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OPHTHALMIC PHARMACEUTICAL COMPOLITION

CONTAINING N-ACETYL-CYSTEINE AND POLYVINYLALCOHOL

Abstract

An ophthalmic pharmaceutical composition containing an association

of N-acetyl-cysteine and polyvinylalecohol useful for the treatment

of keratoconjunctivitis sicca.
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OPHTHALMIC PHARMACEUTICAL COMPOSITION

CONTAINING N-ACETYL~CYSTEINE AND POLYVINYLALCOHOL

5 0 306 3 3 2000 28 3 40 06 00 96 00

The present invention relates tc a pharmaceutical composition for
ophthalmic use and, more particularly, it relates to a pharmaceuti-
cal composition useful for the treatment of keratoconjunctivitis
sicca containing an association of N-acetyl-cysteine and polyvinyl-
alcohol.

Keratoconjunctivitis sicca, commonly known as dry-eye syndrome, 15
an ophthalmic disorder characterized by a reduced production of

lachrymal secretion and by an alteration of the composition of the

tear film.

These alterations are responsible of the corneal dryness with conse-
quent hyperaemia, pain, itching, burning and foreign body sensation.
The simplest therapeutic approach in the treatment of keratocon-
junctivitis siceca i1s that of using the so-called artificial tears
that 1s solutions of polymers which are able to 1increase the
thickness of the tear film and to retain a larger amount of liquid

in the evye,

Polyvinylalcohol (The Merck Index - XI Ed. - No. 7562, page 1208),

hereinafter indicated as PVA, 1is a synthetic polymer widely used for

the preparation of artificial tears,

The use of artificial tears affects and solves only some of the
problems related to keratoceonjunctivitis siceca and specifically
those due to the mechanical consequences of the reduced moistening
and lubricating capacity of the tear film.

N-acetyl-cysteine (The Merck Index, XI Ed., No. 82, page 14), here-
inafter indicated as NAC, is a known mucolytic drug already used

also 1n ophthalmic therapy in the treatment of keratoconjunctivitis
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sicca for its ability to interact with the mucoproteins and, there-
fore, to decrease the viscosity of the tear film.

PVA and NAC act on the symptoms of keratoconjunctivitis sicca with
two completely different mechanisms of action, that 15 the 1increase
of the thickness of the tear film due to the sticking properties and
the decrease of the viscosity of the tear film due to the mucolytic
properties, respectively.

We have now surprisingly found that the association of NAC and PVA
in the treatment of keratoconjunctivitis sicca produces a signifi-
cant improvement of the symptoms of the disease not only with re-
spect to the efficacy but also with regard to the onset of the

effect in comparison with the treatment with the single components

of the association.

Therefore, it is an object of the present invention an ophthalmic
pharmaceutical composition containing an association of NAC and PVA
as active ingredient.

The pharmaceutical composition object of the invention 1is useful 1in
the treatment of keratoconjunctivitis siccea.

The concentration of NAC in the composition object of the invention
i5 generally between 3% and 5% weight/volume,

The concentration of PVA in the composition object of the invention
1s generally between 1% and 97% weilight/volume,

The composition object of the invention can be formulated in a
liquid pharmaceutical preparation such as eye-drops or in a solid
pharmaceutical preparation such as ocular inserts.

It 1s clear that the concentration of PVA in the composition of the
invention will vary depending on the pharmaceutical preparation. In
particular, the concentration of PVA will be preferably between 3%

and 7% weight/volume 1in eye-drops and between 104 and 97%
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welght/volume in inserts.

Preferably, NAC and PVA are used in the same weight/volume concen-
tration.
More preferably, concentrations of NAC and PVA amounting to 4%

weight/volume are used.

The compositions of the invention can further contain pharmaceutical
excipients suitable for the preparation of ophthalmic formulations.
Examples of such excipients are preserving agents, buffering agents,

chelating agents, anti-oxidant agents and salts for regulating the

osmotic pressure.

The preparation of the pharmaceutical compositions object of the
invention is carried out according to conventional techniques.
According to the general practice about eompositions for ophthalmic
use, the compositions of the invention have to be sterilized. The
procedure can be accomplished by known techniques like sterilizing
filtration of the solution or by heating of the solution in the
ampoule ready for use,

As above reported, the NAC~-PVA association produces a significant
improvement of the symptoms of keratoconjunctivitis sicca not only
with regard to the efficacy but also with regard to the onset of the
effect in comparison with the treatment with NAC alone or with PVA
alone.

In fact, the composition object of the invention was compared with
similar compositions containing the same amounts of PVA only or of
NAC only, respectively (see example 5).

The efficacy of the NAC-PVA association with respect to the single
components was determined by the evaluation of the Schiprmer test, of
the break-up time (BUT) and of the ocular dryness.

For a reference to the tests which were used for the evaluation of
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the efficacy of the NAC-PVA association see M. Rolando, "Semiology
of the tear film" -~ Ophthalmic Drug Delivery, Biopharmaceutical,
Technological and Clinical Aspects or M.8. B8aettone, G. Bucci, P.
Speiser (eds) Fidia Research Beries, vol. 11, Liviana Press, Padova,
(1987,

It is evident from the results of the comparison how the improvement
of the monitored parameters is significantly greater after treatment
with the NAC-PVA association that with the single components but,

most of all, it is already significantly greater since the Ifirst

week of treatment.

It is worth underlining the therapeutic importance of the 1improve-
ments of the symptbms of keratoconjunctivitis sicca observed during
the treatment with the NAC-PVA association.

In fact, in addition to the self-evident advantage of a significant-
ly earlier onset of the efficacy of the treatment, the use of the
NAC-PVA association allows also to lower the therapeutically effec-
tive doses of each active ingredient.

The composition object of the invention showed to have greater and
more rapid efficacy also with respect to ophthalmic pharmaceutical

compositions containing a higher concentration of NAC (see example

5).

The composition of the invention, moreover, resulted to be endowed

with a good compliance by the patients.

In order to better illustrate the present invention the following

examples are now given,

Example
Fve-drops containing NA( %) and PVA (4%)
In a beaker, PVA 25000 (760 g) was added to deionized water (10 1)

under vigorous stirring.
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The solution was kept under stirring for some minutes, heated to
90°C and kept under these conditicns for 10 minutes.

The solution was left to cool up to room temperature (solution A).

In a second beaker, sodium hydroxide (201.4 g) was dissolved 1n

deionized water (1.5 1) (solution B).

In another beaker, benzalkonium chloride (0.95 g), disodium edetate

(19 g), sodium chloride (127.3 g) and potassium chloride (28.5 g)
were dissolved in deionized water (5 1).
After insertion of a nitrogen bubbler, NAC (760 g) was suspended

into the solution under stirring.

Solution B was added to the resulting suspension up to obtain a

final pH of about 6.0.

The resultant solution was poured into solution A under niltrogen
flow and the resulting solution was kept under stirring and nitrogen
flow for 10 minutes. The pH was checked and 1in case corrected to
about 6.0.

Deionized water was added up +to the final wvolume (19 1) and the
solution was heated at 70°C under mild stirring and nitrogen flow.
The solution was filtered at 70°C, left to cool to 50°C and distrib-
uted into vials under nitrogen flow.

Each vial contained 10 ml of eye-drops having the following percent

composition (weight/volume):

NAC 4.0 %
PVA 4.0 %4
Disodium edetate 0.1 %
Sodium chloride 0.67 %
Potassium chloride 0.15 %

Benzalkonium chloride 0.005%

Sodium hydroxide q.s. to pH 6.0
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water q.s. to 10 ml.

Example 2

Eye-drops contalning NAC (4%) and PVA (6.6%)
In a beaker, PVA 15000 (1254 g) was added to deionized water (10 1)

under vigorous stirring.

The solution was kept under stirring for some minutes, heated *To
90°C and kept under these conditions for 10 minutes.

The solution was left to copl up to room temperature (solution A).
In 2 second beaker, sodium hydroxide (201.4 g) was dissolved 1n
deionized water (1.5 1) (solution B).

In another beaker, benzalkonium chloride (0.95 g), edetate disodium
(19 g), sodium chloride (127.3 g) and potassium chloride (28.5 g)
were dissolved in deionized water (5 1).

After introduction of a nitrogen bubbler, NAC (760 g) was suspended
into the solution under stirring.

Solution B was added to the suspension up to obtaining a final pH of
about 6.0.

The resultant solution was poured into solution A under nitrogen
flow and the solution was kept under stirring and nitrogen flow for
10 minutes. The pH was checked and 1n case corrected to about 6.0.
Delonized water was added up to the final wvolume (19 1) and the
solution was heated at 70°C under mild stirring and nitrogen flow.
The solution was filtered at 70°C, left to cool to 50°C and distrib-
uted into vials under nitrogen flow.

Each vial contained 5 ml of eye-drops having the following percent

composition (weight/volume):

NAC 4.0 %4
PVA 6.6 %
Disodium edetate 0.1 %
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Sodium chloride 0.67 %
Potassium chloride 0.15 %
Benzalkonium chloride 0.005%

Sodium hydroxide q.s. to pH 6.0

water q.s5. to 5 ml.

Example 3

Comparative eve-~drops containing NAC (4%)

In a beaker, sodium hydroxide (102 g) was dissolved in deilonized
water (1 1) under stirring (solution A).

In another beaker, disodium edetate (10 g), sodium chloride (67 g)
and potassium chloride (15 g) were dissolved in deionized water (5
1).

A nitrogen bubbler was inserted into the resultant solution and NAC

(400 g) was suspended under stirring.

Solution A up to pH 6.0 and, then, benzalkonium chloride (0.5 g)

were added to the suspension.

The solution was brought up to the final volume (10 1) with deion-
1zed water and filtered through a 0.2 u sterilizing membrane.

The solution was distributed into vials under nitrogen.

FEach vial contained 5 ml of eye-drops having the following per cent

composition (weight/volume):

NAC . 4.0 %
Disodium edetate 0.1 %
Sodium chloride 0.67 %
Potassium chloride 0.15 %
Benzalkonium chloride 0.005%

Sodium hydroxide g.s5. to pH 6.0

water q.s. to 5 ml.

Example 4
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In a beaker, benzalkonium chloride (0.45 g), disodium edetate (9.0

g), sodium chloride (60.3 g) and potassium chloride (13.5 g) were

dissolved in deicnhized water (4 1).

Under vigorous stirring, PVA 15000 (360 g) was added to the solution

and the resultant solution was brought up to the final volume (2 1)

with deionized water and the pH was corrected to 6.0 with sodium

hydroxide.

The solution was heated to 90°C, kept at this temperature for at

least 5 minutes and filtered.

After cooling at 50°C, the solution was distributed into vials.
Each vial contained 5 ml of eye-drops having the following percent

composition (weight/volume):

PVA 4.0 %
Disodium edetate 0.1 %
Sodium chloride 0.67 %
Potassium chloride 0.15 %

Benzalkonium chloride 0.005%
Sodium hydroxide q.s. to pH 6.0

water q.s. to 5 ml.

Example 5
Pharmaceutical activyi of eve-drops ontaining NAC %) and PVy2
Y/ l QUL ...‘l. Lo ‘.'.".’.;, 22 (o420 ".-_l!:'.'. NAC ,___._l(l’% andw—-lkw.th Lye-,

drops containing PVA (4%)

Eyve-drops containing NAC (4%) and PVA (4%), hereinafter i1ndicated as

NAC-PVA eye-drops, eye-drops containing NAC (4%), hereinafter indi-
cated as NAC eye-drops, and eye-drops containing PVA (4%), herein-
after indicated as PVA eye-drops, prepared as described 1in the

previous example 1, 3 and 4 respectively, were administered to
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patients suffering from keratoconjunctivatlis sicca for a period of 3
months at the dose of 1-2 drops/3-4 times a day.

The following efficacy parameters Séhirmer test, break-up time (BUT)
and ocular dryness were evaluated at the beginning of the treatment

and after 1 week, 1 month, 2 months and 3 months.

The number of patients was 50, 50, 46, 44 and 43 for NAC-PVA eye-
drops, 49, 49, 46, 43 and 42 for NAC eve-drops and 51, 50, 48, 47
and 46 for PVA eye-drops at the beginning of the treatment and after

1 week, 1 month, 2 months and 3 months respectively.

The obtained data are reported in table 1.



2OET420

...‘]O..

Table 1

Efficacy of NAC-PVA eye-drops, NAC eye-drops and PVA eye-drops

expressed as Schirmer test, BUT and ocular dryness after 1 week, 1

S month, 2 months and 3 months of treatment.
Treatment NAC-PVA | NAC | PYA
time | eye-drops | eye-drops | eye-drops |
10 Schirmer initial 4,7420,27 | 4.4920.27 | 4.49%0.30
test (mm) | 1 week 8.52+£0.55 | 7.33x0.56 | 6.1810.47 |
1 month ' 10.9420.69 | 8.80:0.67 | 7.60£0.53 |
2 months |11.25:0.70 | 8.98+0.71 | 7.680.58
3 months }11.9520.70 2.3920.76 8.09+0.60
‘I S _________________________________ Y B
 BUT (sec.) initial 8.28:0.38 7.56£0.39 7.16+0.38
1 week 11.92¢0.,58 | 9.83:0.51 £.5820,62
1 month 13.4120.80 |11.3920.71 2.6020,69
2 months [14.2520.84 [12.19£0.81 |10.00%0.,76
20 3 months {15.1620.89 {12.68%0.92 {10.57t0.81
Ocular initial 2.48£0.15 | 2.43%0.16 | 2.57+0.16 |
dryness 1 week 1.52:0.15 1.65£0.13 1.7420.16
1 month | 0.9410;14 1.20£0.12 | 1.4220.16 |
25 2 months | 0.75£0.13 | 1.05%0.12 | 1.26%0.13 |
3 months 0.7420.12 . 0.98x0.12 1.2020.14 ’
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The data reported in table 1 show how the improvement of the moni-

tored parameters (Schirmer test, BUT and ocular dryness) was signif-

30 icantly greater after +treatment with NAC-PVA eye-drops than after
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treatment with NAC eye-drops or PVA eye-drops.

In addition, this improvement was significantly greater since the

first week of treatment.

A similar improvement was observed with respect to the total symptom

score of keratoconjunctivitis sicea.

Example 6
Pharmacological activity of eve-drops containing NAC (4%) and PVA

(4%) in comparison to commercial eve-drops containing NAC (5%)

NAC-PVA evye-drops, prepared as described 1n example 1 and commercilal

eye-drops (Brunac ® Trademark of Bruschettini S.r.l. Italy) having

the following percent composition (weight/volume):

NAC B %
Sodium phosphate dibasic . 4 %
Sodium bicarbonate 2.67 %

Hydroxypropylmethylcellulose 0.35 %
Benzalkonium chloride 0.02 %
Sodium calcium edetate 0.005%

water q.s. to 100 ml

hereinafter indicated as eye-drops R, were administered to patients
suffering from keratoconjunctivitis sicca for a period of 3 months

at the dose of 1-2 drops/3-4 times a day.

The following efficacy parameters were monitored at the beginning of

the treatment and after 1 week, 1 month, 2 months and 3 wmonths:
Schirmer test, break-up time (BUT) and ocular dryness.

The number of patients was 51, 50, 48, 46 and 34 for MNAC-PVA eye-
dropé, 49, 48, 46, 40 and 37 for R eye-~drops at the beginning of the
treatment and after 1 week, 1 month, 2 months and 3 months respec-
tively.

The obtained data are reported in table 2.
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Table 2
Efficacy of NAC-PVA eye-drops and R eye-drops expressed as Schirmer

test, BUT and ocular dryness‘after 1 week, 1 month, 2 months and 23

months of treatment.
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Treatment | NAC-PVA R
time eye~-drops | eye-drops
Schirmer initial 3.60£0.37 | 3.86%0.32
test (mm) | 1 week | 5.69%0.57 | 4.800.46
1 month 7.75£0.64 | 5.66+0.51
| 2 months 8.60+0.67 | 6.4820.58 |
3 months 8.93+0.80 | 6.84%0.64
BUT (sec.) | initial 5.95t0.46 | 5.92%0.36
-1 week 7.3620.52 | 6.48£0.45
. 1 month 8.75+0.55 | 7.4220.52
2 months ?.60:0.59 | 8.04£0,55
3 months [(10.2720.,72 | 8.3120.65
ocular | initial 2.59£0.14 | 2.43£0.15 |
dryness 1 week 1.640.15 | 1.77:0.15 |
1 month 0.92+0.14 { 1.37:0.13 |
2 months 0.7820.10 | 1.0520.14
3 months 0.68t0.13

0.76:0.14 |
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The data reported on table 2 show how the improvement of the moni-
tored parameters (Schirmer test, BUT and ocular dryness) was signif-

icantly greater after treatment with NAC-PVA eye-drops than after



10

15

20

29

30

2087429
“w 13 =

treatment with R eye~drops containing & higher amount of NAC.

in addition, this improvement was significantly greater since the

first week ¢f treatment.

A similar improvement was observed with respect to the total symptom

score of keratoconjunctivitis siccea.
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CLAIMS

1. An ophthalmic pharmaceutical composition containing an association of
NAC and PV A as active ingredient.

2. A pharmaceutical composition according to claim 1 in which the

concentration of NAC is between 3% and 5% weight/volume.

3. A pharmaceutical composition according to claim 1 or 2 in which the
concentration of PVA is between 1% and 97% weight/volume.

4, A pharmaceutical composition according to any one of claims 1 to 3 in
which NAC and PV A have the same weight/volume concentration.

5. A pharmaceutical composition according to claim 1 in which NAC and
PVA are in a 4% weight/volume concentration.

6. Use of a pharmaceutical composition containing an association of NAC
and PV A as active ingredient for the treatment of keratoconjunctivitis sicca.

7. Use according to claim 6 wherein in the pharmaceutical composition the
amount of NAC is between 3 and 5% weight/volume.

8. Use according to claim 7 wherein the amount of PV A is between | and
97% weight/volume.
9. A pharmaceutical composition according to any one of claims 1 to 3,

wherein said pharmaceutical composition s in the form of eye drops.

10. A pharmaceutical composition according to claim 9, wherein said
concentration of PVA is 3% to 7% weight/volume.

[1. A pharmaceutical composition according to any one of claims 1 to 3,
wherein said pharmaceutical composition is 1n the torm ot ocular inserts.

12. A pharmaceutical composition according to claim 11, wherein said
concentration of PVA 1s 10% to 97% weight/volume.
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