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Description

[0001] The presentinvention relates to a pharmaceutical preparation of thyroid hormones T3 and T4. Specifically, the
invention relates to a pharmaceutical preparation of thyroid hormones T3 and T4 in water-alcohol solution, suitable for
oral administration and characterized by high physical, chemical and microbiological stability. The invention also relates
to the use of said pharmaceutical preparation in the treatment of disorders caused by hormone T3 and/or T4 deficiency.

BACKGROUND TO THE INVENTION

[0002] The thyroid hormones triiodothyronine or liothyronine (T3) and tetraiodothyronine or thyroxine (T4) are secreted
by the follicular cells of the thyroid gland in response to the pituitary-gland hormone TSH, the production of which is
regulated in turn by the hypothalamic hormone TRH. The secretion of thyroid hormones follows a circadian rhythm; the
highest levels of T3 and T4 are reached during the night and the early hours of the morning.

[0003] T3and T4 are essential for the normal body growth of children and for the maturation of the various apparatuses,
especially the skeleton, and regulate metabolic activity in the adult, influencing the function of every organ and tissue.
In particular, T3 and T4 increase oxygen consumption at rest, raising the basal metabolism, the body temperature and
the daily calorie requirement. They regulate carbohydrate metabolism, promoting glycogenolysis and gluconeogenesis,
and increase the activity of the enzymes involved in glucose oxidation. The thyroid hormones are involved in lipolysis
and lipogenesis, regulate protein synthesis, exercising a trophic effect on the muscle, and affect the cardiovascular
system.

[0004] Thyroid hormones are essential to the cardiac function: they increase myocardial contractility (positive inotropic
effect), increase the heart rate (positive chronotropic effect) and increase venous return to the heart.

[0005] In general, the effect of the thyroid hormones is mainly anabolic at low doses, whereas they have a catabolic
action at high doses. In situations of physiological deficiency of thyroid hormones, as in the case of primary and secondary
hypothyroidism, a treatment based on T3 and/or T4 is required, administered as such or in the form of sodium salts or
hydrates.

[0006] Treatment with thyroid hormones continues throughout the patient’s life, and the posology (dose and frequency
of administration) is customized according to the patient’s response. The initial dose of T3 and T4 is usually low. The
dose is then gradually increased until the clinical evaluation and laboratory tests indicate an optimum response. Selecting
the dose is a critical aspect: an under-dose leads to a poor response, while an excessive dose can produce toxic
symptoms of hyperthyroidism such as tachycardia, sweating, weight loss, nervousness, diarrhea, bone resorption due
to activation of the osteoclasts, and heart problems.

[0007] It is therefore important for patients to be able to count on reliable formulations in terms of dose accuracy.
[0008] Oral pharmaceutical forms of T3 and T4 hormones are on the market in solid form (regular tablets and soft
gelatin capsules) and in liquid oral form in drops. This last pharmaceutical form makes the hormones immediately
available for gastrointestinal absorption, and usually consists of a solution in a single multi-dose glass container with a
dropper. The use of the dropper makes it difficult to measure accurately the volume of solution dispensed, and therefore
the dose administered. If a T4 solution with a concentration of 100 pg/mL is used, for example, T4 doses of between
3.5 and 200 pg may be administered. Assuming that each drop (approx. 35 pL) contains 3.5 ug of T4, the administration
of the maximum dose of 200 pg requires no less than 57 drops to be dispensed (2 mL). Moreover, the volume of the
drops dispensed is not precisely replicable. The use of a dropper may therefore not guarantee the necessary dose
accuracy, which is provided by other forms of administration such as tablets or soft capsules available in a variety of
doses to allow optimum individual treatments.

[0009] The precarious accuracy of the dose represents a particularly important problem for drugs with a small thera-
peutic window such as thyroid hormones, especially in specific patient populations (children and the elderly). In the case
of liquid pharmaceutical forms of T3 and/or T4, it is therefore evident that the availability on the market of single-dose
pharmaceutical packs meets a clear therapeutic need.

[0010] In the liquid pharmaceutical forms (solutions, emulsions and suspensions) and semi-solid forms (creams, oint-
ments and pastes), formulation ingredients for pharmaceutical use with high vapor pressure in general, such as alcohols,
or inert gases, such as nitrogen, can act as solvents of the active ingredients present in the finished product or as
preservatives, and can also, in synergy with other ingredients present in the pharmaceutical form, promote the physical
and chemical stability of the finished product.

[0011] Volatile organic solvents such as ethanol are used to facilitate the dissolution of hormones T3 and/or T4.
Adequate containment of volatile substances is necessary to guarantee the physical and chemical stability of the product.
Evaporation of said substances from the formulation through the primary packaging material must be prevented, to avoid
a gradual reduction in their concentration over time.
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STATE OF THE ART

[0012] Patent application WO2010/086030, filed by the applicant, discloses a single-dose squeezable container for
solutions of T3/T4 hormones, which is made of plastic with a Young’s modulus of between 10 and 80 MPa, and in
particular of a mixture of polyethylene or polypropylene with ethylene vinyl acetate. However, it has been observed that
although said container presents optimum squeezability characteristics which ensure that the solution is completely
emptied, it is unable to preserve the chemical and physical stability of the water-alcohol solutions of hormones T3/T4 it
contains, causing a loss of alcohol solvent and increasing the quantity of impurities present in it during storage.

[0013] The purpose of the present invention is therefore to overcome the drawbacks associated with the prior art, in
particular the chemical and physical instability of water-alcohol solutions of hormone T3/T4 stored in the containers
described in W02010/086030, while maintaining the convenience and accuracy of dose and administration offered by
single-dose squeezable containers.

DESCRIPTION OF THE INVENTION

[0014] The present invention relates to a single dose pharmaceutical preparation of T3 and T4 thyroid hormones,
suitable for oral administration, in ready-to-use packaging consisting of a container pre-filled with a water-alcohol solution
of hormone T3 and/or T4, said container being one of the following:

(a) a container with nominal volume of 1 mL made of one-component LDPE plastic, being contained in a sealed
sachet having the following features: stratified film: Polyester 12 micrometers, Al 9@ micrometers, Polyethylene 50
micrometers, each of these values ranging by * 5-6%; oxygen permeability of 0.1-0.2 cc/m2/day; water vapour
permeability of 0.1-0.2 g/m2/day.

(b)1: a 5-layer laminated disposable container, transparent or opacified, with thickness of approx. 600 micrometers,
consisting of laminated layers of the following materials: LDPE, EVOH, NF408 adhesive.

(b)2: a 1.1 mL disposable laminated container, with thickness of approx. 400 micrometers, consisting of layers of
the following materials: polyethylene (PE), EVOH, PP, ACLAR®.

(b)3: a 1.1 mL disposable laminated container, with thickness of approx. 300 micrometers, consisting of layers of
the following materials: PVC, PVDC, polyethylene (PE).

[0015] In the embodiment of container (a), the sachet thus consists of a film made of layers of materials according to
the combination: polyethylene, aluminium and polyester.

[0016] At the end of the stability period, the pharmaceutical preparation according to the invention contains not less
than 95% of the initial ethanol concentration, a T3 and/or T4 content of not less than 95% of the initial concentration,
and total impurities (excluding impurity T3 in the single-dose T4 container) < 2.5% of the initial concentration of active
ingredient.

[0017] Moreover, the pharmaceutical preparation according to the invention, due to its characteristics, guarantees the
absence of microbiological contamination, with TAMC (total aerobic microbial count) values < 100 CFU/g, TYMC (total
yeast and mould count) values < 10 CFU/g, and absence of E. coli, thus being practical to use and not liable to accidental
contamination.

[0018] The pharmaceutical preparation according to the invention is conveniently used to treat disorders associated
with thyroid hormone T3 and/or T4 deficiency.

[0019] A further aspect of the invention therefore relates to the use of a water-alcohol solution of thyroid hormone T3
and/or T4 in a container as described above, to prepare a medicament for oral administration in the treatment of disorders
associated with thyroid hormone T3 and/or T4 deficiency.

DETAILED DESCRIPTION OF THE INVENTION

[0020] In the field of liquid oral formulations of hormones T3/T4, the choice of packaging material is important to allow
the correct volume of solution to be delivered easy and precisely.

[0021] In order to be easily squeezable and ensure complete delivery of its contents, the container must be soft and
malleable. This state is usually achieved with the use of low-density polyethylene, polypropylene and sometimes with
the addition of suitable "softening" agents such as EVA, which produce "loose" cross-linking. Squeezable containers
are characterized by a plastic material having a sufficiently low Young’s modulus. The best results have been obtained
with plastics characterized by a Young’s modulus of less than 200 MPa. It has been demonstrated that when plastic
containers with such a Young’s modulus are used, the contents are almost completely extracted by a single manual
compression.

[0022] The Young’s modulus according to the purposes of the present invention is determined by: (1) generating a
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stress strain curve by subjecting specimens with the dimensions established by the applicable standard UNI EN ISO
527-1 (16.5 * 1.0 cm) to tension at the rate of 5 mm/min and (2) determining the slope of the initial, linear portion of the
stress strain curve in which the Hook’s law E = o/¢ is applicable, wherein:

o =F/Awhere F is the force exerted on the specimen under tension and A is the cross-sectional area through which
the force is applied;
¢ = Al/l where Al is the amount by which the length of the object changes and | is the original length of the object.

[0023] Plastics with such a Young’s modulus are obtainable by injection molding or blowing.

[0024] Suitable pharmaceutical-grade plastics can be polyethylene (PE), ethylene vinyl alcohol copolymer resins
(EVOH), polyvinyl chloride (PVC), polyvinylidene chloride (PVdC), polyvinyl acetate (PVA), fluorinated-chlorinated resins,
ionomer resins, cyclic olefin copolymers (COC), polyamides (PA), polystyrene (PS), polycarbonate (PC), laminated
metals such as aluminium bonded to plastics, blends of the materials listed above in variable percentages, or stratifications
of the above-mentioned materials of variable thickness. However, although many of these materials produce containers
that are easily squeezed and have low Young’s modulus values, they have proved inadequate to guarantee the necessary
physical and chemical stability of said formulation.

[0025] The best results have been obtained with an LDPE container packaged in a sachet made of non-breathable
material as secondary packaging as described by claim 1.

[0026] In terms of ethanol content, the physical stability of the T4 water-alcohol solution (100 pg/mL) in said single-
dose container has proved significantly better than the stability of the same solution in single-dose primary packaging
consisting of an EVA-PE blend (50%-50%, according to WO2010/086030) - see Table 1. The experiment was conducted
by placing the samples at40°C/75% RH for 7 days. The values are expressed as a percentage of the initial ethanol content.

Table 1

100 ng/mL T4 solution in single-dose containers stored at 40°C/75% RH for 7 days

Ethanol (%)
Prototype
T=0 T=7 days

T4 solution in single-dose EVA-PE container 99.8 88.69
T4 solution in single-dose LDPE container in hermetically sealed

sachet 97.80
T4 solution in single-dose EVA-PE container in hermetically sealed

sachet 91.90

[0027] The T4 preparation to which the present invention relates proved, in terms of total impurity content, more stable
than the solution stored in single-dose primary packaging made of an EVA-PE blend (50%-50%) (Table 2).

[0028] The experiment was conducted by storing the samples at 50°C for ten days. The values are expressed as
percentages of the initial active ingredient content.

Table 2

100 ng/mL T4 solution in single-dose containers stored at 50°C for 10 days

Total impurities (%)
Prototype
T=0 T=10 days
T4 solution in single-dose LDPE container in hermetically sealed 270
sachet 0.7 '
T4 solution in single-dose EVA-PE container 3.10

[0029] The T4 preparation according to the invention in single-dose packaging proved more chemically stable than
similar formulations in multi-dose amber glass bottles present on the market.

[0030] Table 3 comparesthe values of the impurities after storage under ICH conditions at 25°C/60% RH for 6 months.
The values are expressed as percentages of the active ingredient content.
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Table 3
100 p.g/mL T4 solution stored at 25°C/60% RH for 6 months

Total impurities (%)
Prototype
T=0 T=6 months
T4 solution in single-dose LDPE container in hermetically sealed sachet 0.7 1.87
Commercial T4 solution in multi-dose glass bottle 0.5 2.09

[0031] The chemical stability of the T4 solution, stored in packaging according to the present invention, proved better
than that of the same solution stored in multi-dose amber bottles. Table 4 compares the values of the impurities in
samples stored under ICH conditions at 25°C/60% RH for 6 months. The values are expressed as percentages of the
initial active ingredient content.

Table 4
100 pg/mL T4 solution stored at 25°C/60% RH for 6 months
Total impurities (%)
Prototype

T=0 T=6 months
T4 solution in single-dose LDPE container in hermetically sealed sachet 1.87

0.7
T4 solution in multi-dose glass bottle 2.82

[0032] Interms of ethanol content and total impurities, the physical and chemical stability of the water-alcohol solution
of T4 (100 pg/mL) in a single-dose LDPE container in hermetically sealed sachet proved even greater than that packaged
in a single-dose container made of SURLYN® resins (code 1652) used for packaging in various fields, such as the food
and cosmetic fields (Table 5).

Table 5
Stability of the T4 100 p.g/mL solution stored at 30°C/65% RH

Ethanol (%) Total impurities

T=0 | T=30 | T=3 [ T=0 | T=30 [ T=3

Prototype

T4 solution in single-dose LDPE container in hermetically sealed sachet | 102.2 NA 1015 | 0.7 NA 0.7

Single-dose container made of SURLYN resin® (code: 1652) 99.8 92.0 NA 0.7 | 1.79 | NA

[0033] Similar results were obtained with other SURLYN resins®, such as SURLYN® code 1802 and SURLYN® code
1702.

[0034] The extractability of the water-alcohol T4 solution from the single-dose LDPE container containing 1.1 mL of
solution was evaluated by means of a squeezability test based on successive squeezes to demonstrate the complete,
reproducible release of the expected volume of solution, namely 1.0 mL. The test involved a representative population
of 60 subjects, matched for gender and age, divided into three groups consisting of 10 males and 10 females aged under
30 years, over 50 years or between 30 and 50 years. The subjects were asked to follow the procedure described below:
Hold the softer central part of the container firmly between the thumb and index finger. Applying firm pressure, squeeze
the liquid into a glass, then release the container. Repeat this procedure 5 times. The weight of the volume squeezed
out by each squeeze was determined with an analytical balance. The weight was than converted to the corresponding
volume using the density value (d) of the solution determined experimentally at ambient temperature (d=1,1145 g/mL).
[0035] The mean values of the volumes squeezed out are shown in Table 6, together with the standard deviation (SD),
coefficient of variation (CV%) and 95% confidence interval (95% ClI).

[0036] The results demonstrate that the volume of 1.0 mL of T4 solution is completely extracted from the containers
if they are squeezed 3-4 times. This guarantees the administration of an accurate, reproducible dose to the patient. The
volume extracted does not exceed the nominal value of 1 mL if the container is squeezed further.
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Table 6

Extractability of T4 solution from single-dose LDPE containers

Solution T4, 1 st 2nd squeeze 3rd squeeze 4th squeeze bth squeeze
100 pg/mL squeeze (cumulative value) (cumulative value) | (cumulative value) | (cumulative value)
Mean
volume 0.84 0.95 0.98 1.00 1.00
extracted
(mL)
SD 0.10 0.04 0.03 0.03 0.02
RSD (%) 11.90 4.21 3.06 3.00 2.00
95% CI (mL) | 0.82-0.87 0.94-0.97 0.98-0.99 0.99-1.00 0.99-1.00

[0037] Similar results were obtained with water-alcohol solutions of T3.

[0038] Suitable single-dose laminated containers which guarantee the physical and chemical stability of the solution
they contain were also identified. The following single-dose laminated containers, filled with the T4 solution (100 pg/mL)
described in detail in Example 1, were selected.

1) PE-EVOH-PE70/PP200 ACLAR® |laminated container, 400 um thick, made with a blowing technique
2) PE, EVOH, PP and ACLAR® laminated container, 400 pr.m thick, made with a blowing technique
3) 5-layer laminated LDPE, EVOH container, adhesive NF408E, 600 pm thick, made with a blowing technique.

[0039] The containers were stored for 30 days at 30°C/65% RH. The results of the physical and chemical stability
tests on the T4 solution are set out in Table 7.

Table 7
100 ng/mL of T4 solution was stored at 30°C/65% RH for 30 days
Ethanol (%) Total impurities (%)
Prototype = =

T=0 T=30 T=0 T=30

days days

1) Laminated PE-EVOH-PE70/PP200 Aclar single-dose container 99.8 93.0 0.60 0.80

2) Laminated PE-EVOH-PP-Aclar single-dose container 99.8 96.4 0.70 1.30

3) Laminated 5-layer LDPE-EVOH single-dose container, adhesive 99.8 98.0 0.70 113
NF408E

[0040] As demonstrated by the results set out in Table 7, not all the laminated containers proved able to guarantee

the chemical stability of the solution they contain. Specifically, the first laminated container does not guarantee suitable
resistance to ethanol. The preparation of the second and third prototypes will be more particularly described in the
examples below.

[0041] The extractability of the water-alcohol T4 solution from the single-dose 5-layer container containing 1.1 mL
reported in table 7 (third single-dose container described) was evaluated by way of example.

[0042] The process used is similar to the one previously described for the single-dose LDPE container.

[0043] The mean values of the volumes squeezed out are shown in Table 8, together with the standard deviation (SD),
coefficient of variation (CV%) and 95% confidence interval (95% ClI).

[0044] The results demonstrate that a volume of 1.0 mL of T4 solution is completely extracted from the containers if
they are squeezed 3-4 times. This guarantees the administration of an accurate, reproducible dose to the patient. The
volume extracted does not exceed the nominal value of 1 mL if the container is squeezed further.
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Table 8
Extractability of T4 solution from 5-layer single-dose containers
Solution T4, 1 st 2nd squeeze 3rd squeeze 4th squeeze bth squeeze
100 pg/mL squeeze (cumulative value) (cumulative value) | (cumulative value) | (cumulative value)
Mean
volume 0.82 0.96 0.98 1.00 1.00
extracted
(mL)
SD 0.10 0.03 0.02 0.01 0.01
RSD (%) 11.65 3.25 1.55 1.43 1.49
95% CI (mL) | 0.80-0.84 0.95-0.97 0.98-0.99 0.99-1.00 1.00-1.00

[0045] Similar results were obtained with water-alcohol solutions of T3.

[0046] Aswillbedescribedingreaterdetail inthe examples below, one-component LDPE containers in sealed sachets,
and suitable multi-component laminated containers, proved to guarantee the physical and chemical stability of the
formulation of T3 and T4.

EXAMPLE 1

Formulation and preparation of water-alcohol solution

[0047] Said formulation is used to prepare T4 doses of up to 200 pg, T3 up to 20 pg, and combinations of both active
ingredients.
[0048] In the typical composition, excipients such as ethanol and glycerol are used, the concentrations of which can

range between 5 and 30% w/v for the former and 70 to 95% w/v for the latter, with water as required.
[0049] One liter of water-alcohol solution containing 100 pg/mL of T4 is prepared as follows, using the qualitative/quan-
titative composition listed below:

1) T4 0.105g
2) ethanol (96%) 243 g
3) glycerol (85%) 86149

[0050] The T4 is solubilized in ethanol in a suitable dissolver, under continuous stirring at ambient temperature. When
a clear solution free of visible non-solubilized residues has been obtained, glycerol is added, and a homogenous, clear,
colourless solution is obtained under gentle stirring at ambient temperature. The solution is filtered (0.8 um), and is then
ready for filling a suitable primary container.

EXAMPLE 2

[0051] The solution, prepared as described in example 1, is divided between four different one-component single-
dose containers with a nominal volume of 1 mL characterized by different materials:

) Squeezable single-dose PVCO076 container (equal to PVC with a thickness of 60 pum);

) Squeezable single-dose COPO container (EMAA copolymer resin - MF| 9);

C) Squeezable single-dose SURLYN® 2 container (EMAA ionomer resin - partial Na & Zn salt and additives) - MFI| 5;
) Squeezable single-dose LDPE container (600 pm thick).

[0052] The Melt Flow Index or Melt Index (MFI) is the index of fluidity of a molten polymer.

Filling of disposable containers
[0053] The prototypes are prepared on a laboratory scale, using an automatic pipette (Gilson P-1000) to fill disposable

containers with 1.1 mL of the glycerol-ethanol solution previously described (prepared as described in example 1), after
which the containers are sealed with a Pentaseal-lab benchtop sealing machine.
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[0054] They are then placed in suitable environmental test chambers, and immediately undergo a stability study under
ICH conditions; the equipment used is calibrated and instantly monitored for correct operation.

[0055] Table 9 below lists the T4 content obtained during a period of three months after preparation, the T3 value and
the sum of the impurities, excluding T3, found in the individual single-dose container during the experiment. The values
relating to the condition considered most drastic for the product, i.e. 30°C/65% RH, are recorded.
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[0056] As will be seen, the single-dose LDPE container, compared in absolute terms with the other materials selected
and described, proved able to preserve the chemical quality of the product to a sufficient extent according to the param-
eters considered.

EXAMPLE 3

[0057] Use of single-dose container with a nominal volume of 1 mL made of one-component LDPE plastic contained
in a sealed sachet (PET/A1/PE). Characteristics of sachet:

- Stratified film with high gas and light barrier: Polyester 12 um, Al9 um, Polyethylene 50 pwm (values to be considered
* 5-6%);

- Oxygen permeability: 0.1-0.2 cc/m2/day

- Water vapor permeability: 0.1-0.2 g/m2/day

[0058] The oxygen permeability was measured in accordance with ASTM Standard D-3985.
[0059] The water permeability was measured in accordance with ASTM Standard E-398.

Filling of disposable containers

[0060] The prototypes are prepared on a laboratory scale, using an automatic pipette (Gilson P-1000) to fill disposable
containers with 1.1 mL of the glycerol-ethanol solution previously described (prepared as described in example 1), after
which the containers are sealed with a Pentaseal-lab benchtop sealing machine. Part of the batch is packaged in a
hermetically sealed sachet of the type described above.

[0061] The sachets are then placed in suitable environmental test chambers, and immediately undergo a stability
study under ICH conditions; the equipment used is calibrated and instantly monitored for correct operation.

[0062] The samples stored in the protective sachet demonstrate a greater ethanol containment capacity than the
unprotected samples.

[0063] The product is industrialized by preparing 50 liters of said formulation (as described in example 1). A rotor
dissolver of suitable capacity and a semi-automatic Comas Pentafill SA machine for filling single-dose containers (15
strokes per minute) is used. Part of the batch is packaged in a hermetically sealed sachet of the type described, while
the remainder is kept in cardboard boxes but not hermetically protected.

[0064] Againinthis second case, the samples, after being placed in suitable environmental test chambers, immediately
undergo a stability study under ICH conditions; the equipment used is calibrated and instantly monitored for correct
operation.

[0065] Table 10 below lists the residual ethanol values in the individual single-dose container in the sealed sachet,
and without the sachet. The values relating to the ICH condition 30°C/65% RH are recorded.

Table 10

100 pg/mL T4 solution in single-dose containers with and without sachet, stored at 30°C/65% RH

Ethanol (%)

Prototype T=12
T=0 T=3 months | T=6 months | T=9 months
months
T4so|ut|on insingle-dose LDPE container 96.6 97.2 96.6 96.3 971
in sachet
Téllsolutlon insingle-dose LDPE container 96.6 87.3 812 76.7 733
without sachet

[0066] As will be seen, the single-dose LDPE container in the sealed sachet offered the best performance after only
three months of the experiment. A year after the start of the experiment, the percentage difference in the ethanol present
in the formulation is measurable at around 24%.

[0067] Examples 1 and 2 demonstrate the efficacy of the 1 mL single-dose LDPE container stored in a hermetically
sealed sachet (PET/A1/PE).

[0068] Similar results are obtained by making industrial batches of T4 as described in example 1 with different doses
(25, 50 and 75 pg of T4), stored under ICH conditions at 30°C/65% RH and 25°C/60% RH for 12-18 months. The
preparations gave excellent results in terms of physical, chemical and microbiological stability (see Tables 11, 12, 13
and 14).
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EP 2 790 638 B1
EXAMPLE 4
[0069] Samples prepared as described in example 2/D are stored in hermetically sealed sachets consisting of:

- triple heat-sealable stratified film made of Polythene 36 um, Al 8 um, Paper 51 um (single film thicknesses to be
considered * 5-6%).

[0070] In this case too, after six months’ storage under conditions of 30°C-60% RH, the ethanol content in the sample
(97.7%), together with the remaining parameters (T4 content: 96.89%; T3 content: 1.05%; sum total ofimpurities excluding
T3: 2.06%), remained at adequate levels.

EXAMPLE 5
[0071] Samples prepared as described in example 2/D are stored in hermetically sealed sachets consisting of:

- triple heat-sealable stratified film made of low-density SURLYN® resin 23.5 um, Al 12 um, Paper 51 um (single film
thicknesses to be considered = 5-6%).

[0072] In this case too, after six months’ storage under conditions of 30°C-60% RH, the ethanol content in the sample
(96.30%), together with the remaining parameters (T4 content: 97.48%; T3 content: 1.06%; sum total of impurities
excluding T3: 1.46%), remained at adequate levels.

[0073] Filling of disposable containers made of laminated material without protective sachet

EXAMPLE 6

[0074] The prototypes are prepared on a laboratory scale, using an automatic pipette (Gilson P-1000) to fill 5-layer
laminated disposable containers with 1.1 mL of the glycerol-ethanol solution previously disclosed (prepared as described
in example 1), after which the containers are sealed with a manual laboratory sealing machine.

[0075] The container is made in a specific mould by a blowing technique; it is transparent (but can be opacified to
protect it from light), has a wall approx. 600 pm thick, and consists of laminated layers of the following materials: LDPE,
EVOH, NF 408 adhesive (PE and maleic anhydride); EVOH performs the main function of a barrier to gas permeation.
Specifically, PE is Purell PE 1840 H; EVOH is EVAL 101 B.

[0076] The samples prepared were stored at the temperature of 30°C and 65% relative humidity for 30 days. The
same Table compares the data obtained from samples stored in single-dose laminated containers with PP but without
EVOH, and in single-dose LDPE containers with and without protective sachet. The values determined are expressed
as percentages, and shown in Table 15.

Table 15

100 ng/mL T4 solution in single-dose containers stored at 30°C/65% RH for 30 days

Ethanol (%) Total impurities (%)
Prototype
T=0 T=30 days T=0 T=30 days

Laminated PE-EVOH single-dose container 98.0 1.13
Laminated PP single-dose container 93.0 1.66
Slngle-.layer LDPE single-dose container without 99.8 83.0 0.70 392
protective sachet
Single-layer LDPE single-dose container with protective
sachet 99.0 0.80

[0077] As will be seen, the single-dose laminated container containing PE-EVOH keeps the product in high-quality
conditions, and the values measured (impurities and ethanol content) are similar to those obtained with a single-dose
one-component LDPE container stored in a hermetically sealed sachet.
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EP 2 790 638 B1
EXAMPLE 7

[0078] 1.1 mLdisposable laminated containers are filled with the glycerol-ethanol solution already described (prepared
as shown in example 1), using an automatic pipette (Gilson P-1000).

[0079] Said empty single-dose container is made in a special mould. It is obtained by joining 2 symmetrical half-shells
generated by a blowing technique similar to the one used to make blister packs. After volumetric filling it is sealed by a
manual laboratory sealing machine.

[0080] The wall of the single-dose container is approx. 400 pum thick, and consists of layers of the following materials:
PE, EVOH, PP, ACLAR®,

[0081] The samples prepared were stored at the temperature of 30°C and 65% relative humidity for 30 days. The
same Table compares the data obtained from samples stored in single-dose LDPE containers with and without protective
sachet. The values determined are expressed as percentages, and shown in Table 16.

Table 16

100 ng/mL T4 solution in single-dose containers stored at 30°C/65% RH for 30 days

Ethanol (%) Total impurities (%)
Prototype
T=0 T=30 days T=0 T=30 days

Laminated PE-EVOH-PP-Aclar single-dose container 96.4 1.30
Single-layer LDPE single-dose container without protective 83.0 392
sachet 99.8 ' 0.70 '
Single-layer LDPE single-dose container with protective 99.0 0.80
sachet

[0082] As will be seen, the single-dose laminated container containing PE-EVOH-PP-ACLAR® only 400 wm thick
keeps the product in good quality conditions, and the values measured (impurities and ethanol content) are not very
different from those obtained with a single-dose one-component LDPE container stored in a hermetically sealed sachet.
[0083] The sample subjected to said conditions for 6 months proved stable in terms of general quality. The percentage
values found are set out below.

- T4 content: 97.56%;
- Total impurities: 2.44%;
- Ethanol content: 97%.

EXAMPLE 8

[0084] 1.1 mL disposable laminated containers are filled with the glycerol-ethanol solution already disclosed (prepared
as described in example 1), using an automatic pipette (Gilson P-1000).

[0085] Said empty single-dose container is made in a special mould. It is obtained by joining 2 symmetrical half-shells
generated by a blowing technique similar to the one used to make blister packs. After volumetric filling it is sealed by a
manual laboratory sealing machine.

[0086] The wall of the single-dose container is approx. 300 um thick, and consists of layers of the following materials:
PVC, PVDC, PE.

[0087] The samples prepared were stored at the temperature of 30°C and 65% relative humidity for 30 days. The
same Table compares the data obtained from samples stored in single-dose LDPE containers with and without protective
sachet. The values determined are expressed as percentages, and shown in Table 17.
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EP 2 790 638 B1

Table 17
100 ng/mL T4 solution in single-dose containers stored at 30°C/65% RH for 30 days
Ethanol (%) Total impurities (%)
Prototype
T=0 T=30 days T=0 T=30 days
Laminated single-dose PVC-PVDC-PE container 97.8 1.20
Slngle-.layer LDPE single-dose container without 83.0 392
protective sachet 99.8 0.70
Single-layer LDPE single-dose container with protective 99.0 0.80
sachet
[0088] As will be seen, the single-dose laminated container containing PVC, PVDC, PE only 300 um thick keeps the

product in good quality conditions, and the values measured (impurities and ethanol content) are not very different from
those obtained with a single-dose one-component LDPE container stored in a hermetically sealed sachet.

[0089]

The sample subjected to said conditions for 6 months proved stable in terms of general quality. The percentage

values found are set out below.

- T4 content: 97.54%;

- Total impurities: 2.46%;

- Ethanol content: 98%.

Claims

1. Asingle dose pharmaceutical preparation of T3 and T4 thyroid hormones, suitable for oral administration, in ready-
to-use packaging consisting of a container pre-filled with a water-alcohol solution of hormone T3 and/or T4, said
container being one of the following:

(a) a container with nominal volume of 1 mL made of one-component LDPE plastic, being contained in a sealed
sachet having the following features: stratified film: Polyester 12 micrometers, Al 9 micrometers, Polyethylene
50 micrometers, each of these values ranging by = 5-6%; oxygen permeability of 0.1-0.2 cc/m2/day; water
vapour permeability of 0.1-0.2 g/m?/day.

(b)1: a 5-layer laminated disposable container, transparent or opacified, with thickness of approx. 600 microm-
eters, consisting of laminated layers of the following materials: LDPE, EVOH, NF408 adhesive.

(b)2: a 1.1 mL disposable laminated container, with thickness of approx. 400 micrometers, consisting of layers
of the following materials: polyethylene (PE), EVOH, PP, ACLAR®,

(b)3: a 1.1 mL disposable laminated container, with thickness of approx. 300 micrometers, consisting of layers
of the following materials: PVC, PVDC, polyethylene (PE).

2. A pharmaceutical preparation according to claim 1, in ready-to-use packaging according to claim 1, for use in the
treatment of diseases associated with T3 and/or T4 hormone deficiency.

Patentanspriiche

1. Pharmazeutisches Einzeldosis-Praparat aus den Schilddriisenhormonen T3 und T4, welches flr die orale Anwen-
dung geeignet ist, in gebrauchsfertigen Verpackungen bestehend aus einem Behélter, welcher mit einer Wasser-
Alkoholldsung der Hormone T3 und/oder T4 vorgefiillt ist, wobei der Behalter einer der folgenden ist:

(a) ein Behalter mit einem Nominalvolumen von 1 mL, welcher aus einem Einkomponenten-Kunststoff LDPE
hergestellt ist, welcher in einem abgedichteten Beutel enthalten ist, der die folgenden Merkmale aufweist: eine
geschichtete Schicht; Polyester 12 Mikrometer, Al 9 Mikrometer, Polyethylen 50 Mikrometer, wobei sich jeder
dieser Werte Uber * 5-6% erstreckt; Sauerstoffpermeabilitdtvon 0,1-0,2 cc/m2/Tag; Wasserdampfpermeabilitat
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von 0,1-0,2 g/m2/Tag.

(b) 1: ein 5-Schicht beschichteter wegwerfbarer Behalter, transparent oder getriibt, mit einer Dicke von ungefahr
600 Mikrometern, bestehend aus beschichteten Schichten der folgenden Materialien: LDPE, EVOH, NF408
Kleber.

(b) 2: ein 1,1 mL wegwerfbarer beschichteter Behalter mit einer Dicke von ungefahr 400 Mikrometern bestehend
aus Schichten der folgenden Materialien: Polyethylen (PE), EVOH, PP, ACLAR®,

(b) 3: ein 1,1 mL wegwerfbarer beschichteter Behalter mit einer Dicke von ungefahr 300 Mikrometern bestehend
aus Schichten der folgenden Materialien: PVC, PVDC, Polyethylen (PE).

2. Pharmazeutisches Praparat nach Anspruch 1, in einer gebrauchsfertigen Verpackung nach Anspruch 1, fir die
Verwendung in der Behandlung von Krankheiten, welche mit T3 und/oder T4 Hormonmangel assoziiert sind.

Revendications

1. Préparation pharmaceutique monodose d’hormones thyroidiennes T3 et T4, adaptée a 'administration orale, dans

un conditionnement prét a I'emploi constitué d’un récipient pré-rempli d’'une solution eau-alcool d’hormone T3 et/ou
T4, ledit récipient étant 'un des suivants :
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(a) un récipient ayant un volume nominal de 1 ml fabriqué a partir de plastique LDPE a un seul composant,
étantcontenu dans un sachetfermé hermétiquement ayantles caractéristiques suivantes: film stratifié: Polyester
12 micrométres, Al 9 micrometres, Polyéthyléne 50 micromeétres, chacune de ces valeurs étant située dans la
plage de + 5-6 % ; perméabilité a 'oxygéne de 0,1 & 0,2 cm3/m2/jour ; perméabilité & la vapeur d’eaude 0,1 &
0,2 g/mZjjour.

(b)1 : un récipient jetable stratifié¢ a 5 couches, transparent ou opacifié, ayant une épaisseur d’environ 600
micrométres, constitué de couches stratifiées des matériaux suivants : LDPE, EVOH, adhésif NF408.

(b)2 : un récipient stratifié jetable de 1,1 ml, ayant une épaisseur d’environ 400 micromeétres, constitué de
couches des matériaux suivants : polyéthyléne (PE), EVOH, PP, ACLAR®.

(b)3 : un récipient stratifié jetable de 1,1 ml, ayant une épaisseur d’environ 300 micromeétres, constitué de
couches des matériaux suivants : PVC, PVDC, polyéthyléne (PE).

Préparation pharmaceutique selon larevendication 1, dans un conditionnement prét a 'emploiselon larevendication
1, pour utilisation dans le traitement de maladies associées a une déficience en hormone T3 et/ou T4.
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ERR730638
T3 ESIVAGY T4 PAJZSMIRIGY HORMONOK EGYADAGOS GYOBYASZAT] KESZITMENYE
SZARADALMIIGENYRONTOR
1. 73 s T4 pajzemirigy (thyrold) harmonuk ordlts bevezelésre sikalmas sgvadages (single doss} aydgyaszat kbszliménye
alkalmezaers kese {ready-o-use) coomagolishan, amely egy lartslybdl toontainen) Al ahol ez &lbre meg van ltve T3
ssivany T4 hormon vizes-atkaholos oldathval; a2 emlitelt taridly a Kovetkezdk valamelyikes
{2} tartdly 1 mi navinges {nominal) trfogatial, amely sqvkomponenst LDPE (ks slirdsend polistiién) misnyaghtl van keazitve,
ahl g2 #gy lezdrt sacshkoban (sealed sachet) Wartdokodik, amaly o Révetkezd ;‘eéiem‘zﬁkkeé bir: W0bbrétegd {stralified) §
pobészier 12 mikrométer, Al % mikroméler, polietien 50 mikrometer, aho! minderek oz &nidkak + 58% &ridkhatanon balli
vannak; oxigen-alerestidkspesséy (permeability) 0,1-0.2 cov¥im¥nap, vi zrw\?~aieres;ctr‘.iképg$ség 8.4-0.2 gim¥aap.
{hi1: Glrsteqt rétegelt (laminated) agyseer hasznalatns (disposabie) tadaly, amely Atitszo (ransparent) vagy zavarositolt
{opacifiad) mintegy 800 mikromater vastagsdugal, s amely 3 kbvetkers anvagok laminalt réleneibél &l LUPE, EVOH (stiidn
vinilatkohol kopolimery, NF4O8 mpasztoanvag (adhasiva).
B2 11 mbes egyszer haszndlaios nitegelt tartdly minteqy 400 mikrométsy \_:‘Siié‘:?éi(}i«‘é-."t'zi}i‘. amely a kiveted
anyagok ritegeibil 3 polietilén (PE), EVOH, polipropitén (PR, ACLAR® markanevd anvag [poli-Qortrifinor-stilin
{PCTFEN.
{013 11 mies egyszer haszndlatos élogelt fandly mintegy 300 mikrometer vastagsngal amely @ kévetkezd
anyagok rélegeibdl §it poliviniikiarid (FVEL polvinilidénkions (PYDC), polietitén (PR},
4. A2 igdnypart szerintl gydaydszall készitmeny, az 1. indnynont szerinl alkalmarisre késy csomagalashan, sikalmazésa
olyan belegsdask kezeldsshen, amelvek T3 ésfvagy T4 hormon hidnyhos tarsulnak,
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