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Como resultado del Examen de Fondo realizado, con fundamento en el Articulo 45 de
la Decision 486 de la Comisién de la Comunidad Andina, se comunica:

1. Documentos estudiados

Descripcion: Folios 35 a 61
Reivindicaciones: Folios 62 a 64
Oposiciones: Folios 116 a 152

Folios 153 a 171
Respuesta del solicitante:  Folios 176 a 183
Prioridad: CL 1634-2007

2. Analisis de la Prioridad

06/Enero/2010
06/Enerof2010
Procaps 19/Julio/2011
Lafrancol 21/Julio/2011
05/Diciembre/2011
08/Junio/2007

Se acepta la reivindicacién de Prioridad porque esta solicitud fue presentada dentro
del plazo establecido (Art. 9 D 486), y su contenido técnico corresponde con el de la

prioridad reivindicada.

3. Objeto de la invencion

Titulo de la solicitud: “COMPOSICION FARMACEUTCA QUE CONTIENE UNA
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HORMONA DE ESTEROIDE, UN EXCIPIENTE ADHESIVO DE MUCOSA,
FORMADO POR LA COMBINACION DE QUITOSAN Y CARBOXIPOLIMETILENO,
UN AGENTE DE DESINTEGRACION, UN DILUYENTE Y UNA MEZCLA DE
LUBRICANTES".

El problema planteado en esta solicitud consiste en la necesidad de suministrar un
sistema de liberacion vaginal con un menor indice de desintegracién /disolucion,
previniendo la acumulacion de residuos en la cavidad vaginal.

Para resolver este problema técnico la solicitud en estudio proporciona una
composicion de acuerdo la reivindicacion 1, (pag. 28, Fl. 62).

El objeto de la presente Solicitud se relaciona con la Clasificacion Internacional de
Patentes (CIP): A61F 6/06.

4. De la Solicitud de Patente
Reivindicaciones (Art 30 D 488, Art 22 PCT)

Las Reivindicaciones 1y sus dependientes no son claras porque la expresién: “por lo
menos”, es imprecisa, lo cual no permite distinguir la invencién del estado de la
técnica. Asimismo, las expresiones “un agente de desintegracién®, “un agente
diluyente”y “una mezcla de lubricantes”, no especifican a que componente se refiere,
ya que estos no se definen por su estructura o nombre quimico sino por su funcién
dentro de la composicion.

La reivindicacion 11, se caracteriza por un resuitado a alcanzar, lo cual no limita la
composicién porgue la invencién no queda definida por el resultado a alcanzar,
puesto que la reivindicacion incluiria no sélo la solucion propuesta por el solicitante,
sino todas las alternativas presentes o futuras que lleguen a ese resultado. Se
sugiere reemplazarlo por las caracteristicas esenciales, estructurales o funcionales,
que contribuyen a la obtencién de ese efecto.

La reivindicacion 12 que depende de la 1, menciona que los lubricantes estan
presentes en una proporcidn entre 0.01% y 3.5%, lo cual no es consistente con la
cantidad mencionada en [a reivindicacion 1 porque el valor de 0.01% esta por fuera
del rango mencionado en la reivindicacién 1.

5. Analisis de las Oposiciones
Argumentaciones de Procaps S.A.

Argumenta la opositora que los documentos WQO970792 y US2004 132690 afectan la
patentabilidad de la presente solicitud porque el primero, revela la administracion
transdermica/transmucosal de una composicién farmacéutica comprimida solida
caracterizada por contener una hormona estercide que es progesterona y puede
estar asociada a estradiol o un excipiente adhesivo mucoso formado por
caboxipolimetileno (carbdémero), un agente de desintegracion, un diluyente y una
mezcla de lubricantes. El segundo documento, ensefia de forma particular en los
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parrafos 1,24 y 25, una composicidn farmacéutica que contiene gel a base de
quitosano para la administracién vaginal, donde dicho documento revela
adicionalmente la posibilidad de usar no solo quitosano sino sus derivados con el fin
de mejorar la biocompatibilidad y biodegradabilidad de la composicién. Tomando
estos documentos como los mas cercanos, no es posible reconocer altura inventiva,
ya que seria obvio para un experto en la materia incluir gel a base de quitosano para
la administracién vaginal como se ensefd en el primer documento en una
composicion farmacéutica comprimida como la presentada en el primer documento,
con el fin de mejorar la biocompatibilidad y la biodegradabilidad de la composicién.
Por lo anterior dicha solicitud colombiana 10-001028, no puede pretender un
monopolic por patente ya que no cumple con dos de los tres requisitos necesarios
para su proteccién.

Argumentaciones de Laboratorios Lafrancol S.A.

Argumenta la opositora que la solicitud 10-001028 no cumple los requisitos materiales
de patentabilidad establecidos en el Titulo |l, capitulo | de la decision 486 de 2000, lo
anterior ya que la composiciones y combinaciones farmacéuticas apropiadas para la
administracién vaginal de esteroides, para que sean utilizadas en una terapia de
reemplazo hormonal, durante la menopausia y para soportar la fase I(tea de ciclos de
fertilizacion in vitro; y donde adicionalmente dichas composiciones y combinaciones
se caracterizan por la incorporacién de polimeros y combinaciones desintegradoras,
las cuales permiten una adherencia de mucosa adecuada y biodisponibilidad e
hormonas en el endometrio, son practicas y eventos totalmente conocidos en la
industria farmacéutica, de manera que no existe novedad ni nivel inventivo por lo
tanto no se debe conceder un beneficio patentario. También argumenta que las
composiciones de las cuales se hace referencia que involucra agentes terapéuticos
como: progesterona y estradiol, que estan plenamente identificadas en el sector
quimico-farmacéutico, por lo cual se anexan copias del documento “The Merck
Index”. Ademas, menciona que se pretende solicitar beneficio patentario para objetos
que ya se encuentran plenamente identificados en el mercado; de manera que la
solicitud en estudio no cumple con los requisitos esenciales para acceder al derecho
patentario por cuanto no se encuentran presentes la novedad, el nivel inventivo.
Asimismo, afirma que las combinaciones de productos conocidos y su variacion, bien
sea en uso, forma, dimensién o de materia, no se consideran invenciones por cuanto
no son susceptibles de aplicacion industrial, nivel inventivo y novedad, luego no
pueden acceder a beneficios patentarios.

A la oposicién de Procaps S A, el solicitante responde que el documento WO970792
muestra una composicion sélida en forma de parche transdérmico y la reclamad es
en forma de comprimidos soélidos los cuales permiten ia administracion de
ingredientes activos en estado micronizado de manera vaginal, de tal forma que los
excipientes utilizados en al invencién que son diferentes a los usados en la
anterioridad citada, no permiten derivar de manera obvia los excipientes usados en la
composicidn de la invencién. Por otro lado, resulta poner de presente que la
composicion divulgada en el documento US2004132690, comprende quitosan o un
derivado de este con carbomer 974, con acido lactico, para obtener un gel con
propiedades bioadhesivas para administrar transmucosalmente en la vagina,
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sefialandose como problerna técnico de la anterioridad, formular composiciones, para
combatir las infecciones vaginales; mientras que la solicitud hace uso de
progesterona y estradiol como agentes activos. En conclusién, este Ultimo documento
no le resta nivel inventivo a la solicitud por que el excipiente mucoadhesivo
utilizados en ambas es diferente, al igual que la via de administracién y los agentes
activos. Igualmente menciona, que por las diferencias entre los documentos citados
como anterioridades y la invencion, no se pueden considerar como anterioridades
validas capaces de afectar la novedad, el nivel inventivo y la aplicacién industria.

A la oposicion de Laboratorios Lafrancol S.A., el solicitante responde que |a parte
opositora se limita a listar los documentos en que se divulgan los componentes
progesterona y estradiol por separado y no como las composiciones acéa
reivindicadas; por lo tanto no es valido argumentar que cada uno por separado e
conocido v obvio, pues la invencion esta dada por la relacion (combinacidn especial)
entre ellos que no habia sido anticipada en el estado del arte y que ademas solucione
un problema tecnico, como en el presente caso. Ademads, argumenta que los
documentos listados por la oposicién no son relevantes para el estudio de nivel
inventivo porque se refieren a la progesterona y estradiol por separado y tampoco
presentan ensefanzas 0 sugerencias relacionadas con una composicidn
farmacéutica sélida de uso intravaginal que presente las caracteristicas para alcanzar
una buena adhesividad en una parte del cuerpo caracterizada por su dificil
administracién.

De acuerdo con lo expuesto por Procaps S.A, esta Superintendencia considera que
los documentas por ellos presentados, no desvirtian la Novedad ni el Nivel Inventivo
del objeto de esta solicitud, por lo cual no se consideraran dentro del Examen de
Patentabilidad, declarando infundada la oposicién.

Por su parte, esta Superintendencia considera que los argumentos del opositor
Lafrancol S.A., sustentados con los documentos citados antes, no son relevantes
para desvirtuar el objeto de la presente solicitud de invenciéon por lo tanto no se
tomaran en cuenta para el presente andlisis de patentabilidad, declarando infundada
la oposicién.

6. Determinacién del Estado de la Técnica
El Estado de la Técnica se determind con base en la Fecha de Presentacion de la

Solicitud de Prioridad: Junio 6 de 2007 y se encontraron los siguientes documentos
que anticipan el objeto de esta solicitud:

N© Documento Titulo Fecha de Publicacidn*
Development and in vitro
evaluation of a mucoadhesive

01 articulo vaginal delivery system for Octubre 10 de 2001
progesterone
D2 *articulo The use of mucoadhesive Septiembre 22 de 2005

polymers in vaginal delivery
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D1’ (pags. 323-332) divulga composiciones en forma de tabietas de progestercna
para entrega por via vaginal.

D2? (pags. 1692-1712) divulga el uso de polimeros, entre otros como el chitosan,
para usar como vehiculo en composiciones en forma de tabletas para administrar por
via vaginal.

7. Examen de Patentabilidad (Art 14 D486)
Nivel Inventivo (Art18 D486)

La reivindicacién 1 consiste en una composicion farmacéutica comprimida sélida
para administracion vaginal caracterizada porque contiene, por lo menos, una
hormona esteroide, un excipiente adhesivo de mucosa, formado por la combinacion
de chitosan y carboxipolimetileno, un agente de desintegracion, un diluyente y una
mezcla de lubricantes, en donde por lo menos uno de ellos esta presente en una
relacion entre 0.05% y 3.5% p/p.

Comparacion de las caracteristicas técnicas esenciales, con las del Estado de fa Técnica:

Caracter(sticas esenciales D1 D2
Corppc;smtén Cf"’!p“g“da slida | o mposician tabletas vaginales Composicion tabletas vaginales
vagina caracterizada POrAUe | caracterizada porque contiene caracterizada porque contiene
contiene
1-Por lo menos una hormona .
esteroide Progesterona (abstract) No menciona
2-Un excipiente adhesivo de mucosa
formade por la combinacién de | Carbopol 974 (abstract) Chitosan
chitosan y Carbopol
carboxipolimetileno{carbopol)
3-Agente de desintegracion Celulosa microcristalina {abstract) | No menciona cual desintegrante
4- Un diluyente No menciona cual diluyente No menciona cual diluyente
5-Mezcla de lubricantes, En relacidon | No menciona cual lubricante No menciona cual lubricante
de 0.05% y 3.5% p/p

Los documentos D1 y D2 se consideran el estado de la técnica cercano a la
invencion definida en la reivindicacién 1, porque D1 divulga una composicién en
forma de tabletas que comprende 30 a 50 mg de progesterona (abstract, pag.329),
carbopol 974(abstract, pag.324) y celulosa microcristalina (abstract).

La diferencia entre la invencién, definida en la reivindicacion 1y la composicién de
D1 es que menciona la combinacién de chitosan-carbopol, a cambio de sélo el
carbopol en la composicién conocida.

Aunque exista esta diferencia, no se observa ningun efecto sorprendente.

ihttp://www.sinab.unal.edu.co:2053/science?_ob=ArticleListURL&_method=list&_ArticleListiD=2140
7662448 _sort=r&_st=13&view=c&_acct=C000055778&_version=1&_urlVersion=08_userid=199831
4&md5=55¢cc5f0851e195cc7b5f709bas14f549&searchtype=a

2 http://144.206,159.178/f/18/595516/12296009. pdf
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Por lo tanto, el Problema Técnico Objetivo que pretende resolver esta invencién se
puede formular asi: “como modificar la composiciéon de D1 para lograr una tableta
alternativa para el mismo fin”

Sin embargo en D2, se divulgaba la utilizacion de polimeros entre otros como el
chitosan y el carbopol que muestran propiedades mucoadhesivas, como excipientes
en una tableta vaginal, para la entrega de agentes activos por esta via (pags.
Abstract, 1702-1704 y1707).

Se aclara que la composicidn reclamada menciona un agente de desintegracion, un
diluyente, mezcla de lubricantes y que aunque los documentos D1 y D2 no los
mencione no quiere decir que no los contenga, por el contrario estos excipientes son
bien conocidos que hacen parte de una forma farmacéutica como lo es un
comprimido® en proporciones comprendidas en los rangos reclamados, asi
desintegrante 5%, 10 -15% y -4% (pag.2476); diluyente 5-15%(pag.2474); lubricantes
0.1 a 5%{ pag.2475).

Por otro lado en |a descripcidn se aprecian ejemplos de 6 composiciones y la gréficas
1, 2y 3 muestran una mayor disolucién para las composiciones 4, 5y 6, que tienen el
desintegrante almidon glicolato y menor tamario que las composiciones 1,2 y 3 que
no tienen este desintegrante y que tienen un mayor tamafio. La anterior comparacién
es obvia ya que se espera un mayor porcentaje de disolucién en tabletas que
contienen un desintegrante y un menor tamafio frente a las que no contienen este
componente y son mucho mas grandes.

En consecuencia, la persona del oficio normalmente versada en la materia, incluiria
el chitosan mencionado en D2 en la tableta de D1 y un diluyente y una mezcla de
lubricante que son bien conocidos como excipientes en la fabricacion de
comprimidos, para llegar asi al objeto de la reivindicacion 1 de la solicitud. Por lo cual
se considera obvia. '

Puesto que las reivindicaciones dependientes 2 =12 no mencionan caracteristicas
inventivas adicionales tampoco se pueden considerar inventivas.

8. Conclusion

Los requisitos de Patentabilidad de la presente Solicitud estan afectados asi:

N° Documenta Reivindicaciones afectadas | Requisito que afecta
D1 "articulo 1-12 Nivel Ihventivo
D2 articulo 1-12 Nivel Inventivo

En cumplimiento del articulo 45 de |a Decisién 486 de la Comisién de fa Comunidad
Andina, se le indica que debe dar respuesta dentro del término de sesenta (60) dias

3 Farmacia practica de Remington, Alfonso R. Gennaro. 19a Edicién 1995 tomo Il. comprimidos
(P&gs.. 2472-2477)
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contados a partir de la fecha de notificacién de la presente comunicacion. £n caso de
no dar respuesta al presente requerimiento, o si a pesar de la respuesta subsistieran
los impedimentos para la concesion, se denegara la patente.

Se invita al solicitante se sirva indicar, si asi lo considera, su renuncia al término
faltante de sesenta (60} dias para dar respuesta a este requerimiento y presentarla
por escrito.

Notifiquese el presente oficio conforme a lo dispuesto en el numeral 5.2, literal ), del

capitulo quinto del titulo primero de la Circular Unica No. 10 de 2001.

JOSE LUIS SALAZAR LOPEZ
Director de Nuevas Creaciones (C)

El_anterior requerimiento fue notificado por fijacion en lista, de fecha
£ 3 OLT. 2012

Elaborado por: Lyna del Carmen Mordecay Dunoyer ON

Revisado Por: Gloria Jacgueline Alfonso Razo
Aprobado por; José Luis Salazar Lépez.
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Development and in vitro evaluation of a mucoadhesive vaginal
delivery system for progesterone

Claudia Valenta®, Constantia E. Kast, Irene Harich, Andreas Bernkop-Schniirch

Institite of Pharmaceutical Technology and Bivpharmacewics, Universin: of Vienna, Althanstrasse 14, A- 1090 Vienna, Austria

Received 11 July 2001; accepied 10 October 2001

Abstract

The purpose of the present study was to design a novel carrier system based on a mucoadhesive polymer exhibiting
improved properties concerning drug delivery to the vaginal mucosa. This was reached by the covalent attachment of
L-cysieine 1o commercially available polvacrylic acid (Carbopol 9741). Mediated by a carbodiimide. increasing amounts ol
1-cysteing were covalentlv linked to the polvmer. The resulting thiolated polvacryvlic acid conjugates (NaC974P-C'yvs)
displayed between 24.8 and 43.8 mol thiol groups per gram of polvmer. Because of the formation of intra- and/or
intermolecular disulfide bonds. the viscosity of an aqueous thiolated polvmer gel {3%) increased about 50% at pt1 7.0 within
1 h. In oscillatory rheological measurements. it was shown that this increase in viscosity is mainly due to the increase in
elasticity. Tensile studies carried out on freshly excised cow vagina demonstrated a significant {£<C0.05) increase in the total
work of adhesion (T'WA) compated 1o the unmodified polymer. An amount of 24.8 pniol thiol groups per gram of polymer
resulted in a 1.453-fold increase in the TWA. whereas an amount of 45,8 wmol showed an even 2.28-fold increase. These
improved mucoadhesive properties can be explained by the formation of disulfide bonds between the thiolated polymer and
cysteing rich subdomaines of the mucus layer. The release rale of the model drug progeslerone [rom tablets based on
microcrystalline eellulose serving as the veference was approximately 1% per Tiour, whereas it was 0,58% per hour for the
unmodificd | poI\mu (\a( 974P) and (112% per hour for the thiolated polvmer (NaC974P-Cys). Therefore, this thiolated
polymer is a promising carrier for progesterone providing a prolonged residence time and a controlled drug release.
© 2001 Rlsevier Science BV. All rights reserved.

Keyvwords: Carbopol—cysteine conjugate: Thiomers: Oscillatory rheomerry: Progesierone

1. Introduction metabolism. This greatly limits the efficacy of peror-
al administration. Therefore, it was chosen as a good
candidate for a controlled vaginal application form.
The vaginal route of administration has many advan-
tages compared to other routes [1]. Jhe vaginal
epithelium is permeable to a wide range of drugs.
like hormones, antimycotics, peptides and proteins.
The vagina provides a promising site of systemic

Natural progesterone administered orally shows
poor bioavailability due 1o its intensive hepatic

*Corresponding author. Tel,; +43-1-4277-53410; fax; +43-1-

4277-9354,
E-meil address: claudia.valenta@uanivie.ac.at {C. Valenta).

H168-3659/01/% - see {ronl matler
PIT: SO1AR.3659(01100520.X

drug delivery because of its large surface area and its
rich blood supply. In addition, a prolonged contact of

© 2000 Elsevier Science BV, All rights reserved.
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a delivery system with the vaginal mucosa may be
achieved more easily than at other absorption sites
like the rectum or intestinal mucosa. However.
despite all the advantages of a vaginal application,
changes in the membrane during the menstrual cycle
and postmenopausal period must be taken into
account. In postmenopausal women. the reduced
cpithelial thickness may increase the original absorp-
tion rates of drugs [2]. Over the last three decades
considerable attention has been focused on the
development of novel and controlled delivery sys-
tems providing a long-term therapeutic concentration
of drugs following a single dose. Many drug delivery
systems are based on mucoadhesive polymers that
are able to swell rapidly when placed in an aqueous
environment and, therefore, exhibited a controlled
drug release. Since the first presentation of the
concept of mucoadhesion, many attempts have been
undertaken 1o improve the adhesive properties of
such polymer systems [3 -6]. One approach to reach
this goal is to immebilise thiol groups into the
polymer system that are capable of forming covalent
bonds with the mucus layer. This has been proved by
mucin binding studies [7]. These bonds are respon-
sible for the much higher adhesive properties on
porcine mucosa. The thiol groups are supposed to
interact with cysteine rich sub-domains of mucus
glycoproteins via disulfide exchange reactions [8].
To date several polymer conjugates with thiol groups
have been synthesised and evaluated for peroral drug
delivery [9.10]. The aim of the present study was the
development of a mucoadhesive vaginal delivery
system for the model drug progesterone. As dosage
forms tablets were designed to improve the adhesion
lo the vagina in order to prolong the residence time
and consequently to obtain a release of progesterone.
A better patient compliance may also be achieved by
this delivery system. Wew conjugates of a poly-
acrylic acid polymer with cysteine were synthesised
and the effects of covalently bound cysteine on the
rheological propertics of these new polymers should
be determined using oscillatory rheometry. Further-
more, mucoadhesion tests were performed on cow
vagina. Release studies of progesterone from these
newly generated conjugates were also carried out to
investigatc the influence of the thiol groups on the
release rate,

2. Materials and methods
2.1. Materials

Polyacrylic acid (C974P} (Carbopol_974P., BF
Goodrich, Becksville. OH. LSA) was neutralised
with NaOH as described previously [11]. Progester-
one, t-ethyl-3-(3-dimethylaminopropyl) car-
bodiimide hydrochloride (EDAC). was obtained
from Sigma (St. Louis, MO, USA): L-cysteme hydro-
chloride  monchydrate  from  Sigma-Aldrich
{Steinheim, Germany) and microcrystalline cellulose
(Elcema® G 250, Degussa, Germany). All other
chemicals used were of reagent-grade,

2.2. Synthesis of the polvacrvlic acid conjugares

First, 250 mg of the sodium salt of polyacrylic
acid (NaC974P) wcre hydrated in 62.5 ml of de-
mineralised water for 1 h. The carboxylic acid
maoieties of the polymer were activated for 45 min
with EDAC in a final concentration of 30 mM.
Thereafler, 62.5 mg. 125 and 250 mg. respectively.
ol 1.-cysteine hydrochloride monohydrate were added
to the reaction mixture. The pH value was adjusted
to 5 by adding | M NaOH or 1 M HC], respectively.
The reaction mixture was then incubated for 3 h at
room temperature, The resulting conjugates were
isolated by dialysing at 10°C in the dark against 0.2
mM HCl a1 pH 3.0, two times against the same
medium but containing (% NaCl and two times
exhaustively against 1| mM HCI. The pH value of the
dialysed polymer—cysteine conjugates was then ad-
justed to pH 4.5 with 1 M NaQH and lyophilised. A
polymer being prepared and isolated in exactly the
same way as the polycacrylic acid—cysteine conju-
gates but omitting EDAC during the coupling re-
action served as the control for all studies. The
polymer—cysteine conjugates and controls were
stored at 4°C until further use.

2.3, Determination of the thiol group coment

The amount of thiol groups on the polymer-
cysteine conjugate was determined by iodometric
microtitration { | mM iodine; indicator: starch). Three
milligrams each of the conjugates and control were
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hydrated in 1.0 ml of demineralised water. Finally,
the thiol group content was analysed by microtitra-
tion after acidification with | M HCI to pH 3.0 [12].

2.4, Oscillatory: vheology

Oscillatory shear experiments were performed on
a Haake rtheometer Rotovisco RT20 (Haake.
Karlsruhe, Germany: thermo controller Haake F6/8).
The rheometer was a thermostatically controlled
cone/plate 55 mm in diameter and a 2° angle.
Throughout the expertimental period, the plate tem-
perature was maintained at 37+1.5°C. The sample
amount was approximately 1.5 g. By this modus, the
induced response (strain) when a sinusoidal stress is
applied to the sample. is measured. After the identifi-
cation of the linear viscoelastic region, samples were
investigated over a frequency of 1-10 Hz (v} The
parameters obtained are the complex modulus G*
consisting of the elastic modulus G and the viscous
modulus G”, and the dynamic viscosity n' which are
calculated by:

G"'=G*cos(8)
G'=G*sind)
7?’ — Gfl/w

The dynamic viscosity is defined as G"/w, where
w is the angular velocity of oscillatory stress. which
is related to the oscillatory frequency by the relation-
ship w = 27w The related phase angle is expressed
as 4.

In order to determine the relation of the thiol
group content to viscosity, a combined measurement
was performed. According to our hypothesis inter-
and/or intrachain disulfide bonds within the polymer
can be generated within NaC974P-Cys. This cross-
linking is the reason for the excellent cohesiveness of
the polymer itself, The formation of the disulfide
bonds can be proved indirectly by measuring the
decrease of the thiol groups and increase of viscosi-
ty. Hydrogels [3% (m/m)] of the NaC974P-Cys
conjugates and of the control at a pH of 7.0 were
preparcd separately. At time 0 one aliguote of about
0.1 g of the gel was used for iodometric titration in

order to analvse the thiol group content as described
above and another aliquote of about 1.5 g of
hydrogel was applied on the rheometer and measured
in oscillatory modus. The sample was left on the
plate of the rheometer and protected from evapora-
tion by parafilm. Oscillatory measurements with
exactly the same parameters were performed hourly.
The experiment time was 4 h. Parallel to this the rest
of the hydrogel sample was left in a bottle on a
shaking water bath at 37°C and exactly at the same
time points as the viscosity was determined the
amount of thiol groups present was analysed tit-
rimetrically. Each experiment was performed three
times,

2.5. Tensile studies

The adhesive strength of the pelymer—cysteine
conjugate and the control was evaluated with an
adhesion test using a validated adhesive strength-
measuring device. A previously reported method for
measuring mucoadhesion was adapted [13]. Instead
of porcine mucosa. cow vaginal mucosa was used. A
30-mg aliquot of each of the Ivophilised NaC974P-
Cys conjugates and controls were compressed ta test
tablets as described below, The tablets were attached
to the cow vaginal mucosa in the following manner:
The tablet was attached 1o a stainless steel flat disc
{5 mm in diamecier. 0.3 g in weight in the system).
which was hung by a nylon thread (15 cm) from a
laboratory stand. The vaginal mucosa was fixed to a
glass tissue mount using a cyanpacrylate adhesive.
The tissue mount and fixed mucosa was placed in a
beaker and 100 mM phosphate buffered saline (PBS)
pH 6.0 was added sufficiently to immerse mount and
the tissue. The beaker was placed on a balance, then
carefully raised by a mobile platform until the
vaginal membrane came in contact with the tablet.
The contact was determined when the nylon thread
holding the tablet became bent. After a 30-min
incubation at 25°C, the mucosa was pulled down
from the tablet at a rate of 0.1 mm s~'. Data points
were collected every second by a personal computer
(winwenGE software: TAL Technologies, Philadel-
phia. PA. USA) linked to the balance. Data were
transferred to exceL 97 (Microsoft. USA) and the
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force—distance curve, i.e., the total work of adhesion
(TWA) was calculated. Each experiment was per-
fomed six times.

2.6, Release srudies and analvtical procedure

Release studies with the model drug progesterone
were perfermed. For cach tablet, 95 mg of the
polymer—cysteine conjugate were hydrated in 15 ml
of demineralised water. Following a 30-min waiting,
5 mg of progesterone were added, homogenised and
lvophilised. These 100-mg polymer—drug lyophili-
sates werc compressed (Hanseaten Type EI, Ham-
burg, Germany) into 8-mm diameter flat-faced discs.
The tablets were prepared in the same way with the
unmodified polyacrylate (NaC974P). Further tablets
with microcrystalline cellulose were fabricated. For
this purpose. progesicrone and microcrystalling cel-
lulose were mixed and directly compressed. The in
vitro release rate from these drug delivery svstems
was conducted. The dosage forms were placed in
25-ml beakers (Schort Duran, Germany) containing
20 ml of release medium (100 mM PBS. pH 6.0).
The vessels were closed, placed on a shaking water
bath (GFL 1092; 100 rev/min) and incubated at
37+0.5°C. Sink conditions were maintained during
this study. Aliquots of 2 ml were withdrawn every
30 min for 6 h. The medium was replaced with an
equal volume of rclease medium equilibrated to
temperature. Released progesterone was assaved for
progesterone content by HPLC (Perkin Elmer. USA).

The samples were assayved for progesterone con-
tent at a flow-rate of I ml/min with an UV detector
{scries 200 LC233C, Perkin Elmer) at a detection
wavelength of 240 nm. The stationary phase was a
Nucleosil 100 5C , column (240X4.6 mm). Any
polymer residues were held back on a pre-column
{(Nucleosil 100-5C,;, 40X4.0 mm). The mobile
phase was methanol—water (90:10). Samples (20 wl)
were injected by an autosampler (185-200, Perkin
Elmer). The retention time for progesterone was
approximately 4.4 min. Calibration curves were
prepared on the basis of peak area measurements,
The linearity interval established in the receptor
phasc was between 0.01 and 54.5 pg/ml ("=
0.999971).
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2.7 Data analysis

The resulis are expressed as the mean of 3-6
experiments=S.D. as indicated in the text. For
statistical data analysis the r-test with P<0.05 as a
minimal level of significance was used.

3. Results
3.1, Swthesis

The synthesis of the conjugates was mediated by a
carbodiimide reaction (Fig. 1). Cysteine was co-
valently bound to carbopol (NaC974P) by forming
amide bonds between the primary amino group of
the amino acid and the carboxvlic moieties of the
polymer. Recently. cysteine has been covalently
attached to polycarbophil (PCP). another representa-
tive polyacrylate [7]. PCP is an actvlic acid deriva-
tive cross-linked by divinyl glycol. whereas
NaC974P is cross-linked to a different extent by allyl
ethers of either sucrose or pentaerythrol. This ex-
plains the changes in the three-dimensional structure
of the polymer. The molar ratio of polymer/cysteine
varied from |:1 to 2:1 and 4:1, respectively. The
corresponding coupling rates are listed in Table 1.
Results demonstrated that the lowest amount of
added cysteine led to the highest coupling rate. A
reason for this observation can be seen in the
increasing concentration of thiol groups. disturbing
the carbodiimide mediated coupling reaction, Thiol
groups are known to form very stable intermediate
products with EDAC which can be only slightly
allacked by nucleophiles [14].

3.2, Viscosity

At all times the modified and unmodified polymer
gels exhibited a pseudoplastic behaviour, namely a
decrease in viscosity at an increasing shear rate.
According to our working hypothesis [9], the forma-
tion of disulfide bonds can be proved indirectly by
measuring the decrease in thiol groups [15] and.
consequently. by the increase in viscosity. As we
know that thiolated polvmers are viscoelastic sys-

-

tems [13]. the set up for measuring viscosity was
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Coo

EDAC
Cysteine

Fig. L. Scheme of synthesis of NaC974P-Cys conjugates.
EDAC = 1-Ethy]-3-(3-dimethylaminopropyl) carbodiimide hydro-
chloride.

done in an oscillatory mode. This means the cone of
the rheometer is moved back and forward in a
sinusoidal motion. For the thiolated polymer as well
as for the control the following parameters were
measured as a function of oscillatory frequency (r,
Hz). storage or elastic modulus (G’), loss modulus
{G"). tan & and dynamic viscosity {#n). The data of
pelymer—conjugates as well as of conirols are pre-

sented in Figs. 2 and 3. G’ is a measure for the
recoverable energy stored elastically in the system,
whereas " is a measure for the energy dissipated as
viscous flow representing the real and imaginary
parts of the complex dynamic shear modulus. respec-
tively. In comparison to the control there is an
increase in ' of the thiolated polymers whereas G’
of the thiolated polymer is not significantly different
(Fig. 2). The increase in & of the conjugates afier |
h of observation is very high and significant, whereas
the control does not show any significant difference
in G" values after 1 h. As shown in Fig. 3. the
dynamic viscosity of the thiolated polymer gels at an
oscillation frequency of | Hz is about 1.7-fold higher
than of the controls after | h. This means that the
increase in viscosity is mainly due to the increase in
G', the elastic modulus or storage modulus, Tan & is
the ratio G"/G’ and the dynamic viscosity is defined
as G'/w. where w is the angular velocity of oscillat-
ory stress. which is related to the oscillatory fre-
quency by the relationship m = 22 The smaller tan
&. the higher the elasticity is and vice versa, In
general. a value of tan & smaller than one indicates a
dominating '. However, as depicted in Fig. 3 the
values of tan & of the contral are also smaller than
one, demonstrating that the modified as well as the
unmaodified polvacrylic acid gels are viscoelastic
[16]. The covalent attachment of cysteine 1o
NaC974P caused a further decrease of tan & after 1 h
as shown in Fig. 3.

The average n values at 1 Hz of three samples
were extracted from the resultant graph to allow a
comparison between the different materials. How-
ever, this approach does not describe the complete
viscoelastic characteristics of each sample. A com-
parison of the decrease in the thiol group content and
the viscosity over a period of 4 h (Fig. 4) shows an
increase in viscosity only within the 1lst h and
afterwards the viscosity values remain similar,
whereas a turther decrease in thiol groups could be
observed over the whole examination time.

3.3, Mucoudhesion
Tensile studies carried out with NaC974P-Cys

conjugates showed a significant improvement in the
total work of adhesion (TWA) compared to the
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Table 1
Protocol of the synthesis of NaC974P-Cys conmjugates
POLYMER pH® NaCg74P Cyst CDAC Thiol groups
(mg/62.5 mly (mg/ml) {mM) {pmol/p)
NaC974P-Cys 5 250 4 50 24.8+93
0.3%
NaC974P~Cvs 3 250 2 50 45.0=8.4
0.54%
NaC974P-Cvs 5 250 1 50 458=*75
0.55%
Control 5 250 1.4 - 0.0=0.0
*pH during the coupling reaction,
(NaC974P-Cys) (control)
450 450 7
400 400 o
350 350 «
300 300
& 250 . 2501
[y ™
= 200 2 2004
o - ]
150 150
100 100
50 50
0 L] T v L L L] 0 ¥ L) L] L L 1
13 5 7 9 1N 1 3 5 7 g N
osclllation frequency (Hz} oscillatlon frequency (Hz)
(NaCP974P-Cys) {control}
450 - 450 =
400 4 400 1
350 + 350 4
300 4 300 4
F 250 & 2504
;2004 in 200 4
H ]
© 1504 150 -
100 4 100 4
s 50 W
0 v v d v M o L ) ) L L) L ]

1 3 5 7 8 1N
oscillation frequency (Hz)

1 3 5 7 9 1"
oscillatlon frequency (Hz)

Fig. 2. Compurison of the effect of oscillatory frequency on the siorage modulus &' and loss modulus G between 3% (w/w)

NaC974P—Cys gels and control gels at 37°C. — 4 —, Start of measurement at time 0: — ) — measurement aller 1 h: data are the means of

tiree experiments.
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{(NaC974P-Cys) {control)
0.6 « 0.6
0.5 1w 0.5
a 0.4 4 P 0.4
b T
; 0-3-Wﬂm i
= -4
8 0 8
0.2 4 0.2
0.1 0.1
0 Y v v v ] 04 v v v v J
1T 3 5 7 8 0 13 5 7 9 1
oscllilation frequency (Hz) oscillation frequency {Hz)
{NaC974P-Cys) {control)
60000 60000
50000 < 50000
7 40000 1 & 40000
iy ) $
E 30000 4 E 30000
= Y
@ 20000 4 T 20000
10000 4 10000

0 v g ™ L4 .

1 3 &5 7 9 1
oschlation frequency (Hz)

0 —r—r——y—r—"1
1 3 5 7 8 1"
osclllation trequency (Hz)

Fig. 3. Comparison of the effect of pscillatory frequeney on the tan 4 and dynamic viscosity 1 between 3% (w/w) NaC874P-Cys gels and
contrel gels at 37°C, - ¢ —, Sart of measuremens at time 1. — 3 — measurement afler 1 h: data are the means of three experiments,

controls (Fig. 5). The more cysteine was covalently
bound to the polymer, the higher the determined
TWA was.

34, Release studies

A comparison of the release rates from tablets
based on the unmodified NaC974P, modified
NaC974P-Cys and microcrystalline cellulose is
given in Fig. 6. The incorporation of progesicrone in
Dboth.polymer-matrices, modified and_unmedified,
reduced the initial drug release over 6 h. The release
from the NaC974P-Cys tablets was significantly
slower than that from the NaC974P- matrix. In order
to achieve suitable plasma levels, 20=50. mg_of
progesterone have to be applied [17]. It would have
been possible 10 prepare 300-mg tablets with 30-50

mg of progesterone but with respect to in vivo
—SMdi&s in rats. we performed the release experiments
with 5 mg of progesterone per tablet. Our experi-
ments showed that the covalently bound cysteine
caused a higher cohesiveness of the tablet and.
therefore. a slow release of the model compound.

These results are in good_ggreement with the dis-

integration time of the tablets: where the Elcema
Tablets disintegrated within 5 min, the tablets based
on the unmodified polymer needed more than 5 h
and the tablets based on the modified polymer
required more than 10 h (data not shown). One
reason for the slow release may be the possibility of
forming disulfide bonds within the tablet so conse-
quently a better cohesiveness is guaranteed. Bioadhe-
sive polymers are hydrophilic macromolecules with
substitutents capable of forming hydrogen bonds. in
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Fig. 4, Deercase in thiol group coment indicated as bars versus
the increase in viscosity indicated as — ¢ — at 1 Hz at pH 6.0,
Values of viscosity or thiol groups at the starting point arc
indicuted as 100%. N=3: mean=5.D.

250 -

200 A

150 -

TWA (pJ)

100 +

50 +

0 v ¥ 1
NaC974P- NaC974P- control
Cys  Cys (0.3%)
(0.55%)

Fig. 5. Comparison of the tatal work of adhesion {TWA} of the
unmodificd NaC974P (control) and wwo different NaC974P-Cys
vonjugates. Represented values are the mean=S.D. (V=6) of the
TWA determined in tensile studies with compacted dises on
freshly excised cow vagina at pH 6.0,

cumulative amount of
progesterone released in %

0123 45E8
time (h)

Fig. 6. Reiease profiles of progesterone from tablets based on
(— # -0 NaC974P. {— A —) NaC974P-Cys (00.3% thiol groupsk
(-- W -) microgrystalline cellutose (Cleema). Siudies were carried
out in 100 mM PBS, pH 6,00 V=3, mean=8.D.

particular carboxy! groups, and in our case additional
thiol groups are available which stabilise the poly-
meric network by forming disulfide bonds.

4. Discussion

Cysteine was covalently bound to NaC974P by
forming amide bonds between the ptimary amino
group of the amino acid and the carboxylic moieties
of the polymer. This modification caused a signifi-
cant increase in the viscoelastic properties of the
swollen polymer. The viscoelasticity of mucoadhe-
sive polymers has a great influence on their adhesive
propertics and cohesiveness. By adsorbing. swelling
and capillary effects. mucoadhesive polymers are
supposed to take water from the underlying mucosal
tissue leading to a strong adhesion [18]. Progesterone
is an interesting_compound _and_has “already_begn_

Fdnmmistered v;(g_gil_@ll;:_ It has been used for many
years for a variety of gynaecological problems such
as luteal phase defect. premenstrual syndrome
(PMS). endometrical hyperplasia, dysfunctional
utering bleeding and endometriosis [17.19]. Also
modemn infertility treatments have expanded the use
of physiological progesterone, However, androgenic
activity, inherent in the synthetic compounds limits
their use in infertility treatment and for pregnancy
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supports due to the possible teratogenic side etfects
[17]. Natural progesterone shows no androgenic
acttvity and, thus, it is exiensively used in assisted
reproduction also over a long time period. The major
problem with natural progesterone is its route of
qdnﬁnisﬂation.. Oral ntake is the most convenient,
however, rapid and extensive intestinal metabolism
prevents adequate absorption [20]. Moreover, liver
metabolism results in metabolites that induce side
effects. Intramuscularly injection assures reliable
absorption but is related to poor compliance. There-
fore, the interest in non-invasive application forms
increases. One possible.route may be the transdermal

route. For llus purpose, progesierone was cmbeddcd
\pm———- ——

I a matrix sy system with special adherence to the skm
“T13]. The prob]em with the transdermal route is the
very high progesterone level. which is required. For
tl]ls__l_eaqon the vaginal route has become ttwst
effective way 1o deliver natural ptogc,g“urone The
DA
vaginal mucosa has a good absorption porem[al. The
drug can be administered easily and the first pass
metabolism by the liver can be avoided. However,
cyclic changes in the histology and physiology of the
vaginal mucosa may have an effect on the drug
absorption.

Another problem in vaginal delivery is the rapid
removal of inserted systems by the normal cervical
mucus. Therefore, the vaginal progesterone used in
infertility treatment required multiple daily adminis-
trations of topical preparations like suppositories.
The development of a vaginal get (Crinone®) with
sustained release was a breakthrough in vaginal

_application systems. Toner [21] showed in a study
with 345 women that crinone (8%) administered
once or twice a day had the same effect as an i.m.
application. Crinone-vaginal gel consists of the
mucoadhesive polymer polyacryvlic acid. On the
other hand, Wilding et al. [22] investigated the
vaginal spreading and clearance of a radiolabelled
pessary and polycarbophil gel in six post-menopausal
healthy female volunters over a 6-h period of time
using the technique of ~v-scintigraphy and found in
one case 8§0% retention and in another 2% retention
of the product. Therefore, no significant retention
could be shown in this study.

There is.a_passibility 1hat.d hc_j_‘uprglc_cl_nmcoadhc—
sion of tablets consisting of NaCY74P C'C"'conju
gquEEd to a p:oiom_ed Tedidence time but this

T e AT
0 mmem -

has to be confirmed by in vivo studies in the near
future. As a consequence, satisfactory plasma levels
could be achieved which would be of great benefit,
Also the aesthetic qualities of the delivery system are
important. Leakage of a liquid or semisolid system
and permanent problems with parts of disintegrated
tablets decrease the compliance of such systems.
Recently. dissolution studics of vaginal bioadhesive
tablets based on different well-established polymers
exhibited good vaginal adhesion on cow vagina [3].
The results of this study showed the highest detach-
ment force of tablets based on HPMC. The swelling
behaviour of the tablets containing HPMC lasted 6 h.

We achieved an improved mucoadhesion on the
vaginal mucosa as well as an improvement of the
cohesiveness of such dosage forms by modifying the
polyacryhic acid polymers by a covalent attachment
of cysteine.

5. Conclusion

NaC974P-Cys. a thiolated polymer, is a novel
matrix for vaginal delivery systems and exhibits the
advantage of good cohesiveness within polymer
tablets and a good mucoadhesion on cow vagina. In
release studies. a controlled progesterone release
could be demonstrated from NaC974P—Cys tablets
compared to tablets consisting of microcrystalline
cellulose or unmeodified NaC%74P. Hence. this thiol-
ated polymer is a promising candidate as a matrix for
vaginal delivery systems exhibiting controlled re-
lease properties.
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1. Introduction

Apart from local effective drugs the vagina pro-
vides also a promising site for sysiemic drug delivery,
because of uts large surface area and rich blood supply
[1]. This route of administration offers advantages
compared to other routes. Considerable progress has
been made in this research area over the past few
years and. at present, the anatomy and phvsiology,
microflera and seeretiony of the vagina are well under-
stood [2]. In contrast the scientific knowledge regar-
ding the possibilities of drug delivery via the vagina is
finuted. To date. there are enly a limited number of
vaginal dosage forms available, although various pos-
sibilities are presently being explored. The currently
available vaginal delivery systems have limitations,
such as leakage, messiness und low residence time,
which contribute to poor subject or patient compli-
ance. Attempts are being made to develop novel
vaginal drug delivery systems that can meet the clini-
cal as well as the requirements of the patients,

However. despite all the advantages of a vaginal
application. changes of the membrane during the
menstrual cvele and postmenopausal must be taken
nto account. In postmenopausul women the reduced
cpithelial thickness may change the original absorp-
tion rates of drugs significantly [3]. During the last
three decades considerable attention has been focused
on the development of novel and controlled delivery

systems providing a long-tenm therapeulic concentra-
tion of drugs following a single dosc,

Beside novel drug loaded inserts which are on the
market, hvdrogel systems with higher retention time
are existing. Many drug delivery svstems are based on
so called “mucoadhesive” polyvmers. Mucoadhesion is
another version of the bicadhesion because the target
is still the underlving tissue. These polymers are able
to swell rapidly when placed in agucous environment
and therefore exlibiting a controtled drug release.
Sinee the first presentation of the concept of mucoad-
hesion. many  attempts have been undertaken to
improve the adhesive propertics of such polvmer sys-
tems [4-10}. Consequently. the therapeutic efficacy of
locally acting dnigs can be improved by their
increased availability at the target membranc.

Rattonal design of future formulations need to
include attention to wehicle propertics that optimise
vaginal coating and relention. It should be taken into
account that formulations interact with the vaginal
fluids and cause changes in viscosity. The interactions
depend upon the apeaific macromelefuivs wnch are
_t_hith:ckemn«; agents for vels or imponant_auxiliary
agents_in_tablots. Therefore, these magromelecujes,

and many others, arc very _impon'am L:\'cipicnts for
future formulations.” Ts review will focus on the
VAIOUS BEPECTSand potential of such mucoadhesive
polvmers for vaginal drug delivery,

—a

such as polytacryiates), cellulose-dervatives. chitosan
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In addition to being gender specific, the vaginal
raute is less preferable in terms of convenience
depending on the dosage form. Another disadvantage
is the influence of the estrogen concentration on the
permeability of the vaginal membrance, which can
influence the phamacokinetics of drugs designed
for systemic action [38.39]. The amount of vaginal
fluid of an adult woman was reported 1o be in the
range of 2-3 g/24 h {40] and this amount is decreasing
with increasing age. This volume may also affect the
vaginal absorption of drugs. As a drug must be in
solution before it can be absorbed the presence of a
film of moisture will be an advantage but in contrast
ta this the presence of a thick cervical mucus may
present alse a barrer 1o drug absorption and a very
high amount of vaginal fluid may lead to the remosval
of a dosage form. Finally the pH of the fluid may
affect the drug absorption oo as it can be supposed
that uvniorised forms will be preferable absorbed,

2.6. Vaginal ahsorption of drugs

On one hand physiological factors like eyelic
changes, thickness and porosity of the epithelium
and volume, viscosity and pH of the vaginal fluid
and on the other hand physicochemical properties of
drugs like molecular weight, lipophilicity and ioniza-
tion affect the absorption across the vaginal epithe-
lium {15]. Drugs arc transported across the vaginal
membrane by the transcellular route. intracellular
route or vesicular and receptor-mediated transport
mechanisms [15). A physical model of the vaginal
membrane as a wransport barrier has been described
[41]. Moreover, an absarption of drugs targeted for
focal action in the vagina is not desirable.

261 Animal models

m a review article different animal models are
desernibed [42]0 A number of animal models have
keen emploved in the study of vaginal absorption of
drugs [43]. Uniil now studics with mice. rais. rabbits,
monkeys. dogs and sheep are performed. The perme-
abitity of the different vaginal epithehy may vary,
Because of the sufficient availability rodents are
uscd with the disadvantage of signiticant thickness
changes during the oestrus cyele leading 1o differemt
absorption rates. To nvercome this prohlem, research-
ers used ovariectomised rals with subsequent hormio-

nal treatment, Only few studies compare different
species. The antiviral tnsodium phosphonoformate
was investigated in dogs and rabbits and the absolute
bioavailability after vaginal administration was 14%
and 34%, respecrively [44] whereas the bioavailability
after topical administration was 3% and 12%. respec-
tively. This can be an indication that also the absorp-
ton rates of women and animals may  differ
Richardson and Itlum believe that the sheep is the
most promising animal mode! for the study of vagimnal
absorption [43].

2.7. Novel concepts in vaginal drug defivery

The composition of vaginal dosage forms will be
the focus of interest in the future Novel furms are
lipesomes. vaginal rings [45.46], cubic gels [47], for-
mulations hased on polvstyrene [48] and fonnulations
based on silicone elastomers [49]. One inreresting
group of auxiliary agents 18 the mucoadhesive poly-
mers, which are basis of new designed sysioms
[50.51].

3. Mucoadhesive polymers

3.1 Detinirion of mucoadhesion with respect to the
vaging

The target for the interaction of ‘mucoadhesive’
excipiesnts 1§ the mucus. In higher organisms mucus s
a highly viscous product which forms a protective
coating over the lining of hollow organs in contact
with external media. Mucus is a mixture of large
ulycoproteins (mucing), water, electrolytes, epithelial
cells. enzyvmes, bacteria, bacterial products and va-
rious other materials depending on the source and
location of the mucus [52]. Based on the structure
of mucin several mechanisms have been proposed to
expiain the interaction of a mucoadhesive polymer
and a biological surface {53.54]. The so-called
‘mucoadhesion’ is another version of the bioadhesion
because the target 15 still the underlying tissue in our
case the vagina. The vaginal epithelium s usually
considered to be a mucosal surface, although it has
no coblet cells und lacks the direct release of mucin.
Some secretions from lagher up the tract may reach
the vagitu via uterine Huid or follicular fluid at ovula-
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tion. Vaginal discharge is a mixture of several com-
ponents including transudates through the epithelium.,
cervical mucus, extoliating epithelial cells, secretions
of the Bartholin's glands, leukocytes, endometrial and
tubal fluids [2,55]. The adhesion work of a bicadhe-
sive system. fixed on a biological tissue like excised
cow vagina [8] 15 a good indicator of its bioadhesive
power. Furthermore, it seemed that the testing med-
ium has an influence on the bioadhesiveness [56].

2.2 The cervical mucus

The cervicat mucus containg inorganic and organic
salts. mucins. proteins, carbohydrates, wrea and fauy
acids (lactic and acetic acids). Estrogens and sexual
stimulation increase vaginal thiid secretion. Wolf et al.
|57] analysed the human cervical mucus by coliecting
from seven donors during the follicular, ovulatory and
lurenl phases of the ovulatory menstrual cycle. Indi-
vidual mucus samples were solubilized and fractio-
nated on sepharose columns into excluded mucins and
low-molecular-weight proteins. Mucin fractions were
highly puriflied. as evidenced by the presence of a
single N-termminal amine acid residue, threonine and
by the absence of contaminating plasma proteins.
Amino acid compositions of mucins isolated during
different menstrual phases of a single donor or from
different donors were simitar. Mucin carbohydrate
compositions were also similar, cxcept for the sialic
acid-to-fucose ratio. which varied significantly
between donors but not within the menstrual cvele
of a single donor. An analysis of variance wus applied
o evaluate the contribution of mucin composition o
viscoelasticity, as quantitated by microrheomerry, Vis-
coelasticity was dependent on the donor, on the per-
cent nondtalyzable solids and on the munin content.
but not on the phase of the menstrual evcle durig
which the sample was collected. These findings sug-
gest that mucus function (viscoelastcity) is reflected
in curbohydrate composition and/or structure and that
this menstrual relationship is unique tfor cach donor.
Furthermore. the absence of menstrual phase-depen-
dent differences in mucins suggests that mucin con-
centratton and not composition changes in response to
alterations in the hormoenat milicu,

Based on these insights other scientific studies deal
with artifictal mucus. The compositions of such media
are based on natural constituents of hwman vaginal

secretions. In choosmg the ingredients for these
media, the goal of such work is 10 reproduce the
behaviour of natural cervical mucus that influence
drug release and distribution. These synthetic formu-
lations have Dbeen developed with viscosity.
‘spinnbarkeit’ and pH comparable to that reported
for human cervical mucus. COne formulation [58] con-
tains guar gum crosslinked with borate ion, mucin and
a mixed preservative system in pH 7.4 {0.1 M phos-
phate buffer}. The guar gum source, mucin concentra-
tion and method of preparation were shown to be
critical factors in the performance of the formulation.
The combination of the guar gum, sodium borate, and
gasiric mucin (0.5%) resubied in a viscous tluid that
mimicked fresh mucus from a viscosity perspective.
The addinon of the phosphate buffer achieved a pH of
7.4, similar to that of human cervical mucus. This
synthetic cervical mucus s consistent with  the
reported phyvsical attributes of hwman cervical mucus
{581 Another composition was developed to simulate
the fluid produced in the human vagina [39]. All these
experiments are mteresting with respect to mucoadhe-
sive drug delivery svstems.

The addition of synthetic polymers to cervical
mucus with ionic characteristics caused significant
changes in the structure of mucus gels when visua-
lized by scanning electron microscopy [A0]. Mucin is
negatively charged duc to the sialic acid residues on
the carbohydrate-rich regions of the molecules. While
anionic molecules such as poly(acrvlic acid) with a
motecular weight of 3 000000 interacted little with the
mucin gel (Fig. 2}, both poly(ethvlene)glveol with a
molecular weight of 3330 which is nonionic, and
polvvinyl pyndine (moelecular weight 40000) which
s catonic, form mteractions with mucin, leading to
regions with high fiber denssty. The addition of poly
tethylene)ghveol with o maolceular weight of 3350 o
human cervical mucus caused the formation of fiber
patches, where the fibers appeared to coalesce duce to
hydrogen banding between polviethylene)glycol and
mucin. The addition of the cationic polyvinyl pyndine
to human cervical mucus had a significant effect on
the fiber network. With increasing concentration of
polvivinylpyridine} the fibers appear to aggregate
together leaving holes in the fiber network adjacent
to regions with very small interfiber spacing (Fig. 3).
The fiber aggregation is likely due to ¢lectrostatic
interactions  between the polvmer and the mucin.
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systemms have been utilized for this purpose. The
compounds have almost exclusively been delivered
1o the vaginal epithelium. The presence of a mucus-
covered cervix i women provides an opportunity as
an altemative for such drug delivery. An obvious
application is the delivery of drugs thar desiroy or
render  dysfunctional. spermatozoa and  pathogens
such as viruses and bactena. In principle. a reservoir
of a compound in the cervical mucus could achieve
other physiological goals, as well. Katz [6]1] reported
about the crincal problem of understanding the
mechanisms of drug entry and permeation through
the cervical mucus. This problem is only partially
understood at present, and salient biophysical con-
cepts are presented which will aid in further studies.
He concluded that there are good prospects for
improved wtilization of the cervical mucus for drug
delivery. but thar their realization will require
improved understanding ot the mechanisms of drug
transport and bioactis ity within the mucus.

3.3, Polvmers

Several bioadhesive polymers have been reported
for different mucosal sites such as the buccal cavity,
stomach and intestine {62]. An increasing intergst has
been shown for vaginal bioadhesive tahlets [63]. With
ospect o their facilitated and shorter registration. the
polymers which were already 1n use as pharmaceutical
excipients were tested for their mucoadhesive proper-
tics. The necessary assemblies have been designed to
measwe the bivadhesion charactenisties of polymers
and formulations in a mucus cnvironment. Smart et al.
{64] published a list of mucoadhesive polyiners
togcther with a rank order of their mucoadhesive
force. Their in-vitro test svstem consisted of a homo-
genised mucus which was obtamed by scraping gui-
nea-pig intestines. The force required 10 detach a glass
plate coated with the test polymer from this mucus gel
was measured. In general the polymers had 4 high
molecular weight and hydrophilic funclional groups,
Several groups of polymers have been tested as vagi-
nal delivery svstems,

3.3.1. Polytaciviaies)

In most of the vaginal preparations poly (acrylic
acid) derivatives have been used as bioadhesive poly-
mers. A pood overview over the phaurmaceutical used

acrylic polvmers is given by Diutgen et al. [65]. In this
review modern applications of poly(acrylates) in phar-
macy like in occular, buccal, vaginal and cervical
detivery are adequately discussed. These polymers
are the most investigated bioadhesive polymers for
vaginal applications.

3311 Vaginal drmess. The vagmal dryness and
pam s & problem of women due to the decreasing

hormone levels at the onset of menopause. The use of

mucoadhesive gels offers a good alternative to a
hormooe replacement therapy with a risk of cancer.
Several products are on the market. In a study on
postmenopausal women, a bicadhesive fermulation.
Replens® gel which consists of 1-3% polycarbophil
gel was shown to be retained in the vaginal cavity for
34 days [51]. However, contradictory reports were
obtained when the same fornwlation was smudied for
retention n-vive in the hwmwan vagina by a scintitla-
tion method [66]. There was a lack of signiticant
retention of the gel in five out aof the six velunteers
studied. The lack of significant retenuon of these
products in most of the volunteers was rather disap-
pointing. Moreover vy-scintigraphy i1 an unrenoun-
cable technique to assess novel formulations with
optimised long lasting retention in the vagina for
ropical or systemic drug delivery {67].

Another study was designed to compare the vagi-
nal deposition and mosstunization of two vaginal
maisturizers, Summer’s Eve®, based on pectin. and
Replens™, based an polvearbophil. in a double-blind
crossover study design. Fifiy-one female patients were
cach randomly assigned to one of o teatmem
groups. Afler a i-week washout period. the products
were used for 2 wecks. After another |-week washout
period. product assignments were switched. Colpo-
scopy examinations were performed at the beginning
and at the end of each product use. Of the fortv-seven
patients completing, the study 87%, were found to
have no vaginal residue after Summer’s Eve vaginal
moisturizer, while only 33%, were found to have no
vaginal residue after using Replens vaginal moistu-
rizer. No difference in relief of vaginal dryness or in
product acceptance was found between the two pro-
ducts. This study showed that the use of Summer’s
Eve™ vaginal maisturizer, hased on pectin. resulted in
significantly less vaginal residuc compared 1w
Replens® vaginal moisturizer, hased on polycarbo-
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carbophil. Based on the balance between the mucoad-
hesiveness and syringebility. mixfures composed of
different ratios poloxamer 407/poloxamer 188/poly-
carbophil had good properties. In vitro sustained
release of clotrimazole from the mucoadhesive pre-
paration was observed. ln vivo antifungal activity of
clotrimazole which was lested against Candida albi-
cans vaginitis in female rats was significantly pro-
longed after vaginal delivery by this mucoadhesive
systetn. At 10 days post-dose, the c.fu. (colony form-
ing units) of C. albicans was more than 10*fold
decreased 1n the mucoadhesive treated groups, More-
over, the vaginal delivery of clotrimazole enhanced
the viability of epithelial ceils without affecting the
morphalogy of vaginal mucosa. These results indicate
that clotmimazole contuning vagina mucoadhesive
systems can be further developed for safe. convenient,
and effective treatment of vaginal candidinsis with
reduced dosing interval [86].

3.3.1.5. Swstemic drug deliverv via the vaving, A
big problem in vaginal drug delivery is the rapid
removal of inserted systems by the normal cervical
mucus. Therefore. vaginal progesterone used in infer-
tikity treatment required multiple daily administrations
of topical preparations like suppositories. The deve-
lopment of a vaginal gel (Crinone™) with sustained
release was a breakthrough in vaginal application
systems. Toner [87] showed in a study with 345
women that administered Crinone (8%%) once or
twice a day had the same effect as an 1.m. apphication.
Crinone-vaginal gel consists of the mucoadhesive
polymer polycarbophil. In comparison of Utrogest®
capsules, which were originally designed for oral
administration but arc used routinely as a vaginal
preparation. with this new preparation Crinone® in
a prospective randomized study, Crinone® 82 had a
clear advantage over Utrogest® as it resulted in less
vaginal discharge and fewer application difficultics. In
this study 4 number of patients noted that Crinone®
8% was casicr {o apply and less tme consuming 1o
use than Utrogest® [48]. Srudies of Casanas-Roux et
al. in postmenopausal women [B9] suggest that the
sustained relcase effects of Crinone® are clinicully
relovant. Contradictory to this Brown ct al. {907 inves-
tigated the vaginal spreading and clearance of a radi-
olabelled pessary and polyvcarbophil gel in six post
menopausa] healthy female volunters over a 6-1 pee-

iod of time using the techmque of y-scintigraphy and
found in one case 80% retention and in another 2%
retention of the product thus no significant retention
could be shown in this study.

One possibiliy o improve mucoadhesion s the
use of thivlated polyiacrylaresy which are svnthesised
e.g. of cwrbopol V74P by coupling with cvsieine.
These conjugates used tor vaginal tablets provided a
prolonged residence time in-vitro on cow vagina [8].
The tablet-cohesiveness could be tremendously
increased and subsequently also the disintegration
time. The release of progesterone was retarded com-
pared to the unmodified polymer. Because the tablet
remains as one piece. the women would have no
problems with parts of disintegrated tablets in the
vagina.  Theretore  the comphiance  should  be
mproved.

Beside the hormones, pepnde and polypeptide
drugs are interesting groups for possible vaginal deli-
very. One representative is the luteinizing-hormone-
reicasing hormone {LII-RH). which act on the ovaries
1o enhance the secretion of steroids and facilitae
ovulanen, Richardson and Tum summarized the
data about vaginal absoption [43].

Han et al. [28] tried 1o find a rational dosage form
for vaginal mucosal delivery of LH-RH. Vaginal
absorption ot LH-RH was estimated by mcasuring
1ts ovulation inducing eifect i rat and in vitro vaginal
membrane permeation study in the rabbit. The offects
of different hydrogel bases. such a polvcarbophil and
pemulen (polymeric poly(acrylates)) compared with
solutions on vaginal membrane permeation of LH-RH
were investigated. Additionally peptidase mhibitors
like sodium laurate, disodivm-EDTA and sodium
tauro-24,25-dihvdrosusidate were added to a LH-RH
hydrogel delivery system and LH-RH solutions. A
poiyvcarbophil  hydrogel formulation  showed 3.4
times increase in LH-RH vaginal membrane perme-
ability compared with a solution formulation, Vaginal
membrane permeability from the polyearbophil was
grealer than that from penmelen hydrogels, This may
he due to the Jarge bioadhesive values. The resuhs
sugrprest that the enzyme mhibition cffect of the used
pepridase intubitors can result m substantial enhance-

ment of vagmal absmpuon, By adminisration of

polvearbophil hvdrogels confaining LH-RH the ovu-
fation inducing acuvity was 3 3 times greater than the
solutions. Fhe boadhesive hydrogels us well as pep-

Js
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fidase inhubition significantly improved absorption of

LH-RH. The ovulation inducig activity of polycar-
bophil hydrogel containing LH-RH was comparable
with s.c. administration in ovulation inducing activity.

The release rates of LH-RH from tablets based on
carbopol 974P-cysteine conjugate showed also a retar-
dation [9] like with progesierone. One explanation for
the slow release rates may be the fonmation of dis-
ultide bonds during the swelling which cause a higher
cohesiveness. Due 1o the results the carbopol $74P-
cysteine proved to be interesting as tool for the vagi-
nal administration of (poly)peptide drugs. An
improved inhibilory aciivity lowards vaginal mem-
brane bound aminopeptidase N could be additionally
achicved by carbopol 974P-cysteine.  Inhibitory
effects towards other metalloproteases being present
on vaginal tissue may he possible [9].

insulin has been administered over different routes
of appheation like transdermal. nasal and also vagina-
lv. For systerme delivery, insulin suspended in a
poly(acrylic acid) gel base was observed to facilitale
the rate of vaginal absorption in diabetic rats and
rabbits. When insubin was administered via the vagina
in the gel preparation. (0.1%, pH 6.5) to rats and
rablits. plasma insulin reached a peak and hypogly-
cemic effects were observed. However, plasma insulin
auickly diminished after 1 h and levels returned Lo
normal afier 3 h [91].
332 ki -
In conrrast to the poly(acrylates) chitosan is a
natural polycationic copolymer consisting of glucosa-
mine and N-acetylglucosamine units. Tt is mostly
obtained by deacetvlation of chitin derived from the
exoskecleton of crustaceans. Chitosan has valuable
properties as a biomatenal because 1t is considered
to be biocompatible, biodegradable and non-toxic
92!, The cationic character and the potential func-
ttonal groups make it an atractive biopolvmer for
many biemedical and pharmaccutical apphications.
As a pharmacculical oxcipient. chitosan has been
used in various formulatons. like powders, tablcts,
emulsions, and gels. Furthermore, a conirotled refease
of incorpovated drugs can be guaranteed [93.94]
Chitosan also shows mucoadhesive propertios and
antimicrobial activity 195.96].

The use of natural polymers is valuable based on
proven biocompatibility and sufety, Chitosan pos-

sesses favorable properties and hence has applications
in the pharmaceutical and biomedical fields [97,98]. 1t
is a promising bioadhesive material at physiological
pHs. This polymer possesses OH and NH. groups that
can give rise to hydrogen bonding. These properties
are considered essential for mucoadhesion {94 100].
Moreover. chifosan is suited for repeated adhesion,
since 1t did not become mactivated after the first
contact and no drop in mucoadhesion resulted [101].
A general observation 1s the sustained release beha-
vior of chitosan at a concentration of 30% of tablet
weight [102,103]. Formation of interpolymer com-
plexcs of chitesan with alginale and sodium carboxy-
methylceliufose (CMC) was investigated [104.1035].
Meshali and Gabr reported that drug release from in
situ polyion complexes affords more sustained effect
than the preformed complexes [106]. Potymer blends
can coimbine armrbutes of different polymers 1o give o
supentor quality tor the dosage form Moreover, poly-
icnie interaction of chitosan with anionic polymers
will permit a congiderable reduction of chitosan con-
ventration in tablet 1107,

One study aceounts for the possible use of chitosan
it mixtures of different rauos with amonic polvimers
for the preparavon of mucoadhesive ablets w be used
as a vagmal delnery system for metronidazole | 108],

By the intraduction of thio]l groups to chitosan the
mucoadhesive properties could be strongly improved
while maintaining its biodegradabitity [109]. Chitosan
was therehby modified by attaching thioghycolic acid

{TGA) onto the primary amino groups of the polvimer

via an amide bond fonmation [10]. The excellent
bicadhesion could result in an increased residence
time of a drug at the site of absorption by interacting
with the mucosa [110.111]. As chitosan is also known
to exhibit antimicrobial activity the chitosan-TGA
conjugate would be ideal as a matrix for the mainly
cationic antmycetics for treating myconc mfections
in the vagina. A comman microbial problem in the
vulvovaginal tract is the infection with C albicans
1200 Approsimately 73% of women will have a
vaginal snfection with a Cundida strain during their
lite and abow 40- 3G% of thom will suffer o second
one and a small pereentage wall shosy o chronie course
{113). By the invoduction of thiol groups the bivad-
hesive properties of chitosan could he significantly
mmproved. The addition of clotrimazole led therehy to
a further mereuse m bioudhesion on mucosal tissue,
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Due to the immobilisation of thiol groups, the cohe-
sive properties of the polymeric carrier mawix were
strongly improved avoiding an irritating vaginal
secretion of eroded polymer fragments. A dependence
on the amount of covalently attached thiol groups 1o
the controtled release of clotrimazole was shown. The
improved bioadhesive and cohesive properties of
tablets comprising chitosan-TGA conjugates in com-
bination with the controllied release of clotrimazole are
promismg vehicles for vaginal dosage forms in the
treatment of genitowrinary infections. Furthermore
chitosan-4-thio-butyl amidin-conjugates (chitosan-
TBA) could be of advantage for mucoadhesive vagi-
nal durg delivery systems [114].

3 3.3 Cellulase-dervvatives

Within the listed polymers displaying mucoadhe-
sive properties especially sodinm carboxy methyleel-
lulose had excellent mucoadhesive properries [64].

Gwnol 1L a contraceptive Jelly®, contains sadium
carboxymethyleellulose as a mucoadhesive polymer
and is used as a spermicidal coniraceptive in conjunc-
tion with barrier methods of cantraception,

In muny studies celiulose derivatives were com-
pared 16 polytacrylates) and found to be almost
equivalent compared ro them. El-Kamel et al. com-
pared the dissolution rates of metronidazole vaginal
tablets  based on  sodiumcarboxymethyl-cellulose
(NaCMC) methyleetiutose  (MC),  hydroxypropyl-
methyleellulose (HPMC) and HPMC/NaCMC mix-
tures and Carbopol 934. in different ratios. Follo-
wing rank order of drug dissolution rates was
obtained for the single polymer tablets in water:
MC »NaCMC > Carbopol> HPMC. Swelling studies
indicated an increase m swelling and mucoadhesion
and gave the same rank order. Adhesion behavior of
tablets prepared from NaCMOFIPMC (2:1) was
infermediate between that of NaCMCO und HPMC
tublets  Generally, the presence of Jdmug inereased
the adhesiveness of the fonmulation (1131 In com-
parison of the ccllulose derivatives with carbopol
they can be valuable alternatives,

In another study bicadhesive acyclovir vaginal
tablets  were prepared by using  poly(acrylic
acid), methyleellulose (MC). carboxymethyleellulose
(CMC), hydroxypropyl cellulose (HPC) and hydro-
xypropyl methvlecllulose (HPMCY as hioadhesive
polymers in different concentratrons by direct com-

pression and wel granutation techniques. The swel-
ling behavior of these vaginal tablets in distilled water
and factic solution, the acvelovir release rate i lactic
solution and bioadhesion to cow vagina were inves-
tigated. Swelling of the wblets containing HPC, CMC
and MC was very rapid and caused disintegration of
the tablets. The swelling behavior of the tablets con-
taining HPMC lasted 6 h in lactic acid solution. The
maximal detachient force from the vaginal tissue
was found to depend on the concentration and type
of the bicadhesive polymer. The tablets containing
HPMC needed the highest detachment force [4].

New dosage forms for the antimycotic clotrimazole
were developed by including bicadhesive polymers
{polycarbophil. HPMC. and sodium hyaluronate) into
pessaries made of sermsynthetic solid miglyeerides,
These polymers hold the delivery systems in the
vaginal tract for a few davs withour any toxic effects
or important physiological modifications, prolonging
the permanence of the drug on the vaginal mucosa.
The wechnelogy controls demonstrated that the pre-
sence of the polymers did not have anv influence on
the characteristics of the pessaries. On the other hand.
an mcreased adhesion of the pessaries wiath increased
concentrarion of mucoadhesive polymers could be
measwred in an in vitro test. The mucoadhesive
affected the drug permanence by modification of the
drug distabution atong the simulated application site.
In conclusion. the developmient of new formulations
showed good technological and adhesion properties
and a sufficient adhesive power of the dosage form on
the target site. Among the employed bivadhesive
potymers, the best behavior in the performed test
was by polycarbophil at its maximum concentration
(116].

The absorption rates of released PGE2 {prostaglan-
dm F2) from vaginal tablets, gel and pessary bases in
27 patients have been measured by means of serial
plasma 15-keto-PGE2 levels. The results showed 4
soud absorption of MC-gels (1171

Mackenzie o1 al. compared the ditfusion rates of
prostaglandin E2 ol different viscous solutions used in
chinical praciice for inducing abortion. Of those which
are currently in use, dextran solutions seem to be more
appropriate since the prostaglandin release was almost
linear over 2 h while release from NaCMC was more
rapidly as the release from methyl hyvdroxvethyi cel-
lulose. By increasing the viscosity it would be possi-
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ble to improve the vaginal retention and with it the
clinical results. A slow sustained linear release of
prostagiandin could be achieved by the combination
of different polymers [118)].

A topical disk-like dosage form for freatment of
cervical carcinoma was prepared by direct compres-
sion of a mixture of bleomycin—HCl and the combi-
nation of hvdroxypropyl cellulose and carbopol. In a
clinical study the released amount of bleomycin-HCI
mereased dramatically from this fonmulation. In 3 of 9
patients no cancerous focus was found after local
therapy using 90-195 mg bleomycin—-HC] and the
remaining foci found in the other 6 patienls were
very few. Moreover, the normal mucosa was not
affected by bleomyein-HCI [119].

Many patents dealing with simular application have
been patented, e.g. an amoxicillin-containing vaginal
tampon-like device was developed containing semi-
svinthetw glycerides {Suppocire AS2) HPMC and
dicthylene  glycol monoethyl  ether  {Transcutol)
[120]. An almost identical preparation from the tech-
nological point {121] except of the active compound
has been reparied for the intravaginal admmistration
of bisphosphonates. They are used for treatment of
osteoporosis and related bone and skeleton discases
and for prevention of bone breakdown and loss of
bonc mass and strength,

3.3.4. Hyalwronic acid and derivarives

Hyaluronic acid microspheres as vaginal drug
dehivery svstems are suggested for the systemic deliv-
ery of culeitomin by the vaginal route [5]0 A further
development of such microspheres were based on
hyaluronan csters, They have been evaluated as a
novel delivery system for the vaginal administration
of salmon caleitonin. Acute vaginul administration of
the hyaluronan-microspheres resulted in pronounced
hypocalcaemia in rats [122] and daily administration
far 2 months was shown to prevent bone loss in a rat
model for osteoporosis [123]. Quantification of the
cxtracted peptide in vive confirmed that the biological
activity of salmon caleitonin was unaffecred by the
microsphere preparation process [5].

A combinatton of hvalurome acid and HEC can
repair vaginal dryness o some extent [ 124} One
interesting use of hvaluronic acid is m combination
with the Doedetlein’s bacillus in order to normalize
the bucterial flora. The advantage of formulating with

hvaluronie acid could be a higher retention and a more
effectiveness of the Doederlein’s bacillus [125].

335 Peetin and traganth

One interesting patent deals with an aqueous solu-
tion for a vaginal douche consisting of a fungicidal
fungistatic drug, o surfactant as 4 penctrating agent,
and’or a bioadhesive gum such as tragacanth. pectim,
dextran and xanthan to hold the drug 1o the vaginal
wall. Thus. a solution contamed ketokonazole, pectin.
nonyl phenal-9 and polyethylene glveol [83).

From sixteen different formulations based on
bioadhesive polymers for vaginal delivery the highest
bicadhesive strength, the highest swelling volume and
the lowest pH reduction were obtained with a bicad-
hesive tablet consisting of a mixture of carbopal 934
and pectin 2:1 [126].

3.3.6. Starch

Insulin was udmingstered vaginally to sheep as an
agquoous solution and as a Ivophiliced powder within
tioadhesive starch microspheres [15]. The effect of
lvsophosphatidylcholine  (LPCY) on  the wvaginal
abhsorption of insulin tfrom both formulations 1w the
sheep was studied. While the vaginal absorption of
insulin from insulin solution was minimal, the addi-
tion of LPC resulted in a rapid rise 1in plasma insulin
and a pronounced fall in plasma glucose levels, The
absolute bivavailability of the peptide from the latter
solution was 13", The hypaglycemic response to
vaginally administered insulin was also improved
using the microsphere delivery system. compared to
innsulin solution alone, and was further enhanced by
LPC. Vagina! absorption of insulin from each formu-
lation appeared 10 be influenced by the estrous cyele
and was thought to correlate with changes in vaginal
histologyl [15}. To increase the bioavailability addi-
tional absorption enhancers were co-administered
[1271

3.3.7. Polvtethvlene gheol)

The use of palviethvlene glycol) offers a number
of passibilities for controlled drug release in depen-
dence of phy sicat properties such as molecular werght
3000--K000), specitic hydrates and changing diffu-
sion  coeflicient of  crystallinerubbery  hvdrogels
which affect the diffusion of drgs through the
witler swollen matrix and across the polymer boun-
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darv. The advantage of starting with a dry. drug-
impregnated polymer is to obtain the desirable zero
order release rate. Drugs have been classified into five
groups showing different release profiles. The effects
of design and loading on the release profile are
described presenting the first clinical resulis of mos-
phine loaded hydrogel suppositories [128].

Another interesting group of vaginal applications
are pofymer vaginal pessaries. Although the quantita-
tive bio{mucoiadhesiveness of polvethylene glycol
was quoted as poor [64]. Graham et al. reported a
hydrogel prepared from polvethylene glycol 600 pro-
viding constani rclease rates for prosiaglandin E2
(PGE2). The polymer was ahnost colorless, opaque,
tough and could be swollen by solvents. Polymer
vaginal pessaries containing 10 mg PGE2? released
>90% PGE2 during 24 1 [129,130].

A further development for such a PGE2 contain-
ing system was a crosslimked polymer from PEG
8490, 1,2.6-hexanetriol and  dicyclohexylmethane
4,4 diisocyanate. For in vitro release studies vaginal
pessaries were prepared containing trace amounts of
radioactive PGE2. Many factors such as the molecu-
lar weight of PEG. hydrogel preparation, crystallinity,
degree of crosslinking, device geomenv and drg
solubility affected the diffusion within the gel and
across the gelwater boundary, Radicimmunoassay
showed thar PGE2 was stable tor »12 months ar 4
C when tncarporated into the possaries [131]

338 Sulfuted polvsaccharides

The inhibitory effects of polvanionic substances on
the replication of herpes simplex virus (HSV) and
other viruses were reported almost four decades ago.
However, these observations did not generate much
interest, because the antiviral action of the compounds
was considered 1o be largely nonspecific. Shortty after
the identification of human immunodeficiency virus
(HTV) as the causative agent of the acquired immune
deficiency syndrome {AIDS) wn 1984, hepurin and
other sutfaled polysacchartdes were found o be potent
and selective inhibitors of HIV-1 replication in ceil
culture. Since 1988, the activity spectum of the sol-
fated polysaccharides has been shown to extend to
vartous cnveloped  viruses. including viruses that
emerge as opportunistic pathogens (e.g., herpes sim-
plex virus (HSV} and cytomegalovirus {CMV) in
inumunosuppressed {e.g., AIDS) patients. As potential

anti-HIV drug coandidates. sulfated polvsacchandes
offer a number of promismg featwres. They are able
to block HIV replication in cell culture at very low
concentrations without toxicity. Furthermore, experi-
ments carried out with dextran sulfate samples of
increasing molecular weight and with sulfated cyclo-
dextrins of different degrees of sultation have shown
that antiviral activiry increases with imcreasing mole-
cular weight and degree of sulfation. A sugar back-
bane is not strictly needed for the anti-HIV activity of
polysulfates because sulfated polviners composed ot a
carbon~carbon backbone have also proved to be
highly efficient anti-HIV agents in vitro. Because
polysulfates effectively inhibit cell-cefl adhesion,
polysulfutes may be considered as potentiglly effec-
tive in a vaginal formulation to protect against HIV
nfection. The sulfated polysaccharides have also
mucoadhesive properties and therefore these deriva-
tives are very promising candidates for such vaginal
systems [132].

3.3 9 Cuarrageenan

One representative of sulphated polymers s carra-
geenan. Carrageenan, a compound used in foods from
1ce cream to soup, is derived from red seaweed,
Although the corrageenan-hased products are slightly
microbiedes. they de not actoally kill microbes.
Rather. they avert mfection by binding ta the surtace
of the virus, thus preventing the microbes from adher-
ing fo cells and mtecting thent. Scientists found that
products containing both carrageenan and nonoxynol-
9 prevented the vaginal transmission of herpes simplex
virus-2 (HSV-2) more effectively than did products
with either of these compounds alone. The researchers
used HSV-2 bacause of its similarity to HIV. Like HTV,
HSV-2 is an enveloped virus. Some viruses build up in
cells until the cells burst and they cscape. In contrast,
enveloped viruses exit celis by pinching oft and inha-
biting a small bubble, ar envelope. of cell membrane.
The rescurchers speculate thut formulations protective
against one enveloped virus will be protective against
others, When tested vaginally in mice, formulations
vontaining hoth carrageenan and N-9 effectively pre-
vented intection. Products with carrageenan alone
were less cffective, and over-the-counter spermicides
containing N-9 were least effective. Formulations con-
taining N-9 were much more effective when the virus
was introduced into the vagina 5 min after microbicide
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treatment, rather than 3 h after treatment. The resear-
chers speculated that N-9 might damage the vagina
over the 3-h period. allowing for easier infection.
Formulations containing carrageenan alone retained
most of their efficacy over 3 h. The carrageenan-
based nonoxynol-9 formulation may provide a greater
degree of protection from vaginal fransnission of bath
HEV-2 and HIV than currently avanlable nonoxynol-9-
contaming spermicides {133.134]. Besides heing safe.
cheap. and widely avaitable. carrageenan 15 effective
over a wide pH range. Carrageenan retains s proper-
ties at high temperatures and remains effective for
hours within (he vagina, Finally. carrageenan is not
absorbed by the body, and theretore should cause no
svstemic side effects.

The findings of Perotti et al. suggest that carragee-
nan formulations block cell trafficking of macro-
phages from vagina and that blocking does not
result from cytotoxicily. They conclude that blocking
cell trafficking may help to prevent sexual transmis-
sion of HIV [135].

Results of a Phase | trial of the safety of a for-
mulation containing 2% iata-carrageenan indicate that
a5 mL 2% gel formulation of wta-carrageenan s not
associated with significant biritation of the female
reproductive tract when administered once daily in
the absence of sexual intercourse. Preliminary n
vitro results suggest that vaginal formulations of sul-
fated polysaccharides have the potential to Dblock
mucosal NV wransmission | E36]

3.3.10. Na alginate

The ¢ffects of delivery of gel pH and osmuolartty on
both the mass transport and ‘bioditfusion” of the
spermicide nonoxynol-9 (N-9) in bovine cervical
mucus were evalvated. Delivery gels were alginate
crasslinked with caleium chloride containing 3% N-
9 and were manufactured over a pH range of 3.4-59
angd a different osmolarity. Mass wansfer parameters
(diffusion coefficients and total diug loading) were
determined using an UV spectropholometric (echni-
que while biodiffusion {the diffusion distance into
mucus at which sperm are killed) was assessed
using the Double Ended Test [137} Tt was found
that dclivery gel pH had a significant cffect on sper-
micidal efficacy of the alginate-N-9 system; biodiftu-
sion increased with decreasing pH. Actual N-9
diffusion 1nto muocus was found to be influenced by

both the delivery gel pH and osmolariev. Al high N-9
concentration (near the gel/mucus interface}) mass
transport tended to decrease with decreasing pH at
the highest osmolarity. At low concentration, mass
transport tended to decrease with increasing osmolar-
ity and decrease with increasing pH at the highest
osmelarity. The difference between low and high
concentration  behavior can be  atiributed to N-9
nncelle formation. These findmgs are interpreted in
the context of the design of intravaginal drg delivery
vehicles for spermicides [13K].

3311 Gelatine

From a historical point of view it can be said. that
the old vaginal forms which were based on gelatine
can be seen as the first mucoadhesive systems. To date
gelatine capsules with different drug loading and
additional mucoadhesive polymers inside the capsules
have been suggested [139,140].

4. Conclusion

Mucoadhesive polymers are very promising can-
didates for systemic and local vaginat drug delivery.
There is still ongoing research dealing with muco
(moadhesive vaginal fonmulations that are capable
of delivering the active agent for an extended period
at a predictable rate. To date most of the existing
dosage forms are based on tie synthetic poliacry-
lates) but in the near fuwre natural compounds such
as chitosan or cwrageenan and new derivatives will
gamn more significance
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