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RECURSO DE REPOSICION

CARLOS R. OLARTE, mayor de edad y vecino de Bogota, D.C., identificado como aparece al
pie de mi firma, en mi condicién de apoderado de la sociedad solicitante, y dentro del término
legal previsto por el articulo 51 del Codigo Contencioso Administrativo, me permito interponer
RECURSO DE REPOSICION en contra de la Resolucién No. 31883, notificada por edicto
desfijado el 29 de junio de 2012. |

1. ANTECEDENTES

La solicitud de patente ventilada en este expediente contiene un capitulo reivindicatorio con 2
reivindicaciones (capitulo radicado el 25 de abril de 2012, en respuesta al segundo examen de
fondo expedido el 15 de diciembre de 2011). Segin la Resolucion No. 31883, el Despacho niega

la totalidad de las reivindicaciones por supuesta falta de nivel inventivo.
2. OBJETO DEL RECURSO

Que se revoque la resolucion recurrida, y en su lugar se conceda el privilegio de patente de
invencion para las reivindicaciones pendientes de la presente solicitud, o en su defecto aquellas

reivindicaciones que cumplan con los requisitos de patentabilidad.
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3. FUNDAMENTO DEL RECURSO

Con referencia a los argumentos presentados por la SIC para desvirtuar el nivel inventivo de la
presente solicitud en la resolucion aqui recurrida, respetuosamente difiero del anélisis expuesto, y
procedo a refutar cada uno de dichos argumentos, exponiendo las motivaciones técnicas que

desvirtian la posicion de ese Despacho.

f

3.1  La SIC insiste en que las patentes US5750509 (D1) y EP0438747 (D2), afectan el nivel

inventivo de la presente invencion.

32. a- La SIC argumenta una vez mas, que D1 divulga composiciones que contienen
como principio activo dalbavancina (un complejo de glicopéptidos), que comprende el factor de
dalbavancina BO mayoritariamente (columna 2, lineas 45 a 50) y sus isomeros, y al menos un
factor de dalbavancina adicional seleccionado entre los factores A0, Al, B1, C0 y C1 (Col. 2,
lineas 45 a 50, Col 28 lineas 16 a 19), en donde las composicioﬁes se encuentran en forma de
polvo estéril, sin particulas, adecuado para la reconstituciéon con un vehiculo farmacéuticamente
aceptable (Col. 28, lineas 13 a 15). El Despacho argumenta qée la diferencia entre D1 y la

presente invencion es el uso de manitol y lactosa como agentes estabilizantes.

De otra parte, la SIC argumenta que D2 se refiere a composiciones estables de antibi6ticos
glicopéptidos (cloroorienticina B y vancomicina) que contienen agentes estabilizantes como

lactosa (Reivindicacion 6) y manitol (Reivindicacién 7).

La Resolucion aqui recurrida presenta la siguiente tabla comparando las caracteristicas esenciales

divulgadas en D1 y D2, y los compuestos de la presente invencién:

Caracterfsticas esenciales D1 D2
Composicién farmacéutica Composicion farmacéutica ‘Composicion farmaceéutica
Dalbavancina Antibidticos gli_cqpéptidos Antibidticos  glicopéptidos
(vancomicina) (vancomicina)
Manitol y lactosa Unoo mas? sacéridos como . Uno o mAs sacAridos
manitol, lactosa como manitol, lactosa
|
b- i) De manera mas detallada que el anélisis presentado por la SIC, me permito

puntualizar las diferencias que alejan las composiciones de la presente invencion de aquellas

divulgadas en D1 y D2.
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D1 divulga derivados del antibidtico A 40926 (complejo de glicopéptidos) de formula:

l? ®
NH (=R, !

[+]
i

66 _ O,
[o]

NH !
o H N—CH;

asi como sus formulaciones farmacéuticamente aceptables, las cuales pueden ser, dependiendo de
la via de administracién: capsulas, tabletas, soluciones liquidas o suspensiones, para
administracién oral; sprays liquidos o inhaladores, o una forma que permita la absorcion del
activo por la membrana mucosa para uso tdépico; formas liﬁuidas o semiliquidas para
administracién en ojos y oidos; supositorios para la administracién rectal; suspensiones,
soluciones o emulsiones para administracion por via intravenosa (inyecciones) y polvos para

reconstitucion.

D2 divulga composiciones liofilizadas estables de antibidticos glicopeptidicos, que comprenden
uno o mas sacaridos, en donde los antibidticos son orenticina A a D, cloroorenticina A a E y
vancomicina. Dichos sacédridos son solubles en agua; los monosacaridos pueden ser glucosa,
fructosa, ménosa, sorbosa y xilosa; los disacaridos incluyen maltosa, sacarosa y lactosa; también
pueden ser alcoholes azucarados (polialcoholes) como manitol, sorbitol inositol y xilitol, y
polisacaridos. El objetivo de D2 es proporcionar composiciones estables al controlar tres

aspectos: ’

reducir el contenido de agua en el producto en los viales mediante secado;

reemplazar en los viales el aire por un gas inerte como nitréogeno; y

almacenar el producto a una temperatura menor.

ii) Ahora bien, contrario a las ensefianzas de D1 y D2, especialmente de D2, la
presente invencion reclama una formulacidn que contiene dalbavancina y un agente estabilizante
I

que comprende una mezcla de manitol y lactosa en una proporcién 1:1, la proporcién total de los

componentes de la formulacion dalbavancina:manitol:lactosa es 4:1:1, con un pH especifico entre
3 a5, yen donde la composicion se degrada no mas de 6% a 40°C después de 3 a 6 meses. En
otra modalidad de la invencidn, se reclama una composicion con' los mismos ingredientes, en la

1
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misma proporcion, el mismo pH, que contiene no més de 6% de MAG a 40°C después de 3 a 6

\
meses. ‘

Como cualquier persona medianamente versada en la materia lo reconoceria a simple vista, nada
en el arte previo siquiera sugiere una composicion que contenga dalbavancina y una mezcla de

manitol y lactesa en una proporcion 1:1, donde la proporcién de todos los componentes es 4:1:1.

La SIC desestima esta indiscutible diferencia estructural fundamental, que aleja completamente
las composiciones de la presente invencién de las composiciones del arte previo citado, y de las

que se deriva el efecto técnico alcanzado.

3.3.  En la tabla comparativa presentada en la Resolucidn No. 31883 aqui recurrida, la SIC

sefiala que D1 enseiia “uno o mas sacéaridos como manitol, lactosa™:

Caracterfsticas esenciales D1 D2
Composicién farmacéutica Composicion farmacéutfca Composicién farmacéuticd
. Antibioticos glicopéplidos g . .
Dalbavancina - Antibidticos glicopéptidos
(vancomicina)

Manitol y lactosa o 0 Mas sacaridos como Uno o més sachridos
itol, act : como manitol, lactosa

No se entiende el andlisis realizado por la SIC respecto a D1, puesto que en ningin aparte de
dicho documento se menciona siquiera el uso de un sacérido. De hecho, la Unica mencién
especifica a excipientes farmacéuticamente aceptables se hace en la columna 27, lineas 53 a 59,
donde se habla de excipientes comunes de composiciones para administraciéon oral (tabletas,
capsulas soluciones liquidas o suspensiones). Cuando se mencionan formas sélidas como
capsulas y tabletas se sefiala que dentro de los diluentes comunes se encuentran la lactosa, el
fosfato de calcio, el sorbitol e ingredientes parecidos, asi como lubricantes, agentes aglutinantes,
desintegrantes y demas.

|
D1 no menciona en todo su contenido el uso de manitol. asi como tampoco menciona el uso

de “uno o mas sacdrides”. Teniendo en cuenta lo anterior, solicito respetuosamente se

expliquen las afirmaciones de la SIC sobre la materia revelada en D1, ya que claramente D1 no
menciona el uso de lactosa como agente estabilizante sino como posible diluente, y no incluye
mencion alguna sobre el manitol, y mucho menos sobre la mezcla de manitol y lactosa en una

proporcion 1:1 como agente estabilizante de una composicién.
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En cuanto a D2, este documento presenta 20 Ejemplos donde ilustra las diferentes composiciones

elaboradas, las cuales, contienen un antibidtico y un sélo sacarido. Sin embargo, ningiin ejemplo

de D2 ensefia el uso de lactosa en una formulacion de los antibiéticos orenticina A a D,
cloroorenticina A a E y vancomicina. Es decir, ninguno de los ejemplos de D2 ensefia el uso
conjunto de dos sacaridos, y mucho menos el uso conjunto de de lactosa y manitol en ninguna

proporcion.

En conclusién, es evidente que ningin de D1 y D2, de manera individual o en combinacién,
conduce a la formulacién de dalbavancina, especificamente incluyendo una mezcla de manitol y

|
lactosa en una proporcién especifica de 1:1:4. 1

34. a- Adicionalmente, la SIC argumenta en la Resolucién aqui recurrida lo siguiente:

Por lo tanto, el problema técnico objetivo que pretende resolver esta invencion se puede
formular asf: ¢cdmo disefflar composiciones de dalbavancina alternativas las que se
encuentran en el documento D1 que contengan manitol y lactosa como agentes
estabilizantes?

b- La anterior conclusién del Despacho sobre el objeto que resuelve la presente

invencion demuestra a todas luces el inapropiado andlisis realizado.

I
|
|

En primer lugar, segin la explicacion anterior sobre el arte previo utilizado por la SIC, vale la
pena preguntarse: jcOmo una persona medianamente versada en la materia a la luz de la
informacién de D1 buscaria especificamente incluir en una composicién de dalbavancina el
manitol y la lactosa como agentes estabilizantes, si en dicho documento no se habla siquiera de

agentes estabilizantes, y menos aun se sugiere que la lactosa y el manitol puedan tener ese efecto?

Por el contrario, y como lo mencioné en el punto 3.3 anterior:
- DI no menciona en todo su contenido el uso de manitol;
- D1 no menciona el uso de “agentes estabilizantes”;
- D1 sélo menciona el uso de lactosa como diluente en tabletas y cdpsulas (Columna
27, linea 55); |

- DI no divulga composiciones que contengan manitol y lactosa;

La SIC, en un intento de ajustar su analisis al rompecabezas estructurado a partir de los elementos
aislados del arte previo, establece caprichosamente que el objetivo de la invencion era incluir en

las composiciones de D1 manitol y lactosa como agentes estabilizantes, cuando dicho documento
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ni siquiera menciona el uso de agentes estabilizantes, menos ain la capacidad del manitol y la
lactosa en conjunto de producir dicho efecto en la dalbavancina.
Lo anterior evidencia que el Despacho anticipa indebidamente conclusiones, que sin basarse en
ensefianzas y motivaciones del arte previo, conducirian a la invencién, de nuevo, como si de

armar un rompecabezas se tratara.

La tnica forma en que el Despacho pudo haber llegado a estas conclusiones durante el analisis de
patentabilidad fue aplicando un andlisis en retrospectiva, luego de analizar la presente invencion.
Este tipo de andlisis es conocido en la doctrina y jurisprudencié internacional como analisis en
retrospectiva o “hindsight”, el cual se proscribe en el Manuhl Andino de Patentes (MAP),
conforme al cual “...la busqueda de anterioridades se efectia a posteriori, tomando como punto
de partida la misma invencidn,...el examinador debe realizar el esfuerzo intelectual de colocarse
en la situacién que ha tenido que afrontar el técnico con conocimientos medios en la materia en

»l

un momento en que la invencién no era conocida, es decir antes de la invencién” (mi

subrayado).

Como bien se reconoce en la doctrina y jurisprudencia intemaci(;nal, no es apropiado anticiparse
a los resultados presentados por la invencion, ya que asi, siempre resultara "obvio" todo objeto de
una solicitud de patente, pues inevitablemente est4 parecera derivada de la teoria en que se basa
su desarrollo, sin dar mayor importancia al trabajo, incertidumbre, intelecto y creatividad
involucrados en la invencion para llegar a la solucion del problema planteado en la solicitud.

1

Cuando la SIC realiza el anilisis de la materia que divulga D1 no se ubica en el momento y en la
situacion de los investigadores al analizar dicho documento. Por el contrario, la SIC analiza el
documento D1 a partir de la informacién y la materia reclamadr;l en la presente invencién. El
andlisis realizado por el Despacho respecto al objeto de la preseﬁte invencion evidencia a todas

luces la anticipacién indebida de la materia reclamada y el andlisis equivocado realizado.

En este punto solicito respetuosamente la SIC indique la informacion en D1 que motivaria a la

persona medianamente versada en la materia a usar manitol y lactosa como agentes

estabilizantes, de manera que se demuestre que la intencion de los investigadores inventores de la
materia reclamada en la presente solicitud era “disefiar composiciones de dalbavancina
alternativas a las que se encuentran en el documento D1 que contengan manitol y lactosa como

agentes estabilizantes”.

! Manual Andino de Patentes. (2004). Seccién 10.2. (disponible en

http://www.comunidadandina.org/public/patentes.pdf).
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35, a- La SIC concluye que la utilizacién de manitol y lactosa para mejorar la estabilidad
de composiciones de antibidticos glicopéptidos ya estaba divulgada en D2. Asi, una persona
medianamente versada en la materia se habria referido a D2 para mejorar las composiciones de

D1 y obtener las composiciones aqui reclamadas de manera obvia.

b- Sobre la anterior afirmacion, no se comprende a partir de qué fragmento de D2 la
SIC concluye que “la utilizaciéon de manitol y lactosa para mejorar la estabilidad de
composiciones de antibidticos glicopéptidos ya estd divulgada en el arte previo”? Como lo
mencioné en el punto 3.3 anterior, D2 presenta 20 ejemplos donde ilustra las diferentes

composiciones elaboradas, todas las cuales contienen un antibiético y un solo sacarido.

Si la SIC hubiera realizado un analisis profundo de las ensefianzas de D2 habria concluido que:
- ningin ejemplo de D2 ensefia el uso de lactosa como agente estabilizante;
- ninguno de los ejemplos de D2 ensefia el uso conjunto de dos sacéridos:
- D2 no divulga o siquiera menciona formulaciones que comprende una

combinacién de manitol y lactosa;

Una vez mds, la SIC llega a conclusiones incorrectas a partir de andlisis parcializados de la
informacién contenida en el arte previo. Evidentemente, ninguno de los elementos caracteristicos
de las composiciones aqui reclamadas se encuentra siquiera mencionados en D1 y/o D2, sélos o

en combinacion.

Pareciese como si la SIC tratara simplemente de buscar los elementos de la presente invencién en
documentos del estado de la técnica, realizando un andlisis superficial de dichos elementos
aislados y combinandolos como si de armar un rompecabezas se tratara. Tan superficial es el
analisis de los elementos divulgados en D1 y D2 que la SIC no menciona ni una sola vez en su
Resolucién las ensefianzas proporcionadas en el Capitulo Descriptivo, en especial los Ejemplos,

donde en efecto se materializa la divulgacién de una solicitud.

c- Si la SIC analizara los Ejemplos de D1, concluiria que DI no ilustra
composiciones de dalbavancina, es decir, no sélo no hay mencién de los problemas de
almacenamiento del principio activo, sino que por el contrario, se podria formular en cualquier
forma farmacéutica conocida por la persona medianamente versada en la materia (ver columna

27, lineas 49 a 67, y columna 287, lineas 1 a 15 de D1).

2 Resolucién No. 31833 de 2012, pagina 4, lineas 1 y 2.
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'

En conclusion respecto a D1, dicho documento no divulga composiciones de dalbavancina
estables, y menos ain, formulaciones que contienen dalbavancina y un agente estabilizante que

! .,
comprende una mezcla de manitol y lactosa en una proporcion 1:1, donde ademaés, la proporcion

total especifica de los componentes de la formulacién con dalbavancina:manitol:lactosa es 4:1:1.
|

De otra parte, si la SIC hubiera realizado analizara los Ejemplos de D2 habria concluido que:

- Los ejemplos de D2 sélo ilustran el uso de un tinico sacirido;

- Ningun ejemplo de D2 ensefia una combinacion de sacaridos como agente
estabilizante;

- Ningin ejemplo de D2 ensefia el uso de lactosa como agente estabilizante;

- Ningun ejemplo de D2 ensefia la combinacién de lactosa y manitol como agentes
estabilizantes; |

- D2 no se refiere a composiciones de dalbavancina sino de los antibioticos
orenticina A a D, cloroorenticina A a E y vancomicina, de estructuras

|
completamente diferentes a la dalbavancina. :

Teniendo en cuenta lo anterior, vale la pena preguntarse ;por qué.i la SIC considera que la persona
medianamente versada en la materia habria de basarse en formulaciones que analizan y resuelven
los problemas de estabilidad de formulaciones de antibidticos completamente diferentes al
antibiético dalbavancina? ;qué ensefianza en D2 motivaria a la misma persona a combinar un
disacarido y un polialcohol, especificamente lactosa y manitol, como agentes estabilizantes de un
antibidtico como dalbavancina, con alguna expectativa de éxito? ;por qué la persona
medianamente versada en la materia, sin necesidad alguna de experimentacion, creerfa a partir de
D1 y D2, que los problemas de estabilidad de la dalbavancina se solucionarian al utilizar en una
formulacién lactosa y manitol, en una proporcion 1:1, y en una proporcién total

|
dalbavancina:manitol:lactosa de 4:1:1? '

A la luz de las anteriores preguntas, vale también preguntarse entonces ;Qué tipo de informacién
en el arte previo considera la SIC como motivacién real y qué tipo de informacion simplemente

se pasa por alto? l

Un andlisis apropiado de los Ejemplos de D1 y D2 daria por conclusién que la persona
medianamente versada en la materia no encontraria en dichos documentos la informacién

relevante para desarrollar la presente invencién. Una conclusion contraria, como la que realiza la
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SIC, s6lo evidencia un anélisis en retrospectiva — no valido — de los elémentos divulgados en el
arte previo, como se sefial6 anteriormente.

3.6. a- La SIC sefiala que los datos de estabilidad presentados en las Figuras 1 a 4 del
Capitulo Descriptivo, en donde se presentan diversas formulaciones que no contienen una
sustancia estabilizadora, manitol, lactosa, o manitol y lactosa, evidencian que las composiciones
que no contienen sustancias estabilizados presentan mayor degradaciéyn que las composiciones
que contienen manitol, lactosa o una combinacién. Sin embargo, la SIC concluye que dichos
resultados son esperables a la luz de D2, “en el cual ya se habia demostrado que ¢l manitol y la

lactosa estabilizan formulaciones de antibiéticos glicopeptidos (Ej. 1, pa{g. 2, lineas 26 a 29)3”

b- Al parecer, la SIC pasé por alto la Tabla que aporté en mi respuesta al segundo

examen de fondo, la cual presento a continuacién para inmediata referencia del Despacho:

. 40°C 25°C
Composicién (r;/';'l::;l (:;IZ%‘::B; pH' AB, | AMAG | AB, | AMAG
(6 mos)’ | (6 mos)’ | (12 mos)* | (12 mos)®
A 62,5 3,4 53 5,1 1,5 1,1
B 3,69 14,1 15,3 6,1 6,8
C 62,5 3,8 6,7 73 2,3 2,2
D 3,01 17,4 192 '| 79 8,6
E 62,5 3,01 8,4 8,7 3,1 3,1
F 4,5 10,9 12,1 51 5,4
G 62,5 45 4,6 438 1,9 1,6
H 62,5 53 2,3 3,4 0,7 1,1
I 125 5 2,1 2,9 0,3 0,5
] 62,5 5 3,2 3,9 12 12
K 125 4,5 2,3 33 1| 01 0,5
L 62,5 4,5 3,6 5,0 1,0 1,5
M 62,5 62,5 4,5 1.2 22 0.6 0.6
N 125 4,5 1,8 30 0,6 12
0 125 3,3 4,0 52 0,5 1,0

! - ver Capitulo Descriptivo, tabla 7, pagina 91
2 _ ver tablas en Fig, 2A y 4A del Capitulo Descriptivo
> . ver tablas en Fig. 2B y 4B del Capitulo Descriptivo
“ . ver tablas en Fig. 1A y 3A del Capitulo Descriptivo
5 - ver tablas en Fig. 1B y 3B del Capitulo Descriptivo
!

Como se puede desprender de la anterior tabla, la composicion M, que contiene una

combinacién de manitol y lactosa en proporcién 1:1, presenté los menores valores de

degradacion.

* Resolucién No. 31833 de 2012, por edicto desfijado el 29 de junio de 2012, pagina ‘4, lineas 24 a 26.
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No se entiende céomo la SIC concluye que los resultados presentados anteriormente son
“esperables” a la luz de D2. Cuando, de nuevo, nada en D2 siquiera menciona el uso de una

combinacién de sacaridos, y mucho menos lactosa y manitol especialmente,

De hecho, a partir de D2 se esperaria que las composiciones que s6lo contienen manitol, e incluso
lactosa, presentaran los mejores resultados, tales como las Composiciones A, C,EGHILIJK,
L, Ny O. La anterior tabla evidencia que ni siquiera, las composiciones que contienen el doble

de manitol o lactosa, como las Composiciones I, K, N y O, presentan los mgjores resultados.

Las conclusiones realizadas por la SIC a partir de los resultados presentados en la anterior tabla
s6lo sustentan un anélisis errado del arte previo, y la anticipacién indebida de los resultados

sorprendentes e inesperados obtenidos.

Contario al andlisis de la SIC, de manera sorprendente y completamente impredecible a partir de
los elementos de D2, la composicidon que presentd menores valores de degradacion fue aquella
que combiné lactosa y manitol en una proporcién 1:1, y en la cual la proporcién total

dalbavancina:lactosa:manitol fue 4:1:1, como aqui se reclama.

c- Adicionalmente, y como lo mencioné en mi respuesta al segundo examen de
fondo, de manera sorprendente e inesperada, la dalbavancina fue mas estable en presencia de
lactosa. Una persona medianamente versada en la materia habria podido pensar que la lactosa
podria inestabilizar la dalbavancina, al ser la lactosa un azicar redﬁctor, esperando que
reaccionara con la amina secundaria de la dalbavancina y generara una reacciéon de Maillard (ver
Anexo 1 adjunto - Wirth et al*). De forma inesperada, dicha reacciéon no ocurrid, y por el
contrario, cuando la dalbavancina se formulé con manitol y lactosa se favorecié la estabilidad de
la dalbavancina. |

|

d- En conclusién, la persona medianamente versada en la materia a la luz de lo
ilustrado en D2 no habria podido predecir que una composicion con lactosa, y manitol presentara
los menores valores de degradacion. A lo sumo, dicha persona habria esperado que

composiciones con s6lo manitol o sélo lactosa presentaran los menores valores de degradacion,

lo cual se demostré en la anterior tabla que no ocurri6. Asi, a pesar del analisis sesgado de la SIC
en la Resolucion aqui recurrida, los resultados presentados evidencian el caracter inventivo de la

presente invencion.

4 Wirth, D., et al. “Maillard Reaction of Lactose and Fluoxetine Hydrochloride, a Secondaty Amine”. Contribucion
entre Laboratorios Lilly, Eli Lilly y Compafiia, Lafayette, Indiana 47905, Octubre 23, 1997. pp. 31 a 39.
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3.7. Finalmente, me permito sefialar que en relacion con la invencion de la presente solicitud,
el privilegio de patente ha sido otorgado por parte de las Oficinas de Patentes en Australia, India,

Corea del Sur, Nueva Zelanda y Federacion de Rusia.

Aunque las concesiones de patentes en oficinas de otros paises no son vinculantes en el sentido
que obliguen a la SIC a tomar una decision en el mismo sentido, es a la vez cierto que los
criterios de patentabilidad en los que deben fundamentarse el analisis he solicitudes de patente, en

particular en cuanto al nivel inventivo se refiere, son analogos globalmente, y concesiones en

otras jurisdicciones sugieren el cumplimiento de dichos requisitos, ya que claramente, los

criterios de evaluacién y estudio aplicados para determinar la novedad y nivel inventivo resultan

equivalentes a los que la Superintendencia debe emplear, establecidcl_s de manera semejante por

las legislaciones de patentes a lo largo del mundo entero.

4, Para terminar, de conformidad con lo establecido en el articulo 59 del Cddigo

Contencioso Administrativo, solicito respetuosamente que todos y cada uno de los puntos

planteados en el presente recurso (en particular 3.1 a 3.7) sean resueltos de manera individual,

completa y motivada, respecto de las razones de hecho, derecho y/o conveniencia que lleven a

esa Superintendencia a adoptar la decisién?’que estime frente a la solicitud aqui formulada.

!

5. NOTIFICACION

Recibiré notificaciones en mis oficinas ubicadas en la Carrera 5 No. 34-03, de Bogota.
l

Atentamente,

&~

CARLOS R. OLARTE
C.C. No. 79.782.747 de Bogota
T.P. 74295

Anexos:
- Anexo 1: Wirth et al. “Maillard Reaction of Lactose and Fluoxetine Hydrochloride, a

Secondary Amine”. Contribucién entre Laboratorios Lilly, Eli Lilly y Compaiiia,
Lafayette, Indiana 47905, Octubre 23, 1997. pp. 31 a 39.
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Abstract (I Analysis of commercially available generic formulations
of fiuoxetine HCI revealed the presence of lactose as the most common
excipient. \We show that such formulations are inherently less stable
than formulations with starch as the diluent due to the Maillard reaction
between the drug, a secondary amine hydrochioride, and lactose. The
Amadori rearrangement product was isolated and characterized: the
characterization was aided by reduction with sodium borohydride and
subsequent characterization of this reduced adduct The lactose—
fluoxetine HCI reaction was examined in aqueous ethanol and in the
solid: state, in which factors such as water content, lubricant
concentration, and temperature were found to influence the degrada-

tion. N-Formylfiuoxetine was identified as a major product of this
Maillard reaction and it is proposed that N-formyl compounds be used
as markers for this drug—excipient interaction since they are easy to
prepare synthetically. Many characteristic volatile products of the
Maillard reaction have been identified by GCIMS, including furaldehyde,

maltol, and 2,3-dinydro-3,5-dinydroxy-6-methyl-4H-pyran-d-one. Close
similarity between the degradation products of simple mixtures and
formulated generic products was found; however, at least one product
decomposed at a rate nearly 10 times that predicted from the simple
models. Maillard products have also been identified in unstressed
capsules. The main conclusion is that drugs which are secondary
amines (not just primary amines as sometimes reported) undergo the
Maillard reaction with lactose under pharmaceutically refevant condi-
ions. This finding should be considered during the selection of
excipients and stability protocols for drugs which are secondary amines
or their salts, just as it currently is for primary amines.

Introduction

The Maillard reaction is named after Louis Maillard,
who reported over 80 years ago that some amines and

| reducing carbohydrates react to produce brown pigments.'

- It has been extensively studied 'mri reviewed. especially

in the food and nutrition literature.” More recent reviews
. cover not only the chemistry of foods but human physiology
as well.? The first product of this reaction is a simple
nglycu‘;ylamim- *which readily undergoes the Amadori
rearrangement to produce 1-amino-1-deoxy-2-ketoses." The
large bady of literature on these reactions is due to the
‘multitude of possible reaction pathways and products,
|lncluding fragmentations of the carbohydrates and forma-
tion of aromatic compounds from cyclization/dehydration
bmr:esses Y Reducing disaccharides also undergo this reac-
tion,” and it is a well-documented process for the degrada-
tion of lactose during the heating of milk® Reducing
carbohydrates such as glucose, maltose, and lactose are
substrates for the Maillard reaction since their cyclic
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tautollners are in equilibrium with their more reactive
aldehyde forms: nonreducing carbohydrates such as man-
nitol. sucrose, and trehalose are not subject to Maillard
reactions. Although early scientists believed that only
prima 'y argmatic amines were capable of this reaction.
subsequent research has shown that nearly all primary and
seccmdnry amines, aromatic or aliphatic, are capable of this
reacti Amino acids and proteins are also substrates
lard reaction.'” The impact of these reactions

¢ and was recemiv reviewed.!!

» world's largest selling antidepressant, is a
selective seratonin reuptake inhibitor:'? it has been used
by over 25 million people in more than 90 countries. Its
active ingredient is fluoxetine hydrochloride, 1, and the
diluent is starch. Within the past few years, many generic
lormulations tontaining fluoxetine HCI have been manu-
factured and sold in countries lacking patent protection or
in which the patents have expired. We have recently
examined several dozen of these products and find thar a
major:ty of them contain lactose as their primary diluent,

Lactose is widely used as a diluent for capsules and tablets
due 10 its low price, high purity. and excellent compression
and stab Iity characteristics. Although its ability to un-

dergon matic browning (Maillard) reactions has long
been kn:wvn tol formulation scientists, some reports have
suggested thist interaction to be largely restricted to
primary iniu es. ' The origin of this view is likely founded
inearly li e reports of the slower browning of glucose
mixturqsof A-miethyl glycine as compared to glycine itself'!
and work on the bmwnln% of mixtures of lactose and
methylated amphetamines. ! studies which measured opti-
cal densi(i only. not characteristic Maillard products.

Although these reports showed faster rates of browning of
mixtures of reducing carbohydrates with primary amines
as compared to secondary ones, they do not support the
conclusion that secondary amines should generally be
mcapable of the Maillard reaction.

The genﬁrally ccepted mechanism of glycosylation and
the Amadori reatvangement are summarized in Scheme |
for a secondary amine.'® The imminium ion intermediate
can be fol from either primary or secondary amines
(but not tertiary ones) and is the key intermediate in both
closure to the glydosylamine and deprotonation to the enol
version of the Amadori rearrangement product, ARP. The
multitude of individual steps in this mechanism allows for
considerable variation in the kinetics, For example. the
hydrolysis of"{the glycosylamine of benzylamine and glucose
is faster at pH 5 than hydrolysis of the corresponding
glycosylamine with piperidine. but the reverse order of
reactivity is observed at pH 9.7 Kinetic studies of the
Maillard reaction (have been reviewed and will not be
t-xplm ed in depth in this paper.'® In view of the well-
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secondary amines.

known interaction of reducing carbohydrates and secondary
amines, as reported in the carbohydrate and food science
literature,'” we have investigated the Maillard/Amadori
reactions of the lactose—[luoxetine system and report our

. findings here. Detailed mechanistic work such as identi-
fication of the rate-determining step and full Kkinetic
‘analysis as a function of the amine, carbohydrate, and
reaction conditions are left for future studies,

Experimental Section

Materials—Fluoxetine HCland Prozac were obtained from I
Lilly and Co. generies A.N. O, and Z were obtained in pharmacies
outside the United States and were unexpired formulated 20 mg
products, Lactose monohydrate was obtained from Aldrich Chemi-
‘cal Co, Milwaukee, WI. and spray-dried lactose was from Foremast
‘Ingredients Group, Baraboo, WL The anhydrous lactose forms
were obtained from Sheffield Products, Norwich, NY. The aceto-
nitrile was spectroscopic grade. obtained from EM Science, Gibbs-
fown, NJ. Reagent grade trifluoroacetic acid was obrained from
Aldrich Chemical Co. and was distilled prior 10 use. Other
crnicals and the authentic samples of compounds listed in Table

were purchased from Aldrich Chemical Co. and were used as
eceived.  Ethanol was anhydrous and denatuced with 5% metha:

MR—Nuclear magnetic resonance (NMR) spectroscapy for
pounds 1. 2. 3. and 6 was carvied ou on a Bruker ACH00
tometer with 'H and "C operating lrequencies of 300,13 wnd
46 MHz, respectively. Additional experiments on compound 6
carried out on a Bruker AMX500 with 'H and "'C operating
ncies of 300,14 and 125.77 MHz, respectively,
GCIMS—CGas chromatography/mass SPeCtronietry. was per-
rined on a MicroMass TRIO [T quadrapole mass spectrometer
rolled using the Masslynx operating system. The instrument
equipped with a Hewlett-Packard Model 5890 gas chromato-
Which was fitted with a Scientifie Instruments Services
ith thermal desorption Model TD 1 system and CryoTrap
The mass spectrometer was operated in the El+ made and
brated daily against FC-13. Mass spectral data wore obtained
the centroid mode by scanning the mass range from 33 to 600
at a rate of 1260 amu/s and using an interscan time delay of

o the analysis of products from solid-state samples, the

s of one 20 mg capsule of fuoxetine HCI product or
ures of 20 my of bulk Muoxeting FICH and 200 myg of lactuse
re added to a 10 ml. glass vial which was crimp sealed with a

wer
32/ %ﬂﬂd of Pharmaceutical Sciences
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ellon-lnet tubber septum, The vials were heated at 100 °C (4t
20 h. A stainless steel GLT short path thermal desorption tu

b h 100 g of Tenax-TA which had been preconditione|
purge at 250 °C and lued with a needle was inserted
ial. A second needle connected to a helium source was
Linta the vial and the flow rate set at approximately 7ml.J
¢ vial headspace gases were purged onto the Tennax-TA
5 or 60 min. The GLT tube was then transferred
path thermal desorption unit for desorption onto the
vaphic column, The following conditions were used
sler and chromatographic analysis. Sample transfer:
ge time, 0.5 min; desorption time, 5 min; GL.T desorption
ture,! 100 °C initial then 40 Clnin w200 “C; columm
it =100 °C. GC conditions: injector, 150 “C: transfer
1ass spectrometer. 300 °C: split flow, 7 mlJ/min or 50 ml/
ryotrap was heated rapidly to 250 "C o desorb material
the GC column; oven temperature program, 40 °C for 3 min
C/min) to 300 “C and hold 3 min; chromatographic column,

) m % 0.25 mm id. and 1.0 mm filme i
High performance liquid chromatography was per-
with a Spectra Physics SPBT00XR pump. a Speciroflow
ctor (Anspec) set at 260 nm, a ChromJet integrator hy
tra Physics. and an Alcott 728 autosampler incorporating
€0 Injection yalve with a 10 «l. fixed loop. The column was @
X-CB.1 25 ¢m by 4.6 mm, 5 um particles (Mac-Maxl
Analytical. Inc.. Chadds Ford, PA) maintained at ambient tem-
.| The rate was 1.00 mL min~ ' throughout. The two

eluting solutions used were A = 0.07% trifluoroacetic acid (TFA)
inwal $ = 0.07% TFA inacetonitrile. 'Ihe elution program
starte 0:20 A:B for 5 min. ramped linearly to 15:85 A:B at 30
min, there until 35 min, and returned to 80:20 A:B at 40 min.

“made no Sooner than every 50 min, The ap-
elution times are 1 at 21 min, 2 at 184 min. 3 at 27
and 4at 17.9 min. For MS detection, samples were analyzed
croMass (formerly Fisons) Quattro 11 and Platform 11 1.C7
SLems in the positive fon electrospray mode. scanning from

s generating centroid data. Further details and

exan grams have been published elsewhere.® This
method allows for the detection and quantitation of impurities
which span a wide range of polarities. including nonpalar com-
l']m@tlﬁ@ ch ave tot eluted using the isocratic US Pharmacopeia
meti ) " )

xetine Amadori Rearrangement Product
) mL round-bottom Mask equipped with an
er. thermometer, and condenser were combined 20
e moriohydrate (5.5 mmol), 10 g of uoxetine HCI
) mL of ethanol, 120 mL of dimethylacetamide.,
! mine (28.7 mmol). The nearly homogeneous
stirred at reflux for 24 h. The reaction mixture was
ent temperatu 1l the wetcake was washed with
The filtrate was evaporated in vacuo to a thick
n (112:). o which swere added 300 mi. of ethyl
ol 20% aqueous sodium chloride, and 30 ml. of
! justed to 11 with 50% sodivm hydroxide.
S0 ed during the pH adjustment wore filtered
and the layers were spparated.  The bottom layer was discarded
andﬂlt‘,_‘._hﬂﬁl- wver was set aside. To the milky nuddle layer were
added 300 mL. of ethyl acetate and 30 ml. of ether, The layers
were separated and the combined organic layers were evaporatec
in vacuo 1o 4

g

brown il (12,8 ). (v which were added 175
ous sodium chloride, 400 ml. water, and 550 ml.
e phl whs adjusted 1o 1.5 with concentrated HCI,
separdled and 1o the agqueous layer were added
00 ml. of ethyl acetate, and 50 mL of ether. The
ed to 1006 with 50% NaOH. and the layers were
separated. The ethyl atetate layer was evaporated in vacuo 1o o
residue (4.7 gl which was 85% pure by HPLC analysis at 260 nm.
Standard 'H and C NMR spectra were acquired on a sample of
2 ;n‘epzlm{}lfﬁ ssolving 50-60 mg of the material in DMSO-d,.
A partial list of assi tnts has been made based on comparison
to fluoxetine and is shown in Table 1. Flow-injection mass

spectrometry indicated the moleeular weight to be 633 (M + 117
iz G34), FAB-MS measurements of the proto-
nated molecula ) indicated the elemental composition
10 be Caal Ty O 75, measured G34.2187).

Reduced i tound-hottom flask equipped

1 overhead stiveer, 1llm1mmgm and a condenser wore
combined 1.5 g of ATP. 2 (2.37 mmol), 15 mL of ethanol. and 1.79

|
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|
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reflux for | hiand at 70 °C for | by The mixture was cooled
ambicnt temperature and 10 mL of ethanol was added. Txces
NaBH, was quenched by the drapwise addition of 5 ml of ,aw_l_n@
| at 5 "C. The mixture was evaporated to a wet residue tng
| vacuum at 35 “C.. To the residuc were added 200 ml. of 20%
4 '|| aqueous sodium chloride and 200 mL of CHCIy, and the pH was
» 4 adjusted to 2.2 with concentrated HCL. The layers were separated
= (after settling overnight). To the CHCL layer were added 100 ml.
\ of CHCls and 200 mL of water, and the pH was adjusted 10 2.2
| with concentrated HCL The layers were separated, to the water
1 layer were added 300 ml. of cthyl acetate and 30 ml. of ether,
\ and the pH was adjusted ta 10.6 with 50% NaOH. The lavers
| were separated, and the ethyl acetate layer was concentrated
| under vacuum, producing 0.4 g of residue which contained 80% of
\ the desired reduced fuoxetine-lactose adduet, 6, by HPLC
' analysis at 260 nm. Extensive NMR experiments to confirm the
structure of 6 were carcied out on a sample prepared by dissolving
~60 mg in DMSO-cf;. The experiments performied were C DEPT
(distortionless enhancement by polarization transfer), 2D 'H~1
|. COSY (corrclation spectroscopy).?2 21 11=13C LIMOC (heteta-
| nuclear multiple quantum coherence),” and 2D '"H=-13C HMBC
theteronuclear multiple bond correlation) 2! The NMR assigi-
| ments are shown in Table 1. Mass spectrometry  (infusion,
s elecirospray) verified the molecular weight by the presence of a
large M + 1 ion at 636 amu.
N-Formylfluoxetine (3)—Acetic formic anhydride was pre-
1 pared by stirring acetic anhydride (4.87 ml.. 51,6 nunol) and formic
\ acid (7.78 mb, 206 mmwol) in a beaker fur 5 min. Fluoxetine HCL
(4.5 g, 12.9 mmol) and methylene chloride (30 ml) were placed in
a 100 ml. round-hottamed Nask. Sodium hydroxide (1 M, 30.ml . |

ature for 5—10 min. The layers were separated, and the organic
| layer was dried with sodium sulfate and filtered. The fltrate was
| placed in a 100 il vound-bottomed ask, and e acetle Tornie
| anhydride was added. The reaction was stirred al room terper-
ature for 5 h and extracted with a 10% sodium bicarbonate solution
\ (3 = 50'mL). The organic layer was dried with sodium sulfate
and filtered. The filtrate was concentrated o an oil (1.5 g) which
\ solidified upon standing (mp 65-67 'C). The purity by the
- gradient HPLC method was 98.9%. The major and miner rotomers
'| about the amide bond are identified in the followir 18 NMR spectra.
i 'H NMR (300 MHz, CDCl) 8.03~7.96 (dd. 1 H), 7.52=7.43 (d.
| 2H) 7.41-7.23 (m. 5H), 6.98~6.88 (dd. 2H). 5.30-5.22 (m; 1H,
\I miner), 5.22-5.16 (m, 1H, major). 3.62—3.48 (m, 2H. major), 3.44—
16 (m. 2HL. minor). 2.94 (s, 3H. minor), 2.88 (s, 3H. major), 2.32~
| 186 (my, 2H); *C NMR (CD2Cl, major rotomer) 162.79. 160.56,
| 140.55, 129.28. 128.51.127.15, 126.14. 122.99, | 16,16, 7744, 16.22,
47.23. 29.56; (minor rotomer) 162.75, 160,84, 141.01, 129,15,
\ 128.34. 127,05, 126.24. 123.42. 116.25. 78.51. 41.52, 36,11, 34.89:
| UENMR (282 MHz, CD:Cly) ~62.14. —62.2; IR (KBr) 2934, 2875,
| 1689, 1334, 1249, 1117. 847 con™ ' MS (C1°) e 338 (25), 176 (100).
| 143 (43),

. Reactions in Aqueous Ethanol—[luoxetine HCT(0.50 g 115
and lactose monohydrate (5.0 g, 13.9 mmol) were combined
miL of ethanoal and 7.5 ml. of water in cach of four separale
flasks. The mixtures were heated 1o 60 °C and vigorously stirred
with a mechanical agitator. Potassium hydroxide (85% assiy.
amountsof 0, 7, 47, or 100 mg) was added, and the reactions were
monitored by the above HPLC method. The equivalents of KO
based on the Mluoxetine and the results are given in Table 2. The
~ apparent pH (called pH") was measured by direct insertion of a
alibrated glass clectrode into the warm reaction mixture, Samples
it ere diluted 1:5 with eluent for HPLC measurement.  The
- fluoxetine concentration was measuved versus an external stans
-4 'lii_lhl and the mole percent concentrations ol 2 and 3 were taken
- as equal to their area percent values since their molai response
fa 5 were measured on authentic material and found 1o be

within 5% of that of Nuoxetine itself,
lid-State Screening Studies—l o 1he sereening studies.,
5.0 g of factose and 0.50 g of Mluoxetine HC were combined and
mixed one of three wavs, described here according 1o their
signation in Table 3. Those tumbled were placed in capped glass
wttles and strapped w a hovizontal rotating vod or 40 min, Those
it were ground were mixed thoroughly in a standard glass
11 "i%r and pestle Tor several minutes. To those labeled “wer
ind’ was added 0.5 g water before the mortar and pestle grinding

seration. Some experiments, identilied with a Y in the column

g of NaBH; (47.4 mmol, 20 equiv). The mixture was ﬁ:égdm i
c

30 munol) was added. The solution was stinred at room lempers

@,CFJ
0
Ph’l\/‘wcm3 HCI

Fluoxetine Hydrochlonide, |

H,0

CFy
9
' i Amadori Rearingement Product, 2
Scheme 2—Mailard reaction of lactose and fluoxetine HC!

g stearae. were repeated with 0.01 g of magnesium
added before the blending or grinding operation. Four
available types of lactose were screened: erystalline
drate: a mixture of crystalline and spray-dricd monohy-
anid two particle size grades ol anhydrous lactose, granular
y milled;, After mixing, the samples were heated in an
for 24 h in glass vials with loose-fitting plastic caps.
erét analyzed with the gradient HPLC method and
S ‘eported using Muoxetine as the standard. Since
ounds 2 and 8 have the same molar response as Muoxetine,
vels given for these impurities are molar yields. The total
evel is estimated by assuming that the molar responses
fes arciequal to fluoxetine’s and thus ean be compared
isis lnly. . ;
Kinetic Studies—Lactose (5.0 g in separaie
. the monohydrate, anhydrous lactose, and monohy-
1ing an additional 0,10 g of magnesium stearate) and
(0. | were mixed thoroughly with a mortar and
of the mixtures was added to each of three 10 ml.
Fhe vials were lightly capped and placed in equili-
at 75, 85, or 95 "C. Samples of the solids were
3,47, 93, 175, and 287 h for the 75 'C experiment;
. 99 and 122 h for the 85 “C experiment; and at 2, G,
13,21, and 28 h for the 95 'C cxperiment. The samples were
assayed as described for the screening studies,

Results and Discussion
Preparation and Characterization of Amadori Re-

arrangement Product (ARP), 2—The Maillard reaction
between fluoxetine and lactose to produce the ARP, 2, is
shown in Scheme 2, An authentic sample of 2 was obtained
by reaction of lactose and fluoxetine HCl in N N-dimeth-
ylacetamide and ethanol as solvent with triethylamine as
the base, fk' was purified by extractions but was not
crystallized. :

Although the structure of 2 is shown as acyclic, it exists

in solution as a mixture of pyranose and furanose forms
both of which can be diastereomeric.?* For this reason,
Journal of Pharmaceutical Sciences / 33
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W Fluoxetine HCI and Lactose in Aqueous Ethanol at 60 °C
iy : , percent per hour
HOLE 15 1. CFy 1 -
Woin: .“ OHy 10 :@7 \ N-w
N e 0 6 | \ pH equiv KOH ARP, 2 fiuoxetine. 3
. 123 . 1 s 3 3
N O CHy i 50 0 00014 0
' 7.0 0.07 0.084 0 |
R | 80 050 031 0040 |
fluoxetine, 1 ARP. 2 reduced adduct 6* 8.4 105 016 0.22
position®  *C H C 'H "C H
1 499 299 5368 329 \ st —e—glycosylamine, 4
51.30 326 LN —— "P 2
2 01 231,223 235228 3188 236,219 2 o
3 7638 574 5.58 7700 553 | E —&—N-formyl, 3
4 160.09 — 160.66 — 160.10 — | } 15 | |
59 11628 708 11620 7.0 11636 7.07 i § o7
6,8 126.77, 7.55 126.82 755 12693 T7.56 : w
7 12136 — 12098 — 12156 — ¥ Ly
10 13997 — W21 — 139.87 — ' g
1,15 12584 742 12619 746 12607 741 f,
12,14 12874 736 12858 7.36 12888 737 , 05 ,
13 12801  7.27 12764 T.28 12822 7.29 ', |
N-CHy 3225 25 4145 284 | 0
921 278 i = 5 i 4 4
CFs 12438 — 12453 — 12447 — |
v 5895 344,304 3 il
5806 333,315 ire 1—HPLC data for the reaction of fluoxetine HCI, lactose, and KOH at
z Qads 4.8 H" 8.0, 60 “C in aqueous ethanol.
¥ 7141 358
& ;;g ggg weight for compound 2, consistent with the reduction of
5 834 358 ketone with sodium borohydride.
6 61.06 354 ~ Reactions in Aqueous Ethanol—Fluoxetine HCI and
1 v 428 10397 424 lactose| monohydrate were heated to 60 °C in aqueous
2 7065 3:33 ‘thanol and the concentrations of 2 and 3 were measured
o 7344 330 - as a [unction of the amount of added base and time.
4.. 7001 385 | Apparent rates for the appearance of the two products are
g., E;gg g;g given in Table 2. They were obtained from a linear fit to .
) s their concentrations obtained by HPLC using at least five
* Proton and carbon chemical shifts are taken from the HMQC data. data points but excluding the origin. since a slight induc-

#Numbering for 1 and 2 are similar to that shown for 6.

complete characterization of 2 was not accomplished,
Rather, sufficient mass spectral and NMR characterization
was performed to be reasonably confident of the structure
and this was supplemented with more complete charac-
terization on the alcohol 6, prepared by reduction of 2 with

sodium borohydride. The NMR assignments can be found

‘in Table 1. Several key elements were needed to confirm
the structure of 6. Specifically. the combination of proton—
praton coupling (COSY) and proton—carbon long-range
coupling (HMBC), along with basic proton and carbon
chemical shift information. was used to show the following
(refer to Table 1). First, the fluoxetine moiety in the
- molecule is intact. Second. the N-methyl protons of Mu-
‘oxetine show coupling to the adjacent methylene C1 of
~ fluoxetine, and more importantly to the methylene C1’ of

~ the lactose moiety, thereby establishing the site of union
~ between the fluoxetine and the lactose. Finally, the
- palactose unit of the lactose has been retained.

The
anomeric carbon at 1” maintains the downfield chemical
shift of 103.9 ppm seen in lactose. The HMBC experi-
ment also shows coupling from the proton at 3.39 ppm of
4" to the 1” carbon. Similarly, the 1” proton at 4.24 ppm
shows coupling to the 4" carbon ar 75.3 ppm.

The NMR data is supported by the mass spectral work,

which identified the molecular weight of the sample to be
635 amu, consistent with the proposed structure of 6. This
is also exactly two mass units higher than the molecular
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Table 2—-Apparent Rates of Product Formation for the Reaction of

tion perfod was cvident in the reactions. The linear fits
wl coelficients ol determination (R of 0.97 or greater.
a forlonly the first few percent conversion were used,
) 1e order is effectively zero with all reactants so that
it rates in (mole) percent per hour are reported
han rate constants to add relevance.
out addition of KOH, the apparent pH (pH®) was
id the reaction was very slow. However, addition of
7lequiv of KOH (pH* = 7.0) increased the rate of
nce of 2 by a factor of 60. At higher pH values,
- of formation of 2 increased further and the

ive data from pH* = 8.0 is shown in Figure 1, The
zned to the glycosylamine, 4. eluted just before 2
“assumed Lo be this compound based on the fact
the first visible product of the reaction, was
ckly converted to 2, and had a molecular weight of 633.
ermined by LC/MS analysis. It is clear from this
tion-phase study that the Maillard and Amadori reac-
flucketine HCIl and lactose are viable processes and
readily catalyzed by base.
es and acetamides are well-known products
position of Amadori rearrangement products.
ry*’ and secondary amines.® Although both
d acetylation of fluoxetine have been ob-
studies reported here, the former has been
ughout. often as the primary path of decom-
ereas only small amounts of acetylation have
. Two paths to formamides in the Maillard




Table 3-Solid Phase Screening Experiments for Mixtures Heated at
98 °C for 24 h

% Impurites
lactose mixing Mg N-ormyl-
type mode  stearate total ARP.2  fluoxetine 3
monohydrate  tumble N 048 0,073
Y 046 016 0023
grind N 048  0.089
Y 06 o 0.038
wet grind N 648 323 0.02
Y 173 8.56 04
spray-dried tumble N 1.2 028
Y 092 04 0.036
grind N 148 045 0.02
Y 144 041 0.12
wet grind N 228 51 0078
Y 242 13 048
anhydrgran  tumble N 0.46 0.072
grind N 05 0.079
wet grind N n 1.51 0014
anhydr milled  tumble N 044 0079
grind N 0.53 0.107
wet grind N 2060 086 0.011

reaction are generally considered: the oxidative cleavage
of the glycosylamine (or a smaller fragment of it)* or the
acylation of free amine with a 1.2-dicarbonyl compound.
especially glyoxal.® In the present case, addition of 0.1
equiv of glyoxal to a 0.1 M solution of fluoxetine HCI
containing 0.5 equiv of KOIT in aqueous ethanol at 60 °C
did produce N-formylfluoxetine. 3, as well as a few other
unidentified products. This is consistent with but does not
prove that glyoxal is the precursor to A-formylfluoxetine
in the solution or solid-phase experiments. Similar spiking
experiments with formic acid or glyoxalic acid produced no
new products.

Solid State Reactions, Monitored by HPLC—Having
shown that the Maillard reaction of lactose and fluoxetine
oceurs in solution and that 2 and 3 are the expected
products, attention turned to the more pharmaceutically
relevant case of solid-phase reactions. The simplest ex-
periment to identify such a drug—excipient interaction is
visual observation of a heated mixture. Such an approach
was used over 30 years ago to warn formulation scientists
of the browning of lactose formulations of drugs which
contain primary and secondary amine functionality *!
Indeed, when lactose and fluoxetine HCl as a solid mixture
were heated overnight at 100 °C, both browning and a
characteristic malt-like odor were obvious. More recent
studies designed to detect drug—excipient interactions
generally rely upon the use of DSC or diffuse reflectance
FT-IR* We chose to use the gradient HPLC method to
!'tiir‘ectly analyze products from solid-state reactions.

. Toidentify the important factors which would influence
the solid state Maillard reaction of lactose and [luoxetine
'HCI. a series of screening experiments with various lactase
Itypes. mixing methods. water content. and lubricant con-
centrations were performed. The experiments are de-
seribed in the experimental section and the results are
summarized in Table 3. Four commonly available types
gl_ac_tuse were screened. Three mixing modes were chosen
to mimic typical drug product unit operations including
blending. milling, and wet granulation. Experiments with
lactose monohydrate were also repeated with magnesium
stearate added since this lubricant was commonly found
ln the generic lactose formulations. The relatively high
temperature of 98 °C was chosen lor expediency: the results
are for comparison within the experiment, not for predic-
tion of overall rates of decomposition of drug mixtures

LR i i S R i -l i

|
| LR

i ‘ ' !
\E g' —e—ARP, 2
; 0'1 ——Neformyl, 3
\3' 0 | —k—Other mpurities
Tol
%

0.

e S—
0 25 50 75 100 125
Time (h)

& monohydrate and fluoxetine HCI at 85 °C.

under n
method was used to measure both the total amount of
iinppri_li_ s as well as amounts of 2 and 3.

The level of total impurities by HPLC in the bulk
ﬂubi:_e',tiriy HCI used for this experiment was 0.23%:; the
level did not increase by heating fluoxetine HCI by itself
and no significant impurities were observed by heating a
lactose control individually. Analysis of replicates indicates
the relative error in the impurity measurements to be
somewhat high. about 20%. However. the wide range of
results still allows for several statistically valid conclusions,
The Maillard reaction was observed in all experiments and
vas sliphtly faster with spray-dried lactose than

sis. most of which were early-cluting
taining materials based on LC/MS analy-
Water accelerates the process, The rate of ARP
formation with anhydrous and monohydrate lactose forms
were similar. but the anhydrous form was less sensitive

to added water, possibly due to conversion to lactose
monohydrate. The rate was not significantly different in
blended mixtures versus ground mixtures. The addition
‘of magnesium stearate catalyzed the formylation process.
On the basis of the pH-dependent data generated in
solution, this effect may be due to localized changes in pll
rather than changes in physical mobility within the solids
due to the lubricant. This set of experiments clearly
indicated that the Maillard reaction of fluoxetine HCI and
lactose wer y to occur, even in the solid phase, and
that facmré such as moisture content, type of lactose, and
theprae{lﬁe of magnesium stearate could have an influ-
ence on the rates and the identities of subsequent decom-
position products.

The analysis of several lactose-containing generic Muox-
etine HCI products by X-ray powder diffraction (XRPD)
indicated that orily lactose monohydrate (or spray-dried

lactose) was being used: therefore, additional work with
the anhydraus forms was not pursued. X-ray analysis was
also used to qualitatively verify that even after heating for
several days at 100 “C and in mixtures with substantial
amounts of impurities, crystalline lactose monohydrate
remained: anhydrous lactose was not detected, although

of this drug—excipient interaction in
more detail and at a lower temperature, a series of kinetic
experiments was performed as described in the experimen-
tal section, These conditions were chosen to be more
representz tl?fre,of ress stability conditions typically used
during drug development. The impurity content of the
starting fluoxetine HCl was 0.20%. Representative results
for 85 "C are displayved in Figures 2—4. which use the same
vertical scale for ease of comparison.
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Figure 3—Spray-dried lactose and fluoxetine HCI at 85 “C.

1t is evident that in this study. substantially more ARP
(2) was formed with spray-dried lactose (Figure 3) than
when lactose monohydrate was used (Figure 2). consistent
with previous reports.'® In the former case, the total level
of impurities exceeded 1% alter just 1 day at 85 'C.
Consistent with the screening study. the presence of
magnesiun stearate increased the amount of N-formylflu-
oxetine, 3; compare Figures 4 and 2. Control experiments
with isolated [luoxetine HCI and lactose were per Tormed;
both are stable under the conditions studied. .

Temperature-dependent analysis of the results was
performed using the simplest model for the production of
an unstable product (eq 1). Product X refers (o decomposi-
tion products of 2. not any specific compound. The rates
of formation of 2 and X were derived from eqs 2 and 3 in
which /;. the reference temperature, is 348 K. This
modification was used to make the preexponential factor
more independent of the activation energy. as suggested
by Blau and co-workers in their description of Simusoly,*
the simulation software in use, Only data for the concen-
tration of 2 were used in the model since the identities of
its degradation products, and thus their response factors.
are largely unknown. Arrhenius parameters are sum-
marized in Table 4.

1—'8—'?{

sl sl

el

dr
The last line in Table 4, an extrapolation to the time
required for the sum of 2 and its degradants, X, to total
0.1% at 30 °C. according to eqs 2 and 3. is included as an

diz] _
dr

3)

indication of the possible real-time magnitude of this drug—

excipient interaction. The prediction that this process

should be observable at ambient temperature is confirmed

by the detection of ARP, 2, in unstressed, unexpired lactose
formulations; refer to Table 5. Figure 5 shows the experi-
mental concentration of ARP, 2, versus time for the mixture

of lactose monohydrate, fluoxetine HCL and magnesium

stearate at all three temperatures and the curves generated
[rom eq 2 using the parameter estimates given in Table 4.
Due to the competitive decomposition of 2, its concentration

] 1.2 r

‘ 1 —e—ARP, 2
; —8— N-formyl, 3

| g 0.8 1 —a&— Other impurities
§ 0.6}
<

Time (h)

—Ar [Parameters for Fluoxetine HC| and Lactose
sis Based on Eqs 1-3*

4.8(0.3) 6.9(0.9) 119(0.8)
24(0.2) 23(0.1) 4.0(0.3)
249(1.1) 349(13) 26.8(1.3)
ik - 134(18) 18 5{2 0) 16.6(1.5)
I i 098
34 35
rd deviation is in parentheses.
] g B5°C
z
o o Clad
5_ 75°C
R
ik 4 i B
Time (h)
G- Formation of ARP, 2 from solid-phase mixtures of lactose

nydrate, fluoxetine HCI, and magnesium stearate . Points are experi-
ings are from eq 2.

1 by continued growth in other impurity peaks.

Inq!udin N-formylfluoxetine, 3.

- Due ta severe limitations on mobility, the kinetics of solid
- systemns, especially bimolecular ones, are not straight-

ward.,| Cohin utilized a function similar to the Arrhenius

ot} but which includes a parameter for the thickness

' I.qf he reacting solid phases.™ Carstensen has reviewed

- problem as applied to the stability of solids and solid
~dosage forms and uses both the Arrhenius expression as

. .nf ata from only the first few percent of the conversion

rises to a moderate level and remains fairly constant. That

is. it is produced and consumed at approximately the same
apparent rates.
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That it continues to be produced is

ninimizes the impact of these homogeneity issues, and the

dness of the m: to the model indicates that valid

elevance nl‘ the above analysis to actual marketed
generic uoxetine HCI products was examined by replica-

PR OWE N

Cohn's equation.™ In the present study, the use |




% impurity by HPLC
impurity  intlal 1mo 3Imo 6mo  9mo
total 0.17 0.19 0.21 0.23 023

:

0.01 0.01 0.01 0.02
Bric A total 043 047 060 0.90 110
W} 2 003 001 0.01 0.05 0.05
3 002 003 013 022
total 030 035 045 063 074

2

3

0.01 002 003 002
0.01 0.04 008 013

=

I- —e—ARP, 2
9‘]‘ —8i— N-formyl, 3
B | —&—Other impurities
=
_zgn,-» S
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i | 0 25 50 75 100 125
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Fidure 6—Generic N, 2 fluoxetine HCllactose capsule at 85 °C.
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Figure 7—Generic O, a fluoxetine HCl/lactose tablet at 85 “°C.
|
Lion of the stress stability study with a capsule (generic
hnd a tablet (generic 0). The results are shown in
- Figures 6 and 7. respectively. Both products displayed
- Maillard bmwning and produced 2. 3. and many other
- impurities. The results from the tablet (Figure 7) are
comparable with decomposition profiles of the simple
- mixtures of lactose, drug, and magnesium stearate. How-
ever, the capsule was significantly less stable, showing
formation of nearly 4% of 2 after 122 h at 85 'C. and a
total impurity level of 13%, This implies the presence of
!addillonal catalysts in this capsule. the identities of which
“are unknown.
The third type of stability study on lactose formulations
' of Aluoxetine HCI utilized the more standard accelerated
| condil.ions of 40 "C and 75% relative humidity used to
upport regulatory submissions. In this study the gradient
’LC assay was used o assess the stability of Prozac and
] 1w generic lactose- -containing capsules, designated generic
A and generic Z. The results from 9 months are given in

Table 5. Blanks indic te a level less than the det tio
limit of 0.01%.
Several points are interest. First. the formulation
with starch show limited impurity formation while
the two formuldflcns ith lactose more than doubled in
their total impurity content. Second. generic A (and other

formulations exgmina ) contain detectable amounts of 2

even before § ing, [proving that the Maillard reaction
occurs even at ambient temperature in unexpired products.
Third, slgniﬁcarlt amounts of N-formylfluoxetine. 3, was
produced by s ng both lactose formulations and its
growth rate in generic A was faster than in generic Z, which
may be due to ‘the higher concentration of magnesium
stearate in the former, Fi nally, although formation of 2 is
proof of the Ma[llard reaction, its concentration may not
rise to a ve?r high level due to its conversion to other
products, including 3. Thus, these formulations exhibited
the same general behavior as noted in the solution phasc
experiments an the :xcipient interaction studies.
Solid-State Reactions Monitored hy Headspace GC/
MS—Although many of the products of the Maillard
reaction are nonvolatile. such as the ARPs and melano-
idins. many volatile products are produced as well. These
have lypicdlly been | identified by gas chromatography.
especially by detection with a mass spectrometer. These
studies freque tly involve thermolysis of the ARP itself
rather than amine mixture. For example, Mills
and Hodge stu ied e volatile products from pyrolysis of
I-deoxy-1-1-prolino--fructose.'” Hayase and Kato studied
the glucose—butylamine system,”” Birch et al. examined
1-amino-1-deoxyfrudtoses derived from alkylamines, ™ and
Shigematsu et al. as identified volatile products from
pyrolysis several ARPs derived from glucose and
amino aclds 3 Alp ugh a diverse array of products has
heen ldem:lﬁed sonje compounds or classes of compounds
are almost always observed. These include carboxylic acids
(especially[ nic and acetic acid), acyelic carbonyl com-
potincls. such'és aldehydes and ketones. dicarbonyl com-
pounds such #s 2.3-pentanedione, furans such as furan
e ally 2-furaldehyde and furfuryl alcohol.
other uxyge 1-conta ning heteracycles such as pyranones
and furanones and|their dihydro counterparts, amides of
the amines (especially formamides and acetamides), and,
in cases where a primary amine was used, pyrroles and
other nitrogen-co
To pmvidt:hge link between the drug—excipient interac-
tion under study and the cited chemistry (which was done
mainly with monosaccharides and simple amines or amino
acids). we haye examined the volatile products of the solid-
of lictose monohydrate and Muoxetine HCI
by GQIMS as reparted in the experimental section, The
data from six suchi experiments is summarized in Table 6.
Thesu lnclutje lagtose—fluoxetine HC] with and withnut

_ ulations, and two positive controls with
dimethylamine HCI and piperidine HCIL. The top part of
the table contains products derived from the disaccharide
while the lower partion contains products derived from the
amine. Major products are indicated by +++ and minor
ones by a single +; the quantities are thus relative within
an experiment and between experiments but were not
accurately determined. '

Three “negative” controls, lactose alone. fluoxetine HCI
alone, and a Prozac capsule (starch-based formulation)
were also performed. Essentially no decomposition was
observed: none of the compounds in Table 6 were praduced
in these control experiments,

All of the products derived from the sugar have been
observed by previous workers in the Maillard— Amadori
arena, thus clearly linking the present study to their
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Me:NHHCI  pipentine HCI

generic + lactose + lactose

compound Z + Mg St + Mg St
vinyl acetate® it | + 1o i
acetic acid’ . ++ e e e e
2.3-pentanedione? 547 % + 1
4-methyl-3-pentenal 6.70 4% .
3-furaldenyde® 8,04 . ++ ++
2-furaldehyde’ 843 i Ky + + +
2-furfuryl alcohol* 912 vl 4 i v
3-furfuryl aicohol® 936 F it . + +
2-acetylfuran® 10:21 * +
isomaltol 11.79 ! - + +
maltol’ 14.19 A + - +
2,3-dihydro-3 5-dihydroxy-6-methyl-4 H-pyran-4-one (5) 1479 e | izt - o+ +
styrene* 1012 LR +
4-{trifluoromethylcresol® 13.45 H+ e et
M-ormylfluoxetine (3)* 2934 - + *
N.N-dimethylformamice’ 7.09 {3 e
N,N-dimethylacetamide? 915 {i ¥
Normylpiperidine® 1453 . +
N-acetylpiperidine 1574 3l +

* Matched both the mass spectrum from a library and the retention time of authentic compound.

uch as inclusion of the nitrogen within rin
esence of functionality which would greatly
e nucleophilicity of the alkaloid drug. The

y it findings suggest a relatively simple experimental
A HC™ 70 design to probe this question, namely, the use of the

Q= ide derivative as a chemical marker for the Mail-
N-fonnyliluoxetine. 3 5 ction. In all systems studied here (and most in the

n which their presence would have been de-
1yl compounds have been observed as a major
 Maillard process. Therefore. simple reaction
id drug with acetic formic anhydride should
miples of N-formyl compound(s) which may or
:solaged:'éﬁxd purified, but which are usually
ually separable from the drug on chromato-
'ms such as GC. HPLC, or electrophoresis.

tives will often be readily available and
and their formation in stressed samples of
mulation mixtures will be a strong indication
'd reaction. This chemical marker will be
sible than Amadori rearrangement products

Scheme 3—Decomposition of ARP, 2

findings. Of particular note is the widespread formation
of 2-furaldehyde and other furans and 2.3-dihydro-3.5-
dihydroxy-6-methyl-4//pyran-4-one, 5; see Scheme 3. The
identity of this compound was proven by comparison with |
authentic material, prepared according to a published Do
method.'” Kim and Baltes recently reported that many ke der
cyclic and acyclic Maillard products. including several listed R el
in Table 6, can be derived from thermolysis of this pyra-
none.'! The possible presence of | 2-dicarbonyl compounds =~
(such as 2.3-pentancdione) in thermally stressed generic
fluoxetine HCI products is of concem since some of them,

including glyoxal and maltol, have been reported to be i ‘i__ :::i 2%:&3:?{::‘%:2‘;?; :’:gg;:l]l;ﬂ:;
weak bacterial mutagens.'? Lo s ahalilrahe i .! . : i
It is also noteworthy that many of the same products = Co of screening simply for color and odor is still

=

ible: however, these sensory clues are not present in

stages of the Maillard process when impurity levels
d the level of 0.1%.'% An alternative screening

were produced from the reactions with the HCI salts of
- dimethylamine and piperidine as with Nuoxetine HCL For
example. the formamides of all three amines were found

as well as furaldehyde and maltol. This proves that riteractions sing GOMS : S
fluoxetine is not unique or unusual in this regard; nearly i i i -g‘ggfgﬁéhé::t;ﬁ?r?ifgﬁfg%?;ﬁ?i?;:ﬁ

all secondary amines whether cyclic or acyclic. should ! . 1RCE i JROR0
undergo similar reactions with lactose, in agreement with &t
~ the bulk of the scientific literature, e
- The results of the studies on solution-phase experiments. !
solid-phase excipient interaction screenii 1, stability studies :
on fluoxetine HCl and lactose and formulated products, and
the analysis of products clearly prove that the Maillard
_reaction occurs in this system. Although the clinical
significance of this drug—excipient interaction is unknowti,
~ the relevance of these findings to formulation scientists are
more straightforward.  Namely, the Maillard reaction of
secondary amines and lactose should be considered when
selecting formulation ingredients and when examining the
stability of such products. However. in many cases. the
formulation scientist will not kinow whether a specific
nitrogen-containing drug will be compatible with reducing
_carbohydrates or not, usually due o significant structural

¢ presence of Maillard-based drug—cexcipient
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