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ABSTRACT

AWater cooled exhaust tube, especially for boats, comprises
an outer housing (3) formed as a tube, an inner tube (1)

extending coaxially in the housing, at a radial distance from
the latter, and a earn (7), extending in a screW line shaped
manner in the longitudinal direction of the housing, span

ning the distance betWeen the housing (3) and the inner tube
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(1) and forming a channel (11), extending in a screW line
shaped rnanner betWeen the housing (3) and the inner tube
(1). The inner tube (1) conducts the exhausts gases While the

(86) PCT No.:

PCT/FR01/01749

exhaust gases. The exhaust tube is ?exible since all parts are

(30)

Foreign Application Priority Data

channel (11) conducts cooling Water separately from the
made in rubber. In the inner tube (1) silencing means (17)
can be arranged to from a silencer. The inner tube (1) is

adapted to be replaceable int he outer housing (3) and can be
Jun. 6, 2000

(FR) .......................................... .. 00/07231

a rubber hose.
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METHOD FOR OBTAINING AQUEOUS
FORMULATIONS OF OXIDATION-SENSITIVE
ACTIVE PRINCIPLES
[0001]

The object of the present invention is a neW method

for producing injectable aqueous solutions With active prin
ciples, in particular active principles Which are useful in
therapeutics and susceptible to oxygen, and also a procedure
for preparation of these methods of packaging, and their
utiliZation.

degrades forming oxidation products, coloured or colour
less, or hydrolysis products or polymeriZation products.
[0009]

The active principles susceptible to oxygen are

essentially organic substances bearing oxidiZable functions,
amongst Which the folloWing may in particular be cited:

phenols, polyphenols, aminophenols, phenolic alcohols and
phenolic ketones, as Well as aromatic amines or partially
hydrogenated cyclical structures such as derivatives of

anthraquinone. The folloWing ones may also be cited:com
pounds With an enolic structure or With an aldehyde func

[0002] Its object is, more precisely, a neW method for
aqueous formulations With active principles susceptible to
oxidation Which can notably be utiliZed in injectable prepa
rations being stable over a long period, and containing, for

tion, or a ketone function or an alcohol function.

example, phenolic or polyphenolic substances, amino alco

[0011] Amongst the easily oxidiZable active principles

hols or sulphur-containing substances.

that Will be incorporated into the aqueous solutions of the
invention, the folloWing may be cited more particularly:
phenols or aminophenols, such as paracetamol, epinephrine,

[0003] Aqueous solutions With active principles tradition
ally have different applications, notably in therapeutics, in
particular in the form of injectable solutions intended for
humans or animals. HoWever, it happens that some of these

active principles present problems of stability in solution.
These problems may be connected With the fact that the
active principles are susceptible to oxidation and form

undesired degradation products by reaction With the oxygen
in the air, or above all With the oxygen dissolved in the
aqueous solution. Other active principles are indirectly sus

ceptible to oxygen, i.e. Whilst being kept they are likely to
form, by chemical reactions, oxidiZable derivatives. These
derivatives, by reacting With oxygen, then lead to the
formation of undesired secondary products. This is the case,
in particular, With paracetamol. The Applicants have, in fact,
demonstrated the fact that paracetamol, in aqueous solution,
undergoes hydrolysis on the one hand, and on the other

hand, degrades to form a quinone-imine susceptible to

polymeriZation into nitrogenous polymers. The derivatives
resulting from these reactions are themselves also suscep

tible to oxidation and form undesired secondary products.

[0010]

Aminosides Which are also susceptible to the pres

ence of oxygen may also be cited.

norepinephrine, adrenalone, isoprenaline, orciprenaline,
isoxuprine, phenylephrine or dobutamine; the folloWing Will
be cited as aromatic amines: procaine, bupivacaine, tetra

caine, butoform, L-dopa or Carbidopa; the folloWing one
Will be cited as aminoketones:Propaphenone; the folloWing
ones Will be cited as aminoglucosides: the gentamycines,

amikacine, dibekacine, netilmycin, sisomycin, tobramycin,
micronomycine;

as phenothiaZines, promethaZine;

as

hydroaromatic molecules, ribo?avin, 9-amino dihydro acri
dine; further cortisonic derivatives may be cited, such as

dexamethasone, betamethasone, triamcinolone, ?uocinon
ide, ?unisolide, ?uocinolone acetonide, ?uocortolone, Clo
betasone and their derivatives, beclometasone and its esters;
Tetracycline derivatives, such as Doxycycline or Minocy
cline.

[0012] For the purpose of improving the stability of such
medicinal active principles Which are susceptible to oxida
tion, and thus to overcome the disadvantages described
above, a proposal has already been made to prevent the
action of the oxygen, either by eliminating the oxygen, or by

[0004] The secondary products formed by reaction of the

neutraliZing it, or again by combining both these types of

oxygen With these active principles, or their derivatives,

operation.

leads to numerous disadvantages such as, for example, a loss

[0013]

of activity or the production of allergenic products.
[0005] In fact, as a result of degradation by oxidation, the
titre of active principle in the aqueous solution is consider

Several methods have been used for this purpose:

[0014] a) elimination of the oxygen by raising the
temperature of the aqueous solution, by putting the

ably reduced, in an uncontrollable manner, and poses a

aqueous solution under vacuum or by bubbling an
inert gas such as nitrogen, carbon dioxide or argon

major problem, especially When these solutions are used in
therapeutics, more particularly in the form of injectable
solutions, When it is important that the dose of active

[0015] HoWever these methods have the disadvan
tage of alloWing only a partial and insuf?cient

principle is precisely determined.
[0006] Moreover, the oxidation products lead to the for
mation of coloured compounds, thus making the aqueous
solution unsuitable for therapeutic applications.

[0007] In addition, the formation of secondary products
may further increase as a result of a rise in temperature,

Which, consequently, may cause heat-steriliZation of the

aqueous solutions With these active principles, impossible,
or at least difficult.

[0008] Here and in the folloWing text, the term “phenolic
active principle susceptible to oxidation” means any sub
stance, Which may or may not be medicinal, comprising a

phenolic structure and/or functions supported by the phe
nolic structure Which react easily With oxygen, and Which

through the solution.

elimination of the oxygen, or requiring a consid

erable amount of time. The bubbling of nitrogen,
the method most practised Within the pharmaceu
ticals industry, only alloWs the oxygen content to
be reduced to values of the order of 2 ppm
maximum.

[0016] b) neutraliZation of the oxygen dissolved in
the aqueous solution, by the addition to the latter of
an antioxidant such as a thiol or sulphur anhydride

derivatives such as the sulphites, bisulphites or alkali

metal metabisulphites.
[0017]

c) a combination of the elimination of oxygen

and the addition of an antioxidant. A method of this

type has been described by the Applicants in the
French patent 2.751.875.
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[0018] All the above methods have a certain ef?cacy.
However, oxygen shows a very great facility to dissolve in

nor by playing a role capturing free radicals. They advan

Water, making it necessary to ensure that the solution, once
deoxygenated, does not subsequently come into contact With

sorbitol or mannitol.

atmospheric air, otherWise the advantage of having previ
ously eliminated the oxygen Will be lost.

[0019] Within the framework of the industrial manufac
ture of injectable solutions, it has been easy to deoxygenate
bulk solutions in air-tight tanks and thus to keep them aWay
from the air. HoWever, during subsequent bottle or bag

?lling and packaging operations, it is dif?cult to keep the
solutions totally aWay from air. In spite of precautions that
may be taken for this purpose, especially ?lling and pack
aging the bottles With the addition of inert gas, once pack

tageously replace polyhydroxylated compounds such as
[0028] In the particular case of paracetamol, a mixture of
trisodic citrate and citric acid is preferably used, in a
quantity sufficient to obtain a pH value of the order of 5 to

6, and preferably 5.5.
[0029] The object of the present invention is therefore a
procedure for preparation of formulations of aqueous solu
tions With phenolic active principles, in particular active

principles susceptible to oxidation, like paracetamol, mak
ing it possible to confer a high degree of stability over the
course of time.

aged, the solutions can may once again contain, or ?x, or

[0030] Afurther object of the present invention consists of

take up signi?cant quantities of dissolved oxygen.

the utiliZation of these formulations for the production of
injectable aqueous solutions intended for humans or ani

[0020]

mals, containing an added phenolic active principle to Which
an anti-in?ammatory agent and/or central analgesic may or

If these solutions have to be heat-steriliZed, espe

cially at high temperatures in the region of 120° C., the
residual quantity of dissolved oxygen can easily react With

the active principle susceptible to oxidation, resulting in its
total or partial degradation.
[0021] In effect it has been found that the presence of any
oxygen is harmful and that in?nitesimal quantities are
sufficient to bring about an oxidation reaction, especially at
steriliZation temperature. The residual oxygen concentration

limit present in the medium, likely to produce an oxidiZing
effect, is of the order of 2 ppm.
[0022]

The applicants have thus made use of a method for

[text missing or illegible when filed]pressure is
obtained, Which is loWer than atmospheric pressure, of

65,000 Pa maximum, preferably betWeen 5,000 and 50,000
Pa, to obtain an aqueous solution having an oxygen con

centration in the solution beloW 2 ppm.

[0031] According to another aspect of the invention, the
invention consists of a method for preparing of a formula

tion as previously described, Which includes the folloWing

stages:
0032

stabiliZing of the solutions of phenolic, easily oxidiZable
substances, in Which deoxygenation has previous been com
pleted to a degree that Would avoid the possibility of this

degradation occurring.
[0023]

It is knoWn, moreover, that the utiliZation of anti

plete, deoxygenation,
[0033] b) under an inert gas atmosphere, part or all of
the deoxygenated aqueous solution is introduced into
a container previously cleared of the air contained

therein,

oxidants is not alWays purely advantageous. Thus, the
antioxidants used gradually degrade, Which makes it neces
sary to add relatively large quantities of them to ensure

[0034]

[0024]

It is also possible to combine the elimination of

[0025]

Complementary tests have shoWn that the problem

of stabiliZation of the formulations according to the inven
tion Was appreciably more complex than anticipated, and it
has notably been established that, Without antioxidant, an

essentially deoxygenated solution became pink in colour
after a certain time at ambient temperature. In this respect it
has been observed that injectable solutions Which are not

completely deoxygenated do not become appreciably
coloured if an ot-hydroxypolycarboxylic acid is previously
added to the solution, in particular the addition of citric acid,
or an alkaline citrate, or a mixture of the tWo, makes it

possible to sloW doWn the appearance of a coloration.

c) the container is stoppered under an inert gas

atmosphere, in such a Way as to create Within the
container a maximum pressure of 65,000 Pa.

satisfactory protection of the active principle.
oxygen With the addition of an antioxidant.

a an a q ueous solution With at least one active

principle is subjected to extreme, and possibly com

[0035] The aqueous solution is preferably deoxygenated
by bubbling through an inert gas, such as nitrogen. The
bubbling process can be continued until a content of less

than 2 ppm is obtained, preferably a content of 1-0.5 ppm,
and particularly even 0.05 ppm of oxygen in the aqueous
solution. The deoxygenated solution thus obtained can then

be conveyed, safe from the air, into a ?lling machine, to be
distributed into containers such as ?asks, ampoules or
bottles.

[0036] The aqueous solution is introduced into the con
tainer under an inert gas atmosphere, such as nitrogen.
Before the aqueous solution With active principle is intro
duced into the container, the latter is cleared of the air

contained therein, for example by insuf?ation of an inert gas,
preferably an inert gas heavier than air, such as argon, so that

[0026] In addition, it has emerged that it is possible to
complete the deoxygenation of a solution of a substance
susceptible to oxidation by the use of vacuum. This results
is a greater stability of the antioxidant and less formation of

the latter is not immediately replaced by air in accordance
With Archimedes’ principle.
[0037]

Once the containers have been ?lled, With constant

notably after several steriliZation cycles.

insuf?ation of an inert gas, the bottles are stoppered under an
extreme vacuum to keep them, after stoppering, at a pressure

[0027] The ot-hydroxypolycarboxylic acids and their salts,
play an important role. They do not act by stabiliZing the pH,

Pa. To do this, knoWn means can be utiliZed, such as placing
a vacuum bell-jar over the neck of the container, immedi

secondary products resulting from oxidative degradation,

of 65,000 Pa or beloW, preferably betWeen 5,000 et 50,000
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ately after the stopper is put in. After being placed in
hermetic contact, the inside of the bell-j ar is placed under a
vacuum, for example by linking it to a container under
vacuum. The stopper of the container is raised and the gas

rising above the solution is aspirated. The stopper is then
replaced in the container and the latter can be hermetically
sealed, for example by ?tting on a capsule, then crimping.
The container, once stoppered, can be subjected to a steril

iZation process, in particular steriliZation by autoclaving or
irradiation.

preferably ranging from 0,1 mg to 1 000 mg per litre of
solution, and preferably from 0,2 to 20 mg.

[0046] It may also be advantageous to add a pH regulation
agent, and in particular a buffering agent, especially When
the easily oxidiZable phenolic active principles are suscep
tible to being degraded or hydrolysed Within particular pH
ranges. It may thus be appropriate to adjust the pH of the
solutions betWeen 4 and 8 and particularly betWeen 4.5 and
6.0 Where the oxidiZability of the phenolic molecules Will be
loWer. An appropriate buffer Will be, for example, a sodium

[0038] The aqueous solution containing an active prin
ciple can be subjected to steriliZation by sterilising ?ltration

hydrogenophosphate/sodium hydroxide mixture, disodic

before this solution is introduced into the container. The

phosphate/phosphoric acid mixture, acetic acid/sodium

solution is then introduced into the container, preferably
under aseptic conditions, under an inert gas, the latter

advantageously being sterile.
[0039] The inert gas preferably used in the method accord
ing to the invention for bubbling is nitrogen, that used for
topping is argon, Which is heavier than air. Xenon or neon
can also be used.

[0040]

After the bottles have been ?lled, With constant

hydrogenophosphate/hydrochloric acid mixture, sodium
acetate mixture, citric acid/sodium citrate mixture, or tri

sodic citrate/hydrochloric acid mixture. The choice of pH
Will depend mainly on the nature of the active principle and
its character of oxydiZability.
[0047] The formulations according to the invention are
utiliZed in the ?eld of therapeutics in injectable form admin
istered directly or added to a perfusion bag as an analgesic
or an antibiotic or as a cardio-vascular drug. The injectable

insuf?ation of an inert gas, With the solution of easily
oxidiZable substance, the bottle is stoppered under an
extreme vacuum, to maintain in the bottles after stoppering,

solution of paracetamol according to the invention is dis

a loW pressure of more than 300 mm of mercury, or a

central analgesic such as codeine or d-propoxyphene or an

maximum pressure of 65,000 Pa.

anti-in?ammatory agent such as tiaprofenic acid or one of its
salts.

tinguished by quite remarkable analgesic properties. It may
in addition contain a vasoconstrictor such as adrenalin or a

[0041] According to the invention procedure, the loW
the oxygen still present in the solution and this constitutes a

Preparation of such a solution is carried out under
nitrogen. The dissolved oxygen concentration is less than

distinct advantage.

0.05 ppm.

[0042] This elimination makes it possible to reduce the
quantity of antioxidant necessary for protection of the active

[0049]

principle, or even avoid adding it. It also alloWs heat
steriliZation of solutions that could not be steriliZed previ

sodium salt or potassium salt in the presence of a dimetallic
tartarate to obtain a pH value of the order of 5.5. It has also

ously due to degradation of the active principle and/or
antioxidant by oxidation during this operation. This reduc

been noted that in the presence of hydroxypolycarboxylic

tion in the quantity of antioxidant may also alloW these
solutions to be stabiliZed for longer periods.

hydroxypolycarboxylic acids such as gluconic acid, saccha

pressure prevailing in the bottle promotes the elimination of

[0048]

It is also possible to use as hydroxypolycarboxylic

acid, tartaric acid or an alkaline monotartarate such as

acid, the pH is much more stable. The same is true for other

ric acid, citramalic acid or malic acid.

[0043] Thus, French patent 2.751.875 mentions that aque

[0050]

ous solutions of paracetamol are stable for 48 hours at

boxylic acid salt such as trisodic citrate or disodic tartarate

ambient temperature, under light, and at 70° C. in darkness,
if they are subjected to bubbling With nitrogen, ?lling under

acid.

It is also possible only to use a hydroxypolycar

and adjust the pH by the moderate addition of hydrochloric

nitrogen and the addition of an antioxidant. It is possible to

described, as shoWn by the folloWing examples.

[0051] The addition of hydroxypolycarboxylic acid and
notably citric acid, at concentrations that make it possible to

[0044] The antioxidant that it may be appropriate to add to
the medium is a sulphite, or sulphite derivative, a thiolic

obtain a pH value of the order of 5.5, plays an important role.
It has been shoWn that concentrations ranging from 5 to 200
mg per 100 ml ensure effective protection against oxidation

substance such as, for example, cysteine, acetylcysteine,
dithiothreitol or ot-thioglycerol, thiomalic acid, thioglycerol,

(absence of coloration) and protection against degradation of

obtain stability of longer duration, by using the procedure

methionine; a hydroxylated substance such as ascorbic acid,

the antioxidant attested by a loWer content of degradation
products of the cysteine used as an antioxidant.

iso-ascorbic acid, mannitol, sorbitol, a ethylenically unsat
urated substance such as sorbic acid, undecylenic acid or
fumaric acid or a hydroxy polycarboxylic acid, or a reducing

[0052]

sugar such as trehalulose, maltulose or isomaltulose.

ml of solution, the residual cysteine concentration is
approximately double than that of preparations Without

[0045]

hydroxypolycarboxylic acid in conjunction With, or instead
of the deoxygenation operation, has the effect of appreciably

citrate, no coloration appeared, even after 7 Weeks at 40° C.,
and there Was no variation in the concentration of paraceta
mol.

reducing the consumption of antioxidant and leads to a
reduction in the concentration of antioxidant. The quantity
of antioxidant that it may be appropriate to add is loW,

taken into consideration as essential for preservation fol

Moreover, it has been found that the addition of a

In particular, in the case of paracetamol, after the

addition of trisodic citrate at a concentration of 70 mg/100

[0053]

In conclusion, the four parameters that have to be
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lowing heat sterilization of aqueous formulations With an
active principle susceptible to oxidation are, taken sepa
rately or in combination:

etamol content, and the content of degradation products of
paracetamol determined by HPLC remains loWer than
0.015% of the paracetamol.

[0054] complete deoxygenation by bubbling With

[0067] In another test, the paracetamol solution, after
being subjected to bubbling With nitrogen, has been pack

inert gas beloW an oxygen concentration of less than
2 ppm,

aged under nitrogen. When the bottles of solution are
stoppered, a vacuum is applied, to obtain a residual pressure

[0055] completed by the possible addition of an anti

oxidant,

of less than 10,000 Pa The residual dissolved oxygen content
Was 0.16 ppm. After steriliZation at 121° C. for 15 minutes,

and after being kept for 8 days at 30° C., the solution

[0056]

the addition of a hydroxypolycarboxylic acid,

remained colourless.

[0057]

and the introduction of the aqueous solutions

[0068] It thus appears that the essential means is deoxy
genation to beloW a residual concentration of the order of 0.2
ppm and this means makes it possible to obtain complete

under an atmosphere of inert gas such as argon into
a container from Which the air has previously been
removed.

[0058] Under these conditions, the concentration of active
principle does not undergo any variation and the absence of
oxidation can be established by maintaining colourless solu
tions for a prolonged period of time.

preservation for a prolonged period. The possible presence
of an antioxidant completes the effect of the deoxygenation
but does not replace it.
EXAMPLE III

Production of an Aqueous Solution of Paracetamol
EXAMPLE I

Production of an Aqueous Compound of
Paracetamol
[0059] A paracetamol solution is prepared in Water at a
concentration ranging from 2 to 50 mg/ml. Extreme deoxy
genation to less than 2 ppm Was carried out by bubbling With
inert gas, then placing in bottles under inert gas and under
vacuum (less than 65,000 Pa of residual pressure). Thus a
residual concentration of oxygen is maintained in the solu
tion, of less than 2 ppm and preferably beloW 1 ppm.

Containing Citrate Ions
[0069]

It has been established that aqueous solutions of

paracetamol containing slightly higher residual concentra
tions of oxygen, ie of the order of 0.3 to 0.4 ppm, keep less
Well due to the fact that the paracetamol can react With very
small quantities of oxygen and can form coloured com

pounds.
[0070] Thus a 10 mg/ml paracetamol solution adjusted to
pH 5 .5 by hydrochloric acid Was subjected to bubbling With
nitrogen until an oxygen content of approximately 0.4 ppm
Was obtained. The bottles Were steriliZed at 121° C. for 15

The pH of the solution is betWeen 4 and 8, and

minutes and kept at ambient temperature. After being kept

preferably 4.5 to 6.0. For this purpose a buffer system is

for 9 days, a yelloW-pink coloration Was observed in the

added, adjusted to 5.5.

paracetamol solution.

[0060]

[0061]

[0071]

Conversely, if a stabiliZing agent in the form of a

The addition of an antioxidant contributes to the
stability of the solution. The preferred antioxidants are:

mixture of citric acid and sodium citrate is added to a

ascorbic acid, an ascorbate, a thiol, a polyol or a hydroxy

composition identical to the above, adjustment of the pH to
5.5 occurs spontaneously and it is not necessary to add

polycarboxylic acid.
[0062] The preferred antioxidant is the cysteine sodium
citrate mixture.

[0063]

An isotoniZing agent can be added to the solution.
EXAMPLE II

hydrochloric acid. After bubbling With nitrogen, the residual
oxygen content is of the order of 0.4 ppm. AfterWards the
solution is packaged into bottles under vacuum and steril
iZed at 121° C. for 15 minutes. The bottles are kept for 67

days at ambient temperature. The solution remains perfectly
colourless.

[0072] This result is unexpected, as the action of the citrate
ion cannot be related either to the antioxidants’ complexing

Production of an Aqueous Compound of
Paracetamol Without Antioxidant (Example for

properties, nor to their reinforcing properties. Moreover, the

Comparison)

particular effect of the citrate ion cannot be related to an

[0064] A 10 mg/ml aqueous paracetamol solution is pre
pared. Adjustment to pH 5.5 is carried out by the addition of
HCl, and buffering by the addition of sodium hydrogeno

phosphate.

antioxidiZing action.
EXAMPLE IV

Stabilization of Partially Deoxygenated Aqueous
Paracetamol Solutions

[0065] Deoxygenation is then carried out by bubbling With
nitrogen, until a residual oxygen content of approximately
0.2 ppm is obtained. After the bottles are ?lled With the

[0073]

solution during prolonged bubbling With nitrogen, they are

stabiliZing agent With more poWerful antioxidant properties

For greater residual oxygen contents, that may

reach 1.5 ppm, it is preferable to resort to the addition of a

steriliZed at 121° C. for 15 minutes.

such as a sulphite, a thiol derivative or an ascorbate.

[0066] After being kept at 25° C. for 6 months, the

[0074] A 10 mg/ml aqueous paracetamol solution adjusted

solution is still colourless, there is no change in the parac

to pH 5 .5 by sodium hydroxide and buffered at this value by
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sodium acetate Was made isotonic by a sufficient quantity of
sodium chloride, then an antioxidant is added to it, in this
case 0.20 mg/ml cysteine chlorhydrate. This solution Was

phate; in all cases adjusting the pH to a value of 5.5 by the
addition of sodium hydroxide or hydrochloric acid.

subjected to bubbling With nitrogen then placed under

[0082] The solutions Were not subjected to bubbling With
inert gas (nitrogen) and Were kept in darkness at 25° C. for

vacuum (loW pressure approx. 550 mm of Hg) before
stoppering the bottles. The residual oxygen content
amounted to approx. 1.5 ppm of dissolved oxygen. After

steriliZation, the bottles containing this solution Were kept
for 24 months at 25° C. The bottles remained colourless after
this period, the paracetamol content Was 100% of the

3 days.
[0083] The presence of residual cysteine is thus estab
lished in increasing quantities, in the non-buffered solution
(42%), in the presence of sodium acetate (17%), in the
presence of sodium hydrogenophosphate (21%) and in the

original value, and the degradation products of the parac
etamol measured by HPLC represented less than 0.02% of

presence of citrate (22%) respectively. After being kept for

the paracetamol content.

20 days, all the solutions Were strongly coloured With the

[0075]

remained colourless. It is established that in the presence of

The presence of an antioxidant thus played an

important role. In the paracetamol solution, the antioxidant,
like cysteine, reacts With the dissolved oxygen by taking the
place of the phenolic molecule that is to be protected.

[0076] HoWever, after being kept the cysteine almost
completely disappeared and cystine is formed, Which is the
major oxidation product of cysteine.
EXAMPLE V

exception of the solution containing citrate ions, Which had

paracetamol, cysteine is protected by the presence of citrate,
Whilst in the absence of citrate, the cysteine has no protec
tive effect.
[0084]
above:

Table 1 beloW illustrates the conclusions set forth

[0085] The experiments thus evidence the interactions in
the presence of different oxygen contents:

Buffered and StabiliZed Aqueous Paracetamol
Solutions

[0077]

Knowing that citrate ions have a stabiliZing effect

Oxygen
Solution

content Results

Paracetamol alone

0.2 ppm No degradation of the

Paracetamol + citrate

0.4 ppm No degradation of the

Paracetamol + cysteine

1.5 ppm No degradation of the

With regard to paracetamol, it Was desirable to check

Whether this effect could be explained by a protective action
vis-a-vis the antioxidant, such as cysteine.

paracetamol
paracetamol

[0078] A 0.25 mg/ml aqueous cysteine solution Was
adjusted to pH 5.5, made isotonic by sodium chloride and
buffered using as a buffering agent: dehydrated sodium

Cysteine + citrate

citrate (0.70 mg/ml), sodium acetate, sodium hydrogeno

Paracetamol + cysteine + citrate

paracetamol
7 ppm No protection of the cysteine
7 ppm Protection of paracetamol and

cysteine

phosphate, in quantities equimolar to that of the citrate.
These solutions Which involved neither bubbling With nitro
gen, nor being placed under vacuum, contained approx. 7
ppm of dissolved oxygen. They Were kept in darkness at 25°

[0086] Unexpectedly, it Was by bringing together parac

C. for 3 days.

etamol, cysteine and citrate that the best preserving proper
ties Were obtained, both for cysteine and for paracetamol

[0079] The dosages carried out shoWed that the loWest
residual cysteine content is found either in non-buffered
solutions (15%), or in the presence of citrate. In contrast, in
the presence of acetate (18%) or hydrogenophosphate (21%)
it is higher.

even in the presence of oxygen.

[0087]

The same tests Were repeated With more highly

concentrated paracetamol solutions.

[0080] It folloWs that the citrate ions do not have any
particular protective effect vis-a-vis an antioxidant such as

Paracetamol +

Paracetamol +

Paracetamol

citrate

citrate +

Constituent

alone (P)

(PC)

cysteine (PCC)

Paracetamol
Sodium citrate

1 g
0

1 g
0.070 g

1 g
qsp pH 5.5

cysteine.
EXAMPLE VI

Preparation of Buffered Paracetamol Solutions

(i.e. 0.07 g

of citrate)
Chlorhydrate cysteine

0

0

brought together. A quantity of sodium citrate (in the form

NaCl
HCl or NaOH

0.09
qsp, pH 5.5

0.09
qsp pH 5.5

of dihydrated disodic citrate) Was added to 10 mg/ml aque
ous paracetamol solutions, made isotonic by NaCl and

Inert gas

stabiliZed by the addition of cysteine hydrochlorhide (0.25

Water

[0081]

In this test, paracetamol, cysteine and a buffer Were

0.025 g

0.09 g
0
qsp O2 approx. qsp O2 approx. qsp O2 approx.
0.5 ppm
0.5 ppm
0.5 ppm
qsp 100 ml
qsp 100 ml
qsp 100 ml

mg/ml) suitable for adjusting the pH to 5.5. A quantity of
citrate of the order of 0.7 mg/ml is sufficient. Comparative
solutions Were prepared Without sodium citrate or replacing

[0088] Packaging: under nitrogen (A) or under residual

the citrate ions by equimolar quantities to those of the
citrate, of either sodium acetate, or sodium hydrogenophos

pressure of approx. 10,000 Pa SterliZation at 121° C. for 15
minutes.
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[0089] Results (after sterilization):
[0090] a) the solutions P:PV (under vacuum) and PA
(under nitrogen) are pink;
[0091] b) the solutions PC:PCV (citrate) are colour

[0097] Half the bottles are placed under an extreme
vacuum before stoppering.

[0098] The solutions are heat sterilized at +120° C. for 15
minutes.

less and PCA (under nitrogen) is pink;
[0092] c) the solutions PCC:PCCV and PCCA are
colourless but the residual cysteine content is higher
When PCV is used.

[0099]
C.

The solutions are stabilized at +25° C. and at +40°

[0100] Analysis at T=0.

Conclusion

[0093]

For residual oxygen contents of the order of 0.5

ppm, the vacuum is in itself insufficient to ensure the

Residual

stability of the paracetamol.
[0094] On the other hand, it acts synergically With citrate
both With regard to the keeping properties of paracetamol
and of cysteine.
EXAMPLE VII

Stability of Paracetamol Solution, and of
Paracetamol Solution to Which Sodium Citrate has
been Added in the Presence of Nitrogen, or of
Nitrogen Under a Vacuum

Paracetamol (mg)
Trisodium citrate, 2H2O (mg)

NaCl (mg)
HCl q.s.p. pH
H2O q.s.p. (ml)

Paracetamol
(P)

1,000
—

700
5.50
100

Solution

pressure
in Pa

pH
5.92

Paracetamol/nitrogen, not sterilized

0.40

—

Paracetamol/nitrogen, sterilized

0.34

—

6.03

Paracetamol/vacuum, not sterilized

0.55

<10,000

5.98

Paracetamol/vacuum, sterilized

0.50

<10,000

6.28

Paracetamol/Citrate/Nitrogen, not

0.50

—

5.50

sterilized

[0095] Preparation of the solutions:

Constituent

Oxygen
(ppm)

Paracetamol — Citrate (PC)

—

Paracetamol/Citrate/Nitrogen, sterilized

0.60

Paracetamol/Citrate/vacuum, not sterilized

0.36

<10,000

5.50

Paracetamol/Citrate/vacuum, sterilized

0.40

<10,000

5.54

[0101]

5.53

HPLC analysis does not shoW the presence de

peaks corresponding to degradation products (<0.01%).

1,000
70

700
5.50
100

Appearance of the Solutions after Keeping in
Darkness at 25° C. for 2 Months

[0102]

coloration

coloration

coloration

coloration

coloration

on

on

on

at

at

D13

D21

D26

1 month

2 months

colourless colourless

yelloW hue

yelloW hue

yelloW +

yelloW +

colourless colourless

colourless

colourless

colourless

yelloW hue

colourless colourless

colourless

yelloW hue

yelloW hue

yelloW +

colourless

colourless

Solution

Paracetamol/

coloration

Nitrogen
sterilized

Paracetamol, placed
under vacuum

sterilized

Paracetamol/Citrate/

Nitrogen,

Paracetamol/

sterilized
Paracetamol/Citrate/

Nitrogen
colourless

colourless

colourless

colourless

placed under
vacuum, sterilized

[0096] The solutions are produced under nitrogen (<0,50
ppm). Filling takes place under nitrogen, of volumes of 80
ml, into 100 ml bottles. Nitrogen is bubbled into the bottle
for 30 seconds before stoppering.

Conclusion
[0103]

Only the citrate+vacuum combination ensures

complete preservation of the paracetamol.
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EXAMPLE VIII

then 700 mg sodium chloride to ensure isotonicity. The
solution is made up to 100 ml by the addition of distilled

Stability of the Paracetamol Solutions Protected by
Sodium Citrate and Cysteine for Oxygen
Concentrations of Approx. 1 ppm

[0104]

Water for injectable preparations.
[0110]

It is ?lled into 100 ml bottles under nitrogen until

the residual oxygen content is beloW 0.8 ppm. The bottles

are then stoppered under vacuum (approx. 10,000 Pa) and
sterilized at 121° C. for 20 minutes.
Constituent

[0111] After removal from the autoclave, the bottles are
kept in darkness in a thermostatic cupboard at 50° C.

Quantity

Paracetamol (g)

[0112]

1

Cysteine HCL, H20 (mg)

25

Sodium citrate, H20 (mg)
Sodium chloride (mg)

70
700
100 ml

Water enough for

An evaluation is made of absorption at 308 nm as

an indication of oxidation into secondary products, the
residual oxygen content and the residual cysteine content

immediately after sterilization, then after being kept for 14
days at 50° C.

[0105] Preparation of the solution takes place With con
tinuous bubbling With nitrogen. It is ?lled into 100 ml
bottles, under nitrogen, until a solution containing betWeen

Results

[0113]

There is no degradation of the Dobutamine in heat.

0.7 and 1.0 ppm of oxygen is obtained.

[0114] Using liquid chromatography the appearance of
secondary peaks is established, detected by measuring the

[0106] The bottles are then stoppered under a nitrogen
atmosphere or under vacuum (approx. 10,000 Pa). FolloW
ing sterilization at 121° C. for 15 minutes, the bottles are
kept in darkness at 40° C. The colouration, the pH, the

absorption at 308 nm, the degree of Which decreases as the
pH increases. Coloration remains slight and reduces as the

pH increases.

oxygen content and the residual cysteine content are evalu

ated immediately after sterilization, then after being stored
for 14 days.

1. A method for preparing an aqueous solution With an

active principle of a phenolic nature susceptible to oxida

tion, While preserving for a prolonged period, characterized
in that use is made of deoxygenation of the solution by
bubbling With at least one inert gas and/or placing under

Results

[0107]

vacuum, until the oxygen content is beloW 2 ppm, in that the
aforementioned aqueous solution With an active principle is

possibly topped With an inert gas atmosphere and placed in
Oxygen Residual cysteine
(ppm)
(%)

a closed container in Which the prevailing pressure is 65,000
Pa maximum, in that the oxygen content of the aqueous
solution is beloW or equal to 2 ppm, and in that the effect of

Solution

Coloration

pH

Solution under nitrogen,
after sterilization

colourless

5.53

0.85

75

Solution under vacuum,
after sterilization

colourless

5.51

0.90

85

of an antioxidant.

Solution under nitrogen,

yelloW

5.58

0.60

27

after 14 days at 40° C.
Solution under vacuum,
after 14 days at 40° C.

colourless

5.59

0.90

85

2. A method for preparing a formulation according to
claim 1, in Which the effect of the deoxygenation of the
solution is completed by addition of a hydroxypolycarboxy
lic acid.

the deoxygenation of the solution is completed by addition

3. A method for preparing a formulation according to one
of claims 1 or 2, characterized in that the phenolic active

Conclusion
[0108]

Keeping under vacuum has a protective effect on

the Paracetamol and the cysteine When the solution is kept
under conditions of accelerated degradation. Conversely,
preservation is insuf?cient under nitrogen. The vacuum
seems to inhibit the oxidation reaction of the paracetamol

and the cysteine, Which con?rms the reduction in residual
oxygen under nitrogen, as compared With the maintenance
of residual oxygen under vacuum.

principle is paracetamol.
4. A method for preparing a formulation according to
claim 1, in Which the residual oxygen content of the aqueous
solution is beloW 1 ppm.
5. A method for preparing a formulation according to
claim 1, in Which the residual oxygen content in the aqueous
solution is equal to 0.5 ppm or beloW this value.
6. A method for preparing a formulation according to
claim 1 or claim 2, in Which the hydroxypolycarboxylic acid

is chosen from citric acid, tartaric acid, gluconic acid,
EXAMPLE IX

1% Dobutamine Sulphate Solution

saccharic acid, citramalic acid and malic acid.
7. A method for preparing a formulation according to one

of the preceding claims in Which the hydroxypolycarboxylic

[0109] A Dobutamine sulphate solution is prepared by

acid is an acid or a salt thereof.

dissolving 1 g Dobutamine in 50 ml of Water and 19 ml of
a 0.10% sodium ascorbate solution is added, With continu

8. A method for preparing a formulation according to one
of claims 1 to 9, characterized in that the concentration of
hydroxypolycarboxylic acid and/or one of its salts ranges
from 5 to 200 mg/100 ml of aqueous solution.

ous bubbling of nitrogen. Then 25 mg hydrated cysteine
chlorhydrate and 70 mg hydrated sodium citrate are added,
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9. A method for preparing a formulation according to one

of the preceding claims characterized in that the antioxidant
is selected from the thiols, derivatives of ascorbic acid and

reducing sugars.
10. Amethod for preparing a formulation according to one

of the preceding claims characteriZed in that the antioxidant
is selected from ascorbic acid and isoascorbic acid.
11. Amethod for preparing a formulation according to one

of the preceding claims characteriZed in that the antioxidant
is made up of a mixture of cysteine sodium citrate.
12. Amethod for preparing a formulation according to one
of claims 1 to 11, characteriZed in that:

15. A method according to one of claims 11 to 14,

characteriZed in that after stoppering, the solution is sub

jected to steriliZation, in particular by autoclaving or irra
diation.
16. A method according to one of claims 11 to 15,
characteriZed in that the aqueous solution With an oxidiZable

active principle is subjected to steriliZation by steriliZing
?ltration under inert gas.
17. A method according to one of claims 11 to 16,
characteriZed in that the inert gas used for bubbling is

nitrogen.
18. A method according to one of claims 11 to 17,

characteriZed in that the inert topping gas is heavier than air,
1—an aqueous solution containing at least one phenolic
active principle to Which an antioxidant and a hydroxy

such as argon.

2—under an inert gas atmosphere, such as argon, part or

19. A method according to one of claims 11 to 18,
characteriZed in that the container is cleared of the air
contained therein, by insuf?ation With an inert gas.
20. UtiliZation of a formulation prepared according to one

all of the deoxygenated aqueous solution is introduced
into a container previously cleared of the air contained

of claims 1 to 11, containing a phenolic active principle,
intended to preparation of an injectable solution for admin

therein;

istration to humans or animals.

polycarboxylic acid possibly have been added, is sub
jected to extreme deoxygenation;

3—the container is stoppered under an inert gas atmo
sphere, in such a Way as to create, in the closed

container, a maximum pressure of 65,000 Pa;
4—an aqueous solution With a phenolic active principle is
obtained, placed in a closed container, in Which the
oxygen content is beloW or equal to 2 ppm.

13. A method according to claim 12, characteriZed in that
the deoxygenation is achieved by bubbling With an inert gas.
14. A method according to claim 12, characteriZed in that
the deoxygenation is achieved by application of vacuum.

21. UtiliZation according to claim 20, characteriZed in that

the active principle is paracetamol.
22. UtiliZation according to claim 20 and/or 21, charac
teriZed in that an anti-in?ammatory agent or a central

analgesic is added to the paracetamol.
23. Injectable aqueous solutions containing, as an active

ingredient, a principle of phenolic nature susceptible to

oxidation, preserving it, preserving for a prolonged period,
as far as that they are obtained according to the method of

claim 1.

