SUPERINTENDEN

L]

No. 06-110229- -00002-0000

CIA DE INDUSTRIAY COMERGIS

i

[~ _ Fecha: 2007-11-27 13:49:20 Dep 2020 NUECREACIONE
Tra. 11 PATENTEIYH Eve: 378 FASENACIONAL!

Act. 400 OPOS:

MBSERVTER  Folios: 58




al de las partes, cuando sean




Sefiora Jefe,
DIVISION DE NUEVAS CREACIONES

Superintendencia de Industria y Comercio

E. S D

Referencia : Expediente N° 06110229

Asunto :.Oposicién a la solicitud de patente de Invencién titulada
“PREPARACION ' FARMACEUTICA PARA APLICAR
SOBRE LA PIEL QUE CONTIENE DROSPIRENONA”

Solicitante : SCHERING AKTIENGESELLSCHAFT .

Opositora :PROCAPS §8.A.

Publicada en la Gaceta de la Propiedad Industrial
N° 579 del 31 de agosto de 2007

Yo, LAURA CATALINA SILVA BARRERA, abogada con tarjéta profesional N°
147399 del Consejo Superigh de la Judicatura, en mi condicién de apoderada de la
sociedad PROCAPS S.A. konformada bajo las leyes de la Repuiblica de Colombia y
domiciliada en la ciudad de Barranquilla, Colombia, atentamente manifiesto que
estando dentro del término de ley y por orden expresa de mi representada, presento
oposicién a la concesién del registro de la Patente de Invencion titulada “FORMA DE
DOSIS FARMACEUTICA SOLIDA”, cuyo titular es ABBOTT LABORATORIES,
y pido a Usted declarar fundada est?x oposicion y en consecuencia negar el registro de la

patente solicitada.
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1. INTERES PARA ACTUAR

Conforme a lo dispuesto en el articulo 42 de la Decisiéon 486 de 2000 d/ﬁ
CAN, estando dentro del término estiptilado por la ley, manifiesto el legitimo interés
de nuestra representada para opoxé;1 al régistro de la patente de la referencia,
atendiendo a que la solicitud pretendida no cumple con los requisitos dispuestos en la
ley como se analizard m4s adelante y de ser concedida afectarfa directamente la
comercializacién de glgunos produc s’ de mi tepresentada, que contienen, en
particular drospirendna y etinilestradiol. Por lo tanto, soiicito respetuosamente a ese

Despacho se sirva tener en cuenta la presente oposicion dentro del trimite

administrativo que se surte en esta Superintendencia.

2. FUNDAMENTOS DE HECHOS

2.1.1La solicitud objeto de la presente fue presentada el 30 de octubfe de 2006,
reivindicando prioridad bajo la solicitud DE200410016779 del 1 de abril de 2004,
y fue publicada en Colombia, en la Gaceta de la Propiedad Industrial Ne 579 del
31 de agosto de 2007 pigina 546 y Ne publicacion 300, cuya publicacién
internacional corresponde a la W02005/097196 del 2005-10-20.

2.2.1a solicitud colombiana 06-110229 objeto de la presente oposicion, se refiere a una
preparacion farmacéutica para aplicar sobre la piel que contiene drospirenona
caracterizada porque la cantidad de drospirenona contenida en la preparacion en
su estado inicial no es superior a la de solubilidad saturada y después de ser

aplicada sobre la piel, la solubilidad saturada de la drospirengna es superada por

desprendimiento de componentes  activadores e Ta  disoludion, donde la

solubilidad saturada de la drospirenoni’ ‘preparaci da durante, su
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aplicacion en al menos up factor 5, preferentemente al menos en un factor 10,
donde Ia solubilidad saturada de la drospirenona de la preparacion durante la
aplicacion es superada, al cabo de 1 hora, en al menos el factor 2, preferentemente
en al menos el factor 5, donde presenta un contenido de etanol o isopropanol, y
donde contiene un aditivo inhibidor de la cristalizacién referido a la drospirenona.
2.3.En primera instancia, se debe advertir que las reivindicaciones definen una
preparacion farmacéutica caracterizadas por su uso o método de aplicacion. Segin -
el preambulo, estas se refieren a una preparacién farmacéutica, pero al caracterizar
la misma, estas definen como una cantidad de medicamento administrado, después
de ser aplicado sobre la piel, como la sustancia comienza a actuar en el organismo.
= Como tal, esto es una caracteristica de su uso y a todas luces se refiere es a un
método de tratamiento, dado que se refiere a la forma en la que el cuerpo la
absorbe y no a las caracteristicas del medicamento como tal, aquello que incluye o
Io conforma de manera que se considere novedoso para ser objeto de patente.

2.4. Por lo tanto, estas se refieten es a un método de tratamiento y no a la composicién
farmacologica caracterizado por sustancias o compuestos en combinacion o a un
método de fabricacién que mediante pasos o etapas se obtiene un producto
tangible y segiin la legislacion, decisién 486 de la Comunidad Andina de Naciones,
Articulo 14.- “Los Paises Miembros otorgardn patentes para las invenciones, sean de
producto o de procedimiento (...)", los usos no estan contemplados como patentables; y,
Atrticulo 20.- “No serdn patentables (...) d) los métodos terapéuticos o quirirgicos para el
tratamiento humano o animal, asi como los métodos de diagnéstico aplicados a los seres
humanos o a animales”, Solo serin patentables los productos o procedimientos. Por
lo tanto a luz de la norma, la presente no seria patentable.

2.5.Ahora bien, en materia del activo, es importante recordagzepe est: ,{golicitud de

patente esta incursa en los impedimentos que i el articulo 21 de la Decision
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comprendidos en el estado de la técnica de conformidad con el articulo 16 de la presente
decisién, no serdn objeto de nueva patente, por el simple hecho de atribuirse un uso distinto
al originalmente comprendido por la patente ini:.:ial”. Esto significa que en Colombia a
la fecha no se conceden patente para los segundos usos. La drosperirona como tal
es una sustancia’ activa que fue patentada en 1978 (ver DI1) y cuya primera
indicacion fue como antiandrogenico, lo mismo puede decirse de los estrogenos
sintéticos empleados logicamente como hormonas femeninas.

2.6.Este mismo atticulo 14 ée refiere a que las invenciones objeto de patente deben ser
nuevas y tener nivel inventivo. Bien, pﬁes antes de la fecha de brioridad de esta
solicitud se encuentran los siguientes documentos que afectan la novedad y el nivel

inventivo de la presente solicitud:

o DI: US4129564, Publicada el 12 de diciembre de 1978.
o D2: WO 9507081 publicada el 16 de marzo de 1995.

e D3: 185352457 publicada el 4 de octubre de 1994.

e D4: EP0267051 publicada el 11 de mayo de 1988.

2.7.El arte previo a la solicitud Colombiana se remonta hacia 1978 en el documento
D1, donde se tevela un procedimiento para la preparacién, asi como la descripcion
del gestageno de drospirenona (DRSP) (Véase Reivindicaciones del D1). Por lo
tanto,  tratar de proteger la una ', preparacion farmacéutica cuyo activo es la
drospierenona no es novedoso.

2.8.Ahora_bien, desde ¢l punto de vista de aplicacién sobre la piel, el documento

anterior D2 se refiere al empleo de estrégeno tal como el estgac .drosperirona

S

en cantidades que van desde 0,2 hasta g/dfa en la raciénde un
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-una administracion sistémica. Asi las cosas, a

niveles endégenos insuficientes de estrégeno, donde particularmente en la pagina
4, lineas 17 a 18, se afirma que su preparacién también puede comprender
presentaciones transdérmicas entte otras tales como la oral, parenteral o en forma
de un dispositivo implantable. Por lo tanto el objeto que se revela en la presente
solicitud como es una composiciéon farmacéutica de aplicacion transdérmica, que
tiene como agente activo la drosperirona en una cantidad_suficiente, NO es nueva

frente al documento D1,

2.9.Ahora bien, la entrega transdérmica de un ingrediente activo es ampliamente

conocida en el medio. De hecho el documento D3, particularmente en la
descripcion, revela un mérodo de preparar una forma farmacéutica para la entrega
transdérmica de un ingrediente activo que es solido en la temperatura ambiente y
en el cual la ‘parte o todo el“ir‘xgrediénte activo estin presentes en una solucion
saturada o supersaturada. Particularmente a partir de la columna 2, linea 28, este
documento D3, revela como el ingrediente activo puede ser absorbido por la piel a
partir de una dispersion del compuesto solido, donde el grado de respuesta puede
ser controlado si el agente estd en una solucién supersaturada, en particular donde
el solvente tiene una capacidad adecuada para el ingrediente activo. De igual forma,
el documento D4, revela un método, la composicion, v el empleo en la
administracién transdérmica particularmente el uso en la piel para la
administracién sistémica de una composicién. Particularmente, esta anterioridad
D4, revela a partir de la pagina 2, linea 62, que los solventes que pueden ser usados
en la anterioridad son solventes orginicos no polares permanentes, en particular
aquellos teniendo el dieléctrico constante de menos de 4 y un punto. de ebullicién
por encima dé 150 Ce. De hecho las clausulas de este documento D4, revéla que la
' p_rbﬁorcionar

composicion estd adaptada para el contacto con la piel humang,

combinados con lo revelado en Ios/fii”t imentos D1 y D2, ¢
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versada en la materia puede llegar a deducir una preparaciéon farmacéutica para
aplicar sobre la piel que contiene drospirenona caracterizada porque la cantidad de
drospirenona contenida en la preparacion en su estado inicial no es superior a la de
solubilidad saturada. “

2.10. Por lo tanto, este documento objeto de oposicién a la luz del documento D1 y
D2 carece evidentemente de NOVEDAD vy a partir de estos documentos D3 y D4,
combinados con lo revelado en los documentos D1 y D2, carece de ALTURA
INVENTIVA.

2.11. En consecuencia y de acuerdo a lo descrito anteriormente, se deriva que la
solicitud colombiana 06-110229 no puede pretender un monopolio por patente
toda vez que lo que pretende no cumple con los tres requisitos necesarios para su

proteccion.
2.12.  Que por consiguiente, respecto a la solicitud pretendida se tiene que:

2.12.1. CARECE DE NOVEDAD: Segtn la decision 486 de la Comunidad Andina de
Naciones, Articulo 16 “Una invencién se considerard nueva cuando no estd
comprendida en el estado de la técnica, El estado de la técnica comprenderd todo lo que
haya sido accesible al publico por una descripcién escrita u. oral, utilizacion,
comercializacién o cualquier otro medio antes de la fecha de presentacién de la solicitud
de patente o, en su caso, de la priovidad reconocida.”. A la fecha de prioridad, 1 de
abril de 2004 ya era conocido, pues como se demostrs, era parte del arte

anterior con base en el documento D1 y D2, una composiciéon farmacéutica

que tiene como agente activo la drosperirona y de aplicacion transdérmica,’

sobre el cual busca proteccién en el capitulo reivindicaterio.

2.12.2. CARENCIA DE ALTURA_INVE

T

gtin la Dedision 486 de la

¢ o o
eulo 18.- “Se considerard. gie una invencion

¥

Comunidad Andina de Nacione
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tiene nivel inventivo, si para una persona del oficio normalmente versada en la materia
técnica correspondiente, esa invencién no hubiese resultado obvia ni se hubiese derivado
de manera evidente del estado de la técnica.”. A la fecha de prioridad, 1 de abril de
2004, a partir de los documentos D3 y D4, combinados con lo revelado en los
documentos DI y D2, es posible deducir una composicion farmacéutica de
aplicacién transdérmica que tiene como agente activo la drosperirona sobre el

cual busca proteccién en el capitulo reivindicatorio.

2.12.3. CARENCIA DE APLICACION INDUSTRIAL La Decision 486 de la CAN

consagra en su articulo 14 lo siguiente: “Los paises miembros otorgardn patentes
para las invenciones, sean de producto o procedimiento, en todos los campos de la
tecnologia, siempre que sean nuevas, tengan nivel inventivo y sean susceptibles de
aplicacion industrial”. La presente solicitud carece de aplicacién Industrial ya que
como se demostrd anteriormente, algunas clausulas reclaman el método
terapéutico y estos no son aplicables industrialmente porque primero no se
obtiene un producto o proceso; y segundo no es reproducible o repetible a
escala industrial. Por lo tanto, el objeto de la presente invencién referido a los
usos y métodos terapéuticos, no cumplen con el requisito de la aplicacion

industrial.

2.13. Dado lo anterior, es posible deducir que la solicitud y lo reivindicado no es
objeto de patentabilidad pues es contratio a lo que dicta la Decision 486 de la
Comunidad Andina de Naciones, Articulo 14. “Los Paises Miembros otorgardn
patentes para las invenciones, sean de producto o de procedimiento, en todos los campos de la

tecnologia, siempre que sean nuevds, tengan nivel inventivo v sean:Siiséeptibles de aplicacion

industrial.”. La solicitud pretendida no_.gl requisitos de
i .

patentabilidad.
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2.14. Por todo lo antetior, atentamente solicito a usted que se sirva declarar fundada
la presente oposicion y negar el registro Patente de invencién denominada
“FORMA DE DOSIS FARMACEUTICA SOLIDA”, cuyo titlar es ABBOTT
LABORATORIES, solicitud Colombiana que aparecié publicada en la Gaceta de
la Propiedad Industrial N° 579. |

3. PRUEBAS

De conformidad con lo dispuesto por las normas vigentes, solicito a usted tener

como prueba en este asunto los siguientes:

¢ DI1: US4129564, Publicada el 12 de diciembre' de 1978.
o D2: WO 9507081 publicada el 16 de marzo-de 1995.

o D3 U85352457 publicada el 4 de octubre de 1994.

s D4: EP0267051 puBIicada el 11 de mayo de 1988.

4. FUNDAMENTO DE DERECHO
Fundamento esta observacion en las normas legales siguientes:

4.1. Numeral 1 del articulo 586 del Cédigo de Comercio.

42.  Articulo 42 de la Decision 486 de la Com

Carrera 13 Ne 119:95, Oficina 1
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4.3.

Para los efectos correspondientes anexo al presente escrito los siguientes documentos:

bl ol S o

En las demas normas concordantes.

5. ANEXOS

Poder para actuar en el presente.
Documento que acredita al representante legal de PROCAPS S.A.
Recibo de caja del respectivo pago de tasa.

Copias de los documentos:

D1: US4129564, Publicada ¢l 12 de diciembre de 1978,
D2: WO 9507081 publicada el 16 de marzo de 1995.
D3: US5352457 publicada el 4 de octubre de 1994.
D4: EP0267051 publicada el 11 de mayo de 1988,

cﬁ\Q)
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6. NOTIFICACIONES

Para efectos de notificaciones que por disposicion del articulo 50 del Decreto
01 de 1984 debe hacer su Despacho, informo que mi representada y la suscrita
recibiremos notificaciones en la Secretaria de su Despacho o en mis oficinas situadas

en la Carrera 13 N° 11995, Of. 104 de esta ciudad de Bogots.

Sefior Superintendente,

B3 gtha Lhap.

LAURA CATALINA SILVA BARRERA
C.C. 52’455.803 de Bogota
T.P.A. 147399 del C.S. dela].
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PROCAPS

PODER ESPECIAL

CALLE 80 No. 78B-201-A.A. 50330:P.B.X..(575) 3534 3

Yo, WALTER TANAKA TATEKAWA, mayor de edad y vecino de la ciudad de
Barranquilla (Colombia), identificado como aparece al pie de mi firma, quien en el
presente documento gettia en calidad de Representante Legal de la sociedad

PROCAPS S.A. socitdad legalmente constituida y domiciliada en la ciudad de
Barranquilla (Colombia), por el presente documento otorgo a la doctora LAURA.

CATALINA SILVA BARRERA, abogada en ejercicio, identificada como
aparece al pie de su firma, con tarjeta profesional No. 147399, poder especial,
amplio y suficiente, para formular oposiciones u observaciones a la solicitud de
patente No. 06.110.229, titulada “PREPARACION FARMACEUTICA
PARA APLICAR SOBRE LA PIEL QUE CONTIENE DROSPIRENONA

cuyo titular es SCHERING AKTIENGESELLSCHAFT, publicada en la_

gaceta No. 579 del 31 de Agosto de 2007.

Nuestro apoderado queda facultado, de manera expresa, para realizar todo tipo
de actos necesarios para llevar a cabo el tramite de la oposicién, incluyendo, sin
limitacién, preparar y presentar solicitudes, hacer declaraciones, pagar tasas,
contribuciones ¢ impuestos, recabar los titulos o certificados. Asimismo quedan

autorizados para impugnar administrativa y judicialmente todo lo que fuere

resuelto en el expediente a que se hace expresa referencia en el presente poder,
con todas las facultades generales y especificas que fuera requerido para ella.

" De la misma manera, ademds de las facultades que le confiere la naturaleza del
presente mandato, se encuentran facultados para recibir, desistir, transigir,
sustituir, y reasumir el presente poder, incoar acciones, interponer recursos y
demds facultades conferidas por la ley. ' \

C.C. N° 16.251/.023 de Palmira[Foe: L Gt B BB
Representante Legal % @ NiTie SEGHARA L CARO B
| CERTIFICA

. e‘ ‘

Acepto: o) firma(sy gue apareceifl ¥ Sl < %
Que la(s) .. e =

. N\ |2 aniecade e asemeiﬂ\“l;“‘g’.’_ b = %
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TAURA CATALINA SILVA BAR
C.C. 52'455.803 de Bogoté
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4,129,564

1

SPIROLACTONES
SUMMARY OF THE INVENTION

The present invention provides novel spirolactones 3

of Formula I
o) o
| [+]
-
gﬁ
Crs
o] ¢’
whercin .
\'C‘ 7 s =g‘-’ or
2

H>——<SCOR; wherein

R is a lower alkyl of up to 5 carbon atoms, and

S o
Cl?hcls is v,

G or SO
Hy Hy

Lower alkyl residues include branched and wa-
branched groups, preferably methyl, ethyl and n-pro-
pyl. '

DETAILED DISCUSSION

The spirolactones of Formula I can be prepared by
conventionally introducing the methylene group or the
thiacyl group into the AS-unsaturated spirolactones of

Formula II

=0 m
l o
Ci6
Cys
[4]
wherein - CIVCe”
is as defined above.

The methylene group is introduced into the com- s5

pounds of Formula II in accordance with conventional
methods, for example, by reaction of the compounds
with dimethy! sulfoxonium methylide in an aprotic
solveitt, such as dimethyl sulfoxide, dimethylformam-

ide, dioxane, or a mixture of dimethyl sulfoxide and 60

tetrahydrofuran. See for reference, E. J. Corey and M.
Chaykovsky, 1. Am. Chem. Soc. 84 (1962)867 and ibid.
84 (1962)3782. )

This process is advantageously conducted at 20°-40°

C. under a protective gas atmosphere, such as nitrogen. 65

The dimethyl sulfoxonium methylide is suitably pre-
pared by reaction of trimethyl sulfoxonium jodide or
chloride with a base, such as sodium hydride, sodium

2
hydroxide, potassium tert-butylate, or sodium methyl-
ate.

The dimetliy] sulfoxonium methylide is prepared in a

" conventional manner (see for reference, L. F. Fieser &

M. Fieser, Reagents for Organic Synthesis, J. Wiley &
Sons, Inc., N.Y., 1967, p. 315). )

The thiacyl group is also introduced into the com-
pounds of Formula IT in accordance with known proce-
dures. Especially suitable is the reaction of the com-
pounds with the corresponding thio acid in the presence
of a protonic solvent, such as methanol or ethanol,
optionally in a mixture thereof with water, while heat-
ing. For reference, seée process described in U.S. Pat.
No. 3,013,102, )

The preferred temperature range is that from above
room temperatare up to the boiling point of the reaction
mixture. o ,

It is also possible to conduct the thiacylation without
a solvent.

The three starting materials of Formula 1T which are
required for préparation of all compounds of Formula I
in accordance with the foregoing procedures, ie.,

Starting Material Scpre”
statrieme-| lAﬁ'}-ﬂ-(n.r)-
iro-5Tpechydrofuran- Ty
~One
15a,16a-methylene-3-
?:a’ 1'}-spi yS fene- Sepe””
Do) e
o )
e ~
D romotea 2 one B,
can be prepared as follows:
3-0x0-4,6,15-androstatriene-{17-(8-1°)-spiro-5Jperhy-
drofuran-2"-one

200 g. of 3B-hydroxy-5,15-androstadien-17-one is
combined in 280 ml. of absolute tetrahydrofuran with
4.34 g. of freshly pressed Lithinm wire. Then, 36 ml of
1-bromo-3-dimethoxypropane is added dropwise under
ice cooling within 30 minutes. After 1.5 hours of agita-
tion at ice-bath temperature, the mixture is filtered off
from the unreacted lithium, and the filtrate is stirred
into ice water. The precipitate is filtered off, washed
with water, and taken up in methylene chloride.

After drying and evaporation, the residue is chro-
matographed on silica gel, thus obtaining 19.9 g. of
17a-(3"-dimethoxypropyl)-3, 1 5-androstadiene-38,178-
diol in the form of an oil.

199 g, of 17a~(3'-dimethoxypropyl)-5,15-androstadi-
ene-38,1783-diol is combined in 500 ml.of acetone under
ice cooling with 1.0 g. of p-toluenesulfonic acid and
stirred for 15 minutes under cooling. The mixture is
then introduced under agitation inio ice water which
contains sodium bicarbonate; the precipitate is filtered
off, washed, and taken up in methylene chloride. After
drying and evaporation, 9.2 g. of crude 3B-hydroxy-
5,15-androstadiene-{17(3-1")-spiro-5"]perhydrofuran-
2'#-methyl ether is obtained in the form of an oil.

19.2 g. of 3p-hydroxy-5,15-androstadiene-[17(8-1")-
spiro-5']perhydrofuran-2'£-methyl ether is combined in
394 ml. of absolute toluene and 39.4 ml. of cyclohexa-
none with 3.94 g. of aluminum isopropylate in 40 m\. of
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3 .
absolute toluene and heated for 45 minutes under grad-
ual distillation. The mixture is then diluted with methy-
lene chloride, washed with dilute selfuric acid and wa-
ter, dried, and evaporated. The residue is chromato-
graphed on silica gel, thus obtaining 17.5 g. of 3-oxo-
4,15-androstadiene-[17(8-1)-spiro-5Iperhydrofuran-
2'¢-methyl ether in the form of an oil,. - .

UV: gx19 = 16,200,

17.5 g. of 3-oxo-4,15-androstadiene-[17(8-1)-spiro-
5'lperhydrofuran-2'-methyl ether is combined in_350
ml. of acetone under ice cooling with 35 ml. of chromo-
sulfuric acid (prepared from 267 g. of CrQ;, 400 ml. of
water, and 230 ml. of concentrated sulfuric acid, replen-
ished with water to obtain 1 liter); the mixture is stirred
for 30 minntes under cooling in an ice bath. The mixture
is then stirred into ice water, the precipitate is filteréd
off, washed with water, and taken up in mefhylene

10

18

chloride. After drying and evaporation; the residue js 20

chromatographed on silica gel, thus obtaining 11.8 g. of
3-oxo-4,15-androstadiene-{17(8-17)-spiro-5']perhydrofu-
ran-2'-one. A sample recrystallized from diisopropyl
ether/acetone melts at 189.5°-191.5° C.

UV: gy40 = 17,300,

100 g. of 3-0x0-4,15-androstadiene-[17(8-1")-spiro-
¥Iperhydrofuran-2'-one is combined in 100 ml. of abso-
lute dioxane with 10 ml. of triethy] orthoformate and 10
ml of dioxane/concentrated sulfuric acid (produced
from 13.5 ml. of absolute dioxane and 0.48 ml. of con-
centrated sulfuric acid). The mixture is sticred for 30
minutes at room temperature, combined with 2 ml. of
pyridine, and diluted with ether. The ether phase is
washed with water, dried, and evaporated. The residue
is triturated with pyridine-containing methanol, the
thus- crystals are vacuum-filtered. Yield: 8.9
8. of 3-ethoxy-3,5,15-androstatriene-[17(3-1")-spiro-
§Iperhydrofuran-2'-one, m.p. 153.5°-159° C,

UV: ezp = 19,800,

89 g. of 3-ethoxy-3,515-androstatriene[17(3-17)-
spiro-5'}-perhydrofuran-2™-one is dissolved in 201 mi. of
‘acetone, cooled in an ice bath, and combined with 1.38
ml. of pyridine, 6.36 g. of sodium acetate, and 63.6 ml. of
water. Then, 4.72 g. of N-bromosuccinimide is added
thereto, and 6.36 ml. of acetic acid is added dropwise
over a period of 15 minutes. The mixiure is further
stirred for 45 minutes under ice cooling, diluted with
ether, and washed neutral with water. After drying and
evaporation, 10.35 g, of 68-bromo-3-oxo-4,15-andros-
tadiene-[17(8-1-spiro-5'jperhydrofaran-2"-one is ob-

. tained in the form of an oil.

uv: €48 = 12,‘700.

1035 g. of = 68-bromo-3-0x0-4,15-androstadiene-
[17(8-1")-spiro-5perhydrofuran-2-one s stirred in
103.5 ml. of dimethylformamide with 4.67 g. of lithium
~ carbonate and 5.37 g. of lithium bromide for 18 hours at
100° C. The mixture is then introduced ito ice water
under agitation, the precipitate is filiered off, washed
with water, and taken up in methylene chloride. After
drying and evaporation, the residue is- chromato-
graphed. After recrystallization from diisopropyl ether-
/acetone, 6.5 g. of 3.0x0.4,6,15-androstatriene-[17(8-

25

30

35

40

45

50

55

60

65

4 .
1')-spiro-5perhydrofuran-2’-one is obtained, m.p.
182.5°-1845°C. '

UVidy = 23100 -

15¢,16a-methylene-3-0x0-4,6-androstadiene-[17(8-1")-
spiro-§lperhydrofuran-2'-one

15 g. of 38-hydroxy-15a,16a-methylene-S-androsten-
17-one . (produced, for example, according to DOS
[Getman. Unexamined - Laid-Open  Application]
2,109,555) is combined in 150 ml. of absolute tetrahy-
drofuran under ice cooling with 3.6 g. of lithium and .
thereafter 30 ml of :1-bromo-3-dimethoxypropane is
added dropwise within 30 minutes. After agitation for
2.5 hours at ice bath temperature; the mixture is sepa-
rated from the unreacted lithinm, and the filtrate is
stirred into ice water. The thus-obtained precipitate is
filtered off, washed with water, and taken up in methy-
lene chloride. After drying and evaporation, the residue
is chromatographed on silica gel, thus obtaining 16.3 g. -
of  17a-(3'-dimethoxypropyl)-15a,16a-methylene-5-.
androstene-38,178-diol: A sample recrystallized from:
diisopropyl éther/acetofie melts at 153°2159° C.’ s

165 g. of 17a-(3'-dimethoxypropyl)-15a,16a-methy-
lene-5-androstene-38,178-diol is agitated in 410 .ml. of
70% acetic acid for 18 hours at room temperature. The
mixture is then stirred into ice water, and the thus-
obtained precipitate filtered off, taken up in chloroform,
and washed with sodium bicarbonate sclution and wa-
ter. After drying and evaporation, the residue is chro-
matographed on silica gel, thus obtaining 11.5 .g. of
3B-hydroxy-15a,16a-methylene-5-androstene-[17(3-
I')-spiro-§']perhydrofuran-2'£-0l. A sample recrystal-
lized from diisopropy! ether/acetone melts at 194°-702°

c . .

10.5 g, of 3B-hydroxy—15a,16a-methyiene75—andxos—
tene-{17(8-1")-spiro-5'lperhydrofuran-2'¢-ol is com-.
bined in 210 ml. of absolute tolnene with 21 ml. of cy-
clohexanone and 2.1 g. of aluminum isopropylate in 20
ml. of absolute toluene, and then heated for 45 minutes
under gradaa! distillation. The mixture is:then diluted
with methylene chloride, washed with 2N snifaric acid
and water, dried, and evaporated, Yield: 11.5 g, of
crude lSa,lGa-methylme.—3-oxo—4—andmstene-[l7(B—
Y')-spiro-§'jperhydrofuran-21-0l as an oil. A sample
purified by preparative layer chromatography -and re-
crystalékszauon From diisopropyl ether/zcetone melis at
259°-268° C, ! :

UV: gyq1 = 16,500,

10.5 g. of - 15a,16a-methylene-3-0x0-4-androstene-
[17(8-1")-spiro-5']perhydrofuran-2'£-0l is combined in
100 ml: of acetone under ice cooling with 10 ml. of
chromosulfyric acid (prepared from 267 g. of CrO;, 400 .
ml. of water, and 230 mi. of concentrated sulfuric acid,
replenished to a volume of 1 liter with water). The
mixture is agitated for 1 hour, then stirred into ice wa-
ter, washed with water, and faken up -in methylene
chloride. After drying and evaporation, the residue: is
chromatographed on silica gel, thus obtaining 8.2 g. of
15a,16a-methylene-3-0x0-4-androstene-[17(5-1")-spiro-
§Jperhydrofuran-2'-one.”A sample recrystallized from
diisopropyl ethet/acetone melts at 180°-181° C. -

Uv: €0 = 16,603. :
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72 g of 15a,16a-methylene-3-ox0-4-androstene-
[17(8-1")-spiro-5]perhydrofuran-2'-one is combined in
72 ml. of absolute dioxane and 7.2 ml, of triethyl ortho-
formate with a solution of 7.2 ml. of absolute dioxane
and 0.26 ml. of concentrated sulfuric acid. The mixture
is stirred for 30 minutes at room temperature, Then, 2
ml, of pyridine is added thereto, the mixture is diluted
with ether, washed with water, and dried. After evapo-
ration, 8.5 g. of crude 3-ethoxy-15a,16a-methylene-3,5-
isandrostadimmen&[l7(ﬁ—l’)-spirmﬂperhydmfumn-2'-one

UV: ey = 15,700,

8.5 g. of 3-ethoxy-15a,16a-methylene-3,5-androstadi-
ene-[17(8-1")-spire-5']perhydrofuran-2‘-one is dissolved
in 192 ml. of acetone, cooled in an ice bath, and com-
bined with 1.32 ml of pyridine, 6.08 g. of sodium ace-

tate, and 60.8 ml. of water; then, 4.51 g. of N-bromosuc- -

cinimide is added thereto and within 10 minutes, 6.08
ml. of acetic acid is added dropwise to the reaction
mixture, The mixture is further stirred for 1 hour at ice
bath temperature, diluted with ether, washed with wa-
ter, and dried. After evaporation, 9.6 g. of crude 68-
bromo-3-oxo-4-androstene-[17(8-1)-spiro-5Tperhy-
drofuran-2’-one is obtained,

96 g of 68-bromo-3-0x0-4-androstene-{17(8-
1")spiro-5"]perhydrofuran-2'-one is stirred in 96 ml of
dimethylformamide with 3.75 g. of lithimm carbonate
and 4.4 g. of lithinm bromide for 18 hours at 100° C. The
mixture is then stirred into ice water, the thus.obtained
precipitate is filtered off, taken up in methylene chlo-
ride, washed with 2N sulfuric acid and water, and dried.
After evaporation, the residue is chromatographed on
silica gel, thus obtaining 6.5 g. of 15a,16a-methylene-3-
oxo-4,6-androstadiene-{17(8-1)-spiro-5'}-perhydrofi-
ran-2'-one. A sample ized from diisopropyl
ether melts at 180.5°-182.5° C.

UV: €33 = 26,300,

154,168-methylene-3-0x0-4,6-androstadiene-f17(8-1)-
spiro-5perhydroforan-2'-one .

15 g. of 38-hydroxy-158,164-methylene-S-androsten-

17-one (produced, for example, according to German 45

Pat. No. 1,593,500) is reacted in 150 ml. of absolute
tetrahydrofuran with 3.27 g. of lithium and 29 ml. of
1-bromo-3-dimethoxypropane for 2 hours at ice bath
temperature and for 4 hours at room temperature. The

mixture is filtered off from the unreacted lithium, the 50

filtrate is stirred into ice water, the precipitate is filtered
off and taken up in methylene chloride. After drying
and evaporation, the residue is chromatographed on
. silica gel. Yield: 174 g. of 17a-(3'-dimethoxypropyl)-
158,168-methylene-5-androstene-38,17p-diol.

17.0 g. of 17a-(¥-dimethoxypropyl)-158,168-methy-
lene-S-androstene-383,178-diol is agitated in 340 ml. of
70% acetic acid for 18 hours at room temperature, The
mixture is then stirred into ice water; the thus-obtained

precipitate is filtered off and taken up in methylene 60

chloride. The methylene chloride phase is washed with
sodium bicarbonate solution and water, dried, and evap-
orated, thus obtaining 13.8 g. of 38-hydroxy-158,168-
methylene-5-androstene-[17(3-1')-spiro-5'}-perhydrofu-
ran-2"-0l a8 a crude product,

8.8 g of 3p-hydroxy-1583,168-methylene-5-andros-
tene[17(B-1')-spiro-5']perhydrofuran-2'§-ol is combined
in 176 ml. of absolute toluene and 17.6 ml. of cyclohexa-

6

none with 1,76 g. of aluminum isopropylate in 50 mt. of
absolute toluene and heated for 3 hours under gradual
distillation, The mixture is then diluted with ether,
washed with 2N sulfuric acid and water, dried, and
evaporated. The residue is chromatographed on silica
gel, thus obtaining 4.3 g. of 158,168-methylene-3-0x0-
4-androstene-[17(8-1)-spiro-5']perhydrofuran-2'-one.

A sample from diisopropy! ether/acetone
melts at 178.5°-179.5° C.

UV: ey = 16,500,

42 g of 158,16B-methylene~3-om-4éandrostene-
[17(8-1"-spiro-5]pethydrofuran-2"-one is refluxed in 84

15 mi. of tert.-butanol with 4.2 g. of chloranil for 18 hours.

The solvent is distilled off under vacunm, and the resi-
due is chromatographed on silica gel. For purposes of
additional purification, preparative layer chromatogra-
phy is employed. Yield: 1.1 g. of 158,163-methylene-3-

20 oxo-4,6-androstadiene-[17(8-1')-spiro-5Jperhydrofu-

tan-2'-one as an oil

UV: 634 = 25,700.

25 . For each starting material, after the preparative reac-

tion is terminated, the reaction mixture is worked up in
a conventional fashion to obtain the desired compoumd,
e.g., by precipitation, extraction, recrystallization, and-
/or chromatography. :

30  The compounds of this invention possess valuable

pharmacological properties. They are, inter alia, diuret-
ics of the aldosterone antagonist type, ie., they reverse
the effect of desoxycorticosterone on the excretion of
sodium and potassinm. Unexpectedly, the compounds
of this invention display superior activity in comparison
with the conventional diuretic, spironolactone. This
effect can be determined using the test model of Holl-
man (G. Hollmann et al,, “Tubulaere Wirkungen und
renale Elimination von Spirolactonen” (Tubular Effects
and Renal Elimination of Spirolactones], NaunynSch-
miedebergs Arch. Exp. Path. Pharmak. 247, 419 (1964);
P. Marx, “Renal Effects of d-Aldosterone and Its An-
Spironolactone,” dissertation of the Medical
Fagulty, Berlin Free University, 1966). .

The compounds of Formula I can be administered to
mammals, including humans, e.g., parenterally or enter-
ally (orally) in accordance with fully conventional pro-
cedures, e.g., those used in the administration of
spironolactone, Thus, suitable dosages as a diuretic are
20-500 mg/day for human patients.

The pharmacologically active compounds of For-
mula I can be processed in accordunce with conven-
tional methods of galenic pharmacy to produce medici-
nal agents, especially for oral administration. Conven-
tional excipients include pharmaceutically acceptable
organic or inorganic carrier substances suitable for par-
enteral, enteral or topical application which do not
deleteriously react with the active compounds. Suitable
pharmaceutically acceptable carriers include, but are
not limited to, water, salt solutions, alcohals, vegetable
oils, polyethylene glycols, gelating, lactose, amylose,
magnesium stearate, tale, sificic acid, viscous paraffin,
perfume oil, fatty acid monoglycerides and digiycer-
ides, pentaerythritol fatty acid esters, hydroxy-methyi-
cellulose, polyvinyl pyrrolidone, etc. The pharmaceuti-

" cal preparations can be sterilized and if desired mixed

with auxiliary agents, e.g., lubricants, preservatives,
stabilizers, wetting agents, emulsifiers, salts for influenc-

({7
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1
ing osmotic pressure, buffers, coloring, flavoring and-
/or aromatic substances and the like which do not dele-
teriously react with the active compounds. A
For parenteral application, particularly suitable are

solutions, preferably oily or aqueous solations, as well 5

as suspensions, emulsions, or implants; including sup-
positories. Ampoules are convenient unit dosages.

For enteral application, particularly suitable are tab-
lets, dragees, or capsules having talc and/or a carbohy-

drate carrier or binder or the like, the carrier preferably 10

being lactose and/or corn starch and/or potato starch.
A syrup, elixir or the like can be used whercin a sweet-
- gned vehicle is employed. Sustatned release composi-
tions ¢an be formulated including those wherein the

active compound is protected with differentially de- 15

gradable coatings, e.g., by microencapsulation, multiple
coatings, etc. . .

Generally, the compounds of this invention are dis-
pensed in unit dosage form comprising 10-100 mg in a

pharmaceutically acceptable carrier per unit dosage. 20

Without farther elaboration, it is believed that one
skilled in the art can, using the preceding description,
utilize the present invention to its fullest extent. The
following preferred specific embodiments are, there. |

fore, to be construed as merely illustrative, and not 25

limitative of the remainder of the disclosure in any way
whatsoever.

EXAMPLE 1

15 =
spiro5'Jperhydrofuran-2'-one is refluxed in 22.5 ml. of

methanol with 1.5 ml. of thioacetic acid for 2 hours, The -

mixture is then diluted with ether, washed with water,
sodium bicarhonate solution, snd water, dried, and

evaporated. The residue is chromatographed on silica 35

_gel, thus obtaining 1.05 g. of Ta-acetylthio-3-0x0-4,15--
androstadiene-{17(8-1')-spiro-3‘]perhydrofuran-2'-one,
m.p. 317°-319° C. (decomposition).

UV: e335 = 19,800, 40

EXAMPLE 2
1.0 g. of 3-0x0-4,6,15-androstatriene-[17(8-1")-spiro-

5'}perhydrofuran-2"-one is refluxed in 15 ml. of metha- 45

nol with 1 ml. of thiopropionic acid for 16 hours. The
mixture is worked up and purified as described in Exam-
ple 1, thus obtaining 670 mg. of 3-0x0-Ta-propionylthio-
4,15-androstadienc-[17(8-1")-spiro-5Jperhydrofuran-
2'-one.

© UV ey = 18,500

EXAMPLE 3 ss

4.13 g. of trimethyl sulfoxonimum iodide is agitated in
75 ml, of dimethyl sulfoxide with 512 mg. of 80% so-
dium hydride oil suspension for 2 hours under nitrogen.
The almost clear solution is combined with 3.0 g of

3-030-4,6,15-androstatriene-[17(8-1")-spiro-5'Jperhy- 60

drofuran-2"-one and agitated for 24 hours at room fem-
perature. The mixture is then stirred into ice water, theé
precipitate is filtered off, washed with water; and taken
up in cther. After drying and evaporation, the residne is .

chromatographed on silica gel and then further purified 65

by preparative layer chromatography, thus obtaining
520 mg. of 68,78-methylene-3-030-4,15-androstadiene-
{17(8-1")-spira-5'}-perhydrofuran- -one. -

of 3-0x0-4,6,15-androstatriene-[17(8-1')- 30

50

UVigy = 18,1;1).
Co EXAMPLE 4
1.4 g. of 15a,16a-methylene-3-oxo0-4,6-androstadiene-

[17(8-1')-spiro-5'Iperhydrofuran-2'-one -is refluxed -in
22.5 ml. of methanol with 3 ml. of thicacetic acid for 17

hours, The mixture is then diluted wit ether, washed =~

with sodium bicarbonate solution and water, dried, and
evaporated, The residue is purified by way of prepara-
tive layer chromatography and recrystallized from di-
isopropyl ether/acetone. Yield: 1.08 g. of 7a-acetylthio-
15a,16a-methylene-3-0xo-4-androstene-[17(B8-1')-spiro- -
§'lperhydrofuran-2"-one, m.p. 214.5°-217.5° C,

UV: €33 = 19,100.

EXAMPLE §

500 mg. of 150,16a-methylene-3-0x0-4,6-androstadi-
ene-(17[B-1")-spiro-5perhydrofuran-2"-one is refluxed
in 5 ml. of methanol with 1 ml. of thiopropionic acid for
32 hours. The mixtare is worked vp and purified as
described in Ezample 4. Yield: 220 mg. of 15a4,16a-
methylene-3-0xo0-Ta-propionylthio4-androstene[17(3-
1")-spiro-5"lperhydrofuran-2'-one. .

UV: ¢3g = 18,700,

EXAMPLE 6

2.75 g. of trimethyl sulfoxonium iodide is stirred in 57
ml. of dimethyl sulfoxide with 341 mg, of 80% sodivm
hydride oil suspension for 2 hours at room temperature.
The almost clear solution is combined wnder nitrogen
with 2.0 g. of 15a,16z-methylene-3-0x0-4,6-androstadi-
ene-[17(3-1')-spiro-5'lperhydrofuran-2"-one. and . agi-
tated for 24 hours at room temperature, The mixture is -
then stirred into ice water; the thus-obtained precipitate
is filtered off, washed with water, and taken up in meth-
ylene chloride. Afier drying and evaporation, the resi-.
due is purified by repeated preparative layer chroma-
tography, thus obtaining 520 mg. of 68,78,15q,16a-
dimethylene-3-oxo-4-androstene-[17(8-1))-spiro-5"lper-
hydrofuran-2'-one. _

UV: e354 = 18,000
EXAMPLE 7

10 g of 158,168.methylene-3-oxo-4,6-androstadi-
ene-[17(8-1"}-spiro-5perhydrofuran-2’-one . is reflaxed
in 15 ml. of methanol with 1 ml. of thioacetic acid for 2
hours. The mixture is then taken up in ether, washed .
with sodium bicarbonate solation and water, dried, and
evaporated. The residue is chromato on silica
gel. Recrystallization: from- diisopropyl ether/acetone
yields 590 mg. of 7o.acetylthio-158,168-methylene-3-
oxo-4-androstene-[17(8-1")-spiro-5"Jperhydrofaran--
2'-ong, m.p. 242-247° C. (decompaosition).

.UV €33 = 19,300, ;
'EXAMPLE 8 .

750 mg. of 158,168-methylene-3-0x0-4,6-androstadi-
ene-[17(8-1)-spiro-§']perhydrofuran-2"-one is refluxed
in 7.5 ml. of methanol with 0.75 ml. of thiopropionic
acid for 18 hours. The mixture is worked up as de-’

seribed in Example 4, and the residue is purified by
preparative layer chromatography, thus obtaining 320
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‘ 9
mg. of 158,168-methylene-3-oxo0-7a-propionylthio-4-
androstene-[17(8-1')-spiro-5']pethydrofuran-2'-one  as
an oil.

UV:egye = 18,700 ' 5

EXAMPLE 9

1.4 g. of trimethyl sulfoxonium iodide is stirred in 25
ml. of dimethyl sulfoxide with 170 mg. of 80% sodium jg
hydride oil suspension for 1.5 hours under nitrogen. The
almost clear solution is combined with 1.0 g. of
158,168-methylenc-3-0x0-4,6-androstadiene-{17(8-1")-
spiro-5jperhydrofuran-2"-one, dissolved i 10 mi. of
dimethyl sulfoxide. After 24 hours of agitation at room 15
temperature, the mixture is stirred info ice water, the
precipitate is filtered off, taken np in ether, washed with
water, and dried. The residue obtained after evapora-
tion is purified by repeated preparative layer chroma-
tography, thus producing 170 mg. of 6B,7B,ISB,IGB- 20
dnnethylcne-3-oxo-4—androstene-[l?(8—l')—spuo—5’]pet—

hydrofuran-2'-one in the form of an oil. -
UV: €346 = 18,400

Thepreoedmgexamplescanbe repeated with similar ¢
siccess by substituting the generically and specifically
described reactants and/or operating conditions of this
invention for those used in the preceding examples.

From the foregoing description, one skilled in the art
can easily ascertain the essential characteristics of this 3
invention, and without departing from the spirit and
scope thereof, can make various changes and modifica-
tions of the invention to adapt it to various usages and
conditions.

What is claimed i.S: 35

1. A spirolactone of the formula

@

50
wherein R is lower alky! of up to 5 carbon atoms, and

“opvech B S,

~C* or ~Ce .
Hp Hjy

55

2. The spirolactone of claim 1 wherein

., /
CAVC,
e

; ~ -~
B o S oine T = 65
Hy

3. The spirolactone of claim 1 wherein

40 spiro-S
[l7(ﬁ-l’)-sp1ro—5‘]perhydrofuran-2 -one, a compound of

androsﬁem-{ﬂ

[17(8-1’)-51’1!0-

androstene-{17

andmstene- 17(g ')-spu-o-s
1 ,7B,ISB

[17(3.1')-spm-sﬁpemy

Wnncal composition which comprises a

mals which com;
fective amount of

{C
10
‘\M/
i WC ahd""‘clmmlis WC .
Hy C H,

4_. The spirolactonte of claim 1 wherein

“cpanc,”
i zg: mid GG i ‘sgf’ .
i . 2

§. The splrolactone of claim 1 wherein

e,
is H: <SCOR and SO e
6. The spirolactone of claim 1 whereiu

. -~

CoAmC;
>

BH NSCOR and “CAYVWC, s G .

2

7. ‘The spirolactone of claim 1 wherein

i H: *\SCOR and e MVvC s ‘\g*’

2

etl?' E‘he spirolactone of claim 1 wherein R is methyl or

7a-Acetylthxo—3-oxo-4 15-androstadiene-[17(8-1
Tpecthydrofuran-2 -o:’xe, a compound of[ lgﬁn ?
3-0xo-7a-propionylth10-4 15-androstadiene-

ll L 68,1p-Methylene-3-0x0-4,15-androstadiene-

45 [l?(ﬂ-l’)—spxro—S‘]perhydrofnm-Z’-One. a compound of

12. 15a,16a-Meth lene-3-0x0-Tct ropxonylthm-4»
')-spg;o-S’]perhy ogm 2'-one, a

ISPOGBJ ,15 16a-Dimethylene—3—oxo-4-androstene~
a"]perhydrofum-z -one, a compound of

14. 7a*Acetylthio-15a,16a-methylene-3-oxo-4-

androstene-[17 -1')~sp1ro-5‘]perhydrofaran -X'-one, a
compound of ci

15, ".'a-Acetylthm-lSB,163-methylene~3-oxo-4—
el l’)-sp:ro-S’]pethydrofutan-Z -one, a
u

153,163-Mcthylene—3~oxo-7ﬁ pionylthio-4-
hydro! -2 -one, a

ethylene-3~oxo~4-androstene-
2'-one, a compound of

y effective amount of a spirolactone of claim

1 and a pharmaceutically acoeptable adjuvant.

19. The method of achieving diuretic effects in mam-
administering a diuretically ef-
spxrolactone of claim L
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WO 95/07081 _ PCT/EP94/02997

. PREPARATION FOR SUBSTITUTION THERAPY, CONTAINING AT LEAST ONE PROGESTOGEN
AND AT LEAST ONE ESTROGEN.

The present invention relates to a preparation for
substitution therapy and for oral contraception. More
particularly the present invention on the one hand relates to
relieving the effects which occur because the ovaries

5 decrease or stop production of female hormones, for instance
during the menopause. The substitution therapy is mainly
intended to induce amenorrhoea with negligible blood loss.

During and after the menopause these effects comprise
hot flushes and nocturnal sweating, atrophy of the vagina

10 which can result in sexual difficulties, bone
decalcification, increase in heart and blood vessel disorders
and psychic symptoms with a causal connection that is usually
difficult to demonstrate.

Up to the present different types of substitution

15 therapy have been applied comprising a hormone treatment with
one or more oestrogens and one or more progestogens.

According to a first therapy, low doses of cestrogens
and progestogens are administered, but such a treatment is
ineffective in respect of the decalcification and heart and

20 blood vessel disorders. '

In another therapy the natural cycle of oestrogen and
progestogen is followed as closely as possible. This
treatment inevitably results in menstruation and has the.
advantage of a reduced risk of cancer of the uterus.

25 According to yet another therapy only cestrogens are
administered in a dose which lies below the threshold for
menstrual bleeding. This treatment has the drawback however
of an increased risk of cancer of the uterus.

According to a most recently known therapy oestrogens

30 and progestogens are administered continuousl  such that the
endometrium does not proliferate. This therapy has the
drawback however of an unacceptably high incidence of slight,
irregular blood loss.

CONFIRMATION COPY
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The present invention has for its object to provide a
substitution therapy wherein the above described drawbacks
occur to a much lesser extent, with the objective of inducing
amenorrhoea with negligible blood loss over a long period
(many months to years).

On the other hand, the present invention relates to
preparations designed for oral contraception with
substantially continuous application.

In continuous application of oral contraceptive
frequently intermediate bleedings occur. The preparations
according to the present invention are designed to induce

menstrual bleeding with a regular menstrual bleeding, with an

extended cycle or eventually a constant amenorrhoea, but
characterized by an optimal (cycle) control and/or by a
substantially reduced ocurrence of intermediate bleeding.

EP-A-559 240 discloses preparations for substitution
therapy and oral contraception in which the estrogen dose is
constant and the progestagen dose is periodically alternated.

However, the improvement in inhibiting endometrium
bleeding is minor. Above that, since the use of higher
progestagen doses provided better results than lower doses it
appears illogical to use periodically varying estrogen doses.

The present invention is based on the finding that
suprisingly when using periodically varying estrogen doses
the occurence of blood loss and intermediate bleeding is
substantially avoided. The estrogen dose is herein oscillated
such that estrogen-dominant and progestogen~dominant periods
occur alternatingly with a sufficiently short periodicity.
This short periodicity in the estrogen dose is necessary to
avoid blood loss.

Purely by administering a dose of progestogen or
estrogen substantially constant in time and an estrogen or
progestogen varying in time between at least two dose levels,
it was possible to induce the desired amenorrhoea while no
blood loss occurred over a longer period.

The invention therefore relates to a preparation for
substitution therapy and for oral contraception comprising at
least one progestogen and at least one estrogen in which the

¥
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estrogen dose varies with a periodicity such that blood loss
is substantially avoided.

It is noted that the preparation is formulated such
that a substantially constant blood concentration is obtained
for progestogen or estrogen, while the estrogen
concentration in the blood varies between two blood
concentrations. The periodicity must be sufficiently short
and is generally less than 10 days. The periodicity is
usually less than 7 days. The periodicity generally lies
between 2-9 days, preferably between 2-6 days. It will
however be apparent that the periodicity is dependent on the
estrogens and progestogens used and the applied doses. Both
the periodicity and concentrations of estrogen and
progestogen are easy to determine by routine experimentation.

According to an embodiment of the invention the
preparation contains a constant progestogen dose, while the
estrogen dose oscillates between two levels. This preparation
is recommended because there is a greater certainty of
avoiding blood loss over a longer period.

According to another embodiment the preparation
contains oscillating doses of progestogen and estrogen, in
varying ratios however such that blood loss is aveided and
amenorrhoea is induced.

Use can be made in general of all known progestogens,
such as

progesterone '300-900 mg/day
norethisterone acetate 2-5 mg/day
medroxyprogesterone acetate 1-5 mg/day
d-norgestrel 30-150 pgr/day
desogestrel 30-150 pgr/day
norgestimate 30-150 pgr/day
cyproterone acetate 0.2-2 mg/day,
gestodené 10-150 pg/day
3~ketodesogestrel 10-150 pg/day
drospirenon 0.2-3.0 mg/day

or combinations thereof. It is noted that the preparation can
contain one or more progestogens and estrogens.

It will be apparent that the quantity of progestogen
and estrogen depends on the person (constitution and age),

Pk
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the progestogen(s) and estrogen(s), anti-progestogen and
anti-estrogen for use and the form of administering same.

The progestogen and estrogen can each be present in an
oral, transdermal, parenteral or implantable application form
for substitution therapy. The preparation can for instance
comprise an application form which contains the progestogen
and estrogen, and a second like application form which
contains the progestogen and an increased dose of estrogen.
The progestogen and estrogen can of course be present in like
but separate forms of application or in mutually differing
forms of application. The progestogen can for instance be an
implantable application form while the cestrogen is
administered orally, transdermally or parenterally in a dose
which takes account of the required time period according to
the invention.

The oral application form to be used comprises tablets,
capsules, syrup, solutions. The transdermal forms of
application comprise gels, plasters. Strips can for instance
be used wherein tablets with progestogen and oestrogen in the
desired ratio and periodicity are arranged in time sequence,
The parenteral application form comprises injection fluid and
the like. The implantable application form comprises for
example a known implantable sustained release preparation.

The preparations for oral contraceptive comprise
estrogens and progestogens in common form.

Preparations according to the invention were
administered over a period of 3-12 months to 40 women in the
menopause. By making use of the combination preparations
according to the invention a constant amenorrhoea could be
obtained in the case of more than 90% of the women, wherein
the clinical tolerance was perceived as optimal, wherein the
woman did not discern any subjective difference between a
fixed or changing oestrogen dose with a periodicity of about
one week,

Using the preparations according to the invention as
oral contraceptive intermediate bleeding will be
substantially reduced.
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Example 1

A preparation according to the invention comprised
tablets of the type A which contained 10 gamma aethinyl-
estradiol, 1 mg estradiol valerianate and 0.5 mg
norethisterone, and tablets of the type B which contained
15 gamma instead of 10 gamma aethinyl-estradiol. By
alternatingly administering the tablets A and B over a time
period of 7 days an amenorrhoea could be induced without
blood loss for a very long period of time.

Example 2

A preparation according to the invention contained 1 mg
norethisterone or 0.5 mg cyproterone acetate and 2 my
estradiol valerianate. The preparation moreover contained
tablets of the type B having 3 mg instead of 2 mg estradiol
valeriasnate. By using the preparation with alternate-
administering (4-5 days) of the tablets A and B or B and A an
amenorrhoea could be induced without blood loss for a longer
period of time.

Example 3

A preparation according to the invention comprised
tablets of the type A which contained 15 gamma aethinyl-
estradiol and 1 mg oestradiol valerianate and 1 mg
norethisterone. The preparation moreover contained tablets of
the type B having 1.5 mg instead of 1 mg norethisterone. By
alternatingly administering the tablets A and B;with a
periodicity of 4~7 days an amenorrhoea could be induced
without blood loss for a very long period of time.

Example 4

A preparation according to the invention for oral
contraceptive with optimal cycle control comprises tablets of
type A comprising 20 pg aethinyl—esfradiol and 75 ng
gestoden. The'preparation contained tablets of type B
comprising 30 pg instead of 20 pg aethinyl-estradiol. Tablets
A and B are used in four alternating periods of six days.
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Example 5

A preparation according to the invention for oral
contraceptive with optimal cycle control comprises tablets of
type A comprising 15 pg aethinyl-estradiocl and 75 pg
gestoden, and tablets of type B comprising 25 ng instead of
15 pg aethinyl-estradiol. Tablets A and B are used in six
alternating periods of four days.

In example 4 and 5 only aethinyl-estradiol is used in
order to use a estrogen dose which is as low as possible.
However, higher estrogen doses may be used. Instead of using
a constant progestogen dose fluctuating doses may be use
fluctuating simultaneously and/or progressively in view of
"the varying estrogen dose.

Example 6

A preparation for oral contraceptive according to the
invention comprises tablets of type A comprising 20 pg
aethinyl-estradiol and 75 pg gestoden, and tablets of type B
comprising 30 ng aethinyl-estradiol and 75 pg gestoden and 50
Bg onapristone. The tablets A and B are used in four
alternating periods of each six days. After four periods the
whole cycle is repeated without allowing a free period.

Example 7

A preparation according to the invention for hormone
substitution treatment comprises tablets of type A comprising
2 pg estradiol valerianate and 50 pg gestoden. The tablets of
type B comprised 3 pg estradiol valerianate and 25~100 pg
onapristone. By alternatingly admininstering the tablets A
and B over a time period of seven days amennorrhoea could be
induced without blood loss for a very long period of time.

It is obvious for a skilled person in the examples in
association with intermittently given antiprogestogen or
anti-estrogen can be alternated alone or simultaneous with
estrogens and/or progestagens. For instance, the
antiprogestagen is added in a constant dose to the actual and
the above mentioned combinations of estrogens and

(U
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progestagens in products for hormone replacement therapy and

for contraception.
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1. Preparation for substitution therapy and for oral
contraception comprising at least one progestogen and at
least one estrogen in which the estrogen dose varies with a
periodicity such that blood loss is substantially avoided.

2. Preparation as claimed in claim 1, wherein the
periodicity is less than 10 days, preferably lessz than 7

days.

3. Preparation as claimed in claim 1 or 2, wherein the
periodicity amounts to 2-9 days, preferably 2-6 days.

4. Preparation as claimed in claims 1-3, wherein the
dose of progestogen is substantially constant and the dose of

oestrogen oscillates.

5. Preparation as claimed in claims 1-3, wherein the
dose of progestogen and the dose of estrogen oscillate in
such a dose ratio, that blood loss is substantially avoided.

6. Preparation as claimed in claims 1-5, wherein the

progestogen comprises
progesterone

norethisterone acetate
medroxyprogesterone acetate

d-norgestrel
desogestrel
norgestimate
cyproterone acetate
gestodene
3-ketodesogestrel
drospirenon

or combinations thereof.

300-900 mg/day
0.2-5 mg/day
1~-5 mg/day
30-150 ugr/day
30-150 pgr/day
30-150 pgr/day
0.2~2 mg/day,
10-150 pg/day
10-150 pg/day

0.2-3.0 mg/day

7. Preparation as claimed in claims 1-6, wherein the

oestrogen comprises
aethinylestradiol

pcestradiol valerianate -

cestradiol

conjﬁgated oestrogen

5~15 gamma/day
1-4 mg/day

1-2 mg/day
0.3-1.25 mg/day

g
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vestriol i~-4 mg/day,
or combinations thereof.
8. Preparation as claimed in claims 1-7, comprising
. anti~progestogen.
5 9. Preparation as claimed in claim 1-8, comprising
. anti-estrogen.
10. Preparation as claimed in claims 1-9, containing
the progestogen and/or estrogen in an oral, transdermal,
parenteral and/or implantable application form.

. % % % % X
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[571 ABSTRACT

The invention pertains to 2 method of preparing a de-
vice for ttansdermal delivery of an active ingredient
which is solid at room temperature and in which part or
all of the active ingredient is present in a saturated or
supersaturated solution. In the first step, a mixture is
prepared which includes at least 2 polymer adhesive, a
vehicle for the polymer adhesive, an active ingredient
and a solvent mixture for the active ingredient which
solvent mixture comprises at least two solvents having
different boiling points. The mixture is then formed into
a film and dried. The vehicle for the polymer adhesive
and at least one of the solvents and the solvent mixture
have boiling points below the drying temperature of the
film, while at Jeast one of the solvents in the solvent
mixture has a boiling point above the drying tempera-
ture of the film. Thus, at least one of the solvents re-
mains in the film after drying and the solubility of the
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1
TRANSDERMAL DEVICE -

The invention relates to a method of preparing a
device for transdermal delivery of an active ingredient 5
and to transdermal devices prepared by that method.

The administration of drugs through the skin is a
concept which is now well established ‘and this route
has several advantages over more conventional forms -
of drug delivery such as injection or oral ingestion. A 10
particular advantage is that transdermal drug delivery
devices can provide a sustained and controlled release
of the active ingredient over a prolonged period so that
the resulting blood levels remain constant. This is in
contrast to other forms of administration where surges 15
of the agent occur in the bloodstream immediately after
administration and then drop away rapidly until the
next dose is given. In the case of oral administration the
blood level is further influenced by contents of the
intestines and therefore difficult to control, Trans- 20
dermal administration permits direct access io the
bloodstream without first passage throngh the gastroin-
testinal tract and liver and also without the inherent
problems associated with injection such as risk of infec-
tion and need for sterile administration equipment. 25

Because of the advantage of transdermal administra-
tion, in recent years a very large number of devices
have been developed and described for the transdermal
administration of a variety of pharmacenticals. The
devices are usually in the form of a patch or plaster to 30
be attached to the skin.. Barly devices sach as for exam-
ple, that described in U.S. Pat, No. 3,598,122 comprised
a reservoir containing the active ingredient, either in
solid or liquid form. The reservoir walls were com-
posed of a material permeable to that ingredient and it 35
was stuck to the skin by a thin layer of adhesive which
was also permeable to the active ingredient. The onter
surface of the reservoir was covered with a backing’
material impermeable to the active ingredient. Such
devices were bulky and solvents in which the active 40
agent was dissolved tended to intetfere with the ability
of the adhesive to stick to the skin.

With improvemeénts in adhesives available it was soon
found possible, and indeed preferable, to prepare trans-
dermal devices in which the adhesive layer itself pro- 45
vided the dmag reservoir, Thus more modem trans-
dermal devices usnally comprise at least an imperme-
able backing material, a layer of drug-containing adhe-
give aitached to the backing material and a release liner
on the other adhesive sarface which is removed for 50
application of the device to the skin. Additional mem-
branes are sometimes included within the device to
regulate the rate of passage of the active agent from the
adhesive to the skin.

Various methods have been used to achieve suitable 55
drog/adhesive mixtures in which the active ingredient
is dispersed in the adhesive without affecting the ability
of the adhesive to stick to the skin. One of the earliest
drugs to be administered by a transdermal device was
nitroglycerin which is used in the treatment of angina 60
pectoris and congestive cardiac failure. Nitroglycerin is
well absorbed by the skin and therefore particularly
amenable to transdermal administration. Conveniently
it is a liquid at room temperature and so the approach
that has been taken is to absorb it on to a solid such as 65
lactose which is then dispersed in a polymer adhesive.
Such devices are described in, for example U.S, Pat.
No. 4,776,850, G.B. 2,081,582, and others. Ope Or more

‘which contain saturated drog

2
other “solvents™ are sometimes present in the nitroglyc-
erin adhesive mixtures either as permeation enhancers,
or for the purpose of “solvent casting™ the mixture onto
a backing layer.

Where the aciive ingredient to be incorporated into 2

transdermal device is a solid any solvent for the agent
must be carefully chosen 1o be compatible with the
adbesive. In WO86/00814 for example the problem is
overcome by choosing a single solvent which is both a
solvent for the drug and a sclvent for the adhesive.
However such a method restricts severely the number
of different drugs which are compatible with a particu-
lar adhesive and also the type of adhesive which can be
used.
Alternative methods have therefore been used in
which a drug/adhesive mixture is prepared which in-
cliades a solvent for the drug and a solvent for the adhe-
sive. The mixture is spread onto an appropriate backing
material and then dried to evaporate the solvents leav-
ing the drug dispersed in the adhesive in particulate
form. A wvariation of the method is described in
WO89/07951 in which the solvents for the adhesive are
evaporated during a drying stage leaving the drug, in
this case oestrogen, dispersed in particulate form in very
high boiling poiat solvents which do not significantly
evaporate on drying but which have a Iow capacity for
the drug.

While the active ingredient can be taken up by the
skin from a dispersion of the solid compound, the rate of
uptake can be far better controlled if the agent is in a
supersaturated solution, particularly where the solvent
has an adequate capacity for the active ingredient. As
the ingredient is taken up by the skin more will beconie
dissolved in solution so maintaining a concentration
gradient over a prolonged period which drives uptake
through the skin. Transdermal devices are known
solutions. They are de-
scribed for example in G.B. 2,156,215 and U.S. Pat. No.
4,201,211, However these documents fail to describe a
way in which the level of saturation ¢an be precisely
contrelled to produce a supersaturated solation.

The present inveniion provides an improved method
for preparing transdermal devices which contain super-
saturated solutions of an active ingredient within an
adhesive layer by use of a carefully selected mixture of
solvents and selective evaporation of a particalar sol-
vent or solvents by drying at a temperature above the
boiling points thereof, to influence the final concentra-

. tion of the solution of active ingredient in the device.
In accordance with the invention a method of prepar-

ing a device for transdermal delivery of an active ingre-
dient which is a solid at room temperature and in which
part or all of the active ingredient is present in a super-
saturated solution comprises the steps of:
(2) preparing a mixture comprising at least
(D) 2 polymer adhesive
(i) a vehicle for the polymer adhesive
(11 the active ingredient
{iv) a solvent mixture for the active ingredient
" which comprises at least two solvents;
(b) forming the mixture prepared in step (a) into a
- film, and
(¢) drying the film prepared in step (b) wherein the
vehicle for the polymer adhesive and at least one of
the solvents in the solvent mixture for the active
ingredient have boiling points below the drying
temperature and at least one of the solvents in the
solvent mixture for the active ingredient has a boil-
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ing - point above the drying temperature- and
wherein the solubility of the active ingredient in
the said solvent or solvents having a boiling point
above the drying temperainre is preater than 10%.

The above method provides a very precise way of 5

preparing an adhesive/active ingredient mixture which
contains a supersaturated solution of the ingredient after

drying,.
It is to be understood herein that the term “active

ingredient” is intended to mean a single active agent or 10

a combination of more than one active agent.
Dissolving the active ingredient in a mixture of sol-
vents and then drying at a temperature which facilitates
the evaporation of the vehicle for the adhesive and one
of the solvents for the active ingredient, because it is

above their boiling poinis, leaves the active ingredient.

in a supersaturated solution in the solvent or solvents
that remain, Supersaturated solutions are particularly
advantageous from the point of view of transdermal

administration because they assist in controlling the rate 20

15

of migration of the active ingredient through the skin as

previously mentioned. '
The choice of particular solvents, adhesives and dry-
ing temperatures is dictated by the solubility of the

particular active ingredient in the solvent or solvents 25

remaining in the device after drying. Thus with carefual
selection of all the components the method of the inven-
tion can provide transdermal devices which can admin-
ister a very wide range of drugs. The solubility of the

active ingredient in the solvent or solvents having a 30

boiling point above the drying temperature needs to be
greater than 10%.

The polymer adhesive may be a polyisobutylene or
silicone adhesive although acrylate polymer adhesives

are parficularly preferred.. Suitable vehicles for the 35

acrylate adhesives are for example methanol, ethanol,
industrial methylated spirits (IMS), isopropanol and
water. Suitable vehicles which may be used with poly-
isobutylene are tolaene, xylene and methylene chloride.

Snitable vehicles for silicone. adhesives are chloro- 40

flaorocarbons such as, for example, trichlorotrifiuoro-
ethane. For acrylate adhesives agqueons dispersions are

preferred. In this latter case drying temperatures nsed in -

drying the film must always be in excess of 100° C, at

normal aunosphenc pressures. Where the vehicle for 45

the adhesive is a lower boiling solvent such as methanol
(bp 65° C.), ethanol (bp 78.5° C.) or isopropanol (bp
82.4° C.), a lower drying temperature may be used pro-
viding it is above the boiling point of the low boiling

solvent mcluded in the solvent mixiure for the active 50

ingredient.

In one embodiment of the invention the vehicle for
the adhesive and the solvent to be evaporated during
drying from the solvent mixture for the active ingredi-

ent both are chosen to have a boiling point below that of 55

ethanol. A drying temperature can thus be chosen
which allows the cthanol to be maintained within the
device. This is advantageous because ethanol is 2 nseful
skin permeation enhancer for some drugs. For acrylate

systems a suitable solvent which may be evaporated 60

while ethanol is retained is methanol. For non-aqueous
systems ether or chlorofluorocarbons may be used.

In ancother embodiment of the invention the solvent in
the solvent mixture for the active ingredient which is
evaporated on drying may be ethanol, isopropanol, 63
industrial methylafed spirits (IMS) or water.

High boiling point solvents suitable for forming the
satnrated or supersaturated solutions of the active ingre-

4

dient in the transdermal device are those having boiling
points in excess of 110° C. Preferred solvent mixtures
include one or more of diethylene glycol, propylene
glycol, propylene carbonate, glycerol, lower molecular
weight polyethylene glycols, propylene glycol esters,
polyol faity acid esters, fatty alcohol derivatives, oleic
acid, iso-octyl stearate, iso-propyl myristate, isopropyl
palmitate, ethyl oleate, diisopropyl adipate, diethylsuc-
cinate, hexylaurate, triglycerides of caprylic or capric
acids, diethyltoluamide, lasrocapram, n-methylpyrroli-
done and diethylene glvcol monoether. Also suitable as
solvents which are not evaporated from the device on
drying are essential oils snch as eucalyptus oil, tea-trec
oil and lavender oil. Preferably at least one of the sol-
vents which remains in the device will also act a5 a
permeation enhancer to assist nptake by the skin of the
active ingredient. Preferred solvent systems are propy-
lene glycol-diethyltoluamide, n-methylpyrrolidone-die-
thyltoluamide, propylene glycol - diethylene glycol
monoethy? ether and diethyitoluamide-diethylene gly-
col monoethyl ether - tea tree oil.

Among the active agents which may be included in
transdermal devices produced by the method of the
invention are anti-histamines such as, for example,
clenastine fomarate, steroid hormones such as oes-
tradiol, progestins such as norethisterone acetate,
norgestrel, ethynodiol diacetate, medroxy progesterone
acetate, gestodene and desogestrel, vasodilators such as
nifedipine and diltiazem, antihypertensives such as
clonidine and propranolol, bronchodilators such as sal-
butamol and clenbuterol, apti-tumour agents such as
methotrexzate and S-flucuracil, alkaloids such as physo-
stigmine and analgesics such as fentanyl, sufentanil,
buprenorphine and hydromorphone, The device may
contain an active ingredient which is a combination of
more than one of the above active agents, for example
an oestrogen with a progestin.

While the solvents to be used in the method of the
invention must be selected in order that a supersatu-
rated solation is produced on drying, solvents may also
be selected which modify the properties of the adhesive
so that it possesses the required degree of adhesion and
tackiness to stick to the skin for the required period,
which could be several days, but at the same time can be
easily removed as required. The method of the present
invention allows polymer adhesives which are normally
to0 aggressive 10 be used in transdermal devices to be
rendered suitable by choice and incorporation of an
appropriate solvent mixture,

The assembly of a transdermal device prepared in
accordance with the method of the present invention
will now be descrbed by way of example with refer-
ence to FIGS. 1 and 2 of the accompanying drawings
and Examples 1 to 4.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a vertical section through a first embodi-
ment of the invention without the inclusion of a rate
control membrave.

FIG. 2 is a vertical section through a second embodl
ment of the invention including 2 rate control mem-
brane.

FIQ, 3 shows méan plasma concentration time curves
following transdermal administration of norethisterone
acetate to four post menopausal women using a itrans-
dermal device prepared in accordance with the method
of the invention ——. results from samples assayed by
RIA at Liverpool University. x--—x results from same
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samples assayed by RIA at Hammersmith Hospital. ¢
transdermal patches applied or replaced. | transdermal
paiches removed.

FIG. 4 shows mean plasma concentration time curves
following transdermal adminjstration of oestadiol using
the devices of Example 4 (§—H) and known product
Esiraderm 50 (X—X). The arrows indicate patches
applied, replaced or removed as above,

As already described, a mixture is formed which
comprises a polymer adhesive in a suitable vehicle, the
active ingredient to be administered, and a solvent mix-
ture for the active ingredient which comprises at least
two solvents one of which must have a boiling point
above the drying temperature and one below. Prefera~
bly the active ingredient is first dissolved in the solvent
mixture and the solution slowly added to the adhesive
polymer previously dispersed in a suitable vehicle. De-
pending on the coating technique and adhesive used the
addition of an adhesive thickener may be required. The

5

15

mixture of adhesive polymer and active ingredient is 20

formed into a film, preferably by coating onto 2 flexible
sheet material. A typical embodiment of a device
formed in accordance with the method of the invention
is shown in FIG. 1. The adhesive mixture is formed into

a Iayer 4 on a siliconised release paper 2. The layer is 25

preferably about 5 to 500 pm thick. The coated release
paper is dried at the appropriate temperature to drive
off the necessary solvents and then laminated to a back-
ing material 6 impermesble to the active ingredient.

Suitable siliconised release liners are 3M Health Care 30

Type 660 or 1360, Daubert HDPE 164Z or L. Stace
types 635/6. Preferable backing materials include poly-
ester film laminate (e.g. 3M Health Care Type 1012 or
1220), metalised polyester laminate (e.g. 3M Health

Care Type 1109) and co-extruded high barrier films 35

either clear (e.g. BXL Plastics Hybar) or skin-tone (e.g.
Grace- Cryovac ME200). Backings having higher oxy-
gen and water vapour transmission rates are preferred
for devices intended for treatment for more than 24

bours. A suitable backing material in these circum- 40

stances is Semex polyester-urethane film type MF
4387-00. o

The reverse manufacturing method is also possible
and in some cases advantageons ie. spreading the ad-

hesive/solvent mixture onto the backing material and 45

then laminating it to the release liner.

FIG. 2 shows a second embodiment of the invention
in which the adhesive/active ingredient layer is divided
by a rate control membrane 8. The layer 4a which, in

use, is in direct contact with the skin provides an initial 50

loading dose of the active ingredient. As this migrates
into the gkin the consequent concentration difference
between layer 4a and 45 causes the layer 4¢ to be re-
plenished with active ingredient from the layer 4b at a

rate dictated by the rate control membrane. Thus the 55

inclusion of such a membrane provides a further means
to control the rate of uptake for a pre-determined per-
iod, firstly by selection of the appropriate membrane
and secondly by varying the thickness of the layers 4a
and 45 on either side of the membrane. Suitable materi-
als for forming the rate control membrane inclirde poly-
propylene film (e.g. Celgard microporous film), polyvi-
nyl acetate film (e.g. Mowiol film (Hoechst) and ethyl
vinyl acetate film (e.g. controlled caliper MSP series
films obtained from 3M Health Care Speciality Divi-
sion). The thickness of the layer 4¢ may be in the range
5 to 50 pm and the thickness of the layer 45 may be in
the range 50 to 500 pm.

6

The device of FIG. 2 is formed as previously de-
scribed except that when using conventional coating/d-
rying equipment the process becomes two stages. The
backing material 6, coated with adhesive layer 45 is
Iaminated to rate control membrane 8. The second stage
is the lamination of this laminate to the adhesive layer
4a which has been coated on to the release paper 2.
Alternative manufacturing methods are possible and
more than one rate control membrane can be incorpo-
rated at any location within a multilayer device. Prefer-
ably all of the above described layers are assembled on
a single large sheet which is die cut into transdermal
devices of the appropriate size.

EXAMPLE 1

Transdermal Device Containing Norethisterone
Acetate Without A Rate Control Membrane

A mixture of acrylate polymer adhesive and the ac- -

tive ingredient norethisterone acetate is formed contain-
ing the following:

Component Quantity ﬁL
Nerethisterone acstate (micronised) 395

- Propylene glycol 2125
Diethyltolnamide . 1000
Ethanol (95%) or IMS 1500
Primal N560 (acrylate 44500
adbesive dispersion in )
water)
Acrysol ASE 60 (thickener for 480

adhesive diluted 50:50)
. Total 30 Kg

The norethisterone acetate is dissolved in propylene
glycol, diethyltoluamide and ethanol by sonication or
warming, This solution is added slowly to the aqueous
acrylate adhesive dispersion (Primal N560, Rohm &
Hass) with mixing. An adhesive thickener (Acrysol
ASE 60) is then added to the mixture as 2 50% solu-
tion/water mix sufficient to produce a thicker spreading
solution of around 800 cP (Brookfield) for reverse roll
coating or 60,000 cP to suit knife over roll coating.

The mixture is coated on the backing polyester (3M
Health Care Type 1109) at about 100 pm wet. coating
thickness and dried at about 105° C. to drive off the
water and the ethanol or IMS from the acrylate adhe-
sive. The resulting dried adhesive layer is about 55 um
thick. The release liner (Stace type 636) is laminated to
the adhesive layer. The final sheet is die-cit to form
transdermai devices of about 19 or 28.5 cm? each con-
taining' 1.5 or 225 mg norethisterone acetate respec-
tively, which are packaged individually.

EXAMPLE 2

Transdermal Device Containing Oestradiol With Rate
' Control Membrane

A mixture is prepared containing the following:

Component Quantity E)_
178 Oestradiol 87.5
FPropylene glycol 400
Diethyltoluamide 100

95% Ethanol or IMS 100
Polysorbate 20 12.5
Primal N560 (acrylate 4262.5
adhesive dispersion) )
Acrysol ASE 60 (thickener 37.5

for adhesive) 50:50 warer

AT
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-continued . ‘
Component Quantity (g) Component Quantity (g)
Toial 5000 g Bupranorphine e
5 Ethanol or IMS 100
Disthyhobmmide 150
The oestradiol is dissolvesd in the solvent mixture and Diethylene Glyeol Monoethyl ether 150
slowly added to the agueons adhesive to which an Tea T’%‘é‘é 33%
Acrysol ASE 60 thickener is also added in a similar way Pﬁmll rimal N582 ' 500
to Exan:_lple 1. The mixture is coated onto a siliconised 1o Acrysol ASE 60:water 50:50 50 :
release liner (3M Health Care Type 660} to give 2 50 ym Total 5000 g

wet coating which is dried at 105° C. as described
above. When dried the adhesive Iayer and liner are
laminated 10 2 rate control membrane sheet material
{3M ethyl vinyl acetate membrane, MSP 987192) which
is then coated with a 250 pm wet coating of the same
adhesive mixture and dried as before, The adhesive
layers are then laminated to the clear polyester film
laminate backing material as described. The sheets are
cut into 20 cm? transdermal devices each containing 2
10.5 mg oestradiol and individually packaged for use.

'The devices are prepared and assembled as described

in Example 1 except that the release liner is coated to a

15 wet coat thickness of 150 pm and after drying the lami-

nate is cut to 20 and 50 cm? devices containing 2.5

mg/lzo cm? or 6.3 mg/50 cm? buprenorphine respec-
tively.

It is to be noted that the texms Hybar, Cryovac, Cel-

gard, Mowiol, Contran, Primal, Acrysol, Brookfield,

Triton and Estraderm, used in the specification are

EXAMPLE 3 Rfiglstered Trade Marks.
Transdermai Dievice Containing Oestradiol Without A - i
Rate Control Membrane 1. A method of preparing a device for transdermal

25 delivery of an active ingredient which is a solid at room
temperature and in which part or all of the active ingre-
dient is present in a supersaturated solution comprising
the steps of:

A mixture is prepared containing the following:

Component Quantity (8) (2) preparing a mixture comprising at least:

1718 oestradiol 440 (i) a polymer adhesive which is selected from the
M?M“iﬂm 22{.8 group consisting of acrylate polymer adhesives,
B se0 47000 polyisobutylene adhesives, and silicone adhe-
Acrysol ASE 60:water (50:50) 250 sives;

Total 50 Kg

35

The devices are prepared and assembled as described
in Example 1. The release liner is coated to a wet-coat
thickness of 100 pm and after drying and laminating the
laminate is die cut to 28.5 cm? devices each containing 40
2.5 mg oestradiol.

EXAMPLE 4

Transdermal Pevice Containing Oestradiol Without A
Rate Control Membrane 45

A mixture is prepared containing the following:

Cotopoment Quantity (g)

¥7-8 Qestradiol (micronised) 30 50
Diethyltoluantide W00

Dioctylsodinm sulphossecinate 3
Isopropanol/water 50:50 2

Priroal N560 655

Primal N582 - 200

Acrysol ASE 60cwater 50:50 a8 10 55

Fotal 1000 g

The devices are prepared and assembled as described
in Example 1 except that the devices are cut to 20 cm2.
Results obtained in 2 4 subject pharmacokinetic study in
comparison with an existing product (Bstraderm 50) are
shown in FIG. 4.

60

(ii) a vehicle for the polymer adhesxve, which vehi-
cle is selected from the group consisting of wa-
ter, ethanol, industrial methylated spirits, isopro-
panol, toluene, xylene, methylene chloride, and
chlorofluorocarbon;

(iii) the active ingredient;

(iv) a solvent mixture for the active ingredient
which comprises at least two solvents having

different boiling points;
(b) forming the mixture prepared in step (a) into a
film, and

(c) drying the film prepared in step (b),

wherein the vehicle for the polymer adhesive and at
least one of the solvents in the solvent mixtore for
the active ingredient have boiling points below the
drying temperature, and at least one of the solvents
in the solvent mixture for the active ingredient has
a boiling point above the drying temperature, and
wherein the solubility of the active ingredient in
the said solvent or solvents having a boiling point
above the drying temperature it greater than 10%.

2. A method as claimed in claim 1 wherein the vehicle

for the polymer adhesive is a solvent having a boiling
point below that of ethanol.

3. A method a5 claimed in claim 2 wherein the vehicle

- for the polymer adhesive is methanol.

4. A method as claimed in claim 1 wherein the vehicle

for the polymer adhesive is water.

8. A method as claimed in claim 1 wherein the solvent

in the solvent mixture for the active ingredient with a

boiling point below the drying temperatore is selected

65 from the group consisting of ethanol, industrial methyl-
ated spirits, isopropanol and water,

6. A method as claimed in claim 2 wherein the solvent

in the solvent mixture for the active ingredient with a

EXAMPLE 5

Transdermal Device Containing Buprenorphine -
Without A Rate Control Membrane

A mixture is prepared containing the following:
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boiling point below the drying temperature is a solvent
having a boiling point below that of ethanol.

- 7. A method as claimed in claim 6 wherein the solvent
"in the solvent mixture for the active ingredient with a
- boiling point below the drying temperature is methanol.

8. A method as claimed in claim 1 wherein the solvent
mixture for the active ingredient comprises at least one
solvent having a boiling point above the drying temper-
ature selected from the group consisting of diethylene
glycol, propylene glycol, propylene carbonate, glyc-
erol, lower molecular weight polyethylene giycols,
propylene glycol esters, polyol fatty acid esters, fatty
alcohol derivatives, oleic acid, iso-octyl'stearate, iso-
propyl myristate, isopropyl palmitate, ethyl oleate, di-
isopropyl adipate, diethylsuccinate, hexylaurate, ' tri-
glycerides of caprylic or capric acids, diethyl tolua-
mide, laurocapram, n-methylpyrrolidone, diethylene
glycol monoethyl ether and essential ofls,

9. A method as claimed in claim 1 wherein the drying
step (c) is carried out at or above 100° C.

10. A method as claimed in claim 1 wherein the dry-
ing step (<) is carried out at a temperature below the
boiling point of etimnol.

11, A method as claimed in claim 1 wherein the active
ingredient comprises at least one active agent selected
from the categories antihistamines, steroid hormones,
progestins, vasodilators, antihypertensives, bronchodi-
lators, anti-tamor agents, alkaloids and anslgesics. -

12, A method as claimed in claim 1 wherein the film
prepared in step (b) is formed by coating the mixture
prepared in step (a) onto a thin flexible sheet material,

13. A method as claimed in claim 12 wherein the thin
flexible sheet material is a siliconised release liner.
34 A method as claimed in claim 12 wherein the
flexible sheet material is a backing ‘material imperme-
able to the active ingredient.

15, A method as claimed in claim 12 wherein the film
formed in step (b) is between 5 pm and 500 pm thick.

16. A method as claimed in claim 13 wherein the
coated surface of the release liner is laminsted to 2 back-
ing material impermeable to the active ingredient.

17. A method as claimed in claim 14 wherein the
coated surface of the impermesble backing material is
laminated to a siliconised release liner.

18. A method as claimed in claim 13 wherein the
_coated surface of the release liner is laminated to a rate
control membrane the free surface of which is further
coated with the mixture prepared in step (a).
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19, A method as claimed in claim 14 wherein the
coated surface of the backing material is laminated to a
rate control membrane, the free surface of which is
further coated with the mixture prepared in step (g).

20. A method as claimed in claim 18 wherein the

coated rate control membrane is laminated to a further
rate control membrane or to a backing material imper-
meable to the active ingredient,

21. A method as claimed in claim 18 wherein the
coated rate control membrane is laminated to a farther
zate control membrane or to a siliconised release liner.

22. A method as claimed in claim 18 wherein the
thickness of the adhesive/active ingredient layer on
either side of the rate control membrane is varied to
control the rate of migration across the membrane.

23. A method as claimed in claim 19 wherein the
thickness of the adhesive/active ingredient layer on
either side of the rate control membrane is varied to
control the rate of migration across the membrane.

24. A method as claimed in ¢laim 18 whersin the
thickness of the adhesive/active ingredient layer on
cither side of the rate control membrane is varied to
control the proportion or amount of active ingredient
nnmedxately available adjacent to the skin for absorp-
tion.

25. A method as claimed in claim 19 wherein the
thickness of the adhesive/active ingredient layer on
either side of the rate control membrane is varied to

- control the proportion or amount of active ingredient

immediately available adjacent to the skin for absorp-
tion.,

26 A method as cla:med in claim 14 wherein the

material impermeable to the active ingredient is
seélected from the group comsisting of a polyester filn
laminate, metalised polyester laminate co-extruded high
barrier film and an air and water permeable polyure-
thane. .

27, A method as claimed in clabn 18 wherein the rate
control membrane is selected from the group consisting
of polypropylene film, a polyvinyl acetate film and an
ethylvinyl acetate film,

28. A method as claimed in claim 19 wherein the rate
control membrane is selected from the group consisting

. of polypropylene film, polyvinyl acetate film and ethyl-

vinyl acetate film,

29. A device for transdermal delivery of an active
ingredient prepared by the method as claimed in claim
1.

* * & * x
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" Description

TRANSDERMAL ADMINISTRATION OF AMINES

This invention relates to a method, composition, and ariicle for use in transdermal or percuiansous
administration to humans of a physiclogically active amine and pertaing more specifically to a method,
composition and article for application to skin for systemic administration from a composition comprising said
amine or a salt thereof, preferably a salt with a fally acid having 8 to 20 carbon atoms, diluted with a nonpolar
nonvolatife solvent. _ _

1t has long been known that various medicaments can be transported through the skin of a human to provide
systemic and prolonged administration of the medicament. In the case of physiologically active amines,
however, application of the pure aminhe to the skin frequently causes irritation, whereas application of the
commonly used amine salts such as the hydrochioride, meleeate or tartrate suppresses irritation but resulisina
relafively low rate of transport or penetration through the skin.

it has now besn found that diluting physiclogically active amines, whether irritating to the skin or not, or salts
thereof which are soluble in nonpolar fiquids, with nonpolar nonvolatile solvents enhances the rate of transport
or flux of the amine through the skin with which it is placed in contact 50 that & much smaller area of skin
contact suffices to maintain a pharmacologically effective concentration of the amine in the system. Such
solvents are generally more lipophilic than hydrophilic In nature, Moreover, it has also been found that salts of
skin-irriiating amines with fatty acids having 8 1o 20 carbon atoms cause little or no irritation or inflammation of
the skin and that the amines are transported through the skin at high rates from dilutions of such salfs with
nonpolar nonvolatile solvents. Amines are fransported only at much lower rates from dilutions of salts of the
amines with more polar acids such as the maleates or tarirates. The present invention makes it possible to
produce and maintain with fittle or no irritation a therapeutically and systemically effactive concentration of a
physiologically active amine in & human by transdermal adrmmsh’aﬂon thersof using an area of application of
praciical size.

Although it previously has heen proposed in Abramson U.S. Patent 3,304,230 to provide solutions of salts of
physiologically active amines with monocarboxylic fatty acids having from 4 fo 18 carbon atoms dissolved in
aerosol compositions which include various highly volatile solvents or propellants, such solutions are
ineffective for the purpose of the present invention because of the virtually Immediste joss of solvent after
application to the skin.

Accordingly, the present invention comprises a method of admimistering a physiologically active
non-skin-irritating amine systemically to a human which comprises providing a dilution of said amine in a
nonpolar nonvolatile solvent, and maintaining said dilution In contact with the skin of the human. The invention
also comprises a composition adapied fo be maintained in coniact with human skin to produce and maintain a
therapeutically and systemically effective concentration of sald amine in said human, said composition
comprising a solution comprising sald amine in & nonpolar nonvolatile solvent. The invention also comprises a
method of administeting a physiologically active amine, particularly a skin-irritating amine, systemically to a
human which conmiprises providing a dilution of a salt of said amine with a falty acid having 8 to 20 earbon atoms
in 2 nonpolar nonvolatile solvent, maintaining said dilution in contact with the skin of the human. In addition, the
invention comprises a method and composition in which said amine is an anthistamine and in which said
solution Includes an excess of as much as 200% of said acid over the stoichiometric amount required to form
sald salt. Composttions as employed in these latter methods are also aspects of the invention. Finally, the
invention Includes articles adapted to be mainfained in contact with human skin io provide. systemic
administration of a physiologically active amine in said human, seld articles comprising the aforesald
compositions absorbed.in a solid porous water-insoluble polymeric matrix.

Any physiologically active amine may be used-in the present invention. Particularly praferred are the
antihistamines and adrenergic amines. Among sultabls amines are diphenhydraming, bromodiphenhydramine,
doxylamine, phenyltoloxaming, carbinoxamine, methapheniline, pyrilamine, tripalennamine, methapyrilene,
chlorothen, thenyldiamine, methafurylene, thonzylamine, pheniramine, chiorpheniramine, brompheniramine,
dexbrompheniramine, pyrrobutamine, promethazine, pyrathiazine, trimeprazine, methdilazine, iscthipendil,
ephedrine, epinephrine, norepinephrine, isoproterenol, phenylephirine, butanefrin, amphetamine, vonedrine,
eyclizine, clofeyclizine, meclizine, pilocarpene, hicotine, scapolamine, chonidine, nephedapine, diphenylpy-
raline, phenindamine, dimethypyrindene, and clemizole, and the like. Those amines which do not irritate the
skin when in contact with it may be employed in the form of the free base or in the form of a sali with a fatty
acid, preferably an unsaturated fatty acid, having 8-20 carbon atoms. The free base form is preferred because
it generally displays a higher flux through the skin than the salt form. Among such non-irritating amines is
diphenhydramine. Amings which do irritate the skin when in contact with it, such as chlorpheniraming, may be
employed in the form of a salt with a fatty acid, preferably an unsaiurated fatty acid, having 8-20 carbon atoms.

Whether or not an amine is initating can readily be determined by a conventional patch test involving
maintaining the amine in contact with the skin for 24 hours, then observing the skin. if no irritation such as
permanent Injury; edema, pain, itching or blistering appears (although mild erythema or reddening may oceur),
the amine is-non-irritating for the purpose of the present invention.

The solvents which can be used in the present inventioh are organic nonpolar nonvolatile solvents,
particularly those having dielectric constants less than 4 and bolling points above 150°C. More volatile
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solvents are undesirable because of their tendency to evaporate while In contact with the skin. In the absence
of salvent the rate of transport of the drug through the skin is so low, in many ¢ases, as to be impractical, The
rate of transport or flux of the drug through the skin must be sufficiently high so that a pharmaceutically
effective systemic concentration can be provided using a skin contact ares of reasonable size. In general, the
maximum area of skin contact which is practical for a single application is no more than 20 in2, and prefersbly
less than 6 in?, afthough in soms cases iwo or more applications can be employed simultaneously on separaie
skin areas, Since it s well known that the therapautically effective systemic dose varies dspending upon the
specific bioactivity and pharmacokinetics of the particular amine being used and the weight of the patiant, the
minimum flux or fransport rate required can readily be determined by simple arlthmetic for an applicator of
given araa,

The rate of transport or flux of an amine through the skin can readily bve detsrmined in vitro by placing the
amine or amine salt composition, with the amine suitably labeled, for example with tritium to'a final specific
activity of 300 disintegrations per minute per microgram, in contact with a specimen of human epidermis, e.g.
human breast epidermis, with intact stratum comeum, mounted in a conventional diffusion cell providing an
exposed skin surface ares of 0.33 cm?2 each. The receptor chamber of sach cellis swept with a stream of 0.1 M
phosphate butfered (pH 7.4) isotonic saline in direct contact with the rear surface of the epidermal sample, the
flow rate being maintained at 3'mL per hour. Samples of the saline are oollected at two hour intervals and
assayed by a liquid scintillation counter, applying the appropriate quench correction procedure, Steady state
fransport or fiux of the drug through the epidermis is generally observed in less than two hours.

In addition to the foregoing characteristics of the sclvent, It must iself be non-irritating to the skin and
chemically inert to the amine or salt. Among suftabls solvents are hydrocarbons such as mineral oil, alcohols
such as benzyl alcchol, dodecyl aleohol, esters such as isopropyl myristate, isopropyl oleate, methy! stearate,

tributyl citrate, ethyl laurate, diethyt maleate and similar solvents which have seven or more carbon atoms in

the molecule. :

The relative proportions of amine or saff and solvent present may ba varied over a wide range. The minimum
amount of solvent needed is the amount required to dissolve the amine or salt i the two are not miscible
fiquids. In general, it is found that the flux of the amine through the skin at first increases as the proportion of
solvent increases, reaching a maximum at a relative proportion or concentration which differs depencing upon
the apecific amine or salt and specific solvent present, and then decreases. Moraover, as the relative amount
of solvent increases further, a larger volume of the dilution and a larger ares of contact with the skin is required
fo maintain the desired systemic concentration of amine for the desired time period. Within these broad Bmits
the optimal rafio or proportion of solvent to amine or amine salt can readily be determined by simple
experimentation in the case of any particular combination of solvent with amine or sait. in general, satisfactory
results are obtained with compositions containing 10 to 80% by walght of solvant based on the total weight of
solvent and amine, whether the amine Is in the form of free base or salt, with best results often obiained at 40
to 600k solvent by weight,

The fatty acids which are effactive in the amine salts of the preferred embodiment of the prasent Invention
include octenoic, undecylenic, lauric, linoleis, oleic, myristic, stearic, isostearic, and the like, The amine salt
may be employed in pure form, in which the amine and the acid component.are present in stoichiomeiric
proportions. Although an excess of acid tends to decrease the rats of transport of the amine through the skin,
it may be dssirable to use an excess of avid because such excess acld reduces the tendency toward skin
itritation. In general, an excess above about 2009 molar percent of acld offers no advantage. A 100% molar
excess acid composition in the case of chlorphenlramine provides a reasonsble, balance between
non-rritation and high transpor! rate of the amine through the skin.

For effective systemic adminisiration of the amines, the dilution or solution must be maintained in contact
with the skin for a prolonged period of time. This can be accomplished, for example, by thickening the solution
to the point whete I does not readily flow and approaches & solid in properties, either by appropriate selection
of solvent or by adding appropriate thickeners or gelling agents to the solution. It can also be accomplished by
dispersing into the organic solution an agueous medium to form & very viscous or gel-like water-in-oil emulsion
ot shirry. In either of the foregoing cases the substantially non-flowing solution can simply be applisd to or
coated on the skin; perferably some mechanical protection in the form of & cover or bandage is provided to
prevent it from being wipsd off. Another method for maintaining cortact between the solution and the skin s to
compound the solution with a suitable inert adhesive to produce a semisolid adhesive fayer combining in one
component the required payload of amine or amine salt, the nonpolar difuent, and dermal adhesive properties.
Such an adhesive layer can usefully be backed with a nonpermeable covering such as foil or plastic film to
confing the drug and avoid adhesfon to other surfaces. The organic solution can aiso be nmintained in place by
imbibing or absorbing it in a suitable solid carrier such as an absorbent pad of fibrous material or & porous
water-insoluble polymeric matrix, the latfer being preferred. It is particularly adventageous to incorporate the
drug sofufion. in a gelled celluiose triacetate matrix, as described, for example, in Nichols U.S. Patent
3,846,404, incorporated herein by reference. In general, suitable carriers are porous, preferably microporous,
water-insoluble materials throughout which the aminte solution can be distributed or dispersed so that a supply
of the amine is maintained in contact with the skin. In a preferred embodiment the carrier is provided with
means for maintaining it in contact with the skin, such as a layer of adhesive. The adhesive may extend only
along part or all of the periphery of the face of the carrier, or It may, if it is sufficiently permeable, cover the skin
coniacting face of the carrier. In the simplest case, a separate sirip of adhesive {ape may be empioyed to
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maintain the carrier in place. Among sultable carriers are absorbent paper, fibrous batts such as cotton
batting, and various porous or microporous polymeric gel compositions such as partially cross-linked polyvinyl
alcohol, polyviny! pyrrolidons, or polyacrylamide; and porous or microporous gels of cellulose esters or ethers
including cellulose acetate, cellulose butyrate, celiulose nfirate, and the like. Particularly preferred is
microporous cellulose Triacetate gel, as pointed out above.

Overall rate of transport of the amine through the skin, hence the systemic concentration level of the amine,
can be adjusted by varying the area of the skin with which the solution is in contact, as pointed out above, or by
varying the type and amount of fatty acid and/or solvent present, while the length of time during which a
desired fevel of concantration is maintained can be adjusted by varying ithe amount of amine present.

The following specific examples will serve to llustrate the invention without acting as a limitation upon its
scope,

Examples

Chiorpheniramine, an antihistaminic amine widely used in the form of its maleate salt, was tested for skin
irritancy by absorbing the pure amine {chiorpheniramine base) in a porous cellulose triacetate film (0.20 inch
thick) prepared as desoribed in U.S. Patent 3,846,404 (MA-92 POROPLASTIC film). Patches of the saturaied
film 2 em?2 in area were placed by fest subjécts on their own forearm skin and held in place by clear,
nonocelusive adhesive (Tegaderm), allowing constant observation of the skin under the patch, After 17 hours,
severe jrritation including blistering wes observed: in all subjects.

The pure chlorpheniramine was also converted to a salt of a fatty acid by stirring the two together in
stolchlomeiric {squimolar) proportions, and the initancy of the resulting salf was determined by the foregoing
procedure. .

Addttional specimens of salts were prepared containing an excess of fatty acid above the stoichiometric
amount and tested as described above.

In each case the effect on the skin was rated by visual observation on a scale from 1 {no visible change) to 7
{severe irrftation with marked reddening, edema and blistering}. The resuits were as foliows, the molar ratio of
amine to fatty acid for each sali being given in parentheses:

i
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TABLE I .
Number
of Skin
Formulation - Tasts
1, FREE BASE '
a. cﬁlorpheniramine Base 2
b. Chlorpheniramine Base,
23.5% solution in
isopropyl oleate (IPO) 2
2. SATURATED FATTY ACID SALTS
a. Chlorpheniramine .
Stearate {(1:2M) 4
b. Chlorpheniramine
Myristate (1:2M)} 2
c. Chlorpheniramine
Isostearate (1:2M) 1
3. UNSATURATED FATTY ACID SALTS
a. Chlorpheniramine
- Oleate (1.3M) - 2
b. Chlorpheniramine
Oleate (1.:2M) 21
c. Chlorpheniramine i
Oleate (1:1M) : . 26 _
d. Chlorpheniramine
Undecylenate (1.3M) 2
e, Chlorpheniramine
Undecylenate (1.2M) 2
f. Chlorpheniramine .
Undecylenate (1.:2M)
in 70% IPO 14
g. Chlorpheniramine
Octenocate (1.2M) 2
h. Chlopheniramine -
Linoleate (1:1M) 1
4. CARBOXYLIC ACID SALTS
a. Chlorpheniramine
Maleate (1:1M) g
b. Chlorpheniramine )
Salicylate (1:1M) ' 2

Chlorpheniramine labelled with tritium was prepared by first synthesizing an unsaturated precursor,
1-(p-chloraphenyl-1-(2-pyridyl)-3-dimethylamino propene by the procedure of Adamson et al., J.Chem.Soc,,

Irritation
Rating

Al-=7

7.0

6.5

4.0
3.0
3.5

1.4
1.5
3.0

1.0
1.0
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1957, The compound was iritiated by réaction with ititium over Raney nickel catalyst a5 desoribed by Adiins et
al., Organic Chemistry, Vol. I, Chapter 8 (New York, 1943). The labelled chiorpheniramine thus produced was
purified by thin layer chromatography and high pressure liquid chromatography. Chiorpheniramine labelled to
afinal specific activity of 3 disintegrations per minute per microgram was then used to prepare salts as listed
above.

The foregoing fatly acid salts all displayed a rate of transport or flux through human skin when measured as
described above in a diffusion cell which was substantially fess than that of the free amine (40 ug/em?/hr),
ranging from about 10-20 pgicm2/hr.; the maleate and salicylate salts displayed extremely low rates, Jess
than & pg/cm?/hr. However, when diluted with nonpolar nonvolatile solvents in amounts ranging from 25-80%
by weight based on the total weight of solvent and amine or amine salt, the flux rate was ingreased, as shown
by the following table: ’

g
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TABLE II

Honpolar Sclvent Baseihci
§o£ouﬁ§ wti malat

Isoﬁi’opy)‘.

Oleate 95.8 92.6
o 84.6 78.5
" 70.2  §5.0
o 67.0 57.2
* 35.7  26.9

Hone ——— ——

Isoprop‘y]\ :

Myristate 26.% 16.8
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" 79.7  72.2.
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flux rate exceeded that of the pure or free amine as well as that of the pure amine salt.
Similar results are obtained in the case of dexchlorpheniramine, brompheniramine, and dexbromphenir-
amine salts.

Example 2 .

Diphenhydramine was found by paich tests as described in Example 1 to have little or no skin irritancy. A
dilution of pure diphenhydramine with 29.8% by weight of mineral ofl was prepared and the rate of transport of
the amine through human skin was determined as described In Example 1 t¢ be 76.8 pg/om2/hr as comparec
to 4.0 pg/em/hr for the pure aming without soivent.

Example 3

A salt of diphenhydramine was prepared by stirrfing it with an equimolar quantity of linoleic acid and was
found to be non-irritating by the pateh test. Samples of the salt were diluted with varying amounts of isopropyt
myristate and the fiux was measured as described In Example 1, with the following results:

TABLE III
Linoleic Isoprapyl )
pighenhydramine __ Acid Rage:Acid
3  meley wEX  molsy ut¥  folex melac ratio ﬂfﬁ
12,0 12:7 13.2  12.7 74.B  T4.6 11 21.0
23,7 25.0  26.0 25.¢ 5.3  50.0 1:1 61.8
35.5 37.3  33.0 37.3  25.5  25.4 1:1 - 29.2

The flux determined for the sait in the absence of solvent was 80 pg/om2/hr.

Exanmiple 4

Nicotine was found by patch test to bie irritating to the skin. A salt was prepared by stirring the nicotine with
the stoichiometric amount of isostearic acid (a 1:2 molar proportion) and was found to be non-frritating by
patch test. Dilutions of the sali with varying amounts of isopropyl myristate solvent were also prepared, and the
flux was measured as described in Example 1 with the following results:

Nicotine Isostearic Acid IPM FLUX
wtl molel wtl molel wtt wolel 4.8/ cm? /hr
22.2 33.3 77.8 66.7 0.0 0.0 40.3
16.6 25.6  58.4 51.3 .25.0 23.1 100.3
11.1 17.5 38.9 135.1 50.0 47.4 98.8

5.6 9.0 19.4 18.0 75.0 73.0 57.5

’

In general and In summary, the invertion provides the use of a physiclogically active non-irritating amine,
e.d., an antihistamine, in preparing 2 medicament for administration systemically to a human by providing &
dilution comprising said amine dissolved in an effective amount of a nonpolar nonvolatile solvent, or by
providing a dilution of 4 salt of said amine with a fatly acid having 8 to 20 carbon atoms dissolved in an effective
amount of a nonpolar nonvolatile solvent, and in efther case maintaining said dilution in a form adapled to
contact the skin of said human.

Also included in the invention is the use of a norpolar nonvolatile solvent in difuting a physiclogically active
amine or salt fhereof in preparation for transdermal or percuianeous delivery.

Claims

1, A composition adapted to be maintained in contact with human skin to provide systemic
administration of a physiologically active non-irratating amine in said human, said composition comprising

g
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a dilution comptising said amine dissolved in an effective amount of a nonpolar nonvolatile solvent.

2. A composition adapted to be maintained in contact with human skin to provide systernic
administration of a physiologically active amine in sald human, said composition comprising a dilution
comprising a salt of said amine with a fatty acid having 8 to 20 carbon atoms dissolved in an effective
amount of a honpolar nonvolatile solvent.

3. A composition as claimed in claim 1 or claim 2 in which said solvent has a dielectic constant less
than 4 and a boiling point above 150°C.,

4, A composition as claimed in any one of claims 1 1o 3 in which said amine Is an antihistamine.

§. An article adapted to be maintained in contact with hurhan skin to provide systemic administration of
a physiologically active amine in sald human, seid article comprising a composition as claimed in any éne
of claims 1 1o 4 absorbed in a solid porous water-insoluble carrier.

6. An article as claimed in claim & in which said carrier comprises a polymeric matrix.

7. An article as claimed in claim & in which said polymetic matrix comprises cellulose triacetats.

8. The use of a physiologically active' non-imitating amine, e.g., an antihistamine, in preparing a
medicament for administration systemically to a human by providing a dilution comprising said amine
dissolved in an effective amount of a nonpolar nonvolatile solvent, or by providing a dilution of a salt of
said amine with a fatty acid having 8 to 20 carbon atoms dissolved in an effective amount of a nonpolar
nonvelatile solvent, and in either case maintaining said dilution in a form adapted to contact the skin of
sald human,

9. The use claimed in claim 8 in which said dilution is ahsorbed into & solid porous water-insoluble
carrier designed to contact the skin of said hurnan '

10. The use claimed in claim 9 in which said carrier comprises a polymeric matrix.

11. The use claimed in claim 10 in which said polymeric matrix comprises cellulose triacetate.

12. The use claimed in any one of claims 8 10 11 in which sald dilution Includes an excess of said acld
abave the steichiometric amount required to form said salt.

13. The use claimed in any one of claims 8 to 12 in which sald solvent has a dislectric constant less than 4
and a boiling point above 150°C.

14. The use of a nonpolar nonvolatile scivent in diluting a physiclogically active amine or salt thereof in
preparation for transdernmnal or percutaneous delivery.
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