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LIQUID PHARMACEUTICAL COMPOSITIONS COMPRISING THYROID HORMONES

This invention relates to novel pharmaceutical
compositions comprising at least one thyroid hormone and
their derivatives, and to their use in the treatment of
disorders associated with impairment of the thyroid
hormone functions in animals including human beings.

Many patients, particularly the elderly or small
children may have difficulty swallowing traditional oral
dosage forms. For these patients liquid dosage forms
may result in increased patient compliance. Ligquid
dosage forms may also have the advantage of more
reproducible biocavailability over solid dcsage forms.
However, liquid oral dosage forms (such as solutions,
syrups and suspensions) comprising thyroid hormones are
difficult to dose accurately due to the small
(microgram) quantities of active ingredient. For these
reasons products in liquid oral dosage form comprising
thyroid hormones are not currently available. Therefore
it is an object of the present invention to provide a
ligquid dosage form and delivery system for thyroid
hormone which has improved patient compliance over
traditional solid oral dosage forms, which can
accurately deliver small doses of thyroid hormone, and
which has a suitably long shelf life.

Thyroid hormones comprise one or more of the
following:
L-3,5,3’,5'-tetraiodothyronine (levothyroxine or LT4);
L-3,5,3’~-triiodothyronine (liothyronine or LT3);
L-3,3’,5"-triiodothyronine (LrT3);
L-3,5-diiodothyronine (LT2); or any mixtures thereof.
As used herein the term thyroid hormone should be
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understood to include pharmaceutically acceptable salts

thereof, preferably sodium salts.

Thyroid hormones as described herein are useful in
the treatment of disorders associated with improvement
of the thyroid hormone function in animals including
human beings for example, myxedema, cretinism or
obesity. Thyroid hormones can be prepared synthetically
as the bioclogically active l-enantiomer or can be
isolated directly from the thyroid gland of animals.

Solutions are a highly useful means of
administering accurately metered doses of drug
substances. However, thyroid hormones are known to be
unstable in solution and are not normally sufficiently
soluble in water for the intended purpose.
Surprisingly, it has been discovered that an ethanolic
aqueous solution can form the basis of a stable solution
comprising thyroid hormones suitable for use in liquid

formulations which can be delivered in metered doses.

Therefore the present invention provides a liquid
phérmaceutical composition comprising a therapeutic
agent which comprises at least one thyroid hormone; from
about 40% to about 96% ethanol by volume; a pH adjusting
agent so that the measured pH of the composition is from
about 9 to about 12; and from about 4% to about 50%

water by volume.

'By volume’ throughout the specification and claims
indicates a percentage 1s the volume of a liguid
ingredient per total volume of the liquid composition.
‘By mass’ indicates a percentage 1is the mass of an
ingredient per total mass of the composition.
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Thyroid hormones may exist as one ©Or more
polymorphic forms (for example one or more crystalline
forms, amorphous forms, phases, solid solutions and/or
mixtures thereof), and the therapeutic agent may include
and pharmaceutically acceptable polymorphic forms of
thyroid hormones and/or mixtures thereof.

Thyroid hormones may also exist in the forms of
solvates (for example hydrates) and the therapeutic
agent may include each solvate of the thyroid hormones

and/or mixtures thereof.

Preferably the thyroid hormone is present in the
compositions in an amount per unit dose from about
0.1 ug to about 10,000 pg, more preferably from about
1 Ug to about 1000 pg, most preferably if the thyroid
hormone is LT, from about 25 pg to about 300 ug. It
will be readily appreciated that the doses of thyroid
hormone will vary according to which thyroid hormone or
derivative is wused and will therefore be adjusted

accordingly.

Preferably the volume of the composition per unit
dose is about 0.1 pl to about 10,000 pl, more preferably
from about 1 Ml to about 1,000 pl, most preferably if
the thyroid hormone is LT, from about 10 pl to about
600 pl.

The concentration of thyroid hormone in liquid
compositions of the invention will vary according to the
unit dose or volume dec.red and which thyroid hormone
derivative is used. Howaver, typically if the thyroid
hormone is LT, the concentration will be from about
0.1 mg ml™! to about 1.0 mg ml~Ll.
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Preferably the ethanol is present in an amount from
about 50% to about 80%, more preferably from about 60%
to about 75%, by volume of the composition.

Preferably the composition further comprises from a
trace amount to about 5% by mass of a pharmaceutically
acceptable sequestrating agent which may be an ethylene
diamine tetra-acetate salt (eg a sodium salt).

Preferably the composition additionally comprises
from a trace amount to about 5% by mass of an
pharmaceutically acceptable antioxidant which may be a
metabisulphite or sulphite salt (eg a sodium salt).

Preferably the pH adjusting agent is sodium
hydroxide and the measured pH of the formulation is from
about 9 to about 11, more preferably about 10. It will
be readily appreciated by persons skilled in the art
that a pH measured in a non-aqueous solvent by a
suitable means (for example a pH meter) is not to be
considered to relate directly to hydrogen ion
concentration but is to be used for comparative purposes
only.

The liquid composition of the present invention may
further comprise one or more of the following
pharmaceutically acceptable optional ingredients:
colouring agents, for example conventional
pharmaceutically acceptable dyes;
orally acceptable preservatives, for example benzyl
alcohol, sodium hypochlorite, phenoxy ethanol and/or
propylene glycol;
sweetening agents for example glycerin, sucrose,
sorbitol, sodium saccharin and/or aspartame;
flavouring agents, for example sodium citrate and/or
citric acid; and
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thickening agents, for example povidone and/or
hydroxypropyl methylcellulose.

These optional ingredients may be present in an
amount from a trace amount to about 40% by mass of the
composition, preferably (if the optional ingredient is
other than glycerin) from a trace amount to about 10% by
mass.

The formulation of the present invention is
suitable for use in a metered dosage delivery system
such as a pump-action spray or a pressurised aerosol
can, 1in which the propellent is preferably free of
oxygen. |

Therefore a further aspect of the invention
provides a metered dosage delivery system which
comprises a liquid composition as described herein.

A further aspect of the present invention provides
use of a thyroid hormone in the preparation of the
pharmaceutical compositions described herein for the
treatment of disorders associated with an impairment of
the thyroid hormone function in animals including human

beings.

A still further aspect of the present invention
provides a method of treating disorders associated with
an impairment of the thyroid hormone function in animals
including human beings, which comprises administering
to a patient in need thereof a therapeutically and/or
prophylactically effective amount of the pharmaceutical
compositions described herein.

Whilst the precise amount of the therapeutic agent
administered in the treatment described outlined above
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will depend on a number of factors, for example the
severity of the condition, the age and past medical
history of the patient, and always lies within the sound
discretion of the administering medical practioner or
veterinary a suitable daily dose of a thyroid hormone
for administration to animals, preferably human beings,
may generally be from about 0.1 pg to about 10,000 pg,
preferably from about 1 HUg to about 1,000 pg, more
preferably if the thyroid hormone is LTy, from about
25 ug to about 300 pg, given in a single dose or in
divided doses at one or more times during the day.

Liquid compositions of the present invention
provide a versatile means in which to administer a unit
dose of the therapeutic agent. For example when the
therapeutic agent 1is LTy, the liquid dosage form may
comprise a spray or aerosol comprising a solution having
a concentration of LT, of 1 mg ml'l. Preferably the
spray delivers a volume of solution per unit dose of
from about 25 pl to about 300 Ml (equivalent to a dose
of from about 25 pg to about 300 pug). If the spray
comprises a solution having a concentration of LT, of
0.5 mg ml~! then preferably the spray delivers a volume
of solution per unit dose of from about 50 pl to 600 ul
(equivalent to a dose of from about 25 gg to about
300 pg of LT,). ®

Pharmaceutical compositions of the present
invention may be used in adjunctive therapy with one or
more other compounds having activity in the treatment of
disorders associated with an impairment of the thyroid
hormone function in animals including human beings. It
will be appreciated that the term treatment as used
herein includes prophylactic use of the pharmaceutical
compositions of the present invention, for example to
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protect against conditions such as hypothyroidism, in
animals including human beings.

The invention will now be illustrated by the
following non-limiting examples. Throughout the
examples % m/v indicates the percentage in the amount of
ingredient by mass (g) per volume of the composition
(ml) and % v/v indicates the percentage in the amount of
ingredient by volume.

Example 1

Inagredient % m/v
Levothyroxine sodium (LTy) 0.1

EDTA (Sequestrine NA4) 0.05
Sodium metabisulphite 0.05
Sodium saccharin 0.10
Ethanol 70 (% v/v)
Purified water to . . . 100

The above ingredients were mixed together to form
an ethanolic solution which had a pH, measured with a pH
meter, of 9.3. The solution was filtered and sealed in

ampoules, the headspace being air.

The stability of the therapeutic agent (LT,) in
this formulation was tested with the formulation held at
various temperatures over 6 ﬁmnths. The results are
tabulated below, as a fraction of LT, remaining. A dash
indicates that no data are available for the amount of
LT, present at a particular temperature after a

particular duration.
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Duration
Temp® Init- | After 1 2 3 6
C ially 2 month [ months | months | months
weeks
4 0.97 - - 0.99 1.00 1.09
25 0.97 1.01 1.00 0.99 1.00 1.07
5 30 0.97 - - 0.99 - 1.07
40 0.97 - - - 0.97 1.00
50 0.97 1.03 0.94 - 0.88 0.81
Examples 2 to 3
Inaredient % m/v
10 Levothyroxine sodium (LTy) 0.1
EDTA (Sequestrene NA4) 0.05
Sodium sulphite 0.05
Glycerin 30.0 (% v/v)
Ethanol 40.0 (% v/v)
15 Purified water to 100

The above ingredients were mixed to form a solution
which had a pH,
The stability results over 3 months for

as in Example 1, measured with a pH
of 9.3.

this solution filled into ampoules having either an air
20 (Example 2)

in the following table, as a fraction of LT, remaining.

meter,

or nitrogen (Example 3) headspace are given
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______ Duration ,
Temp© Init- 1 2 3
C ially | month | months month
S
Ex;mple 2 - Ampoule (air)
4 0.97 0.99 0.99 0.97
25 0.97 0.98 0.98 0.95
40 0.97 0.99 0.95 0.80
50 0.97 0.97 0.83 0.68
Example 3 Ampoule (nitrogen)
4 0.98 0.99 1.00 0.97
25 0.98 0.99 0.99 0.97
40 0.98 0.98 0.98 0.95
50 0.98 0.99 0.96 0.93

Examples 4 to 6

Ingredient

Levothyroxine sodium
EDTA (Sequestrene NA4)

Sodium sulphite
Ethanol

Purified water to

PCT/EP95/00323

0.05

0.05
70 (% v/v)
100

The above ingredients were mixed to form a solution

as in Example 1,
of 10.1.

meter,

which had a pH,

measured with a pH

The stability results are tabulated

below in a similar manner to Examples 1 to 3 above for a
solution filled into ampoules and having an air (Example
Stability

(with a

4) or a nitrogen (Example 5) headspace.

results for a solution prepared as above

measured pH of 10.0) which was filled into a pump pack
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(Example 6) 1is also given in the following table. A
dash indicates no data are available.

Duration
Temp Init- 1 2 3 6
°C ially month months months months
5 Example 4 (Ampoule - air)
4 1.01 0.99 1.0 0.99 0.98
25 1.01 1.00 0.95 0.99 0.99
40 1.01 0.99 0.99 0.97 0.94
50 1.01 0.96 0.95 0.89 0.84
10 Example 5 (Ampoule - nitrogen)
4 1.01 1.04 1.01 1.01 1.00
25 1.01 1.00 1.01 0.99 1.00
40 1.01 1.00 1.01 0.99 1.00
50 1.01 0.99 0.99 0.96 0.95
15 Example 5 (Pump pack)
4 1.02 1.03 - 1.03 -
25 1.02 1.04 - 1.04 -
40 1.02 1.01 - 1.05 -
50 1.02 1.00 - 0.99 -
20 Examples 7 to 9
Ingredient $ m/v
Levothyroxine sodium 0.1
EDTA (Sequestrine NA4) 0.05
Sodium sulphite 0.1
25 Ethanol 70 (% v/v)

Purified water to . . . 100
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The above ingredients were mixed as in Example 1 to
pfoduce a solution with a measured pH of 10.3, which was
then stored as described in Examples 4 to 6. The
stability results are as follows. A dash indicates no
data are available.

L_________ Duration
Temp Init- 1 2 3 6
oC ially month months months months
Example 7 (Ampoule - air)
4 1.00 0.99 1.01 1.01 1.00
25 1.00 0.99 1.00 0.99 0.98
40 1.00 0.98 0.99 0.96 0.97
50 1.00 0.96 0.965 0.91 0.86
Example 8 (Ampoule - nitrogen)
4 1.01 0.99 1.01 1.00 1.01
25 1.01 0.99 1.01 1.00 1.00
40 1.01 0.99 1.00 1.00 1.01
50 1.01 0.99 1.01 0.99 0.97
Example 9 (Pump pack)

4 1.03 1.02 - 1.02 -
25 1.03 1.02 - 1.03 -
40 1.03 1.03 - 1.04 -
50 1.03 1.01 - 0.99 -
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Examples 10 to 12

Ingredient

Levothyroxine sodium
EDTA (Sequestrene NA4)
Sodium sulphite

Sodium saccharin

Ethanol

Purified water to .

- 12 -

PCT/EP95/00323

70 (%
100

v/v)

The above ingredients were mixed as in Example 1 to

produce a solution with a measured pH of 10.2 and 10.3,

which was then stored as described in Examples 4 to 6.

The stability results are as follows.

no data are available.

A dash indicates

Duration
Temp Init- 1 2 3 6
oC ially month months months | months
Example 10 (Ampoule - air)
4 0.95 1.04 0.95 0.95 0.97
25 0.95 1.04 0.96 0.92 0.94
40 0.95 1.03 0.95 0.90 0.93
50 0.95 1.00 0.90 0.83 0.81
Example 11 (Ampoule - nitrogen)
4 0.96 1.05 0.96 0.97 0.97
25 0.96 1.06 0.99 0.93 0.95
40 0.96 1.06 0.97 0.93 0.98
50 0.96 1.06 0.97 0.91 0.92
Example 12 (Pump pack

4 0.99 1.04 - 0.99 -
25 0.99 1.03 - 1.00 -
40 0.99 1.05 - 0.99 -
50 0.99 1.02 - 0.95 -
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Claims

1. A liquid pharmaceutical composition comprising a

therapeutic agent which comprises at least one thyroid

hormone; from about 40% to about 96% ethanol by volume;

a pH adjusting agent so that the measured pH of the

composition is from about 9 to about 12; and from about
% to about 50% water by volume.

2. A composition as claimed in claim 1, in which the
thyroid hormone comprises:
L-3,5,3’,5'-tetraiodothyronine (levothyroxine or LT4);
L-3,5,3'-triiodothyronine (liothyronine or LT3);
L-3,3',5'-triiodothyronine (LrT3);

L-3,5-diiodothyronine (LT2);

pharmaceutically acceptable salts thereof; or any
mixtures thereof.

3. A composition as claimed in any preceding claim, in
which the ethanol is present in an amount from about 50%
to about 80% by volume of the composition.

4. A composition as claimed in any preceding claim,
which further comprises from a trace amount to about 5%
by mass of the composition of a pharmaceutically
acceptable sequestrating agent.

5. A composition as claimed in any preceding claim,
which further comprises from a trace amount to about 5%
by mass of the composition of a pharmaceuticall
acceptable anti-oxidant.

6. A metered dosage delivery system which comprises a
composition as claimed in any preceding claim.
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7. Use of a thyroid hormone in the preparation of a
compositicn as claimed in any of claims 1 to 5, for the
treatment of disorders associated with an impairment of
the thyroid hormone function in animals including human

beings.

8. A method of treating disorders associated with an
impairment of the thyroid hormone function in animals
including human beings, which comprises administration
to a patisnt in need thereof of a therapeutically or
prophylactically effective amount of a composition as
claimed in any of claims 1 to 5.

9. A method for preparing a liquid pharmaceutical
compositicn comprising a therapeutic agent comprising
combining &t least one thyroid hormone with from about
40% to about 96% ethanol by volume; a pH adjusting agent
so that the measured pH of the composition is from about
9 to about 12; and from about 4% to about 50% water by

volume.

10. A method as claimed in claim 9, in which the
thyroid hormone comprises:
L-3,5,3",5'-tetraiodothyronine (levothyroxine or LT4);
L-3,5,3’-triiodothyronine (liothyronine or LT3);
L-3,3’,5"-triiodothyronine (LrT3);

L-3,5-diicdothyronine (LT2);

pharmaceutically acceptable salts thereof; or any

mixtures thereof.

11. A method as claimed in either claim 9 or 10, in
which the ethanol 1is added to the composition in an
amount from about 50% to about 80% by volume of the

compositicn.
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12. A method as claimed in any of claims 9 to 11,
which further comprises adding to the composition from a
trace amount to about 5% by mass of the composition of a

pharmaceutically acceptable sequestrating agent.

13. A method as claimed in any of claims 9 to 12, which
further comprises adding to the composition from a trace
amount to about 5% by mass of the composition of a
pharmaceutically acceptable anti-oxidant.

14. A method for preparing metered dosage delivery
system comprising filling the delivery system with a

liguid composition as claimed in any of claims 1 to 5.

15. Use of a thyroid hormone in a method as claimed in
any of claims 9 to 13, for preparing a liquid
pharmaceutical composition for treating disorders
associated with an impairment of the thyroid hormone

function in animals including human beings.
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