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signify the inability of the male to 20 attain and nmaintain erection of
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BACKGROUND OF THE INVENTION
Prior treatments for impotence and erectile dysfunction (ED) have focussed
15 on the task of achieving an erection adequate for intercourse, and specifically for
vaginal penetration. While progress has been made in this area, there remains the
problem that an erection that is adequate may not be satisfactory to either the patient
or his sexual partner.
The term "impotence" has been used to signify the inability of the male to
20  attain and maintain erection of the penis sufficient to permit satisfactory sexual
intercourse. The term "erectile dysfunction" has been suggested as a more precise
term "to signify an inability of the male to achieve an erect penis as part of the
overall multifaceted process of male sexual function." Droller, M. J. et al.
Impotence. Consensus Development Conference Statement, National Institutes of
25  Health (1993).
Erectile dysfunction may result from psychological causes (psychogenic
erectile dysfunction) or organic causes or a combination of both. Organic causes
include physiological, nervous, vascular and hormonal pathologies or a combination

thereof.



certain nuscles to relax. These nuscl es, when contracted, restrict bl ood
flow through arteries in the penis. Wen rel axed, the nmuscles permt a
significawDooorense in blood flow The increased bl ood fPCowSengBrges
three groups of erectile tissue 5 within the penis with blood and the penis
beconmes less flaccid. The engorged erectile tissue and the nuscle
structure of the péFhesnodmpheigsiodxngyaafanterwébnisuvol\reesltzlrviedmpnlgestthet digraly of
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processes may | nvol ve several aspects. or ihi ch causes
damage to bot hestgctirestha fidwhdfdeb @ o€ ki, pean Thateseictioe of bloed ﬂdwsduﬂbﬁtheon. A
significant percent of all dlabetlc men wll suffer fromerectile
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i nternal prostheses, 1njecti Iréec peni s

topically 1applsueldampdlacah,| @A audvenetitd d}tshﬁﬁ:ﬁon @ﬂﬁl’i}ﬂcﬁﬁgﬁ%udzlﬁdl@fbhbﬁ ely
effective. External devices include tourniquets (see U S. Pat. No.

2,818, 855) andiiiByresieRgyesy a@mnv@aarv%@awml@ﬁ alephejnang rrychofyepicedragivmay
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M, et al. Mdooado- (1])9 i9es).of North Arrerl ca 79: 415-434 (1995).

Synptonmatic sex therapy was originally found to be effective by Masters and
Johnson, but | ater I3ameHede npave anbblogh yodsela snayrpitoqneyide an exgahicsaugerfoudi an
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spring driven or hydraullc prost heses have been used for 'sone tine.
03/ 070281 PCT/dysha¢tons @osignificant percent of all diabetic men will suffer from erectile
dysfunction.
Methods proposed for the treatment of erectile dysfunction have included
20  external devices, sex therapy, surgical implantation of internal prostheses, injection
of drugs directly into the penis and topically applied medications. None of these
approaches is entirely effective.
External devices include tourniquets (see U.S. Pat. No. 2,818,855) and
externally applied vacuum erection aids. While some clinicians consider externally
25  applied erection aids as a first option for treatment, some patients are unwilling to
use such devices. O'Keefe, M., et al. Medical Clinics of North America 79: 415-434
(1995).
Symptomatic sex therapy was originally found to be effective by Masters and
Johnson, but later studies have not shown as impressive results. Freudian therapy
30  does not appear to patients to be an attractive alternative. Vickers, M. A., et al. J.
Urology 149: 1258-1261 (1993).
Surgically implanted mechanical devices, such as hinged or solid rods and

inflatable, spring driven or hydraulic prostheses have been used for some time.



-3 Several penile prostheses have been described that are pliable plastic
el ements with constant rigidity. However, these prostheses are

cont i nuousDyw37@8U and can cause disconfort for the pati @eT/USG/MSE0 t ypes
of penile prostheses include surgically _Jppsitioned punps for creating high
pressure of liquid in the elastic silicon mantle. 5 Inplantation of these
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reported 10 i nbitdeflendentht itxpeCdlehemnscarddin thdygdnis. TN dlémemsaschgres. Case
reports have recounted the results of treating a single patient with 20
i nt r acaver nos anagngiieEeldsng capseptipyidrin the irpergrsereigto meie fRim|tes ressrvpir | nt .
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al l eviate di ssaédt.Honed disdloiréddedcriiaibstBes BRIIGS Sperthgeddignbsthaat i on of
erection effecting and enhancing drugs is taught I1n 25 U S. Pat.

No. 4, 127, 118 teakea venspw moMgmenisameden the énfbisaee of thistfieddl vdfich indaim qagsesal e
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Voss et al. teaches the application 30 of an ointnment to relieve
i npot ence. Theudh piogibases con pioyids aslequaterigiality dor iaterrosirseppasimutsrand dhe

el ezl e, SO SRR e R R O Sor i Pl e
Pat. No. prostheses. Case reports have recounted the results of treating a single patient with
20  intracavernosal injections of PGE; (Keogh, E.J. and Earle, C.M., Int. J. Impotence
Res., 4:113, 1992) or with MUSE® (Chew, K K., & Stuckey, B.G.A., Int.
J.Impotence Res., 12: 195-196, 2000) in an attempt to alleviate dissatisfaction with a
penile prosthesis.
The administration of erection effecting and enhancing drugs is taught in
25 U.S. Pat. No.4,127,118 to LaTorre. This patent teaches a method of treating male
impotence by injecting into the penis an appropriate vasodilator, in particular, an
adrenergic blocking agent or a smooth muscle relaxant to effect and enhance an
erection.
More recently, U.S. Pat. No. 4,801,587 to Voss et al. teaches the application
30  of an ointment to relieve impotence. The ointment consists of the vasodilators
papaverine, hydralazine, sodium nitroprusside, phenoxybenzamirie, or phentolamine

and a carrier to assist absorption of the primary agent through the skin. U.S. Pat. No.



WO 03/070281 PCT/ US03/ 04560 -4 5, 256,652 to El-Rashidy teaches the use of
an aqueous topical conposition of a vasodilator such as papaverine

t oget her wibtob/otnzelr oxypropyl - (err)-cycl odextrin. Prostagl ediusokZ)4566 a
derivative of prostanoic acid, a 20-carbamatomlipid acid, represented by
the formula: O COOH HO OH 5 and is commercially available, e.g., from
Chi noi n Phar mee@@®4°24p FaRershidy éanches thewseas antaduequBiiekips sompbsitigan§d under
t he designati "Alprostadil USP, " from Pharmacia & Upj ohn .under the
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"Edex(r)" or acid; repehsgnted py therform@ehwar z Pharma (Gerrmany). | n one
commercially available form (MJSE(r), Vivus, Menlo Park CA), al prostadil
is adm nistered in a pell etodeposi ted in the urethra using an applicator
with a hollow stem 3.2 cmimlength and 3.5 mmin di aneter (Padna-Nat han,
H, et 15 al., N Engl. J. M o goedpecially Fig. 1).
In the honme treatnent porti/0 at hamet al. study, 32.7% of
the patients (10.8% of ad ations) receiving MJUSE(r) conpl ai ned of
penile pain and 5. 1% experi eheeld \qigonur ettwal auma, conpared to 3.3%
and 1.0% respectively, of the patients TeceiVing placebo. Frequency of
report of these side effectwohas varied in subsequent 20 studies: MJSE(r)
produci ng penile pain in 17-23. 6% of admi%i strati ons, conpared to 1.7%
wi th placebo and m nor urethral bleeding reported by 4.8% of patients
(Peterson, C. A, et al., J. Uaoal., 159: 1523-1528 (1998)). In a study on a
Eur opean popul at i 8Ad iszprymqypishy pyailshis et SromepbinoimBhqumacduticgaind or

bur ni : ' thral bl eeding, . . 9% report |
cevor ot ost 1 carapeh OHLIE RSB, MRt Uyad G2 el aGradhd £BER "
(1997)). The pencEiimatiaaUpplnuntesthe aekifithtiba "Rk by, Plds@pla@nts, defined

as having at |east one erection considered sufficient for TIntercourse, has
been report edceBpisscdigud @imhesyclodagnin is ©5ilgbke aPalprestdia bifadexetorOno

10 Pharmaceuticals (Japan) and in an injectable form under the designation “Edex®’ or

“Viradex®” from Schwarz Pharma (Germany).

In one commercially available form (MUSE®, Vivus, Menlo Park CA),
alprostadil is administered in a pellet deposited in the urethra using an applicator
with a hollow stem 3.2 ¢cm in length and 3.5 mm in diameter (Padma-Nathan, H., et

15 al,N. Engl. J. Med., 336: 1-7 (1997), see especially Fig. 1). In the home treatment
portion of the Padma-Nathan et al. study, 32.7% of the patients (10.8% of
administrations) receiving MUSE® complained of penile pain and 5.1% experienced
minor urethral trauma, compared to 3.3% and 1.0%, respectively, of the patients
receiving placebo. Frequency of report of these side effects has varied in subsequent

20 studies: MUSE® producing penile pain in 17-23.6% of administrations, compared to
1.7% with placebo and minor urethral bleeding reported by 4.8% of patients
(Peterson, C.A., et al., J. Urol., 159: 1523-1528 (1998)). In a study on a European
population, 31% MUSE® patients reporting penile pain or burning sensations, 4.8%
reporting urethral bleeding, and 2.9% reporting severe testicular pain (Porst, H., Int.

25 I Impot. Res., 9:187-192 (1997)). The percent of patients responding to MUSE®
treatment, defined as having at least one erection considered sufficient for

intercourse, has been reported to be 43% (Porst, 1997), 65.9% (Padma-Nathan et al.,



WO 03/070281 PCT/ US03/04560 -5 1997) and 70.5% (Peterson et al., 1998),

al t hough published editorial comment has suggested that the percent of
patients wegpondBng in the latter two studies is nore pr@p&rusy3/o4sported as
30-40% (Benson, G, J. Uol., 159: 1527-1528 (1998). Intraurethral
application of a preparation of 1 ng prostaglandin El in 5
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transurethral suppositories because of 20 painful side effects. Penile
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25 The present invention provides ne or the treatnent of erectile
dysfuncti on compeingsyig pl aci ng a sem -solid conposition conprising an

ffecti t ti .ostaglandin in the f icul ari
and provi ding_er ot | e REAREE AR oy R RSl g P poseeT Pow i n
the glans and @Bdidies §R8Ee pbAlNBARENSEn Fheh BR REBISHts é&c%ﬁﬁ?%cﬁ@in&gnd

enbodi nents, the treatment results in 30 intunescence of the glans,
preferably in adeguape egehiyethofattafattion of themakient aad pleapdtient’ e sexubl mmtnadiequat e
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rigidity, such as intracavenosal injections or transurethral suppositories because of
20  painful side effects. Penile implants may produce rigidity, but insufficient
tumescence. In particular, lack of tumescence of the glans penis is a recognized
source of dissatisfaction for both the patient and the sexual partner (See, e.g., U.S.

Patent No 6,418,934; Chew & Stuckey, 2000).

SUMMARY OF THE INVENTION

25 The present invention provides methods for the treatment of erectile
dysfunction comprising placing a semi-solid composition comprising an effective
amount of a vasoactive prostaglandin in the fossa navicularis and providing erotic
stimulation resulting in an increase in blood flow in the glans and an increased
mtumescence of the penis. In preferred embodiments, the treatment results in

30  intumescence of the glans, and preferably in the presence of erotic stimuli, a penile
erection adequate for intercourse. At least one erotic stimulus is selected from the

group consisting of olfactory stimuli, visual stimuli, auditory stimuli and tactile



group consisting of olfactory stimuli, visual stinmuli, auditory stinuli and
tactile WD 03/070281 PCT/ US03/04560 -6 stimuli. In a preferred enbodi nent,
t he erotiwogBiomz2Bi are provided by the patient or the parcentSiyossexual
partner. In one enbodiment, the inventiongqrovides a nmethod of treating
erectile dysfunction in a patient needing such treatnment conprising the
steps of 5 pl atimny. i atphefefrabaabatment therarsticdtinidiearp dtdveddd wrthapatisat oof a
sem -solid vasoactive prostaglandin conposition effective to increase

bl ood ni croci rﬂéf‘ull’aéltepbﬁs‘?walﬁfglegl ans penis, conprising a dose of about 0.05
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a polyner selected from grodp consisti*thg of polysaccharide guns an

pol yacryl i c adcysfupefion@raspatiand iepdiphishdictreampaeeniprishatthd Qepsofsel ect ed from
the group consisting of an aliphatic Cl to C8 al cohol, an aliphatic C8 to
C30 ester,’and a mib@cirseinthe foses navigidarigpidls pAtienbat grapund p& o seri-gaiid
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stinmuli. In atghes poats, cefpadingRiose dboUfS.08eid téabBHIAES A cMdialodctive
prostaglandin El. Suitably, the dose of 15 the prostaglandin El is about

0.05 ngy to abduestaglandiy a penetraioalsnhansn gpotymersgleetsd figboibe oo aegsisting

anot her enbodi the.dose of .the prastaglandin El..is. gbout 0.2 to
about 0.5 . oF ROl B o e Bh AT aR e B P sl Rty
enhanci ng10t UNPSIQREER6h thé1Brodp 3BSsifBIT aft APHALIS )90 (R B1cBhSPaPligHa86 1Y i N
the fossa navicularis 20 of the patient an anpbunt of a sem -solid
vasoact i ve pr &&fagtstarding acomrgecsithéreof; snd 41 aiidinbuffor systenpasé bl ood flow in
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suitable for the practice o} he e the present invention
conpri ses a vasbadimens the vstoagianuosiaglanghieisgradshglanptio & .aghiabdy, thedgse af
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substitut ed amgiw)ababk@Baobg.al kanoate, or a m xture of these. Typically, the
' pophilic In one embodiment, the invention provides a method of enhancing
tumescence of the glans penis comprising the step of placing in the fossa navicularis
20  of'the patient an amount of a semi-solid vasoactive prostaglandin composition
sufficient to increase blood flow in the glans penis. In a preferred embodiment, the
method further comprised providing an amount of the composition effective to
produce tumescence of the corpora cavernosa.
The semi-solid vasoactive prostaglandin composition suitable for the practice
25  of'the method of the present invention comprises a vasoactive prostaglandin,
preferably prostaglandin E;, a penetration enhancer, a polymer selected from the
group consisting of a polysaccharide gum and a polyacrylic acid polymer, a
lipophilic component, and an acidic buffer system. In a preferred embodiment, the
penetration enhancer is an alkyl-2-(N-substituted amino)-alkénoate ester, an (N-
30  substituted amino)-alkanol alkanoate, or a mixture of these. Typically, the lipophilic
component is selected from the group consisting of an aliphatic C; to Cg alcohol, an
aliphatic C, to Cj ester, aliphatic Cg to Csg ester or a mixture of these. The

composition includes a buffer system that provides a buffered pH value for the



conponent is selected fromthe group consisting of an aliphatic Cl1 to C8

al cohol, an aliphatic C2 to C30 ester, aliphatic C8 to C30 ester or a

m xt ure oWotohesesl1 The conposition includes a buffer systegcTiusas/o45p@vi des a
buffered pH value for the WO 03/070281 PCF US03/04560 -7 conposition in
the range of about 3 to about 7.4. A preferred pH value is about 3.0 to
about 7.4, noreemposition abthe radpeudtl aBowt 3 to abbuiit.4.6 Aprefensd pHredweriabbgut 3rlom

about 3.5 to about 6.0. If desjred, stabilizers, preservatives and
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shear -t hi nni ng pol ysaccharide’gum or a shear- thinning polyatrylic acid
pol ymer. | n orle sembedibodimicntd, e coatposisioh iegiibits nod-MNexaodriapiheolokitahinot her
enbodi ment, the conposition is pseudgplastic¢. In one enbodi nent the
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m xtures ther ebfxotrbpicaMwamekeragdediment,Be tordporiticmis peudopRsti@ unit dose an
article of manufacture conprising container of a conposition conprising
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appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS
20 FIGURE 1 is a diagram of the anatomical structure of the human penis in
longitudinal section view;
FIGURE 2 is a diagram of the anatomical details of the distal portion of the
human penis in longitudinal section view;
FIGURE 3 is a graphical representation of the results of a laser doppler
25  flowmeter measurement of the blood flow in the glans penis of a 65 year old patient
not exhibiting erectile dysfunction (IIEF-5 score: 24, BP 137/82) before, during and
after treatment using the method of the present invention with a semisolid
composition comprising 0.3 mg prostaglandin E; at the time indicated by the arrow,
showing an increase in blood flow following the treatment (left arrow) followed by
30 anerection at 14 minutes (right arrow);
FIGURE 4 is a graphical representation of the results of a laser doppler

flowmeter measurement of the blood flow in the glans penis of a 51 year old erectile



showi ng an increase in blood flow followi ng the treatnment (left arrow)

foll owed by 30 an erection at 14 mnutes (right arrow); FIGURE 4 is a

gr aphi calwopepnaeent ati on of the results of a | aser doppl ePCTfUSOMSEET
measur enment of the blood flowin the glang penis of a 51 year old erectile
WO 03/070281 PCT/ US03/ 04560 -8 dysfunction patient (II1EF-5 score: 10,
severe ED) befdysfanctibur patignta@iiEFad s@re:ti0esdvernED) beforegdurive arelt dfied tredtntehe
present invention with a sem solid conpositjon conprising .0.2 ..
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bl ood 1 ow fo'd.?ﬂ’fig’siﬁoét&qaﬁcﬁr‘?ﬁ Hﬁﬁ% tini@ih&ic&t@&b?h?e”a?rd'\xﬁt%ﬁ@k@g &%@%ﬁ’ﬁ‘fe in9

5 mnutes; FIGQJURE™ 1s a graphical representation of sults a | aser
doppl er f | owbddcelrflove &sliovene tite tofatrhdre, withh dé flhoweadhindiengkemse pehi s of a 57
year old erectile dysfunction patient (LIEF-5 score: 15, noderate ED, BP

124/ 50) befor &1UH§Pi ng and after treatment using the method of the present

nventton W th a sereald oisPLeamRAskE O AAMRI U At o o TRPEARHAS! andi 1

El at the tinme indica arro OW ng an I ncrease I n ood fl ow

fol | ow ng t he floweadterEmeasuvdnidnt bhthe Gl @udstiove BCihi Rnns ipen® D 150 §earvld efectilét es;
and FIGURE 6 is a graphical r%present ation of the results of a_laser

doppl er  f | owstiBRCHREERAlEE -dfcorsid Shmederata 1w B 124&0hvedprs. PEinesndt a 56
year old er eCta'ftleletrexgn%egtylfs d{é{;@% @%ﬁ}ﬁ%ﬂtﬁé&%ﬁegé&g S'E/éeg?ir? Ridia s%%nis%ﬁaer e ED BP

144/ 88) before, during an reat e meth t he present

i nvention19i t Rompssitibs 0binfri€iNFPOShE bRtagt@iH E Sitfige Bme indHcad$dst @ehaddi n El
at the tine indicated by the [eft arrow, showng an increase in blood flow
fol | owi ng t he shewigrmaincresgetn bloed flpmatedlowingthe igatmenhweiteihe gldns rqachingut es
(right arrow) 4 11219sc'§r|1chR 71Au?gpl 7B are graphical representations of the
results of a I'aser on B0 ter neasurenent of the blood flowin the

gl ans penis of a 6GIGERE Qlsh icARbpreséntAioh Y tHo refiIRIEaAdeLashpidrunct i on
(I''EF-5 score: 14, noderate , BP 145/ 88) before, during and after

treat ment usi Alpwinhermedsorpnest ofide hlassldtaw imbhe glanspeniniof h 56 ysaild etectile
corposit 98, OGRS A BePt 59429 RS pe PRI Gid e
oot 1) o g bt Pt AN T AISEBESRr 0, 0
6 mnutes (ar rcgmprisi@é);%mg prostaglandin E; at the time indicated by the left arrow, showing

an increase in blood flow following the treatment, with the glans reaching

tumescence in 7 minutes (right arrow).

20 FIGURE 7A and 7B are graphical representations of the results of a laser
doppler flowmeter measurement of the blood flow in the glans penis of a 60 year-old
patient suffering from erectile dysfunction (IIEF-5 score: 14, moderate ED, BP
145/88) before, during and after treatment using the method of the present invention
with a semisolid composition comprising 0.2 mg prostaglandin E;. FIGURE 7A: 0.2

25  mg prostaglandin E; was administered in the absence of sexual stimuli (“SS(-)”) at
the time indicated by the arrow, showing an increase in blood flow following the
treatment, with the glans reaching tumescence in about 6 minutes (arrow). Glans
blood flood increased to the level expected during a physiologically normal erection
within ten minutes, but no erection developed under the conditions and

30  surroundings of the study in the absence of sexual stimulation. In FIGURE 7B, the

same dose of prostaglandin E; administered in the presence of audio-visual erotic

stimuli (“AVSS(+)”) produced a larger and more rapid increase in glans blood flow



bl ood flood increased to the | evel expected during a physiologically normnal
erection wthin ten mnutes, but no erection devel oped under the

condi ti onwOana7®@81 surroundi ngs of the study in the absencecafussgsdsad
stinulation. In FIGURE 7B, the sanme dose.®f prostaglandin El adm nistered
in the presence of audio-visual erotic stimuli ("AVSS(+)") produced a
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PCT/ US03/ 04560 -9 and tumescence. A rigid erection was obtained that was
mai nt ai ned for®¥%dPEt han one hour. DETAI LED DESCRI PTI ON OF THE | NVENTI ON 5
It has been found that that a sem -solid prostaglandin El conposition
suitable for the treatnent of erectile dysfunction can be placed

advant ageous| YDEBAH ERDDESKIRIPEION Qe THEIADENTION atel y proximal to the
penil e neatus, the fossa navicularjs, resulting in an _increase in blood
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preferred enbag 3 . er i I / ients
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Wi th erotic steniugdd spassiniiediatelyieodame thatpuniksneias tod fokdaen@lansgispeni s as
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navi cul ari s prevlisnaniagessedp lpodifloy infhe glags paraspnd anincreaspditpmesgeace
appl i cation of ti iS4 ih a non 15
keratini zed storfa [ (Jiﬁgsg%sic? g@%ﬁ@g@??ﬁgeﬁgﬁnhea% llnglﬁta(ﬁ%ég 1%; %@‘g Ft{i%nui shed
from the 18ur fadents kbing comaethod atdeomgpaittonastdhé piesdre sivedfion Mecopitioand
fromthe stratified. columar_ epitheliumof the Iining of the urethra ,
proper. It hasviBeeRtie stifpali rosalts ihiacreagediinfumeseencoaf e elans peimpovetliasn of

t he present i Lon.:in e _fassa.navicularis has unexpectedly high
efficacy and Irf)\cégvﬂ% ‘%\r%?nennstut(gﬁ%Fntﬁg{:lglter%?u&%e‘ effects. 20 The fossa navicularis

provides a natural ERIESqHIMLAPIPréAddshErcapBlol GRS tHaNis a8y sBit&Mor a Of
pharmaceutical compositions. A seni-solid nedicanment when “placed in the

f ossa has hi gliepli¢atige @anbamageyticalgompasiionswEbe epace & lofedibm snepace, t he
t th et hra, T a sem -sol.id dicatjon. aof suitably chosen
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absorption of saghdevkip@RRtifg BitlansZmdate ¥360cht BLAS snd ABS thossAiMAaVi cul aris
is part of the natural defense systemthat protects the body agal nst

i nfection. Theoluoysa epithalivm efrths liningaf therwethrapropérolihaabéen fouwmt hat thd

administration of the composition of the present invention in the fossa navicularis

has unexpectedly high efficacy and low incidence of local side effects.

20 The fossa navicularis provides a natural space adaptable to the application
and retention of pharmaceutical compositions. A semi-solid medicament when
placed in the fossa has higher impedance to flow at narrowed exits of this space, the
meatus and the urethra. Thus, a semi-solid medication of suitably chosen viscosity
is naturally retained within the fossa, facilitating the absorption of active agents such

25  asvasodilators.

The fossa navicularis is part of the natural defense system that protects the
body against infection. The fossa navicularis is a more immunologically protected
site than the adjacent pars spongiosa region of the penile urethra proper. Depositing
a semisolid medicament within the anatomical limits of the fossa navicularis thus

30  does not circumvent the natural barriers to disease by artificially transporting
contaminants, e.g., from the surface of the penis, directly into the penile urethra
proper. As noted above, the fossa navicularis naturally supports a bacterial flora that

maintains an acid pH.
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of the urethrayghra bed patkfaurRih i blﬂlb@hﬁaéﬁ%]i()@\m%&iesl@! M&%broﬁﬁﬂllﬁ&li% een.

More proximally, t he urethra passes through the prostate gland 160,

wher e openi ng¥pepiag Ul tinihe vhibef thearedvd obthetbutbopratkiabglendst (Cowiper'sigl8nds) e
visible in the || of the urethr Engor genent, wi bl ood of e tile

Vi ssues of t neepPantemope briiall dhs EEh SREED buhedne g acs el £60.

caver nosa 1438 g N RUBES AcO561 AR of BRIYrSstatBRlRNE § §ark QidibIGHRRe2.
the detailed struct relggfjt he frgss?i navi CSI ari g s:LaflLO s 15 ?I ?/ll.lst r at eg. The
ext ernal openiwd] oftthe uretlat uEng@8emerst wittebldbd bfitrettilaitissust of the gfosanis

navi cul ari s. Th§ external skin of the glans is covered by a keratinized
stratified sdedntiBveRorgEs k4 8ed cogargrverosa 333 prdyesssgerection of they 9gr)
| mmunobi ol ogy egfs the human penile urethra, Amer. J. Path., 147: 155-165)
that is markea) y proximally by a sharp transition (dashed line) to the

nonker ati ni zed st r Rdféiriad t2OIGURBIM U dipdilet etri¢ttred fithobsOtwrages h®4st hat
is characteristic of the lining of the distalfossa navicularis. The fossa
navi cul aril8 wilBesyatesy dhe petempal epraing, the mentergl 28nisrihe distad limit ofdhkfoss i ni zed
stratified sq o i . t Lycogen 182...Th l.ycogen . this
Feqron i 5 bl TETeArS” ThO S LB KRR e R B A A Bed of ¢ e
regi on 25 and sg@dhsiudupimsiiig 186 (@ides! ). dal eaRiersadad 1S (19955 BehiAsbioloe) st ei n,

A F., et al., (1991)
of the human penile urethra, Amer. J. Path., 147: 155-165) that is marked by
proximally by a sharp transition (dashed line) to the nonkeratinized stratified
20 squamous epithelium without glycogen 184 that is characteristic of the lining of the
distal fossa navicularis.

The fossa navicularis widens proximally and the lining changes to a
nonkeratinized stratified squarhous epithelium with glycogen 182. The glycogen in
this region is believed to support a bacterial flora that lowers the pH of the region

25  and contributes to a natural defense against infection. Holstein, A.F., et al., (1991)
Different epithelia in the distal human male urethra, Cell Tiss. Res. 264: 23-32. This
nonkeratinized stratified squamous epithelium with glycogen is under hormonal
control, and increases in extent under increased estrogen levels. (Holstein, et al.,
1991. The proximal fossa navicularis narrows in width, and is lined by a stratified

30  columnar epithelium 180.

Semi-solid compositions and penetration enhancers suitable for the practice
of the present invention are described in detail in U.S. patents 6,046,244, 6,118,020

and 6,323,241, the teachings of which are incorporated herein by reference.
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Vasoactive prostaglandins are those that act as peripheral vasodilators,

20  including naturally occurring prostaglandins such as PGE;, PGA;, PGB;, PGFiq, 19-
hydroxy-PGA;, 19-hydroxy-PGB;, PGE,, PGA,, PGB,, 19-hydroxy-PGA,, 19-
hydroxy-PGB,, PGE3, PGFs,; semisynthetic or synthetic derivatives of natural
prostaglandins, including carboprost tromethamine, dinoprost tromethamine,
dinoprostone, lipoprost, gemeprost, metenoprost, sulprostone and tiaprost.

25  Prostaglandin E; and prostaglandin E, are particularly preferred vasoactive
prostaglandins for use in conjunction with the present method.

Additionally, simultaneous administration of one or more non-ecosanoid
vasodilators may be desirable and may in some cases exhibit a synergistic effect. The
combination of prazosin with prostaglandin E; has been found to be particularly

30  advantageous in this regard; the latter drug appears to act as a poténtiator for
prazosin.

Suitable non-ecosanoid vasodilators include, but are not limited to: nitrates

such as nitroglycerin, isosorbide dinitrate, erythrityl tetranitrate, amyl nitrate, sodium



di noprostone, |ipoprost, geneprost, netenoprost, sul prostone and tiaprost.
25 Prostaglandin El and prostaglandin E2 are particularly preferred
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ci anergoline, .delorgotril.e, disulergine, ergonovine nmal eate, ergotam ne
tartrate, etiSUPBFHRES Gidieganling ‘ge,l Byl ai‘sg‘ TSR SBRY IS AlReer gol i ne,
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peptides.
Prostaglandin E; is well known to those skilled in the art. Reference may be
20 had to various literature references for its pharmacological activities, side effects,
and normal dosage ranges. See for example, Physician's Desk Reference, 51st Ed.
(1997), The Merck Index, 12th Ed., Merck & Co., N.J. (1996), and Martindale The
Extra Pharmacopoeia, 28th Ed., London, The Pharmaceutical Press (1982).
Prostaglandin E; as well as other compounds referenced herein are intended to
25  encompass pharmaceutically acceptable derivatives including physiologically
compatible salts and ester derivatives thereof.

The quantity of vasoactive prostaglandin, such as prostaglandin E, in the
pharmaceutical composition is a therapeutically effective amount and necessarily
varies according to the desired dose, the dosage form (e.g., suppository or topical),

30 and the particular form of vasoactive prostaglandin used. The term “prostaglandin”
as used generically herein refers to the prostaglandin free acid and pharmaceutically

acceptable derivatives thereof, including, for example PGE1, pharmaceutically
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prostagl andin, e.g., prostaglandin El, typically contains between 0.05
percent to 1 &“ﬁ@gelél?‘ﬁ antiyRFTESIYEASUER aHPIGZasiy df Present iy thg amayat efeabout Hised
on the total i COMRORISL | ' [ ' with a
vasoactive pr\gg ag bé)(r%{dlz'pr}ﬁ%ppi perdg)lzslg’ndépenq %@%ﬁﬁ%&ﬁ%ﬁfﬁ%ﬁ@r‘* fe%lgsi ve, such
as prazosilf, ipipgpassgnfuitiaaolifeamdiippeitensie abdhe tPhelandipsé 6f whoativé. 0 ng per
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qui nazol i ne amPyRPErdRRssdy dhgslese #nd thy propsripnfyesesctivervsegipdin and the
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al one, nost drugs, prostaglandin fornulations included, do not 15
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conpar abl ec<to obtained fromother drug delivery raoutes. To overcone
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as absorption enhancers, accelerants, adjuvants, solubilizers, "sorption

promoters, et druafpamslagions weicalyrinclsiselskayeametatser anbaner.20kinmenetvaiodr ug

absorption across the,skin. Id?al Qenetrati on %ﬂhancers ot onl
, enhancers also may be referred'to as absorption enhancers, accelerants, adjuvants,

solubilizers, sorption promoters, etc. Whatever the name, such agents serve to

20  improve drug absorption across the skin. Ideal penetration enhancers not only
increase drug flux across the skin, but do so {zvithout irritating, sensitizing, or
damaging skin. Furthermore, ideal penetration enhancers should not adversely affect
the physical qualities of the available dosage forms (e.g. cream or gel), or the
cosmetic quality of the topical composition.

25 A wide variety of compounds have been evaluated as to their effectiveness in
enhancing the rate of penetration of drugs through the skin. See, for example,
Percutaneous Penetration Enhancers, Maibach H. I. and Smith H. E. (eds.), CRC
Press, Inc., Boca Raton, FL. (1995), which surveys the use and testing of various
skin penetration enhancers, and Biiyiiktimkin et al., Chemical Means of Transdermal

30  DrugPermeation Enhancement in Transdermal and Topical Drug Delivery Systems ,
Gosh T.K., Pfister W.R., Yum S.I (Eds.), Interpharm Press Inc., Buffalo Grove, IL.
(1997).  Suitable penetration enhancers for use in prostaglandin topical

compositions are disclosed in U.S. Patents No. 4,980,378, 5,082,866 and 6,118,020.
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about 20 wei ghit apart @énteiglitaesdn bade @ntthd aaltalwghtof tHe dohpositionoBidférably,
Pref erabl v, tﬂéa e%%?rgt%l?éﬁlglg enhance|:[m| Sn 5 es%?e&n I1r? f%]maggllljtnltwélaﬂgl ng from
about 1 wei ghtthep cer is present in an amount ranging a g
percent to about 10 weight percent of the composition. More preferably, the
20  penetration enhancer is present in an amount ranging from about 1 weight percent to
about 5 weight percent of the composition.
In general, suitable penetration enhancers can be chosen from those listed
above as well as sulfoxides, alcohols, fatty acids, fatty acid esters, polyols, amides,
surfactants, terpenes, alkanones, organic acids and mixtures thereof. See generally
25  Chattaraj, S.C. and Walker, R.B., Penetration Enhancer Classification, pp.5-20 in
Maibach, H.I., and Smith, H.E., (eds.), Percutaneous Penetration Enhancers, CRC
Press, Inc., Boca Raton, FL (1995) and Biiyiiktimkin, N., et al., Chemical Means of

Transdermal Drug Permeation Enhancement, in Gosh, T.K., et al., (eds.)

Transdermal and Topical Drug Delivery Systems, Interpharm Press, Inc., Buffalo
30 Grove, IL (1997). Suitable sulfoxides include dimethylsulfoxide,

decylmethylsulfoxide and mixtures thereof. Suitable alcohols include ethanol,
propanol, butanol, pentanol, hexanol, octanol, nonanol, decanol, 2-butanol, 2-

pentanol, benzyl alcohol, caprylic alcohol, decyl alcohol, lauryl alcohol, 2-lauryl
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di et hyl t ol uani de, di nethyl f or mem de, di met hyl octan de, di met hyl decamni de,

1- al kyl - 4- i ni @axzrghdonezienmmmclmalr vleflybAeydeliloa, Rypsiolidyd, i daayi-des,

oI anm ne, _triethanol am ne
gﬁga&e;[] ﬁlr dellp&lgr{ﬂg@ n%elsgx{l]et caggcg)éy\-/ E)%o ?doneI lehexy -4-carboxy-2 -pyrroﬁ one, 1-

1auryl-4-carboxy—2-pyrrohdone, 1-decyl-thioethyl-2-pyrrolidone (HP-101), 1-

20  methyl-4-methoxycarbonyl-2-pyrrolidone, 1-hexyl-4-methoxycarbonyl-2-
pyrrolidone, 1-lauryl-4-methoxycarbonyl-2-pyrrolidone, N-cyclohexylpyrrolidone,
N-dimethylaminopropylpyrrolidone, N-cocoalkypyrrolidone, N-
tallowalkypyrrolidone, fatty acid esters of N—(2-hydroxyinethy1)-2—pyrrolidone and
mixtures thereof. Suitable cyclic amides include 1-dodecylazacycloheptane-2-one

25  (laurocapram, Azone®), 1-geranylazacycloheptan-2-one, 1-farnesylazacycloheptan-
2-one, 1-geranylgeranylazacycloheptan-2-one, 1-(3,7-dimethyloctyl)azacycloheptan-
2-one, 1-(3,7,11-trimethyloctyl)azacycloheptan-2-one, 1-geranylazacyclohexane-2-
one, 1-géranylazacyclopentan—Z,5-dione, 1-farnesylazacyclopentan-2-one and
mixtures thereof.

30 Suitable surfactants include anionic surfactants, cationic surfactants,
nonionic surfactants, bile salts and lecithin. Suitable anionic surfactants include
sodium laurate, sodium lauryl sulfate and mixtures thereof. Suitable cationic

surfactants include cetyltrimethylammonium bromide,
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60), and the rghyvotlit ead defoXyetmiic 30is andlmiktuies tliegedfher eof . Sui t abl e

pol yet hyl ene gl ycol esters of f,attc)( acids include the 8-oxyethyl ene
stearate ester Suitable terpenes include D-limonene, o-pinene, -enrene, o-terpineol,

terpinen-4-ol, carvol, carvone, pulegone, piperitone, menthone, menthol, geraniol,
20 / cyclohexene oxide, limonene oxide, a-pinene oxide, cyclopentene oxide, 1,8-
cineole, ylang ylang oil, anise oil, chenopodium oil, eucalyptus oil and mixtures
thereof. Suitable alkanones include N-heptane, N-octane, N-nonane, N-decane, N-
undecane, N-dodecane, N-tridecane, N-tetradecane, N-hexadecane and mixtures
thereof. Suitable organic acids include citric acid, succinic acid, salicylic acid,
25  salicylates (including the methyl, ethyl and propyl glycol derivatives), tartaric acid '
and mixtures thereof.
In a preferred embodiment, the penetration enhancer is an alkyl-2-(N-
substituted amino)-alkanoate, an (N-substituted amino)-alkanol alkanoate, or a
mixture of these. For convenient reference, alkyl-2-(N-substituted amino)-
30  alkanoates and (N-substituted amino)-alkanol alkanoates can be grouped together
under the label alkyl (N-substituted amino) esters.
Alkyl-2-(N-substituted amino)-alkanoates suitable for the present invention

can be represented as follows:
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15 Alkyl-2-(N-substituted amino)-alkanoates are known. For example, dodecyl

2-(N,N-dimethylamino)-propionate (DDAIP) is available from Steroids, Ltd.
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it is not inconsistent. escri be el n, substit ut ed
am no) 5 al kanbatms irossistentd Als epnibpa thetein, Akd-2- @O Nsdieybssiyinéd@sing)- |1 n t he

first step,. lo chain alkyl chloroacetates are prepared by reaction of
the corr esﬁon&qﬁ@c’?@ﬁﬁr%‘ﬁ%@lﬁ’ PrepRehbies orstersyniiesiselmie fesistipoloss sheia or
the like int r

I.al: et am ne,
typically in a suictf1 %E%%gag%svﬁregﬁgﬁgggéa%ﬁ? gf%g 8?#?%3?‘%2111% g(g%tcilﬂéfﬁl can be
depi cted as f odlkamets with chlofbnibtiid Ghlotbformate Gtk 1} iA theteddnte bt anHsC f CH2I O
Ci -a R Rwherein RR R3, R4 and n are defined as above. The reaction

t enper at ur e nEAPPERPTIAkChasE feclh F B riBEie, Tpicdyie e suiblesalent sichissut 200
degrees Cel si Ug Qbsdefl RS refliibll can be depicted as follows:

10
Re (o} H
HyC—[CH; 'I‘ oH * a—-——!:l 'l‘ cl
1. |
Re o H
H,C——-lCsz.——(I:—-G \I’.! l Cl
T

wherein R, R3, R4 and n are defined as above. The reaction temperature may be

selected from about 10 degrees Celsius to about 200 degrees Celsius or reflux, with

room temperature being preferred. The use of a solvent is optional. If a solvent is
15 used, a wide variety of organic solvents may be selected. Choice of a base is

likewise not critical. Preferred bases include tertiary amines such as triethylamine,

pyridine and the like. Reaction time generally extends from about one hour to three

days.

In the second step, the long chain alkyl chloroacetate is condensed with an

20  appropriate amine according to the scheme:
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Choi ce of wo idawe2sis | i kewi se not critical. Preferred basesedmadosdessberti ary
am nes such as triethylamne, pyridine andg-the |like. Reaction tine
general ly extends from about one hour to three days. In the second step,
the I ong chain al kyl chloroacetate is onde‘psed with an 20 appropriate
am ne according to the schene: 03/ 030281 PCT/ US03/ 04560 -19 | i i -OC
GNNRIRs -'"--)DO'" R4 RL1_~ | inr";o__g_R_l_ R4 vvherei%n, R Ri1,
R2, R3 and R4 are d@éi T ek S be or%. E¥cess am e+reg§:it"5ht S ypically
used as the base and the reactilon is convenlently conducted in a suitable
sol vent such as ether. This seBbnd step is ‘preferably run at room
tenperature, 5 although tenperature vary. dreacyi on tine usually varies
from about one hour to several daysha?bnventi nal |purification techniques
can be applied to ready thg,'c i Lspherf LinpeR,Phar maceut i cal
conpound. Suitable (N-substituted am %)-al kanol allkanoates can be

represented by the fornmula: R3 OR5 111211/ HBC CCOCCN I 11
R2 LR4 R6 LR8 n Y 10 wherein n is an integer having a value in the range of
about 5 to about 18; y is an integer having a value in the range of 0 to
about 5; and Rl, R2, R3, R4, R5, R6, and R7 are selected fromthe group

consi sting of Wngeiager, RGIRS R;68d Rl kidl definBlladebR. Bcedlatline AAGtaf8si S 2
selected fromthe ?r oup consi sting of hydrogen, hydroxyl, ClL to C8 alkyl,
and C3 to C8 dppirally used as the base and the reaction is conveniently conducted in a suitable

solvent such as ether. This second step is preferably run at room temperature,

5  although temperature may vary. Reaction time usually varies from about one hour to
several days. Conventional purification techniques can be applied to ready the
resulting ester for use in a pharmaceutical compound.

Suitable (N-substituted amino)-alkanol alkanoates can be represented by the

formula:
R Rs | R
N
H3C—“T"——C—‘O T (|3 N
R
H4 Rs Rs 2
S L dy

10 wherein n is an integer having a value in the range of about 5 to about 18; y is an
integer having a value in the range of 0 to about 5; and Ry, Ry, R3, Ry, Rs, Re, and
Ry are selected from the group consisting of hydrogen, C; to Cg alkyl, and C; to Cg
aryl; and Rg is a selected from the group consisting of hydrogen, hydroxyl, C; to Cg
alkyl, and C; to Cg aryl.

15 Preferred are (N-substituted amino)-alkanol alkanoates such as Cs to C;g
carboxylic acid esters and pharmaceutically acceptable salts thereof. Exemplary

specific (N,N-disubstituted amino)-alkanol alkanoates include



15 Preferred are (N-substituted am no)-al kanol al kanoates such as C5 to C18
carboxylic acid esters and pharnmaceutically acceptable salts thereof.

Exenpl ar ywos@a@oofsic (N, N-di substituted am no)-al kanol al kawyarss/osseel ude WO
03/ 070281 PCT/ US03/ 04560 -20 1-(N, N-di netjpyl am no) - 2- pr opanol dodecanoat e
(DAIPD); OHH111 /-CHs HCCHCOI I N3[ 2101 I \ CH3 H CHs

1- (N, N-di net hyl am no) - 2- propanol nyristate (DAI PM; 0O HH 11 1 CH3 H3C

CH2 121 0 C N-d | o T ol eat
e o b R el T A s g e

(N, N-di substituted am no)-al kanol al kanoates are readily prepared by 10
reacting the correspondi ng am noal kinol with |auroyl chloride in the
presence of triethylam ne. A solvent such as chloroformis optional but
preferred. For exanple, 1-(N, N-di net h@ am no)-B-prldpanol can be reacted
with lauroyl chloride in chloroformafid in thel pregence ofciy i ethylan ne

to form 1-(N N-dinethylgm P;[;_ﬁ e_.(_pKﬁDD) 15 The
penetration enhancer is presen an anmpunt suf fi Clne) enhance t he
penetration of the prostaglandin E1. The specific ahount VGHQ es necessarily

according to the desired rel ease rate and the <gcilic form of
prost agl andi n El useﬁg%gener t hi s ampunt, ranges from about 0.5
percent to about 10! eth %Pél@& GrPIORIneLmyTisizte | M)S03/ 04560

0
| CHg

H
HaC——[CHzls2 c—0 % <
C
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H
|
C——N
.

1-(N,N-dimethylamino)-2-propanol oleate (DAIPO);

0
|

CHg

HaC——[CHgl; ——C—0 <

Hs

O—O—=x
)T

H3

The (N,N-disubstituted amino)-alkanol alkanoates are readily prepared by
10 reacting the corresponding aminoalkinol with lauroyl chloride in the presence of
triethylamine. A solvent such as chloroform is optional but preferred. For example,
1-(N,N-dimethylamino)-2-propanol can be reacted with lauroyl chloride in
chloroform and in the presence of triethylamine to form
1-(N,N-dimethylamino)-2-propanol dodecanoate (DAIPD).
15 The penetration enhancer is present in an amount sufficient to enhance the
penetration of the prostaglandin E;. The specific amount varies necessarily

according to the desired release rate and the specific form of prostaglandin E; used.

Generally, this amount ranges from about 0.5 percent to about 10 percent, based on



-21 the total weight of the conposition. Preferably, the penetration
enhancer is about 5 weight percent of the conposition. Additionally, other
known tr awedanmaBl penetrati on enhancers can al so be adde@CTiUdSosiesso ed.
Illustrative are dinmethyl sulfoxide (DVSOp,; _dinethyl acetam de 5 (DVA),
2-pyrrolidone, N, N-diethyl-mtoluam de (DEFT),

1- dodecyl azacytht thaEpt @ gie-of-tienenipadiva( @refprably, thegieattestivn enhadenirakowtfs

Nel son Research), N, N-digethyl formam de, N nethyl-2-pyrrolidone, calcium
t hi ogl ycol at e, VeI8KFEIEPHEAEOMBPHUM -ane deri vati ves, | aur ocapr am

derivatives, and mfﬁ%ﬁ?@%@;ﬁgﬁgﬂwr&sﬁM1 gﬁne%ﬁ&?%ﬁh&%% ?iﬁ{ 2886 10

Natural and nodifie e guns are SO an | npor I ngr edi ent

of the conposiddded).if &siredblltmstrafveese dindthylsufoide ADRISO)pdigndthy] bbamnleur al
and nodified gal act omannan gum category. A gal act omannan gumis a

car bohydr afe (PPN PXEERdane M -detal-actobwandatPEE Fhnnose units, or ot her

derivatives of h r. Jhere,is g relatively.large er of

gal act onannansl,"aéva%czﬁaza\l/c&&fﬁlepnalleéiggﬁg%%olntei Qﬁr%%gﬁgflﬁge%ﬂ%t%ﬁé%%&i gin. The
gal act onannan muigarts), Nllﬁrcﬁﬁkﬁlgl%ﬁﬂarﬂhie RenhdtRAAL patdIoh#l @lcm thioglycolate,

(3- D-mannopyranosyl units |inked (1- >4’). Si ngl e nenber ed

u. - D- manopyr arregdlidingries diokplake derfviatives, laniredaptamederisiatives) ailhagioeyglicesent  as

side branches. ,Gal act opannan qu i ncl ude guar gum which is the
pul veri zed endBUFEER Wﬁgﬁﬁlag@g&cq%fke&nteﬁer of two | egumi nous plants

(Cyanposi 9020 t et r aganal s oaFtdRoRsARNNS gifidar A&YShH iRE8Ral WhreiiCh 1S

found in the endospermof the seeds of the Tarobtree (ceratonia sllﬁl%&l&qua).
Sui t abl e nodi fdfélk cquuposgamec Ruitabderapuasentatne giohes @&t tess imthe matuwalahd or

substituted pol ccharide guns, such as carboxynethyl ethers, ethylene
glycol ethers Iﬁ%‘ggﬁg Sia)]?‘?t@??@ GG} CUBFREY-sA 82, t%fi@ﬁfﬂl gy I%Elﬁ%rgPlﬂXﬁr@E_
pol ysacchar i de, gy o%nﬁﬁ{iﬁg’b‘?%iléd%s%%ﬁd Dzéla.ﬁ}x&%.runﬁé“otr% P JEARRBCH B ¥
guns include agar gum cartageéenan gum ghatti gum karaya gum rhansan
gum and xant hgwolgoen Thee is anplagvdly tangefurmibee of palesteninnangewhichvagyey cont ai n
a mxture gf vari ous. Léferrs, or mxture of guns_and acidic polyners. Guns,
and gal actl nar?ﬁg}ll’oélﬁ‘ﬁg engie gpthels origyy alaclompnRan EYB s ehagactasized byo f or
i nstance, | ndysg.r.i e ' ' i vat i v Wii stler R
L and Beu | 1o I o BD SRRt IRBH 0250 e emit son =
(Liésg?ndﬁxgor of -DWhbRspyel el hitcUike& (R8%) Rsth thE FAaavitaid, bre Jrient adNide
: s
branches. Galactomannan gums include guar gum, which is the pulverized
endosperm of the seed of either of two leguminous plants (Cyamposis
20  tetragomnalobus and psoraloids) and locust bean gum, which is found in the
endosperm of the seeds of the carobtree (ceratonia siliqua). Suitable modified
polysaccharide gums include ethers of natural or substituted polysaccharide gums,
such as carboxymethyl ethers, ethylene glycol ethers and propylene glycol ethers.
An exemplary substituted polysaccharide gum is methylcellulose.
25 Other suitable representative gums include agar gum, carrageenan gum,
ghatti gum, karaya gum, rhamsan gum and xanthan gum. The composition of the
present invention may contain a mixture of various gums, or mixture of gums and
acidic polymers.
Gums, and galactomannan gums in particular, are well-known materials. See
30  for instance, Industrial Gums: Polysaccharides & Their Derivatives, Whistler R. L.
and BeMiller J.N. (eds.), 3rd Ed. Academic Press (1992) and Davidson R. L.,
Handbook of Water-Soluble Gums & Resins, McGraw-Hill, Inc., N.Y. (1980). Most

gums are commercially available in various forms, commonly a powder, and ready



gums are commercially available in various forms, comonly a powder, and
ready WO 03/070281 PCT/US03/ 04560 -22 for use in foods and topical

conposi t iwog3/0Fe1 exanpl e, |ocust bean gumin powdered f®@Cwuses/edsel | abl e
fromTic Gunms Inc. (Belcam WMD). When pregent, the polysaccharide guns are
present in the range fromabout 0.1 percent to about 5 percent, based on
the total wei gﬁ@rusﬁmtfhedmdﬁo}slmlloompowmm t e eXElanBQIoeusté)darrgmgm being from
0.5 percent to

3 d enb nt, 2.5 percent by
wei ght of a poW% Pind%a\fﬁﬁﬂf & ¢‘e SE‘F"I ggllgag’[l’l NMP)conposi ti ons are
given in the exanpl %en%?és@r‘ﬂ’ th@'iboﬁ@ﬁdcﬁ m%‘ﬁﬁﬂrg b 11L1$het113ﬁ‘ sdgglgtharl de

gumis a polyacrylic acid polyner. var ety of pol y cry ic acid
pol ymer is kno@vhpg@me(rtp(ahblhtﬁ mcenl,magadamﬂhmal"wﬁg]ntmfnm carspgaiionawithlthe

conmer o a1 By - a8t Fa e DEme D B HEroces B PR B BRRYEICAR GROOGRER) under
the designationsy %Mﬁélgﬁﬂ afa,péﬁ&}ﬁ %{&é’%@ﬁh%&e ?flﬁﬁ vy e {)ﬂlﬁ&@fu@ﬁ

carboner is that designa yacry

pol yners sui t alit giveoin tleexameles Hdev.commer ci al |y 15 aval | abl e under the
desi gnati ons "Penul en(er.r) . Goodri_ch Corrpan and

" PO.?/CARBCPHI L( er r )Xn%’ﬁl‘?-‘ilal ﬁg%?‘th‘ée to gheppipidechaydy gumﬁéapebawhcr Midol yners

f
acryite. bt o amradh i B Ao ARG RO ARE oL BRORREST e

with an alloyl "eaﬂbefneﬂf Cabemersie polyaanliahdiyl boBideed ligtlyreedsaaked Riint ol . The
POLYCARBOPHI LTM enhancer. is a 20 pol yacrlg):pl c acid cross-linked with divinyl

gl ycol . Were H?@W/%F@WW(P bfeth?,rr d“ﬁ@PW@a evagiplels &iom theribyF. C@pd@@em about

wer gt - not e AR Rl b G RR i RRORIERE, A Gusr O

her ei n Ilpoqheﬂen@de@«nasaaﬁmrbom@mﬂﬁtti@slgm mn'tﬂlt@@mi dagtrh llp0phl lic
and hydrophilic. One 25 of ordinary skilT in the pharnmaceutical arts wll

under stand that t heOﬂhﬁlpmimdrYlm avid polpmenrsuithlp 6phist aeithyse oofmaaaerglauy:nb
si ng 1 he 'Bar G (TR e Risien RGP RRITY . BoRPIdPh o) Bt ned by
e T 0] oot ety RO U U 0 e
het er ogeneous aB80cayjraers 60€; thcap hmsyf:&}yla@s bt @Mrhh&’élmkfﬁorﬁe‘ﬂ@oﬂ’ Ry of
concentrati Onsam(do glethsatc{'}!hctam% or one of their simple esters crosslinked with an allyl ether of
sucrose or an allyl ether of pentaerythritol. The POLYCARBOPHIL™ enhancer is a
20  polyacrylic acid cross-linked with divinyl glycol.
Where polyacrylic acid polymers are present, they represent about 0.5 percent
to about 5 percent of the composition, based on its total weight.
Another important component is a lipophilic component. As used herein
“lipophilic component” refers to an agent that is both lipophilic and hydrophilic. One
25 of ordinary skill in the pharmaceutical arts will understand that the lipophilic nature,
or “lipophilicity” of a given compound is routinely quantified for comparison to
other compounds by using the partition coefficient. The partition coefficient is
defined by the International Union of Pure and Applied Chemistry (IUPAC) as the
ratio of the distribution of a substance between two phases when the heterogeneous
30 system (of two phases) is in equilibrium; the ratio of concentrations (or, strictly
speaking, activities) of the same molecular species in the two phases is constant at

constant temperature.



speaking, activities) of the same nol ecul ar species in the two phases is
constant at constant tenperature. WO 03/070281 PCT/ US03/ 04560 -23 The Cl
to C8 al iwbaBiozn2al cohol s, the C2 to C30 aliphatic esters, pamdiSvsi@isso

m xtures can serve as |ipophilic conponenps.-lllustrative suitable al cohols
are ethanol, n-propanol and isopropanol, while suitable esters are ethyl
acetate, butyl acekhwt@, todisraliphitznmaleahs]s, thet Cyto Guo oliplmtiatesters, smhbthejpy |

i st at di | 5 I mtate. As d in, t t "al i phati
 conol» i nol dBRSEe Rkt G rondlis sopReier. LisbpRenkaTr pEoROaE P
pol yet hyl ene @] $i-prbPar Sn @ EBRSL IR whike MitibMdeSterLire @!hﬁrpiﬂ%{at@}@q ster is

preferred, and in particular, a mxture of ethanol and ethy laurdate is
preferred. | n aoeetegathpdianmte, methyd pedidmateCB0pripybingtisteteent] ésopropghd t hei r

m xtures 1Q conprising the lipophilic conpanent include C8 to C30 aliphatic
esters of 8I ycpgfrmtate's’g? ‘é%?gé]&r%"éﬂq teF "Bl Cégﬁg‘i’]gﬂri“x eﬁﬂﬁb’@fsfé‘%]i‘ ftles,

di gl yceri des, i i ] 0 i . I I

esters incl udeélﬁgﬁeglgé}e/%f)ﬂgﬁ%l?, 2&%%1 d?ﬁ%@é’%@%%ﬁ??y&“ 8%1%’{51%}%%5% hﬁ}gtg{eu(%jé;f atty
aci ds and m xtaflakshohmerdesfer isSutfeabl endah pariceldr, faahixyuraof ehandlnad ethgl capr oi ¢

acid, caprylic acid, capric acid, lauric acid, nyristic acid, palmtic 15
acid, steari c(i%}EF‘TG,ISHWegFEFﬁddi ¢ acid, behenic acid and |ignoceric acid.

aci d, o acid, behenic acid and Iignoceric acid.
ol eni ¢ acid. urt Shr S gy kar O ELHEC iRk icRElel b BB HHERRE Care,

triolein, 10ri repmipsising the\dpdphilid @aipohent ipelufieCat) @ taliphatid stdrdof dieerol
concentration of |ipophilic conponent required necessarily varies 20
according to &ekeled s hregraupgpnsistipgmodeslyeesides sliglyessides! tagliedrilearsad and

coording to 6! _ _' sdhalyeide g _
of 1 i poph 11 c T EOERCAGIDE] SRR AR L G148 o b At TG RRRCERL ) "

wei ght based apidshenshiatatd f20iagids aed niitires dRas] t$amblcatire® Rl et opi cal
conmposi tion contains |ipophilic conmponent in the range of 7 percent to 40

percent by weilgHedaeepedic agids ¢rerilistagid, paprigedcishlavsitc apide mysistiosdid,ipahmitidher e a
m xture ofcaliphatlc.al cohol d_ali.phat.ic .ester. are enpl.o t he

sui tabl e g?mur?? irao%te%“llcc%ﬁ(gla??cg?ﬁ%a?ﬂ’e eggﬂﬁgcﬁfangilgn%ceepﬁg;ﬁ][d’ %égl%%leper cent. In
one pref erredngrAeidefY acildRcRIBYMc &fid alne@i0icill ind IndiBSic %@iﬁggui%lé

percent to 15 percent, while that of aliphatic ester is in the range from
2 percent to gﬂ;ycpg»ﬂ e#ans include glyceryl monooleate, triolein, trimyristin and tristearin, '

perferably trimyristin.
The concentration of lipophilic component required necessarily varies

20  according to other factors such as the desired semi-solid consistency and the desired
skin penetration promoting effects. Suitably the concentration of lipophilic
component is in the range of 0.5 percent to 40 percent by weight based on the total
weight of the composition. The preferred topical composition contains lipophilic
component in the range of 7 percent to 40 percent by weight based on the total

25  weight of the composition.

Where a mixture of aliphatic alcohol and aliphatic ester are employed, the
suitable amount of alcohol is in the range of 0.5 percent to 10 percent. In one
preferred embodiment, the amount of alcohol is in the range of 5 percent to 15
percent, while that of aliphatic ester is in the range from 2 percent to 15 percent

30 (again based on the total weight of the composition). In another preferred
embodiment, the amount of alcohol is in the range of 0.5 percent to 10 percent,
while that of aliphatic ester is in the range from 0 percent to 10 percent (again based

on the total weight of the composition).



30 (again based on the total weight of the conposition). In another
preferred enbodinent, the anount of alcohol is in the range of 0.5 percent
to 10 perweni3/o7o2shi | e that of aliphatic ester is in the ragwusosome0
percent to 10 percent (again based on thegtotal weight of the
conposition). WO 03/070281 PCT/ US03/ 04560 -24 The concentration of
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based on the 5 total weight of The conposition. ere alipophilic

conponent t hatlifophdicrtiortpenentaf theabngenat mwerednt i) paneht iy iwehgtt based ohehe i s
used, the preferred. amount of al.cohol .is in the. range of 5 percent to 15
per cent, il eto‘ia[ﬂé(Flg‘f Og‘ihieﬁﬂ@PP%“‘é%t lé’rhef‘?sa IRPROKES GompRpReRt thah! anﬁé‘i‘léee?mff to
15 percent (agaj I i td AL
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critical factanngeofSupdredit o Ehpdreért) whilgthaesfalipiatid dster ésini the tange from 2

hydrophilic-lipophilic bal ance nunber greater than 10. Sucrose esters, and
specifically sH%E‘r%BE@ b Resreat Egainchaseds e e total wrightefthe pempesitiqnie

conposi tion. Sucrosg, 8@@&@%%%&@%%4- Whis of THluBdif Lo rAIRYaLL 3B £ from
vari ous commerci al sources. n an énu ItTrer 1S useéi, SuUcCrose Saf ear ate

present upfOt o cadtiositfaltopersuinile ehatefier@endrbity wvill athivie b Ghdrophilicipophilic
conposition, is preferred. The preferred anmobunt of sucrose stearate
enul si fier carPalareBupbeskprastiay1sSeeross egters, pad Frecificalianapde staarate

I harid i t | Sif i [ f d, d
B dero of 1 warffive S 6plstdls okt RpfbBlihy Shhse hEuthd b SeRUGRELCT ) o

consi stency anghggfiar ftailable HRsi ¢irivs @omblcias] sotrekes | Wieh sn 3rRIHMi& s sdeidt abl e
i ncl udi ng pol yoxyet hyl ene sorbitan esters, 20 |long chain al cohol s,

preferably cetSHsPaxstparatgrEessal up wraponiad pgreent kksed gr dheitaiebweightiwfithbl e

ol yoxyet hyl e bi tan ers 4.ncl ude the nonagl aur at Tween. 2 Span
20 the: mikopar bRt eh i REIH D) e et abe U B R Set Gy ARe
monool eat e ( TweRbeBXbraasedl 48 b elERSatib 6f §afilsitRE 6f SI1y@ecHaRlE YuCi Hdrlowger i des
include glyceryl nonooleate, triolein, trinyristin and tristearin. 25 The

conposi tion i nebgtussifier taguam tswréfered pad e mtioref ldtobtisieyst pyedtrmdgo generate t o
TBurt or syst ell® SPEB G RE L ERRE B AHIE PeEhce to a S0l ute agent
or agents Other emulsifiers are also suitable including polyoxyethylene sorbitan esters,
20  long chain alcohols, preferably cetostearyl alcohol, and fatty acid glycerides.
Suitable polyoxyethylene sorbitan esters include the monolaurate (Tween 20, Span
20) the monopalmitate (Tween 40), the monostearate (Tween 60), and the
monooleate (Tween 80) and mixtures thereof. Preferred fatty acid glycerides include
glyceryl monooleate, triolein, trimyristin and tristearin.
25 The composition includes an acid buffer system. Acid buffer systems serve
to maintain or buffer the pH of compositions within a desired range. The term
"buffer system" or "buffer" as used herein has reference to a solute agent or agents
which, when in a water solution, stabilize such solution against a major change in
pH (or hydrogen ion concentration or activity) when acids or bases are added thereto.
30 Solute agent or agents which are thus responsible for a resistance to change in pH
from a starting buffered pH value in the range indicated above are well known.
While there are countless suitable buffers, potassium phosphate monohydrate has

proven effective for compositions of the present invention.



whi ch, when in a water solution, stabilize such solution against a major
change in pH (or hydrogen ion concentration or activity) when acids or
bases ar ewaddet28hereto. 30 Sol ute agent or agents whi ch RC&/US03/64560
responsi ble for a resistance to change inogd froma starting buffered pH
value in the range indicated above are well known. Wile there are
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produces a stable composition comprising a prostaglandin E; evenly dispersed

20  throughout a semi-solid formulation. One available approach to preparing such
compositions involves evenly dispersing the polysaccharide gum (or polyacrylic acid
polymer) in a premixed water/buffer solution and then thoroughly homogenizing |
(i.e. mixing) the resulting mixture, which will be labelled "Part A." When present,
the emulsifier is added to the water/buffer solution before dispersing the

25  polysaccharide gum. Any suitable method of adjusting the pH value of Part A to the
desired level may be used, for example, by adding concentrated phosphoric acid or
sodium hydroxide.

Separately, the prostaglandin E, is dissolved with agitation in the lipophilic

component, which itself may be a mixture of alcohols, esters, or alcohol with ester.

30 Next, the penetration enhancer is added. Alternatively, when the lipophilic
component includes both an alcohol and an ester, the prostaglandin E; can be

dissolved in the alcohol before adding the penetration enhancer followed by the



desired | evel may be used, for exanple, by addi ng concentrated phosphoric
acid or sodium hydroxide. Separately, the prostaglandin El is dissolved
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acceptable salts thereof, lower alkyl esters thereof and mixtures thereof; about 0.5

20 percent to about 10 percent DDAIP or salts thereof; about 0.5 percent to about 10
percent of a lower alcohol selected from the group consisting of ethanol, propanol,
isopropanol and mixtures thereof; about 0.5 percent to about 10 percent on an ester
selected from the group consisting of ethyl laurate, isopropyl myristate, isopropyl
laurate and mixtures thereof; based on the weight of the composition, and an acid

25 buffer. Preferably the composition also comprises up to about 2 percent sucrose
stearate.

Optionally the composition also comprises up to about 5 percent emulsifier.
Preferably, the composition also comprises up to about 2 percent emulsifier. Suitable
emulsifiers include polysorbates such as Tweens, glyceryl monooleate, triolein,

30 trimyristin and tristearin. A preferred emulsifier is trimyristin.

The practice of the present invention is demonstrated in the following
examples. These examples are meant to illustrate the invention rather than to limit

its scope. Variations in the treating compositions which do not adversely affect the



25 buffer. Preferably the conposition also conprises up to about 2 percent
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as descri bed at% Veeacltlr\]/e %or%%onen? The unit dosage form is a packaged preparation, where the

package containing the discrete quantities of the pharmaceutical preparation is, e.g. a
20  rigid plastic dispenser or flexible packet.

Another aspect of the invention is an article of manufacture that comprises a
composition for treating erectile dysfunction as described above in a suitable
container, preferably in a container such as the dispenser disclosed in U.S. Patent
No. 6,224,573, in combination with labeling instructions. Alternatively, the

25  container can be a tube with a suitable orifice size, such as an extended tip tube,
pouch, packet, or squeeze bottle and made of any suitable material, for example rigid
plastic or flexible plastic.

The labeling instructions can come in the form of a pamphlet, a label applied
to or associated with the packaging of the article of manufacture.

30 The labeling instructions provide for administering a composition of the
invention to the fossa navicularis of the penis of a patient suffering from erectile
dysfunction, directing the patient to hold the penis upright, hold the meatus open and

place the composition in the fossa navicularis without introducing the container into



container, preferably in a container such as the dispenser disclosed in

U S Patent No. 6,224,573, in conbination with |abeling instructions.
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of the vasoactive prostaglandin. For example, where the vasoactive prostaglandin is
20  prostaglandin E1, about 0.05 mg to about 0.8 mg prostaglandin E1 is present,
preferably about 0.1 mg to about 0.5 mg and in another embodiment, about 0.2 mg
to about 0.3 mg. The composition can, if desired, also contain other compatible
therapeutic agents, such as a piperazinyl quinazoline antihypertensive.
The semi-solid vasoactive prostaglandin composition should be applied to
25  the fossa navicularis of the penis about 2-30 minutes before sexual intercourse,
preferably about 10-20 minutes before sexual intercourse.
Unless otherwise indicated, éach composition is prepared by conventionally

admixing the respective indicated components together.



preferably about 0.1 ng to about 0.5 ng and in another enbodi nent, about
0.2 ng to about 0.3 ng. The conposition can, if desired, also contain

ot her conpatd3mre2s8it her apeuti c agents, such as a piperazi nyHCTHuSBAZGH | Ne
anti hypertensive. The sem -solid vasoacti.ge -prostagl andi n conposition
shoul d be applied to 25 the fossa navicularis of the penis about 2-30

m nut es bef or Exalal i ntercourse, preferably about 10-20 minutes before
sexual intercaurse., Unless (%t herw se i ndi cated, each conposition is
prepared by cﬁ%%%%% xi ng the respective indicated components
toget her. WD 03/070281 PCT/ US03/ 04560 -29- Exanple 1 Exenplary
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15 bean gum (in powder form) was dispersed in the buffer solution and homogenized
using a homogenizer. Table 1, below, contains a list of ingredients.

The resulting composition was a spreadable, semi-solid suitable for
application to the skin without the need for supporting devices such as patches and
adhesive strips. The composition was both homogenous in appearance and resistant

20 to separation.

TABLE 1: Topical Prostaglandin E; Compositions {
Ingredient (wt%) A B C D E F G H
Part A: prehydrated locust bean gum 3 3 3 3 3 3 3 -
prehydrated modified guar gum - - - - - - - 3
water/buffer (pH 5.5) 81 81 81 81 81 81 81 81
sucrosestearate 0.5 05 05 05 05 0.5 0.5 -

Part B: prostaglandinEs 01 0.2 03 04 04 05 04 0.3
DDAIP 5 5 5 5 5 5 5 25

ethanol 5 5 5 5 5 5 10 5

ethyl laurate 5 5 5 5 5 5 - 3

Additional exemplary compositions B — H were prepared in the same manner
using the components listed in Table 1. As noted above, in other embodiments, such
25  as Composition H, the composition may include a modified polysaccharide gum,

suitably a modified galactomannan gum, such as a modified guar gum.



prehydrated nodified guar gum - - / buf f

- - - - -3 ter/b r (pH 5.5) 81 81
81 81 81 81 81 81 sucrose stearate 0.5 0.5 0. 0. 0.
I
5

r e

50.50.50.5- Part B:
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ethanol 555555 105 ethyl laurate-305 5 5 5 - 3 Additional

exenpl ary conpositions B - H were prepared in the, sane nner_ ugi ng the
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25 as Conpositjion H the conposition may include a nodified pol ysaccharide
gum suitablygggnndified gal act omannan gum such as a nodified guar gum WO
03/ 070281 PCT/ US03/04560 -30 Alternatively, a polyacrylic acid polynmer may
be used instead of the polysaccharide gum Exanple 2 Adm nistration of An
Exenpl ary Conesintledn to Heal thy Vol unteers 5 A semi-solid prostaglandin
conposition, Conposition.H wa : ) \ yunteers using the
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Tabl e 2. Eval uation was performed based on the individual's subjective

eval uation. @eétiohl Fhe siiady wah perdemedi osta papubition of eight heskbp pkintsssachi eved
an erection sufé(iﬂrgi emi. o.facilitate sexual intercourse based on the
i ndi vi dual ' s %& Ieree@%bee XSQH’S ‘,m'pati ents 20 reported the result as (+).

When erection was gagetdiéfneMar@terRibyof the YRES SRAGAr¥Gimmarized in Table 2.
Eight healthy volunteers not suffering from ED ranged in age from 27 to 64 years
15 old(41.1+11.9, mean + standard deviation). Additional information regarding the
result of treatment is provided for each healthy volunteer in Table 2.
Evaluation was performed based on the individual's subjective evaluation.
Briefly, when the administration of the composition achieved an erection sufficient
to facilitate sexual intercourse based on the individual's sexual experience, patients
20  reported the result as (+). When eréction was insufficient or only intumescence was
obtained, patients reported the result as (). When there were no changes, patients
reported the result as (). The results are reported in this manner in Table 2.
The study participants were instructed to place the medication in the fossa
navicularis by holding the penis upright, holding the meatus open and dropping the
25  medication into the fossa navicularis without introducing the medication container
into the meatus.
All eight subjects in the healthy volunteer group showed increased
intumescence (increases in width and length of their penises) after a single dose of
Composition H of Example 1 without erotic stimulation. One participant

30  experienced a full erection and seven participants experienced intumescence that



obtai ned, patients reported the result as (). Wen there were no changes,
patients reported the result as (-). The results are reported in this
manner i nwWoaisigo81 The study participants were instructed RQI/yE0a0es6d he
nmedi cation in the fossa navicularis by hgiding the peﬂl sf upright, ho: di ng
the nmeatus open and dropping the 25 nedication into the fossa navicularis
wi t hout int rodﬁ@?%&om‘n@ﬂ@c& oainiutes i duretiom See Tahle?, bhleWIij\wme eAbiits eieght
subjects in thg healt ol unt eer .group showed i ncrease i ntumescence

(i njcr eases in E@\}l&f lzgﬁéo ﬁ’é’r‘f’ R B?PI&ﬁTé?IfarﬁﬂﬁﬁOgtégﬁugflpgf a single dose of
Conposition H of Exanple 1 without erotic stimulation. One participant 30
experienced a full erection and seven paribi€id pants experienced intumescence
that WO 03/070281 PCT/ US03/ 045&6lividudlFindigpst ellthy Wenufiérd 0 180 minutes in
duration. See Table 2, below Adverse events were all localized to the
site of appli YR antEeshBestlti nSidefiet on SysTeatié e 2 [Dwelitiondlial Fi nNbtags:
Heal t hy Vol unteers Vol unteer Agdleaniin) Sidpdiffeetf ect Frgetipepri ¢ Durati on of
Note (Local i i ] sclufimescencep7 M | d.__None
About 2.5 hours Ej acul afion= Tra::ﬁ;f;1 t occtPed 2 @_QO“FZ-WP‘E‘? N?ﬁg;murred t 3
hours Ej acul atio Trapsi ent, occurred, erection maintajne af t ¢ ,

ej acul a!ti on 3 359: MId None Abq@ﬁ y: thouri\f%”l*—j acul & l?oBﬁ’gh"Wana gﬁful Rurred
4 35 None None About 2 hours Ej aculation occurred 5 38 f M| d, erfglg@n 1.75
hours Ej acul ation Transient occurred

maintained
after
] ejaculation
3 35 + Mild, None About 2 hours Ejaculation
Transient occurred
4 35 + None None About 2 hours Ejaculation
occurred
5 38 + Mild, None 1.75 hours Ejaculation
Transient occurred
6 46 + Mild, None 1.25 hours NA
Transient
7 51 -+ None None 1 hour NA
8 64 + Mild, None 1.5 hours NA
Transient

Summary: Each participant received one to four doses; all participants reported an effect of
treatment: seven (&), one (+); duration one hour or more in all patients. NA = not applicable.

Example 3

Administration of An Exemplary Composition to ED Patients

5 A semi-solid prostaglandin composition, Composition H, was used to treat
ED in a group of patients needing such treatment using the method of the present
invention. It was found that placement of a composition comprising an amount of a
semi-solid prostaglandin composition in the fossa navicularis results in an increase
in blood flow in the glans and an increased intumescence of the penis. In preferred

10 embodiments, the treatment results in intumescence of the glans, and preferably a
penile erection. The study was performed on a population of thirteen ED patients.
Relevant characteristics of the study group are summarized in Table 3.
Thirteen ED patients ranging from 33 to 68 years old (51.0 %+ 10.3, mean + standard
deviation) were screened, and achieved a full erection with an oral dose of 50 mg
15  sildenafil citrate (Viagra™). The severity of erectile dysfunction was assessed for

each p]atient using the 5-Item International Index of Erectile Function (IIEF-5), a
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were no changes, patients reported the result as (-). The results are reported in this

way in Table 3.
In the ED group, a full erection was attained by seven patients after treatment
followed by erotic stimulation (audio-visual sexual stimulation (“AVSS”), i.e.,

20  viewing erotic videotapes). Another four patients experienced some degree of
tumescence after treatment followed by erotic stimulation, while the remaining two
patients did not have a noticeable change. See Table 3, below.

Adverse events were all localized to the site of application and short in
duration; no systemic side effects were observed. Two patients withdrew from the

25 study due to local irritation that did not need medical attention. An erection
sufficient for intercourse was achieved by the majority of the ED patients (7/13) after
treatment with one dose of the topical composition H that contains 0.3 mg
prostaglandin E; and followed by erotic stimulation. An additional four patients had

some tumescence in response to the same treatment, and only two of thirteen

30  patients experienced no change.
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PCT/ US03/ 04560 , - 33- (Tabl e 3 - ndi vi d;J+aI gl nfh ngs: ED Patig f&% ge HEF 5
Score Result Si de Ef ct (Local pain), Underlying Di sease

Di abetes nel i tlﬁ ema 2 439 + Depression 3 43 7 + @ B{Eﬁ"is(?“e]ﬁf_‘f ?p

ej acul ation di turb ce aftey surgery for rectal cancerp4 .44, 5 + 4
Psychogeni c EDE 47 iﬁ + Ps;g:hogenl cED, nul e - Pr 2 .%)e P
sychogenic ED

13 68 15 - ++ Prostatic hypertrophy

Summary: Each patient received one to four doses; seven patients (+), four patients (£), two patients
(-). Side effects such as local pain, nine patients; systemic side effects, None.

Example 4

Objective Measurements of Increases in Blood Flow

Objective measures of the increases in glans microcirculation were obtained
using a laser doppler flowmeter (PeriFlux System 5000, Perimed, Sweden). An
example of the recordings obtained is shown in FIGURE 3. The degree of ED in
each patient was rated using the five item form of the International Index of Erectile

5  Dysfunction (“IIEF-5"). A summary of the patients and the results is presented in
Table 4, below.

FIGURE 3 is a graphical representation of the results of a laser doppler
flowmeter measurement of the blood flow in the glans penis of a 65 year old patient
not exhibiting erectile dysfunction (IIEF-5 score: 24, BP 137/82) before, during and

10  after treatment using the method of the present invention with a dose of Composition
H comprising 0.3 mg prostaglandin E; at the time indicated by the arrow, showing an
increase in blood flow following the treatment (left arrow) followed by erection at
14 minutes (right arrow).
| FIGURE 4 is a graphical representation of the results of a laser doppler

15 flowmeter measurement of the blood flow in the glans penis of a 51 year old erectile
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FIGURE 6 is a graphical representation of the results of a laser doppler
flowmeter measurement of the bléod flow in the glans penis of a 56 year old erectile
15  dysfunction patient (IIEF-5 score: 9, severe ED, BP 144/88) before, during and after
treatment using the method of the present invention with a dose of Composition H
comprising 0.2 mg prostaglandin E; at the time indicated by the left arrow, showing
an increase in blood flow following the treatment, with the glans reaching

tumescence in 7 minutes (right arrow).

20
Table 4
Measurement of Glans Microcirculation by Laser Dopper Flowmeter
Pt. Age IIEF-5 Time to Glans Rigid Underlying Disease PGE1 Dose (mg)
Score Tumescence Erection
(Minutes) With AVSS
14 65 24 14 - + Age-related 0.3
15 57 15 5 + Psychogenic ED 0.2
16 56 9 About 7 + Mixed ED 0.2
17 51 10 About 8 + Psychogenic ED 0.2
18 62 2 9 - Depression 0.2
19 45 13 2 + Psychogenic ED 0.2
20 29 7 4.5 - Severe Neurosis 0.2
21 61 4 About 7 - Mixed ED 0.2
22 62 4 4 - Psychogenic ED 0.2
23 60 14 6 + Psychogenic ED 0.2

Summary: Rigid erection with audio-visual sexual stimuli (AVSS) 5 patients (+), (£) 1 patient, (-) 4
patients; duration to glans tumescence 2-14 minutes; no adverse events.
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presence of audio-visual erotic stimuli (“AVSS(+)”) produced a larger and more
rapid increase in glans blood flow and tumescence. A rigid erection was obtained
15  that was maintained for more than one hour.

Without being held to a particular mechanism, it is believed that the
treatment of the present invention comprising placing a semisolid prostaglandin
composition into the fossa navicularis results in the permeation of prostaglandin E,
into the tissue of the glans penis and into the corpus spongiosum. The effect of

20  prostaglandin E; in the glans produces a prompt increase in blood flow followed by
tumescence of the glans and the penis as a whole. In the presence of audio-visual
erotic stimulation, the penile tumescence of ED patients can progress to a maintained
erection adequate for intercourse.

In the study of Example 4, administration of a composition comprising 0.3

25  mg prostaglandin E; in the presence of audio-visual erotic stimulation resulted in an
erection sufficient for intercourse in the majority of the ED patients (7/13); an
additional four ED patients had some tumescence in response to the same treatment.
Only two of the thirteen ED patients experienced no change. Administration of the
0.3 mg prostaglandin E; dose to a patient not suffering from ED (IIEF-5 score: 24,

30  patient 14, Table 4 and Figure 3) in the presence of audio-visual erotic stimuli
resulted in an erection suitable for intercourse.

The protocol in the study of Example 5 was modified to add objective

measurements of glans microcirculation. A lower dose of prostaglandin E; (0.2mg),
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present invention to pr era@ eiggLdon in the ED patient. WO 03/070281
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placing in the fossa navicularis of the patient an anbunt of a sem- 5
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guns 10 and pol yac#yhliphatie O td0} a8, an aliphatic Cg to Csg ester, and a mixture
thereof, an acidic buffer system; and
providing at least one erotic stimulus selected from the group
15 consisting of olfactory stimuli, visual stimuli, auditory stimuli and tactile

stimuli.

2. A method of improving microcirculation in the glans penis in a patient
needing such treatment comprising:

20 placing in the fossa navicularis of the patient an amount of a semi-
solid vasoactive prostaglandin composition effective to increase blood flow
in the glans penis; comprising

a vasoactive prostaglandin;
a penetration enhancer that is chosen from the group consisting of an

25 alkyl-2-(N-substituted amino)-alkanoate, an (N-substituted)-alkanol
alkanoate, pharmaceutically acceptable salts thereof and a mixture thereof;

a polysaccharide gum;
a lipophilic component that is a selected from the group consisting of
an aliphatic C; to Cg alcohol, an aliphatic Cg to Csq ester, and a mixture

30 thereof; and

an acidic buffer system.
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providing at least one erotic stimulus selected from the group
15 consisting of olfactory stimuli, visual stimuli , auditory stimuli and tactile

stimuli.

4, A method of producing tumescence of the glans penis in a patient needing
such treatment comprising the steps of:

20 placing in the fossa navicularis of the patient an amount of a semi-
solid vasoactive prostaglandin composition effective to increase blood
microcirculation in the glans penis, the composition comprising

a vasoactive prostaglandin;
a penetration enhancer that is selected from the group consisting of an

25 alkyl-2-(N-substituted amino)-alkanoate, an (N-substituted)-alkanol
alkanoate, pharmaceutically acceptable salts thereof and a mixture thereof;

a polymer selected from the group consisting of polysaccharide gums
and polyacrylic; ‘
a lipophilic component which is selected from the group consisting of

30 an aliphatic C; to Cg alcohol, an aliphatic Cg to Csq ester, and a mixture
thereof; and

an acidic buffer system; thereby producing tumescence of the glans

penis.



an aliphatic C1 to C8 al cohol, an aliphatic C8 to C30 ester, and a m xture
thereof, an acidic buffer system and providing at |east one erotic

stinmul us weloaotesl from the group 15 consisting of ol fact oPgT4atSosredss) vi sual
stimuli , auditory stinmuli and tactile stjgmli. 4. A nmethod of producing
tunescence of the glans penis in a patient needing such treatnent

conpri si ng t hedst epé Bethod of Brafmigrgediite dysdincter in apaticstineading suth trhgmesat i ent
an amount of a sem - 111§11q M)%ss%ggtokve prost agl andi n conposition effective

. CO . Lo,
to increase blood i Crocitculatron in the gl ans peni s, the conposition

conprising a vasoactive plaeiiagtiRydisnadicRRMST d PificBNARERInt bhAterhis
sel ected fromthe group consisting of an 25 al kyl-2-(N-substituted

ani no) - al kanoat e, afPlidNcaseassive prastaglandinkeamulositishlefliciitedto ipdreaserbivedt i cal | y
accept abl e salts thereqf. .a.mxture thereof; a polyner selected fromthe
% Eu&?(i/lgcg@%wgrl?gg %}Wenésnﬁleﬁzgwgg@yﬁpe@pgsmg pophi lic

group consisting of po

conponent which is sel echigfht DI08HE REAHBLOHB HEPHShSEthAn@h £, 30 an aliphatic
Cl to C8 alcohol, an aliphatic C8 to C30 ester, and a mxture thereof; and

an acidic buffer system aperateeign pnlvdesritha is seledakhon thé giobp colsivimg ofani .
WO 03/ 070281 PCT/ USQ3/.04560 . -39 5. A nethod of treating erectile
dysfunction in a pa%l}%glﬁ%'&éggmtﬁ‘&egﬁ]iflﬁmt)'raﬁe@flﬂ%tﬁtan SeHpeGg-alkarok t eps of -

placing in the fossgkamutdhatdagefcaliygecoBfbbRbISMABPHY o B t@reﬁﬁgjeéf'sm id
vasoactive prostaglandin conposition effective to Increase 60 ?

microcirculfati on in the gbelymepssiecied frive thogpos conssting@fpbiysicibarideauts 0. 05
ng to about 0.8 ngy of rlost zﬁl andi q El, a penetration enhancer that is
sel ected fromthe g‘?'rtﬁjlfg’%ﬁ' saf’}}fiﬁ’ BPEn  al kyl - 2- (N-substi t ut ed
am no) - al kanoate, an (N-suhsiHitud 5 t rmaceutical ly
acceptabl e salts thereof and a m xt Orne %ﬁ%ﬁégﬁl?&%ﬂgﬁp}gfﬁﬁ Cglg 1%@1[%0 from
t he group consi sti nap @diphpiad ¢s acChalooloe, auetiphatic Cg to Csg ester, and a mixture
thereof, an acidic buffer system; and
15 providing at least one erotic stimulus selected from the group

consisting of olfactory stimuli, visual stimuli, auditory stimuli and tactile

" stimuli.

6. The method in accordance with any one of claims 1, 2, 3 or 4 wherein the
20 vasoactive prostaglandin is selected from the group consisting of PGE;,
PGA;, PGBy, PGFi,, 19-hydroxy-PGA,, 19-hydroxy-PGB,, PGE,, PGA,,

PGB,, 19-hydroxy-PGA,, 19-hydroxy-PGB,, PGE,, PGF; and mixtures
thereof.

25 7. The method in accordance with any one of claims 1, 2, 3 or 4 wherein the

vasoactive prostaglandin is prostaglandin E;.

8. The method in accordance with any one of claims 1, 2, 3 or 4 wherein the

vasoactive prostaglandin is present in the amount of about 0.1 mg to about

30 0.5 mg.



and polyacrylic acid polyners; a lipophilic conponent that is selected from
the group consisting of an aliphatic C1 to C8 alcohol, an aliphatic C8 to
C30 esterwoand7@smi xture thereof, an acidic buffer system®CTArsd3/14660
providing at |east one erotic stimulus sel4#xted fromthe group consisting
of olfactory stinmuli, visual stimuli, auditory stinuli and tactile

stimuli. 6. Thé met ABeMerhodafshainie aceardamca mjthems ope of plaimesl, 2, 32r 43 or 4

wherein the 20 vas iV i j elected fromthe ou
Sl hp”or o ARG A REQH AR A0k TSP BRSBTS 2 e
PGE2, PGA2, PGB2, i@-tbwbswy3 B@AZ, 19- hydroxy-PGB2, PGE3, PG-3 and

m xtures thereof. 25 7. The nmethod in accordance with any one of clains 1,
2, 3 or 4 wherein the vasoactive prostaglandin is prostaglandin EL. 8. The

reLhod |1 26O, b 0y ShATD g P LSS ERA IR oo

vasoactive prostaglandin resen
30 0.5 ng. WO 03/ 07p@8hePsH ddb@3ty31d26fd polytfle®. The method of claimin

accordance with any one of clainms 1, 2, 3 or 4 wherein the vasoactive
prostaglandin is present in the amount of about 0.2 ng to about 0.3 ny. 5

10, The, et hody 1 agopdaGs, Uy S0, 0%, O ShPUTEE o el TRl

the polyner is’ a polyac

with any one of cl apdl9més is3 shéarQhini Zﬁsia&htaﬂge lymer is a _
shear -t hi nni ng pol ysaccharide gum 10 1Z. The nethod in accordance with

claim 11 wWferein the shear-thinning polysaccharide gumis a gal act omannan
gum 13. The nf’} ho 1, wherein the_ shear-thinning

i n_accqrdance, with.claim ]
15 pol ysaccharide g ]ingt%ggﬁ%ﬁl‘f@f%&%‘gﬁgé’%&ﬁéﬁﬁ’&}ﬁraﬂﬁhe shear-thif@ingst hod i n
accordance Wi th cl ahdTyshacHHiae 8if it BaRBRhiahfish @R act omannan gumis a
modi fi ed guar gum '
13. The method in accordance with claim 11, wherein the shear-thinning

15 polysaccharide gum is a modified galactomannan gum.

14. The method in accordance with claim 13 wherein the modified

galactomannan gum is a modified guar gum.

20 15, The method in accordance with claim 1 wherein the penetration enhancer is-
selected from the group consisting of an alkyl-2-(N-substituted amino)-
alkanoate, an (N-substituted)-alkanol alkanoate, pharmaceutically acceptable

salts thereof and mixtures thereof,

25 16,  The method in accordance with claim 15 wherein the penetration enhancer is

dodecyl 2-(N,N-dimethylamino)-propionate.

17. The method in accordance with any one of claims 1, 2, 3, 4, or 5 wherein the

lipophilic component comprises at least one aliphatic Cg to Csg ester.
30

18. The method in accordance with any one of claims 1, 2, 3, 4, or 5 wherein the

lipophilic component comprises at least one glyceryl ester selected from the



20 15. The method in accordance with claim1 wherein the penetration
enhancer is selected fromthe group consisting of an

al kyl - 2- (Wolaba8t ut ed am no)- al kanoate, an (N-substit ut @edyAskessel

al kanoat e, pharmaceutically acceptable saits thereof and m xtures thereof.
25 16. The method in accordance with claim 15 wherein the penetration
enhancer is dodecy®O8P CRESGIREFRNRENERTIdRS) dighisptidasatrizlyceridesTwed misttesd i n
accordance with anyganecof claims 1, 2, 3, 4, or 5 wherein the [lipophilic
conponent conprises at F’east one aliphatic C8 to C30 ester. 30 18. The

met hod in accordance with any one of clainms 1, 2, 3, 4, or 5 wherein the

| i pophilic conponent conprises at |east one glyceryl ester selected from
the WO 03/ 070281 PCThe)0g810d a5 serordange yitbapy eomef elaintsgl, 2pod oy & evtiees the

di gl ycerides, trigl Lde n i xtures  .thereof. 19. The thod i
accor dan_ce%\?vi th anymgoﬁ%llﬂgcf csdélil NIRRL cpmpbiscsat IQﬁS?BI?e %ly?/ﬁﬁglreéfeﬁ S‘?lg‘ge&]gom the

l'i pophi i ¢ conponengroap BpisiSag odiigljcedshobEletb YEiBIeH, 198lALS §igshfdaid om
the group consisting of glyceryl nonool eate, triolein, trinyristin,
tristearin, and mi%Pives tharofeof . 20. The nethod in accordance with .any

one of clains 1, 2, 3, 4, or 5 wherein the 10 acidic buffer system
provides a buffered pH value for said conposition in the range of about 3

to about 6.5. R. Thie MeHbash AtoARGES HRANGRY Yhd b @R¥hane, §f ' ;3
4, or 5 wherein the corrpositiog further c}(f)rrprisegmg(r?’g’n?ﬂ‘léi%*?yrmge te}%t ed

fromthe difoup 15 casidit buffergysiemsuovidsea bsfferd pHpaluediy efid ydepesitsar fbithan
esters, long chain _al cofl'uag)l S Fonag) %J[ggeryl esters. 22.. The nethod in
accordance with anyrag%eeoo o3 Oft09. 3, 4, or 5 wherein the enulsifier
conprises at |east one glyceryl ester selected fromthe group 20 consi sting
of glyceryl nonooleate, triolein, trinyristin, tristearin, and m xtures

t hereof. 23. THe nefheodethad avaoodancewith iy emyofmdseinefl, 2) Hidyer 4 whereiBthed, Of

5 wherein the conposition further caonprises up to about 5 percent
nyrtenol , based on (ioﬁﬁjosgl@ntfﬁrtﬂéqr j Bgﬁ% aneniq%%g%?ﬂf@’éﬁdth% the group

15 consisting of sucrose esters, polyoxyethylene sorbitan esters, long chain

alcohols, and glyceryl esters.

22..  The method in accordance with any one of claims 1, 2, 3, 4, or 5 wherein the
emulsifier comprises at least one glyceryl ester selected from the group
20 consisting of glyceryl monooleate, triolein, trimyristin, tristearin, and

mixtures thereof,

23. The method in accordance with any one of claims 1, 2, 3, 4, or 5 wherein the

composition further comprises up to about 5 percent myrtenol, based on the

25 total weight of the composition.

24, The method in accordance with any one of claims 1, 2, 3, 4, or 5 wherein the

composition further comprises a preservative.

30 25, The method in accordance with any one of claims 1, 2, 3, 4, or 5 wherein the

composition further comprises a topical anesthetic,



24. The nethod in accordance with any one of clains 1, 2, 3, 4, or 5
wherein the conposition further conprises a preservative. 30 25. The
nmet hod i rwagsoradance with any one of clains 1, 2, 3, 4, oPCI/Usa@0456m t he
conposition further conprises a topical anégsthetic. WO 03/070281

PCT/ US03/ 04560 -42 26. The nethod in accordance with any one of clains 1,
2, 3, 4, or 5 #her eithe msghoddgpsensianes with anyrrae of slans bek 3adforagvhereia.the 7.

The net hod of claim . 2] r 2;9% i | is present in the anmount of
5 about 0.1 ng to al%grtrjl ﬁ@ﬁlgr&eg s Sgggrelf{g‘ﬁgﬂc%f claim5 wherein

prostaglandin El is present in the anount of about 0.2 ng to about 0.3 ng.
10 29. An article of manufacture conprising an unit dose of a conposition
conpri sing a vadoactlhg&efiasksal gl ng?feﬁl myeviaglpedin &n issprasent By the ampvntafer
selected fromthe gr onsi.stin ol ysacchari de guns and pol yacrylic
acid pol yrreér)s, a IiS@p ioﬁi @%ééhﬂl’%ﬁgﬁimg‘nd an acidic buffer in a suitable
container in conbination with labeling instructions. 15 30. The article of
manuf acture of claim 29 wherein the vasoactive prostaglandin is

prost agl andi n B. pr dbemethad afiedaimowhereinfprasfaglendin G5ismyeseot imsbeiamowsg ofy.
31. The article of ngf acture of tél3ai m 29 wherein the vasoactive

prost agl andi n 20 isgg?u gt alafgé%a]?‘ﬂl | rBg'esent in the anmount of about 0.1 ngy
to about 0.5 ng. 32. The article of manufacture of claim29 wherein the
vasoactive prostaglandin is prostaglandin El present in the anmount of
about 0.2 t 8%9-abodn dtide pfmanefBct3d: comprineoe) drittdose ofipcompogtiomn anount

of a vasoactive prostagl.andi n effective to chncrease bl oo flowin the

gl ans penis: a pi pePYPPHSHE &PHRTEYS eSS PRYipReigaiqreenhancer Aalymger on
enhancer; 30 a pol t ; LSk hari de
guns and pol ya(F:) r y?/?%écé%?%@%&lﬁgﬁﬁeoﬁxg%%&g%%%%@?é%?%%@%ﬁ a%?ﬁf&

acid polymers, a lipophilic component and an acidic buffer in a suitable

container in combination with labeling instructions.
15
30. The article of manufacture of claim 29 wherein the vasoactive prostaglandin

is prostaglandin E1 present in the amount of about 0.05 mg to about 0.8 mg.

31.  The article of manufacture of claim 29 wherein the vasoactive prostaglandin

20 is prostaglandin E; present in the amount of about 0.1 mg to about 0.5 mg.

32.  The article of manufacture of claim 29 wherein the vasoactive prostaglandin

is prostaglandin E; present in the amount of about 0.2 mg to about 0.3 mg.

25 33, A composition comprising:
an amount of a vasoactive prostaglandin effective to increase blood
flow in the glans penis;
a piperazinyl quinazoline antihypertensive;
a penetration enhancer;
30 a polymer selected from the group consisting of polysaccharide gums
and polyacrylic acid polymers;



a lipophilic conponent selected fromthe group consisting of an aliphatic
Cl to C8 alcohol, an aliphatic C8 to C30 ester, and a m xture thereof; and
an aci di cwbuBpanssystem 5 34. The conposition of clai m P8Tnses/eisno t he

pi perazi nyl quinazoline antihypertensive43s selected fromthe group

consi sting of alfuzosin, _bunazosin, doxazosin, prazosin, terazosin,
trinmazosin and ni xtures &HBPRIBHC corppagmnt spirsteddFasp d1a srowp egnsistiag #f @8 wher ei n

t he vasoactive prost;agl i 0. S S i | ~pr i.n_the amunt of
about 0. 05 -t abhirege g i P algBRAERAARN By 1 R GREIhe % BEREE, The
vasoactive prostaglamdin is prostaglandin El present in the anount of about
0.1 ng to about 0.5 ng. 15 37. The conposition of claim33 wherein the
vasoacti ve prostagl andi nai acidigbgffergystgadi n El present in the anount of
about 0.2 ng to about 0.3 ng. 38. The conposition of claim33 wherein the
pi perazi nyl” qui nazoline 20 anti hypertensive is present in the anount of

about 0.1 ng t34 abolhke ebrbd¥ion of claim 33 wherein the piperazinyl quinazoline

antihypertensive is selected from the group consisting of alfuzosin,

bunazosin, doxazosin, prazosin, terazosin, trimazosin and mixtures thereof,

10 35, The composition of claim 33 wherein the vasoactive prostaglandin is

prostaglandin E; present in the amount of about 0.05 mg to about 0.8 mg.

36.  The composition of claim 33 wherein the vasoactive prostaglandin is
prostaglandin E; present in the amount of about 0.1 mg to about 0.5 mg.
15
37.  The composition of claim 33 wherein the Vasogctive prostaglandin is

prostaglandin E; present in the amount of about 0.2 mg to about 0.3 mg.

38.  The composition of claim 33 wherein the piperazinyl quinazoline

20 antihypertensive is present in the amount of about 0.1 mg to about 2.0 mg



