
WO 2004/069253 1 PCT/EP2004/000710  TREATMENT OF BACTERIAL DISEASES OF THE
RESPIRATORY ORGANS BY  LOCALLY APPLYING FLUOROQUINOLONES The present
invention relates to the use of dosage forms which contain
quinolonecarboxylic acid  derivatives and enable local treatment of diseases
of the respiratory organs, in particular lung  5 diseases caused by
bacteria. Despite enormous progress in the area of controlling bacterial
infectious diseases through the  introduction of various classes of
antibiotics in the last 70 years, severe lung infections still,  represent
an important problem, especially in relation to pathological states such as
cystic fibrosis,  bronchiectasis and increasingly also chronic obstructive
pulmonary diseases (COPD), which are 10 associated with infections which can
be treated only with difficulty or not at all. Active ingredients  from the
class of fluoroquinolones, especially also moxifloxacin and ciprofloxacin,
are frequently  employed for the treatment of such diseases because of their
relevant range of antibacterial effects  and their bactericidal action.
Moxifloxacin hydrochloride (I) 0  F COON  N N  )C? OMe x HCl  15 H (I)  is
an antibacterial active ingredient from the class of quinolonecarboxylic
acid derivatives for the  treatment and prevention of otitis, pharyngitis,
pneumonia, peritonitis, pyelonephritis, cystitis,  endocarditis, systemic
infections, acute and chronic bronchitis, septic infections, diseases of the
20 upper airways, diffuse panbronchiolitis, pulmonary emphysema, dysentery,
enteritis, liver  abscesses, urethritis, prostatitis, epididymitis,
gastrointestinal infections, bone and joint infections,  cystic fibrosis,
skin infections, postoperative wound infections, abscesses, phlegmons, wound
infections, infected bums, bums, infections in the oral region, infections
after dental operations,  



osteomyelitis, septic arthritis, cholecystitis, peritonitis with
appendicitis, cholangitis, 25 intraabdominal abscesses, pancreatitis,
sinusitis, mastoiditis, mastitis, tonsillitis, typhoid,  meningitis,
infections of the nervous system, salpingitis, endometritis, genital
infections,  pelveoperitonitis and eye infections (EP 350 733 BI, US 4 990
517, 5 607 942 and WO 01/45679). -2- The principal indications for
moxifloxacin are diseases of the respiratory tract, especially of the
lungs. Dosage forms for moxifloxacin mentioned in EP-B 350 733 are tablets,
coated tablets, capsules,  pills, granules, suppositories, solutions,
suspensions and emulsions, pastes, ointments, gels,  5 creams, lotions,
dusting powders and sprays. To our knowledge, only tablets and (for
intravenous  administration) solutions are on the market. In practice,
moxifloxacin has to date been used exclusively systemically for all diseases
for the  control of which it is suitable (including those of the lungs). The
reason for this is the high oral  bioavailability and the good distribution
of the active ingredient. Although the increase in the 10 active ingredient
concentration in the serum and lungs of rats after local (intratracheal)
administration of moxifloxacin hydrochlroride is greater than with systemic
(oral) administration  of the same amount of moxifloxacin hydrochloride, its
concentration also falls relatively rapidly  (within about an hour) to the
level of the concentration reached orally, so that intratracheal local
administration achieves no advantages compared with oral administration in
experiments on rats  15 too. Ciprofloxacin hydrochloride and enrofloxacin
hydrochloride (II) are antibacterial  quinolonecarboxylic acid derivatives
which have been known for about 20 years (EP-B 49 355,  US-A 4 670 444) and
which can he employed extremely successfully both for the prophylaxis and
for the treatment of systemic and local bacterial infections, especially of
the urinary tract.  20 Ciprofloxacin is also effective inter alia against
anthrax pathogens. 0  F C02H  r N \ I N I lll) RIND A x HCl  



ciprofloxacin hydrochloride: R = H  enrofloxacin hydrochloride: R= C2H5 The
dosage forms of ciprofloxacin/enrofloxacin mentioned in EP-B 49 355 are
tablets, coated  tablets, capsules, pills, granules, suppositories,
solutions, suspensions and emulsions, pastes,  ointments, gels, creams,
lotions, dusting powders and sprays. Ciprofloxacin tablets, suspensions, 25
eye and ear drops and solutions suitable for intravenous infusion are
currently on the market. It has been found, surprisingly, that control of
diseases of the respiratory organs, especially lung  diseases caused by
bacteria, is extremely successful when ciprofloxacin or enrofloxacin is
administered locally as solid betaine and/or as solid slightly soluble
betaine salt. The active -3- ingredient concentration in the lungs can be
kept for a lengthy period at a level desirable from the  medical viewpoint
for optimal treatment. Besides the higher and long-lasting active ingredient
level at the site of the infection, it is possible to achieve simultaneously
a comparatively low  systemic concentration of the active ingredient, so
that side effects of the medication and the 5 disquieting development of
resistance through systemic selection pressure are at least drastically
reduced or even entirely prevented in this way. The invention therefore
relates to a method for controlling diseases of the respiratory organs,
especially lung diseases caused by bacteria, in humans and animals by local
administration of an,  antibacterially effective amount of solid betaine of
the formula (III) 0  F CO2H (III)  N N RN J A  10 R = H, C2H5 and/or of its
solid slightly soluble salt and to the use of these compounds for producing
medicaments  for the local control of diseases of the respiratory organs,
especially lung diseases caused by bacteria,  in humans and animals, where
the compounds are administered in solid form. "Slightly soluble salts" for
the purposes of the invention have a solubility in water of less than 0.1,  



15 preferably less than 0.01, % by weight based on water at 25C and a pH of
7. Such slightly soluble  salts include C16-C18 fatty acid salts of the
betaine (III) and salts of the betaine (III) with acids such  as, for
example, the embonates or else salts of the betaine (III) with bases such as
N,N'- dibenzylethylenediamine. The invention relates in a preferred
embodiment to a method for controlling diseases of the  20 respiratory
organs, especially lung diseases caused by bacteria, in humans and animals
by local  administration of an antibacterially effective amount of solid
betaine of the formula (III) and/or its  embonate and to the use of these
compounds for producing medicaments for the local control of  diseases of
the respiratory organs, especially lung diseases caused by bacteria, in
humans and  animals, where the compounds are administered in solid form. 25
In a particular embodiment of the invention, the diseases of the respiratory
organs comprise diseases,  caused by bacteria, of the airways or of the
lungs, especially lung dieases caused by bacteria. -4- The embonates (also
called pamoates) are salts of embonic acid, corresponding to formula (IV a)
and/or (IV b): 1COOH 0  OH F CO2H  CHx \ I I (IV a)  OH N O~(COOH RN J R =
H, CZH5  COON O  OH F CO2H  CHx 2 N N (IV b) O~cOOH RNJ The term "embonate"
refers for the purposes of the invention to the embonate, the hemiembonate
and  5 to mixtures thereof. 



The term "respiratory organs" (or respiratory system) refers for the
purposes of the invention to the  nose, oral cavity and pharynx, and the
larynx, trachea and lungs, including the airways and the  paranasal sinuses
and frontal sinus, where "airways" (or respiratory tract) mean the nasal
cavity,  oral cavity, pharynx, larynx, trachea and bronchi. 10 "Local
administration" or "local control" in connection with diseases of the
respiratory organs,  especially lung diseases, means for the purposes of the
invention - in contrast to oral  administration of dosage forms intended for
absorption via the gastrointestinal tract, and in  contrast to intravenous
administration - administration of the active ingredient by inhalation in
inhalable dosage form. The preparation in powder form or powder-containing
suspensions to be  15 used according to the invention are preparations which
are aerosolized and then inhaled. The term "inhalation" or "administration
by inhalation" refers in this connection to the  introduction into the
respiratory organs, especially into and/or via the airways, preferably into
and/or via the nasal cavity and oral cavity. -5- The term "intratracheal" or
"intratracheal administration" refers for the purposes of the invention  to
introduction into the trachea not by inhalation, in particular for pulmonary
disease control in  experimental animals such as rats as a model of
administration by inhalation. The invention further relates to devices which
contain preparations containing betaine (III) and/or  5 its solid slightly
soluble salt, in particular its embonate, and which are suitable for the
administration by inhalation thereof in solid form, i.e. aerosolizers which
are able to administer  preparations containing betaine (III) and/or its
solid slightly soluble salt, in particular its embonate,  by inhalation in
solid form (powder inhalers), or aersolizers which are able to administer
suspensions containing betaine (III) and/or its solid slightly soluble salt,
in particular its embonate,  10 in solid form by inhalation (suspension
sprays). Solid preparations for dry powder inhalation or suspension
inhalation will generally contain an  amount of active ingredient (i.e.
betaine (III) and/or its solid slightly soluble salt, in particular its
embonate) which is as high as possible. The amount of active ingredient
therein is usually at least  60, preferably at least 70, in particular at
least 80 and most preferably at least 90, % by weight 15 based on the
preparation ready for use. However, the amount of active ingredient therein
may also  



be less than 60% by weight based on the preparation ready for use and is
then preferably at least  30, in particular at least 40, % by weight based
on the preparation ready for use. Where no  adjuvants are necessary,
especially in the case of solid preparations for suspension inhalation, they
may also consist of active ingredient alone. However, for practical reasons,
the preparations 20 according to the invention are often medicaments which,
besides the active ingredient, contain one  or more pharmacologically
acceptable excipients. A review of various suitable preparations and
corresponding administration aids is to be found for example in R. Stangl,
"An Overview of  Innovative Inhalation Devices", European Pharmaceutical
Review, pages 50-55, (2002) and the  literature cited therein.
Pharmacologically acceptable excipients include, inter alia, binders (e.g.
25 maize starch, gelatin), stabilizers (e.g. antioxidants such as ascorbic
acid), carriers (e.g.  microcrystalline cellulose, lactose, sucrose, calcium
phosphate, maize starch), lubricants (e.g. talc,  stearic acid, magnesium
stearate, calcium stearate or zinc stearate), flavourings and/or fragrances.
The production of suitable preparations by selecting suitable excipients in
terms of nature and  quantity is straightforward. 30 The preparations
according to the invention can be produced - as is usual in the production
of  inhalable free-flowing medicaments in powder form, by micronizing the
active ingredient or by  spray drying appropriate solutions or suspensions.
The solid preparations generally have a particle diameter, determined as
volume median (with the  aid of a laser diffraction apparatus), of from 0.2
to 15 m, preferably from 1 to 5 m. The diameter -6- determined as volume
median is the value below and above which 50% of the volume of the
particles lie. In a preferred embodiment, the solid preparations have
particle diameters, determined as 50% of  volume median, of from 2 to 5 pm
and particle diameters, determined as 90% volume proportion,  5 of from 6 to
10 m. In a further preferred embodiment, the solid preparations contain
active ingredient, in particular ciprofloxacin betaine, with a particle
diameter, determined as 50% volume  median, of from 2 to 5 m and particle
diameters, determined as 90% volume proportion, of from  6 to 10 m. The
diameter determined as 50% or 90% volume proportion (with the aid of a laser
diffraction apparatus) is the value below which respectively 50% and 90% of
the volume of the 



10 particles lie. Thus, for example, in a solid preparation with a particle
diameter, determined as 50%  volume median, of 2 m and a particle diameter,
determined as 90% volume proportion, of 6 m  (50% < 2 m; 90% < 6 m) the
particle diameter of 50% of the volume of the particles is below  2 m and of
90% of the volume of the particles is below 6 m. It has generally proved
advantageous in administration by inhalation to administer amounts of  15
about 0.1 to 20, preferably about 0.5 to 7.5, mg/kg of bodyweight to achieve
effective results. It may nevertheless be necessary to depart from the
stated amounts, specifically as a function of  the bodyweight, individual
behaviour towards the active ingredient, nature of the preparation and  time
or interval over which administration takes place. Thus, it may suffice in
some cases to make  do with less than the aforementioned minimum amount,
whereas in other cases the said upper limit 20 must be exceeded. Where
larger amounts are administered, it may be advisable to divide them into  a
plurality of single doses over the day. -7- Examples Preparation of
ciprofloxacin embonate a) Ciprofloxacin embonate (IV a; R = IT) 33.1 g (0.1
mol) of ciprofloxacin betaine and 38.8 g (0.1 mol) of embonic acid are
heated in  5 500 ml of glycol monomethyl ether under reflux for 1 hour.
After cooling, the precipitate is filtered  off with suction, thoroughly
washed with ethanol and dried at 120C under high vacuum. b) Ciprofloxacin
hemiembonate (IV b; R = H) 66.2 g (0.2 mol) of ciprofloxacin betaine and
38.8 g (0.1 mol) of embonic acid are heated in  500 ml of glycol monomethyl
ether under reflux for 1 hour. After cooling, the precipitate is filtered
10 off with suction, thoroughly washed with ethanol and dried at 120C under
high vacuum. Determination of the active ingredient concentration in the
lungs of rats  Female Wistar rats (80 to 100 g) were treated with Al - 7.5
mg/kg ciprofloxacin betaine (laboratory product) intratracheally as
suspension; A2 - 7.5 mg/kg ciprofloxacin betaine (micronized: 50% < 3 m; 90%
< 7 m) intratracheally as  15 suspension; B - 7.5 mg/kg ciprofloxacin
hydrochloride intratracheally as solution;  



C - 7.5 mg/kg ciprofloxacin-hydrochloride intravenously as solution. Three
animals from each of the dose groups were sacrificed after 0.25, 0.5, 1, 3
and 5 hours, and  the lungs were removed. The lungs were homogenized using a
Plotter from Braun. The active  20 ingredient content in the lung
homogenates was determined by bioassay. Pharmacokinetic parameters for the
lungs Dose group AUC [mg*h/1] Cm" [mg/11 t112 [h]  Al 124 49.1 1.96  A2 304
76 13.47  B 3.20 6.65 0.847  C 0.497 0.610 0.758 -8- Lung concentrations in
g/ml; averages for 3 animals Dose group 0.25 h 0.5 h 1 h 3 h 5 h  Al 49.1
44.3 40.1 12.6 7.21  A2 76 76 76 54 54  B 6.65 1.67 0.63 0.10 0  C 0.61 0.35
0.14 0 0  AUC, C,,,a" and t1j2 are important pharmacokinetic parameters for
describing pharmacokinetic/pharmacodynamic interactions; cf., for example,
W.A. Craig,  5 "Pharmacokinetic/pharmacodynamic parameters: rationale for
antibacterial dosing of mice and  men", Clin. Infect. Dis. 26 1-12 (1998).
Intratracheal administration of ciprofloxacin-betaine (laboratory product)
reveals, compared with  intratracheal administration of
ciprofloxacin-hydrochloride, a 40 times larger AUC and an 8 times  higher
C.. This kinetic advantage becomes even clearer on comparison with
intravenous 10 administration of ciprofloxacin hydrochloride (AUC: factor
250, C,,,a,: factor 80). Intratracheal  administration of micronized
ciprofloxacin-betaine with a particle diameter (50 % < 3 m; 90 % <  7 m)
leads to a further improvement in the pharmacokinetic profile (AUC: factor
612, C,,,,,,: factor  125, compared with intravenous administration of
ciprofloxacin hydrochloride). Efficacy in a model of lung infection with P.
aeruginosa 



15 Female Wistar rats (80 to 100 g) were infected intratracheally with P.
aeruginosa DSM 12055 and  treated I and 4 hours after the infection with
ciprofloxacin betaine (laboratory product)  intratracheally (i.t.) and with
ciprofloxacin hydrochloride intratracheally and intravenously (i.v.).
Various dose groups each of 5 rats were employed. The animals were
sacrificed 24 hours after the  infection, and the lungs were removed and
homogenized with a Potter from Braun. The  20 homogenates were plated out to
determine the microbe count in the lungs. The following table shows the
reduction in the microbe count in the lungs (log units) after 24 h  relative
to the untreated infection control (in each case averages for 5 animals): -9
Reduction in microbe count  Dose group (log units)  A - 0.8 mg/kg
ciprofloxacin betaine it. -4.0  B - 2.5 mg/kg ciprofloxacin betaine i.t.
-5.8  C - 7.5 mg/kg ciprofloxacin betaine i.t. -10  D - 0.8 mg/kg
ciprofloxacin hydrochloride i.t. -1.8  E - 2.5 mg/kg ciprofloxacin
hydrochloride i.t. -1.1  F - 7.5 mg/kg ciprofloxacin hydrochloride i.t. -2.8
G - 2.5 mg/kg ciprofloxacin hydrochloride i.v. -2.8  H - 7.5 mg/kg
ciprofloxacin hydrochloride i.v. -3.5  I - 22.5 mg/kg ciprofloxacin
hydrochloride i.v. -5.4  J - 67.5 mg/kg ciprofloxacin hydrochloride i.v.
-8.8 Intratracheal use of ciprofloxacin betaine leads to a reduction of from
4 to 10 log units in the  microbe count in the lungs in all three dose
groups, whereas equal dosages of ciprofloxacin  5 hydrochloride administered
intratracheally bring about a far smaller reduction in the microbe count
(1.1 to 2.8 log units). Although intravenous administration of ciprofloxacin
hydrochloride, the  current state of the art, also leads to a marked
reduction in the microbe count in the lungs (2.8 to  8.8 log units), this is
only with dosages which are 10 times higher. The treatment according to the
invention thus leads to a greatly reduced systemic exposure. 



10 In a further test with P.aeruginosa DSM 12055, a single intratracheal
treatment (1 hour after the  infection) was carried out with micronized
ciprofloxacin betaine as dry powder. A dose of  10 mg/kg was administered
with the aid of a DP-3 dry powder insufflator (PENN-CENTURY,  INC.). It is
known from control investigations that about 5 to 20% of the administered
dose reach  the lungs. In this experiment, the microbe count in the lungs
was reduced by more than 6 log units  15 compared with an untreated control
group. -10- Patent claims 1. Use of an antibacterially effective amount of
solid betaine of the formula (III)  0  F / COZH (III)  ~N N RN J QI  R=H for
the preparation of a medicament for locally treating bacterial diseases of
the respiratory  organs wherein the particles of the medicament have a
particle diameter, determined as  volume median, of from 0.2 to 15 pm. 2.
Use according to Claim I for treating lung diseases caused by bacteria. 3.
Use according to any of Claim I to 2 wherein the medicament is administered
using an  aerosolizer. 4. Use according to any of Claim Ito 3 wherein
bacterial diseases are caused by P. aeruginosa. 5. Devices suitable for
administration by inhalation containing a medicament defined in claims I to
4, whereby they are designed as powder inhalers or as aerosolizers. 




