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READY-TO-USE PARACETAMOL INJECTION SOLUTIONS CONTAINING PROPYLENE GLYCOL AS
THE ONLY COSOLVENT

Field of the invention

The present invention refers to liquid formulations for pharmaceutical use and in
particular to the preparation of paracetamol solutions suitable for administration by
injection.

Ready-to-use highly stable paracetamol injectable solutions are described herein.
Prior art

Paracetamol (p-acetylaminophenol) is a broad-spectrum anti-infammatory drug,
well tolerated by man. Therefore, this drug may be especially used as an
analgesic and antipyretic by the sick, young children and the elderly, and as a pain
reliever in chronic therapies.

Paracetamol can be easily formulated as tablets or other solid forms, whereas
some difficulties arise in the preparation of solutions, since paracetamol is scarcely
soluble in water. Furthermore, in the presence of water and/or on exposure to
light, paracetamol tends to hydrolyse to p-aminophenol. On its turn, p-
aminophenol tends to form oxidation products (e.g. quinine imines), which impart a
characteristic more or less intense pink colour to the solutions. By raising the
temperature, the rate of paracetamol degradation increases, whereas by lowering
the temperature, the solubility decreases with partial product precipitation and
solution clouding. It follows that the paracetamol solution keeps optimal stability
and solubility characteristics within a very narrow range of temperatures and that
the storage of said solutions, especially in the cold, is extremely problematic. In
fact, paracetamol tends to precipitate from its aqueous solutions already at
temperatures of approx. 5°C, which temperatures are easily reached when the
product is transported and stored in winter. Said limitations cause a real hindrance
to chronic hospital treatments, which require ready-to-use perfusion solutions,
perfectly stable in terms of product activity and perfectly dissolved.

Some authors tried to solve said problems by adding water to paracetamol
immediately prior to use. For example, patent application WO 0007588 describes
paracetamol solutions in wholly anhydrous polyethylene glycol; however, said
solutions are not ready-to-use, but must be reconstituted just prior to injection, by

adding a given quantity of water. This sets a limit to the practical use of the
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product. Other authors, e.g. in WO 9805314, tried to obtain ready-to-use solutions
by the use of aqueous solutions in the presence of co-solvents mixtures. However,
in said solutions, the product stability requires the presence of free radicals
scavengers, and all traces of oxygen and other oxidants are removed by water
insufflated with inert gases. Furthermore, said solutions cannot be stored in plastic
containers as they can partially absorb oxygen from the atmosphere, to the
detriment of the stability of the product contained in the solution. The fact that
oxygen-labile compounds can be hardly stored in plastic containers makes it
particularly difficult to prepare paracetamol formulations keeping stable in infusion
bags.

Up to now there is no ready-to-use paracetamol injectable solution, stable within a
wide range of temperatures, not undergoing product precipitation and/or

degradation, and storable in oxygen-permeable containers.

Summary
The present invention refers to ready-to-use paracetamol injectable solutions. Said

solutions are prepared by mixing paracetamol, water, propylene glycol, and a
citrate buffer (pH from 4.5 to 6.5), and by heating said solution under preset
conditions. The resulting solution may be stored for a long time within a wide

range of temperatures with no paracetamol precipitation and/or its chemical

alteration.

Detailed description of the invention
It is an object of the present invention to provide highly stable paracetamol

injectable solutions obtainable by:
- mixing paracetamol with water, propylene glycol, and a citrate buffer (pH from 4.5

to 6.5), and
- heating the solution from 70°C to 130°C and keeping same at said temperature

for 10 min at least.

In the preparation of the solutions according to the invention, the order of
components mixing is not determining. For example, paracetamol suspensions
may be prepared in buffered water and then added with glycol, or paracetamol
may be dissolved in glycol and then added with buffered water, or paracetamol

may be dissolved in a buffered water/glycol mixture prepared beforehand. Water
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and buffer can also be added separately.
Paracetamol is preferably used in a concentration up to 4% w/v (% g/100 ml).

Propylene glycol is preferably used in concentrations ranging from 0.1% to 40%
w/v, more preferably from 0.5% to 20% w/v, and still more preferably from 0.5% to

10% w/v or from 0.7% to 3% wi/v.

Propylene glycol concentrations higher than 40% w/v can be also used, if soO

desired.
All concentrations referred to hereinafter were calculated in respect of the final

solution volume.

The presence of a citrate buffer, associated with propylene glycol, is essential for
obtaining the high stability that characterises the solutions of the present invention.
By citrate buffer is meant any chemical system allowing the co-existence In
equilibrium of citric acid and one or more salts thereof, at a pH value in the range
from 4.5 to 6.5, preferably from 5 to 6. An example of said systems is a buffer

based on citric acid and disodium hydrogen phosphate. The concentrations of

 disodium hydrogen phosphate and citric acid preferably range from 0.08 to 1 w/v

and, respectively, from 0.04 to 0.5 w/v.

The water used is sterile water for pharmaceutical use. According to the present
invention there is no need for eliminating the oxygen dissolved in water or in the
solutions thereof: deoxidising and/or preservative treatments may be optionally
applied.

Heating is indispensable to secure product stabilisation. The solution heating time
is at least 10 min, preferably at least 15 min. By heating time is meant the time
during which the solution is kept in the indicated range of temperatures, .e.
excluding the time required to reach said temperature. According to the present
invention, any heating system suitable for solutions heating may be adopted, e.g.
heating jackets or bain-marie or solution exposure to a heated environment, etc.
The heat can be applied to the solution containing water, glycol, and paracetamol
or to the solution during its preparation, i.e. using preheated water and/or glycol. In
any case, it is essential to maintain the final solution containing paracetamol at the
indicated temperature for the time mentioned above.

A group of particularly preferred solutions contains paracetamol (1% to 2% wiv),
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propylene glycol (0.7% to 3% wi/v), a citrate buffer (pH from 5 to 6); a solution of
said group is kept at a temperature from 80°C to 120°C for at least 15 min.

To reach the required isotonicity to become suitable for injection, the solutions of
the present invention preferably contain adequate quantities of salts, e.g. sodium
chloride.

The present invention also includes the use of the solutions described so far in the
preparation of highly stable liquid pharmaceutical compositions of paracetamol,
suitable for injection or perfusion. Depending on the way of administration, the
liquid pharmaceutical compositions of the present invention are filled into
containers, e.g. injection phials or bottles or perfusion bags.

Although the present invention is particularly applicable to the preparation of
solutions for injection and perfusion, it is not intended to be utilised in said
applications only. In fact, it can be advantageously used to provide stable
paracetamol solutions for administrations other than injection, i.e. by the oral way.
It is thus possible to prepare oral solutions, syrups, topical washings, etc.

It is a further object of the present invention to provide a process for the production
of the solutions described so far. This process consists in mixing paracetamol with
water, propylene glycol, and a citrate buffer (pH 4.5 to 6.5), in heating said solution
to 70°C - 130°C and keeping same at said temperature for 10 min at least. As
concerns the claimed process, the preferred conditions, in terms of concentrations
of the single ingredients, buffers, and heating systems, are as already illustrated in
the description referred to the solutions.

According to a preferred embodiment of the invention, a propylene glycol aqueous
solution is prepared, heated to 40°C at least, added, under stirring, with
paracetamol, a citrate buffer (e.g. citric acid/disodium phosphate), isotonic agents
(e.g. sodium chloride or glucose), if any, until complete dissolution, finally heated
to 70°C -130°C, and kept at said temperature for 10 min at least.

According to the present invention it is also possible to obtain ready-to-use stable
solutions, without resorting to preservatives and scavengers; furthermore, water
removal from the formulation is not required. The stability is secured also in
partially oxygen-permeable containers, such as infusion bags. The high stability

values, brought about by the invention, are obtained by the use of propylene glycol
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as the only co-solvent, i.e. the preparation of co-solvent mixtures is not required.
High stability values can be also obtained with minimum co-solvent
concentrations, e.g. 1%.

The paracetamol aqueous solutions according to the invention exhibit a high
stability (no degradation and no precipitation) within a wide range of temperatures,
i.e. at low and high temperatures. The stability in the cold is particularly useful in
view of the compositions long-term storage in cold environments. In particular, the
solutions can be stored for an extended period of time, e.g. 3 months or over, at a
temperature of 2°C to 8°C, e.g. 5°C, without any paracetamol precipitation and/or
degradation. Heat stability is particularly useful for the preparation of commercial-

scale lots.
The following examples are conveyed by way of indication, not of limitation, of the

present invention.

Experimental part
Cold stability tests

Example 1
A solution consisting of paracetamol (1%), ethylene glycol (1%), monohydrated

citric acid (0.047%), disodium hydrogen phosphate (0.089%), NaCl (0.4%), water
to 100 ml was prepared, heated to 120°C and kept at said temperature for 20 min.

The solution, kept at 5°C for 10 days, was perfectly stable; no recrystallisation

occurred.

Example 2
Three paracetamol solutions were obtained according to the present invention.

The solutions characteristics are recapitulated in the following table. Values are

expressed as % w/v.
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Composition

|

Paracetamol 1.0 2.0
| Propylene glycol 1.0 15.0 40.0
Monohydrated citric acid [0.045 0.091 0.182

Disodium hydrogen [ 0.091 0.182 0.364
phosphate.2 H;0

Injection water to 100 mi

20 min

120°C

to 100 mi
20 min

120°C

to 100 mi
20 min
120°C

Heating time

HO
o

Heating temperature

Recrystallisation

Solutions A, B, C, kept at 5°C for 10 days, were perfectly stable; no
recrystallisation occurred.
Heat stability tests

Example 3
Solutions B and C as per Example 2 were stored at 25°C or at 40°C for 3 months

in polypropylene infusion bags.
The 3-month paracetamol loss was evaluated in respect of the initial paracetamol

quantity (100%).

Test: B (2% paracetamol) C (4% paracetamol)

Temperature 40°C 25°C 40°C
Initial quantity |100.8 100.8 100.1 100.1
After 3 months [100.6 99.2 99.7 99.1

As may be inferred from the table, the product loss is substantially absent.

Example 4
The 6-month stability of a paracetamol solution prepared according to the

invention and stored in infusion bags at 25° or 40°C, was tested. The solution

characteristics are listed below:
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(cyo w/ V)

Paracetamol 1.0

Ingredients

I \J

Propylene glycol 10.8
0.045

0.091

0.3

to 100 mi
20 min

Heating temperature 120°C

Monohydrated citric acid

Disodium hydrogen phosphate.2H,0
Sodium chioride

Injection water

Heating time

Recrystallisation

A first lot (stability No. 01007) having the composition described above, was
produced on a semi-commercial scale (350 1) by the following method:
paracetamol was added to a water/propylene glycol solution, preheated to 70°C -
95°C. The resulting solution was added with monohydrated citric acid, disodium
hydrogen phosphate.2H,0, and sodium chloride. The solution was stirred for 20
min and, still hot (70°C -90°C), was poured into 100 ml polypropylene bags for
infusion. The bags were heated to 120°C and maintained at said temperature for
20 minutes.

A second lot (stability No. 01008) having the same composition as the first one,
was prepared according'to the method described above.

The stability tests on the two lots were conducted according to ICH's guidelines:
25 + 2°C at 60 £ 5% RH, and 40 + 2°C at 75 + 5% RH. Paracetamol and its main
degradation product, p-aminophenol, were evaluated by HPLC. The 6-month
paracetamol loss was evaluated in respect of the initial paracetamol quantity

(100%). The results obtained are shown in the following table:
Stability No. 01007 Stability No. 01008

25°C 40°C 40°C
Initial quantity | 100.2 100.2 100.4
After 3 months [99.8 100.0 100.2
After 6 months |100.1 100.1 100.2

Temperature
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As may be inferred from the table, there is no product loss after 3 and 6 months.
The main product of degradation, p-aminophenol, is below the detection limits.

The final solution is stable and reproducibie.

5 - Example 5
The stability of a paracetamol solution stored for an extended period of time at
high temperature was evaluated by the following test.
A 2.800 | lot of a 1% paracetamol solution as described above, was stored at 70°C
- 95°C for 24 hours.

10 The bulk product and the finished product, sterilised at 120°C for 20 min, were

poured into polypropylene bags, sampled and tested.

Just prepared Ater 24 hrs (70-95°C)

Bulk Sterilised |Bulk Sterilised
| ’ solution |solution solution |solution
Osmolality - 281 - 284
(mosm/kg) '

paracetamol (%) 99.2 99.5

4-aminophenol (%)

n. d.;: not determined
The solution, stored at 70° - 95°C for 24 hrs, is stable; no paracetamol degradation

i5 occurred.
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Claims
1. Ready-to-use pharmaceutical paracetamol injection solution, obtainable by

mixing paracetamol with water, propylene glycol as the only co-solvent, and a
citrate buffer (pH from 4.5 to 6.5), by heating said solution from 70°C to 130°C
5 and keeping same at said temperature for 10 min at least.

2. The solution according to claim 1, being suitable for perfusion.
3. The solution according to claim 1, containing up to 4% w/v paracetamol.

4. The solution according to any of claims 1 and 3, containing 0.1% to 40% w/v

propylene glycol,
10 5. The solution according to any of claims 1 to 4, containing 0.5% to 20% w/v

propylene glycol.
6. The solution according to any of claims 1 to 5, containing 0.5% to 10% w/v

propylene glycol.
7. The solution according to any of claims 1 to 6, containing 0.7% to 3% wi/v

15 propylene glycol.
8. The-solution according to any of claims 1 to 7, wherein the pH of said citrate

buffer is in the range from 5 to 6.
8. The solution according to claim 8, wherein said citrate buffer consists of citric

' acid and disodium monohydrogen phosphate.
20 10.Paracetamol liquid pharmaceutical composition comprising a solution
according to any of claims 1 to 9. -
11.The composition according to claim 9 filled into injection phials or bottles or

perfusion bags.
12, Process for the preparation of the ready-to-use paracetamol injectable solution

25 of claim 1, comprising: mixing paracetamol with water, propylene glycol, and a
citrate buffer (pH from 4.5 to 6.5), in heating said solution to a temperature
from 70°C to 130°C, and keeping same at said temperature for 10 min at least.

13.The process according to claim 12, wherein paracetamol is added in such a
quantity as to secure a concentration lower than or equal to 4% by weight.

30 14.The process according to any of daims 12 and 13, wherein propylene glycol is
added in such a quantity as to secure a final concentration of 0.1% to 40% w/v.

15. The process according to any of ciaims 12 to 14, wherein propylene glycol is
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added in such a quantity as to secure a final concentration of 0.5% to 20% w/v.
16.The process according to any of claims 12 to 15, wherein propylene glycol is
added in such a quantity as to secure a final concentration of 0.5% to 10% w/v.
17.The process according to any of claims 12 to 16, wherein propylene glycol is

5 added in such a quantity as to secure a final concentration of 0.7% to 3% wi/v.
18. The process according to any of claims 12 to 17, wherein the pH of said citrate

buffer is in the range from 5 to 6.
19. The process according to claim 18, wherein sald citrate buffer consists of citric

~acid and disodium monohydrogen phosphate,
10 20.The process according to any of claims 12 to 19, wherein said solution is filled

~into injection phials or bottles or perfusion bags.
21.Use of a solution according to any of claims 1 to 9 in the preparation of a
paracatamol liquid pharmaceutical composition exhibiting a high stability.
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