
-1-        DOUBLE-SEAL ELASTOMERIC STOPPER   Description      This
invention relates to an elastomeric stopper used in conjunction with
containers, such as bottles and 



vials, containing pharmaceutical products for parenteral administration.
More particularly, the invention relates to an elastomeric stopper for
hermetically sealing a parenteral bottle or vial which is accessed by the
use of an infusion spike.     Stopper systems for vials, bottles and the
like are made of materials that are resistant to chemicals and
pharmaceuticals such as corrosive materials, reagents, parenteral solutions
and solid formulations reconstituta- ble with a solvent prior to use. The
most commonly used stopper system for such products has been glass or
plastic bottles and vials equipped with rubber stoppers made of elastomeric
materials. The system appears to provide for good hermetical seal, safe
storage and easy 



access to the content through the elastomeric stopper via the use of an
infusion spike when withdrawal of the content is desired. The elastomeric
stopper used gener- ally comprises an elastomeric base, such as natural or
synthetic rubber and an inert coating covering at least some portions of
the stopper. The coating used includes chiorobutyl rubber. Polymeric
fluorocarbon resins such as polytetrafluoroethylene and various
thermoplastic films. The coating is intended to insulate the elastomeric
stopper base from the content of the container in order to prevent contact
and possible chemical reactions ther- ebetween.     The prior art has
provided various constructions and configurations to meet the requirements
of stopper 



systems for use in the chemical/pharmaceutical indus- try. See, for example
U.S. Patent Nos. 2,665.024; 2,848,130;   3,088,615;   3,313,439;
3,974,930; 4.133.441; 4,227,617 and 4,441,621
-2-  



Another stopper system according to the preamble of claims 1 and 7 is
disclosed in EP-A-564 037, which has been published after the priority date
of this applica- tion.     One of the major concerns in all products. and
especially pharmaceutical parenterai products, is the generation of
particulate foreign matter which may con- taminate such products. In order
to eliminate macro- scopic and microscopic particulates, elaborate measures
have been taken to remove them, such as fil- tration of the product and
special washing and drying of the stopper system components. These steps
help assure that the products meet the requirements and guidelines of the
pharmaceutical industry, such as com- 



pendia guidelines, when the products reach the point of use. However, at
the point of use, such as in the case of a parenteral product, new
particulate matter is fre- quently generated by the practitioner when the
stopper is penetrated by an infusion spike. During such penetra- tion a
combination of elastic and plastic deformation of the stopper -target area
increases the stopper contact surface with the infusion spike as it is
pressed into the stopper. Typically, untreated elastomeric stoppers offer a
high degree of resistance against the exterior surface of the spike as the
spike is being pushed into the pene- tration area. Most frequently. when
stopper fragments are generated, they are the result of the elastomeric
portion of the stopper being abraded off the upper sur- 



face of the stopper as it conforms to the shape of the penetrating spike.
The fragments are then transported into the interior of the vial as the
spike rolls and drags the fragments during penetration.     In addition to
the problem of particulate matter pro- duced and carried into the vial
during the spiking proce- dure, there are two other problems: spike
blow-out caused by residual elastic tension of the stopper against the
spike which urges the spike outward; and leakage around the spike with or
without the occurrence of blow- out.    



-3-           During spike penetration of the elastomeric stopper the
target membrane at the penetration site is elastically distorted and
ruptured creating a seal that is not radially 



uniform between the spike and the ruptured membrane. This radial
non-uniformity is an inherent characteristic of the target membrane area.
which is first stretched and then is torn by the spike. The tear so
produced develops axially rather than radially and the tear surface is jag-
ged, uneven and does not provide for a good seal between the spike and the
membrane. As a result, spike retention failure and leakage around the spike
occurs. Such failures are especially significant when the con- tainer is
pressurized.      The most common solution -to these problems has been the
application of silicone lubricant' to the stopper and/or the spike to
reduce the frictional drag between .the stopper and the spike. While
silicone does reduce 



particle generation from the spiking procedure. it also increases the risk
of product contamination from its own composition. In addiion, silicone
lubrication of the stop- per renders the inserted spike slippery and causes
spike blow-out.     Another approach proposed in the prior art to reduce
the tendency of the spike to generate particulate matter during penetration
is to coat the elastomeric core of the stopper with a thermoplastic film on
the fluid con- tacting side thereof. We have found, however, that the use
of such construction is less than satisfactory to solve the problem.
Furthermore, such construction does not provide for improved spike
retention and reduced leakage tendency around the spike. 



It is an object of the present invention to reduce the potential for
leaking, to reduce or eliminate the level of fragmentation and to increase
the spike insertion- and especially the spike withdrawal-force.
-4- 



This may be achieved with a stopper in which a sec- ond seal is formed upon
insertion of the infusion spike into the stopper. This second seal is a
dynamic seal cre- ated between contact of an annular rim or protuberance of
the stopper with the cylindrical shaft of the spike as the spike is being
inserted into the stopper. The annular protuberance of the stopper is
distorted with a slight elastic bend toward the center of the bottle
creating a radially uniform seal between it and the spike Under normal
pressure conditions the frictional drag between the spike and the
protuberance, coupled with the natural tendency of the elastomer to return
to its original posi- tion. enhances the ability of the stopper to retain
the infusion spike and produce a second seal in the stopper 



heretofore. unknown in the prior art. When the bottle is pressurized, the
internal pressure imparts an additional force on the second seal thereby
enhancing the contact of the protuberance on the stopper with the infusion
spike.     According to the present invention therefore there is provided
an elastomeric stopper for a fluid-containing container to hermetically
seal the content therein and to provide access thereto by the insertion of
an infusion device through the stopper, said stopper comprising the
features claimed in claim 1.     The container is conveniently a bottle or
vial, in par- ticular containing a parenteral solution, which solution may
be under an internal pressure that is greater than 



the pressure outside the bottle. The annular protuber- ance exerts
longitudinal and  compressive forces against the infusion device, which is
preferably an infu- sion spike, and these forces increase upon increasing
the internal pressure within the container.     Advantageously the infusion
device is a spike, pref- erably an IV infusion spike, and the container is
a bottle. having      (a) a neck portion with an interior radial ring at
the     opening thereof to tightly hold the stopper upon its     insertion
into the opening,     (b) an exterior radial ring and     (c) a transverse
end surface located between the 



interior and exterior radial rings.
REPLACEMENT SHEET                             -5-       The stopper may be
crimped onto the bottle with a metal closure cap covering the exterior
radial ring of the bottle. 



The second or dynamic seal provided by this inven- tion between the annular
protuberance and the spike thus insures against leakage and blow-out as
well as reducing the risk of particulate matter introduction into the
bottle upon insertion of the spike through the stop- per.     The invention
will now be described with reference to the following drawings but is in no
way to be limited thereto:  FIG. 1   is a perspective view of the stopper
of the            present invention; FIG. 2   is a sectional top view
thereof, FIG. 3   is a bottom plan view thereof; 



FIG. 4   is a sectional view of the stopper taken along            the line
4-4 of FIG. 1; FIG. 5   is a perspective view of a bottle having
inserted therein the stopper of the present           invention and an
infusion spike positioned           ready for insertion into the stopper:
FIG. 6    is a sectional view of the bottle, Stopper and
infusion spike shown in FIG. 5: FIG. 7    is a sectional view, similar to
FIG. 6, with the            infusion spike partially inserted in the stop.
per: and FIG. 8    is a sectional view, similar to FIGS. 6 and 7,
with infusion spike fully engaged in the stop- 



per.      Referring to FIGS. 1 and 5 through 8, the elasto- meric stopper
10 of the present invention is designed to hermetically seal a bottle 40 or
like containers of phar- maceutical fluids, especially parenteral
solutions, which at times may be sealed by vacuum or under pressure. The
bottle 40 is of glass or rigid polymer material well known in the
pharmaceutical industry. It comprises a      



-6-    neck 42 having an interior surface 44, interior radial ring  46 and
transverse end surface 48. The two latter parts  form the mouth of bottle
40. The neck 42 further com-  prises an exterior surface which, adjacent to
the trans-  verse end surface 48, evolves into an exterior radial ring  50.
Said exterior radial ring is adapted to facilitate the  holding of a metal
cap (not shown) when the cap is  crimped onto the bottle. The bottle is of
standard size 



customarily used for liquids in the pharmaceutical  industry and it may be
from 5 ml to 1000 ml or more.      Referring to FIGS. 1 through 4 and 6
through 7,  stopper 10 of the present invention comprises a head  12 and
integral therewith a skirt 20. Head 12 comprises:  a flange 14 extending
laterally outwardly from skirt 20  and is adapted to cover transverse end
surface 48 of  bottle neck 42: and target area 16 which is to receive an
infusion device or spike 60. Skirt 20 contains a generally  cylindrical
recess or opening indicated by the numerals  22a, 22b, 22c and 22d. Recess
22a is defined by: trans-  verse web 24 at the upper end which corresponds
to  target area 16 when viewed from the bottom open end  of the skirt 20
toward head 12 direction. Spaced down- 



ward from said transverse web 24 and integral there-  with, annular
protuberance 26. laterally extending into  said opening 22a, is designed to
form a dynamic seal or  second seal when an infusion device or spike 60
(shown  in FIG. 5) is inserted into stopper 10. Recess 22a  serves as a
space into which the ruptured edges of the  target area 16 will be pushed
down into upon the target  area 16 being pierced by infusion device 60.
Spaced downward from said annular protuberance 26 and integral therewith, a
cylindrical wall surface 28 designed to tightly conform to the exterior
surface wall 62 of the infusion device or spike 60 when the same is
inserted into stopper 10 and it guides and grips the same. Opening 22c
allows shaft 62 of spike 60 to be 



inserted therethrough. Recess 22b is defined by annu- lar protuberances 26
and top edge of cylindrical surface                                    -7-
28. Recess 22b serves as a space which allows annular 



protuberance 26 to extend into and bend downward  toward the center of the
bottle when shaft 62 of spike 60  engages said protuberance and form the
dynamic seal  therewith.      Spaced downward from cylindrical wall surface
or cylindrical surface 28 and integral therewith, conical sur- face 30
defines opening 22d. Opening 22d allows skirt 20 of stopper 10 to flex
inward when skirt 20 is being inserted into bottle 40.     Infusion device
or spike 60 is well known in the art and may be of two designs, with or
without a drip cham- ber. The device comprises: a cylindrical shaft 62
termi- nating in a sharp tip 64; and an upper body of two parts 



66 and 68, both integral with said shaft 62. As shown in FIG. 6, shaft 62
and upper bodies 66 and 68 contain channels 70 and 72. When infusion device
60 is inserted into a bottle containing a pharmaceutical fluid, channel 70
serves for the withdrawal of said fluid, while channel 72 serves as a means
through which air may be introduced into the bottle.     In use, the bottle
40 is sterilized and is filled with a pharmaceutical fluid, such as a
parenteral solution. Stopper 10 is inserted hermetically sealing the
content of the bottle. Stopper 10 is then crimped unto bottle 40 with an
aluminum or like closure cap customarily used on such pharmaceutical
containers. Upon requirement to withdraw the pharmaceutical fluid, infusion
device or 



spike 60 is inserted into bottle 40 through stopper 10. The sharp tip 64 is
aimed at the center of the stopper, defined as target area 16,- pierced
through transverse web 24 and continued to be inserted until shaft 62 of
spike 60 engages cylindrical surface 28. As the spike 60 is inserted into
stopper 10, the thin membrane, defined as transverse web 24, is ruptured,
then a dynamic seal (second seal) is formed between shaft 62 of spike 60
and annular protuberance 26. Zonal contribution to the control of leaking
and spike retention will now be     



explained with reference to FIG. 8 which displays the position of the
target area 16 (transverse web 24). the dynamic seal (or second seal formed
by shaft 62 and annular protuberance 26). and the cylindrical surface 28
engaging shaft 62 of spike 60. The forces involved in retaining the spike
in the stopper are zone specific.  



Target area 16 retains the spike in position primarily through the
compression created by the displaced elas- tomeric material. The
viscoelastic properties of the elastomer create a force in the distorted
elastomer which urges the elastomer to return to its normal, or resting
position. These properties are referred to in the art as elastic memory.
The interference of shaft 62 of spike 60 prohibits the return of the
elastomer to its orig- inal position and creates a compression force that
grips shaft 62 and prevents it from falling out of stopper 10 when bottle
40 is inverted for administration of its con- tent. FIG. 7 illustrates the
piercing of transverse web 24 by sharp tip 64 and shaft 62 of spike 60. It
can be seen that the membrane is being tugged towards the center 



of bottle 40. This longitudinal strain of the elastomer reduces the
compression loading of transverse web 24 at the location of the spike.
The dynamics of spike withdrawal can occur in two ways: first, the-surface
of shaft 62 of spike 60 can slip from transverse web 24. The configuration
of the com- pressed, elongated transverse web 24 will not change should
shaft 62 of spike 60 spike slip from the surface of transverse web 24 until
shaft 62 is clear of stopper 10. Once shaft 62 of spike 60 is out of
stopper 10, trans- verse web 24 returns to its original position. The
dynam- ics of the second way of spike withdrawal concerns non- slipping,
i.e. the surface of transverse web 24 and shaft 62 of spike 60 remain stuck
together and follow each 



other as the spike is being removed. This requires trans- verse web 24 to
invert as spike 60 is withdrawn. Inver- sion of the torn transverse web 24
will cause the compression force to increase. As shaft 62 pulls the torn
-9-  



transverse web 24 to its normal position the compres-  sion force is at its
maximum. As shaft 62 is continued to  be pulled out, the torn jagged edges
of transverse web  24 are being pulled upward and transverse web 24 actu-
ally pushes the spike upward, away from the center of  the bottle. When the
upward longitudinal force equals  the radial compression force, the spike
will stop moving  and additional force must be applied to withdraw the
spike. This force must overcome the surface friction and  the stretching of
the elastomer to have the spike  released from the stopper.      Prior art
stoppers having a membrane just  described often leak due to a misalignment
of the shaft  as it is pushed into cylindrical surface 28 causing exces- 



Sive axial loading on the seal made by transverse web  24 and cylindrical
surface 28. Because the seal formed  by the transverse web 24 and shaft 62
is not radially uni-  form, a leak caused by a misalignment depends on the
position of the spike. If the misalignment is in the same  axis as the
tear, a leak is less likely to occur than if the  misalignment is
perpendicular to the axis of the tear.      The contribution of cylindrical
surface 28 to good sealing properties in a stopper is rather difficult to
eval- uate since no two piercings are exactly alike. Cylindrical surface 28
is cylindrical and is displaced and com- pressed by shaft 62 which is also
cylindrical. Because of their similar shapes there is no seal concentration
point. 



Without a seal concentration point the sealing surfaces must be parallel
within the limits of elasticity of the stop- per or a path allowing the
fluid to leak will exist. If an axial load is placed on shaft 62, it will
not remain parallel to cylindrical surface 28 and a leak can occur. It is
also to be understood that cylindrical surface 28 does not contribute a
dynamic force to prevent leakage at the spike; cylindrical surface 28 only
serves to guide the spike as the spike is being inserted into the bottle.
The force cylindrical surface 28 exerts on spike 60 is diame- ter
dependent. The force is determined by the displace-    



-10-    ment of the spike as it is engaged by the cylindrical surface. If
the pressure of the bottle is increased, for example, by injecting air into
the bottle with a syringe, the force applied to the cylindrical surface by
such pres- sure will work to enlarge the opening which can cause a 



leak The same pressure increases which works on the cylindrical surface
will also affect the transverse web 24 which on piercing has been stretched
downward towards the center of the bottle. The internal pressure will work
on the transverse web 24 to return it to its orig- inal position.
Similarly to the seal contribution of cylindrical sur- face 28. the
retention contribution of the same is diame- ter dependent. The force
required to remove the spike from cylindrical surface 28 is directly
proportional to the diameter of the spike as well as the diameter of the
cyl- inder defined by cylindrical surface 28. Testing has demonstrated that
cylindrical surface 28 contributes the most force to the retention of the
spike. However, due to 



the distance from the transverse web 24 of the stopper to cylindrical
surface 28, the spike will pull out first from the cylindrical surface 28
on its way out of the stopper. Once tip 64 of spike 60 engages the lower
edge of cylin- drical surface 28, the applied force to tip 64 pushes the
spike further out of the stopper. As with the sealing con- tribution of
cylindrical surface 28, the retention contribu- tion of the cylindrical
surface does not contribute a dynamic force to grip the spike.     From the
foregoing it is apparent that neither the transverse web 24, nor
cylindrical surface 28 insures against the occurrence of leakage or
expulsion of.the spike from the stopper, especially when the content of the
bottle is under pressure. 



The present invention alleviates these inadequa- cies by providing a
dynamic seal or second seal which is produced by annular protuberance 26
and shaft 62 of infusion spike 60. The annular protuberance 26 is
-11-  



located between transverse web 24 and cylindrical sur- face 28. Referring
to FIGS. 7 and 8. as shaft 62 of spike 60 is inserted into stopper 10
annular protuberance 26 is elon- ated both radially and longitudinally.
Since the -elastomeric material of annular protuberance tries to return to
its relaxed position, two forces are created. One force grips shaft 62 by
constricting radially, the other by pulling the shaft towards the original
relaxed position. These forces are not equal. The primary force is
determined by the percentage of the elongation in the elastomer. If  by the
size of its diameter, the shaft 62 forces annular protuberance 26 to
elongate radially more than the insertion caused longitudinal elongation. 



the constriction force will be greater than the rebound- ing elongation
force. Once shaft 62 is engaged by annu- lar protuberance 26. the
constricting force will hold the spike in place.     The dynamic seal
becomes the primary seal of the spike, which heretofore has not been
perceived or sug- gested by. the prior art. As such, a uniform, predictable
force is established between annular protuberance 26 and shaft 62 of spike
60 insuring against leakage of content from bottle 40.     Another design
advantage of the stopper according to the present invention is the
stopper's ability to increase the spike retention force which is
proportional to the internal pressure of the bottle. Pressure exerted 



at any point upon a confined liquid is transmitted undi- minished in all
directions, according to Pascal's law. As indicated earlier, the annular
protuberance 26 conforms to the shaft 62 of spike 60 as the spike is being
inserted into stopper 10. The orientation of annular protuberance 26
changes during insertion from being perpendicuar to spike 60 to being close
to parallel to it. When the pressure in the bottle increases, the pressure
transmit. ted to all surfaces of the stopper will increase uniformly.
However, the area of the annular protuberance 26 which is close to parallel
to the shaft 62 will apply the most    



-12-    force to the shaft, and the area of the annular protuber-  ance 26
which is essentially perpendicular to shaft 62  will have the least effect
on the sealing of the shaft. The  seal so produced is radially uniform.
In order for the dynamic seal to function in accord-  ance with the present
invention, it will be appreciated by 



those shilled in the art that certain relative proportions  between the
diameter of shaft 62 and the diameter of  the space defined by annular
protuberance 26 must be  maintained. As shown in FIGS. 7 and 8, the
diameter of  the space defined by annular protuberance 26 must be,
somewhat smaller than the diameter of shaft 62 in order  to create a: tight
seal between them. Further, the diame-  ter of the cylinder defined by
cylindrical surface 28  should also be somewhat smaller than the diameter
of  shaft 62. again, for the purpose of maintaining good  guidance when
spike 60 is being inserted into stopper  10. In commerce, of course,
various size stoppers, bot-,  des and spikes would be provided with
corresponding  requirements as to their proportions as they are used 



together in a unit      The elastomneric material of the stopper of the
present invention should be a fluid-impervious, resilient, and inert
material without leachable additives therein in order to prevent any
alteration of the product contained in the vial. It may be of a single
component or a blend of components. Examples of materials indude synthetic
or natural rubber,such as butyt rubber, isoprene rubber, butadiene rubber,
silicone rubber, halogenated rubber, ethylene propylene therpolymer and the
like. Specific examples of a synthetic elastomeric rubber include the
CH[err]CF[err]-C[err]F[err](C[err]F[err]H) and the
C[err]F[err]-C[err]F[err]OCF[err] series of elastomers made by duPont under
the trade names of VITON[err] and CARLEZ[err] the fluoro-silicone rubbers, 



such as those made by Dow Corning under the name of SILASTIC: and
polyisobutylenes. such as VISTANEX MML-100 and MML-140: and halogenated
butyl rubber, such as CHLOROBUTYL 1066, made by Exxon Chem- ical Company.
-13- 



These or other suitable elastomers may be made into the desired stopper
configuration by known meth- ods. Such methods conventionally include the
use of a curing agent, a stabilizer and a filler and comprise a pri- mary
and secondary curing step at elevated tempera- tures.     The stopper
according to the present invention, in combination with a bottle and IV
(intravenous) infusion spike, was tested for fragmentation, penetration and
retention forces as well as elimination of leakage by test methods used in
the pharmaceutical industry. Test results showed substantial improvements
in all of these 



desirable properties as compared to properties pos- sessed by similar
devices used in the prior art.     In a preferred embodiment of the
invention there is provided an infusion closure for use with a parenteral
liquid-containing vial to hermetically seal said vial and to provide access
for infusion of the liquid to a patient,      the vial having a neck
terminating in a transverse     end suface.     the infusion closure
comprising the combination of     an elastomeric stopper and an infusion
spike     inserted into the stopper,     the stopper having a disk-shaped
head and an 



annular skirt integral with the disk-shaped head, the     annular skirt
projecting into the liquid-containing     vial,     the disk-shaped head
having a flange extending lat-     erally outward from the skirt covering
the transverse     end surface of the vial neck,     a target area
centrally located in the disk-shaped     head through  which the infusion
spike is inserted     into the vial forming a first seal with the infusion
spike and having ruptured edges oriented toward     the liquid,    



-14-    the skirt having a generally cylindrical opening defined by a
transverse web on the top of the open- ing corresponding to the target
area. an annular protuberance, spaced downward from the transverse web and
integral therewith, laterally 



extending into the opening and being elongated longitudinally toward the
liquid in the vial and form- ing a second seal with the infusion spike, an
annular recess between the transverse web and the annular protuberance
designed to serve as space to accommodate the ruptured edges formed by the
infusion spike upon its insertion through the target area,  a cylindrical
wall surface, having a top edge, spaced downward from the annular
protuberance and integral therewith, to guide and grip the infusion spike,
an annular recess, between the annular protuber- 



ance and the top edge of the cylindrical wall sur- face, designed to serve
as space into which the annular protuberance extends upon insertion of the
infusion spike, the infusion spike having a cylindrical shaft having a
tapered end terminating in a sharp tip, an upper body having two parts both
integral with the cylindri- cal shaft, a first channel, extending from the
tip upward through the shaft and through one part of the upper body,
adapted to remove the liquid from the vial, and a second channel extending
from the tip upward through the shaft and through the other part of the
upper body to allow air to enter into the vial to 



equilibrate pressure within the vial when the liquid is being removed from
the vial by infusion to a patient.         C    L    M    S    *   52   



Claims  1. An elastomeric stopper (10) for use with a      parenteral
fluid-containing container (40) to her-      metically seal the content
therein and to provide      access thereto by the insertion of an infusion
device      (60) through the stopper (10), the stopper (10) com-
prising:            a head portion (12) comprising a flange (14)      and a
target area (16): and            a skirt portion (20) having an annular
protu-      berance (26) projecting inwardly, wherein the flange      (14)
extends laterally outwardly form the skirt por- 



tion (20) and is adapted to cover a transverse end      surface (48) of a
neck (42) of the container (40),      and wherein the target area (16) is
at the center of      the head portion (12) and is adapted to be pierced
by the infusion device (60) which, after rupturing the      target (16), is
inserted through a space (22a)      defined by the skirt portion (20);
characterized in that the skirt portion com-      prises : a cylindrical
surface (28), spaced down-      ward form the target area (16) of the head
portion      (12), adapted to guide and grip the infusion device      (60)
upon its insertion through the target area (16),      with the annular
protuberance (26) being located      between the target area (16) and the
cylindrical sur- 



face (28) to form a seal with the infusion device      (60), and with an
annular recess (22b) between the      cylindrical surface (28) and the
annular protuber-      ance (26) adapted to serve as a space to accomo-
date ruptured edges formed by the infusion device      (60) upon its
insertion through the target area (16).   2. A stopper (10) for a container
as claimed in claim 1     wherein the container is a bottle (40).     



-16-    3. A stopper(10) for a bottle (40) as claimed in claim 2
wherein the bottle (40) comprises:           (a) a neck portion (42) with
an interior radial          ring (46) at the opening thereof to tightly
hold          the stopper (10) upon its insertion into the 



opening;          (b) an exterior radial ring (50) ; and          (c) a
transverse end surface (48) located          between the interior and
exterior radial rings          (46,50).   4. A stopper (10) as claimed in
any one of claims 1 to      3 wherein the container (40) is a vial.   5. A
stopper (10) as claimed in any one of the preced-      ing claims wherein
the container (40) contains a      parenteral solution.   6. A stopper (10)
as claimed in any one of the preced- 



ing claims wherein the infusion device is a intrave-      nous infusion
spike (60).    7. A bottle (40), stopper (10) and intravenous infusion
spike (60) combination for a parenteral solution to     hermetically seal
the solution and to provide access     thereto by the insertion of said
intravenous infusion     spike (60) through said stopper (10).
said bottle (40) comprising:         (a) a neck portion (42);        (b) an
exterior radial ring (50) ; and 



(c) a transverse end surface (48):                                 -17-
said stopper (10) closing the opening in said bottle (40) and having a head
portion (12) and a 



skirt portion (20) having an annular protuberance (26) projecting inwardly
and extending from said head portion (20).       said head portion (12)
comprising      (a) a flange (14) extending laterally outwardly     from
said skirt portion (20) and being adapted     to cover said transverse end
surface (48) of the     neck portion (42) of the bottle (40) ; and     (b)
a target area (16) at the center of said head     portion (12) adapted to
be pierced by said     intravenous infusion spike (60) which, after rup-
turingsaid target area (16), is inserted through     the space (22a)
defined by said skirt portion 



(20);         characterized in that said skirt portion (20) comprises
(a) a cylindrical surface (28). spaced downward     from said target area
(16) of the head portion     (12)  adapted to guide and grip said intrave-
nous infusion spike (60) upon its insertion     through said target area
(16) and     (b) the annular protuberance (26) being located     between
said target area (16) and said cylindri-     cal surface (28) to form a
seal with said intrave-     nous infusion spike (60) and an annular recess 



(22b) being located between the cylindrical sur-     face (28) and the
annular protuberance (26)     adapted to serve as a space to accomodate
ruptured edges formed by the infusion device     (60) upon its insertion
through the target area     (16), and in that the neck portion (42) of the
bottle (40) comprises an interior radial ring (46)     at the opening
thereof to tightly hold said stop-     per (10) upon its insertion into
said opening.      



-18-          said transverse end surface (48) being located       between
said interior and exterior radial rings       (46.50).     8. A bottle
(40), stopper (10) and intravenous infusion 



spike (60) combination as claimed in claim 7     wherein the stopper (10)
is crimped onto the bottle     (40) with a metal closure cap covering the
exterior     radial ring (50) of the bottle (40).   9. A stopper (10) as
claimed in any one of the preced-     ing claims wherein the annular
protuberance (26)     exerts longitudinal and compressive forces against
the infusion device (60).  10. A stopper (10) as claimed in claim 9 wherein
longi.     tudinal and compressive forces increase upon     increasing the
internal pressure within the con- 



tainer (40).  11. A stopper (10) as claimed in any one of claims 5 to
10 wherein the parenteral solution is under an inter-     nal pressure that
is greater than the pressure out-     side the container (40).  12. A
stopper (10) as claimed in any one of the preced-    ing claims wherein the
elastomeric stopper is made    of a material selected from the group
consisting of    bury rubber, isoprene rubber, butadiene rubber sil-
icone rubber, halogenated rubber. ethylene propyl-    ene therpolymer and
mixtures thereof.  






