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

1. Documentos estudiados

Descripcién: Folios 126 a 258 04/Enero/2010
Reivindicaciones: Folios 259 a 253 04/Enero/2010
Prioridad: US 2007-150819 06/Junio/2007

2. Analisis de la Prioridad

Se acepta la reivindicacién de prioridad porque esta solicitud fue presentada
dentro del plazo establecido (Art. 9 D 488) y su contenido técnico corresponde con
el de |a prioridad reivindicada.

3. Objeto de la invencidn

Titulo de la solicitud: "Compuesto de quinolona el cual suprime la progresion de
disfuncién neurolégica al inhibir la progresién crénica de la enfermedad de
Parkinson o proteger las neuronas de dopamina de la etiologia de la enfermedad”
modificado (FI. 281 y 282)

El problema planteado en esta solicitud consiste en la necesidad de suministrar
nuevos compuestos derivados de quinolona para el tratamiento de la enfermedad
de Parkinson. :
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Para resolver este problema técnico la solicitud en estudio proporciona
compuestos de la férmula (1) para el tratamiento de la enfermedad de Parkinson.
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El objeto de la presente solicitud se relaciona con la ClasificaLién Internacional de
Patentes (CIP): C07D407/04, C07D409/04, C07D215/233. }

|

|

4. Excepcion a la Patentabilidad (Art 20 D486 literal d)

Las reivindicaciones $ a 8 y 10 estan relacionadas con un método de tratamiento,
el cual no es patentable de acuerdo con el Art 20 literal d. Aunque, las
reivindicaciones 5 a 8 se encabezan por un compuesto (agente terapéutico), su
contenido se refiere al método terapéutico, por lo tanto, no se consideran
patentables.

5. Reivindicaciones relativas a un uso (Art 14 D 486)
]
El uso de la reivindicacién 9 no es patentable, de acuerdo con el Art 14.

f

6. De la Solicitud de Patente g
\

l

Reivindicaciones (Art 30 D 486, Art 22 PCT) )

En las reivindicaciones 1y 2 el término “opcionalmente”, no,es claro porque hace
eventual la sustitucién de los grupos funcionales y no perm|te distinguir la
invencion del estado de la técnica. Se sugiere sustituirlo porlun rango concreto.

Las reivindicaciones 5 a 8 no estadn redactadas con Ia\ siguiente estructura:
preambulo-conector-parte caracteristica. La redaccion de estas reivindicaciones
no cumple con la estructura porque se encabezan asi: :agente profilactico, a
continuacion sigue un conector, en seguida una palabra gue corresponde a la
enfermedad que trata el compuesto; luego un segundo conector: que comprende y
por dltimo la categoria de la invencién {producto: qumo!ona)i

De acuerdo a lo anterior, se sugiere que el solicitante corrué la redaccion y que se
ajuste a la estructura preambulo-conector- parte caracteristica. El preambulo es lo
que identifica la categoria de invencién {producto o procedlrmento) el conector es
por ejemplo “que comprende” y [a parte caracteristica es la gue define el objeto de
la invencion en términos de sus elementos esenciales. l

!
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En la definicién de los radicales més representativos de la formula (1), de acuerdo
con lo que se encuentra debidamente sustentado en el capitulo descriptivo, se
encuentra que siempre varian entre los siguientes grupos funcionales:

Radical Soporte en la descripcidn
R’ H
R’ H
' N 0—CH;
Rs
/

R’ F
R’ H
R® H

R’ \ J——H

Por lo tanto se sugiere al solicitante presentar una generalizacion razonable y
eliminar aguellas definiciones que exceden el sustento descriptivo.

7. Determinacién del Estado de la Técnica

El estado de la técnica se determind con base en la fecha de prioridad
(06/Junio/2007) y se encontraron los siguientes documentos que anticipan el
objeto de esta solicitud:

Item Documento Titulo Fecha de Publicacién
Pharmaceutical compositions .
D1 US6645083 comprising 4-quinolones for treating | ! 1/Noviembre/2003
cancers
D2 W0/0226713 Antiparasitic Compounds 04/Abril/2002

D1http://www.googie com/patents/US6645983?printsec=claims&dq=US6645983&

ei=JZ2ctUPTACEBMryQHTmYC4AQ#v=onepagedq=US66459838&f=false

Divulga compuestos 4-quinolonas para ser usados en el tratamiento de! cancer
(columna1az2, 9, 127 y 128).

D2http://worldwide .espacenet.com/publicationDetails/originalDocument? CC=WO&

NR=2008150029A18KC=A1&FT=D&ND=3&date=200812118&DB=EPODOC&local

e=en EP

Divulga compuestos derivados de quinolonas pertenecientes a la férmula IB para
ser usados como antiparasitarios (Pag. 2a4y 116 a 118).

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

La reivindicacidn 1 consiste en un compuesto de quinolona representado por la
férmula general (1) donde: (FI. 259 a 261).
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Comparacidn de las caracteristicas técnicas esenciales, con las del E*fstado de la Tecnica:

T

i
l
+ » T f
Caracteristicas esenciales D1 [ i D2
Compuesto de formula | {Compuestos de formula | Compuestos de formula B
Ra O R,y Q |
Ry
Rj \[T
R4 Rg
R°= H
H
o o _ R“=ar|i|o, heterociclo de 5 a
R’=tienilo, pirididilo, fenilo . 10 miembros con 1a 3
sustituido por atcoxi, amino, halo, R®= fenilo heteroatomos (O, N. 8),
entre otros. sustituido por alcoxi, aming,
halo, entre otros.
R*= H R'= H R'= H
| R°= H, halogeno R’= R’= H, halbgeno
R°= H | R’= R’= H
"= alcoxi inferior | R'= alcoxi inferior R®= alcoxi inferior

Los documentos D1 y D2 se consideran el estado de la técnica cercano a la
invencion definida en la reivindicacion 1,

D1 divulga los compuestos 4-quinolonas para ser usados én el tratamiento del
cancer (columna 1a2, 127y 128). !

D2 divuiga los compuestos derivados de quinolonas pertenec]entes ala férmula IB
para ser usados como antiparasitarios (Pag.2a4y 116 a 118).

La diferencia entre la invencion, definida en la relvsndlcacuﬁn 1y el compuesto de
D1 consiste en que la invencién tiene el grupo funcional halodeno en el radical RS.

F
La diferencia entre la invencién, definida en la reivindicacion 1 y el compuesto de
D2 consiste en que la invencion tiene los anillos heterociclico'§ especificos.

No se evidencia que por el hecho de tener el grupo func:lonal haiégeno en el
radical R5, se tenga un efecto técnico inesperado.

I
Por lo tanto, €l Problema Técnico Objetivo que pretende resolver esta invencion se
puede formular asi: “cémo medificar los compuestos de farmula | conocidos en D1
para conseguir compuestos quinclona alternativos”. ;

|
Sin embargo, es conocido en el documento D2 el grupo furfcional halégeno en el
radical R5 porque el documento divulga los radicales F, Cl) Bry | en la posicion
R6 o el radical equivalente al radical R5 de la invenciéh. Adicionalmente es
conocido en el disefio de moléculas nuevas que la madificacion del nucleo
quinolona se ha realizado en el carbono 3, 5y 8 parq evaluar la actividad
farmacolégica. ‘

|

1 Monique . Andersson. Development of the quinolones. Journal of Antrm;crob:al Chemotherapy

(2003) 51, Suppl. S71, 1-11. hitp./fjac.oxfordjournais. org/content!SHsuggl 11 full. pdf
Primer Articulo;45- Expediente 10-000239




296

En consecuencia, la persona del oficic normalmente versada en la materia, estaria
motivada a emplear radicales pertenecientes al grupo funcional halégeno en el
radical equivalente a R5. Por lo cual se considera obvia.

Conclusién:
La reivindicacién 1 no cumple con el requisito de nivel inventivo (Art. 18).

Puesto que las reivindicaciones dependientes 2 a 4 no mencionan caracteristicas
inventivas adicionales tampoco se pueden considerar inventivas.

Novedad (Art 16 D486)

La reivindicacién 11 consiste en un proceso para producir un compuesto de
quinolona de férmula general (1)

0 una sal del mismo, en donde R1, R2, R3, R4, R5, R6 y R7 se definen cada uno
anteriormente  en la reivindicacién 1, que comprende hacer reaccionar un
compuesto representado por la formula general (4)

R,

Ry

(4)

Rg NH

en donde R1, R4, R5, R6 y R7 se definen cada uno anteriormente en la
reivindicacion 1, con un compuesto representado por la férmula general (5)

Ho%fﬁz
| (5)

en donde R2 y R3 se definen cada uno anteriormente en la reivindicacion 1, y R8
representa un grupo alcoxi inferior, dando por lo tanto un compuesto intermedio
representado por la férmula general (6)

Primer Articulo 45- Expediente 10-000239
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en donde R1, R2, R3, R4, R5, R6 y R7 se definen cada uno anteriormente y se

somete el compuesto resultante a una reaccién de ciclizacion '

[}
i

Comparacidn de las caracteristicas técnicas esenciales, ¢on las del éjstado de la Técnica:

I

| Caracteristicas esenciales

b

' proceso para producir un compuesto de

| guinclona de formula general (1)
que comprende

| proceso para producir un compuesto de

guinolona de férmula geheral (1)
gue comiprende
I

hacer reaccionar compuesto representado por
la formula general (4)

R,

(4)

en donde R1, R4, R5, R6 y R7 se definen

cada uno anteriormente en la reivindicacion 1,
con un compuesto representado por la férmula

' general (5)

HOLL' _‘.ﬁ"ﬂx
| (5)

Ry

en donde R2 y R3 se definen cada uno
anteriormente en la reivindicacion 1, y R8
representa un grupe alcoxi inferior, dando por

lo tanto un compuesto intermedio
representado por la férmula general {(6)
[v]
LR
R&
Ry

I (6)

R,
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R,
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definen cada unao anteriormente y se somete

Ry

' R; tolueee

>_ \\ reﬂux

Ry |
I

N BOOC 0
|
i

&
|l

R BOOC R

]
f
|
F

|

|
!
i dipheny! elherl
\
[

R,

Bipheny]

l
}
!
ook

R

Ry

el compuesto resuitante a una reaccion de
ciclizacién

!
i
|
!
|

T

Primer Articuld 45- Expediente 10-000239
I




297

Las caracteristicas teécnicas esenciales del meétodo de preparacidon de un
compuesto de la reivindicacién 11 habian sido divulgadas previamente en D1
(Columna 9), el cual da a conocer un método de preparacion a partir de una amina
aromatica y una molécula que tiene dos grupos funcionales carbonilos terminales,
asimismo se divuiga que estos carbonilos pueden convertirse faciimente en un
hidroxilo (Columna 10). De igual manera en la descripcién de la presente solicitud
se divulga en el esquema de reaccion que el grupo funcional hidroxi termina! unido
al doble enlace presenta tautomerismo ceto-enol, por lo tanto la molecula que
reacciona con la amina aromatica puede presentar dos formas: enol y carbonilo
(FI. 146, Pag. 21) tal como se presenta en el cuadro anterior. Asimismo, se
definen las etapas de reaccidn pero con la ventaja que el documento D1 divulga
las condiciones de reaccion (reflujo) para producir los compuestos equivalentes al
compuesto de la reivindicacién 11.

En consecuencia, la reivindicacién 11 no es nueva, segun lo divulgado en el
documento D1.

9. Conclusién

Los requisitos de patentabilidad de ia presente solicitud estan afectados asi:

{tem Documento Reivindicaciones afectadas Requisito que afecta
D1 56645983 1a4 Nivel inventivo
11 Novedad
D2 WO/0226713 1a4 Nivel Inventive

En cumplimiento del articulo 45 de la Decisién 486 de la Comision de la
Comunidad Andina, se le indica que debe dar respuesta dentro dei término de
sesenta (60) dias contados a partir de la fecha de notificacién de la presente
comunicacion. En caso de no dar respuesta al presente requerimiento, o si a pesar
de la respuesta subsistieran los impedimentos para la concesidn, se denegara la
patente,

Se invita al solicitante se sirva indicar, si asi lo considera, su renuncia al término

faltante de sesenta (60) dias para dar respuesta a este requerimiento y presentarla
por escrito.

Notifiquese el presente oficio conforme a lo dispuesto en el numeral 5.2, literal &),
del capitulo quinte del titulo primero de la Circular Unica No. 10 de 2001.

1

JOSE LUIS SALAZAR LOPEZ
Director de Nuevas Creaciones (C)

El anterior requerimiento fue notificado por fijacién en lista, de fecha

0.4 SET 20p

Elaborado por: Ruth Angélica Lizarazo Pedraza
Revisadc por: Consuelo Leguizamoén Leguizamén
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Bristol Centre for Antimicrobial Research and Evaluation, North Bristol NHS Trust and University of Bristol,
Deparnment of Medical Microbiology, Southmead Hospital, Westburv-on-Trym, Bristol BS10 SNB, UK

Development of the quinolones

Monique I, Andersson and Alasdair P. MacGowan®

Since their discovery In the early 1960s, the quinolone group of antlbacterials has generated
considerable clinlcal and scientific interest. Nalidixic acid, the first quinclone to be developed,
was obtained as an Impurity during the manutacture of guinine. Since thls time, many derlva-
tives have been synthesized and evaluated for thelr antibacterial potency. Two major groups of
compounds have been developed from the basic molecule: quinolones and naphthyridones.
Manipulations of the baslc molecule, including replacing hydrogen with fluorine at position 6,
substituting a diamine residue at position 7 and adding new residues at position 1 of the guino-
lone ring, have ied to enhanced antlbacterial efficacy. In general these compounds are well toler-
ated. However, some of these structural changes have been found to correlate with specific
adverse events: the additlon of fluorine or chiorine at position 8 being assoclated with photo-
reactlvity, e.g. Bay y 3118 and sparfloxacin; and the substitution of an amine or a methyl group at
positlon 5 having a potential role in QTc proiongation, e.g. sparfloxacin and grepafloxaeln. Pro-
gresslve modifications in molecular configuration have resufted in Improved breadth and
potency of in vitro activity and pharmacokinetics. One of the most significant developments has
been the Improved antl-Gram-positive activity of the newer compounds, such as moxitloxacin
and garenoxacin, In the current millennium, these new agents may play an Important role in the

796

JAC

treatment of respiratory infections.

Keywords: guinolores, pharmacokinetics, pharmacodynamics, drug development

Introduction

Quinolones have been the centre of considernble scientific
and clinical interest since their discovery in the early 1960s.
This is becausc they potentially offer many of the atvibutes of
an ideal antibiotic. combining high potency. a broad spectrum
of activity, good binavailability, oral and intravenous formu-
‘ans. high serum levels, alarge volume of distribution indi-
caring concentration in tissues and a potentially low incidence
of side-effects. Much research has attempted to make these
potential attributes real. Nalidixic acid was the first quinolone
to be developed (Table 1}, but it took more than a decade
before addittonal compounds, such as flumequin, norfloxacin
and enoxacin became available for clinical use. The main use
for all these agents was the treatment of urinary tract infec-
tion. In the late 1980s morz systemicaily active drugs, such as
ciprofloxacin and ofloxacin, were marketed. Recently, there
has been a considerable increase in the number of agents that
are in development, and to date over 10 000 molecules have

been patented. This review will trace the development of
quinolones from their sole use as treatment for urinary tract
infections, via systemic use, to those agents whose primary
usc is for the treatment of respiratory tract infections. This
development may be described in terms of structures,
potcncy, pharmacokinctics and pharmacodynamics, and
finally indications and clinical use,

Structural developments

Quinolones were derived from quinine. Figure 1 shows the
basic fluoroquinolone molecule or “pharmacore’,! The addi-
tion of a fluorine molecule at position 6 was one of the eartiest
changes 1o the structure. This single slieration provides a
more than 10-fold increase in gyrase inhibition and up to
100-fold improvement in MIC. Two major groups have been
developed from the basic structure: guinolones and naph-
thyridones.!-s The presence of a nitrogen at position 8 identi-
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Table 1. Chronajogy of quinolones that reached the UK

nsarket

Date Quinclone

1960-1969  nalidixic acid

1970-1975  clnoxacin

1975-1983  noriloxacin

1985~1990  ciprofioxacin, ofloxacin

199G-1995  temafloxacin, spurfloxacin

1995-2000  grepafloxacin, levolloxacin, trovafloxacin
2000-2005  moxifloxacin, possibly gemifloxacinand

garenoxacin in 2003 or tater
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Figure L, Structure of the quinolone and napthvridone molecule. In
molecules where X is a carbon atom. the molecule is a quinolone
{cinoxacin, norfloxacin, afloxacin, ciprofloxacin, lemalloxacin. spar-
loxacin. grepallexacin. levofioxacin, clinafloxacin, moxilloxacin, gati-
floxacint. Where N 1s u nitrogen atom the molecule is 4 naphthyridone
tulidixic aeid. enoxacin. tosufloxacin, trovafloxacin, gemifioxacin).
Adapred from Domagala (159432

fies the naphthyridones, a carbon and associated group at
ition 8 identifies the quinolones. ™

The quinolones and napththyridones were further enhanced
by the addition of groups to the N|, C-5 and C-7 positions of
their respective basic molecules. The addition of piperazine o
the C-7 position (¢.g. norfloxacin) improves activity against
CGram-ncgative organisms. There are data to suggest that a
piperazine ring may play a role in inhibiting efflux mechan-
isms, thereby improving the potency of these drugs. The
structure of norfloxacin illustrates these developments and
subsequent to this all quinolones (except garenoxacin) have a
fluaring at position & and many have six-membered rings ar
position C-7 (Figure 2), The presence of a pyrrolodinyl group
at position C-7 {e.g, clinafloxacip) improves activity against

OH
B
| 8}
VAN
N
N/
\__‘_r___,
{H,y

Flgure 2. Modifications of quinolone structures: norfloxacin, In all
subsequent molecules, except garennxacin, fluorine was retained at
position 6. A six-membered ring at position 7 is found in ciprofloxacin,
remafloxacin, sparfloxacin, ofloxacin and levofloxacin,

Figure 3, Modification of quinolone structures: eiprofloxacin. A cvelo-
propyl group at position 1 is found in sparfloxacin, grepafloxacin, ¢lina-
fioxacin, gatitloxacin. moxifloxacin and garenoxacin.

Figure 4. Modification of quinolone structures: moxifloxacin. A five-
membered ring or azabiocyelo rings al position 7 are found in clina-
Moxacin and trovafloxacin (five-membered ring) or moxifioxacin and
garenoxacin (azabicyclo rings). A methoxy group at position & is found
in moxifloxacin and gatifiexacin. A difluoromethy] ether (OHF,) group
is found ar position 8 in garenoxacin,

Gram-positive organisms. In addition to piperazine at the C-7
position, a cyclopropyl group was introduced to the N| posi-
tion and is best exemplified by ciprofloxacin, which was first
synthesized in 1983 (Figure 3). This increases the potency of
the drug and many subsequent quinolones have a cyelopropyl
group (e.g. grepafloxacin, moxifloxacin, gatifloxacin and
garenoxacin; Figure 4}. The addition of a 2.4-difluorophenyl
group at position 1 {e.g. trovafloxacin} also improves
potency. especially in improving activity against anaerobes.
A number of other structural manipulations have been tried
to improve the anti-Gram-positive nctivity of flyorogquine-
lones. One of the first additions was an NH, group at position
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Development of the quinclones

C-5. which resulted in a general increase in anli-Gram-positive

activity. This is seen with sparfloxucin which otherwise hasa

very similar structure to ciprofloxacin, Sparfloxacin also has
a fluorine at positivn C-6. a piperazine a1 pusition C-7 and is
atkylated. Grepalloxacin is also substituted at position C-§
but by a CH; group and has improved anti-Gram-positive
potency compared with ciprofloxacin, The substituents at
position C-7 are associated with a number of key attributes,
such as antibacierial spectrum, bjoavailability and side-effects.
The most common substituents arc cyclic amino groups,
for example piperazine or pyrrolidine rings; other groups
have been less successful. Piperazine rings are particelarly
common {e.g. norfloxacin. enexacin or ciprofloxacin) and
conler potency against Gram-negative bacteria. The addition
of methyl groups can improve both oral absorption and
i vive activity, However, the improved activity against
Gram-positive bacteria can semetimes be at the expense of
uctivity against Psendomonas aeruginosa.

Pyrrolidine rings (five-membered) are also common sub-
stituents at position 7, and are associated with enhanced
potency against Gram-positive bacteria. However, this group
i issaciated with tow water solubility and low oral bioavail-

‘ir.y 80 in vivo activity may be compromised. Introduction

of methyl groups on the pyrrolidine ring helps to overcome
some of these physical propertics. Gemifloxacin, a naphthyri-
done, is a good example of the advantages and disadvantages
associated with a pyrrolidine ring at position 7.9 The addition
of azabicyclo groups onto position 7 has resulied in agents
(moxifloxacin and rrovafloxacin) with significant anti-Gram-
positive activity, marked lipophilicity and half-lives of
>10h7#

Manipulation of the group at position & has also been
shown to play a role in altering oral pharmacekinetics, broad-
ening the spectrum of activity and reducing the selection of
mutants.* 1 Whilst alkylation has been shown to increase
further anti-Gram-positive activity. it also improves tissue
penetration and extends the half-life by increasing lipophil-
icity. as with grepafloxacin, levofloxacin and spartloxacin.

The struciural changes to the quinolone molecule and
gk clation with adverse events are now well documented 314

Gr.o-reamjvity is probably most influenced by position §,
with fluorine or chlorine producing most phototoxic potential
(e.g. lomefloxacin, clinafloxacin, Bay y 3118 and spar-
floxacin) and methoxy groups the least (e.g. moxifloxacin or
gatifloxacin). Garenoxacin has fluorine incorperated through
a C-8 difluoromethyl ether linkage as there is no fuorine at
C-6. Tt has been suggested that substitution at position 5 may
huvearole in QTe prolongation as those agents that have been
assoctated with significant problems, such as sparfloxacin
and grepafloxacin, have either a NH, or a CH, group in this
position, 5.6

Much speculation has ulso swrounded the likely structural
correlates of the haemolytic uracmic-like syndrome caused

L}

by temafloxacin,!” hepatic eosinophilia caused by trova-
floxacin,'® pulmonary interstitial eosinophilia and other
immunological side-effects caused by tosufloxacin'® and
gemifloxucin, and the hypoglycaemia seen with temafioxacin
and clinafloxacin.'® 2 Although o number of these agents
are naphthyridones (trovafloxacin, tosufloxacin and gemi-
Noxacin) others are fluoroguinolones (temafloxacin, hence it
is unclear whether this difference is relevant. A more power-
ful agsociation is that of the 2,4~difluorophenyl group at posi-
tion 1, as this is shared by wovafloxacin, temafloxacin and
tosufloxacin' but not by gemifloxacin.® A further hypothesis
is that metabolites of these agents (as yet not fully identified),
which share common structures, may be responsible for some
of the immunotogically mediated adverse events seen with
these drugs.

The naphthyridones can be modified by the addition of
cyclopropyl groups in the same way as the quinolones. A five-
membered ring has been added to the molecule of gemi-
floxacin at position 7. Trovafloxacin has an azabicyclo ring,
which improves anti-Gram-positive activity, increases the
half-life and results in resistance to efflux pumps.®

Developments in potency

The development of these agents can be described in terms
of their potency against Gram-positive. Gram-negative or
atypical bacteria. In terms of anti-Gram-negative potency,
as indicated by MICqys, the activity of quinolones against
Enterobacteriaccae such as fscherichia coli and Klebsiella
spp. has not changed significantly since the development of
norfloxacin (Table 2).62-% In terms of their MICys, the early
drugs (nalidixic acid and cinoxacin) did not have very good
anti-pseudomonal potency. In general, the newer agents have
improved activity against pathogens such as Mycoplasma
puermoniay and other atypical bacteria, and some have
improved activity against Gram-negative anaerobes, such as
Bacteroides fragiiis (Tables 2 and 3). However, many of the
newer agents, such as gatifloxacin, gemifloxacin, gare-
noxacin and moxifloxacin, are not as potent as ciprofloxacin
against £. aernginasa.

One of the more interesting developments in terms of
potency is the area of anti-Gram-positive activity. Although
it is unlikely any fluoroquinclone will have activity against
ciprofloxacin-resistant  Staphviococcus anrens, a major
development has been in the activity of these drags against
ciprofloxacin-sensitive §. aureus, Strepiococcus preuntonice
and Group A streptacocei. %2335 This is one of the kev
advances in terms of the development of these agents.

Table 472-31363 Jigts the fluoroquinolones on the basis of
their M1Cys for five Gram-positive species. Nalidixic acid,
cinoxacin and enoxacin have no activity ar all, whereas gemi-
floxacin has an MICq, of 0.03 mg/L for S, pnewmoniae, and is

10T "0 sr3ny uo 1503 dq /Fw spwnoe{proyxonefydiny woly paprojuwoq)



M. f. Anderzson and A. P. MacGowan

Tabie 2. Development of quinatone patency against Gram-negative baclerin

MIC,, tmg/L)

Klebsiella  Enterobuacier! Serratin - Hoemaphilus
Quinolone E.coli  spp. Citrobacter spp. spp. inflirenzae P aeruginosa B fragilis
Nalidixicacid 8 16 >064 >64 2 >64 >64
Cinnxacin 8 8 >64 >h4 2 =64 >64
Enoxacin 0.25 2 1 4 0.12 2 >64
Norfioxacin 0.12 0.5 0.25 2 0.06 2 >64
Ciprofloxacin .03 0.25 12 0.5 0.03 ! 16
Ofloxacin (.12 0.5 0.5 1 0.03 4 16
Levoflogacin 0.12 (.25 0.5 0.5 0.03 2 p]
Temafloxocin 0.06 0.5 0.5 0.5 0.03 ] 4
Trovafloxacin 0.06 0.25 0.06 ] 0.0t 1 0.25
Clinafloxacin 0.01 0.03 012 0.25 0.01 0.5 0.25
Sparfloxacin 0.06 0.5 0.5 4 0.03 4 4
Grepafloxacin -~ 0,06 0.12 0.5 2 (.01 8 38
Moxifloxacin 0.06 0.12 1 2 0.06 8 1
Gatifloxacin 0.06 .25 0.5 | 0.03 4 1
Gemifloxagin 0.03 0.25 0.3 2 0.06 4 ND
Garanoxucin 0.5 2 0.03 16 [

0.06

1.0

Table 3. Development of quinolone polency against aiypical bacteria

MIC,, (mg/L)
Quinolone Legionella M. preumoniae  Chlamydiaspp.  Mvycoplasma  Ureaplasma
preumophila hominis urealvticum
Nalidixic acid 0.25 >64 >64 >64 >64
Enoxacin 0.12 4 8 g 16
Norfloxacin 0.06 16 16 8 16
Ciprolloxacin 0.01 2 2 ! 4
Oflexacin 0.03 2 2 0.5 |
Levoflexncin 0.01 ] I (.25 ]
Trovalloxacin 0.01 {125 0.12 0.5 0.5
Clinafloxacin 0.008 0.03 0.12 0.03 0.12
Sparfloxacin 0.06 0.5 0.5 0.5 0.5
Grepatloxacin 0.01 .5 0.12 0.12 0.5
. Moxifloxacin 0.0 0.12 0.12 0.06 0.25
Gatifloxacin 0.01 0.12 0.25 0.12 0.25
Gemifloxacin {1008 .12 0.06 0.01 0.25
Garenoxacin 0.06 0.0156 0.06

0.00%8

0,03

equivalent to the earlier compounds in terms of activity
against the majority of Gram-negatives (Table 2). The activ-
ity against enterococdi is less clearly defined because differ-
ent species are often classified together, and the proportions
of Enrerococcits faecium and Enterococcus faecalis are not
provided. This is important as £. faecium is more resistant
than £, faecalis.

Developments in pharmacodynamics and
pharmacokinetics

Pharmacokinetics {(PK) refers to changes in drug concen-
trarion as the drug moves through the body, whilst pharmaco-
dynamics (PD) refers to how the drug action changes with
concentration or dose.
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Development of the quinolones

Table 4. Development of quinolone potency against Gram-positive bacteria

MICy, (mg/L)
5. aureus Group A, Enterococcus  Clostridinm
Quinclone {methicillinsensitive)  §. pnewnaniae  streptncocci  spp. perfringens
Nalidixic acid »64 >64 >64 >64 >64
Cinoxacin 04 »>64 »64 >64 >64
Enoxacin 2 64 64 8 >6H4
Ciprofloxacin l 2 1 4 0.5
Ofloxagin Q.5 2 P 2 1
Levofloxacin (.25 | 1 2 0.5
Temafloxagin (.25 0.5 0.5 2 ]
Sparfloxacin (.12 {}.5 [.0 2 .25
Grepafloxpein 0.12 0.25 1.0 4 1
Gatifloxacin (.25 {1.25 0.25 ! 0.5
Trovaflogacin 0.03 .12 (.25 ] 0.25
Moxifloxacin (.06 012 0.23 2 0.25
Clinafloxacin 0.06 0.12 0.06 0.25 0,12
Gemifloxacin 0.06 0.03 0.06 4 ND
Garenaxacin 0.03 0.12 0.25 0.5 0.25
. Table 5. Development of quinclore pharmacokinetics
Dose(g)
{frequency Half-life  Protein binding
Quinolone perday) Coax (mg/l)  AUC(mg-h/L)  (h) (%) Elimination route
Nalidixic acid 1 (x4) variable variable 1.5 20 renal
Enoxacin 0.5 {x2) 1.3 19 2 60 renal
Enoxacin (.6 (<1} 37 24 ) 70 renal
Norfloxpein 0.4 (x2) ) 10 3 t5 renat and hepatic
Ciprolloxacin 0,78 (x2) 3.3 30 4 40 renal and enteral
Ofloxacin {14 (x2) 4.8 B4 & +{} renal
Levotloxacin 0.5 (=) 5.2 48 7 40 remil
Temafloxacin 0.6 (x2) 7.0 134 3 25 ren!
Trovaf]exacin (0.3 (xD) 2.5 40 12 R5 hepatic
Clinafloxacin 0.2 (x2) b6 18 & 40 tangl
Sparfloxacin 0.4 (xI) 1.0 20 18 40 renal and hepatic
Grepafloxacin {14 (x1) 1.4 14 14 50 hepatic
Moxifloxacin 0.4 (x1) 3l 30 13 50 hepatic
@ Guittoxacio 04 (x1) 4.0 37 9 20 renal
Gemifloxacin 0.32 (x) 1.0 9 7 60 renai and other
Gorenoxacin {14 (xI) 58 59 15 87 rena) and other

Nalidixic acid is ndrug thatis exereted inurine and has very  to the molecule. However, since the activity of guinolones is
variable systemic absarption. Essentially it is not a systemic  concentration dependent, meaning that the extent of bacterial
drug, but & urinary agent. Over time, larger serum area under  killing increases as drug concentrations increase, and they
the curve {AUCY or peak serum (C, ) values are consistently  have a prolonged post-antibiotic effect (PAE),* a long half-
seen as the quinolones have developed, and oral absorption  life is not an absolute prerequisite for once-daily dosing, 4344
has markedly improved compared with that of nalidixic acid  No trend in protein binding has become apparent over time
(Table 5).53031441 The hall-life of these agents has also  with some agents having a binding of <30% (norfloxacin,
tended to increase as structural moditications have beenmade  temafloxacin and gatifloxacin) and others >70% (nalidixic
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Table 6, Development of quiniplone pharmacodynamics against Gram-negative pathogens

B ——— R e e o —— e — ' ————_ r————.

P aeruginosa

nalidixic acid, enoxacin, norfloxacin, sparfloxacin,

grepaflexacin, moxifloxacin, gatifloxacin, gemifloxacin, garenoxacin

AUCMIC (total) E. coli H.inflienzae
<12.5 nalidixicacid nalidixicacid  nal
12.5-25
35-50
A0-100 norfioxacin
all others all arhers

=100

cnexacin, ofloxacin
ciprofloxacin, levofloxacin, trovafloxacin, clinaflpxacin

temafloxacin

p— W ————————

L ——

Table 7, Devalopment of guinolens pharmacedynumics uguingt Gram-positive paihogens

S mam e e - e — -

AUC/MIC

—— s

o FEE S —, —— A et re—— e ———— =,

{ivlal) S aitrens 5. pueunianiae Gronp A streptocneei
<12.5 naHldixic acid. cinoxucin, nalidixie aeid. cinogacin, engxugin, nalidixic acid, cinoxagin,
norfloxacin norfloxacin enoxacia,

norfloxicin

12.3-25  enoxacin ciprofloxacin sparfloxacin. grepafloxacin

25-5¢) ciprofloxngin pfloxacin, Jevofloxacin, grepaflokacin ciproflezacin, oflaxacin,
levollogacin

%0100 sparfloxacin

>100 ofloxacin, levofloxacin, temafloxucin,  temufloxacin, rrovafloxacin, temafloxacin, trovafloxacin.

trovafloxacin. clinafloxacin,
grepulloxacin. moxifloxacin,
gatifloxacin, gemifloxacin,
garenoxacin

—————— ————

acid, enoxacin, trovafloxacin and garenoxacin). Non-renal
ciearance seems to have bacome a feature of a number of the
newer agents (e.g. trovafloxacin, grepafloxacin, moxifloxacin
and garenoxacin), although many fluoroguinolones and
naphthyridones are eliminated primarily by metabolism and
renal clearance (glomerular filtration angd active tubular
secretion). Clearly, a high free.drug C,,, and AUCs, com-
hined with lower MIC, are a significant advance begause they
will have the effect of increasing the value of €, /MIC o

JCMIC ratios.

There is ulwiys o certain amount of debare as to whether the
CuaxMIC or the AUC/MIC is more important in terms of
fiuoroguinelonc hacteriological and clinical outcomes in
mun. This is probably not important becayse the co-varinble
nature of these two phannacokinetic parameters makes it dif-
ficult to identify which one is dominant in determining micro-
biological and clinical outcome. In general, agents with large
AUC also have high C,,,, concentrations, The other arca of
considerable pharmacodynamic debate has been what break-
point or critical PK/PD ratio is required to optimize micro-
biological or clinical outcomes. For example, if there is a
range of values, the bigger numbers are more likely ta be pre-
dietive of good clinical outcome in terms of the microbiclogy

may

clinafloxacin, moxifloxacin,
gatiffoxacin, gemifloxacin,
gurenoxacin

clinafipxacin. moxifioxacin,
gatifloxacin, gemifloxacin,
garenoxacin

and the emergence of resistance.*? At present it is reasonable
to assume that almost all the drugs that have AUC/MI1C ratios
>100 arc likely to have uscful activity against Tuterobac-
tetinceae and P. aeruginasa, while a target of free AUC/MIC
of 30-40 is required for S, premoniae,

For predicting etficacy against most infections, pharmaco-
dynamic variables (forexample, AUC/MIC or €, /MIC) arg
driven by changes in potency, much more than they arg driven
by changes in pharmacokinetics. The MIC changes are some-
times 160-fold between agents, whereas the pharmacokinetic
changes are probably at most tive-fold between any of these
agents. For example, as ciprofloxacin has an AUC/MIC
between 25 and 50 for the therapy of P. aeruginosa. it can
be anticipated that levetloxacin, trovatloxacin and clina-
floxacin will have simifar activity to ciprofloxacin against
P. qeruginosa (Table 6).47% In contrast, some of the newer
drugs, such as grepafloxacin, moxifloxacin, gatifloxaein,
sparfloxacin, gemifloxacin or garenoxacin, together with
sone of the older urinary drugs like norfloxacin, are unlikely
to have significant clinical activity against P. aeruginosa at
present doses. Pharmacodynamics would predict thar all but
the very early quinolones will have good clinical activity
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Development of the quinolones

Tabte 8. Proposed classification of fluoroquinolones

Agents
Urinary agents (1960-198%5)
nalidixic acid
cinoxncin
enoxacin
norfloxacin
Gram-negative systemic agents (1985-1995)
ciprofloxacin
ofloxacin
tevofloxacin

activity sgainst common
Emerobacteriaceae, short serum
half-lives, renal elimination

wide getivity aguinst Gram-negatives,
including P. aeruginosa, marginal
acrivity against Gram-positives,

Activily Clinical applications

mainusein UTI

widely used against
tissue-based and urinary
infections

longer serum half-lives

Broad spectrum systemic agents { 1 990-2000)
temafloxacin
clinafloxacin
trovafloxacin

wide activity against Gram-negatives,
including P aeruginosa for some
agents, and Gram-positives, for some

widely used against a
hroad range ol tissue-
based infections

agents long serum hall-Hves, some
activity against anacrobes

Respiratory agents (1995 onwards)
levofloxacin
sparfloxacin
. grepafloxacin
moxifloxacin
gatifloxacin
gemifloxacin
gurenoxacin

against £. coli and H. influenzae causing systemic infection
{Table 6).

Withrespect to the Gram-positive organisms, it is clear that

the urinary drugs are not going to have useful clinical activity
against §. prieumoniae, S. aureus or Streptococcus pvogenes
(Table 7). Whercas with ofloxacin, levofloxacin, grepa-
floxacin and sparfloxacin, AUC/MIC ratios of 25 are begin-
ning to predict clinically useful outcomes for non-immuna-

ipromised patients with mild to moderate community-
acquired disease. In the context of immunocompromised
paticnts (those with.co-morbidity or ITU patienis) or in order
to prevent the emergence of resistance, ratios should probably
be higher. The more recently developed fluoroquinolones,
such as trovafloxacin, gatiffoxacin, gemifloxacin, mioxi-
floxacin and garenoxacin, are likely to have useful clinical
activity against . pnenmoniqe, a prediction now supported by
clinical trials data in community-acquired pneumonia® and
acute exacerbation of chronic bronchitis (AECR). %5 The
small amount of existing clinical data also implies that these
agents are clinically active against ciprofloxacin-susceptible
S. aureus and Group A strepiococei 323932

wide activily against
Enterobacteriaceae. active against
Gram-positives, especially §,
pheumoniae, aclive against atypical
bacteria, variable activity against
anaerobes. long serum haif-life

main use inrespiratory
iract infection

Toxicology

Many of the more recently developed quinolones do not have
the toxicological disadvantages of the earlier compounds. for
example the QTc prolongation that has limited the use of spar-
floxacin-and grepafloxacin. Other effects include a haemo-
Ivtic uraemic-like syndrome with temafloxacin.!” a metallic
taste with grepafloxacin®® hepatitis with trovafloxacin.®
unexpected hypoglycaemia with clinafloxacin and tema-
floxacin,!**% 2 number of immunoclogically mediated
adverse events with tosufloxacin.'® and an immune-mediated
rash in young women with gentifloxacin.® To datc there are
little toxicological data on garenoxacin,

Indications and use

The pharmacokinetic and in vitro potency profiles of fluoro-
quinolones determine the areas of clinical use. This has
shifted from agents used predominantly for the treatment of
urinary tract infections in the 1960s/70s, to mare systemic use
in the 1980s/60s, and in the current millennium, to the treat-
ment of respiratory tract infecrions, Sparfloxacin and grepa-

710 "o 1sndny uo sand Ay S sjpuimelpaoy o selydiy waoly poprojuesog



M. L. Andersson and A. P. MacGowan

1
! Group Dt respiratory agents

garenoxacin
2000 maoaifTanaein
gifloxacin

grepaftosacin

sprfioxucin
1G85

T

= [SVOFIOXACIN « neg-onsaedane PP

Group Bt
Grrm-nogative sysienics

s N

gemifloxecin

FUR B AE AU R [ o

temafloxacin
Group C: broad.specteum
syslemics

i . |
¢ norfigaacin |
: -, 1
: !
! Muoroguinclones . !
: CNoXacin i
' ]
1980 | cinoxacin :
) !
1 t
Lq‘ :
h"‘-,_“ 1:
(iroup A wrinary agents i
1973 i
H
H
1
]
]
1963 ol " nalidixic ocid |
Q"- P LY y---p-r---JI
1864 quinine

QUINOLONES
.m‘t‘.S. Development of quinolenes,

fioxacin were the first agents 1o focus on the respiratory tract,
exploiting their activity against S. pretmoniae and atypical
organisms, More recently a further group of agents (moxi-
floxacin, gatifloxacin, gemifioxacin and garenoxacin) with
more convincing potential in the respiratory tract have heen
developed. Thus develapment has moved from the urinary to
the respiratory tract via o miscellancous group of systemic
indications. Levofloxacin is one example of a drug where
there is a1 wide range of potential uses, but in terms of market-
ing the main focus appears to be respiratory,

On this basis, quinolones can be classified into four groups
according to clinical use, potency. pharmacokinetics and

NAPHTHYRIDONES

pharmacadynamics. The first group consists of urinary agents
that are, in general, the older drugs which are active against
the common Enterobacteriaceae and tend to have short half-
lives and renal elimination (Table 8). The second group
includes the anti-Grani-negative sysiemic agents such as
ciprofloxacin, levofloxacin and ofloxacin which, according
to their pharmacokinetics and activity, indicate that they can
be used for Gram-negative infection and as anti-pscudomeonal
agents. There is, however, debare abow their use in various
areas of Gram-posirive infection. The third group, of which
rrovafioxacin and temafloxacin ere the best examples, have
sufficienily broad activity in terms of anti-Gram-negative,
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Development of the quinolones

anti-Gram-posilive, antipseudomonal and anij-anaerobic
activity, to indicate their use for a wide range of tissue-based
infections. The fourth group includes the respiratory agents,
some of which arc also in other categories. These drugs have
activity against S. pneumoniae and atypical organisms, but
are less active against P. aeruginosa. Some of these agents,
such as moxifloxacin and garenoxacin, may be as active as
rovafloxacin against anacrobes, suggesting that with time,
their clinical indications muy expand beyond the respiratory
area. The nomenclature of the quinclones is complex. and
these agents have also been classified in terms of generation??
(discussed 1n this supplement in the article by P, Ball). How-
ever, whichever classification is used, it is clear that these
agents are not a homogencous group of antibiotics, and that
important differences exist between them.

Conclusions

Medifications in the basic structure of quinolones have
increased their antibacterial specirum and potency, as well as
improving bioavailability. making quinolones useful agents
,the treatment of urmary, systemic and respiratory ruct

mections, An ‘evolutionary” tree is shown in Figure 5. How-
ever, safety concerns continue with some members of this
class and have resulted in the withdrawal of some agents afier
marketing (temafloxacin, grepafloxacin. sparfloxacin, trova-
floxacin) or others in late development (clinafloxacin and
gemifloxacin). It is stll unclear as to which structure~
function relationships have resulted in these problems, so
despite a gocd deal of progress being made in terms of in vitro
activity and pharmacodynamics, progress in the arca of 10xi-
cology has been crratic.
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