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TITLE OF THE INVENTION

A laminated rubber stopper

ABSTRACT OF THE DISCLOSURE

A laminated rubber stopper having a new structure, capable of being pro-
duced In a simple process with a reduced production cost and being excellent
In tightness, sealing property and sanitary property, is provided, comprising a
top part having a flange part and a leg part provided under the top part of the
rubber stopper and to be insérted Into the mouth part of a vial, at least a
surface thereof to be contacted with a content in the vial being laminated with
a fluoro resin film, in which the lower surface of the flange part has an an-

nular concavity with a cross section of a circular arc from the periphery of

the flange to the neck part.
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BACKGROUND OF THE INVENTION

l. Fields of the Invention

This invention relates to a novel structure of laminated rubber stopper
and more particularly, it is concerned with a laminated rubber stopper used
for sealing éonta&ners, instruments, etc. for medicaments and medical treat-
ments.

2. Description of the Prior Art

As a stopper material of a container, instrument, ete. for medicaments
and medical treatments, it is desired to have various properties such as heat
resistance, compression resistance test, softness, chemical inertness and
low permeability of gases or water. In particular, rubbers are excellent in
sealing property and natural rubbers have been used from old while synthetic
rubbers have often been used of late, for example, isobutylene-isoprene co-
polymer rubbers (IIR) having been recommended from a sanitary point of view.
However, these materials have such problems on contamination that curing agents,
compounding agents, ete. contained in rubbers are dissolved in medicaments
held in containers, a content in a container is adsorbed on the rubber surface,
fine grains occur from the rubber material during the production process or

storage, etc.

proposed in which a part of the rubber stopper, to be contacted with a content
in a container, or the whole surface of a leg part is laminated with a chemi-
cally inert resin such as fluoro resins. The contamination due to contact

of a liquid medicament, etc., with a rubber surface can be prevented by the
laminated rubber stopper, but in fact, such g proposal cannot be applied

to preparation of drugs since there arise new problems that the leg paft
laminated with a fluoro resin, etc. is inferior in sealing property of the
mouth part of a vial to that having a rubber surface €xposed and preparation of
& thin laminated layer capable of maintaining rubber elasticity is difficult.

As shown in Fig. 5, on the other hand, the inventor has proposed a lami-
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nated rubber stopper capable of preventing the contamination by forming a laminated
layer 5 of a fluoro resin film on a leg part, while maintaining the tightness or sealing
property with a container by retaining an exposed rubber surface on a from the lower
surface of a flange part in the top part of a rubber stopper body to the basic part of a leg
part (Japanese Patent Publication No. 64062/1993) and a production process for
realizing this structure (Japanese Patent Publication No. 50386/1993).

The above described laminated rubber stopper the inventor has proposed 1s an
excellent rubber stopper capable of realizing the desired effects, but this cannot be said
to be suitable for application to a container for a very unstable and expensive
medicament, for example, biotechnological preparations, anticancer drugs, etc., which
have lately been developed, since a rubber surface 1s contacted with a lip part of a
container although it 1s not contacted with a liquid medicament. For the production
thereof, a complicated process 1s required comprising forming in two steps using upper

and lower metallic molds, thus increasing the production cost.

SUMMARY OF THE INVENTION

It 1s an object of the present invention to provide a laminated rubber stopper
with a new structure or shape, whereby the disadvantages of the prior art can be
overcome.

It 1s another object of the present invention to provide a laminated rubber
stopper having a new structure, capable of being produced in a simple process with a
reduced production cost and being so excellent in tightness, sealing property and
sanitary property that the rubber stopper can be used as a storage container for unstable
and expensive medicaments sensitive to the outside environment, with maintaining the
quality well for a long time.

These objects can be attained by a laminated rubber stopper

comprising a top part having a flange part and a leg part provided under the top

part of the rubber stopper and to be inserted into the mouth part of a vial, at
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least a surface thereof to be contacted with a content in the

vial being laminated with a fluoro resin film, 1n which the

lower surface of the flange part has an annular concavity
with a cross-section of an arc from the periphery of the

flange to the neck part (connection part with the leg part).

According to one aspect of the 1nvention there 1is
provided an apparatus comprising a contailner and a stopper
for the container, wherein the stopper 1s a laminated rubber
stopper comprising a top part having a flange part, a leg
part having a base, provided under the top part, 1nsertable
into a mouth part of the container, and a neck part which 1is
a boundary between the flange part and the leg part, at least
a surface of the stopper to be contacted with contents 1n the
container belng laminated with a fluoro resin film, 1n which
the lower surface of the flange part has an annular concavity
with a cross section of an arc from the periphery of the
flange part to the neck part, the lower surface of the flange
part 1s laminated with a fluoro resin film, and the mouth
part of the container has a flange part with a flat surface;
whereln the stopper, apart from the container, exhibits said
annular concavity 1n the lower surface of the flange part,
whereiln when said stopper 1s completely engaged into the
mouth of the container the material of the stopper maintains
a shape wilithout the application of an external force such

that said annular concavity 1s not exhibited.

4

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanyling drawlngs are to 1llustrate the
principle and merits of the present i1nvention in greater

detail.
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Fig. 1 (A), (B) and (C) are respectively a top view, cross-sectional view
and bottom view of one embodiment of a laminated rubber stopper of the present
invention.

Fig. 2 1s a partially enlarged cross-sectional view of (B) of Fig. 1.

Fig. 3 (A), (B) and (C) are respectively a top view, cross-sectional view
and bottom view of a laminated rubber stopper of the prior art.

Fig. 4 1s a cross-sectional view of such a state that a laminated rubber
stopper 1s 1nserted 1into an empty vial.

Fig. 5 1s a cross-sectional view of a laminated rubber stopper of the prior
art such that the flat lower surface of the flange 1s not laminated and retained as
an exposed rubber surface and the other lower surface 1s laminated with a resin

film.

DETAILED DESCRIPTION OF THE INVENTION

Figure 5 1llustrates a prior art rubber stopper 100. The flange part 102 has
both a laminated layer 104 and a flat exposed rubber surface 106 which 1s not
laminated. The top part 108 has a laminated layer 110.

The inventor has found that a laminated rubber stopper having sealing
property comparable to that of the prior art laminated rubber stopper having, an
exposed rubber surface retained in part, described in the foregoing Japanese
Patent Publication, can be obtained by devising the shape of the rubber stopper
1tself, even i1f the whole lower surface of the rubber stopper, including the lower
surtace of the flange 1n the top part and the whole surface of the leg part, is
laminated, and have reached the present invention. In addition, it 1s found

that the sealing property 1s further improved by applying this new shape
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of the rubber stopper of the present invention to the prior art rubber stopper of such a type
that the basic part of the leg part and the lower surface of the flange part are not laminated
and retained as an exposed rubber surface. The basic part 1s the part of the leg part which 1s
in contact with the neck part.

That is, the present invention provides (1) a laminated rubber stopper
comprising a top part having a flange part and a leg part provided under the top part of the
rubber stopper and to be inserted into the mouth part of a vial, at least a surface thereof to be
contacted with a content in the vial being laminated with a fluoro resin film, in which the
lower surface of the flange part has an annular concavity with a cross section of an arc from
the periphery of the flange to the neck part, (2) the laminated rubber stopper as described in
the above (1), wherein the whole surface of the leg part is laminated except the periphery of
the basic part thereof and the lower surface of the flange part has an annular concavity with
a cross section of an arc from the periphery of the flange to the neck part, (3) the laminated
rubber stopper as described in the above (1), wherein at least the whole of the lower surtace
side of the rubber stopper is laminated with a fluoro resin film and the lower surface of the
flange part has an annular concavity with a cross-section of an arc from the periphery of the
flange to the neck part, (4) the laminated rubber stopper as described in any one of the
above (1) to (3), wherein the annular concavity with a cross-section of an arc has a depth of
0.05 to 0.5 mm, and (5) the laminated rubber stopper as described in any one of the above
(1) to (3), wherein the neck part has an R of 0.01 to 0.4 mm in radius of curvature.

Fig. 1 (B) is a cross-sectional view of one embodiment of the present
invention, in which a rubber stopper body 1 is composed of a top part 2 having a flange
part 3 and a leg part 4 to be inserted into a vial and the whole of the lower surface of the
rubber stopper, i.e. the whole surface of from the lower surface of the flange 3 to the leg
part 4 is laminated with a layer of a fluoro resin film 5. On the lower surface of the tlange

part 3 for covering the mouth part of a vial is formed "an annular concavity with a cross-
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section of an arc 6", which will hereinafter be referred to as “the concavity",
from the periphery of the flange 3 to the neck part 7 with the leg part 4, as
shown in Fig. 1. When the rubber stopper is inserted into the vial, the pe-
ripheral edge of a lip portion of the vial is fit for between the basic part of
the leg part in the rubber stopper, i.e. the neck part 7 as a boundary with the
lower surface of the flange and the periphery 8 of the flange 3 as shown in
Fig. 1 or Fig. 2 by the presence of the concavity 6 and dispersion of the sur-
face precision on the peripheral edge of a lip portion of the vial is absorbed
by the presence of the concavity 6 to result in close contact and sealing.

In the present invention, furthermore, it is desired that R provided
in the cross-section of the neck part 7 as the boundary of the basic part of the
leg part and the lower surface of the flange part is rendered smaller than
that of the prior art, so as to further improve the adaptability to the pe-
ripheral edge of a lip portion of the vial and increase the air-tightness.

In the laminated rubber stopper of the present invention, at least the
surface of the rubber stopper to be contacted with a content in a vial is
laminated with a fluoro resin film and the tightness with a vial is largely
improved, as described above, to increase the storage property of the content
in the vial by devising the shape of the lower surface of the flange and
optionally retaining a range of from the basic part of the leg part to the lower
surface of the flange as an exposed rubber surface. In the case of wholly
laminating the lower surface of the rubber stopper but retaining an exposed
rubber surface on only the basic of the leg part, the advantages of the present
invention can similarly be given.

Even In the case of laminating the whole of the lower surface of the
rubber stopper, the sealing property which has hitherto not been attaiﬁed by
the prior art rubber stopper whose lower surface is wholly laiminated can be
realized according to the present invention, and since all the parts of the
rubber stopper in contact with a vial, from the peripheral edge of a lip por-

tion of the vial to an inner wall at the mouth part of the vial, and all the
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parts of the rubber stopper in contact with a medicament liquid, etc., are completely
laminated in the present invention, there is no fear of contamination due to exposed rubber
surface. Provision of a laminated on the upper surface side of the rubber stopper is of
course included in the present invention.

Production of the laminated rubber stopper can generally be carried out by using a
metallic mold for forming the lower surface of the top part, in which a concavity
corresponding to the above described cross-sectional shape 1s formed, 1n the process
described 1n, for example, Japanese Patent Publication No. 50386/1993, thus obtaining a
laminated rubber stopper having exposed rubber surfaces retained on the basic part of the
leg part and lower surface of the flange.

On the other hand, the rubber stopper of the present invention, having laminated
layers continuously from the lower surface of the flange to the whole surface of the leg part,
can generally be produced by using a lower metallic mold for forming a lower surface of a
top part (lower surface of flange) and a leg part, in which R corresponding to the above
described cross-sectional shape is previously formed, arranging a rubber raw material
laminated with a fluoro resin film on the lower metallic mold, arranging, on the other hand,
a non-laminated rubber material or laminated rubber material on an upper metallic mold
corresponding to the shape of the upper surface of the top part and subjecting the resulting
assembly of the upper and lower metallic molds to compressing and molding in one stage.

In the laminated rubber stopper of the present invention, as the annular concavity
having a cross-section of an arc on the lower surface of the flange part, depth in the
cross-section preferably 1s 0.05 to 0.5 mm, more preferably 0.1 to 0.33 mm, most
preferably 0.15 to 0.20 mm.

R of the neck part as the boundary of the flange part and leg part has a radius
curvature of preferably smaller than that of 1.5 to 0.5 mm 1n the prior art, more preterably

at most 1/3 of that of the prior art, most preferably a radius curvature of 0.01 to 0.4 mm.
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As the rubber material for the laminated rubber stopper of the preseﬁt
invention, there are used, without limiting the same, for example, isobutylene-
isoprene copolymer rubbers (IIR), chlorinated rubbers of IIR, brominated rubbers
of IIR, isobutylene-isoprene-divinyibenzene ternary copolymer rubbers.

Examples of the fluoro resin used in the present invention include tetr-
fluoroethylene resins, trifluorochloroethylene resins, tetrafluoroethylene-
hexafluoropropylene copolymer resins, vinylidene fluoride resins, vinyl fluo-
ride resins, tetrafluorocethylene-ethylene copolymer resins (ETFE), trifluaro-
chloroethylene-ethylene copolymer resins and the like. The thickness of the
laminated layer is, for example, 0.01 to 0.2 mm.

Production of the laminated rubber stopper of the present invention can be
carried out by other processes in addition to the above described process, for
example, comprising subjecting to compressing, crosslinking and molding by
the use of upper and lower metallic molds having the specified shape accord-
ing to the present invention, a non-vulcanized rubber sheet to the surface
of which fluoro resin fine powder is allowed to adhere or a non-vulcanized
rubber sheet which is coated with or immersed in a solution of a fluoro resin,
followed by drying.

The following examples are given in order to illustrate the invention
witpout limiting the same.

Example 1

A laminated rubber stopper for a vial according fo the present invention
was prepared as shown in Fig. 1 (A), (B) and (C) being respectively a top view,
cross-sectional view and bottom view of a laminated rubber stopper of the pre-
sent invention. Referring to Fig. 1, a to e show a dimension of -the rubber
stopper, i.e. a 19.0 mm, b 13.2 mm, ¢ 8.5 mm, d 3.0 mm and e 5.5 mm. Fig. 2 is
a partially enlarged cross-sectional view of (B) of Fig. 1. In this Example,

a body of a rubber stopper 1 was formed of IIR, the cross-section of the lower
surface of a flange part 3 was moderately curved with a curvature radius of

3.65 mm and the thickest part of an annuiar concavity 6 had a depth of 0.3 mm.
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The curvature radius of the cross-section at a neck part 7, in contact with
the basic part of a leg part 4 was 0.1 mm. In Fig. 1, 5 designates a lami-
nated layer consisting of a fluoro resin film (ETFE) with a thickness of 0.05
mm from the periphery side of the flange over the whole lower surface of the
rubber stopper. A top surface side 2 was also laminated with the same resin
film with a concave portion showing an injection needle piercing area.

Each of one hundred laminated rubber stoppers of this Example was in-
serted into a vial with a mouth inner diemeter (central value) of 12.3 mm,
12.5 mm and 12.7 mm and subjected to an air-leakage test (vacuum retention

test). The results (average value of one hundred samples) are shown in Table 1.

Air-leakage test (vacuum retention fest):

Zero adjust button of an electronic digital manometer is adjusted to +0
Torr. A rubber stopper sample is half-inserted into the mouth of an empty vial
under such a state that the leg part is inserted into the vial mouth to such
an extent that air in the vial can be flowed outward and charged in a vacuum
chamber. When the vacuum chamber is evacuated by a vacuum pump and main-
tained for 3 seconds, the rubber stopper is completely inserted into the vial.
The injection needle piercing area of the stopper completely inserted vial
i1s pierced by by an injection needle (22G) connected with the electronic digital
manometer and the vacuum degree in the vial is measured, during which the vacuum
degree immediately after inserting and after passage of & predetermined time
1s compared to estimate the retention of vacuum. In this Example, when the
difference in vacuum degree befween immediately after inserting and after
passage of 24 hours is less than 200 Torr, the retention of vacuum is judged
as "good", i.e. no leak.

Comparative Example !

One hundred samples of laminated rubber stoppers of the prior art were
prepared, in each of which the whole surface of the lower side of the rubber

stopper was laminated and the lower surface of the flange was flat, as shown
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in Fig. 3 (A), (B) and (C) being respectively a top view, cross-sectional view
and bottom view, and inserted into vials and subjected to an air-leakage
test in an analogous manner to Example 1. The results (average value of one
hundred samples) are shown in Table 1. In Fig. 3, marks in common with Fig. 1
have the same meanings as Fig. 1 and 3' designates a flange parti whose lower
surface is concavity-free and plane-shaped. Dimension of a to e is the same as
that of Fig. 1.

Example 2

One hundred samples of laminated rubber stoppers according to the present
invention were prepared in an analogous manner to Example 1 except retaining an
exposed rubber surface from the lower surface of the flange part to the peri-
phery of the base of the leg part, in Fig. 1, inserted into vials and subjected
to an air-leakage test in an analogous manner to Example 1. The results (aver-
age value of one hundred samples) are shown in Table 1.

Comparative Example 2

One hundred samples of laminated rubber stoppers, as shown in Fig. 5, were
prepared in an analogous manner to Example 2 except refaining an exposed rubber
surface from the lower surface of the flange part fo the periphery of the base
of the leg part, in Fig. 3, inserted into vials and subjected to an air-leakage
tes} in an analogous manner to Example 1. The results (average value of one

hundred samples) are shown in Table 1.
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One hundred samples of each pf the laminated rubber stoppers of Examples 1
and 2 and Comparative Examples 1 and 2 were tested according to the Elution Test
Method of Japanese Patent Pharmacopoeia, 12th Revision. Distilled water was
charged in a vial for 100 ml in such a manner that the leg part of the rubber
stopper was brought into contact with the water in a proportion of 2 ml per
1 cm* of surface area, the vial was sealed by inserting the rubber stopper
sample, fastened by an aluminum cap and heated at 121 °C for 60 minutes under
invepted state in an autoclave. The liquid in the vessel was then used as a
test liquid and subjected to the above described extraction test to obtain re-
sults as shown in Table 2. From these results, it is apparent that in the
items of the extraction test, the laminated rubber stoppers of the present

invention show very little elution and excellent sanitary property.



O~
SN
™~
OO
SN

Su (g

Vi

Vi

il 0°%

0¢ "0

Vil

DT 5 :igoUuadsjJip
SINUTW ¢ UTY)IM
X 666 <
% 666 <

B190d00BUJIBYJ

gsousdep ‘UOISI1A9Y

4121 JO ©N[BA pJBpPUB]S

90 Z°0

8% '0 ST
€50 "0 €00 °0

['0 s 1°0 S

£9°0 L¢°0
G0 . G0

666 001

666 00T
A I

g1dwexy oA118IBdWC)

——

0

1€

I

€ 1T —

¥ 0

v°0

0°0
1°0
"0
S°0
001
6°66

Vi

¢ 21498l

[0

16°0

100°0
I'0 5
1¢°0
m.o.
001
001

9 1duwexy

(du)

ONPIsS9Y UOTIBITI1ISIA
([w)

[B]JO1BY SUIOBPIY QUMWY

wnxjo9dg uo11dIosqy An

(wdd) ou1g

yd

(UTw) Juitweoyd

e 0G9

uu Q0gy
(%) ArJodoag

(so1dwes QO JO °23BJ42AB)

159], UOI]9BJIIXT

SWO1T 159



CA 02183219 2004-07-19

Furthermore, three samples of each of the laminated rubber stoppers of
Example 1 and Comparative Example 2 were subjected to measurement of out-gases
by gas chromatography. This test was carried out to measure a very small
amount of an out-gas extracted in the head space of a vial from the rubber
stopper. Specifically, as shown in Fig. 4, a rubber stopper sample was inserted
into an empty vial 10 for 10 ml, fastened by an aluminum cap, and maintained
in a drier at 100°C for | hour. Then, 1000 p | of the gas in the vial 10 was

taken and subjected to gas chromatography analysis. Using detected peaks of

these samples, the total amounts of the out-gases were obtained from the peak

areas (cm?) and compared to obtain results as shown in Table 3, in which a
smal ler area teaches a smaller amount of the out-gas.

It can be confirmed from the resul ts of Table 3 that the sample of the
present invention can favorably be compared with that of the prior art sample as
to the decreased total amount of the out-gas and improved sanitary property.

The analysis by chromatography was carried out under the following
conditions:

Gas chromatography manufactured by Shimazu Seisakusho Co., Ltd [Shimazu
GC-144: FID dual detector -commercial name-]}, column: BENTONE 34 + DIDP (5
+ 5 %), UNIPORT + HP 80/100 -commercial name-, glass colum (3 mm¢ x 3 m),
feed part temperature: 105 °C, column temperature: 70 °C, detector temper-
ature: 115 °C, flow rate: H. 0.5 kg/cm®, air 0.5 kg/cm?, N. 42 ml/min,

range: 10°%.

Table 3

Gas Chromatography Test Results (total peak area: cm?)

First Time Second Time Third Time Average Value

Comparative

Example 2 516 475 508 200

Example 1 168 147 178 164

.14 -



Advantages of the Invention

As illustrated above, the laminated rubber stopper of the present inven-
tion has great advantages on commercial scale that 'a problem on contamination
from a raw rubber material can be solved and air-tightness can be secured by
devising the lower surface of the flange part thereof and the cross-seclional
shape of the neck part, whereby contents such as expensive and unstable medica-
ments, etc. can be stored without deterioration of the quality for a long time

and the production can be carried out in simple manner fto reduce the cost there-

for.
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CLAIMS

1. A laminated rubber stopper comprising a top part having a flange part and a leg part
provided under the top part of the rubber stopper and to be inserted into a mouth part of a
vial, at least a surface thereof to be contacted with a content in the vial and said surface
being laminated with a fluoro resin film, in which a lower surface of the tlange part has an

annular concavity with a cross-section of an arc from a periphery of the flange to a neck.

2. The laminated rubber stopper as claimed in claim 1, wherein a whole surface of the

leg part is laminated except a periphery of a basic part thereof.

3. The laminated rubber stopper as claimed in claim 1, wherein at least the whole of a

lower surface side of the rubber stopper is laminated with the fluoro resin film.
4. The laminated rubber stopper as claimed in any one of claims 1 to 3, wherein the

annular concavity with the cross-section of the arc has a depth of 0.05 mm to 0.5 mm 1n

radius of curvature.

. The laminated rubber stopper as claimed in any one of claims 1 to 4, wherein the

neck part has a radius R of 0.01 mm to 0.4 mm in radius of curvature.

6. A laminated rubber stopper as claimed 1n any one of claims 1 to 3, wherein the

annular concavity with the cross-section of the arc has a depth of 0.3 mm.

7. A container of a medicament, wherein said container 1s sealed with a laminated

rubber stopper according to any one of claims 1 to 6.

- 16 -
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8. An apparatus comprising a container and a stopper for the container, wherein the
stopper 1s a lamnated rubber stopper comprising a top part having a flange part, a leg part
having a base, provided under the top part, insertable into a mouth part of the container,
and a neck part which 1s a boundary between the flange part and the leg part, at least a
surface of the stopper to be contacted with contents in the container and said surface being
laminated with a fluoro resin film, in which a lower surface of the flange part has an
annular concavity with a cross section of an arc from a periphery of the flange part to the
neck part, the lower surface of the flange part 1s laminated with the fluoro resin film, and
the mouth part of the container has a flange part with a flat surface; wherein the stopper,
apart from the container, exhibits said annular concavity in the lower surface of the flange
part, wherein when said stopper is completely engaged into the mouth of the container,
material of the stopper maintains a shape without the application of an external force such

that said annular concavity is not exhibited.

9. The apparatus as claimed 1n claim 8, wherein a whole surface of the leg part 1s

laminated except a periphery of the base of the leg part adjacent the neck part.

10. The apparatus as claimed in claim 8, wherein at least the whole of a lower surface

side of the rubber stopper is laminated with the fluoro resin film.
11. The apparatus as claimed in any one of claims 8 to 10, wherein the annular
concavity with the cross-section of the arc has a depth of 0.05 mm to 0.5 mm in radius of

curvature.

12. The apparatus as claimed 1n any one of claims 8 to 11, wherein the neck part has a

radius R of 0.01 mm to 0.4 mm in radius of curvature.
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13. The apparatus as claamed 1n claim 11, wherein the neck part has a radius R of 0.01

mm to 0.4 mm 1n radius of curvature.

14. The container of a medicament as claimed in claim 7, wherein said container is a

vial.
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FIG. 1A
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FIG. 3A
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