NG BBB
(SEQUIN WO BRET
(GERND 0c 2818
{EQID NOC 2819
(SEQID NO; 2826
{SEOID NO: eet
{SEQ NO: 2822
{SEQNO: 2823 |
(SHON NO: 2B24
POEQHI NO: 2625
ISECHD Non 2626
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Maat Naa! Ale Adu Gye Tax Sly Cys
Rea? Als Kaw’ Ala Oye the ely oye
ABRT ARG Al Kaat Cya Thy Sly Oye
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“Xaat ale Bia Oya War Gly Kaa cyvn
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ISEQIDNor BEAD
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(REQIO NO: 264.
{SEQ NO: 2888
(SEOID NO: vase

(SRGID Ney BB9T
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PSEQHI NC2825
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AShOIG NG geal

(SEONO: Bade.
RSEQIE NO: BBS|
TREOHO NO! 2844.)
{SECHO Noe 2845 }
(GECKO NO: Sasg 3
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(BEQUS NG 2888}
SEG NO: 2848 }
(SROIG NOE 2880 4
TEROQUE NO: gad |
ISEQID NO: 2a}
(SEOID NO: 2853.3
(SER NO: 3884}

{SEQUE NO: 2B55 }
{SEQNO: 2858}
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‘tye Aka Xaat Aig Kaa’ Cye Thr Gly cys GeO A, IGS}
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oly ®ly.Zaaé Xa! Gly Te tyr Bly Mao Rae’ Yaa Cys The Gly sya {GEOR AK Ade}
aly p Gly aa? Mag! Glu we Tyr Kix. Ala Raa’ Oys Awa’ The Bly Sys {GROWING 3S}
aly oyXaat Sag? the Te Tye Ala Ale Kaa! Cys Thy Xaa’ Sly Sys {SEQHENG: 99207
iy Sly Zaat aaa! We Tle Tye Ala Ala Xaa' Gye. thy Gly Ses Gye (SEONG: sot}
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a Gy Xeat Xea?’ Ghi tle Uys Aka Tyr Als Ala Oye Naa? TheOty cys | §SBOIS NOL 4083}2

ys Gly Xaa' Kaa? Gku fle Cys Mla Tyr Abe Ala cys Jaa’ kar’ Thr Gly cye {SEGID NO: 3024 }
My -Xeal Kae? hy tle Cys Ala Tyr Ala Ala CysBaa! The Xaat Sly Cya {SEGID NO: 3928 }

S Bly Haat Raw? Gln le cya Ala Pye Als Ala Oya Jaa’ thr aly saw? cya (Sold No: 3028 }
Gly Haa’ Nag! dhe Tle Cys Ala Tyr Ala ale Gye waat Thr Gly Cys Kaa GEGEN NO: 8027 }

P Ghy Asa’ Naet Chu Lie Cye Ala Tyr Ala Ala Oye Thr Kae’ Oly dys (SEGID NO: 3028 }
Sly Maat Naat Ulu tle dys ala tyr Alx Ala Gys ‘The Kes aa! Bly Cye (SEGIONO: anaa}

@ Gly Asa’ Neat Glu Ele Gye Ale Tye Ala Ala Cys The Sau’ Gly Raa! cys (SEQIENO: 3090 }
FIG, 2
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. ¥ Raa! Nea” Gh Yin Ogs Ala tyxy Ala Ada, Cys The Gly MyeNsal Sea? JSEQID WO 8088
} AaB! Dla Keel The Oye la Ba Ala Alactye che Sly yo (SRORe Baa
x ¥ Saat Un Raat kas! The Cys Aka tyr Ala Aly Gye the Ry cys “PSEOIO- Ne 3038
z Sue’ Gir Xaa! Kaa’ Raat Tle Cys Ala Tye Ka alg Cys <The Gly tyes SEONO ane

ABS G2 Kant Maio! Fle kag’ Gye Ala ye Ala Ala Cys The Sip Cys (GEGID NO: go4n
Bas’ thu Kast Xaary Cle Oya Yaa’ Ala tye Ale ale Gye Shr Gly cya ISEQND Hee a0a+
New? Gin Naa! Rea? Xe tye Ade Saat Gyr Ale ale tys Thy olycye (SEQ NG, aG82

f aa’ Gia Kae! Xaay tie Cpa Abs Tyr kaa’ Ada Abs Gye The Sty Cys SEO NO-an|s
f Saae Gla kuat Xaal Tle Cpe Rls Yyx dle Meat ALY Cys the ky Cee (SECHONO: ao44
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y RaQ? Bly Raat Xeoi Tle Uys Ala yx Ala ia Cys Kaa’ rhr 93ae
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oBby She ty hy Raa’ GEN Raw’ Xast tie Cys Ala Tye NEA Abe Cys Thy Raa’ Oly Cys MRO Mc: ay
Sky Tee Sys Gly Naat Gla Kaa’ Naat div Cys Ala Tye bs Ala Uye Phe BlyRae Gyy ASEMOranda

Gly The Oya Gly Maat Aly Sea’ Xaat gle Gye Mla Tye aly Ale Ce Thr Bly Cys Taat GeoMOange
ily She Qys Gly Neat Gla Kea’ Ke Rwy! Cys Ale TyrAla Ala Qe Whe Hly cys {S020 NO: 3ng
Gly The Oye Gly Xea! Glu gaat Tie Mastckea’? Cys Ala Tyr Aké Ale bye Thr Wy Cys (SEG NO: 884
Sly Thetys Oly Kaat giv Raat Poy Bea! Gye kaet Nia “Syr ala ale fye Thr Gly oys (SEGNO: 3052 

ie Raa" Hin Nee! Gye ake Maa Tyr Ala Ala Os The @ly Oye ECHO Nee S064
i Kaa’ (in Saat Cys Bla tyr Kaa’ Ala Ala Cys The Gly dee {SEGID Ath Goss
Raat Tle Nie’ Gye Ma tyr Ala daat Ate Cys The Gly cys (GEOR RO: 205g

. Xad’ Liq Xaa? Cys Ala Tys Ala Ala Maat Cys Thr Gly ye (BOI NO: 205d
kaa?’ Via Kas?’ Uys Ala Tyr Ala Ale Oys Ysa’ The Gly cye {GEQIO NCS 2057
Raat Tie. Raa tys Ala Tye Ala Ala Cys The Kaa’ Gly sys IGEN: 338

i iy Baa’ De Raa? Cys Ala tye Ble Ala Cye the Gly Kaa’ oye (GRCNO: GOES
Sy Baa? Glu Ysa? Ye Raat cys ale Tyr Aly Ala Gye Thr-Mly Cys was! {SEGRO AD:OGG

oye Gly. Swe’ Ghugaa! Me Cys Maat Ala tye Ala Ala Cys Shr. aly cys iSERID NU: 3004
Ay Neat Glu Yeas, Tle Nyse Bas’ Kaa’ Ada Tyr Ala Ala Sys Thi G2y Oya sSkcuD Ren aces

Sys Sly Sue’ Gv Awa! Te Oye dest Al& Naat Cyr Al@ Ala Oye Thr Gly Cys (EON goed
OVS Why. Naat Glu Xeet The Gys Yaat Ale Yyr Xaa’ Bla Ala cya hr Sly Cye GHECHONG: BOGE:

KEG. 2

(shect Hafli)

 NrANeSaNlnalNatadROEMentMttehaNBDtagts
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82/226and 228

YoRaat Gh goal fle Cre See’ Kla Tyr Ale Xaa't Ala Ovn Thy @y Ove IECkoNO: A088 F
V %iat Gin Yaa fle Gye kaa Kia Tyy Ala Ala Naa’ Gyn thr Gly Cye (SEOND NO: 4086 }
P kee’ Git aay Eke Oye Kaa Ala Jyy Ala aka Oye Wax! Vhr Gly eye ASECID NOLS87D. I

Haas Sly Msa' Tie Oys Rew? Ale Yer. Ble Ala Cpe Thy Mag! Gly Kya {MOHD NO: 088 4  3

Ras’ Gly deae Ue Gye Kaa? Ale Der Wis Aba Cys Yhe Oly Kaa’ Cys (SEHD NO: 3089 }
Rua? Bho Raul fle Oye. daa Sle Tyr Als Aha Cys vhy Giy Cys. Nan’ iSECRA NO: Are}
xaal els Bax! Ile Cys. Mla Kaat tye Als Ala Cys Vir Gly oye iseoo No: gn7i 3
Kae! Gia Rad? le Oye Blas taa! sagt Tyr Ale ala Cys The hay Cye (GEONO: BN7o 4

ySan' GUE Sea! De Cysdle Yea! Tyy kaa’ Ala Ale Gyo The my oye (SEO NO: 375 3
eORRa* hw Xsw? The Cyn Ala Ysa? Thr Ala Kas! Ala Ova Thr ely Cys (SEQUY NO gard >
yAea* BEG ReA" Re Oye Ala keel tyr bla. Ala Xaas Oye thr Gly cys fQQNG Mer 3075.3
p Raa’ OAV Aaa? Bhs tye Bla Kaa! Tyr ade ala Sys Mas? Thy Gly Cy (SO Nek sot >
Rad’ Gia Raa’ Mle Oye Als xaw? tyr ala Ale. Qye Tix Kaa’ Gly Gye (SSORrND: Bar? }

YXeat Gly Rea? Plo Cyn Abs Kaa? Tyr Ala Bla cys Tor Gly xXaat Cys. (SEGin Noae}Raat Qi Awa? “Tle Oye Ake Kea’ tyr Ma Ata Cys The, Oly oes waae “PSECHO NO: S078 5
y aa’ SiN Saat Khe bys Ala SyMaat Bia Kis Oye the Gly cys {SROAO: a0 3

Kaa’ QIN Segt Tid Cys Ala Tyr daa’ nas Ale Ale Ope the Shy Cys Grr eck 3084 3
Poke? BIG Kea Eos Oye Ala Fyn Xda! Alwoxwa? ala Cyd Thy diy cys (SSOiBOs BD82 3

Y Kad’ Ba Kwa Tis Cys Ala Tyx Kaa Ald Ala Raad cys the Sly Gye (SEONO: 3085 } 

i Kaas $4U Xaa’-Xie Gye Ala Syr Kaa! Ala Mle tye kaa! the Gy. dys ISECUG NO? 8082. 4
gaat Gin Kaa! tle dye ale © vx Raa” Ada Ade” ays the Kae Bay Sys. (SEQROIS }
Nea! Gin Maa’ Cle Uys Ala Tyx Ada’ ale Bia Cys phy Gly Nas! oye GEONO: 3085}
Rast Gh Xaa' Tha Cys Ala Tyr haa’ ala Bia Cys Thy Gly Uys Kea’ GEONO: 3087 }

‘Nast Glu Saat The Cys Mla Tyr Ala xaat Ade Cys The Siy Gus SEQ Noh 2088 }
Xaat Gla kas¢ Ala tyr Ala Kaa’ daa! Ala Cys Thr Sly Cys {SEUND NO: 2089

Mad’ Wha Kae’ Pe Cys Ala Tye ale Naat Als Mes’ Cye Tie Gly oye ed NO: aesKant Gin Xaat Tle Cys Ala Tyr Ala Raat Sle ys Sea’ thr Sly Gye USSGit Nx angKae! Blu Kees P18 Cys Ala Ye ALG Aaa’ Bla Sys The Kaa Shy cya (ston MO: oan
Kaat Glu Kea‘ fie Cys Ala tyy Ala-Xas? ald Sve -thy Gly Xaa? Gye (GEQID.NO: 3083

iy Kaa’ tit Neat Ue Cpe Ala dye Aly Awa? Ala Oye The Gly Ove Naa’ (SEOQIONG: anvd |
Kan! Glu Kae’ Xia Cys ale Tyr Ala ala Kaa’ Oya The Gly oye (SEQHR NO: 3085 }

y Raw GIs Kea’ Tis GA pla Tye AIG RIB Aaa’ Kaw’ Cys ar Giy eye GEO NO: apo }
ty Maa? Glu Kaa’ Cle Gye ale Tyr Als Ale Xaay Gyn Naa? The ly dys. (SeOIO NO: snore |

Raa? Ge Raa! Lhe oye Ala Wye Rla Ala Rad’? Oya the Kaa‘ Gly Cys (ESI NO snea F

RG 2
(sheet & ef 114)
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Gly Kea’ Gh sea? Khe She
SY NRF" BL Saad Xe Vyx

OSDy aa Gin kant Tie dys
Gky RAN? Glu Kaat Fle Gps
Giy See Glew Raw? dle Sea
Ry as! Gla Kea’ ike oye
thy Naat Ghe Raa’ Te Cpe
Bly Bag! Gly Kant the oye

ky Med! Glu Kael tle dye
i Ghy Maat Glu Zags tie: lye

Xe! Gar Kaa’ Fie ope
y eat Gin Xaat Tle oye.

Mave Glu Maat dhe Cys.
yas! @Fy Rast tle Gye

¥ Masa? GDhy Yaa! Le’ cya,
y Sas GU Saat T1e ‘Cys |

y Xea! Ga. Sle Kaa? Cys
yeaa? Gia Ele Sep? Neg?

Vis Naa! Gi ln Rake? Neat
: " Gaitis Baw? Kees

San? Glu Tie Kus’ Kaa’

Raat Chr Tle Raa? Mie!
Maa’ Gis Tie eal Yaa

Baal’ Gy The Saa* xaa?
dy waa Glu dia Xeat Zaae

tly: Saas? Glu Lis Kaa’ Yaat
y %ax? Gu iw Xeat xaat

a Nay? Chu Yiw kaa’ Real
$3 y Xoo? Gia Vie gas? cys

bs Xea! Ge Vie das? Cys
Siy Ph hy Xan wy Lig Asa! Cy’

eO}y The dye Gly kaa? Glu Ube Seat Ga
Foo Wy ‘Yr dye Ry Aaa? Gla Me kaa? Cye
bro Ay tthe cyy pty Kaa’ win Te Xaat dye

 

 

 

oo G3

Ala Tyr
Ala tyr

Ria

Ale
Aka Bye Als

eSEooF

Ala Xaat Cys
dla Maa! Gye
Alan: Cys Kaa’
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Tar Gly Nant cpp
She Gly Cys Fax?
The Shy ype

Ala Tyr Ala Als Gye Xaat Maat the Gly oye
Ala Tyr-Ale Ala Cys Xaal Mir Xeat Guy Oya
Ais Tyr Bla ale tye Maat thy Gly Ree Opa
Ble Tye, Aha ale ya saa? thy coy ty Xaat
ARR Dyr Ala Bla Cys Thr Kaa? Ohy Oye
AMM Tyr Ala Bla Oss Fhr Kaw’ Naat Sly Oya
AYA. Byr a6 Ala Oya Yhe Keak Oly ae? cye
Als Tye ada nis Cys The Xaat Gly Ces Kaas
Ale Tye Ala Ald Cys Che My Xawt dys
Ala Tyr Ala Ala Cys The Oly kaa’? Zaar gs
SYa Tyr Ale Ala Cpe Yar Oly Bast Oye faat
Ada Tye Als Ala Cya The Gly cys xaaé
Ale fyr Ala Ala Oye Teroly cys xaa’ sas?
Ala Ty¥ AMR Ale cys Thy Oy cys

Cyn wa Tyr ale Ma Gye the Gly tye,
Rast Cye Ala Tyr Aly Ale tye
Gye Kua? Ala Dye Kis Ale oye
fee Rhea
Oye Ale
cys Ala
oys Ala
dys Ala
Cys Ala
Oye Ala
Cys Ala

Maa! Ble
aaa
Xess!
Rast

Xeat Oye Ble AL
Tyr Naat Aha AL
RyrcRia Sana? aL
tye Als Ale Kaa
yt Bis. Aba Oys
Ryt Sia Ala Cys
Mee Kia Ala Cys
Tye dleBia Gye
tyr ala Ala cys

BOYS
R tya
a Oye
+ fy
aa!

Tar Big. Cys
The Sly
The Sly (ys
hr Gly Cye
Thr Ry Oye
Tr Gly. cys
“Tar hy ove

eye

Thx Naat Gly cys
hr gly Kaas Oy
‘She Gly Cys xaas
the dy cys

Xaa’ Ala Tyr Ala Raa? Ale Cys
Kaal. Alea Tyr Ala Aka Aas! yo

FIG, 2
{shiont 46of 124),

Kae? Ala Wye Big Ale Oye Che gly oyn
“ALA Kaas ‘Tyr Ald Ala Oys the aly oys
‘Ala Tye Neat Ale Bla Cyn The olyy Oss

thr Gly Cye
the Gy tye

‘CSEQIS NO 3408

oe(QEQID.NO: a08¢ }
(SEQ.2300
SEQMEH B10
SHONO: Steg
(SEQ NO: 3463

 

(SRONO: d308
(SEGHD NO: 34D
iMEQUO Wer as?
(SEHD:a
TSEQIN NOs F108
(SRD. NO. SiG
(SEGID NO: Bilt
ISEOID NO: 3412
[SECHO NO: 3133
{SEHD ACE t44
{SEQUS RG BYE
ISHQNE B16.
{BRQHE NO 3447
(SEONG MOSHE
{SEO NO: Hig
(SECNO! BI

(SEQID NO: 2424
(SENG RO: Biz
(SANG NO Bee
(SEQNG: 2424.

EQRO 4128
{SEUNoe G26
(SECHO.NG: S187
{SEHDNCHate
SEONG NO 3429
(SEQUUNOL S10
(SEQNC315)
(SECRE NO: 3182
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34/226

Ale Tye Aha
Ala Yyr Als
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Ala Gye Raa! The Gly Ore
Ala Cy FRE Saat Gly cys

ala Tyr Aka Bde Gus phe Gly Kar’ Qe
Als Tyr Ale Ala Cys the aby: Cpe Xaa’Kaa?

Raat
Kaa’

 

 

Kaas Sve Ala Azs
haa AL AIS
Raat “Rha Axa
Saat La Ala
RAS’ Vyx Aha Ala.
Tyr Kaa? Ala Bla
Tyr Kar!
Vyx Saat
tyr Kaa’
Tyr Maas
Tyr Xaat
Tyr Kaa!
Rye Meat Ale ala
tyr Ala Raat

yr Alp. Kun!
Tyr Ala Sart

KhacAta
Als Bla
Als ale

Oye
ye
Rye
Ove
oye

waa’ bia Alm oys Ter
Bla Raa! Ala dys thr
Bia Abs Raar -cye

Cys,
Sys:
oye

Byes
Ade Oya!
Raa’ Ble Cys Thr

Ala. kaa! Oye The Ghy Oye

ye Ala bls Ove thr Gly ye
Haat Tyr Ala Ale Cys
Tyr waa? Als Als ys
Tyk Bla NAB! Ala cys

Bae? Spg

The Gly oye
The Gly tye
Khe Bly cya
Thr Gly oes

Kaa’ The whe ore
the Naa? Why oye
The Sly Xkar Cys
RE Gy Cye Naas
Thr @ly Cys

oy Oye
Bly Cys

The Qhy Cye
Raa’. The Gly Cys
She Yaah Gly cys
She Diy Kaa! Cys
Thr Sty Cyve Raa é
The aly Cys

Shy ye

tyr Aa Nar Ala Oye Naa? Fh, Ly oye
Syr ala wae?
Bye Aka %ad?

Ale Gye Thr Naa’

AS Cys The My. Kear Cher
aly Ove

Tyr Ala Yaa! Wa Cya the aay dys dra!
‘er Ala Ala Xnet Cys The Giy cys
Tyr Ale Ala Asa’ Raa’ Qys Thr Oly Oye
Tyr ala

Tyr Ala Ala

FIG. 2,
inheed 67 of 114)

Ale Raal Cys Kaat thy aly cys
Yyy Ala Mia Xo? Oya Tar
Tyr Ala aja Ran? Cys TheBly waa’? oye

waa! Uys The.tly Cye Xea?

Sant GLy ps
 

 4

SEQUU NOK S145
SEQ No bay
{SEQ HO. ig7

SHON MOC a 14
SEM Wa sieg
SREQID NO. 14G
(S8QI0 Mx 3444
(SEND NO? 3442
IQBQNDNee F488
(SEQHE NO 3444
(EONO: 3145
(SEONO: S148
{SHQNI NO: 2487
(SEQUD NO.8448
SearNts rag

ISEQIG NCH Bid
(SEQUE BNO 3154
(SEGNG: 3182)
(REGIE Noe 8363.3
{VECUD NOs aise 4
{S8CUD NO: ATES }

  

}
}
}

}
}
)
;
}
}
3
}
)
)

}
}

4
3

{8SCHS NO: 8386 3
(CERO NO: BAS? }
(SECO NO: 3158 }
(SEGIN NO: 3499 }
{SESE NO: S480 |
(SEGIONG: 3181 }
GSENODSTE? }
SSECHD NOL 8183 }
TSECHD NO: 3484 F
{SBCHO NO; 3485 }
{SEQUD NO: ates |
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BLO Why The Oye Wy Keet lig tie Kart
Ses SQy The Cys Gly Kaa’ @lu ile <ra!
era Gly Whe cye Gly Maal oly Tle Rag
Pro, Gly Thy Uys Gly Baa? Slu re maa!

tH Sy Phy Oye Oly say? ada le Bast 
x

hy Che Cpe Vly Sax! Gly le
hy Thr Ces ly Kaa‘-Ghe ite

. B-Oly Kaa la Lie
Dye Sly Raat oly rhe

oh42
™ aEreo .oe oo

 
    
 

  
  

yn Sly Kaw? Glu. the
ary Gly te
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Me Shy Sin tle
Cyt Shy Ble Tie
Eye Dy Bly. the

dys Oy iw te
Cys aly GU te
Oys aly gia we

3A yp ye Shy OLs Tle
a Pye ahy. Gly Tle

Sty Vey ys Bty 4 Bbs The
Gly Thr Oye OPy 2 @hu dye
Sky vhs uss Siu Te

v Ghu TleCys
 Gin

Biss
“ UL Dre

Old Tie

2 Oye Wa Ihe
He Cys Gly as’ Gla Yin

Oys Gly Nag! Gin Tle
Qys Ghy Neat Gly Te
Cys Sue Xaat Glare
aye Gly Saxt Gln Tle
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TyY Al ALS Cys Raa’ The My cys
Tyr Alm Ala ys %aa’ xXaa‘ BY Shy Cys
Tyr Ala Ala Qian Haas THE Nea? Sy ove
THY AlB ARQ Cyan Naat THe Sly Kae? vs
Tyt Ala Sila nyt Meat The Gly Cys xaataye
Rye
aE

Ale. Bla Rye Thr yaa? By tye
Bia Aba Cys Thr Nea! Xaar hy ye
Ala KLs Cye The Sea! Gly Naat oye

TyE Ala Ala Oye the Raw Shy Oya Naat
Bye Bla Ale cys Thy Ly «aa? Oys
RYE Als Als Cys The Shy Kael yaa! oye
tyr Sis Als Cye The a hy Baal oye Neal
yor Aa Ala Cys Tar ly oye xan t

TYP RAL ye The Sy Cys
tyr Ala Ala Cys Thr Gly Ave xan Kaa?

Waal ALA Tyr ALA ala Oya Phe sly CysXan t
Yan?!
zaal
Maat
Nast
Hat!
Saat

Boa
Bas?
Ala
Ala

Bla
Sls
dia

Ala
Ala
Ala
ala

Sas? Als. Pye ala Ato
Bla Kaa’ tyr Ala BLS
Bla Tyr Xeat Ma Ala

Ala Tyy Ala Yaa’ Ais
Ala Tye Ala &la Baa?
ARS Tye Bla Ala cys
Ala Tyo Ala Ala tys
Ala Tyr Bla Ala dye
Ala yt Als Kila Cys

Aad’ Tyx Bis Rie Ors
Kaa’ Xaat Ter Als Ale

Oye Rr Gy oye
Cys Thr My oye
tye The Dyas
Sys Thr dye
Oye The i

Rae’ Thx G2y Cys

 
The Anat Gly oye:
Thar Gly Xaa? cya
thy Glew oyna Kaa?
The Gly. Uys
Cys ‘Ter oly ce

Aga’ Tye Yaa! BlyAlea Cys the Wy Ove
daaTyy Ala xe Als
355! Tyr Ala Ala Nast

Cye- Thr Ply Cys
Gye Thr Oly yw

Sag! Tyr Ala Aka Oys Xas! Shr Gly ye
xan‘ Tyr Ala Ala cys he Keal aly tye
Xeal Yyx Ale Ala cya hr Gly Maal cys
Sea’ tys-Ale Als dys thr Gly cye xaa’

BIG. 2
dshert 66 of144)

2 Cee

SERGI? NO: 3492

ISEQUD.NCe 4167 3
EQN NO Sea }
(SEQ NG A189 }
SEQH NCE 3176 3

SEQ NO: BtFF }
(SEQID NG; S472
SRD Noe Sag
(SRONe. Bird
(SEONO ai78
(SEQNO: 347s

(EGIG NOL SHY
{SEND NOratrs -
(BEGID Nee 347
IBEQID NEE D480,
(SSQW HO: Stat
(SEG NOoB1g2
(SEO. NOS 31383
{SRANO: 9988}
{88D NO: a1Rg
ISHCHYNO: 9488
{SERVO NOs BIST
iBEQHD Ae GSH
(SEQNO: stag,

(SEQUS NK: 2490
(HON NO! 3194

NetMaa"amtANBAARatSnellNedagittptMae
etee

ARretSatSadNenete
PEGINO:3493 }
ISEGID Noe $38¢ 3
SEQIENO 3195 }

{SEQU.NO: 3198 }

{SEQ NO: S187 |
{SEQNOBRR Y
{SEQIG NO; 2499 }.
{SEQ NO 2800 }
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86/226

ohy das! Gis Te Cys Kee! Ala. Tyx kaa’ Ala Ala. ys The Ob Oye (SEONeSeGT 3
Uxy Bas? Ge Loe Cys Rea’ Ala. Tyr Kaa! Kaa? Ale Ya. Cys Thr @ly Oye (SEONoe 3900 |
g Xag* iw fle Gym Raa! Ais ‘tye Kaa’ bla Naa’ Als Cpa The Gly ayy ECO NG: 9503e y Kaal & A :

Sta Tle Gyn Naat Aba yx Kaa’ Bis NIACMa! Cyr Phe Bly Cpa {GECRD Noe 4204
: wat Wha Cle Cys Naw’ Ala Tyr Naa! Ble Als Cys Raat The Gly Cys (SEORoE Bans
Siy ARR! Gs The Uys Kae’ Bla tyr Bsa! Rha Ake Cys fhe Sant ayy Upe EHO On B28

y Rast iy tie Uys Kea’ Ala terAas! Ais Ra Cys The hy. kaa? Uye SECIS eee AGF
Xea’ Gly fie Cys Aaa’ Sie tye Kex' ala ale fy The @ly oye Raat EQ NEE 208
Kaa’ Bla ble Cys Xaa' Ala Tyr Ale Kge’ Ale Cys ‘Mir Gy. ays ISEDIG NO: 3208
Kaat Glu ihe Gye Xas' Ala Tyr. Ala Neat Yaa Ala Cye ‘Thy Shy Cyr SEGO NO: gn%0

vs Gy Maal Gly Ke dye Mea! Ala dye Ala Maa! KilaKaw’ cys The Bly Gee GEO NCL SoH
Nhe Uys Gly Maa’ Sha Lhe nya Raa? Ala yy Ala ASA Bla Cys Kael The Sly Cys SEQ RkE42
The Gye Gly Nas! Ge Le Oye Nad? Ale Tyy Mla Now! Ala Oye Lae aa! Sly Gye EON NeSa
tay Cys My Nant Gha fle Cys Sea’ Ala Dye Ala Nag! Ala Cys Phe oly xae’ tye (SEOIG No: arta

i the Cya Oly saat aly ile cyan Xa’ Ala Tyr Ale Xan’ Ala Oys ‘ie @ly Cya Xas¢ (GEGNor sed
The Cpa Bly Raa’ Gla Tle Uys Kaa’ Ale Tyr Als Ala Naat Cys Fhe Gly tye (SEGND Non Az46
She Gye’ Giy xak’ Ula Lis Cys Kaa’ Bla Pyr Ala’ala Kaa‘ ax? tye ThyGly dys Fedo Nek deityr

iy Rs aoe  
a a Boeowooegs Ooon

ioest1ft
  

 HE
he

ahr 
 
 

 

 

 

 

MtAOtaadAeRNaaReNetteRtAneSentSetntethheehee 
 

Stee. Cys

3
1.

the Cys Gly Nan? Glu fle Cys Raat Als Tyx ala Ala Naa! Cys The feat sly eps GEOR NO: A040rh

Naat Ohw tle Cys Naat fle Tyr Mla Bla Bsa! Cys Che Gly sha Xwae ISEGID NO: 3994
the dye

iy Max? Gis tis Cys Xee' Ale Syr Alp Ala Gys Raa’ The Ghy Mist cve (BBQNO: Bee8 7%

Thr dys Ghy Satu! Glu tle Cpe deat RIA Tp Ala Ala Gye The Aaa’ Asa’ @hy Cys (GRCIES NO: 2878 }

Thy Coe GRY Rass Win fhe Gye Raa! Nis Tyr Abe Alka Zaaé Cys Kaa’ The Gly cys CONCH BRR

‘Thy Cys. Oty Sar’hiv Pie Cys Kaal Als Tyr Aja Ala Yaa? dys The ty Rea? ys {SEQNG: 3228
core Cys. iy 3 8 {

y Nag? Glu tle Gys Zea! Ala Tyy Ala Alp Gye Kar’ thr ahy Cee SECGIR NOY 3222
She Cyy. Giy Aaa’ Gly Tie Uys Xaat Ala Dye ‘Ala Als Cys Kaa’ Yast Thy Oly Oye (SECUD NO: 3248 }
Whe Uys Gly Ses? Gly fle Cys Yast Ale Tye Ala Ala oye Kae’ thy Kear aly Sys GON NO aoe)

Ay Tae Cys Shy Newt Ghiy Le yx Naa! Ala tye Sis Alp Cys Xaat vhr By ys Ras? PRONG Sos8 }
TRY Uys Gly Naw’ Gin fle Cys Xaa Als Tyr-Bile Ala Gye Thr Xas! By Ow {SEQUG NO: 2227 }th ;

Ske Sys Gly Mast Gla tle Cys Xaa Ala tye Ale Alw Gye Phe Baas Bly Xaal tye (BEGNOK 3228 }
Rhy Cys Gly xas’ clu lle Gys Xaal Als Tyr ala Ala Cye Tar Nes! Gly cys Nae? (SEONG: 3250)

Sha ye Gy Rav? Olu Lie tye Nea’ Bla Tyr Ada Ala Cys The Oty Raa? ove (ORONO. 3234}
Diy The Ua Gly Saat Gly dle Cys Maa! Ale Tye Mla Ale dye The Gly Kaa’ Nea’. cya {EOI NO: 5752 }

Rhy Uys Gky Jaa? Gin dys oye Xa! Ala Tye Ala Als Cys the Sly Rad’ Dye Raa’ (SEOIO NOS83 }
tys Maat Ale’ Tyt Ala Ala Cys the Oly Cya Kas {BEQUG Nh 3234}

EIG. 2

(sheet 69of L115)
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y 8G’ Gly Tie. cya Xaa?
f Kaa’ Ghy Ue Ces Ale
! Kaa! Sta dle Gye Ale

Maal Blu Ble Cya Sia
hy Bas? Gla Pe cys Ala
Sy Raat qs qe Gye Ale

"Raat Gly Pe dys Ale
ty Kae! Ye bLe Coe Soa

Xaat hts tle Cys als
y Kaa’ Bis the Cys Ala

Neal Wig fle oye Ma
Kaa’ Qiu fle Cys Ake

p Xeat Gia Lie cya Sia
Shy faa’ Siu Lie Cys ala

Y ABV Bis Tle Cyn ale
; Raa! Big BR Gys Ale

YS GLY Raa Gir Tle Uys Nia,
ce Ry Sly Lear Qlu ide tys Ala

“Oys Gly Xeat Aly Lhe Cys Kia,
tye S19 kaa’ gly ile tye sis
Oye tly Xaal wha hhe Oye Ads
Sy Shy Kee Bin De tye Ala

the Cys lu De Oye Ala
moar Bin Va ney Ala

ar oye ¢ Biu Tle ys Ale
ne yh Sly Ie Cys Ala

« Oh Cys Gly Xeas Qe lle ya Kia
8 BLY ys Rly Xaaé Gin Te oyd Bla

tro, Sly ‘Wiy Cya Gly Meat Gin le cys sa
Bre Gly Thy Oys Gly Mes! Gly te Gye ala
Pro Gly Shy ya Gly Raat chi fle dyes ala
Bee Gly Whe Cys Oty Nas’ dla zie cys Aka
Bro Wily The cya Gly Xaa? Gut The Oye Ale
Pres iy Thy cya Bly Kae! ila Tle Ow Als

Aja
zaa’
Kian?
waa!
Raa?
Xaat
was‘
Saat
kaa!
san
Sant

Nat
Rage
aaa?
Fant
Raat
Saat
Sse’

Asa?
Raa?
Ase?
Rea’
Xeg*

Raat
Kaa?

Xaas
Kar’
Rar?

Rast
waa?
xaat

Rat
Kaa’

kaa’
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Tyr Aly Als Cpa the Gly OyRaat. Kaa
tyr Ala Ala Cys The Gly cys
AMG! Tyr ble Ala Oye Tar
Xast
Xaat

Raat
Xaa"SHAY
daa?
Bers!

Seat Pyr
ver
Tye
tyr
Tye
‘tyr
byr
Tyr
hye
yr
nyt
Tyr
Tyr
tyr
rye
Tyr
Tye

TYE
tye
wr
Tyr
ter!
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dsheet 70 af 14)

Xaa? Tyr Ala Bla Gye Yhe Sly Os -Kaa’ Sha Mas
Tyr Bly Rast
Tye Ada Koda,

Ala Ale

tye

Sy
TYY Ala Rls
Tye Als Abe

ALR Ble
AIX bla
Raat

Ala Raa’
Bea’ ALB Ala
Sas? Ale dla
Raat Ahaala
&aat Ala Ala
Kaa* Bla dla &
Ada Xaat Bia
aga
Ala Xda Alba
Bis Baa” Ale
Ble Naa? Ale
Bia wea? Abe
Alt Dast ale
Ala Ale Ren?

Ala Bla Raa’
Ala Bla suis!

Ala Ala Baa!
Ala Ala Yast

Sea!
ast
RAR?

Ala ala Xag™

Maa? Sina?

Sy Cys

cvs
AM Cys

Nas? ys

cya Raat
tys thr
oye.

Cys The Sly Ove. Kaa!
Oye he Oty cys.

For By Oye
TRE Wy Oye
The hy oye
Phe Sly

Raat aly cre

ha AlaQas Thr Ry Cys
&la Oye Tar Gy cys

Raat Cys Thy Gy Cys
Rye Saat Par Gly: cy
Oye The Kaa’ Gly oye
Sye Thr Gly Faas See
mye The hy Cys. Bax?

Oys Thr Gly oye
&ie Oye Fry Sy oye.

Kaa’ Oye Thy Sly ye
Cys Raa Thr Sty ays
Cys. The. Aaa? Ghy Coy
Gyo thr Sly Gat cya
Cys The Gly cya Haat
ye The By Cys
Kaa! Cys Thr ly. Cys
Cye Xaat The aly tye
Mya whe Baa Shy cys
Cya Thr. Gly Kee? Cys
cys the Biy Gye Kaa”

Aa Ala Qys Yaa? Thr Oly Cys
ala

HIG

Als Cys Aaa’ kas? the Bly Gye

 

This Gly Neat cys.
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eeaR BE8G JiS 3isa0 NO aes }
(sees ve: 32483(SSCND NO. 3ese.3(SEO NO: Re8) )
(SEQNO: 3882 }
fQEQIR NO: 3283}
(SEQNie Bag }
(SHON NO 8258}
(SEOMUYNG: 3856 }
(SEERD NO! 4287.3
ERED. NG 8258 }
{SERUDNon 4298 }
SSECHO NO: KA0)
ESEERD NOD Asst }
(SECID NO; 9282 }

(SECO NOs 8353 }
(SEGID NO: R284 }

(SEGIDNOY B2B5 f
{REQID NO: 9286

(SECHD NOr 3287}
{SEQNO: 3268}
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daa Clu Fle Cys
Ras? Gin Fle oye

Thy Xeee! G@he Ma diye
Big Xaa' Gk Tie Gee
Sly Kaa ole Tle che
Hy Aad Sku Be oye

ys Gy Naa Gly Be cys
Cys Gly Nast Gie ie oye

y Cys fly Ron! ola xls oye
Potty Gly RA Ga Xda Oye

tye Gly aa? Glu flees
tye Gh Sha Phe tes
ys ay Lin oye
Oye ake Lig Cpe
Oye Kaa Glu Tie Cyn
tye Kar? Gla tle Cys
Cys aaa! Ulu Dia Oya
Cys wee? Gy Mle Ges
tye Baa’ Gy tie tye
ty Kas’ tin tte cys
ys Kaal Gu chile ya

. oye Saat Ghy Tis cys
hy Gye Oly Kea’ Stn The dys

p OSS y Kaa BIS Tle Oye
Oys Gly Xan? dhu fle dye

f Oye Gly Kaa’ Give Cys
the Cysglyaad? Gor fla ove

eye Gly Jaa? Gin Lis ye
> fir Cys Saat GR de Cys

Pro GlyThr Cye Gly. See! Gly We cya
Pro Gly the Gps Sly Kas? Ghy Te. Cys
Bro. Ghy Thee eye Fax! Sle tke Cys
Bra Gly Phe cys Xaat Gin Theo cys
Fee Gly Pheogye Gly Kaa Flu The dye
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Ala Sis
dla Ma
Ala. Ata
Bin
waa
Yea!
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Maa?
Bus ¢
xan’

Kaa? ela
Raa Ala
A¥a Kags
Ala faa’

Ale Haat
Ala Mat
Ria Xan!
Abe Kaas
Aha Kaa
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Ala Ala
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Als ALR
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Al
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Ale Bye
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Rye Ms? the Raat nly oge
Asa? the Gly Raa’ ope
Sua? Thy Thy Oye Xayt
Tar Kaas Ghy dye

Raat Maat Sly Cys
Raat Bly New? Oye
Xaa’ By Ove Raat

type

The Sky Bea? Xaar oys
‘She. Gly Kast Oye xaat
Tar Gly Cys waa‘
Thy Sly Cya Maal sax
The Gy Oyen

Ake Cys Thr Gly Ces
ALR BMacya Dar Shy Cre

Naa’ Ala Dye The Gly oye
Aka Aral Oye The ey oye
Ale Oye Sas! Taw tly oes
Ala Ogs Thr Rea! Oly cys
Ma Oys Yhr Gy Xaaé Ove
Als. Ops The Gy cys ds?
Aka Cys The Gly tye
Mas! Ale tye The Bly
AS Raa Cyn Thr Shy
Aba Sys Aaa’ the ly Cys
Ala Cy Ths Nas' Gly Oye
Sls Uys Yar Gly Asa! cye
Ala Cys the Gly Cys xee>

Raa! Cye. var Gly Cyr’
xhat

the
The

Spa
cya

eye
Sys
Cys
Ove

Sys
Cys

Gye Xae’ The Bly Cys
Cys ‘For Kaa’ giv
Cys Thy Gly Maa’ dys
Cys The Oly cya Kas!

xaal
Xaat

FIG. 2
(sheet TafFL)

Raat Cye the Oly Cye’

oye

(OESHU NO: 2286
(SECHD NO: R270
ISESHD NO: 8274
(SRGNO: aa72
{SEO NO: BeP8
(SEQIN NO: aes
iSEGQ-AOs BOTS
(SEONhe aye

(SEQ NES877
{SEGNO: B78

{SE5D NO: 9278
(SERCHNCh 2a0
{SEQRENO: B2U4
IBRQID Nee 3282
BSHOG NO: S263
(SEOHD NO: Bead
(SEQ NO: RRS
(ESCH NO: 3235

(SEO NCe BHT
{MEQID NGr aed
(SECID NOG: 2289
{QEQH ROW Baek
{SEQUIN$281
ISEQIE NO: S262

(RROD NO; Bees
{SECED NO: Beat
SSEQIO NO: Sa884
(SEQHG NO! Bean}
SEOHS W328? }

(SEQHE HG: 208 }
(SEQNE NO: 3208-3
SEQU ROC HO )
SEQNG: 5301 }
{GECRO NO; 902 3

  

 AahAaashtaeSpatSindFretDedtralBerNAtetMeaMaladtantnetNachattneemtAes!wanewaneweetpeneenee

1417

 



1418

WO 2007/101158 PCT/US2007/062815

89/226

 Sly Xeat Gy le oye ala Rye Naat Ala ale Cyp Naat thy Ay Cys {SECHB NO: 33933
Sly Kee’ Glu Vie Cys Bia tyr Naw! Ala Bla Cyn Xow Naa? phy ay ys AED NO 3904.4

: Sly Raat Stu YLe Cys Aisa Tyr Xe’ Ada ble Dye Mat Why Kae iy Cys {MECH No 3308 3
tee Gy The cee dhe %aa' Glu Tle Ove Ala Tyr Rea? ala Mla Cys Kaa’ vor Rly Xae’ Cyn geod NOr3308 }
Fro aay FRE Uys Gly Baw) Sly Tle Oye Ale Typy xaa? Ala Als Uys Xan’ Thr Gly Cys Bast [SEQ Nex 3807 3
Bent Gly The yg Big Xaat Gh Le Gye Ala, dys! Maat Ade Ale Gye the feet ogiy cps {SEHD NO: 39989 | 
Ara Ghy The Oya Bly kaa Aha we cys aa Ty Maat Als Ala Gye Thy Xeat Nas @ip Sys GEGNO: agne 4
Pra Gly Yar Sys QLy xaat Gla Tie Gye Ala Tyr Xae' Ala. Ale (ye The Naa! Bly Rags Cys SEONO: 3a
Peo Gly The tye Sly Kaw’ Oly dae cys Ala Tye Naat Ala Ale Gye thy xan? Bly ys Kae UBEONNSEQID NO: D317

  
  

Has! Gly Vie Ces
Rast! Gk ka Cee Baa Ala Xaat Nass cya The Gly cys GkORYRO3827s

2. AHA) Ala Kaa’ Cya Nav? Che Giy cys {GEQHY NO: 2527
Zant Gln Lie cys Bue? Ala Kaat Oye Bae Kaet Shy Cys iGEGID.Noh does
Kaa’ GiTie tyes 8 Naat Als Raa? Cys The Gly Real Gye {aI No: saz9

y Kast Glu tke Oe Xaat Als Sua! Oye Thr Gly Cye Yaa (SENIO NCE gEEG
‘Sua’ Gly Tle Gye Ble ctyy Ala Kaa Ala dys Bag’ The oly Cys (SEONG NOBasi
Rag? Ulu Tle Uys Ala ‘tyr Ala Xaa* Ala Cys Kaa’ Xaal Thr aly oye {SEONC: aaae
Raa’ Gly The Cys Ala ‘tyy Ald Kaa’ Bld Cpe kaa’ The dae’ Blyove EQIO NG! 3983)

yoMaa? Giw fie Cye Ala Tyr Ala Kaa! Ais Cys Kaa’ the Oly Kaat Oye (CEQ NG BEM
Gly Raa’ Glu Lie Cys Ala Sys Ble Raat Ala Cys Kas" Tar Oly cys Kaa! (SECHD NO: BaaH
Sly Raat Gla. Ue mys Ava tye Bla Naw Ala cys The Asst Bly oye (SEQMx8aae-)

FlGi 2
(xhieut 72 of 114)

 

 

}Ib. x

i$ Shy Raa’ Ghy Tle Sys Ale Dye Aaa’ AdsAla ys Ter Gly Xaa( oye Weep Wen 3S 12 ;
Sly Kaa’ Giw tle Cys Ala tye Nes! Ala ala tys The Shy Asa? Xee' Cyo GEOR NOada 3
Sty Sae* Ghi ie Cys Ale Tyr Now! Ale Ale gyn Phe Gly Kea! Gye cae’ GROIS NG: 33465 }
Sy dat Glu dle ye Ala Tyr Real ALA Ale. dye The hy Cys aay {LEGID NON BSH }
Gly Raa Blu rhe fye ala Iyy Raat Ala ala Oys The Oly Gye Raa’ Maat (Send NO: astS }
Sly Reat Gls Tle cys ala Tyr kia Keat Ala Oya ‘the Qy ya - (SECONO: ga47 }
Giy Kea’ Gig dim Oya Ala Pye Ala xae' Neat Ata cya Thr: Gly tere {SECM Nt; F548 }
Siy Sea’ Glu dle Cya Bla tye Rla Xwat Maat Mant Ala Cys The Gly Cpe (BeNth Adis }
Wily Kaa' Gla Lhe yk Alay Yye Ale Rha’ Kade Ala Xaat Gye “tte: ly Cys (SEQNo: 2320 }
Shy faa’ lu Yle Cyn Aig Pyr Ala Kaa’ Ysa? Ala ya Xket Tir dy oye. (SOI NO: ASD }

RYS Gly Keay Siu The Oye Ain Tyr AMA Rag! Raa? Ale Ge The saa! By oye (SHON NO: asae }
ty Tes Gye Ghy Raat Gly kie Cys Ala Tys Ala ‘Kaw! Aux? ale tyes Che Shy Kaa’ Cys {SEONOs a8e3 }
ly The fy Gly aa’ Glu Tle lye Als fyr Ale Maal Ree? Ala Gi Wie GLy ts. maa! {SECHDNOs.492¢ }
Ly The Opn Ghy Mast Qhy Poe cys Ala Dye Sila. daa? Alk Raa’ Oye Thr Gly cys EQN RO: 4805 }

™ }
)
}
3

}
}
} 
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Phe Cys Wly faa! Glu dhe cys Ale
fhe Cys Gly Mas? Yiu Ube Gye ale

ty Tw Cye Wiy kaa’ Gly The fys Ma.
yy ry Raat GA dle oye Ala
Ay 3 Uy Xaat Glu Tie cys Als

URS Nast Ca. Lie Cys Ala
y y Uhy Kaw’ Cle! lin Oya Ale
¥ Q2y Nat Bin Tie cys ale

Sy ye Gly Raa’ Glu The Oys ala
By Gly Rag’ Tu Tle dys Ala
Shy Kes? Glu Els Gye axa
Rly Rag? Glu Xie Cya ala
Sy 2 age ake
ety Sia
sy Ada

\ Als
' y ALS

Bla
1, Ale

i ely Mant Gla Yle. oye ala
XY, Gly Xeat chu The cya Ale

Pre Qhy Wily Kaat Ga she cys Ala
Pro Ghy whe Gye Why Naat Glu Tie Cys Ale
Pris ly The Syp Sty Eas’ Glu tle oye Ala

The Oy Gly Xaat Glu We cys Abe
Ouse hy xaa’ Wu Xie Cee Ala

Bly Kaa’ Gla ABB
iy xaal Sha Rha
SQy. xaal Btn Ala
SlyRaat Blu Ala

8 Shy Raat Gha Ake
Why Xana Ghee s ARQ
By Kaat Qe ae Ale
Bly Kaas mle

 

 

 

 

Tyr
tyr
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yr
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tyr
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tyr
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tyr
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Tyr
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Ala Xan? Ala Cye fhe Bax!’ Kear Gly Oya
Ka Raa? Aa cya Thy Naa! Sly Kaa! Lyx
Aba Kae’ Ale. Cys ‘thy -
Ale Raat Ala Gye The
Ala Yaa! Ala Gye thy
Sla Nea! Ala Cpa The
Als Raa! wla Cys tier
Ala Neat Ala Cys Thr
Ala BIS Raw? Uys Ther.
Ala Ala Kea’. Kaal cys
Ala Ala Kea’ Xaat Ses

Bia Ala Kaa’ Yaa’ dye
Als Ala Zaat Xan! Cys

 g

Ala Aha Maa! Nas’ Cys the Gly Agni loys
Ala Ata Sas! xual Cyw Thr Dy Cve Fear
Xa Abs, Meet Cys Zaat
bla Ala Kael cya Xaeé
Bla Als Xa’ Cys Ysat
AUS Ala Raa’ Cys Rast
Alm Ala Raa! Oya. Nas!
Ala Ala Kaat Oye ‘thr
Als Ala Aaa’ Cys ‘Shr
Als Aka Xeal yr Thy
Ala Ala Xaat ys, Tor
AlS ARR Xeat cya Phr
Ala As teal Cys The
Kia ALa Xeal yu ‘Py

Bla Ala Kaat bye The
Ria Ala Xaat CysThy
Blu Ala Cyk Maat Tar
ALV Ala Oya Haal Raat
Ala Ale Cys Nant Raat
Ala Ale Sys kag! Xaeat

Aiea Tye AlaAla Cys Naa’ Nyse?
FIG. 2

{sheet 73of14)

 

Xaat Gly Oye Nox?

Gly Kaat tyre
ty Rast Nag Cys
Gly Hast Cys. "Raa?

Ay Sys Raa
Bly ye Kaw? xae'
Sly Cys

Sox Gly oye
' Cye Thy Qhy tye
Aaa’ The Gly oys
The Raa’ Sly OyyRSPe

the Qhy Cys
Maw? The Moy O¢s
Thr daa Bey Sve
ThE Gly Xawe Coe
The Gly Cys Kea’

Kan’ Gly cya
Baar Bas! Qhy cys
Raat Gly Rea?’ ‘ye
Raat Gly Oye Xant
My Rag! Cys

Gly Ran! Kaa? Oye
AyXaat Ye Kas’
Gly. Cys See?
Sly fyn Xsat Raa?
tly fys

She Sly Cys
Hea! She Gly cys
Thr Sagh Gly oye
The By RW’ Coes’
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{SSD NG Asay }
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{SEONO: 3348
ESEGIO NO: 8348
(SERIO NOS47
{SEQ NOK ISS
{BROKE BO 3349
REID NOP 3350,
(SEONO: 3324
(SEQ Ok Babe
{SEQHS NG 3309
{BRONTE Ney Baad

CID NO: S388
SEHD NO! 2358

(SSCHD NOL 3357
(SRN NO; 2258.
SEQROE IIST

SemSaagAEAaneIRNOnetatNeattapPhed?
 

$

RetNaeNONNatteeet
(SEQID RO: 3354
(SEQRee $38Z }
{SEND Nee Basa: }
{SEQND Nie sae }
(SEQ NG: 4965}
PSERRONeh a36s }
(SHO WO:gaa )
FSBO). $65: 8268 }
(SEQNOC Sa89 }
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y Maat Mu ghey’ Uys Aln ye Ala Ala Gy. xeat Baa’ ‘He Gly cys xaa! SEQHY NOK AIP}
Rad? Gla Khe cys Ala Pur Wla Ake Cys Xage Thy Rea’ aly gyn (SEQNK. 3372 3

‘Rea’ Giw We Cpa Ada Tyr Ala Ala Lys Maat Tor NastMas? Gly tys GEOR NO: 3373 3
Rag! G1y Tie Cys Ala Tyr Ala Mla tye Nea! The Baa’ Aly xew? Cys GON NG: 3743
Zant Qe De Qyt Als Tye ale Ala Cye Saat The Zeat Qly Cys Xaaé (SEONO: says }

‘a

  
KR
“Rea Ala Tyr Ala Ala Gye Thr keat Maa’ Sty daa’ eye {SECO ND: aaa

Als Tyr Mla Ala Gye Phe Kaa’ Nek! Gly Oya Kas’ GEORO RE
® Kia Dye Sis Als Cye The Naa’ Ghy kaal nye SEG dO; 3368

   
 
 

ie Raat Ale Wye Ain Bla Cpa Kea THY Sly Baad oye GEIR NO: 3878}
_kgat Rie Ix Ala Ala Cys Kaat vy ely Raa’? Raat Oys {SEQIR NO: Rar7F }
Rae! Ala fyx Aly Alea Oye Naae Thr Gly ea? Oye. wae? {BPONh Jaya}

> Ra? ‘ Ala ‘tyr Ala Ala Cys Naa the Gly oye xaa! SECWen BayGF
ity Rea‘ Bly die Cya Ala Tyr Alg Ala Gyo Naat ‘rhe Gly Cys Yas? Sea’ (REOHO: aged}

Rae ¥ Ala Tyy ala Bla Gye thy daa) aty. ye (SEGNO: 3881 3
y Raa’ detyeAle tye Ala Bla Cys The aa’ Naat Sly Gye (SEERD NO} 3982 }
y Kea" : Aia ‘tyr Ala Sla Cys Thr Xeat Asa* Nea’ Gly Cys QECND Ney eae }

}y}
+aAaa ¢ 

  

Be kaa” § Aba Bye Bla Aba Gye Thy Why Kaa’ Mas Gye Eset MeasRP >
Pr Aaa’ Qh) Tle tye Ala Tye MA Als tye THe | Sy Baal Ove Raat siewty No: akae }
Be yaa’ Glu Ye dys Ale Tyr Als Ala Cya The @y fys Raa? {SEGHH NO: 3385 3
ee y das’ OR Xie cys la SyxAla Aba Cys dhe Sea? Gly oye maa’ keaah (EBCRONO: 2500 }
ye Saat Gay Ye Oye ala ye Als Ala Cys Thr Gly xXsat oye (GED Ney S97 }

Maw Ghya Xie oye Aka dys Als Aha Uys Thr By Xaa' Saat Oye (GEQD Ath sage}
ran? Glu tle Cye Ala ‘tyr Ala Ala Oye Yhr Gly Nast Raa’ Naat Gye (S8ONNO: A803 }
“Anat Gla Pe Cys Ria Tyr Als Ala Gyo Thr Gy wast aga’ Oye Raw REQIYNG: ROS|

Gly Mae? Glu Tie Cya Ma Tyr ale Ala Gye The Gly Aaa’ Cye xan (SHONO: 356 }
vss! Gly Us Gye Ma Tyr ala Als Ca Tar-Dly Rss’ Oya Yaa? Xaat {SECHR NO: 3388-4

& YY Rad? Gin Tle Gps Ada. Tyr ala Bla Cys Thr gly Cys Kart (SEGIO NO: 3987 }
aly Nas? Glu He Gye Alew Tyv ala ala Cys Thrky Cye Kaat Yaa? (SGP NO: 428}

ko Bly Yas! Gku Tie, Cys Ala Tye AlavAla Gye Thr Gly dys Kaa’ Maa? Kaa? S011 NO; Ba0N}
fee SEY Mh Hig Kaa? ie Cyy Ale Tyr Ala Bie ovd ‘The Gly cy : {SEGID NO: 3400}
Rhy Sly Th Biv Baa’ Kaa! The Cys Ala tyr Bla Als Cya, Thy Sly Cya (SEGUE Noone}
ex Qly Thr tyes Gly lu Zar’ Xaal Raa’ vie Gye Ala fyx Ala aka Oys Thr Gly. ye {SEONOY 2402 }
Peo Sly Yor Oye! Vly Gin Baa? Rag? Maa’ Xa? WeCya Ada Tye Ala Als Uys Shr ply cys (SEGIONO: 3409 }
SraGly THe Cys Oly Glu Naa’ Kaat yas! Lie Neat Oya ala Tyr Ala Ala Cyt The Gly cys {SEQHO; 404 }

FIG, 2.
ighert. 14 af L14)
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Gs waa Raa’ Xast tle Cys Meas Als Tye Ala Ade Oye Thr Gly cys (SEGID NO: R405 }
wu Mad! Kaa’ Xaat Phe Gye Ala Yaa! tye Ale Ale Cyn thr diy nyx (SEQH NO: adda 4}

‘RAR. Nak Ele Cys Ala Tye Kak? Ala Ala Gye The chy Oye (ROM NO: ge07 }
Maat Rag! Pa Oya Ale Yyr Ake Kaa’ Bie Gye The Ty Oye IRONNOn aga f

: Kaas! Kaa’ Lin Gy Bla Yyr Aha Ma aaa’ Cys Tay Gly cys {SECHD NQ: 3408 }
Raat deal Tie Cpe Ria Tyr Ale Ala Qys Rua! The @iy tys iSECHD NO: sain}

‘ Kast Maat Tle Ups Ale Yyy Ala Ala Qye The Kaa’ Sly Cys {SEHDNO: 2844}
Raat Raat ble Cys Ala Tyr Ala Ala ‘cys chr Guy Nast cys fBEORS NO 3412 }.Raa’ Meat tle éys Aletyr Ala Ale cys thr Sle Cys. Kant (8D Wes Satz}

at. Raa? Tie Raw Cys Aloe Vye Kia Ala Oye Thr Bly Ops: tom Woe ett4Xan’ Tle Raa? kaa’ dy# Als Tyr Ala Ala Oye The aly oes (gece NOL?waa’ Te Kae’ Cys Naat Ala yk Ala Ala Oye FRE GIy cya iSeOND pi246
Meat PRe aa‘ ys Ala Kae’ Tyr ALG Pla Oye Thr @ly Gye OHO NO: 8a4
wan’ Tle Aaa’ Uys Ala Tyr Naat Ale Ale Goa The Gly tye (SEOMLNOS3e18
Man! Ple-Zaal Cys Ala Qye Als Mea? ble Oye Ther y Cys (SO NOr 3878 3
Baa’ Vie Yaa! Sys Ala Bye Ala Als daa‘ tye Thy Ghy ies (SEGHD NO: B20
yaa! Tle Maa! Oye Abe Tyk Ala Ale Gye Yeast Thr Gly ove (GED NO 342
Bast Maat Cys ale De Als Ala Cye The Rea’ Bly eye {ERD Nehdies
Ran? Man! Gye Ale Tex Ale Ala Cye Thr Gly Kea Gye (BOND NA Sage

Rea? Maat Cys aie. tyr Ale ala Cys Thr Gly Oye Bsa? REQ ® tO: B42.

 SARE
S

 

imook 
g waeeeetRAedeeRenteetantdeletnatMeetRitetSe  

 
  Wo. iy. Gln most” kaa’ Tin Oye Raa’ Ada Tye Ala Ada Oys Yor ily dys HO: 2eR8|

Gye Sly Glu Mest Kaat ie Gyr kaa Yas? Ale ye ALA ALS Qa "hex Rhy Ohi 428
OQye-Shy Gli Nua? Kaat 0 “tye. Kaa’ RIB Kae! yx AlavAla tye the Gly ove aay
Cys Gly Gi Swat Zaa’ tle Cyadaa! wla Tye Nas! Ala Ala Oys The Gly Ove [SEQUD Nib 3428
Oye. Yly Gla Nas! Xaaé dleCys. kaa’ Ale tye Bis daa! Ale cys The Sly Gee (SEQID NTE aad )
Cya Shy Ghia Nae! Xaa’ Cle Cys daa’ Ale Tye Sia Ala Kaa? Cys. Thr oly Sys (SEQNG 3690}

“@in Sau! Kear Tle cyy Kaa’ Ala Fyy Ale Ala Gye Naas ter oly Oye (SECM NO:. aad
Gls Rael Maat Tle Cys Aaa! Als Tye Bla Ale Cya Ter Neal Gly Nye seearD ROK 2432 ):
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Tjexea? Cya Ala Tyr Ale Ala Gys The okaa! (ily Sag? Xest oye [SEONG NOAtay }
fia kas’ tyes Ai Aga Ala Cys Tia Kaa? Raat Gye Xaat (SECWek 4098 |
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Kaa! Hye Raat Als Ala daa’ oes Thy Gkyr Cys ONC A118 }

 
 

‘Xaa’ Nia Tyx Asat Ala Ala Oye Xeat Thr Oy oye CHO WO STS0 |
wo raat Rie > Rye Nast AIS pla CYS Thr Rea Bly cve (Seo wee 439i}
s Nan? Ale ‘yr Mss! Ale Aha Oj Thr Gly Raat dys {SECHD NOs 4322
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Raat ALK Xag! Dyy Sle Raat Ale Gye Xaas ur ol    

 
 

 

 

 

 
 

      
v Sly (SEONO, 4327
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: Maa! Ris Rua? Tye Ble Ale Oye Nes! Kan the Ghy cys  a teEeResceneeeef “at
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Saal Al& yr Raat Nut Raat Ria Als Cys The Oly cya JSEQIO NOP 4353 4
Kaa! ST Raa! Ykat Ala kaa’ Ala Qe Thr Gly Gee (SPIN: 4166)

re Mae Raa! Seat Ala Ala Neat Cys Thr Gly Cys {SEG NO.48s |
ye %Ha7 AY y RABY Xaat Ala Ale Qye Raat The Qy dye GEOHINO: dine|

“Ree? a w Xsa? Kaat Kila Alu gys ie Nast aby cya {SECHD NO: A147
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{SEQ ID NOLABSS

(SzQ 12 NO: ABSd
(SEQ ID WO: 4B85
SEQ iD NO: $898
(SEG ID NO: 4897
(SEQ ID NO: 4808
ISEQ1 NO: 4599
{SEQ 1G NO: 4900
(SECNO: 4901
{SEQ WD NO; 4502
ISEQ 1D NO: 4903
SEQ I NO: 4904
(SEQ1NCN 4905

{SEQ ID NOs 4908
(SEQ WD NO: 4907
{SEQ {0 NO: 4808
(SECNO: dade

SEQNO4910
EO ID NO6O44
(SEQ IO NO: 4978

{SEQID NO: 4943.

{SPQ ID NO6914
{SEQ 1D WO: 4835

(SEQ WD NO: 4916

isSEQ IG NCy MOTT
(SEQID NCE 4818

SEQ ID NO: 4978

SEQ INO: 4920
iD NO: Agat

iD Ne 4822
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ID NG 4924.
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3 @Ee
Foeeecettecence
2tyx CyX His Asn Bro Ala Cys Gly Gly Cys Tyr

cys Gin tyr Cys His Asn Pre Ala Gys Gly Ala Cys Tyr
Cys Glu Pyr Cys His Api Pro hr Cys Thr sly Cys Tyr
Cys Glu Tyc Cys Hie Asn Pro Phr Cys Thr Ale Gye Cyr
cys Olu tyr Cys Ris Asn Pro Par Cys Val Gly ye tyr
Cys Sly Tyr Cys Wie Aen Pro The Cys Val Ala Crs tyr
oye aid ys Gyr Hie Ama Pro: Thr tys Gly Gly Oye Pyr
cya ela yx Cys Hig Agn Pro Thr Oys Gly Ale Cya tyr
Cys Glu Tyr Cys Bis Asn Gly Ala Gye Thr Gly Cys tyr
cys Glu ‘yr Cya Bis Asn Gly Ala Gye Shr Ale Oya tyr

Cys His Aen Sly Ala Oys Vel Gly Ops Tye

Cyp Glu Tyx Cys Bie Asn Gly Ala Cye Val Ala Cys Tyr

tyres glu tye Gye Hie Aen Sly Ala Cys Gly Gly Oys Tyr
Cys Gla tyr Cys Nie Aep Gly Ala Gye @ly Ala Sys tyr
Cya iu tys Cys His Aen Gly Thr Cys Phr Gly Oys Pyr
cys eiul pyr Cys His Asn Gly Thr Cys Thr Ala Cys Tyr
oys Glu tyr Cys His Agen Gly Phe Cys Val Gly Oya Tyr
Cys @lw Tyx Cys Hie asn Gly phr dys Val Ale Gye tyr
Oya Glu tyr Cys Ris Asn Gly Thr Cys Gly Gly cys tyr
Sye Say tyr Cys His Aen Gly Ther Oye Giy Ada Cys tyr

i dys Cys Ile Asn Pre Ale Cye fhe Sly cye tyr
SEQ ID NO: 4987 cys Glu tye cys Ile Ash Pro Ala Cys Thr Ala Cys Tyr
SEQ INOL485E ) Cys aig ye Cye Tle Asn Pro Ala Cys Val Gly Cys fyr
SEG NO: AGS8 Cys Glu tyr Cye Tle Aen Pro Ala €ys Val als cya Tyr
MEQID NGSO8D.) ys Glu Dyx Cys Tle Asn. Pro Ala Oye Gly Gly Oye tyr
rerc ip NQ:4981 ) Cys Glu Syr cya Tle Aun Pro Ale Uys Gly Ale Cys tie
SSECHD NO 4082] Cys Gin tye Cys Mle Aen Pro The Gye Thr Gly cys Dyr
{SEQID NO: 4883 | ityr Cyb Tle Asn Pxo Thr Cys Uhr Ala cys tye

{SEQIONG:4804) bys Gly Tye Cys Tle Asn Pro The Cys Val Glycys tyx
BEQ ID NG: 48665 = Cys 824 Dyr Cyn Dla Asn Fre whe Cys Val Ala. Cys tyr
(SEGIONC49GG | Sys Clu Tyr Cys Tle Aan Peo Thr Cys Gly Si
SEGID NO 4eey. ) Cys Gin tye Cya Tie Aen Pro hy Cys Gly Ala Oye vyr

(SEQ IO NOI4BI6
(SEQID NO: 4037 }
ISEQHO.NO: ABI }
SEQ IO NODS
SEO © NO:ag4d

SEQ ID NOLa84 4
(SEQID NC: 4942 }
(SEQ ID. NO:4943 }
(SEQ 1D NO: 44d
ISEQID NO: 4945 3
BEQUIONO: 4948ae

SEQIO NO4G47
{SEQ D.NOr4648

(BEIDNO: dd4o }
SEQ HNO: 4880.
(SEQID NO: S983

BEO IO NOM882 }
SEC RH NO4083 )
(SEQ ID NGASS4

(SEQ 1D NO:$955
(SEQ HWNO 4086

intaSecMbataseSattaNaeAieainetNedMENaeMathtrapdeametMong +
Ut GY ar)a. 4

pteten

FrappeMemeNing Nepe. GS & aSi<3.

fsPrattaeNopeNiarettaratracetSonatomit 2BD aeet Sa.

 

(SRQID NO4888} Cys Clu tyr Cys The Asm Gly Ala Oye The Sly cys Tyr
(SEQ 1D NO: 4958 > Oya ely tyr Cys Tle Asn gly Ala Cys the Ala cre yx
(BEQ ID.NO:8870 ) Sys Gis tyr cys Tie Awm Gly Ala Cys Val Gly Cys Gyr
ISEQIDNO ARTI) Oye Gly tye Cys Ile Aen Oly Ala Cys Val Als Cys oye
SEQIONO.4072 ) Cys Glu tyr Cys Te Asn Gly Mla Gye Sly Gly Cystye
SEQH NO 4973 } Cys Glu tyr Sys Tle Asn Gly Ala Cys Gly Ala Cys Tyr
ISEQ ID NO: 4976 } eys sla cys Gys Te asn Gly Thr Oye Thr Gly Cys Rye
IBEQ ID NO: 4875 3} Oye Glu tyr Cys Tle Asm Gly Thr Cys Whr Ala Cys tyr
{SEQ 1D NO: 4875 } oye ale Syr Gya Tle Asn Gly Whr Cys Val Gly Cpe Tyr

ary} Cys Glu Pyr Cys Tle Asn Gly Thr Cye Val Ala Cys Tyr
} 8 why tye Cys Ile Aen Gir whe Sye Gly Ghy Co Pye

FIG. 3
(sheet § of 90)
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ie folgenden Angaben sind den vom Anmeider cingereichten Unterlagen entnamimen

@) Substituierte Pyrazolol3,4-bl pyridine, ihre Herstellung und Verwendung in Arzneimitteln
GF Die vorliegende Erfindung betrifft substituierte Pyrazo- Prophylaxe der bezeichneten Krankheltszustande und zur

{oj3,4-bipyricine der Formelt Herstellung von Arzneimitteln dafur sowle pharmazeuti-¥ uw ,

sche Préparate, die Verbindungen der Formel | enthaiten.

 

 
in der X, Rt, RIE. Re, RS, 84 und R® die in den Ansprichen
angegebenen Bedeutungen haben, die wertvaile Arznel-
mittelwirkstoffe zur Therapie und Prophylaxe van Krank-
heftan sind, zurn Beispiel von Herz-Kreislauferkrankungen
wie Bluthochdruck, Angina pectoris, Herzinsuffizienz,
Thrombosen oder Atherosklerose. Dia Verbindungen der
Formel | haben die Fahigkeit zur Modulation der karperel-
genen Produktion von cyclischern Guanoesinmonophos-
phat (cGMP) und gignen sich generell zur Therapie und
Prophylaxe von Krankhettszusténden, die mit einem ge
stérten cGMP-Haushalt verbunden sind, Die Erfindung
betrifft weiterhin Verfahren zur Herstellung von Verbin-
dungen der Formel {, ihre Verwendung zur Theragle und
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Beschreibung

Die vorliegende Ertindung betriffi substituierte Pyrazolo[3,4-b]pyridine der Formel [,

ia Re!

 
 or&,RELR!A Re RFR? und RFdic untennangegebonon Bodeutungen haben, die wertvolle Arancimiticlwirkstoffezur‘Therapie und Prophylaxe von Krankheiien s zuut Beispiel von Herz-Kreislauferkrankungen wie Bluthochdruck, An-
gina pectoris, Herzinsuffizienz, Thrombosen oder Atherosiderose. Die Verbindungen der Formel I haben dic Fabigkeit

zur Modulation der kdrpereigenen Produktion von cyclischern Guanostamonophosphat {cGMP} und etgnen sich generellgur Therapie und Prophylaxe von Krankhettszustiaden, die mit einem gestérten oGMP-Haushalt verbunden sind, Die
Erfindung betrifft weiterhin Verfahren zur Herstclhing von Verbindungen der Forme! [, ihre Verwendungzur© Therapie

  

   

 

und Prophylaxe der bezeichneten Krankheitszusta@nde und zor Herstellung you Arzneimitteln dafilr sowie pharmazeuti-
sche Priparate, die Verbindungen der Formel I enthalten,

COMPist cin wichtiger intrazeilularer Botenstoif, der tiber dieModulation cGMP?-abhangiger Proteinkinasen, Phos-
phodiesterasen und losenkantilen eine Vielsahi verschiedener Effekte au . Beispiele sind die Glattnuiskelrelaxaiton,
die Inbibition der Thrombozytenaktivierung und dice Hemmung von Glattnvuskelzeliproliferation und Leukozytenadha-
sion. cGMP ward durch partikulare und lésliche Guanylatcyclasen (GC) als Antwort auf eine Reibe extra- und intrazel-

inldrer Stimnli produziert. Im Balle der partikuldren Gu rcyciasen erfolgt die Stimulation im wesentlichen durch
pepticisehe Signalstotfc, wic dematnalen natriurctischen Peptid oder dem cercbralcn natriurctischen Peptid. Dic lésli-en Guanylateyclasen GC), bei denen es sich unt cytosolische, beteradimero Hamproteine handelt, werdea dapegen
im wesentlichen durch eine Familie niedermolekularer, enzymatisch gebiideter Faktoren reguliert. Wichtigstes Stimu-
lans ist das Stickstottmonoxid (NO) oder cine nahe verwandte Spezies. Die Bedeutung anderer Faktoren wie Kohlen-
monoxid oder dem Bydroxyiradikal ist noch weitgehend ungeklart. Als Aktivierungsmechanismmus der Aktivicrungdurch NO wird die Anbindung you NO an das Ham unter Aushiltung eines pentakoordinierten Hatn-Nitrosy!-Kompie-
xes diskutiert. Die damit verbundene Freisetzung des im Basal-Zustand andas Hisen gebundenen Histidins therfiihrt das
Enzym in die aktivierte Konformation.

Aktive léshche Guanylatevelascn sctzen sich aus jc ciner G- und ciner B-Untercinbeit zusammen, You den Untercin-

heites wurden melirere Subtypen beschrieben, die sich untereinander beztiglich Sequenz, gewebespezifischer Vert eilung
und Expression in verschiedenen Eniwickhingsstadien unterscheiden. Die Subtypen a, und §; werden hauptsic!
Gchirn und Lunge exprimiert, wahrend B> vor allem in Leber und Niere gefunden wird. In humanemfGtalen Gehirn

konute der Subivp 02 nachgewiesen werden, The als w3 und B, bezeichneten reece)wurden aus menschiichem
sehirn isoliert und sind homolog zu oul und By. Neuere Arbeiten weisen auf eine o;-Unter miheit hin, die ein Insert inder katalytischen Domineenthalt. Alle Untercinhe igen srobe Homologi aerkatalytischen Domane.
Die Enzyme enthalten verrnutlich ein Hampro Heterodimer, dastiber §,-Cys-78und/oder Bi -His-105gebundenist und
Teil des regulatorischen Zentrumsist,

Linter pathologischen Bedingungen kann die Bildung Guanylatcyelase-alctivierender Faktoren vermindert sein oderes
kann durch das vermehrte Aufireten freier Radikale ein verstirkter Abbau derselben orfolgen. Die daraus resultierende
verminderte Aknivierung der s(t’ fihrt Gber die Abschwachung der jewethgen cGMp-vermitielien “ellantwort, bei-
spielsweise zum Anstieg des Blutdrucks, zur Plainchenaktivierung oder zu vermehrter Zellproliferation und Zelladha-
sion. Ads Folge kormmt es sur Ausbildung von endothelialer Dystunktion, Atherosklerose, Bluthochdrack, stabiler und

iustabiler Angina pectoris, Throribose Myocardinfarkt, Schlaganufiilen oder ercktiler Dysfanktion. Die pharmakologi-
sche Stimulation der (0 bietet eine Méglichkeit zur Normatisierung der cOMp-Produktion and erlaubt damit die Be-
handlung bzw. Pravention derartiger Kranicheiten.

Fur phartuakologischen Simulation der sGC wurden bisher fast ausschlieBlich Verb: xduagen verwendet, deren Wir-
Kungaauf einer intermediaren NO-Freisetzung beruht, beispielsweise organische N Der Nachteil dieser Bellnongsweise liegt in der Toleranzentwickhing und Witkungsabschwichung und der deshalb erforderlich werdenden
ren Dosierung,

Verschiedone nicht tiber cine NO-Preisctzung wirkende sGiC-Stimulateren wurden von Yosely in ciner gréBeron Zahl
von Arbeiten beschrieben. Die Verbindungen, bei denen es sich zumeist um Hormone, Phlaazenhormone, Vitamine oder

zuin Beispiel Naturstoffe wie Behsengifte handelt, zeigen jedoch durchweg nur schwache Effekte auf die cGMP-Bildungin Zellysaten (D. L. Vesely, Eur. J1. Clin. Invest. 15 1985} 296; D. L. Vesely, Biochem. Biophys. Res. Comm. $8
(1979)1244), Eime Stimulation Ham-frerer Guanylatcyclase durchfelons mio EX wurde durch Tyaarre et al. (Ady,Pharmacol. 26 (1994) 35) nachgewiesen, Pettibone et al. Qlur J. Pha 83) 307) | chriebenfit Dipheny-
Hodonimrbexafluorophoshat eine blutdracksenkende Wirkung und“filbrten diese auf eine Stimulation der sGC zurtick.
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Iscliquiritiginin, das an isoherten Rattenaorten cine re
col. 114 (.995)1587) ebenfalls die sG¢'. Ko et 21. (Bload 84 (1994) 4
‘Teng ef al. (Brit. J. Pharmacol. 116 (1995}1973) wiesen e sGC-stimulierende Aktivitit yon 1 -Benzyl-3-(3-hydroxy-
methyl-2-fury)-indazol nach und demonstrierten eine antiproliferative und thrombozyvienhemmende Wirkung. Yerschic-
dene Indazole werden in BP-A-667 345 “ Tabibitorea der TBrombouyfenaggrezation|beschrle ben.

rol.4-5}ipye dine, die in der 1-Positi i

ierende Wirkung zeigt. aktiviert laut Yu et al. (Brit. J. Pharme-
26), Yu et al. Biochem, J. 306 (1995) 787) und

  

 
 
  

 

 

 

 
 

und eine Guanylatevclase-Aktiviernng bewirken, aufgrund derer sie
eignet sind, die mit einem niedrigen cGMp-Spiegel verbunden sind,

Die vorhegends Hrfindung betrifft somit Verbindungen der Formed |

pia Fe!

 
in derx fir8§» NE oder N(CH):sie 
 stehen, wobei Alkylerupoen

t durch einen odertmehrere gleiche oder verschiedene Reste aAttigttoder ung Het sein kGnnen und ngubstitiet oerstituiert sein konnen

® fiir (C,-Ce)-Alkyl oder indor Pheaylgnappe unsubstituicrics oder substituicrtcs Phonyl-(C,-Ca)-alkyl sicht;
RB? und R* uiabhiingig voreinander fiir Wasserstoff, (C)-Ce)-Alkyl, unsubstituiertes oder substitutertes Phenyl, in der
Phenylgmppe unsubstituiertes oder substituiertes Phenyl(C:-Cy)-alkyl, Hydroxy, (4-C')-Alkoxy oder in der Phenyl

grupr s unsubstifiuertes oder substituiertes Benzyloxystehen:
R*fiir Wasserstoff, (Cy-Cp)-Alkyl, unsubstituiertes oder substit
oder substinuiertes Phenyl(Ci-Cy)-alkyt stebt,

R!° fiir Wasserstoff, erCg}Alkyl oder unsubstituiertes oder substituiertes Phenylstelit;RU fir RY“’O, RPRMN, Halogen ‘oder unsubstituiertes oder substituiertes Phenyl sieht
BR!fiir Wasserstoff, (C)-CekAlkyl, in der Phenylgruppe wasubstituicries oder substitiertos Beazyl, H-CO oder (CAC
AlkylCOsteht,
RB} fir Wasserstoff oder (C:-C6)-Alkylsteht;
oder RB? und RY zusammen mit derSt om, an das sie gebunden sind, einen gesai
Heterccvelusbilden, der als zusataliches Ring-Heteroatom noch ein Sanerstall

Methylgruppessubstitniertes Sticksioffatomenthalten kann:
len ihren stereoisomeren Formen und Mischungen davonin allen Verhdlinissen, sowie

chen Salze.

Alkytreste konnen geradkettig oder verzweigt sein, Dies gill auch, wennsie substituiert sind, zumBeispiel durch einen
Phenyleest oder durch Hydroxy, oder wenn sie in anderen Grmippen enthalten sind, zum Beispiel in Alkoxygruppen. Bei-
spicle fiir Alkyigruppen sind } dothyl, Ethyl a-Propyl, Isopropyl, n-Butyl, Isobutyl, sec-Buryl, tert-Butyl, n-Pentyl, Iso-
pentyl, Neopenty], n-Nexyl, 3,3-Lhmethylbutyl, a-Heptyt, n-Octyl, Unter dem Heerif Alkyl sind hier auch ungesdtiigte
Alkyllresie zn verstchen, inshesondere Alkyireste, die eine oder zwei Doppelbindungen odereine oder zwei Dreifachbin-

dungen oder eine Doppeibindung und cine Dreifachbindung enthalten. Beispicle ftir solche Reste sind der Vinylrest, der
2-Propenylrest (Allylrest), der 2-Butenylrest. der 3-Methyl-2-butenylrest, der E:hinylrest, der 2-Propiaylrest (Propamyl-
rest} oder der 3-Butinytrest.

Phenyireste kOnnen unsubstituiert sein oder emfach oder mehriach, zum Beispiel zweifach oder dreifach, durch glet-che oder ver

 
 

 

 
 xenyl oder in der Phenylgruppe unsubstituiertes

5)
 

 
   igten 5-Ring- oder 6-Ring-

atom, Schwefelatomoder ein durch eine

 

 
 

   a vertragii-

 

      

 

  

 
chiedene Substituenten substiiumerl sein, wobei sich die Substituenten in beliebigen Fositionen befinden

konnen. Bevorzugt sind substituierte Phenvireste einfach oder zwetfach substituiert. Monosubstituierte Phenyire
nen in der 2-Position, der 3-Position oder der d-Position substituiert sein, disubstitujerte Phenyireste im der 2,5-I on,
der 2,4-Position, der 2,5-Position, der 2,6-Position, der 3,4-Position oder der 3,5-Position. Tn irisubstituierten Phenyire-
sten k6nnen sichdic 5 ucaten beispiclswel ition, 2,3,5-Position, 2,3.6-Position, 2,4,4-Position, 24,6-
Position oder 3,4,5-Position befinden. Als Substituenten an substituierten Phenylringen kommen insbesondere in Be-
tracht (C\-C.}-Alkvl, Halogen, (Cy-Cq}-Alkoxy, Benzyloxy, Amino, (C, -Cy)-Alkyb-carbonylamino, Mono- und Di-
(C-Cypalkyb-amino, Nitro, Cyano, Trifluormethyl, Hydroxycarbonyl, Aminocarbonyl(=Carbamoyl) und (C, -Ca}-
Alkoxy)-carbonyl. Die Hriduierungen zu Phenylresien gelien auch fiir solche Phenylreeste, di >In Phenylalkylresten oder
Benzylresten enthalten sind, Beyvorzugte Phenvlalkylreste sind Phenylethylreste und insbesondere der Benzylrest,

Beispiele fiir Heterocyclen, die BR? und RY zusammenmit dem sie tragenden Stickstoffatoms bilden kénnen, sind Pvr-
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din, Piperi azin, Mforpholin ead Thiomorphoiin, Diese Heteroeyelen kGnnen auch zum Beispiel durch eine
oder mehvere, zummn Beispiel ein, zwei, drei oder vier, Alkyigruppen, insbesondere Methylgruppen, substituiert sein und

Falle des Thiomorpholins am Schwefel cum Sulfoxid oder Sulfon oxidiert sein.Halogen bedeutet Fluor, Chicr, Brom oder fod, vorsugsweise Floor oder Chior.
Sind Aliylreste durch Reste R" substituiert, so kOanensiszum Beisgiel durch einen, zwei, drei, vier oder mehrglei-

che oder verschiedene Reste RB“ substituiert sein. Revoraugt enthalten solch1c stituierten Reste einen, zwei oder drei,
besonders hevorzugr einen oder zwei gieiche oder verschiedene Heste R*. In den substituierien Alkylresten kénnen sich
die Substituenten in beliebigen Positionen befinden.

Die beiden SubstituentenrR und R!* knnen sich in beliebigen Positionen des Heterocyclus befinden,aisein den Po-
sitionen 3, 4 und 5 des Puranrings, Thiophenrings oder Pyrrolrings.

Die Verbindungen der Formel I konnen bei entsprechender Substitution in sterecisomeren Formen vorlicgen,]

   
 

 
 

 

 

   

 
 

 
  tea die Verbindungen der Forme[ ein oder mehrere Asymumetriezeniren, so kOnnen diese unabhangig voneinande

Ronfiguration oder die R-Konfiguration aufweisea. Zur Erfindung gehdren alle méghchen Stereoisomeren, zut    
 

 

Enantiomere und Diastereomere, und Mischungen von zwei odertmehr stereoisomeren Fortnen, zm Beispiel Mischun-
gen von Hnantiomeren und/oder Diastereomeren, in allen Verhdltnissen. Lnantiomere sind also in enantiomerenreiner
Form, sowoht als links-alsauch als rechtsdrehende Antipoden, in Form von Racematen und in Form yon Mischungen

der beiden Enantiomeren in allen Verhalinissen Gegenstand der Erfindung. Bei Vorliegen einer cis/trans-Isomerie sindweohi die cis-Form als auch die trans-Form und Gemische dieser Formen Gegenstand der Erfindung. Die Herstelhung
yon einzeinen Stereoisomeren kann gewtinschtenfalls durch Anftronnung eines Gemisches nach tiblichen Methoden,
aun Beispicl durch Chromatographic oder Kristalfisation, durch Verwendung von stercochernisch cinbeitlichen Aus-
gangssubsiansen bei der Synthese oder durch stereoselekiive Synthese erfolgen. Gegebenenfalls kann vor emer Tren-

nung von Stereolsomeren eine Derivatisierung erfolgen. Beispicisweise kann eine Verbindung der FormelI, dic zum Bei-
spiel in der Grappe R! einchiral enstoffatom. und eine Hydroxygruppe emthalt, zund an der Hydroxyegruppe tn
den Ester einer op iven Sure Uberflihrt werden und die erhaltenen diastereomeren Ester k6nnen dann nach Uibli-
chen Mcthoden, zum Beispiel durch Kristallisation oder Chromatographic, getrennt werden und dic Ester anschlicBend
wieder verseit werden. Die Trennung eines Sterecisomerengemisches kann suf der Stufe der Verbindungen der Forme!I
exfolgen oder auf der Sunfe eines 4 renprodukts im Verlaufe der Synthes

Bet Vorliegen von beweglichen Wasserstotfatomen umfabt die vorhiege ilomeren Formender Verbindungen der Forme! 1 sui Beispiel Lactam/Lactin-Tauiomere, Als Reispiel|U ~ derartigeTaulo selendie
Forme la und tb von Verbindungen der Forme! I genannt, in der R? fiir Hydroxysteht, Entsprechond sind tautomere
Formen beispielsweise méglich, wenn R° in der Formel Ifiir Hydroxysteht,

  

 
 

   
 

  

 
  

  
 

  

  

  

  

 

     

 
 

     

ig IboO a ae 
Enthalten die Verbindungen der Formel [ eine oder mehrere saure oder basische Gruppen, so sind auch dic entspre-

chenden physiologisch oder toxikologisch veriraghchen Saize Gegenstand der Ertindung, insbesondere die pharme
tisch verwendbaren Salze. So kOnnen die Verbindungen der Formel I, die eine oder mehrere saure Gruppen enthalten,
zum Beispiel Hydroxygruppen imP ning oder COOHU-Substituenten in Phenylringen, an diesen Gruppen beispiels-
weiseals Alkalimet:allsalze,, Urdalkalimetalsaize oder als Anmmaoniumsalze vorliegen und erfindungsge verwendet

werden, Beispiele fir soiche Salze sind Natriumsalze, Baltumes:alze, Caletur " snesintusalze oder Salze mit Am-
oder organischen Aminen wie beispiclsweise E hanolamin, Triethanolamin oder Aminosduren. Ver-

sen der Pormel I, die eine oder mebrere ba: protonierbare, Gruppen eathalten, kGnnea ip Formih-
rer Sdureadditionssalze mil anorganischen oder organischen Siuren vorliegen und erfiadungsgemai verwendet werden,

zum Beispiel ais Salze mit Chlorwasseerststoft Bromwasserstoff, Phosphorsdure, Schwetelsdure, Salpetersfure, Methan-sullonsdure, p-Toluotsulfo isulfonsiuren, Oxalsdure, Essigsdure, Weinsdure, Milchsdure, Salicyl-
sdure, Benzoesdure, Ameisen: iure, Diethylessi, Jalonsdure, Bermstemsdure, Pie-
linsdure, Mumarsinre, Maleinsdure, Apfelsdure, ulfaminsaure, Phenylpropionsiiurere, Gluconsaure Ascorbinsiure, isoni-
cotinsdure, Zitronensdure, Adipinsfure usw, Enthalten die Verbindungen der Forme! I gleichzeitig saure und basische

ope i Molekiil, so gchdren nchen den goschilderton Salzformen auch innere Saize oder Betaine zu der Erfindungalze koanten aus den Verbindungen der Formel ] nach tiblichen, dem Fachmann bekannten Verfahren erhalten werden,
ispi aise ¢durchVerinigung ntit einer organisehen oder anorganischen Saure oder Base in einem Losungsmitiel

sch oder Kationenaustauschaus* ancersen Salzen.bie vorkegene
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Die vorlicgende Erfindung umfakt weiterhin alle Solvate von Verbindungen der Formel I, zum Beispiel Hydrate oder
Addukte mit Alkoholen, sowie Derivate der Verbindungen der Formet J, zum Beispiel Ester, Pro-Drugs und Metabolite,
die wie die Verbindungen der Formel I wirken.

In der Formel I steht X bevorzugt fir O oder 8
RE steht be yorzugt fiir Wasserstofi, Formyl, Ha

CH, wobei R°? fir Wasserstoff, (Cs-Ce)-Aikyl, das gesiittigt ist odereine indung enthaist oder durch eine Grappe (C)-Ce}-AlkyloN substituiert ist, oder fir nasksubstiniertes oder substitutertes Phens! stent,
und wobeiiin einem Rest (C)-Ce}-AlkyDoN die Alkyifreste gleich oder verschieden sein KGnnen. Besonders bevorztugt
steht BR! fiir Wasserstoff, Formyl oder die Gruppe B*“TOEECH)}, wobei R°! fir Wasserstoff, (C)-Ca}-Alkyl oder unsubsti-
tuiertes Phenyi steht, Bevorzugt befindet sich der Rest R!in der 5-Position der Heterocyclus, also des Furanrings, Thio-
phenrings oder Pyrrolrings.

R'4 steht bevoraug

 

 ers bevorzugt fir O.
ie Gruppe R*"CB 
 
 
 

} oder che Gr  
    

   
 
      

ftir Wasserstolf oder C Ca)-Alkyl, besonders bevormgt flr Wasserstoll,
R steht bevorzugtfi J6)-Alicy] oder in der Pheniy}gatuppe unsubstituiertes oder substituiertes Phenyl-(Cy-C2)-al-besonders bevorzugt (CeCe)“Alkyi oder in der Phenylgrappe unsubstituieries oder substitutertes Benzyl Ganz,

dersrs evanZug sicht R? flr unsubstituiertes Henzyl odertert-3
evorzngt unabhingig voneinander fiir Wasserstoff, (C\-C,)-Alkyl, unsubstituiertes oder subs ¥

tes Phenyi ooder Hydroxy, besonders bevorzugt fir Wasserstoll, (C,-Cy)-Alkyl oder Hyedroxy, inshesondere Wasserstot
Methyl oder Hydroxy und ganz besonders bevoraug: fur (C; i

   
  

 Lyi
  

   
 

-Ca)-Akyl oder Hydroxy, insbesondere fir Methyi oder Hy-
 

  
 

 

 

gar (Cy

droxy.
R*sicht bevorzugi fir Wassersiolf oder (C)-C)-Alkyl, besonders bevorzngt fir Wasserstofi oder (Cy-Ca)-AlkyL, ganz

besonders bevorzugi fir Wassersiolf,
: : 3 tae 4A ans 3 1G atBevorzugt ist es auch, wenn einer oder mehrere der Reste Re]Rtundak gine andere BBedeutung als Wasserstotf hat.

Bevorzugte Verbindungen der Formel [ sind sol ler darin enthaltenen Reste bevor-gugte Bedeutungen haben, wobei alle Kormbinationen vou1 bevormigien‘Substnentendefinitionen umfab: werden. Auch
yon allen bevorzugten Verbindungen der Forme! I umfabt dic vorlicgende Erfindungalle ihre stercoisomeren Formen
uod Mischungen davon in allen Verhdltnissen, sowie ihre physiologisch vertraglichen Salze.

Kine Gruppe you bevorzugten Verbindungen der Formel I bilden solche Verbindungen, in denen in der Formet [
Xfir Ooder Ssteht;

R! Sir Wasserstoff, Founyl, Halogen, die Gruppe R°CHOW)oder die Gruppe((C,-C,)-AlkyD.N-CH,steht, wobei F
Tar Wasserstoif, (C)-Ce}-Alkyl, das gesithigt ist oder eine Dreifachbindung enthalt und das unsubstituiert ist oder durch
eine Gruppe ((C)-U'g)-AlkyDN substitinert ist, oder flir unsubstituiertes oder substinuertes Phenyl steht, und R° sich in
der 5-Position befindet;
R' fir Wassersioffstcht:
R? fic (C,-Cel-Alkyl oder in der Phenylgrappe unsubsiituier
BR? und RB? unabhangig yvoneinander fir Wasserstoff, (C)-C,)-Alkyl, unsubstitutertes oder substit
droxystehen;

    
  

   
  

 

 tes oder substituiertes Phenyl-(C) -C))-alky! stebt,
aries Phenyl oder Hy- 

 R° fiir Wasserstoff oder (C, @
inallen ihren stereoisomeren Formen und Gemische davon ia allen Verhiltaissen, sowie ibre phivsiologisch vertriglichen
Salze.

YTS
Die erfindungsgemifien Verbindungen der Formel I kénnen beispieisweise analog dem in J. Het. Chem. 12 (1973)

1303 und J. Get. Chem. 15 (1978) 319 beschricbenen Vortahron hergesielit werden, dastn folgendenerldutert ist und das
ebenfalls Gegeustand der voriegenden Erfindungist.

Ausgangssubsianzenfiir den ersten Schritt der Hersteilung sind die 8-Ketonitrile der FormelI, die mit den Hydrazi-nen der}‘ormel TT oder deren Salven zu den Aminopyrazolen der Vormel [IV umzes erden kGnnen.

 

 

  

Ria a

Nx

SEC ay  
il Vv

In den Formein TT, in und FV haben A, Ri) Re und R?, die oben fiir XR! RRund R? angegebenen Bedeutungen und
zusitziich kénnen inden Resten R!, R'* und BR?’ Funktionelle Gsruppenin geschitzier Form oder in Form von Vorstuten
vorlegen. Geeignete Sethutggrupper bow. pliastige Vorstufen [ir funklionelle Gruppenin diesen Restensind derFach-
mann bekannt. Beispielsweise kann eine Carbonylgruppe in diesen Resten zundachst in geschiitzter Formvorliegen, zum
Beispiel in Form eines Acetals oder Ketals, oder es kann eine Aninogruppe in acylierter Form vorliegen, oder es kann
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or spater durchgefiihrien elextroohilen Substitutt-sndlungen veyon erisindngsgeméfen Funktionellen Gruppen in andere er-
  

 
  

 

durehgefiihrt werden.
G‘eeignete2 Vesrbinndun der Formein TT und THfir die Hersiellung dererfindungsgemaBen Verbindungen

sind komunerziell erhaidich oder kGunen nach oder analog zu Verfahren erhalten wer‘dewa, die in der Li
sind, zim Beispiel in den Standardwerken Houben-Weyl, Methoden der Organi
oder Organic Reactions, John Wiley & Sons, New York, Die heterocyclischen Acylacetomitrile der lormel 1
Beispiel durch Acyherung von Ac‘etonitril oder vou Cyanessigester mit heterocyclischen Estern oder Acylchioriden in
Gepgenwart einer Base wie Lithiumdiisopropylamid und, im Palle der Cyane ster, anschheRende Abspaltung der
Estergruppeerhalten werden. Die Hydrazine der Pormel IT kGanen zum Reispiel durch Alkylierung von geeigneten Hy-
drazinderivaten oder durch Reduktion von Hydrazonenerhalten werden,

The Umsetzungen der B-Ketominile der Formel 1 anit dea Hydrazinen der Formet UL oder der werden beyor-
2ugt in einem Lésungsmitte! oder THspergierniittel vorgenommen. Geeignete Losungsmittel s Geispiel Wass
Alkchole wie Metanol, Ethanol, a-Propanol, Isopropancl oder Butanole, Ether wie‘Diethyletther, Dipropylether, Dibu-
tylcther, tert-lutylmethylether, Tetrahydrofuran oder Dioxan, Monoether und Diether des Lithylenglvkols und des Dh-
und Triethylenglys wie Ethylengiykolraonomethylether, Hihylenglykcot monocihylether, Ethy 4Ethylengiykolmonobutylether, Diethylenglykolmonomethylether oder Diethylengiykoldimethylether, Bsterwie£
siureethylester oder Hssigsdurebutylester,Amide wie Dimeriyfoemannic,Daimeethylacetamid, N-Met
Hexamethylphosphorsduretriamid Nitrile wie Acetonitril, $2sulfoxid oder Sulfolan, Kohlerwasserstoffc und chlorierte Koblenwasssorstollewie Beng
Xylol, Chlorbensol, Dichlorbensol, Methylenchlorid oder Chloroform, Es kGnnen auch Mischungen von zwelsioxlert
Lésungsmitteln eingesetzt werden, beispiclsweise Mischungen aus Wasser und Alkoholen oder Mischungen aus Wasser

anol und Bthanal.

der Forme! T
teratar beschrich
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Essiig:
pymolidonooder
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und Sduren. Hevorzugte Losungsmittel sind Alkohole wie Meth
Die Umsetzung der Verbindungen der Formein TW und Mi kann in einem weiten Temperaturbereich durchgefibrt wer-

 
 

 

den. Im allgemcinen wird sic bei Temperaturen von O°C bis 150°C, bevorzugt bei Temperaturen von 20°C bis 120°C

durchgertb. Besonders bevorzugt ist es, sie unter Rickfiuf bei der Siedetemperatur des verwendeten Lésungsmittels
der Losungsmnittelgermisches durchautt en, zuxtBetsyel bei der»Siedelleniperatur “cs Methaneols oder Ethancis. DreReaktionsdauer richtet sich nach der ionspartner und

den Reaktionshedir gungen ab, im allgernucings isi, wend die Siedeverperaturdurchgefihrt wird, die Umsetzung nach 1 bis 10) Stunden beendet. Die Anfarbeitu:ing des5Re:aktionsgemisches kann nach
Standardverfahren erfolgen und das Produkt gewtinschtenfails nach Gblichen Reinigungsmethoden, zum. Beispiel durchUmkristallisation, Destillation, Subhi on oder durch Chromatographie gereinigt ‘werden.

Als Reaktion ciner C‘arbonylverbindung mut ciner Aminoverbindung kann dic Umsetzung der Vorbindungen dor For-
suelo Th und Of sowohl durch dea Zusatz you Basen als auch dea Zusatz vou Sdurea beschlounigt werden, Geeignete Sdu-
ren sind zum Beispiel organische Carbonsiur rs rsiure, Methansutfon-
sdure oder p-‘loluolsulfonsaure, anorganische Sauren wie Chlorwasserstoff, Schwefelsture oder Phosphorsaure, saure

Saize wie Armmoniumsalze oder Hydrogenphosphate, asaure lonenaustauscher, Geeignete Basen sind zumBeispielHydroxide, Carbonate, Hydrogencarbonate, Acetate oder Alkoholate von Alkalimetallen und Erdalkalimetallea, zumBeispiel Natriumbydroxid, Natritumcarbonat, Natriumhy:“rogencarbonat Natriumacetat, Natriummethylat, Natriume-
thylat, Kaliumcarbonat, Kalium-teri-b ty basi che Jonenaustauscher oder Amine wie ‘THethvlamin oder Pyridin.

Werden trete Bydrazine der Formel 10 cingesetzt, so istes vielfach besonders vorioiihall, dic Umsctzung mit den Yor-
binduagen der Forme! If unter saurer Katalyse durchzufiihres. Als Katalysatoren kommen die beispielhaft genannten

Sauron in Betracht. Es kann auchgtinstig sein, einen bestimmten pH-Wert cinzustellen oder in Gegenwart eines Puffer-
systems 78 arbeiten, Hevorzugt ist es, wee von Verbindungen der Vorme! [Limit freien Hydrazinen der VormelTl ia Gegenwart von Essigsdure durchanfiihres. Die Art und Menge eines gugeselaien sauren Katalysators cichten sich
nach dem Hinzelfall undhangen zum Beispiel von der Reaktivitat der Reaktionspariner, dem LO ungsmitiel oderder vor-

Temperatur ab. Wird zumBeispiel cine Sdure wie B ive verwendet, so kanndieseje nach der cingesetz-

sowohl als Losungsmittel als auch als Katalysator fynsieren.a an Stelle eines freien Hydrazins ein Sau-sitionsal eines5 Hydrazins eingeseta!, zum Beispiel ein R°-substituiertes Hydraziniumeblorid oder Hydrazinium-its eine saure Verbindung in das Reaktionsgemisesaheingebracht, die katalytisch wirken kann.Vessrwendung eines ydraziniumsalzes ist es vielfach besonders giinstig, einen Teil der durch dieses cingebrachten
Saure cure fusaiz emer gewissen Menge emer Hase abzulangen, zum Reisprel durch “usatz, von Natriumacetat oder ei-
ner anderen abstumptenden Subsianz zur Reaktionsgemisch.

Im Hinzelfall kann je nachden Reaktionsbedingungen und den Reaktivitaten der Reaktionspartner die NH)-Grup
des Hydrazins der Formel TY statt mit der Carbonylerappein der Verbindung der Formed Tf auch mitder Nitcilgruppegieren. Ind n Palle kann die Unmsetzung auch zu dem unerwiinsehten Jsomieren des Atminopyrazols der Formel TV
fubren, in dem sich die Aminogruppe in der 3-Position und der Heterocychus in der 5-Position befindet. Der Reaktions-
verlauf 188i sich gegebenenfalls durch die Wahl der Reaktionsbecingungen sicuern. Liefert die Umselvung der Verbin-
dangen der Formein Ti und 1Gemis dey isomeren Pyrazole, so kOnnen diese nach iblichen Verfahren in die Kom-
ponenten autgetrennt werden, zum Beispiel durch Urkristallisation, Destllation, Subbmation oder Chromatographie.

Im zweiten Schritt der Herstellung der Verbindungen der Formel I werden dann die Aminopyrazoleder Formel IVmit
1,3-Dicarbonyiverbindungen der Formel V zu den Pyrazolopyridinen der Forel I umg
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Enisprechend den obiger duterungen zuden Formein U, WT und PV haben auch in den Formein ¥ tad I'die Reste X,‘ Je, R*und BF ae oben fi .R',R'4, BR? R?, Rt und RS angegebenen Bedeutungen undzusitziich k6nnenin den Resten RP, RR? R2 RT und RY wiedernmfunktionelle Grrappeaiin geschteter Porta oder in Porm vor Vor-stufen voriiegen, Aus den Venbiniuneet der Formel { kSnnen dann gegeb s Verbindungen der Forme! I erhalten

werden, indem man in cinem oder mehreren anschlicBenden Roaktionsschritten dic in geschiitzier Formbzw. in Form
von Vorstufen vorlicgenden Urnppenin die gewiinschten, in den obigen Definitionen von R',R'* R?, BY, RY und R° ge-
nannien funktionellen Gruppen uberflibrt oder erfindungsgeméBe Gruppen modifiziert

Sollen Verbindungen 4 hergestellt werden, in denen die Reste R* und R° in der Formel I baw. die Reste R?
und R? in der Formel I’ beidefiir Resie aus der Reihe Wassersiof{, Alkyl, Phenyl und Phenylalkyl stehen, so handelt es
sich bei den Verbindungen der Formel V uit i-Dialdehyde, B-Ketoaldehyde oder B-Diketone, Sollen Verbindungen her-
gestellt werden, in denen einer der Reste3 und RO in der Formel | baw. der Reste R? und R° in der Formel¥ fiir Hy-
droxy oder einen in einem spateren Reaktionsschritt aus einer Hydroxygruppe erhdltiichen Alkoxvrest oder Benzylox-
yrest steht, so handelt os sich bei den Verbindungen der Forme! V um B-Alde
Als Sau edenivate kkonunen bier insbesondere che Ester in Betracht, sami Beisgiel che CotiyAlkyjester wie die Methy-
Lester o¢der cidie FE thyllester,Sollen Verbindungen hergesteilt werden, in denen die Reste Rund R? in der Formel I bzw, der
Reste R? und R?in der Formel I’ beidetir Hydroxyoder daraus in einemspiiteren Schritt erhaltliche Alkoxyreste oder
Benzyloxyreste stehen, so handelt es sich bei den Verbindungen der Formel V um Malonsdurederivate. Auch als Malon-
siurederivate komunen wiederum insbesondere die (C)-C.4)-Albylester wie die Methylester oder die Ethylester in Be-

tracht. Alle diese Verbindungen der Formel Vsind in grofler %.abt xommerziell erhaltlich oder kGnnen nach oder analog
zu Verfahren erhalten werden, die in der Literatur, zum Beispiel den oben genannten Standardwerken, ausfiihrlich be-

schricben sind, Aldchydgreppen und & ctongreppen kénnen in den Verbindungen der Kormel V auch in Form yon A
talen oder Ketalen vorliegen, beispielsweise in Porm der geminalen Dimethoxyverbindurges, der geminalen Diethoxy-
verbindungen oder der Dioxolane, aus denen die Aldehydgruppen oder Ketongruppenerst“wil rend der Umsetzung frei-

5 werden, zum Beispicl durch cine Saure.

‘Auch die Umsetzungen von Verbindungen der Formel TV faitden Dicarbonylverbindungen der Forme! V werden be-
vorzugt in einem Lésungstittel oder Dispergiermitiel vorgenommen. Geeignete Lésungstittel sind auch hier zum Bei-spiel Wasser, Alkohole, Ether, Monoether und Diether des Sihylenglvkols und des Di- und Triethylenglykols, Amide,
Sduren, Sulfoxide und Sulfone Kohlenwasserstoffe und chlorierte Kohlenwasserstoffe. Die oben genannten Beispiele fir
diese Losungstnittel gelten auch hier. Je nach dem Eimzeltall kann es bier aber auch angebracht sein, bei hOkheren Ter-

aturen als im ersten Schritt zu arbeiten, so dai neben dea chen beispielhaft genannten Lésungsmittela auch entspre-
chende hdbersiedende Lésungsmittel in Betracht kommen, zum hohersiedende Alkohole wie Decanol oder hahersie-
dende [ther wie DXphenylether. lis kGnnen auch wiederum Mischungen von awet oder mehr | Gsungsrmittein emgesetzt
werden, Fin bevorzugie Lésungsmittel ist Hisessig (Hssigdure}. Die Umseizung der Verbindungen der Portmeln IYund ¥
wird im aligemeinen bei Temperaturesn yon O°Cbis 200°C, bevorzugt bei Temperaturen von 50°C bis 200°C durchge-
fibrt. Besar st unter Rickflu8 ber der Siedetomperatur des verwendeten Losunpsmittels durchzul
ren, sie kann aber beispielsweise auch unter Druck in einem Autoklaven durchgeflinnt werden. Die Reaktionsdauerrich-
tet sich wiederum nach dem Einzelfall und hangt zum Beispiel von dev Reaktivitat der Reaktionspartner und den Reak

llonsbedingungen ab. Imallgemeinenist die Umsetzung nach | bis 12 Stunden beendet, Dic Aufarbeitung des Reakti-
onsgemisches kann nach Standardverfahren erfolgen und das Produkt gewiinschtenfalls nach Gbhichen Reinigungsme-
thoden gereinigt werden,

Auch die Umsetzung der Verbindungen der Formeln TV und V kann kann sowohl den Zusatz von Basen als auch den
Zusatz von Sauren beschloumgt werden. In viclon Fallon besondersglinstig und daher bevorzuatist dic. Verwendung von
sauren Katalysatoren. Die obigen Ausfihrungen zur Katalyse und die oben genannten Beispiele fiir Basen uad Sduren
gelten auch hier. Ein besonders bevorzugter Eatalysator fir die Umsetzung der Verbindungen der Pormein TV und ¥ist

Essigsdure, die wiederum besonders glinstig sowohi als Losungsmittel als anchals Katalysator eingesetzt werden kann.
Auch bet den Unisetzungen der Verbiadungen der Formeia TV und V kdnnen imEiazelfall kann je nach deo Reakii-

onsbedingungen und den Reaktivitéten der Reaktionspartner fsomerengemische entstehen: [st die Verbindung der For
mel V nicht symmetrisch, kann neben der Verbindung der Formel Tdas entsprechende Pyrazolopyridin entstehen,in dex
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die Reste R® und R® vertauscht sind. Liefert die Umsetzung der Verbindungeader Formeln IV und Vein Gemisch der
beiden isomeren Verbindungen, so kGnnen diese nach ibltichen Verfahren in die Komponenten aufgetrennt werden, zam
Beispiel durch Umbristallisation, Destillation, Sublimation oder Chromatographie.

Tp den Verbindungen ¢fer For ein I kdnnen, wie schon oben gesagt, die Reste. RU RI*!R?, ROR?und R® Ln ¢es0Definition von RY Ri RY, RoRRA uacl Reaangegegebenen Bedeutungen haben, so dadie nach detu er lavienten S:
verfahren erhalrenen Rea orme! I’ bereits erfindungsgemiBe Verbindungen

lis k6nnen aber in den nach dem erliinterten 8Syriewverareneerhaltenen onpecaahkender 1s‘ormel r achRoCbi1 Pv

  
 

 

 
 

 

   
  
 
  

  

 ip eningseemiBeoNehinheees der Formea rrnach iblicken¢chetschen Methoden:Zi taliche fanktionelte Gruppen:
eingefibrt werden oder in erfinduagspeméBen YVerbindungen vorhandene Strukturelemente oder funktionelle Groppe
nach tiblichen Methoden in andere Strukturelemente oder funktionelle Gruppen abgewandett werden. Diese Methoden
sind dem Pachmann woldbekannat und sum Beispiel in den bereits genannten Standardwerken ausfitbrlich beschrieben,
also uta Beispiel in Houben-Wey!, Methoden der Grganischen Chemie, Thieme-Verlag, Stuttgart, oder Organic Reacti-
ons, John Wiley & Sons, New York, oder in Jerry March, Advanced Grgamc Chemustry, 4. Auf. John Wiley & Sons,

w York, Eine gepebenenfalls notwendige Anp: You Reaktionsbedinguage an che Reaktivitdt der Verbindungen
der Formel fberettet dem Fachmann keine Probleme, Im folgendensind einige in Betracht kommende Reaktionstypen
beispielhatt genannt,

Ein besonders wertyoller Reaklonstyp zur Binfiihrung von Resten BR! oder R™bei der Herstellung von Verbindungen
der Forme! Dist cine clektrophile aromatische Substitution an dom in der 3-Position des Pytazolopyridins ggcoundenen
Furancing, Thiophenring oder Pyrrolring, die in emem weiteren Reaktionsschiritt nach der Umiselcung der Verbindungen

er Formein TV und V durchgetiihrt wird. Dadurch kénnen funktioneile Gruppe in das Molekiil cingefiihrt werden,dic

iheSend vielfalig abgewancelt wercen kGnnen. Ein besonders giinstiger und bevorzugier Weg zur Herstellung einer
abl erficndungspemdier Verbindungen geht von Verbindungen der Forme! IT aus, in der einer der Reste BP und 21

Hir Wasserstotf oder Alkyl steht und der andere fir Wasserstoff sicht, badinsbesondere beide Reste R' und R!*fiir Was:serstoff sitchen. Dieser Weg filrt nach demoben beschriebenen Verfahren zundchst zu Verbindungen der Formel F’, in der
inerder Reste RB!und R™fir Wasserstott «oder Adkyl steht und der ancdere fiir Wasserstoffsteht, und insbesondere beide

Reste RY und R™fiir Wasse ichen, In diese Verbindungen der Formel I, also erst nach dem Aufban des Pyrazolo-

khin-Sysi jen auf hesern|bevorsugien Weg dann durchelektrophile aromausche Subsiitutiones in den Furan-
Thiophenring oder Pyrroiringfiir R' und/oder R'* stehende funktionelle Gruppen cingefiihrt, die aaschlieBend noch

abgewandelt werden kénnen, Diesomit in den Formein T, PV und I achat fiir Wasserstoff stehenden Reste R! und/
oder R™kénnen dabei als die oben erwahnten Vorstuf gefiihrien Reste R' und/oder B/* angesehen wer-
den. Dieser Weg file: zu ciner Gruppeerfindungsgomafer Vorbi:ndungen, in der mindestensciner der Reste BR) und R!
eise andere Bedeutung als Wasserstoif hat. Als elektrophile aromatische Substitutionen kotumea zum Beispiel Formiy-

liernngen wie die MismeierFormytierang, Acylierungen, Halogenicrungen, Deispielsweise mit N-Halogensuccinimt-
. g if Kormaldehyd und

einem sekundaren Amin, in Betracht. Wie derartige Reaktionen durchzufiihren sind, ist dem Fachmann wohlbekannt, ist
usfiihrlich in den genannten Standardwerken beschrieben und geht aus den Ausfibrungsbeispielen heryor,

Carbonylgrappen it Acylgruppen oder insbesondere in Aldehydgruppen, die zum Betsptei durch eine elekrophile
aromatische Substitution in das Molekiil cingefiihrt worden sein konnen, kGnnen nach Standardverfahren su Alkonol-
gtuppenrecuzicrt werden, zum Beispiel durch Reduktion mit Korploxen Hydridon wic Natriumborhydrid oder Lithiurm-
borhydrid in Alkoholen oder Ethers. Weitechin konnen metalHlorga dsche Verbindungen, zum Beispiel Grignardverbia-
dungen oder lithiumorganische Verbindungen, an Carbonyigruppen addiert werden. Beispielsweise kann so durch Re-
daktion baw. durch Umsetvung mit metallorganischen Verbindungen eine Aldehydgrupse C in die Gruppe
R°°CH(OH) dberfiihet werden. Reduktionen und Umserzungen mit metallorganischen Verbindungen kGnnen auch ste-

reoselektiy erfolgen. CarFhonylverbindungen od Hydroxyverbindungen oder7ZUMmn Beispiel Suifonsdureester wie Melate oder Tosylate von Hyd i

Alkoholggruppe CH(OH) kane auch wiederum zu einer‘Carbony!gruore @©oxidiert w
netfiir R! stehenden Gruppe RCOvorliegt, peispieleweis

 
    

    
 

        

 

  
  

 
 

   

 
 

    
 
   

  
 
 

 
 

  
 

 

  
  

      
  

  
 

 
 
 

  
  S yichlorid oder Thio-

ayibromdiin die islogen verbindungeniberliihrt werden, an denen wiederurm Austausshreaktionen iit Alkoholenunter
Bildung von Ethern, mit Halogeniden unter Halogenaustausch oder mit Aminen durchgefiihrt werden kénnen. Zur
Durchfiibrung derartiger Austanschreaktionen kéonen Hydroxyalkylverbindungen zum Beispiel auch zunachst durch
Unisetzung out Sulfons@urechloridea wie Tosylchlondoder Mesyichloridaktiviert werden. Aminoverbindungen kGnnen
auch direkt aus Caroonylverbindungen erhalten werden.

Hydroxyalkylverbindungen kénnen mit Carbonsauren in Gegenwart eines die Saure aktivierenden Agens oder mit re-
akiiven Carbonsiuredenvaien wie Sdureanhydriden, gemischien Sdureanhydriden oder Saurechloriden in Ester iiber-

Hitt werden. Entsprechend konnen Arminoaikviverbindungen auf diese Weise zu Amtiden acyliert werden, Hydroxy-
gruppen konnen weiterhin zum Beispiel mit Alkylhalogeniden und Benzyihalogeniden oder den Sulfonsdureestern von
Alkylaikoholen und Benzylalkoholen verethert werden. Leizteres gilt auch fiir Hydroxygruppen, dic fiir die Reste RB
undfoder Bim Pyridinging stchen.

feterhin kGanen kGanen vielfdltigeAbwandlungen von Subsfituenten an Pheaylringen durchgefiihrt werden,
Bei allen diesen Reaktionen handelt es sich umStandardreaktionen, die dem Packchmann wohlvertrantt sind und zu de-

nen sich néhere Angaben zum Beispiel in den genannten Standardwerken finden.

Die erfindungsgentiBen Verbindungen der Formel I bewirken tber die Akivierung der lishichen Guanylat-Cyclase
ung der cG MP Ronzentration und sind deshalh werly ole* Agenvien zaw Ther:apie uunid Prophyaxe You
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sacht werden oder zu deren Therapie oder Prophylaxe cine Erhdhung des yorhandenen cOMP-Spiegels ang
Die Aktivierung der sGCdurch die Verbindungen der Forme I kann zum Reispiel tn demunten beschrieben
idisassay untersucht werden,

Krankheiten und pathologische Zustinde, die mit einem miedrigen cGMP-Spiegel verbunden sind oderbei denen eine
Erhohung des cGMP-Spiegels angestrebt wird uad zu deren Therapie und Prophylaxe Verbiadungen der Formel T elage-
setzt werden kénnen, sind zum Beispiel 2~Kreisiaut-Erkrankungen wie endotheliale Dysfunktion, diastolische Dys-
funktion, Atheroskierose, Biuthochdrick, stabile und instabile Angina pectoris, Uhrombosen, Restenosen, Myocardin-
arkt, Schlaganfille, Hersinsuffizienz oder Palmonalhypertonie, o umBeispiel erektile Dysfunktion, Asitima bron-

chiale, chronische Mieren flizienz und Diabetes. Verbindungen der Formel 1 kénnen dartiber hi eingeselzt wer-
den bei der Therapie der Lehierzivthose sowie aufgrund ihrer zumTeil synergistischen Wirkung mit der retrograden Mes-
SengerSubvane sNOzzurBe Nerbeskenung €einerEngeschtgnkten Lernftihigkeitoder Gedachinisleistung.wgisch vertragtichen Nalze kOnnen somit am Tier, bevorsngt

r, iittel fiir sich allein, in M yen untereinander oder in}

pkarmareutiseben Zubertangenn verwendet werden, Gegenstand der voriiegenden Erfindung sind daher auch die Ver:
bindun,gen der Vormel [ und ihre phystologisch vertraghches Salve zur Anwendung als Arzneimittel, thre Verwendung

z stGrten cGMP- ts und insbesondere thre Verwendungin der Therapie und Prophvlaxederoben genannten Ktankheitsbilder, sowie thre Verwendung zur Hersteliung von Medikamenten dafiir. Weiterhin sind
Gegenstand der vorliegenden Exfindung pharmazeutische Praparate, die als aktiven Bestandietl eine wirksame Dosis
mindestens einer Verbindung der Formel I und/oder eines physiclogisch vertriglichen Saizes davon neben tiblichen
pharmazcutisch cinwandixcion Trigerstoifcen und @usatzstofion enthalten.

Die Areneimitiel konnen oral, cum Beispiel in Porm von Pillen ietien, Filmtabletien, Dragees, Granulaien, Hart-
und Weichgeiati Brigen, alkxcholischen oder Gligen Lésungen, Sirupen, Emulsionen oder Suspensionen,

oder rektal, zom Bei orm, You Suppositonien, verabreicht werden. Die Verabreichung kann aber auch parenteralerfolgen, zum Bei iy oder intravends in Form von InjektionslOsungen oder InfWeitere in Betracht kormende “Appiik.ationsformen sind zam Beispicl dic perkutanc oder topische Applikation, zum
Beispiel in Form von Salben, Tinkturen, Sprays oder transdermalen therapeutischen Systemen, oder dic inbalative App-
likation in Pormvon Nasalsprays oder Aeroscimischungen, oder zuin Beispiel Mikrokapseln, Implantate oder Rods. Die
bevorzugte Applikationsform hangt zum Be der zu be den Krankheit und ihrer Starke ab.

Die pharm: polischen vaparaie enthalien normalerweise 0,5 bis OO Gewichisprozent der Verbindungen der Formel I
und/oderihrer p glichen Salze, Die Herstellung der pharmazeutischen Priparate kann in an sich be
kannter Weise erf: . Dazu werden ein oder mehrere Verbindungen der Formel [ und/oderthre physiologisch vertrig-
lichen Salze zusartmen mit einem oder mehreren festen oder fils!gen galenischen Trégerstoffen undfader Hilfssictfen
und, wenn gowdinscht, in Kombination mit anderen Arznciz iticlwirkstoffen mit th srapcutischer derbrophylaktsischerWirkuag jin eine gezignete Verabreichungsformbaw. Dosierungsformgebracht, dle danals Arzneimni
medizin oder Veteri artynedizZin veryvende! werdenkant,

 rebt wird,
en Aktivi-
 

   

  

      
 

      
  

     
 
  

   

 
 
 

  

 
 
 

 

 
  

 

  
     

 
 

  

  

  
 

 

   
 

 

  

  
 

 
 

i : ragees und Harteclatinekapseln kann man Lactose, Siarksgum Beispie! Maisstirke, oder Starkederivate,TaleSt asdure oder derenS , ele. verwenden. Traégersto
Weichgelatinekapseln und Suppositorien sind zumHeispiel Mette, Wachse, traitfeste und filissige Polyole, natiirtiche
oder sehartete|Oleetc. Als Tragerstofie fiir die Herstellung von Losungen, zumBeispiel Injektionsldsungen, oder vonErsulsionen oder Sirupen eignen sich beispiclsweise Wasser, physiologische Kochsalzlosung, Alkoholewwie Ethanol,
Glycerin, Polyote, Saccharose, Invertzucker, Glucose, Mannit, pllanztiche Ole ete. De Vorbindungen der Formel J und
ihre physiologisch vertraglichen Salze konnen auch lvophilisiert werden und die erhaltenen Lyophilisate zum Beispiel
zur Herstellung you Injektions- oder Infusionspraparaten verwendet werden. Ais Tragerstofife fir Mikrokapsein, Implan-

 
   

 
  

  
 

 
 

  

     tate oder Rods eignen sich mum Heispiel Mischoolymerisate aus Glykolsdure und Mile re.

Die pharmazeutischen Praéparate kGnnen neben den Wirksioffen und Traégerstoffen noch ubliche Zusatzstoffe enthal-wBS

  
 
 

 
  
 
 

   Beispiel Fullstotfe, Spreng-, Binde-, Glett-, Netz-, Stabilisierungs-, Emulgier-, Dispergier-, BonservierangsStik. , Farbe-, Geschmacks- oder Aromatisierungs-, DicKungs-, Verdiinnungsr: ’ S
rmittel oder Lésungevermitiler oder Mittel zur Hraiclung eines Depotetfekts, Salze
Deucks, Uberangsmittel oder Antioxidantien.

Die Dosierung des zu verabreichenden Wirkstoffs der FormelI undfoder eines physiclogisch vert
von hdngt vom Einze. fall ab undist wie liblich fiir eine optimale Wirkung den individuellen Gegeben Se
So hangtsie ab von der Art und 5tarke der 7a behandelnden Krankheit sowie von Geschlecht, Alter, Gewicht und indi-
viduellerAnsprechbarkeit des z3 behandeinden Menschen oder Tieres, von der Wirkstarke und Wirkdauer der eingesetz-
ten Verbindungen, davon, ob akut oder chronisch therapiert wird oder Prophylaxe betricben wird, oder davon, ob neben

Verbinduagen der Formel f weitere Wirkstoffe verabreicht werden. Teall gemein nist eine 4 $ von etwa 6,01 bis
160 me/ke. vorzugsweise 0,1 bis 10 mg/kg, insbesondere 0,3 bis 5 mg/kg Geweils mg pro ke KGrpergewicht) bei Verab-
reichung an einen ca. 75 kg schweren Erwachsenen zur Erziclung wirksamer Ergebnisse angemessen. Die Tagesdosi
kann in ciner Einzeldosis verabreicht werden oder, insbesondere bel der Applikation erer Mengen, in mehrere, ¢

igpiel zwei, drei oder vier Hinzeldosen autgeteilt werden, Gegehenentialis kannes, je nach individuellem Verhalten er-
forderlich werden, von der angegebenen Tagesdosis nach oben oder nach unten abzuweichen. Pharmazeutische Prapa-
rate enthalien normalerweise G,2 bis 300 mg, vorzugsweise 1 bis 200 mg Wirkstoff der Formel I und/oder dessen phy-
siologisch vertragliche Salzc pro Dosis.

Die Verbindungea der Formel! aktivieren die lisliche Guanylatcyclase, Aufgrunddcheser £)igeaschalt konnenste auBerais Arzneitnittelwirkstoffe in der Humanmedizin und Veterinarmedizin auch als wissenschaftliches Tool oder als Hilts-

mittel fir biochemische Untersuchungeneingesetzt werden, hei denen cine derartige Becin‘tussongder Guanylatcyclase
beabsichtigt isl, sowie flr diagaostische Zwecke, sun Beispiel in der in viteeaesosuik von Zell- oder Gewebsproben.‘ Gnnen die VerbindungenderForme!Iund ihre Salze, wie bereits oben ¢ als Zwischenprodukte zur Her-

ellung weiterer Arzneimittelwirkstotfe diene
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erldutern die Erfinding, ohnesie cinzuschr aoken. 

Beispiel |

§-Aiino- L-bencyl-3-(2-fary)-pyrazal

[Me Mischung aus 2,7 g (2-Vuroyl)-acetonttril, 3,9 ¢ Denzylhydrazin-dibydrochiorid, 3,3 g Natrinmacetat und 30 ml
Ethanol wurde 6 Stunden unter Rihren am Riickfluferhitzt, Die Reaktionsmischung wurde abeestink: und der unldstiche
Apteil abgesaugt. Das Filtrat wurde im Vakuuin cingeengt, wobet ein fester Riickstand verblieb, der aus Isopropanol um-
kristallisiert wurde und ein farbloses Produktlieferte. Ausheute: 2,4 ¢.
Schmp.: 148°C

 

   

Beispiel 2

1-Benzyl-3-(2-furyl)-4,6-dimethy!-pyrazolo|3,4-bIpyndin

 7,2 g 5-Amino- |-benzy-3-(2-furyl-pyrazol und 3,4 mi Acetylaceton wurden in 30 ml Eisessig gelést und diese Mi-
schung wurde 6 Stunden zum Sieden erhitzt. Die flichtigen Anteile warden im Vaknumabdestiliiert und dieser \Vorgang

f e vou 3) mi Toluol wiederholt. Der verbleibende Riickstand wurde. aus Tsopropancl urmikristallisiert and le-
forte cin foinkristallines, farbloses Produkt. Ausdcute: 6,3 ¢
Sebmip,; 83°

 
  
 

 

Heispiel 3
44 2

1-Benzyl-3-($-formy!-2-fury)-4.6-dimethyl-pyrazolo[3,4-bIpyridin
+

   hosphoroxychlorid wurden ia 25 mi wasserfreiem DimethyHormatmid (DMF) unter Eisktihluag geist4s Mtsinten bei Raut teraperatur stchen gelassen, Zu dieser Mischung wurden unter Umrtibren 4,1 ¢ 1-Benzyl-3-(2
r Ahylpyravolo[3.4-b]pyridin gegeben und dic Temperatur wurde aul 35°C gesteivert, wobei ersi eme kare
Lésung entstand, dann sich aber allmédhlich cin dicker Niederschlag bildete, so daf& die Mischung mit weiteren 30 ml
DMFverdiinnt werden mute, Nach 3 Stunden wurde die Mischung aul Raumternperatur abgektih: ond mit 60 ml Was-
ser verdiinnt, Nach Abktihlen im Eisbad wurde der gebildete Niederschlag abgesaugt, mit Wasser gewaschen und im Va-
kunmgetrocknet, Ausboute: 4.0g.
Schme.: 133°C

 
   

    
   

 

Beispiel 4
1

1-Benzyl-3-(5-dimethylamninomethyt- 2-fury)-4,6-dimethy-pyrazolol 3 4-b|-pyridin-Hydrochiorid

  Die Mischung aus 1,3 g 1-Benzyl-3-(2-furyl)-4,6-dimethyl-pwrazolo[3,4-b]-pyridin, 0,38 @ 40%iger wa

thylarcinidsung, 0,19 g P: rortnaldehyd nad 1S tn pases warde 30 Minuten auf 85°Corhitet, Dic klarwurde it: Vakuumeingeengt, der Slige Rickstand in 20 ml Wasser anfgenonunen unddie Losung durch Zugabe vou N:z
triumbicarbonat neutralisiert, Mit tert-Butylmethylether wurde zweimal ausgeschilitielt, Das nach Trocknen und.
gen der vereinigten organischen Phasen erhaltene rohe O1 wurde aus Ussigester als farbloses Tydrochlorid2eefillt, das
abpgesaugt und getrocknet wurde. Ausbeute: 11g.
Schrnp.: 203°C

Briger Dime-    tALA    
  

  
 

 
 

Beispiel 5

i-Benzyl-3-(5-bydroxymethyl-2-fury))-4,6-dimethyl-pyrazoloi3 4-bE-pyridin

 “aor Suspension yon 1.49 ¢ 1 Henvzy!-3-(S-formy fury])-4,6-dimethyl-pyrazclof3.4-b|-pyridin in 70 inl Uthanol
wurden 6,34 g Nairiumborhydrid ggesneben und das Gemisch wurde ohne Kuhbhung gerithrt. Die Innentemperamurstieg aut
35°C und es trat eine leichte Gasentwicklung auf, Die Huchtigen Anteile wurden nach 30 Minuten im Vakuum abgezo-
gea und der verbleibende Riickstand mit Wasser yerrlhet, wobei sich cin farbloser Niederschlag bildete, der abgesaugt
und getrocknet wurde, Ausbente: 1,36 g.
Schmp.: 171°C

 
 

  

 

rac- 1-Benzyl-3-(3-(1-bydroxypropy)-2-fury))-4,6-dimethvl-pyrazolo[3,4-b]-pyridin

 
 

Die Loésung von 1,42 g 1-Benzyl-3-(S-formy!-2-fury)-4,6-dimethy!pyrazolo[3 4-bIpyridin in 25 mi absol
hydrofuran (THP) wurde auf O°C abgektihit, Daze tropfte man die Losung von 0,72 ¢ Hthylrhaynesnid in
THENacherfolgter Zugabe wurde» obne Kitthiong 30 Minuten weitergerlihrt, mit Wasserengl. Der verblebene Ruckstand in Wasser aufpenominen und daraus das Produk: durch Extrak
abgetrennt, Nach dem Trocknen tiber Natriumsulfat wurde der Essigester abgedampfi und der Riick
unt isatz, von 10%Dipropylether urakristallisiest. Ausheute: 1,1 g

 

  
   

 

16

1478



1479

DE 197 44027 Al

 

Beispiel 7

1-Benzyl-3-(2-furv))-4,6-cbiydroxy-pyrazolo[3,4-b]-pyridin
7

 Ive Mischung aus }2¢ 5-Amino-1i-benzyl-3-(2-foryl}-pyrazol, 9,6 ¢ Malonsaurediethylester und 70 ml Diphenyl-
ether wurde 3 Stunden auf 200°Cerhitzt, Nach dem Abkiiblen auf Raumtemperatur wurde mit 20 miltert-iyiethylet-her verdiinnt und der Feststoff abgesaugt, Er wurde mit 100 ml Methanol verriihet und erneut abgesaug

  
  . Ausbeute: 

12,3 g.
Schmrp.: 313°C

Beispiel 8

5-Amino-1-tert-buty+-3-(2-fary)-pyrazol

Die Herstellung der Verbindung erfolgie analog dem Beispiel 1,
Schmp.:. 77°C
  

Beispicl 9

i-tert-Butyi-3-(2-furv1}-4,6-dimethyl-pyrazolo[3,4-b]-pyridin
1

Die Herstellung erfoigie ausgehend von S-Amtino-1-tert-butyl3-(2-fury))-pyraaol analog dem Beispiel 2.
Schmp.: 1

Beispiel 10

i~tert-Butyl-3-(3-formyl-2-fury)-4,6-dimethyL-pyrazolo[3 4-b-pyridin

Uke Herstellung erfolgte ausgehend von 1-tert-Buty!-3-Q-furyl))-4,6-dimethylpyrazolo[3 4-bipyndin analog dem Bei-
spiel 3,
Sehmp.: LO3°C

Beispiel 11

1-Benzyl-3-(2-faryl)-pyrazolof3,4-b]-pyridin

Zar Lésung aus 2.4 ¢ 5-Amino-1-benzyl-3-(-furyl)-pyrazoi in 20 a Ethanol und 7 ml 2 N Salzsdure wurden 1,5 g
Zinkcblorid und 1,8 g 1,1,3,3-Tetramethoxvpropan gegeben und die Mischung 3 Stunden bei 80°Cgertihrt. Danach wur-
den dic Pichtigen ‘Atteile|nn Vakuum abgedamptt, der Rickstand in Wasser aufgenommen und mit Essigestor oxtrahier
Das nach dem Trocknen tiber Natriumsulfat und Pinengen verbliebene O] wurde sdulenchromatogra
‘Kieselgel, Lanfmittel: Methvlenchlorid:Methanal 99 :1, Ausheute: 0,47 g¢
Schmp.: Gl

 

 

  

Beispiel 12

 
rac-1-tert-Butyi-3-(8-C1 -hydroxyprooy!)-2-furv)-4,5-dimethyl-pyrazolo[3.4-b|-pyridin

zolof3,4-b}-pyridin an208
 

Die Vertbindung wurde ausgehend vonaltedt-Butyl36-formy|-2-faryb-4,6-dimethylpyraz; sreimet Odieselgel, Laufmintel: Methylenchlorid: Methanol

Beispiel 13

1-Benzy!-3-(2-fury)-4,4,6-trimethy|-pyrazolo|3 4-blpyridin

Die Herstellung erfolgte ansgehend von 3-Methyl-2,4-pentandion analog dem Beispiel 2.
Schmp. 126°C 

Beispiel 14

1-Benzyl-3-(2-furyl}-4-methyi-6-hydroxy-pyrazolo[34-bpyridin

Die Herstellung erfolgie ausgehend von Acciessigsiiurcethylester analog dem Beispiel2.
Schmp.: 248°C 

— Jena

isch gereini i‘

1s

28

35

60

65

1479



1480

{9

1S

20

9 mA

43

55

65

DE 197 44027 Al

Beispiel 15

1-Benzyl-3-(3-formyl-2-fury)-4,5,6-trimethyl-pyrazolo[3,4-b|pvridin

Die Herstelluag erfolgte ausgebend vou 1-Benzyl-3-(2-fary)-4,5,6-rimethylpyrazolo[34-b|pyridin analog dem Bei-

spiel -3.
Sehmp.: 127°C

 

1-Benzyl-3-(3-hydroxymethyl-2-fury1)-4,5,0-trimethvi-pyrazolo[3.4-bipyridin

 
Die Herstet!TURs erfolgie ausgebend yoo 1-5 LYzyl-3-(8-fortiyl-2-furvd 45 6-trimethyl- syrazolo 3,4“b ytidic analog

. - PRPs a - &

en eea Belspspiel 5Schmp.. 190°C

Beispiel 17

yac- 1-Benzyl-3-(5-( 1-hydroxy-1-phenyl-methyl)-2-fury))-4,6-dimethyl-pyrazolof3.4-b|pyridin

slung erfolgie ausgehend von Phenvimagnesiumbromid analog demBeispiel 6.heA uc bet
nl
aao

Beispie] 18

rac- 1-Benzyl-3-(3-(1-hydroxypropy!)-2-furvl)-4,5,6-trimethyl-pyrazolo[3 4-bipyridin
A
4,5,6-trimethyl-pyrazolo|3,4-bJpyridin anaiog Die Herstellung erfolgie ausgehend von 1-Bengyl-3-(S-formy!-2-fa

& \ 3

 ispiel 19

racy 1-Benzyl-3-(3-(1-hydroxypentyl)-2-hury)-4,6-dimethytpyrazolof3,4-b]pyridin
v

Die Herstetiung erfolete ausgehend von Butylmagnesiumenlorid analog dem Beispiel 4.
Schmp.: 97°C 

Beispiel 20

rac-]-Benzyl-3-($-(-bydroxy-2-methy-propy)-2- furyb-4.6-dimucthyt-pyrazolol3.4-bloynidin

Die Herstelinng erfolete ausgchend von Isopropylmagnesiumehlorid analog dem Beispiel 6.
SchmIp. 133°C

Beispiel 21

rac- 1-Benzyl-3-(5-(1-hvdroxy-4-dimethylamino-but-2-in-1-yi)-2-furv)-4,5,6-trimethyipyrazolo{34-bipyndin

Die Herstellung erfoigte analog dem Beispiel 6ausgebend vyon 1-Benzyl-3-¢ methyl:pyrean|pyricinund dem Eithiomssal2¢des N,NDDiimethylpropargylamains, dasa iy amin und    
 

5-Amino- l-benzy!-3-(2-thienyl-pyrazol

Die Herstellung erfolgte ausgehend von (2-‘Thenoyl)-acetonitril analog dem Beispiel 1.
Schmp. 128°C 

Beispicl 23

1-Benzyl-3-(2-thieny]}-4-methy16-hydroxy-pyrazolof34-bIpyridin

Die Hersicllungerfolyte ausyehend von S-Amino-l-benzy1-3-(2-thienyD-pyrazol und Acctessigsdureettiylester analog
demBeispiel 2
Schep.: 230°C

1480
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iol 24 

 1-Benzyl-3-(-thienyl)-4,6-dimethyl-pyrazolo[3,4-b ipyridin

Die Herstelluag erfolgte ausgehend you 3-Amino- i-benzyl-3-(2-thienyl)-pyrazal analog demBeisgiel 2..

Sehmp.: 122°

Beispiel 25

1-Benzyi-3-(-thienyl-4-phenyi-6-methyl-pyrazolo[3 4-b]pyridin

Die Herstellung erfolgie ansgehend yon 5-Amino-1-benzyl-3-(2-thienw)}-pyrazol und Benzoylaceton analog detn Bei-
spiel 2spiel 2.

Sehmp.: 139°C

 

1-Benzyi-3-(2-thieny)-4,6-dihydroxy-pyrazoio[3 4-b|pyridin

Die Bersicllnng ertolgttc ausgchend yoru 5-Amino- i-benzyl-3-(2-thienyl}-pyrazal analog demBeisptct 7.Sehmp.: 290  

Beispiel 27

1-Bonzyl-3-(5-brom-2-thieny!}-4,6-dimethyl-pyrnzolo[3 4b}pvridin

 

 

fur Mischung aus 1,6 9 1-Bens  
 
 

6- imeethyl-pyrazolo[3,4-b]pyridin und 20 mi Tetrachlork
wurden bei O°C 0,94 g N-Bror : g gegeben. Dann Wwjurde 4Sttunden am Riickflui
die Michiigen Antetle wurdenimVakuum abgesogen. Der Riickstand wurde z
Isopropanc! umikristailisiert, Ausbeute: 1,6 2.
Schip.: 92°C,

 
 

 

Pharmakologische Untersuchungbe

Aktivierung der idslichen Guanylateyclase

Die Aktivierung der léslichen Guanylatcyclase (60), die die Umwandlung von Guanosimriphosphat (GTP)in cycli-
sches Guanosinmonophosphat (cGMP) und Pyrophosphat katalysiert, durch die erfindungsgemagen Verbindunge
wurde mit Hilfe eines En Dazu wurden die Priifsubstan-

  
 

 
m-Toimuno-Assays (ETA) der Firma Amersham quantifiziert. Daz

zen zunachst mut sGC in Milkrotiterplatten inkubiert und dann die Menge des enisiandenen cGMP bestimmt.
Die cingesotate sGC war aus Rinderlunge isohert worden (siche Methods in Enzymology, Band 95S. 377). Dic Test-lésungen (L0G ul pro well) enthielien 50 nM Triethanolanin((EA}-Puffer (pm73), 3M MeCh, 3 mMreduzierte

Glutathion (GSH), 0,1 mM GTP, 1 mM 3-Iscbutyl-i-mettnyixanthin (TBM®), gecignet verdiinnte Enzymldsune sowie
die Pritfsubstany. baw. be: den Kontrollversuchen Losungsmittel. Die Priitsubstanzen wurden in Dimethylsulfoxid

(DMSO) gels: und Be Losung mitDMSO/Wasser verdiinnt, so da8 die Endkonzentration an Priifsubsianz in der Test-
idsung 30 wMbetrug, Die DMSO.Kenzentration in der Testlosung betag 5% (viv), Die Reaktion wurde durch &uugabeder sGCgestariet. Der Reaktionsmmx wurde fiir 15 bis 20 Minuten bei 37°Cinkubiert und dann durch Eiskthiung und
Zugabe des Stop-Reagenz (S30 mM EDTA, pH8.0) pestoopt. Zin Aliquot von 30 ul wurde entnommen und zur Bestim-
mung des cGMP-Gehaltes mit dem Acetylierungs-Protokoll des Amers “C P-PTA-Kits eingesetzt, Die Absorptionder Proben wurde bei 450 0m (Referenz Wellenlainge 620 nm) in einem Mikrotiterplatien-Lesegerat pemessen. Die
cGMP-Konzentration wurde liber cine Eichkurve ermittelt, die unter denselben Ver:suchsbedingungen erhalten wurde,
Die Aktiviernng der sGC durch eine Priifsubstans, wird angegebenals n-fache Stimulation der basalen lnzyvmaktivitat,

die!bei den Kontroflversuchen (mit Losungsmtittel statt Priifsubstanz} gefunden wurde (berechnet nach der Formel
n-fache Stimulierung = fOOMPIps HeGMPiyontotie:

Es wurden folgende Werte ermittelt:

 

 
 

jo)    

   
 

  
  

    

  

 

 

 
  
  

 
   

Verbindung Konzentration n-fache Stimullerung

Beispiel 5 50 uM S-fach

Beispiel 6 50 uM 3

Beispiel 10 50 uM 3-fach

Beispiel 23 50 uM 3-fach
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Patentanspriiche

Verbindungen der Formel 1,

peta Rp!

rR? Lx

 
 ia Ger X fir G. 8, NH oder NOCH) steht;

R! und R™ unabhingig voneinander {lir Wassers!gruppen gesittigt oder ungesattigt sein koénnen und bnsubstttol
schiedene Resto R! substituiert sem kénmnen:

(C)-Co}-Alkyl oder in der Phenylgruppe unsubstituiertes oder substiiniertes Phenyl(C) -Cy-alkyl steht;
i inander fiir Wassorstoff, (C,-Ce)-Alkyi, unsubstituiertes oder substitaicrtes Phenyl, in

res odersubst de. nyliC,-Cy)-alleyl, Hydroxy, (C-Cs}-Alleoxy oder in derdertes Beazy!loxy steher:CyreAlkyL u uiertes oder substituic
s oder substi es Phenyl-(C)-C,-alkyl sieht:
fix Wasserstoff, (Cy-Ce)-Alkyl oder unsubstituiertes oder substituiertes Phenyl!steht;

fir R?G, BUREN, woe oder unsubstituiertes oder substituiertes Phenyl steht;fir Wasserstotf, (C)-Ce}Alkyl, in der Phenylgrappe unsubstituiertes oder cubstituiertes Benzyl, H-CO o

(Cy-Cs)-AlkyL-OO sicht:
Re fiir Wa,sserstoffoder (C.-Ce-Alky! steboder 2? und BE zusammen mit dem Strickstoftatom, an das sie gebunden sind, einen gesittigien 3-Ring- oder 6-
Ring-Heterocyclus bilden, der ais zusatzliches Ring-Heteroatom noch ein Sauerstoifaiom, Schwefelatom oder
turch eine Methylgruppe substituicries Stickstoffatom enthalien kann;

in allen ihrer eoisomeren Formen und Mischungen davon in allen Verhdlinissen, sowie ihre physiclogisch ver-

agli!ben Salze.Verbindungen der Formel I goma

 ikyl slehen, wobei Adkyl-
nehrere gleiche oder ver-

    1, CO-Roder (Cy-Ca)-Al
oder durch einen oder

 

 
  
 

 
 
 
 

 
 

  

 
 
  

Pheenyllgtappe unsubstitutir Wasserstat es Phenyl oder in der Phenylgruppe unsubstitu-
 

 

  er
 

RE
Re

 

    
 

 8 Anspruch 1, in der X far O oder Ssteht, in allen ihren sterecisomeren Formen
i Mischungen davon in allen Vorhdlinissen, sowic ihre physiologiseh vertraglichon Sa!

3. Verbindungen der Formel } gemi8 Ansprach 1 und/oder 2, in der R'fiir Wasserstoff steht und R! sich in der 5-
Position befindet, in allen ihren stereoisomeren Formen und Mischungen davon in allen Verbdlinissen, sowie ihre

i isch vertraglichen Salve.
4. Verbindangender Forme! gemeinem oder mehreren der Anspriiche 1 bis 3, in der R! fiir
Halogen, die Gruppe R°°CH(OH) oder die Gruppe (C)-(g)Alkyl}N-CH steht, wobei R?°f

Ce)-Alkvi, das gesdttigt ist oder e. ites!hbindung enthait und das unsubsiitulert ist oder durch eine Grsappe
((Cy-Ce)ARVIN substituiertist, oderfiir unsubstinuertes oder substitmertes Pheny! steht, in allen ihren stereoi
meren Formen und Misethungen davon iim allen Verhdlinissen, sowie ihre ptyysiolog, ch vertraglichen Salz

Verbindungen der Formel I gemab einem oder mehreren der Anspriiche 1 bis 4, in der R? fir (Cy-Cs)-A
im Phenylrest unsubstituiertes oder substituiertes Benzyl steht, in allen ihren stereoisomeren Formen und Misct
gen davon in allen Verhaltnissen, sowie thre physiclogisch vertraghchen Salve
6, Verbindungen der Formel T gem8 einem oder mehreren der Anspriche | bis 55, in der R? und BP unabhang
yoneinande: (Cc Ca)-Alk Loder Hydroxystehen, in allenihrenstereoisomeren Formen und Mischungen dayor
id allen Verhdltnissen, sowie ihre ohysiologisch vortriiglichen Salze.
7. Verfahren zur Herstellung von Verbindungen der Formel J gem§8 einem oder mehreren der Anspriiche 1 bis 6,
dadurch gekennzeichnet, dal man Verbindungen der Forme! [V mit Verbindungen der Kormel V zp Verbindungen
der Forel YT urmsetd,

    Ze.
  

   

 sserstoif, Fortyltir Wasserstoff,{ 
 

 
  

    

  

80-
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rt

wobet in den Formeln IV, V und T' die Reste X,RB, RY’,BR?) RP, R® und Rdie in den Anspriichen | bis 6
Reste X, RRS R* RY, Ré und R angegebenenBedeutungen haben und zusitzlich in den Resten RB!BU*, R?, R?,
RT and R°funktionelle Gruppeniin geschiitzter Formoder in Form von Vorstufen vorliegen koanen, und anschilie-sebenentalls in einem oder mehreren anschlieSenden Reaktionsschriten durch Umwandiuagen der Reste
RE Re RB’, R?, R? und R°in dic Roste R'E. R™, R*, RY, R* und R° aus don Verbindungen der Formel I’ die Vorbin-

t der FormeI herstellt,

Be Verbindungen der Formel f gernal einemoder inehreren der Anspriiche 1 bis 6 und/oder ihre physiclogisch ver-
chen Salze zur Anwendungals Arzneimittel.

hrarmazeutisches Priparat, dadu ‘h gekenn ichnet, daB es gine oder mebrere Verbindungen der Formel I ge-maB einemoder mehreren der Anspriiche 1 bis 6 uund/oder ihre physiologisch vertraglichen Salze neben pharmazeu-
tisch einwandfreien Tragerstoffen und/oder Zusatzstotfen enthalt,
1D. Verwendung von Verbindungen der Formel I gema® einem oder mehreren der Anspriiche 1 bis 6 und/oderihren
physiclogisch vertrighchen Salzen zur Herstellung cincs Medikaments zur Aktivicrung derléslichen Guanylatey-
clase.

ii. Verwendung von Verbindungender Formed I geri einem oder mehreren der Ansprtiche | bis 6 und/oderihren
physiologisch vertraghchen Salzen zur Herstellung eines Medikaments zur Therapie oder Prophylaxe von Herz~
Kreislauf-Frkrankungen, endothetialer Dysfunktion, diastolischer Dysfunktion, Atherosklerose, Bluthochdruck,
Angina pectoris, Thrombosen, Restenosen, Myocardinfarkt, Schlaganfillen, Derzinsuffiziens, Pulmonalhypertonie,
evektiler Dysfanktion, Asthma bronchiale, chronischer Niereninsuffizienz, Diabetes oder Leberzirrhose oder zur
Yerbesserung einer cingeschrinkien Lernfihigkeit oder Gedachtnisleistung,
12. Verwendung von Vorbindungen der Formol T gema® cinem oder mebreron der Ansprtiche 1 bis 6 und/odor ihren

physiclogisch vertrighchen Salzea zur Aktivierung der léslichen Guanylatcyctase.
3, Verwendun,rg yon Verbiadungen¢der Formei gemeinem oder tebrereeneder Ansprtiche | bis 6 und/oder ihren) ic! € : laut-lirkrankungen, endothelial

Dysiiunktion, diastolischer Pesanjon,Attcroskienose, Biwoe AnginaPeeters Thrombosen, Resieno-
sen, Myocardinfarkt, Schlaganfal nktion, Asthta bron-chiale,cheronischer Niereninsuffiziens, Diabetes Leberzirthos oder zurVerbosserne einer cingeschrankten
LernfShigkel oder Gedachtnisleistung.
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TITLE: ATRIOPEPTINS, GUANYIATE CYCLASE ACTIVATORS,
AND PHOGPHODIESTERASE INSIBITORS AS TREATHENT
FOR GLAUCOMA, HYDROCEPHALUS AND CEREBRAL EDEMA
(CRANIAL FLOID ¥YOLUME DYSFUNCTION}

 

This application is a continuation-ine-part of U.5.

Application Serial No. 006,405, filed January 23, 19a?
whieh is incerporated by reference herein in its
entirety.

BACKGROUND OF THE INVENTIONEBBReBASEEREEtthtetetae

Field of the InventioneinESSEnnSREOEMARANACUTTS

The present invention relates te a method of
treating cranial fluid volume dysfunctions including

adema, hydrocephalus and glaucoma.

1500
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nescription of the Background Ark

Because the brain is encased within a rigid skull

and ilacks a true lymphatic drainage system, it is
eritically vulnerable to damage from edema. However,

compared with peripheral tissues, relatively Little is

knewn about intracranial regulation of water and

electrolytes. Extracellular fluid movement into and out
of the brain eccurs primarily at the level of the blood~

brain barrier {capillary endotheliun}, blood-cerebro~
spinal fluid (CSF} barrier (chereid plexus epithelium},
and CSF outflow system (dural sinus/arachnoid villas).

Smith et. al., J. Neurechem., S7:117 (1981); Johanson, 

Encyel. Neurosci. , (&. Adelman, Ed.} Birkhauser Baston,
in press. .

Pathological conditions asseciated with fluid

accumulation in the cranium include cerebral {orain}
edema and hydrocephalus, among others. Cerebral edema

is a distinct and separate pathological antity from
peripheral adema, and may result from a variety of
causes such as stroke (including hemorrhage}, anoxia,
trauma, tumor, oF infection. Tn. some cases (€.4.,

pseudotumor cerebri or Reye's syndrome} the cause is as

yet unknown.

—.. 1501...
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The components of the intracranial compartment are

brain, cerebrospinal fluid, and blood. Because the
skull limits the total intracranial contents, the volume

of the compartment is compromised with expanding lesions
within the cranial cavity. The brain is virtually

incompressible, so the CSP and blood serve as the main
buffers of changing intracranial yolume. Increases in

intracranial pressure may be caused by such diverse

pathologic processes a5 head trauma, cerebral
hemerrhage, encephalitis, and brain edema. Increased in-
tracranial pressure may not be harmful in itself, but

secondary damage results either as a4 consequence of

precipiticusly decreased global cerebral perfusion or
herniation of brain tissue. Approximately 50% of

patients who die as a rasult of closed head injury do so
because of uncontrolled elevations in intracranial pres-

sure. .
The ability of cerebral vasculature to dilate or

constrict in response to decreased or increased per-

fusion pressure, regpectively, may alse be impaired by
head trauma. Occassionally, Large-vessel vasospasm may

also occur after acute head injury.

Intracranial tumors often cause edema of the sur-

rounding brain tissue. Circulatery slowing and altered

permeability of vessels lead to lecal vasogenic edema ofthe

1502
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the brain, The increased brain volume occasioned by the
tumor and surrounding edema may raise the pressure in

ene of the cranial compartments to the point that the

brain tissue is displaced into an adjacent compartment.

tn this Way brain herniations occur. Regional edema
causes a rapidly evolving impairment of the function of

the part of the brain invelved.
pathologic intracranial infections may also lead to

intracranial edema. The early reaction to bacterial

invasion of the brain includes localized inflammatory

necrosis and edema. Persistence or progression of high
intracranial pressure may cause deepening coma and
threat of herniation. .

Hydrocephalus is @ condition of increased intra
cranial pressure caused by obstruction to the movement

or impairment of the reabsorption of cerebrospinal fluid
{CSF}. This can result from congenital defects,

infections, cerebral hemorrhage, inflammatory condi-

tions, and other ‘conditions. Cerebrospinal fluid is

normally secreted by the choroid plexus, a tissue
lecated in the cerebral ventricles.

‘Glaucoma is a condition of the eye associated with
high pressure duete an impediment in the outflow of the

aqueous fluid (aquecue humer}, which is normally

‘secreted by the ciliary process (a tissue similar in

1503
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Function to the choreid plexus). tn 90% of cases the

cause is unknown, while in 5%, the condition is secon-

dary to some disease process that blocks the outflow
channels. Glaucoma occurs in 2% of all patients over

40; it may be asymptomatic and unrecognized before it

progresses to rapid vision loss. The normal pressure is
about 15 mmHg. Pressures of 20-30 mmHg may damage the

eptic nerve and lead to blindness.

Prior to the present invention, methods of treating

cerebral edema have included administration of urea,

mannitol, or cortisone derivatives. These treatments are

eften inadequate and patients can go on to develop

severe neurological sequelae or even death. Even
surgical fluid drainage fventriculostomy) often can not

prevent these sequelae. Pharmacological treatment of

hydrocephalus has also been quite disappointing.
Patients often require a permanent surgical shunt, 4
procedure which has serious side effects, including
infection and subdural hematoma. In the area of

glaucoma, some advances have been made with the intro-
duction of beta-adrenergic blockers. However, these

agents can have serious pulmonary and cardiovascular

gide effects, including asthma and congestive heart

failure.
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Recently, it has been suggested that a graup of

peptides, released from atrial cardiac myocytes, are key
hormones for regulating fluid volume in the periphery.
 Cantin and Genest, Endocrine Reyv., §:107 (1985); deBold,

seience,230: 787 (1985). These peptides are known as
atrial natriuretic peptides, atrial natriuretic factors

{ANF), oF atriopeptins {ANP}, and have heen isolated

from a variety of species, including man. In response

to fluid overload, atriopeptins are released inta the

circulation and cause rapid diuresis and natriuresis
through both direct and indirect effects on the kidney.

Atriopeptins are alse Enown to induce systemic vasedila~
tion through an endothellal-independent mechanism.

Windquist, Life Sci.,3721081 (1985}. Reports of studies

in peripheral tissue suggest that the atriopeptin

recepter occupancy is associated with the intracellular

production of quanosine 3',5'« monophosphate- feyelic
 GMP). Waldman et, al., d..Bicl. Ghem., 253:1433¢

(1984); winguist et. al., Proc. Natl. Acad. Sci. USA,
Bis 7661 (1984). Atricpeptin receptors have heen

identified by autoradiographic studies in kidney and
(peripheral) wasculature as well as in other tissues
ineluding “prain (hypothalamus and circumventricular

organs), pituitary, intestine, adrenal, and ciliary
body. Napier et al., Proc. Natl. Acad. Sci. (USA),

1505
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  81:8946 (1984); Gibson et al., J. Neurosci., §:2004

(1986).

Many hormones act through "second messengers” such

as cyclic AMP (CAMP) or eyelic GMP (CGMP). An accepted
model of hormone action involves the binding of a

hormone to a hormone-specific cell membrane-bound

receptor which activates a hormone~sensitive adenylate
(for cAMP} or guanylate (for cGMP} cyclase to a form

capable of converting ATP (or GTP) in the cytoplasm of
the cell into cAMP (er cGMP}. The cAMP (or cGMP} then

relays the signal brought by the hormone from the

membrane to the interior of the ceil. Agonists of the

hermone are, by definition, capable of eliciting ‘the
same response (see, for example, Nathanson and Green-

gard, Scientific American, 237:106-119 (1977) fer a
discussion involving cyclic nucleotides).

Once formed inside cells, CAMP and cGMP are broken

down by a group of enzymes called cyclic nucleotide

phosphodiesterases (hereafter called phosphodiesteraseé).

Pharmacelogical inhibition of phosphodiesterase results

in prolenged and augmented levels of cAMP and cGMP

within cells, and can cause physiological responses

similar to those of the original hormone.
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SUMMARYOFTHEINVENTION

|The present invention arose out ef the observations
by the inventor that blood=brain barrier tissues are end
ergans for atriopeptins and that atriopeptin receptors

in the secretory epithelial cells of the choroid plexus

of the brain and the ciliary process of the eye are

“coupled toe the activation of guanylate cyclase activity.

Based upon these observations, the inventor hypothesized

that compounds. which are interactive with the atrio-
peptin receptors, oF other nitrogen-containing guanylate
cyclase activators, or compounds which are phosphedi~

esterase inhibitors, might be useful in the treatment of
-glaucoma and various sonditions associated with patho-
_legical intracranial fluid accumulation. Investigation

of this hypothesis has led te the present invention
which relates tea the treatment of fluid volume dysfunc~
tions in the brain and eye {cranial fluid volume

aysfunction} with at least one compound selected from

atriopeptins, their analoques and agonists, other

nitrogen-containing guanylate cyclase activators, and -
those agents which are inhibitors of phosphodiesterase

enzymes (those enzymes which are capable of hydrolyzing
CGMP).

“1507
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Thus, in one embodiment, the present invention

provides a method of treating fluid volume dysfunction
of the cranium in an individual in need of such treat-

ment which comprises administering a fluid volume

decreasing amount of an atriepeptin, an analogue or

agonist thereof, other nitrogen-containing quanylate
eyclase activators, or an agent capable of inhibiting a
phosphodiesterase enzyme which degrades cGMP to said
individual.

th addition to drugs which act directly on atrio~

peptin recepters, the inventor has developed additional
pharmacelogical strategies which involve manipulation of
the intracellular second messenger system (syclic GMP}

involved in atriepeptin action. Drugs acting om cyclic

GMP (cGMP) have physiological effects gimilar to those

ef the atriopeptins. In additien, such drugs can be

designed to be well absorbed through the oral or topical
routes of administration. This considerably broadens

the scope of the approach t6 treating cranial volume

aysfunctions which invoive a number of different types
ef chemical compounds, including for example, nitrogly-

serine, sedium nitrate, hydralazine, and minoxidil.

This group of nitrogen-containing guanylate cyclase

activating agents includes the nitre compounds, which

stimulate cyclic GMP formation in brain and eye secre-
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tory tissues. When administered tepically, i.e., ag eye

drops, at very low concentrations, these guanylate
oyclase activators, nitroglycerine, for example, cause a

substantial decrease in intraccular pressure without

abservable side effects on the eye. In addition, the

topical administration decreases IOP without decreasing
systolic, diastelic, or mean systemic bleodpressure and
without affecting cardiac pulse rate. .

These agents may be synergistic, i.e., the adminis~

tration in combination sf an atriopeptin or atriopeptin

agonist and a phosphodlesterase inhibitor or another

nitregen-containing guanylate cyclase activator and

atriopeptin,- for example, may resuit-in the correlated -

action of both compounds which, together, have greater
total effect that the sum of their individual affects.

‘Bescripkion of the Drawings

Figure 1 demonstrates the effect of rat atrial

natriuretic peptide 1-28 (rANP) on membrane bound

guanylate cyclase (Figure LA and Figure 1B) and adeny~-
jate cyclase {Figure 1¢) activity in various brain

barrier tissues and tissue fractions from rabbit
compared with activity in cerebrum and cerebellum.
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Figure 2 shows the appearance and hormone respen-

siveness of intact: iselated anda purified choroid

epithelial cells.

Figure 3 shows the inhibitory effect of intra-
ventricular administration of YANP on CSF production

rate in a vabbit with chronically implanted lateral

ventricular and cisternal catheters. The increase in

optical density shown indicates a decrease in the rate

of Fluid preduction.

Fioure 4 demonstrates atricpeptin-activated

guanylate cyclase activity in membrane preparations from
abbit Kidney. Values shown are the means + range for

duplicate quanylate cyclase determinations; each assayed
by radioimmunoassay (RIA) in triplicate. Control
activity was 7.1 pmol/mg protein/min.

Figure 5 demonstrates atriopeptin-activatedPeeanna
£

guanylate cyclase activity in membrane preparations from
isolated rabbit ciliary processes. Values shown are the

means + range for duplicate guanylate cyclase determina

tions, each assayed by radioimmunoassay (RIA) in

triplicate. Control activity was 75 + 10. pmol/mg

protein/min.

Figure 6 demonstrates the effect of unilateral

intravitreal injection of 0.3 nmoles of YTANP 1-28 on

intraccular pressure in a group of eight albino rabbits.

1510
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The contralateral eye received intravitreal injection of

vehicla alone. . Filled circles represent the IOP in

ipsilateral eye; open circles represents the IOP in

contralateral eye. |
Figure 7 demonstrates the effect of unilateral

intravitreal imjection of vehicle (artificial aqueous

humor) on IOP in a group of five albino rabbits.
Contralateral eyes received nothing. There were no

statistically significant differences between ipsi-

lateral and contralateral IOP and no significant changes

_in IOP follewing injection.

Figure $8 demonstrates that tepical application of
inhibitors of. PDE cause a decrease in intraocular

pressure in the rabbit eye. |
A potent PDE inhibitor ef the arylxanthine class,

1, 3<dibutly-xanthine, was applied unilaterally and
topically te rabbit eyes in a 0.5% solution. There was

a small decrease in the Iop in the contralateral eye,

possibly due to systemic absorption. The IOP was

decreased 4 mm (Hg} in the ipsilateral eye.
 Figure 9 demonstrates the effect of i-~methyl-3-

isobutyl-xanthine on IOP and PDE inhibition in ciliary

process.

1511
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Figure 19 demonstrates the effect of 1,2, 3-propane-

triol trinitrate (nitroglycerine) on the activation of

guanylate cyclase in the ciliary process of the rabbit.
Figure11 demonstrates the effect of the adminis<-

tration of nitroglycerine as an eye drop preparation on

the TOP in rabbits. The decrease in IOP is not accom~

panied by a concomitant decrease in systemic blioad

pressure.

Picure 12 additionally shows the absence of effect

on pulse rate or systemic bloed pressure from the

administration of an eye drop preparation of nitro~

glycerine in rabbits.

Figure 13 illustrates that doses of nitroglycerine-

aye drops (S041 of 6.1% aqueeus solution} caused mo
additional decrease in IOP and that lower doses were

less effective.

Figure 14 illustrates the effect of the administra-
tion of a nitroglycerine eye drop preparation (50u1 of

O.12 aqueous solution in one eye) in a velunteer human.

Importantly, although the nitroglycerine eye drops

decreased IOP, they did not affect systemic blood

pressure.

Figure 15 demonstrates that a 50ul 0.1% aqueous eyes

drop solution of minoxidil, a nitrogen-containing

1512
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guanylate cyclase activator, decreases the IOP in
rabbits.

Figure 16 illustrates that a 50ul 6.1% aqueous eye
arop solution of sodium nitrate, another nitrogen~
containing guanylate cyclase activator, lowers the IOP
in rabbits. — |

Figure 17 demonstrates that a 0.1% eye drop

preparation of hydralazine decreases the IOP in rabbits.

DESCRIPTION OF THE PREFERRED EMBODIMENTS
The method of the present invention is useful for

‘ereatment of cranial fluid volume dysfunction of any

origin in- an individual. By the term "cranial fluid

volume dysfunction" is intended these pathological
senditions associated with an overpreduction or decrea~

sed rate of removal of fluid from the cranium including
the eye. .

Typical cranial fluid volume dysfunctions include,

but are not Limited to, brain edema, hydrocephalus, and

glaucoma.

The term “individual" is intended to include any

animal, preferably a mammal, and most preferably, 4
human. |

Compounds useful in the practice of the present

invention include those compounds which act directly on

1513
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the atriopeptin receptors of the brain (including

menbranes, kiced vessels, choroid plexus and CSP

reabsorptive areas), spinal cord, and ciliary process

and trabecular meshwork of the eye te activate quanylate

cyclase (hereinafter atriopeptin-sensitive guanylate
cyclase activators) and further include these compounds
which act through the mechanism of inhibiticn of

phosphodiesterase activity relating te degradation of
cGMP.

The compounds useful in the present invention which

act directly upen the atriopeptin receptor sites to

activate guanylate cyclase include, but are net Limited

to, atYiopeptins, atriopeptin analogues, and atriopeptin

agonists. In addition, nitrogen-containing guanylate
cyclase activators have been discovered to be useful in
the present invention.

The term atriopeptin is meant to include atrial
natriuretic factors and their precursor polypeptides, as

well as peptides having atriopeptin activity, regardless

of the source. Atriopeptin precursors are polypeptides

which include an atriopeptin amino acid sequence within

a longer sequence of amino acids which precursors may or

may not exhibit atriopeptin activity in vitre. Typical
 

atriopeptins include naturally eceurring as well as

synthetic atricpeptins and active fragments thereof.

1514
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Among the atrial natriuretic factors which may be used
in the present invention are peptides or their pre-
Cursors, with amine acid. sequences such as the following
naturally occurring Sequences isolated from the human

. and rat, respectively:

Ser-Leu-Arg-Arg-Ser-Ser-Cye~Phe-G1y~G1Y-ALS-NOE“ESPNTISryr-Arg-Phe-Ser-Aen-Cys-Gly-Leu-Gly-Ser-Gln-Ala-~Gly” 3
cand

Ser-Leu-Arg-Arg-Ser-Ser-Cys-PheGly~Gly-Aug-TeoBSPNraNtle

Tyr~Arg-Phe-Ser-Asn-Cya-Gly-Leu~Gly-Ser-Gln-Ala-Gly “ :

Also active are sequences identical to those above but
Lacking the N-terminal Ser, the N-terminal Ser-Leu, the
N-terminal Ser-Leu-Arg, the N-terminal Ser-Leu~Arg-Arg,

or the C-term Tyr. Also active are tanger sequences
such as those above additionally consisting of Arg-Pro-
Gly-Ala at the N-terminal end.

Typical analogues of atriopeptin useful in the
present invention include, but are mot limited tes

peptides which may mimic the naturally eceuring atrice-

peptins or vary by one or more amino acids and which
denonstrate biological activity substantially similar to

that of atriopeptins, such as

1515
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tyr~Ser-Ser-Cys~Phe~Gly-Gly-Arg-MetrASpArgy
arg-Phe-Ser-Asn-Cys-Cly-Leu-Gly-Ser-Gln-Ala~Gly/ .

Typical atriopeptin agonists are compounds which
demonstrate biological activity substantially similar to

that of atriopeptins. Such atriopeptin agonists include

compounds which bind to the atriopeptin receptor as well
as compounds which activate the atriopeptin-sensitive |
guanylate cyclase. Typical atriopeptin agonists would
include, but are not limited to, compounds such as

nonpeptide analogues interacting with the receptor, and
nitre compounds such as sedium azide, sodium nitrite, or

nitroglycerine, which directiy interact with guanylate

cyclase.

tn addition, nitrogen-containing guanylate cyclase

activators, including inerganic nitrates like sodium

nitrate, organic nitrates such as nitroglycerine and

pentaerythritol tetranitrate, and non=nitrate nitrogen
containing compounds such a5 hydralazine and minoxidil

are also useful in the present invention.

A suitable screening method for determining whether

a given compound is an atriopeptin agonist or analogue

comprises measuring guanylate cyclase activity of the

atriopeptin-sensitive quanylate cyclase in broken cell

preparations of chereid plexus {or epithelial cells) by
a modification of the technique of Waldman et. al...

1516
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Said modified technique is deseribed in detail in

Example 1.- . |
. Generally, the broken cell preparations are

prepared according to the methed described in a paper by
Nathanson et_al., {Molecular Pharmacology 20:68 (1981),

which is herein incerporated by reference. Choroid

epithelial cells are prepared as described in Example 1.

To measure activity of atvriopeptins, analogues, or

agonists thereof, washed particulate cell preparations

are prepared by using the pellet obtained following high
speed centrifugation. To measure direct activators of
guanylate cyclase, the crude broken-cell preparation

without centrifugation is used. Guanylate cyclase

activity is measured in appropriate buffer-containing

GTP, cofactors, tissue fraction, and the compound to be
tested. tf necessary, the compounds to be tested are

initially solubilized and appropriate solvent controls
are ran in parallel. The enzyme reaction is initiated
by addition of GTP, stopped by heating, and centrifuged.
Cyclic GMP can be measured by any test which indicates
the presence thereof, typically by the radioimmunoassay

as described in. Example 6&. Normally, the solution

mixture contains a phosphodiesterase inhibiter such as

theophylline, sa as to provide Linear measurements with

respect to time and enzyme concentration. The deter-

1517
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mination of the constant K,, which is the concentration

ef agonist necessary for half-maximal activation of

cyclase activity, is carried cut by measuring cyclase
activity in the preparation, and plotting the activity

{above comtrol activity) versus the semilogarithm of the
particular agonist concentration. This is done for @
series of increasing concentrations until maximal

activity (Vmax) is. reached. Ka", where B is the test
compound, is compared with the constant (KAeNF) deter-
mined in an analogous way using rat atrial natriuretic

factor (rANF) as a standard. The ratio KnFyx8 is
then an indication of whether the compound {B} is better

{ratio greater than 1) or worse (ratio smaller than 1}
than rANF. Maximal activation of enzyme activity as a

percentages of maximal activation seen in the presence of
rANF can be denoted as % Vay:

Typical compounds capable of inhibiting a phospho~
diesterage enzyme useful in the methed of the present

invention include those compounds which prevent or

greatly decrease the hydrolysis of endogenous CGMP

produced by activation of guanylate cyclase. The
inhibition of cGMP phosphediesterase may be either

through a competitive or non-competitive mode. Further,
the cGMP phesphodiesterase inhibited should be that

found in the particular cranial tissue of the species

1518
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-peing treated. Thus, the testing of any particular PDE |
inhibitor can be carriedout on PDE issclated from or
found in choreld plexus (or epithelial cells) or ciliary

process. . . . . |
The ability of any cempound to inhibit cGMP

phosphodiesterase {PDE} activity in broken-cell

preparations ‘of choroid epithelial celis of ciliary
_ presaess can be determined either 1) by measuring the

decrease in rate of hydrolysis of an added ameunt of

cyclic GMP by FDE (see, Methods Section of Nathanson e&

‘al., Mol. Pharmacol, 12:290-398 (1975)), or 2) by 

measuring the rate of accumulation of one of the

breakdown. products of cyclic GMF, such as 5'-GMP or

quanosine (see method of Filburn ef al., Anal. Biochen. 

52:5305-816 (1973)}). Both of these are herein
incorporated by reference.

| Generally, any compound capable of maximally
inhibiting PDE activity by at Least 50% (Vmay-inhibi”

tion) and preferably by at least 680% is preferred,
Also, in terme of the concentration of the compound

required for such inhibition, this can be quantitated by
determining the ICsg-inhibition, i-@-, the concentration

of the compound required to cause 50% of the maximal
inhibition caused by the compound at any concentration.

Generally, any compound with an ICsominhibition fF PDE
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ef less than iOmM and preferably Less than 2.5mM is

preferred.

Of particular interest are purine derivatives, such

as theophylline, xanthine, methylxanthine, isobutyl-

methylxanthine (IBMX}, and lower alkyl or substitution
homologues or analogues thereof. See, e.g. Kramer, eh

  al., Bischem., 16:3316 (1377)? Garst et al., J..Med. 

Chem., 19:499 (1976); Amer et al., s.Pharm. Sci., &4:1en   

(1975); or Beave st al., Mol. Pharm., §:537 (i970). For 

the purposes of this invention, halide, hydroxy, keto,

lewer alkoxy, lower straight alkyl, lower branched:

alkyl, amino, lower alkylamino, lower halo alkyl,
fluerine, chiorine, bromine, iedo, azido, nitre,

mercapto, alkene-oxy, CYanc, alkylecyanc, phenyl,

benzyl, substituted benzyl, oF the like substituents on

any ef the aforementioned compounds are equivalent Lf
they do not substantially block the agonistic activity
of the atriopeptinergic agonist.

Of interest are also the phosphodiesterase inhibi-

tors deseribed by Rojakovick et al., (Pesticide Bio- 

chemistry and Physiology, 610-19 (1976)) which belong te

the family of quinoxaline adithiols. These compounds,

denoted as oxythioquinox, SAS 2185, 1348, 2501, 2061,

2551 or 2079, are those of the formula:
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where B°* can be hydrogen, Lower alkyl, iower

alkoxy or trifluoromethyl, e235 and R“9 can be the same
or different and selected from the group of Hy coor?/,
where R27? is lower alkyl; or both R@5 and R26 taken

together may form & group of the formula ~CO-, pridging
both Ss atoms. |

Another family of PDE inhibitors are the benzyli-
‘soquinoline derivatives, such as papaverine (See, for
example, g.58. Patent 3, 978, 213 to Lapinet et al., which
relates to the cosmetic use of mixtures of cyclic AMF
and phosphodiesterase inhibitors: or Amer est al.,
supra) a

_ Another. family of PDE. inhibiters are the sub= .
stituted pyrrolidenes, such as 4~(3-cyclopentyloxy-4-

mathylphenyl)~a-pyrrolidine (Z2K62711). See Schwabe et

al., Mol. Pharmacol. 12:900-910 (1976). 

Another family ef PDE inhibitors are the 4—-(3,4-

dialkoxybenzyl)-2-imidazolidinones, such as ({4=(3-

1521
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butoxy~4~-methoxbenzyl) -2-imidazolidinone (Ra 20-1724).
 See Sheppard et al., Biochem. J. 120:20P (1970).

Another family ef PDE inhibiters are the benzo~

diazepine derivatives, such as diazepam. See Daiteon et
al., Prec. Soc. Exp. Bio. Med. PAR 0 407 H1LO 1974).

Another family of PDE inhibitors are the tricyclic

agents, such as the phenothiazines. See Honda et al.,
Biochem. Biophys. Acta 161:267 (1968).

Another family are various purine-ribose deriva-

tives, including puromycin and derivatives of cyclic

nucleotides (other than cyclic AMP or active cyclic AMP
gi-37Ie analoques). See Amer at al., 3. Pharm. S¢i.

(1975) Table VI.

Another PDE inhibiter is sQ20008: {l-ethyl-4-

isopropylidene~hydrazino-14-pyrazolo(3,4)pyridine-S-
 

carboxylate ethyl ester. See Beer et al., Selencez

176:428 (1972).

Other PDE inhibiters include M&B22948, dilazep,

MYS445 and OPC3689. See, Hidaka at al., ZIPS, pp2sy-
 

 
2239 {Tune 1984} and Bergstrand et al., Molec. Phary

macol., 13:38-43 (1977).

In general, any compound which inhibite PDE as

described above and which, at the same concentration,

does not substantially block the activity of the

guanylate cyclase activator or atriopeptin agenist in
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‘stimulating guanylate cyclase or atriopeptin-sensitive

. guanylate cyclase (as measured above) and is non-toxic

to the individual to be treated, can be used.
The PDE inhibitor may be present alone or in

- eombination with other active or non-active compounds.

The molecular inhibition of PDE in vitre by a PDE

inhibitor correlates with the molecular inhibitionof

the enzyme in vivo. However, it may be that a compound

which is an excellent PDE inhibitor in vitre does not

show good in vivo activity. Other factors, such as

- possible metabolism, transport or absorption of the

compound may influence its overall effectiveness. one
ef skill in the art, however,..can by a simple prelimi-
nary trial measuring intracranial pressure or

intraocular pressure, ascertain quite quickly and

routinely whether a chosen agent is useful in yive.

Administration of the compounds useful in the

method of the present invention may be by topical,

parenteral, oral, intranasal, eye drop, intravenous,

intramuscular, subcutaneous, or any other suitable
Means. The dosage administered may be dependent upon

the age, weight, kind of concurrent treatment, if any,
and nature of the cranial. fluid dysfunction. The

compounds ugeful in the method of the present invention

may be employed in such forms as eye drops for topical

1523
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administration, capsules, liquid solutions, suspensions,

or elixirs, for oral administration, or aterile Liquid

forms such as solutions or suspensions for parenteral

administration. Any inert carrier is preferably used,

euch ag galine, or phosphate~buffered ealine, or any

such carrier in which the compounds used in the method

ef the present invention have suitable solubility

properties for use in the method of the present
invention.

Typical dosages will vary with the potency of the

drugs for activating guanylate cyclase or inhibiting
PDE. For eye drop preparations of guanylate cyclase

activators or PDE inhibitors, 9.01%-2.0% {(gm/ico ml) is

typical. For oral organic nitrate guanylate cyclase
activators, G@oees are typically 0.1i-30 ng. For oral PDE

inhibitors, doses are typically 0.1-300 mg. For i.ve

organic nitrate guanylate cyclase activators, doses are
typically 0.1-50 ug/min. For atriopeptin analogues,

doses vary from 6.1 pug-1.0 mg.

Having now generally described the invention, the

same may be further understood by reference ta the

following examples, which are net intended to he

limiting unless so expressly stated.
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. EXAMPLE 1 |
The effect of “PANP on membrane-bound guanylate

cyclase and adenylate cyclase activity in various brain-

barrier tissues and tissue fractions from rabbit was

compared with its activity in cerebrum and cerebellun.
Guanylate cyclase was measured ag the rate of cyclic GMP
formation by nodifications ef the technique of Waldman
et al., Stpra, incorporated herein by reference.

Briefly, tissues were homogenized (19 mg wet waight per
milliliter) in 50 mM tris-HC], pH 8.0, 1 mM EDTA, 1 mM

dithiothreitel, and 250 mM sucrose and centrifuged at

100,000g to obtain a Fl pellet. Reaction tubes con~
‘tained {in 0.3 ml}, 50 mM tris, pH 7.6, 6 mM MnCls, 0.5

mM 3<isobutyl, l-methylxanthine (IBMA), 10 mM theophyl-

line, 3 mM GTP, hormone (in 0.03 ml containing 2.5 mM

ascorbic acid and 0.1% bevine serum albumin}, and 0.06
ml of PL fraction {40 to 60 ug of protein). ‘The

reaction ie minutes at 30°C} was started by addition of
GTP and terminated by additien ef 6.3 mi of 150 mM

sodium ‘acetate (pH 4.0} and beiling for 3 minutes.

cyelic GMP formed wag subsequently measured by radio-~

immunoassay as deseribed in example 6, infra. Under
these conditions, guanylate cyclase activity was linear

with time and tissue soncentration. Adenylate cyclase

activity in Pi fractions was measured according to the
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method deseribed by Nathanson, et_al., Science; 204:843 

(1979}3 Mol. Pharmacol. 18:199 (1980), see Figure ic.
Figure 18 demonstrates choroid epithelial celis isolated
according to the method described by Gabuzola, ef ales
Soc. Neurosci. Abstr., AG, 999 {1984}; Nathanson, et  

al., Soc. Neurosci. ApStr., 42, 1357 (1986), incor-
porated herein by reference, but with a lower concentra-
tion {0.025%} of trypsin and a rotating tissue tumbler
which allowed cleaner fractionation of epithelial cells

from erythrocytes and vascular components. In Figure 1A
large stimulations were observed in fractions highly
enriched in intraparenchymal cerebral microvessels -

compared with Little or ne stimulation in ventral
portion of dural sinus feontaining arachnoid villi}, in
pia arachnoid membrane, and in cerebrum. Membrane
fractions from cerebellum showed 4 moderate amount of

stimulation. The presence of atriopeptin-activated

guanylate cyclase in cerebral microvessels suggests a
role for atriopeptins in regulating cerebral water since

these microvessels are the site of the blood-brain

barrier.

Figure 18 shows that rat ANP also activated

guanylate cyclase in membrane fractions from whole
choroid plexus (middle curve). Fractionation of choroid
indicated that purified choroid epithelium (site of the
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blood-CSF barrier} contained most of the rANP receptors,

with few present in choroid stoma which contains

wascular elements. Figure 1C demonstrates that the rat

ANP stimulation in whole choreid was selective for

guanylate cyclase and not adenylate cyclase, causing a

enall inhibition of the latter enzyme. Adenylate
cyclase activity could be stimulated by isoproterenol

through A-adrenergic receptors known to be present in
=

this tissue. Values shewn are the mean + range for

duplicate enzyme determinations, each assayed for eyelic

AMP or cyclic GMP in triplicate. For the results shown
in Fig. i, highly enriched suspensions of choroid
epithelial selis from intact choroid were prepared and
the identity of the cells wag confirmed through immuno-
histochemical studies showing the presence (>95%) of

morphologically typical epithelial cells - strongly
stained with a polyclonal antibody to the peripheral
form of Na- and K-activated adenosine ‘triphosphatase

iNa, K-ATPase) Sweadner, et al., 2. Biol.  Chem., 

- -260:9016 (1985), which only faintly labels endothelial
_and stromal cells, and with antibody te the protein,

DARPP-32, which solely labels epithelial cells (Fig. 2A~
 2C). Nestler et al., Ssiance, 225:1357 (13984). When

isolated as described hereinabove, the chorsid epithe-

lium is a nearly homegenous population of cells that can
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be identified by cell markers and sustained in short-

term culture. Stimulation by rANP was selective for

guanylate cyclase and did not activate adenylate cyclase
in the same brain-barrier preparations, although

adenylate cyclase was atimulated by isoproterenol (Fig.
it}. As shown in Fig. ic, high concentrations of YrANP
caused a mall inhibition of adenylate cyclase.

Stimulation of guanylate cyclase in barrier tissues was

also selective for the intact 38~-amine acid peptide.

Thus, in cheoreid plexus, rANP fragment 1-11 was about

10% to 153% as active as the intact peptide and YANP

fragment 13-28 caused almost no stimulation of guanylate

cyclase, a pattern of activity nearly identical to that
found in rabbit kidney. For rANP 1-28, the range of Ka

values {0.5 to 10 nM) that was observed for guanylate

cyclase activation in cerebral microvessels and choroid
plexus was similar to the range of binding affinities
{0.1 To 2 nM} reported in other tissues for radiolabeled

atriopeptins. Figure la shows that rat atrial natri-
uretic peptide (rANP} 1-28 tSer-Leu~Arg~Arg-atriopeptin

TIL {APLII}] wae a potent activator of quanylate cyclase

activity in purified rabbit cerebral microvessels

fmaximum velocity of enzyme activity (Vmax). 215% ef
control; activation constant (Kg), 0.5 nM). From other

studies, it is known that such microvessels consist of &
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high percentage of endothelial cell-centaining cerebral

Capillaries. A similar degree of activation of guanyl~

ate cyclase by rANP was observed in nicroveasels

prepared from pig brain.
Figure “4B (middle curve) shows that rANP alsa

stimulated enzyme activity in membrane fractions
prepared from whole rabbit choroid plexus obtained from
Lateral, third, and fourth ventricles. In five separate

experiments, the K, for activation of the enzyme in the
choroid (9.8 & Sel nM; SEM) was similar to that (Kg = 45

+ 2 nM; SEM, N = 4} observed in rabbit kidney, a tissue

‘known to be rich in atriepeptin receptors, and somewhat

greater than that observed for atriopeptin stimulation
in the rabbit cerebellum (Fig. 1A), a tissue known to be
anriched (relative to other brain areas) in cyclic GMP.
The Vaay for stimulation of basal activity in the
choroid plexus averaged 58k + Lé6% (SEM, N = 5).

However, ne “stimulation oF guanylate cyclase
activity in membrane fractions prepared from rabbit or

‘pig cerebral cortex cccurred (Fig. 1A). In membranes

prepared fron the ventral portion of pig or rabbit

superior sagittal dural sinus, which contains arachnoid

villi, LANP caused a small stimulation of quanylate

cyclase but only at high concentrations (Ka > 1000 mM).
There was also a very small (15%) degree of enzyme
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stimulation in the pla-arachneid, a preparation consist-

ing of both pia-arachnoid membrane and small extraparen
chymal cerebral arterioles and veins.

EXAMPLE 2

Purified secretory epithelial cells were isolated

and maintained in tissue culture medium in the absence

of any hormones. After 3 hours, rANP was added either
aione or in the presence of phosphoediesterase (PDE)

inhibitors to a suspension of cheroid apitheliel cells

incubated at 327°C in artificial CSF. Figure 2A demon-

strates the appearance by phase contrast microscopy of a

small group of epithelial cells after isolation and

purification. Figure 2B shows the same cells as in
figure 2A which have been stained with a rabbit poly-
clonal antibody (1:156 dilution) to the alpha form of

Na,K-ATPase, Sweadner et al. 3.Biol.Chem., 260:9016
(1985) follewed by second antibody (1:100 dilution).
Plasma membrane fluorescence (see aise figure 2E) was

characteristic of choroid epithelium as demonstrated

with rhodamine optics. Figure 2¢ shows epithelial cells
which were also immunstained with mouse monoclonal

antibody to DARPP-32, Nestler ef al., Science, 223:1357 

(1984), followed by second antibody (1:100 dilution).
More diffuse staining was found only in epithelium and
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not in vascular or stromal components of choroid

epithelial cells as determined by fluorescein optics.

Figure 2D shows a suspension of choreid epithelial cells
incubated at 37°C in artificial csF. After exposurefor

5 minutes to 1 uM YANP, the cells showed a marked

- Increase in intracellular cyclic GMP content, an effect

thatwas potentiated by the phosphodiesterase inhibitors
theophylline (10 mM) and IBMX (0.5 mM}. The synergistic

effect of phosphodiesterase inhibitors and YrANF is

demonstrated -in Fig. 2D where the cGMP accumulation
after ‘treatment: with the combination is. greater than
would be expected from the summation of the effects of

phosphodiesterase inhibiters: and ¥YANF added indivi-
dually. Fer one experiment, the mean + range is shown

for duplicate determinations, each assayed in triplicate
forcyclic GMP content. In four separate experiments,

the degree of stimulation by rANP alone varied from 230%

to 14603. Figure (2B demonstrates another group of

epithelial cells showing bright plasma membrane immune-

staining of Na,K-ATPase. Figure 2F shows the same cells

immunostainedwith antibody to DARPP-32. Fewer than 5%
of cells were DARPP-negative.

After exposure for § minutes to 1 UM rANP the cells

showed a marked increase in intracellular cyclic GMP

sontent, an effect that was potentiated by the phos-

1531



1532

WO 88/05306 PCT/US33/00168

phodiesterase inhibitors theophylline (10 mM) and IBMx
(0.5 mM). For one experiment, the mean + range is shown
for duplicate determinations, each assayed in triplicate
for cyclic GMP content. In four separate experiments,
the degree of stimulation by FrANP alone varied from 290%
to 1460%. After the cells were incubated For 5 minutes,

they were killed and their cyclic GMP content was
determined. The isolated epithelial cells showed more

than an eightfold increase in cyclic GMP content when

incubated with rANP alone (Fig. 2D). Basal cyclic GMP

content was increased by the PDE inhibitors, and the

combination of cANP and PDE inhibitors caused more than

30-fold inerease in cyclic GMP content. (Similar but

somewhat larger increases were seen after 15 minutes of

incubation. } Thase marked increases in cyclic GMP

provide further evidence that the choroid epithelium is
an atriopeptin end organ.

EXAMPLE 3

The effects of rANP on CSF production measured by

ventricular-cisternal perfusion in living rabbits demon-

strated that atriopeptins affect the secretory function

of these cells, which produce CSF as shown on Fig. 3.

Drug was given intraventricularly, either by belus

injection or by continuous addition (during a lO-minute
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period) to the CSF perfusion system. Ventricular~
cisternal perfusion of Blue dextran was carried out by a

closed system with active pumping both inte and out. ef

the catheters at a rate of 39 L/min. Output dye

concentration was monitored continuously with an in-iine

photecell; and a separate, contralateral venticular

catheter independently measured intracranial pressure. .

Positive responses were observed in 13 of 14 experi- |

ments, in 3 of which rANP (30 pmol) was given by bolus
intraventricular injection and in 10 of which rANP was

given by continuous intraventricular infusion at 3 ta 30

-pmol/min for 16 minutes. Drug was administered in an

artificial cCsF containing 6.01% rabbit serum albumin

CRSA) and 0.25 mM ascorbate. In addition, all plastic
surfaces were pretreated with 0.1% RSA to reduce peptide

loss by adserption.out of 14 rabbits in which CSF

production could be adequately assessed throughout the
experiment, 13 shewed a decrease in the rate of CSF

production. In one animal, there was no change in CSF

secretion rate, and in ne case was there an increase in

CSF production. Figure 3 shows 4 positive response to 4

bolus injection of 30 pmol of YrANP into the Lateral

ventricle. During a peried of 100 minutes, secretion

rate dropped by 70%. in the 13 positive responses, the

mean decrease observed was 35.3% + 6.9% (SEM) from a
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starting basal CSF gecretion of §.3 + 0.8 l/min. In
other experiments, intravenous injection of similar
doses of YrANP caused no change in peripheral bleod

pressure, suggesting that the decreased CSf production
rate observed was not due to 4 systemic effect on

vascular perfusion pressure.

EXAMPLE 4

Ciliary process tips were obtained from male, 3-4

kg, New Zealand white rabbits, immediately following
eacrifice with an overdose of ether, as described in

Nathanson, Invest. Ophthal. Vis. Sei., 2257981 (1982).

The tissue was minced and homogenized (10 mg/ml) by nand

in a glass~gqlass homogenizer in a buffer consisting of
SQ mM Tris HCL, pH 8.0; ImM EDTA, and 280mM sucrose,

The homogenate was diluted 20-fold with buffer and

centrifuged at 100,000 x g, to obtain a Pi fraction.

The pellet was rehomogenized in the original volume and
left on ice until use. Pl fractions were also prepared

from wedges of rabbit kidney taken from the same

animals. In some experiments, Pl fractions were

prepared from iris and from ciliary body, as described
in Nathanson, Froc. Nati. Acad. Sci. USA, F7:7420

(i980). Briefly, iris was removed frem its attachment
to the ciliary body, cleaned of adhering ciliary process
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tissue, washed, and homegenized as above. The ciliary

muscle was cleaned of most remaining ciliary process

tissue, freed from the underlying sclera by blunt and

sharp dissection, and then washed and homogenized.

EXAMPLE 3.

Atriopeptin-activated guanylate “gyelase activity
wag measured as the rate of conversion of GTP te cyclic

GME. For this assay, reaction tubes were prepared £9
contain {in 6.3 mi final volume) : SomM Tris HCL, pH

7.6; 6m MnCls: imM 3-isobutyl-l-methylxanthine (IEMA);
LOmM theophylline; (3mM GTP; hormone {in ¢.03m1l contain-
‘ing 2.5mM ascorbic acid and 0.1% rabbit serum albumin);
and tis ue PL ‘fraction (0.06m1} . The reaction was
started by the addition of GTP. Tubes were incubated

for 4 min at 36°C, and the reaction stopped by addition

ofO.3ml of 150mM sodium acetate (pH 4.0), followed by

‘boiling for 3 min. Under these conditions, guanylate

cyclase. activity was linear with respect te time and

tissue concentration.

. EXAMPLE 6

The cyclic GHP was typically measured by radie-

immunoassay (RIA} using a polyclonal antibody (NEX137,

_ New England Nuclear Corp.}). This polyclonal antibody has
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beth a great deal of sensitivity (EDsg of 25 fmoles at
final dilution) as well 4s selectivity (less than 0.03%
crossover with cyclic AMP). This degree of selectivity

for cyclic GMP, coupled with the finding that the
specific activity of ciliary process guanylate cyclase
is quite high (Table 1), indicated that thers was ho

significant crogs-contamination of guanylate oyclase
activity with adenylate cyclase activity.

For RIA, each tube centained (in 0.5ml), 50mM

sodium acetate buffer (pH 6.2), 2mM EDTA, Img/ml bovine

serum albumin, 0.2 ml cf sample jor diluted sample),

8, d00-15,000 cpm (about 5 fmole} of 1257 succinyl cyclic
GMP tyrosine methyl ester, and antibody to bind 25-35%
of the label. Prior to the addition of label and

antibody, sample tubes underwent an acetylation reaction
with acetic anhydride and triethylamine, according te

the method of Harper and Brooker, cg. Cyclic Nucl. Res...

4:207 (1975) in order to increase the sensitivity of the
assay. {Acetyl-cyclic GMP has a greater affinity for
the antibody than cyclic GMP). After addition ef label

and antibody, the mixture was incubated at 4°C for 24-48

hours, then the binding reaction terminated by addition
of G.iml of a mixture of lgm/l0ml of Norit XG charcoal

in 50 mM sodium acetate buffer (pH 6.2) containing

O.2g/10ml of bovine serum albumin. (The charcoal-BSA~-
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buffer were pre-mixed for 1 hr prior te addition). The
mixture was vortexed, aliowed to stand fer 10 min at

4°, then centrifuged at 2000 x g for 30 minutes and an
aliquot ef the supernatant taken for measurement of

bound cyclic GME. Using these conditions, the assay was
sensitive over the range of 2.5 toa 500 femtomales.

Astivation constants (K,) were determined from dose- —
response curves ukilizing 12-14 data points (6-7
conceritrations of hormone, in duplicate), each point

representing the mean of triplicate RIA determinations.

EXAMPLE 7

The measurement of intraocular pressure (TOP), was

performed using procedures similar to those described in

‘Nathanson, Brit. J. Pharmacol., 23:97 (1981) and 

Nathanson, Current Eve Res. 4:191 (1985). Briefly,
male (3-5 ky}, New Zealand white rabbits were housed
under standard conditions and exposed to a 12 hr light-

dark cycle. LoP was measured with a Perkins applanation
tonometer after topical anesthesia with 0.4% benoxinate

{and 0.25% sodium fluorescein) .« The tonometer had been
calibrated previously by connecting the anterior chamber

af enucleated rabbit ayes to a manometer (and reservoir)
and taking tonometer readings at different pressures. A

number of preliminary IOP readings were made in order te
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accommodate the animals to the measurement procedure.

Readings were then taken just prior to drug or vehicle
injection and at 3, 3, 20, 27, 44, BI, 72, and 144 hours

post-injection.

Following topical anesthesia with 0.4% benoxinate,

yabbits received rat atrial natriuretic peptide 1-28

(LANP} via a 10 microliter, intravitreal injection,
through a 30g 1/2" needle, the tip ef which was posi-
tioned at the approximate center ef the eye. Drug was

dissolved in a aclution of artificial aquecus humor

containing (in mmol/liter): Nacl 130, KCl 2.7, NaHscO,

18.3, MgCl, 1.33, CaCl, 1.5, Glucess 10, HEPES 26, and
Leascorbic acid, 2.5. The contralateral eye received a
io microliter injection of vehicle alone. In order to

evaluate the possible effects of intravitreal injection,

per se, on IOP, additional rabbits received a i106
microliter intravitreal injection of vehicle in one eye

only.

BRAMPLE &

Atriopeptin-activated guanylate cyclase activity

was measured, as described in Example 5, in menbranes

from rabbit kidney and ciliary process prepared as in

Example 4.
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‘In particulate fractions of rabbit kidney, guanyl-
ate coyclase activity was present at high specific

activity and could be activated by rAN? at low concen
trations. fn four separate experiments, the K, for

hormone activation ranged from 1 to 9 x i07°M, with a
Vay which vatied from 63 to 151% stimulation of basal
activity. Figure 4 shows a typical response. Values

-ghown in figure 4 are the means £ range for duplicate

“guanylate cyclase determinations, -@each assayed by
yadicimmunoassay (RIA) in triplicate. Control activity
was 7.1 pmol/mg protein/min.

in the rabbit ciliary process, guanylate cyclase in
PL fractions was extremely active, with basal levels
(49.4 + 12.7 pmol/mg protein/min: +5EM, Ne4 separate
axperiments} considerably exceeding that found in kidney

(10.3 £ 2.5 pmol/mg protein/min; N=4). | | This high
‘concentration of guanylate cyclase activity alse

axceeded that (20.4 + 4.3; NS) which previously

reported for choroid plexus and fer other atriopeptin
receptor tissues. . |

Tn addition, at very low concentrations, LANE

caused significant stimulation ‘of basal guanylate
cyclase activity in ciliary process (Figure S$). In four
separate experiments, the Kg for hormone stimulation of

the engyme ranged from 0.4 to 4 X 107°M, with a Vaay
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which varied from 24 to 337% stimulation of basal
activity. This range of activation is similar, ales, to
the values obtained from studies of the vascrelaxant

properties of atriopeptins in rabbit aorta, where the
ECsq for Arg-Arg-APITI has been reported to range from 1
x 10789 to a xe 107? HM.

Table L shows that activation of ciliary process

guanylate cyclase by rANP was selective for the complete

peptide; rANP fragment 13-28 showed partial activity and
rANP fragment 1-11 was almest devoid of activity.

Table 1: Stimulation of Guanylate Cyclase Activity By
Tntact YPANP 1-28 and By Atriopeptin Fragmants
L-1lL and 13-28

Vmax Stimulation (3%) ef Guanylats evelase
 

Peptide Ciliary Process Kidney
tentennnneeeansanmemeretcemenanesisaaceesti

YANP 1-11 4 +6 “ 25 +
rANP 13-28 51 + 8 S4 +
rANP 1-28 124 * & 323 + 25

 
enetEEREATIIEEESOECLEP

A complete dese response curve Was run for each
peptide. The Vay values shown are the mean =
range of duplicate daterminations, each assayed by
RIA in triplicate .

In tissue distribution studies, the greatest

hormone-stimulated activity was in the isolated ciliary
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(processes. Ciliary body and iris showed siqnificantly
less rANP-stimulated activity. |

This distribution of activity is similar to that

reported for beta,-adrenergic receptors associated with
the activation of adenylate cyclase.

BSAMPLE 9

This example demonstrates the effects of exa~

genous TANon intraocular pressure. Figure 6 shows the
effects of unilateral intravitreal injection of 0.3

nmoles of eANP (1-28) on intraocular pressure im a group

of eight albino rabbits. The contralateral eye received

intravitreal injection ef vehicle alone. Over a periad
of 5 hours, the ipsilateral eyes underwent a marked

decline in pressure of about 5mm (He). This degree of

hypotension pergisted until about 48 hours post-injec-

tien and then underwent a slow recovery over the
following four days. The decrease in pressure, compared
with pre-injection IOP, was statistically significantat
all time points from 3 to 72 hours post-injection.
Yalues shown are mean + SEM. Filled circles represent

the IOP in the ipsilateral eye? open circles represent
the TOP in the contralateral eye. **{p < .05)3 **{(p <
-S13}, for paired Students Tetest relative to preinjec-
tion pressure (time 0}. The IOP at 3, 9, 20, 27, 44, and
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BL hours was alse significantiy decreased relative to

the pressure present at the same time in the.
contralateral, vehicle-injected eyes. During the entire

peried, ne affect on pupillary diameter of either the
ipsivateral or contralateral eye was noted.

Following injection of YANP in the ipsilateral

eye, IOP in the contralateral, vehicle-injected eye alsa
showed a decrease, although it was emaller, ef somewhat

slower onset, and recovered by 72 hours. This contra-

lateral decrease was statistically significant (p <.05

vs. pre-injection IOP) at 20 and 44 hours following
injection. The dose of rANP which caused a marked and
prolonged decrease in ipsilateral IoP, if distributed -
uniformly within a sphere the size of a rabbit eye,

would yield a concentration {2-3 x a077M) similar to
that which caused maximal stimulation of ciliary process

quanylate cyclase activity (Fig.5).

EXAMPLE 10

A separate group of 5 rabbits received a uni-

lateral intravitreal injection of vehicle alone in order

to evaluate the possible effects of intravitreal

injection, per se, on fOP. Figure 7 shows that there

was no significant decrease in Top, relative te starting

TOP, at any ef the time points observed, in either the.
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ipsilateral (injected) or contralateral (non-injected)
eye; Ror, at a given time point, was there any signi-
gicant difference between ipsilateral and contralateral

| ayes. At hours {the only measurement made during the
nermal dark eyele of the rabbits) there was a small,
non-significant increase in IOP. Also, on a given day,
afternoon measurements of IOP tended to be somewhat

higher than morning measurements. ‘These small daily
changes may have been due to 4 circadian effect.

EXAMPLE Li

_ Inhibiters ef PDE also cause 4 decrease in

“intraoccular pressure in rabbit eye. |
A potent PDE inhibitor of the arylxanthine class,

1, 3-dibutylxanthine, was applied unilaterally. and
topically te yabbit eyes in a 0.5% solution. There was
a small decrease in the IOP in the contralateral eyes,

_possibly due to systemic Leakage. The TOP was decreased
4 mm (Hg) in the ipsilateral eye (Figure 2). This
example demonstrates that inhibition of the enzyme which
hydrolyzes cGMP mimics the reduction in IOP caused by

atriopeptins. —
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EXAMPLE i2

Figure 9A shows the affect of topical administra-
tion of amother FDE inhibiter, i-methyl-3-isobutyl-

xanthine on IOP. Again there was about 4 4 mm (Hq)
decrease in intraccular pressure. Figure 9B shows the
affect ef L-methyl-g-isobutyl-xanthine en inhibiting

cGMP phosphodiesterase in ciliary precess. This
anthine inhibi i z wixanthir mhibited the enzyme th an en (concentra~

tion necessary for 50% enzyme inhibition) ef 25 uM.

EXAMPLE 13

Figure 16 shows ‘that 1,2,3-propanetriol trip
nitrate {(1,2,3-PPT), i.e., nitroglycerine, activates
quanylate cyclase in the siliary process of the rabbit.
Experimental procedures set forth in Example 1 were
repeated, substituting nitroglycerine for rANP and using
a crude broken-cell preparation 4s opposed to a washed~

membrane preparation. The results demonstrate that

nitroglycerine caused a significant stimulation of bagal
guanylate cyclase activity in the ciliary process at low
concentrations.
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The effect of nitroglycerine eye drops on rabbit

intraocular pressure was also measured. The Top of 3.
conscious, male albine rabbits (3-4 kg} was measured by
applanation pnumatonometry after topical anesthesia with
0.4% benoxinate. Nitroglycerine in phosphate buffered
galine, pH 7.4, was given unilaterally, in two 25y1

drops spaced five minutes apart. Bload pressure and
pulse rate were measured by a photoelectric detector

using an automated external tail curt. Figure 11 shows
the results of the topical administration of a 0.03%

f(om/1do0mh} nitroglycerine solution on IOP. A marked
decrease in IOP ‘(8.2mm Hg at maximum), which was
greatest at one hour and still significantly reduced at.
six. hours, can be seen. By 24 nours, pressure had
returned to normal. Importantly, there was nO signi-

ficant change in pulse rate or in systolic, diastolic or
mean blood pressure, a8 can also be seen in Figure 12.

As Figure L3 illustrates, higher doses of nitro-

glycerine caused no additional decrease in IOP, and

lower deses were less effective. Each curve deman-

“strates the + mean of eight rabbits at various times
after administration of 50n1 eye drops containing
nitroglycerine in neutral aqueous solution at the dose
shown. At higher doses, contralateral eyes also showed

AS.4.4P - GL1588
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a decrease in pressure, although significantly less,

ranging from 40-75% of that seen ipsilaterally. At ne
dose did conjunctival inflammation nor any change in

pupillary diameter sccur. At higher deses (0.1%), there
was a siight, transient (five minutes) hyperemia of the

conjunctival vessels.

This experiment indicates that direct topical

ecular administration of a guanylate cyclase activater

ag an eye drop can decrease IOF without any significant
change in systemic eardiovascular parameters. Thus,
administration of nitroglycerine as an eye drop involves

a more selective delivery to end organ tissues in the

aye.

EXAMPLE 15

The effect of administration of a nitroglycerine

aye drop preparation (S0u1 of 6.1% aqueous solution in
ene eye) in a volunteer human ig illustrated in Figure
14. TOP was measured by applanation pnumatenometry and

blood pressure and pulse were measured by arm cuff.
Topical administration of nitroglycerine significantly
decreased IOP by formula mmHg without change in systemic
blood pressure (shown) oF pulse (not shown).
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“EXAMPLE 16

The inventor has found a number of other com=

pounds “which algo increase guanylate eyclase and

decrease IOP when applied as an eye drop.
As Table 2 indicates, minoxidil (compound BMH)

‘alse increases guanylate cyclase activity alone, and to

an even greater extent when combined with rANP. Figure
LS illustrates the effect of a S50nl of 0.1% aquecus
solution of minoxidil on intraocular pressure in 12
rabbits. Minexidil caused a significant decrease in
EOP.

TABLE 2

CILIARY PROCESS

GUANYLATE CYCLASE ACTIVITY

{Percent Trierease)

enna

COMPOUND "mM" (1074) 414 $4
rANP 1-28 (107°M) © 60 + 27

COMPOUND "MY + rANP aio & 22
 

As Table 3 indicates, another compound, sodium

nitrate (Compound "N*) was found to increase ciliary

precess quanylate -oyelase activity and Figure 16

illustrates the effect of sodium nitrate given as 50u1i
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in a 0.1% eye dGrep preparation. Experimental procedures
were similar to those gescribed in Example 14. Sodium
nitrate lowers IOP in vabbits.

TABLE 3

CILIARY PROCESS
QUANYLATE CYCLASE ACTIVITY

(Percent Increasé}

—ceooaraaeamnneennntennmaaeetnnesnttiiccetetAiiittsACCCttnttesta

COMPOUND #N® 46

rANP 1-28 74
eeeeenenecterrereverRALTPAEEEEEEEt

Finally, hydralazine, a drug thought to work

through activation of guanylate cyclase activation, when
given te rabbits as a o.1% eye drop preparation in
normal saline, decreases TOP. Experimental procedures

used were similar to those described in’ Example 14.

Figure 17 illustrates this effect.

Having now fully described the invention, it may

readily be seen by those of skill in the art that the
present invention can be performed utilizing equivalent
agents without affecting the scope of the invention or
any embodiment thereof.
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I claim:

Le0OA method of treating cranial fluid velume

dysfunction in an individual, comprising administering a

fluid volume decreasing amount of a compound effective
ta increase the amount of cGMP at the site of the

oo dysfunction. |
2. A method of treating cranial fluid volume

dysfunction in an individual, comprising administering a
fluid volume decreasing amount of a compound selected
from the group consisting of (A) an atriopeptin-sensi~
tive guanylate cyclase activator, (8) a phospheodi-

esterase “inhibitor and (C) other nitrogen-containing
guanylate cyclase activators to an individual in need of
said treatment.

3. The method ef claim 2 wherein said atriopep~
tin-sengitive quanylate cyclase activator is selected

from the group consisting of
1} an atriopeptin,

2) an atriopeptin agonist, and

3) an atrispeptin analogue.

4. The method of claim 3 wherein said atriopep-

_tin-sensitive guanylate cyclase activator is atriopep~
tin.
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5. The method of claim 3 wherein said atriopep-

tin-sensitive quanylate cyclase activator is an atric-

peptin agonist.

6. The method of claim 3 wherein said atrio-

peptin-sensitive guanylate cyclase activator is an

atriopaptin analogue.

7. The methed of claim 2 wherein said phospho-

diesterase inhibitor is an arylsxanthine.

8. The method of claim 2 wherein said nitrogen-

containing guanylate cyclase activators is selected fram

the group consisting of:

1} nitroglycerine?

2) sodium nitrate;

3) minoxidil, and

4) hydralazine.

S.. A methed of decreasing intraccular pressure

comprising topically administering an intraccular

pressure decreasing amount of a nitrogen-centaining

quanylate cyclase activator.

46. The method of claim 9 wherein said nitrogen-

containing guanylate cyclase activator is selected from

the group consisting of:

i} nitroglycerine;

2) minoxidil:

Cis3} sodium nitrate; an

4) hydralazine.
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aLl. The method of any of clains 1, 2, oF
wherein said indiviaual is an animal. #

42. The method of claim @ wherein said animal is

a mammal.

13. The method of claim 9 wherein said mammal is

ahuman.

14. The methed of any of claims 1, 2, or 9
wherein said cranial ‘fluid volume dysfunction is

selected from the group consisting of glaucoma, hydro-~

cephalus, and brain edema.

AS. The method of claim lL wherein said brain
edema results from trauma, hypoxia, stroke, cerebral

hemorrhage, infection tumor, pseudotumor cerebri (benign
intracranial hypertension) orReye's syndrome.

16. A method of treating brain edema “in an
individual, comprising administering a brain edema-

decreasing amount of an atriopeptin-sensitive guanylate
cyclase activator to an individual in need. of said

treatment.

17. A method of treating brain edema in an

individual, comprising administering a rain edema
decreasing amount of an atriopeptin, an agonist or an

ne
analogue of said atriopeptin to an individual in need of

said treatment.

18. A method of treating brain adema in an

individual, comprising administering a brain edema-
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decreasing amount of a cGHP phosphodiesterase inhibitor

to an individual in need of said treatment.

19. A method of treating hydrecephalus in an

individual, comprising administering a hydrocephalus

reducing amount of an atriopeptin-sensitive guanylate

eyclase activator to 4n individual in need ef said
treatment.

20, A method of treating hydrocephalus in an

individual, comprising administerin a hydrocephalus

reducing amount of an atriopeptin, an agonist or an

analogue of said atriopeptin to an individual in need of

said treatment.

31. A method of treating hydrocephalus in an

individual, comprising administering & nydrocephalus

reducing amount of a cGMP phosphoadiesterase inhibitor fo

an individual in need of said treatment. :

22, A method of treating glaucoma in an indivi-

dual, comprising administering a glaucoma reducing

amount of ah atriopeptin-sensitive guanylate eyclase

activator to an individual in need of said treatment.

53, A method of treating glaucoma in an indivi-

dual, comprising administering a glaucoma reducing

amount of an atriopeptin, an agonist or an analogue of

said atriopeptin to an individual in need of said

treatment.
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24. A method of treating glaucoma in an indivi-
dual, comprising administering a glaucoma reducing
amount of an of a cGMP phosphediesterase inhibitor to an

individual. _

1553
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S-NITROSOTHIOLS AS SMOOTH MUSCLE RELAXANTS
AND THERAPEUTIC USES THEREOF

Cross-Reference to Related Application

. This application is a continuation-in-part of U.S. Application Serial No.

07/804,665, filed December 11, 1991, which is a continuation-in-part of U.S.
Application Serial No. 676,691, filed March 29, 1991, abandoned.

Background of the Invention

This invention was made with government support under ROI-

HL40411, HL43344, and R04870, awarded by The National Institutes of

Health. The government has certain rights in the invention.

Field of the Invention

This invention relates to the use of low molecular weight S-

nitrosothiols, such as S-nitroso-N-acetylcysteine, S-nitroso-glutathione, S-

nitroso-homocysteine, S-nitroso-cysteine, S-nitroso-penicillamine and S-nitroso-

captopril, to relax non-vascular smooth muscle. Types of smooth muscle

include airway, gastrointestinal, bladder uterine, and corpus cavernosum. The
invention also relates to the use of S-nitrosothiols for the treatment or

prevention of disorders which involve non-vascular smooth muscle, such as

PCT/US92/10447

1575



1576

WO 93/12068

10

15

20

25

-2-

respiratory disorders, gastrointestinal disorders, urological dysfunction,
impotence, uterine dysfunction or premature labor. The inventionalso relates
to the use ofS-nitrosothiols to ameliorate smooth muscle contraction or spasm
andthus,facilitate diagnostic or therapeuticprocedures, such as bronchoscopy,
endoscopy, laparoscopy, and cystoscopy. S-nitrosothiols may also be used to
increase hemoglobin-oxygen binding, and thus enhance oxygen transport to
bodily tissues.

Brief Description of the Background Art

The endothelium secretes a vascular relaxing factor, known as
endothelium-derived relaxing factor (EDRF), which has been identified as
nitric oxide (NO), or a closely related derivative thereof. (Palmer et al.,
Nature 327:524-526 (1987); Ignarro et al., Proc. Natl. Acad. Sci. USA
84:9265-9269 (1987)). Under physiologic conditions, however, NO is
exceedingly unstable, reacting essentially instantaneously with oxygen,
superoxide anion, and redox metals (Lancaster et al., Proc. Natl. Acad. Sci.
USA 87:1223-1227 (1990); Ignarro et al., Circ. Res. 65:1-21 (1989); and
Gryglewski et al., Nature 320:454-456 (1986)). This fact has lead to the
supposition that, in order to exert its effect on vascular smooth muscle, NO
must be stabilized in vivo in a form that preserves its biological activity.

§-nitrosothiols (RS-NO) are adducts that form readily under
physiologic conditions from the reaction of NO with reduced low molecular
weight thiols (Oae et al., Org. Prep. Proc. Int. 15(3):165-198 (1983)). These
compounds have half-lives that are significantly greater than that of NO and,
like EDRF, possess vasorelaxant activity that is mediated through activation
of guanylate cyclase (Kowaluk et al., J. Pharmacol. Exp. Ther. 256:1256-
1264 (1990); Loscalzo ef al., J. Pharmacol. Exp. Ther. 249(3):726-729
(1989); and Ignarro ef al., J. Pharmacol. Exp. Ther. 218(3):739-149 (1981)).

The relaxant effect of S-nitrosothiols on blood vessels, and the
mechanism by which this effect is exerted, is reasonably well understood in
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the art. However, the role of NO, or involvement of the guanylate cyclase

pathway in non-vascular smooth muscleis not as clearly understood.
Pulmonary immune responsesresult in the liberation of cytokines and

inflammatory mediators which contribute to the narrowing of airway smooth

muscle. As part of this process, pulmonary endothelial cells, macrophages

and polymorphonuclear leukocytes are believed to induce nitric oxide

synthetase, thus serving as a source of NO. The consequences of NO

production in the lung are not known. However, the potential beneficial
effects of NO through bronchodilation may be counterbalanced by generation

of toxic nitrogen oxides that form readily underthe high ambient concentration

of oxygen and other reactive oxygen species.

Likewise, introduction of NO into the lungs also results in significant

adverse effects, which occur as a direct result of the particular chemical

reactivity of the uncharged NO radical (NO*). These adverse effects create

impediments to NO therapy which generally involves administration of NOe.
For example, the reaction between NOs, and O,or reactive O, species which

are present in high concentrations in the lung, generates highly toxic products,
such as NO, and peroxynitrite. These reactions also result in the rapid
inactivation of NO, thus eliminating any beneficial pharmacological effect.

(Furchgott R.F. et al., I. Endothelium-Derived Relaxing Factors and Nitric
Oxide; eds. Rubanyi G.M., pp. 8-21 (1990); Gryglewski, R.J. et al., Nature

320-454-456 (1986)). Furthermore, NOereacts with the redox metal site on

hemoglobin to form methemoglobin, which inhibits oxygen-hemoglobin
binding, thereby significantly reducing the oxygen-carrying capacity of the
blood.

Non-vascular smooth muscle is present in numerous organ systems

throughoutthe body, and has a vital role in the physiological function of these
systems. For example, airway smooth muscle plays a critical role in
constriction and dilation of bronchi. In the gastrointestinal tract, the sphincter
of Oddi, 2 smooth muscle connection between the bile duct and duodenum,

provides tonic contraction which servesto preventreflux of duodenal contents
into the pancreatic andbile ducts, and promotesfilling ofthe gall bladder. In

PCT/US92/10447

1577



1578

WO 93/12068

10

15

20

-4-

addition, esophageal (sphincters and body), intestinal and colonic motility is
regulated by smooth muscle. Smooth muscle of the bladder body, bladder
base, and proximal urethra plays an important role in urological function, and
erectile function is mediated by relaxation of corpus cavernosal smooth
muscle.

In summary,the relaxation kinetics ofnon-vascular smooth muscle are
very important in numerous physiological systems. Moreover, a variety of
significant clinical disorders occur, which involve contraction, spasm, or
failure to achieve the necessary relaxation of smooth muscle. Examples of
such disorders include airway obstruction (i.e., asthma, bronchitis and
emphysema), bladderdysfunction, gastrointestinal muscie spasm (i.e., irritable
bowel syndrome, achalasia, dumping disorders), and impotence. Thus, a
clinical need exists for pharmacological agents which can treat or prevent such
disorders by inducing relaxation of the affected smooth muscle.

MMARY OF THE INVENTION

This invention is based on the discovery by the inventors that S-
nitrosothiols exert a potent relaxant effect on non-vascular smooth muscle.
This conceptlead the inventors to the discovery that S-nitrosothiol compounds
may be used as a therapeutic modality in disorders which involve smooth
muscle relaxation.

The invention is directed to an S-nitrosothiol compound which has the

formula:

CH,(CH,),SNO

wherein:

X equals 2 to 20.

Theinventionis also directed to an S-nitrosothiol compound which has

the formula:

HS(CH,),SNO

wherein:
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X equals 2 to 20.

The inventionis also directed to an S-nitrosothiol compound which has

the formula:

ONS(CH,),Y

wherein:

X equals 2 to 20 andYis selected from the group consisting of fluoro,

C,-C, alkoxy, cyano, carboxamido, C,-C, cycloalkyl, aralkoxy, C,-C,

alkyisulfinyl, arylthio, C,-C, alkylamino, C,-C,, dialkylamino, hydroxy,

carbamoyl, C,C, N-alkylcarbamoy!l, C,-C,, N,N-dialkylcarbamoy!l, amino,

hydroxyl, carboxyl, hydrogen, nitro and aryl; wherein aryl includes benzyl,

naphthyl, and anthracenyl groups.

The invention is also directed to the use of S-nitrosothiols for the

treatment or prevention of disorders associated with relaxation of smooth -

muscle, suchasairway obstruction,gastrointestinal spasm, bladder dysfunction

and impotence. The invention is also directed to the use of S-nitrosothiols to

alleviate smooth muscle contraction and spasm, and thus facilitate procedures

involving diagnostic instrumentation such as endoscopy and bronchoscopy.

In particular, this invention is directed to a method for relaxing airway

smooth muscle by administering a therapeutically effective amount of an S-

nitrosothiol compound to an animal. The S-nitrosothiol compound may be

selected from the group consisting of S-nitroso-N-acetylcysteine, S-nitroso-

glutathione, S-nitroso-cysteine, S-nitroso-homocysteine, S-nitroso-penicillamine

and S-nitroso-captopril. The S-nitrosothiol compound may be selected from

the group consisting of a compound having the formula:

CH,(CH,),SNO

wherein:

X equals 2 to 20.

Theinvention is also directed to an S-nitrosothiol compound which has

the formula:

HS(CH,),SNO

wherein:
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X equals 2 to 20.

Theinvention is also directed to an S-nitrosothiol compound which has

the formula:

ONS(CH,),Y

wherein:

X equals 2 to 20 andYis selected from the group consisting offluoro,
C,-C, alkoxy, cyano, carboxamido, C,-C, cycloalkyl, aralkoxy, C,-C,
alkylsulfinyl, arylthio, C,-C, alkylamino, C,-Cis dialkylamino, hydroxy,
carbomoyl, C,C, N-alkylcarbamoyl, C,-C,, N,N-dialkylcarbamoyl, amino,
hydroxyl, carboxyl, hydrogen, nitro and aryl; wherein aryl includes benzyl,
naphthyl, and anthracenyl groups.

Theinvention is also directed to a method for treatment or prevention

ofrespiratory disorders by administering a therapeutically effective amount of
S-nitrosothiol compound to an animal. Respiratory disorders’ include
obstructive lung disease, emphysema, asthma, bronchitis, fibrosis, excessive
mucus secretion, obstruction of air flow, and lung disorders resulting from
post-surgical complications.

Theinventionis also directed to a method for relaxing gastrointestinal
smooth muscle by administering a therapeutically effective amount of an S-
nitrosothiol compound to an animal.

The inventionis also directed to a method for ameliorating contraction
or spasm of gastrointestinal smooth muscle associated with endoscopic
procedures, by administering a therapeutically effective amount of an S-
nitrosothiol compound to an animal.

The invention is also directed to a method for relaxing corpus

cavernosum smooth muscleby administering a therapeutically effective amount
of an S-nitrosothiol compound to an animal.

The invention is directed to a method for the treatment or prevention
of impotence by administering a therapeutically effective amount of an S-
nitrosothiol compound to an animal.
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Theinvention is also directed to a method for relaxing bladder smooth

muscle by administering a therapeutically effective amountofan S-nitrosothiol

compound to an animal.

The invention is also directed to a method for relaxing uterine smooth

muscle by administering a therapeutically effective amountofan S-nitrosothiol

compound to an animal.

The invention is also directed to the administration of said S-

nitrosothiol compounds for the methods of the invention, as part of the

pharmaceutical composition comprising a pharmaceutically acceptable carrier.
The invention is also directed to the methods of the invention wherein

the pharmaceutical composition containing the S-nitrosothiol compound is

administered to an animal by a route comprising oral, sublingual, intravenous,

topical, intramuscular or intranasal delivery.

. The invention is also directed to a method for increasing the capacity
of hemoglobin to bind oxygen, comprising administering a therapeutically

effective amount of an S-nitrosothiol compound to an animal in need thereof.

The invention is also directed to a method for increasing oxygen

transport to bodily tissues, comprising administering a therapeutically effective

amount of an S-nitrosothiol compound to an animal in need thereof.

The invention is also directed to a method for the treatment or

prevention of disorders associated with insufficient oxygen supply to bodily

tissues, comprising administering a therapeutically effective amount of an S-

nitrosothiol to an animal in need thereof.

Brief Description of the Figures

FIGURE 1: Inhibition of the Sphincter of Oddi by administration of

S-nitroso-N-acetylcysteine.

FIGURE2: Inhibition of duodenal motility by administration of S-

nitroso-N-acetylcysteine.
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FIGURE 4:

FIGURE 6:

FIGURE7:

FIGURE 8:

FIGURE 9: 

FIGURE10:
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Side-by-side comparison of the relaxant effect of

specific S-nitrosothiols on guinea pig tracheal muscle.

Dose-dependent relaxant effect of specific S-

nitrosothiols on guinea pig tracheal muscle contracted

with 3 »M, as compared to the reactant and NO.

§-nitroso-glutathione

S-nitroso-cysteine

S-nitroso-homocysteine

S-nitroso-N-acetylcysteine

S-nitroso-penicillamine

S§-nitroso-captopril

Relaxantactivities ofS-nitroso-N-acetyicysteine (A) and

§-nitroso-captopril (B) determined against contractions
induced byleukotriene D,, histamine and methacholine.

The course of relaxation induced by S-nitroso-N-

acetylcysteine (5 x 10°M) over 60 minutes.

The relaxation response to S-nitroso-glutathione in

guinea pig airway (A) and rabbit aorta (B).

Tracheal relaxant effects of S-nitroso-N-acetylcysteine,

isoproterenol, and theophylline.

Inhibition of tracheal relaxation to S-nitroso-N- .

acetyicysteine by hemoglobin and methylene blue.

Cyclic GMP determinations in tracheal rings incubated
with 100 zM S-nitroso-N-acetylcysteine.
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FIGURE 12:

FIGURE 13:

FIGURE 14:

FI E 15:

FIGURE 16:

FIGURE 17: 

FIGURE 18:

FIGURE 19:
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Comparison between the relaxant effect of S-nitroso-

glutathione and nitrite upon human tracheal smooth

muscle.

Comparison between the relaxant effect of S-nitroso-

glutathione and glutathione upon human tracheal smooth

muscle.

Comparison betweenthe relaxant effect of S-nitroso-N-

acetylcysteine and N-acetylcysteine upon human tracheal
smooth muscle.

Tracheal relaxant effects of theophylline, isoproterenol,

S-nitroso-N-acetylcysteine, and S-nitroso-glutathione.

Cyclic GMP response to S-nitroso-N-acetylcysteine in

* human airways.

SNOAC-induced airway relaxation is not inhibited by

methylene blue.

S-nitrosylation of hemoglobin.

UV spectrum ofhemoglobin incubated with S-nitroso-N-

acetylcysteine.

Reaction of nitric oxide at the iron-binding site of

hemoglobin.
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Description Of The Preferred Embodiments

The invention is based on the discovery by the inventors that S-
nitrosothiols relax non-vascular smooth muscle, and possess unique and
differentrelaxantactivities, kineticproperties andmembrane permeability, and
thus, may beused to treat or prevent disorders which involve non-vascular
smooth muscle.

In one embodiment, the term *§-nitrosothiol" refers to a compound
which is selected from the group consisting of S-nitroso-N-acetylcysteine, S-
nitroso-glutathione, S-nitroso-cysteine, S-nitroso-homocysteine, S-nitroso-
pantathoeinederivatives, S-nitroso-penicillamine and S-nitroso-captopril.

In another embodimentthe term "S-nitrosothiol" refers to particular
novel S-nitrosothiol compounds synthesized by the inventors, for use as
smooth muscle relaxants. The compounds represented by the general formula
of CH,(CH,),SNO are long carbon-chain lipophilic nitrosothiols. The
compounds represented by the general formula of HS(CH,),SNO are S-
nitrosodithiols, possessing an additional thiol group. The compounds
represented by the general formula of ONS(CH.),Y are S-nitrosothiols which
possess other functional groups, in addition to the thiol.

The inventionis related to the discovery that S-nitrosothiol compounds
relax non-vascular smooth muscle. Asa result, these compounds may be used
to treat or prevent those pathophysiologic conditions which result from, or
involve, constriction of smooth muscle, or those which necessitate therapeutic
intervention to achieve smooth muscle relaxation.

One embodiment of the invention relates to the administration of a
therapeutically effective amount of an S-nitrosothiol to an animal to relax
airway smooth muscle. The term "airway smooth muscle” refers to the
smooth muscle lining the bronchi or tracheal region. The inventors have
demonstrated that S-nitrosothiols exert a potent relaxant effect upon airway
smooth muscle.

PCT/US92/10447

1584



1585

ry

WO 93/12068

10

15

20

25

30

-1l-

As a result of this potent relaxant effect exerted by S-nitrosothiols,

these compounds may be administered as therapeutic agents for the treatment

or prevention of respiratory disorders.

The term "respiratory disorder" refers to any impairment of lung

function which involves constriction of airways and changes in blood gas

levels or lungfunction. :
For example, airway obstruction constitutes a respiratory disorder

which occurs as a result of acute pulmonary impairment or obstructive lung

disease. Severe airway obstruction may ultimately result in life-threatening
respiratory failure. Airway obstruction occurs in patients with chronic
obstructive lung diseases, such as emphysema and bronchitis. These patients

often experience recurrent episodes ofrespiratory failure as a result of severe

airway obstruction. Emphysema can result in significant disability due to

dyspnea, extreme restriction of physical activity, and mortality.
Airway obstruction also results from asthma, a disorder characterized

by increased responsiveness of the tracheobronchial tree to various stimuli,

and which leads to generalized airway constriction manifested by dyspnea,
cough and wheezing. Asthma sufferers often experience acute exacerbations
of bronchoconstriction, which may be life-threatening.

Another obstructive lung disease, cystic fibrosis, results from abnormal

exocrine gland function. Clinical manifestations include excessive mucous

secretion, hypertrophy of bronchial glands, infection, and inflammatory and

structural changes in the airways which lead to obstruction and ventilation-

perfusion imbalance.

Acute respiratory failure may result not only from obstructive disease,

but also as a consequence of airway constriction secondary to pneumonia,

thromboembolism, left ventricular failure and pneumothorax. Acute

respiratory failure may also result from ventilation-perfusion imbalance.
Acritical componentin the treatmentofairway obstruction involves the

use of pharmacologic agents to remove secretions and reverse airway
- constriction. The most commonly used bronchodilatory agents are beta-
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agonists, such as isoproterenol, given by inhalation or subcutaneousinjection,
and methylxanthines, such as theophylline, given orally or by infusion.

The margin of safety for theophylline administration is relatively
narrow. The minimum therapeutic concentration in plasma is 6 to 10 pg/ml,
and unacceptable symptoms oftoxicity usually appear at or above 20 yg/ml.
Still higher concentrations can lead to serious central nervous system toxicity,
with long-term ingestion of theophylline being a predisposing factor in such
toxicity. Moreover, because the clearance of theophylline is influenced by
genetic, developmental and environmental factors to a significant degree,it is
necessary to titrate the dosage cautiously against clinical observations of
beneficial or toxic effects, with periodic determination of the concentration of
the drug in plasma (Gilman A.G., The Pharmacological Basis ofTherapeutics,
Pergamon Press, New York, (1990)).

Isoproterenol, a non-selective 6-agonist, produces cardiovascular side
effects such as palpitations, sinus tachycardia and more serious arrhythmias.
In addition, tolerance to this drug may result from overuse (Gilman A.G.,
The Pharmacological Basis of Therapeutics, Pergamon Press, New York,
(1990)). This characteristic reduces its usefulness in patients with chronic
obstructive disease whorely heavily on frequentuse ofbronchodilators. Ithas
now been demonstrated that 6 agonists mayhave long term deleterious effects
which result in aggravation of asthma, and ultimately change the natural
history of the disease. Consequently, the American Thoracic Society no
longer recommends treatment with 6 agonists as first line therapy in mild
asthma (Expert Panel Recommendation, New England JournalofMedicine,
325:425-426 (1991)).

The use of S-nitrosothiols for the treatment of airway obstruction

provides significant advantages over current methods of treatment. The use
of S-nitrosothiols eliminates the untoward side effects associated with p-
agonists and methylxanthines. S-nitrosothiols also potently inhibitplatelets and
neutrophils which have been implicated in the pathogenesis of asthma.

Furthermore, because all current treatment methods act by way of
cAMP,S-nitrosothiols satisfy the need. for bronchodilators which act by way
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of cGMP. This is important because current evidence provided by the

inventors demonstrates a role for cyclic GMP in regulation of airway tone in

humans (See Example 1). In addition, cyclic GMP agonists act synergistically

with cyclic AMP agonists to provide bronchodilation, not obtainable by

individual agents.

The inventors have also demonstrated that S-nitrosothiols also cause

relaxation of smooth muscle by a cGMP-independent mechanism. Another

mechanism by which bronchodilation is effected provides an opportunity for

combination therapy, because the independent mechanisms have potential for

synergy.

A significant advantage of S-nitrosothiols is that they deliver NO inits

most biologically relevant, and non-toxic form. Thisis critical, because the

pharmacological efficacy of NO, particularly in airways, depends upon the

form in. which it is delivered. As demonstrated by the inventors, S-
nitrosothiols can deliver NO as charged species, nitrosonium (NO*)ornitroxyl

(NO), as opposed to the uncharged NO radical (NO*). This is important

because the charged species behave in a very different manner from NO® with

respect to chemical reactivity.

In contrast to NO, nitrosonium and nitroxyl do not react with O, or

O, species to produce toxic oxides of nitrogen, and are also resistant to

decomposition in the presence of redox metals. Consequently, administration

of these NO equivalents does notresult in the generation of toxic by-products,

or elimination of the active NO moiety. Thus, by delivering nitrosonium or

nitroxyl, S-nitrosothiols provide a means for achieving the smooth muscle

relaxant effects of NO, and at the same time, alleviate significant adverse

effects previously associated with NO therapy. S-nitrosothiols may also be

used as a means to deliver free NO in a stable and non-toxic form, for use in

free NO therapy.

In addition, to causing bronchodilation, S-nitrosothiols may also be

used to increase the oxygen-binding capacity of hemoglobin. Hemoglobinis

a globular protein, which binds reversibly to blood oxygen through passive

diffusion from entry ofair into the lungs. Hemoglobin-oxygen binding greatly
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increases the capacity of the blood to transport oxygen to bodily tissues; thus,
the binding affinity between hemoglobin and oxygen is a critical factor in
determining the level of oxygen transport to the tissues. The inventors have
demonstrated that S-nitrosothiols do not react with the iron-binding site of
hemoglobin, as does NOe, but instead, bind to the thiol group. Thus,
methemoglobin formation is prevented and hemoglobin-oxygen binding is

Furthermore, the inventors have also demonstrated that S-nitrosothiols

not only prevent impairment, of binding, but actually increase hemoglobin-
oxygen binding. Therefore, S-nitrosothiols may be used to increase the
oxygen-carrying capacity of the blood, and oxygen transport to bodily tissues.
As 2 result, these compounds may be useful in the treatment of disorders
whichare associated with insufficient oxygen transport, Or in clinical situations
in which increased oxygen transport is needed. Examples of such clinical
situations include, but are not limited to, hypoxic disorders resulting from
pneumothorax, airway obstruction, paralysis or weakness of the respiratory
muscles, inhibition of respiratory centers by drugs or other agents, or other
instances of decreased pulmonary ventilation. Additional clinical indications
include impaired alveolar gas diffusion such as occurs in interstitial fibrosis,
bronchiole constriction, pulmonary edema, pneumonia, hemorrhage,
drowning, anemias, arteriovenous shunts.

Finally, the inventors have demonstrated that S-nitrosothiols mediate
the activity of vasoactive intestinal peptide (VIP), an important airway
relaxant. This reinforces the importance of S-nitrosothiols in regulation of
airway tone. Deficiency in the effect of VIP is a causal factor in the
pathogenesis of asthma. Administration of S-nitrosothiols replenishes the
mediatoritself rather than a less biologically active derivative.

S-nitrosothiols are also suitable for direct instillation into the lungs by
bronchoscopic means. This topical administration permits titration of dose,
eliminates the untoward side effects of systemic therapy, and enables the use
of combination therapy, involving a topical S-nitrosothiol in conjunction with
a systemic agent, in problematic cases. This topical therapy would also
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facilitate endoscopy by suppressing the cough reflex and associated

bronchospasm.

Animportant componentin the treatment of airway obstructionis the

removal of airway mucous. Thus, airway obstruction often necessitates the

administration of a mucolytic agent in conjunction with the bronchodilator.

N-acetylcysteine, more commonly known as “"Mucomist", is one such agent.

S-nitroso-N-acetylcysteine, aparticular S-nitrosothiol, is advantageousbecause

it possesses both mucolytic and bronchodilator capabilities.

With respect to combined bronchodilator-mucolytic agents, the

mucolytic activity of the compound depends upon the amountofthiol which

is preserved after NO delivery. Thus, S-nitrosothiol compounds whichcontain
more than onethiol (dithiol compounds)are particularly suitable for achieving

mucolysis. In addition, the long-chain lipophilic S-nitrosothiols which contain

more than one thiol are advantageous as mucolytic agents because they have

a free thiol, and their lipophilic property facilitates penetration of the

compound into the lipid portion responsible for the tenacious viscosity of
mucous.

In addition to the treatment or prevention of respiratory disorders, S-

nitrosothiols may also be used to facilitate diagnostic and therapeutic

bronchoscopy. The term “bronchoscopy” refers to the procedure in which a

flexible fiberoptic, or rigid bronchoscope is introduced into the

tracheobronchial tree for the purpose of bronchial visualization, lung biopsy

or brushings, aspiration ofsecretions, and delivery of pharmacological agents.

A complication of bronchoscopy, and thus an impediment to the

successful completion of the procedure, is bronchospasm. Patients with a

prior history of bronchospasm are particularly at risk for acute enhancement
of spasm. Thus, S-nitrosothiols may also be used to relax airway smooth
muscle and eliminate bronchoscopy-induced bronchospasm.

Another embodiment of the invention relates to the administration of

a therapeutically effective amount of an S-nitrosothiol compoundto an animal
to relax gastrointestinal smooth muscle. The term “gastrointestinal smooth
muscle” refers to smooth muscle which is contained in all areas of the
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gastrointestinal tract. Such areas include, but are not limited to, the
esophagus, duodenum, sphincter of Oddi, biliary tract, ileum, sigmoid colon,
pancreatic duct and commonbile duct. S-nitrosothiols may be used for the
treatment or prevention of gastrointestinal disorders. Disorders of the
gastrointestinal tract include achalasia (spasm of the lower esophageal
sphincter), diarrhea, dumping syndrome, and irritable bowel.

Anadditional embodiment ofthe invention relates to the administration
of S-nitrosothiols to alleviate contraction or spasm of gastrointestinal smooth
muscle, and thus facilitate successful completion of endoscopic procedures.
Contraction or spasm of gastrointestinal smooth muscle imposes a technical
obstacle which must frequently be overcome in order to enable the clinician
to successfully perform endoscopic procedures.

Theterm “endoscopicprocedures" refers to those diagnosticprocedures
which utilize an instrument which is introduced into the gastrointestinal tract
to provide direct visualizationof the gastrointestinal tract, for examination and
therapeutic purposes. Such purposes include direct visualization, biopsy,
access to the commion bile duct, fluid aspiration and removal of foreign
bodies, polyps, and other lesions. An example of a particular endoscopic
procedure is esophagogastro-duodenoscopy, whichis utilized for examination
of the esophageal lumen, stomach and duodenum. Another example,
endoscopicretrograde cholangiopancreatography (ERCP), enablesvisualization
of the pancreatic duct, commonbile duct andthe entire biliary tract, including
the gall bladder. Further examples of endoscopic procedures are colonoscopy
and sigmoidoscopy.

Current methods foralleviating gastrointestinal muscle spasm include

the administration of intravenous diazepam, anticholinergics and glucagon,as
well as sublingual administration of nitroglycerin. However, these methods
produce generalized, systemic effects which persist for a much longer duration
than the procedure itself. In addition, nitroglycerin is significantly less
effective as a smooth muscle relaxant than S-nitrosothiols, and produces
systemic side effects, the most significant of which is hypotension. It is
therefore, not used clinically. Clearly, a need exists for a topical smooth
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muscle relaxant which could be directly instilled into the various regions of the

gastrointestinal tract to facilitate both diagnostic and therapeutic endoscopic

procedures.

Patient studies, conducted by the inventors, have measured the efficacy

of S-nitrosothiols both in facilitating cannulation of the sphincter of Oddi, and

in decreasing colon motility to allow for removal of colon polyps. As shown

in Figure 1, topical administration of S-nitroso-N-acetylcysteine eliminated

duodenal motility. As shown in Figure 2, topical administration of S-nitroso-

N-acetylcysteine inhibited the contractile activity of the Sphincter ofOddi, and
thus, permitting successful endoscopic cannulation of the sphincter. In
addition, administration ofS-nitroso-N-acetylcysteine eliminated colon motility

to facilitate successful removal of colon polyps. Notably, the relaxant effects

were temporary (lasting only for the duration of the procedure), completely

reversible and produced no change in systemic blood pressure, heart rate or

oxygen saturation. The sametype of effects would occur with the use of other

cell impermeable S-nitrosothiols, such as S-nitroso-glutathione.

Prior to the present invention, there were no available pharmacological

agents which could be applied directly by endoscopic means to exert a direct,

immediate, localized, and completely reversible relaxant effect on

gastrointestinal smooth muscle. Topical administration of S-nitrosothiols,

during endoscopy, eliminates systemic side effects and allows for the use of

the lowest effective concentration of the drug.

Administration of S-nitrosothiols obviates the need for sphincterotomy,

a procedure which substantially increases the morbidity and mortality of
ERCP. In addition, administration of S-nitrosothiols aids in the cannulation

and manipulation of the pancreatic duct and biliary tract during therapeutic
procedures such as gall bladder cannulation, bile duct stone removal andstint
placement, and decreases the incidence of post-ERCP complications, such as
pancreatis and cholangitis. Another use of S-nitrosothiols involves the
intraoperative injection of these compounds into the gall bladder prior to
cholecystectomy to alleviate cystic duct spasm. This would allow for a

laparoscopic cholangiogram by providing accessto the cystic duct. In addition
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to the uses discussed above, S-nitrosothiols may also be administered to treat
or prevent any other technical problemsassociated with endoscopy which are
known to those in the medical art.

Another embodiment of the invention relates to administration of a

therapeutically effectiveamount ofan S-nitrosothiol compoundto relax corpus
cavernosum smooth muscle. The term “corpus cavernosum" refers to two
areas of smooth muscle which lie side by side on the dorsal aspect of the
penis, and together with the corpus spongeosum that surrounds the urethra,
constitute erectile tissue. This erectile tissue consists of an irregular sponge-
like. system of vascular spaces interspersed between arteries and veins.
Erection occurs when cavernosa smooth muscle relaxation causes a decease in
arterial resistance and resulting increase in arterial blood flow to the penis.

Smooth muscle has a critical role in erectile function Thus, another
embodiment of the invention relates to the administration of a therapeutically
effective amount of an S-nitrosothiol compound for the treatment of
impotence. “Impotence” refers to a condition of male sexual dysfunction
which is characterized by the inability to obtain or maintain an erection.

Organic causes of erectile impotence, may include endocrine, drug-
induced, local injury, neurologic, and vascular. In particular, impotence may
result from neurologic blockade caused by such drugs as antihistamines,
antihypertensives, psychogenic agents, and anticholinergics. Impotence may
also result from neurologic disorders such as interior temporal lobe lesions,
spinal cord disorders, and insufficiency of sensory input resulting from
diabetic neuropathy. An additional cause of impotence is insufficient blood
flow into the vascular network resulting from an intrinsic defect, or from
penile trauma.

Currently available methods for treating impotence consist largely of
surgical techniques and intracavernosal injections of pharmacological agents.
One surgical technique involves the implantation of a penile prosthesis by
inserting within the corpora, a small silastic rod. However, this method does

- not produce full erection and the complication rate is high. Alternatively, an
inflatable prosthetic device may be implanted on either side of the corpora,
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with a connecting reservoir of material placed in the perivascular space.

Erection is achieved through the use of pumps which are located in the

scrotum.

Intracavernousinjection of the smooth muscle relaxant, papaverine has

been used to induce erections. However, a significant disadvantage of this

treatment method is the need for a painful injection each time an erectionis

desired. In addition, numerousside effects and complications result from the

chronic use of drugs such as papaverine. Clinical reports indicate that a
significant proportion of potential candidates refuse these injections from the
onset of treatment. A larger numberofpatients, even after favorable initial

response to the treatment, become increasingly unresponsive or unwilling to
continue injections as a means of treatment (Morales et al., World J. Urol.

8:80-83 (1990)).

In general, a significant number of patients who are potential —
candidates for current methods of impotence treatmentrefuse initially because

of the invasive nature of the treatment, or reject further treatment because of

pain, fibrosis, or dissatisfaction with results.

As demonstrated by the discussion above, prior to the present

invention, there was a significant need for a less invasive approach to the

treatment of impotence. Because they exert a relaxant effect on corpus

cavernosal smooth muscle, S-nitrosothiols are particularly well suited for the

treatment of impotence.

Administration of S-nitrosothiols results in relaxation of corpus

cavernosum smooth muscle, whichleads to dilation of the cavernosal arteries

and a concommittent increase in blood flow. S-nitrosothiols provide

significant advantages in the treatment of impotence over current treatment

methods, because they can be administered topically, thereby eliminating the

systemic side effects, significant discomfort, fibrosis, and ineffectiveness
associated with the currently available, invasive methods of treatment.

Another embodiment of the claimed invention relates to the

administration of a therapeutically effective amount of an S-nitrosothiol

compoundto relax bladder smooth muscle. Bladder smooth muscle includes
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that of the bladder base, bladder body and proximal urethra. In addition, S-
nitrosothiols may be used for the treatment of bladder dysfunction disorders
which involve relaxation of bladder smooth muscle. Such disorders include,
butare not limited to, problems with bladder filling, volume and continence.

In addition, S-nitrosothiols may be administered to cause relaxation of
urethral andbladder base smooth muscle, and thus, facilitate cystoscopic
examination of the urinary tract. The term "cystoscopic examination” refers
to the introduction of a fiberoptic instrument through the urethra and into the
bladder, to achieve visualization of the interior of the urethra and bladder for
diagnostic and therapeutic purposes.

Another embodimentof the invention relates to the administration of

a therapeutically effective amount of an S-nitrosothiol compound to relax
uterine smooth muscle. Increased contractility of uterine smooth muscle
precipitates premature labor. Thus, an additional embodimentofthe invention
relates to the administration of S-nitrosothiol compounds for the treatment or

prevention of premature labor.
S-nitrosothiols may also be used to relax fallopian tube smooth muscle.

Fallopian tube smooth muscle plays a role in the transport of the egg to the
uterus. Thus, S-nitrosothiols may be used to regulate ovum transport, or to
facilitate laparoscopic examination of the fallopian tubes, or to facilitate
fertilization procedures.

The long-chain lipophilic compounds have unique potential for NO
delivery by incorporationinto cell membranes, and for accessing the central
nervous system (CNS). In the CNS,nitric oxide has been shown to inhibit
cell death resulting from ischemic injury, as well as to possess
neurotransmitter functions. Membrane permeability achieved by these
compounds also provides the unique potential for NO delivery in every organ
system. In addition, NO delivery can be regulated by the incorporation of
additional functional groups into the molecule. Each functional group,
including butnotlimited to nitrite, nitrate, redox metal, amine, aromatic, and
basic aminoacids, has its own unique functional aspects which will affect (a)
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a targeted site of delivery (b) rate of NO release (c) lipophilicity (d) cell

permeability (e) duration of action (f) bioactivity and (g) nitrosation potential.
An additional embodimentofthe inventionrelates to the administration

of an S-nitrosothiol compound as part of a pharmaceutical composition,

comprising a pharmaceutically acceptable carrier, to achieve the physiological
effects discussed above.

The pharmaceutical compositions utilized in this invention can be
administered by intranasal, oral, enteral, topical, sublingual, rectal,

intramuscular, intravenous, or subcutaneous means. The compositions may
be administered by medical instrumentation including, but not limited to,

bronchoscopic, endoscopic, laporascopic, and cystoscopic means. With

respect to the administration of these composition for the treatment of

impotence, the term “topical” includes administration in the form ofa condom
which contains the pharmaceutical composition. Certain S-nitrosothiols, such

as lipophilic S-nitrosothiols, are especially suitable for (i.e. lipophilic)
incorporation into the condom itself, to provide sustained release of the
compound.

The compoundsofthis invention can be employed in combination with
conventional excipients; i.e., pharmaceutically acceptable organic or inorganic

carrier substances suitable for parenteral, enteral or intranasal application

which do not deleteriously react with the active compounds. Suitable

pharmaceutically acceptable carriers include, but are not limited to, water, salt
solutions, alcohol, vegetable oils, polyethylene glycols, gelatin, lactose,

amylose, magnesium stearate,talc,silicic acid, viscous paraffin, perfumeoil,
fatty acid monoglycerides and diglycerides, petroethral fatty acid esters,
hydroxymethylcellulose, polyvinylpyrrolidone, etc. The pharmaceutical
preparations can be sterilized and if desired, mixed with auxiliary agents, ¢.g.,
lubricants, preservatives, stabilizers, wetting agents, emulsifiers, salts for
influencing osmotic pressure, buffers, colorings, flavoring and/or aromatic
substances and the like which do not deleteriously react with the active

- compounds.
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For parenteral application, particularly suitable vehicles consist of
solutions, preferably oily or aqueous solutions, as well as suspensions,
emulsions, or implants, including suppositories. Ampules are convenient unit
dosages.

For enteral application, particularly suitable are tablets, dragees or
capsules having talc and/or a carbohydrate carrier binder or the like, the
carrier preferably being lactose and/or corn starch and/or potato starch. A
syrup,elixir or the like can be used wherein a sweetened vehicle is employed.
Sustained release compositions can be formulated including those wherein the
active componentis protected with differentially degradable coatings, e.g., by
microencapsulation, multiple coatings, ¢tc.

It will be appreciated that the actually preferred amounts of active
compounds used will vary according to the specific compound being utilized,
the particular compositions formulated, the mode of application and the -
particular site of administration. Optimal administration rates for a given
protocol of administration can be readily ascertained by those skilled in the
art, using conventional dosage determination tests conducted with regard to the
foregoing guidelines.

Accordingtothepresent invention, a "therapeutically effective amount"
of a pharmaceutical composition is an amount which is sufficient to achieve
the desired pharmacological effect. Generally, the dosage required to provide
an effective amountof the composition, and which can be adjusted by one of
ordinary skill in the art, will vary, depending uponthe age, health, physical
condition, sex, weight and extent of disease, of the recipient. Additionally,
the dosage may be determined by the frequency of treatment andthe nature
and scope ofthe desired effect.

Without further elaboration, it is believed that one skilled in the art
can, using the preceding description, utilize the present invention to its fullest
extent. The following examples are, therefore, to be construed as merely
illustrative, and not limitative of the remainder of the disclosure in any way
whatsoever.

PCTI/US92/10447

1596



1597

WO 93/12068

10

15

20

25

- 23 -

The entire text of all publications cited above and below are hereby

incorporated by reference.

EXAMPLES

Example 1. Airway Smooth Muscle Relaxation by S-nitrosothiols

A. Methods

1. Materials

Glutathione, L-cysteine, DL-homocysteine, D-penicillin, hemoglobin

(bovine), methylene blue and Medium 199 sets were purchased from Sigma

Chemical Co., St. Louis, MO. N-acetylcysteine was obtained from Aldrich

Chemical Co., Milwaukee, WI. Captopril was kindly provided by Dr Victor

Dzau. Sodium nitrite, histamine and methacholine were purchased from

Fisher Scientific, Fairlawn, NJ. Leukotriene D, was purchased from

Anaquest, BOC Inc., Madison, WI. Antibiotic/antimycotic mixture (10,000
U/ml penicillin G sodium, 10,000 mcg/ml, streptomycin sulfate, 25 mcg/ml
amphotericin B) was purchased from Gibco Laboratories, Grand Island, NY.
Radioimmunoassay kits for the determination of cyclic GMP were purchased

from New England Nuclear, Boston, MA.

2. Preparation of Airways

Male Hartley guinea pigs (500-600g) were anesthetized by inhalation

of enflurane to achieve a surgical plane of anesthesia. The trachea were

excised and placed in Kreb’s-Henseleit buffer (mM): NaC! 118, CKI 5.4,
NaH,PO, 1.01, glucose 11.1, NaHCO, 25.0, MgSO, 0.69, CaCl 2.32, pH
7.4. The airways were then dissected free from surrounding fat and

connective tissue and cut into rings 2-4 mm in diameter. The trachea rings

were placed in sterile Medium 199 containing 1% antibiotic/antimycotic
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mixture in an atmosphere of 5% CQ,, 45% O,, 55% N,, and kept for up to
48 hours in tissue culture. The experiments were also performed on human
airway smooth muscle, isolated by the same method.

3. Preparation of Blood Vessels

New Zealand White female rabbits weighing 3-4 kg were anesthetized
with 30 mg/kg IV sodium pentobarbital. Descending thoracic aortic were
isolated and placed immediately in a cold physiologic salt solution (Kreb’s)
(mM): NaCl 118, CCl 4.7, CaCl, 2.5, MgSO, 1.2, KH,PO, 1.2, NaHCO,
12.5, and D-glucose 11.0, pH 7.4. The vessels were cleaned of adherent
connective tissue, and the endothelium removed by gentle rubbing with a
cotton tipped applicator inserted into the lumen, and cut into 5 mm rings.

4. Preparation of S-nitrasothials

S-nitrosothiols were prepared at 25°C by reacting equimolar (100 ~M)
concentrations of reduced thiols with NaNO, in 0.5 N HCI (acidified NaNO.)
as described previously (Kowaluk et al., J. Pharmacol. Exp. Ther. 256:1256-
1264 (1990); Loscalzo et al., J. Pharmacol. Exp. Ther. 249(3):726-729
(1989); and Ignarro et al., J. Pharmacol. Exp. Ther. 218(3):739-749 (1981)).
Solutions turned from clear to various shades of red instantaneously upon
product formation, with the notable exception of S-nitroso-penicillamine,
which is green.

In this method of synthesis, the reaction of thiols with NO (generated
from sodium nitrite) is complete and stoichiometric (Aldred et al., J. Chem.
Soc. Perkin Trans. If:771-782 (1982); Byler et al., J. Agric. Food Chem.
31:523-527 (1983)).

The long-carbon chain lipophilic nitrosothiols, long and short chain S-
nitrosodithiols, and S-nitrosothiols with additional functional groups were
synthesized by one or more of the following methods: (a) exposure to
equimolar N-O; or NO, in CC14; (b) exposure to equimolar acidified nitrite;
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(c) exposure to equimolar bubbled NO gas; (d) exposure to excess cold

bubbled NO, gas; and (e) exposure to metherolic acid or equimolar NaNO,

diluted in methersol.

The synthesis of S-nitroso-homocysteine has not been previously

characterized. This compound displayed the distinct absorption maxima of

other ‘S-nitrosothiols at approximately 340 nm and 550 nm (Kowaluk et al.,

J. Pharmacol. Exp. Ther. 256:1256-1264 (1990); Loscalzo etal., J.

Pharmacol. Exp. Ther. 249(3):726-729 (1989); and Ignarro etal., J.

Pharmacol. Exp. Ther. 218(3):739-749 (1981)). The molar absorptivity ofS-

nitroso-homocysteine at 547 nm is 16.7 cm'M”and correlates well with

published values of 16.6 and 16.1, for S-nitro-cysteine and S-nitroso-

glutathione, respectively (Kowaluk et al., J. Pharmacol. Exp. Ther. 256:1256-
1264 (1990)).

Owingto the modest decay ofS-nitrosothiols over time, fresh examples

were made at hourly intervals and kept at 4°C until use. Solutions were

diluted as necessary into physiologic buffer immediately prior to each

experiment.

5. Bioassay

Trachea and aortic rings were mounted on stirrups and connected to

transducers (model FOT3C Grass) with which changes in isometric tension

were measured. Rings were then suspended in 10 cc of oxygenated (95% O,,

5% CO,) buffer. Conditions for both the vessel and airway bioassays were

established according to standard methodologies as described in Cooke et al.,

Am. J. Physiol. 259(3):H804-H812 (1990).

In airway experiments, the rings were equilibrated for 60 minutes
under a load of 1 gm and then primed twice by exposure to 100 uM

methacholine. Tissues were contracted with various agonists at concentrations

determined to generate 50% (+ 16% S.D.) of maximumtone, after which the
effects of different thiols and their S-nitrosylated derivatives were assessed.

In selected experiments, relaxation responses were determined in the presence
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of hemoglobin, or after rings had been preexposed to methylene blue for 30
minutes.

In vessel experiments, aortic rings were contracted with 1 uM
epinephrine and relaxations were induced with S-nitrosothiols.

6. Cyclic Nucleotide Assays

The mechanism by which S-nitrosothiols relax vascular smooth muscle
is felt to be through activation of guanylate cyclase with consequent increase
in intracellular cyclic GMP (Ignarro ef al., Circ. Res. 65:1-21 (1989);
Loscalzo et al., J. Pharmacol. Exp. Ther. 249(3):726-729 (1989)). In order
to assess thismechanisminairways,tracheal rings inKreb’s-Henseleit solution
were exposed to 100 pM S-nitroso-N-acetylcysteine (SNOAC) for 90 seconds.
Reactions were terminated by the addition ofice cold 10% trichloracetic acid ©
and rapid freezing in ethanol-saturated dry ice.

In selected experiments, rings were preexposed to the guanylate cyclase
inhibitor, methylene blue (10* M) for 30 minutes. Tissues were then
individually pulverized with a glass (s) homogenizerand centrifuged at 8000
g for 5 minutes. The clear supernatant was extracted with water-saturated
ether and assayed for cyclic GMP by radioimmunoassay. Acetylation of
samples with acetic anhydride was used to increase the sensitivity of the assay
and the determination of recoveries was aided by the use of PH] cyclic GMP.

Dose-response relationships to SNOAC were obtained in airways
contracted with 3 uM histamine, and repeated in the presence of 10* M
hemoglobin, 10° M methylene blue, and 10* M methylene blue. Relaxation
responses to SNOACare inhibited by hemoglobin and methylene blue, with
the latter in a dose-dependent manner. Cyclic GMP determinations were
performed in duplicate for each experiment.
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7. Statistics

All results are presented as means + SEM. Paired samples were

compared by the Student’s t-test. Dose-response curves were compared by

two-way analysis of variance (ANOVA). Values of p < 0.05 were

considered significant.
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The mammalian fraction of sulfur that exists as free sulfhydryl is

contained largely in the form of glutathione, cysteine, and homocysteine

(Jocelyn, P.C., In Biochemistry of the SH Group, Academic Press,
London/New York pp. 1-46 (1972)). N-acetylcysteine is a minor metabolite

of cysteine that is used for its mucolytic properties in the treatment of airway
obstruction. N-acetylcysteine has also received attention within the context of
nitrate metabolism and undergoes S-nitrosylation in plasma upon treatment

with nitroglycerin (Fung et al., J. Pharmacol. Exp. Ther. 245(2):524-531

(1988)). The S-nitrosylated derivatives of these four sulfhydryls comprise the

group of biological S-nitrosothiols under investigation.
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Captopril and penicillamine are examples of nonbiological low
molecular weight thiols, and their S-nitrosylated derivatives have been well
characterized (Kowaluk ef al., J. Pharmacol. Exp. Ther. 256:1256-1264
(1990); Loscalzo et al., J. Pharmacol. Exp. Ther. 249(3):726-729 (1989); and
Ignarro et al., J. Pharmacol. Exp. Ther. 218(3):739-749 (1981).

An initial examination of the relaxant activity of each of the biological
and nonbiological S-nitrosothiols in guinea pig tracheal rings was conducted.
The results are shown in Figures 3 and 4(a)-(f). As demonstrated by dose-
response relationships, these compounds are potent airway smooth muscle
relaxants, with relaxant effects that are unmatched by equimolar amounts of
reactant thiol or NO (generated from NaNO,alone).

In every case, the dose-response curves for the S-nitrosothiols were
significantly different from the dose-response curves for NO and for the
individual thiols by two-way ANOVA to p < 0.001. Results are presented
as mean + SEM, (n = 5).

With the exception of S-nitroso-captopril (SNOCAP), the S-
nitrosothiols revealed comparable bioactivity with IC5Os in the range of
1x10° M (Table 1). SNOAC and SNOCAP were then selected as
representative biological and nonbiological S-nitrosothiols for further detailed
investigation.

Dose-effect relationships were obtained for SNOAC and SNOCAP
using tracheal rings induced to constrict with leukotriene D,, histamine, and
methacholine. As shown in Figure 5, airways exhibited agonist. specificity
toward S-nitrosothiol-mediated relaxations: S-nitrosothiols were mostactivefor
relaxation of leukotriene D,-induced contractions and progressively less
effective with contractions induced by histamine and methacholine. In every
case, SNOAC was approximately 10-fold more active in relaxation of airways
than SNOCAP. Results are presented as mean + SEM (n=3-5).

Thetime course of relaxation to SNOACis shown in Figure 6. Using
a concentration (5 x 10° M) selected to induce approximately 50% of the

-- maximal response, maximal relaxation occurred by five minutes and a
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significant residual loss of tone was still evident at one hour. In control

experiments, airway contractions remained stable over the study period.
These relaxation responses contrast markedly with those generally

ascribed to low-molecular-weight S-nitrosothiols. Figure 7 illustrates the

notable difference in relaxation kinetics between these tissues. In vascular

smooth muscle, the relaxations are rapid and transient, whereas in tracheal

smooth muscle, relaxations occur more slowly and persist for a much longer

duration.

Figure 8 shows a comparison between the efficacy of SNOACand
isoproterenol or theophylline under identical study conditions. Of the drugs
evaluated, isoproterenol was the mostactive relaxant, however, SNOAC was

approximately 50 times more active in relaxation than theophylline. The dose
response curves for these agents are each significantly different from each

other by two-way ANOVAto p < 0.01. Results are expressed as mean +
SEM (n=3-5).

Hemoglobin and methylene blue are established inhibitors of
NO-induced relaxations in vascular smooth muscle (Ignarro et al., Circ. Res.

65:1-21 (1989)). When their effects were examined in guinea pig airways,

hemoglobin and methylene blue each partially attenuated (only 10-20%
attenuation)the actions of SNOAC,as evidenced by rightward shifts in the
dose-effect relationships to SNOACin their presence (Figure 9). In human

airways, neither hemoglobinor methylene blue attenuated the relaxation effect.
The dose-response curves for SNOACwere significantly different from each
of the curves derived in the presence of hemoglobin and methylene blue by

two-way ANOVAto p=0.05. Results are presented as mean + SEM (n=3-
5).

The biochemical mechanism of action of S-nitrosothiols was further

investigated in isolated tracheal rings. As shownin Figure 10, tracheal rings
incubated with SNOACexhibited 4-fold increases in cyclic GMP over basal

levels (control). Increases in cyclic GMP were attenuated by pretreatment of
tissues with the guanylate cyclase inhibitor, methylene blue (10-*M). Cyclic

GMPlevels in the presence of SNOACwere significantly greater than control
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values (p < 0.0005) and levels determined in the presence of methylene blue
(p = 0.05). Results are presented as mean + SEM (n = 4-8).

An examination of the relaxant activity of §-nitrosothiols in human
tracheal rings was also conducted. The results are shown in Figures 11-15.
In particular, Figure 11 shows that S-nitroso-glutathione has a relaxant effect
upon human trachea which is significantly greater than nitrite (NO,). Figure
12 demonstrates that the relaxant effect of S-nitrosoglutathione upon human
trachea is significantly greater than glutathione alone. This data underscores
the fact that the bioactivity of nitric oxide in airways depends upon the form
in which it is delivered. S-nitrosothiols provide efficient delivery of NO inits
most bioactive and non-toxic form.

Figure 13 demonstrates that the relaxant effect of SNOAC upon human
trachea is significantly greater than that of N-acetylcysteine. As shown in
Figure 13, NAC caused significant constriction of the tracheal smooth muscle,
which is consistent with the fact that NAC, when given as a mucolytic agent,
causes the untoward side effect of bronchospasm. SNOACnot only causes
relaxation of airway tissue, but also eliminates bronchospasm.

Figure 14 demonstrates that SNOAC and SNOGSH exert a relaxant
effect on airway smooth muscle which is significantly more potent than that
of theophylline, and compares favorably with that exerted by isoproterenol.

Experiments were also conducted to assess the cGMP response to
SNOACinhuman airways. As shown in Figure 15, tracheal rings incubated
with SNOACexhibited 4-fold increases in cyclic GMP over basal levels
(control).

Unexpectedly, the relaxation response to low molecular weight S-
nitrosothiols in airways differs markedly from that observed in blood vessels.
In the latter case, relaxations occur slowly and persist for a much longer
duration. This is most likely attributed to the inherent differences between
vascular and nonvascular smooth muscle. There may be additional
contributing factors responsible for this heterogeneity. Finally, any disparity
among smooth musclecells in redoxstate, availability of reducing equivalents,
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pH, oxygen tension, or any other factor that might influence the stability of
the S-NO bond would be predicted to influence relaxation kinetics.

The results also suggests that, in addition to the primary site of

obstruction in the lung, the efficacy of nitro(so)-bronchodilators may be

determined by the nature of the chemical mediators contributing to

bronchoconstfiction. In particular, S-nitrosothiols were most effective in this

study against leukotriene D,-mediated bronchoconstriction and progressively
less effective against histamine and methacholine-mediated constriction. Thus,

regional variation in guanylate cyclase content or activity, the site of
obstruction, the form in whichthe active species of NO is administered, and

the nature of the bronchoconstrictor stimuli are all variables which may

influence the determination of nitro(so)-bronchodilator efficacy and the

importance of guanylate cyclase in regulating airway tone.

Example 2. Guanylate Cyclase Inhibitors Do Not Inhibit S-nitrosothiol
Induced Relaxation in Human Airways

The effect of guanylate cyclase inhibitors upon S-nitrosothiol-induced

airway relaxation and cGMP increase was assessed, using the previously
described bioassay and cyclic nucleotide assay procedures. Bronchodilator
effects of S-NOGSH and SNOACwere examined in human airways (5-12 mm

outer diameter). Concentration-response relationships for rings contracted

with methacholine (7pM) resulted in ICSO values of 22 pM,approximately
two orders of magnitude greater than theophylline.

SNOAC(100 mm) induced 4-fold increases (P < 0.02), over control

airway cGMPlevels, as shown in Table 3. However, as shown in Figure 16,
SNOAC-induced airway relaxation was not significantly inhibited by

methylene blue (10*) or LY83583 (5 x10°). Similarly, hemoglobin (100 2M)
had little effect on S-nitrosothiol-induced relaxation (P = NS).

These results demonstrate that the mechanism by which S-nitrosothiols

cause airway relaxation is not due solely to increases in cGMP. Thus, S-
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nitrosothiols cause airway relaxation through both increase in cyclic GMP, as
well as a cGMP-independent pathway.

Example 3. §-nitrosothiols Resist Decomposition In The Presence of Redox
Metals

Thestability of SNOAC and SNOGSHinthe presence of oxygen and
redox metals was assessed. When subjected to conditions consisting of 95%
0,, pH 7.4, the half lives of these compounds were shown to be on the order
of hours, and significantly greater than that of NO, or NOe, which, under
similar conditions, are on the order of seconds.

In addition, S-nitrosothiol stability was assessed in the presence of
various redox metals or chelating agents. These compounds were resistant to
decomposition when Cu*, Fe?*+, or Cu?* (50 »M) or defuroxamine or EDTA
(102M) were added. Thus, these experiments demonstrate that, unlike NOe, .
S-nitrosothiols are not rapidly inactivated in the presence of oxygen, nor do
they decompose in the presence of redox metals.

Example 4. $-nitrosothiols I Hemoslobin-oxygen Bindin

Additional experiments were conducted to evaluate the reaction
between S-nitrosothiols and hemoglobin. S-nitrosylation of hemoglobin was
accomplished by reacting 12.5 pMol hemogiobin with 12.5 pM SNOACfor
5 and 20 minute intervals (pH 6.9). S-nitrosylation was verified, using
standard methodsfordetection ofS-nitrosothiols (Saville, Analyst 83:670-672
(1958)). The Saville method, which assays free NO,in solution, involves a
diazotization reaction with sulfanilamide and subsequent coupling with the
chromophore- N-(1-naphthyl)ethylenediamine. The specificity for S-
nitrosothiols derives from assay determinations performed in the presence and
absence of HgCl,, the latter reagent catalyzing the hydrolysis of the S-NO
bond. Confirmatory evidence for S-nitrosothiol bond formation was obtained
by spectrophotometry, demonstrated by the absorption maximum of 450 nm,
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as shown in Figure 17. This was demonstrated using NO* equivalents in the

form of SNOAC.

As demonstrated by Figure 18, the UV spectrum of hemoglobin

incubated with SNOAC showsnoreaction at the redox metal (iron-binding

site) of hemoglobin, over 15 minutes. For the purposes of comparison,

equimolar concentrations of hemoglobin and NaNO, were reacted in 0.5 N
HCI, to form nitrosyl-hemoglobin, and the UV spectrum was obtained. As

shown in Figure 19, NO reacted instantaneously with the redox metal site on

hemoglobin. The fact that the S-nitrosothiol did not react with the redox metal

site of hemoglobin, but with its thiol group instead, indicates that the reactive

NOspecies donated by the S-nitrosothiol is nitrosonium or nitroxyl.

S-nitrosylation of hemoglobin does not result in the formation of

methemoglobin and consequent impairment in hemoglobin-oxygen binding,.

Furthermore, an additional experiment demonstrated that S-nitrosylation of "
hemoglobin causes a leftward shift in the hemoglobin-oxygen association

curve, indicating an increase in oxygen binding. Thus, the reaction between

S-nitrosothiols and hemoglobin not only eliminates the inhibition of oxygen

binding which occurs from the reaction with NOs*, but actually increases

binding and oxygenation of the blood.

In summary, S-nitrosothiols are important intermediates in the

metabolism of organic nitrates and endogenously-derived NO. Furthermore,

these compounds provide greater stability, a longer half life than NO, and

retain its cyclic GMP-dependentbioactivity in blood vessels.

In the present invention, the inventors have demonstrated that S-

nitrosothiols are also potent airway smooth muscle relaxants and mediate their

effects through both activation of guanylate cyclase, and a CGMP-independent
mechanism. The results indicate that there are a number of important

mediators of airway tone, including cGMP. Theresults also demonstrate a

mechanism by whichthe bioactivity of NO is preserved in the presence of

high ambient concentrations of oxygen and reactive oxygen species and redox
metals.
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In addition to the relaxant effect exerted upon airways, S-nitrosothiols
also increase hemoglobin-oxygen binding, thus providing a means for
enhancing oxygenation of the blood and oxygen transport to tissues. As a
result of the potent effects exerted by S-nitrosothiols on airway relaxation and

5 blood oxygenation, these compounds have significant pharmacological utility
for the treatment of airway obstruction, or other disorders resulting in
insufficient blood oxygenation.
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TABLE 3

cGMP LEVELS IN HUMAN AIRWAYS
cGMP (Pmol/gm)
 

 
 

SNOACC + M.B.

1 p < 0.05 c/w control  
  

 and MB (methylene blue)
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WHATIS CLAIMED IS: 

1. A compound having the formula:

CH,(CH,).SNO

wherein:

X equals 2 to 20.

2. A compound having the formula:
HS(CH,),SNO

wherein:

X equals 2 to 20.

3. A compound having the formula:
ONS(CH,),Y

wherein:

X equals 2 to 20;
Y is selected from the group consisting of fluoro, C,-C, alkoxy, cyano,

carboxamido, C,-C, cycloalkyl, aralkoxy, C.-C, alkylsulfinyl, arylthio, C,-C,
alkylamino, C,-C,; dialkylamino, hydroxy, carbomoyl, C,C, N-
alkylcarbamoyl, C,-Cys N,N-dialkylcarbamoyl, amino, hydroxyl, carboxyl,
hydrogen, nitro and aryl;

wherein aryl includes benzyl, naphthyl and anthracenyl groups.

4, A method for relaxing airway smooth muscle, comprising
administering atherapeutically effective amount ofan S-nitrosothiol compound
to an animal in need thereof.

5. The method of claim 4 wherein said S-nitrosothiol compound
has the formula:

CH,(CH,),SNO

wherein:

X equals 2 to 20.
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6. The method of claim 4 wherein said S-nitrosothiol compound

has the formula:

HS(CH,),SNO

wherein:

X equals 2 to 20.

7. The method of claim 4 wherein said S-nitrosothiol compound

has the formula:

ONS(CH,),Y

wherein:

X equals 2 to 20;

Y is selected from the group consisting of fluoro, C,-C, alkoxy, cyano,

carboxamido, C,-C, cycloalkyl, aralkoxy, C,-C, alkyisulfinyl, arylthio, C,-C,

alkylamino, C,-C,; dialkylamino, hydroxy, carbomoyl, C,C, N-
alkylcarbamoyl, C,-C,, N,N-dialkylcarbamoyl, amino, hydroxyl, carboxyl,
hydrogen, nitro and aryl;

whereinaryl includes benzyl, naphthyl and anthracenyl groups.

8. The method of claim 4 wherein said S-nitrosothiol compound

is selected from the group consisting of S-nitroso-N-acetylcysteine, S-nitroso-

glutathione, S-nitroso-cysteine, S-nitroso-homocysteine, S-nitroso-penicillamine
and S-nitroso-captopril.

9. The method ofclaim 4 wherein said compoundis administered

as part of a pharmaceutical composition comprising 4 pharmaceutically

acceptablecarrier.

10.|The method ofclaim 9 wherein said pharmaceutical composition

is administered to an animal by a route comprising oral, sublingual,

intravenous, intramuscular, aerosol, topical or bronchoscopic delivery.
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11. A method for treatment or prevention of respiratory disorders,

comprising administering a therapeutically effective amount of an S-
nitrosothiol compound to an animal in need thereof.

12. The method of claim 11 wherein said S-nitrosothiol compound

has the formula:

CH,(CH,),SNO

wherein:

X equals 2 to 20.

13.|The method of claim 11 wherein said S-nitrosothiol compound

has the formula:

HS(CH,),SNO

wherein:

X equals 2 to 20.

14. The method of claim 11 wherein said S-nitrosothiol compound

has the formula:

ONS(CH,),Y

wherein:

X equals 2 to 20;

Yis selected from the group consisting offluoro, C,-C, alkoxy, cyano,

carboxamido,C,-C, cycloalkyl, aralkoxy, C,-C, alkylsulfinyl, arylthio, C,-C,
alkylamino, C,-Cis dialkylamino, hydroxy, carbomoyl, C,C,; N-
alkylcarbamoyl, C,-C;s N,N-dialkylcarbamoyl, amino, hydroxyl, carboxyl,
hydrogen, nitro and aryl;

whereinaryl includes benzyl, naphthyl and anthracenyl groups.

15. The method ofclaim 11 wherein said S-nitrosothiol compound
is selected from the group consisting ofS-nitroso-N-acetylcysteine, S-nitroso-
glutathione, S-nitroso-cysteine, S-nitroso-homocysteine, S-nitroso-penicillamine
and S-nitroso-captopril.
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16. The method of claim 11 wherein said compound is administered

_ as part of a pharmaceutical composition comprising a pharmaceutically

acceptable carrier.

17. The method of claim 16 wherein said pharmaceutical

composition is administered to an animal by a route comprising oral,
sublingual, intravenous, intramuscular, aerosol topical or bronchoscopic

delivery.

: 18.|The method of claim 11 wherein said respiratory disorder is in

the group comprised of all subsets of obstructive lung disease, including

emphysema, asthma, bronchitis, fibrosis, excessive mucous secretion,
obstruction of air flow, and lung disorders resulting from post-surgical

complications.

19, A method for relaxing gastrointestinal smooth muscle,

comprising administering a therapeutically effective amount of an S-

nitrosothiol compound to an animal in need thereof.

20. The method of claim 19 wherein said S-nitrosothiol compound

has the formula:

CH,(CH,),SNO

wherein:

X equals 2 to 20.

21.|The method of claim 19 wherein said S-nitrosothiol compound

has the formula:

HS(CH,),SNO

wherein:

X equals 2 to 20.
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22. The method of claim 19 wherein said S-nitrosothiol compound

has the formula:

ONS(CH,),Y

wherein:

X equals 2 to 20;

Y is selected from the group consisting of fluoro, C,-C, alkoxy, cyano,

carboxamido, C.-C, cycloalkyl, aralkoxy, C.-C, alkylsulfinyl, arylthio, C,-C,;
alkylamino, C,-C,s dialkylamino, hydroxy, carbomoyl, C,C, N-
alkylearbamoyl, C,-C,s N,N-dialkylcarbamoyl, amino, hydroxyl, carboxyl,
hydrogen, nitro and aryl;

wherein aryl includes benzyl, naphthyl and anthracenyl groups.

23. The method of claim 19 wherein said S-nitrosothiol compound
is selected from the group consisting of S-nitroso-N-acetylcysteine, S-nitroso- ~
glutathione, S-nitroso-cysteine, S-nitroso-homocysteine, S-nitroso-penicillamine
and S-nitroso-captopril.

24. The method of claim 19 wherein said compoundis administered
as part of a pharmaceutical composition comprising a pharmaceutically
acceptable carrier.

25. The method of claim 24 wherein said pharmaceutical
composition is administered to a patient by a route comprising oral,
sublingual, intravenous,topical, intramuscular, aerosol orendoscopicdelivery.

26. A method for alleviating contraction or spasm of
gastrointestinal smooth muscle associated with endoscopic procedures
comprising, administering a therapeutically effective amount of an S-
nitrosothiol compound to an animal in need thereof.

27. The method of claim 26 wherein said S-nitrosothiol compound
has the formula:
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CH,(CH,),SNO

wherein:

X equals 2 to 20.

28. The method of claim 26 wherein said S-nitrosothiol compound

has the formula:

HS(CH,),SNO

wherein:

X equals 2 to 20.

29. The method of claim 26 wherein said S-nitrosothiol compound

has the formula:

ONS(CH,),Y

wherein:

X equals 2 to 20;

Y is selected from the group consisting of fluoro, C,-C, alkoxy, cyano,

carboxamido, C.-C, cycloalkyl, aralkoxy, C,-C, alkylsulfinyl, arylthio, C,-C,

alkylamino, C,-C,,; dialkylamino, hydroxy, carbomoyl, C.C, N-
alkylcarbamoyl, C,-C,, N,N-dialkylcarbamoyl, amino, hydroxyl, carboxyl,

hydrogen, nitro and aryl;

whereinaryl includes benzyl, naphthyl and anthracenyl groups.

30. The method of claim 26 whereinsaid S-nitrosothiol compound

is selected from the group consisting of S-nitroso-N-acetylcysteine, S-nitroso-

glutathione, S-nitroso-cysteine, S-nitroso-homocysteine, S-nitroso-penicillamine
and S-nitroso-captopril.

31. The method of claim 26 wherein said compoundis administered

as part of a pharmaceutical composition comprising a pharmaceutically
acceptable carrier.
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32. The method of claim 31 wherein said pharmaceutical

composition is administered to an animal by a route comprising oral,
sublingual, intravenous,topical, intramuscular, aerosol or endoscopic delivery.

33. A method for relaxing corpus cavernosum smooth muscle,

comprising administering a therapeutically effective amount of an S-
nitrosothiol compound to an animal in need thereof.

34. The method of claim 33 wherein said §-nitrosothiol compound
has theformula:

CH,(CH,),SNO

wherein:

X equals 2 to 20.

35. The method of claim 33 wherein said S-nitrosothiol compound
has the formula:

HS(CH,),SNO

wherein:

X equals 2 to 20.

36. The method of claim 33 wherein said S-nitrosothiol compound
has the formula:

ONS(CH,),Y

wherein:

X equals 2 to 20;

Y is selected from the group consisting offluoro, C,-C, alkoxy, cyano,
carboxamido, C,-C, cycloalkyl, aralkoxy, C.-C, alkylsulfinyl, arylthio, C.-C,
alkylamino, C-Cjs dialkylamino, hydroxy, carbomoyl, C,C, N-
alkylcarbamoy!, C_-C,s N,N-dialkylcarbamoyl, amino, hydroxyl, carboxyl,
hydrogen, nitro and aryl;

wherein aryl includes benzyl, naphthyl and anthracenyl groups.
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37. The method of claim 33 wherein said S-nitrosothiol compound

is selected from the group consisting of S-nitroso-N-acetylcysteine, S-nitroso-

glutathione, S-nitroso-cysteine, S-nitroso-homocysteine, S-nitroso-penicillamine
and S-nitroso-captopril.

38. The method of claim 33 wherein said compound is administered

as part of a pharmaceutical composition comprising a pharmaceutically
acceptable carrier. ,

39. The method of claim 38 wherein said pharmaceutical

composition is administered to an animal by a route comprising oral,
sublingual, intravenous, topical, intramuscular or aerosol delivery.

40. A method for the treatment or prevention of impotence,-

comprising administering a therapeutically effective amount of an S-

nitrosothiol compound to an animal in need thereof.

41. The method of claim 40 wherein said S-nitrosothiol compound

has the formula:

CH,(CH,),SNO

wherein:

X equals 2 to 20.

42. The method ofclaim 40 wherein said S-nitrosothiol compound

has the formula:

HS(CH,),SNO

wherein:

X equals 2 to 20.

43. The method ofclaim 40 wherein said S-nitrosothiol compound

has the formula:

ONS(CH,),Y

1617



1618

WO 93/12068 PCT/US92/10447

wherein:

X equals 2 to 20;

Yis selected from the group consisting of fluoro, C,-C, alkoxy, cyano,

carboxamido, C,-C, cycloalkyl, aralkoxy, C,-C, alkylsulfinyl, arylthio, C,-C,
alkylamino, C-Cys dialkylamino, hydroxy, carbomoyl, C,C,; N- .
alkyicarbamoyl, C,-C,s N,N-dialkylcarbamoyl, amino, hydroxyl, carboxyl,
hydrogen, nitro and aryl;

wherein arylincludes benzyl, naphthyl and anthracenyl groups.

44. The method of claim 40 wherein said S-nitrosothiol compound
is selected from the group consisting of S-nitroso-N-acetylcysteine, S-nitroso-
glutathione, S-nitroso-cysteine, S-nitroso-homocysteine, S-nitroso-penicillamine
and S-nitroso-captopril.

45. The method of claim 40 wherein said compound is administered

as paft of a pharmaceutical composition comprising a pharmaceutically
acceptable carrier.

46. The method of claim 45 wherein said pharmaceutical
composition is administered to an animal by a route comprising oral,
sublingual, intravenous, topical, intramuscular or aerosol delivery.

47. A method for relaxing bladder smooth muscle, comprising
administering a therapeutically effective amount ofan S-nitrosothiol compound
to an animal in need thereof.

48. The method of claim 47 wherein said S-nitrosothiol compound
has the formula:

CH,(CH,),SNO

wherein:

X equals 2 to 20.
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49, The method of claim 47 wherein said S-nitrosothiol compound

has the formula:

HS(CH,),SNO

wherein:

X equals 2 to 20.

50. The method of claim 47 wherein said S-nitrosothiol compound

has the formula:

ONS(CH,),Y

wherein:

X equals 2 to 20;

Y is selected from the group consisting of fluoro, C,-C, alkoxy, cyano,

carboxamido, C,-C, cycloalkyl, aralkoxy, C.-C, alkylsulfinyl, arylthio, C,-C,

alkylamino, C,-C,, dialkylamino, hydroxy, carbomoyl, C,C, N-

alkylcarbamoyl, C,-C,, N,N-dialkylcarbamoyl, amino, hydroxyl, carboxyl,

hydrogen, nitro and aryl;

wherein aryl includes benzyl, naphthyl and anthracenyl groups.

51. The method of claim 47 wherein said S-nitrosothiol compound

is selected from the group consisting of S-nitroso-N-acetylcysteine, S-nitroso-

glutathione, S-nitroso-cysteine, S-nitroso-homocysteine, S-nitroso-penicillamine
and S-nitroso-captopril.

52.|The method of claim 47 wherein said compound is administered

as part of a pharmaceutical composition comprising a pharmaceutically

acceptable carrier.

53. The method of claim 52 wherein said pharmaceutical

composition is administered to an animal by a route comprising oral,
sublingual, intravenous, topical, intramuscular or aerosol delivery.
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54. A method for relaxing uterine smooth muscle, comprising
administering a therapeutically effectiveamountofan S-nitrosothiol compound
to an animal in need thereof.

55. ‘The method ofclaim 54 wherein said S-nitrosothiol compound
has the formula:

CH;(CH,),SNO

wherein:

X equals 2 to 20.

56. The method of claim 54 wherein said §-nitrosothio! compound
has the formula:

HS(CH,),SNO

wherein:

X equals 2 to 20.

57. The method of claim 54 wherein said S-nitrosothiol compound
has the formula:

ONS(CH,),Y

wherein:

X equals 2 to 20;
Y is selected from the group consisting offluoro, C,-C, alkoxy, cyano,

carboxamido, C,-C, cycloalkyl, aralkoxy, CC,alkyisulfinyl, arylthio, C,-C,
alkylamino, C,-C,s dialkylamino, hydroxy, carbomoyl, C,C, N-
alkylcarbamoyl, C_-Cys N,N-dialkylcarbamoyl, amino, hydroxyl, carboxyl,
hydrogen, nitro and aryl;

wherein aryl includes benzyl, naphthyl and anthracenyl groups.

58. The method of claim 54 wherein said S-nitrosothiol compound
is selected from the group consisting of S-nitroso-N-acetylcysteine, S-nitroso-

- glutathione, S-nitroso-cysteine, S-nitroso-homocysteine, S-nitroso-penicillamine
and S-nitroso-captopril.
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59. The method of claim 54 wherein said compoundis administered

as part of a pharmaceutical composition comprising a pharmaceutically
acceptable carrier.

60. The method of claim 59 wherein said pharmaceutical

composition is administered to an animal by a route comprising oral,
sublingual, intravenous, topical, intramuscular or aerosol delivery.

61. A method for increasing the capacity of hemoglobin to bind

oxygen, comprising administering a therapeutically effective amount of an S-
nitrosothiol compound to an animal in need thereof.

62. A method for increasing oxygen transport to bodily tissues,

comprising administering a therapeutically effective amount of an S- ©
nitrosothiol compound to an animal in need thereof.

63.|Amethod forthe treatmentorprevention ofdisorders associated

with insufficient oxygen supply to bodily tissues, comprising administering a

therapeutically effective amount of an S-nitrosothiol to an animal in need
thereof,
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An implant includes a tube 100
for permitting fluid flow. A flow
controlling rod may be inserted within
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 the tube passage. One or more holes LIT,aa
around the circumference of the tube Nmay be selectively permanently orRQAAASAAS   

  
  
  
  
  
  
  

 
temporarily occluded to give desired NAINALLOLLLSY
flow characteristics. A. delivery
device for implanting the implant
may include a central bore in which 92A
a retractable wire is located. The

retractable wire penetrates a tube
passage of the implant when the implant is attached to the delivery device. A hook on the delivery device prevents the implant from
moving down the wire. After the implantis in position in the eye, the retention wire is retracted out of the implant. With the retention
wire retracted, the implant is then free to slide away from the hook, allowing the delivery device to be withdrawn, leaving the implant in
place. In a method for manufacturing an implant, two tubes of different diameters are utilized. The smaller tube fits inside the longitudinal
bore of the larger tube. When the tubes are cut, the smaller tube forms the tube of the implant and the remaining portions of the larger
tube form the retention projection and/or disk of the implant. :
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FLOW REGULATING IMPLANT, METHOD OF MANUFACTURE, AND DELIVERY DEVICE
FIELD OF THE INVENTION

The invention relates generally to medical

implants used to regulate the flow of fluids within the

body. The invention may be applied, for example, to

ophthalmic implants for treatment of glaucoma. The

invention also relates to methods of manufacturing such

implants and to delivery devices for implanting such

implants.

BACKGROUND OF THE INVENTION

Medical implants used to regulate the flow of

fluids within the human body are known and used.

One application for the use of such implants is

in the treatment of glaucoma. Glaucoma is an eye

condition characterized by an increase in the intraocular

pressure (IOP) of the eye to an abnormal level. A normal

eye maintains a proper IOP by the circulation within the

eye of aqueous humor -- aqueous humor is secreted from

the ciliary body, passes through the pupil into the

anterior chamber of the eyeball, and is filtered out of

the eyeball via the trabeculum and the Canal of Schlemm.

With glaucoma, the aqueous humor excretory pathway is

blocked, the aqueous humor cannot pass out of the eyeball

at an adequate rate, the IOP rises, the eyeball becomes
harder, and the optic nerve atrophies by the pressure

applied on its fibers leaving the retina. A

characteristic optic neuropathy develops, resulting in

progressive death of the ganglion cells in the retina,
1
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restriction of the visual field, and eventual blindness.

Advanced stages of the disease are characterized also by

significant pain.

Glaucoma treatment, if initiated early in the

course of. the disease, can prevent further deterioration

and preserve most of the ocular functions. The goal of

glaucoma treatment is to reduce the IOP to a level which

is considered safe for a particular eye, but which is not

so low as to cause ocular malfunction or retinal

complications.

One type of glaucoma treatment is filtration

surgery, which provides an alternate route for aqueous

humor to exit the anterior chamber of the eyeball and

enter the sub-conjunctival space, thereby lowering the

IOP. In full thickness operations a fistula is created

through the limbal sclera, connecting directly the
anterior chamber of the eyeball and the sub-conjunctival

space. Full thickness operations provide long-lasting

control of IOP; however, excessive loss of aqueous humor

from the eyeball during the early postoperative period

frequently leads to hypotony.

In guarded filtration surgery (trabeculectomy),

a fistula created through the limbal sclera is protected

by an overlying partial thickness sutured scleral flap.

The scleral flap provides additional resistance to

excessive loss of aqueous humor from the eyeball, thereby

reducing the risk of early postoperative hypotony.

However, trabeculectomy may result in higher eventual IOP

2
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and increased risk of late failure of filtration,

compared with full thickness operations.

In accordance with one recently introduced

procedure, a full thickness filtering fistula may be

created by a holmium laser probe, with minimal surgically

induced trauma. After retrobulbar anesthesia, a

conjunctival incision (approximately 1 mm) is made about

12-15 mm posterior to the intended sclerostomy site, and

a laser probe is advanced through the sub-conjunctival

space to the limbus. Then, multiple laser pulses are

applied until a full thickness fistula is created. This

technique has sometimes resulted in early hypotony on

account of a difficulty in controlling the sclerostomy

size. In addition, early and late iris prolapse into the

sclerostomy has resulted in abrupt closure of the fistula

and eventual surgical failure. Further, despite its

relative simplicity, the technique still necessitates the

use of retrobulbar anesthesia to avoid pain caused by the

laser applications. The injection of anesthetic material

close to the already damaged optic nerve may sometimes

lead to further visual damage. A further disadvantage of

this procedure, as well as other types of glaucoma

filtration surgery, is the propensity of the fistula to

be sealed by scarring.

Various attempts have been made to overcome the

problems of filtration surgery, for example, by using

ophthalmic implant devices. Typical ophthalmic implants

utilize drainage tubes so as to maintain the integrity of

3
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the openings formed in the eyeball for the relief of the

IOP.

Typical ophthalmic implants suffer from several

disadvantages. For example, the implants typically

utilize a valve mechanism for regulating the flow of

aqueous humor from the eyeball; defects in and/or failure
of such valve mechanisms could lead to excessive loss of

aqueous humor from the eyeball and possible hypotony.

The implants also tend to clog over time, either from the

inside by tissue, such as the iris, being sucked into the

inlet, or from the outside by the proliferation of cells,

for example by scarring. Additionally, the typical

implant insertion operation is complicated, costly and

takes a long time.

United States Patent No. 3,788,327 to Donowitz

et al. shows a prior art implant utilizing a valve
mechanism for regulating the flow of agueous humor from

the eyeball. As stated above, defects in and/or failure

of such a valve mechanism could lead to excessive loss of

aqueous humor from the eyeball and possible hypotony.

Additionally, both the inlet opening and the outlet

opening in the implant .shown in United States Patent No.

3,788,327 may be susceptible to clogging -- the inlet

opening by the iris and the outlet opening by scarring.

Finally, implantation of an implant according to United

States Patent No. 3,788,327 may involve the separate

steps of first providing a tract for receiving the

implant and/or suturing the implant once it is in place,

4
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which add time and possible complications to the

operation.

SUMMARY OF THE INVENTION

It is an object of the invention to provide an

improved implant to regulate the flow of fluids within

the body. The inventicn may be applied, for example, to

an ophthalmic implant which may be implanted into the

eyeball for the treatment of glaucoma. It is a further

object of the invention to provide a method of

manufacturing such an implant and a delivery device for
implanting such an implant.

In one embodiment of an improved implant in

accordance with the invention, an intraocular implant is

provided to be implanted in the eyeball. The implant

includes a tube having an inlet end, an outlet end, and a

tube passage therebetween for permitting aqueous humor to

flow out of the eyeball, and a disk connected to the tube

at the outlet end of the tube. The tube passage may have

a cross-sectional area sufficiently small to inhibit the

flow of aqueous humor through the tube passage. A flow

controlling wire or rod may be inserted within the tube

passage to provide further control over the flow. The

configuration of the flow controlling rod may be selected

in accordance with the desired flow characteristics. The

configuration may be chosen to prevent flow when the IOP

is below a threshold amount.
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The disk, which is designed to be located

underneath the conjunctiva, may have an outer rim for

forming a reservoir having an enlarged cross-sectional

area relative to the cross-sectional area of the tube

‘passage. When aqueous humor flows through the tube

passage, a bleb of aqueous humor forms under the

conjunctiva so that the bleb and the elasticity of the

conjunctiva assist in regulating the flow of aqueous

humor through the tube as a function of the IOP.

To prevent clogging of the implant, the tube at

its inlet end may be provided with a beveled surface

which faces away from the iris when the implant is

inserted. Additionally, one or more circumferential

holes may be provided along the tube for allowing aqueous

humor to flow into the tube passage even if the axial

inlet opening is blocked. The hole or holes may be

selectively permanently or temporarily occluded to give

desired flow characteristics.

To prevent clogging at the outlet end, the

disk may have an outer rim as described above which

raises the conjunctiva away from the axial outlet of the

tube passage to allow outflow. One or more inner

uprights (which may be in the form of an inner rim) may

also be provided on the disk for this purpose. Clogging

is further avoided by implanting the implant under the

conjunctiva at a distance away from an insertion slit in

the conjunctiva, such that healing of the slit does not

cause scar tissue to form in the area of the axial outlet

6
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opening of the implant.

Implantation may be facilitated by further

features of the implant. For example, the implant may

have one or more retention projections (for example, in

the form of a spur, flange, or plate). The retention

projection may be rigid, or it may be made of an elastic

material such that it is able to be flexed inward against

the tube during penetration through the sclera.

Alternatively, the retention projection may be designed

to lie initially relatively flat against the tube for

easier penetration through the sclera and to prevent

tearing of the sclera, with a mechanism for extending the

retention projection outwardly when the implant is

implanted in the eyeball. For example, the retention

projection may be extended outwardly by a separate

expansion tool or may be constructed of a shape memory
material, such as PMMA or nitinol, so that it is extended

outwardly when subjected to the heat of the eyeball. One

or more such retention projections are sufficient to

reliably anchor the implant in the eyeball without the

need for sutures, saving time and costs.

Implantation may also be facilitated by the

provision of one or more markers on the implant visible

through the cornea upon passing through the sclera. For

example, a circumferential hole as described above may

serve as a marker; alternatively, the marker may be some

other suitable visible mechanism, such as a scratch or

colored mark on the tube. The visibility of the marker

7
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lets the doctor know that the marker has passed through

the sclera, indicating that the implant is in place.

Implantation of an implant may be performed by

use of a delivery device comprising a handle and a

rodlike instrument, for example a needle or probe, for

carrying the implant for insertion. The delivery device

has a tip for insertion into the tube passage of the

implant and a suitable retention mechanism for preventing

the implant from moving up the delivery device during

implantation. The retention mechanism may also be

constructed to prevent the implant from rotating during

implantation to insure proper orientation of the implant.

The delivery device may additionally have a suitable

expansion tool for extending one or more retention

projections of the implant outwardly cnce the projection

or projections have penetrated through the desired

tissue.

In an embodiment of a delivery device according

to the invention, the rodlike instrument has a central

bore in which is located a retractable wire. The

retractable wire penetrates a tube passage of the implant

when the implant is attached to the delivery device. A

hook on the delivery device prevents the implant from
moving down the wire. After the implant is in position

in the desired implantation site, the retention wire is

retracted out of the implant. With the retention wire

retracted, the implant is then free to slide away from

the hook, allowing the delivery device to be withdrawn,

8
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leaving the implant in place.

In one method of implanting an implant

according to the invention, a small slit is cut ina

portion of the conjunctiva which normally liesat a

distance away from the intended implantation site. As

the implant itself is very small, the slit also may be

very small, for example about 2 mm in length or less.

The small size of the slit as well as its positioning at

a distance away from the implantation site, for example

about 10 mm, helps prevent contamination of the

sclerostomy site and reduces the risk of infection.

The implant is placed through the slit,

directed to the implantation site, and inserted into the

sclera at the implantation site. The sclera may be

pierced either by a needle-like tip of the tube of the

implant formed by a beveled surface at the inlet end of
the tube as described above or by the tip of a needle of

the delivery device which carries the implant. Thus, the

implant may be inserted directly into the eyeball without

the need for any separate piercing step, resulting in

cost and time savings.

In a method for manufacturing an intraocular

implant according to the invention, two tubes of

different diameters are utilized. The smaller tube is

able to fit inside the longitudinal bore of the larger

tube. When the tubes are cut, the smaller tube forms the

tube of the implant and the remaining portions of the

larger tube form the retention projection and disk of the

9
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implant.

An intraocular implant according to the

invention provide the advantages of a full thickness

fistula, while avoiding the limitations of the standard

‘trabeculectomy. An implant according to the invention

may be very small and implantable without surgery. No

surgery room or hospitalization is necessary, thereby

reducing costs. Implantation is minimally invasive,

simple and quick, requiring only local anesthesia.

Retrobulbar anaesthesia is not necessary, and thus

iatrogenic damage to the optic nerve is avoided. There

is no need to perform an iridectomy, and thus aqueous

flow is maintained, lens nourishment is unaffected, and

the likelihood of cataracts developing as a result of the

procedure is reduced.

An implant according to the invention has other

applications aside from the field of intraocular

implants. For example, the implant may be used for

drainage of a hydrocele sac, regulating flow between the

hydrocele sac and the subcutaneous scrotum. As will be

appreciated by persons of ordinary skill in the art,

other applications of an implant in accordance with the

invention are possible.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a schematic cross-sectional view of a first

embodiment of an intraocular implant shown

inserted in an eyeball;

10
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Figure 2

Figure 3

Figure 4

Figures 5

Figures 8

PCT/US98/2465!

is an enlarged perspective view of the

intraocular implant of Figure 1;

is a view similar to Figure 2, with part of the

intraocular implant cut away to show a

sectional view thereof;

is an enlarged perspective view of a disk

portion of the intraocular implant of Figure 1;

through 7 illustrate the action of the

conjunctiva during operation of the intraocular

implant of Figure 1, with Figure 5 showing a

stage of operation without a bleb formed,

Figure 6 showing a formation of the bleb, and

Figure 7 showing further formation of the bleb;

through 10 illustrate a delivery device and

insertion of the intraocular implant of Figure

1 into an eyeball, with Figure 8 showing the

delivery device and implant before insertion,

Figure 9 showing the delivery device and

implant being placed through a slit in the

conjunctiva, and Figure 10 showing the implant

after insertion with the delivery device

withdrawn;

il
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Figure 11 is an enlarged perspective view of a second

embodiment of an intraocular implant with part

of the intraocular implant cut away to show a

sectional view thereof;

5 Figure 12 is a top view of the intraocular implant of

Figure 11, showing a disk portion of the

implant;

Figure 13 illustrates a delivery device and insertion of

the intraocular implant of Figure 11 into an

10 eyeball;

Figure 14 is a schematic cross-sectional view of the

intraocular implant of Figure 11, shown

inserted in an eyeball;

Figures 15 and 16 illustrate a third embodiment of an

15 intraocular implant with Figure 15 showing the

implant prior to attachment of a retention
plate and Figure 16 showing the implant after

attachment of the retention plate;

Figures 17 through 19 illustrate successive steps ina

20 method of manufacturing an intraocular implant

according to an embodiment of the invention,

with Figure 17 showing an outer tube cut in an

initial phase of the manufacturing process,

12
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Figure 18 showing the outer tube joined to an

inner tube, and Figure 19 showing the finished

intraocular implant;

illustrates an intraocular implant according to

the invention with a flow controlling wire or

rod in the tube passage;

Figures 21A through 21D illustrate four variations of

Figure

Figure

Figure

Figure

Figure

Figure

22

23

24

25

26

27

cross-sections for a flow controlling rod;

illustrates an intraocular implant with a

threaded flow controlling rod;

illustrates an intraocular implant with a

tapered flow controlling rod;

illustrates an intraocular implant with an

adjustable flow controlling rod;

illustrates an intraocular implant with

selectively occluded side holes;

illustrates an intraocular implant with a

flexible flow controlling rod;

illustrates an intraocular implant with a flow

controlling rod biased against a spring;
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Figure 28 illustrates the end of an embodiment of a

delivery device according to the invention and

an implant attached to the delivery device; and

‘Figure 29 illustrates a view similar to that of Figure

28, with a retention wire of the delivery

device retracted from the implant.

DETAILED DESCRIPTION OF THE DRAWINGS

Figure 1 illustrates an intraocular implant 30,

implanted in an eyeball 10. The implant 30 comprises a

needle-like tube 32 and a disk 34. The plane of the disk

34 forms an angle with the tube 32 that corresponds to

the angle between the surface of the sclera 12 and the

axis of insertion of the implant 30. The implant 30 is

inserted in the sclera 12 of the eyeball 10, in the

limbal area 14 adjacent to the cornea 16, and protrudes

into the anterior chamber 20 adjacent the iris 22. The

implant 30 is inserted so that the disk 34 is placed on a

surface of the sclera 12 underneath the conjunctiva 18.
The implant 30 may be placed above or below the Tenon's

capsule (not shown). It will be appreciated by persons

of ordinary skill in the art that the exact location for

inserting the implant 30 is not restricted to that shown,

and may be any other suitable position, such as behind

the iris 22. |

Figure 2 shows an enlarged perspective view of

the implant 30 of Figure 1, and Figure 3 shows a similar

14
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view, with part of the implant 30 cut away. The tube 32,

which may take the form of a modified standard

retrobulbar tip, has an inlet end 40, an outlet end 50,

and a tube passage 38 extending therebetween, with the

tube passage 38 having an axial inlet 41 and an axial

outlet 51. The disk 34 is connected to the tube 32 at

its outlet end 50. The entire implant is very small; for

example the tube 32 may have a length of about 2 mm and a

width of about 0.5 mm, and the disk 34 may have a

diameter of about 1 mm and a thickness of less than 0.1

mm.

The tube passage 38 has a cross-sectional area

sufficiently small to inhibit the flow of aqueous humor

through the tube passage. In one embodiment, for

example, the cylindrical tube passage 38 has a diameter

of about 300 micrometers. By using a specified internal

cross-sectional area for the tube passage, excessive loss

of aqueous humor from the eyeball is prevented.

When the IOP is above a threshold amount, for

example about 5 mm Hg, aqueous humor drains from the

anterior chamber 20 of the eyeball 10 through the axial

inlet 41 and one or more circumferential holes 42,

through the tube passage 38, and into the space under the ©

conjunctiva 18. The circumferential holes 42 may take

any suitable form; for example, they may be in the form

of circular openings whose combined cross-sectional area

is equal to the cross-sectional area of the tube passage

38. The circumferential holes 42 prevent the tube

15
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passage 38 from becoming clogged at its inlet end

because, even if the iris 22 obstructs the axial inlet

41, aqueous humor can still pass through the

circumferential holes 42. In the event the axial inlet

41 is obstructed, the circumferential holes 42 also serve

to cause a back pressure in the tube passage 38 to unclog

the axial inlet 41. The circumferential holes 42 serve

the additional purpose of insuring a proper insertion

depth of the implant 30, as the upper hole is visible
during implantation after penetration through the sclera

and thus can be used as a marker. To serve this

function, any other suitable marker (such as a scratch or

colored mark) may be used.

The inlet end 40 of the tube 32 has a needle-

like tip formed by a beveled surface 36, angled sharply

for easy insertion into the eyeball. The beveled surface
36 increases the area of the axial inlet 41 to enlarge

the entrance to the tube passage 38. The beveled surface

36 is designed to face away from the iris 22 to reduce

the possibility of obstruction of the axial inlet 41.
Because the disk 34 is designed to rest against the

sclera 14 and the beveled surface 36 is designed to face

away from the iris 22, the beveled surface 36 lies ina

plane which is angled opposite to the plane in which the

disk 34 lies.

The tube 32 may have one or more retention

projections in the form of one or more spurs 52 provided

integrally with it for retaining the implant 30 in the

16
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eyeball 10 after insertion. Alternatively, the retention

spur 52 may be made as a separate part connected to the

tube 32 by, for example, welding or brazing. The

retention spur 52 may be rigid, or it may be flexible

such that it bends toward the tube 32 during penetration

of the sclera and springs outward to its original shape

after passing through the sclera. Alternatively, the

retention spur 52 may be designed for plastic deformation

by a separate expansion tool (for example, a balloon)

once it is in the eyeball 10, or the retention spur 52

may be constructed of a shape memory material, such as

PMMA or nitinol, such that the spur is flat against the

tube when cool but expands to its final shape when

subjected to the heat of the eyeball 10.

The disk 34, shown enlarged in Figure 4,

comprises a base 44, an outer rim 46, and a plurality of
inner uprights 48. The areas between the uprights 48

constitute passageways 56 for the transverse flow of

aqueous humor. The base 44 and outer rim 46 define a

reservoir 54 such that, in operation, the aqueous humor

flows out of the axial outlet 51 of the tube passage 38,

between the uprights 48, and into the reservoir 54. The

passageways 56 may be considered as part of the reservoir

54. The enlarged cross-sectional area of the reservoir

54 as compared to the cross-sectional area of the tube

passage 38 provides a larger area for absorption of the

aqueous humor by the conjunctiva 18 and also acts in

conjunction with the elasticity of the conjunctiva 18 to

17
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assist in regulating the flow of aqueous humor through

the implant 30 as a function of the IOP.

Figures 5 through 7 illustrate the action of

the conjunctiva 18 during operation of the implant 30, in

‘which it can be seen that the aqueous humor which flows

out of the tube passage forms a "bleb" 24 below the

conjunctiva 18. It will be appreciated by persons having

ordinary skill in the art that a higher IOP results ina

higher flow rate through the implant 30, and a greater

force of the aqueous humor on the conjunctiva 18.

In addition to defining the reservoir 54, the

outer rim 46 of the disk 34 serves the additional purpose

of raising the conjunctiva 18 away from the axial outlet

51 to prevent clogging of the tube passage 38. The inner

uprights 48 also serve this purpose.

The shape of the disk 34 may be, but is not

limited to, an ellipse, and it will be appreciated by

persons having ordinary skill in the art that it may

conform to any shape which allows the implant to fit

under the conjunctiva 18 and which regulates the IOP.

The size and/or shape of the disk 34 and/or the angle

between the disk 34 and the tube 32 can also be changed

in order to use different implants for different persons’

eyes.

Figures 8 through 10 illustrate a delivery

device 60 and a method of inserting the intraocular

implant 30 into an eyeball. The implant 30 is first

attached to the delivery device 60, having a handle 62

18
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and a suitable rodlike instrument 64 such as a needle or

probe. The rodlike instrument 64 has a tip 70 for

penetrating a tube passage of the implant 30 anda
retention mechanism for preventing the implant from

moving up the delivery device during implantation, for

example in the form of an abutment surface 68 having an

angle generally corresponding to that of the disk 34.
This configuration also prevents rotation of the implant

30 on the delivery device 60, thereby insuring proper

orientation of the implant in the eyeball. The retention

mechanism may also include one or more projections for

extending inside the outer rim and/or between the inner

uprights on the disk 34. In an alternative embodiment,

the retention mechanism may be the tip of the rodlike

instrument, constructed to engage the inside of the tube

passage of the implant with a friction fit, thereby
preventing the implant from moving up the delivery device

during implantation.

A delivery device 60 in which the rodlike

instrument is a needle 65 is illustrated in Figure 9. In
that illustrated embodiment, the delivery device 60 is

similar to a standard medical syringe having a housing

and a needle. 65 with a bore 67. The front tip 69 ofthe

needle 65 is configured as an abutment surface having an

angle generally corresponding to that of the disk 34.

The bore 67 of the needle 65 has a tip in the form of a

plug 71 which is configured to have a cross-sectional

shape corresponding to that of the tube passage 38. The

19
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implant 30 is placed over the plug 71, with the end of

the plug 71 projecting into the tube passage 38, and with

the front tip 69 of the needle 65 abutting against the

disk 34. The plug 71 blocks the tube passage 38 during

implantation.

To insert the implant 30 into the eyeball 10, a

small slit 26 is cut in a portion of the conjunctiva 18

which normally lies at a distance away from a portion 28

of the conjunctiva 18 which normally covers the intended

implantation site. A small slit distanced away from the

implantation site, for example a 1-2 mm slit about 5-15

mm away from the implantation site, reduces the

possibility of aqueous humor flowing out of the

conjunctiva through the slit, reduces the possibility of

infection, reduces the possibility of scarring over the

axial outlet of the implant, and facilitates closing and

healing. .
The implant 30, by delivery device 60, is

passed through the slit 26, under the conjunctiva 18, to

the implantation site in the sclera 14. Figure 9 shows
the advancement of the implant only schematically; it

will be appreciated that in practice the implant is

directed from the slit to the implantation site generally

along the surface of the sclera, such that the

longitudinal axis of the implant is generally parallel to

the surface of the sclera. Upon reaching the

implantation site, the implant is tilted for penetration

into the sclera. The acute angle of the needle-like tip

20
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formed by the beveled surface 36 of the implant 30

ensures that the implant 30 enters the sclera 14 easily.

The needle-like tip penetrates through the sclera 14 into

the anterior chamber 20 of the eyeball 10, while the disk

34 is pushed up against the sclera 14.

When the implant 30 is in place, as shown in

Figure 10, the retenticn spur (or spurs) 52 anchors the

implant 30 in the eyeball 10 and prevents the implant 30

from sliding out as the delivery device 60 is withdrawn.

The retention spur 52 also prevents the implant 30 from

slipping out once in place.

It will be appreciated by persons having

ordinary skill in the art that the insertion of the

implant is not restricted to the method described above,

and it may be inserted by any of several methods known in

the art. The delivery device may comprise an ‘internal’

or ‘external’ needle. A straight or twisted guide wire,

known in the art, may also be used to guide the delivery

device to its precise position. To ease insertion, the

delivery device may be vibrated, or a lubricant, such as
medical paste or gel, can be spread onto the delivery

device. Additionally, after implantation of the implant

a suitable fibrosis inhibiting compound (e.g. 5FU,

mitomycin) may be applied to the implantation site.

Figure 11 shows an alternative embodiment of an

intraocular implant 130. The implant 130 comprises a

tube 132 attached to an elliptical disk 134. The tube

132 has an inlet end 140, an outlet end 150, and a tube
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passage 138, with the tube passage 138 having an axial

inlet 141, an axial outlet 151, and circumferential holes

142 to drain the aqueous humor from the anterior chamber

20 of the eyeball 10 into the space under the conjunctiva

‘18,

The distal end 152 of the tube 132 has a

partially conical shape. A plurality of retention

projections in the form of retention flanges 158 are

formed on the outer circumference of the tube 132,

approximately parallel to the disk 134, to act as anchors

to retain the implant 130 in the eyeball.

As shown in the enlarged view in Figure 12, the

disk 134 comprises an elliptical base 144, an outer rim

146, and an inner upright curved to form an inner rim

148, defining therebetween a reservoir 154. A plurality

of "U"-shaped passageways 156 are formed in the inner rim
148 for allowing aqueous humor to flow from the axial

outlet 151 into the reservoir 154. The outer rim 146 and

the inner rim 148 prevent the conjunctiva 18 from

‘clogging the axial outlet 151.

As shown in Figure 12, the disk 134 is

elliptical in shape. The longer axis of the disk 134 is

approximately twice the diameter of the tube 132, and the -

disk 134 is eccentrically displaced relative to the tube

132. The elliptical shape and placement of the disk 134

allows a wide anchoring area for the implant 130 and

maximizes the outlet drainage area on the longer axis of

the ellipse. The shorter axis of the ellipse enables the

22
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implant 130 to fit within the narrow space under the

conjunctiva 18.

Figure 13 illustrates a delivery device 160 and

a method of inserting the intraocular implant 130 into an

eyeball. The implant 130 is slidably fixed over a needle

164 of the delivery device 160, which, similar to a

standard medical syringe, has needle 164 attached to a

housing 162. The tip 174 of needle 164, which passes

through the implant 130, is acutely angled so that the

tip 174 is generally in line with the angle of the lower

part of the implant 130.

A front surface of the delivery device 160 is

formed as an abutment surface angled to match the angle

of the disk 134 and further comprises an indent 172 to

hold the implant 130 in place during implantation. The

shape of the delivery device 160 and the angled surface

of the disk 134 prevent the implant 130 from rotating

during implantation.

The delivery device 160 shown in Figure 13 is

used in a manner similar to that described above with

reference to Figures 8 through 10. In this embodiment,

however, the acute angle of the needle tip 174 pierces

the sclera. The angled inlet end of the implant device

130 follows the needle tip 174 through the sclera 14,

into the anterior chamber 20 of the eyeball. As shown in

Figure 14, the retention flanges 158 anchor the implant

130 in position and prevent the implant 130 from sliding

out as the delivery device 160 is withdrawn. The
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anchorage of the retention flanges 158 also prevents the

implant 130 from slipping out once in place.

Figures 15 and 16 illustrate a third embodiment

of an intraocular implant. This embodiment is similar to

that shown in Figures 1 through 10, with the exception

that a separately attached retention projection in the

form of a retention plate 252 is used for anchoring

instead of the retention spur 52. The retention plate is

inserted into a groove 253 in the tube of the implant 230

and may be fastened by any suitable means, for example by

welding in the case of an implant 230 constructed of

stainless steel.

An implant constructed in accordance with the

invention may be manufactured entirely from or covered

with any suitable material such as stainless steel,

silicon, gold, nitinol, Teflon, tantalum, PMMA, or any
other suitable plastic or other material. The implant

may also be coated with heparin or any other suitable

biology active compound.

Manufacture of an implant in accordance with

the invention may be carried out according to the

following process. The tube may be formed from the tip

of a standard stainless steel hypodermic needle. Using

an EDM machine, small holes are drilled proximate the tip

of the needle to form the circumferential holes. Ata

distance from the tip corresponding to the desired length

of the tube, the needle is cut at the appropriate angle

to correspond to the desired angle of the disk. The side
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of the needle is then undercut to form a projection which

can be later bent outwardly to form the spur.

The disk may be chemically etched from a

stainless steel sheet according to the following process.

A pattern of the disk is drawn on a computer aided design

(CAD) system and plotted on a transparent film using a

laser plotter. Plottings are made of both the upper side
and the lower side of the disk. The plotting for the

upper side, for example, includes the outer rim and the

inner uprights; the plotting for the lower side, for

example, includes the base of the disk.

A layer of photoresist is adhered to both

surfaces of the stainless steel sheet. The photoresist

is then exposed to UV light through the film on which the

plottings are made. The areas of the sheet which are

blocked by the plottings are not exposed. The

photoresist which has been exposed to UV light is then

chemically removed.

Using an etching chemical, the stainless steel

sheet is then etched, so that the chemical eats away the

areas of the sheet from which the photoresist has been

removed. The etching is time-controlled such that the

chemical takes away material only to a predetermined

depth.

By use of a plotting for the upper side which

includes the outer rim and the uprights, the chemical on

the upper surface of the sheet takes away material on the

outside of the disk, in the reservoir including between
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the uprights, and in the center of the disk which is to.

receive the tube. Because the etching is time-

controlled, the chemical acting on the top of the sheet

takes away material only part way through the thickness

of the sheet. By use of a plotting for the lower side

which includes the base of the disk, the chemical on the

lower surface of the sheet takes away material on the

outside of the disk and in the center of the disk which

is to receive the tube. The chemical acting on the

bottom of the sheet takes away material part way through

the thickness of the sheet. Because of action from both

the top and the bottom, the material on the outside of

the disk and in the center of the disk which is to

receive the tube is completely taken away by the etching

process through the entire thickness of the sheet. A

small projection may be left on the outside of the disk
during the etching process to prevent the disk from being

dislodged from the sheet.

An alternative method for manufacturing an

implant according to the invention is illustrated in
Figures 17 through 19. Figure 17 shows an initial step

of the process in which an outer tube 74 having a

longitudinal bore is cut into the illustrated pattern.

The outer tube 74 may have, for example, an outer

diameter of about 1 mm and an inner diameter (i.e., a

diameter for its longitudinal bore) of about 400

micrometers. In the illustration, the outer tube 74 has

been cut into two pieces 76 and 78; however, it should be
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recognized by persons skilled in the art that the two

pieces 76 and 78 need not be completely separated. For

example, the bottom half of the tube 74 could be left

intact between the two pieces, leaving a connection piece

in the form of a half-cylinder between the piece 76 and

the piece 78.
In a next step of the process, illustrated in

Figure 18, a smaller inner tube 90 is placed inside the

longitudinal bore of the remaining portion or portions of

the outer tube 74. The inner tube 90 has an outer

diameter that generally corresponds to the inner diameter

of the outer tube 74. For example, the inner tube may

have an outer diameter of about 400 micrometers. The

inner tube also has a longitudinal bore, which may have a

diameter, for example, of about 200 micrometers. When

the inner tube 90 is placed inside the outer tube 74, the
two tubes may be secured together, for example by welding

the tubes together at the areas identified by reference

numerals 86 and 88.

After the two tubes are joined together,

further cuts are made to form the implant as shown in

Figure 19. This step includes simultaneously cutting the

outer tube and inner tube along an angled plane at the

outlet end of the implant to form the upper surface of

the disk 84 and to cut away the unwanted portion of the

inner tube 90 that would otherwise have projected beyond

that upper surface of the disk 84. The portion of the

inner tube 90 that remains after these final cuts forms
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the implant shaft. The portions of the outer tube 74

that remain after these final cuts form the retention

projection 82 and the disk 84.

It will be appreciated by persons having

ordinary skill in the art that variations on this

manufacturing process and other manufacturing processes

are possible. For example, an implant made of plastic

may be manufactured by a suitable molding operation.

Various mechanisms may be used, if desired, for

giving different flow characteristics to the implant. It

may be desirable to use implants with different flow

characteristics for different patients and/or to have an

implant in which the flow characteristics may be changed

after implantation in a particular patient.

Figures 20 through 25 illustrate various

mechanisms for assisting in controlling the flow of

fluid, e.g. aqueous humor, through an implant 100

according to the invention. In Figure 20, the implant

100 has a flow controlling wire or rod 92A in the tube

passage 102. The flow controlling rod 92A may be spot
welded on one side to the inside of the tube passage 102.

The effect of the flow controlling rod 92A is

to reduce the cross-sectional area through which the

fluid flows for a particular length inside the tube

passage 102 of the implant 100. Because the flow is a

function of the cross-section and length of the lumen

through which it passes, the interposition of the flow

controlling rod 92A serves to increase the resistance to
28
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flow. In an intraocular implant, for example, this

assists in reducing the risk of hypotony.

The diameter of the flow controlling rod 92A

may be selected in accordance with the flow

characteristics that are desired. For example, an

internal tube passage of the implant having a diameter of

200 micrometers may be fitted with a flow controlling rod

92A having a diameter that is, for example, between 175

micrometers and 195 micrometers. A larger diameter for

the flow controlling rod 92A provides more resistance to

Elow.

The length and cross-sectional shape of the

flow controlling rod may similarly be selected to achieve

the flow characteristics that are desired. Figures 21A

through 21D show four possible cross-sectional shapes for

the flow controlling rod. Flow controlling rod 92A has a
circular cross-section. Flow controlling rod 92B is

similar to flow controlling rod 92A with the addition of

grooves 94B. Flow controlling rod 92C has a flat surface

96C. Flow controlling rod 92D has a longitudinal bore

98D.

Figures 22 and 23 illustrate further possible

modifications to the flow controlling rod to modify the

flow characteristics. As shown in Figure 22, the flow

controlling rod 92E may have an external helical groove

99E giving it a threaded appearance. If the diameter of

the flow controlling rod 92E is large such that most or

all of the flow occurs through the helical groove 99E,
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this embodiment provides a longer path for the fluid to

travel and thus a greater resistance to flow.

Additionally or alternatively, as shown in Figure 23, the

flow controlling rod 92F may be tapered or partially

‘conical in shape. This embodiment provides less

resistance to flow toward the outlet end of the implant.

Persons skilled in the art will appreciate that numerous

other variations are possible for the shape and size of

the flow controlling rod.

With the use of a flow controlling rod that is

adjustable, the flow characteristics of the implant may

similarly be adjustable. Thus, for example, the flow

controlling rod may be mounted within the tube passage by

only a friction fit, so that its position within the tube

passage may be adjusted. As illustrated schematically in

Figure 24, the longitudinal position of the flow .
controlling rod 92 may be adjusted to provide a longer or

shorter distance d for the fluid to travel from the inlet

Side hole(s) 104 to the end of the flow controlling rod
92. A longer distance d for the fluid to travel provides

a higher resistance to flow. Another way to adjust the

flow when using a flow controlling rod with a non- |
circular cross-section, as in Figures 21B and 21C, is to

rotate the rod within the tube passage. This rotation

changes the orientation of the rod with respect to the

side holes 104, giving different flow characteristics to

the implant.
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The flow characteristics of the implant may be

adjusted before implantation in accordance with the

patient’s needs, or, if desired, the implant may be

constructed to allow for the flow characteristics through

the implant to be varied after the implant has been

implanted. After the implant has been implanted, the

flow controlling rod 92 may be pushed forward toward the

inlet end of the implant, for example by a tool with a

wire. This reduces the distance d that the fluid must

travel from the inlet side hole(s) 104 to the end of the

flow controlling rod 92, and thus reduces the resistance

to flow through the implant. Alternatively, a rod with a

non-circular cross-section may be rotated after .

implantation.

Another way to have different flow

characteristics is to have different locations or

configurations of the side holes 104. Thus, different

models of the implant may have side holes in different

locations and/or with different configurations.

Alternatively, a single implant may have side holes which

can be changed, for example by temporary occlusion of one

or more of the side holes. Figure 25 illustrates an

implant with occluded side holes 104. The occlusion may

be permanent or temporary. Temporary occlusion may be

with an absorbable material or with a material that may

be removed after implantation, for example by a tool or

laser probe. In this way, the resistance to flow can be

reduced after implantation.
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The implant may additionally or alternatively

be designed to give different flow characteristics as a

function of the fluid pressure. The flow controlling rod

or wire may itself be flexible or movable and designed to

flex or move in response to the fluid pressure. For

example, as shown in Figure 26, the flow controlling rod

92G may be fixed at one end 122 to a front end of the

implant 100 with the other end 124 of the rod 92G

unattached and free to bend. Before implantation, the

rod 92G extends essentially parallel to the axis of the

tube passage. When implanted, pressure from the fluid

through the side holes 104 causes the rod 92G to flex, as

indicated by the dashed lines. In this way, when the

fluid pressure rises at the inlet end of the implant, the

rod 92G bends to allow greater flow.

Another related example is shown in Figure 27.
In that embodiment, the tube passage 102A is tapered and

the flow controlling rod 92H is biased within the tube

passage 102A by a spring 126. The flow controlling rod

92H is illustrated as tapered, but it will be appreciated
that other shapes are possible. The spring 126 is shown

as braced against a flange 128 near the outlet end of the

tube passage 102A, but it will be appreciated that it

also may be attached on the opposite side of the rod 92H

near the inlet end of the tube passage 102A. When the

fluid pressure increases at the inlet end, the force on

the rod 92H causes the spring 126 to compress (or, if the

spring is positioned on the opposite side of the rod, the
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force on the rod causes the spring to extend). The rod

92H is thus displaced longitudinally toward the outlet

end of the implant, to a position at which the cross-

section of the tube passage 102A is greater. Thus, the

area through which fluid is allowed to flow is increased,

allowing greater flow. As persons skilled in the art

will appreciate, other variations are possible in which

the rod moves or flexes to increase flow in response to

increased pressure at the inlet end of the implant.

Figure 26 illustrates an end portion of an

alternative embodiment of a delivery device 110 according

to the invention. The delivery device 110 has a handle

(not shown) and a rodlike instrument 112. In this case,

the rodlike instrument 112 has central bore 114 in which

is located a retractable wire 116. The retractable wire

116 is positioned for penetrating a tube passage 102 of

the implant 100 when the implant 100 is attached to the

delivery device 110. The delivery device 110 has a

retention mechanism including an abutment surface 118

having an angle generally corresponding to that of the .
disk 106 of the implant 100 for preventing the implant

100 from moving up the delivery device 110 during

implantation and a hook 120 for preventing the implant

100 from moving down the wire 116.

For implantation, the implant 100 is placed

over the wire.116 with the wire 116 projecting into the

tube passage 102 and with the abutment surface 118

abutting against the disk 106 with the hook 120 retaining

33

1681



1682

10

15

WO 99/26567 PCT/US98/24651

the disk 106 around the opposite side. Figure 26

illustrates the end of the delivery device 110 in this

condition, with the retention wire 116 in its forward

position.

After the implant is in position, the retention

wire 116 is retracted out of the implant 100. Figure 27

illustrates the end of the delivery device 110 with the

retention wire retracted. With the retention wire

retracted, the implant is free to slide away from the

hook 120, allowing the delivery device 110 to be

withdrawn, leaving the implant in place.

As will also be appreciated by persons having

ordinary skill in the art, the various embodiments of

implants, methods of manufacture, delivery devices, and

methods for implantation described hereinabove are given

by way of example only. Various changes, modifications
and variations may be applied to the described

embodiments without departing from the scope of the

invention, defined by the appended claims.
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What is Claimed is:

1. A method for manufacturing an implant comprising the

steps of:

selecting a first tube having a longitudinal

5 bore and a second tube having a longitudinal bore

and dimensioned to fit inside the longitudinal bore

of the first tube;

placing the second tube inside the longitudinal

bore of the outer tube;

10 cutting the first tube and the second tube to

form the implant.

2. A method for manufacturing an implant as described

in claim 1 wherein at least some of the cutting of

the first tube is performed before the second tube

15 is placed inside the longitudinal bore of the first

tube.

3. A method for manufacturing an implant as described

in claim 1 wherein at least some of the cutting of

the first tube is performed after the second tube is

20 placed inside the longitudinal bore of the first

tube.

4. A method for manufacturing an implant as described

in claim 3 wherein the cutting includes

simultaneously cutting the outer tube and inner tube
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along an angled plane at the outlet end of the

implant.

A method for manufacturing an implant as described

in claim 1 further comprising the step of welding

the second tube to the first tube after it is placed

in the longitudinal bore of the first tube.

A method for manufacturing an implant as described

in claim 1 wherein the portion of the inner tube

that remains after completion of the cutting forms

an implant shaft and the portions of the outer tube

that remain after completion of the cutting form a

retention projection and a disk of the implant.

An implant for regulating fluid flow comprising:
a tube comprising an inlet end, an outlet end,

and a tube passage extending between the inlet end

and the outlet end for permitting fluid to flow

through the tube passage;

wherein the implant has a flow controlling rod

located in the tube passage.

An implant according to claim 7 wherein the flow

controlling rod has a circular cross-section.

An implant according to claim 7 wherein the flow

controlling rod has a noncircular cross-section.
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10.

11.

5

12.

13.

10

14.

15

15.

20 16.

An implant according to claim 7 wherein the flow

controlling rod has an external groove on its outer

surface.

An implant according to claim 10 wherein the

external groove is helical.

An implant according to claim 7 wherein the flow

controlling rod is tapered.

An implant according to claim 7 wherein one of the

location or angular orientation of the flow

controlling rod within the tube passage is

adjustable.

An implant according to claim 7 wherein the flow

controlling rod is bendable within the tube passage

to regulate flow in accordance with the fluid

pressure.

An implant according to claim 7 wherein the flow

controlling rod is movable within the tube passage

to regulate flow in accordance with the fluid

pressure.

An implant according to claim 15 wherein the flow

controlling rod is biased by a spring within the

tube passage.
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17.

18.

19.

- 20.

21.

An implant for regulating fluid flow comprising:

a tube comprising an inlet end, an outlet end,

and a tube passage extending between the inlet end

and the outlet end for permitting fluid to flow

through the tube passage;

wherein the tube has at least one

circumferential hole which opens into the tube

passage and one or more of the circumferential holes

is occluded.

An implant according to claim 17 wherein the

occlusion of at least one of the circumferential

holes is temporary.

An implant according to claim 18 wherein the

temporary occlusion is caused by material in the

hole which is later removed.

An implant according to claim 19 wherein the

temporary occlusion is caused by an absorbable

material located in the hole.

An implant according to claim 19 wherein the

temporary occlusion is caused by a material located

in the hole which is later removed by one of a tool

or laser.
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22.

23.

24.

An implant according to claim 17 comprising at least

two circumferential holes which opens.into the tube

passage, wherein at least two of the circumferential

holes are located at different distances from the

inlet end of the implant and wherein the

circumferential holes may be occluded or open to

provide the implant with different flow

characteristics.

A delivery device for implanting an implant, the

delivery device comprising:

a handle;

a rodlike instrument having a bore;

a retractable wire located in the bore of the

rodlike instrument; and

a retention mechanism including an abutment

surface for preventing the implant from moving up

the delivery device during implantation and a hook

for preventing the implant from moving down the wire

during implantation.

A delivery device according to claim 23 wherein the

hook prevents movement of the implant in a direction

parallel to the wire but permits movement in a

direction transverse to the wire, such that when the

wire is retracted from a tube passage of the

implant, the implant is permitted to slide away from

the hook to separate the implant from the delivery

39

1687



1688

WO 99/26567 PCT/US98/24651

device.

25. A delivery device according to claim 23 wherein the

abutment surface has an angle generally

corresponding to that of a disk of the implant.
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UROGUANYLIN AS AN INTESTINAL CANCER INHIBITING AGENT

This application claims priority from U.S. provisional

application # 60/157,950, filed October 6, 1999, which is

incorporated herein by reference.

BACKGROUND_OF THE INVENTION

The present invention relates to the use of certain

peptides, more particularly the use of uroguanylin,

prouroguanylin, guanylin, and other like peptides to retard

the development of polyps and prevent, inhibit or treat

cancer in the intestine.

The pathogenesis of colorectal cancer is characterized

as a multistep process that begins with increased

proliferation and/or decreased apoptosis of colorectal

epithelial cells resulting in generation of polyps, followed

by adenoma formation and ultimately to adenocarcinoma.

Certain individuals develop multiple colorectal adenomas and

subsequent carcinomas early in life because of a genetic

defect in the APC gene responsible for causing a condition

called familial adenomatous polyposis (FAP). Dihlmann et

al, Dominant negative effect of the APC 1309 mutation: a

possible explanation for genotype-phenotype correlations in

familial adenomatous polyposis, Cancer Res. 1999 Apr. 15,

59(8): 1857-60. Chemoprevention has evolved during the last

decade as a viable strategy for cancer prevention, with the

aim of controlling the development of cancer through

pharmacological and/or dietary intervention prior to the

appearance of a clinically detectable tumor. Reddy, B.S.

(1997) Chemoprevention of colon cancer by dietary

administration of naturally-occurring and related synthetic

agents, Adv. Exp. Med. Biol. 400B:931-936.

Uroguanylin and guanylin are structurally related

enteric peptide hormones that are secreted intraluminally by

different types of cells, include enterochromaffin, goblet

and others within the intestinal mucosal lining. A receptor

for theses peptides that has been identified at the

molecular level is a transmembrane form of guanylate cyclase
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(GC) known as GC-C. Krause, W.J. et al, The guanylin and

uroguanylin peptide hormones and their receptors, Acta.

Anat. (Basel) 160:213-231 (1997). GC-C receptors are

localized on the luminal surface of enterocytes throughout

the GI tract. Swenson, E.S. et al, The guanylin/STa

receptor is expressed in crypts and apical epithelium

throughout the mouse intestine, Biochem. Biophys. Res.

Commun. 225:1009-1014 (1996). Binding of uroguanylin or

guanylin to the extracellular domain of GC-C receptors

stimulates intracellular production of the second messenger

cGMP, resulting in activation of cystic fibrosis

transmembrane conductance regulator (CFTR), the apical

membrane channel for efflux of chloride from enterocytes
lining the intestinal tract. Forte, L.R. et al, Salt and

water homeostasis: uroguanylin is a circulating peptide

hormone with naturiuretic activity, Am. J. Kidney Dis.

28:296-304 (1996). Activation of CFTR chloride channel

proteins and the subsequent enhancement of transepithelial

secretion of chloride leads to stimulation of sodium (Na‘*)

and water secretion into the intestinal lumen. Forte, L.R.

et al, Guanylin regulatory peptides: structures, biological

activities mediated by cyclic GMP and pathobiology, Regul.

Pept. 81:25-39 (1999). Therefore, one of the major

physiological functions of these hormones is the regulation

of fluid and electrolyte transport in the gastrointestinal
(GI) tract by serving as paracrine regulators of CFTR

activity.

The precursor of uroguanylin is prouroguanylin, which

is broken down by endogenous proteases in the intestinal

tract to produce the active uroguanylin. Chymotrypsin |
activates prouroguanylin to cleave it into its active form

of uroguanylin. Forte, et el, Salt and Water Homeostasis:

Uroguanylin Is a Circulating Peptide Hormone With

Natriuretic Activity, Am. J. Kid. Dis. 1996, 28, No.2, 296-

304. Uroguanylin is an acid-stable and proteolysis-

resistant peptide, which will remain in tact to act on the

intestinal lumen directly rather than being absorbed
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systemically. Uroguanylin and guanylin are produced

throughout the intestinal mucosa and in the myocardium.

Forte et al, Salt and water homeostasis:uroguanylin is a

circulating peptide hormone with natriuretic activity Am. J.

Kidney Dis. 28:296-304 (1996). Human uroguanylin has been

isolated from human urine and has been chemically

synthesized by solid phase peptide synthesis as described in

U.S. Patent Number 5,489,670 for Human Uroguanylin.

Additionally, human guanylin has been isolated from human

intestinal cells and has been chemically synthesized by

solid phase peptide synthesis as described in U.S. Patent

Number 5,969,097 for Human Guanylin.

Binding of uroguanylin or guanylin to the guanylin

cyclase receptor stimulates the intracellular production of

the cGMP ultimately resulting in the stimulation of salt and

water secretion into the intestinal lumen. Uroguanylin and

guanylin receptors are found on the luminal surface of

epithelial cells lining the intestinal tract and renal

proximal tubules as well as in other organs. Forte et al,

Salt and Water Homeostasis: Uroguanylin Is a Circulating

Peptide Hormone with Natriuretic Activity, Am. J. Kid.

Dis.1996, 28, No. 2, 296-304. Uroguanylin has been found to

stimulate increases in cyclic GMP levels in a manner similar

to another family of heat stable enterotoxins (STs) secreted

by pathogenic strains of E. coli and other enteric bacteria

that activate intestinal guanylate cyclase and cause
secretory diarrhea, which is a major cause of traveler’s

diarrhea and many deaths in developing countries. Forte et

al, Lymphoguanylin: Cloning and Characterization of a Unique

Member of the Guanylin Peptide Family, Endocrinology Vol.

140, No. 4, p.1800-1806. These ST peptides act as molecular

_mimics of the endogenous mammalian peptides of uroguanylin

and prouroguanylin. Forte et al, Endocrinology Vol. 140,

No. 4, p.1800. Unlike uroguanylin the STs from enteric

bacteria do not have a decrease in potency when the pH

changes in the colon. STs are more potent than either

uroguanylin or guanylin under both acidic and alkaline
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conditions. Forte et al, Guanylin: a peptide regulator of

epithelial transport, The FASEB Journal, vol. 9, 643-650

(1995). Uroguanylin is believed to regulate fluid and

electrolyte transport in a manner similar to guanylin and

the STs in the GI tract. Therefore, as mentioned in

previous publications the human uroguanylin may act as a

laxative and be useful in patient suffering from

constipation.

SUMMARY OF THE INVENTION

Among the objects and features of the present invention

may be noted the provision of a methed of modulating polyps

in the intestine of a subject, in need thereof; said

“modulating” or “modulation” includes retarding the

development of polyps, preventing, treating, and inhibiting

polyps. Also, the present invention is directed to a

method of preventing, inhibiting and treating cancer in the

intestine (small intestine and colon) of a subject in need
thereof.

Briefly, therefore, the present invention is directed

to a process for modulating polyps in the intestine of a

subject, in need thereof, which comprises the administration

of a peptide including the amino acid sequence;

X,-Asp- Asp- Cys- X,- X,- Cys- X,- Asn- X,- X,- Cys- X,- X,- Cys-X,

wherein each of X,, Xz, X;, X,, Xs, X,, and X,is an amino acid

residue, X, and X, are independently hydrogen or at least one

amino acid residue, and the polypeptide is cross-linked by a

disulfide bond between the cystine residue immediately

adjacent the amine group of X, and the cystine residue

immediately adjacent the amine group of X, and by a disulfide

bond between the cystine residue immediately adjacent the

amine group of X, and the cystine residue immediately

adjacent the carboxy group of X, together with a

pharmaceutically acceptable carrier.
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The invention is further directed to a method for

modulation of polyps ina subject, and to a process for the

prevention, inhibition or treatment of cancer in the

intestinal tract by administration of a pharmacuetical

composition comprising any one of or combination of the

following peptides: uroguanylin, human uroguanylin, pro-

uroguanylin, and human pro-uroguanylin, guanylin,

lymphoguanylin, prolymphoguanylin and heat stable

enterotoxin, together with a pharmaceutically acceptable

carrier.

Additionally, the invention is directed to a process

for modulating polyps in the intestine of a subject, anda

process for the prevention, inhibition or treatment of

cancer in the intestine of a subject, in need thereof, by

administration of a pharmaceutical composition comprising

any one of or a combination of agonist peptides and/or other

agonist compounds to the guanylate cyclase receptor GC-C,

together with a pharmaceutically acceptable carrier,

Other objects of this invention will be in part

apparent and, in part, pointed out hereinafter.

BRIEFDESCRIPTIONOFTHEDRAWINGS

Figure 1(a) depicts the effect of human uroguanylin on

the stimulation of I,, where fresh mouse duodenum consisting

of mucosa and submucosa (~1cm’) was mounted between two

halves of Ussing Chambers and bathed on both sides as
described. At the arrows, indicated concentrations of TTX,

uroguanylin (uroG) and carbachol were added to the apical
reservoir. Electrical measurements were monitored with an

automatic voltage clamp.

Figure 1(b) depicts the effect of human uroguanylin on
the stimulation of I,, where human intestinal mucosa (~1cm’)

was mounted between two halves of Ussing Chambers and bathed

on both sides as described. At the arrows, indicated

concentrations of TTX, uroguanylin (uroG) and carbachol were

added to the apical reservoir. Electrical measurements were

monitored with an automatic voltage clamp.
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Figure 2 depicts a graphic demonstration of the effect

of human uroguanylin on the inhibition of proliferation of

T-84 human carcinoma cells. Cells were inoculated in 96-

well plates. After an incubation of 72 hours, indicated

concentrations of human uroguanylin were added in the media

and cells were allowed to grow until they formed

semiconfluent monolayers. Subsequently, 5-bromo-2-

deoxyuridine (BrdU) was added (final concentration 100M)

and cells were re-incubated for an additional 24 hours. The

incorporation of BrdU was measured at 450 nm as per
manufacturer's instructions.

Figure 3 depicts the fragmentation of DNA in T-84,

human colon carcinoma cells, after treatment with human

uroguanylin as analyzed by electrophoresis using 1.8%

agarose gel followed by staining with ethidium bromide.

Approximately 2X 10° cells were inoculated in 35 mm dishes

and cultured for 7 days. Semiconfluent monolayers were

washed with serum-free DMEM, and further incubated with the

Same media containing indicated concentrations of human

uroguanylin. Subsequently, the cells were quickly collected

by trypsinization and washed twice with PBS. Harvested

cells were immediately used for DNA isolation as per the

instructions of the DNA fragmentation analysis kit

(Boehringer Mannheim Corp., Indianapolis, IN). The

fragmentation of DNA was analyzed by electrophoresis using
1.8% agarose gel followed by staining with ethidium bromide.
Apoptotic DNA provided with the test kit was used as

positive control, M (lane 1) anda Eunctionally inactive
variant of human uroguanylin (V) was used as negative

control (lane 6). Different concentrations of uroguanylin,
as indicated were examined (lanes 2 to 5). .

Figure 4 depicts microscopic slides with semi-confluent

monolayers of Caco-~2 cells demonstrating the effects of

human uroguanylin on the induction of apoptosis. Cells were

cultured on microscopic slides until they formed semi-

confluent monolayers. Subsequently the cells on slide B

were treated with human uroguanylin (1 uM) for 48 hours.
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Induction of apoptosis was detected by fluorescence

microscopy directly after the TUNEL reaction as per the

instructions of “In situ cell death detection kit”

(Boehringer Mannheim Corp., Indianapolis, Indiana). Slide A

depicts vehicle-treated cells. Slide B depicts uroguanylin-

treated cells.

Figure S(a) depicts a Northern blot analysis

demonstrating that the expression of uroguanylin and

guanylin is suppressed in human colon carcinoma cells.

Figure 5(b) depicts an RT-PCR followed by Southern

blotting demonstrating:that the expression of uroguanylin

and guanylin is suppressed in human colon carcinoma cells,

Figure 6(a) depicts a graphic demonstration of the

enhancement of daily food consumption by Min-mice after oral

administration of human uroguanylin. Total food consumption

per day (24 hours) by five (5) animals in one cage was

determined and used for calculation of total food

consumption per mouse per day. Results are expressed as an

average + standard deviation.

Figure 6(b) depicts a graphic demonstration of the

enhancement of body weight gain by Min-mice after oral

administration of human uroguanylin. Body weights of all

animals were measured weekly throughout the study. Results

are expressed as average + standard deviation of gain in

body weight per mouse during the study.
Figure 7 depicts the primary structure of human

uroguanylin (h UroG) [identified as SEQ. ID. 2], human

guanylin (h Gua) [identified as SEQ. ID. 3], and bacterial

enterotoxins (E.coli [identified as SEQ. ID. 4]& V.cholerae

[identified as SEQ. ID. 5]). Bold and italic letters

represent the similar residues in these peptides. These
residues are believed to be required for the functional

activity of these peptides. EF. coli ST has three additional

residues (Asn-Ser-Ser) and V.cholerae has two additional

residues (Leu and Ile) at their N-terminii. These N-

terminal residues make bacterial ST insensitive towards

intestinal pH. Two underlined (Asp-Asp) residues are
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believed to be important for regulating the functional

activity of uroguanylin only at the acidic environment of

the intestinal mucosa.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Uroguanylin is secreted naturally by the goblet cells

of the intestinal mucosal lining as prouroguanylin, a

functionally inactive form, which is then converted to the

Eunctionally active uroguanylin in the intestine by

endogenous proteases. Uroguanylin is an acid-stable,

proteolysis-resistant peptide. Therefore, orally delivered

prouroguanylin and uroguanylin will act on the lumenal

intestinal surface and not be absorbed systemically. Oral

administration of uroguanylin, prouroguanylin and other like

peptides, containing the amino acid sequences similar to the

active domain, are expected to induce apoptosis, cell death,

in the intestinal mucosal cell lining. The induced

apoptosis in the intestinal mucosal cell lining is expected

to retard the incidence of polyp formation and subsequent

intestinal cancer. Without intending to be bound by any

theory, applicants believe that the peptides of the

invention exert their effects by increasing the rate of

apoptosis, cell death, in the intestinal mucosal cell lining

promoting the perfect balance between the cell proliferation

and the programmed cell death thereby retarding the growth

of polyps and preventing, inhibiting, and treating cancer in

the intestine and other epithelial-derived cancer possessing

receptors for guanylin, uroguanylin, lymphoguanylin and STa

family of peptides.

The rate of cell proliferation and cell death in the

intestinal mucosa is very rapid. The cells of the

intestinal mucosa are in a steady state of turnover to

insure a perfect balance between cell proliferation and cell

death. The constant rapid renewal of the GI tract ,

epithelium fulfills the functions of maintaining the

integrity of normal mucosa, repairing and replenishing
differentiated epithelial cells that have specialized
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functions. The prevention of apoptosis in the intestinal

mucosal cells creating an imbalance in the renewal process

results in an increased incidence of polyp formation and

subsequent intestinal cancer. See Eastwood et al, A review

of gastrointestinal epithelial renewal and its relevance to

the development of adenocarcinomas of the gastrointestinal

tract, J. Clin. Gastroenterol. 21: S1-11 (1995). The

process of apoptosis is known to be suppressed in colon

cancer tissues. Baretton, et al, Apoptosis and

immunohistochemical bcl-2 expression in colorectal adenomoas

and carcinomas. Aspectes of Carcinogenesis and prognostic

significance, Cancer 77:255-264 (1996).

A major cellular characteristic of the apoptotic

process is a marked loss of cell volume, which is directly

related to the movement of ions, with homeostatsis being

achieved by the balance of osmotic pressure across the

plasma membrane. Hoffman, E.K. et al, Membrane mechanisms

in intracellular signalling in cell volume regulation, Int.

Rev. Cytol. 161:173-262 (1995). Most mammalian cells

achieve and maintain this osmotic pressure through the

continuous action of Na*/K* ATPase pump, which creates a

gradient of these monovalent cations across the membrane.

Several sources of evidence have implicated a potential role

of K' efflux in the induction of apoptosis. Hughes, F.M. et

al, Intracellular K* suppresses the activation of apoptosis

in lymphocytes, J.Biol.Chem. 272:30567-30576 (1997); Hughes,
F.M. et al, Potassium is a critical regulator of apoptotic

enzymes in vitro and in vivo, Adv. Enzyme Regul. 39:157-171

(1999). First, a bacterial pore-forming cytolysin,

staphylococcal a-toxin, which selectively permeabilizes

plasma membranes for monovalent cations, was found to.
induce apoptosis. Bhakdi, S. et al, Release of interleukin-

1 beta associated with potent cytocidal action of

staphylococcal alipha-toxin on human monocytes, Infect.

immun. 57:3512-3519 (1989). Second, apoptotic and shrunken

cells have been shown to contain much lower levels of

intracellular K* as compared to that in normal cells.
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Hughes, F.M et al, Intracellular K+ suppresses the

activation of apoptosis in lymphocytes, J.Biol.Chem.

272:30567-30576 (1997). Third, an intracellular K+

concentration more than 150mM has been shown to selectively
inhibit Caspase-3, a proteolytic enzyme involved in the

induction of apoptosis. Hughes, F.M. et al, Potassium is a

critical regulator of apoptotic enzymes in vitro and in

vivo, Adv.Enzyme Regul. 39:157-171 (1999). Finally,

suppressing K* efflux in whole cells prevents the activation

of pro-apoptosis nucleases, whereas enhancing the efflux of

this ion facilitates enzymatic activities of these

nucleases. Hughes, F.M. 39: 157-171 (1999). Thus,

intracellular levels of potassium balance appear to be the

critical regulator of apoptosis.

Without intending to be bound by any theory, applicants

believe that there is a relationship between K* channel

activity and uroguanylin-induced apoptosis in colon

carcinoma cells. Uroguanylin and guanylin have been shown

to stimulate Cl” and K* efflux to regulate electrolyte and

water transport in the GI tract. Recently, heat-stable

enterotoxin (STa) of Escherichia coli, a GC-C agonist

peptide that also increases intracellular accumulation of

cGMP and stimulates fluid secretion in the lumen of the

intestine, has been shown to increase Kt efflux and Ca’*

influx. Bhattacharya, J. et al, Rise of intracellular free
calcium levels with activation of inositol triphosphate ina
human colonic carcinoma cell line (COLO 205) by heat-stable

enterotoxin of Escherichia coli, Biochem. Biophys. Acta.

1403:1-4 (1998). Atrial naturiuretic peptide (ANP), a

peptide that stimulates intracellular accumulation of cGMP

by binding to a specific GC receptor, has also been shown to
activate K* conductance in rat mesangial cells, and to induce

apoptosis in cardiac myocytes by a cGMP-dependent mechanism.
Cermak, R. et al, Natriuretic peptides increase a K*

conductance in rat mesangial cells, Pflugers Arch. 43:571-

577 (1996). Furthermore, pretreatment of rat endothelial

cells with either ANP (10°7M) or 8-bromo-cGMP(107M) caused a
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marked accumulation of the nuclear phosphoprotein, p53, a

tumor suppresser protein known to induce apoptosis in many

cell types. Suenobu, N. et al, Natriuretic peptides and

nitric oxide induce endothelial apoptosis via a cCGMP-

dependent mechanism, Arterioscler. Thromb. Vasc. Biol.

19:140-146 (1999). Also, CFTR expression is associated with

K* and Cl” efflux and shrinkage of cells, characteristic

biochemical changes found in apoptotic cells. Rotoli, B.M.

et al, CFTR expression in C127 cells is associated with

enhanced cell shrinkage and ATP extrusion in Cl(-)- free

medium, Biochem. Biophys. Res. Commun. 227:755-61 (1996).

Applicants believe that uroguanylin, prouroguanylin,

guanylin and other like peptides may induce apoptosis of

epithelial cells lining the GI tract mucosa via maintenance

of intracellular concentration of K*t ions as a result of

binding to the GC-C receptors. Applicants believe that the

binding of the GC-C receptors stimulates the production of

cGMP thereby activating the CFTR chlorine channel which

causes an increase in K* efflux. Thus, the induction of

apoptosis is also expected from the administration of

agonist peptides which bind to the GC-C receptors, and to

other receptors for guanylin, uroguanylin and lymphoguanylin
in the intestine.

Additionally, guanylin has been shown to be completely

diminished in colon cancer cells and evenly expressed in
normal intestinal mucosal cells. This finding suggest that

guanylin is involved in the maintenance of colonic

differentiation or functions as a tumor modifier gene.

Mitchell et al., Guanylin mRNA Expression in Human Intestine

and Colorectal Adenocarcinoma, Lab. Invest. 1998, Vol. 78,

No. 1, 101-108. Recent data demonstrates that the guanylin
cyclase receptor known as GC-C receptor is expressed in all
primary and metastatic colorectal cancers and it may serve

as a specific marker for these tumors. Carrithers, S.L. et

al, Guanylin cyclase C is a selective marker for metastatic

colorectal tumors in human extraintestinal tissues, Proc.
Natl. Acad. Sci. USA. 93:14827-14832. By contrast, the
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expression of guanylin has been shown to be down-regulated

in colorectal cancer tissues and cell lines. Cohen, M.B. et

al, Guanylin mRNA expression in human intestine and

colorectal adenocarcinoma, Lab. Invest. 78:101-108.

A study described in the examples to this application

shows that uroguanylin is similarly completely diminished in

colon cancer cells and evenly distributed in normal

intestinal mucosal cells. Additionally, the expression of

uroguanylin in human colon cancer and the adjacent normal

tissues has been examined. Thus, the expression of both

uroguanylin and guanylin is completely diminished in all

human colon cancer specimens examined. This study suggests

that either the reduced expression of uroguanylin and/or

guanylin leads to or is a result of adenocarcinoma

formation. The applicants also demonstrate that treatment

with uroguanylin results in the induction of apoptosis in T-

84, human colon carcinoma cells, and that the oral

administration of human uroguanylin leads to inhibition in

polyp formation in the intestinal tract of Min-mouse, an

animal model for human Familial Adenomatous Polyposis (FAP).

Both guanylin and uroguanylin genes have recently been

mapped on the mouse chromosome 4 and to a synthetic position

on human chromosome 1p34-35. Sciaky, D. et al, Mapping of

guanylin to murine chromonsome 4 and human chromosome 1p34-

35, Genomics 26:427-429 (1995); Whitaker, T.L. et al, The

uroguanylin gene (Guca 1b) is linked to guanylin (Guca 2) on
mouse chromosome 4, Genomics 45:348-354 (1997). This region

is frequently associated with the loss of heterozygosity in

human colon carcinoma. Leister, I. et al, Human colorectal

cancer: high frequency of deletions at chromosome 1p35,

Cancer Res. 50:7232-7235 (1990). In the min-mouse tumor

model, ademona multiplicity and growth rate are regulated by

APC, the tumor suppressor gene, which is also localized to

mouse chromosome 4 in a region syntenic with human

chromosome 1p34-36. Dietrich, W.F. et al, Genetic

identification of Mom-1, a major modifier.locus affecting

Min-induced intestinal neoplasia in the mouse, Cell 75:631-
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639 (1992). The APC gene is mutated in the vast majority of

humans with colorectal cancer. Miyoshi, Y. et al, Somatic

mutations of the APC gene in colorectal tumors: mutation

cluster region in the APC gene, Hum. Mol. Genet. 1:229-233

(1992). The principal function of this gene is to regulate

cell cycle via the wnt signal transduction cascade.

Cadigan, K.M. et al, Wnt signaling: a common theme in animal

development, Genes Dev. 11:3286-3305 (1997). Thus, the

uroguanylin and guanylin peptides may be involved early in

the process of colon carcinogenesis.

In accordance with the process of the present

invention, therefore, a polypeptide which contains the

active domain of human uroguanylin or which binds to the

guanylate cyclase receptor GC-C in the intestine of the

subject is administered to a subject. While the polypeptide

may be administered prophylactically, it will typically be

administered to a subject who has been determined to have

intestinal cancer, intestinal polyps, or a genetic

predisposition for the growth of polyps in the intestine.

In a preferred embodiment of the present invention, the

polypeptide is a polypeptide having the sequence as

identified in SEQ. ID. ji:

X,-Asp -Asp -Cys -X, -X, -CysS -X, -Asn -X, -X, -Cys -X, -X, -Cys-xX,

wherein each of X,, X,, X,, X44, Xs, X_, and X, is an amino acid

residue, X, and X, are independently hydrogen or at least one

amino acid residue, and the polypeptide is cross-linked by a

disulfide bond between the cystine residue immediately

adjacent the amine group of X, and the cystine residue ©
immediately adjacent the amine group of X, and by a disulfide

bond between the cystine residue immediately adjacent the

amine group of X, and the cystine residue immediately

adjacent the carboxy group of X,. Preferably, the

polypeptide is guanylan, uroguanylin, pro-uroguanylin, or

another polypeptide which contains the active domain of

uroguanylin.
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As is known in the art, certain amino acids ina

peptide or protein can be substituted for other amino acids

having a similar hydropathic index or score and produce a

resultant peptide or protein having similar biological

activity, i.e., which still retaing biological

Eunctionality. In making such changes, it is preferable

that amino acids having hydropathic indices within +2 are

substituted for one another. More preferred substitutions

are those wherein the amino acids have hydropathic indices

within +1. Most preferred substitutions are those wherein

the amino acids have hydropathic indices within +0.5.

Like amino acids can also be substituted on the basis

of hydrophilicity. U.S. Patent No. 4,554,101 discloses: that

the greatest local average hydrophilicity of a protein, as

governed by the hydrophilicity of its adjacent amino acids,

correlates with a biological property of the protein. The

following hydrophilicity values have been assigned to amino

acids: arginine/lysine (+3.0); aspartate/glutamate (+3.0

+1); serine (+0.3); asparagine/glutamine (+0.2); glycine

(0); threonine (-0.4); proline (-0.5 +1); alanine/histidine

(-0.5); cysteine (-1.0); methionine (-1.3); valine (-1.5);

leucine/isoleucine (-1.8); tyrosine (-2.3); phenylalanine

(-2.5); and tryptophan (-3.4). Thus, one amino acid ina

peptide, polypeptide, or protein can be substituted by

another amino acid having a similar hydrophilicity score and

still produce a resultant protein having similar biological
activity, i.e., still retaining correct biological function.

In making such changes, amino acids having hydropathic

indices within +2 are preferably substituted for one

another, those within 41 are more preferred, and those

within +0.5 are most preferred.

As outlined above, amino acid substitutions in the

peptides of the present invention can be based on the

relative similarity of the amino acid side-chain

substituents in the non-active domain of the peptide to

create a protein with the same biological activity as the

human uroguanylin peptide. Thus, KX, may be selected from the
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group of all amino acid residues, but preferably is selected

from the group of amino acid residues consisting of aspartic

acid, glutamic acid, glycine, lysine, asparagine, proline,

glutamine, arginine, serine and threonine. The more
preferred amino acid residues that may be substituted for X,

are glutamic acid, aspartic acid, arginine, and lysine. The

most preferred amino acid residue that may be used for X, is

glutamic acid. X, may be selected from all amino acid

residues, however the preferred amino acid residues for

substitution are leucine, isoleucine, tyrosine,

phenylalanine, tryptophan, valine, methionine, cysteine,

alanine, histidine, proline, threonine, glycine, asparagine,

and glutamine. The more preferred amino acid residues that

may be substituted for X, are cysteine, phenylalanine,

glycine, isoleucine, leucine, methionine, valine, and

tyrosine. Among the more preferred amino acid residues

mentioned above, the even more preferred amino acid residues

for substitution for XK, are leucine, isoleucine, tyrosine,

valine, and methionine. The most preferred amino acid

residue for substitution for X, is leucine.

Additionally, as discussed above, X, and X, may be

selected from all amino acid residues, but the preferred

amino acid residues are valine, isoleucine, tyrosine,

phenylalanine, tryptophan, methionine, cysteine, alanine,

histidine, proline, threonine, glycine, glutamine,

asparagine, and serine. The more preferred amino acid
residues that may be substituted for X, and X, are valine,

isoleucine, leucine, tyrosine, phenylalanine, methionine,

cysteine, alanine, histidine, and proline. Among the more

preferred amino acid residues mentioned above, the even more

preferred amino acid residues that may be substituted for x,
and X, are valine, isoleucine, leucine, methionine, and

cysteine. Even more preferable for substitution for xX, and

X, are isoleucine and valine. The most preferred amino acid

residue for substitution for X, and KX, is valine. Also, X,

may be selected from all amino acid residues, but the

preferred amino acid residues are alanine, histidine,
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cysteine, methionine, valine, leucine, isoleucine, tyrosine,

phenylalanine, proline, threonine, glycine, glutamine,

asparagine, and serine. The more preferred amino acid

residues that may be substituted for X, are alanine,

histidine, cysteine, methionine, valine, proline, threonine,

glycine, glutamine, asparagine, and serine. Even more

preferred amino acid residues for substitution for X, are

alanine, histidine, cysteine, proline, threonine, glycine,

glutamine, asparagine, and serine. The most preferred amino

acid residue for substitution for K, is alanine.

Moreover, X, may be selected from all amino acid

residues, but the preferred amino acid residues for

substitution are threonine, proline, alanine, histidine,

cysteine, methionine, valine, leucine, isoleucine, tyrosine,

glycine, glutamine, asparagine, and serine. The more

preferred amino acid residues for substitution for X, are

threonine, proline, alanine, histidine, cysteine,

methionine, glycine, glutamine, asparagine, and serine.

Even more preferred amino acid residues for substitution

threonine, proline, alanine, histidine, and glycine. The

most preferred amino acid residue for substitution for X, is

threonine. Also, X, may be selected from all amino acid

residues, but the preferred amino acid residues are glycine,

threonine, proline, alanine, histidine, cysteine,

methionine, valine, leucine, isoleucine, glutamine,
asparagine, serine, glutamic acid, and aspartic acid. The

more preferred amino acid residues for substitution for X,

are glycine, threonine, proline, alanine, histidine,

cysteine, glutamine, asparagine, and serine. Even more

preferred amino acid residues for substitution for X, are

glycine, threonine, proline, alanine, histidine, glutamine,

asparagine, and serine. The most preferred amino acid

residue for substitution for X, is glycine.

The polypeptides of the present invention can be

combined with various excipient vehicles and/or adjuvants

well known in this art which serve as pharmaceutically

acceptable carriers to permit drug administration in the

1723



1724

WO 01/25266 PCT/US00/21998

10

15

20

25

30

35

17

form of, e.g., injections, suspensions, emulsions, tablets,

capsules, and ointments. These pharmaceutical compositions

may be administered by any acceptable means. For warm-

blooded animals, and in particular, for humans,

administration can be oral, parenteral, subcutaneous,

intravenous, intramuscular and/or intraperitoneal. The

specific dose administered will be dependent upon such

factors as the general health and physical condition of the

subject as well as the subject’s age and weight, the stage

of the subject's disease condition, the existence of any

concurrent treatments, and the frequency of administration;

typically, the dose will be in the range of about 0.5 to

about 2.0 mg/kg for human subjects. In general, the

composition will contain one or more of the polypeptide (s)

of the present invention in a concentration of at least

about 0.0001% by weight, more typically at least about

0.001% by weight, still more typically at least about 0.01%,

still more typically at least about 0.1% and, in some

embodiments, in a concentration of at least about 1% by

weight of the composition.

Human uroguanylin cDNA has been cloned in bacteria, and

chemically synthesized by solid phase peptide synthesis.

Uroguanylin peptide can be chemically synthesized by using

the procedure as described in U.S. patent number 5,489,670

Human Uroguanylin and in U.S. patent number 5,140,102
Pentadecapeptide, guanylin, which stimulates intestinal

guanylate cyclase. Peptides similar to uroguanylin peptides

have been identified in mouse, rat, porcine, and bovine

species. The functionally active domain in most of these

peptides are highly conserved. Therefore, the physiological

functions of these peptides may be similar, and these .
peptides may be used as intestinal cancer preventative

agents as well. Thus, as long as the functionally active

domains of these peptides are conserved, substitutions in

the non-active domains may be achieved with no change in the

activity of the peptides.
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All references, patents or applications U.S. or

foreign, cited in the application are hereby incorporated by
reference as if written herein.

In order to further illustrate the invention, the

following exemplary laboratory preparative work was

performed. However, it will be appreciated that the

invention is not limited to these examples or the details

described therein.

EXAMPLES

Materials and Methods

Cell Culture. T-84 cells were obtained from the

American Type Culture Collection at passage 52. Cells were

grown in 1:1 mixture of Ham’s F-12 medium and Dulbecco's

modified Eagle's medium (DMEM) supplemented with 10% fetal

bovine serum, 100U penicillin/ml, and 100 yg/ml

streptomycin. Cells were fed fresh medium every third day

and split at a confluence of approximately 80%.

Human tissue. Samples of normal colon and tumors were

obtained following colon resections for adenocarcinoma under

a human experimentation protocol that was approved by the

Missouri University/Truman VA Hospital Committee. Mucosa

samples from normal colon tissues adjacent to the colon
adenocarcinomas were isolated from submucosal tissue by

scraping the mucosal surface with a microscope slide to
separate mucosa from the underlying tissue. Portions of the

tumors were collected and processed as an intact tissue.

Tissues from eleven subjects between the ages of 48 and 82

years representing female and male patients were used in

this study. .
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EXAMPLE 1

Materials and Methods

Cell proliferation assay. Approximately 10,000 T-84

cells were inoculated in each well of 9$6-well plates. After

an incubation pericd of 3 days, the indicated concentrations

of human uroguanylin were added to the media and cells were

allowed to grow until they formed semi-confluent monolayers.

Subsequently, BrdU labeling agent (5-bromo-2'-deoxyuridine

in PBS) was added (final concentration 100 uM) and cells

were re-incubated for an additional 24 hours. Monolayers

were washed and incorporation of BrdU was measured following

the manufacturer’s instructions (Boehringer Mannheim Corp.,

Indianapolis, IN).
Results:

Uroguanylin treatment caused a dose-dependent

inhibition in growth of these cells, reaching an

approximately 30% growth inhibition at 1 uM as seen in

figure 2. In contrast, a biologically inactive variant of

this peptide did not inhibit cell growth suggesting that the

growth inhibition was a receptor-mediated event.

EXAMPLE 2

Materials and Methods

Apoptosis assay. T-84 cells were grown in 35 mm dishes

for 7 days. The confluent monolayers were washed once with
serum-free DMEM, and incubated with the same media

containing different concentrations of human uroguanylin for

16 hours. After this incubation, cells were quickly

collected by trypsinization, and the cell pellet was washed

twice with phosphate buffer saline (PBS). Cells were

resuspended in PBS at a concentration of approximately 10°
cell/ml. For demonstration of nucleosomal ladders, the

apoptotic DNA was isolated from these cells by following the

instructions of the DNA fragmentation analysis kit

(Boehringer Mannheim Corp., Indianapolis, IN). The

apoptotic DNA was separated by agarose gel electrophoresis

£Lollowed by staining with ethidium bromide. Induction of
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apoptosis by uroguanylin was further demonstrated by using

the TUNEL assay as per the instructions of the ‘In situ cell

death detection kit’ (Boehringer Mannheim Corp.,

Indianapolis, IN).

Results:

As shown in figure 3, the DNA isolated from the control

(lane 2) as well as from the biologically inactive variant

of uroguanylin treated cells (lane 6) exhibited very low

“levels of DNA fragmentation, consistent with a low basal
rate of apoptosis under serum-free conditions, On the other

hand, DNA from the uroguanylin treated cells exhibited

extensive DNA fragmentation in a dose-dependent manner. The

induction of apoptosis by uroguanylin treatment was further

supported by the terminal dexoynucleotidayl transferase-

mediated dUTP-biotin nick end labeling (TUNEL) assay using

CaCo-2 cells. Uroguanylin treatment significantly augmented

the generation of apoptotic cells compared to the vehicle

treated celis as seen in figure 4. These results confirmed

that uroguanylin induces apoptosis in human colon cancer

cells (T-84 and CaCo-2).

EXAMPLE 3

Uroguanylin functional assay. Human uroguanylin

(NDDCELCVNVACTGCL) peptide was custom synthesized by

Multiple Peptide System, San Diego, CA. The biological

activity of the synthetic peptide was assayed by a modified
cell-based assay. Briefly, the confluent monolayers of T~-84

cells in 24-well plates were washed twice with 250 wl of

DMEM containing 50 mM HEPES (pH 7.4), preincubated at 37° C

for 10 min with 250 wl of DMEM containing 50 mM HEPES (pH

7.4) and 1 mM isobutylmethylxanthine (IBMX), followed by
incubation with different concentration of human uroguanylin

(10° to 107° M) for 30 min. The medium was aspirated, and

the reaction was terminated by the addition of 3% perchloric

acid, The plate was centrifuged at 1000xg for 5 min and the

supernatant was collected. After neutralization with 0.1N

NaOH, the supernatant was used directly for measurements of
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cGMP by using the ELISA kit from Caymen Chemical, Ann Arbor,

MI. Results are expressed as an average of three

determinations.

Results:

Biological activity was observed in several isoforms of

this peptide as indicated by the cGMP levels observed.

EXAMPLE 4

Ussing chamber assay. The seromuscular layer of human

intestinal mucosa was removed by blunt dissection and one to

four mucosal sheets from each specimen (~1icm?) were used. To

collect intestinal mucosa from mice, animals were sacrificed

by 100% CO, inhalation. A mid-line abdominal incision was

used to excise the intestinal mucosal layer. The dissected

intestinal tissue was opened along the mesenteric border in

ice-cold, oxygenated Krebs-Ringer-bicarbonate (KRB)

solutions and pinned luminal-side down on a pliable silicone

surface. The outer muscle layers were striped by shallow

dissection with a scalpel and fine forceps. Mouse intestine

and human colon tissue, consisting of mucosa and submucosa,

were mounted between two ussing half-chambers and bathed on

both sides. Electrical measurements were monitored with an

automatic voltage clamp, and direct-connecting voltage and

current passing difference and I,,.. Tissues were

equilibrated under short-circuit conditions until I,, had
Stabilized and the potential difference across the

epithelium was measured intermittently.

Human uroguanylin peptide was chemically synthesized

and the relative potencies of various synthetic forms were

evaluated by their abilities to stimulate cGMP accumulation

in intact T-84 cells. The biological activity of several
isoforms of this peptide that exhibited similar physico-

chemical properties was observed. The major isoform,

exhibiting a potent biological activity, was further

purified to about 99% purity and used for this study. To

ensure that the synthetic form of human uroguanylin was

equally effective in mouse and human GI mucosa, its activity

1728



1729

WO 01/25266 PCT/US00/21998

10

15

20

25

30

35

22

was examined in the Ussing chamber using the mouse duodenum

and the human colonic mucosa.

Results:

The pattern of I,, responses to sequential treatment

with specific agents on the mouse duodenum (Fig. la) and

human colon (Fig. 1b) were recorded. In both tissues, the

addition of TTX (0.1 uM in serosal bath) resulted ina

decrease in the baseline I,, to a stable value within 20

minutes. Subsequent addition of uroguanylin (0.1 uM in the

luminal bath) resulted in a rapid increase in I,,, which was

sustained for a 60 minute period. Carbachol, a known

stimulator of ion transport across the membrane, further

increased the I,,. These results confirmed that the

synthetic human uroguanylin peptide was effective in

stimulating electrolytes transport in human as well as in
mouse intestinal mucosa.

EXAMPLE 5

Methods and Materials

Min-mouse model. Male Min mice (C57BL/6J-APC™"/+), a

strain containing a fully penetrant dominant mutation in the

APC gene, were obtained at 4-5 weeks of age from The Jackson

Laboratory, Bar Harbor, ME. All mice were fed a high-fat

AIN-93G diet, tap water to drink and housed in a humidity

and temperature controlled room with a 12 hour light-dark

eycle. Animals consumed approximately 5 grams of the diet

per day. After one week of quarantine period, animals were

randomly divided in three groups of 10 animals each. These

groups of animals were fed the same diet containing

different concentrations of (0, 10, and 20ug/5grams of the
diet) of human uroguanylin. Animals were also given

additional amounts of human uroguanylin (vehicle, 10 and 20

pg) in 0.2 ml of PBS containing 20% polyethylene glycol by

oral gavage twice a week. Food consumption and body weight

of these animals were monitored weekly. At the end of the

17th week, animals were sacrificed by CO, asphyxiation and

the GI tracts were removed. After flushing with PBS to
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remove food materials, the GI tract was divided as sections

of duodenum (two (2) inches from the stomach), jejunum

(middle portion, approx. 4-5 inches from the stomach), ileum

(two (2) inches from the cecum) and colon. These sections

were opened longitudinally, washed with tissue fixative

(Streck Laboratories, Inc., Omaha, NE) and placed between

two layers of blotting paper in a tray containing the tissue

fixative. Polyps and tumors were counted independently by

four different observers. Results are expressed as the

average of the total number of polyps for each individual

animal by four different observers. Analysis of the data

obtained from all observers revealed insignificant inter-

observer variance. Sections of these tissues were viewed

under a constant magnification (10 X)to gauge the

differences between polyp diameter between animals.

Results:

The Min-mouse, the most widely used animal model to

assess the chemopreventive properties of dietary nutrients

and therapeutic agents, carries a dominant mutation in one

of the alleles of the APC gene, Thus, when these mice are

raised on a high fat diet, they begin to develop polyps

throughout the intestine at around 55 days of age.

Development of polyps causes blockage in the movement of

intestinal contents, which leads to decreased food

consumption and reduced gain in body weight as the disease

progresses. The test results for oral administration of

uroguranylin to the min-mouse showed a dose-dependent

increase in the food consumption as shown in figure 6a, and

in the body weight gain as shown in figure 6b. The average

body weight for the control group was 25.1+ 0.9 g, and that

for the uroguanylin-treated (20yng) group was 29.4 4 1.07 g

at 17. In addition, animals treated with uroguanylin were

visibly more healthy and active.

At the end of the study, all animals were sacrificed

and the GI tract was removed to determine the number and

distribution of polyps in the small intestine and colon

tissues as shown in table I. The GI tract in the untreated
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control group contained 48.3 + 7.7 polyps per mouse. A

majority of the polyps were located throughout the small

intestine and only a few polyps were found in the colon.

The sizes of the polyps in the control group of mice were in

5 the range of approximately 3 to 5 mm. Three animals in the

control group had also developed globular tumors in the

duodenum. Administration of uroguanylin reduced the total

number of polyps (23.3 + 3.1) by approximately 50%. In

addition, polyps in uroguanylin-treated group of mice were

10 significantly smaller in size (<2.0 mm). There were no

polyps observed in the colons of any animals in this group,
mor were there any globular tumors in these animals. Since

the appearance of polyps in colon of Min-mice occurs only

during the severe cases of diseases, the absence of polyps

15 in colon of the uroguanylin-treated group of mice suggest

that this peptide might also inhibit the progression of

colon cancer. These results suggest that the oral

administration of uroguanylin suppresses both the formation

as well as the progression of polyp formation in this animal

20 model for colon cancer.
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EXAMPLE 4

' Expression of Uroguanylin in human colon cancer

tissues.

Methods and Materials

Isolation of RNA. RNA was extracted from tissue using

a combination of the TRI reagent method (Molecular Research

Center, Inc., Cincinnati, OH) and the RNAeasy Kit (Qiagen,

Valencia, CA). The tissue was homogenized in TRI reagent

following the manufacturer’s protocol. After phase

separation with chloroform, the aqueous supernatant phase

containing total RNA was removed and mixed with an equal

volume of 70% ethanol and lysis buffer without beta-

mercaptoethanol. The resulting mixture was loaded onto the

RNAeasy columns and then processed following the protocol

provided by the manufacturer.

Northern blotting. Total RNA (20 wg) was subjected to

electrophoresis in formaldehyde-agarose gels and then

transferred to nylon membranes (Zeta-Probe, Bio-Rad

Laboratories, Inc., Hercules, CA). The membranes were

prehybridized for two hours at 65°C in ExpressHyb solution

(Clontech, Palo Alto, CA) and then hybridized with human

guanylin, uroguanylin and GC-C cDNAs overnight at 65°C. AI1l

cDNA probes were labeled with **P by random priming

(Boehringer Mannheim, Indianapolis, IN). RNA blots were
then washed twice with 2X SSC-0.1% SDS for 5 min at room

temperature followed by a 15 min wash at 60°C with 0.2xX SSC-

0.1% SDS. Exposure to X-ray film was performed at -80°C

with intensifying screens.

RT-PCR. Oligo (deoxythymidine),,-primed cDNAs were

synthesized from 3 mug total RNA using reverse transcriptase
(Superscript II, Life Technologies, Gaithersburg, MD). Two

PCR primers, 5'-primer (5'-GAACCCAGGGAGCGCGAT-3') [identified

as SEQ. ID. 6] and 3'-primer (5'-CTGGTGGGCTCAGGGTACC-

3') [identified as SEQ. ID 7], were designed from regions

flanking the open reading frame of human pre-prouroguanylin

cDNA. A PCR product of the expected size of 384 bp was
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amplified from colon cDNAs after 25 cycles at 93°C for 1

min, 56°C for 1 min, and 72°C for 1.5 min using Taq DNA

polymerase (U.S. Biochemical Corp., Cleveland, OH). The

pair of primers for RT-PCR of guanylin were 5'-primer (5'-

5 AACTCAGGAACTTTGCAC-3') [identified as SEQ. ID. 8] and 3'-

primer (5!-CGTAGGCACAGATTTCAC-3') [identified as SEQ. ID. 9].

These primers produced a 174 bp cDNA for human guanylin

using the PCR conditions of 25 cycles at 93°C for 1 min, 59°C

for 1 min and 72°C for 1.5 min. The PCR-generated cDNA

10 products were subjected to electrophoresis on 1% agarose

gels in TAE buffer containing ethidium bromide and then

transferred to nylon membranes. Southern hybridization was

carried out using the urogyanylin and guanylin cDNA probes.

Prehybridization was for 1 hour at 65°C with ExpressHyb

15 solution and then hybridization was for 3 hours at 65°C.

Blots were washed as described above and exposed to X-ray

films at -80°C with intensifying screens.
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Results:

The expression of uroguanylin, guanylin and Gc-C

receptor in eleven samples of human colon carcinoma and the

surrounding normal tissues. Northern blot analysis showed

that the expression of uroguanylin and guanylin was

completely suppressed in all specimens examined, whereas the

adjacent non-cancerous tissue from the same patient

exhibited a robust expression of these transcripts as shown

in figure 5a. A similar expression pattern was observed

when these tissue specimens were analyzed by a more

sensitive RT-PCR followed by Southern blotting based

analysis as shown in figure Sb. Despite the fact that these

specimens were from different stages of colon cancer and

were from a different age group of patients, the expression

of guanylin and uroguanylin was severely suppressed in all

eleven tissue specimens examined. These results raise the

possibility that the loss of these intestinal hormones
either leads to or is a result of adenocarcinoma formation.

In light of the detailed description of the invention

and the examples presented above, it can be appreciated that

the several objects of the invention are achieved.

The explanations and illustrations presented herein are

intended to acquaint others skilled in the art with the

invention, its principles, and its practical application.

Those skilled in the art may adapt and apply the invention
in its numerous forms, as may be best suited to the
requirements of a particular use. Accordingly, the specific

embodiments of the present invention as set forth are not

intended as being exhaustive or limiting of the invention.
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WHAT IS CLAIMED IS:

1. A method of modulating polyps in the intestine of a

subject, the process comprising administering to the
subject, in need thereof, a pharmaceutical composition

comprising a polypeptide having the sequence:

X,-Asp -Asp -Cys -X, -X, -Cys -X, -Asn -X, -X, -Cys -X, -X, -Cys-X,

wherein each of X,, K,, Xa, Xq, Xs, Xe, and X, is an amino acid

residue, X, and X, are independently hydrogen or at least one

amino acid residue, and the polypeptide is cross-linked by a

disulfide bond between the cystine residue immediately

adjacent the amine group of X, and the cystine residue

immediately adjacent the amine group of K, and by a disulfide

bond between the cystine residue immediately adjacent the

amine group of X, and the cystine residue immediately

adjacent the carboxy group of X,, together with a

pharmaceutically acceptable carrier.

2. A method of modulating polyps in the intestine of a

subject, the process comprising administering to the

subject, in need thereof, a pharmaceutical composition

comprising an agonist peptide or compound which binds to the

guanylate cyclase receptor GC-C in the intestine of the

subject, together with a pharmaceutically acceptable

carrier.

3. A method of claim 1 wherein the concentration of

the peptide in the composition is at least 0.0001 percent by

weight of the composition.

4, A method of claim 1 wherein the concentration of

the peptide in the composition is at least 0.001 percent by

weight of the composition. ,
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S. A method of claim 1 wherein the concentration of

the peptide in the composition is at least 0.01 percent by

weight of the composition.

6. A method of claim 1 wherein the concentration of

the peptide in the composition is at least 0.1 percent by

weight of the composition.

7. A method of claim 1 wherein the concentration of

the peptide in the composition is at least 1 percent by

weight of the composition.

8. The method of claim 1 wherein said subject has been

determined to have a genetic predisposition for the growth

of polyps in the intestine.

9. The method of claim 1 wherein polyps have been

identified in the intestine of said subject.

10. The method of claim 1 wherein said subject has

been identified as having intestine cancer.

11. A method of claim 2 wherein the concentration of

the peptide in the composition is at least 0.0001 percent by

weight of the composition.

12. A method of claim 2 wherein the concentration of

the peptide in the composition is at least 0.001 percent by

weight of the composition.

13. A method of claim 2 wherein the concentration of

the peptide in the composition is at least 0.01 percent by

weight of the composition.

14. A method of claim 2 wherein the concentration of

the peptide in the composition is at least 0.1 percent by

weight of the composition.
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15. A method of claim 2 wherein the concentration of

the peptide in the composition is at least 1 percent by

weight of the composition.

16. The method of claim 2 wherein said subject has

been determined to have a genetic predisposition for the

growth of polyps in the intestine.

17. The method of claim 2 wherein polyps have been

identified in the intestine of said subject.

18. The method of claim 2 wherein said subject has

been identified as having intestine cancer.

19. The method of claim 1 wherein X, is selected from

group of amino acid residues consisting of aspartic acid,

glutamic acid, glycine, lysine, asparagine, proline,

glutamine, arginine, serine, and threonine.

20. The method of claim 1 wherein X, is selected from

group of amino acid residues consisting of glutamic acid,

arginine, lysine, serine, aspartic acid, asparagine,

glutamine, and glycine.

21. The method of claim 1 wherein X, is selected from

group of amino acid residues consisting of glutamic acid,

aspartic acid, arginine, and lysine.

22. The method of claim 1 wherein X, is glutamic acid.

23. The method of claim 1 wherein X, is selected from

group of amino acid residues consisting of leucine,

isoleucine, tyrosine, phenylalanine, tryptophan, valine,

methionine, cysteine, alanine, histidine, proline,

5 threonine, glycine, asparagine, and glutamine.

1738



1739

WO 01/25266 PCT/US00/21998

32

24. The method of claim 1 wherein X, is selected from a

group of amino acid residues consisting of cysteine,

phenylalanine, glycine; isoleucine, leucine, methionine,

valine, and tyrosine.

25. The method of claim 1 wherein X, is selected from a

group of amino acid residues consisting of leucine,

isoleucine, tyrosine, valine, methionine.

26. The method of claim 1 wherein X, is selected from a

group of amino acid residues consisting of leucine, and

isoleucine.

27. The method of claim 1 wherein X, is leucine.

28. The method of claim 1 wherein X, is selected from

the group of amino acid residues consisting of valine,

isoleucine, leucine, tyrosine, phenylalanine, tryptophan,

methionine, cysteine, alanine, histidine, proline,

5 threonine, glycine, glutamine, asparagine, and serine.

29. The method of claim 1 wherein X, is selected from

the group of amino acid residues consisting of valine,

lsoleucine, leucine, tyrosine, phenylalanine, methionine,

cysteine, alanine, histidine, and proline.

30. The method of claim 1 wherein X, is selected from

the group of amino acid residues consisting of valine,

isoleucine, leucine, methionine, and cysteine.

31. The method of claim 1 wherein X, is valine.

32. The method of claim 1 wherein X, is isoleucine.

33. The method of claim 1 wherein X, is selected from

the group of amino acid residues consisting of valine,

isoleucine, leucine, tyrosine, phenylalanine, tryptophan,
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methionine, cysteine, alanine, histidine, proline,

5 threonine, glycine, glutamine, asparagine, and serine.

34. The method of claim 1 wherein X, is selected from

the group of amino acid residues consisting of valine,

isoleucine, leucine, tyrosine, phenylalanine, methionine,

cysteine, alanine, histidine, and proline.

35. The method of claim 1 wherein X, is selected from

the group of amino acid residues consisting of valine,

isoleucine, leucine, methionine, and cysteine.

36. The method of claim 1 wherein X, is valine.

37. The method of claim 1 wherein X, is alanine,

histidine, cysteine, methionine, valine, leucine,

isoleucine, tyrosine, phenylalanine, proline, threonine,

glycine, glutamine, asparagine, and serine.

38. The method of claim 1 wherein X, is selected from

the group of amino acid residues consisting of alanine,

histidine, cysteine, methionine, valine, proline, threonine,

glycine, glutamine, asparagine, and serine.

39. The method of claim 1 wherein X, is selected from

the group of amino acid residues consistingof alanine,
histidine, cysteine, proline, threonine, glycine, glutamine,

asparagine, and serine.

40. The method of claim 1 wherein X, is alanine.

41, The method of claim 1 wherein X, is selected from a

group of amino acid residues consisting of threonine,

proline, alanine, histidine, cysteine, methionine, valine,

leucine, isoleucine, tyrosine, glycine, glutamine,

5 asparagine, and serine.
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42. The method of claim 1 wherein X, is selected from a

group of amino acid residues consisting of threonine,

proline, alanine, histidine, cysteine, methionine, glycine,

glutamine, asparagine, and serine.

43. The method of claim 1 wherein X, is selected from a

group of amino acid residues consisting of threonine,

proline, alanine, histidine, and glycine.

44, The method of claim 1 wherein X, is threonine.

45. The method of claim 1 wherein X, is selected from a

group of amino acid residues consisting of glycine,

threonine, proline, alanine, histidine, cysteine,

methionine, valine, leucine, isoleucine, glutamine,

5 asparagine, serine, glutamic acid, and aspartic acid.

46. The method of claim 1 wherein X, is selected from a

group of amino acid residues consisting of glycine,

threonine, proline, alanine, histidine, cysteine, glutamine,

asparagine, and serine.

47. The method of claim 1 wherein X, is selected from a

group of amino acid residues consisting of glycine,

threonine, proline, alanine, histidine, glutamine,

asparagine, and serine.

48. The method of claim 1 wherein X, is glycine.

49. The method of claim 1 wherein the polypeptide is

uroguanylin.

50. The method of claim 1 wherein the polypeptide is

human uroguanylin.

51. The method of claim 1 wherein the composition

comprises pro-uroguanylin.
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52. The method of claim 1 wherein the composition

comprises human pro-uroguanylin.

53. The method of claim 2 wherein the composition

comprises guanylin.

54. The method of claim 2 wherein the composition

comprises lymphoguanylin.

55. The method of claim 2 wherein the composition

comprises prolymphoguanylin.

56. The method of claim 2 wherein the composition

comprises heat stable enterotoxin.

57. The method of claim 1 wherein the composition

comprises a polypeptide, which is degraded with endogenous

proteases of the subject, into uroguanylin.

58. The method of claim 1 wherein about 0.5 mg to

about 2 mg of the polypeptide is administered per kilogram

of the subject’s weight.

59. The method of claim 1 wherein the subject is

human.

60. The method of claim 2 wherein the composition

comprises a polypeptide, which is degraded with endogenous

proteases of the subject, into guanylin.

61. The method of claim 1 wherein X, is glutamic acid,

X, is leucine, X, is isoleucine, X, is valine, X, is alanine,

X, is threonine, and X, is glycine.

62. A method for the prevention, inhibition and

treatment of cancer in the intestine of a subject, the
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process comprising administering to the subject the

composition of claim 1.

63. A method for the prevention, inhibition and

treatment of cancer in the intestine of a subject, the

process comprising administering to the subject the

composition of claim 2.

64. The method of claim 62 wherein the composition

comprises uroguanylin.

65. The method of claim 63 wherein the composition

comprises uroguanylin.

66. The method of claim 62 wherein the composition

comprises pro-uroguanylin.

67. The method of claim 63 wherein the composition

comprises pro-uroguanylin.

68. The method of claim 62 wherein the composition

comprises human uroguanylin.

69. The method of claim 63 wherein the composition

comprises human uroguanylin.

70. The method of claim 62 wherein the composition

comprises human pro-uroguanylin.

71. The method of claim 63 wherein the composition

comprises human pro-uroguanylin.

72. The method of claim 63 wherein the composition

comprises guanylin.

73. ‘The method of claim 63 wherein the composition

comprises lymphoguanylin.
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74, The method of claim 63 wherein the composition

comprises heat stable enterotoxin.

75. The method of claim 63 wherein the composition

comprises pro-lymphoguanylin.
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