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‘Ref: Expediente No. 04-043.501

Solicitud de patente de invencién titulada: “METODOS DE TRATAMIENTO Y
FORMULACIONES DE CEFALOSPORINA.”

Solicitante: PFIZER PRODUCTS INC.

Nuestra Ref.: P2004/000040

RESPUESTA AL OFICIO No. 10748, NOTIFICADO POR FIJACION EN LISTA No. 274,
DE FECHA 22 DE AGOSTO DE 2007.

(SEGUNDO EXAMEN DE FONDO)

CARLOS R. OLARTE, mayor de edad y vecino de Bogota, identificado tal como aparece al pie
de mi firma, en mi caricter de apoderado de la sociedad solicitante, me permito manifestar lo
siguiente ante el auto emanado por ese Despacho, dentro del plazo legal previsto en el articulo 45
de la Decision 486:

1. En primer lugar, y con el fin de brindar mayor claridad a la presente solicitud, me permito
presentar un Capitulo Reivindicatorio Modificado, que reemplaza por completo el presentado
al momento junto con mi memorial de respucsta al primer examen de fondo.

En el Capitulo Reivindicatorio Modificado ahora se incluye el buffer empleado en las
composiciones reclamadas en la Reivindicacién 2, que puede ser opcionalmente buffer de
citratos. Asimismo, se incluye la Reivindicacién 5 que especifica que las composiciones

comprenden auxiliares de formulacion adicionales, como agentes de carga para liofilizacion.

Valga anotar que en cumplimiento del Articulo 34 de la Decision 486, las anteriores

modificaciones de ninguna manera corresponden a ampliacion alguna de la materia inicialmente

. divulgada.

2. a- El Examinador insiste en que las patentes US6.020.329 (D1) y W092/01695 (D2),

afectan el nivel inventivo de la presente invencion.
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El Examinador reitera que la Unica diferencia entre D1 y la presente invencién es el rango
especifico de pH usado (6,0-7,5). Adicionalmente, el Examinador anota que una persona
medianamente versada en el arte derivaria de manera evidente a partir de D1 el desarrollo de
formulaciones acuosas de cefalosporinas con un pH especifico. A su vez, D2 revela los
excipientes adecuados para la formulacién de cefalosporinas. De esta forma, la presente

invencion resultaria obvia a partir de la combinacién de los documentos de D1 y D2.

b- i) En el presente caso, D1 y/o D2 no proveen informacién que sugiera que ¢l

Compuesto I es inestable tanto en forma sélida como liquida. Adicionalmente, el arte previo
citado no ensefia que el Compuesto I no puede estabilizarse por medio de técnicas de

cristalizacién convencionales, como si es posible con otras cefalosporinas. De otra parte, D1 y
D2 se refieren principalmente a compuestos B-lactamicos, y solamente de manera genérica

revelan composiciones que contiencn estos compuestos; es decir, D1 y/o D2 no indican (i) la
combinacion de preservativos, (ii) el pH requerido en soluciones acuosas previa liofilizaci6n, ni
(iii) el contenido de agua tras la liofilizacién bajo las cuales se alcanza una mayor estabilidad de

los compuestos activos de interés.

Asi las cosas, no existe sugerencia en D1 y/o D2 que indique gue el Compuesto I podia ser

estabilizado y formulado para inyeccién al mantener el rango de pH de 6.0 a 7.5 antes de emplear
métodos de liofilizacion para remover el agua de la forma farmacéutica final.

En caso de mantener su posicion, solicito respetuosamente que el Examinador seiiale los
apartes especificos en D1 y/o D2 que sugieren la necesidad de desarrollar formulaciones acuosas

del compuesto I en un rango de pH especifico entre 6.0 y 7.5 antes de liofilizar.

ii) Vale la pena resaltar que las caracteristicas esenciales de la presente
invencion consisten en: i) una forma farmacéutica liofilizada; ii) la estabilizacién del compuesto
activo dentro de un rango especifico de pH; iii) la adicién de un aglutinante en una cantidad entre

1 y 100; y iv) la preservacion de la composicion.

Asi entonces, el Capitulo Reivindicatorio Modificado reclama composiciones especificas que
comprenden la sal sédica del compuesto de Formula I y un preservativo, con un pH entre 6.0 a
7.5 previa liofilizacién, y cuyo contenido de agua residual después de la liofilizacién es menor al

1%, en las que el buffer empleado para ajustar el pH es opcionalmente buffer de citratos.

Péagina2 de 6

A1L



13

OLARTE RAISBECK FRIERI MOURE & CASTRO LTDA.

- OLARTERAISBECK %

Volviendo al estado de la técnica citado, D1 revela composiciones de cefalosporina que pueden

ser liofilizadas, mas no_enseiia el pH que debe presentar la_ composicién previa liofilizacién.

A partir de D1 no es posible predecir que ajustando ¢l pH entre 6.0 y 7.5, se incrementa la
estabilidad del compuesto de Formula I a largo plazo. Por su parte, D2 divulga los excipientes
conocidos para formulaciones de B-lactamicos, pero no provee indicaciones directas que pudieran
llevar a una persona medianamente versada en la materia a establecer las condiciones especificas

que conllevan a mejoras sorprendentes en la estabilidad de formulaciones de cefalosporinas,
como las alcanzadas con la presente invencion.

iii)  Nuevamente, con el fin de ilustrar el aporte de la presente invencion al
estado de la técnica, me permito citar el documento Connors et.al., Chemical Stability of
Pharmaceuticals, (p.305 New York, NY. John Wiley and Sons, 1986), citado durante el examen

. de patentabilidad en la Oficina de Patentes de Estados Unidos. Este documento presenta una
tabla y una grifica que muestran la velocidad de hidrélisis de cefotaxime a diferentes valores de
pH. De esta informacién es evidente como la velocidad de hidrélisis de cefotaxime se
incrementa a pHs por debajo de 2 y por encima de 8; por el contrario, la mayor estabilidad es
alcanzada en el rango de pH de 3 a 7. Igualmente, alli se establece que el tiempo de vida media
(twn) de cefotaxime a 25°C es tipicamente 8.6 x10° segundos (aproximadamente 10 dias), es
decir, en una composicion neutra de cefotaxime, la mitad de éste se degrada en 10 dias.

En contraste, el Compuesto I de la presente invencion fue evaluado a una temperatura de 40°C,
en donde se esperaria obtener una mayor degradacion que a 25°C. La tabla a continuacién
integra datos de las tablas 3, 4 y 5 de la Descripcion de la presente solicitud y muestra que a un
. pH cercano al neutro, el Compuesto I en las formulaciones de la presente invenci6n, presenta una

degradacién de aproximadamente 0.8% en 12 semanas a 40°C.

Asimismo, la estabilidad a largo plazo de las composiciones de la presente invencion también se
ve incrementada, puesto que después de 18 meses a 25°C la degradacion del compuesto activo es
inferior_al 10%. Por el contrario, formulaciones con un pH de 4 presentan porcentajes de
degradacioén del principio activo superiores al 10%, lo que resulta inaceptable en productos
farmacéuticos. Igualmente, los datos a continuacién demuestran que la estabilidad éptima para

las formulaciones que emplean un buffer de citratos se encuentra entre 6,0 a 7,0.
Otro de los aportes de la presente invencion constituye la determinacién precisa de la relacién

entre sacarosa/sal sédica de compuesto I (3:1), que conlleva a una estabilidad mejorada

(Reivindicacién 5). Por el contrario, formulaciones con relaciones sacarosa/sal sédica de

Pagina 3 de 6
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compuesto I de (2:5) resultaron menos deseables (evaluacion efectuada luego  del
almacenamiento a 40°C hasta por 12 semanas).

TABLA No 1

Porcentaje del Compuesto I después de 12 semanas de almacenamiento a 40°C y tiempo de
anaquel controlado a temperatura ambiente a 25°C

Formulacidn # pH 12 semanas % de degradacién % de degradacién
(40°C) después de 12 semanas | después de 12 semanas

(40°C) @s5°cy*

1 35 91.3 8.7 19

2 39 943 5.7 15

3 a1 95.9 31 11

3 5.1 96.9 3.1 8

5 6.0 972 2.8 7

6 5 97.5 23 7

7 55 98.0 2.0 5

8 5.7 98.6 14 4

9 6.0 98.7 13 3

10 6.2 98.9 1.1 3

11 6.5 99.1 0.9 2

12 60 99.2 0.8 2

13 7.8 99.1 0.9 p)

14 6.1 T 992 0.8 2

*calculado como se describe en la Descripcién

El grado de estabilizacién alcanzado con la presente invencién, indudablemente representa un
resultado inesperado. El objetivo ideal a alcanzar con este tipo de composiciones farmacéuticas
es que se pueda disponer de una composicioén liofilizada, que al ser reconstituida, permita su
empleo por un periodo de una semana o mas. Sin embargo, composiciones con un tiempo de
vida media como las conocidas en el estado del arte, no cumplen este objetivo. Desde este punto

de vista, Connors et al. ensefia que_no es conocido un rango de pH en el que cefotaxime presente
una estabilidad deseada.

En conclusidn, 1a presente invencién no solo ha perfeccionado condiciones conocidas, sino que

ha determinado aquellas que no solo eran desconocidas, sino que no se podfan derivar de las
ensefianzas del estado de la técnica. ”
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iv)  Aun cuando el Examinador argumente que la preparacion de
composiciones liofilizadas resulta derivado del estado del arte, debe recordase que el
Examinador precisamente tiene la carga de la prueba para demostrar por qué el desarrollo de una
composicién particular, como las reivindicadas en la presente solicitud, no presenta altura

inventiva.

El estudio de solicitudes de patente que conduzca a conclusiones anticipadas, como las expuestas
por el Examinador, corresponde abiertamente a un analisis conocido en el ambito de patentes
como “andlisis hindsight”. Para entender el analisis equivocado que realiza la SIC, podemos citar
el Manual Andino de Patentes, que indica claramente: “...la bisqueda de¢ anterioridades se

efectiia a posteriori, tomando como punto de partida la misma invencion,...el examinador debe

realizar el esfuerzo intelectual de colocarse en la situacién que ha tenido gue afrontar el técnico
con_conocimientos medios en la materia en un momento en gue la invencién no era conocida, es
decir antes de la invencién™ (mi subrayado). No es apropiado anticiparse a los resultados
presentados por la invencién, menos ain basidndose solamente en la especulacion, ya que asi,
siempre resultard "obvio" todo objeto de una solicitud de patente, sin dar mayor importancia al
trabajo, intelecto y creatividad involucrados en la invencién, para llegar a la solucién del

problema planteado en la solicitud.

Lo anterior hace necesario que ese Despacho brinde mas importancia al problema técnico
planteado y a la solucion propuesta al momento de enfocar su anélisis, en vez de limitarse a la
simple comparacion de las caracteristicas técnicas del producto con alguna anterioridad, o alin
peor, deduciendo que una invencién especifica es obvia a partir de suposiciones insustentables, o
el uso de el estado de la técnica previo como si se tratara simplemente de armar un rompecabezas
que coincida con la invencién reclamada, sin tener en cuenta ensefianzas y sugerencias que
necesariamente conducirian a la persona medianamente versada en la materia en una direccién

opuesta a la invencion reivindicada.

El Examinador no puede desatender de manera subjetiva, como lo enseiia el MAP, que el andlisis
objetivo de nivel inventivo debe enfocarse en determinar “si teniendo en cuenta el estado de la
técnica en su conjunto, existe alguna indicacién que lleve a la persona versada en la materia a
modificar o adaptar el estado de la técnica més cercano para resolver el problema técnico, de tal

forma que llegue a un resultado que estuviera incluido en el tenor de la reivindicacién”? De
hecho, en el analisis objetivo de patentabilidad reconoce como indicios de patentabilidad los

! Manual Andino de Patentes, Secretarfa de la Comunidad Andina, OMPI, EPO, 2004. Seccién 10.2.1,
2 Manual Andino de Patentes, Secretarfa de la Comunidad Andina, OMPI, EPO, 2004. Seccién 10.1.
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3.  Por todb kl anterior, considero que las objeciones presentadas por el Exammador han sido
resueltas y ipor whsigmente solicito respetuosamente que se proceda con la concesién de las
rclvmdlcm pmdlentes en la presente solicitud de patente.

Atentamente, -’
i

C.C.No.19. 732.747 de Bogota
T.P. 74. 295

Anexos: " Capitulo Reivindicatorio Modificado.
" Recibo de pago correspondiente a la tasa de modificacién.
4+ Artfculo Connors etal., Chemical Stability of Pharmaceuticals; (p.305
" New York, NY. John Wiley and Sons, 1986).

* Manual Andino de Pétéates, Secretaria de la Conmunided Aadine, OMPL, EPO, 2004, Seccida 104, -
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Expediente No 04-043.501
Segundo Examen de fondo

- CAPITULO REIVINDICATORIO MODIFICADO
SEGUNDO EXAMEN DE FONDO

1. Una composicién farmacéutica liofilizada que comprende un compuesto de Formula I

0
HzN /N I
\-S(J\'/Lr\wu . s
Y
ey
M+

I

en donde M es Na’, un buffer opcional farmacéuticamente aceptable, y un preservativo

. farmacéuticamente aceptable seleccionado entre metil parabeno, propil parabeno, o una
combinacion de metil y propil parabeno; en donde la composicion acuosa, previa liofilizaci6n tiene
un pH de 6.0 a 7.5, y la composicion después de liofilizacién tiene un contenido de agua residual
menor al 1% en peso de liofilizado.

2. Lacomposicion de conformidad con la Reivindicacién 1, en donde el buffer es un buffer de
citrato.

3. La composicion de conformidad con las Reivindicaciones 1 a 2, en donde la composicion
después de liofilizacion tiene un contenido de agua residual menor al 0,5% en peso de liofilizado.

4. La composicion de conformidad con las Reivindicaciones 1 a 3, en donde el vehiculo es
sacarosa y la relacién vehiculo: compuesto es 3:1.

5. Una composicién conformidad con Reivindicaciones 1 a 4, que ademéas comprende un
agente de carga para liofilizacion.
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Cefadroxil

ORNERAL
Names

(6R,7R)-7-[(R)-23~-anloo-2-(p-hydroxyphenyl )acetanido]}-

S-pethyl-8-0x0-8-thin-1-azmabicyclofd.a. Uloet¢l-ano-l- o

carboaylic acid; cefadrexil.

Structure -

C1oM178s0s8

Forns Available
Cefadroxil aonobydrate, amhydrouns ectldrotii{
fhyeical Propertiss -

Cefadroxil e solubdle in water and slightly eoluble in
alcobel (1). The appareot 'l.'- for cefadroxil sre:
pEy3 (carboxylic mcid) = 2.64; pK,3 (c~ammoeniaas
.ronpl.-‘:)lo; pRas (ph-nnlto group) = 9.99 at 38°c,
a=-0

ltlbllltr Sumsary

Is sguecus solation, cefadroxi) degradution resslts ia
the cleaving of the S-lactam sofety by three parallel
sochanisss: (1) fntramolscular amizelyeie;: (3) water-
catalyssd hydrolysis; sad (3) nmclesphilic atteck ef
general acid and genarsl base
¢atalysie ogour ia citrate and phosphmte Wuffer ays-
teme (8). The antivation eanergies, at 30°C, are .re-

mol. utJﬂaéa:st“ '

e e T I




208 Cefadrozil

ported to he 21.4 and 23.8 kcal/mol at pA 7 aad 11.8,
respectively (2). The apparent activatioa energy at
the alkaline pE may include the heat of iomizatiom of

water, 18.1 kcal/mol (3). The net activatioa eathslpy .

of the hydroxide-ioa~catalysed degradatioa is -10.8

kcal/mol (3). Twa sther amimocephalosporins, cephs-

lexis aad cephradine, lnvo stability patteras similar
te ootldroxll (e).

Reaction and Rata Bquatioms (3)

In the pX range 2 ‘to 10 cefadroxil existe im four
ionic forms: uae s cation (ll;*l. a zuitterion (12%),
an anion (I”), and & dianfon (12-). The tomization
schene 1is shown in Scheme 1.

SCHENE I

. 1a no-tral snd alkaline solutions, the maia degrada-

tion productl are tws piperasine-2,5-diemea (X1 and
111) and 3-hydroxy-4-asethyl-8{0H)-thiophentns ().,

" w”
‘ _ The.degra

e, =

L J—

It —

Tho'rlto

rete .=

where kj
. rate com
cationfo
constant
nieas tha
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ste in four
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nes (II and
ae (IV):
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Ths degradation reactions css be writtean as follows:

. —:k> producte | ‘ ] '. . (,.1.)
182 —-}:-59 products - .' (2
{4 -%:-o—) products B o (H
1= + on" —h-'-) products . | ‘ .(l):
13« on- —23 products o (8)

The rate equation tor this kiaetic schene i»:

rate = k(XN ¢] « ka[18%) + h,(:],/((l*] * u.}
kel1~ norl * n,u"mu-l

where ky; asnd kg represeat the np.arnt ﬂut-crdcr
rate constant for the water-catalyzed degradations of
cationic und switterionic cefadroxzil: ks is the rate
constant of three kinetically un-uu-uhnu agcha~

" simme that occur aear pKy,g (Scheme II); kg asd kg are




a0 Cefadroxil

the second-order rate comstants fer the 05~ eltllysod
d.grudntlon of both anionic species.

'..r*gz .

e~ @

()
, . SCHENS .11 '
pu-Bate Profile '

Figure ) shows the dependence of the logaritha of the

spparent first-order rste comstant om pik for the ovar-
all less of cefsdroxil at 3°C, p ~ 0.5. The rate
coustantes have bsea corrsgted to sero butfer concen-

. tratien (2). The dissocistion of the phemslic-moisty

spparently has aoc affect oa the d-lactas cleavage
since the slope of the line near pi 10 is-uwaity.
Thers ie ua inflsction point et pR valués nasr piyg.

‘indicating that the dissooiation agquilibria of the -
side-cheain amino group aflect the degradation rate

(2). Belew pi 8, the degradstion tate of cefadroxil
is pl imdepeadeat. indicating that the resctioa wap
met influssced by the dissocintion of the l—cnrhox'llc
acld lroup.

¢t

FIGUREK 1. C
degradstion

Activatien 3

‘The Arrhesin
at pi 7 amd ..
- im Pigure 2.

pE 7 is 21.4
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FIGURE 1. Csfadroxil. pE-rate profile for cefsdroxil

lug;ndnt!on in squeoss solution st AS°C and g = 0.6..

Activation Energy
The Arrhenius plot for the degradatioa of cefadroxi],

at pi 7 asnd pi 11.3 and tomic strength 0.8, is shows
in Pigure 3. The activatios emergy of cefadroxil at

ol 7 18 31.4¢ kcal/mol, sed at pi 11.6 it is 10.7 kcal)/

no: (corrected for the iont of lollsltlol of water)
‘8‘

Gther Data

Geasral acid and general bage cttnlvcll:oeéli in el-‘

trate and phosphate Laffer aystenms.
Teuji ot al. (2) discagsed cefsdroxil -tnblllty

"relative to the stabilities of ccph-lolll. cephadrine, -

and cephaloglycia.

FORNULATIONS AND CONBINATIONS
Degradation Reactions )
Cetadrexil is sdsinistered orally im capsules, tab-

lats, and se an squecua suspension that 1e reconeti-
tuted from a dry powder (8). Kydrolytic reactions of

.
i
b

. hSTTTE

- te s 4




300 Cefadroxil

the solid-state cefadroxil smay be possible from mois-
ture io the air. Once the suspension is recomsti-

" tuted, the product is auch less stable owiag to hydro-

1ytic and pR sffects.

-2
=3t~
i
o =4l
-]
]
-8 247 09 ﬂ
- 4 =t : .
3 an 2 a3

17 x

FIG0RE 3. Cefadroxil. Arrhenius plot for the appar-
ant Cirst-order rate coastante for cefadroxil dotrnda-
tion at p! 7 and 121.50,

,ftadllization Reactions

8ince - hydrolysin of solld-state cefadroxi) may be a' .

cause of degradation, cefadroxil should be -kept in a
tightly closad conteiner (6,7). After reconstitstion,

store in a refrigerator aad discsrd any nnu-al portion’

after 14 days (8).

' 3. American Nospital Pormulary Service, Americss

Soclety of Hospital Pharmecista, Bathesds,
Narylsnd, 1083, pp. 813-~0816. .

2. A. Temji. B. Nakashima, VY. Deguchi, K. Hishide, T.
. Shimise, 8. Horiwchi, K. lshikaua, cnd 7. Yamahu,
J. Phara. 301.. 70, 13130 (2081).
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Cefotaxime

GENERAL
Names

Cefotaxime sodium, 7-[2-(2-aminc-4-thiazolyl)-2-meth-
oxyimincacetanido]lcephalasporanic acid (sodium salt).

Structure

IS

Foras Aéallablo

N 2 CigH1glgRalqsS,
a co
80& 0 CHAOCOCH mol. wt. 477.48

Cefotaxiae sodiuas.
Physical Properties

Cefotaxime sodiuoa js an off-white powder that decom-
posea at temperatures of 162-163°C (1). (It is fairly
soluble in water, producing aqueocus solutions light
yellow in color (2). Potentiometric data (3) show pK,
values of 2.1, 3.4, and 10.9.

Stability Suamary

Cefotaxime in solution is subject to hydrolysis at the
eater group and the f-lactam ring. The deacetylated
product can then go on to form a lactone. Hydrolysis
is both wpoecific acid catalyzed and specific base cat-
alyzed, with neutral pE values being optimum for sta-
bility.” MNany buffers are compatible with cefotaxime,
aa are most cosmon large-volume parenterals. Dry pow-
der is best stored in a dark, cool, dry environment,
and can be sterilized by gamma irradiastion.

DRUG RINBTICS
Reaction and R

Cefotaxins i»
cephalothin an
of degradation
and the aceto
pH, temperatvu
side-chain hyd
cation proces
opening. The
the sum of the
lel routss. '
occur to form
uct. Scheme I
with R represe
ing products
senting sodias



pzolyl)-2-meth-
{vodium salt).

C1¢816N38a098,
sol. wt. 477.48

jer t decom-
. s fairly
solutiona light

ta (3)_lho- pRa

drolysis at the
he deacetylated
ne. Hydrolysis
icific base cat-
ptimum for asta-
1ith cefotaxime.
irals. Dry pow-
iy environment,
lon.

Drug Kinetics 303

DRUG RINETICS
Reaction and Rate Equations

Cefotaxime is a 3-acetoxymethylcephalosporin, 6s are
cephalothin and cephaloglycin, hence the major routes
of degradatfoo involve hydrolysis of the $-lactas ring
and the acetoxy ester. At pharsaceutically relevant
pH, tesperatuore, and concentration values the amide
side-chain hydrolysis is negligible (4). De-esterifi-
cation procaeds more rapidly than the f-lactes ring
opening. The observed degradation rate conatant is
the sum of the rate constants for the two major paral-
lel routes. At pH < 4, an internal ring closure can
occur to form the lactone of the de-esterified prod-
uct. Scheme [ illustrates this decoasposition pathway,
with R representing the amide aide chain, X represent-
ing products of B8-lactas ring opening, and R’ repre-
seating sodium or hydrogen ion.
K ><

catfotanine

h

’I%,...L'X

dasaiatyicefotazias

h

A = X

dasatstylcototaxing lactone
SCHEME I

amiame, Yewemee e
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304 Cefotaxine

* At pH 5.8, the rate of formation of desmcetylcefotax- /ﬂ\\ﬁ
ime exceeds that of the lactam hydrolysis product, ‘xﬁ
with ka:ky = 1.8 (4). The pseudo-first-order reaction ph By ( cax.p- ) 1
vields parallel log C ve. time plots over a 20-fold j
concentration range. Typical valges in the neutral pH Mo
region at 25°C are Kgpg = 8 x 107 s-1 and ty « 8.6 x 2.23 21.2
109 »o. 5.52 24.7

The constant kgpe 18 the zmum of the rate constants 8.94 9.4

faor acid-catalyzed, water-catalyzed, end hydrozide-
lon-catalyzed hydrolyeis:

: At pH 8.04, the activatis

Kopa = kglH*] + K, ¢ koploE") (1) : for the heat of ionizatic
) ues, the calculated Kgpe ¢
The sum of the two routes (lactam and ester hydroly- i with the mcasured experim¢

sis) is followed exzporimentally. hence kope = kg + k2.
Using the previous estimate of Kk,ys in the neutral pH
region, and the fact that kt:kb = 1.8, ylelds ky =
2.9 x 10°7 g~ and k3 =~ 8.1 x 10-7 »-1,

e

BT

pA-Rate Profile : -490

Pigure 1 is a plot of log kgps ve. pB at 25°C and
{fonic stremgth ~» 0.5 N (4). It exhibits the typical
t-shape of cephalosporins that are inactive orally
(3). Specific acid catalysis occurs below pR 3 and
specific base catalysias occurs above pBE 8. Botween pH
3 and pH 7 the hydrolysis rate {s virtually indepen-
.ant of pH. The calculated line uses the estimates of
o~ 1.18 x 10-% N-) 373, Xy = .31 x 10~ »~1, and
kgg = 4.69 x 10~1 8-1 ¢-1 (4). The pE of minimem
hydrolysis rate is p#l 6.18.

The positive deviation from the calculated line he-
tween pH 2 and pH 4 has been postulated (4) to be due
to an intramolecular general acid catalysis by the : -a0
carboxyl group on the deacetylation reaction. A more
easlly identified shoulder is noted om the kypy vs. pH

logk i2~1)
-
(-]

 ————e— s - o4 e

|
i
plot pear the pRgy of cefotaxime. It is possible that i
the lonization may slightly alter the kinetics of i ﬂ“q‘:"’!‘"!-"‘é‘
degradation. !
Actlvatlon Energy FIGURE 1. Cefotaxime. pH

at 28°C, ionic strength =
Figure 2 shows an Arrheajus plot of cefotaxime degra-
dation of several pH values and fonic wtrength - 0.8 N
(a). Determination of the slopes reaalts in the :
following data:
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pH 8, (kcal-n-1) By (k-J-N°1) 26°C: ty (hr)
2.23 21.2 88.4 80.6
5.%2 24.7 103.8 213.9
8.94 8.4 39.4 27.2

At pH 8.94, the activation energy has been corrected
for the heat of ionization of water. At all pH val-
ues, the calculated k;)s at 25°C was ip good sgreemeat
with the measured experimental kpopy at 28°C. .

"'”rFIFTIIlFTI

-45

=50

log k (e~}

-6.0

-85
6t 2 3 4 5 6 7 10

[

FIGURE 3. Cefotaxiame, pH-rate profile for hydrolysis
at 28°c, fonic strength = 0.5 K (4).
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FIGURE 2. GCefotaxise. Arrheniue plots at several pB
values (Ref. 4): flonic strength - 0.5 M; pH 3.23
(Q): pu 5.82 (@): and pH 8.04 (A).

Other Dats

o catalytic affect was seen with citrate or phosphate
buffers on the rate of cefotaxime hydrolysis (4).
carbonate and borate buffers have been shown te in-
crease the degradation rate, whereas acetate buffer
pay slow degradation of cefotaxime (3). An investiga-
tion of the prisary salt effect using potassium chlor-
ide showed no effect in the range 0.2-1.0 N for pl
values of 2.2, 5.5, and 8.0 (3.4). Plots at pH 8.9
and 9.5 gave swmall positive slopes, indicating that
two negatively charged species are reactiag (3,4).

Jacobs {8) has shown that cefotexime powders can be
sterilized via gasma radiation without breakdown of
the drug. Storage of the powder ubove 30°C causea §t
to darken (7)., the cause belng uoknown. .
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PORNULATIONS AND COMBINATIONS
Degradation Reactions

Cefotaxime sodium should not be diluted with highly
basic parenterala, such as sadium bicarbonate injec-
tion, or highly acidic parenterals, owing to the acid-
catalyzed and base-catalyzed hydrolyais.

Stabilization Nethods

Reconstitution of cefotazime sodiums results in a prod-
uct that will maintain potency for 10 days under re-
frigeration or 13 weeks when frozen (7). The pB of
the solution should be maintained between pH 4 and pB
8 for maximum stability. Solutions prepared with the
following finjectables maintain potency for 24 h at
rooa teaperature: noramal saline, 5% dextrose, 10%
dextrose, lactated Ringer's asolution, sodiom lactate
injection, 10% ipvert sugar injectioam, and dextrose
plus normal saline. Dry powders should be stored in a
cool, dry place and protected from excessive light.

Das Guptas recently studied the atability of cefo-
taxime in 8% dextrose and 0.9% sodium chloride aolum-
tiones at low temperatures (8). The loas in potency
v:;.tnu- than 5% after 30 days at 4°C and 224 days at
- O.
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Cephalothin
GENERAL
Hames

Cephalothin.

Structare

O\ C16%10M5003

o CHOCOGHs. s0l. . wt. au_.u

!orll Avall.blo

sodius cepb.lothln (c1olgglalqo.8.. mol. wt. 410. 41).

Pbrnlcu; Properties .

Sodium cephalothin is soluble in water, slightly solu-

ble io alcohol, and inecluble in most organic solvents
}l). The pKky (of the conjugate acid) is 2.22 at 303°C
a). - : .
Stebility Summery

Cephalothin wndergoes hydrolysis of the @-lactas riui
and of the 3-acetoxy group.  The pli-rate profile re-~

vesls spacific scid and specific’ base catslysie, with
a broad pH-imdepsandent valley from pE S to 8. 8tabil-

ity iv maximized by ensuring that the DE does mot fall’

outside this range. 0PFrosen aqueocus eelutions of vodi-~
ua cepbalothin have boen sbown to be atable for wp to
8 waske. .
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310 Cephmlothin

DRUG KINBTICS
Reactions and Rate Equations

Cephalothin is & S-acetozymsthylcephalosperin and thas
hae three sites at which hydrolysis cam occur: the
anide side chain, the f-lactay riang. and the scetoxy
ester group. Under conditions of pharmaceutical ia-
terast, the lactam and acetoxy hydrolyeis roustes pre-
dopinate, the rate hebavior belag siailar te that
reported for caphalosporia € (3). Ia acid asdism,
hydrolysis of the acetoxy group ls followsd rapidly by
lactenization of the reanltiag hydroxy group. Lettisg
R cepresaat the anide side chain, these reactions are
showa ia the following scheme.
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In neutrel and basic medis the lactonisetion (the k
step) does not take place; the descatylation (k) =a

Drag Kimstics 811

lactap opening (kj; amd k3) steps caan be ssparately
stuadied. Yamama and Tasuji (3) found that the rate
constants k; and kg are sbout equsl, and that the rel-
stive rate kg/ky is 1.8, In scidic selution kg 1s
larger than kg, so the deacetylcephalothis produced in
the k3 otep is couverted rapidly to the lacteas.

The rate of hydrolysis of the lactam ring does aot
uppear to be affected by fonizatjios of- the carbaxylic’

agid group (2).

The appsredt  first-order rate coa-

stant kgpy for hydrolysis of the lactum (from ceph-
nlothll. deacetylcephalothia, and. dc-cotylcnpilxutlxn
lactone) is givean by lq. (1).

Kobs = Kg(#'] + K* o kogloB"] - .© (1)

Tuis oxporluontul k,b. is egwal to kj, sisce th!- de-
sccibes the luctam hrdrolynlo ond n!neo Ry is lonr:'

agual to kg.
pR-Rate Profile

?igurs 1 shows the plet'nl log Iy, [defined In lq._.~

(1)1 va. pE for the lass of the S-lactam rimg .at 38°C
and lomic strength 0.5: the rate constaste have .besa
corrected to zero buffer concestratios (f). Thiae pro-

,21le provides evidence that dissocifation of the car-

boxylic acid does not affect the hydrolysis rate,

ajace no {isflection is ssem at pi values nesr the pK,. -
Acid catalysie is important below pR 3, and base o8-
talyeie occurs above pB 8.

dent valley ‘is obsarved between pi 3 and 8. The pH-~
rate dntn ur- !lttod with Eq. (1) lnd the valuse k. -

4.0 2 10-0-p-1
=z 101 N} o8,

Ilguce 1 is the pl-rate profile tor the \1dlol’|t|
of the S-lactam, that i», for the ky step ix the reac-
The inatact eopl-lotlln molecula, bhow-

tion scheae.

o k% » 3,0 x 20°8 -1, and kog = 2.9

ever, is lost sore repidly than ‘this figure indicates,
since deoacetylatioas ia faater than lactanm.hydrelysis.

Since kg = 1.8 k; and the rate comstant for. .overall

lose of iantact drug is k; + kg, whereas kopp = k3, it

appesars that the rata goenstant for lose of drug by
both routes is about 2.8 times the valmes shoms
Yigure 1,

A very broad pE-indepen-:’

in

» = wme e —
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isportant
othear nucl
anticipatec
cephalothin
pot known.
Aged oa
been raport
ciuded tha
duced {n hy

Stsbilisati

It ie c¢lear

saxzisun ch
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itation of

“t probably sbd
_sate range

Nean ot

- the stabliii

for f{ajecti

"0 2 . 8 ] 10 12 : room temps
: . oH R ! (8°C), and
PIOURR 1. Cephalothin. pl-rate. profile for bydrely- the soluti
sis of S-lactam ring is cephalothia at 38°C (2). B after prepa
: : regonaende
. raconstitut
i s 10% ‘loss

Activation Enargy

" tion prepar

The activatios energy for the lactam hydrolyeis of aid of the
cephalothin at pH 5.00 3s 22.¢ kcal/sol, esd at pi -::::::;J:l

10.00 1t is 15.4 kcal/mol (corrnctad for - the heat ot:'

fonizatien of -t.r) (3a).

tial cooces

frosen
were found

other Data voaKs (.20°
Suffer tomponsats appear to be capable of exerting a. or 230 ag/s
moderate accelaratiag effect om kypny (2). - line or 8%

Yamasas and Tssji (2) have discussed cephalothinm

stability relative to the stabilities of other coph-
slosporine and pemicilliine.’

"t — . ST o o

stabilizati

tation of ¢

water was t
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PORNOLATIONS AKD COMBINATIONS
pegradation Reactions

The hydrolysis reactioms desoribed sarliier are the
iapartant routea of drug degradation. Reaction with
other nucleophiles, particularly asnioes, sight be
anticipated. Color forsation in snlaotions of sodfius
cephalothin has besa reported (4), but its source 1is
pot kaown.

Aged samples of sodiwm cepbslothin injection have
beon reported to cause pain is mice (8). It was con~
cluded that the pain was cassed by acetic acid pro-
duced ia hydrolysis of the acetoxy group.

Stnblliantlou Nethoda

It 1e clear froa the pA-rate profile (Ii;.'ll that tor

saxinum cheafcal stadility the pH should. ba In the

cange 3 t0o 6, MNorsover, in order to forsstsll precip-
itation of the fres-acid fors, the optissl pi range

pgrobably should be further vestricted .to the. approxi- °

nate range 4 to .

Nuns ot al. (¢) end Boylan et sl. (8) have studied
the stability of sodius cephalothia solutions f{s water
for injection. in 0.9% salimne, and ia 8% dextrose, at

roon tempesrature (28°C), refrigerator temperatare '

(8°C), and in the froses state (~20°C). At 5°C all of
the solutions showed sbout 10% decemposition 14 days
after preparation. (The package imsert coassrvatively
reaconnends & nezinum storage time of 2 days at 8°C for
regonetituted sodium cepbslothin solutioms.) At 235°C
s 108 loss of drug was obeserved about 34 b -after solu~
tios preparsation. [The tgg value calculated with the
aid of tha pH-rate ptotl?i (Pig: 1) and sctivation
snergy in the valley region ix 83 B, in reasemsble
agresaent.}
tial concentrations of 1 /109 mkL.

" Prosen solutfons of sodium cephalothin .in water
were. found to bs stable (<108 decompositiom) for ¢
ueseks (~30°C, pE 4.6 to 8.5, iajtial comcentration 100
or 280 =mg/sL) (8). It was recommended that 0.9% sa-

1ise or 8% dextroaes aot be used as the iolvoht;'hol.A

stabilisation by fressing is plansed, bacswese precipi-
tatioa of drug on thawing is more frequent than when
water wan the solvent. Oncs thawed, solutioms should

These solutions wsre preparsd nltl ias~

.
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.
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214 Cephslothin

aot be refrosxes, since ptcclpituttél.nlv.rctllt.
Frozon selutions of vodium cephalothin (iz BN
deztross) showed no losas in activity after estorage at

~20°C for 30 daye whather thawed br room temperstare

szposure or microwave hesting (7).

1. lclln,toi'c Pharmacesticel Sciemces (lsti wd.),
Philadelphia College of Pharmacy nnd Science,
Philadelphia, 1078,

X, T. Yamama and A. Teujs, J. lll:l, Sci., 65, 1883

5. J. Kenscay. B. Felber, and J. Grumer, J. Abti-

diot., 26, 138 (1073).

4. J. N, Naua, D. L, Coleman, and J. C. loylll. ‘l.
J. Sosp. Phara., 20, 760 (1971).

8. Y. .Aduchl, €. Nakamura, " Kohkoh, N. lh.dl; and

A. Eato, Fakugaks Zaswhi, 100, 1106. (xocn); xntg

.Pharm. Abstr., 18, 1298 (1981).

8. J. €. Beylan, J. L. Sianons, snd C. L. Wisely. llc

J. Bosp. Pharm.., 29, s87 (1072).

7. C. J. Holmes, R, K. Awsmap, C. l;ilaltar. and R.
:i':?ndlln. Drag latell. Clim. Pharm., 14, 383
' . . b .
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Cephradine

GENERAL .

Cephradine; 1-[n-a;q1 4-cyclohexsdién-1-yl)acetanido}-
a--otivl-o-oxo-iltlln-3-.::5!:10!0[4 2.0)-oct-2-ene-2-
cerbosylic acid. -

4tractare

- Cioliola0g8
sel. wt. 848.41

foras Available ‘

Cephradine nosohydrate.

thysical Properties

NMelting point 140 to 143°C; pKy. about 2.8 and pRg

about 7.8 (1); sparingly soludle is water asd selabil-
ity at the ifsoelectric pRk is 26 ag/sh (2); very

alightly ecluble ia nleohol. pr.et!cllly lnlqlnblo AR

chlorofors and ather.

lt-blllty sunllrv

ccphrldlno. a donectoxvecplclolnorln. undor.ocl lv-'

drolysis of the f-lsotam ring. Cephradiae is fajrly
acid stable, and is shewn to be 20 times more stable
than cephalothia, cephaloridine, and cephuloglycia;
and 180 -tises amore stable thas aspicillin at ph. 1.0
(3). [Ite pl-rate profile shows s pE-indspendent re-~

gion below pE 8, specific hpao catalysis above pi 10,

318
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s16 .cophrodlne

and aa iafle¢tion at neutral pH E.oultlng fron the
hydrolysis of the anion. Stability cam be enhanced by
keeping the pE balow 5. .

DRUG KIABTICS
Reactions and Rate Eguatione

Cephradine is susceptible to S-lactas cing hydrolysis,
as is cephalenin. The kinetice end mechsaisms of hy-
drolysis sppear to ba affected by the disseciation
equilibrius of the e-amino groop.
At high
pl. hydrelysis fs cetalyzed by bydrexide jon sttack oa
the snjon. At aeutrel pH, dissocietios of the proton-
ated e-saine group occurs, and degradation is cate-
lysed by the intramolecular acoleopbilic sttack of the
a-anino grouwp upon the B-lactas cerbosyl to produce a
diketopiperasine derivative. This mechanien 1s shown
ja the following schenms. ;

This diketopiperazine derivative has Dsen jisolated
as the major slikaline degradatios prodact from as
squeeas scdium carbonste solution of cephradine by
Cohen st al. (4).

The apparent firat-order rate coastant k%p. for
_hydralysis of the lactan cam be given by Bq. (1): .

¥op, * kyl*] * Kygg * koplou") + n.(-————) )

K3 « (8}

whare k.o, ky. and kggy are the rate conatants for the
unnntali&.d. hydrogea-ion-catalysed, and bhydroxide-
fon-catalyzed caactions, raspsctively. Thes spoatame-
aus degradatios. rate comstant of the asionic species

At pHs betwees 3
_apd 8, hydrolysie is by direct mater sttack.

[P P,

is repras
action i1
t“" .

pi~-Rate p:

Tigure 1§

(2)} ve. )

38°C and

been corm
profile 3
protonate
rate, sil
the pKj.

talyslis ¢
reglion $s
fitted t¢
.-’u ko'

. e} are o
-.mined be
‘kinetic T
. Activatis

_il. aotiwn -
ia agogou:

Other Dats
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. adation is cata-
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- amionic speciss

Formulations aamd Combinatioms 817

is represented Dy ks. The hydrogen-ion-catalysed re-
action {a imsignificant in the overall kimetic plc-
ture.

pi-Rate Profile

Eigurfe 1 shows the plot of log kgpy [defined im Rq.

. (3)) va. pX for the hydrolysies of tho S-lacten riog at

S8°C and fouic streagth 0.5; the rate comstante have

been corrected to sero buffer conceatration (3). This
. profile provides evidemce that disacctsation of the

protonated a-asmino group iunfluences the- hydrolysis
rate, since an iaflection is sesn 4t pE values mear
the pEg. Acid catalysis is unisportant, and base ca-
talysis occurs adove pil 10.
rogion i3 ohserved bhelow pE 8. The pE-rate date tro
titted to Bq. (1) and tho 'lll.l kg,0 = 3.00 x 10°7
o1, kog = 3.11 x 10-1 N1 a-1, ond kg = 2.06 x 109
01" gre obtaiaed. The rate constaat. t. is. not deter-

-lno‘ because of the large eontrlbut!on by other.

kln.tlc terams.

Activation Energy

'th- agtivatioa energy for the lvdroiviln ot ciphrniino :

ia aquecus salution has not been reporced.
Other Data '

Buffer colpononti appuar to ba capable of 6sortin¢ ]

soderate accoelerating effect ou kgpy- FTigure 3 ehows

the dependence of the observed rate constasts oa tetal
buffer concestration in borste buffer at acc (9).
Yanens and Tsuji (3) have discuesed. cephradine

stability relative to the ot.bllltion of other ceph-

nlooporlno nnd peniecdlling.

FORNULATION AND CONBINATIONS

Degradation Reagtioas

All cephslosporias wadergo degradation im sguecas
In a basic aqueons sediuss, . cephradiae

solutions,

vielde a cyclic product thet has uadergons sigratioa
of the double boad to the C-4.,8 positiom, and protoms~

A flat pE~indepesdent -

—— o — ———
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918 Cepbradine

tion at the C-3 posttion as descrided esrlier. Al-
though dotatiled studies have not kWeen performed la an
acidic aquecus mnedium, cephradine say be expected to
underge reactions sfmiler to cephalexin (8).. Recom~
stituted cephradine solution may vary io celor; how-

‘sver, color chamges do not affect the poteacy (6).

The origin of color formstion is not kmowa,

Stadbilisation Kethods

It $o.clear from the pE-rates profile (Fig. 1) that,

for maxiaum chemical stabdlility, the DR should be below
8. Nowevar, in am {njectable foraslation. the acidity

T o

—logk v~}

FICUAE 1. Cephradime. pH-rate profile fer the

hy:ﬂ:ly-g..ot cephradinae at 38°C and lfomic streagth
o - L ] ’

PIGURE 2. . .
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(] 'Y a3 . 0

Tu-u-unu-tu“| .
FIGURE 3. Cephradine. Plot of obsarved rlt. constant

sgainst total borate buffer comcentratiocn at 35°C (A, .

el 90.05; B, ph 8.48; C, pH 8. .08),

of cephradime must ke acutralised by an alkalise uﬁb-

stance soch as sodiue carbommte to provide sufficient

solubility and physiologicsl agoeptabiliicy. Av @ re-~
sult, the masaefacturer recoamsade s mazimum astorage
tise of 2 h at reem temperatuia, or of 34 h 1f refrig-
orated at 8°C for recomstitasted cephradise ssjutions
(7). If frosea immadiately sfter recomstitutiom with
sterile water Car imjection, solutions cam retain
their potency in the origissl contajmer up to 6 .weaks
at -80°C (7). It is slso recismended that calctum-
containing solutions, such as lactated Risger's injec-
tion, oot bes used as diluents. becawse ecyhr-‘lno for
injection coataine sodium carbomste (7). :

Wasg and Nonkhouss (8) have studisd the' oolutton
utability of two formulatioms of c.plrneano--olo asing

A59
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s Cephradine

-arginine and the other sadium carbonste as the nev-
raliser at 28°C. The degrsdation rates of 1% cephra-
dine soletions in 0.9% saline, lactated Riager's,
Ringer's, Normoscl-R, 8% dextross, and sterile water
wete all lower for the argiaine-neutralized product
thea the aodiuas carbonate-nesutralised product.. Por
exanpls, whem 0.9% normal saliae fs used as the dilu-
ent, a 5.88% loes of drug is observed with the cephra-~
dine-srgisine solution, whersas an 9.83% loas of drug
ie observed with the cepbhradine/sodium cearbonate acla-
tion. tThe snhanced stability with the argimine foras-
latiok aay be attribhutable to the lower pN values of
the solstions. . However, at 8 and 25% cephradine con~
centrations, the differesnces ia atability batwsen. the
two formulatioss sre not subatamtial.
Although the kinetics of decospesition of ccphra-
dine {o squeous solutien have beem described, little

inforastion is available on the etability of cephra--

dins 15 its s013d state. Comine at al. (9) have stud-
fed the stabilitics of commercial cephradins cupsules

at §, 28, and 40°C (and 40°C at 78%x pelative huaidity) -

in various paokeges. At 8°C, cephradice cespsales. show
f1ittle degradation under sll conditiems studied. BRoe-

evayr, decomposition occurs at higher temperatures,

especislly at bigh bhusidity. Whaa cephradise cupsules

(280 =mg) are ‘repackaged im amber glaas comtajners, the .

percentage lose o potency aftar 8 sonths at 38, 40,
and 40°C (at 785% R.8.) are 2.7, 9.4, and 33.3%, re-
spectively. It appsars thst cephrudine capaules are
senewhat ynstable at high temperatures. Comditiosns of
high hupidity promote further decomposition at the
same tempsrature. Thie probles can be reduced by
storisg the drug at low temperatures in coapletely
nojeture-tight contaimers. .
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methyl and propyl parabens during freeze-drying is dependent on many factors, including the
vacuum, length of drying cycle, temperature, and the amount and chemical entity of the materials
present,

Novelty:

There Is no disclosure in any of the prior art documents of a lyophilised pharmaceutical
composition for parenteral administration comprising a compound of Formula (I), wherein M* is
Na*, with a preservative selected from methyl paraben, propyl paraben and a mixture of methyl
. and propy! parabens, and wherein the aqueous composition prior to lyophilisation has a pH in the
range of 6.0 to 7.5.

Claim 1 Is therefore novel, as already acknowledged by the Examiner. Claims 2-6 are dependent on
claim 1 and are therefore also novel.

Inventive step

D1 discloses a compound of Formula (1) as in claim 1, and generally discusses that the compounds
of the invention can be administered parenterally uslng a lyophlllsed formulation which Is diluted
prior to use. D1 is the closest prior art.

The differences between claim 1 and the disclosure in Dl are:

I. the use of methyl paraben, propyl paraben, or a mixture of both, as components of a
lyophilised composition suitable for parenteral administration.
ii. the aqueous composition prior to lyophilisation has a pH in the range of 6.0 to 7.5.

The objective problem is the provision of a stable formulation comprising a compound of Formula
. (D), which is suitable for commercial manufacture and use. The solution provided by the invention
of claim 1 Is to provide a composition comprising methy! and/or propyl parabens, and to ensure
that the agueous composition prior to lyophilisation has a pH in the range of from 6.0 to 7.5.

The claimed invention unexpectedly provides a highly favourable solution to the problem from 2
different perspectives:

1. The surprisingly favourable properties of the claimed composition enable it to be produced by a
particularly efficient lyophilisation process. Such properties could not have been predicted at the
filing date of the present application.

2. The claimed aqueous composition pH range prior to lyophilisation is surprisingly favourable
because it provides optimum solution stability and jyophilised composition stabillity. It is noted that
optimum solution pH does not necessarily result in the optimum solid state acidity of the
lyophilised composition, the solid state acidity being measured by pH equivalent “pHegq"”. Since the
formulation Is stable, degradation of the compound of Formula (I) is minimised.

Regarding paint 1, the use of parabens In a Iyophilised product Is not obvious, considering the
knowledge of the skilled person at the filing date of the invention. None of the prior art documents
D1-D10 disclose parabens as a component of a lyophilised composition sultable far parenteral
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administration, comprising a cephalosporin compound. Furthermore, D10 teaches away from the
use of parabens In a lyophilised product, in view of the potential loss of parabens during the
lyophilisation process. The option of reducing the drying temperature to 0°C is not practical for the
compound of Formula (I), because it would resuit in a higher residual water content and poor long-
term stability of the composition. However, in view of the unexpectedly strong molecular
interaction between methyl or propyl parabens and the compound of Formula (1), the inventors
surprisingly found there was no loss of methyl or propyl paraben during lyophilisation of the
claimed composition.

There are also unexpected solubility benefits for parabens in the presence of the compound of
. Formula (1). At the flling date af the invention the skilled person was aware that parabens are -
difficult to dissolve, and a-standard procedure would be to dissolve pa parabens at elevated
; temperature, usually around 70°C.-The feed for elevated temperatures complicates: the.
2 manufacturing process and requires the use of specialised equipment for the manufacture of the
drii§ product. Furthermare, temperature sensitive products such as the compound of Formula (1)
sheuld -not-be- expased tcrhigmemperatures,——in view of the fisk of degradation.
The lnvento:-s were surprised to ﬁnd that methyl Or propyl parabens dissoive readily in_aquedus
olution co) contamlng the ¢ompoand of Formula (I) at room temperature, . After further investigation,
3 thiey found that the solubility of methyl or propy! parabens In water increased by at least a factor

of 5 in the presence of the compound of Formula (I). The solubllity of methy! paraben and_ phopyl
paraben in water and In the presence of the compound of Formula (I) were 11.5 and 3.0 mgymi
respectively, compared with solubllity in water alone of approximately 2.5 and-0.4.mg/ml

respectively.

W@g&mﬂ%@%&m&@g
solutés Tn aqueous solutions, Ssolution/Swater, where Ssolution is concentration of methyl paraben
_ in solution in the presence of other solute, and Swater is solubility of methyl paraben In pure
. water. Such an enhancement of solubility for methyl and propyl parabens in the presence of the
compound of Formula (1) (cefovecin) enabled the preparation of pre-lyophilisation solution of much
A higher concentration than was previously thought possible. This enabled a significant reduction
(2.5 times) of the amount of water in the pre-lyophilisation solution, which in tumn reduced the’
amount of water to be removed during lyophilisation and resulted in a more efficient drying
0eess.

In summary, the prior art does not motivate the skilled person to select methyl and propyl
parabens for lyophilised formulations comprising the compound of Formula (I). In fact, the
inventors have overcome prejudice in the art which teaches away from using parabens for
lyophilised preducts. There are many options available to the skilled person seeking to provide
stabile compositions, including the use of alternative preservatives or the use of sugars to stabilise
cephalosporin compositions. However, the inventors found that the use of methyl and/or prapyl
parabens in combination with the compound of Formula (T) is surprisingly effective in producing a
product that has both favourable manufacturing characteristics and stabillity. The choice of methyl
and propyl parabens over all other pharmaceutically acceptable preservatives for a parenterally
administered, lyophilised, product is Inventive. Furthermore, the surprising increase in the solubility
of methyl and propyl parabens in water when In the presence of the compound of Formula (1), and

\the unexpected retention of parabens in the composition during lyophilisation, enable efficient
ﬁ\@ufacture. Inventive step must therefore be acknowledged for amended claim 1.
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Turning now to point 2, the commerclal product needs to be stable In the solid lyophilised form
and in the reconstituted solution form. Both solution pH and solid-state acidity therefore have to be
optimised in' order to achieve the desired product stability. Of the prior art documents D1-D10, only
D5 discusses the relationship between formulation stability and solution pH. However, D5 ddes not
even suggest that solld state acidity should be considered. Therefore there is no motivation in the
prior art for the skilled person to seek an optimum solution pH that also leads to optimum solid
state acidity of the lyophile.

Optimum pH in solution was found to be at a pH range of from 6.0 to 7.5, as shown by the data in
. Table 1 below, and presented in the application as filed. The degree by which the compound of
formula (I) is stabilised, and the pH range at which the compound is stabilised, could not have
been predicted at the filing date. D5 shows that the optimum pH ranges of cephalosporin
compounds vary, thus cannot be predicted.

Table 1 shows the % degradation of formulations of the compound of Formula (I) at different
solution pH:

TABLE 1
Percent Compound I after 12 weeks storage at 40°C and estimated
shelf life at controlled room temperature 25°C
%
Degradation % Degradation

Formulation after 18

# pH 12 weeks  after 12 weeks months

_(400°C) (40°0) (259)*
1 3.5 91.3 8.7 19
p) 3.9 94.3 5.7 15
3 4.1 95.9 4.1 11
4 5.1 96.9 | 31 8
5 6.0 97.2 2.8 7
6 5 97.5 2.5 7
7 5.5 98.0 2.0 5
8 5.7 98.6 1.4 4
9 6.0 98.7 1.3 3
10 6.2 98.9 11 3
11 6.5 99.1 0.9 2
12 6.0 99.2 0.8 .2
13 7.8 99.1 0.9 2
14 6. 99.2 0.8 2

*calculated as described In the application

Furthermore, formulating the product at optimum solution stability does not guarantee optimum
stability in the lyophilised state, since lyophilisation can result in significant pH changes (L.N. Bell et
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al, Potential pH implications in the freeze-dried state, Cryo-Lett. 12, 234-244 (1991); Strickley et al,
Pharm Res. 1989, 6, 11, 971-975).

Measurements of solid state acidity are therefore critical in order to find the optimum pH for the
composition. Hammett acidity function, also known as pHeq (Hammett et al, J. Am Chem Sec.
1932, 54, 2721-2739,; Glombitza et al, Surface acidity of solid pharmaceutical excipients II. Effect
of the sutface acidity on the decomposition rate of acetylsalicylic acid Eur. J. Pharm Biopharm.
1995, 41, 114-119) can be used to express acidity in complex systems where direct pH
measurements cannot be performed, and to predict the rate of acid-base chemical reactions in
such systems.

Using the claimed optimal solution stability range of pH 6 to 7.5 for pre-lyophilised solutions,.
lyophilised formulations with citrate buffer were observed to have a pHeq of 6.9 to 7.5, and with
phosphate buffer the pHeq was observed to be from 6.1 to 6.8. Hence, formulations comprising a
compound of formula (I) and with either citrate or phosphate buffer produced the desired target
solid state acidity range of pHeq 6 to 7.5, when prepared from the claimed solution stability range.
Such close correspondence between optimal solution pH and solid state pHeq could not have been
predicted at the priority date.

Table 2 illustrates the differences between solution pH and solid state acidity for sucrose/buffer
formulations without the compound of formula (I), and shows that an optimal solution pH of 6.0 to
7.5 would correspond to the pHeq ranging from 5.0 to 7.2, which is outside the optimal solid! state
stability. This illustrates that optimum pH does not always lead to optimum pH equivalent.

Table 2. pHeq of Iyophilized sucrose formulations prepared with either citrate or
hosphate buffer. :

pHeq

pre-
lyophilization|
solution pH citrate phosphate

5.5 5.1340.10 | 4.48+0.04
€ 5.474£0.10 | 4.97+0.05
6.5 5.85+0.07 | 5.37+£0.09
7 6.88+0.16 | 6.57+0.09
7.5 7.20+0.10 | 6.83+0.12

Further evidence that the effect of pH on solid-state stability cannot be predicted is found in Li, Bei
et al Effects of Acidic N + 1 Residues on Asparagine Deamidation Rates in Solution and in the Solid
State, Journal of Pharmaceutical Sciences (2005), 94(3), 666-675.

The prior art does not lead the skilled person to arrive at a composition comprising a compound of
Formula (I), with a pH of from 6.0 to 7.5. The advantages of this pH range for stability, both of the
composition in solution and as lyophilised, could not have been predicted at the priority date.
Inventive step must therefore be acknowledged for the selection of an optimum pH range.

Overall, the composition as claimed in clalim 1 is inventive over the prior art. The inventors have
overcome prejudice In the art to arrive at a compaosition which has particularly favourable
properties for manufacturing and has highly favourable solid state and solution state stabllity. Since

1
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COMMUNICATIONS

The loss of paraben preservatives during freeze drying

P, FLona, J. C. Cravock, G. K. P

Recently the loss of two preservatives, methylparaben
(MF) and propylparaben (PP) was encountered during
freeze drying of an aqucous solution in our taboratory.
Avis (1970) has noted that volatile antibacterial
preservatives (benzyl alcohol, phenol and chloro-

butanol) are mot sultable for lyophilized products..

However, we are unaware of any reports describing
the 1oss of MP or PP duting Iyophilization. This report
deseribes the factors influencing the loss of these anti-
bacterial perservatives during freeze drying.
Freeze-drying. Solutions containing 0-8 mg mi—* MP
(Amend Drug & Chem. Co., Inc., New York, NY),
02 mg ml-t PP (US.P.H.S, $.5.C, Pary Point, MD)
and various amounts of manpito} (Aldrich Chem. Co.,
Milwaukes, WI) or sodium chloride in distilled water
were prepared and dispensed (5-0 ml) into 10 ml flint
vials. The vials were placed on the prechilled shelf
(about — 40 °C) of pilot scale, 1 ft¥, frecze drying unit
(Model 10-800, Virtus Co. Inc., Gardiner ,NY). After
the contents of the vials were frozen, the product was
through various drying cycles detailed in
Table 1 and 2. Samples were removed and stored at
= 15 °C unti] the completion of an experiment at which
time all analyses were performed. Also, samples of ane
lot of calcium leucovorin (BV-79-205) an investiga-
tional prodixt containing 4 mg MP and 1 mg PP per
vigl, were reconstituted with 5-0m! of distilled water
and freeze dried again in our pilot scale vait.

¢ Correspondence.

0OCHIRIAN®, Analytical and Product Deve nt Sectio
Rmurm Branch, National Cancer lmimte. Bulldb:g 37, Room 6D12, Bethesda, MD 20205. U.SA.

n, Pharmaceatical

Aralysis. MP and PP were determined in the presence
of mannitol or calcium lencovorin by reverse phase high
pressure liquid chromatography (h.p.lec). MP, PP,
internal standard (benzophenone) and calclum leuco-
vorin were readily separated (retention volumes =
3-8 ml, 55 m}, 74 mJ, respectively) on a C-18 (10 pm)
column by clotion with methanol-isopropanol-water
(55:10:135, vjv) delivered at 1 mi min~*. The elated
compounds were detected at 254 nm. Mannitol was not
detected as it lacks u.v. absorbance. The freeze-dried
samples were reconstituted for analysis with 5-0ml of
distilled water. A 125 sl sliguot wss diluted to 10 ml
with mobile phase containing internal standard, and a
104 1 aliquot wasy injected for h.p.l.c. analysis. Samples
af calcium leucovarin (Ben Venue Labs., Redford, Ohio,
Lots BV-77-225, BV-78-25% and BV=79-205) were
similarly diluted and analysed. Thesc also contained
4 mg of MP and i mg of PP per vial.

The results in Table 1 indicate-a substantial loss of
both MP and PP during freeze drying in the pilot unit
at 10-20pm Hp. The losses became progressively
greater as the dryipg time and product temperature
increased. The paraben-containing calcium levcovorin
praduct that was processed in a production freeze
dryer was analysed and there was little or no apparent
loss of MP or PP in the three lots. The content of MP
and PP ranged between 97-2-997 and 98-2-98-3%, of
label, respectively. Freeze dryiug logs for typical batches
indicate that the chamber pressure during the 62 h
drying cycle varied from 90 to 200 pm Hg. An attempt

Table 1. Paraben content of products freeze-dried with vacuum of ~-20 um or 175 ym Hg

% remaining (s.4.
Deyt{llgs Tellllap ~20 pm % 8 () ~475 um
®) ? MP n PP MP n PP
%: - % ::8 9577 a7 12 959 (2-8) 984 (06 [ 997 (1-8)
%g go«: so 2o (9 11 949 Q19 978 (08 7 987 Q3
- 30to
24 0to S 581 (32 10 é5s (29 900 (149 7 937 (12
24 S125 .

* Temperatures were recorded at the beginning and at the end of each 24 h.

- o ———
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"Table 2, Effect of weight of excipicnt on the loss of parabens

E.xeipients' (mg of each component per v

"%
» ms

—

th diying S0 m; 45 Manuitol 45 m No
. Cyéle Mnnn?tol 4?%151*! ° anni%l nitol Excipieats
% relmlnins (sd.)(n=4)
Temperatuxe®
) Range(C) MP I'P MP PP MP PP MP PP MP PP
% —Biee OH 0O ©9 N 09 ©n 0» o ‘av
PR e R OB DR B &
24 0 to 25° 6&? n2 6-1 64-8 536 583 3 54-7 343 400
24 25° 8 Q6 G6 (9 (23) (©6 9| (100) (D (36

* Afl formulations initially contained 4 mgfvial MP and | mg/via) PP in addition to the excipients listed.

* Temperatures recorded at the beginning and at the end of each 24 h .

toreproduce a vacoum ip this range in our freeze drying
units uiing the mannitol.paraben product gave the other
results seen in Table 1. Although the loss of MP and PP
under these conditions was substantially less than
observed at 10-20 zm kg, some loss was evident. The
“tegonstitution and -subsequent repeat freeze drying at
10-20 pm Hg of the calcium leucovorin production
" 1ot {BV-79-205) resulted in the surprising retention of
- bgth MP'(93-7 %) and PP (959 90). The drying cycle was
.den,tiultothnlonsmmbdmﬂedatth:fmtof
Talbile:2. Since the calcium lencovorin product contained
43 mg.of sodium chloride in addition to the parabens'
aud 5D'mg of drog, the possibility that the increased
bulic-might acéount for the retention’ of the parabens
minmnted. The data in Table 2 indicate that the
mmmt of othier-matexial présent does reduce the
1053 c'MP and PP, Howevér, the effect is not eriough to
-@kplaite- the retention of parabens in the calcium
.leucovosin : product. A possible explanation can be

.. seen-in the'wv. spectsa of a solution containing 109 48
- i~ cgleivm leacovorin, 22 pgmi-* MP and 0-55 g
- 1t=3"BP. The Amex of caltium Ieucovorin is shifted

-, . § nhi(from:283:to. 278 nm) in the presence of parabens

PR ¥ vt
e e T 1

" indicpting the possible formation 6f a complex con-
. tainipg -drg and -parabens. Complexation between
..qmer ‘compounds: and hydroxybenzoates has been
: - déscribed. previously (Poochikian & Cradock 1979;
 -3hignehi &-Kristiansen 1970; Lachman 1968). The

'%udmdwhﬁmyofsuchemp!amdmpmme
: .':utémfon -OF- the . parbens. in- this product. Further

suppost-for this. ohservation wis sought with adrjamycin
hydcoéhloride,. an antitumour agent supplied com-

i mxc;aﬂyasnfrm-dneﬂ product, This drug was

ve ek
A
PR S
E gy bh Sk o

.'._.-_'....". e T aee ra s .
e SRR L AT e 2 e e o

didate based on physical and
i lipophilicity, planarity and
aromaticity) to retain paral by a similar mechanism.
A formuletion containing 10 mg adriamycin hydro-
chloride, 4 mg MP 1 PP was freeze-dried in a
pilot unit under the conditions as described for
the reconstituted calgium leucovorin product. Analysis
indicated an awvi ion of 97-4% for MP and
9549 for PP in the rein product.

Although the loss|of benswasnot evident in the
calcium feucovorin or adri i
bility that such a loss-
cannot be ignored. The
the loss of MP and PP di
on the vacuum of the
cycle, the temperature of
and chemical entity of

product,
terials present. Analysis of

paraben-coritaining products for both
active ingredient and anti preservatives appears
warranted.
March 5, 1980
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SUPERINTENDENCIA DE INDUSTRIA Y COMERCIO
DIRECCION DE NUEVAS CREACIONES

Radicacion No. 04 043501
Clasificacion Internacional (IPC): A61 K47IOQ";‘ A61 K31/546, A61K9/19.

Como resultado del examen definitivo, realizado con fundamento en el articulo 48
de la Decision 486 de [a Comision de la Comunidad Andina, se le comunica:

Documentos estudiados

Descripcion: Folios: 53 a 80 (como se radico iniciaimente)
Reivindicaciones: Folios: 81 a 83 (como se radicé inicialmente)
Folio: 115 Primera Modificacion.
Folio: 127 Segunda Modificacion.
Prioridad: Folios 1 (‘30-1 1-2001, US60/338,536).

( 26-07-2002, US60/398,932).

Respuesta del solicitante:  Folios: 111 a 114. Primera respuesta.
Folios: 121 a 126 Segunda respuesta.

Se acepta para estudio el capitulo reivindicatorio del folio 127.
Objeto de la invencién
Titulo de la solicitud: Métodos de tratamiento y formulaciones de cefalosporina.

El objeto de la presente solicitud de patente de invencion consiste en:
Una formulacién farmacéutica liofilizada estable que contiene cefovecina sodica.

Reivindicaciones 1-5 : Una composicion farmacedtica liofilizada que comprende :

i}
g
He,
[=]
.

» Un compuesto de formula | *w donde M+ es sodio.

» Un preservativo seleccionado de metilparabeno, propilparabeno o una
combinacion de ellos.

» En donde la composicion acuosa previa liofilizacién tiene un pH de 6.0a 7.5

y la composicion después de liofilizacion tiene un contenido de agua residual

menor al 1% en peso de liofilizado.

El problema planteado en esta solicitud es la necesidad de formulaciones
liofilizadas que incrementen la estabilidad a largo plazo de la cefovecina sddica.

Para solucionar este problema técnico la solicitud en estudio proporciona Una
composicion farmacéutica liofilizada de cefovecina sédica que comprende : un

preservativo seleccionado de metilparabeno, propilparabeno o una combinacion
de ellos, en donde la composicién acuosa previa liofilizacion tiene un pH de 6.0 a
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7.5 y la composicion después de llof Itzacién tiene un contenido de agua reSIdual
menor al 1% en peso de liofilizado. . g

De la solicitud de Patente

Descripcién (artfculo 28 D. 486)

La descripcién de los folios 53 a 80 con el requisito de claridad o comprension |
Reivindicaciones (articulo 30 D 486)

El capitulo reivindicatorio del folio 127 segun los requerimientos establecidos en |
el articulo 30 es claro y conciso y ademas esta lo suficientemente sustentado por
la descripcion .

Unidad de invencién (articulo 25 D 486)

_ El capltulo relvmdlcatorio del foho 127 cumple con el requisito de unidad de
. o invencion. B
" No es una invencién (articulo 15 D_“486 literal a)-f))
El capitulo reivindicatorio del folio 127 si es -uﬁé invencion.
Excepcién a la patentabilidad (arﬂculo 20 D486 literal a)-d))

El capitulo reivindicatorio del folio 127 si es patentable.

Reivindicaciones relativas a un uso o a un uso dlstinto (articulos 14 y 21 D
486)

El capitulo reivindicatorio del folio 127 si es una invencion.
Anadlisis de la(s) Oposicion(es): (aﬂioulo 43 D. 486):
. ’ ‘Nose presentaron oposiciones.
" Determinacién del Estado de Ia Técnica

Considerando que la fecha de presentacion de la primera solicitud de patente de la:
cual se reivindica prioridad es 30-11- 2001, se consultaron las bases de datos y
los archivos con que cuenta la entidad con fecha de publicacion anterior: No se
encontré documento alguno que afecte la patentabilidad del objeto de la presente -
solicitud.

Anélisis de patentabilidad (articulo 14 D486)
Novedad (articulo 16 D486)

Las reivindicaciones 1 a 5 se refieren a una composicion farmacéutica liofilizada
que comprende : Un compuesto de férmula | ( cefovecina sédica) , un preservativo
seleccionado de metilparabeno, propllparabeno o una combinacion de ellos, en
donde la composicion acuosa previa liofilizacién tiene un pH de 6.0 a 7.5y la
composicién después de liofilizaci6n tiene un contenido de agua residual menor
al 1% en peso de liofilizado. :
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Se realizd el estudio de novedad comparando elemento por elemento la
composicion oral reivindicada en la presente solicitud con la presente en el estado
de la técnica relacionado.

Como resultado de dicho estudio se encontré que la composicion farmaceutica
liofilizada de ( cefovecina sodica) reclamada en la actual solicitud se diferencia
con respecto al estado de la técnica ( US6020329), en que en la actual solicitud la
composicion liofilizada de cefovecina sédica dentro de su formulacién contiene un
preservativo seleccionado de metilparabeno, propilparabeno o una combinacion
de ellos , la composicion acuosa previa liofilizacién tiene un pH de 6.0 a 7.5y la
composicion después de liofilizacion tiene un contenido de agua residual menor
al 1% en peso de liofilizado ; por lo tanto las reivindicaciones 1 a5 cumplen con el
requisito de novedad de acuerdo con el articulo 16 de la decision 486.

Nivel inventivo (articulo18 D486)

L.as reivindicaciones 1 a 5 se refieren a una composicion farmacéutica liofilizada
gue comprende : Un compuesto de formula | ( cefovecina sddica) , un preservativo
seleccionado de metilparabeno, propilparabeno o una combinacioén de ellos, en
donde la composicién acuosa previa liofilizacion tiene un pH de 6.0 a 7.5 y la
composicion después de liofilizacion tiene un contenido de agua residual menor
al 1% en peso de liofilizado.

El estado de la técnica ( documento anexado por el solicitante , Connors et al ,
folios 129 a 161) muestra una tabla y grafica donde se muestra la velocidad de
hidrélisis de cefotaxima a diferentes valores de pH. El estudio concluye que a pH
menores de 2 y mayores de 8 la velocidad de hidrélisis de cefotaxime se
incrementa y que a pH de 3-7 hay una mayor estabilidad. En los folios 144-145
(paginas 304-305) se concluye que a un pH neutro la cefotaxima a 25°C tiene un
tiempo de vida de media de 8.6 x 10° segundos. Es decir que la cefotaxima se
degrada a la mitad en aproximadamente 10 dias.

Ahora de acuerdo a la tabla del folio 124 en donde se muestra que el compuesto
cefovecina sodica de la invencién tiene a un pH neutro una degradacion del 0.8%
a 40°C y del 2% a 25 °C en 12 semanas de estudio y teniendo en cuenta que
Connors nos muestra que los rangos de pH, 6ptimos de los compuestos de
cefalosporinas puede variar se considera que [a solucién de la presente invencion
no es obvia.

Y por altimo en el documento presentado en fase internacional el 09-08-2007 por
el solicitante ( Ver folios 162 a 166) se establece que es conocido también en el
estado del arte que el uso parabenos dentro de las formulaciones de liofilizados no
es adecuada ya que durante el proceso de liofilizacion hay pérdida de estos,
para el experto en la materia no seria obvio utilizar dichos preservantes en la
formulacion ( ver folios 167 a 167 A, documento The loss of paraben preservatives
during freeze drying y los argumentos del solicitante del folio 163 , dlitimo parrafo).

Ademas de los anteriores argumentos tambien explica que teniendo en cuenta la
dificultad para disolver los parabenos a temperatura ambiente y que para este
efecto se tiene que utilizar temperaturas a 70 °C , se encontré que el compuesto
cefovecina soédica incrementa la solubilidad de dichos preservantes a
temperatura ambiente ( Ver folio 163 segundo , tercero y cuarto parrafo y Folio
166 grafica ) , lo cual también evidentemente constituye una ventaja y una
solucion inesperada nada obvia para una persona medianamente versada en la
materia .
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A_gummygmg_l (articulo18 D 486)

El capitbio reivindicatorio del folio 127 si tiene Aplicacion Industrial.

Respuesta a los argumentos del sol,l’giﬁnh:

Los argdmentos expuestos por el solicitante en los folios 121 a 126 son

aceptadas como respuesta al articulo 45 de los folios 117 a 120, en donde se
demuestra de manera clara y evidente el nivel inventivo de la solicitud. )

Conclusién:

En.consecuencia y por todo lo expuesto anteriormente, se recomienda Conceder
las ramndmcﬂones 1 a 5 (folios: 127).

Con base. en las relvindicaciones 1~5 este Despacho expresa el titulo de la
solicitud en ios siguientes términos: Formulacién farmacéutica liofilizada estable
que contiens cefovecina sddica” .

Bogotd, D.C.,

concEWO TECNICONo. | - EXAMINADOR TECNICO
1838 Cédigo No.202075
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