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(57) Abrégée/Abstract:

The present invention Is directed to a drug delivery device. The device Includes an interior chamber and a seal structure. In
accordance with the present invention, the interior chamber may include a first, liquid medicament compartment and a second
medicament compartment. The seal structure is conditionable to permit fluid to pass therethrough upon pressurization of the fluid.
The seal structure preferably includes a sealing member which moves from a first sealed position into a second by-pass position
upon pressurization of the liquid injection solution in the wet compartment of the housing assembly. Such by-pass movement of

the sealing member enables the liquid injection solution to flow through the seal structure into the second ingredient compartment
and mix for injection.
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ABSTRACT OF THE DISCLOSURE

The present invention is directed 10 & drug delivery device. The device
includes an intenior chamber and a seal structure. In accordance with the present
invention, the intenor chamber may include a first, liquid medicament comparument
and a second medicament compartment. The seal structure is conditionable 1o permit
fluid to pass therethrough upon pressunzaron of the fluid. The seal sgucture
preferably includes a sealing member which moves from a first sealed position into a
second by-pass position upon pressurization of the liguid injection solurion in the wet
compartment of the housing assembly. Such by-pass movement of the sealing member
enables the liquid injecrion solution to flow through the seal structure into the second
ingredient compantment and mix for injection.
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DRUG DELIVERY DEVICE

FIELD OF THE INVENTION

The presem invenuon relares 1o drug delivery devices for delivering a
medicament. In particylar, the present invention is direcied 10 aa autamatic injector
assembly for quickly cambining ™wo compenents to form a liquid medicament, and
delivering the liquid medicament 10 an injeclion site.

BACKGROUND OF THE INVENTION

An automatic injector is a device that enables intramuscular (IM) or
subcutaneous administration of a dosage of medicameni. Generally, the medicament is
stored as a liquid formulation which is then injected intramuscularly. An advantage of
automaric injectors 1s that they contain a measured dosage of a liguid medjcament in a
sealed sterile cartridge. As such, automatic injectors allow for quick and simple IM
injection of a liquid medicament in emergency situations without the need for
measuring dosages. Another advantage of automatic injectors is that the adminisiration
of the medicament is accomplished without the user ininally seeing the hypodermic
needle through which the medicament is delivered, and without requiring the user to
manually force the needle into the patient, This 1s particularly advaniageous when the
medicament is being self-administered.

There are drawbacks associated with the long-term siorage of medicameni in a
liquid formulation. For instance, some medicaments are not stable in solution and thus
have a shorter shelf life than their solid coumerparts. To address this concern,
automatic injectors have been developed which store the medicament in solid form and
mix the solid medicament with a liquid solution immediately prior to injecuon. These
injectors, disclosed for example in US Reissue Paient No. 35,986, entitled “Multiple

Chamber Automatic Injecior,”
however, require the user of the injector 10 manually ruprure
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a sealing member between the solid and liquid components and then manually shake
the injecior body 10 expedite dissolunion of the solid component pnor to injecton. This
increases the ime needed 10 adminisier a dose of the medicament. However, rapid
delivery of the medicament is necded 1n many emergency medical situations (e.g.,
nerve gas and chemical agent poisoning). Other wet/dry injection devices have been
expensive 10 manufacture or provided unsatisfactory mixing of components prior 10
injecrion. Therefore, there is a need for a cost-effective automatc injector that stores

medicament in solid form that does not require manual premixing by the user.

St ARY OF THE INVENTION

In response to the foregoing challenges, applicants have developed an
innovative automatic injection device containing a pre-loaded charge of medicament
for automatically administerning the medicament upon actuanon thereof. The automaric
injection device comprises a housing assembly and a chamber disposed within the
housing assembly. The interior chamber includes a dry compartment for storing a
predetermined charge of dry medicament therein, and a8 wet comparunent for storing a
predetermined amount of liquid injection solution therein. A seal structure is disposed
10 seal the dry compartment from the wet compartment while the injection device is in
storage. The seal structure permits the hiquid injection solution to pass therethrough
and mix with the dry medicament to form 2 medicament mixture within the chamber
during an injecuon aperation. A needle assembly is in communicarion with the
medicament mixture during the injection operation 1o enable administration of the
medicament mixture. A piunger is disposed within the chamber and is movable
through the chamber during the injection operation 10 force the medicament mixture
through the needle for administration of the medicament mixture. A stored energy
acuvanon assembly 1s operable 10 release stored energy vhat forces the plunger through
the chamber during the injection operation. The seal structure is conditionalable in
responseé 1o operation of the activation assembly 10 permit the liquid solution to pass
therethrough and mix with the dry medicament as aforesaid.

Other aspects and advantages of the present invention will become apparent
from the following derailed description, drawings and claims.

to
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BRIEF DESCRIPTION OF THE DRAWINGS

The invention will be described in conjunction with the following drawing in
which like reference numerals designare like elements and wherein:

FIG. ] is a longitudinal cross-sectional view of 2 wer/dry automatic injecior
assembly in accordance with an embodiment of the present mivention.

FI1Gs. 2A-2B illustrate longitudinal cross-sectional views of needle support
assemblies in accordance with certain embodiments of the present inventon.

F1Gs. 3A-3D illustrate cross-sectional side views of various cartridge or
chamber configurations and corresponding needle assembly opuons according 1o
certain embodiments of the present invention.

F1G. 4 1s an enlarged partial cross-sectional side view of a needle
assembly/cartridge engagement according to the embodiment illustrated in FIG. 3A.

F1Gs. 5A-5D illusrate cross-sectional side views of various embodiments of a
seal structure according to the present invention.

FI1G. 6A 1s a longitudinal cross-sectional side view aof a seal structure in
accordance with another embodiment of the present invention, wherein the movable
sealing plug is in a closed sealing position blocking the flow of the liquid injection
solution; and

FIG. 6B is a longitudinal cross secuonal side view of seal sirucrure similar to
6A, but showing the movable sealing plug in an open by-pass position permitting the
flow of the liquid injection soluuon.

F1G. 6C is a lateral cross sectional view of the seal smucture of the present

~invention 1aken through the line 6C-6C in FIG. 6A.

FIG. 6D is a lateral cross sectional view of the seal structure of the present
invention taken through the line 6D-6D in FIG. 6B.

F1G. 7 1s a longitudinal cross-sectional view of a2 wet/dry automatic injector
cartridge or chamber configuration in accordance with another embodiment of the
present invention.

Fi1Gs. 8A and 8B are longitudinal cross sectional views of two addinonal
embodiments of seal structures in accordance with the present invention.

La)
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DETAILED DESCRIPTION OF THE PREFERRED E MBODIMENT

Referring now, more particularly 1o the figures, there 1s shown in FI1G. ] an
automatic injector assembly 10 in accordance with an embodiment of the present
invention. The present invention is described in connection with a push burnion type
auto injector, whereby the user removes an end cap assembly and presses a button 10
trigger the injection process. The present mnvennon, however, is not Limited to push
button Type automatic injectors; rather, it 1S contemplated that the present invention
may be incorporated into a nose activated auto injecior, as described for example in
U.S. Patent No. 5,354,286,

The automaric injector assembly 10 includes a generatly hollow tubular plastic
housing 1.10. Generally, the housing 110 includes an injectionend 111 and an
actvation end 112, as shown in FIG. 1. In the embodiment shown, an acmator
assembly 120 is inserted into the rearward end of the housing 110. The acmartor
assembly 120 is received within the housing 110 until flange 115 of a sleeve member
144 snaps into annular groove 117 on the interior surface of housing 110. A removable
safety cap 130 is releasably secured 1o the actuator assembly 120.

The actuator assembly 120 is of any conventional type as known in the ar, such
as that disclosed in commonly assigned U.S. Patent No. 5,391,151

The present invention employs a rear-end activaing device, simjlar 1o that
in the aforementioned U.S. Patent No. 5,391,151, and is therefore only briefly
discussed herein. The actuator assembly 120 includes an activation button sleeve 132
having internal activation surfaces 134. The acuvaiion assembly further includes a
plastic collet 122 with a split rearward portion forming spring fingers 136 as known in
the art. The safetry cap 130 has a pin portion 138 that exiends between the spring
fingers 136 so as 1o keep them spread apart when the injector is in a storage condinon.
The spring fingers 136 terminate in semi-conical configurations mcluding rearwardly
facing sloping surfaces 139 and forwardly facing flar surfaces 142. The coller 122 is
surrounded by a cylindrical sleeve 144 having inwardly extending flange 146 at the
rearward end thereof. The collet 122 has a forward annular flange 148. A coil spring
250 surrounds the collet 122 and is compressed between the flange 148 and flange 146.

The collet flat surfaces 142 are retained in engagement with the rearwardly facing
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surfaces of the flange 146, and thus prevented from moving off of the flange surfaces
by the pin 138 when the injector is stored.

To activale the injecior, the safety pin 130 is manually pulled off of the rear end
of the injector, thus removing pin 138 from between the fingers 136. The activation
button 132 can then be pushed inwardly, and as a result of the activauon surfaces
thereof, 134 engages the sioping surfaces 139 of the spring fingers 136. This forces the
spring fingers 136 mnwards toward one another and off of the retaining surfaces of the
flange 146. The compressed spring 250 is then free 1o release the siored energy therein
10 move the collet 122 forwardly under the force of the spring to affect an injection
operation as will be described later in more derail. |

It is contemplated that the actator assembly 120 can be of any type known in
the automatic injector art that employs relcasable stored energy. For example, rather
than emptying a spring, it may employ a charge of compressed gas.

Located within the interior of the housing 110 is a vial or chamber 150,
preferably made of glass, for contaiming both the liquid injection solution and the dry
medicament. The chamber 150 is preferably a hollow cylinder, with a smooth
cylindrical inner surface. The liquid mjecrion solution is located within a wet portion
151 of the chamber 150. The dry medicament is located within a dry portion 152 of the
chamber 150. It is contemplated that the dry medicament may be in powder, |
lyophilized, freeze-dried, or any other solid formulation known in the art. A seal
structure 160 engages the intenor side walls of the chamber 150 10 seal the dry portion
152 from the wet portion 151 and 10 prevent seepage of the liquid injection solution
into the dry porton 152 prior 1o activation of the injector assembly. Further, a needle
assembly 140 mounts 1o the forward end of vial or chamber 1350 1o mject the
medicament upon acuvaton of the injecior assembly. In this embodiment, the forward
end portion of the chamber 150 has an annular groove 153 formed therein for
attachment of the needle assembly 140. The needle assembly 140 inciudes a funnel-
shaped needle support 143. The wide end of the needle support 143 has an annular rib
145 that is snap-fi1 into groove 153 to form a seal with the chamber 150. The needle

suppon 143 can be made of a resilient plastic material, or metal with a rubber seal that
seats into groove 133. The forward narrow end 147 (see F1G. 2A) of the needle support

143 sealingly receives the rearward end of hollow needle 141. The needle support 143

forms a sealed fluid channel from the chamber 150 10 the needle 141. A rubber needle

5
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sheath 202 swrrounds the needle 141 and receives the narrow end 147 of the needle
support 143. A filter 190 is sealingly retained across the entire wide-end mouth of the
necdle support 143 by an annular sealing washer 1356.

F1Gs. 2B, 3A, and 4 illusirate another embodiment of a needle assembly 140
and chamber 150. The chamber §50 in this embodiment is known in the art as a dental
cartridge. The dental cartridge has a cylindrical rear portion and a narrowed forward
neck portion defining an outer annular groove 153. The forward end of the dental
cartridge defines an annular flange portion 154. In this embodiment, the needie suppon

143 has a rearward annular flange 1335 that receives an annuiar sealing member 156 that
surrounds both sides of flange 155. The sealing member 156 serves 10 seal a filter 190

over the wide end of the funne] shaped needle support 143. The rearward surface of the
sealing member 156 1s sealingly clamped against the forward surface of chamber flange
154 by a metal reraining clamp 157 as best seen in FIG. 4.

Returning 10 FIG. 1, forward end 1221 of the collet 122 extends inro the
rearward end of chamber 150 and is adapied ta connect with a plunger 170 rearwardly
sealing the wet container 151. The plunger 170 is adapied 10 sealingly engage the side
wall of the wet container 150 10 prevent Jeakage of the contents (e.g., liquid injection
solution) of the wet conuainer 151. The plunger 170 is preferably formed from a
material having low frictional properties such that the coller 122 and plunger 170 may
easily slide within the wet container 150 when operated. Aliematively, the plunger 170
may be lubricaied with silicon or other suitable non-reactive lubricant. The movement
of the collet 122 and the plunger 170 pressunizes the Jiquid located within the wet
container 1531. A suitable medicament is located within a dry container 1352.

The embodiment of FiGs. | and 2A is advaniageous in thar it has an open
mouth configuration wherein the needle-end of the vial or chamber is not significanily
narrowed or t1apered. Such an open mouth confipuration permits direct access 1o the
dry portion 152 of chamber 150 for easy loading. Further, the open mouth
configuration aids in prevenung €ross conlamination between wet portion 151 and dry
portion 152 1n that the dry portion 152 does not have 1o be filled through liquid portion
151 of chamber 150. Needle assembly 140 can be mounted 10 vial or chamber 150 in a
snap-on configuration (FIG. 3B), an internal mount configuration (FIG. 3C), or an
exiernal needle assembly configuratuon (F1G. 3D).
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As mentioned above, the seal structure 160 1s adapted 1o engage the interior side
walls of chamber 1350 10 prevent passage of the contents (e. g., liquid injection solution)
of wet portion 151 into the dry portion 152 prior 10 activation of the automatic injection
assembly. Generally, seal structure 160 can include an outer sealing member 180, a
movable sealing plug 166, a by-pass zone 165, at least one flow path 167, and
preferably also includes a filter or membrane 164. With reference to FIG. 5A-D, seal
strucrure 160 can preferably be formed as a six piece (F1G. SA), five piece (FI1G. 5B),
four piece (F1G. 5C), or three piece (FIG. 5D) configuration.

More particularly, with reference 10 FIG. 5A, the ourer sealing strucnure 180 of
the six picce canfiguration can comprisc a two picee annular rigid body 181 wherein
members 181a, 181b thereof are formed into the two piece rigid body using, e.g.,
annular weld connecuons or other bonding 1echniques known in the art. Outer sealing
structure 180 can further include multiple extemal sealing members 182, e.g., two O-
rings, 10 provide an annular scaling engagement with the inner wall of vial or
compartment 150. The sealing structure 180 further includes an internal plug member
166 and a filer or dispersion membrane 164 as will be discussed in greater detail later.

In another embodiment, as shown in FI1G. §B, rather than plural O-rings, outer
sealing structure 180 can include a single exiernal sealing member 182, e.8., 8 UnIary
gasket, 1o provide an annular sealing engagement with the inner wall of vial or
compartment 150. External sealing member 182 may optionally be secured 10 two
piece rigid body 181 using any bonding 1echniques known in the art. Further, rigid
body members 181a, 181b may be shaped such thart they securingly engage exiernal
sealing members 182 within notched recesses 183. Aliemately, sealing members 182
may be secured 10 rigid body members 181a, 181b by an interference fit. As with the
first embodiment, a filter or membrane 164 is clamped 1n place at the proximal end of
flow path 167 berween member 181a and member 181b of the two piece rigid body.

In another embodiment, as shown in FI1G. 5C, ouier sealing structure 180
comprises a unitary internal rigid member 181 and an exyemal sealing member 182.
Again, intemnal rigid member 181 and external sealing member 182 may optionally be
secured together using any bonding techniques known in the art. Further, intemal rigid
member 181 and external sealing member 182 may be formed such thay they securingly
engage each other using a combination of notched recesses 183 and exiending

shoulders 184. The filier or membrane 164 can be held in place between intemnal ngid

7
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member 181 and shoulder 184 of extemal sealing member 182. In yet another
embodiment, as shown in FIG. 5D, outer sealing object 180 can comprise a unitary
external sealing member 182 which can optionally be molded so as 10 accommodate
filier or member 164 within re1aining recess 185. F1Gs. 6A and 6B illustrate another
embodiment that is very similar 1o that of FI1G. SA, but provides a slightly different
shape for outer annular ngid body 181 and parucularly the members 181a, 181b
thereof.

In each embodiment illustrated in FI1Gs. SA-5D and 6A-6B, external sealing
member 18215 preferably formed from a non-reactive elastomer material which ¢an
provide for the necessary sealing engagement With the inner wall of vial or
compariment 150. Further, external sealing member 182 can optionally be lubricated
with silicon or other sultable non-reaction lubricant to facilitate movement of the outer
scaling object 180 forwardly within vial or compartment 150 upon receiving sufficient
force as will be descnibed. The mavable sealing plug 166 is preferably formed from a
material having low frictional properties such thar the sealing plug 166 may easily slide
within outer sealing object 180 when the injector is activaled. The movable sealing
plug 166 may also optionally be lubricated with silicon or other suitable non-reactive
lubricant. In each of the embodiments illustrated, the outer annular structure 180
defines an mner surface having a smooth cylindrical configuration towards the
rearward poruon 169 thereof, and longinudinally exiending grooves 168 towards the
forward poruon thereof. The grooves 168 create a flowpath or flowpaths 167 through
which liguid in the wet compartment 151 can bypass seal plug 166 when the plug 166
is moved forwardly from sealing engagement with cylindrical surface portion 169 into
the grooved pornion 168. The movement of the sealing plug 166 into the by-pass area
165 opens the fluid flow path 167 between wet portion 151 and dry portion 152. The
movable scaling plug 166 preferably includes a plurality of circumferential grooves 186
10 provide for enhanced sealing engagement and 10 facilitate sliding action of the plug
166.

As mentioned above, the seal structure 160 preferably includes filter or
membrane 164 at the end of flow path 167 through which the liquid injection solution
may pass afler the injector has been activated. The Jiquid injection solution then enters
the dry portion 132 of the chamber 150 where it mixes with and dissolves the dry

medicament. More particularly, the filier 164 disperses the liquid injection solution

8
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exiting the seal structure 160 to present laminar fluid flow to the full surface of the dry
medicament, thereby wetting the entire surface of the dry medicament for rapid and
complete dissolution. The filter membrane 164 can be any structure that generally
uniformly distributes the liquid across the entire diameter of the chamber 150 for
ephanced dissolution of the dry medicament.

During operation, manual activation of the acruator assembly 120 releases the
collet 122 (as described above), which applies pressure on the plunger assembly 170.
The application of pressure on the plunger assembly 170 by the collet and spring
assembly 124 moves the plunger 170 in the direction of the needle assembly 140. As a

result, the entire chamber 150 and needle assembly 140 are moved forwardly in the
housing 110 such that needle 141 pierces through the front end of sheath 202 and exits

through the forward end of the housing 110, and particularly through a hole 204 in the
front nose-cone portion 206 of the housing. The sheath 202, which serves to maintain
the needle 141 sterile when the injector is in storage, also serves as a shock absorber
during activation as it is compressed in generally accordion hike fashion between the
nase cone 206 and needle support 143.

When the needle 141 1s extended from the housing 110 and the chamber 150
and needle support 143 approach the nose cane 206 portion of the housing so that
further forward movement of chamber 150 is substantially resisted, the plunger 170
then begins 10 travel forwardly through the chamber 150. This pressurizes the liquid
ibjection solution located within the wet comparmment 151. With reference 10 F1G. 6A-
6B, the increased pressure within the wet compariment 131 moves the sealing plug 166
from a first sealed position wherein sealing plug 166 is sealingly engaged with surface
169 of outer sealing structure 180 (FIG. 6A) 10 a second by-pass position (FIG. 6B) that
allows the injecuon solution to flow through flow path 167 created by grooves 168 and
thereby through seal structure 160.

As described above, the high pressure developed within the wet portion 151 in
response to mavement of the coller 122 and the plunger assembly 170 forces the liquid
injection solunon through the seal structure 160 dissolving the drug into a medicament
injection solution which will then be forced our through the needle 141 and intwo the
pauent. As the collet 122 and plunger assembly 170 continue forward, the plunger 170
will eventually contact the seal structure 160, which, in a preferred embodiment, causes

' the seal swucture 160 10 move in the direction of the needle assembly 140. Movement

9
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of the seal structure 160 would cause any remaining solurion within the portion 152 1o
be dispersed through the needle assembly 140, so as to reduce the amount of residual

medicament remaining within the chamber 150.
Referring to FIGS. 2A, 2B and 4, a medicament support 190, which may be a membrane

or filter is preferably provided adjacent the needle assembly 140 to prevent any dry medicament

particles from clogging the rearward end of needle 141 prior to an injection operation. The

membrane 190 may also serve to slightly restrict or slow injection of medicament into the

patient, to facilitate more thorough dissolution during injection.

More parucularly, to prevent the passage of undissolved dry medicament o the
10  ncedle asscmbly 140, a medicament suppén 190 1s preferably provided berween the
end of the dry compartment 152 and the needle assembly 140. The support 190 can
serve 10 prevent'blockage of the needle assembly 141 by preventing the dry
medicament from entering the area surrounding the needle assembly 140 while
permiting passage of the mixture of dissolved medicament and liquid injecrion

1S solution.

It is contemplated that multiple supports 190 may be
located within the dry comparmment 152. The provision of the supports 190 may also
improve the laminar flow of the liquid injection solution through the dry medicamem

20  thereby improving dissolution.

Further, 2 diaphragm assembly (not shown) may also be provided adjacent the
medicament support 190, as known in the art. The diaphragm assembly acts to prevent
the passage of the liquid injection solution to the needle assembly 140 prior to
acuvanuon of the actuator assembly 120. More particularly, the diaphragm assembly

25  will not rupture unul either the bunt end of the needle assembly 140 ruptures the
expanded diaphragm or sufficient pressure builds in the dry comparment 160 to
rupture the diaphragm, again as known in the an.

As discussed abave, the movement of the coller 122 causes the injection needle
141 of the mjecuon assembly 140 1o advance and protrude through the housing 110.

30  As such, the mnjection of the medicament can be performed with a simple operation. In
sum, the user simply removes the end cap assembly 130, locates ‘thc injection end of the
housing 110 adjacent the mjection site, and presses the push button 132. This operation
amomatically mggers the operanion of the drive assembly or :pﬁng 250 wo advance the

10
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collet 122 causing the liquid injection solution lacated within the wet portion 15] 10

enter the dry portion 152 through the seal structure 160. The dissolved medijcament is

then wansmined through the injection needle 141 10 provide the user with the necessary

dose of medicament. The automanc mjector 10 in accordance with the present
invention reduces the amount of Time required 10 administer medicament compared 10
other wevdry imectors and eliminates the need for mixing by the user.

The seal structure 160 advantageously enables the manufacrure of a supenior
wet/dry auto injector with a complementary combination of components that are either
known in the art of conventional auio-injeciors or are otherwise relatively simple 1o
manufacture. The seal structure 160 enables sufficient mping of wer and dry
medicament components without requiring manual shaking. This mixing action is
enhanced by the filter or membrane 164. In a preferred embodiment, the filter 164 1s a
supported, hydrophobic acrylic copolymer cast on a2 non-woven nylon support.
Preferably, itis a FIouRepel"freated membrane for superior oleophobicity/hydro-
phobiciry.

In othei embodiments (see FI1Gs. 8A and 8B), no inner plug 166 is provided.
Rather, the outer structure 180 is simply complemented by a seal membrane 226 that
extends across the inner area defined by the inner surface of the outer structure. When
the chamber 150 reaches the forward end of the housing during an injection operation,
pressurization of the wer comparment 151 causes the seal membrane 226 1o rupture,
thereby allowing the seal structure 160 1o permit Jiquid 10 pass therethrough. In this
embodiment, it may be desirable to provide the seal structure 160 with a pointed
member 228 disposed adjacent 1o the seal membrane 226 10 facilitate rupruring of the
seal membrane upon pressurized expansion thereof during an injecuion operauon. The
member 232 an which the pointed member 228 is mounted has a plurality of passages
234 that permts fluid 1o pass therethrough. Filter or membrane 164 1s preferably
mounted distal 10 the passages 234 10 present laminar or distributed flow 10 the dry

medicament.
EXAMPLES

An injector according 1o the present invention was loaded with liguid injecnion

soluuon and dry medicameni and activated with the follow results.

*Trademark
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Loaded Dispensed Operational
Tune

It will be apparent 10 those skilled in the art that various modifications and

variations may be made without departing from the scope of the present invention. For
example, 11 is contemplated thar a cover assembly, described for example in U.S. Patent

No. 5,295,965

may be secured to the injection end of the housing 110 after deployment of the
medicament. Furthermore, the automatic injector may further include a nipple plunger
assembly, as described for example in U_S. Paten: No. 5,465,727

In yet a further embodiment, the forward dry chamber 152 contains the needie
141, as shown in FIG. 7. The needle 141 1s forced through a forward plug stopper upon
initial compression of the two chamber system. As known in the art, providing the
needle in the forward chamber provides improved longitudinal compactness of the
design.

In yet another embodiment, a pre-filled syringe is provided with the seal
structure disposed between wet and dry componenis.

In funther contemplaied embodiments, the seal sgucture 160 can be used in the
same type of injector described herein, except rather than employing a dry (powder)
medicament separaied by a liquid component, a first liquid medicament is separated
from a second fluid component by the seal strucrure 160. 1n yet another embodiment,
the seal structure 160 can be used in what 1s known in the an as a "needleless injector”
where an injection can be made in1o a pauent withour a needle or cannula.

Thus, i1 Is intended that the present invention covers the modifications and variations of

the invention, provided they come within the scope of the appended claims and their

- equivalents.
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THE EMBODIMENTS OF THE INVENTION IN WHICH AN EXCLUSIVE
PROPERTY OR PRIVILEGE IS CLAIMED ARE DEFINED AS FOLLOWS:

1. An automatic mjection device containing a pre-loaded charge of medicament
for automatically administering the medicament upon actuation thereof, the device
comprising:

a housing assembly having an interior chamber, the interior chamber having a
dry compartment and a wet compartment, the dry compartment containiﬁg a dry medicament
component, and the wet compartment containing a liquid component to be mixed with the dry
component,

a seal structure between the dry compartment and the wet compartment, the
seal structure initially in a sealing condition that maintains the dry component sealed from the
liquid component, the seal structure including at least one flow path formed therein, the seal
structure converting to a mixing condition in response to activation of the device, the seal
structure including an inner seal plug movable within the seal structure and having a plurality
of longitudinal grooves around the periphery of the inner seal plug;

a fluid distributing member disposed between the wet compartment and the
dry compartment that creates a laminar fluid flow as the liquid component passes through the
seal structure from the wet compartment into the dry compartment;

a needle assembly that dispenses the charge of medicament from the housing
assembly; and

an activation assembly carried by the housing assembly and including a stored
energy source, wherein activation of the activation assembly releases stored energy from the
stored energy source to cause: a) the seal structure to convert from the sealing condition to
the mixing condition to permit the liquid component to pass through the at least one flow path

trom the wet compartment to the dry compartment, b) the liquid component to be forced

through the fluid distributing member and distributed to the dry component to facilitate
mixing and dissolution of the dry medicament component in the liquid component, and c) the

mixed liquid and dry components to be forced through the needle assembly.

2. The automatic injection device according to claim 1, wherein the seal structure

includes an outer seal member and the inner seal plug is movable with respect to the outer

seal
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member from a sealing position that seals the wet compartment from the dry compartment to

a mixing position that allows contents of the dry and wet compartments to mix.

3. The automatic injection device according to claim 2, wherein an inner side
wall of the outer seal member includes the longitudinal grooves that enable flow of the liquid
component around the inner seal plug and through the seal structure when the seal plug is

moved to the mixing position.

4, The automatic injection device according to claim 2, wherein the outer seal
member of the seal structure comprises an external sealing member and an internal rigid body

configured so as to securingly engage each other.

5. The automatic injection device according to claim 4, wherein the internal rigid

body is formed from two rigid members which are annularly welded or bonded together.

6. The automatic injection device according to claim 5, wherein the fluid

distributing member is clamped between the two rigid members of the internal rigid body.

7. The automatic injection device according to claim 1, wherein the needle
assembly comprises a membrane adjacent the dry compartment, the membrane preventing

undissolved dry medicament from entering the needle assembly.

8. The automatic injection device according to claim 1, wherein:
the fluid distributing member includes a filter or membrane; and
the needle assembly comprises a membrane adjacent the dry compartment to

prevent undissolved dry medicament from entering the needle assembly.

9. The automatic injection device according to claim 1, wherein the fluid
distributing member creates fluid flow in only the longitudinal direction of the automatic

injection device.

10. The automatic mjection device according to claim 1, wherein the fluid

distributing member comprises a filter or membrane.

11.  The automatic injection device according to claim 1, wherein the inner seal
plug has a solid core and is movable in the longitudinal direction of the automatic injection

device.
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12. The automatic injection device according to claim 1, wherein the seal structure
has an outer periphery that forms a peripheral seal with an interior wall of the interior

chamber, and the inner seal plug is spaced radially inward from the peripheral seal.

13.  The automatic injection device according to claim 1, wherein the activation

assembly includes a pre-compressed spring.

14.  The automatic injection device according to claim 1, wherein the seal structure

and the distributing member are integrated into a single assembly.

15.  The automatic injection device according to claim 1, wherein the needle
assembly is disposed toward a forward end of the housing assembly and the activation
assembly is disposed toward a rearward end of the housing assembly, and the dry

compartment i1s disposed forwardly of the wet compartment.

16.  The automatic injection device according to claim 15, wherein the activation
assembly includes a pre-compressed spring that urges a collet rod forwardly through the
housing assembly, the forward movement of the collet rod creating sufficient pressure on the
liquid component to cause the liquid component to force the seal structure into the mixing

condition.

17.  The automatic injection device according to claim 16, wherein the seal
structure 1s movable forwardly with respect to the housing assembly as the collet rod is

moved forwardly.

18.  The automatic injection device according to claim 1, further comprising a dry
medicament support structure disposed between the dry medicament component and the

needle assembly.

19.  The automatic injection device according to claim 1, wherein the seal structure
includes four longitudinal grooves symmetrically located around the periphery of the inner

seal plug.

20.  An automatic injection device containing a pre-loaded charge of medicament
for automatically administering the medicament upon actuation thereof, the device

comprising:
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a housing assembly having an interior chamber, the interior chamber including
a dry compartment and a wet compartment, the dry compartment containing a dry
medicament component and the wet compartment containing a liquid component to be mixed
with the dry component;

a seal structure between the dry compartment and the wet compartment, the
seal structure initially in a sealing condition that seals the dry compartment from the wet
compartment, the seal structure converting to a mixing condition in response to the activation
of the injection device, the seal structure having a periphery that forms a peripheral seal
slidably disposed with respect to an adjacent surface of the interior chamber, the seal
structure having an inner seal plug spaced radially inward from the peripheral seal that seals
at least one flow path formed in the seal structure prior to activation of the device, the inner
seal plug movable from a sealing condition to a mixing condition to enable fluid to flow
around the inner seal plug and through the at least one flow path from the wet compartment
to the dry compartment;

a fluid distributing member disposed between the liquid component and the
dry medicament component that creates a laminar fluid flow as the liquid component passes
through the seal structure from the wet compartment into the dry compartment;

a needle assembly that dispenses the charge of medicament from the housing
assembly; and

an activation assembly carried by the housing assembly and including a stored
energy source, wherein activation of the activation assembly releases stored energy from the
stored energy source, and the release of the stored energy causes: a) the seal structure to be
converted from the sealing condition to the mixing condition to permit the liquid component
to pass through the at least one flow path and b) the mixed liquid and dry components to be

forced though the needle assembly.

21. The automatic injection device according to claim 20, wherein the seal
structure includes an outer seal member that forms the peripheral seal with respect to an

adjacent surface of the interior chamber.

22.  The automatic injection device according to claim 20, wherein the inner seal

plug is movable in the longitudinal direction of the automatic injection device.

23.  The automatic injection device according to claim 20, wherein the seal

structure has a plurality of longitudinally extending grooves around the periphery of the inner
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seal plug that form the at least one flow path between the wet compartment and the dry

compartment.

24.  The automatic injection device according to claim 20, wherein the fluid

distributing member comprises a filter or membrane.

25.  The automatic injection device according to claim 20, wherein the fluid
distributing member moves from an initial position spaced rearwardly from the needle

assembly to a final position closer to the needle assembly relative to the initial position.

26.  The automatic injection device according to claim 20, wherein the seal

structure and the tluid distributing member are integrated into a single assembly.

27.  The automatic injection device according to claim 20, wherein the seal
structure moves from an initial position spaced rearwardly from the needle assembly to a

final position closer to the needle assembly relative to the initial position.

28.  The automatic injection device according to claim 20, wherein the activation

assembly includes a pre-compressed spring.

29.  The automatic injection device according to claim 20, wherein the needle
assembly comprises a membrane adjacent the dry compartment, the membrane preventing

undissolved dry medicament from entering the needle assembly.

30. A method of preparing a charge of medicament, comprising:

loading a dry medicament component into a dry compartment of an
interior chamber of a housing assembly of an automatic injection device;

sealing the dry compartment from a wet compartment of the interior
chamber with a seal structure, the seal structure having an outer seal member that forms a
peripheral seal with an interior wall of the interior chamber, the seal structure also having a
movable inner seal member that initially seals a flow path between the wet and dry
compartments;

loading a liquid component into the wet compartment; and

activating an activation assembly located in the housing assembly to
release stored energy for:

pressurizing the liquid component in the wet compartment;
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moving the movable inner seal member to open a fluid path

between the wet and dry compartments;

forcing the liquid component around the inner seal member and
through a fluid distributing member disposed between the wet and dry compartments to
create a laminar fluid flow from the wet compartment to the dry compartment; and

mixing the liquid and dry components in the dry compartment

to form the charge of medicament.

- 18 -
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