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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 burns, burns, 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 B1, US 4 990 517, 5 607 942 and WO 01/45679).
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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 be 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.
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ciprofloxacin hydrochloride: R = H
enrofloxacin hydrochloride: R = C,H;
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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
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10 R=H,CH,
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 25°C and a pH of 7. Such slightly soluble

( salts include C;4-C,3 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 (II[) 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 bact'en'a, 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 l;y bacteria.
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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.
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preparation ready for use, However, the ampunt of active ingredient therein
may al so 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 pm, preferably from 1 to 5 pm. The diameter
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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.
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Al - 7.5 mg/kg ciprofloxacin betaine (laboratory product) intratracheally as suspension;

A2 - 7.5 mg/kg ciprofloxacin betaine (micronized: 50% <3 pm; 90% < 7 um) 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] Conax [mg/1] 12 [h]
Al 124 49.1 1.96

304 76 13.47

3.20 6.65 0.847

C 0.497 0.610 0.758
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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, Cp.: factor 80). Intratracheal
administration of micronized ciprofloxacin-betaine with a particle diameter (50 % <3 um; 90 % <
7 um) 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 1 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):
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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

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.

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

compared with an untreated control group.
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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 1 for treating lung diseases caused by bacteria.

3. Use according to any of Claim 1 to 2 wherein the medicament is administered using an

aerosolizer.
4, Use according to any of Claim 1 to 3 wherein bacterial diseases are caused by P. aeruginosa.

5. Devices suitable for administration by inhalation containing a medicament defined in claims 1 to

4, whereby they are designed as powder inhalers or as aerosolizers.





