Ye3e#j #6DHT#~! r 11 DEC 2002 CCNPCSITICN AND METHOD FOR TREATI NG PEN LE

ERECTI LE DYSFUNCTI ON BACKGRCU CN Field of Invention 5 The
present invention relates to and nmet hods for treating penile
erectil e dysfunctions, such as may | rec Il e inpotence, and nore
particularly, to conpositions and ¢ hods for the topical admnistration to

the penis effective for the treatnent of penile erectile 1@ fyg?g@z{ ons.
Background of the Invention Inpotence is generally char act’

inability to devel op or smhﬁb@rﬁbﬁhﬁ@tmmmfpbkor@mm@ concl ude coi tUS
Many nen are afflicted w gpuecti¥on esul ting from

psychol ogi cal and physi ol ogi caI condl t| ons. Causes of i npot ence are

NUNer ous. Thes@éﬁﬁg-?—ég@—m to paralysis of the notor nerves (nervi
erigentes) wt of lesion to the central nervous system
Conversel vy, |tr}ggz a@%eﬁgggg?ﬁ as aresult of alesion in 20 the central
nervous system parthe yraskyt tivrenpionl raards b tmpakivedys ana coul d be
psychic, and dependent on a nental conplex or instability. The cause may

al so be synpt ofgtheds cﬁ?é’ toseating @Fhélﬂe HTeStdde dﬁf@hca@mﬂwj $ght @s ner ves
in the perineal aEegl 19§ vnllrtttée of y (;nrcl,rtehe %ﬁns&)y ort| on of their
erection reflexi$ tk OR° ("geé " lf%r £ 80l , 587. )

Speci fic physi eb @ﬁloehssasai%%hwscfbmmebeo he 1CauRen Dt RRAbher ST ecti | e

dysfunction or e i npotence, and for which the present invention nay be
used, in addi thﬂ reni®0 effgetioleodpt athe dreatmentelfudeni Iorerexanpee, pel vic
vascular ~~0~G200Z di sease, diabetes nellitus, neurodegenerative

di sorderleS| d8YSFYNEHIENSt nedication, pelvic surgery, trauma, and the

l'ike. One W depy usefingOLEtifn ﬂ,ggn{{cﬁatl ng inpotency 5 involves inplants
whi ch) in essence,” are internal prostheses. However, inplants, which often

include surgery, armmpexpeasiisegandralty a:hwag{stafﬁzedt ayetheThaabinetry maj or
solution for treating male inpotence is via use of drugs. Since erection
necessarily inv®I4AYe1PD YRSOIRLRADI ¥h BRCLARN FUILirdenbfte FONFEMIS, the

pat hophyst ol ok, has! Sudly HIROLERceeAAR.AN! b Weealed Dhuraongld 2t i on

agents. There have been are ongol n i n1cal ex eri research

efforts tosdevedaii viay arsh tgﬁyt:aal‘_djma and wslwebglé@ut@&dﬁeio@mh drugs.
These 15 efforts have been the subject of several |iterature articles and

i ssued pat ent sCauRssUQE ngmqu@ﬂcexmlrélmerﬁésf olﬂh@ﬁﬁngnmqeeétemaﬁ edupat ent s:

4,801,587 - Vi | E1- Rashi d 1336, 67 |
5. 583, 144 - O'gs) a%t""&g%i%ﬁsfz %gﬁl RALOT é’t"'r‘eﬁaI$ ezfé’é BalIen scﬁféc é@"lzfgll 609

20 Bellany, etad) evidéfide I 12sPbRGR tlk 8éntrailfiardaids 'syghéﬁg, 5,399, 581 -
Laragh; 5,270,323 - Mlne, et al; 5,236,904 Gerstenberg, et al; 4,127,118 -

Latorre; 5, 565a8@rselyy ocid, cotildl be FpathEQQlaS aSreeglt 59f59419320n in

Gonzal ez- CadaV| d, et al; 5,488,059 Buhl 9, 938

Wi | e the?d nt etrrﬁ'stcéat’r‘%ﬁdﬁrvgﬁﬁu?ﬁtﬁe@ﬁePaH‘f’rdéélangytY)h? ﬁé’léﬁgv‘é "gfg{t ents and
the patents ang derhetabdie qltSEJ:H?ﬁqu)eOst}bﬂ&d hfat AEséhdateshsa as well as
the literature discussed below, the follow ng brief discussion is provided.

2 t , ,~~0~0ko31l complex or instability. The cause may also be
symptomatic, due to some other disorder, such as injury to
nerves in the perineal region, by virtue of which the

25 sensory portion of their erection reflex is blocked out.
(See, e.g., U.S. Pat. No. 4,801,587.)
Specific physiological disorders which may be the cause
of penile erectile dysfunction or male impotence, and for
which the present invention may be used, in addition to

30 psychological causes, include, for example, pelvic vascular
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1U. S. .5,583,144 is based on the use of piperoxan for treatnent of erectile
i npot ence and includes a disclosure of topical admnistration. The

conbi nati on of piperoxan with prostaglandins, particularly PGE2, is

di scl osed. The 5 conpositions for topical admnistration include gels,

(i ncluding hydrogels), ointnents, creans, etc. but w thout any details.
Cenerally, however, the patent art reveals that topical or.‘t‘lrgggd@ugal
application of the treating agent is not 10 avail able or pteferred:

5,451, 609 (i nj @ekife pe¥iabateaamialnosalneugotieyendyazd e 3@isqndesshr al
insert); 5,145,582 (PCE1 with papaverine); 5, 399,581 (enteral); 5t270’ 323;
5, 236, 904 (i nt sadaveffrsssl of MticREAR, AFFVAS19FILHY  (FRFT i 8Rf. th%

Pat ent s whi ch i.]s(cl ose topical (transdermal) fornulations include U S.

5, 256, 652 (' 652)}"8nhd U.S. 5,336,678 ('678). The '678 patent is directed to
the topical adnm ni sggatiiae1pfudda@butid £b8% réatodigdihpotRatcaant ees di vi de
the drugs for treating erectile inpotence 20 into three class: 1) oral,
e.g., yohi sbi népv@)ventimpdaves mhishi njre@sSs6Rcee.3Fe 1PERARAR) topical, e.g.,

nitroglycerin. The '652 patent descripes a ' | 140 sGh 25
i ncl udes an ab85PPERTVIFSenndRe eran?j',“pgaprf |sdn¥5ﬁ?§/, aéaft\%gg%gginger igg%grﬁgnd an

al pha receptor jblogken;The.snhrRcivigs @repetodextrin, particularly,
hydr oxypr opyl - beta cycl odextrin (HPBCD). 3 | 1 ;~ ~ oEC Zoos The 652
patent refers to UThe 4tBét, w0ipr sF0Fyics fQrsEYersiing Pope CAIPCABATRiI St rati on
of prostaglandins including an alleged use to treat I #npo uU. S
4,801, 857 (' 85Y}aiws&EodgpeRussSeqe ne’iet%zt1”85§e%easts€ﬁtlw%ﬂg}s}’q§§?ent 5
di scl oses .3 topi . Qi Bt iy abeealddesl ROt SNGE., Ghber references which
may be of 1?nt e?ég‘?élllﬁa(ﬁmﬁgg: u. S a5, 587,167 (topical conposition with
extract of gi nggagbpRdine1beic pazibybaxinpotrdce remt wéfkenofe greatetry
ej acul ation); 5,565,466 (nodul ati n% the human sexual res onse by oral 10
nucosal , i ntravasedilmticaceeentddni AReEs AAVEnPET" VIS0 aF P aY B 95, 492, 911
(Li nsi dom ne, alone ar in comhi.nat | | J - cRT 98 AYsa0di dsve 1Bl nkwj €ction);
5, 447, 920 (cosﬁéf’l’”ccaglo gs?’t‘?%rnl,m%}'%% uég'gi on product of HPBCD): 5,594, 032
(inducible Nitphg Qude Synidasm hOBjemgentses Iomenchopiugs- nBess ;
5, 488, 059 (pyridyl guani di ne conpound by injection into corpus cgve%enosum or
transder mab); aftofksi3@ve3Bedn rfnebpubiect Gf REB‘?racloﬂilE%’ataPBﬁ PEALTON) .
Transdernmal delivery of prostagl.andi ns has _be suRb egd11@fringi entific
study. In a repdftit4ade at%‘ﬁg@f’gg%&% t%ﬁg t&?aaﬁrflsl%érnal dei’i vér;e/ of
prostagl andi nsy, by, £ ea bt KifsRR: €fsd@l,sshnt ernald,oeal all; Sof256,652 -
Phar maceut i cs, 74: 229 236, 1991, the aut hors studied in vitro skin
penetration theourRAeHiayans skl €76 - peogtlddhandd 83ELA4 2 ¥R/ and Fza and
the influence of absorption rates usi the ;gghangers . Azong zasand
Transcut ol ( 2- & hbky23% ﬁo§§7a‘é‘f’h§%ofifn%r4e8ta}pg ?ca’?ﬁ%ﬁ 6f "t he ‘enhancer to the
skin was fzgu_ndBE?l;I@:'i |l t aye srug , Bbux- fHaweyest dihe senhargsenenvifag; PGE- 1
was not as significant as 4

5,399,581 - Laragh; 5,270,323 - Milne, et al; 5,236,904 -

Gerstenberg, et al; 4,127,118 - Latorre; 5,565,466 - Gioco,
et al; 5,492911 - Stief; 5,594,032 - Gonzalez-Cadavid, et
al; 5,488,059 - Buhl; 5,439,938 - snyder, et al.

25 While the interested reader should refer directly to
the above patents and the patents and literature discussed
or cited in these patents, as well as the literature

discussed below, the following brief discussion is provided.



kI for PGE-2. The greatest enhancenent was found after pretreatnment wth a
m xture of Azone and Transcutol, approximtely 10% after 48 hours. Although

topical nitroglycerin, mnoxidil, papaverine 5 and prostaglandin E, (PGE-1)
have been studied, their efficacy, as docunented in the scientific
literature, has been wanting. Anderson, et al, "Topical N trate Treatnent

of | npotence”, Ann. Pharnmacot herapy, 27:Z203-1205, 1993, pclo!m ?ﬂﬂf\/i ew
of the earlier literature and their 10 conclusion is that t%h

insufficient evidence that topical application is efficacious. Kim and
MVary, "Topi caI Pr d55agP a?®A 4118 odpageide ofr the mset o6fp Freeokiahefor
Dysfuncti on", UroI %58 1828t18301 1995a l?ﬁoqrt d_ onl 20%{32 of 10) of
patients treate PHPTEESTLYRI 1RO TERRE AR HGChudes lfcp'l %5 &Lt ons
with i nter”Edlai&bﬂddy dihynisthatean!i Qﬁeoéoﬁﬁﬁﬁéﬁighcéf éﬁyerb§aﬁmwlth
described. The authors concluded that the PGE-1 gel resulted 1n a
significant i ncpes$agiandinsor nentalwltae:rly BEéEhetier dasclqeak Systolic flow

vel ocity anéj ap eared _to be gt ed,. 20 after !Igenltalla and forearm
appl i cati on’ SFLEtpRe f€§ur‘?§l‘iﬂ‘l AEPERET TR 8P pl P dRe FEL fiot

concl usi ve. It | shhuai Renyrirdbedsy ) hfgmt Eﬁ@étwgaﬂgl nedzl 9k Jﬁf%o*aéve

prom se at hi gher concentrati ons, fferent skin enhancers or

conbi nati on w tanyotkeail=pi cal agents " Further 25 investigation vvas deened
warranted. 5 (t !~ ~EE'r ZUU2 In anot her study, significant increases
in erectile responsEeV\%‘?"’ené’eeW‘a?‘f%rl tBpi RATEPBF T ceRVSGASoFN L FRPPEEL 1 and

67% of the pati Ve si,St ent vmth enetration. However,
the erections %gtt%(aﬁg&er?"m st %?Jlfcgt% ﬁg éehﬁd%gfa%)t E’a }e’!olns (rﬁbntorm et

al, Drugs 15)0(3)av4654393 ck9Rbaredrd®r B, 491, d0VQL RIES iRBSper: 10, 1995b). In
nelther of these reports were there not ed any adverse events attributable
to the applicatinshaedivemesal yeutgls Sugtestdad (vhekhzad iineextised penetration

of the active ag ro 10, the skin and/.o to the erectile tissues
may be requi re%’ ﬁégh i{} (g’%g}%lr%\/é’ﬂp%%’fﬂhg 5 #1% m8 e Z%%t%’? @l dpaveri ne,
topi cal applicatbes, 10t Beapendcy qflnéﬁf»cé&zéggamd;legrt%ﬁ) {rmgly of an
aqueous gel contalnlng papaveri ne hydrochloride in concentrations of 7, 15

15 or 20% was 3t ud7 eth g Kiinjeeticad),. J. Urol 158: 361- 365, 1995b). The 15% and
20% fornul ati ons el evated caverngsal arteri.al _dianeter bjys/ about 36% and
o

peak systdfic bl oodPHiNS(BY dbsiecsesg towisati EasqrrYpi nal injury.
However, whi l efgpﬁ@patq nghgnéﬁl\é%nhegn Patscegts {.r&%@t)egnga@ L0 tunescence

and erecti ons, they al'so | kew se responded follow ng application of a
pl acebo gel . Neyemma?laesssna)r.ecumenss'sa‘ tratetheipajireetedecgehel ast ed
| onger, alt hou%h this result was not statisti cal ly significant. 6
opical administration of from 0.1 to 10% minoxidil.
Patentees divide the drugs for treating erectile impotence
20 into three class:
1) oral, e.g., yohimbine;
2) intracavernous injection, e.g., PGEl;
3) topical, e.g., nitroglycerin.
The '652 patent describes a topical composition which
25 includes an absorption enhancer and, optionally, a
vasoconstrictor and an alpha receptor blocker. The enhancer

is a cyclodextrin, particularly, hydroxypropyl-beta-

cyclodextrin (HPBCD).



(1 ,~~! OCEG 2002 Gomaa, et al. (British Med. Journal 312:1512-5, 1995)
reports that a topical formula ("cream') containing three actives (3%

am nophyl line, 0.25%isosorbide dinitrate and 0. 05% co-dergocrine nmesyl ate)
is effective in the treatnent 5 of erectile dysfunction. Becher, et al, in
an Abstract ("A Double Blinded Pl acebo Controlled Trial of Topical
Prostaglandin E1 for Erectile Dysfunction") presented at l;ﬁ1d edﬂﬂﬂe
Dysfunction Synposium held in San Francisco, CA, in February 1997, 10
reported that in three pilot studies using three different formulations on
51 inpotent patient s $39%5¢3 Biters) rF@%ﬁ%rfg’e&"tso Y ¥ A7 af | )wPfh 2 ny
PGE-1, as conpapgdcidsihd¥abssPANUahgniOr.tdis ofl a{semstgé%,(éi%sof 18)
responded to a fornmulation with 4 ng PGE-1, as conpared to 39% respondi ng
15 to pl acebo; andl &by 38 @fleh@®yd nespondeeatoimpdteneyl atv.en agpbajsemng 4
ng PGE-1 and ni tr'ogl ycerin, as conpared to 39% responding to placebo. In

t hese studies, &én&°patiSeAtscisicygesd ainiting  4%h Ratenbne HH@E RAteRF sode of

hypot ensi on, Thg, iti . used.] e i no. escri bed. 20

U het et o, TALERIERRE &) AL G bt eb Bl MRS 0 %L
1996) describes a stothgropetdi@nebbi Giatah aag bafat Mnebradyrioehadé} v.s.

adm ni stered by intracavernosal injection for treatnment of erectile
dysfunction in Pe¥e7 Afdnftenival spurosiftiiopt ¥19y epttrape ABFipsene r(LF
percent) experignced nile pain. Alprostadil is synthetic prostagl andin
B, In an accortamfrRaaurt PaP FESAITREnGE (2 HERYEE FEFLAFORL L1 net
study was 7  fsjses5;46k hfaud@@2ngestd hiRdnasetddd rbapaast ppr osPecti ve,

mul ti-institutional study thus far undertaken of the injection of a single
drug. (foothot encrasktlediptrBmesalt tronseatel admeixpEstiratign fafund t hat

al prostadi|l produced signifi cantlg/ better erections than 5 placebo and that
the response wa@iPGdéatdpendeiP2 S Fhd LaaridrTidie  gdt v P%t dmexpl ai n t hat of

the 577 men st ydi 84,069 P&/iCRN oM A8LES; Lde SiX: npnth st udy; , 87 oBgr cent
reported that the iﬁfeg?rlponlsﬁr’egui teéﬁi n sat’ sfactl’(q)r?y sé’xhél é{’a‘tc“?]i'\slai ty. O
the 31 percent (deaimedid cwipoetpdiel dnichas sénudrodlct astk HPBepf f 1 Ci ency was a

prom nent conplaint. 683 men were eval uated for side effects and 50 percent
reported penil &/F4n93% n(3@drLPEe RtcrdcueR 4% iSHgtad s dSPadi r9atSier cent

di scontin t hera be . severe i i n LLi | 2 rcent
naving. It o ERerRE & paraeth ¥ ieer rpd b la it Dokt fifoa BY

i ntracaver nous iinfee€lob®Nihtar Cofpuldavaerefir drabdamdddrmat) pusnd r eat ment for
erectile dysfunction whereas, "(o]they ways of adm nistering al prostadil,
such as by a neéditéa: 2B uriahhpbtorsy FesmP§ odiapdcel rrltedariamd in a topi cal
gel,"' have not yet pl@a?nsdzomggng sit.at ed.tgo have sinilap results, . Footnote
10 was to the above articre y i'mcand ary ??[@?9 55. FR an even nore

recent study ofsubheet BNtsc@bnef A& iskBagysfunat Eopord tthtab@rasdpadick, of
Padma- Nat han) et al, The New England J. of Medicine, 336(1):1-7, January 2,

1997, a 220t r artber trdnwsalerdel | deriveggchiirnpsmbagdandios" Rgaklg. 88% of the 996
eted the entire three-nonth treatnment period. The

{ngngﬂré[]ﬁr:f u%ﬁgg’i‘n%'}'aﬁtoﬁlofm&leﬁ%ﬁ%ﬁﬂ Tnal® FORTF2EE b %t 78éEF%e in
690 of the ”EHZBQ,8199ﬁ[”tﬁe[ggéﬁgygzstudied in vitro skin penetration
through human skin for prostaglandins E,, E,, F,,, and F,, and
the influence of absorption rates using the enhancers Azone®
25 and Transcutol (2-ethoxy-ethoxy ethanol). Preapplication of

the enhancer to the skin was found to facilitate drug flux.

However, the enhancement for PGE-1 was not as significant as



the al prostadil group. However, penile pain (categorized as mld) was
reported by al nost 36% of the men during the clinical testing while over 2%
di sconti nued the study because of the pain. In the hone treatnent phase
penile 5 pain was reported after 10.8% of the al prostadil adm nistrations
and by nearly 33% of the nen. These authors refer, at page 6, to
alternative nethods of delivery, including an intraurethr aL‘ gru?q\gu
contai ning prostaglandin EZ applied to the urethral neatus'' of % men
in this study 10 full penile tunescence was reported to have occurred in 30
percent of the $9bj BeEw2. THheagndadiestaeranaehent twag feukdnathed McVary pil ot
study of transder IreaIIDC;E- as _fail i.ng to i{}guce rigid erectiaons, apparently
T aEFR R SR XERES U dPPRR o?f%h TERPACUYH 1t s known

because of insuffrcren
fromU S. 4, $61ap8fok Ondernl08oMarBap0Ns RG-St ef anous Daskal akis (and
commonly assigned with the subject application) that 1, 3-dioxol anes and
1, 3-di oxanes, i ncl udd¥thoubbrtepdizapl pitglygeniy) -nindxhd heptpppayePime nonyl
2-n-undecyl -, pentyl ene-1 i 1, 3-di oxol anes; 2-n20 nongl

5-bj s-
2-n- undecyl 2, 29(“5'?‘6"5-':&19?@?‘?%}18-52' (HRESE A PRV PP En 3t egne BB

e e useful as
per cut aneous ab | h%]%ﬁ{ rs ngj 1P r.ation_ of
t herapeutic age%t?éga@dggcrl egﬁ%gelrfg@gngkgg?%ﬁlﬁePgﬁ%ﬁ%h&yn%%smmnl y 25
assigned U.S. 5pbat wahtihg. Eixaebesy, atd a%anvrdpidahenabame Trdaehéentanes,
1, 3-di oxol anes and ot her al kyl or al kenyl substituted conpounds of general
formul a R X (whef elmRqtenge S Ang - (P riaepitherary k @iy L2033 i2951, 399% oxane;
1, 3- di oxol ane; 9r viTi(e Iat rQEC 2(3(32 S- ,ea@-l,. eZ' i %rra%rnunbﬁ("elrtsd.l actam
cycl oal kyl ene chi porat &, T e H‘-? cyclloal Jr<y"1 éhe carPonhat'&r - coor (R 1is
a | ower alkyl ogonHis@tibhali£dthaewekerd K¥l } hsafQHERHZ VrddcENehse an i nt eger
of from1l to about 20); -OC(OR; ROC(O-; 5-CC(ONR)Z acetals; and
hem acet al s; caferhiealsadp biscagdper ishsdifubheiers .suBénagnd McVgrwat er - i nsol ubl e
stratum corneunj jpi.d nodifiers for enhanci transportation of charged
ol ocul et hr oUGTRIERA BYPT GO Sof K TP et 4 EreStHE o
5,620,980 to C.py3aiEtion® &.S0-&0MER0h ¥, fssi@nedoysd h Lhbscaprdigat i on,
di scl oses the use of the 1, 3-di oxolanes and 1, 3-di oxanes in a topical
formul ati on corde nzngf najoxitdpat feoitst teastery wiahraltagdcalhger i s no

suggestion in the prior art, as described above, which would have |ed the
practitionet tFUaersRarft 4¥5P0F - bddefESTHANS: Heth  tgreRdtafifes and

1, 3-di oxanes or_; .al s I 1Y) e f Lye r. e nel . etration
of prostagl andirnlgfiﬁés 'ec;l’%llél g?p%r%s?gg %%dg%cié%(?’%g-l ?Qgr&%%lt%? er
vasodi | ati ng agmiet agthé@theondiugeeithact tive Haw~1ug€l ivesuesd raatanrent of
erectile dysfunction. In fact, the use 20 of these skin penetration

enhanci ng conp(ﬁ}ﬁﬂéfi?P’Efor%ﬁFﬁaﬁ%ﬁ’\AFPﬁewslFrbﬁ’é\htq}laaﬁgﬁ‘é,a’ﬁ' 228%i n,

etc., can be C%’}%‘tg‘f%@dffo% BEL G @nk N rﬁ:eaatr%q @i 1SR | 081 AlaltealOr

exanpl e, though-the di oxanes an i oxol drfes are known as penetration
enhancer s,z2odel iateey @énitdavat i dovgad® dppidleit Vol a HBQBvYASGhear route
directly into target sites deep below the skin was not to be expected. The
wel | vascul ari ze@sdéksriaf wonidababsgpptian weger aph diopclpabve a IF0is ~' ~ ~
DEC 2dd~ drug hefore it can penetrate into the deeper target tissues, in
this case, the 85%%’? aStca%\?grﬁb%a a ﬁoi’b%ﬁ?gal"g%ﬁnglelﬁ%ﬁt AY nbt'E, PERE*EAver nosa
are covered by a3 hhicde ldofstRurdtienk Uk G aliResi- 132 sk'hOSkh HRfek-s€br
properties are very 5 different fromthat of the skin. Secondly, the major
barrier functidn ofmhitetiknnyitthetber atamhcadr aeemts.i"s Purthex |y absent on
the glans _of the penis, which is the site of nost |ikely maxi num absorption
because of>itsiBY PP R R e eV NS *fent i oned 10 corpora. Since the
1, 3-di oxanes, 1, 3-di oxol anes and acetals are well known as skin penetration
enhancers whose nechani smof action is the tenporary disruption of the
stratum corneum its enhancenment of perneation of therapeutically active
anmounts of drug through this non-cornified organ



15 structure would not have been expected. Although not specifically
addressed in the above nentioned prior art relating to topical formulations
for treating erectile dysfunction, PGE-1 is substantially insoluble in
water. Attenpts to increase solubility by 20 increasing the pH of the
systemare of limted use since the stability of PGE-1 decreases at pH

| evel s above the pKa of the free acid. Accordingly, it is I\'nil @E[}Jggupf t he
invention to provide a prostaglandin conposition effective for topical 25
delivery in the treatnent of penile erectile dysfunction, 11 i.l i DEC2002

It is a related objet? AERPEVIHEYa LR LHCANGr MFERFSEH LorenaciidBer mal

del i very whi ch i8spis GRECLidP JrBaD dnowa.f grold aldiaps. A 8asksr, Lo use
than injectable fornulations or inplants. 5 Sti anot her object of the
invention is toapdosidefatheppatdlentsnpasicviednri@idittyansferdtmintdeitivery of
active agent for treatment of penile erectile dysfunction wherein the
conposi ti on mayPBREEAALBd tHPusYeEy t Hie frassiers tHe pehirersSEMVARYeOF

| NVENTI ON 1Q Th bov n L .QRj .the invention, i C il
becone nor eQappg?%ne%cfﬁ%cg%%idc}teﬁtégpmﬁ%n%toﬁfglf 0 oavq'\n'ngyé‘g? aslo},@&'gsegs\icri ption,
are achi eved bysas campaai;t ioternor Jt hemgdadeineal rRéd.amsder mdssagni npgtration to
the penis of a patient in need thereof, the conposition conprising 15 (a) a
phar macol ogi cal N§irefereeti veesmdgrere? Yaresthgtamdtad2ny Hdvansef ¢esttisve

anount of a skin_penetration hanci ng._conpou el ected fromthe gr.oup
consi sting of C%t{)%l%@%ﬁﬁgﬁr%ocg"?‘ﬁy?p%?%&%lgﬁb%{]i%tctsﬁ'éd lf%-wﬂfoﬁﬁﬁ%?sgd

1, 3-di oxol ane apgh?Q@n2GRtAdasddC heRe HABRCEE  EHRAY 1 64 TRfnVenedidH er
conprising (i) a mxture of ethyl alcohol and water effective to solubilize
the conponeht s €9 skid @ig/ox iinkoathm xtrertild tiissperspydy decobghimd twat er
25 effective to solubilize the conponents (a) and (b); or (ii) a mxture of
propyl ene gl ycdt2¥G @R APRFR=efR S€r isopropyl al cohol or both of these
al cohol's; and 12 43 o( 8k Faditlekifg, SdAChL VERATRURE oRTe A iRl | 1 N
agent; and, optional Fy, (e) an anti-irritating effective amount of menthol .
I n anot her aspesdnist be i3wemnt 500 fpirladgdess a(npt bedah dquecuseqél ng penil e
erectile dysfunction in a patient in need thereof conprising topically

adm ni st eri ng t¥PtRENERH| RAPRVET e tYdrpal | @hitdeq LpoapRIsantrahie it ding a
phar macol ogi cal ly effective un f, prostagl andj.n E,. Jd.n.the esence of a
skin penetgati olnsyé’rlfhgﬁf:i%ags S?fqg%: ‘%v(g(lghbgﬁtaaldf aé g]f(?ﬁ ﬁ%'%ége 6%’fr';(ti on
enhanci ng conpouwn@psel epieed sk oma tIvd gooupLaR8ESeidetel Elvérthosal

CZO- hydrocar byl group substituted 1, 3dioxol ane, 1,3-dioxane and acetal;
wherein the prostagiahdiinr@tenntiy labogki I Penedr nedlorsveihdheitig@adonpound
are sol ubili zedﬁllog phagor:r]%cgl 9 |i%al Ia¥i ar(‘:tgep‘)}iggl S %GﬁLlegusulS al coholic
carrier conprising ethyl Al céhdl Ang water) ‘I sopropy al'dofol and water; or
a non-aqueous GRkk\EF, Gk Shikk &irhyhe adsrhtbeANsH ilenitSOPFedEd akaohol ,
and propyl ene glycol; and a thickening agent in an anount effective to
retain t h&opr ouagkaeniia aid arer-tsiong, 2thqedispal Lkrv isehaaspenfesdonpound on

the penis. Accaording, to an_enbodi nent of. the invention ocess, the topical
conpgsi tionis f&gﬂ)f’\gbrép EBEEEP TP 8@0?“@/1‘19’? °g?5§’s &éﬁ{f*g?hﬂess' g

erections after the papaverine gel lasted longer, although

this result was not statistically significant.



43 1 1 DEC 2002 DETAI LED DESCRTPTI ON AND PREFERRED EMBODI MENTS The
conpositions and nethod of this invention can be used for the treatnent of
any of the underlying causes of penile erectile dysfunction or male

i npot ence, including for 5 exanple, pelvic vascul ar di sease, diabetes
mel |i tus, neurodegenerative disorders, pelvic surgery, side effects of

ot her nedications, trauma and psychol ogi cal problens. The qogmﬂﬁjvp@ps of
the invention are intended for topical, non-invasive, appli‘cation t he

genital regions, 10 especially the penis, its entirety, or preferably just
the glans of the penismadn eidditi Britihk Meshpdournah Ity 1be2efhplioed)to t he

scrotum and/ or perineum Qge articul ar vantage of this ipvention is that
t he conposition 5%° fgfe'f:kﬁ é g%hci&héﬁr‘aﬁ’gﬁ iQ&rgﬁmo)nI%?"Fﬁémg‘T%ﬁ?rﬁﬁni s;
anot her 15 advaniaggek S{i%%m&ﬂ&‘&%l‘ﬁﬂe?‘coﬁa@ 185560 e SYRNeARLYURAI NT
sensation or pain. The term "non-invasive" neans the treatnent does not
require puncturing@stheosddrngocsingimealylatepp\visa ebfetctiiszuén the ampadhéet ki nd
of surgical intervention, including 20 transurethral adm nistration. The
active ingredi et PREEHELS G¥RENRASIGRs of this invention is prostaglandin E

(PGE-1) [11, 15-di hyd : opy ost- 13- Ahsl=QkC il :
3- hydr oxy- 2- ( 3- hydr oég%ﬂllergctggnﬁ’) S‘ - oﬁo@(}ycIagpeﬁf’]gr@#gé?a?\%ﬁngegci d] which

is a known 25 vasadebataontrbbvey ariadt derrgpiest aptandghandisleh 86r
prostaglandin E., (PGE-2), or prostaglandin-mnetics, or other drugs useful
for treatnment ofrpehile DysEeretiendysPipraniteasat sthven Eqgctily Dyshnpriion
papaverine (1-] ~~~ 20

dinethoxyphenyl%Xﬁ?ﬁ%??lg?}%dphé?ﬁogg?%%ﬁﬁFhof%héyfFSFS%VPi&g?7éthaverine
(1-[(3, 4-digt hoxypberud Jorat hyd len@eddp £1d10XKLE 06l RahyNelrePlaGRESE &Y NE
(3-[[4, 5-di hydro-1H m dazol - 2-yl ) met hyl ] (4- et hyl phenyl ) am no] phenol ),
prazosin formulations on S1 impotent patients 33% (5 of 15) responded

to a formulation with 2 mg PGE-1, as compared to 13%

responding to the placebo; 61% (11 of 18) responded to a

formulation with 4 mg PGE-1, as compared to 39% responding

15 to placebo; and 66% (12 of 18) responded to a formulation
containing 4 mg PGE-1 and nitroglycerin, as compared to 39%
responding to placebo. 1In these studies, one patient
developed a skin rash and one had an episode of hypotension.
The compositions used in the trials are not described.

20 Linet, et al, The New England J. of Medicine,
334(14):873-877 (April 4, 1996) describes a study on the
efficacy and safety of alprostadil administered by
intracavernosal injection for treatment of erectile
dysfunction in men. Among other side effects 54 of the 235

25 men (23 percent) experienced penile pain. Alprostadil is a

synthetic prostaglandin E,. In an accompanying editorial

(L. Lipshultz, pages 913~14) the Linet study was



6 (1-(4-am no-6, 7-di met hoxy- 2- qui nazolinyl)-4-(2

furanyl carbonyl ) pi perazine), mnoxidil, nitroglycerin, alpha bl ockers,
nitric oxide donors, peptides (e.g., VIP), may al so be used. Especially,

m xtures of PGE-1 with phentolam ne or prazosin are preferred; for exanple
at 10 ratios of PCE-1 to phentol am ne or prazosin of from1:200 to 1:1,

preferably 1:100 to 1:5, nore preferably 1:50 to 1:10. Genetﬁ' pg gﬁ@
amount of active ingredient to be applied will depend on su gt as

the particular disorder being treated, severity of the disorder, the age of

15 the patient,9%3F2REuAT QiTd "LFEesHt PERRRRRIGVE BN i yinshibuthitanalangi ng

from about 25 J& RQut 4 -1ep npl o) p ably from
about 50 ~g tou%bo(%t gg frﬁ; g‘?dg&aﬁ% %rgﬂ%?le gfggﬁ/ ?r}r gmgg%gfuet %fég'~g to
about 1.5 ng, pefocappkicahitded. Wi |Thepaarhees arptephabberteasyll tsudorngpst 20
i ndi viduals. Accordingly, PGE-1 will usually be included in the

conposi tions fAlRregiteall axnecpeed iGynifiamdtin Setbeniargetions dhem 0.001 to
5.0 percent_ (as_ ,used herein, . upless otherw se ,noted, all percents,

per cent ages, anbuRtse %’ng et g%e LSPEOORS e iigRE lgé(;f’selns%)e?gior e?ln fably 0.05

to 1.5 25 perceitobBLe gURf 8habd Yexplaih QI o8. Bfe 15y 71 mBn PR ARL, based on
the total conposition. Where PGE-1 is used in conbination wth another

active ingredi efrcesticterplephéntid sikneonth Htadpsi &, peleenbtrdpogednt of
t he active 15 ~' ~ ~ CEC 2002 ingredjents ma&; Il within the above

|
amounts. Simi | &R, *0RetPISTERDYT FRSHATET 1t 264F AT s EFYH pl ace of PGE-1

the amount of @ckii¥eey NIRALRET3 TR BEN WM drlieN af 86 AL QYR PEHRS. sl
penetration of the active ingredient through the 5 skin is enhanced to an

accept abl eol evalackyof neffildiiagey waishe pommpiosinti oomp@l ashitn peaTetmeat were
enhanci ng effective anmount of an enhancer_ conpound which is a 2-substituted
1, 3- di oxol ane &VatRetebLehl aidg efIRPLy and] 5§ Refcent.repoytqd penglec RS ~ |

or a 1, 3-di oxane;of the _fqt L), o~ ~0 = C+. ~ -C:Ro C (I 1
) b c~~R4 /\ %gl 5 20 Or gég}%%en%aR??%%%&?%l%%rﬁtaagé a}ﬁ(??ctgﬂté formul a
(111): ~O ~R  #iBcéntiruel] thard@y. becalde of 2bvatrepaiR weg esents a C6 to
Cza aliphatic group, R'" Rz, R3, R' R5, and Ra, each, independently,
represent hydr 8§éitinad @2 peraeptahpping ind 1§reemprodrratampir.z, DEach,

i ndepende%l Y, Lﬁggﬁueﬂezntcorcl:cl&é)esc’tﬁagoin%lrja%gggli:r?o rc{%gécé'lﬁons are a
well-accepted and efficacious treatment for erectile
dysfunction whereas, "[o]ther ways of administering
alprostadil, such as by a medicated urethral system
(footnote omitted) and in a topical gel,!” have not yet been

20 demonstrated to have similar results." Footnote 10 was to
the above article by Kim and McvVary (1995a).

In an even more recent study of treatment of erectile
dysfunction with alprostadil, Padma-Nathan, et al, The New
England J. of Medicine, 336(1):1-7, January 2, 1997, a

25 transurethral delivery mechanism was used. Nearly 88% of
the 996 men in the study completed the entire three-month
treatment period. The transurethral administration of

alprostadil was found to be effective in 69% of the men in



"1 1L DEC 2002 Preferably, R represents a C6 to C,Z aliphatic group;
especially C~- to C o aliphatic group. The aliphatic group nay be a straight
or branched chain al kyl or al kenyl group, such as, for exanple, n-hexyl,

n- heptyl, n-octyl, n-nonyl, 5 n-decyl, n-undecyl, n-dodecyl, n-hexadecyl,
n- oct adecyl, 2 nmethyl-octyl, 4-ethyl-decyl, 8-nethyl-decyl, n-octenyl, n
stearyl, and the |ike. The straight chain al kyl groups, sge‘wl% Zﬂ%eptyl,
n-octyl, n-nonyl and n-decyl, are especially preferred. 1 C, to CQ

al i phatic group_ _pay be, for exanple, nethyl, ethyl, n-propyl, isopropyl,
n-butyl, tert-b&e§l 21RAIFEAGEL %f?élprheﬂ?‘ﬁeér'm%n SPELRetFESIPRAETE &F oups
for R to R6 angiig@f Rs r2Pdrfad pi’ §1M04¢/ 364" B PShe GRACHLAIMY tALKY! having
1 or 2 carbon atons, nost especially ethyl. RlL 15 to R6 may "al so,
preferably, allchénhyalr ageningvidsnovdr @ theceartianeertiorgeadnd Wil | be
selected to provide the desired delivery rate for the active conpound but,
taki ng i nto conBPERYSR i°SntRedA*idddi I7 I8 PrEEt braataent phasecPeBitdility,
side effectg, ¢ ' S i ke. gmounts in the
range of fr?ém ag‘(g){f% %655¥t§%g%;q6%gfelﬁggl%yK?r%}%\%gg%%ﬂ% 15 percent,
especi al |y fromabDiiistZatfodd) spar 6gMNearQly bhe €OMAShER.ON ThekE | alpiHdHsde
stable and effective conpositions. The conpositions are generally

formul ated as geeEer 25teBprital Fy attRreasiye cetidiode geldeliMemever, ot her

forms, such as, . far £xample, lollons. cLeans. fousses, aerosols,, ol ptments,
| ubricants, etc MY BelisEH a8 Fohg laS WARr AP Pa 8 oPhad ¥t Y afra t he

fornulation wiljipstiay £8 tlae@etdial meatusOE@ZRAE £o Ghen Whi bPLY JtuByOf f,
for sufficient tine, to permt an individual to spread the conposition over

t he whol e peni sfulpr glesi &bl tumesgencomaps rhpogteahsoohavhecgenred im 3addi ti on
to the above different forns of the 5 conmposition, the conpositions my

al so be provi deRFFG" adhi HisSHR O by THAY2 BT hRe2 kFRVEFTEEI FOEMP KoPns,

i ncludi ng, for it .d n .- 105806 {1.uCran: i.pl e unit
dosages in a siaﬁﬁgggg?ﬁg%eﬁgrgco éaﬁng??y%%%rrrrngqan bluIaE F%%ir:}s”gtkg exanpl es
of unit dosage frndure, rifideikcdionBy abpan@titly hetaexargsl ensof £ isdilenBges,

gel caps, blister packs, and the like. Bulk forms may be stored in, for
exanpl e, tubes,tufFstrEsOf jtAesdryy fFgoughdr $8¥1- cont ai ners, and the |ike,
formed of glass, coafed netal )fGPJ‘t%'.B?@,é’{l,F}'s%S% CedTRLEN Jral & 06935{3%. the
formul ati on and 15 packKagi ng of phar ma- ceut’i‘cal proc?ucts I's well"wthin the
skill in the ardterhhots msxQ1¥kidianbheomrely aksidied WYERttHN sudfdct N sonme
cases to enhance stability (e.g., appearance of the conposition, such as
phase separati @ppléheriqrl thetbl 131joseldmey ggledi Tritioxanes, provi de t he
conposition int t nmore, generally two rts,_with the enhancer.
conmpound nai nt a"lnr(feagl”r‘]g’a fso"ép'g’r‘%r?peledo%t%i x?1'§enrtl%gr ’s%pnarhzf éyga’rﬁngf nto%lsame
container, from atpleasdcyibe FideyheaomPOnaiils~ A, § W g% hn&HTROSGI-t i on, for
m xing just prior to use, is especially 25 conveni ent when the enhancer is
an acetal 20f f aomyla, (34n-pndeylal,s@-1dt, & halineBhyli-@Xohaptadiandl) -
1,3-dioxanes. In_this regard, under the lg)ref%rred aci di ¢ 1%Jt;éof t he

conposi tion, eXg37HPEACERoRT® 3555 Y AndTPE S ARSI ARFOTBHP 0 | esser 18
~~ ~ DEC 289 exhgphcdhe sdi-OXH ARES g0 6l aResEi Y SeSERéAedk@chydr ol ysis.
Therefore, keeping the enhancer apart fromthe other ingredients until just
prior to use wakknpsevent the hydrolysis of the enhancer conpound to
proceed to any 5 significant extent, if at all, Wen sult)gl ied in two parts,

with the enhancer MEECRERPS SpAPat 8FS  H o PEES PANELATEY SPBF8PHEd to mi x
the Sggﬁpgﬁ{ Mak0: 5 b.3005 1947, 95h ek CRABERS Sand'shRbul © HRPLLGAT O O
'1,3—dioxanes, 1,3-dioxolanes and other alkyl or alkenyl
substituted compounds of general formula R-X (where R is a

C; to Cp, alkyl or alkenyl; X is 1,3-dioxane; 1,3-dioxolane;



Thus, while it is generally nost convenient to store |0 the necessary
formul ation ingredients as a single conposition, in this case there is
often a practical limtation with respect to storage, or shelf |ife. That
is, the optimumpH for stability of the PGE, is relatively |ow, about 5,
wher eas, the di oxane, dioxolane, or, especially, 15 the acetal,

per cut aneous penetration enhancers are nost stable at a hi I'eﬂE@fZﬁ[]leual |y
6 or greater. Thus, a single forrmulation will normally corigrom' se the
stability of one or both of these conponents to a greater or |esser degree,
dependi ng on thé sp&ti fire PH T NURReE¥hgSStaRorfYalpaiaylen®) t herefore, be
more desirable Lo plage ! hendCE: buand diie £OPANCEL ), 4L SERBEA! &(n,
conpositions or conpartiments I'n the same container, each'with its pH
optim zed for réspeciowee siialll iokynunéature tei xbelvdrTaRRY BY £]- okgfom e -ois €.
Simlarly, when the active ingredient includes prazosin the conposition 25
shoul d be non- afiefugn inkegeryPEohEP™ (etRanbrutard@) or -PSERRIpaR G (%and
propyl ene gl ycol r. the prazosin shqul d be stored separately fromthe
aqueous rred%'a uncffcﬁnjdt}s 2’pFF%€a o] ﬁgg.hi]blacer%a?skcﬁn eEui?‘JZ(?ﬁZV'agér"
Furthernore, thehsdiaikidy RfosPeReilatgnwheeAl 2ol 881 dYstrhtuRNYSiddh-f orm

and, specifically, PGE-1 is generally recognized to be nore stable as a
solid than in sbhinid ondifiiars, fartewhg@ingcorpepertanion gifit castwest ageousl y,
with 5 respect to shelf stability, contain solid, i.e., crystalline, PGE1
in one part to HFFRdEd| VEPUGR SR BYur8PHPRAPTEFEFd i ngredients in the

second part, 0 gi VaeReiN0l8sGOIRPY.bQn. RAdK b6 dSyTRd @l esding, 0 this

regard, the crystalline PGE-1 may be mai ntal ned’stably under 10
refrigeratioon farsopebihodislyohsasghangian aibiitapplyeatisn, HoWevBises thes al so
w thin the scope of the invention to first apply the enhancer to the
genitalia (e.g.use RE Bards 3penar¥eAneshand Haft-d4p*angs genpsteriade entire

penil e area. . I nakiuding DG REL LU A0GLIEN copsuallot i AR 15 M nutes,

preferably within mnutes, oge W any ‘ot her

optional drug conpofigste iandor Qumjdsdebnoin thhe sAIGIOSIrL), 08s dduceqyes, as
w Il be appreciated by those skilled in the art, the pharnaceutically
accept abl e car @berepmwhinh 20ubt dweet led ntiwheirect bridnerphe tundgrsandt her or

bot h of th1 enhangei_gvnd SGF tlaki_gg ioto consi dler q%i,on suctg3 factors as
sol ubi liti*@s, Prolttte'& IBPFi YR leds8ref Fi 2% i‘on AR Fike. In this
regard, PGE-1 iagebaidlyouial HOI& danatfictivle 28r MHnacSRY Wik tirAtedhanol .
Moreover, this solubility is not
of prostaglandins, especially, prostaglandin E; (PGE-1l), or
any other vasodilating agent or other drug effective for use
in the treatment of erectile dysfunction. In fact, the use
20 of these skin penetration enhancing compounds in combination
with PGE-1, phentolamine, prazosin, etc., can be considered
to be contra-indicated by the prior art.
For example, though the dioxanes and dioxolanes are
known as penetration enhancers, delivery of elevated drug
25 levels via a non-vascular route directly into target sites

deep below the skin was not to be expected. The well-

vascularized dermis would be expected to rapidly remove a

10



inpaicred to a practical degree by the incorporation of the water-insoluble
enhancer conpound used in this invention. 20 i ~ LtGC ~QO~ Accordingly,
the carrier systemfor the PGE-1 and enhancer conponents is preferably an
aqueous or non-aqueous al coholic carrier containing sufficient al cohol,
especi ally ethanol and/or isopropanol, to solubilize the-essentially 5

wat er -i nsol ubl e PGE-1, and be m scible with the enhancer1 f#ﬁﬂ}? ﬂ ,
however, depending on the ampbunts of enhancer and PGE-1 *n’ the formul ations
t he aqueous al coholic carrier can contain from about 10%to about 90% of

ethyl al cohol offPEoRP Uy 15| C¥hdeneprate iahPy the ([q5erpsbotar B¢ t&S8Rit 80
|0 percent of elanols or, oL OB ARQLLAD L e3RoRET£Nrha | SRR OPANO! -

M xtures of ethanol and isopropanol 1 n proportions pPov di ng the desired
solubility of PEErthandreqnis idaiverhysavidde theessthagcertitink alissubge used.
Again, the total anmpbunt of the aqueous or non-aqueous, 15 alcoholic carrier
wi |l depend on the B3t 2bPugi@eal VisrdfePAFELEY PHORGEEERRAES AABYING and
type of enhgncegéfg ntth‘Er&?r'JHa%f o%h,_enec%tm%i tion, e.g., gel, cream

oi ntment, etc. ual'ly anounts of the aquéous or non-aqueous al coholic
carrier within the ranrgaaoy, ftenMmabertpat@¥et o @eaubn 9dPo4HRY sRdn berresed. In
the preferred conpositions which are in the formof a gel, a thickening
agent, such as ayxrtonypgeopsum.cds| vios@lly phsert oncthelexlans af geltd i ng
agent. However, any other pharnmaceuticall cceptabl e thickening/gelling
agent may be 25PTSHY. wgéfhe’faﬁglaee?“ﬁeenagi Bﬁsﬁagq% Y BE Y SEﬁ%’F&C’%W ul osi c
ethers, polynerp&cddieCkeni i RARGAScat8 ot wiBEtHel Gpabd thed@li¥ABE S, Car bopol
t hi ckeners, etc., xanthan gum guar gum and the like, as well as inorganic
t hi ckener sigel | ¢onpcz. $incd the (3-CEGCx2082, dgéntisoxdlrmeanpuditaqetailhe

t hi ckening agent is not particularly critical and can be selected to
provi de the des?Fedeptotiii™ @SnskEt ATEFEERE 7S CHERPGRED YAPF BV VIR 5By

application to fhe gepjtal i+3 oYL U Wi L1 bgrton FepaLgLy or |oose so
that it will stay where gépp‘ﬁeeg.m%{gr?atqﬂi S re%%%ﬁ,n It may o??%n be
advant ageous f oforre@n¢ o SinhaAteldienthefappineadtiba dhechgeaptaticalyi | e t he

person is standing. Generally, depending on its nolecular weight, anounts
of thickeni ng a@&fériteupneentEbsht Ay tREEeRIRSEhISopoRYGAFNE 1ef rHFAI0 0.1 to
about 2% pf the compositiqn will, Rjoyide é%}%c(,jg?i red effect. Wiile the
conpositions of this I Avent 1 on genera Fy have 1Ttile or no side affects,

especially penile palfhodyhabeespageiohllndadrdeaés im thbeagener al

popul ation may 15 experience some mnor disconfort, such as a burning
sensation, espeawEngipyedariogpprt eplagintetatobicat faraupeniens \B9En appl i ed
to the glans of_ the.penis the tendency.for urni ng sensat i is further
| essened. This ﬁrseagﬁg? h%ﬁ'ectécd\?/?in‘fyzf%gmay’l??m %rclé}sén%s ?srlllvgﬁ ?%lna?ﬂﬁ’arrel y, that

the 20 conposi tingRsuBi& iPkatef [ etitewprihe idpbied doausil yey g gl ans of
the penis. As noted above, the effectiveness of the conposition when

appl i ed t @%nl yincheaglrmnsheaphorc dihri Yeten iageuet Waxitrdtuse sihteekPprct ed
in view of the evident node of action of the erl1ha cer bvgu&h as, g%oxol ane,

25 di oxane and SX@8tAIt%fahEEry deszeases at pH levels a © pRa

the free acid.
Accordingly, it is an object of the invention to
provide a prostaglandin composition effective for topical

25 delivery in the treatment of penile erectile dysfunction.

11



1~ ~lI.DEC 2002 In any case, especially when it is intended to apply the
conposition to the entire penis and/or genital area, it is also within the
scope of the invention to include in the conpositions a m nor anmount, for
exanple, up to about 5% 5 especially up to about 3% such as from about
0.1 to 1 or 2% of a mld |local anesthetic or anti-burning or antiitching
agent. Wiile many such agents are known in the art, sati sﬁagtBEzmﬁults
have been achieved with menthol. Qther mld | ocal anethes for

exanpl e, chlorobutan I nphar, benz al cohol, etc,, may be used. For
treatment of erectil% d?s?uﬂ%ﬁ%ﬂ ek ¥ﬁ Pﬁ%vﬁﬂeePeF?Fé’cFaépSPF‘&%qtdﬁnon t he

gl ans penis, thgy@a I b i e n the
range of from aﬁ%u{@gg%dtgim%lggg?%&nfﬁhﬁﬁrt gsr We %féécflg{ea%ﬁgl?q#%% about
15 0.1 to 0.5 nfqrmureipnefardakhyidr dm abeutha(h Z.ntjécﬂakﬂemforﬁﬁﬂaﬁﬂ’dﬁ&e
preferred application rates the active ingredient will be contained in the
fornmul ation in Phe™@80kEs as described above, nanely, from about 0.001 to
5.0% prefefably O. rete | ; or a

typi cal, rgﬁror esent a??vy?g;r]&é%?%%ﬁ%oﬁga%%%r thQ?% t]he [ n Ié?ﬂ%%i on-

cont ai ni ng 0. 5%ufi cREE=dmpuad £390 OforZ-tBaﬁﬁlryérnib,denMyaI&Q, aétiveaklhyendosage
anounts, as a function of the intended use and area of application, may be
from about 0.1 59 ABBHEMENt off pemilef eraprile rddmfab@moro wzer@no e5 m,

such as, for exa 0.25 m, 2 aWve . al cohol
gel (non- aqueoucso)qganatéb%réénﬁgaP o?Poqhe‘]ic%? ?nqry R%t?ﬁg 1P"?JIR SXgfo the
i nvention ar eshommale! o, raviekbrddpeanounts for "broad", | nt er rredl ate"and

"preferred" ranges being parts by weight.5Et hanol or Tsopropanol

Gel Br oadl riter nedi at B eftevecdRUEEther00djscts 00. O%e -inveb0ifd, -which

1. OEn~i ancer0.5 ,-252 - 153 - 12Carrier;50 - 9870 - 9780 -

9410Et hanol / WatétA5P8E°me §6F S RPN E 5k fgnnection with the following

-(or) 90/ 1090/ 100 opanal LVt er 0/ 10, -2 3IcLA35065% -AM601c R HBA0LAOCeI 1T ng
Agent0.1 - 5.00.2 - 2.00.4 - 1.215Ethanol orlsopropanol Gel wt

Ment hol Br oadl ntephedl atrealsaéetaledRGER 1 on 6o thelpenid. &0 .a0patient

1. OEnhancer0.5 - 252 - 153 - 12Carrier:50 - 9870 - 9780 -

9420Et hanol /V\atlérﬂB?%SineSGPSO thes cgmposition Comprlsmg

-or 90/ 109QL1090/ 10i 3 QP t 7 / 40/

- 9U 2000/ 1390/ 10Gel HDn% ?HQ G LIPS §Qé 18’0 %§egg “‘i %5Ment hol 0. 1 -
5.00.2 - 3.00. Brosﬂac_ﬂand,lﬁ”ﬁﬁczooz Prorw

| oned vcol | Fi cohol Gel uroac' | nt er nedi at ePr ef err edPGE- 10. 05- 5. 00. 0S-
1.50. 05- 1.0Enhancdr0.a®h epbgctive7amaRy: C4r aj é’FiYSGDenQS?@tiCQVS@ham c4

Al k | 10 -9020-_7040- 5 F 2 805 t 0 -450- 400-
4OGZInIO| ng Agenf‘@mgloum‘g1 G6: ﬁég (%Qﬁ qiél%%ﬁ ﬁ%lng ‘6 %EF"’ 1.0

Al though it ishghfddacuht gpowﬁasugelwdeaf 1t bedfcmmm ilﬁrzﬁoxbhmsne and
conpositions tend to be mldly acidic, due to the aci dic nature of PGE-1

General | y20pH aeeliflysi ng agents (e g , acids or bases) are not preferred in
the 15 i nvention conpositjons. parti cul ar adyantage of . the

preferred conpositi'$is oPhT"?ﬁascef‘ﬁb%?l]t]lYoﬁftfﬁ%ﬁl‘f%é:)?rréﬁ’élCH’ 3Bt agai nst
phase separation and pr?@};ﬁé 8L Adald Rngyes 41 Bnth dend ARfR Ok £ SL ;328
conditions. For exanple he aqueous and non- aqueous al coholic gel
formul ati ons aso ckeﬂmlbumede abey eonperedntsst(apl ndoven ;a tenperature range of

at |east fromabout -18 "Cto about 10 C, over periods of several nonths to
years, dependl ng on the‘é’c)oraag‘éx’f‘é?ﬁ)é’rfatlﬁi’%mpﬂl alrobet at“ﬁe“?%‘?ﬁ)er ature,

the grealsl thgeALARULI LY < Mib0ilod Wil ERnbARRIEALYS CadNgF, 102

concentration remai ns at over he original "¢oncentration.
rit | ower tenperatures wi) Ghmiktdrd of ﬂarﬂp)snamé Blycel iwith eéfther-~ t ~ha-~e

serar i t ! onof rt~-~ J 1 i DEC 2002 PGE-1, the conposition may be
restored to itethdmiodi anl isapraPyi onlagheh Phamtiig of ABRSTiAGPYO14 ane of ten
preferred that the conpositions be refrigerated until just prior to use.

Anot her particul ar advantage of the present invention 5 is that by virtue
of the enhancenent of the effectiveness of PGE-1 it is possible to use |ess
of the active ingredient, thereby | essenimg the likelihood of irritation or
ot her side effects. Although the conpositions of the invention are
effective without any additional assistance a better 10 erection, i.e.,
nore suitable for intercourse, especially



when .the conposition is applied directly and only to the gl ans, may

soneti nes be achieved by conbining the topical transdernal application of
the active ingredient, as described above, with the assistance of a

mechani cal venous 15 constrictor, such as a rubber band or ot her

"strangul ati on" device. Such devices are well known in the art__In the
context of the present invention it is believed that the #4i BEEN20820f a
mechani cal constriction device, preferably applied at or near the base of
the shaft of the penis, may 20 enhance the effectiveness of the active

i ngredi ent by nore dff et/ aeFRGtiNG A cPEvR IHdrisdi @rntio 28Rt er t he
cor pus cavernoswgiog‘?ll ~1 1 DEC 200 Referential Exanple 1 The follow ng
aqueous al cohol1’c ge atcor di ng to the invention was prepared: Anpunt
(percent) 5 Prostaglandim antiOidridait-iAgnyt rekt3vei axsdmne £ Sméhdrdr. oxypr opyl|
cellulose (HPC) 1.0 Solvent (Ethanol/Water:70/30) q.v. 100 The

2-n-nonyl - 1, 3- di oxoFamnqthezdaerkato the imventhianopyewides actathed dbf| e
stirring tq foryma,clear sqlution...Solid. (crystalline) PCGE-1 (co rcially
avai | abl e 1%r omté:eﬁﬁﬁ%%rpeor\‘ﬁ i?’fee?q;elr}te g ?Jfrécnecs%iolns”éaadgéflﬁ’ﬁ e &FFring, and
al l owed to di ss@l¥eor ThhddRCihPWIREL1LP AfHedsBeXingVtbhegoOYdrikadi N xi ng
until uniformgelation is 15 observed. The mxing is carried out under

anbi ent t enper @&futbke paticat decamwosiibion gomprisbhgier phempesaitagieaily
desired. Al so, Imxi ng‘fegan if desired e carried out usi ng‘éa roller mill

for mixing the StAGFE UBhRr Preabcetr WhEaf ¢ontit iIRIFSSNSD Hefferenti al
D 2 ene RRShoule-agueRNSANEORY dr a8 achRIMNGr L 16 | nvention

was prepared: Anoun Prost agl andi n

2- n- nonyl 13, 3- gefxot e nS efhddnax yptipiHd eell ket @b & rphiPEe Hrdubol vent

(Et hanol /Water:70/30) q.v. 100 27 't °~ , 1 1 DEC 2002 Referential Exanple
3 The fol | owi n§°RFLEGINY FcBNEP i SoBEIOTIERTIH FGOEB FURSikVERR i o Was

prepar ed: dioxolane, 1,3-dioxane and acetal; wherein the prostaglandin

E, and the skin penetration enhancing compcund are
solubilized in a pharmacologically acceptable aqueous-
15 alcoholic carrier comprising ethyl alcohol and water,
isopropyl alcohol and water; or a non-aqueous carrier
comprising ethyl alcohol and/or isopropyl alcohol, and
propylene glycol; and a thickening agent in an amount
effective to retain the prostaglandin E, and skin
20 penetration enhancing compound on the penis.
According to an embodiment of the invention process,
the topical composition is applied topically to only the

glans penis.

13



Amount (percent) 5 Prostaglandin E, 0.5 2-n-nonyl -1, 3-di oxol ane 5.0

Hydr oxypropyl cellulose (HPC) 1.0 Menthol 0.5 Sol vent (Ethanol/Water: 70/ 30)
g.v. 100 I 0 Referential Exanple 4 The foll owi ng aqueous al coholic gel
according to the invention was prepared: Amount (gercent) Prostaglandin E,
0.1 15 2-n-nonyl -1, 3-di oxol ane 5.0 Hydroxypropyl cellulose (HPC) 1.0

Ment hol 0.5 Sol vent (Ethanol/Water:50/50) g.v. 100 Refere%i_ﬁl ﬁgarrﬁal e 520
The foll ow ng aqueous al coholic gel according to the invenii ID 2002
prepared: Pr ost aql nd| n.E, __2-n- non | -1, 3- d| oon ane 25 dr oxypr opyl

cel | ul ose (HPOREBALERIRESS o REIERE BRIMENTSbUNt  (percent 0.5
5.0 1.0 0.5 g.v. 10@h28:omp'oss.tlon]s Dﬁg m&@np}llfs %n@gn&é’( 82be 0l d

subj ect applied to the glans of the penis 0.25 n of the escribed in
Referential Examglefdr themesestemtwas @xpef] eheamdurtlmﬁga’&huﬁeaubes 5 b)
On anot her occasign, this sanme subject applied to the glans of the penis
0.25 m of the p@élllﬂe%‘?ﬁ‘itlﬁéﬁ ‘?Wfﬁéf:éF%‘ht‘iralmalijﬂam‘%?e?cem%ﬁé’sl@éhes R

eXper! enceg Wi t %I np%%, :ﬁeQVESSVaég L‘ldl or’ a% G{: se{ng ilt% Was

experi ence es and aste one our 10 c) On

anot her occasi @aurbiéfenebl 664 dERBLESHES Qaeubecgé@@&rqt shee RERLELH. O m of
the gel described in Referential Exanple 3. Tunescence was experienced

Wi thin 30 minuegber rsticaksent, $rapnt eﬁﬂ%@saﬁhmﬁcﬁ&tw@mr appl i cation,
a full erection was experl enced 15 fdghe wo, di fferent occgm ons, this

subj ect applied to The grafE: OP Fhat peif s}n@eﬁgmrﬂ 35F EREBISCERD gel, . e.

devoi d of Prostagiandi Iﬂoﬁl-mmlwﬁewfl%t%netEcEQHeOQerY&Sale%Eiibﬁé\CGd on
ei ther occassion, even upon Vi sual stinulation. 20 Exanple 2 44 year old

mal e appl ted tespmagllanshgfpetnhe, pews erdiztyd cof PrhéelgﬂﬂYdGBStl‘U&j in
Ref erenti al Exa . This individual felt that the plood flow, or

enl argenment, of?! % °§eﬁf’§ Refd sgr £8 ¢ M HHEA - nh ey oskiran BA¥eRE dur i ng 25

I ntercourse. ngplled to the scrotum and/or perineum. One particular

advantage of this invention is that the composition is
effective even when applied to only the glans penis; another

15 advantage is the reduction of side effects, such as burning
sensation or pain.

The term "non-invasive" means the treatment does not
require puncturing the skin, surgical removal of tissue, or
any other kind of surgical intervention, including

20 transurethral administration.

The active ingredient in the formulations of this
invention is prostaglandin E, (PGE-1) [11,15-dihydroxy-9-
oxoprost-13-en~l-cic acid; 3-hydroxy-2-(3-hydroxy-1-
octenyl)-5-oxo~cyclopentaneheptanoic acid] which is a known

25 vasodilator. However, other prostaglandins, such as
prostaglandin E, (PGE-2), or prostaglandin-mimetics, or
other drugs useful for treatment of penile erectile

dysfunctions, such as, for example, papaverine (1-[3,4-

14



~ ~ 0 E C 2002 Exanple 3 a) A 47 year old male applied to the glans of the
penis 0.5 m of the gel described in Referential Exanple 4. The subject
reported a pleasant feeling of always having a 5 partial erection hours
after use - even after washing the gel off the skin surface. b) On another
occasion, this subject applied to the glans of the penis 0.25 m of the gel
described in Referential Exanple 5, with simlar positive rgs Igg% é&
Exanpl e 4 The formul a of Reference Exanples 1 was studied i E @
controlled clinjcal trials involving 34 inpotent individuals. The placebo
was the fornul a"tll“t?ﬁhﬂé%ﬂ?“déélmiaﬂ‘ﬁéf'ér éntingthexyisrasineling) 2 but devoi d of

P t agl andi t hat
contained 0.5 re (Bt ad Ba0H fid 105 4 AR AR ki RS 1D
Erections were djlmabxyeﬂschmrlnSHme)lZ pﬁ@ﬂ%laﬁfﬁlﬂet (eat@g swathydesanA and for 7

out of 10 (70%, men treated with Dose B, while only 2 of 12 nen experienced
erections 20 mHéﬁdFF@hT%'dfl\M“Fﬁh)tWé%F‘a‘é@b@hgéyl)@@no]l?henolﬂ) /OpPCazosin WHAT

| S CLAI MED | S: aiml. A_stabl ueous. al c hO|ICC osition for
topical 2 admi n(ljlstra TR et metg‘r?lg “5t quamaé?go AEUN nggerlc} t hereof, said

conposition 3 @Qﬁfﬁﬁy&moﬂyl(@J)p@alahaémamlnegmm | mletagwdémnamwﬁa
of prostaglandin E,; 5 (b) a penetration enhancing effective anmount of a

skin penetrati Moekelrmamditngc cotideudners e peptiideoriet e, gilA)p vansi sting of

C6 to Czo- hydro arb rou ubs tuted 1, 3 - xane, 1, 3-di oxol ane
and acetal ; an& %‘5 - har H:’éﬂ I’Vxé"f*rﬁﬁt?fvém%qﬁe‘bh? al cohol i ¢

carrier to sol hbht@ﬁan&n%ogpoﬁlearﬁrt)§lﬁaér@-'ﬂ)@'ee‘@l}r d rePNPkdr}139a8 M xture of
water with either or both of 10 ethyl al cohol and/or isopropyl alcohol. 11

Claim2. Tle coapbss tdfoRGEF1 cﬁcalpheﬁt@mnpmespngo@oéa)x éf dnoabou20®.t®1 to

about 5 percent by Rﬁefght of prostaglandin E,; 13 (b)_ from about 0.5 to
about 15 percenflby’ eﬁﬁPlbfl 4P|t _ Ik P \pBAEE RASEEH2 B riR@nEP nty Yonpound;

15 (c) (i) a mxtur a l.,al a r tio) by
wei ght, of 16 abouté:‘\eQn%fr % yttg%agg%%%@ }é@l\% l(% Balli 19 5@

applied will depend on such factors as the particular
disorder being treated, severity of the disorder, the age of

15 the patient, the amount and type of enhancer. Usually,
amounts ranging from about 25 ug to about 4 mg of PGE-1 per
application, preferably from about 50 ug to about 2.5 mg of
PGE-1, more preferably from about 125 ug to about 1.5 mg,
per application, will provide acceptable results for most

20 individuals. Accordingly, PGE-1 will usually be included in
the compositions for topical application in amounts ranging
from about 0.001 to 5.0 percent (as used herein, unless
otherwise noted, all percents, percentages, amounts, and
ratios, are on a weight basis), preferably 0.05 to 1.5

25 percent, more preferably from about 0.05 to 1.0 percent,
based on the total composition. Where PGE-1 is used in
combination with another active ingredient, such as

phentolamine or prazosin, the total amount of the active

15



17 (ii) a mxture of isopropyl alcohol and water at a mxing ratio, by 18
wei ght, of about 90 : 10 to about 30 : 70; 19 (d) O to about 5 percent by
wei ght of thickening agent; 20 (e) O to about 5 percent by wei ght of
menthol. 21 Claim 3. The conposition of claim1l conprising 22 (a) from
about 0.0S to about 2 percent by weight of prostaglandin E,; 23 (b) from
about 2 to about 15 percent by weight of said skin penetragi T?ﬁf@&ganci ng
conmpound; 25 (c) (i) a mxture of ethyl alcohol and water at f

rati o, by weight, of 26 about 50 : 50 to about 90 : 10, or 27 (ii) a

m xture of isopkingrpdiantetvdy £adlveitdvinathe aHovengmeuwntso, BymPBamiwi ght, of

about 35 : 65 tq about 90 : .10; 29 (d) O tp about .2 percen ight of
t hi ckeni ng agen‘ﬁ}enaﬁgegbol(aé‘)mﬁ P %‘{)ac?)&fﬂ? percéft b )Vﬂﬁegﬁ% g%%ﬁﬁﬂﬁol 31
1 1 1 DEC 200z Zbumkabf fetilleif@rRshti fhy e ¢hehid lne0ABLI S| Hbudes( @)
fromabout 0.05 to about 1 percent by wei ght ofprostaglandin Et; 33 (b)
fromabout 3 to 12 pbecewmtethptien gift tbe aetidesknargdiveitr &hrowgi84henhanci ng
conmpound; 35 (c) from about 70 to about 97 percent b ,Weight of, the
phar maceut iTal 13586181 THATYE EArHeACCIRIRYe APYRT a‘i%t}f‘cé.ﬁ“f% Inshe 2
percent by wei ghtn,af;t i ckeakng _I%&@'{trétﬁm 3Bah€lnd d2RROUL ndRGECEPT DY
wei ght of nmenthol. 39 Caimb5. e conposition of claim4, wherein nenthol
is present. 40 ad ahnaficerThempowpbsitiicbniofa el-ainsditwedel n3 ebixonend (b) 41
conprises fromabout 2 to about 15 percent by weight of C~ to C Z- al kyl 42
substituted 1, °F- ghexbramnda 48) 0 aim 7. The cqnposition of claim1 wherein
conponent (b) 44 conprises fromabout 2 to b§ﬁ3t 15 percent by wei ght of C~
to G z-al ky 45 substituted acetal. 46 (J ai . The conposition of claim1l
wherein the conposition has a 47 pH iﬂ-(fh-&;ul‘ dnge of from about 5 ¢ about
6. 48 Caim9. The conposition of clainm@~wherein the skin penetration 49
enhanci ng conpound is said acetal. 50. d ai 0. A conposition for topical
administration to the penis of a 51 person®n¥%eed thereof, said
conposi tion conprisj 2 r gi ly effective anount of
active ingredi g%tasie'lr%ggé’égg% cffr %%%t E‘g&%glrl%uéfg%hsi sting of phentol am ne,
prazosin gsd a m xture of 54 prostaglandin E~rRwW Rh phent ol am ne or
prazosin; 55 (b) a penetration enhancing effeolife anount of a skin
penetration 56 enhancing conpound sel ect edPfrorit heRgroup consisting of C6
to CZo-hydrocarbyl 57 group substitutedRrS-3% difxane, 1, 3-di0Xdl ane and
acetal; and 58 (c) a pharnaceutically effe fTVES aqugbus carrier effective
to solubilize 59 conponents (a) and (b) and c{np ising water or a mxture
of water and at | east 60 one of ethyl alcohol "and/or isopropyl alcohol;
and, optienal |l yr {rd)acamdlo(ifdudi6d Kehiagethllemithg edéfredia (EIAhount of a
t hi ckeni ng agent; and, 62 (e) an anti-irntat~n~ effective anount of
ment hol . 32 ,~ 1 DEC 2002 o0 —R!
Ve 1
R—C~—H (III)
\o._.—:Rl2
25

where R represents a C, to C, aliphatic group,
R,, R,, R;, R,, Ry, and R;, each, independently,
represent hydrogen or a C, to C, aliphatic group.

R', and R',, each, independently, represent C, to C,

30 aliphatic group.

16



63 Claim 11. The conposition of claim 10, wherein the active ingredient 64
(a) is said mxture. 65 Caim1l2. The conposition of claim10, wherein the
active ingredient (a) is phentolamne. 66 C aim 13. The conposition of
claim 10, wherein the active ingredient (a) is prazosin. 67 Claim114. A
met hod for manufacturing a conposition useful for 68 treating penile
erectile dysfunction in a person in need thereof which corrpﬁzp BEgrz)@? IS
designed to be topically admnistered to the genitalia of e pers sai d
met hod 70 conprising conbining a p~~armacol cgically effective anmount of
active ingredient 7?1’3%?@(&1% RrespreRents cuss clenhSeseil hghagficpgostryl andi n

E,, phentol am ne Lazosi an t.ure_of pr andin E,_wt

phent ol ani ne or" ngoéf & tc’t g?'épéa)% gB?uP/'B %% ?Ll%éf:rﬁf?%

enhanci ng effeqrtawseaammtaqt;ha %'&aﬁéﬁ'@é riali ANa SANARGT Dok i, 1€ gEBARN
selected fromthé group consisting of G6 to C2o-hydrocarbyl “group 75
substituted 1, sBcti axol fare exdppl3, dnekeaxel amdhapetlyl n-nheyei m-nbayacti ve
ingredient 76 and the skin penetration enhancing conpound are sol ubilized
in a 77 phar nade’SﬁH:al‘]’&‘“SEE’é]p't Foredetlleo s har ettt cneafAdscYdondt i si ng
et hyl al cohol SalAr QL R |t ter - xture of
et hyl al cohol, legggpg:)py 79@aclaﬂcr§ﬁoIEIQQlyi \E/)\G)a"tﬁ\ggﬂand aa’gﬂng %Ct%h gkglrlu ng agent
in an anbunt efsfteei—yll,eatna tes diike80 The sachiykt idigriedabkyl ardupkin
penetration enhancing conpound on the genitalia. 81 Caim15. The

conposi tion acE8FHi 3y THBFEt mMrofREt eiTIOREL aHfisLMrd89Y bf aFeost agl andi n E,
is in the range OLClablq re;J.'er edabout 1 percent by weight and 83 the skin
penetration enﬁaﬁ0|ng doRpoun conprises 2-n-nonyl -1, 3-dioxolane in 84 an
amount of 16r om abouinea3Y @Rl Wl 1bRIE RY gdRUPNkay e, Ckal naxkap1&he conposition
according to claim15 having a pH of from 86 about 5 to about 6. 87 Oaim
17. The conposhketinl actby i rTg'plrnglaIJ{ﬁO@rﬂhElelm'bUhﬁlamﬁIWt'bBBYbf

pr ost agl andl n E,_is abou 5%.t0 about 1 %b t and the anmpunt of 89
2-n-nonyl - 1, 3- 8F¥%51&na" t%&EFES%ﬁV \Rélaﬁqﬁxf ed96 g?*é?trﬁclgm‘fﬂ% ™nposi ti on

accor di ng tO Cka'tEU 7 ahaVvidW I%Hdok fra@@1 M Pbebups | @sphevhify, 3
. Aa. A AF?. AFe. A3, . AYe. AF?. AT 2. AYy.

e. A9R Ae. A(y. AFE{)AQ’haA’i’n@\mo%Rzﬁagerkm AeoﬁéSyno%tAhspé&IauAeeﬁWlA@., A3. A A
] A iAS ]>Q H}}Aﬁ%éTﬂlﬂ@g?{]@;aq&f%%caq C?ﬂ&fﬁ] cal ca]q(;%l‘]calﬂqcalﬂscgwpgilﬂ caU]&cil
ca] ca] cattalc a en A cal] caSr
67} xsni d_ZUU] ca] calr Oa}ica ]O%alca] cr%}a %ﬁ § calc é i%ga]&gﬂ &Jﬂf}?]’c a] ca]
cRa] ca] ca] cal] ca] ca cal f!\Q/RI{ +}xsn| caJ ca] ca
} ca} ca} ca} ca} C@,;]I&ajld@aksa]@e%]&abC@e}pla/]ew] ﬁa&&aﬂo@aksal ac&]le,a] eadsalaa] ca] ca] ca
ca] ca] ca] ca] ca] cal
I ]& ]<AE]SSTi\| w]rlmfo’\‘il@](éaq cia’]t@a]:@'a?;@&']r@&}ea] %?:]hca]iéé}b{r@@] gactors a]s,  O1HISE
a] ca] ca] ca] calca ca. ca ,cal cal ~
@H LMOQ xsni EZATE ]f% Jcl & %’acf a’j 3 q-]%‘ ?Jca 3 ca] ca] ca] ca
] ca] ca] cajgal calueal C@Lﬁ@ﬂacl Caixs&]r&@] @ﬁ]@l@d% @XZJBK[dr\A%r %M@m@(%cw c ajc
a)J ca] ca] ca] ca] ca] ca] ca]ca] cafca] calca]calcaljcalc alc
4, B lyafren cldosd] 2atw AT PEBEPBL,, especially from
a] f% Sfl,??] ;a]m / ]O’Cﬂ:eo%rﬁqlzg]rfnz?& Ayt 1)}1 ot VlFJ)] ]scalca] ca]lciag)c$a] calca]calcalc
a]ca]ca]ca]ceﬂ?ﬁfﬁ& a] o 10 percent, o e composition, wil rovide

stable and effective compositions.
The compositions are generally formulated as gels,
25 especially aqueous-alcoholic gels. However, other forms,
such as, for example, lotions, creams, mousses, aerosols,
ointments, lubricants, etc., may be used so long as when

applied to the genitalia the formulation will stay in place,

17



aUlc aJcajca]jcajcalcalcalc aUc alJc aJcalcaV]calca]lc aUc alid47"717: 5=
===J==07?7?BBBCC>DSDDF\ GGGGHI J~LLLLL{vqgl gb\WJ]]] ca] c”a]c"a]ca]ca]ca]ca]ca]c"a
] ca] ca] ca] ca] ca] c”a] ca] ca] ca] c$a] ca] ca] ca] ca] ca] csal] c$a] ca]ca] ca] c"a] ca] ca
] ca! LOMMVMVNI NNNOOO- Pi PPPP) Q* QQQ

R>RvR| RRRASNSSSUWW wgl gb] XU] ]]] ca] ca] ca] ca] caU] ca] ca]lc aU]c

a]J ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ciqaﬁ ] gca] ca! >
WOXXYYzZZZZZZZ[ [[ [ TITIX[{[[[\WM\\b\k\]] "t bzb{upkfa\WJ]] ?@a@@ ]ca]c’ a
Ul c"a] ca] ca]ca]ca] ca]ca ca}ca] cal ca] ca] ca] ca] c*a] ca] ca] ca] ca] ca] ca] ca] ca] c”

al] c"a] ca] ca! zb}bBcdffHHIRA k’fﬁﬂTﬁrﬁéAo{% éaﬁéﬁféﬁ Timeys r e HegBikUrn] ] cal cal ¢

ajcajc &al] c&a
L] okl ou ol b A B R R e P& e L a g e ¢
"al] c" a] ca] ca] cptesdref19a] S@e]zca}quatﬂé: q’i]aﬁs of the ]penis.

a] ca] ca] ca] ca] ca] cal] cal] c$al] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! W 0*$$Fi zupk
fa\Vj e_zZUlU U c$a] ca]Iga}aég_}t:eqrcg,}:cth]apove different forms of the

N /\ N $ $
cal ca ca 7O @ -FORMOSBAPR! (1A FATOPEL HOF] BRI TAEE A7 o CAAPEarEa L] onl ¢ aUl ¢
?l7J] ca] ca] ca] ca] sé@g]ra%]t@akﬂ&fa]b@akﬁal Salkpal ﬁﬁ]@@]&ahcélyad&mél ca] cal] ca] c$a
&* ]7Aeiji }}/vr n?c"Y}l@ts_l.Zldl.iJ]ﬂ];c] b 4| @a:]ama]@a]lma]:cat&@;ﬁ] ehdUhel'tal]-ciakea¢ cal-@all)] ca] cal
ca] ca] ca] ca] cal] ca].c$a] cal ca ca] ca] calcaUl ca] ca] c® _
Rr ]<S;]?5r tlj]zugk}‘ a[ ]I\\;&ﬂ]]%gi ]'&’Z]a 8 T%]a‘]"c]é] 5&]‘%3;4 @é}%ﬁ]’%aﬁarcgfeaftaﬁa] ca] ca] ca]
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skill in the art.

It is also within the scope of the invention, and in
some cases to enhance stability (e.g., appearance of the
composition, such as phase separation; chemical stability of

20 ingredients), to provide the composition in two or more,
generally two, parts, with the enhancer compound maintained
in a separate container or separate part of the same
container, from at least the PGE-1 component. A two part
composition, for mixing just prior to use, is especially

25 convenient when the enhancer is an acetal of formula (IITI)
but also for the 1,3-dioxolanes and 1,3-dioxanes. In this
regard, under the preferred acidic pH of the composition,

e.g., from about 5 to about 6, the acetal, and to lesser
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extent the dioxolanes and dioxanes, are subject to
hydrolysis. Therefore, keeping the enhancer apart from the
other ingredients until just prior to use will prevent the
hydrolysis of the enhancer compound to proceed to any

5 significant extent, if at all. When supplied in two parts,
with the enhancer maintained separately from PGE-1, it is
preferred to mix the enhancer with PGE-1 and the other
components, prior to application to the genitalia.

Thus, while it is generally most convenient to store

10 the necessary formulation ingredients as a single
composition, in this case there is often a practical
limitation with respect to storage, or shelf life. That is,
the optimum pH for stability of the PGE, is relatively low,
about 5, whereas, the dioxane, dioxolane, or, especially,

15 the acetal, percutaneous penetration enhancers are most
stable at a higher pH, usually 6 or greater. Thus, a single
formulation will normally compromise the stability of one or
both of these components to a greater or lesser degree,
depending on the specific pH of the composition. It may,

20 therefore, be more desirable to place the PGE-1 and the
enhancer (s) in separate compositions or compartments in the
same container, each with its pH optimized for respective
stablity, to be mixed immediately before use. Similarly,
when the active ingredient includes prazosin the composition

25 should be non-aqueous, i.e., alcohol (ethanol and/or
isopropanol) and propylene glycol, or the prazosin should be

stored separately from the aqueous media until just prior to

use.
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recognized to be more stable as a solid than in solution.
Thus, a two part composition might advantageously, with
5 respect to shelf stability, contain solid, i.e.,
crystalline, PGE-1 in one part to be dissolved on admixture
with fluid ingredients in the second part, to give a single
composition ready for immediate use. In this regard, the
crystalline PGE-1 may be maintained stably under
10 refrigeration for periods of as long as about 2 years.
However, it is also within the scope of the invention
to first apply the enhancer to the genitalia (e.g., the
glans penis or the shaft of the penis or the entire penile
area, including the scrotum) and then, usually within 30
15 minutes, preferably within 15 minutes, apply the PGE-1
(together with any other optional drug component) and
remainder of the composition.
Moreover, as will be appreciated by those skilled in
the art, the pharmaceutically acceptable carrier may be
20 present, in whole, or in part, with either or both of the
enhancer and PGE-1, taking into consideration such factors
as solubilities, product stability, ease of application, and
the like.
In this regard, PGE-1 is hardly soluble in water but
25 guite soluble in ethanol. Moreover, this solubility is not
impaired to a practical degree by the incorporation of the

water-insoluble enhancer compound used in this invention.
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isopropyl alcohol, preferably, from about 60 to about 80
10 percent of ethanol or from about 45 to 55 percent of
isopropanol. Mixtures of ethanol and isopropanol in
proportions providing the desired solubility of PGE~1 and
compatibility with the enhancer can also be used.
Again, the total amount of the agueous or non-aqueous,
15 alcoholic carrier will depend on the amount of PGE-~1, other
active ingredient, amount and type of enhancer, and the form
of the composition, e.g., gel, cream, ointment, etc.
Usually amounts of the agqueous or non-agueous alcoholic
carrier within the range of from about 70% to about 97% may
20 be used.
In the preferred compositions which are in the form of
a gel, a thickening agent, such as hydroxypropyl cellulose,
will be included as a gelling agent. However, any other
pharmaceutically acceptable thickening/gelling agent may be
25 used. For example, mention may be made of other cellulosic
ethers, polymeric thickening agents, e.g., acrylic acid
pelymers, Carbopol® thickeners, etc., xanthan gum, guar gum,

and the like, as well as inorganic thickeners/gelling
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While the compositions of this invention generally have

little or no side affects, especially penile pain, a
percentage of individuals in the general population may

15 experience some minor discomfort, such as a burning
sensation, especially when applied to the shaft of the
penis. When applied to the glans of the penis the tendency
for a burning sensation is further lessened. This is
another advantage of the present invention, namely, that the

20 compositions are more effective when applied to only the
glans of the penis. As noted above, the effectiveness of
the composition when applied to only the glans {(a non-
cornified tissue) was not at all expected in view of the
evident mode of action of the enhancers, such as, dioxolane,

25 dioxane and acetal enhancers.
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In any case, especially when it is intended to apply
the composition to the entire penis and/or genital area, it
is also within the scope of the invention to include in the
compositions a minor amount, for example, up to about 5%,

5 especially up to about 3%, such as from about 0.1 to 1 or
2%, of a mild local anesthetic or anti~burning or anti-
itching agent. While many such agents are known in the art,
satisfactory results have been achieved with menthol. Other
mild local anethestics, such as, for example, chlorobutanol,

10 camphor, benzyl alcohol, etc., may be used.

For treatment of erectile dysfunction and with the
preferred application on the glans penis, the amount of
formulation to be applied is preferably in the range of from
about 0.1 to about 1 milliliter (ml), preferably, from about

15 0.1 to 0.5 ml, more preferably from about 0.2 to 0.3 ml.

For these preferred application rates the active ingredient
will be contained in the formulation in the amounts as
described above, namely, from about 0.001 to 5.0%,
preferably 0.05 to 1.5%, more preferably 0.05 to 1.0%.

20 For a typical, representative gel formulation according
to the invention containing 0.5% of PGE-1 and 5% of 2-n-
nonyl-1,3-dioxolane, suitable dosage amounts, as a function
of the intended use and area of application, may be from

about 0.1 to about 0.5 ml, preferably from about 0.2 to 0.3

25 ml, such as, for example, 0.25 ml.
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Representatlve alcohol gel (non-agueous) and agueous
2lcoholic gel formulations according to the invention are
shown below, with the amounts for "broad", "intermediate"
and "preferred" ranges being parts by weight.

Ethanol or Isopropanol Gel

v

Broad Intermediate Preferred
PGE-1 0.001 - 5.0 0.05 - 1.5 0.05 - 1.0
Ennancer 0.5 -25 2 - 15 3 - 12
Carrier: S0 - 98 70 - 97 80 - 94
10 Ethanol/Water 45/55 - 90/10 50/50 - 55/45 —
(or) 90/10 90/10
i~-Propanol/Water 30/70 - 90/10 35/65 - 40/60 -
90/10 90/10
Gelling Agent 0.1 - 5.0 0.2 — 2.0 0.4 - 1.2
15 Fthanol or Isopropanol Gel with Menthol
Broad Intermediate Preferred
PGE-1 0.001 - 5.0 0.05 - 1.5 0.05 - 1.0
Enhancer 0.5 - 25 2 ~ 15 3 - 12
Carrier: 50 - 98 70 - 97 80 - 94
20 Ethanol/Water 45/55 - 50/50 — 55/45 -
or 90/10 90/10 90/10
1-Propanol/Water 30/70 - 35/65 - 40/60 -
90/10 70/10 50/10
Gelling Agent 0.1 - 5.0 0.2 - 2.0 0.4 - 1.2

25 Menthaol 0.1 - 5.0
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Pronyvlene Glvcol/2lcohol cel

Broad Intermediate Preferred
PGE-1 0.05 - 5.0 0.05 - 1.5 0.05 -1.0
Enhancer 0.5 - 25 2 - 15 3 - 12
5 Carrier: 50 - 98 70 - 97 80 - 94
C2/C4 Alkanol 10 - 90 20 - 70 40 ~ S0
Propylene Glycol 2 - BO 5 - 60 10 - 50
Water 0 - 45 0 - 40 0 - 40
Gelling Agent 0.1 - 5.0 0.2 - 2.0 0.4 - 1.2
10 Menthol 0 - 5.0 0 - 3.0 0 - 1.0

Although it is difficult to measure pH of the
compositions, the compositions tend to be mildly acidic, due
to the acidic nature of PGE-1. Generally, pH modifying
agents (e.g., acids or bases) are not preferred in the

15 invention compositions.

It is a particular advantage of the preferred
compositions of this invention that they remain stable
against phase separation and product degradation over a wide
range of storage conditions. For example, the aqueous and

20 non-agqueous alcoholic gel formulations as described above
remain stable over a temperature range of at least from

about -18 °C to about 10 °C, over periods of several months

to years, depending on the storage temperature. The lower

the temperature, the greater the stability. Within this

25 temperature range the concentration of PGE-1 remains at over

80% of the original concentration. At lower temperatures

which might, 17 sore canegs, cause phase separation of the
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PGE-1, the composition may be restored to its original
condition upon thawing. Accordingly, it is often preferred
that the compositions be refrigerated until just prior to
use. Another particular advantage of the present invention
5 is that by virtue of the enhancement of the effectiveness of

PGE-1 it is possible to use less of the active ingredient,
thereby lessening the likelihood of irritation or other side
effects. Although the compositions of the invention are
effective without any additional assistance a better

10 erection, i.e., more suitable for intercourse, especially
when the composition is applied directly and only to the
glans, may sometimes be achieved by combining the topical
transdermal application of the active ingredient, as
described above, with the assistance of a mechanical venous

15 constrictor, such as a rubber band or other "“strangulation"
device. Such devices are well known in the art. 1In the
context of the present invention it is believed that the
assistance of a mechanical constriction device, preferably
applied at or near the base of the shaft of the penis, may

20 enhance the effectiveness of the active ingredient by more

effectively directing the active ingredient to enter the

corpus cavernosum.
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Referential Example 1
The following agqueous alcoholic gel according to the

invention was prepared:

Amount (percent)

5 Prostaglandin E, 0.1
2-n-nonyl-1,3-dioxolane 5.0
Hydroxypropyl cellulose (HPC) 1.0
Solvent (Ethanol/Water:70/30) q.v. 100

The 2-n-nonyl-1l,3-dioxolane is added to the
10 ethanol/water solvent while stirring to form a clear
solution. Solid (crystalline) PGE-1 (commercially available
from a number of different sources) is added, under
stirring, and allowed to dissolve. The HPC (powder) is
added next with continued mixing until uniform gelation is
15 observed.

The mixing is carried out under ambient temperature but
can be carried out at colder temperature if desired. Also,
mixing can, if desired, be carried out using a roller mill
for mixing the ingredients under reduced shear conditions.

20 Referential Example 2
The following aqueous alcocholic gel according to the

invention was prepared:

Amount ercent

Prostaglandin E, 0.5
25 2-n-nonyl-1,3-dioxolane 5.0

Hydroxypropyl cellulose (HPC) 1.0

Solvent (Ethanol/Water:70/30) q.v. 100
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Referential Example 3

The following aqueous alcoholic gel according to the

invention was prepared:

Amount ercent

5 Prostaglandin E, 0.5
2-n-nonyl-1,3-dioxolane 5.0
Hydroxypropyl cellulose (HPC) 1.0
Menthol 0.5
Solvent (Ethanol/Water:70/30) g.v. 100

10 Referential Example 4

The following agueous alcoholic gel according to the

invention was prepared:

Amount ercent

Prostaglandin E, 0.1
15 2-n-nonyl-1,3~-dioxclane 5.0
Hydroxypropyl cellulose (HPC) 1.0
Menthol 0.5
Solvent (Ethanol/Water:50/50) g.v. 100
Referential Example 5
20 The following aqueous alcoholic gel according to the

invention was prepared:

Amount ercent

Prostaglandin E, 0.5
2-n-nonyl-1,3-dioxolane 5.0
25 Hydroxypropyl cellulose (HPC) 1.0
Menthol 0.5
Solvent (Ethanol/Water:50/50) g.v. 100
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Example 1
a) A 57 year old subject applied to the glans of the
penis 0.25 ml of the gel described in Referential Example 4.
Tumescence was experienced within 30 minutes.

5 b) On another occasion, this same subject applied to
the glans of the penis 0.25 ml of the gel described in
Referential Example 2. Tumescence was experienced within 20
minutes. A full, unstimulated erection was experienced
within 30 minutes and lasted for about one hour.

10 c) On another occasion, this subject applied to the
glans of the penis 0.25 ml of the gel described in
Referential Example 3. Tumescence was experienced within 30
minutes. Upon visual stimulation at 45 minutes after
application, a full erection was experienced.

15 d) on two different occasions, this subject applied to
the glans of the penis 0.25 ml of the placebo gel, i.e.
devoid of Prostaglandin E,. No tumescence or erection was
experienced on either occassion, even upon visual
stimulation.

20 Example 2

A 44 year old male applied to the glans of the penis
0.25 ml of the gel described in Referential Example 2. This
individual felt that the blood flow, or enlargement, of the
penis was greater than normally experienced during

25 intercourse.
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treated with Dose A and for 7 out of 10 (70%) men treated
with Dose B, while only 2 of 12 men experienced erections

20 when treated with the placebo gel.
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5 (b) a penetration enhancing effective amount of a skin penetration

6 enhancing compound selected from the group consisting of Cs to Czp-hydrocarbyl
7 group substituted 1, 3 — dioxane, 1, 3-dioxolane and acetal; and

8 (c) a pharmaceutically effective aqueous alcoholic carrier to solubilize

9 components (a) and (b) and comprising a mixture of water with either or both of
10 ethyl alcohol and/or isopropyl alcohol.

11 Claim 2. The composition of claim 1 comprising

12 (a) from about 0.01 to about 5 percent by weight of prostaglandin Ey;

13 (b) from about 0.5 to about 15 percent by weight of said skin penetration
14 enhancing compound;

15 (c) (i) a mixture of ethyl alcohol and water at a mixing ratio, by weight, of
16 about 90 : 10 to about 45 : 55; or

17 (ii) a mixture of isopropyl alcohol and water at a mixing ratio, by

18 weight, of about 90 : 10 to about 30 : 70;

19 (d) 0 to about 5 percent by weight of thickening agent;

20 (e) 0 to about 5 percent by weight of menthol.

21 Claim 3. The composition of claim 1 comprising

22 (a) from about 0.05 to about 2 percent by weight of prostaglandin E;

23 (b) from about 2 to about 15 percent by weight of said skin penetration

24 enhancing compound;

25 (c) (i) a mixture of ethyl alcohol and water at a mixing ratio, by weight, of
26 about 50 : 50 to about 90 : 10, or

27 (ii) a mixture of 1sopropyl alcohol and water at a mixing ratio, by

28 weight, of about 35 : 65 to about 90 : 10;

29 (d) 0 to about 2 percent by weight of thickening agent; and

30 (e) 0 to about 2 percent by weight of menthol
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(a) from about 0.05 to about 1 percent by weight of prostaglandin E;;

33 (b) from about 3 to 12 percent by weight of said skin penetration
34 enhancing compound;
35 (c) from about 70 to about 97 percent by weight of the pharmaceutically
36 effective carrier;
37 (d) from about 0.2 to about 2 percent by weight of thickening agent; and
38 (e) 0 to about 2 percent by weight of menthol.
39 Claim 5. The composition of claim 4, wherein menthol is present.
40 Claim 6. The composition of claim 1 wherein component (b)

41 comprises from about 2 to about 15 percent by weight of C; to C - alkyl
42 substituted 1, 3-dioxolane.

43 Claim 7. The composition of claim 1 wherein component (b)
44 comprises from about 2 to about 15 percent by weight of C; to Cy;-alkyl
45 substituted acetal.

46 Claim 8. The composition of claim 1 wherein the composition has a

47 pH in the range of from about 5 to about 6.

48 Claim 9. The composition of claim 8 wherein the skin penetration

49 enhancing compound is said acetal.

50. Claim 10. A composition for topical administration to the penis of a
51 person in need thereof, said composition comprising

52 (a) a pharmacologically effective amount of active ingredient selected

53 from the group consisting of phentolamine, prazosin and a mixture of

54 prostaglandin E; with phentolamine or prazosin;
55 (b) a penetration enhancing effective amount of a skin penetration

56 enhancing compound selected from the group consisting of Cs to Cyg-hydrocarbyl

57 group substituted 1, 3- dioxane, 1, 3-dioxolane and acetal; and
58 (c) a pharmaceutically effective aqueous carrier effective to solubilize
59 components (a) and (b) and comprising water or a mixture of water and at least

60 one of ethyl alcohol and/or isopropyl alcohol; and, optionally, (d) and/or (e):
61 (d) a thickening effective amount of a thickening agent; and,

62 (e) an anti-irmitating effective amount of menthol.

32



PELT S

'* (O 13585=P>UAUCEQ ~LOWN PQ R*UXzZ[ [ k\ k_zbdgcj noqTrst|wz| W] < "GgBW @r 0 / ~
:$i<rO(p 6Tines New RomanAri al Courier New'h Root EntryWrdDocunent #

" #$UR' ()*+,-./0123456789: ;

<=>?@\BCDEFCGHI JKLMNOPQRSTUWWKYZ[\]"_" abcdef ghi j kIl mopqr st uvwxyz{| } ~

63
64
65

66

67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91

1 1 DEC 2002

Claim 11. The composition of claim 10, wherein the active ingredient

(a) is said mixture.

Claim 12. The composition of claim 10, wherein the active ingredient

(a) is phentolamine.

Claim 13. The composition of claim 10, wherein the active ingredient

(a) is prazosin.

Claim 14. A method for manufacturing a composition useful for
treating penile erectile dysfunction in a person in need thereof which composition
is designed to be topically administered to the genitalia of the person, said method
comprising combining a piiarmacolcgically effective amount of active ingredient
selected from the group consisting of prostaglandin E;, phentolamine, prazosin,
and mixture of prostaglandin E, with phentolamine or prazosin, in the presence of
a skin penetration enhancing effective amountof a skin penetration enhancing
compound selected from the group consisting of Cs to Cyo-hydrocarbyl group
substituted 1, 3-dioxolane, 1, 3-dioxane and acetal; wherein the active ingredient
and the skin penetration enhancing compound are solubilized in a
pharmacologically acceptable aqueous alcoholic carrier comprising ethyl alcohol
and water or isopropy! alcohol and water, or a mixture of ethyl alcohol, isopropyl
alcohol and water and adding a thickening agent in an amount effective to retain
the active ingredient and skin penetration enhancing compound on the genitalia.

Claim 15. The composition according to claim 4 wherein the amount
of prostaglandin E, is in the range of about 0.1 to about 1 percent by weight and
the skin penetration enhancing compound comprises 2-n-nonyl-1, 3-dioxolane in
an amount of from about 3%to about 12% by weight,

Claim 16. The composition according to claim 15 having a pH of from
about S to about 6.

Claim 17. The composition according to claim 4 wherein the amount
of prostaglandin E, is about 0.5% to about 1% by weight and the amount of
2-n-nonyl-1,3-dioxolane is about 5% by weight.

Claim 18. The composition according to claim 17 having a pH of from

about 5 to about 6.



