1 USE OF AZI THROMWCI N FOR THE PRODUCTI ON OF A MEDI CAMENT FOR TREATMENT OF
OCULAR | NFECTI ONS The present invention relates to the use of azithromycin
for the manufacture of a nmedicanent foM use in the treatnment and/or 5
prevention of ocular infections. It also relates to a nedi canent based on
azithromycin which is in a formcorresponding to a conplete therapy for the
treatnent of bacterial conjunctivitis, i n particul ar of trachoma or of
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In addition to conventional forms of conjunctivitis, or
purulent conjunctivitis, azithromycin is particularly advantageous for
the treatment of chlamydia conjunctivitis, due to the fact that these
intracellular and atypical bacteria are highly sensitive to

20 azithromycin. The chlamydia conjunctivitis, the frequency of which is
probably underestimated in western countries, is transmitted either
by direct contact with contaminated genital secretions (as in
newborns), or indirectly, for example in a poorly disinfected
swimming pool. In other regions of the worid, in particular in hot

25 countries (Africa, Asia, Middle East), trachoma, an infectious
disease of the eye caused by the bacterium Chlamydia trachomatis,
is hyperendemically rife. Trachoma is one of the main infectious
causes of blindness and the main cause of ocular morbidity. There
are therefore high stakes involved in being able to effectively treat

30 bacterial conjunctivitis, in particular for trachoma in regions with
uncertain sanitary conditions.

Document WO 02/083178, published by the present
inventors, describes ophthalmic compositions for topical application




[,"i 11 it 2 based on azithromycin as active ingredient. The azithromnmycin
nol ecul e is present therein in solution in an oily vehicle. The vehicle to
be used preferably consists essentially2f linear nediumchain fatty acid
triglycerides (abbreviated to MCTs). The concentration of 5 azithronycin is
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hyglene education or practices leave a lot to be desired.

The low number of daily doses is also an advantage under
the same conditions. Insofar as the invention results in reducing the
treatment to twice-daily instillations, there is much less risk of it

20 being neglected and forgotten, while, furthermore, a patient who is
cured after two or three days, at a pinch four, will have little
tendency to stop the treatment prematurely.

In accordance with the invention, the two applications per

day, in each eye requiring the treatment, are preferably spaced out

25 over the day, one being in particular carried out in the morning and

the other in the evening, on observing a gap of at least 6 hours

between two administrations, in order to obtain the best

effectiveness. Each application delivers a therapeutically effective
dose of active ingredient under these conditions.

30 The art prior to the present invention emerges mainly from
the series of patents by the applicant, already mentioned while
referring to WO 02/083178. Other references exist, which are also
directed towards azithromycin as active principle in topical
ophthalmic treatments, but combining azithromycin with very

35 different vehicles. The patent document US 2003/206956, from the
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treatment being continued for at least 5 days.

In fact, MCTs represent an essential constituent in the

preparation of the medicament according to the invention, and also

20 the solubilization of the azithromycin in these fatty acid

triglycerides, which are in the liquid state under all the temperature

and preséure conditions to which the product may normally be

exposed. Another important factor for the effectiveness of the

medicament and the success of the treatment under the conditions

25 targeted concerns the concentration of the active ingredient in the

solution, which can be precisely chosen, at values that provide this

effectiveness under satisfactory solution stability and storage
conditions.

Thus, according to the invention, the azithromycin is

30 advantageously present at a concentration that remains within the
range of 1% to 2%. In embodiments of the invention which give
satisfaction in the vast majority of cases of application, whether in
humans or in animals, this concentration is chosen at between 1%
and 1.5%, in particular between 1.3% and 1.5%, and preferably in

35 the region of 1.5%, as expressed by weight of azithromycin dihydrate
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In preferred embodiments of the invention, the MCT-type

vehicle consists of esters of saturated fatty acids containing 5 to 18

carbon atoms, in particular of triglycerides of saturated fatty acids in

which the alcohol functions of the glycerol are entirely esterified

20 with acids of saturated hydrocarbons having a linear medium chain,

such as capric acid (octanoic acid, Cg) and caprylic acid (decanoic
acid, Cqo)-

In practice, the vehicle used is a fatty oil extracted from the
species Cocos nucifera, refined and/or hydrogenated, which contains
25 at least 95% of capric acid and/or caprylic acid. This vehicle, which
is chemically very well defined, offers in particular the advantage of
not being irritating for the eyes. It conventionally contains 50% to
80% of caprylic acid and 20% to 50% of capric acid. In preferred
embodiments of the invention, a vehicle containing from 50% to 65%

30 of caprylic acid and from 30% to 45% of capric acid is used.

Furthermore, the solutions of azithromycin in such a vehicle
exhibit good stability, both chemically and physically. In particular,
the medicaments prepared according to the invention offer the
advantage of being able to be stored at ambient temperature,

35 including when said temperature is high, up to 30°C, for example, for




80% of caprylic acid and 20%to 50% of capric acid. In preferred

enbodi nents of the invention, a vehicle containing from50%to 65% 30 of

caprylic acid and from 30%to 45% of capgic acid is used. Furthernore, the
solutions of azithronycin in such a vehicle exhibit good stability, both

chem cally and physically. In parti cular, the nedi canents prepared
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stopped too early, which is quite conmon in the 25 case of treatnents over a

llong period, whig{icRrg $W6R {reditficHt Yeriod had never been proposed in
the prior art for topical ophthalmic treatment, whether for
azithromycin or for any other antibiotic known to date. Now, such a
treatment period is particularly advantageous, for several reasons.

20 Firstly, it reduces the risks of allergy or irritation
associated with repeated administrations over long treatment
periods. Secondly, the treatment is easy to carry out, since only a
small number of administrations are necessary in total. The risk of
the treatment being stopped too early, which is quite common in the

25 case of treatments over a long period, which are more restrictive to
carry out, is thus reduced. A short and simple treatment is also more
suitable for modern life, whether for active individuals or in the case
of the treatment of children in the community.

Furthermore, non-adherence to the dosages, and in

30 particular stopping the treatment too early, promotes the selection of
bacterial strains resistant to the antibiotic. This is all the more
palpable in the hospital environment. Since the objective of a topical
ophthalmic treatment is to treat a medium microbiologically
contaminated with a set of potentially pathogenic microbes, it is

35 easy to understand the importance of avoiding the risk of selection
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combination of azithromycin and the MCT-type vehicle under the
conditions prescribed for administration twice a day (in particular in
the morning when getting up and in the evening when going to bed)
for less than four days, in particular two to three days, shows good

20 effectiveness with respect to ocular infections. The small number of
administrations results from the use of the antibiotic being limited to
that strictly necessary for recovery, which corresponds to the
requirements of the health authorities. In particular, a treatment
period of 3 days, equivalent to 6 instillations in the eye in total (for

25 each affected eye), for the -curative treatment of purulent
conjunctivitis, will be chosen. This treatment period can
advantageously be shortened to only 2 days, equivalent to 4
instillations, for the eradication of trachoma (eye infection
Chlamydia trachomatis).

30 In order to achieve another objective of the invention,
concerning the ease with which the product is used and the absence
of side effects, the invention provides a single-dose bottle
packaging of the azithromycin-based ophthalmic medicament. This is
intended to mean, according to the embodiments of the invention,

35 that the product to be administered into the eye is presented
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volume, i.e. 15 to 48 mg, may be administered in each eye. The
single-dose bottle is disposable after administration: it is a single-
use bottle.

Such a presentation provides many advantages. First of all,
20 it makes it possible to readily deliver a therapeutically effective dose
at each administration. Furthermore, in the hospital environment, it
avoids the risks of inter-patient and intra-patient contamination by
eliminating the risks of contamination via the nozzle of a bottle. This
makes it possible, in combination with the good stability of the
25 composition at ambient temperature, to obtain optimal hygiene
conditions during use. This is all the more advantageous in the case

of use in hot countries.

The single-dose bottle presentation form also makes it

possible to do away with the use of a preserving agent in the

30 composition. Thus, in preferred embodiments of the invention, the
medicament is devoid of preserving agent, which advantageously
decreases the risks of ocular irritation for users. The absence of
preserving agent is also of value in facilitating an advantageous
packaging of the medicament in bottles that can be readily produced

35 in plastic. Thus, according to preferred embodiments of the




at each adm nistration. Furthernore, in the hospital environment, it avoids
the risks of inter-patient and intra-patient contam nation by elimnating
the risks of contam nation via the nozzI@ of a bottle. This nmakes it

possi ble, in conmbination with the good stability of the 25 conposition at
anbi ent tenperature, to obtain optinmal hygiene conditions during use. This
is all t a n t S r e
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of 15 4 @oCQWE}?'ﬁéq?eSM%E%’nbf)@ﬁl%aéa@] iceatmientng Iﬂﬁepé‘r%@r&mge(ﬁﬂﬁféﬁ to be

able to S@ébw@hg%ttﬁelﬁwéméﬁlnlstéa%hltageoa@.l Qn%é%rmfoaasabbttbpn at
apprﬁél telé g t}tt ??b /Ci n c{h rate in an OIdIY vehlcle
essen?i af ItP BcHEE @.c¥@s%qu ieSaPaRBdF AR B &?W%Hrequ"e ob
able to deliver 34 to 100 microlitres (i.e. 30 to 96 mg) of a solution
at approximately 1.5% by weight of azithromycin dihydrate in an oily
vehicle essentially consisting of linear medium-chain fatty acid
triglycerides. Preferably, no preserving agent is added.

W th

20 Each bottle is advantageously a single-use bottle, i.e. the
excess content after each application is to be thrown away and the
user will open a new bottle for each application, whether the
treatment prescribed relate to both eyes or to only one eye. The set
is provided for topical administration in the eye at the rate of twice a

25 day for 2 or 3 days. A period of 2 days is sufficient for the treatment
of trachoma.

The medicament provided in such a packaging is
particularly advantageous in the case of distribution circuits starting
from production factories that adhere to strict hygiene requirements

30 so as to serve regions that are difficult to access or populations with
relatively negligent hygiene habits.

The invention will now be further specified in terms of its
preferred characteristics and its advantageous results, through the
detailed description of specific embodiments which are the subject of




triglycerides. Preferably, no preserving agent is added. 20 Each bottle is
advant ageously a single-use bottle, i.e. the excess content after each
application is to be thrown away and theg user will open a new bottle for
each application, whether the treatnent prescribed relate to both eyes or
to only one eye. The set is provided for topical admnistration in the eye
at ther 1 a or 3 A_per . f days i
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The oily vehicle used corresponds to the definition of the

European Pharmacopoeia monograph for a refined fatty oil
containing 95% of medium chain triglycerides (MCTs) in which the

15 alcohol functions of the glycerol are entirely esterified with
carboxylic acids of saturated hydrocarbons of which the chain is

linear and of medium length, i.e. essentially capric acid and/or
caprylic acid. In the preferred embodiment that is the subject of the

present example, the quality of medium-chain triglycerides used

20 contains from 50% to 65% of caprylic acid and from 30% to 45% of

) capric acid.

A mass of MCT corresponding to 98% of the normal final
mass is heated to 70°C in a water bath. The azithromycin powder is
dissolved in the triglycerides with stirring. The mixture is maintained

25 at 70°C for a few minutes, and then the solution obtained is left to
cool to ambient temperature. The solution is then adjusted in terms
of weight with the MCT, and the mixture is perfected for a few
minutes with stirring.

The azithromycin remains in solution after cooling, and the

30 solution obtained is light and clear. It is subjected to a sterilization
treatment which is carried out by filtration. The procedure is carried

out at ambient temperature. The filtration is carried out in a sterile




caprylic acid. In the preferred enbodi nent that is the subject of the

present exanple, the quality of nmediumchain triglycerides used 20 contai ns
from50%to 65% of caprylic acid and fr@ 30% to 45% of capric acid. A nass
of MCT corresponding to 98% of the normal final nass is heated to 70Cin a
wat er bath. The azithronycin powder is dissolved in the triglycerides with
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24 refrigerator in order to ensure its stability.
In its packaging, the solution is presented as remaining
stable at temperatures that can range up to 30°C, for at least 24
months.

20 Example 2

An ophthalmic composition based on azithromycin at 1% by
weight is prepared, in the same manner as for Example 1,
corresponding to the following formula:

azithromycin dihydrate: 149
25 MCT: q.s. 100 g

This composition contains no preserving agent. It is
intended to be packaged in single-dose bottles.
Example 3

An ophthalmic composition based on azithromycin at 1,7%
30 by weight is prepared, in the same manner as for Example 1,
corresponding to the following formula:



nont hs. 20 Exanple 2 An ophthal m c conposition based on azithromycin at 1%
by weight is prepared, in the sanme manner as for Exanple 1, correspondi ng
to the following fornula: azithronmycin qifhydrate: 1 g 25 MCT: g.s. 100 g
This conposition contains no preserving agent. It is intended to be packaged
in single-dose bottles. Exanple 3 An ophthal m c conposition based on

azithronycin at ézﬁ?{‘roﬁﬁ/cfi)b{ d/yﬁkglp% %s prepared, in the sane 1n§n§r§r. as for
0

Exanpl e 1, corres di to t Iovmngforrrula 11 azithronycin
di hydrate: 1.7 gMQET: q.s. 100 g This conposi tion cont &-Rs 199 Breservi ng
agent. It is. intended to be packaged in single-dose bottles. 5 Exanple 4
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times at regular intervals over a 10 period of 3 days. Sanples were taken
fromlachrymal fluid, the conjunctiva and the cornea, 8h, 12h, 24h, 2 days,
3 dayS and 6 dayExample 4he |ast instillation. The ambunt of azithromycin
in each sanple was determ ned by high performance |iquid chronmatography
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20 S desggiprfiRyncst EXARBEE M % LF E9I1BECES 89 abBi® CRYBI Bither once,
B or twice 12 hours apart, or four times at regular intervals over a
10 period of 3 days.

Samples were taken from lachrymal fluid, the conjunctiva
and the cornea, 8h, 12h, 24h, 2 days, 3 days and 6 days after the
last instillation. The amount of azithromycin in each sample was
determined by high performance liquid chromatography mass

15 spectrometry.

These three studies made it possible to specify the
following elements:

- After instillation of the composition of Example 1, the

azithromycin levels are clearly higher than the critical concentration

20 S described by azithromycin as being necessary to obtain

therapeutic effectiveness at the ocular level, this being the case for

at least 12 hours in the lachrymal film, 8 hours in the conjunctiva
and 24 hours in the cornea.

- After two instillations carried out 12 hours apart, these

25 levels are much higher than the concentration S for at least 24

hours, following the final instillation, in the lachrymal film, for 8
hours in the conjunctiva and for 24 hours in the cornea.

- After four instillations spaced out over three days, the
azithromycin levels are higher than the concentration S for a further

30 two days after the final instillation, for two thirds of the eyes treated,
as regards the lachrymal film, and virtually all the eyes treated, in



t herapeutic effectiveness at the ocular level, this being the case for at

| east 12 hours in the lachrymal film 8 hours in the conjunctiva and 24
hours in the cornea. - After two instil4@ions carried out 12 hours apart,
these 25 levels are nuch higher than the concentration S for at |east 24
hours, following the final instillation, in the lachrymal film for 8 hours
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rats.
number of instillations over a short period of time.
Example §

Three studies of the ocular toxicology of the composition of
Example 1 were carried out in animals. These studies were aimed at |
20 determining the effects of this composition on corneal sensitivity in |
rabbits, acute ocular tolerance in rats, and ocular tolerance after *
) repeated administration in rats.

- Corneal sensitivity in rabbits: it was not modified after single
administration of the composition of Example 1.

25 - Acute ocular tolerance: the three compositions of Examples 1,
2 and 3 were tested after single instillation in the eye, according to
the Draize method. None of the treatments caused ocular irritation.

- Ocular tolerance with repeated administrations in rats:

Several studies were carried out using the compositions of

30 the examples by means of instillations two or three times a day for

28 days, in comparison with a placebo (physiological saline) in the
vehicle of the composition of Example 1, instilled 3 times a day.



- Corneal sensitivity in rabbits: it was not nodified after single

adm ni stration of the conposition of Exanple 1. 25 - Acute ocul ar tol erance:
the three conpositions of Exanples 1, %3and 3 were tested after single
instillation in the eye, according to the Draize nethod. None of the
treatments caused ocular irritation. - Ccular tolerance with repeated
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15 Example 6

Five clinical studies in humans were carried out with the
compositions of Examples 1, 2 and 3 in normal individuals. In total,
260 individuals participated in these trials.

Two trials mainly studied the ocular tolerance of the three

20 compositions in comparison with the vehicle alone after

administration of one drop in a single eye. Three trials studied the

ocular tolerance, and also the lachrymal and conjunctival

pharmacokinetics, after single bilateral instillation or unilateral
instillation repeated twice a day for one or three days.

25 The five studies made it possible to establish that, in
normal individuals, the instillation of the compositions at the three
concentrations studied is well tolerated by the ocular surface.

The most commonly reported ocular symptom following

instillation was a burning and stinging sensation, beginning within

30 30 minutes after instillation and ending after a few minutes or a few
hours. In these studies, the ocular symptoms observed in the vehicle
group were similar. This makes it even more advantageous to limit,



instillation repeated twice a day for one or three days. 25 The five studies
made it possible to establish that, in normal individuals, the instillation
of the conpositions at the three concepffrations studied is well tolerated
by the ocul ar surface. The npbst comonly reported ocul ar synptom fol | ow ng
instillation was a burning and stinging sensation, beginning wwthin 30 30
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In t he azithromycin was assayed in the tears sample 1

2h, 4h, 8h, 12h and 24h after instillation.

The eye lotion at 1.5% is found to be highly superior to that
of 0.5% in terms of value and duration of the concentration
compared with the minimum inhibitory concentration for sensitive

20 microbes and for microbes of intermediate sensitivity. The time
periods for which effective concentrations are maintained are longer
for the eye lotion at 1.5% of azithromycin dihydrate, with durations

» of always greater than 24 hours. Furthermore, the azithromycin
levels in the tears are much lower for the eye lotion at 0.5%. In the

25 latter case, the instillation of a single dose is insufficient to ensure
maintenance of a therapeutically effective concentration of
azithromycin in the lachrymal film for a few hours.

In yet another study, 36 normal individuals were given a
drop of composition at 1.5% of azithromycin dihydrate,
30 corresponding to one dose, in a single eye, twice a day for three
days. The azithromycin was assayed in the tears sampled 12 hours
after instillation of the final drop. The results obtained showed that

the lachrymal levels were still relatively high at this late time.




25 latter case, the instillation of a single dose is insufficient to ensure
mai nt enance of a therapeutically effecti ve concentration of azithromycin in
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days, fatvta,%r%gn@om tion according to the invention allows effective
treatment of bacterial ocular infections. In a fifth study also carried out
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1 gramof azithronycin orally in a si ngI e dose. The results of these
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total§ afptdki ﬁméagzhzymnglm‘nd conjunctival concentrations of azithromycin
were determined at even later times, i.e. 7 days (in the tears and the
conjunctiva) and 14 days (in the conjunctiva) after the beginning of a
treatment with instillations of 2 drops of the composition at 1.5% of
azithromycin dihydrate for just one day or for 3 consecutive days. By
20 way of comparison, a group of individuals were given 1 gram of
azithromycin orally in a single dose.

The results of these studies reveal, following instillation of
the composition according to the invention at the posology of 2 times
one drop a day for 3 days (i.e., in total, approximately 2 mg of

25 azithromycin administered), persistent conjunctival levels which are
still notable 5 days after the instillations have been stopped, which
ensures the effectiveness of this administration system, while at the
same time avoiding the drawback of side effects, in particular in
terms of ocular toxicity, and while providing all the advantages of a

30 treatment of short duration.



25 azithronycin adm ni stered), persistent conjunctival |evels which are
still notable 5 days after the instillations have been stopped, which
ensures the effectiveness of this adm nistration system while at the sane
ti me avoi ding the drawback of side efflécts, in particular in terns of
ocular toxicity, and while providing all the advantages of a 30 treatnent
of short duration. 16 CLAIMS 1. Use of a conposition conprising
azithromycin, at the concentration of 1%to 2% in solution in a

phar maceutically acceptable |iquiGLA&hMSe of |inear nmediumchain fatty
acid triglycerides for treating trachoma by preventing infestation by

Chl anydi a trachomati s on humans, wherein said conposition is applied
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and 2% by wei ght of azithronycin dihydrate. 5. Use of a conposition
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characterized in that said conposition is packaged as a set of four or six
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3. Use of a composition according to claim 2, wherein
azithromycin is present in solution in the linear medium-chain fatty acid
triglycerides at a concentration of between 1.3% and 1.5% by weight of

azithromycin dihydrate.

4. Use of a composition according to claim 1, wherein
azithromycin is present in solution in the linear medium-chain fatty acid
triglycerides at a concentration of between 1.5% and 2% by weight of

azithromycin dihydrate.

5. Use of a composition according to any of claims 1 to 5, wherein
said solution is a true solution or a solution containing particles of not more

than 0.2 um and does not contain any preserving agent.

6. Use of a composition according to claim 5, characterized in that
said composition is packaged as a set of four or six single-dose eye-drop
bottles each containing the amount necessary to be able to deliver 34 to 100

ul of said solution.





