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Storage Container for Weakly Acidic Solution Formulation
Containing Human Growth Hormone, Injection Cartridge
Therefor and Storage Method Therefor

S TECHNICAL FIELD
The present invention relates to a storage container for a weakly acidic
solution formulation containing human growth hormone, an injection cartridge therefor
and a storage method therefor.
10 BACKGROUND ART

Human growth hormone (sometimes referred to as “hGH" below) is a single-
chain polypeptide hormone composed of 191 amino acid residues. hGH can undergo
decomposition by a number of routes, for example, by deamidation, flocculation,
precipitation, oxidation of methionine residues and proteolysis. In order to avoid such

15 decomposition reactions, hGH has conventionally been formuiated and sold in freeze-
dried form. However, recent years have seen a rising demand for the development of
solution formulations for clinical reasons such as in order to improve the compliance of
patients by simplifying the method of use, and various such formulations have been
announced (see, e.g, PCT Application, Japanese-Language Publication No. Hei 7-

20  809719; Japanese Patent Application, First Publication No. Hei 8-92125).

These solution formulations employ a weakly acidic buffer solution with a pH
(pH 6-7) slightly less than the weakly alkaline physiological pH, pH 7-7.5, which has
been conventionally employed in freeze-dried formulations. This is because slight
alkalinity may cause deamidation of the hGH during storage as a solution. However,

25  with slight acidity of pH 6-7, hGH may tend to precipitate, so that the addition of
surfactants has been necessitated for long-term storage. Additionally, the present
inventors have observed that even when surfactants are added, precipitation or
nebulation of the hGH can occur during long-term storage of the hGH solution
depending on the conditions, and the cause of this phenomenon has conventionally

30 been completely unexplained.

On the other hand, since the rubber stoppers or rubber piungers used in
injection-type solution formulations are in contact with the solution for a long time In
comparison to the case where used in the container of a freeze-dried solution,
problems in quality caused by the rubber stopper material can often occur. Whereas

35  examples of problems associated with rubber stoppers include contaminants adhering
to the rubber stopper, coring and sticking, a particular problem for solution formulations

is the effect of elutes from the rubber stopper on the quality of the pharmaceutical
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agent. Rubber stoppers have very complicated properties both chemically and
nhysically, and various types of elute substances from rubber stoppers are known.
These are, for example, reported by L. Gramiccioni et al. (Chromatographia, 28 ('89)
545-550). However, it has yet to be examined which of the elute substances from
5 rubber stoppers have what type of effects on a hGH solution formulation, particuiarly
weakly acidic solution formulations, and there have been no such reports as far as the
inventors are aware.
Therefore, the present inventors performed diligent research in this regard, as
a result of which they discovered that the formulation container, particularly the material
10  of the rubber stopper is an important factor in the stable storage of hGH solution
formulations. That is, they discovered that metal ions dissolve from the rubber stopper
during long-term storage and form conjugates with the hGH. Based on this discovery,
they found that it is necessary to use a rubber stopper in which the elution of metal ions
(especially zinc ions and/or aluminum ions) under certain conditions is below a
15  standard amount in order to prevent degradations of the quality of the hGH solution

formulation, thereby arriving at the present invention.

DISCLOSURE OF THE INVENTION
Specifically, the storage container for a weakly acidic solution formulation

20  containing human growth hormone according to the present invention comprises a
cylindrical container having a first opening and a second opening, and an internal cavity
connecting the first opening and second opening; a first sealing member for sealing the
first opening; and a second sealing member provided in the internal cavity of the
cylindrical container, such as to be capable of moving along the internal cavity whiie

25  forming a continuous seal in a circumferential direction with an inner wail which forms
this internal cavity, thereby forming an enclosed space with the first sealing member for
containing the weakly acidic solution formulation containing human growth hormone.
The second sealing member is composed of a type of rubber having minimal elution of
metal ions. Preferably, the rubber has a level of elution of metal ions which does not

30  degrade the human growth hormone in the formulation. More preferably, the rubber is
such that after such a second sealing member is immersed in 1 ml of a buffer solution
containing a surfactant and having a pH of 5.5-6.5 and stored while shaking at a
temperature of 25 °C for 1 week, the elution rate of polyvalent metal ions in the buffer
solution as measured by atomic absorption spectrophotometry is 50 ppm or less.

35 A storage container for a weakly acidic solution formulation containing human

growth hormone according to another mode of the present invention is such that the
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first sealing member is composed of a type of rubber having minimal elution of metal
ions. Preferably, the rubber has a level of elution of metal ions which does not degrade
the human growth hormone in the formulation. More preferably, the rubber is such that
after such a first sealing member is immersed in 1 mi of a buffer solution containing a
surfactant and having a pH of 5.5-6.5 and stored while shaking at a temperature of 25
°C for 1 week, the elution rate of polyvalent metal ions in the buffer solution as
measured by atomic absorption spectrophotometry is 50 ppm or less.

A storage container for a weakly acidic solution formulation containing human
growth hormone according to another mode of the present invention is such that the
elution rate of polyvalent metai ions is 20 ppm or less.

A storage container for a weakly acidic solution formulation containing human
growth hormone according to another mode of the present invention is such that the
polyvalent metal ions are zinc ions or aluminum lons.

An injection cartridge for a weakly acidic solution formulation containing
human growth hormone according to the present invention comprises a cylindrical
container having a first opening and a second opening, and an internal cavity
connecting the first opening and second opening; a first sealing member for sealing the
first opening, having a thickness such as to be capable of being punctured by a syringe
needle: and a second sealing member provided in the internal cavity of the cylindrical
container, such as to be capable of moving along the internal cavity while forming a
continuous seal in a circumferential direction with an inner wall which forms this internal
cavity, thereby forming an enclosed space with the first sealing member for containing
the weakly acidic solution formulation containing human growth hormone. The seconad
sealing member is composed of a type of rubber having minimal elution of metal ions.
Preferably, the rubber has a level of elution of metal ions which does not degrade the
human growth hormone in the formulation. More preferably, the rubber is such that
after such a second sealing member is immersed in 1 mi of a buffer solution containing
a surfactant and having a pH of 5.5-6.5 and stored while shaking at a temperature of 25
°C for 1 week, the elution rate of polyvalent metal ions in the buffer solution as
measured by atomic absorption spectrophotometry is 50 ppm or less.

An injection cartridge for a weakly acidic solution formulation containing
human growth hormone according to another mode of the present invention is such that
the first sealing member is composed of a type of rubber having minimal elution of
metal ions. Preferably, the rubber has a level of elution of metal ions which does not
degrade the human growth hormone in the formulation. More preferably, the rubber is

such that after such a first sealing member is immersed in 1 mi of a buffer solution
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containing a surfactant and having a pH of 5.5-6.5 and stored while shaking at a
temperature of 25 °C for 1 week, the elution rate of polyvalent metal ions in the buffer
solution as measured by atomic absorption spectrophotometry is 50 ppm or less.

A method for storing a weakly acidic solution containing human growth
hormone according to the present invention comprises steps of preparing a cylindrical
container having a first opening and a second opening, and an internal cavity
connecting the first opening and second opening; providing a rubber stopper in the
internal cavity of the cylindrical container, such as to be capable of moving along the
internal cavity while forming a continuous seal in a circumferential direction with an
inner wall which forms this internal cavity, thereby forming a space with the first sealing
member: filling the space with the weakly acidic solution formulation containing human
growth hormone; and sealing the first opening with a cap. The rubber stopper Is
composed of a type of rubber having minimal elution of metal ions. Preferably, the
rubber has a level of elution of metal ions which does not degrade the human growth
hormone in the formulation. More preferably, the rubber is such that after such a
rubber stopper is immersed in 1 ml of a buffer solution containing a surfactant and
having a pH of 5.5-6.5 and stored while shaking at a temperature of 25 °C for 1 week,
the elution rate of polyvalent metal ions in the buffer solution as measured by atomic
absorption spectrophotometry is 50 ppm or less.

A method for storing a weakly acidic solution containing human growth
hormone according to another mode of the present invention is such that a polyvalent
metal ion chelating agent is added to the weakly acidic solution formulation containing a
human growth hormone.

The terminology such as “buffer sofution containing a surfactant” used in the
present specification is defined as follows. “Buffer solution containing a surfactant”
refers to a solution containing a citric acid-type, phosphoric acid-type, glycine-type or
tris-type buffer, an isotonic agent such as sodium chloride, a surfactant such as
Polysorbate 80, Polysorbate 20 or Poloxamer 188, and optionally, other preservatives
and the like as needed. Polysorbate 20, Poloxamer 188 and the like are preferred as
surfactants.

“Rubber stopper or rubber plunger” refers to a rubber stopper for a syringe vial
or a plunger used in a cartridge for a convenience-type syringe formulation. That is, a
rubber stopper is a sealing plug composed of rubber used for an antiseptic seal after a
vial container is filled with hGH. A rubber plunger is a sealing plug composed of rubber
used for an antiseptic seal in an hGH solution-filled cartridge used in hGH

administration devices.
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“hGH” refers to human growth hormone which was brought into practice
almost 20 years ago as a treatment for pituitary dwarfism, of which various medical
formulations are commercially available. In the present invention, hGH includes not
only hGH proteins from the human pituitary gland (191 amino acids, molecular weight
approximately 22,000), but also to human growth hormone equivalents having
biologicaily specific biological activity (e.g. substitution modifications, addition
modifications, deletion modifications). Here, biological activity specific to hGH refers
mainly to overall growth accelerating activity for causing all human tissues (especially
bones) except for the brain to grow mainly during the developmental period, including
the effects of accelerating production of bones and cartilage by IGF-| induction,
promotion of amino acid intake to cells and protein synthesis, suppression of protein
decomposition, promotion of neutral fat metabolism, promotion of sugar metabolism
and promotion of electrolyte retention.

“Weakly acidic solution formulation containing hGH" refers to a solution
formulation having a buffer with a pH of 5.5-7, and containing hGH as an active
ingredient. The appropriate pH range for such an hGH solution formulation is 5.5-7.¢,
and has been reported to be more advantageously 6.0 (PCT Application, Japanese-
Language Publication No. Het! 7-509719).

“Storage container” refers to a fluid storage container such as a vial or
cartridge for a syringe as commoniy used in the field of pharmaceuticals.

According to the storage container for a weakly acidic solution formulation
containing human growth hormone, injection cartridge therefor and storage method
therefor of the present invention employing this type of structure, low levels of
nebulation preferably, no nebulation is observed in the storage container containing
human growth hormone, thus making it possible to offer an hGH solution formulation

which is physically and chemically stable.

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is a side view showing a portion of a storage container according to the
present invention in cross-section.
Fig. 2 is a perspective view showing the state of use of the storage container

shown in Fig. 1.

BEST MODE FOR CARRYING OUT THE INVENTION
Herebelow, a mode for carrying out the present invention shall be described
with reference to the drawings. Fig. 1 shows a storage container according to the

present invention. The storage container 10 has a roughly cylindrical container body

5
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12. The container body 12 forms an internal cavity 14, this internal cavity 14 being
open at the openings 16, 18 at the ends thereof. In the present embodiment, one end
of the container body 12 has a smaller diameter to form a mouth portion 20. The mouth
portion 20 has a thin rubber cap 22 and a metallic cap 24 covering this rubber cap 22.
As shown in the drawings, these caps 22 and 24 are attached by pressing the
cylindrical portion of the metallic cap 24 and the end portion of the tubular portion
toward the mouth portion 20 and deforming it. The metallic cap 24 has an opening 26
opposing the opening 16 on roughly the central axis of the container body, such that by
passing a needle into this opening 26 and through the rubber cap 22, it is possible to
withdraw fluid from the inside.

In the internal cavity 14 of the container body 12, a roughly cylindrical rubber
stopper 28 or rubber plunger is inserted from the opening 18 on the other side. The
rubber stopper 28 has a slightly larger outer diameter than the inner diameter of the
internal cavity 14 of the container body when in a state of withdrawal from the container
body 12. Consequently, when the rubber stopper 28 is in a state of insertion into the
internal cavity 14 of the container body 14, a continuous seal is formed between the
inner wall 30 forming this internal cavity 14 and the outer circumferentiai surface of the
rubber stopper 28, as a result of which an enclosed chamber 32 is formed between the
rubber cap 26 and the rubber stopper 28, and a liquid, i.e. human growth hormone
solution (weakly acidic solution formulation containing human growth hormone) 34 can
be accommodated in this chamber 32.

When sealing human growth hormone solution 34 into the container body 12,
the rubber stopper 28 is inserted from the opening 18 with the caps 26 and 28
unattached to the opening 16. Next, human growth hormone solution 34 is injected into
the container body 12 from the opening 16. Finally, this opening 16 is covered with the
rubber cap 22 and metallic cap 24, and the edge of the tubular portion of the metailic
cap 24 is deformed towards the mouth portion 20 to close the seal. Alternatively, the
opening 16 is covered with the rubber cap 22 and the metalliic cap 24, and the edge of
the tubular portion of the metallic cap 24 is deformed towards the mouth portion 20 {o
close the seal. Next, the human growth hormone solution 34 is injected into the
container body 12 through the opening 18. Finally, the rubber stopper 28 is inserted
from the opening 18 while compressing to deform.

The human growth hormone solution 34 contained in the storage container 12
having this type of structure is, for example, injected into a patient using the syringe
device (administration device) 40 of Fig. 2 offered under the trade name “Pen 100S”

from Disetronic. This syringe device 40 is composed of a holder 42 for accommodating
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the storage container 10 and an actuator 44 coupled to the rear end of this holder 42.
Upon use, the storage container 10 is inserted into the holder 42 and the actuator is
fitted to the rear end of this holder 42. Additionally, a cap 46 is attached to the front end
of the holder 42. This cap 46 is provided with a needie 48 on an end surface, the two
tips of this needie 48 protruding respectively from the inside end surface and outside
end surface, the end of the needle 48 protruding from the inner end surface puncturing
the rubber cap 22. In this state, the actuator 44 is operated, and the rubber stopper 28
of the storage container 12 1s pressed. As a result, the human growth hormone solution
34 inside the storage container is delivered through the needle 48.

Herebelow, the rubber stopper of the storage container 12 shall be explained
in detail. There are no restrictions as to the material of the rubber stopper as long as it
is a material capable of being used in rubber stoppers for medical purposes. Butyl
rubber, butyl chloride rubber and butadiene rubber are known as basic elastomers, and
any of these may be used. Additionally, while the rubber stopper (or piunger) is used in
combination with a vial and injection cartridge, their material and shape are not
particularly restricted. Aside from glass which is commonly used, it is also possible to
use, for example, synthetic resins such as polypropyiene.

A rubber stopper suitabie for the solution storage container of the present
invention is most preferably selected by the following experiments.

(1) A buffer solution (pH 6) containing a surfactant is prepared, and 1 mi is put
into a glass vial. The above-mentioned solution may optionally inciude isotonics,
stabilizers, preservatives, anti-oxidants, solubilizers and excipients as appropriate. The
test conditions may be changed according to the composition, storage conditions and
method of use of the hGH solution formulation which is to be used, but in view of the
purpose of strictly evaluating the amount of elutes from the rubber stopper, it is
undesirable to add agents such as chelating agents which may have an effect on the
metal ions.

(2) A single rubber stopper (approximately 1 g) is immersed in the above-
described vial, and stored while shaking at 25 °C for one week.

(3) The amount of metal ions which have dissolved into the buffer solution is
measured by atomic absorption spectrophotometry.

(4) Rubber stoppers having an elution rate of 50 ppm or less of polyvalent metal
ions, particularly zinc and/or aluminum are selected. Preferably, those with an elution
rate of zinc and/or aluminum ions of 20 ppm or less per rubber stopper under the
above-given conditions are chosen.

(5) If the rubber stopper material fails to reach the above standards, it can be
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modified or treated to provide it with properties suitabie for the storage container of the
present invention by means of surface treatment or the like. For example, by coating
the rubber stopper with a fluorine resin laminate, plastic, bulk silicon or other
macromolecules by means of commonly known methods, it is possible to prevent the
rubber stopper from directly contacting the hGH solution, thereby suppressing the
elution of metal ions from the rubber stopper. Rubber stoppers coated by means of
such conventional methods should be evaluated by means of the test described in
paragraphs (1)-(4), and seiected under similar criteria for employment in the container
of the present invention.

Unlike a rubber stopper for a vial, a plunger must use a material which Is
harder (there are usually more additives to the rubber) than that of a simple vial stopper
due to the functional property of moving inside the cartridge during use and deciding
the dosage delivered. While coatings by bulk silicon or the like which may be scraped
off due to friction are not generally held to be preferable for surface treatment, it is
possible to have a coating with only a small amount of silicon in order to reduce the
friction. Therefore, the plunger which is suitable for carrying out the present invention
must clear standards which are more stringent than those of a normal rubber stopper
for vials. Specifically, the tests described in paragraphs (1)-(3) should be performed,
and those with a zinc and/or aluminum ion concentration of 20 ppm or less should be
used.

Herebelow, experiments performed on the rubber stoppers of the storage
container shall be explained.

1) Method of Analysis
(i) Metal lon Content

The quantitative analysis of metal ions in the solution was performed using
atomic absorption spectrophotometry according to conventionai methods.
(ii) hGH Content, Polymer Content

Size-exclusion chromatography was performed using a TSK G2000SWXL with
200 mM sodium phosphate (pH 6.8)/0.1% SDS/0.04% Polysorbate 20 as the mobiie
phase. The flow rate was 0.7 mL/min, and measured at 214 nm.

(ii) Deamidate Content

Anion exchange chromatography ((HPIEC) was performed using a TSK DEAE
3SW column (0.75 mm x 7.5 cm) at 40 °C with a flow rate of 1.0 mL/min. This column
was equilibrated with a 25 mM bis-tris buffer (pH 5.8). Elution was performed using a
40 min gradient of 25 mM bis-tris buffer/0.5 M sodium chioride. Measurements were

performed at 280 nm.
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2) Experimental Method
(i) Experiment 1 Effects of Metal lons on hGH

1 mL of a solution formed of 1 mL of a 10 mM citric acid buffer solution (pH
6.0) with 5.0 mg of hGH, 8.77 mg of sodium chioride, 2.5 mg of phenol and 2.0 mg of
Polysorbate 20 was antiseptically filled into a glass bottle. A solution in which was
dissolved zinc acetate, aluminum chloride, calcium chloride and magnesium chioride
was antisepticaily added to the above-described sampie so as to make the metal ion
concentration a standard concentration, and the changes in the solubility state were
observed.
(ii) Experiment 2 Elution of Metal lons from Rubber Stopper

1 mL of a solution formed of 1 mL of a 10 mM citric acid buffer solution (pH
6.0) with 8.77 mg of sodium chloride, 2.5 mg of phenol and 2.0 mg of Polysorbate 20
was antiseptically filled into a glass bottle. Each rubber stopper (rubber stopper B1 of
Company B and rubber stoppers A1, A2, A3 and A4 of Company A) was immersed In
the above-described sampie, which was then stored at room temperature while shaking
for a week. Thereafter, the metal ion concentration in the solution was measured.
(iii) Experiment 3 Effects of Rubber Stopper on hGH

1 mL of a solution formed of 1 mL of a 10 mM citric acid buffer solution (pH
6.0) with 5.0 mg of hGH, 8.77 mg of sodium chloride, 2.5 mg of phenol and 2.0 mg of
Polysorbate 20 was antiseptically filled into a glass bottle. A rubber stopper (rubber
stopper B1 of Company B) with a high metal ion elution rate was immersed in the
above-described sample, and 200 ppm of 2-sodium ethylene diamine 4-acetate was
added. The change in the solubilization state was observed after letting stand at room
temperature for 1 week.
(iv) Experiment 4 Effects of Various Rubber Stoppers on hGH

1 mL of a solution formed of 1 mL of a 10 mM citric acid buffer solution (pH
6.0) with 5.0 mg of hGH, 8.77 mg of sodium chloride, 2.5 mg of phenoi and 2.0 mg of
Polysorbate 20 was antiseptically filled into a glass bottle. Each type of rubber stopper
was immersed in the hGH solution. The pH change, content change, deamidate
content and polymer content were measured after storing the prepared samples for one
month under 5 °C and 25 °C conditions.
3) Experiment Results
(i) Experiment 1 Effects of Metal lons on hGH

With regard to zinc ions and aluminum ions, nebulation was observed in
samples wherein 100 ppm and 50 ppm were respectively added. On the other hand,

there was no nebulation in the samples into which magnesium ions and calcium ions
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were added (Tabie 1).

O ppm

Table 1

20 ppm

i }
Metal lon | Conc. Added

A I S I S S——

50 ppm

7n2* Property clear clear clear nebulation
pH 6.06 6.00 5.97
I S S U R NS
A3+ i Property Clear clear nebulation nebuiation
| pH 6.03 | 5.82 5.58
1
Mg?* Property clear clear clear Clear
pH 6.08
Ca?* Property clear Clear clear clear |
pH 6.05

(ii) Experiment 2 Elution of Metal lons from Rubber Stopper

PCT/IB00/00608

100 ppm

S With the rubber stopper B1 of Company B, the rate of elution of aluminum ions
was considerably higher than in other rubber stoppers (Table 2).
Table 2

Rubber Stopper Zn%* AP* | Mg?* | Ca%
| U AU R DU

B1 82.7 2.5 | 0.2 00 |
i L s S e e

A1 0.4 0.2 0.4 0.0
et ——————————— e it it —————— i —————————

A2* 0.3 0.0 0.1 0.0

A3* 17.3 1.5 0.4 0.0

|
A4* 3.9 1.1 0.1 0.0
! f
Note:  elution units: ppm/unit
rubber stoppers weights approximately 850 mg/unit
10 *rubber stoppers weigh approximately 240 mg/unit

(iii) Experiment 3 Effects of Rubber Stoppers on hGH
The samples in which the rubber stopper B1 of company B were immersed
were observed to have nebulation during storage. However, the sample in which a
15  rubber stopper B1 of Company B was immersed after adding the chelating agent 2-

sodium ethyiene diamine 4-acetate was not observed to have nebulation (Tabie 3).
10
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Table 3
No Rubber Stopper Rubber Stopper Present”
EDTA O ppm clear nebulation
EDTA 200 ppm clear clear |

_.__—__—_—__g__—-——_————-—‘-—————__—_—_—‘

* rubber stopper B1 of Company B

After one week of stationary storage at room temperature

5  (iv) Experiment 4 Effects of Various Rubber Stoppers on hGH
Nebulation was observed during storage of a sampie in which the rubber
stopper B1 of Company B was immersed, and a drop in content was confirmed (25 °C
for 1 month). Additionally, in the samples in which the rubber stopper B1 of Company B
was immersed, the pH of the solution rose and there was considerable generation of
10 deamidates and polymer content.

Table 4
Rubber Storage Solubility hGH Deamidate | Polymer
Stopper Conditions PH | sState | Content” | Content? | Content
™ 5°CforIM | 6.72 |  clear 100% 2.8% 0.8%
| 25°C for M | 7.75 | nebulation | 81% 20.5% 10.4%
A3 5 °C for 1M 6.17 clear 99% 2.8% 0.3%
25°C for 1M | 6.30 clear 102% 10.7% 1.0%
Ad 59C for IM | 6.20 |  clear 99% 3.0% 0.3%
25 °C for 1M | 6.41 clear 101% 11.7% 0.6%
A1 5 °C for 1M .6.1 5 clear 100% 3.0% | 0.2%
]
25°C fortM | 6.21 |  clear 100% 10.7% 0.5% |
r—————————_f__—__—_"_—__———J
None 5 °C for 1M 6.08 clear 100% 3.2% 0.4%
I R N S . Ry

1) The hGH content was caiculated with the sample content after storage at 5 °C for
1M without a stopper as 100%.
2) The deamidate content includes cyclic imides.

11
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CLAIMS

1. A storage container for a weakly acidic solution formulation containing human
growth hormone, comprising:

a cylindrical container having a first opening and a second opening, and an
internal cavity connecting the first opening and second opening;

a first sealing member for sealing said first opening; and

a second sealing member provided in the internal cavity of said cylindrical
container, such as to be capable of moving along said internal cavity while forming a
continuous seal in a circumferential direction with an inner wall which forms this internal
cavity, thereby forming an enclosed space with said first sealing member for containing
the weakly acidic solution formulation containing human growth hormone;

said storage container for a weakly acidic solution formulation containing
human growth hormone being characterized in that:

said second sealing member is composed of a type of rubber such that after
such a second sealing member is immersed in 1 ml of a buffer solution containing a
surfactant and having a pH of 5.5-6.5 and stored while shaking at a temperature of 25
°C for 1 week, the elution rate of polyvaient metal ions in said buffer solution as

measured by atomic absorption spectrophotometry is 50 ppm or less.

2. A storage container for a weakly acidic solution formulation in accordance with
claim 1, wherein said first sealing member is composed of a type of rubber such that
after such a first sealing member is immersed in 1 mi of a buffer solution containing a
surfactant and having a pH of 5.5-6.5 and stored while shaking at a temperature of 25
°C for 1 week, the elution rate of polyvalent metal ions in said buffer solution as

measured by atomic absorption spectrophotometry is 50 ppm or less.

3. A storage container for a weakly acidic solution formulation in accordance with
either claim 1 or 2, wherein the elution rate of said polyvalent metal ions is 20 ppm or

less.

4. A storage container for a weakly acidic solution formulation in accordance with
any one of claims 1-3, wherein said polyvalent metal ions are zinc ions or aluminum

ions.

S. An injeCtion cartridge for a weakly acidic solution formulation containing

12
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human growth hormone, comprising:

a cylindrical container having a first opening and a second opening, and an
internal cavity connecting the first opening and second opening;

a first sealing member for sealing said first opening, having a thickness such
as to be capable of being punctured by a syringe needle; and

a second sealing member provided in the internal cavity of said cylindrical
container, such as to be capable of moving along said internal cavity while forming a
continuous seal in a circumferential direction with an inner wall which forms this internal
cavity, thereby forming an enclosed space with said first sealing member for containing
the weakly acidic solution formulation containing human growth hormone;

said injection cartridge for a weakly acidic solution formulation containing
human growth hormone being characterized in that:

said second sealing member is composed of a type of rubber such that after
such a second sealing member is immersed in 1 mi of a buffer solution containing a
surfactant and having a pH of 5.5-6.5 and stored while shaking at a temperature of 25
°oC for 1 week, the elution rate of polyvalent metal ions in said buffer solution as

measured by atomic absorption spectrophotometry is 50 ppm or less.

6. An injection cartridge for a weakly acidic solution formulation containing
human growth hormone in accordance with claim 5, wherein said first sealing member
is composed of a type of rubber such that after such a first sealing member is immersed
in 1 ml of a buffer solution containing a surfactant and having a pH of 5.5-6.5 and
stored while shaking at a temperature of 25 °C for 1 week, the elution rate of polyvalent
metal ions in said buffer solution as measured by atomic absorption spectrophotometry

is 50 ppm or less.

7. A method for storing a weakly acidic solution containing human growth
hormone, comprising steps of:
' preparing a cylindrical container having a first opening and a second opening,

and an internal cavity connecting the first opening and second opening;

providing a rubber stopper in the internal cavity of said cylindrical container,
such as to be capable of moving along said internal cavity while forming a continuous
seal in a circumferential direction with an inner wall which forms this internal cavity,
thereby forming a space with said first sealing member;

filling said space with the weakly acidic solution formulation containing human

growth hormone; and

13
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sealing said first opening with a cap;

said method for storing a weakly acidic solution containing human growth
hormone being characterized in that said rubber stopper is composed of a type of
rubber such that after such a rubber stopper is immersed in 1 ml of a buffer solution
containing a surfactant and having a pH of 5.5-6.5 and stored while shaking at a
temperature of 25 °C for 1 week, the elution rate of polyvalent metal ions in said buffer

solution as measured by atomic absorption spectrophotometry is 50 ppm or less.

8. A method for storing a weakly acidic solution containing human growth
hormone in accordance with claim 7, comprising a step of adding a polyvalent metal ion

chelating agent to the weakly acidic solution containing human growth hormone.

g. A sealing member for a storage container for a weakly acidic solution
formulation, the sealing member comprising:

a type of rubber such that after the sealing member is immersed in 1 mi of a
buffer solution containing a surfactant and having a pH of 5.5-6.5 and stored while
shaking at a temperature of 25 °C for 1 week, the elution rate of polyvalent metal ions in
said buffer solution as measured by atomic absorption spectrophotometry is S0 ppm or

less.

10. The sealing member of claim 9 wherein the elution rate of said polyvalent

metal ions is 20 ppm or less.

11. The sealing member of claim 9 wherein said polyvalent metal ions are zinc

ions or aluminum ions.

12. A process for determining whether a sealing member is suitable for use in a
storage container for a weakly acidic solution formulation containing human growth
hormone, the process comprising the steps of:

(a) immersing the sealing member in 1 ml of a buffer solution containing
a surfactant and having a pH of 5.5-6.5;

(b) storing the immersed sealing member at a temperature of 25 °C for 1
week;

(C) simultaneously with step (b) shaking the immersed sealing member
at a temperature of 25 °C for 1 week; ana

(d) measuring the elution rate of polyval'ent metal ions in said buffer

14
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solution.
13. The process of claim 12 wherein step (d) is performed by atomic absorption
spectrophotometry.
S
14. The process of claim 12 further comprising a step (e) of determining that the

10

sealing member is suitable if the elution rate measured in step (d) is 50 ppm or less.

15. The process of claim 12 further comprising a step (e) of determining that the

sealing member is suitable if the elution rate measured in step (d) is 20 ppm or less.

16. The process of claim 12 further comprising a step (e) of adding a polyvalent

metal ion chelating agent to the weakly acidic solution containing human growth

hormone.

15
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