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NOVEL FORMULATIONS OF
ALPHA-2,4-DISULFOPHENYL-N-TERT-
BUTYLNITRONE

FIELD OF THE INVENTION

[0001] This invention relates to novel pharmaceutical for-
mulations of a-(2,4-disulfophenyl)-N-tert-butylnitrone and
pharmaceutically acceptable salts thereof, and the use of
such formulations in the treatment of various diseases and
conditions. Such compounds are alternatively named as
4-[(tert-butylimino)methyl]benzene-1,3-disulfonic acid
N-oxide derivatives.

BACKGROUND OF THE INVENTION

[0002] U.S. Pat. No. 5,488,145 discloses o-(2,4-disul-
fophenyl)-N-tert-butylnitrone and pharmaceutically accept-
able salts thereof. U.S. Pat. No. 5,475,032 discloses the use
of such compounds in the treatment of stroke and of pro-
gressive central nervous system function loss conditions.
U.S. Pat. No. 5,508,305 discloses the use of such com-
pounds for ameliorating the side effects caused by oxidative
damage resulting from antineoplastic disease treatment.
Similar disclosures are also made in WO 95/17876. U.S. Pat.
No. 5,780,510 discloses the use of these same compounds in
the treatment of concussion.

[0003] For use in the treatment of conditions such as
stroke, concussion, traumatic brain injury and CNS trauma,
it is required that a pharmaceutically acceptable salt of
a~(2,4-disulfophenyl)-N-tert-butylnitrone should be admin-
istered parenterally. It is particularly preferred that the
compound should be administered by intravenous infusion.
Standard aqueous formulations of a-(2,4-disulfophenyl)-N-
tert-butylnitrone and pharmaceutically acceptable salts
thereof suffer from the problem that they readily undergo
decomposition. In particular, the shelf life of such formula-
tions is unacceptably short. The present invention discloses
certain pharmaceutical formulations based upon concen-
trated aqueous solutions of a-(2,4-disulfophenyl)-N-tert-
butylnitrone disodium salt that solve the problems associ-
ated with decomposition and that are particularly suited for
use in parenteral administrations.

DISCLOSURE OF THE INVENTION

[0004] In one aspect, the present invention provides a
pharmaceutical formulation of a compound of general for-
mula (T)

O

[0005] wherein M represents a pharmaceutically accept-
able cation.

[0006] Tt is particularly preferred that M* represents Na™*.
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[0007] Aqueous solutions of a-(2,4-disulfophenyl)-N-
tert-butylnitrone disodium salt undergo decomposition by at
least two different pathways. 2,4-Disulphobenzaldehyde
disodium salt (II) is a common product of these pathways.

(m

” Na*
O=Ss—0O

CHO

[0008] Without wishing to be bound by theory, it is
apparent that one pathway for the decomposition involves
hydrolysis of the nitrone functional group to yield the
aldehyde (IT) and N-tert-butylhydroxylamine as products. A
second pathway involves an autoxidation process, possibly
involving a free radical mediated degradation. In this path-
way the same two products are formed initially but the
N-tert-butylhydroxylamine subsequently undergoes further
reactions to give other products. Autoxidation processes are
known to be influenced by temperature, hydrogen ion con-
centration, trace metals, trace peroxides or light [K. Kasraian
et al., Pharm. Dev. & Technol., 4(4), 475-480 (1999)]. For
example, Fenton-type autoxidations are well known. Such
autoxidations are typically initiated by the interaction of a
metal, particularly iron, and molecular oxygen yielding a
hydroxyl radical [B. Halliwell and J. Gutteridge, Biochem.
1., 219, 1-14 (1984)].

[0009] Because of the complex nature of oxidative decom-
positions and because also in the present case there is a
concurrent decomposition by hydrolytic cleavage, it is not
obvious how the production of stable formulations of com-
pounds of formula (I) could be achieved. It is recognised in
the art that compounds that are susceptible to oxidative
decompositions should be formulated at low (acidic) pH
values so as to increase their resistance to oxidation. In
particular, such decompositions are generally recognised to
be minimised between pH 3 and 4 (Pharmaceutical Prefor-
mulation, ed. J. I. Wells, Ellis Horwood, 1988, page 166).
However, in the present case use of a low pH results in an
unacceptable acceleration of the rate of concomitant
hydrolysis.

[0010] Studies were performed in order to ascertain which
factors had a significant effect on the stability of aqueous
formulations of a-(2,4-disulfophenyl)-N-tert-butylnitrone
disodium salt. Factors investigated included pH, oxygen
levels in and above the solution, the presence of trace metals
and the addition of an antioxidant or of a chelating agent. In
the first instance, decomposition was assessed by measuring
the concentration of 2,4-disulphobenzaldehyde disodium
salt (IT) formed in the solution.

[0011] Trace metal analysis of various batches of a-(2,4-
disulfophenyl)-N-tert-butylnitrone disodium salt indicated
that the presence of even sub ppm levels of iron and also
possibly of copper, chromium and aluminium might have an
effect on the stability of subsequently prepared aqueous
formulations. However, addition of disodium ethylenedi-
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amine tetraacetic acid (EDTA), a well known chelating
agent, did not improve the stability of the aqueous formu-
lation (Table 2). Use of the chelator resin Chelex-100®
(Bio-Rad Laboratories) resulted in a small but significant
reduction in the amount of the aldehyde (IT) that was formed
on storage (Example 3).

[0012] When sodium ascorbate, an antioxidant, was added
to concentrated aqueous formulations of a-(2,4-disulfophe-
nyl)-N-tert-butylnitrone disodium salt, the formation upon
storage of the aldehyde (II) was reduced by almost half
(Table 2). However, the solutions became discoloured and
some precipitation occurred, thus ruling out a role for
ascorbate as a means of reducing the level of decomposition.
Surprisingly, similar levels of reduction of formation of the
aldehyde (II) were achieved by the simple expedient of
purging the concentrated aqueous solutions of a-(2,4-disul-
fophenyl)-N-tert-butylnitrone disodium salt with nitrogen
gas (Tables 2 and 3).

[0013] In addition to purging the aqueous concentrate
itself with an inert gas, it is also beneficial to reduce the
volume of the headspace above the concentrate in the vial
and to fill this space with an inert gas (Tables 4, 5 and 6). It
is preferred that the headspace volume should be less than
30% of the total maximum volume of the vial. It is more
preferred that the headspace volume should be less than 20%
of the total maximum volume of the vial. For a standard 10
ml size pharmaceutical vial, the actual maximum total
volume is 13 ml and it is convenient to use an actual fill
volume of 10.7 ml. For a standard 20 ml size pharmaceutical
vial, the actual maximum total volume is 25 ml and it is
convenient to use an actual fill volume of 20.7 ml. The use
of a standard 20 ml size pharmaceutical vial is preferred.

[0014] Most surprising was the fact that the stability of
aqueous solutions of a-(2,4-disulfophenyl)-N-tert-butylni-
trone disodium salt increased substantially as the concen-
tration of a-(2,4-disulfophenyl)-N-tert-butylnitrone diso-
dium salt in the solution increased. This stabilisation was
apparent with respect to both a reduction in the amount of
the aldehyde (IT) that was formed and with respect to a
reduction of further products resulting from an autoxidation
pathway (Tables 8, 9 and 10).

[0015] A particular formulation according to the present
invention therefore comprises a concentrated aqueous solu-
tion of a-(2,4-disulfophenyl)-N-tert-butylnitrone disodium
salt wherein the concentration of the o-(2,4-disulfophenyl)-
N-tert-butylnitrone disodium salt is in the range of 50 to 600
mg/ml. Preferred formulations are those wherein the con-
centration is within the range of 100 to 600 mg/ml. More
preferred are formulations wherein the concentration is
within the range of 200 to 400 mg/ml. Particularly preferred
are formulations wherein the concentration is about 400
mg/ml. It is further preferred that such solutions are purged
with and stored under an inert gas. Use of nitrogen as the
inert gas is particularly preferred.

[0016] Such concentrated solutions do not require a buffer
for further stabilisation. However, prior to administration to
patients as intravenous infusions, such formulations are
diluted with physiological saline. This process of dilution
results in a drop in pH and the rate of decomposition of the
resulting diluted solution thereby accelerates. In order to
prevent this change in pH a buffer is needed. It is highly
convenient that this buffer is included in the concentrated
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formulation rather than having to be added at the stage of
dilution (Tables 11, 12 and 13).

[0017] Therefore, in a further preferred aspect of the
present invention, there is provided a concentrated aqueous
formulation wherein the solution is buffered at pH 7 to 9.5.
More preferably, the solution is buffered at about pH 8.5.
Any physiologically acceptable buffer may be used. Prefer-
ably the buffer is a phosphate buffer. Thus, disodium hydro-
gen phosphate (5 to 50 mM) is added to the concentrate and
the pH is adjusted to the required level by the addition of
aqueous sodium hydroxide solution or of aqueous hydro-
chloric acid as appropriate.

[0018] In a further aspect, the present invention relates to
a process for the preparation of novel formulations of
pharmaceutically acceptable salts of a-(2,4-disulfophenyl)-
N-tert-butylnitrone. In particular, a process for the prepara-
tion of novel formulations of a-(2,4-disulfophenyl)-N-tert-
butylnitrone disodium salt.

[0019] In general terms, the process comprises dissolving
a pharmaceutically acceptable salt of a-(2,4-disulfophenyl)-
N-tert-butylnitrone in water or in a suitable aqueous buffer
and thereafter, if necessary, adjusting the pH of the solution
to within the range pH 7 to 9.5, and thereafter optionally
degassing the solution using an inert gas such as nitrogen.

[0020] Preferably, the process comprises the steps of:

[0021] a) dissolving a suitable buffering agent such as
disodium hydrogen phosphate in water for injection;

[0022] b) dissolving a-(2,4-disulfophenyl)-N-tert-butylni-
trone disodium salt in said buffer solution;

[0023] c) checking the pH and then adjusting the pH to be
within the range pH 7 to 9.5 by the addition of an appropriate
amount of aqueous sodium hydroxide solution or of aqueous
hydrochloric acid;

[0024] d) adding further water for injection to give the
required final concentration of a-(2,4-disulfopheny)-N-tert-
butylnitrone disodium salt;

[0025] e) degassing the solution with nitrogen gas for a
suitable period of time;

[0026] ©) sterile filtering the solution through a 0.22 um
sterile filter into a pre-sterilised vessel; and

[0027] g) aseptically transferring the solution under nitro-
gen into individual vials that are subsequently sealed.

[0028] A particularly preferred process is the one specifi-
cally disclosed in Example 1.

[0029] Insome circumstances it is particularly convenient
to be able to present pharmaceutical formulations intended
for parenteral administration in a multi-dose container. A
multi-dose container is a container that permits the with-
drawal of successive portions of the contents without chang-
ing the strength, quality or purity of the remaining portion.
It is a regulatory requirement (European Pharmacopoeia
2001) that multi-dose aqueous injections contain a suitable
antimicrobial preservative at an appropriate concentration
except when the preparation itself has adequate antimicro-
bial properties. It is recognised in the art that pharmaceutical
products that are aseptically filled (that is, ones that are
terminally sterilised by filtration through a 0.22 ym filter) are
extra sensitive to microbiological contamination during the
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manufacturing process. Both from a manufacturing point of
view as well as for other safety reasons (for example,
possible contamination due to damage caused during han-
dling and storage of the product in the clinic), it is therefore
considered to be a significant advantage if the drug formu-
lation itself exhibits antimicrobial properties. Thus, if the
pharmaceutical formulation itself fulfils the regulatory
requirements relating to preservatives, the need for the
addition of a separate preservative is abolished.

[0030] 1t is therefore a further advantage of the present
invention that the concentrated aqueous formulations dis-
closed therein possess significant antimicrobial properties.
Thus, the potential for formulations of a-(2,4-disulfophe-
nyl)-N-tert-butylnitrone disodium salt to inhibit the growths
of the following micro-organisms were assessed—>Ps.
aeruginosa, S. aureus, Bur. cepacia, E. gergovia, E. coli, C.
albicans and A. niger. As shown in Table 14, a concentrated
aqueous formulation according to the present invention
comprising a-(2,4-disulfophenyl)-N-tert-butylnitrone diso-
dium salt (400 mg/ml) possesses considerable antimicrobial
efficacy. Thus, for Ps. aeruginosa, Bur. cepacia and F.
gergovia, very significant reductions (210> fold) in colony
forming units per ml (CFU/ml) are seen within 6 hours. And
similar levels of effects are seen for S. aureus and E. coli
within 24 hours, and for C. albicans within 48 hours.
Detailed results are presented in Table 14, and comparative
results for a formulation of a-(2,4-disulfophenyl)-N-tert-
butylnitrone disodium salt (10 mg/ml) and for a buffer
control are shown in Tables 15 and 16 respectively.

[0031] As shown in Table 7, dilute aqueous solutions of
a~(2,4-disulfophenyl)-N-tert-butylnitrone disodium salt (0.9
mg/ml) undergo significant photodegradation when exposed
to normal indoor lights at room temperature for 8 hours. The
rate of photodegradation is reduced if the aqueous solution
is buffered. More concentrated aqueous solutions (10
mg/ml) undergo photodegradation to a significantly reduced
extent (Table 7). Under the same conditions an aqueous
concentrate formulation according to one aspect of the
present invention (400 mg/ml) underwent no photodegrada-
tion within the same time scale.

[0032] In a particularly preferred embodiment, the present
invention provides a pharmaceutical formulation comprising
a concentrated aqueous solution of a-(2,4-disulfophenyl)-
N-tert-butylnitrone disodium salt (400 mg/ml) and disodium
hydrogen phosphate (5 to 50 mM) at pH 8.5 purged with
nitrogen and stored in sealed 20 ml glass vials with a small
headspace volume and with the headspace filled with nitro-
gen. Even more preferably the disodium hydrogen phos-
phate is present at a concentration of about 10 mM. Such a
formulation has an unexpectedly long shelf life of at least 24
months when stored refrigerated (temperature approxi-
mately 2 to 8° C.), and remains in useable condition for at
least 6 months even when stored at room temperature.

[0033] The invention is illustrated but in no way limited
by the following examples.
EXAMPLE 1
Preparation of an Aqueous Concentrate Formulation
of a-(2,4-Disulfophenyl)-N-Tert-Butylnitrone Salt

[0034] Disodium hydrogen phosphate dihydrate (186 g)
was added to water for injection (60 kg). The mixture was
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stirred at a speed of 300 rpm until dissolution was complete
(10 minutes). The pH of the solution was then 9.3. a-(2,4-
Disulfophenyl)-N-tert-butylnitrone disodium salt (39.6 kg)
was then added, and stirring was continued until this mate-
rial was dissolved (20 minutes). The pH of the solution was
then adjusted from 5.8 to 8.5 by the addition of 2M aqueous
sodium hydroxide solution (604 ml). Further water for
injection was added to give a final weight of 117.1 kg. Using
these quantities a concentrate containing 400 mg/ml of a
a-(2,4-disulfophenyl)-N-tert-butylnitrone disodium salt is
obtained. By varying the amount of the nitrone that is used,
concentrates with concentrations in the range 50 to 600
mg/ml may be similarly prepared.

[0035] The solution was then gassed with nitrogen gas for
130 minutes (Table 1).

TABLE 1
Degassing Time Dissolved Oxygen
(minutes) (mg/L)
0 7.8
15 8.2
30 0.6
130 1.3

[0036] The solution was then sterile filtered using a 0.22
um sterile filter into a pre-sterilised 400 L stainless steel
vessel. The vessel was put under 10 to 15 kPa pressure using
nitrogen gas.

[0037] The solution was filled aseptically into dry heat
sterilised 10 ml or 20 ml glass vials using sterile filtered
nitrogen gas that was purged into the vials both before and
after filling. The fill volume was 10.5 ml or 20.7 ml
respectively.

[0038] In-process control of residual oxygen in the vials
was performed using a Toray Oxygen Analyser. Residual
oxygen content in the headspace was 0.9+0.1% (n=29).

EXAMPLE 2

Relative Influences of a Chelating Agent, an
Antioxidant, Oxygen Removal and pH on the
Stability of a Concentrated Aqueous Solution of
a~(2,4-Disulfophenyl)-N-Tert-Butylnitrone
Disodium Salt

[0039] The effects of several added factors were investi-
gated in experiments designed using a multivariate tech-
nique. An aqueous solution of a-(2,4-disulfophenyl)-N-tert-
butylnitrone disodium salt (100 mg/ml) containing less than
0.3% 2,4-disulphobenzaldehyde disodium salt (II) was
placed in sealed 10 ml glass vials with a fill volume of 10 ml.
The concentrations of the degradation products and particu-
larly of 2,4-disulphobenzaldehyde disodium salt (IT) were
measured by a chromatographic method after accelerated
storage conditions at +40° C. and 75% relative humidity for
two months. The results are shown in Table 2.






