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SUPERINTENDENCIA DE INDUSTRIA Y COMERCIO
DIVISION DE NUEVAS CREACIONES
E. S. D.

Re: Expediente No. 03.047.019
Solicitud de patente a nombre de NOVARTIS AG

Yo, JIMENA ESCOBAR URIBE, identificada como aparece al pie de mi firma,
domiciliada en la carrera 11 No. 86-53, piso 6, obrando como apoderada de la
sociedad NOVARTIS AG, domiciliada en Basilea, Suiza, solicitante de la patente
de la referencia, en respuesta al oficio No. 9866 notificado por fijacién en lista el
01 de agosto de 2008, relacionado con el concepto técnico de fondo No. 1171,
me permito manifestar:

1. Con fundamento en la facultad que confiere el articulo 34 de la Decisién
486 al solicitante para modificar la solicitud de patente en cualquier momento del
trimite, presento junto con este memotial un nuevo capitulo reivindicatorio, en el
cual se realizan las modificaciones més abajo enunciadas.

11 Se corrigen la reivindicaciéon 1 para especificar la naturaleza del agente
farmacolégicamente activo y del agente de entrega.

1.2 Se corrige el capitulo reivindicatorio para eliminar las reivindicaciones
afectadas por excepciones a la patentabilidad.

En cuanto a estas modificaciones, me permito decir que las mismas no amplian
de ninguna manera la matetia objeto de la presente solicitud y se realizaron con el
animo de superar las objeciones de clatidad planteadas por el examinador en su
concepto técnico.

Para este efecto, me permito acompaiiar el recibo de pago No. 08-77,831 del 30
de septiembre de 2008, con el cual queda cubierta la tasa correspondiente a la
muodificacién de una solicitud de patente en cuanto a su capitulo reivindicatotio.

2. Claridad de la solicitud
El examinador objeta la claridad de la desctipcién argumentando que “/...] es

necesario que el interesado seiiale cual es la composicion de las formulaciones que fueron
utilizadas como referencia incorporando las denominaciones comunes de los excipientes y las
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proporciones nsada, para tal efecto se recomienda evitar el uso de denominaciones comerciales que
no permiten comprender la clase de coadynvante usado en la formulacion”. Al respecto el
solicitante quisiera anotar que no es clara la objecién del examinador puesto que
en las paginas 18 a 24 de la solicitud se desctibe de manera precisa como se
elaboran las diferentes composiciones, con cantidades, tiempos y resultados
especificos. A modo de ejemplo se cita el método de obtencién del ejemplo
comparativo B:

T “Ejemplo Comparativo B

| Se combinan 14_gramos de la sal disédica de 5-CNAC y
0.56 gramos de CabOS1l, y se tamizan a través de un tamiz; de malla 40.
Se combinan 0.3 gramos la mescla de sal disédica de 5-CNAC/ CabOSil,

v, 0.028 gramos de calitonina de salmin, previamente tamigada a través de un
tami3, de malla 40, y 0.56 gramos de Ac-Di-Sol, previamente tamizado a
través de un tamig de malla 30, en una mecladora-1" de 1 cuarto. La mescla
se bate durante 2 minutos. Se agregan aproximadamente 14.3 gramos de
la mescla de sal disidica de 5-CNAC/Cab-O-Sil geométricamente a la
mecladora-V/, y se megclan durante 2 minutos después de cada adicion (se
agregan en sucesion aproximadamente 0.8, 1.7, 3.2, v 8.6 gramos). Se
agregan 12.43 gramos de Avicel PH 102 y 0.42 gramos de estearato de
magnesio, previamente tamizados a través de un tamiz, de malla 40, a la
mezgladora-V', y se mezclan durante 5 minutos. Luego se tamiza la mescla

’ final a través de un tamiz, de malla 40, y se comprime en tabletas utilizando,

por ejemplo, una prensa Manesty F3. Los pesos de las tabletas son de
aproximadamente 400 miligramos.”

Para el técnico con habilidad ordinaria en la materia la composicién del ejemplo
comparativo B es clara y especifica, hasta el peso de las tabletas fabricadas es
evidente. De manera similar sucede con los demas ejemplos comparativos, por
lo que la objecién del examinador catece de fundamento.

En cuanto al uso de términos comerciales, una lectura simple de la invencién le
permite al técnico con habilidad ordinaria en la materia encontrar que en la
pagina 15 de la descripcién se encuentra el significado de 5-CNAC, en la pagina
16 se encuentra definido el Avicel PH 102 y en la pagina 18 se define el Ac-Di-
Sol, por lo que no resulta muy clara la objecién del examinador, pues todos y
cada uno de los componentes utilizados en los ejemplos comparativos se
encuentran definidos en la descripcion y resultan petfectamente claros para dicho
técnico con habilidad ordinaria en la materia. Con el fin de atender de la mejor
manera posible las objeciones del examinador, el solicitante respetuosamente le
requiere mayor especificidad respecto a aquellos apartes de la descripcién que no
resultan del todo claros para ese Despacho, pues se ha tratdo de ubicar el origen
de las objeciones, pero no ha sido posible identificar dentro del texto de la
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descripcidn los fragmentos pertinentes.

En cuanto a la claridad de las reivindicaciones, el solicitante presenta un nuevo
capitulo reivindicatorio en el cual se cotrige la reivindicacion 1 para especificar la
naturaleza del agente farmacolégicamente activo y limitar el agente de entrega

empleado.

[ SURRESI -

3.  Excepciones a la patentabilidad

El examinador objeta las reivindicaciones 12 a 14 por referitrse a un método de
tratamiento terapéutico, lo cual no es patentable en Colombia. Por lo tanto, el
solicitante retira dichas reivindicaciones.

4. Novedad

El examinador objeta la zvedad a la luz de lo divulgado por las anterioridades
D1 — D4, en conjunto. Al respecto el solicitante quisiera anotar que el
examinador esta cometiendo un error al tomar diferentes documentos para
objetar la novedad de diferentes aspectos de la invencién. Es necesario citar el
Manual Andino de Patentes, pagina 59, en el cual se establece que: “Para e/ andlisis
de la novedad no se pueden combinar diferentes documentos del estado de la técnica”.

De acuerdo con lo expresado por el Manual Andino sumado a la prictica
generalizada de esa oficina, la novedad se evalia a partir de un unico documento
y solo se puede ver afectada si la totalidad de la invencién se encuentra contenida
en dicho documento. En consecuencia, el hecho que el examinador cite
diferentes documentos para cada aspecto de la invencién implica, en un
comienzo, que la solicitud posee diferencias respecto a cada uno de los
documentos citados. La presencia de estas diferencias, pot pequefias que sean, es
sin lugar a dudas un indicio claro e irrefutable de novedad de la presente solicitud
por sobre el arte previo.

Siendo asi, es evidente que el analisis realizado por la SIC ha sido errado y la
afirmacion sobre la falta de novedad de la invencién es equivocada.

Lo anterior se ve reforzado por dicho Manual Andino de Patentes, el cual en la
pagina 60 dice que: “La impugnacion de la novedad deberd hacerse a partir de una misma
divuigacion, teniendo en cuenta que no se podrd combinar distintas fuentes de
referencia’.

Contrario a esta indicacién, el examinador busca cada una de las caracteristicas-
relevantes de la invencién en diferentes documentos y combina varias fuentes
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para evaluar la novedad de la solicitud. Como resultado de estos errores, la
conclusién del examinador sobre la falta de novedad es incorrecta.

5. Nivel Inventivo

El examinador objeta la altura inventiva de la solicitud argumentando que la
combinacion de la anterioridad D1 con cualquiera de las antetiotidades D2 a D4
le permite al técnico con habilidad ordinaria en la materia llegar a lo propuesto
por la presente solicitud.

El solicitante quisiera llamar la atencién del examinador a los ejemplos de la
presente solicitud, los cuales demuestran diferencias significativas sobre la
biodisponibilidad de un agente activo de péptido, en particular la calcitonina,
cuando se entrega con una formulacién que contiene crospovidona contra
composiciones comparativas que contiene desintegrantes alternativos, a sabet:

Avicel y CabOSil.

Los resultados en la tabla 1 muestran una C_, en plasma para calcitonina que es
6 o 7 veces mayor para una composiciéon de la invencién que comptende
crospovidona que las de los ejemplos comparativos. FEste es un efecto
enteramente inesperado y sorprendente.

o N No hay una razén particular para que una persona con habilidad en la materia

hubiera elegido la crospovidona en lugar de cualquiera de los demas
desintegrantes empleados en el arte previo y nuevamente se hace énfasis en que
clertamente no hay ninguna expectativa de que la crospovidona lleve a una
biodisponibilidad oral significativamente mejor que la de los demas
excipientes/desintegrantes.

Es claro, entonces, que el técnico con habilidad ordinaria en la materia no podtia
derivar del arte previo la actividad mejorada que se obtiene al combina
crospovidona con calcitonina ya que ninguno de dichos documentos sugiere tal
combinacion.

Cabe anotar que el técnico con habilidad en la materia teconocera que combinar
crospovidona con otros proteinas no indica que la combinacién especifica de la
presente solicitud sea obvia y que el resultado obtenido sea evidente.

En resumen, me permito decir que gracias a las modificaciones expuestas en el
punto 1 de este memorial y los atgumentos anteriormente mencionados, la
presente solicitud cumple cabalmente con los requisitos de claridad y altura
-inventiva respecto a la formulacién expuesta en el capitulo reivindicatorio. Por lo
tanto, solicito comedidamente a ese despacho se sitva teconocer estos requisitos
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y conceder el privilegio de patente de invencidn a la solicitud en estudio.

Sefior Superintendente,

ENA ESCOBARURIBE

‘ , (CC.39.779.452 de Usaquén
E TP 68228

Céd. 5376
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REIVINDICACIONES

1- Una composicidén farmacéutica sdélida apropiada para la
entrega oral de un agente farmacéuticamente activo que
comprende:
(a) una cantidad terapéuticamente efectiva de un agente
péptido farmacoldégicamente activo; QqhﬂﬁnW1a
(b) una crospovidona o povidona; y
(c) un agente de entrega para dicho agente
farmacoldgicamente activo que comprende el siguiente

compuesto de férmula I: S.eNAC

en donde:

R', R?, R® y R! son independientemente hidrégeno, -OH, -
NR6R7, haldégeno, C;-C, alquilo o C;-C4 alcoxi;

R5 es C2-Cl6 alqguileno sustituido o sin sustituir, C2-
Cle algquenileno sustituido o) sin sustituir, Cl-C1l2
alquil (arileno) sustituido o sin sustituir o aril (Cl-C12
alquileno) sustituido o sin sustituir; vy

R6 y R7 son independientemente hidrégeno, oxigeno, o Cl-
C4 alquilo; e

hidratos y solvatos de alcohol del mismo.

2~ Una composicidén de acuerdo con la reivindicacién 1 en
donde el agente activo es un péptido seleccionado del grupo
que consiste de calcitonina, hormona del crecimiento humano,

hormona paratiroide y fragmentos de hormona paratiroide.

3- Una composicién de acuerdo con la reivindicacién 1 en

donde el péptido es una calcitonina.



N
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4- Una composicidén de acuerdo con la reivindicacidén 3 en

donde la calcitonina es calcitonina de salmdn.
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administration.
Said pharmaceutical tablet consists of:

a core containing the active substance or substances to be
released in the gastric or intestinal tract, polymeric sub-
stances which swell and/or gel and/or erode on contact with
water or aqueous liquids and adjuvant and excipient sub-
stances normally used in the pharmaceutical technique;

a layer applied externally to said cope, preferably by
compression, suitable to allow the release of the aclive
substance or substances contained in the core after a definite
period of time, and consisting of natural and/or synthetic
polymeric materials of the class of hydrophilic polymers
which erode and/or gel and/or dissolve in an aqueous
medium and adjuvant and excipient substances normally
used in the pharmaceutical technique. Such a layer does not
contain active substance but acts only as a releasing modu-
lator allowing the release of the active substance contained
in the core after a definite period of time which can be
controlled by proper in vitro tests;

a possible gastroresistant and enterosoluble coating
applied on said external layer.

A new pharmaceutical form is obtained which does not
release the active substance contained in the core fop a
definite period of time. In fact the release of the active
substance after administration of the pharmaceutical form
occurs only when the characteristics of said external layer
are modified by the contact with the gastro-intestinal liquids
in such a way to allow the active substance dissolution. The
finished pharmaceutical tablet (core+ external layer) can be
coated with a film of gastroresistant polymeric material in
such a way to allow the system activation only when the
tablet attains the duodenal tract.

DETAILED DESCRIPTION OF THE
INVENTION

The characteristics and advantages of the pharmaceutical
tablets with release of the active substance after a definite
period of time according to the present invention, will be
pointed out 1o a greater extent duping the course of the
following detailed description.

Said tablets consist of:

a core containing the active substance and polymeric
substances swelling and/or gellable and/or erodible on con-
tact with water or aqueous liquids and adjuvant substances;

a layer externally applied to said cope, able to prevent the
immediate release of the active substance contained in the
core and to allow the release of the said active substance
after a definite period of time, consisting of natural and/or
synthetic polymeric substances belonging to the class of the
erodible and/or gellable and/or soluble in an agueous
medium hydropilic polymers and adjuvant substances;

a possible gastroresistant and enterosoluble coating.

BRIEF DESCRIPTION OF THE DRAWING

Said tablet has the form shown in FIG. 1, in which the
cope is indicated by (1), the layer externally applied to the
cope is indicated by (2) and the possible coating is indicated
by (3).

The cope (1) is prepared by compression of the relative
mixture possibly pregranulated, the layer (2) is preferably
applied by compression of the relative mixture possibly
pregranulated and the coating (3) is preferably applied by
film-coating.

10

20

30

35

40

50

55

60

63

4

One of the characteristics of the tablet according to the
invention consists in that in the preparation of the cope, in
addition to the active substance, also polymeric substances
able to modulate (to stow and/or to speed up) the release of
the active substance, are used.

An active substance very soluble in water and/or aqueous
liquids independently from the pH value of the dissolution
medium and/or of the gastrointestinal tract may be used or
an active substance poorly soluble in the same conditions,
may be used. In this case particular adjuvants may be used
to facilitate the quick dissolution as, for example, described
in the volume “Techniques of Solubilization of Drugs” by S.
H. Jalkowsky Ed.—M. Dekker New York 1985 and the
Italian patent application No. 21091A/90 of 20°Jul. 90.

Non steroid (NSAID) or steroid antiinflammatory drugs
as sodium diclofenac, indomethacin, ibuprofen, ketoprofen,
diftunisal, piroxicam, naproxen, flurbiprofen, sodiun tol-
metin, or sleep inductors and tranquillizers as diazepam,
nitrazepam, flurazepam, oxazepam, chlordiazepoxide,
medazepam, lorazepam or active substances for the preven-
tion of angina attacks and hypertension as diltiazem, trapidil,
urapidil, benziodarone, dipyridamole, lidoflazine, naphthy-
drofuryl oxalate, perhexiline maleate, oxyfedrine hydroclo-
ride, or drugs of peptidic nature as insulin, calcitonin and
somatostatin, may be used as active substances.

Crosslinked polyvinylpyrrolidone, hydroxypropylmethyl-
cellulose, crosslinked sodium carboxymethylcellulose, car-
boxymethylstarch, potassium methacrylatedivinylbenzene,
copolymer, polyvinylalcohols, starches, starch derivatives,
betacyclodextrin and dextrins derivatives in general may be
used, for example, as polymeric substances in the prepara-
tion of the said core. Said polymeric substances constitute
from 1.0 to 90% of the core weight.

As far as the hydroxypropylmethylcellulose is concerned
various types with different molecular weight (between
1,000 and 4,000,000) and with different substitution degree
may be used.

Said types of hydroxypropylmethylcellulose present dif-
ferentiated characteristics being mostly erodible or mostly
gellable depending on the substitution degree (S.D.) shown
in the polymer chain.

In addition adjuvant substances as natural and/or synthetic
polymeric materials belonging to the class of the so called
gellable hydrophilic polymers, able to slow the release of the
active substance from the core, may be used.

Finally, excipients normally used in the pharmaceutical
technique as mannitol, lactose, magnesium stearate, colloi-
dal silica and others as glyceryl monostearate, hydrogensted
castor oil, waxes, mono-bi-and trisubstituted glycerides,
may be used.

When the penetration of the water and/or aqueous fluids
in the core is to be helped, hydrophilic diluents as mannitol,
lactose, starches of different origin, sorbitol and xylitol are
introduced.

When the penetration of water and/or aqueous fiuids in
the core is to be slowed down, hydrophobic diluents as
glyceryl monostearate, hydrogenated castor oil, waxes and
mono-bi-trisubstituded glycerides are introduced. It is to
remark that generally in the case of hydrophylic matrices,
like those generally constituting the said core, particularly in
the case of very soluble in aqueous liquids drugs, the “dose
dumping” effect may occur, that is the release of an exces-
sive amount of drug in a very short period of time, this fact
causing the appearance of collateral effects not always easily
tolerable by the patient.

The pharmaceutical tablets of the invention have the

141



5,464,633

5

advantage of releasing the active substance contained in the
core after a definite period of time and, containing a reduced
amount of drug compared to the traditional retard forms, of
avoiding the dose dumping effect.

Such result is reached by completely coating said core
with an external layer, preferably but not necessarily,
obtained by compression.

Said layer consists of natural and/or synthetic polymeric
materials belonging to the class of the gellable hydrophilic
polymers and/or to the class of the erodible hydrophilic
polymers and/or gellable and soluble in water and/or in the
dissotution medium at a rate which can be rigorously
predetermined and controlled with proper tests in vitro, the
rate of erosion and/or of dissolution being determined by all
the substances constituting the formulation. In addition to
said polymeric materials, excipients as hydrophilic agents,
so called canalizing agents, may be used in the formulation
used for said layer when the erosion or gelling or dissolution
process is to be accelerated, or hydrophobic and water
repellent agents when said process have to be slowed down.

Other technological adjuvants able to give to the material
or to the mixture the suitable characteristics of industrial
workability are moreover used.

The polymeric substances used in the preparation of the
external layer, can show characteristics of gastroresistance
and enterosolubility allowing the activation of the system
only after the tablet has reached the enteric tract and in
particular formulations of said polymeric substances able to
obtain tablets expressly designed to the release of the active
substance at the colon level, are possible.

The polymeric substances used for the external layer
preparation are selected in the class comprising hydroxypro-
pylmethylcellulose with a molecular weight between 1,000
and 4,000,000, hydroxypropylcellulose with a molecular
weight between 2,000 and 2,000,000, carboxyvinyl poly-
mers, polyvinylalcohols, glucans scleroglucans, mannans,
xanthans, carboxymethylcellulose and derivatives, ethylcel-
lulose, methylcellulose and, in general, cellulosic deriva-
tives.

As far as the hydroxypropylmethyicellulose is concerned
the remarks expressed on this substance in the use for the
core preparation, are confirmed.

Said polymeric substances may be present in a percentage
between 5 and 90 per cent of the total weight of said layer
but preferably between 50 and 85 per cent.

Said polymeric substances, used one by one or mixed
together, are able to determinate a “retard” in the release of
the active substance contained in thé core in a period of time
between 15 minutes and more than 8 hours, also modifying
the drug release rate from the core.

Said polymeric substances may be contained in the core
too, when a slowed release of the active substance is to be
obtained. Said external layer has a thickness between 0.2
and 4.5 mm if it is by compression applied and between 0.1
and 4.5 mm if it is by film-coating applied.

In the case said external layer is applied by compression
diluents as those traditionally used in the solid forms prepa-
ration or fatty, waxy, natural and synthetic or semisynthetic
substances as glyceryl monostearate and semisynthetic trig-
lyceride derivatives, semisynthetic glycerides, hydrogenated
castor oil, glycerylpalmitostearate, glyceryl behenate and
other adjuvants such as binders as polyvinylpyrrolidone,
gelatin, ethylcellulose, methylcellulose, sodium carboxym-
ethylcellulose and other natural or synthetic substances well
known to the skilled in the field, may be used.
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For example magnesium stearate, stearic acid, sodium
stearate, talc, sodium benzoate, boric acid, polyoxyethyl-
englycols and colloidal silica, are used.

Moreover diluent, lubricant, antiadherent and glidant sub-
stances, hydrophilic and canalizing agents and other sub-
stances able to give to said layer the requested characteris-
tics can be used, as the following examples will better
specify.

Said external layer may be obtained also by film-coating
and/or lacquering process according to methods well known
to the skilled in the field.

In such case besides the basic polymeric material as
before described plasticizing substances as butylphthalate,
propylphthalate, dietylphthalate, zein, polyoxyethylengly-
cols with different molecular weight and opacity agents as
titanium dioxide and other adjuvants well known to the
skilled in the field, may be used.

On said layer, independently from the ways of applica-
tion, a film of gastroresistant and enterosoluble polymeric
material can be further applied, to allow the system activa-
tion only after the tablet has reached the duodenum-intesti-
nal tract.

Pharmaceutical systems of the last type may be used for
the preparation of tablets specifically designed and adressed
1o release the active substance in the last part of the intestinal
tract, that is at the colon level.

As polymeric materials to obtain the gastroresistance,
cellulose, acetophthalate, cellulose acetopropionate, cellu-
lose trimellitate, acrylic and methacrylic polymers and
copolymers with different molecular weight and solubility
dependent on different pH values may be used.

Said materials may be applied on the finished pharma-
ceutical form (core+external layer) by the classic film-
coating process using solutions in organic solvents or aque-
ous dispersions and operating by nebulization in basin or in
fluidized bed.

Said gastroresistant and enterosoluble materials may also
be used in association with retarding polymers.

The following examples refer to the preparation of pro-
totypes of the realization before described and they are
reported only for explanatory and not limitative purpose of
the present invention.

EXAMPLE 1

PREPARATION OF TRAPIDIL BASE TABLETS

la—Preparation of the core granulate

N° 10.000 cores each having the following unit compo-
sition, are prepared:

Trapidil (Inverni della Beffa, Milan, I) 150.0 mg
Hydroxypropylmethylcellulose (Methocel K4,

colorcon, Orpington, U.K.) 30.0 mg
Mannitol (USP grade, C. Erba, Milan, T) 98.3 mg
Polyvinylpyrrolidone (Plasdonc ® K29-32,

Gaf Corp., Wayne, NY, US.A) 3.7 mg
Magnesium stearate (USP grade, C. Erba Milan, 1) 2.0 mg
Colloidal silica (Syloid 244, Grace GmbH, Worms, D) 1.0 mg

The hydrophilic core manufacture process consists in the
preparation of a granulate by mixing, in a sigma Erweka K5
type mod. (Frankfurt a.M. -D) mixer, the proper amounts of
active substance, hydroxypropylmethyicellulose and man-
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TABLE VIII

Drug % released from Drug % released

the core without from the
Time (h) external layer finished tablet
1 18.6 0.0
2 32.1 0.0
4 55.7 0.1
6 76.9 5.8
8 98.0 143
10 100.8 254
12 38.7
14 52.9
16 67.4
18 84.8
20 95.6

Also in this case it is clear that the active substance release
from the finished tablet begins only after a period of about
three/four hours compared to the core without external layer.

5

10

This behaviour confirms the validity of the embodiment 20

and in this case points out that a change of the external layer
leads to a change in the “time-lag” of about one/two hours
compared to a lower thickness.

We claim:

1. Pharmaceutical tablet for oral adimifiistration suitable to. 5

releasc;the-active-substancerafter:adefiniie -periodof-time,
consis_t‘igg¢es§en§_i-ally:9f_:' .

- core conlaining the active substance tobereleasedin the

gastric or.intestinalstract, a"polymeric substance which

swells and/or-gels_and/er:erodes -on contact:with-water 4

.or-aqueous . liquids. and-is=selected =from=the=group
consisting.of hydroxypropylmethylcellulose having a
methoxyl content of 22.1% and a viscosity of 15,000
centipoises,  wcrosslinked——polyvinylpyrrolidone,,
crosslinked sodium carboxymethylcellulose, potassium
methacrylate-divinyl-benzene copolymer, polyvinylal-
cohols and beta cyclodextrin and adjuvants and excipi-
ents;

a layer.applied externally,to.said-core. by a compression

process said layer being suitable to allow the release of
the active substance contained in the core after a
definite period of time and being selected from the
group consisting of hydroxypropylmethylcellulose
having a methoxyl content of 22.1 and a viscosity of
4,000 centipoises, carboxy vinyl polymers, glucans,
mannans, Xanthans™and “carboxymethylcellulose and
adjuvants and excipients; .
wherein said layer is applied externally to said core and has
a thickness of 0.2-4.5 mm which allows the release of said
active substance in said core after contact with water or an
aqueous liquid for a period of 2 to 3 hours.

2. Tablet as claimed in claim 1, characterized in that said
active substance is a non-steroid antiinflammatory drug or
steroid antiiflammatory drug selected from the group con-
sisting of sodium diclofenac, indomethacin, ibuprofen, keto-
profen, diflunisal, piroxicam, naproxen, flurbiprofen and
sodium tolmetin.

3. Tablet as claimed in claim 1, characterized in that said
active substance is a sleep inducer drug selected from the
group consisting of diazepam, nitrazepam, flurazepam,
oxazepam, chlordiazepoxide, medazepam and lorazepam.

4. Tablet as claimed in claim 1, characterized in that said
active substance is an anti-hypertension drug selected from
the group consisting of trapidil, urapidil, benziodarone,
dipyridamole, diltiazem, lidoflazine, naphthydrofuryl
oxalate, perhexiline maleate and oxyfedrine hydrochloride.

5. Tablet-as claimed.in.claim-l-charactefized in that said
activersubstance isza-peptiderdrugrselected:from:the -groupx
consisting:of;insuliny-calcitonin;-and-somatostatin.
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6. Tablet as claimed in claim 1, characterized in that in
said core composition said polymeric substances are con-
tained in a percentage of from 1.0 to 90.0 of said core
weight.

7. Pharmaceutical tablet for oral administration suitable to
release a peptide drug selected from the group consisting of
insulin, calcitonin and somatostatin after a definite period of
time, said tablet consisting of:

core containing a peptide drug selected from the group
consisting of insulin, calcitonin and somatostatin, a
polymeric substance which swells and/or gels and/or
erodes on contact with water or aqueous liquids and is
selected from the group consisting of hydroxypropyl-
methylcellulose having a methoxy! content of 22.1%
and a viscosity of 15,000 centipoises, crosslinked poly-
vinylpyrrolidone, crosslinked sodium carboxymethyl-
cellulose, potassium methacrylate-divinyl-benzene
copolymers, polyvinylalcohols and beta cyclodextrin
and adjuvants and excipients;

a layer applied externally to said core by a compression
process said layer being suitable to allow the release of
said peptide drug contained in the core after a definite
period of time and being selected from the group
consisting of hydroxypropylmethylcellulose having a
methoxyl content of 22.1 and a viscosity of 4,000
centipoises, carboxy vinyl polymers, glucans, man-
nans, xanthans and carboxymethylcellulose and adju-
vants and excipients;

wherein said layer is applied externally to said core and has

a thickness of 1.0-1.50 mm which allows the release of said

active substance in said core after contact with water or an
aqueous liquid for a period of 2 to 3 hours.

8. Tablet as claimed in claim 1, characterized in that said
adjuvant substances of the core are hydrophilic diluents
selected from the group consisting of mannitol, lactose,
starches of different source, sorbitol, xylitol.

9. Tablet as claimed in claim 1, characterized in that said
adjuvant substances of the core are hydrophobic diluents
selected from the group consisting of glyceryl monostearate,
hydrogenated castor oil, waxes and glycerides.

10. Pharmaceutical tablet for oral administration as
defined in claim 1 wherein the external layer is about 1.0 mm
to 1.5 mm thick.

11. Pharmaceutical tablet for oral administration as
defined in claim 1 wherein the external layer is about 1.0 mm
thick.

12. Pharmaceutical tablet for oral administration as
defined in claim 1 wherein the external layer is about 1.5 mm
thick.

13. Pharmaceutical tablet as claimed in claim 1, charac-
terized in that said active substance is selected from the
group consisting of diflunisal, piroxicam, flurbiprofen,
sodium tolmetin, nitrazepam, flurazepam, oxazepam, chlo-
rdiazepoxide, medazepam, lorazepam, trapidil, urapidil,
benziodarone, dipyridamole, diltiazem, lidoflazine, naph-
thydrofuryl oxalate, perhexiline maleate, oxyfedrine hydro-
chloride, insulin, calcitonin and somatostatin.

14. Tablet as¢laired in claim 1; characterized in thatsaida

adjuvant-and excipient substamices used for_(Re preparation®

of theexternal-layersare. selected-fronrthe:group-consisting
«of~glyceryl monostearate, semisynthetic glycerides, hydro-

genated castor oil, glyceryl palmitostearate, glyceryl behen-
ate, polyvinyl,pyrrolidine, gelatin, ethylcellulose, methyl-
cellulose, sodium carboxymethylcellulose, magnesium
stearate, stearic acid, sodium sicarate, talc, sodium benzoate,
boric acid, polyoxyethylene glycol and colloidal silica.
15. Pharmaceutical tablet for oral administration suitable
to release the active subsiance after a definite period of time,

consisting essentially of:

143
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a core containing the active substance to be released-in-the
gastric or intestinal tract,-a-polymeric-substance -which
swells and/or gels and/or erodes on contact with water
or aqueous liquids and is selected from the group
consisting of hydroxypropyimethylcellulose having a
methoxyl content of 22.1% and a viscosity of 15,000
centipoises, crosslinked ™ polyvinylpyrrolidone,
crosslinked sodium'carboXymethylceliulose, potassinm
methacrylate-divinyl-benzene copolymer, polyvinylal-
cohols and beta cyclodextrin and adjuvants, and excipi-
ents;

a layer applied externally to said core by a compression
process said layer being suitable to allow the release of
the active substance contained in the core after a
definite period of time and being selected from the
group consisting of hydroxypropylmethylcellulose

18

having a methoxyl content of 22.1 and a viscosity of
4,000 centipoises, carboxyl vinyl polymers, glucans,
mannans, xanthans and carboxymethylcellulose and
adjuvants and excipients;
wherein said layer is applied externally to said core and has
a thickness of 0.2-4.5 mm which allows the release of said
active substance in said core after contact with water or an
aqueous liquid for a period of 2 to 3 hours wherein said
pharmaceutical tablet has a gastroresistant and enterosoluble

10 coating which consists of polymeric materials selected from

the group consisting of cellulose acetophthalate, cellulose
acetopropionate, cellulose trimellitate, acrylic polymers,
acrylic copolymers, methacrylic polymers and methacrylic
copolymers.
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(57] ABSTRACT

Bioavailability of salmon calcitonin to be administered
orally is enhanced by a pharmaceutical composition provid-
ing targeted release of the peptide to the intestine, together
with an absorption enhancer and a sufficient amount of a
pH-lowering agent to lower local intestinal pH. Specific
concentrations and classes of these agents are disclosed to
account for the particular characteristics of salmon calcito-
nin.
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ORAL SALMON CALCITONIN
PHARMACEUTICAL PRODUCTS

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to oral salmon calcitonin
pharmaceuticals, to methods of enhancing bioavailability of
orally administered salmon calcitonin, and to methods of
treating bone and calcium disorders in humans by orally
administering salmon calcitonin in accordance with the
invention.

2. Description of the Related Art

Salmon calcitonin is a peptide hormone which decreases
uptake of calcium from bone. When used to treat bone-
related diseases and calcium disorders (such as osteoporosis,
Paget’s disease, hypercalcemia of malignancy, and the like),
it has the effect of helping maintain bone density. Many
types of calcitonin have been isolated (human calcitonin,
salmon calcitonin, eel calcitonin, elkatonin, porcine
calcitonin, and chicken calcitonin). There is significant
structural non-homology among the various calcitonin
types. For example, there is 50% percent identity between
the amino acids making up human calcitonin and those
making up salmon calcitonin.

Salmon calcitonin used in the prior art has usually been
administered by injection or by nasal administration.
However, these modes of administering the calcitonin are
significantly less convenient than, and involve more patient
discomfort than, oral administration. Often this inconve-
nience or discomfort results in substantial patient noncom-
pliance with a treatment regimen. However, the prior art is
not believed to have reported an ability to achieve repro-
ducible blood levels of salmon calcitonin when administered
orally. This is believed to be because salmon calcitonin lacks
sufficient stability in the gastrointestinal tract, and tends to
be poorly transported through intestinal walls into the blood.

Proteolytic enzymes of both the stomach and intestines
may degrade salmon calcitonin, rendering it inactive before
the calcitonin can be absorbed into the bloodstream. Any
amount of salmon calcitonin that survives proteolytic deg-
radation by proteases of the stomach (typically having acidic
pH optima) is later confronted with proteases of the small
intestine and enzymes secreted by the pancreas (typically
having neutral to basic pH optima). Other difficulties arising
from the oral administration of salmon calcitonin involve the
relatively large size of the molecule, and the charge distri-
bution it carries. This may make it more difficult for salmon
calcitonin to penetrate the mucus along intestinal walls or to
cross the intestinal brush border membrane into the blood.
These additional problems may further contribute to the
limited bioavailability of salmon calcitonin.

SUMMARY OF THE INVENTION

It is accordingly an object of the present invention to
provide a therapeutically effective oral pharmaceutical com-
position for reliably delivering salmon calcitonin.

It is a further object of the invention to provide therapeutic
methods for enhancing the bioavailability of salmon calci-
tonin.

It is a.further-objectof the-invention-to provide methods
ofktr?almg bone-relatéd-diséases and-calcium “diSorders by
administering salmon. calcuopx_ml_ly
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(A) agtherapeutically.effectivexamount=ofxsaid.salmon
calcitonin;=

(B) at.least one pharmaceutically,acceptable pH:lowering
agenl;

(C) atdeast-onesabsorption-enhancer-effectivesto promete
bieavailability-of:said=sglmon calcitoni; and*

(D) _anenteric coatingacapablexofs(i)r»conducting=said
salmon calcitonins-absorptionrenhancer-and pHdower-.
mg agent through.a,patientis- stomach.whilexprotecting
s‘z_@ salmon_calcitonin_from degradation,by,stomach,
proteases, and (11)1releasmg:sa1drsa]monrcalcxtonm
absorption  enhancer and_pH.loewering=agent=together
intgzihe mmlpauent*

wherein said pH-lowering agent is present in said pharma-
ceutical composition in a quantity which, if added to 10
milliliters of a 0.1M aqueous sodium bicarbonate solution,
would be sufficient to lower the pH of said solution to no
higher than §5.5.

In another aspects the invention provides a mecthod for
enhancing the bioavailability of salmon calcitonin delivered
orally, said method comprising sclectively releasing said
salmon calcitonin, together with at least one pH-lowering
agent and at least one absorption enhancer, into a patient’s
intestine following passage of said salmon calcitonin pH
lowering agent, and absorption enhancer through the
patient’s mouth and stomach under protection of an enteric
coating which substantially prevents contact between stom-
ach proteases and said salmon calcitonin;

wherein said pH-lowering compound is released by said
vehicle into said intestine in an amount which, if added
to 10 milliliters of 0.1M aqueous sodium bicarbonate
solution, would be sufficient to lower pH of said
solution to no higher than 5.5.

The present invention is believed to reduce the likelihood
of proteolytic degradation of the salmon calcitonin by simul-
taneously protecting salmon calcitonin from proteolytic
attack by (1) stomach proteases which are typically most
active at acidic pH) and (2) intestinal or pancreatic proteases
(which are typically most active at basic to neutral pH).

Then the invention is believed to speed the process by
which salmon calcitonin crosses the intestinal brush border
membrane into the blood, while continuing to protect the
salmon calcitonin from proteolytic degradation.

An enteric coating, or the like, protects the peptide active
agent from the acid-acting proteases of the stomach. Sig-
nificant quantities of acid (with which the active agent is
intermixed) then reduce the activity of ncutral to basic-
acting proteases in the intestine (e.g. luminal or digestive
protease and proteases of the brush border membrane) by
lowering pH out of the optimal activity range of these
intestinal proteases. Absorption enhancers of the invention
may be used to enhance transport of the peptide agent
through intestinal mucous layers, through the brush border
membrane and into the blood.

The simultaneous use of absorption enhancers together
with a pH-lowering compound, in accordance with the
invention, provides a surprisingly synergistic ¢ffect on the
bioavailability of salmon calcitonin relative to absorption
enhancer alone, or pH-lowering compound alone. Compare
Table 4 (infra), formulation I (salmon calcitonin alone),
Table 3, formulation I (salmon calcitonin and pH-lowering
compound) and Table 4, formulation II (salmon calcitonin
and absorption enhancer) with Table 4 formulation I

\ (salmon calcitonin, pH-lowering compound, and absorption

In one aspect, the -invention=provides=a=pharmaceutical»ss

cgnposi tion,for,oral.delivery-ef-salmon-calcitonincompris-
ing

enhancer).

Other features and advantages of the present invention
will become apparent from the following detailed descrip-
tion of the invention.
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DETAILED DESCRIPTION OF THE
INVENTION

In accordance with the invention, patients in need of
treatment with salmon calcitonin are provided with an oral
pharmacecutical composition containing the salmon calcito-
nin in tablet or capsule form of an ordinary size in the
pharmaceutical industry. The dosages and frequency of
administering the products are discussed in more detail
below. Patients who may benefit are any who suffer from
calcium disorders or bone diseases. The invention may be
used, for example, to treat osteoporosis, Paget’s discase,
hypercalcemia of malignancy and the like.

Salmon calcitonin is a preferred calcitonin for use in
accordance with the invention because it provides a number
of advantages over human calcitonin, even though used as a
pharmaceutical agent for human patients. Among the advan-
tages provided by utilizing salmon calcitonin instead of
human calcitonin for the treatment of human osteoporosis
are increased potency, analgesia and increased half-life.
Salmon calcitonin is more effective than natural human
calcitonin in treatment, since lower dosages are necessary
than with human calcitonin. There is substantial non-
homology between salmon and human calcitonin, with only
50% identity in the amino acid sequences of the two
calcitonins.

The pharmaceutical composition of the invention over-
comes a series of different and unrelated natural barriers to
bioavailability. Various components of the pharmaceutical
compositions act to overcome different barriers by mecha-
nisms appropriate to each, and result in synergistic effects on
the bioavailability of salmon calcitonin. As discussed below,
inherent physical and chemical properties of salmon calci-
tonin make certain absorption enhancers more effective than
others in boosting bioavailability.

The salmon calcitonin of the invention may be adminis-
tered orally. In accordance with the invention, proteolytic
degradation of the salmon calcitonin by stomach proteases
(most of which are active in the acid pH range) and intestinal
or pancreatic proteases (most of which are active in the
neutral to basic pH range) is reduced. Solubility enhancers
aid passage of the peptide active agent through the intestinal
epithelial barrier.

Without intending to be bound by theory, it appears that,
in accordance with the present invention, the salmon calci-
tonin is transported through the stomach under the protec-
tion of a coating or other appropriate vehicle for substan-
tially preventing contact between the salmon calcitonin and
any stomach proteases capable of degrading it. Once the
pharmaceutical composition of the invention passes through
the stomach and enters the intestinal region where basic to
neutral pH predominates, and where proteases tend to have
basic to neutral pH optima, the enteric coating or other
vehicle releases the salmon calcitonin and acid (in close
proximity to each other).

The acid is believed to lower the local intestinal pH,
where the active agent has been released to levels below the
optimal range for many intestinal proteases. This decrease in
pH reduces the proteolytic activity of the intestinal
proteases, thus affording protection to the peptide from
potential degradation. The activity of these proteases is
diminished by the temporarily acidic environment provided
by the invention. It is preferred that sufficient acid be
provided that local intestinal pH is lowered temporarily to
5.5 or below, especially a range between about 4.0 and 5.5.
The sodium bicarbonate test described below (in the section
captioned “the pH-Lowering Agent™) is indicative of the
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required acid amount. Preferably, conditions of reduced
intestinal pH persist for a time period sufficient to protect the
peptide agent from proteolytic degradation until at least
some of the peptide agent has had an opportunity to cross the
intestinal wall into the bloodstream. Experiments have, in
fact, demonstrated T, of 515 minutes for salmon calci-
tonin in the blood when the active components are injected
directly into the duodenum, ilium or colon. The absorption
enhancers synergistically speed salmon calcitonin into the
blood while conditions of reduced proteolytic activity pre-
vail.

The mechanism by which the invention is believed to
accomplish the goal of enhanced bioavailability is aided by
having active components of the pharmaceutical composi-
tion released together as simultaneously as possible. To this
end, it is preferred to keep the volume of enteric coating as
low as possible consistent with providing protection from
stomach proteases. Thus enteric coating is less likely to
interfere with salmon calcitonin release, or the release of the
other components in close time proximity with the salmon
calcitonin. Preferably, the enteric coating adds less than 20%
to the weight of the remainder of pharmaceutical composi-
tion (i.e., before enteric coating). More preferably, the
coating adds between 5 and 15% to the weight of the
uncoated ingredients.

The absorption enhancer which may be a solubility
enhancer and/or transport enhancer (as described in more
detail below) aid transport of the peptide agent from the
intestine to the blood, and may speed the process so that it
better occurs during the time period of reduced intestinal pH
and reduced intestinal proteolytic activity. Many surface
active agents may act as both solubility enhancers and
uptake enhancers. Again without intending to be bound by
theory, it is believed that enhancing solubility provides (1)
a more simultaneous release of the active components of the
invention into the aqueous portion of the intestine, (2) better
solubility of the salmon calcitonin in, and transport through,
a mucous layer along the intestinal walls. Once salmon
calcitonin reaches the intestinal walls, an uptake enhancer
provides better transport through the brush border mem-
brane of the intestine into the blood, via either transcellular
or paracellular transport. As discussed in more detail below,
many preferred compounds may provide both functions. In
those instances, preferred embodiments utilizing both of
these functions may do so by adding only one additional
compound to the pharmaceutical composition.

Each of the preferred ingredients of the pharmaceutical
composition of the invention is separately discussed below.
Combinations of multiple pH-lowering agents, or enhancers
can be used as well as using just a single pH-lowering agent
and single enhancer. Some preferred combinations are dis-
cussed below.

The Salmon Calcitonin

Thesalmonrcalcitoninpreferably’ comprises‘frm

0:2=percent=by=weight=relative=to=thé=iotal "weight-of “1h¢
overall_pharmaceutical :compositioii™(exclusive of enteric
coating). Salmon calcitonin is commercially available (for
example, from BACHEM, Torrence, Calif). Alternatively it
may be synthesized by known methods, some of which are
discussed briefly below.

Salmon calcitonin precursors may be made by either
chemical or recombinant syntheses known in the art.
However, the latter is believed significantly more cost
effective. Precursors are converted to active salmon calci-
tonin by amidation reactions that are also known in the art.

{4
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For example, enzymatic amidation is described in U.S. Pat.
No. 4,708,934 and European Patent Publications 0 308 067
and 0382 403. Recombinant production is preferred for both
the salmon calcitonin precursor and the enzyme that cata-
lyzes the conversion of the precursor to salmon calcitonin.
Such recombinant production is discussed in Biotechnology,
Vol. 11 (1993) pp. 6470, which further describes a conver-
sion of precursor to recombinant salmon calcitonin product.
The recombinant product is identical to natural salmon
calcitonin and salmon calcitonin produced using solution
and solid phase chemical peptide synthesis.

The production of recombinant salmon calcitonin (rsCT)
may proceed, for example, by producing glycine-extended
salmon calcitonin precursor in E. cofi as a soluble fusion
protein with glutathione-S-transferase. The glycine-
extended precursor has a molecular structure that is identical
to active salmon calcitonin except at the C-terminal (where
salmon calcitonin terminates -pro-NH,, while the precursor
terminates -pro-gly. An a-amidating enzyme described in
the publications above catalyzes conversion of precursors to
salmon calcitonin. That enzyme is preferably recombinantly
produced, for example, in Chinese Hamster Ovary (CHO)
cells) as described in the Biotechnology article cited above.

The pH-Lowering Agent

The total amount of the pH lowering compound to be
administered with cach administration of salmon calcitonin
should preferably be an amount which, when it is released
into the intestine, is sufficient to lower the local intestinal pH
substantially below the pH optima for proteases found there.
The quantity required will necessarily vary with several
factors including the type of compound used (discussed
below) and the equivalents of protons provided by a given
compound in practice, the amount required to provide good
bioavailability for the administered salmon calcitonin is an
amount which, when added to a solution of 10 milliliters of

0.1 M sodium bicarbonate, lowers the pH of that sodium

bicarbonate solution to no higher than 5.5, and preferably to
between 4.0 and 5.5.

The pH-lowering agent of the invention may be any
pharmaceutically acceptable compound that is not toxic in
the gastrointestinal tract and is capable of either delivering
hydrogen ions (a traditional acid) or of inducing higher
hydrogen ion content from the local environment. It ‘may
also be any combination of such compounds. Examples of
compounds inducing higher hydrogen ion content include
aluminum chloride and zinc chloride. Pharmaceutically
acceptable traditional acids include, but are not limited to
acid salts of amino acids (e.g. amino acid hydrochlorides) or
derivatives thereof. Examples of these arc acid salts of
acetylglutamic acid, alanine, arginine, asparigine, aspartic
acid, belaine, carnitine, carnosine, citrulline, creatine,
glutamic acid, glycine, histidine, hydroxylysine,
hydroxyproline, hypotaurine, isoleucine, leucine, lysine,
methylhistidine, norleucine, ornithine, phenylalanine,
proline, sarcosine, serine, taurine, threonine, tryptophan,
tyrosine and valine.

Other examples of useful pH-lowering.compounds,
include carboxylic acids such as acetylsalicylic, acetic,
ascorbic, citric, fumaric, glucuronic, glutaric, glyceric,
glycocolic, glyoxylic, isocitric, isovaleric, lactic, maleic,
oxaloacetic, oxalosuccinic, propionic, pyruvic, succinic,
tartaric, valeric, and any combination thereof that achieves
the required pH level of no higher than 5.5 in the sodium
bicarbonate test discussed above.

Other useful pH-lowering agents that might not usually be
called “acids” in the art, but which may nonetheless be
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6
useful in accordance with the invention are phosphate esters
(e.g., fructose 1, 6 diphosphate, glucose 1, 6 diphosphate,
phosphoglyceric acid, and diphosphoglyceric acid).
CAROPOL® (Trademark B F Goodrich) and polymers such
as polycarbophil may also be used to lower pH.

The Absorption Enhancer

The absorption enhancers are preferably present in a
quantity that constitutes from 0.1 to 20.0 percent by weight,
relative to the overall weight of the pharmaceutical compo-
sition (exclusive of the enteric coating) Preferred absorption
enhancers are surface active agents which act both as
solubility enhancers and uptake enhancers. Generically
speaking, “solubility enhancers” improve the ability of the
active components of the invention to be solubilized in
either the aqueous environment into which they are origi-
nally released or into the lipophilic environment of the
mucous layer lining the intestinal walls, or both. “Uptake
enhancers” (which are frequently the same surface active
agents used as solubility enhancers) are those which facili-
tate the ease by which peptide agents cross the intestinal
wall.

One=or=mere~absorption.cnhancersxmay=perform,.one
function only_(g.g.,.solubility), or_one_or_more _absorption
enhancers may perform_the_other_function_only.(¢:g-,
uptake), within the scope of the invention. It is also possible
to have a mixture of several compounds some of which
provide improved solubility, some of which provide
improved uptake and/or some of which perform both. With-
out intending to be bound by theory, it is believed that uptake
enhancers may act by (1) increasing disorder of the hydro-
phobic region of the membrane exterior of intestinal cells,
allowing for increased transcellular transport; or (2) leaching
membrane proteins resulting in increased transcellular trans-
port; or (3) widening pore radius between cells for increased
paracellular transport.

Surface active agents are believed to be useful both as
solubility enhancers and as uptake enhancers. For example,
detergents are useful in (1) solubilizing all of the active
components quickly into the aqueous environment where
they are originally released, (2) enhancing lipophilicity of
the components of the invention, especially the peptide
active agent aiding its passage into and through the intestinal
mucus, (3) enhancing the ability of the normally polar
peptide active agent to cross the epithelial barrier of the
brush border membrane; and (4) increasing transcellular or
paracellular transport as described above.

When surface active agents are used as the absorption
enhancers, it is preferred that they be free flowing powders
for facilitating the mixing and loading of capsules during the
manufacturing process. Because of inherent characteristics
of salmon calcitonin (e.g., its isoelectric point, molecular
weight, amino acid composition, etc.) certain surface active
agents are preferred. Indeed, some can undesireably interact
with the charged portions of salmon calcitonin and prevent
its absorption, thus undesireably resulting in decreased
bioavailability. It is therefore preferred, when trying to
increase the bioavailability of salmon calcitonin, that any
surface active agent used as an absorption enhancer be
selected from the group consisting of (i) anionic surface
active agents that are cholesterol derivatives (e.g., bile
acids), (ii) cationic surface agents (e.g., acylcarnitines, phos-
pholipids and the like), (iii) nonionic surface active agents,
and (iv) mixtures of anionic surface active agents (especially
those having linear hydrocarbon regions) together with
negative charge neutralizers for said salmon calcitonin.

14
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Negative charge neutralizers include but are not limited to

acylcarnitines, cetyl pyridinium chloride, and the like. It is
also preferred that the absorption enhancer be soluble at acid
pH, particularly in the 3.0 to 5.0 range. One especially
preferred combination mixes cationic surface active agents
with anionic surface active agents that are cholesterol
derivatives, both of which are soluble at acid pH: A particu-
larly preferred combination is an acid soluble bile acid
together with a cationic surface active agent. When a single
absorption enhancer is used alone, it is preferred that it be a
cationic surface active agent. It is the intent of these pref-
erences to avoid interactions with salmon calcitonin that
interfere with absorption of salmon calcitonin into the blood.

To reduce the likelihood of side effects, preferred deter-
gents are cither biodegradable or reabsorbable (e.g. bile
acids, phospholipids, and/or acylcarnitines). Acylcarnitines
are believed particularly useful in enhancing paracellular
transport When a bile acid (or another anionic detergent
lacking linear hydrocarbons) is used in combination with a
cationic detergent, salmon calcitonin is better transported
both to and through the intestinal wall.

Preferred~absorption=enhancers "incliider=(a)=salicylates
Such=—as ~sodium=salicylatep=3=mictlioxysalicylate,
5-methoxysalicylate and -homovanilate;«(b) bile acids such
as taurocholic, tauorodeoxycholic, deoxycholic, cholic,
glycholic, lithocholate, chenodeoxycholic, ursodeoxycholic,
ursocholic, dehydrocholic, fusidic, etc.; (¢) non-ionic sur-
factants such as polyoxyethylene ethers (e.g. Brij 36T, Brij

" 52, Brij 56, Brij 76, Brij 96, Texaphor A6, Texaphor Al4,

Texaphor AGQ etc.), p-t-octyl phenol poloxyethelyenes
(Triton X-45, Triton X-100, Triton X-114, Triton X-305 etc.)
nonylphenoxypoloxyethylenes (e.g. Igepal CO series), poly-
oxyethylene sorbitan esters (e.g. Tween-20, Tween-80 etc.);
(d) anionic surfactants such as dioctyl sodium sulfosucci-
nate; (¢) lyso-phospholipids such as lysolecithin and lyso-
phosphatidylethanolamine; (f) acylcamitines, acylcholines
and acyl amino acids such as lauroylcarnitine,
myristoylcarnitine, palmitoylcarnitine, lauroylcholine,
myristoylcholine, palmitoylcholine, hexadecahoyllysine,
N-acylphenylalanine, N-acylglycine etc.; g) waler soluble
phospholipids such as diheptanoylphosphatidylcholine, dio-
ctylphosphatidylcholine ¢tc.; (h) medium-chain.glyeerides
which are, mixtures.of mono;, di; and triglycerides.contain-
ing medium-chain-length, fattys=acids=(caprylic;xcapricrand
Jauric acids); (i) ethylenediaminetetraacetic acid; (j) cationic
surfaclants such as cetylpyridinium chloride; (k) fatty acid
derivatives of polyethylene glycol such as Labrasol,
Labrafac, etc.; and (1) alkylsaccharides or acyl saccharides
such as lauryl maltoside, lauryl sucrose, myristoyl sucrose,
palmitoyl sucrose, etc.

In some preferred embodiments, cationic detergents are
included to provide solubility enhancement by another
mechanism. In particular, prevents the binding of salmon
calcitonin to mucus. Preferred cationic ion exchange agents
include protamine chloride or any other polycation.

Other Optional Ingredients

In some preferred embodiments, a protein (such as
albumin, casein, soy protein, other animal or vegetable
proteins and the like) is included to reduce non-specific
adsorption (e.g., binding of salmon calcitonin to the intes-
tinal mucus barrier, thereby lowering the necessary concen-
tration of expensive salmon calcitonin. When added, the
protein is preferably from 1.0 to 10.0 percent by weight
relative to the weight of the overall pharmaceutical compo-
sition (exclusive of enteric coating).

10

15

20

2§

30

35

8

All pharmaceutical compositions of the invention may
optionally also inciude common pharmaceutical diluents,
glycants, lubricants, gelatin capsules, preservatives, colo-
rants and the like in their usual known sizes and amounts. In
some embodiments peptides that may act as substrates for
intestinal proteases are added (preferably from 1.0 to 10.0
percent by eight relative to the weight of the overall phar-
maceutical composition (exclusive of enteric coating).

The Carrier or Vehicle

Any carrier or vehicle that protects the salmon calcitonin
from stomach proteases and which releases active compo-
nents of the invention in the intestine is suitable. Many
enteric coatings are known in the art, and are useful in
accordance with the invention. Examples include cellulose
acetate phthalate, hydroxypropylmethylethylcellulose
succinate, hydroxypropylmethylcellulose phthalate, car-
boxylmethylethylcellulose and methacrylic acid-methyl
methacrylate copolymer. '

Suitable enteric coatings for protecting the peptide agent
from stomach proteases may be applied to capsules, with the
remaining active components of the invention loaded within
the capsule. In other embodiments, enteric coating is coated
on the outside of a tablet or coated on the outer surface of
particles of active components which are then pressed into
tablet form, or loaded into a capsule, which is itself prefer-
ably enteric coated. In other embodiments, active compo-
nents of the invention are included in a sufficiently viscous
protective syrup to permit protected passage of the active
components through the stomach. The term “active compo-
nents” includes all compounds pertinent to the invention (for
example, salmon calcitonin, absorption enhancers such as
solubility and/or uptake enhancer(s) and pH-lowering
compound(s).

It is very desirable that all of the active components be

. released from the carrier or vehicle, and solubilized in the
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intestinal environment as simultaneously as possible. It is
preferred that the vehicle or carrier release the active com-
ponents in the small intestine where uptake enhancers that
increase transcellular or paracellular transport are less likely
to cause undesirable side effects than if the same uptake
enhancers were later released in the colon. It is emphasized,
however, that the present invention is believed effective in
the colon as well as in the small intestine. Numerous
vehicles or carriers, in addition to the ones discussed above,
are known in the art. It is desirable (especially in optimizing
how simultaneously the components of the invention are
released) to keep the amount of enteric coating low.
Preferably, the enteric coating adds no more than 20% to the
weight of the remainder of pharmaceutical composition
(exclusive of enteric coating) More preferably, it adds from
5 to 15 percent to the weight of the uncoated composition.

A preferred pharmaceutical composition of the invention
includes a size O gelatin capsule filled with 0.25 mg. of
salmon calcitonin, 400 mg. of granular citric acid (available
for example from Archer Daniels Midland Corp.), 100 mg.
of taurodeoxycholic acid (available for example from
SIGMA), 100 mg. lauroylcarnitine (SIGMA), 40 mg. albu-
min and 10 mg. silica (as a dessicant).

All of the foregoing ingredients are for eventual insertion
into the gelatine capsule, and are powders which may be
added to a blender in any order. Thereafter, the blender is run
for about five minutes until the powders are thoroughly
intermixed. Then the mixed powders are loaded into the
large end of the gelatine capsules. The other end of the
capsule is then added, and the capsule snapped shut. 500 or
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more such capsules may be added to a coating device (e.g.,
Vector LDCS 20/30 Laboratory Development Coating Sys-
tem (available from Vector Corp., Marion, lowa)).

An enteric coating solution is made as follows. Weigh 500
grams of EUDRAGIT L30 D-55 (a methacrylic acid copoly-
mer with methacylic acid methyl ester, an enteric coating

available from ROHM Tech Inc., Maidan, Mass.). Add 411
grams distilled water, 15 grams triethy! citrate and 38 grams
talc. This amount of coating will be sufficient to coat about
500 size 0 capsules.

The capsules are weighed and placed into the drum of the
coating machine. The machine is turned on to rotate the
drum (now containing capsules) at 24-28 rpm. The tem-
perature of inlet sprayer is preferably about 45° C. Exhaust
temperatures are preferably about 30° C. Uncoated capsule
temperature is preferably about 25° C. Air flow is about 38
cubic feet per minute.

A tube from the machine is then inserted into the coating
solution prepared as discussed above. The pump is then
turned on for feeding solution into the coating device.
Coating then proceeds automatically. The machine can be
stopped at any time to weigh capsules to determine if the
coating amount is sufficient. Usually coating is allowed to
proceed for 30 to 60 minutes. The pump is then turned off
for aboul five minutes while the machine is still running to
help dry the coated capsules. The machine can then be
turned of f The capsule coating is then complete, although it
is recommended that the capsules be air dried for about two
days.

Because of the enhanced bioavailability provided by the
present invention, the concentration of expensive salmon
calcitonin in the pharmaceutical preparation of the invention
may be kept relatively low.

Treatment of Patients

Treatment of osteoporosis with salmon calcitonin pro-
ceeds best with periodic administration Salmon calcitonin is
metabolized quickly with a half-life of only 2040 minutes
following subcutaneous administration in man. However, its
beneficial effect on osteoclasts is much longer lasting, and
may last for more than 24 hours notwithstanding rapid
decrease in blood levels. There is usually no-detectable
blood levels more than two hours after injection of salmon
calcitonin at usual dosages. Accordingly periodic adminis-
tration of one dosc about 5 days per week is preferred.
Subcutaneous administration of salmon calcitonin (100
International units) has frequently resulted in peak serum
concentration of about 200 picograms per milliliter. Nasally
administered salmon calcitonin (200 International units) has
proven cffective against osteoporosis at peak levels as low as
10 picograms per milliliter. Some patients report some
gastrointestinal distress at high peak levels (e.g. at 200
picograms per milliliter). Accordingly, it is preferred that
serum salmon calcitonin peak between 10 and 150 pico-
grams per milliliter, more preferably between 10 and 50
picograms per milliliter. The serum levels may be measured
by radioimmunoassay techniques known in the art. The
attending physician may monitor patient response, salmon
calcitonin blood levels, or surrogate markers of bone disease
(such as urinary pyridinoline or deoxypyridinoline), espe-
cially during the beginning of treatment. He may then alter
the dosage somewhat to account for individual patient
metabolism and response.

The bioavailability achievable in accordance with the
present invention permits oral delivery of salmon calcitonin
into the blood at the above-identified preferred concentration
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levels while using only 100-1000 micrograms of salmon
calcitonin per capsule, preferably 100-400 micrograms,
especially between 100 and 200 micrograms.

It is preferred that a single capsule be used at each
administration because a single capsule best provides simul-
taneous release of the polypeptide, pH-lowering agent and
absorption enhancers. This is highly desirable because the
acid is best able to reduce undesirable proteolytic attack on
the polypeptide when the acid is released in close time
proximity to release of the polypeptide. Near simultaneous
release is best achieved by administering all components of
the invention as a single pill or capsule. However, the
invention also includes dividing the required amount of acid
and enhancers among two or more capsules which may be
administered together such that they together provide the
necessary amount of all ingredients.

Set forth below are a series of tables showing the effect on
bioavailability caused by varying certain paramelers.

TABLE 1

Effect of Buffer pH on the Absorption of
Salmon Calcitonin from the Duodenum of the Rat

Peak
Plasma Absolute
Calcitonin  Bioavailability

Formulation pH* ng/ml percent

I.  Citrate/Citric acid (77 mg) 5 0.4 0.02
Calcitonin (0.1 mg)

IL.  Citrate/Citric acid (77 mg) 4 1.9 0.10
Calcitonin (0.1 mg)

Il Citrate/Citric acid (77 mg) 3 4.1 0.64
Calcitonin (0.1 mg)

IV. Citrate/Citric acid (77 mg) 2 4.8 0.69
Calcitonin (0.1 mg)

*buffer pH

Method

Female Wistar rats (250-275 g) (n=3 for each
formulation) were anesthetized with ketamine and xylazine
prior to the insertion of a cannula in the carotid artery. The
cannula was fitted to a three way valve through which blood
was sampled and replaced with physiological saline. A
midline incision was made in the abdominal cavity and 0.5
ml of formulation was injected directly into the exposed
duodenum. The pH of the formulation was adjusted by
mixing varying amounts of equal molar concentrations of
citric acid and sodium citrate. Blood (0.5 ml) was collected
before and at 5, 15, 30, 60 and 120 minutes after the
administration of the formulation. Samples of blood were
centrifuged for 10 minutes at 2600 g and the resulting
plasma supernatant was stored as ~20° C. The concentration
of calcitonin in plasma was determined by a competitive
radioimmunoassay. The absolute biocavailability (i e., rela-
tive to an intravenous dose of calcitonin) was calculated
from the areas under the curve obtained from plots of the
plasma concentration of calcitonin as a function of time.
Results and Discussion

When the pH of the buffer was reduced from 5
(formulation I) to 4 (formulation II) the absolute bioavail-
ability increased 5 fold from 0.02% to 0.1%. When the pH
was reduced 1o 3 (formulation IIT) the absolute bicavailabil-
ity increased an additional 6.4 fold. There was very little
increase in the bioavailability of calcitonin when the pH was
reduced to 2. The overall bioavailability of calcitonin
increased 32 fold when the pH of the buffer was reduced
from 5 to 3.
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TABLE 2

Effect of Citric Acid Concentration on the
Bioavailability of Salmon Calcitonin from the Duodenum of the Rat

S
Peak
Plasma Absolute
Calcitonin Bioavailability
Formulation ng/ml percent
I Citric acid (9.6 mg) 3.65 0.25 10
Taurodeoxycholic acid (5 mg)
Mannitol (22 mg)
Calcitonin (0.1 mg)
IL. Citric acid (48 mg) 17.44 2.43
Taurodeoxycholic acid (5 mg)
Mannitol (22 mg) 15

Calcitonin (0.1 mg)

Method

Formulations consisting of a constant amount of tauro-
deoxycholic acid and 2 different amounts of citric acid in a 20
total volume of 0.5 m] were administered into the duode-
nums of anesthetized rats as described in the legend to Table
1. Mannitol was included in formulations as a marker to
measure paracellular transport. Samples of blood were
removed at various times and analyzed for calcitonin as 25
described previously.
Results and Discussion

The bioavailability of salmon calcitonin administered in
the presence of 9.6 mg citric acid (I) was 0.25%, whereas in
the presence of 48 mg citric acid (II) the bioavailability was 30
2.43%. In the presence of a fixed amount of taurodeoxy-
cholic acid the bioavailability of salmon calcitonin increased
nearly 10 fold when the amount of citric acid in the
formulation was increased only 5 fold.

35
TABLE 3
Effect of Enhancers in the Presence of Citric Acid
on the Absorption of Salmon Calcitonin from the Duodenum of the Rat
Peak 40
Plasma Absolute
Calcitonin  Bioavailability
Formulation ng/mi percent
L Citric acid (77 mg) 4.8 0.69
Calcitonin (0.1 mg) 45
Il Citric acid (48 mg) 26.59 3.03
Taurodeoxycholic acid (5 mg)
Calcitonin (0.1 mg)
IMI.  Citric acid (48 mg) 36.48 4.54
Taurodeoxycholic acid (5 mg)
Cetylpyridinium chloride (5 mg) 50
Calcitonin (0.1 mg)
IV.  Citric acid (48 mg) 15.50 3.10
Tween-20 (5 mg)
Calcitonin (0.1 mg)
V. Citric acid (48 mg) 38.93 5.83
Sucrose ester-15 (5 mg)
Mannito} (22 mg) 55
Calcitonin (0.1 mg)
V1.  Citric acid (48 mg) 38.89 4.53
Lauroylcarnitine chloride (5 mg)
Calcitonin (0.1 mg)
VII.  Citric acid (48 mg) 20.93 297
Diheptanoylphosphatidylcholine 60
(5 mg)

Calcitonin (0.1 mg)

Method

Formulations consisting of citric acid, calcitonin and 65
various classes of enhancers in a total volume of 0.5 ml were
administered into the duodenums of anesthetized rats as
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described in the legend to Table 1. Mannitol was included in
formulation V as a marker to measure paracellular transport.
Samples of blood were removed at various times and
analyzed for calcitonin as described previously.
Results and Discussion

In the absence of an enhancer, the absolute bioavailability
of calcitonin was 0.69%. The inclusion of a water soluble
phospholipid (formulation VII) increased the bioavailability
4.3 fold to 2.97%. The most effective enhancer was the sugar
ester class (formulation V) in which the calcitonin bioavail-
ability was 5.83%. The use of a mixture of bile acid and a
cationic detergent (formulation III) a non-ionic detergent
(formulation 1V) and an acylcarnitine (formulation VI)
resulted in intermediate bioavailabilities ranging from
3.03% to 4.53%. The differences in the bioavailabilities of
calcitonin in the presence of various classes of enhancers are
minor compared to that observed when only citric acid and
no enhancer is present in the formulation.

TABLE 4

Effect of Lauroylcarnitine in the Presence of Various Additives
on the Absorption of Salmon Caleitonin from the Duodenum of the Rat

Peak
Plasma Absolute
Calcitonin Bioavailability
Formulation ng/ml percent
I.  Calcitonin (1 mg) 9.44 0.096
Il.  Lauroylcarnitine chloride (5 mg) 2.27 0.17
Calcitonin (0.1 mg)
III. Laurylcarnitine chloride (5 mg) 38.89 4.53

Citric acid (48 mg)
Calcitonin (0.1 mg)
IV. Laurylcarnitine chloride (1 mg) 27.72 4.81
Citric acid (48 mg)
Calcitonin (0.1 mg)
V. Laurylcarnitine chloride (5 mg) 44.89 6.45
Diheptanoylphosphatidylcholine
(5 mg)
Citric acid (48 mg)
Calcitonin (0.1 mg)
VI. Lauroylcarnitine chloride (5 mg) 4.58 0.42
Bovine Serum Albumin (25 mg)
Calcitonin (0.1 mg)

Method

Formulations consisting of lauroylcarnitine, calcitonin
and various other compounds in a total volume of 0.5 ml
were administered into the duodenums of anesthetized rats
as described in the legend to Table 1. Samples of blood were
removed at various times and analyzed for calcitonin as
described previously.
Results and Discussion

In the absence of citric acid or any enhancer (formulation
1), the absolute bioavailability of calcitonin was 0.096%. In
the presence of 5 mg lauroylcarnitine chloride (formulation
I1), the bioavailability increased 1.8 fold to 0.17%. When
citric acid was included with lauroylcarnitine (formulation
I11), the bioavailability increased an additional 27 fold to
4.53%. A 5 fold reduction in the amount of lauroylcarnitine
but not citric acid (formulation IV), did not significantly
reduce the bioavailability of salmon calcitonin. The inclu-
sion of 5 mg diheptanoylphosphatidylcholine to formulation
111 to produce formulation V increased the bioavailability
slightly (1.4 fold). The substitution of 25 mg bovine serum
albumin for citric acid (formulation VI) reduced the bio-
availability from 4.53% (formulation III) to 0.42%. These
results taken together show the synergistic effect between a
pH-lowering substance like citric acid and an enhancer like
lauroylcarnitine.
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TABLE 5

Effect of Formulation on the Absorption of
Salmon Caicitonin from the Duodenum of the Dog

Peak
Plasma Absolute
Calcitonin Bioavailability
Formulation ng/ml percent
I.  Calcitonin (25 mg) 1.15 0.015
I. Citric acid (192 mg) 10.65 0.37
Calcitonin (10 mg)
I, Citric acid (192 mg) 14.99 0.81

Taurodeoxycholic acid (20 mg)
Calcitonin (5 mg)

Method

Modified vascular access ports were surgically implanted
into the duodenum, ileum and colon of male beagle dogs.
The septum/reservoir bodies of the ports were implanted
under the skin and were used as sites for the administration
of calcitonin formulations. Before and after the administra-
tion of calcitonin formulations into conscious dogs, the ports
were flushed with 2 ml of the formulation without calcitonin.
Blood (2 ml) was collected through angiocatheter tubes in
the leg vein at (=30, 15 and O before administration of
calcitonin and at 5, 10, 20, 30, 40, 50, 60 and every 15
minutes thereafter for 2 hours. Samples of blood were
centrifuged for 10 minutes at 2600 g and the resulting
plasma supernatant was stored at ~20° C. The concentration
of calcitonin in plasma was determined by a competitive
radioimmunoassay. The absolute bioavailability (i.c. relative
to an intravenous dose of calcitonin) was calculated from the
areas under the curve obtained from plots of the plasma
concentration as a function of time obtained.
Results and Discussion

The absolute bioavailability of calcitonin administered in
waler (I) was 0.015%. In the presence of 192 mg citric acid
(II) the bioavailability of calcitonin increased 25 fold. The
inclusion of 20 mg taurodeoxycholic acid in the formulation
(11I) produced an additional 2.2 fold increased in absolute
bioavailability t0 0.81%. The combination of a pH-lowering
compound, citric acid, and an enhancer, taurodeoxycholic
acid, resulted in overall 54 fold increased in the absolute
bioavailability of salmon calcitonin.

TABLE 6
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Method

Starch and gelatin capsules were filled with the indicated
formulations and coated for 60 min with either hydroxypro-
pylmethylcellulose phthalate 50 (LILIIT) (1% weight gain)
or Budragit L 30 D-55 (IV) (10% weight gain) in a pan
coater. The stability of the capsules in 0.1IN HCl were
determined in a dissolution bath using the “basket method.”
At least 2 dogs were given each of the indicated capsules by
mouth and blood was sampled and analyzed for salmon
calcitonin as previously described.

Results

The bioavailability of 10 mg calcitonin mixed with 100
mg citric acid and 100 mg taurodeoxycholic acid and
delivered in a starch capsule (I) was 0.07%. When the same
formulation was given to dogs in a gelatin capsule (II), the
bioavailability of salmon calcitonin increased to 0.26%. A
six fold increase in the amount of citric acid and a 50%
reduction in the amount of calcitonin (I1I) resulted in a
nearly 3 fold increase in calcitonin bioavailability.

When the enteric coat was changed from hydroxypropy-
Imethylcellulose phthalate 50 to Eudragit L 30 D-55, a
methacrylate polymer and the formulation was kept the
same (IV), the bicavailability of salmon ealcitonin increased
from 0.62% to 1.48%. Changing the enteric coat from
hydroxypropylmethylcellulose phthalate 50 to Eudragit L 30
D-55 resulted in increased stability of the capsule in 0.1N
HCl. This increased stability resulted in peak calcitonin
levels appearing at a later time point in the dog’s blood. The
instability of capsules I, I1 and Il in HCI suggests that these
capsules were potentially opening in the dogs’ stomachs,
whereas the improved stability of capsule IV suggests that it
was completely stable in the stomachs of dogs and was
opening in the intestines of dogs. This indicates that a certain
minimum enteric coating amount is preferred. At the same
time, too much coating can delay release of calcitonin
behind release of other important components (.g., acid and
detergent). Preferably, enteric coating adds 5 to 15% to the
weight of the uncoated pharmaceutical.

Effect of Dosage Form and Formulation on the Absolute
Bioavailability of Salmon Calcitonin Administered Orally

to Dogs
Peak Peak
Dissolution Plasma Plasma Absoulte
in HCI Calcitonin  Calcitonin  Bioavailability
Capsule min Formulation ng/ml min percent
I.  Starch 10 Citric acid (100 mg) 0.98 10-30 0.07
Taurodeoxycholic acid (100 mg)
Calcitonin (10 mg)
II.  Gelatin 30 Citric acid (100 mg) 5.79 10-30 0.26
Taurodeoxycholic acid (100 mg)
Calcitonin (10 mg)
[, Gelatin 30 Citric acid (600 mg) 6.92 10-30 0.62
Taurodeoxycholic acid (80 mg)
Calcitonin (5 mg)
IV. Gelatin >60 Cilric acid (600 mg) 7.79 90 1.48

Taurodeoxycholic acid (80 mg)
Calcitonin (5 mg)
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TABLE 7

16

PHARMACOKINETICS OF ORAL CALCITONIN (10.5 mg) IN HUMANS

Time Subject 1 Subject 2 Subject 3  Subject 4 Subject 5 Mean
min Plasma Calcitonin (pg/ml)
0 0 0 0 0 0 0
15 34 0 0 0 1 7
30 497 91 206 0 70 173
40 327 86 99 26 35 114
50 173 114 78 117 26 102
60 87 106 40 180 20 87
70 7 108 64 . 63 3s 68
80 27 85 54 30 25 44
90 43 102 46 19 14 45
100 40 89 28 1 28 41
110 0 91 16 13 0 24
120 49 117 34 0 6 41
180 34 107 0 0 16 41
Bioavailability (%) 06 0.94 0.03 0.02 0.02 0.03
20
Methods 2. The pharmaceutical composition of claim 1, wherein

Starch capsules were filled with 138 mg citric acid, 105 said enteric coating is present at a weight which is no more
mg taurodeoxycholic acid and 10.5 mg salmon calcitonin. than 20% of the weight of the remainder of said pharma-
The capsules were coated for 20 min with hydroxypropyl- ceutical composition excluding said enteric coating.
methylcellulose phthalate 50 in a pan coater and stored at 4° 25 3. The pharmaceutical composition of claim 1, wherein
C. Fasted subjects were given 1 capsule followed by a glass said enteric coating is present at a weight which is no more
of orange juice in the morning of the study. Samples of blood than 5-15% of the weight of the remainder of said pharma-
were taken 15 minutes before taking the capsules and at the ceutical composition excluding said enteric coating.
indicated times affer taking the calcitonin capsule. The 4. The pharmaceutical composition of claim 1, wherein
concentration of calcitonin in blood was determined by 3¢ said absorption enhancer is a surface active agent.
competitive radioimmunoassay. The absolute bioavailability 5. The pharmaceutical composition of claim 4, wherein
(i.c., relative to an intravenous dose of calcitonin) was said surface active agent is absorbable or biodegradable.
calculated from the areas under curve obtained from plots of 6. The pharmaceutical composition of claim 5, wherein
the plasma concentration of calcitonin as a function of time. said surface active agent is selected from the group consist-
Results 35 1ng of acylcarnitines, phospholipids and bile acids.

When 10.5 milligrams of salmon calcitonin alone was 7. The pharmaceutical composition of claim 1, wherein
administered to humans, no detectable serum levels of said absorption enhancer is a surface active agent selected
salmon calcitonin resulted. However, when individuals were  from the group consisting of (i) an anionic agent that is a
given the composition of the invention as described in Table cholesterol derivative, (i) a mixture of a negative charge
7, maximum levels of calcitonin were detected in the blood neutralizer and an anionic surface active agent, (iii) nonionic
between 30 and 60 minutes after the individuals took the ~ surface active agents, and (iv) cationic surface active agents.
capsule. The maximum concentration of calcitonin in the 8. The pharmaceutical composition of claim 1, whercin
blood was between 70 and 497 pg/ml. The mean peak said absorption enhancer is selected from the group consist-
concentration of calcitonin for the 5 individuals was 173 ing of a cationic s urt:actant and an anionic surfactant that is
pg/ml at t=30 min. The absolute bioavailability ranged from a cholesterol derivative. - . .
0.02 to 0.06% with a population mean of 0.03% 45 9 The pharmageutlcal comp951t1qn of claim 1, wherein

' N P - : Lo . said pharmaceutical composition includes at least two

A]‘lhough‘ Ihc Qresent invention has been described in absorption enhancers, one of which is a cationic surface
r'e]auon to parlﬁlcula‘r embodiments thercqf many other varia- active agent, and another of which is an anionic surface
tions and m.odlﬁ_catlons and other uses yvﬂl bgcome apparer?l active agent that is a cholesterol derivative.
to th?sg skilled in the art. Tt)c present mvsnnon thereforeis ¢ 10 The pharmaceutical composition of claim 9, wherein
:Ol hrgnceld }))f the specific disclosure herein, but only by the said anionic surface active agent is an acid-soluble bile acid.

ppended clams. 11. The pharmaceutical composition of claim 10, wherein

What is claimed is: . ; N . .

. - . said enteric coating is present at a weight that is no more

1. A pha.rma.ceuuoal f:(?mposmon for oral delivery of than 20% of the combined weight of the remainder of said
salmon calcitonin compnsing: . 55 pharmaceutical composition excluding said enteric coating.

(A) a therapeutically effective amount of said salmon 12. The pharmaceutical composition of claim 11, wherein

calcitonin; ) ) all of said absorption enhancers are absorbable or biode-

(B) at least one pharmaceutically acceptable pH-lowering gradable.

agent; 13. The pharmaceutical composition of claim 7, wherein

(C) at least one absorption enhancer effective to promote 60 said enteric coating is present at a weight which is no more

bioavailability of said salmon calcitonin; and than 20% of the combined weight of the remainder of the

(D) an enteric coating; pharmaceutical composition excluding said enteric coating.
wherein said pH-lowering agent is present in said pharma- 14. The pharmaceutical composition of claim 1, further
ceutical composition in a quantity which, if added to 10 comprising an amount of a protein effective to reduce
milliliters of 0.1M aqueous sodium bicarbonate solutions 65 non-specific adsorption of said salmon calcitonin.

would be sufficient to lower the pH of said solution to no
higher than 5.5.

15. The pharmaceutical composition of claim 14 wherein
said protein is albumin, casein, or soy protein.
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16. The pharmaceutical composition of claim 1 further
comprising a peptide that is susceptible to degradation by
intestinal proteases.

17. A method for enhancing the bioavailability of salmon
calcitonin delivered orally, said method comprising selec-
tively releasing said salmon calcitonin, together with at least
one pH-lowering agent and at least one absorption enhancer,
into a patient’s intestine following passage of said salmon
calcitonin, pH-lowering agent and absorption enhancer
through said patient’s mouth and stomach under protection
of an enteric coating which substantially prevents contact
between stomach proteases and said salmon calcitonin;

wherein said pH-lowering agent is released into said
intestine in a quantity which, if added to 10 milliliters
of 0.1M aqueous sodium bicarbonate solution, would
be sufficient to lower pH of said solution to no higher
than 5.5.

18. The method of claim 17, wherein said enteric coating
is present at a weight which is no more than 20% of the
weight of the remainder of all components administered to
said patient exclusive said enteric coating.

19. The method of claim 17, wherein said enteric coating
is present at a weight which is no more than 5-15% of the
weight of the remainder of all components administered to
said patient exclusive of said enteric coating.

20. The method of claim 17, wherein said absorption
enhancer is a surface active agent.

21. The method of claim 20, wherein said surface active
agent is absorbable or biodegradable.

22. The method of claim 21, wherein said surface active
agent is selected from the group consisting of acylcarnitines,
phospholipids and bile acids. ,

23. The method of claim 17, wherein said absorption
enhancer is a surface active agent selected from the group

10
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consisting of (i) an anionic agent that is a cholesterol
derivative, (ii) a mixture of a negative charge neutralizer and
an anionic surface active agent, (iii) a nonionic surface
active agent, and (iv) a cationic surface active agent.

24. The method of claim 17, wherein said absorption
enhancer is selected from the group consisting of a cationic
surface active agent and an anionic surface active agent that
is a cholesterol derivative.

25. The method of claim 24, comprising administering at
least two absorption enhancers, one of which is a cationic
surface active agent, and another of which is an anionic
surface active agent that is a cholesterol derivative.

26. The method of claim 25, wherein said anionic surface
active agent is an acid-soluble bile acid.

27. The method of claim 26, wherein said enteric coating
is present at a weight that is no more than 20% of the
combined weight of all components administered to said
patient, exclusive of said enteric coating.

28. The method of claim 27, wherein all absorption
enhancers that are administered are absorbable or biode-
gradable.

29. The method of claim 23, wherein said enteric coating
is present at a weight which is no more than 20% of the
combined weight of the remainder of all components admin-
istered to said patient exclusive of said enteric coating.

30. The method of claim 17, wherein a protein is admin-
istered together with said salmon calcitonin in an amount
sufficient to reduce non-specific adsorption of said salmon
calcitonin. '

31. The method of claim 30 wherein said protein is
albumin, casein or soy protein.

32. The method of claim 17 further comprising a peptide
that is susceptible to degradation by intestinal proteases.

* ok ok kK
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[57) ABSTRACT

Carrier compounds, compositions, and dosage unit forms
therefor which are useful in the delivery of active agents are
provided. The present invention provides a compound hav-
ing the formula:

OH
[¢]

NH\/\/\/\/\/”\

OH
[¢]

or a salt thereof, wherein the compound may be used in a
composition or dosage unit form for delivery of at least one
active agent, including a peptide, mucopolysaccharide,
carbohydrate, or a lipid. Methods of administration and
preparation of the compounds and compositions of the
invention are provided as well, including oral administra-
tion. Further, the compositions of the invention may be
prepared by mixing at least one active agent, at leasl one
carrier compound, and, optionally, a dosing vehicle.

23 Claims, 3 Drawing Sheets

DRUG DOSE =0.img /k%
DELIVERY AGENT DOSEe®= I0mg/kg

PEAK SERUM [rhGH](ng/mL)
N
Q

1

I8

£-414 £559 E-563 £580 £58! E582 E583 NONE

DELIVERY AGENT

1SS
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TABLE 7-continued

Delivery Agent Enhancement of Parathyroid Hormone (PTH) Oral

Bioavailability.
Peak

Carrier Active Serum
Exam- Dose Method of Agent Dose  [PTH]
ple Carrier mgfkg Administration (ng/kg) (pg/mL)
54 cvi 100 intracolonic 25 115 £ 20
55 LXXXVI 100 intracolonic 25 40 = 12
56 LVIII 100 intracolonic 25 145 £ 25
57 cX1v 100 intracolonic 25 65 %15
58 IXXXIX 100 intracolonic 25 70 = 15

The above mentioned patents, applications, test methods,
and publications are hereby incorporated by reference in
their entirety.

Many variations of the present invention will suggest
themselves to those skilled in the art in light of the above
delailed description. All such obvious variations are within
the full intended scope of the appended claims.

\ What is claimed is:

1. A composition comprising:

(A) at least one active agent; and

(B) a compound having the following formula

OH
H O
N\/\/\/\/\/”\

OH

or a salt thereof.

2. A composition as defined in claim 1, wherein said
active agent is selected from the group consisting of a
biologically active agent, a chemically active agent, and a
combination thereof.

3. A composition as defined in claim 2, wherein said
biologically active agent comprises at least one peptide,
mucopolysaccharide, carbohydrate, or lipid.

4. A composition as defined in claim 2, wherein said
biologically active agent comprises heparin.

5. A composition as defined in claim 2, wherein said
biologically active agent comprises low molecular weight
heparin.

6. A composition comprising;

(a)-at least- oncfactwcragem«and—

(b) a carrier comprising a c,ompoimd having (e’ 101]0wmg
formula:

or a salt thereof, wherein said carrier is selected from the
group consisting of a pely(amino=acid)®and a polypeptide.
7. A composition as defined in claim 6, wherein said
carrier comprises a polypeptide.
8.-A-dosage unit-form-comprising:>
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(A) a compositienras-definedzinrclaim:1; and»
(B) (a) anyexcipient

(b) a diluenty»

(c) a disintegrants

(d) a Jubricant;-

(e) a plasticizer,

(f) acolorant,.,

(g) a_dosing vehic vehlcle,,or

R D

(h) any combination on thereof.

9. A dosage unit form as defined in claim 8, wherein said
active agent is selected from the group consisting of a
biologically active agent, a chemically activc agent, and a
combination thereof.

10. A dosage unit form as defined in claim 9, wherein said
active agent is selected from the group consisting of at least
one peptide, mucopolysaccharide, carbohydrate, and a com-
bination thereof.

11. A dosage unit form as defined in claim 9 wherein said
biologically active agent comprises heparin.

12. A dosage unit form as defined in claim 9 wherein said
biologically active agent comprises low molecular weight
heparin.

13. A dosage unit-form as'defined in claim8; comprising
a tablet, a capsule, or a liquid. . /
- -14. A-dosage unit formas dcﬁned in claun 13 whcrcm
said dosing vehicle is selected from the group consisting of
water, 1,2-diol, ethanol, and any combination thereof.

15. A mecthod for administering a biologically-active
agent to an animal in need of said agent, said method
comprising administering orally to said animal a composi-
tion as defined in claim 2.

16. A compound having the formula

| 36

OH
H o
N\/\/\/\/\/”\
OH
o

or a salt thereof.

17. A method for preparing a composition, said method
comprising mixing:

(A) at least one active agent;

(B) at least one compound as defined in claim 16; and

(C) optionally, a dosing vehicle.

18. The kcomposmon as defin dcﬁncd m+c_]a1m 3-wherem sald
Biologically. active agcm is selected from.the Sroup consist-
ing=of shuman=growth=hormone Fbovine=giowtizhormone;
growth _hormone-releasing -hormone,-an=interferonss
interleukin-H;=insulin;zheparin;=low..molecular -weight
heparin; calcitonin, erythropmetm atrial naturetic. factor, a0
antigen; —a=monoclonal=antibody,- somatost
adrenocorllcotropm gonadotropm releas -Jqormone-:
oxylocin;-vasopressin;-cromolyn:sodium;.vancomyein,-des-s
ferrioxamine-(DFQ),-and.any.combination. thereof: — 5

19. A composition as defined in claim 18, wherein said
biologically active agent comprises an interferon,
interleukin-I1, insulin, heparin, low molecular weight
heparin, calcitonin, oxytocin, vasopressin, vancomycin,
DFO, or combinations thercof.

20. A composition as dcfined in claim 2, wherein said
biologically active agent comprises recombinant human
growth hormone.
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21. The dosage unit form as defined in claim 10, wherein
said biologically active agent is selected from the group
consisting of human growth hormone, bovine growth
hormonec, growth hormonc-rcleasing hormone, an
interferon, interleukin-II, insulin, heparin, low molecular
weight heparin, calcitonin, erythropoietin, atrial naturetic
factor, an antigen, a monoclonal antibody, somatostatin,
adrenocorlicotropin, gonadotropin releasing hormone,
oxytocin, vasopressin, cromolyn sodium, vancomycin, des-
ferrioxamine (DFOQ), and any combination thereof.

38

22. A dosage unit form as defined in claim 21, wherein
said biologically active agent comprises an interferon,
interleukin-II, insulin, heparin, low molecular weight
heparin, calcitonin, oxytocin, vasopressin, vancomycin,
DFO, or combinations thereof.

23. Adosage unit form as defined in claim 9, wherein said
biologically active agent comprises recombinant human
growth hormone.

I§!
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-continued

y 58

W )
o o

O
Compound X
CXX 1-meorpholino
CXXI O-t-Butyl
X1 CH(CH,Ph)NC(O)O-t-Bu
XX 2-hydroxyphenyl

It has been discovered that organic acid compounds, and 15

their salts, having an aromatic amide group, having a
hydroxy group substituted in the ortho position on the
aromatic ring, and a lipophilic chain with from about 4
carbon atoms to about 20 atoms in the chain arc uscful as
carriers for the delivery of active agents. In a preferred form
the lipophilic chain can have from 5 to 20 carbon atoms.

Compositions comprising the carrier compounds dis-
cussed above and active agents have been shown effective in
delivering active agents to selected biological systems.
These compositions include at least one active agent which
is preferably a biologically or chemically active agent, and
al least one carrier compound having the formula

2—HO-—~Ar—CONR®—R’-—~COOH
wherein

Ar is a substituted or unsubstituted phenyl or naphthyl;

R7 is selected from the group consisting of C, to C,q
alkyl, C, 10 C,4 alkenyl, phenyl, naphthyl, (C, to C;,
alkyl) phenyl, (C, to C,, alkenyl) phenyl, (C; to Cy4
alkyl) naphthyl, (C, to'C,, alkenyl) naphthyl, pheny!
(C, 1o C,, alkyl), phenyl (C, to C,, alkenyl), naphthyl
(C, to C,, alkyl), and naphthyl (C, to C,, alkenyl);

R8 is selected from the group consisting of hydrogen, C,
to C, alkyl, C, to C, alkenyl, hydroxy, and C, to C,
alkoxy:

R7 is optionally substituted with C, to C, alkyl, C, to C,
alkenyl, C, 1o C, alkoxy, —OH, —SH and —CO,R°® or
any combination thercof;

R? is hydrogen, C, to C, alkyl or C, to C, alkenyl;

R7 is optionally interrupted by oxygen, nitrogen, sulfur or
any combination thereof;

with the proviso that the compounds are not substituted with
an amino group in the position alpha to the acid group, or
salts thereof.

The preferred R® groups are of C, to C,4 alkyl and C, to
C,, alkenyl. The most preferred R® groups are Cs to Gy
alkyl and Cg to C,q alkenyl.

A preferred carrier compound can have the formula

H
I

N COOH
\R1/

HO o

wherein R is defined above.

Further contemplated by the present invention are dosage
unit forms that include these compositions.

Also contemplated is a method for preparing these com-
positions which comprises mixing at least one active agent
with at least onc compound as described above, and
optionally, a dosing vehicle.
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In an alternative embodiment, these non-toxic compounds
are orally administered to animals as part of a delivery
system by blending or mixing the compounds with an active
agent prior to administration.

Further provided is a method for the preparation of a
compound having the formula

CXX1V
HO—C—R‘—T—-Y—R3
R2

wherein Y is

or SO,;
R! is C,-C,, alkyl, C,-C,, alkenyl, C,-C,, alkyne,
cycloalkyl, or aromatic;
R? is hydrogen, C,~C, alkyl, or C,~C, alkenyl; and
R? is C,-C, alkyl, C;~C,, cycloalkyl, aryl, thienyl,
pyrrolo, or pyridyl, where R® is optionally substituted
by-one or more C,~Cs alkyl group, C,—~C, alkenyl group, F,
Cl, OH, SO,, COOH, or SO,H;
said method comprising
(a) reacting in water and the presence of a base, a
compound having the formula

o CXXV
*

N

|

R2

R!

with a compound having the formula

R3*—Y—X,

wherein
Y, R', R% and R® are as above and X is a leaving group.
DESCRIPTION OF THE DRAWINGS

FIG. 1 is a graphic illustration of the results of subcuta-
neous injection of rhGH composition in rats.

FIG. 2 is a graphic illustration of the results of Sublingual
(SL), intranasal (IN), and intracolonic (IC) dosing of rhGH
in rats.

FIG. 3 is a graphic illustration of the results of intraco-
lonic dosing of delivery of heparin with compound XXXI
carrier.

DETAILED DESCRIPTION OF THE
INVENTION '

The specific compositions of the present invention include
an active agent and a modified amino acid. These compo-
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sitions may be used to deliver various active agents through
various biological, chemical, and physical barriers and are
particularly suited for delivering active agents which are
subject to environmental degradation. The compesitions of
the subject invention are particularly useful for delivering or
administering biologically or chemically active agents to
any animals such as birds; mammals, such as - pnmates and
particularly humans; and insects.

Other advantages of the present invention include the use
of easy to prepare, inexpensive raw materials. The compo-
sitions and the formulation methods of the present invention
are cost effective, simple to perform, and amenable to
industrial scale up for commercial production. -

Subcutaneous, sublingual, and intranasal coadministra-
tion of an active agent, such as recombinant human growth
hormone (thGH), and the delivery agents, and. particularly
protcins, described herein results in an increased bioavail-
ability of the active agent compared to administration of the
active agent alone. A similar result is obtained by coadmin-
istration of salmon calcitonin with the delivery agents, in
rats. Data supporting these findings are presemed in the
examples.

Active Agents

Active agents suitable for use in the present invention
include biologically o chemically active agents, chemically
active agents, including, but not limited to, fragrances, as
well as other active agents such as, for example, cosmetics.

Biologically or chemically active agents include, but are
not limited 1o, pesticides, pharmacological agents, and thera-
peutic agents. For example, biologically or chemically
active agents suitable for use in the present invention
include, but are not limited to, peptides, and particularly
small peptides; hormones, and particularly hormones which
by themselves do not or only a fraction of the administered
dose passes through the gastro- intestinal mucosa and/or are
susceptible to chemical cleavage by acids and enzymes in
the gastrointestinal tract; polysaccharides, and particularly
mixtures of muco-polysaccharides; carbohydratcs lipids; or
any combination thereof. Further examples include, but are
not limited to, buman growth hormones; bovine growth
hormones; growth releasing hormones; interferons;
interleukin-1; insulin; heparin,-and particularly low molecu-
lar weight heparin; calcitonin; erythropoietir; atrial naturetic
factor; antigens; monoclonal antibodies; somatostaltin;
adrenocorticotropin, gonadotropin rcleasing hormonc; oxy-
tocin; vasopressin; cromolyn sodium (sodium or disodium
chromoglycate); vancomycin, desferrioxamine (DFO); parz..
athyroid:hormone anti-microbials, including, but not limited
to anti-fungal agents; or any combination thereof.

Modified Amino Acids

The terms modified amino acid, modified poly amino
acid, and modificd peptide arc meant to include amino acids
which have been modificd, or poly amino acids and peptides
in which at least onc amino acid has been modified, by
acylating or sulfonating at least one free amine group with
an acylating or sulfonating agent which reacts with at least
one of the free amine groups present.

Amino acids, poly amino acids, and peptides, in modified
form, may be used to deliver active agents including, but not
limited to, biologically or chemically active agents such as
for example, pharmacological and therapeutic agents.

An amino acid is any carboxylic acid having at least one
free amine group and includes nalurally occurring and
synthetic amino acids,

Poly amino acids are either peptides or two or more amino
acids linked by a bond formed by other groups which can be
linked, e.g. an ester, anhydride, or an anhydride linkage.
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Peptides are two or more amino acids joined by a peptide
bond.

Peptides can vary in length from dipeptides with two
amino acids 1o poly peptides with several hundred amino
acids. See Chambers Biological Dictionary, edilor Peter M.
B. Walker, Cambridge, England: Chambers Cambridge,
1989, page 215. Special mention is made of di-peptides,
tri-peptides, tetra-peptides, and penta-peptides.

Although compounds I-CXXIII above have been found to
act as carriers for the oral delivery of biologically or
chemically active agents, special mention is made of com-
pounds I-XXXI above.

Modified amino acids are typically prepared by modifying
the amino acid or an ester thereof. Many of these compounds
are preparcd by acylation or sulfonation with agents having
the formula -

X—Y—R*

wherein:
R? is the appropriate radical to yield the modification
indicated in the final product,
Yis

O=0

or 8O,, and X is a leaving group. Typical leaving
groups include, but are not limited to, halogens such as,
for example, chlorine, bromine, and iodinc.
Additionally, the corresponding anhydrides arc modi-
fying agents.

Many of the compounds of the present invention can be
readily prepared from amino acids by methods within the
skill of those in the art based upon the present disclosure. For
example, compounds 1-VII are derived from aminobutyric
acid; Compounds VIII-X and XXXII-XXXV are derived
from aminocaproic acid; and Compounds XI-XXVI and
XXXVI are derived from aminocaprylic acid. For example,
the modified amino acid compounds above may be prepared
by reacting the single amino acid with the appropriate
modifying agent which reacts with free amino moiety
present in the amino acids to form amides. Protecting groups
may be used to avoid unwanted side reactions as would be
known to those skilled in the art.

The amino acid can be dissolved in aqueous alkaline
solution of a metal hydroxide, e.g., sodium or potassium
hydroxide, and heated at a temperature ranging between
about 5° C. and about 70° C., preferably between about 10°
C. and about 40° C., for a period ranging between about 1
hour and about 4 hours, preferably about 2.5 hours. The
amount of alkali employed per equivalent of NH, groups in
the amino acid generally ranges between about 1.25 and
about 3 mmole, preferably between about 1.5 and about 2.25
mmole per equivalent of NH,. The pH of the-solution
generally ranges between about 8 and about 13, preferably
ranging between about 10 and about 12.

Thereafter, the appropriate amino modifying agent is
added to the amino acid solution while stirring. The tem-
perature of the mixture is maintained al a temperature
generally ranging between about 5° C. and about 70° C,,
preferably between about 10° C. and about 40° C., for a
period ranging between about 1 and about 4 hours. The
amount of amino modifying agent-cmployed in relation to
the quantity of amino acid is based on the moles of total free
NH, in the amino acid. In general, the amino modifying

Y
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COMPOUNDS AND COMPOSITIONS FOR
DELIVERING ACTIVE AGENTS

FIELD OF THE INVENTION

S
l'he present mvenuon relates to- compounds-for dehvenng"

achive agents These compounds are used 25 cantiers fo

facilitate™(he dElivery of & cargo lo'aﬂarget“The carrier ™

compounds™are well suited=to-formznon-covalentzmixtureswrr

with_biologically-active agents_for: oral admlmstrano‘rhl_lg,,

animals. Methods for the preparation adminisiration of such
compositions are also disclosed.
St T

BACKGROUND OF THE INVENTION

Conventional means for delivering active agents are often
severely limited by biological, chemical, and physical bar-
ricrs. Typically, these barriers are imposed; by the environ-
ment through which delivery occurs, the environment of the
target for delivery, or the target itself. ‘Biologically or
chemically active agents are particularly vulnerable to such
barriers. \

For example in the delivery to animals of biologically
active or chemically active pharmacological and therapeutic
agents, barriers are imposed by the body. Examples of
physical barriers are the skin and various drgan membranes
that must be traversed before reaching a target. Chemical
barriers include, but are not limited to, pH variations, lipid
bi-layers, and degrading enzymes. .

These barriers are of particular significance in the design
of oral delivery systems. Oral delivery of many biologically
or chemically active agents would be the route of choice for
administration to animals if not for biological, chemical, and
physical barriers such as varying pH in the gastrointestinal
(GI) tract, powerful digestive enzymes, and active agent
impermeable gastro-intestinal membranes. Among the
numerous agents which are not typically amenable to oral
administration are biologically or chemically active
peptides, such as calcitonin and insulin; polysaccharides,
and in particular mucopolysaccharides including, but not
limited to, heparin; heparinoids, antibiotics; and other
organic substances. These agents are rapidly rendered inef-

0]
Cl \@‘L OH
T/\/\/\ﬂ/
H (o]
OH
Cl
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fective or are destroyed in the gastro-intestinal tract by acid
hydrolysis, enzymes, or the like.

Earlier methods for orally administering vulnerable phar-
macological agents have relied on the co-administration of
adjuvaats (e.g., resorcinols and non-ionic surfactants such as
po]yoxyelhylene oley! ether and n-hexadecylpolyethylene
“==»¢ther) to increase artificially the permeability of the intesti-
nal walls, as well as the co-administration of enzymatic
inhibitors (c.g., pancreatic trypsin inhibitors, diisopropy-
1fluerophosphate (DFF) and trasylol) to inhibit enzymatic
degradation.

Liposomes have also been described as drug delivery
systems for insulin and heparin. See, for example, U.S. Pat.
No. 4,239,754, Patel et al. (1976), FEBS Letters, Vol. 62, pg.
60; and Hashimoto et al. (1979), Endocrinology Japan, Vol.
26, pg. 337.

However, broad spectrum use of such drug delivery
systems is precluded because: (1) the systems require toxic
amounts of adjuvants or inhibitors; (2) suitable low molecu-
lar weight cargos, i.¢. active agents, are not available; (3) the
systems exhibit poor stability and inadequate shelf life; (4)
the systems are difficult to manufacture; (5) the systems fail
to protect the active agent (cargo); (6) the systems adversely
alter the active agent; or (7) the systems fail to allow or
promote absorption of the active agent.

More recently, microspheres of artificial polymers of
mixed amino acids (proteinoids) have been used to deliver
pharmaccuticals. For cxample, US. Pat. No. 4,925,673
describes drug-containing proteinoid microsphere carriers as
well as methods for their preparation and use. These pro-
teinoid microspheres are useful for the delivery of a number
of active agents.

There is still a need in the art for simple, inexpensive
delivery systems which are easily prepared and which can
deliver a broad range of active agents.

SUMMARY OF THE INVENTION

Compounds and compositions which are useful in the
delivery of active agents are provided. These compositions
include at least one active agent, preferably a biologically or
chemically active agent, and at least one of the following
compounds 1-193, or salts thereof.

6N-(3 3,5-dichloro-2-hydrexybenzoyl)amiinocaproic-acid=
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8(2- tnﬂouromethoxy)benzoylammo caprylic acid
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4-(4-(pentafluorobenzoyl)aminophenylbutyric acid
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4-(4-(3-anisoyl)aminophenyl)butyric acid
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4-(4-(phenoxyacetyl)aminophenyl)butyric acid
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8-(2-methoxylbenzoyl)amino caprylic-acid
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2-[4-Salicyloylamino)phenylJethyl methyl sulfone

i o
N
\N)K/\ COOH
oo o !

1-Salicyloyl-2-succinyl hydrazide
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3-(4-(2,5-dimethoxycinnamoyl)aminophenyl)propionic acid

[}
o]
CH;0 N N
H
OCHj;

4-(4-(2,5-dimethoxycinnamoyl)aminophenylbutyric acid
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1-salicyloyl-2-glutaryl hydrazide
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QNQOH

Succinyl-4-aminosalicylic acid
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Cotnpusilicts comprising . 1lié ~arrier compounds_ dis- »*0

cussed above-and-active-agents »arefeﬁ“ecnveﬂnfdehvcnngh

acuvc agents 1o sclected- blologxcalrsystcms——‘)

DETAILED DESCRIPTION OF THE
INVENTION

The specific compositions of the present invention include
an active agent and a carrier. These compositions may be
used to deliver various active agents through various
biological, chemical, and physical barriers and are particu-
larly suited for delivering active agents which are subject to
environmental degradation. The compositions of the subject
invention are particularly useful for delivering or adminis-
tering biologically or chemically active agents to any ani-
mals such as birds including, but not limited to, chickens;
mammals, such as primates and particularly bumans; and
insects.

Other advantages of the present invention include the use
of casy to prepare, inexpensive raw materials. The compo-
sitions and the formulation methods of the present invention
are cost cffective, simple to perform, and amenable to
industrial scale up for commercial production.

Subcutaneous, sublingual, and intranasal coadministra-
tion of an active agent, such as,,for example,Yrccombmanl

v -

L

human giowili liormone (thGH); salmon- calcuomn,Jheparm,_gS‘

including; but not lifiiied to, low molecular weight heparis m;?

paralhyrmd formone; and compounds in compositions as
b
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described herein result in an increased bioavailability of the
active agent compared to administration of the active agent
alone.

Active Agents

Active agents suitable for usc in the present invention
include biologically or chemically active agents, chemically
active agents, including, but not limited to, fragrances, as
well as other active agents such as, for example, cosmetics.

Biologically or chemically active agents include, but are
not limited to, pesticides, pharmacological agents, and thera-
peutic agents. For example, biologically or chemically
active agenis suitable for use in the present invention
include, but are not limited to, peptides, and particularly
small peptides; hormones, and particularly hormones which
by themselves do not or only a fraction of the administered
dose passes through the gastro-intestinal mucosa and/or are
susceptible to chemical cleavage by acids and enzymes in
the gastro-intestinal tract; polysaccharides, and particularly
mixtures of muco-polysaccharides; carbohydrates; lipids; or
any combination thereof. Further examples include, but are
not limited 1o, human growth hormones; bovine growth
hormones; growth rcleasing hormones; interferons;
interleukin-1; insulin; heparin, and particularly low molecu-
lar weight heparin; calcitonin; erythropoictin; atrial naturetic
factor; antigens; monoclonal antibodies; somatostatin;
adrenocorticotropin, gonadotropin releasing hormone; oxy-
tocin; vasopressin; cromolyn sodium (sodium or disodium
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These carricr compounds or poly amino acids, and
peptides, including the amino acids, may be used to deliver
active agents including, but not limited to, biologically or
chemically active agents such as for example, pharmaco-
logical and therapeutic agents.

An amino acid is any carboxylic acid having at least one
frcc amine group and includes naturally occurring and
synthetic amino acids.

Poly amino acids are either peptides or two or more amino
acids linked by a bond formed by other groups which can be
linked, ¢.g. an ester, anhydride, or an anhydride linkage.

Peptides are two or more amino acids joined by a peptide
bond. Peptides can vary in length from dipeptides with two
amino acids to poly peptides with several hundred amino
acids. See Chambers Biological Dictionary, editor Peter M.
B. Walker, Cambridge, England: Chambers Cambridge,
1989, page 215. Special megtion is made of di-peptides,
tri-peptides, tetra-peptides, and penta-peplides.

Salts such as, for example, sodium salt of these carrier
compounds can be used as well.

Many of the compounds described herein are derived
from amino acids.

Many of the compounds of the present invention can be
readily prepared from amino acids including, but not limited
to, aminocaprylic acid, butyrylhydroxaminic acid, ami-
nophenylbutyric acid, aminophenylhexanoic acid, ami-
nophenylpropionic acid, amino salicylic acid, aminophcnyl-
succinic acid, aminononanic acid, aminonicotinic acid,
amino valenic acid, aminophenylacetic acid, aminocaproic
acid, aminoundecanoic acid, aminoheptanoic acid, amino-
hydroxybenzoic acid, and aminodecanoic acid by methods
within the skill of those in the art based upon the present
disclosure and the methods described in U.S. patent appli-
cation Ser. Nos. 60/017,902, filed Mar. 29, 1996; 08/414,
654, filed Mar. 31, 1995; 08/335,148, filed Oct. 25, 1994,
and 60/003,111, filed Sep. 1, 1995.

For example, these compounds may be prepared by
reacting the single acid with the appropriate agent which
reacts with free amino moiety present in the amino acids to
form amides. Protecting groups may be used to avoid
unwanted side reactions as would be known to those skilled
in the art,

The carrier compound may be purified by recrystallization
or by fractionation on solid column supports. Suitable
recrystallization solvent systems include acctonitrile, metha-
nol and tetrahydrofuran. Fractionation may be performed on
a suitable solid column supports such as alumina, using
methanol/n-propanol mixtures as the mobile phasc; reverse
phase column supports using trifluoroacetic acid/acetonitrile
mixtures as the mobile phase; and ion exchange chroma-
fography using water as the mobile phase. When anion
exchange chromatography is performed, preferably a sub-
sequent 0-500 mM sodium chloride gradient is employed.

Delivery Systems

The compositions of the present invention may include
ome or more active agents.

In one embodiment, compounds or salts of compounds
1-193 or poly amino acids or peptides that include at least
one of these compounds or salts may be used directly as a
delivery carrier by simply mixing one or more compound or
salt, poly amino acid or peptide with the active agent prior
1o administration.

The administration mixtures are prepared by mixing an
aqueous solution of the carrier with an aqueous solution of
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the active ingredient, just prior to administration.
Alternatively, the carrier and the biologically or chemically
active ingredient can be admixed during the manufacturing
process. The solutions may optionally contain additives such
as phosphate buffer salts, citric acid, acetic acid, gelatin, and
gum acacia.

Stabilizing additives may be incorporated into the carrier
solution. With some drugs, the presence of such additives
promotes the stability and dispersibility of the agent in
solution.

The stabilizing additives may be employed at a concen-
tration ranging between about 0.1 and 5% (W/V), preferably
about 0.5% (W/V). Suitable, but non-limiting, examples of
stabilizing additives include gum acacia, gelatin, methyl
cellulose, polyethylene glycol, carboxylic acids and salts
thereof, and polylysine. The preferred stabilizing additives
are gum acacia, gelatin and methyl cellulose.

The amount of active agent is an amount effective to
accomplish the purpose of the particular active agent. The
amount in the composition typically is a pharmacologically,
biologically, therapeutically, or chemically effective amount.
However, the amount can be less than a pharmacologically,
biologically, therapeutically, or chemically effective amount
when the composition is used in a dosage unit form, such as
a capsule, a tablet or a liquid, because the dosage unit form
may contain a multiplicity of carrier/biologically or chemi-
cally active agent compositions or may confain a divided
pharmacologically, biologically, therapeutically, or chemi-
cally effective amount. The total effective amounts can then
be administered in cumulative units containing, in total,
pbarmacologically, biologically, therapcutically or chemi-
cally active amounts of biologically or pharmacologically
active agent.

The total amount of active agent, and particularly bio-
logically or chemically active agent, to be used can be
determined by those skilled in the art. However, it has
surprisingly been found that with some biologically or
chemically active agents, the use of the presently disclosed
carriers provides extremely efficient delivery, particularly in
oral, intranasal, sublingual, intraduodenal, or subcutaneous
systems. Therefore, lower amounts of biologically or chemi-
cally active agent than thosc uscd in prior dosage unit forms
or delivery systems can be administered to the subject, while
still achieving the same blood levels and therapeutic effects.

The amount of carrier in the present composition is a
delivery effective amount and can be determined for any
particular carrier or biologically or chemically active agent
by methods known to those skilled in the art.

Dosage, unit | forms can.alsozinclude-anyrof -excipients;
dxluems, dnsmtcgrams,-:lubncams =plasticizers;..colorants;

and dosmg vehxcles, .including,-but -not-limitedto water,

1,2-propanediol;zethanol ;= olive: oil~or-any-combination

«thereof ==

Administration of the present compositions or dosage unit
forms preferably is oral or by intraduodenal injection.

The delivery compositions of the present invention may
also include one or more enzyme inhibitors. Such enzyme
inhibitors include, but are not limited to, compounds such as
actinonin or epiactinonin and derivatives thercof. These
compounds have the formulas below:
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H TABLE 4-continued
HO N :
W [n Vivo Evaluation of Heparin in Rats
o] O OH 5
Dosing Solution Heparin APTT (sec)
OH
N o 11-122-DS 49 = 21 (IC), 207 = 7 (PO)
H H-123-DS 42 = 14 (PO)
VWW\fr H-139-DS 31+ 11 (10)
0 0 H-141-DS 59 £ 26 (IC)
10 H-144-DS 26 £ 3 (IC)
] ) . i H-35A-DS 61 29 (IC)
These dosing solutions are designated H-35A-DS, H-35B-DS 51 £ 30 (IC)
H-35B-DS, and H-109A-DS, respectively. H-169-DS 2322(I0)
H-PA-DS 23 2 2 (PO)
H-MB-DS 33+ 6 (IC)

EXAMPLES 8

In Vivo Evaluation of Heparin in Rats

The dosing solutions of Example 7 were administered to
fasted rats either by oral gavage or intracolonic instillation.

Blood samples were collected by cardiac puncture fol-
lowing the administration of ketamine (44 mg/kg). Heparin
aclivity was determined by utilizing the activated partial
thromboplastin time (APTT) according to the method of
Henry, J. B,, Clinical Diagnosis and Management by Labo-
ratory Methods; Philadelphia, Pa; W. B. Saunders (1979).

Results are in illustrated in Table 4, below.
Comparative Examples 8A

In Vivo Evaluation of Heparin in Rats

The dosing solutions of Comparative Example 7A were
administered to fasted rats by intracolonic instillation. Blood
samples were collected and heparin activity was determined
by the method of Example 8.

Results are illustrated in Table 4, below.

Comparative Example 8B

In Vivo Evaluation of Heparin in Rats

An intracolonic dosing solution of 25 mg/kg of heparin
and an oral gavage dosing solution of 100 mg/kg of heparin
were administered to fasted rats. These dosage solutions
were designated H-@A-DS and H-@B-DS, respectively.

Blood samples were collected, and heparin activity was
determined by the methods of Example 8.

Results are 1llustrated in Table 4, below.

TABLE 4

In Vivo Evaluation of Heparin in Rats

Dosing Solution Heparin APTT (sec)

H-9-DS 48 = 18 (IC)

H-35:D8 54 2 27 (PO), 177 £ 85 (1C)
H-47-DS 30 £ 14 (IC)

H-50-DS 40 = 22 (IC)

H-58-DS 24 £ 4 (IC)

H-62-DS 37213 (I0)

H-64-DS 59 + 28 (PO), 168 = 75 (IC)
H-67-DS 76 £ 36 (IC)

H-76-DS 63 £ 27 (PO)

H-96-DS 36 £ 8 (IC)

H-102-DS 111 = 108 (IC)

H-109-DS 56 2 28 (IC)

H-110-DS 3759 (IC)

H-111-DS 71 £ 39 (IC)

H-117-DS 140 = 128 (IC)
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The above mentioned patents, applications, test methods,
and publications are hereby incorporated by reference in
their entirety.

Many variations of the present invention will suggest
themselves 1o those skilled in the art in light of the above
detailed description. All such obvious variations are within
the fuil intended scope of the appended claims.

What is claimed is:

1. A composition comprising:

(AYat'lcast-one active -ageént; and”

(B).a.compound having the following-formula

OH 0
T/\/\/\/\ COOH
H
al

or a salt thereof.

2. A-rcomposmonrasTdeﬁned.mrclalmrl,.whercm said
active agent is selected from the group consisting of a
biologically..activeagent,ra-chemically.active-agen,.or. a
combination thereof.

3. A composition as defined in claim 2, wherein said

109

biologically active agent comprises at least one peptide,

mucopolysaccharide, carbohydrate, or lipid.

4. A composition as defined in claim 2, wherein said
biologically active agent is selected from the group consist-
ing of human growth hormone, bovine growth hormone,
growth hormone-rcleasing hormone;=an-intcrfcron,
interleukin=I;=insulim=heparin;=low=molecular-weight
heparin, calcitonin,-erythropoietin, atral-naturetic factor, an
antigen, a monoclonal antibody, samatostatin,
adrenocorticotropin, gonadotropin releasing hormone,
oxytocin, vasopressin, cromolyn sodium, vancomycin, par-
athyroid hormone, desferrioxamine (DFO), or any combi-
nation thereof.

5. A composition as defined in claim 4, wherein said
biclogically active agent comprises an interferon,
interleukin-1I, insulin, heparin, low molecular weighl
heparin, calcitonin, oxytosin, vasopressin, vancomycin,
DFO, pdralhyrmd ‘hormone;-and combinations thereof.

6. A composition as defined in claim 2, wherein said
biologically active agent comprises recombinant human
growth hormone.

7. A composition as defined in claim 2, wherein said
biologically active agent comprises heparin.

8. A composition as defined in claim 2, wherein said
biologically active agent comprises low molecular weight
heparin.

9. A composition as defined in claim 1, wherein said
carrier comprises a poly(amino acid).
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