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Stable liquid pharmaceutical composition based on trazodone

k kX kK Kk Kk X k%

Field of the invention

The present invention relates to a stable lighid pharmaceutical
composition based on trazodone.

In particular, the invention relates to a stablg/liquid pharmaceutical
composition based on trazodone in which the/pH ranges from 5.0 to
6.0.

Prior art

Trazodone, or 2-[3-[4-(3-chlorophenyl)-1-piperazinylpropyl]-1,2,4-
triazolo[4,3-a]pyridin-3(2H)-one, is an gntidepressant which, though
having a significant effect on the sefotonin receptors, is. n'either a
psychostimulant, nor a MAO inhibitgf, nor a tricyclic antidepressant.
Furthermore, trazodone possesses ghalgesic properties.

Trazodone alleviates the charagteristic symptoms of depression, in
particular anxiety, somatization, psychomotor retardation,
hypochondria, mood swings, ifritability, insomnia, apathy, feeling of
fatigue and lack of energy, depressed mood.

Trazodone has also prgved effective in controlling pronounced
essential tremor, probably gh account of its serotoninergic activity.

Moreover, the antidepréssant and anxiolytic properties of trazodone
have proved useful in the treatment of symptoms of withdrawal from
cocaine, benzodiazepifes and alcohol.

Besides the abovelmentioned activities, its sleep-inducing activity is
also very interesting/

In the treatmeny of depression, trazodone is administered by the oral
route as hydrochforide at initial doses of 100-150 mg per day, which can
be increased bf 50 mg every 3-4 days up to 300-400 mg per day. The
daily dosage gan be divided during the day to correspond to meal times
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or can be administered as a single dose at bedtijne. In severe
depression, up to 800 mg per day can be administered.
Trazodone is preferably used medically in fthe form of a
pharmaceutically acceptable salt of acid addition, ghd more preferably
5 in the form of the hydrochloride.
The solubility of trazodone hydrochloride at rgom temperature in the
commonest solvents is as follows:
water : 1.8 g/100

95% ethanol : 1.6 g/100 ml

methanol : 2.5 g/1P0 mi
chloroform : 3.6 g/100 ml
benzene : pragtically insoluble

ethyl ether - - prhctically insoluble
octanol
olive oil fess than 0.1 g/100 ml
The pH of a 1% (w/v) aqueous/solution of trazodone hydrochloride is
approx. 3.90. ‘
10 In water, the solubility of firazodone hydrochloride increases with
increase in acidity of the agfieous medium. However, as the acidity of
the aqueous medium ifcreases, the degradation of trazodone
hydrochloride also increages. |
This degradation appars to take place by an oxidative mechanism
15  via the formation of an/N-oxide, namely 4-(3- chlorophenyl)-1-{3-(3-oxa-
2,3—dihydro-1 ,2,4-triafolo[4,3-alpyridin-2-yl)-propyl]-piperazine N'-oxide.
The oral pharfaceutical forms that are currently available
commercially are gither solid or liquid.
The solid phArmaceutical forms are also available as immediate-

20 release or modffied-release tablets.
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The liquid pharmaceutical forms, for administration fas oral drops,
have the advantage that they permit greater fmodularity and
personalization of the therapeutic dose.

Various liquid formulations, for oral use (drops, gyrup) or parenteral
use (vials for injection), with concentrations of tragodone hydrochloride
equal to approx. 1% (w/v), are being marketed. /A liquid pharmaceutical
composition for oral use that is widely used at present has a maximum
concentration of trazodone hydrochloride of 2.5% (w/v), it contains
ethanol and glycerol as cosolvents, and its pH is in the range from 4.3
to4.7.

However, this liquid pharmaceuticAl composition has certain
disadvantages. |

A first disadvantage is the low concgntration of trazodone, so that the
therapeutic dosages required involvefcounting a large number of drops.

A second disadvantage is thatftrazodone is incompatible with the
consumption of ethanol. Therefofe it would be preferable to avoid the
use of ethanol as cosolvent, efen-if the amount taken by the patient
with the aforesaid liquid pharpnaceutical composition for oral use is at
present almost negligible.

A third disadvantage is/fthat its physical appearance changes over
time, with the solution tughing yellow, owing to the formation, primarily
by an oxidative mechgnism, of degradation products of trazodone
hydrochloride.

Therefore there if still a great need for a liquid pharmaceutical
composition of trazpdone hydrochloride for oral administration in which
an amount of trazgdone hydrochloride greater than or equal to 1% (w/v)
can be dissolvgd stably, does not contain ethanol as solvent or
cosolvent, and fdoes not turn yellow over time.

Definitions
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In the present description and in the claims, the expfession "stable
composition” means a solution of trazodone hydrochforide that does
not give rise to a precipitate after 30 days of storage gf a temperature of
4°C and in which the individual degradation progucts of trazodone
hydrochloride do not exceed 0.2% after 3 months gt 40°C.
Description of the inventio

It 'was found, surprisingly, that this aim is/achieved with a liquid
pharmaceutical composition comprising an/aqueous solution of a
pharmaceutically acceptable salt of acid addition of trazodone in which
the pH value is between 5.0 and 6.0 and/which contains at least two
cosolvents selected from the group compyising glycols and polyglycols.

Preferably, the salt of acid addition offtrazodone is the hydroéhloride.

Preferably, the pH value is betweery/5.0 and 5.5.

The concentration of trazodogfe hydrochloride in said liquid
pharmaceutical composition is preferably between 1% and 15% (w/v),
more preferably between 3% and/10% (w/v), and even more preferably
between 4% and 8% (w/v). AAdvantageously, the concentration of
trazodone hydrochloride in sgid liquid pharmaceutical composition is
approx. 6% (w/v).

Surprisingly, it was foupd that the use of at least two cosolvents
selected from the group/comprising glycols and polyglycols makes it
possible to obtain stable liquid composition of trazodone
hydrochloride at concgntrations above 3% (w/v), and preferably even
above 6% (w/v).

The solubility of frazodone hydrochloride in the presence of mixtures
of cosolvents ccording to the present invention can reach
concentration leyels of the order of 10-15%.

Generally, the total amount of cosolvents according to the present

invention is jh the range from 20 to 90% (w/v). Preferably, said total
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amount is in the range from 30 to 85% (w/v) and, mgre preferably,
from 40 to 80% (w/v), ‘

Preferably, the liquid pharmaceutical compositipn of trazodone
hydrochloride of the present invention comprises twb cosolvents, each
independently in an amount in the range from/ 5% to 50% (w/v),
preferably from 15% to 45% (w/v).

Alternatively, the liquid pharmaceutical cophposition of trazodone
hydrochloride of the present invention comprisgs three cosolvents, each
independently in an amount in the rangg/ from 5% to 40% (w/v),
preferably from 10% to 30% (w/v). ‘

The effect of the mixture of two or moge cosolvents according to the
present invention is all the more surpriging if we bear in mind ‘that, as
already mentioned, the solubility of trgzodone hydrochloride decreases
with decrease in acidity of the aqueofis medium. Thus, the possibility of
increasing the concentration of trgzodone hydrochloride from 2.5% to
6% (w/v), with change from pH 4.3-4.7 to pH 5.0-5.5, was completely
unexpected. The increase is in fAct 140%.

Moreover, the effect of thfe mixture of two or more cosolvents
according to the present invefition is even more surprising in view of the
fact that none of the cosqlvents tested alone was able to provide a
stable composition of trafodone hydrochloride at 6% (w/v). Thus, the
combination of two or nfore cosolvents had an unexpected synergistic
effect on the solubility ¢f trazodone hydrochloride.

Generally, the liguid pharmaceutical composition of trazodone
hydrochloride accogding to the present invention is administered by the
oral route, but it chn also be administered by other routes, for example
parenterally.

The liquid

according t

armaceutical composition of trazodone hydrochloride
the present invention can be prepared in various
pharmaceuffcal forms, such as, for example in the form of aqueous



10

15

20

25

-6 -
solution for administration as drops, in the form of syrup, or in the form
of aqueous solution for injectable vials.
Typically, the liquid pharmaceutical compositjon of trazodone
hydrochloride of the present invention is dispensed j the form of drops.
In a preferred embodiment of the present finvention the pH is
between 5.0 and 5.5.
A typical example of a glycol used advanthgeously in the present
invention is propylene glycol. '
Typical examples of polyglycols prefegably used in the present
invention are: polyethylene glycol 200 (PEG 200), polyethylene glycol
300 (PEG 300), polyethylene glycol 400 fPEG 400), polyethylene glycol
600 (PEG 600), polyethylene glycol 000 (PEG 1000), polyethylene
glycol 1500 (PEG 1500), polyethyfene glycol 3000 (PEG 3000),
polyethylene glycol 3350 (PEG 335p), polyethylene glycol 4000 (PEG
4000), and polyethylene glycol 600p (PEG 6000).

Typical examples of mixtures ¢f glycols and polyglycols according to
the present invention are: propyfene glycol + PEG 200, propylene glycol
+ PEG 400, propylene glycol ¥ PEG 6000, propylene glycol + PEG 200
+ PEG 6000, propylene glygol + PEG 400 + PEG 6000, PEG 200 +
PEG 6000, and PEG 400 +/fPEG 6000.

Advantageously, the liguid pharmaceutical composition of trazodone
hydrochloride of the present invention comprises an antioxidant for
preventing oxidative dggradation of trazodone, regarded as the main
cause of yellowing of fhe known solutions.

Advantageously,/ the antioxidant is selected from the group
comprising vitami C and its salts, vitamin E, gallic acid and its
derivatives, suchfas propyl gallate, malic acid, sulphite of sodium or of
potassium, bisfiiphite of sodium or of potassium, metabisulphite of

sodium or of potassium, butylated hydroxyanisole (BHA), and butylated
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hydroxytoluene (BHT). Preferably, the antioxidant is sefected from the
group comprising gallic acid and its derivatives.
Preferably, the liquid pharmaceutical compositfon of trazodone
hydrochloride of the present invention also comprisgs other ingredients
commonly used in the preparation of pharmaceutigal formulations, such
as, for example, chelating agents, buffers, pH. gorrectors, surfactants,
cyclodextrins, colorants, sweeteners, preservatifes and the like.

Preferably, the chelating agent is selected fom the group comprising
ethylenediamine tetraacetic acid (EDTA) gnd its salts, such as, for
example, dipotassium ethylenediamine tetfaacetate, calcium disodium
ethylenediamine tetraacetate, tetfasodium ethylenediamine
tetraacetate, trisodium ethylenediamine fetraacetate.

The liquid pharmaceutical- composftion of the present invention is
prepared by conventional techniqueg that comprise dissolution, mixing,
filtration and the like.

Advantageously, the liquid pharmaceutical composition of the
present invention is preparéd in/a nitrogen gas atmosphere by bubbling
gaseous nitrogen in the solutioh under preparation.

The following examples Wil illustrate the invention, though without

limiting it.
EXAMPLE 1
(Comparative)
Drops
A. Tragodone hydrochloride : 6g
B. Prppylene glycol : 40 g
C. Rurified water - gsf. 100 mi

B and 90% offC were put in a 250-ml| beaker and the solution was
vith magnetic stirring at a speed of 500 rev/min.
When the golution reached 50°C, A and the remainder of C were

added, still yith magnetic stirring at 500 rev/min,
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After such additions, the pH was corrected from 3.28 to 5.20 with

approx. 18 g of 1% NaOH aqueous solution..

The solution was then cooled to 25°C, maintaining £onstant magnetic

stirring at a speed of 500 rev/min.

EXAMPLE 2

(Comparative)

The procedure of Example 1 was repeated,freplacing the propylene
glycol with an equal amount of PEG 400.

EXAMPLE 3

(Invention)

Drops

A. Trazodone hydrochlorfde : 69

B. Propylene glycol 20g
C. PEG 400 30g
D. Purified water gsf. 100 ml

B, C and 90% of D were put infa 250-ml beaker and the solution was
heated to 50°C with magnetic stfrring at a speed of 500 rev/min.

When the solution reached 50°C, A and the remainder of D were
added, still with magnetic stirfing at 500 rev/min.

After addition, the pH was corrected from 4.50 to 5.20 with approx.
18 g of 1% NaOH aqueoug solution. A

The solution was therycooled to 25°C, maintaining constant magnetic
stirring at a speed of 5¢0 rev/min.

EXAMPLE 4
(Invention)
Drops
A fTrazodone hydrochloride : 6g
. Propylene glycol : 30g
C. PEG 400 : 35¢g

D. Sodium metabisulphite 01g
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E. Disodium EDTA ; 0.1g
F. Purified water . gsf. o0 ml
issolved at 25°C,
% of F.
at a speed of 500

D and E were put in a 250-ml beaker and were
with magnetic stirring at a speed of 500 rev/min, in
Then, still at 25°C and with magnetic stirrin
rev/min, B, C and 45% of F were added.
Finally, still at 25°C and with magnetic stiffing at a speed of 500
rev/min, A and the remaining 5% of F werg added and the pH was
corrected from 4.80 to 5.20 with approx. g of 1%. NaOH aqueous

solution.
EXAMPLE

(Inventio

Drop
A. Trazodone hydrocHloride : 6 ¢
B. Propylene glycol 30g
C. PEG 400 35¢g
D. Propyl gallate 0.1g
E. Disodium EOTA : 01g
F. Purified wajer :qsf. 100 mli

D was put in a 250-ml Yeaker and was dissolved at 25°C and with
magnetic stirring at a spegd of 500 rev/min in B. '
E was dissolved at 25°C with magnetic stirring at a speed of 500
rev/min in 50% of F.
The two solutions pvere combined, and C and 45% of F were added,
at 25°C and with m

Finally, A and the remaining 5% of F were added, at 25°C and with

netic stirring at a speed of 400-500 rev/min.

magnetic stirring/at a speed of 500 rev/min, and the pH was adjusted
from 4.66 to 5.20 with 15 g of 1% NaOH aqueous solution.
EXAMPLE 6

(Invention)



10

15

20

25

30

-10 -

Drops
A. Trazodone hydrochloride :
B. Propylene glycol
C. PEG 6000
D. Propyl gallate
E. Disodium EDTA
F. Purified water
D was put in a 250-ml beaker and was di
magnetic stirring at a speed of 500 rev/min i
E was dissolved separately, at 25°C a
speed of 500 rev/min, in 50% of F.
The two solutions were combined, a
and with magnetic stirring at a speed
Finally, A and the remaining 5%

magnetic stirring at a speed of 50

6g

solved at 25°C and with

B and C.
with magnetic stirring at a

45% of F was added, at 25°C
500 rev/min. ,

f F were added, at 25°C and with
rev/min, and the pH was adjusted

from 4.25 to 5.20 with approx. 18 g of 1% NaOH aqueous solution.

A. Trazodong hydrochloride :
B. Propylerfe glycol
C. PEG 400
D. Propyl gallate
E. Disgdium EDTA
F. Sycralose
urified water

D was put in/a dissolver equipped with a
dissolved at rogm temperature in B.

E was dis
speed of 50f rev/min, in 50% of G.

69

30g

35¢

01g

0.1g
0.05¢g

gsf. 100 ml

turbine agitator and was

lved separately, at 25°C and with magnetic stirring at a
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The two solutions were combined, and C, F and 45% of G were
added, at 25°C and with magnetic stirring at a speed of 400-500
rev/min.

Finally, A and the remaining 5% of G were added, at 25°C and with
magnetic stirring at a speed of 500 rev/imin, and fhe pH was adjusted
from 4.61 to 5.20 with approx. 18 g of 1% NaOH Aqueous solution.

EXAMPLE 8
{Invention)
Syrup

A. Trazodone hydrochloride/: 1 g

B. PEG 400 20g

C. Propylene glycol 10 g

D. PEG 6000 - 10g

E. Sodium saccharin 0.08¢g

F. Aroma 01g

G. Benzoic acid 01g

H. Purified water gsf. 100 ml

B, C and D were put in a 280-ml beaker and were dissolved at 25°C
and with magnetic stirring at & speed of 500 rev/min in 60% of H. Then,
still at 25°C and with magngtic stirring at a speed of 500 rev/min, A was
added.

G was dissolved sepgrately, at 25°C and with magnetic stirring at a
40% of H.

The two solutions fvere combined, and E and F were added, still at a

speed of 500 rev/min, j
temperature of 25¥C and with magnetic stirring at a speed of 500
rev/min.
Then the pH yas corrected from 4.35 to 5.40 with approx. 1 g of 10%
NaOH aqueoud solution.
EXAMPLE 9
(Invention)
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Aqueous solution for injectable vials
A. Trazodone hydrochloride : 1g
B. PEG 400 : 30g
C. Propylene glycol : 10g

- D. Purified water : gsf./100 ml
re dissolved at 25°C
in 90% of D. Then, still
of 500 rev/min, A was

B and C were put in a 250-ml beaker and
with magnetic stirring at a speed of 500 rev/mi
at 25°C and with magnetic stirring at a spe
added, stirring until it had dissolved completefy.

Finally, the remaining 10% of D was addgd and the pH was corrected

from 4.60 to 5.20 with approx. 1 g of 10% NaOH agueous soluti(_)n.

A. Trazodone hydro 6g

B. PEG 400 359

C. Propylene gly 30g

D. Disodium EDf'A : 01g

E. Sucralose : 015¢g

F. Anhydroud citric acid . 05g¢g

G. Propyl gAllate : 01g

H. Purifieg water . gsf. 100 mi

G was put in a 250-ml beaker and was dissolved at 25°C with
magnetic stirring at a gpeed of 500 rev/min in C.

D was dissolved/separately in a 150-ml beaker, at 25°C and with
magnetic stirring afa speed of 300-400 rev/min, in 50% of H.

The two solutipns were combined, and A, B, E and F were added,
still at 25°C and/with magnetic stirring at a speed of 500 rev/min.

Finally, the femaining 50% of H was added and the pH was corrected

from 4.80 to 5.20 with approx. 15 g of 1% NaOH aqueous solution.
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EXAMPLE 11
(Stability tests)
The formulations in examples 1 to 10 were/stored at room
temperature for 30 days and in a refrigerator at 4°Cfior 30 days. All the
formulations proved to be stable in storage aj room temperature,
remaining clear and free from precipitate. Fprmulations 1 and 2
refrigerator at 4°C.
Formulations 3 to 10 also remained stable on gtorage in the refrigerator,
remaining clear and free from precipitate. The formulation of Example 3
was additionally stored in the refrigerator gt 4°C for 4 months, and did
not display formation of precipitate.
The formulations of examples 3, 5, 6/and 7 were stored at 40°C and
75% relative humidity, for a variable lepigth of time as shown in Tables 1
and 2 below.
At the end of each period of stordge, the formulations were submitted
to pharmaceutical analyses, to vefify their appearance and presence of
any precipitate, and chemical/ analyses, for verifying presence of
trazodone degradation produc

Tables 1 and 2.

. The results are presented in the same
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TABLE 1

Pharmaceutical analyses

Storage at 40°C and 75% RI-/for:

3 mo%s

1 month 2 months 4 months
Example 3 - Solution ion Solutioﬁ
slightly slightly yellowed
yellowed yellowed pH 5.04
No precipitate | Ng precipitate
pH 5.10
Example 5 - Clear, / - Clear,
colourless colourless
solution solution
No precipitfite No precipitate
Example 6 Clear, - - -
colourless
solution
No precipitate
Example 7 Clear, - Clear,
colourless colourless
solution solution
No precipitate No precipitate
pH 5.27 / pH 5.10
TABLE 2
Chemical analyses
/ Storage at 40°C and 75% RH for:
1 m]!nth 2 months 3 months 4 months
Example 3 /- - N-oxide 0.11% -
Others 0.089%
Example 5 l/\fxide 0.05% | N-oxide 0.05% - N-oxide 0.05%
thers 0.01% | Others 0.01% Others 0.02%
Example 7 /N—oxide 0.03% - N-oxide 0.04%

/

Others <0.02%

Others <0.02%
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CLAIMS

Stable liguid pharmaceutical composition comprisjng an agueous
solution of a pharmaceutically acceptable salt offacid addition of
trazodone, characterized in that said pharmacegtical composition
has a pH value between 5.0 and 6.0, and confprises at least two
cosolvents selected from the group consigting of glycols and
polyglycols.

Pharmaceutical composition according to /[Claim 1, characterized
in that it has a pH value between 5.0 and 6.5.

Pharmaceutical composition accordi fo any one of the
preceding claims, characterized in thal/it comprises a total amount
of said cosolvents in the range from 20% to 90% (w/v).
Pharmaceutical composition accorging to Claim 3, -charaéterized
in that it comprises a total amounj of said cosolvents in the range

from 30% to 85% (W/v).

Pharmaceutical composition agcording to Claim 4, characterized
in that it comprises a total amunt of said cosolvents in the range
from 40% to 80% (W/v). |
Pharmaceutical compositigh according to Claim 1, characterized
in that it comprises twof cosolvents, each independently in an
amount in the range fragh 5% to 50% (w/v), but in total amount not
greater than 90% (w/v)/

Pharmaceutical composition according to Claim 1, characterized
in that it comprisey three cosolvents, each independently in an
amount in the range from 5% to 40% (w/v), but in total amount not

‘greater than 90%/ (w/v).

Pharmaceutical/ composition according to any one of the
s, characterized in that it comprises an amount of
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Pharmaceutical composition according to Claim 8, gharacterized
in that it comprises an amount of said pharmaceutically
acceptable salt of acid addition of trazodone betwben 3 and 10%
(Wiv).

Pharmaceutical composition according to Claigh 8, characterized
in that it comprises an amount of said pharmageutically acceptable
salt of acid addition of trazodone between 4% and 8% (w/v).
Pharmaceutical composition according fio any one of the
preceding claims, characterized in thaf said pharmaceutically
acceptable salt of acid addition of firazodone is trazodone
hydrochloride.
Pharmacautical composition accoffling to any one of the
preceding c¢laims, characterized j
selected from the group copsisting of propylene glycol,
polyethylene glycol 200 (PEG 200), polyethylene glycol 300 (PEG
300), polyethylene glycol 400 (PEG 400), polyethylene glycol 600
(PEG 600), polyethylene glygol 1000 (PEG 1000), polyethylene
glycol 1500 (PEG 1500), pglyethylene glycol 3000 (PEG 3000);
polyethylene glycol 3350 PEG 3350), polyethylene glycol 4000
(PEG 4000), and polyethylene glycol 6000 (PEG 6000).
Pharmaceutical comp

that said cosolvents are

ition according to any one of the
preceding claims, claracterized in that said at least two
cosolvents are selecjed from the group consisting of mixtures of
PEG 200, propylene glycol + PEG 400,
propylene glycal +/PEG 6000, propylene glycol + PEG 200 + PEG
6000, propylene/glycol + PEG 400 + PEG 6000, PEG 200 +
PEG 6000, and/PEG 400 + PEG 6000.

Pharmaceuticgl composition according to any one of the

propylene glycol

preceding clgims, characterized in that it comprises at least one
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Pharmaceutical composition according to
characterized in that said antioxidant is selected frpm the group
comprising vitamin C and. its salts, vitamih E, galfc acid and its
derivatives, malic acid and its derivatives, dium sulpbite,
potassium sulphite, sodium bisulphite, potagsium bisulphite,
sodium metabisulphite, potassium metabigulphite, butylated
hydroxyanisole (BHA), and butylated hydroxyjoluene (BHT).

Pharmaceutical composition according any one of the
preceding claims, characterized in that it omprises at least one
additive selected from the group comprising chelating agents,
buffers, pH cofrectors, surfactants, / cyclodextrins, colorants,
sweeteners, and preservatives.
Pharmaceutical composition accordjhg to Claim 16, characterlzed
in that said- chela’nng agent is selegted from the group comprising
ethylenediamine tetraacetic agid (EDTA) and its sodium,

potassium and calcium salts.



STABLE LIQUID PHARMACEUTICAL COMPOSITION BASED ON TRAZODONE

Description
Field of the invention

[0001] The present invenlion relates lo a stable liquid pharmaceutical composition based on trazodone.
[0002] In particular, the invention relates to a stable liquid pharmaceutical composition based on trazodone in which
the pH ranges from 5.0 10 6.0.

Prior art

[0003] Trazodone, or 2—[3-[4—(37chlorophenyl)-1—piperazinylpropyl]-1,2,4—triazolo[4,3-a]pyridin—3(2H)—one, is an anti-
depressant which, though having a significant effecton the serotonin receptors, is neither a psychostimulant, nor a MAO
inhibitor, nor a tricyclic antidepressant. Furthermore, trazodone possesses analgesic properties.

[0004] Trazodone alleviates the characteristic symptoms of depression, in particular anxiety, somatization, psycho-
motor retardation, hypochondria, mood swings, irritability, insomnia, apathy, feeling of fatigue and lack of energy, de-
pressed mood.

[0005] Trazodone has also proved effective in controlling pronounced essential tremor, probably on account of ils
serotoninergic activity.

[0006] Moreover, the antidepressant and anxiolytic properties of trazodone have proved useful in the treatment of
symptoms of withdrawal from cocaine, benzodiazepines and alcohol.

{0007] Besides the above-mentioned activities, its sleep-inducing activity is also very interesting.

[0008] In the treatment of depression, trazodone is administered by the oral route as hydrochloride at initial doses of
100-150 mg per day, which can be increased by 50 mg every 3-4 days up to 300-400 mg per day. The daily dosage can
be divided during the day to correspond to meal limes or can be administered as a single dose at bedtime. In severe
depression, up to 800 mg per day can be administered.

[0009] Trazodone is preferably used medically in the form of a pharmaceuti
more preferably in the form of the hydrochloride.

[0010] The solubility of trazodone hydrochloride at room temperature in the commonest solvents is as follows:

cally acceptable salt of acid addition, and

water :1.8.g/100 ml

05% ethanol  : 1.6 g/100 ml
methanol :2.59/100 ml
chloroform 13.6g/100 ml

benzene : practically insoluble
ethyl ether - practically insoluble
octanol - tess than 0.1 g/100 mi
olive oil - less than 0.1 g/100 m}

{0011] The pH of a 1% (w/v) aqueous solution of trazodone hydrochloride is approx. 3.90.

[0012] In water, the solubility of trazodone hydrochloride increases with increase in acidity of the aqueous medium.
However, as the acidity of the aqueous medium increases, the degradation of trazodone hydrochloride also increases.
[0013] This degradation appears to take place by an oxidative mechanism via the formation of an N-oxide, namely
4-(3- chiorophenyl)-1-{3-(3-oxa-2,3-dihydro-1 2,4-triazolo[4,3-a]pyridin-2-yl)-propyl)-piperazine N'-oxide.

[0014] The oral pharmaceutical forms that are currently available commercially are either solid or liquid.

{0015] The solid pharmaceutical forms are also available as immediate-release or modified-release tablets.

[0016] The liquid pharmaceutical forms, for administration as oral drops, have the advantage that they permit greater
modufarity and personalization of the therapeutic dose.

[0017] Various liquid formulations, for oral use (drops, syrup) or parenteral use (vials for injection), with concentrations
of trazodone hydrochloride equal to approx. 1% (wlv), are being marketed. A liquid pharmaceutical composition for oral
use that is widely used al present has a maximum concentration of trazodone hydrochloride of 2.5% (w/v), it contains
ethanol and glycerol as cosolvents, and its pH is in the fange from4.3 to 4.7.

[0018] However, this liquid pharmaceutical composition has certain disadvantages.

[0019] A first disadvantage is the low concentration of trazodone, so that the therapeutic dosages required involve
counting a large number of drops.

[0020] A second disadvantage is thal trazodone is incompatible with the consumption of ethanol. Therefore it would
be preferable to avoid the use of ethanol as cosolvent, even if the amount taken by the patient with the aforesaid liquid
pharmaceutical composition for oral use is al present almost negligible. ]

[0021}] A third disadvanlage is that its physical appearance changes over time, with the solution turning yellow, owing
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to the formalion, primarily by an oxidative mechanism, of degradation products of trazodone hydrochioride.

[0022] Therefore there is slill a great need for a liquid pharmaceutical composition of irazodone hydrochloride for oral
administration in which an amount of trazodone hydrochloride greater than or equal to 1% (w/v) can be dissolved stably,
does not contain ethanol as solvent or cosolvent, and does not turn yellow over lime.

Definitions

[0023] Inthe presentdescription and in the claims, the expression “stable composition” means a so!ﬁlion of trazodone
hydrochloride that does not give rise to a precipitate after 30 days of storage al a temperature of 4°C and in which the
individual degradation products of trazodone hydrochloride do not exceed 0.2% after 3 months at 400C.

Description of the invention

[06024] 1t was found, surprisingly, that this aim is achieved with a liquid pharmaceutical composition comprising an
aqueous solution of a pharmaceutically acceptable salt of acid addition of trazodone in which the pH value is between
5.0 and 6.0 and which contains at least two cosolvents selected from the group consisting of glycols and polyglycols as
in claim 1. Preferably, the salt of acid addition of trazodone is the hydrochloride. Preferably, the pH value is between
5.0 and 5.5.

[0025] The concentration of razodone hydrochloride in said liquid pharmaceutical composition is preferably between
1% and 15% (w/v), more preferably between 3% and 10% (w/v), and even more preferably between 4% and 8% (w/v).
Advantageously, the concentration of trazodone hydrochloride in said liquid pharmaceutical composition is approx. 6%
(wiv).

[0026] Surprisingly, it was found that the use of at least two cosolvents selected from the group comprising glycols
and polyglycols makes it possible to obtain a stable liquid composition of trazodone hydrochloride at concentrations
above 3% (w/v), and preferably even above 6% (wiv).

[0027] The solubility of trazodone hydrochloride in the presence of mixtures of cosolvents according to the present
invention can reach concentration levels of the order of 10-15%.

[0028] Generally, the total amount of cosolvents according to the present invention is in the range from 20 to 90%
(wiv). Preferably, said total amount is in the range from 30 to 85% (w/v) and, more preferably, from 40 to 80% (wiv),
[0029] Preferably, the liquid pharmaceutical composition of trazodone hydrochloride ofthe present invention comprises
two cosolvents, each independently in an amount in the range from 5% to 50% (w/v), preferably from 15% to 45% (w/v).
[0030] Alternatively, the liquid pharmaceutical composition of trazodone hydrochloride of the present invention com-
prises three cosolvents, each independently in an amount in the range from 5% to 40% (wiv), preferably from 10% to
30% (wiv). .

[6031] The effect of the mixture of two or more cosolvents according to the present invention is-all the more surprising
if we bear in mind thal, as already mentioned, the solubility of trazodone hydrochloride decreases with decrease in acidity
of the agueous medium. Thus, the possibility of increasing the concentration of trazodone hydrochloride from 2.5% to
6% (w/v), with change from pH 4.3-4.7 to pH 5.0-5.5, was completely unexpected. The increase is in fact 140%.
[0032] Moreover, the effect of the mixture of two or more cosolvents according to the present invention is even more
surprising in view of the fact that none of the cosolvents tested alone was able to provide a stable composition of
trazodone hydrochloride at 6% (w/v). Thus, the combination of two or more cosolvents had an unexpected synergistic
effect on the solubility of trazodone hydrochloride.

[0033] Generally, the liquid pharmaceutical composilion of trazodone hydrochloride according to the presentinvention
is administered by the oral route, but it can also be administered by other routes, for exampie parenterally.

[0034] The liquid pharmaceutical composition of trazodone hydrochloride according to the present invention can be
prepared in various pharmaceutical forms, such as, for example in the form of aqueous solution for administration as
drops, in the form of syrup, or in the form of aqueous solution for injectable vials.

[0035] Typically, the liquid pharmaceutical composilion of trazodone hydrochloride of the present invention is dispensed
in the form of drops. .

[0036] In a preferred embodiment of the present invention the pH is between 5.0 and 5.5.

[0037] The glycol used advantageously in the present invention is propylene glycol.

[0038] The polyglycols used in the present invention are: polyethylene glycol 200 (PEG 200), polyethylene glycol 300
(PEG 300), polyethylene glycol 400 (PEG 400), polyethylene glycol 600 (PEG 600). polyethylene glycol 1000 (PEG
1000). polyethylene glycol 1500 (PEG 1500}, polyethylene glycol 3000 (PEG 3000), polyethylene glycol 3350 (PEG
3350), polyethylene glycol 4000 (PEG 4000), and polyethylene glycol 6000 (PEG 6000).

[0039] Typical examples of mixtures of glycols and polyglycols according to the presentinvention are: propylene glycol
+ PEG 200, propylene glycal + PEG 400, propylene glycol + PEG 6000, propylene glycol + PEG 200 + PEG 6000,
propylene glycol + PEG 400 + PEG 6000, PEG 200 + PEG 6000, and PEG 400 + PEG 6000.
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[0040] Advantageously, the liquid pharmaceutical composition of trazodone hydrochloride of the present invention
comprises an anlioxidant for preventing oxidative degradation of trazodone, regarded as the main cause of yellowing
of the known solutions.

[0041] Advanlageously, the antioxidant is selected from the group comprising vitamin C and its salts, vitamin E, gallic
acid and its derivatives, such as propyl gallate, malic acid, sulphite of sodium or of potassium, bisulphite of sodium or
of potassium, metabisulphite of sodium or of potassium, butylated hydroxyanisole (BHA), and butylated hydroxyloluene
(BHT). Preferably, the antioxidant is selected from the group comprising gallic acid and its derivatives.

[0042] Preferably, the liquid pharmaceutical composition of trazodone hydrochloride of the present invention also
comprises other ingredients commonly used in the preparation of pharmaceutical formulations, such as, for example,
chelating agenls buffers, pH correctors, surfactants, cyclodextrins, colorants, sweeteners, preservalives and the like.
[0043] Preferably, the chelating agent is selected from the group comprising ethylenediamine tetraacetic acid (EDTA)
and its salts, such as, for example, dipotassium ethylenediamine tetraacetate, calcium disodium ethylenediamine tetraa-
celate, tetrasodium ethylenediamine tetraacetate, trisodium ethylenediamine tetraacetate.

[0044] The liquid pharmaceutical composition of the present invention is prepared by conventional techniques that
comprise dissolution, mixing, filtration and the like.

[0045] Advantageously, the liquid pharmaceutical composilion of the present invention-is prepared in a nilrogen gas
atmosphere by bubbling gaseous nitrogen in the solution under preparation.

[0046] The following examples will illustrate the invention, though without limiting it.

EXAMPLE 1
[0047]

(Comparative)

Drops
A. Trazodone hydrochloride : 6g
B. Propylene glycol 404g
C. Purified water : qsf. 100 mi

[0048] B and 90% of C were put in a 250-ml beaker and the solution was heated to 500C with magnetic stirring at a
speed of 500 rev/min.

[0049] When the solution reached 50°C, Aand the remainder of Cwere added, stillwith magnetic stirring at 500 rev/min,
[0050] After such additions, the pH was corrected from 3.38 to 5.20 with approx. 18 g of 1% NaOH aqueous solution.
{0051} The solution was then cooled to 25°C, mainlaining constant magnelic stirring at a speed of 500 rev/min.

'EXAMPLE 2
(Comparative)

[0052] The procedure of Example 1 was repeated, replacing the propylene glycol with an equal amount of PEG 400.

EXAMPLE 3
[0053]
(Invention)
Drops
A. Trazodone hydrochloride : 69
B. Propylene glycol : 20g
C.PEG 400 30g
D. Purified water : gsf. 100 ml

[0054] B, C and 90% of D were put in a 250-ml beaker and the solution was heated to 500C with magnetic stirring at
a speed of 500 rev/min.

[0055] When the solutionreached 50°C, A and the remainder of D were added, still with magnetic stirring at 500 rev/min.
[0056] After addition, the pH was corrected from 4.50 to 5.20 with approx. 18 g of 1% NaOH aqueous solution.
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[0057] The solution was then cooled to 25°C, maintaining constant magnetic stirring at a speed of 500 rev/min.

EXAMPLE 4
[0058]
(Invention)
Drops

A. Trazodone hydrochloride:  6g

B. Propylene glycol : 30g

C. PEG 400 : 35g

D. Sodium metabisulphite : 0.1g

E. Disodium EDTA : 0.1g

F. Purified water : gsf. 100 ml

[0059] D and E were put in a 250-ml beaker and were dissolved at 250C, with magnetic stirring at a speed of 500
rev/min, in 50% of F.

[0060] Then, still at 25°C and with magnelic stirring at a speed of 500 rev/min, B, C and 45% of F were added.
(00611 Finally, stilt at 25°C and with magnetic stirring at a speed of 500 rev/min, A and the remaining 5% of F were
added and the pH was corrected from 4.80 lo 5.20 with approx. 15 ¢ of 1% NaOH aqueous solution.

EXAMPLE 5
[0062]
(Invention)
Drops

A. Trazodone hydrochloride : 69

B. Propylene glycol : 30g

C. PEG 400 : 35¢

D. Propy! gallate : . 0.1g

E. Disodium EDTA : 01g

F. Purified water : gsf. 100 ml

[0063] Dwas putina250-mlbeaker andwas dissolved at 25°C and with magnetic stirring at a speed of 500 revimin in B.
[0064] E was dissolved at 25°C with magnetic stirring at a speed of 500 rev/min in 50% of F.

[0065] The two solutions were combined, and C and 45% of F were added, at 250C and with magnetic stirring at a
speed of 400-500 rev/min.

[0066] Finally, A and the remaining 5% of F were added, at 250C and with magnetic stirring at a speed of 500 rev/min,
and the pH was adjusted from 4.66 to 5.20 with 15 g of 1 % NaOH aqueous solution.

EXAMPLE 6
[0067]
(Invention)
Drops
A. Trazodone hydrochloride : 6g
B. Propylene glycol : 40 g
C. PEG 6000 : 549
D. Propyl gallate : 0.1g
£. Disodium EDTA : 0.1g
F. Purified water : gsf. 100 mi



[0068] D was putin a 250-ml.beaker and was dissolved at 250C and with magnetic stirring at a speed of 500 rev/min
in BandC.

[0069] E was dissolved separately, at 250C and with magnetic stirring at a speed of 500 rev/min, in 50% of F.
[0070] The two solutions were combined, and 45% of F was added, al 250C and with magnetic stirring at a speed of
500 rev/min.

[{0071] Finally, A and the remaining 5% of F were added, at 250C and with magnetic stirring at a speed of 500 rev/min,
and the pH was adjusted from 4.25 to 5.20 with approx. 18 g of 1% NaOH aqueous solution. ’

Example 7
[0072]
(Invention)
Drops

A. Trazodone hydrochloride : 69
B. Propylene glycol : 30¢
C. PEG 400 : 35¢g
D. Propyi gallate : 0.1g
E. Disodium EDTA - 0.1g
F. Sucralose : 0.05¢g
G. Purified water : gsf. 100 mi

[0073] D was put in a dissolver equipped with a turbine agitator and was dissolved at room temperature in B.
[0074] E was dissolved separately, at 250C and with magnetic stirring at a speed of 500 rev/min, in 50% of G.

[0075] The two solutions were combined, and C, F and 45% of G were added, at 250C and with ‘magnetic stirring at
a speed of 400-500 rev/min.

[0076] Finally, A and the remaining 5% of G were added. at 250G and with magnetic stirring at a speed of 500 rev/min,
and the pH was adjusted from 4.61 to 5.20 with approx. 18 g of 1% NaOH aqueous solution.

EXAMPLE 8
[0077]
(Invention)
Syrup

A. Trazodone hydrochloride: 19
B. PEG 400: 204g
C. Propylene glycol : 10g
D. PEG 6000 : 10g
E. Sodium saccharin : 0.08g
F. Aroma : 0.1g
G. Benzoic acid : 014
H. Purified water : qsf. 100 ml

[0078] B, C and D were put in a 250-mi beaker and were dissolved at 250C and wilh magnetic stirring at a speed of
500 rev/min in 60% of H. Then, still at 250C and with magnetic sirring at a speed of 500 rev/min, A was added.
[0079] G was dissolved separately, at 250C and with magnetic stirring at a speed of 500 rev/min, in 40% of H.

[0080] The two solulions were combined, and E and F were added, still at a temperature of 250C and with magnetic
stirring at a speed of 500 rev/min.

[0081] Then the pH was correcled from 4.35 to 5.40 with approx. 1 g of 10% NaOH agueous solution.

EXAMPLE 9

[0082]



(Invention)
Aqueous solution for injectable vials
A. Trazodone hydrochloride : 149

B. PEG 400 : 30g
C. Propylene glycol 10¢g
D. Purified water :  ~ qgsf. 100 mi

[0083] B and C were put in a 250-ml beaker and were dissolved at 250C with magnetic stirring at a speed of 500

rev/min in 90% of D. Then, still at 250C and with magnetic slirring at a speed of 500 rev/min, A was added, stirring until
_it had dissolved completely.

[0084] Finally, the remaining 10% of D was added and the pH was corrected from 4.60 lo 5.20 with approx. 1 g of

10% NaOH aqueous solution.

EXAMPLE 10
[0085]
(Invention)
Drops

A. Trazodone hydrochloride: 69
B.PEG 400: 354
C. Propylene glycol : “ 309
D. Disodium EDTA : 0.1g
E. Sucralose : 0.15¢
F. Anhydrous citric acid : 059
G. Propy! gallate : 01¢g
H. Purified water . qsf. 100 mi

[0086] G was putin a 250-ml beaker and was.dissolved at 250C with magnetic stirring at a speed of 500 rev/imin in C.
[0087] D was dissolved separately in a 150-ml beaker, at 250C and with magnetic stirring at a speed of 300-400
rev/min, in 50% of H. )

[0088] The two solutions were combined, and A, B, E and F were added, still at 250C and with magnelic stirring at a
speed of 500 rev/min.

[0089] Finally, the remaining 50% of H was added and the pH was corrected from 4.80 to 5.20 with approx. 15 g of
1% NaOH aqueous solution.

EXAMPLE 11
(Stability tests)

[0090] The formulations in examples 1 to 10 were stored at room temperature for 30 days and in a refrigerator at 40C
for 30 days. All the formulations proved to be stable in storage at room temperature, remaining clear and free from
precipitate. Formulations 1 and 2 produced a precipitate when stored in the refrigerator at 40C. Formulations 3 1o 10
also remained stable on storage in the refrigerator, remaining clear and free from precipitate. The formulation of Example
3 was additionally stored in the refrigerator at 40C for 4 months, and did not display formation of precipitate.

[0091] The formulations of examples 3,5, 6 and 7 were stored at 400C and 75% relative humidity, for a variable length
of time as shown in Tabies 1 and 2 below.

{0092] At the end of each period of storage, the formulations were submitted to pharmacedutical analyses, lo verify
their appearance and presence of any precipitate, and chemicalanalyses, for verifying presence of trazodone degradation
products. The results are presented in the same Tables 1 and 2.



TABLE 1

Pharmaceulical analyses

Storage al 400C and 75% RH for:

1 month 2 months 3 months 4 months
Example - Solution slightly Solution slightly yellowed Solution yeliowed
3 yellowed No precipitate No precipitate pH 5.04

pH 5.10
Example - Clear, colouriess - Clear, coldurless
5 solution No precipitate solution No
precipitate

Example- | Clear, colourless solution - - -
6 No precipitate
Example | Clear,colourless solution - Clear, colourless solution
7 No precipitate pH 5.27 No precipitate pH 5.10

TABLE 2

Chemical analyses

Storage at 40aC and 75% RH for:

Others <0.02%

Others <0.02%

1 month 2 months 3 months 4 months
Example 3 - - N-oxide 0.11% -
Others 0.09%
Example 5 | N-oxide 0.05% | N-oxide 0.05% - N-oxide 0.05%
Others 0.01 % | Others 0.01 % Others 0.02%
Example 7 | N-oxide 0.03% - N-oxide 0.04%
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Claims

10.

1.

12.

13.

Stable liguid pharmaceutical composition comprising an aqueous solution of a pharmaceutically acceptable salt of
acid addition of trazodone, characterized in that said pharmaceutical composition has a pH value between 5.0
and 6.0, and comprises at least twa cosolvents selected from the group consisting of propylene glycol, polyethylene
glycoi 200 (PEG 200), polyethylene glycol 300 (PEG 300), polyethylene glycol 400 (PEG 400), polyethylene glycol
600 (PEG 600), polyethylene glycol 1000 (PEG 1000), polyethylene glycol 1500 (PEG 1500), -polyethylene glycol
3000 (PEG 3000); polyethylene glycol 3350 (PEG 3350), polyethylene glycol 4000 (PEG 4000), and polyethylene
glycol 6000 {PEG 6000).

Pharmaceutical compositicn according to Claim 1, characterized in that it has a pH value between 5.0 and 5.5.

Pharmaceutical composition according to any one of the preceding claims, characterized in that it comprises a
total amount of said cosolvents in the rangeé from 20% to 90% (w/v).

Pharmacedutical composition according to Claim 3, characterized in that it comprises a total amount of said cosol-
vents in the range from 30% to 85% (w/v).

Pharmaceutical composition according to Claim 4, characterized in that it comprises a total amount of said cosol-
vents in the range from 40% to 80% (w/v).

Pharmaceutical composition according to Claim 1, characterized»in that it comprises two cosolvents, each inde-
pendently in an amount in the range from 5% to 50% (w/v), but in total amount net greater than 90% (w/v).

Pharmace utical composition according to Claim 1, characterized in that it comprises three cosolvents, each inde-
pendently in an amount in the range from 5% to 40% (w/v), but in total amount not greater than 90% (w/iv).

Pharmaceutical composition according to any one of the preceding claims, characterized in that it comprises an
amount of said pharmaceutically acceptable salt of acid addition of trazedone between 1% and 15% (wiv).

Pharmaceutical composition according to Claim 8, characterized in that it comprises an amount of said pharma-
ceutically acceptable salt of acid addition of trazodone between 3 and 10% (w/v).

Pharmaceutical composition according to Claim 8, characterized in that it comprisés an amount of said pharma-
ceutically acceptable salt of acid addition of trazodone between 4% and 8% (w/v).

Pharmaceutical compaosition accarding to any one of the preceding claims, characterized in that said pharmaceu-
tically acceptable salt of acid addition of trazodone is trazedone hydrochloride.

Pharmaceutical composition ‘according te any one of the preceding claims, characterized in that it comprises at
least one antioxidant.

Pharmaceutical composition according to any one of the preceding claims, characterized in that it comprises at

least one additive selected-from the group comprising chelating agents, buffers, pH correctors, surfactants, cyclo-
dextrins, colorants, sweeteners, and preservatives.
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