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L Field of the Invention

15- The invention relates to a method and apparatus for providing sterility in a
medicinal storage bottle, and more particularly, to a method and apparatus for
creating a sterility seal in a medicinal bottle impervious to disruptions by tolerance

difficulties or shipping treatment.

20 IL Background
In the medical arts, there are known certain medicinal storage bottles useful

for storing, shipping and containing a medicine disposed in dry powder or tablet
form that is intended to be reconstituted with a liquid substance for administration
to a patient. Examples of such containers are found, inter alia, in U.S. Patent Nos.
25 3,033,2023 to Richter et al.; 3,206,073 to Scislowicz; 4,211,333 to Villarejos; and
| 4,941,876, 5,358,501 and PCT Application WO 90/07319, all to Meyer or Meyer
et al. Utilizing the Scislowicz patent as a reference and as depicted in Figures 1
and 2 of that patent, common to all the devices disclosed in the prior art there
includes some type of container 10 containing a medicament 14 to be
30 reconstituted. Access to a reconstituting fluid 37 held in a separate container 25 is
provided by a transfer assembly 13. In the Scislowicz reference, the transfer

assembly includes a sharpened cannula element, but in the case of the Meyer et al.
U.S. '876 and PCT '319 references, the transfer assembly includes some type of
Luer-Lock adapter suitable for connection directly with other bottles (for instance,
35 PCT '319) or with a separate needle cannula element (US '876).
As the skilled artisan will appreciate, the sterility of the medicinal
component 14 held in the container 10 is normally preserved by some type of
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transfer assembly can thus be slid downwards towards the interior of bottle when
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lyophilization of the medicament is desired. However, during transport of the
bottle, the sealing portion is retained in the neck, in an attempt to block the fluid

10 conduit and cut off any environmental contact with the interior of the bottle
through the transfer assembly.

~ In a similar vein, separate seal portions are often incorporated about the
transfer assembly to further enhance the imperviousness of the aforementioned
designs to extraneous contamination. For example, in the Meyer '501 patent, a

15 toroidally-shaped sealing element 29 is incorporated which contacts the interior
neck portion of the container 10 so as to form an aseptic barrier during storage, as
well as to provide a sealed connection and an aseptic barrier during the activation
phase of the container. In addition, as evident from the Scislowicz or Meyer
references, a removable cap element 40 is often fitted about the transfer assembly

20 13 in an effort to protect the transfer assembly from damage or contaminating
contact pending use of the container. The cap, often configured to be retained
with or against a portion of the container 10, can be covered with a tamper-evident
seal (such as seen in Meyer '501) so as to give further indication if the sterility of
the medicament 14 might have been somehow compromised.

25 While the foregoing approaches in general are directed to preserving the
sterility of the medicament 14 held within the container, discrepancies in
dimensions or manufacturing tolerances of the various components forming the
medicinal storage bottles, the handling of the bottles during shipment by ground,
sea or air, and related factors could affect the ability of the bottles to maintain

30 sterility of the medicament 14 pending use. Tests for integrity include, inter alia,
immersing the bottle in a fluid bath over a set period of time, with the fluid held at
pressures simulating conditions to which the bottle will be exposed over time.

In particular, while for the most part serving to isolate the medicament
itself from external contaminant effects, it has been found that contaminants of
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the cap as a barrier. More specifically, dimensional variations are bound to occur
from production batch to batch, so that a hermetic seal between matching
components cannot be assured in every instance. In addition, molded parts
sometimes display weld lines which, if disposed in an area necessitating perfect
mating contact, can interfere with precise fit. Overall then, most molding
téchniques cannot be relied upon to produce seals of a hermetic nature. This,
more often than not, is an unacceptable condition for a product relying on sterility -
prior to use.

The above-mentioned difficulties are further amplified by the treatment
imposed on the bottles during shipment. For example, the bottles may be exposed
to extreme atmospheric variations, inclusive of temperature extremes and, when
shipment occurs by air, significant pressure disturbances. Such changes in pressure
or temperature act upon the individual components and normally cause any
hermetic seals effected by precision molding to be disrupted or broken, exposing
the bottle and particularly the transfer assembly to contamination. Absent a proper
seal impervious to atmospheric variations, shipment is oftentimes limited to road or
rail transport, which is slower and sometimes costlier than shipment by air.

Moreover, owing to considerations of cost, manufacturing efficiencies, and
ease of transport, it is common for relatively bulky items such as medicinal storage
bottles to be shipped only in simple corrugated or cardboard containers, which
provide little if any protection against exposure to outside contaminants. Blister

. packs or pouches, typically employed when an enclosed product is sterilized such

30

as by gas treatment or irradiation, are normally excluded from bulky product such
as medical storage bottles. Thus, there is usually the requirement for the bottle to
rely solely on its own integral design and its components for maintaining the
sterility of the product contained therein.

There is a need, therefore, for a way to ensure sterility in a medicinal
storage bottle, relying on its integral componentry and design, which is particularly
impervious to handling or shipment conditions to which the bottle is exposed, and
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present invention. A sterility seal, formed from a particulate, gaseous or aqueous
impervious sealing material, is precisely located between the protective cap and the
bottle in a manner so as to isolate the transfer assembly from outside contaminants.

In one embodiment, a band or layer configuration of a sealing material such
as silicone is applied to a circumferential zone of the bottle that is subject to
contact with the interior of the cap. Application may be effected, for instance, by a
sponge or foam applicator disposed in rotating contact with the bottle. The
interior of the cap is structured to include one or more ridge-type elements in an
area coming into contact with the zone of silicone application. In one
embodiment, the sealing material is applied to the bottle in a base area of the
transfer assembly adjacent the container portion of the bottle, with the ridge
elements formed for contact with the base area of the transfer assembly.

Upon insertion of the cap over the bottle, the ridge-type elements are urged
into contact with the layer of silicone, causing the band of silicone to roll
downwards along the surface of the transfer assembly so as to "bunch" into a
toroidally-shaped O-ring type seal precisely conforming to the dimensions of the
cap and storage bottle. The seal "caulks" any gaps or openings (collectively
"microsurface defects") between the cap and the bottle created, for instance, by
imprecise molding, handling treatment, or environmental variations, thereby
hermetically isolating the transfer assembly from the outside environment so as to
preserve the sterility of same. A reliable seal is thus created which is rupturable
only by the user prior to administration of the medicament contained in the bottle.
Owing to good surface tension as well as the resiliency properties of the sealing
material, the seal created is able to withstand abuses rendered to the bottle by
handling treatment as well as the stresses and strains imposed by environmental
changes without rupture or separation from the cap or bottle, thereby better
assuring the sterility of the bottle and the contents held therein.
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Figure 2 is a cutaway view of the transfer assembly of the medicinal
storage bottle illustrating the band configuration of sealing material following

application;

10 Figure 3 is a cutaway view illustrating the relationship between the
protective cap and the transfer assembly following placement of the cap, together
with the formation of a seal between the cap and the transfer assembly;

Figure 4 is a schematic overhead representation of one way to effect
application of the sea]ing material to the bottle; and

15 Figuré 5 is a schematic representation of one way to test the efficacy of a
seal produced in acbordance with the present invention.

DETAJLED DESCRIPTION OF THE INVENTION

Turning now to the drawings, wherein like numerals denote like
20 components, Figures 1 through 3 illustrate one embodiment of a medicinal storage
bottle 10 in accordance with the present invention. The various components of the
medicinal storage bottle can be formed or molded from conventional materials
known to artisan in the medical arts, such as polypropylene, polycarbonate
polyethylene, glass, or the like. The bottle 10 typically includes a container portion
25 12 adapted to retain therein a substance such as dry powder medicaments or tablet
form medicaments intended for lyophilization. A transfer assembly portion 14,
adapted for fluid communication with the container portion 12, is normally
provided so as to provide reconstituting fluid to the medicament held within the

container portion 12 as well as deliver the reconstituted medicament to a patient.
30 As here illustrated, the transfer assembly 14 is generally formed in a
cylindrical shape that defines an interior area 15 surrounding a piercing element 16
such as a sharpened needle cannula 16. - The piercing element 16 is in fluid
communication with the container 12 and serves to transmit fluid to and from the
container 12. As will be understood by the skilled artisan, the transfer assembly 14
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rel ying on ster li{ug;xg the 1ntenor 1 the transfer assembly, there is a base po
adjacent the container portion 12 of bottle 10, as well as a sidewall portion 30a
that forms the substantial entirety of the transfer assembly 14. In one
configuration, the sidewall portion 38a may have an overall length, for instance, of
about 24.8 millimeters ("mm") and the base portion 30 can have an overall length
10 of about 7.45 mm. As herein illustrated, the base portion 30 is slightly wider than
sidewall portion 30a, for purposes to be herein explained. For instance, in one
configuration the base portion 30 may display an outside width of about 17.1 mm
while the sidewall portion 30a may display an outside width of about 16mm.
However, it will be understood by the skilled artisan that the widths or lengths of

15 the base and sidewall portions can be made identical, or of other differing

dimensions, as need or desire dictate.

As illustrated in the figures, a protective cap 18 is provided to safeguard
the bottle 10 both from damage as well as contamination pending use of the
product. In its form as illustrated, the cap 18 primarily safeguards the transfer

20 assembly 14 from damage as well as contamination with the environment, helping
" to maintain the sterility of the medicament contained within the container portion
12 until such time as the medicament is accessed for use, and is preferably
dimensioned in accordance with the measurements provided the transfer assembly
14. The cap 18 may include a skirt portion 19 lengthened some distance beyond
25 the base portion 30 of the transfer assembly 14 covering or otherwise engageable
with the outside surface of the container portion 12 of the bottle; a closed end 23
for covering the exposed end of the transfer assembly 14; and a side wall 21
extending to the leading end 19a of the skirt 19 and about the circumference of the
cap 18 that defines an enclosed interior portion 24 somewhat larger in diameter
30 than the outside diameter of the sidewall portion 30a of the transfer assembiy 14.
Thus, cap 18 will encapsulate the transfer assembly 14 when placed over the
bottle. If desired, a tamper evident seal such as a shrink-wrap seal (not shown)
may be applied in contact with the skirt. 19 and the container portion 12
subsequent to placement of the cap 18 on the bottle 10.
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portion 20 may be formed as part of the side wall 21, thereby retaining the same
dimensions, or it may be formed wider or larger than the side wall 21 so as to
conform to the dimensions of, or portions of, the transfer assembly 14 with which

10 it will engage.

To maximize the barrier properties of the cap, the overall cap 18 is
normally preferably dimensioned to be as form fitting as possible with the bottle 10
and/or transfer assembly 14. In this regard, it will be seen that the portions of the
cap 18, inclusive of the sidewall 21, skirt 19, and shoulders 25 are preferably

15 molded or otherwise formed to be in as precise dimensional conformity with the
bottle 10/ transfer assembly 14 as possible. However, as noted hereinabove,
current plastic molding technology is of such a state that absolute precision
molding of plastic parts to provide perfectly mated surfaces, such as to effect a
hermetic seal, is virtually impossible, if not prohibitively cost restrictive in view of

20 the commercial marketplace. Therefore, a need exists for a cost effective way to
account for microsurface defects on the mating surfaces of the components so as
to seal cap 18 with the bottle 10 against the effects of external contaminants, in a
manner to address normal dimensional variations between components or tolerance
difficulties therewith.

25 Thus, Figures 1 through 3 illustrate a sealing mechanism 50 provided in
accordance with the present invention. Here, one or more ridge elements 22 are
molded or otherwise formed in the cap 18 about the contact portion 20 for
engagement against the base portion 30 of the transfer assembly 14. If desired, the
ridge elements can be formed from the same material as forms the cap 18, or they

30 can be made from a different material as an integral component of the cap itself
(for instance, via a co-injection process), or they may be separately formed and
attached to the contact portion 20 via adhesives, mechanical affixation techniques
or the like. As illustrated, the ridge elements 22 preferably are formed about the
circumference of the contact portion 20 and may feature substantially rounded
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there are three ridge elements 22, but it will be understood by the skilled artisan
that any number of ridge elements may be provided, i.e., one or more, for the

' purposes herein described.

Prior to insertion of the cap 18 over the bottle 10, a band or layer
configuration of sealing material 32 is applied to the bottle 10, preferably in a
region of base portion 30 of the transfer assembly 14 which is subject to
engagement with contact portion 20 of the cap 18. As shown, the sealing material
32 is here disposed near the junction of the transfer assembly 14 and the container
12 and substantially cylindrically about the entire circumference of the transfer
assembly 14, preferably to effect hermetic sealing of as much of the transfer
assembly 14 as possible. Depending on the dimensions of the various components,
the band or layer of sealing material 32 may display a width 32a, for instance, of
about 3mm, and is applied in a depth of about 10 micrometers (um).

One example of the sealing material 32 which may be employed with the
invention is a silicone having a viscosity of 12500 ctsk, manufactured by the Dow
Corning Corporation under product identification number DC360. It has been
found that a silicone having the viscosity properties and the surface tension of this
material provide a seal which is thick and strong enough to avoid fluid migration
or seal disruption under handling stresses or environmental changes, but still fluid
enough to effectively occupy the microsurface defects existent between the cap 18
and the bottle 10 so as to effectively address dimensional variations or tolerance
difficulties on the mating surfaces of the components. '

Numerous ways to effect application of the sealing material within the
realm of the skilled artisan are possible. As depicted in Figure 4, one way is to
apply the sealing material with an applicator device having foam-like or sponge-
like pads 60, appropriately shaped and dimensioned for engagement with the
surfaces of the bottle 10, for distribution of the sealing material in a desired width.
The pads 60 may display a soft, open cell configuration so as to be well suited to
apply the sealing material. © For instance, a polyurethane foam having a Shore
hardness of about 60-80 may be employed.
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application as well as controlling the degree or quantity of application over a given
time frame. Other ways to effect application of the sealing material might include,
for instance, deposition processes, manual application, projecting the sealing
10 material onto the bottle 10 in a manner similar to "ink jet" printers, or with other

techniques known in the art.

Subsequent to the application of the sealing material 32 to the transfer
assembly 14, cap 18 may be placed over the bottle 10 in a manner such that the
contact portion 20 and, in particular, the head portions 22a of the raised elements

15 22, engage the surface of base portion 30. As the cap is urged downwards over
the bottle, the raised elements 22 will engage the sealing material 32 to cause a
"rolling" effect as the cap is urged downwards, thereby forming a toroidal-type O-
ring seal 34 circumferentially disposed about the base portion 30 and engaging
both the base portion 30 and the cap 18. The seal 34 thus created

20 circumferentially conforms to the dimensions of the cap and base portion. The seal
which is formed may take the shape of a toroid and serve to perfectly isolate the
transfer assembly 14 from the outside environment. Owing to the configuration of
the raised elements 22, excess sealing material 32 may "ooze" into the interspaces
35 defined between adjacent raised elements 22 and the base portion 30, enhancing

25 the efficacy of the seal 34 created by the motion of the cap on the sealing material
32, together with providing back-up for the seal 34 so formed.

The seal so produced, thus, is flexible enough to accommodate pressure or
temperature variations, together with handling stresses and strains, while
effectively blocking gas, pariiculate or fluid contamination from the transfer

30 assembly. However, by applying an appropriate force on cap 18 such as by
| twisting the seal may still be readily broken by a user so as to obtain access to the
medicament in container portion 12.

The efficacy of a bottle produced in accordance with the present invention

is illustrated in a comparison test of four alternative approaches ("Samples 1-4")
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via syringe 100 into space 104 defined between the skirt 19 and the container
portion 12 of the bottle. The bottle 10 is placed upside down so that the dye
solution 102 can migrate adjacent the seal 34. The migration of any dye 102 past
the seal 34 towards the plurality of raised elements 22 will give an indication of
how effective the seal 34 is at preventing contamination.

Subsequent to injection of the dye, the bottle is placed into the chamber
110 and the vacuum pump and regulator of the chamber 110 are regulated in order
to achieve an absolute pressure of approximately 0.65 bar. The bottle 10 is held
under this condition for approximately sixteen hours, at which point the chamber
110 is returned to atmospheric pressure. The bottle 10 is then removed from the
chamber and observations are made, beginning at 30 minute intervals, to determine
the migration of the dye 102 past the seal 34 and the three raised elements 22 so as
to gauge the efficacy of the device.

Believing that the cap 18 could by itself perform two distinct functions --
retain itself onto the transfer assembly 14 with a force low enough so as not to
impede a user's easy removal when desired, while also resealing the transfer
assembly against contamination -- attempts were made to optimize the fit between
the cap and the bottle by "tweaking" either of the cap mold or the bottle mold.
"Sample 1" and "Sample 2" thus represent, respectively, samples of bottles
produced prior to any attempt to correct tolerance difficulties or dimensional
difficulties, Sample 1 being a bottle produced prior to stabilization of the bottle
molds by the mold maker, and Sample 2 representing a bottle produced by a
molder attempting to control molding cycles so as to obtain perfectly mated parts.
"Sample 3" is an attempt to correct mating difficulties by optimizing the quality
produced by the transfer assembly mold (i.e., by optimizing material flow to
uniformly fill cavities, by increasing mold flow to speed the filling of cavities, etc.)
in the belief that bottle leakage occurred due to an imperfect cylindrical shape in
the transfer assembly. Finally, "Sample 4" illustrates an attempt to optimize the
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'only' by the user prior to administration of the nmedi canent {lc@HtSe®hied M%*%@N

bottle. OM ng to good surface tension as well as the resilijency GiegherEPes
of the sealing material, the seal created is able to w thstagz 5€S
rendered to the bottle by handling trea nt as well as the stresses and
strains inposed by environnental change W t hout rupture or separation from

the cap or bottle, thereby better assuring the sterility of the bottle and

t he cont entsifdiiits dfftks €ipnl8 and RitiGHarEherhissd elmekts TRELDIRNIONGS tHere

i nvention w || {afg\ébe described in greater detail by way of reference to
the fol | oWy B¥dNMys, wherein: Figure 1 is a cutaway view of a medicinal
storage bott I e [The aesto asiaprc‘eoualy tdescribed thus measures the percent leakage

visualized past the innermost raised element 22. As detailed in the chart

5 hereinbelow, while the first four "samples" displayed as much as a 44% leakage
rate over a period of eight hours, the bottles produced with the seal in accordance
with the present invention displayed no leakage:

LEAKS AT THE INNERMOST RAISED ELEMENT (IN %)
10 TIME OF PRESSURE EXPOSURE

30MIN 1HOUR 2HOURS 4HOURS 6HOURS 8HOURS

Sample 1 0% 2%

Sample 2 11% 29% 33% 39% 44%
Sample 3 3% 16% 31%

Sample 4 8% 19% 27% 33% 42%

Sample 5 0% 0% 0% 0% 0% 0%
Sample6 0% 0% 0% 0% 0% 0%

Thus, it will be seen that the apparatus and method in accordance with the
present invention results in a bottle suitable for lo'ng term transportation and

15 storage of a medicament contained therein, preserving the sterility of same prior to
use, while being highly able to withstand handling treatment and environmental
variations during transit. The seal created displays good surface tension properties
preventing inadvertnet disruption, and is readily resilient so as to adapt to changing
pressures, temperatures and forces exerted on the bottle during shipment, while

20 still being easily manipulable by a user to enable easy access to the product when
use is desired. The method and apparatus in accordance with the present invention
serves to obviate molding defects inherent in large batch molding runs, while
providing an economical and cost efficient alternative to ensuring sterility in bottles
of this type in large volume.

25 The skilled artisan will also appreciate that alternatives to the silicone
sealing arrangement are possible. For ex-ample, in lieu of forming the raised
elements 22 from the same material as forms the cap 18, it may be possible to
incorporate the raised elements 22 as rubberized or siliconized components, such
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“the present invention, illustrating the rel ationship bet wee,nTW%S‘%%ﬂ E@b BEEN
the transfer assenbly, the protective cap and the seal; Fidqure Z_Ri' LACED
cutaway view of the transfer assenbly of the nedicinal storagesggitle
illustrating the band configuration ofwf%eal ing material follow ng
application; Figure 3 is a cutaway viewTllustrating the relationship

bet ween the protective cap and the transfer assenbly follow ng pl acenent of
the cap, tagfidserhich afe dither éosinjetedaogetherawvitiethe captl8ee Bepdratelyefprmet t he

wey To ef B Ukt sNER 18 SRR IR G OTR Y AERUAE G fabL O O
5is a sch iak 32¢ phecmibberzedoor eiliconizedieipgs woullk be table &4 foooform & a seal
produced | MIG6&RMHEE Aol ihfth RBmBORSEN o bS'{6 Hedl Me HoRle hbdid: [Jutidd PTI ON OF

5 contamination. In this manner, the raised elements 22 themselves would perform a
sealing function. However, it will also be apparent that rubberized or siliconized
elements 22 may be utilized together with the sealing material 32 to amplify the
sealing function provided by the rings 22.

It will be appreciated and understood by those skilled in the art that further

10 and additional forms of the invention may be devised without departing from the

spirit and scope of the appended claims, the invention not being limited to the

specific embodiments shown.
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"Turning now to the drawi —wherein |ike nuneral s denote ||iT#S&oEdrbiw BEEN

Figures 1 H Mﬂmumm te one enbodi ment of a nedicingl st REILHR e
10 in accor mmmfesent i nvention. The various compgg@-{ STof the
a

medi ci nal storége" bdtti%e ean:.be formed or nol ded from convention

materials known to artisan in the nedical arts, such as pol ypropyl ene,

pol ycar bonat e pol yet hyl ene, glass, or the like. The bottle 10 typically

i ncludes a container portion 12 adafLAHMISO retain therein a substance such

as dry powder L GREER tabl et form nmedi canents intended for
Iyophiliz\gﬁi on%@dns g bl y portion 14, adapted for fluid

communi cat i on wiathettlehody slefining a coptginer portion forjretainingmsubstapsandfed so as to
provi de reganstd ﬁd&ibmeormnuiﬁéaﬁr@hﬁmsai@&:ﬁaﬂa%nmi for Wuidhi n the contai ner
portion 12 as we]l .as deli.yer, the reconstituted medi canent to a patient. As
hete ill usf’?‘&f”é‘&‘,ca't‘%wltﬁéﬂéﬁ'ét?s%enbl y 14 is generally forned in a
cylindrical shaperéteetivebap irétrovably dffikedrwich satd battld body rsaid pnotiectivea pi er ci ng
el ement 16 cap having a closed end portion and an enclosed interior placeable about the
transfer portion for safeguarding the bottle against contamination with the
environment;
10 a sealing material applied to an area of the bottle body subject to contact
with said protective cap; and :
one or more ridge elements formed on an area of the protective cap coming
into contact with the sealing area of the bottle, said one or more ridge elements
engaging the sealing material during contact between the cap and the sealing area
15 of the bottle to form a protective seal between and adapted to the dimensions of

said bottle and said cap

2. The bottle of Claim 1, wherein the sealing material is applied to the transfer
portion of the bottle.

20 _
3. The bottle of Claim 2, wherein said sealing material is applied in a band
configuration adjacent a base area of the transfer portion.

4, The bottle of Claim 1, wherein said one or more ridge elements are
25 substantially circumferentially formed about the interior of the cap.

5. A bottle having a sterility seal, comprising; -

a bottle body defining a container portion for retaining a substance and a
transfer portion communicating with said container portion for fluid

30 communication with said substance;

a protective cap removably affixed with said bottle body, said protective
cap having a closed end portion and a side wall defining an enclosed interior .
placeable about the transfer portion and engageable with the transfer portion for
safeguarding the transfer portion against contamination with the environment;

A
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such a$ a sharpened needl'e cannula 16. The piercing el ementf 16 | R ABED q

aad

cormuni cati on w ' 12 and serves to transmt U=t to—and
fromthe cont aﬂl‘“ﬁﬂﬂ'ﬂ“ﬂ“lm e understood by the skilled gg3gan, the
transfer assenbly 14 “ & nd#y t'ake any_ygriety of shapes or configurations
as need or desire dictate (for instance, a square configuration), and the
piercing el ement 16 need not be a sharpened needl e cannul a but can be, for
i nstance, a bl unsealing awteriahanpliad insa bandrconfigyration tor angpgagament pge of ypes of

fluid trangkefansierportion WhichTH sbI&E td Borithk® vt the BRErdY oFthed fi8tecfier i or 15 of
the transfer assenbly, there is a base portion 30 adjacent the centainer

portion 12° 2Mbttle 10, as well as a sidewal| portion 30a
one or more ridge elements formed on the interior of the protective cap for

5 contact with the engagement area of the transfer portion, said ridge elements
engaging the sealing material during contact with the transfer portion to shape said
band configuration of sealing material into a protective seal formed between and
adapted to the dimensions of the cap and the transfer portion.

10 6. The bottle of Claim 5, wherein said one or more ridge elements comprise
one or more raised protrusions substantially circumferentially formed on the side
wall.

7. The bottle of Claim 6, wherein at least one of said one or more raised

15 protrusions comprise a rounded head portion for contact with the transfer portion.
8. The bottle of Claim 5, wherein said sealing material is a silicone material.
9. The bottle of Claim 8, wherein said silicone material comprises silicone

20 having a viscosity of about 12500 ctsk.

10.  The bottle of Claim 5, wherein said band configuration of sealing material
is applied in a width of about 3 millimeters.

25 11.  The bottle of Claim 5, said transfer portion including a base area adjacent
the container portion, wherein said band configuration of sealing material is

located at the base area of the transfer portion.

12.  The bottle of Claim | i, wherein said protective seal is formed between the
30 cap and the transfer portion adjacent the base area of the transfer portion.

13. A method of providing a sterile seal in a bottle conforming to the
dimensional variations of the components forming the bottle, comprising the steps
of:

_—
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that forns the substantial entiTety of the transfer assenbly TH”SSIAE@,_E 43 BEEN 11

configurati onammnwm"m , tion 38a may have an overall
I nst ance, "I’Hmaters ("mt') and the base portlprgﬁﬁ can have
an overall |ength ‘%f “abButs7.45 mm As rein illustrated, the base portion

30 is slightly wi der than sidewal | portion 30a, for purposes to be herein
expl ai ned. For instance, in one configuration the base portion 30 may
di spl ay an out siapplymigh bandfofalsealing iatdrialho amégien offthe botlewthdtlis pibjeact on 30a

may di spl ay QU witle tg&p, Qf,-about 16mm However, it will be understood
by the skil Pg;gnartéisanp& ¢ pvm dt hs or | engths of t he hase and si dewal |

portions can be ﬁw@mamtprdavrer@sewnmw&n%mpﬁmqféhﬂ?ménmofas need

or desire chetal subjedbtd ¢dntiict wWthRe ealind'gred bthe ®dttleRaid Ot ectlve cap 18 is
(r)?VI ded to safeﬂuard %‘he bo tle.10 both f.ro

tam nati on peftfrg §8alb’f“ q fraling eQniaqt w"ihntﬂ% ggt%gP?H i‘%t ?'fel (?I§P?r§t ed, the
C ap 18 pri nafithe sidgesfonghaintsiot pertionarf'sieasap come into contact with the sealing

material to shape the sealing material into a seal between and adapted to the

dimensions of the cap and the bottle.

10 14.  The method of Claim 13, wherein said step of applying a band of sealing
" material comprises the steps of:
placing the bottle into surface contact with a foam pad supplying said
sealing material; and
rotating the bottle against the foam pad to uniformly circumferentially
15 apply the sealing material in said region of the bottle.

15.  The method of Claim 12, further comprising the step of microdosing said
sealing material from an external supply to said foam pad to regulate the quantity
of sealing material applied by the pad.

20
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'assénb1y 14 from damage as well as contam nation with the efvi r ongERLACED
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hel'ping to maintain the sterility of the medi canent cont ai ned=wthir—tve

oo —

contai ner portion 12 until such tinme as the nedicanment is aceepggd for use,
and is preferably dinmensioned in accordance with the neasurenments provided
the transfer assenbly 14. The cap 18 may include a skirt portion 19

| engt hened sone di stance beyond the base portion 30 of the transfer

assenbl y 14 MBEYHODAND ARPARATIES EORBROVIPING A STERBLIEY SEAJur f ace of

t he container portion %Rfmm%ﬁﬂﬁoﬂ%dﬁ%‘gﬂﬁ 23 for covering the
; and a sl

exposed end of the transfer asse y e wall 21 extending to
the | eading end 19a of the skirt 19 and about the circunference of the cap
18 that defines an encl osed inter ABSTRACTON 24 sonewhat |arger in dianeter
than the outsid

agsenbly 14. T st?‘;tg%q‘é‘ta%g\?é Is%°¢'§W§ Iéeﬁgwﬁgtae%q&@‘f ?%fﬁg%é‘ggiﬁé ngﬁ’tﬁlr %gile\r/\hen

pl aced ovedisdidsed bThe lbettle] Wwhithsdande, coafigurap es retaih demédicansdnt sLpdwdes a

shri nk-wr & t%gl%é fo%nn,o%ea%qgw })rotective cap configured to engage a transfer assembly
associated with the bottle. The cap includes one or more raised ridges on an
interior surface engageable with a portion of the transfer assembly. A band or

10 layer configuration of a sealing material such as silicone is applied to the transfer
assembly prior to insertion of the cap thereover. As the cap comes into surface
contact with the sealing material, the ridges cause the material to "roll up" into a
toroidal O-ring configuration, thereby forming a seal between the cap and the
bottle adapted to the dimensional variations of those components. The seal, which

15 is resilient, is able to withstand harsh handling treatment and pressure or
temperature variations without separation from the cap or bottle, thereby
providing a hermetic seal isolating the transfer assembly and, hence, the
medicament from the outside environment.

20  3307PA.DOC
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“di ménsions, or it may be fornmed wi der or |arger than the4EWdE§$ﬂE$TBAS§EENB

Sy

to conformto the dinensions of, or portions of, the transfer ®EFCASED 14
with which it will engage. To maxim ze the barri er pr oper
the overall cap 18 is normally preferably dinmensioned to be as formfitting
as possible with the bottle 10 and/or transfer assenbly 14. In this regard,
it wll be seen that the portions of the cap 18, inclusive of the sidewall
21, skirt 19, and shoulders 25 are preferably nol ded or otherwi se fornmed to
be in as precise dinmensional conformty with the bottle 10/ transfer
assenbly 14 as possi ble. However, as noted herei nabove, current plastic

nol ding technology is of such a state that absol ute precision nolding of
plastic parts to provide perfectly mated surfaces, such as to effect a
hernmetic seal, is virtually inpossible, if not prohibitively cost
restrictive in view of the commercial marketplace. Therefore, a need exists
for a cost effective way to
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account for mcrosurface defects on the mating surfaces of|f trhes sRAEPRABIEEEN
so as to seal cap 18 with the bottle 10 agai nst the effectls of ®crennzb
contam nants, in a manner to address nornal dinensional var
conponents or tolerance difficulties therewith. Thus, Figures 1 through 3
illustrate a sealing nmechani sm50 provided in accordance with the present
i nvention. Here, one or nore ridge elenents 22 are nol ded or otherw se
formed in the cap 18 about the contact portion 20 for engagenent agai nst
t he base portion the transfer assenbly 14. If desired, the ridge

el ements can be forne romthe same material as forns the cap 18, or they
can be nmade froma diffenent material as ap integral conponent of the cap
itself (for inst 0-injection process), or they may be
separately forngd and attached to the contact portion 20 via adhesi ves,
mechani cal affixXation te iques or the like. As illustrated, the ridge

el ements 22 preflerably are fornmed about the
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Cﬂr'cﬁrh‘ erence of the contact portion 20 and may feature subs aﬁE%a&A% ' -
r ounded 8 head portions 22a engageable with the base portifo o GFVENE SHEET

transfer assenbly 30. Slanted wall portions 22b are al so proyided whi,c
| ead either into a followng ridge element 22 or directly baggﬁﬁwégégvm

of the cap 18. As herein illustrated, there are three ridge elenments 2Z,
but it will be understood by the skilled artisan that any nunber of ridge
el enents may be provided, i.e., one or nore, for the purposes herein

described. Prior to insertion of the cap 18 over the bottle 10, a band or
| ayer configuration of sealing material 32 is applied to the bottle 10,
preferably in a

METHOD AND APPARATUS FOR PROVIDING A STERILITY SEAL
IN A MEDICINAL STORAGE BOTTLE

L Field of the Invention

The invention relates to a method and apparatus for providing sterility in a
medicinal storage bottle, and more particularly, to a method and apparatus for
creating a sterility seal in a medicinal bottle impervious to disruptions by tolefaqce

difficulties or shipping treatment.

IL Background
In the medical arts, there are known certain medicinal storage bottles useful

for storing, shipping and containing a medicine disposed in dry powder or tablet
form that is intended to be reconstituted with a liquid substance for administration
to a patient. Examples of such containers are found, inter alia, in U.S. Patent Nos.
3,033,2023 to Richter et al.; 3,206,073 to Scislowicz; 4,211,333 to Villarejos; and
4,941,876, 5,358,501 and PCT Application WO 90/07319, all to Meyer or Meyer
et al. Utilizing the Scislowicz patent as a reference and as depicted in Figures 1
and 2 of that patent, common to all the devices disclosed in the prior art there

includes some type of container 10 containing a medicament 14 to be
reconstituted. Access to a recér_lstituting fluid 37 held in a separate container 25 is
provided by a transfer assembly 13. In the Scislowicz reference, the transfer
assembly includes a sharpened cannula element, but in the case of the Meyer et al.
U.S. '876 and PCT '319 references, the transfer assembly includes some type of
Luer-Lock adapter suitable for connection directly with other bottles (for instance,
PCT '319) or with a separate needle cannula element (US '876).

As the skilled artisan will appreciate, the sterifity of the medicinal
component 14 held in the container 10 is normally preserved by some type of



“region of
engagenent

base portion 30 of the transfer assembly 14 whi ch|| iRERIAGEMENT SHEET

o

with contact portion 20 of the cap 18. As shown,|/the s

material 32 is here disposed near the junction of the trans|d?@s

and the container 12 and substantially lindrically about the entrre
circunference of the transfer assenbly 14, preferably to effect hernetic
smngrmﬂnhmﬁsm Heolitirgnatf ledst aiws medicymént 1dsfroascontinénatidepeitidi ng on

seal i ng of
t he di nens
mat eri al

material 3
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lyophilization of the medicament is desired.” However, during transport of the
bottle, the sealing portion is retained in the neck, in an attempt to block the fluid
conduit and cut off any environmental contact with the interior of the bottle
through the transfer assembly. '

In a similar vein, separate seal portions are often incorporated about the
transfer assembly to further enhance the imperviousness of the aforementioned
designs to extraneous contamination. For example,; in the Meyer '501 patent, a
toroidally-shaped sealing element 29 is incorporated which contacts the interior
neck portion of the container 10 so as to form an aseptic barrier during storage, as
well as to provide a sealed connection and an aseptic barrier during the activation

phase of the container. In addition, as evident from the Scislowicz or Meyer

- references, a removable cap element 40 is often fitted about the transfer assembly

13 in an effort to protect the transfer assembly from damage or contaminating
contact pending use of the container. The cap, often configured to be retained
with or against a portion of the container 10, can be covered with a tamper-evident
seal (such as seen in Meyer '501) so as to give further indication if the sterility of
the medicament 14 might have been somehow compromised. '

While the foregoing approaches in general are directed to preserving the
sterility of the medicament 14 held within the container, discrepancies in
dimensions or manufacturing tolerances of the various components forming the
medicinal storage bottles, the handling of the bottles during shipment by ground,
sea or air, and related factors could affect the ability of the bottles to maintain
sterility of the medicament 14 pending use. Tests for integrity include, inter alia,
immersing the bottle in a fluid bath over a set period of time, with the fluid held at
pressures simulating conditions to which the bottle will be exposed over time.

In particular, while for the most part serving to isolate the medicament
itself from external contaminant effects, it has been found that contaminants of

and is
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Por_§ea| di sruption under handling stresses or environnental
still fluid enough to effectively occupy the m crosurface
between the cap 18 and the bottle 10 so as to effectively
di mensi onal variations or tolerance difficulties on the mat
thehcorrpﬁnents. Nuner ous ways to effect application of the sealing materi al
wi thin thegeal . i ' : ol ' [ [

kGl Blofy Ipeorshé%'ré af I BRRtaERr i N Figure
4, one way Flsato arﬁl)ﬁtay t he sléeug F?llé&g?{ea‘r/i e{ﬁb\?\a%?%l%nl a;t)r%ﬁ @a?gr de\r/i ce
havi ng f oaitmongle the caporieaent| 4% etheeehy msarrawmspﬂlpa&r@ss%fﬁaﬁs@ﬂy arfd
di mensi oneifRhltRy aAdEERA WA MBIdifdahe Hiérdkebetilech REp BA] tdraiddt, wittos
di stribution oflthe .se&l | g}%onater al in ’S desired w.dth. I The ds 60 may
di splay a é’SffF‘?tycﬂi'Eﬁsec 4§ ‘ﬁf’}rﬂﬁh&ﬂ‘ms s genpge § meyg&s[ogeﬁ/ P apply
t he seal i nghevedpeds sbarrienr More spetifizallyy diménsiomel vaiatiodsoarmbland tgoaushor e
har dness Ofﬁo%lljop%dt?c%'ogobﬁ?}y tgeba‘.’:tgiel & ‘?ﬁiat a hermetic seal between matching

components cannot be assured in every instance. In addition, molded parts
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sometimes display weld lines which, if disp-c;;ed in an area necessitating perfect
matihg contact, can interfere with precise fit. Overall then, most molding
techniques cannot be relied upon to produce seals of a hermetic nature. This,
more often than not, is an unacceptable condition for a product relying on sterility
prior to use.

The above-mentioned difficulties are further amplified by the treatment
imposed on the bottles during shipment. For example, the bottles may be exposed
to extreme atmospheric variations, inclusive of temperature extremes and, when
shipment occurs by air, significant pressure disturbances. Such changes in pressure
or temperature act upon the individual components and normally cause any
hermetic seals effected by precision molding to be disrupted or broken, exposing
the bottle and particularly the transfer assembly to contamination. Absent a proper
seal impervious to atmospheric variations, shipment is oftentimes limited to road or
rail transport, which is slower and sometimes costlier than shipment by air.

Moreover, owing to considerations of cost, manufacturing efficiencies, and
ease of transport, it is common for relatively bulky items such as medicinal storage
bottles to be shipped only in simple corrugated or cardboard containers, which
provide little if any protection against exposure to outside contaminants. Blister
packs or pouches, typically employed when an enclosed product is sterilized such |
as by gas treatment or irradiation, are normally excluded from bulky product such
as medical storage bottles. Thus, there is usually the requirement for the bottle to
rely solely on its own integral design and its components for maintaining the
sterility of the product contained therein.

There is a need, therefore, for a way to ensure sterility in a medicinal
storage bottle, relying on its integral componentry and design, which is particularly
impervious to handling or shipment conditions to which the-bottle is exposed, and



9 Thé bottle 10 may be rotated agai nst the pads 60 during a

, Q -
to uniformy, circunferentially distribute the sealing mater geggébf:%—z\ﬁgl MET
band configuration desired. The sealing material 32 can be Vi dbechlr a
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These and other concerns are addressed by a method and apparatus for

providing a sterility seal in a medicinal storage bottle in accordance with the

present invention. A sterility seal, formed from a particulate, gaseous or aqueous

impervious sealing material, is precisely located between the protective cap and the

bottle in a manner so as to isolate the transfer assembly from outside contaminants.

In one embodiment, a band or layer configuration of a sealing material such
as silicone is applied to a circumferential zone of the bottle that is subject to
contact with the interior of the cap. Application may be effected, for instance, by a
sponge or foam applicator disposed in rotating contact with the bottle. The
interior of the cap is structured to include one or more ridge-type elements in an
area coming into contact with the zone of silicone application. In one
embodiment, the sealing material is applied to the bottle in a base area of the
transfer assembly adjacent the container portion of the bottle, with the ridge
elements formed for contact with the base area of the transfer assembly.

Upon insertion of the cap over the bottle, the ridge-type elements are urged
into contact with the layer of silicone, causing the band of silicone to roll
downwards along the surface of the transfer assembly so as to "bunch" into a
toroidally-shaped O-ring type seal precisely conforming to the dimensions of the
cap and storage bottle. The seal "caulks" any gaps or openings (collectively
"microsurface defects") between the cap and the bottle created, for instance, by
imprecise molding, handling treatment, or environmental variations, thereby
hermetically isolating the transfer assembly from the outside environment so as to
preserve the sterility of same. A reliable seal is thus created which is rupturable
only by the user prior to administration of the medicament contained in the bottle.
Owing to good surface tension as well as the resiliency properties of the sealing
material, the seal created is able to withstand abuses rendered to the bottle by
handling treatment as well as the stresses and strains imposed by environmental
changes without rupture or separation from the cap or bottle, thereby better
assuring the sterility of the bottle and the contents held therein,
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Figure 2 is a cutaway view of the transfer assembly of the medicinal

storage bottle illustrating the band conﬁgu—l:ition of sealing material following -
application;

Figure 3 is a cutaway view illustrating the relationship between the
protective cap and the transfer assembly following placement of the cap, together
with the formation of a seal between the cap and the transfer assembly;

Figure 4 is a schematic overhead representation of one way to effect
application of the sealing material to the bottle; and

Figure 5 is a schematic representation of one way to test the efficacy of a
seal produced in accordance with the present invention.

DETAILED DESCRIPTION OF THE INVENTION
Tuming now to the drawings, wherein like numerals denote like

components, Figures 1 through 3 illustrate one embodiment of a medicinal storage
bottle 10 in accordance with the present invention. The various components of the
medicinal storage bottle can be formed or molded from conventional materials
known to artisan in the medical arts, such as polypropylene, polycarbonate
polyethylene, glass, or the like. The bottle 10 typically includes a container portion
12 adapted to retain therein a substance such as dry powder medicaments or tablet
form medicaments intended for lyophilization. A transfer assembly portion 14,
adapted for fluid communication with the container portion 12, is normally
provided so as to provide reconstituting fluid to the medicament held within the
container portion 12 as well as deliver the reconstituted medicament to a patient.
As here illustrated, the transfer assembly 14 is generally formed in a
cylindrical shape that defines an interior area 15 surrounding a piercing element 16
such as a sharpened needle cannula 16. The piercing element 16 is in fluid
communication with the container 12 and serves to transmit fluid to and from the
container 12. As will be understood by the skilled artisan, the transfer assembly 14
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1-4") Deﬁmng the interior 15 of the transfer assembly, there is a base portion 30
adjacent the container portion 12 of bottle 10, as well as a sidewall portion 30a
that forms the substantial entirety of the transfer assembly 14. In one
configuration, the sidewall portion 38a may have an overall length, for instance, of

about 24.8 millimeters ("mm") and the base portion 30 can have an overall length
of about 7.45 mm. As herein illustrated, the base portion 30 is slightly wider than
sidewall portion 30a, for purposes to be herein explained. For instance, in one
configuration the base portion 30 may display an outside width of about 17.1 mm
while the sidewall portion 30a may display an outside width of about 16mm.
However, it will be understood by the skilled artisan that the widths or lengths of
the base and sidewall portions can be made identical, or of other differing
dimensions, as need or desire dictate.

As illustrated in the figures, a protective cap 18 is provided to safeguard
the bottle 10 both from damage as well as contamination pending use of the
product. In its form as illustrated, the cap 18 primarily safeguards the transfer
assembly 14 from damage as well as contamination with the environment, helping
to maintain the sterility of the medicament contained within the container portion
12 until such time as the medicament is accessed for use, and is preferably
dimensioned in accordance with the measurements provided the transfer assembly
14. The cap 18 may include a skirt portion 19 lengthened some distance beyond
the base portion 30 of the transfer assembly 14 covering or otherwise engageable
with the outside surface of the container portion 12 of the bottle; a closed end 23
for covering the exposed end of the transfer assembly 14; and a side wall 21
extending to the leading end 19a of the skirt 19 and about the circumference of the
cap 18 that defines an enclosed interior portion 24 somewhat larger in diameter
than the outside diameter of the sidewall portion 30a of the transfer assembly 14.
Thus, cap 18 will encapsulate the transfer assembly 14 when placed over the
bottle. If desired, a tamper evident seal such as a shrink-wrap seal (not shown)
may be applied in contact with the skirt. 19 and the-container portion 12
subsequent to placement of the cap 18 on the bottle 10. '
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conform to the dimensions of, or portions of, the transfer assembly 14 with which
it will engage.

To maximize the barrier propertles of the cap, the overall cap 18 is
normally preferably dimensioned to be as form fitting as possible with the bottle 10
and/or transfer assembly 14. In this regard, it will be seen that the portions of the
cap 18, inclusive of the sidewall 21, skirt 19, and shoulders 25 are preferably
molded or otherwise formed to be in as precise dimensional conformity with the
bottle 10/ transfer assembly 14 as possible. However, as noted hereinabove,
current plastic molding technology is of such a state that absolute precision
molding of plastic parts to provide perfectly mated surfaces, such as to effect a
hermetic seal, is virtually impossible, if not prohibitively cost restrictive in view of
the commercial marketplace. Therefore, a need exists for a cost effective way to
account for microsurface defects on the mating surfaces of the components so as
to seal cap 18 with the bottle 10 against the effects of external contaminants, in a
manner to address normal dimensional variations between components or tolerance
difficulties therewith.

~ Thus, Figures 1 through 3 illustrate a sealing mechanism 50 provided in
accordance with the present invention. Here, one or more ridge elements 22 are
molded or otherwise formed in the cap 18 about the contact portion 20 for
engagement against the base portion 30 of the transfer assembly 14. If desired, the
ridge elements can be formed from the same material as forms the cap 18, or they
can be made from a different material as an integral component of the cap itself
(for instance, via a co-injection process), or they may be separately formed and
attached to the contact portion 20 via adhesives, mechanical affixation techniques
or the like. As illustrated, the ridge elements 22 preferably are formed about the
circumference of the contact portion 20 and may feature substantially rounded
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Prior to insertion of the cap 18 over the bottle 10, a band or layer

configuration of sealing material 32 is applied to the bottle 10, preferably in a
region of base portion 30 of the transfer assembly 14 which is subject to
engagement with contact portion 20 of the cap 18. As shown, the sealing material
32 is here disposed near the junction of the transfer assembly 14 and the container
12 and substantially cylindrically about the entire circumference of the transfer
assembly 14, preferably to effect hermetic sealing of as much of the transfer
assembly 14 as possible. Depending on the dimensions of the various components,
the band or layer of sealing material 32 may display a width 32a, for instance, of
about 3mm, and is applied in a depth of about 10 micrometers (um).

One example of the sealing material 32 which may be employed with the
invention is a silicone having a viscosity of 12500 ctsk, manufactured by the Dow
Corning Corporation under product identification number DC360. It has been
found that a silicone having the viscosity properties and the surface tension of this
material provide a seal which is thick and strong enough to avoid fluid migration
or seal disruﬁtion under handling stresses or environmental changes, but still fluid
enough to effectively occupy the microsurface defects existent between the cap 18
and the bottle 10 so as to effectively address dimensional variations or tolerance
difficulties on the mating surfaces of the components. '

Numerous ways to effect application of the sealing material within the
realm of the skilled artisan are possible. As depicted in Figure 4, one way is to
apply the sealing material with an applicator device having foam-like or sponge-
like pads 60, appropriately shaped and dimensioned for engagement with the
surfaces of the bottle 10, for distribution of the sealing material in a desired width.
The pads 60 may display a soft, open cell configuration so as to be well suited to
apply the sealing material. For instance, a polyurethane foam having a Shore
hardness of about 60-80 may be employed.
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steady supply of material being applied so as to insure both uniformity of
application as well as controlling the degree or quantity of application over a given
time frame. Other ways to effect application_c;f the sealing material might include, B
for instance, deposition processes, manual application, projecting the sealing
material onto the bottle 10 in a2 manner similar to "ink jet" printers, or with other
techniques known in the art.

Subsequent to the application of the sealing material 32 to the transfer
assembly 14, cap 18 may be placed over the bottle 10 in a manner such that the
contact portion 20 and, in particular, the head portions 22a of the raised elements
22, engage the surface of base portion 30. As the cap is urged downwards over
the bottle, the raised elements 22 will engage the sealing material 32 to cause a
“rolling" effect as the cap is urged downwards, thereby forming a toroidal-type O-
ring seal 34 circumferentially disposed about the base portion 30 and engaging
both the base portion 30 and the cap 18. The seal 34 thus created
circumferentially conforms to the dimensions of the cap and base portion. The seal
which is formed may take the shape of a toroid and serve to perfectly isolate the
transfer assembly 14 from the outside environment. Owing to the configuration of
the raised elements 22, excess sealing material 32 may "ooze" into the interspaces
35 defined between adjacent raised elements 22 and the base portion 30, enhancing
the efficacy of the seal 34 created by the motion of the cap on the sealing material
32, together with providing back-up for the seal 34 so formed.

The seal so produced, thus, is flexible enough to accommodate pressure or
temperature variations, together with handling stresses and strains, while
effectively blocking gas, particulate or fluid contamination from the transfer
assembly. However, by applying an appropriate force on cap 18 such as by
twisting the seal may still be readily broken by a user so as to obtain access to the
medicament in container portion 12.

The efficacy of a bottle produced in accordance with the present invention
is illustrated in a comparison test of four alternative approaches ("Samples 1-4")
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44% is schematically illustrated in Figure 5. Here, the bottle 10 is tested in a vacuum
chamber 110 as known in the art and supported therein by a stand 120. A dye
solution 102 containing approximately three percent (3%) methylen blue is injected
via syringe 100 into space 104 defined between the skirt 19 and the container
portion 12 of the bottle. The bottle 10 is-ﬁ—laced upside down so that the dye
solution 102 can migrate adjacent the seal 34. The migration of any dye 102 past
the seal 34 towards the plurality of raised elements 22 will give an indication of
how effective the seal 34 is at preventing contamination.

Subsequent to injection of the dye, the bottle is placed into the chamber
110 and the vacuum pump and regulator of the chamber 110 are regulated in order

e e, Sttt

to achieve an absolute pressure of approximately 0.65 bar. The bottle 10 is held
under this condition for approximately sixteen hours, at which point the chamber
110 is returned to atmospheric pressure. The bottle 10 is then removed from the
chamber and observations are made, beginning at 30 minute intervals, to determine
the migration of the dye 102 past the seal 34 and the three raised elements 22 so as
to gauge the efficacy of the device.
Believing that the cap 18 could by itself perform two distinct functions --
retain itself onto the transfer assembly 14 with a force low enough so as not to
~ impede a user's easy removal when desired, while also resealing the transfer
assembly against contamination -~ attempts were made to optimize the fit between
the cap and the bottle by "tweaking" either of the cap mold or the bottle mold.
“Sample 1" and “"Sample 2" thus represent, respectively, samples of bottles
produced prior to any attempt to correct tolerance difficulties or dimensional
difficulties, Sample 1 being a bottle produced prior to stabilization of the bottle
molds by the mold maker, and Sample 2 representing a bottle produced by a
molder attempting to control molding cycles so as to obtain perfectly mated parts.
"Sample 3" is an attempt to correct mating difficulties by optimizing the quality
produced by the transfer assembly mold (i.e., by opﬁmizing material flow to
uniformly fill cavities, by increasing mold flow to speed the filling of cavities, etc.)
in the belief that bottle leakage occurred due to an imperfect cylindrical shape in
the transfer assembly. Finally, "Sample 4" illustrates an attempt to optimize the
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Thus, it will be seen that the apparatus and method in accordance with the
present invention results in a bottle suitable for lo.ng term transportation and
storage of a medicament contained therein, preserving the sterility of same prior to
use, while being highly able to withstand handling treatment and environmental
variations during transit. The seal created displays good surface tension properties
preventing inadvertnet disruption, and is readily resilient so as to adapt to changing
pressures, temperatures and forces exerted on the bottle during shipment, while
still being easily manipulable by a user to enable easy access to the product when
use is desired. The method and apparatus in accordance with the present invention
serves to obviate molding defects inherent in large batch molding runs, while
providing an economical and cost efficient alternative to ensuring sterility in bottles
of this type in large volume.

| The skilled artisan will also appreciate that alternatives to the silicone
sealing arrangement are possible. For example, in lieu of forming the raised
elements 22 from the same material as forms the cap 18, it may be possible to
incorporate the raised elements 22 as rubberized or siliconized components, such
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sealing function. However, it will also be apparent that rubberized or siliconized

elements 22 may be utilized together with the sealing material 32 to amplify the

sealing function provided by the rings 22. - -

It will be appreciated and understood by those skilled in the art that further
and additional forms of the invention may be devised without departing from the
spirit and scope of the appended claims, the invention not being limited to the

specific embodiments shown.
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communication with said substance;

a protective cap removably affixed with said bottle body, said protective
cap having a closed end portion and an enclosed interior placeable about the
transfer portion for safeguarding the bottle a-g-;inst contamination with the -

environment;

a sealing material applied to an area of the bottle body subject to contact
with said protective cap; and .

one or more ridge elements formed on-an area of the protective cap coming
into contact with the sealing area of the bottle, said one or more ridge elements
engaging the sealing material during contact between the cap and the sealing area
of the bottle to form a protective seal between and adapted to the dimensions of

said bottle and said cap

2. The bottle of Claim 1, wherein the sealing material is applied to the transfer
portion of the bottle.

3. The bottle of Claim 2, wherein said sealing material is applied in a band
configuration adjacent a base area of the transfer portion.

4, The bottle of Claim 1, wherein said one or more ridge elements are
substantially circumferentially formed about the interior of the cap.

S. A bottle having a sterility seal, comprising:

a bottle body defining a container portion for retaining a substance and a
transfer portion communicating with said container portion for fluid
communication with said substance;

a protective cap removably affixed with said bottle body, said protective
cap having a closed end portion and a side wall defining an enclosed interior
placeable about the transfer portion and engageable with the transfer portion for
safeguarding the transfer portion against contamination with the environment;
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one or more ridge elements formed on the interior of the protective cap for
contact with the engagement area of the transfer portion, said ridge elements
engaging the sealing material during contact with the transfer portion to shape said
band configuration of sealing material into a protective seal formed between and
adapted to the dimensions of the cap and the transfer portion.

6. The bottle of Claim 5, wherein said one or more ridge elements comprise
one or more raised protrusions substantially circumferentially formed on the side
wall.

7. The bottle of Claim 6, wherein at least one of said one or more raised

protrusions comprise a rounded head portion for contact with the transfer portion.
8. The bottle of Claim 5, wherein said sealing material is a silicone material.

9. The bottle of Claim 8, wherein said silicone material comprises silicone
having a viscosity of about 12500 ctsk.

10.  The bottle of Claim 5, wherein said band configuration of sealing material
is applied in a width of about 3 millimeters.

11.  The bottle of Claim 5, said transfer portion including a base area adjacent
the container portion, wherein said band configuration of sealing material is
located at the base area of the transfer portion.

12. The bottle of Claim 11, wherein said protective seal is formed between the
cap and the transfer portion adjacent the base area of the transfer portion.

13. A method of providing a sterile seal in a bottle conforming to the
dimensional variations of the components forming the bottle, comprising the steps
of:
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Caim1l, wherein the sealing naterial is applied to the transfer portion of
the bottle. 3. applﬁi@a%hﬁ'o?a@éah@%%a@&r&ltd@?ég%r{bﬁﬁé%ﬂ@%ﬁ%uﬂﬁ&@r'al IS
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material to shape the sealing material into a seal between and adapted to the
dimensions of the cap and the bottle.

14.  The method of Claim 13, wherein said step of appfying a band of sealing
* material comprises the steps of:
placing the bottle into surface contact with a foam pad supplying said
sealing material; and
rotating the bottle against the foam pad to uniformly circumferentially
apply the sealing material in said region of the bottle.

15.  The method of Claim 12, further comprising the step of microdosing said
sealing material from an external supply to said foam pad to regulate the quantity
of sealing material applied by the pad.
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ABSTRACT

A bottle having a sterility seal and a method for producing same are
disclosed. The bottle, which can be configured to retain a medicament in powder
or tablet form, features a protective cap configured to engage a transfer assembly
associated with the bottle. The cap includes one or more raised ridges on an
interior surface engageable with a portion of the transfer assembly. A band or
layer configuration of a sealing material such as silicone is applied to the transfer
assembly prior to insertion of the cap thereover. As the cap comes into surface
contact with the sealing material, the ridges cause the material to "roll up" into a
toroidal O-ring configuration, thereby forming a seal between the cap and the
bottle adapted to the dimensional variations of those components. The seal, which
is resilient, is able to withstand harsh handling treatment and pressure or
temperature variations without separation from the cap or bottle, thereby
providing a hermetic seal isolating the transfer assembly and, hence, the
medicament from the outside environment.
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ri dge el ements conprise one or nore raised protrusions substantially
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wherein at | east one of said one or nore—rafrsed protrusions conprise a
rounded head portion for contact with the transfer portion. 8. The
bottle of Claimb, wherein said sealing material is a silicone material. 9.
The bottle of Chaim8, wherein said silicone material conprises silicone
havi ng a viscosity of about 12500 ctsk. 10. The bottle of O aimb5,
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‘is applled in awdth of about 3 mllineters. 11. The bot {f
said transfer portion including a base area adjacent the cofjt
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protective seal is formed between the cap and the transfer portion adjacent
the base area of the transfer portion. 13. A nethod of providing a

sterile seal in a bottle conformng to Qﬁdi mensi onal variations of the
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to contact with a protective cap; providing one or nore ngﬁﬁ?uaﬁHMENTSHEET
interior portion of the cap in an area of the cap subject fo corzt c@éﬁn%
the sealing area of the bottle; and inserting the cap int ék&iLngu L&Y ...
with the bottle such that one or nore of the ridges on .the ~Po

of the cap cone into contact with the sealing material to shape the sealing
material into a seal between and adapted to the dinensions of the cap and
the bottle. 14. The net hod of d ai m3§/,4vvherei n said step of applying a
band of sealing material conprises the—steps of: placing the bottle into
surface contact with a foam pad supplying said sealing material; and

rotating the bottle against the foampad to uniformy circunferentially
apply the sealing material in said region of the bottle.
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