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(57) A syringe assembly is disclosed comprising a barrel 12 for containing one or more medicaments and a stopper 14

disposed in the barrel 12. The stopper 14 defines and

separates a first volume 24 and a second volume 26 within

the syringe assembly. The stopper 14 comprises a permanent seal 16 fluidly sealing the stopper 14 to the barrel 12
about the entire perimeter of the stopper 14. A channel 18 is located in the stopper 14 and bypasses the permanent
seal 16. The first opening 20a of the channel 18 is in fluid communication with the second volume 26 and the
second opening 20b is selectively sealed from the first volume 24 by a resilient seal 22. The resilient seal 22 is
moveable between a sealing configuration, where it seals the stopper 14 to the barrel 12 to prevent the first volume
24 entering the channel 18, and an open configuration where the first volume 24 can enter the channel 18. The
resilient seal 22 changes configuration when the fluid pressure in the first volume or second volume exceeds a

pressure threshold.

< [ <
24 )
22 R {12
2§_\> R 18h
< N~
\/.. T~ 20b
20b /\t/,v_/\'zs
P
18 T~ 16b
26 SEERN
ey .
b 7 e

Fig. 1A

At least one drawing originally filed was informal and the print reproduced here is taken from a later filed formal copy.

vV ¢l966¥¢ 89



22 0513

24

[

228

A

22

200

\

14
1

\

[

2ea

A

220

200

\

14
16

\

a

1/6
«««««««« 7 S
SN T~ 12
\i 22 f 0
s | 180
*S EX\/wa
» T~ 16h
.
;“/’”"'"M%"'??Lh___‘__,,,f—;‘
Fig. 1A
R/ S
B I~ 12
N 10
j Q‘;/\QQ
{ N 18b
L L s
*‘S EK\/”E%
T~ 16b
—
__/_\ Eﬂa
e T /L -




22 0513

2/6

/,.«-"“"“‘m-"""'mj/‘

a //“‘*\w-»-"“;__\_/fg 2
cla
2257 Nk ;f\%
~— : /»‘\/"‘E 4‘
C T ~_"10a
16—~5 I
\Zﬂa
26‘\/ ¥ :,,.-«-—«- ------..7//‘ wwwwwwww "
Fig. 2A
T T A2
24 o T
- \_,—\

N i\/zaa
2255’\;\, %l\—/\gg
220, T \uan
e - A

20b 11 1 F
ol T iea
o <~ 185
18P E
RN
L 20a
26 \/ /____,,.,.-ﬁ-.%._?i;f\ N 3

10

10



3/6

qe¢ B4

ge
eCL

8¢
gk

T~
.mﬁ m\\/l

AN

Ob

1A

81

H Ty

€l G0 cc



4/6

€l G0 cc



5/6

as bi4

"N

BCk

44

BN,

T

S

a7 gv
o1~ L2

AN

€l G0 cc



Gt

O 5
B i r\)@w

e

i e

71 N Al

3 e Q\« e

71 . : N N

€l G0 cc



10

15

20

25

30

1
Improved Syringe Assembly

[0001] This invention relates to an improved syringe assembly, and, more particularly, relates
to an improved syringe assembly having a stopper defining and separating a first volume and

a second volume within the syringe assembly.

BACKGROUND

[0002] Itis known in the prior art to provide a syringe assembly with a stopper that defines
and separates a first volume and a second volume within the syringe assembly. Such
arrangements are used in mixing devices where two or more medicaments or other
substances are mixed prior to delivery to an injection site, or in devices where two or more
medicaments or other substances are delivered to an injection site separately and

sequentially.

[0003] US-A-2005/0245880 (Howlett et al.) describes a multi-chamber, sequential dose
dispensing syringe that has a moveable valve assembly that has a mechanical impact sensor
that causes the valve to open when the valve assembly impacts (“bottoms out”) with the

bottom internal end of the syringe barrel.

[0004] A two-compartment sequential dose device for sequentially delivering doses of
multivitamin preparation is described in US-A-3914419 (American Cyanamid Company). The
two compartments are separated by a stopper that has a central valved passage for allowing
multivitamin preparation in the upper chamber to pass out through the needle after delivery of

the multivitamin preparation in the lower chamber adjacent the needle.

[0005] FR-A-2750051 (Debiotech SA) and US-A-4929230 (Pfleger) each describe a medical
syringe having a free piston slidable in the barrel of the syringe for fluidly separating two
internal volumes in the syringe. The free piston maintains a sealing configuration until it
bottoms out at the bottom internal end of the syringe barrel, at which point fluid from the lower
volume has been delivered through the needle of the syringe under the force of an upper
plunger in the barrel of the syringe. Fluid pressure in the upper volume then causes the whole
free piston to deform to allow fluid from the upper volume to bypass the free piston and exit

through the needle.

[0006] A similar device is described in US-A-2008/0255521 (Hisamitsu Pharmaceutical Co.
Inc.) except formations at the bottom internal end of the syringe cause the free piston to
deform allowing fluid in the upper volume to bypass the free piston and exit the syringe

through the needle.
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[0007] Another syringe for sequentially administering different fluids is described in US-A-

2004/0171984 (Greenfield) which also has a floating piston which acts to selectively separate
two fluid volumes in the syringe. In one described embodiment, the floating piston is made of

a compressible body that has a central valve that opens upon axial compression of the body.

[0008] US-A-5713857 (Becton Dickinson France, S.A.) describes a stopper for use in a
sequential delivery device. The stopper has a collapsible portion down one side that collapses
when a predetermined fluid pressure is exceeded such that an axial channel is opened up
along the side of the stopper. Thus, in a collapsed configuration, the stopper no longer forms
a complete circumferential seal with the inner surface of the syringe barrel to allow the

passage of fluid.

[0009] An automatic injection device for mixing a dry medicament component and a fluid
(such as a diluent) and subsequently delivering the mixture/solution is described in US-A-
2002/042592 (Wilmot, John G. et al.). A floating stopper initially separates the dry component
from the wet component and is moveable to a position where a fluid passageway is opened
which fluidly connects the volumes containing the wet and dry components. The fluid
passageway is described as recesses (acting as bypass channels) in the inner surface of the
syringe barrel. In an alternative described embodiment, the inner surface of the syringe barrel
comprises ribs that distort the stopper when it reaches a particular axial position within the

barrel to allow fluid to bypass the stopper and mix with the dry component.

[0010] A further two-compartment syringe is described in EP-A-0112574 (Meditec S.A.)
which has a floating stopper having a central valve assembly for selectively allowing fluid
communication between the two volumes separated by the stopper. The central valve
assembly consists of a blocking component moveable relative to the remainder of the stopper
between a blocking position where the central valve assembly is closed and an open position
where the central valve assembly is open and fluidly connects the two compartments. The
blocking component is biased by a spring to the blocking position so that a force (such as fluid

pressure) is required to move the blocking component to the open position.

[0011] An automatic injector device is described in WO-A-9409839 which has a plunger rod
disposed in a syringe barrel with a flexible stopper at the end of the plunger rod. Initially, the
flexible stopper separates a dry medicament component from a fluid in a compartment rear of
the dry compartment. The plunger rod and flexible stopper are moved rearwardly into the fluid
compartment to initiate mixing as the flexible element flexes during movement through the fluid
allowing fluid to bypass the flexible element and mix with the dry component. To actuate
delivery of the mixed medicament, a rigid stopper is moved forward through the barrel of the

syringe to expel mixed medicament from the syringe through the needle.
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[0012] Itis an object of the present invention to provide an improved or alternative syringe

assembly that permits the selective separation of volume spaces therein.

BRIEF SUMMARY OF THE DISCLOSURE

[0013] The present invention is defined in the appended claims.

[0014] In accordance with a first aspect of the present invention there is provided a syringe

assembly comprising:

a barrel for containing one or more medicaments, a narrowed outlet for allowing the
expulsion of said one or more medicaments from said barrel through said outlet; and
a stopper disposed in the barrel defining and separating a first volume and a second
volume within the syringe assembly, the stopper comprising:
a permanent seal fluidly sealing the stopper to the barrel about the entire
perimeter of the stopper intermediate the first volume and second volume; and
a channel bypassing the permanent seal, the channel having a first opening in
fluid communication with the second volume and a second opening selectively sealed
from the first volume by a resilient seal,
where the resilient seal is moveable between a sealing configuration and an open
configuration to selectively seal the channel from the first volume, where in the sealing
configuration the resilient seal fluidly seals the stopper to the barrel so as to fluidly isolate
said second opening of the channel from the first volume, and in the open configuration
the second opening of the channel is in fluid communication with the first volume; and
wherein the resilient seal is moveable from the sealing configuration to the open
configuration upon fluid pressure in the first volume or second volume exceeding a first
pressure threshold.
[0015] Preferably, the stopper is axially moveable within the barrel upon application of an

axial force on the stopper.

[0016] In one embodiment, the axial force required to move the stopper within the barrel is

less than the force provided by a fluid at the first pressure threshold.

[0017] In an alternative embodiment, the axial force required to move the stopper within the

barrel is greater than the force provided by a fluid at the first pressure threshold.

[0018] In any embodiment, the resilient seal may comprise one or more flexible elements,
wherein said one or more flexible elements preferably partly extends circumferentially around
said stopper and the remainder of the stopper forms a seal with the barrel circumferentially

around said one or more flexible elements. Preferably, said one or more flexible elements
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extends entirely circumferentially around said stopper. The resilient seal preferably comprises

at least two flexible elements, wherein the at least two flexible elements are preferably axially

aligned with one another.

[0019] Preferably, the channel comprises at least one axial channel part and at least one
additional channel part arranged substantially perpendicularly to said at least one axial

channel and in fluid communication therewith.

[0020] In one preferable embodiment, the permanent seal comprises at least one flange
projecting outwardly from said stopper about the entire perimeter of the stopper. The
permanent seal may comprise at least two flanges projecting outwardly from said stopper
about the entire perimeter of the stopper, wherein the at least two flanges are arranged in axial

alignment with one another.

[0021] The syringe assembly optionally comprises a pressure source for pressurising a fluid
in the barrel. Said pressure source may comprise an axially moveable plunger element
disposed in the barrel, where the stopper is disposed in the barrel intermediate the plunger
element and the narrowed outlet of the barrel. Preferably, said plunger element comprises a
plunger stopper and a plunger rod connected to the plunger stopper for axially moving the

plunger stopper in the barrel. Preferably, said pressure source includes a power source.

[0022] Preferably, one or both of said first volume and second volume is a medicament

volume for containing one or more medicaments.

[0023] In one embodiment, said first volume is a first medicament volume for containing a
first medicament and said second volume is a second medicament volume for containing a
second medicament. Said first medicament volume may contain a first fluidic medicament and

said second medicament volume contains a second fluidic medicament.

[0024] Said first volume may be a medicament volume for containing a medicament and said
stopper is arranged in said barrel to selectively isolate the medicament volume from the outlet

of the barrel, wherein preferably, said medicament volume contains a fluidic medicament.

[0025] In one embodiment, the stopper further comprises a friction clamp that is moveable
between a clamping position and a non-clamping position, where a higher force is required to
axially move the stopper in the barrel when the friction clamp is in the clamping position than
when the friction clamp is in the non-clamping position. The syringe assembly preferably
further comprises a moveable plunger element disposed in the barrel for pressurising a fluid in
the first volume, where the stopper is disposed in the barrel intermediate the plunger element
and the narrowed outlet of the barrel, wherein the plunger element comprises a key and the

stopper comprises a socket complementary to said key, and wherein engagement of the key in
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the socket moves said friction clamp to said non-clamping position. Preferably, the stopper

further comprises a nozzle or spray head at the first opening of the stopper.

[0026] Said first volume may contain a fluidic substance and said second volume contains a

dry or lyophilized substance.

[0027] The syringe assembly may further comprise a needle in fluid communication with the

narrowed outlet of said barrel.

[0028] Said barrel and said narrowed outlet may be integrally formed. That is, the narrowed
outlet may be a hole in the delivery (forward) end of the syringe barrel, where the hole has a

diameter less than the diameter of the barrel (as in a “standard” syringe).
[0029] Preferably said barrel tapers towards said narrowed outlet.

[0030] In one preferable embodiment, said stopper is a first stopper, and the syringe
assembly further comprises one or more additional stoppers each comprising the features of
the first stopper as defined in accordance with the first aspect of the present invention, wherein
the one or more additional stoppers separate and define further volumes within the syringe

assembly axially rearward of the first stopper.

[0031] In accordance with a second aspect of the present invention, there is provided an
autoinjector comprising a syringe assembly according to the first aspect of the present

invention.

[0032] In accordance with a third aspect of the present invention, there is provided a method

of using a syringe assembly comprising the steps of:

i) providing a syringe assembly according to the first aspect of the present
invention where the axial force required to move the stopper within the barrel is
less than the force provided by a fluid at the first pressure threshold, the syringe
assembly containing a fluid in the first volume; and

ii) applying a force to pressurise the fluid so that the resilient seal moves to the
open configuration and permits the expulsion of the fluid through the narrowed
outlet via the channel of the stopper.

[0033] In accordance with a fourth aspect of the present invention, there is provided a

method of using a syringe assembly comprising the steps of:

i) providing a syringe assembly according to the first aspect of the present
invention where the axial force required to move the stopper within the barrel is

less than the force provided by a fluid at the first pressure threshold, the syringe
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assembly containing a first fluid in the first volume and a second fluid in the

second volume;
i) applying a force to pressurise the first fluid to move the stopper axially forwardly
within the barrel to expel the second fluid through the narrowed outlet;
iii) allowing the stopper to travel axially forwardly in the barrel to its forwardmost
position; and
iv) continuing to apply a force to pressurize the first fluid so that the resilient seal
moves to the open configuration and permits the expulsion of the first fluid
through the narrowed outlet via the channel of the stopper.
[0034] In one embodiment, the syringe assembly provided in step i) further comprises a first
applicator in fluid communication with the narrowed outlet, wherein subsequent to performing
step ii) and prior to performing step iv) the first applicator is replaced with a second applicator.

Further preferably, one or both of the first applicator and second applicator is a needle.

[0035] In accordance with a fifth aspect of the present invention, there is provided a method

of using a syringe assembly comprising the steps of:

i) providing a syringe assembly according to the first aspect of the present
invention where the axial force required to move the stopper within the barrel is
greater than the force provided by a fluid at the first pressure threshold, the
syringe assembly containing a fluidic substance in the first volume and a dry or
lyophilized substance in the second volume;

ii) applying a force to pressurise the fluidic substance so that the resilient seal
moves to the open configuration and permits the flow of the fluidic substance
from the first volume to the second volume via the channel to form a solution or
mixture in the second volume; and

iii)) applying a force to the stopper to move the stopper axially forwardly so as to
expel the solution or mixture from the second volume through the narrowed
outlet.

[0036] Preferably, the applied forces are provided by moving a plunger element axially

forwardly in the barrel, wherein the stopper is disposed intermediate the plunger element and
the narrowed outlet, and wherein the force applied to the stopper in step iii) occurs when the
plunger element contacts the stopper following the expulsion of substantially all of the fluidic

substance from the first volume.

[0037] The stopper preferably further comprises a friction clamp that is moveable between a
clamping position and a non-clamping position, where a higher force is required to axially

move the stopper in the barrel when the friction clamp is in the clamping position than when
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the friction clamp is in the non-clamping position, wherein the plunger element comprises a key

and the stopper comprises a socket complementary to said key, and wherein engagement of

the key in the socket moves said friction clamp to said non-clamping position.

BRIEF DESCRIPTION OF THE DRAWINGS
[0038] Embodiments of the invention are further described hereinafter with reference to the

accompanying drawings, in which:
Figure 1A is a partial cross sectional view of a syringe assembly in accordance with an

embodiment of the present invention, comprising a stopper in a sealing configuration;

Figure 1B is a partial cross sectional view of the syringe assembly of Figure 1A where

the stopper is in an open configuration;

Figure 2A is a partial cross sectional view of a syringe assembly in accordance with an
alternative embodiment of the present invention, comprising a stopper in a sealing

configuration;

Figure 2B is a partial cross sectional view of the syringe assembly of Figure 2A where

the stopper is in an open configuration;

Figure 3A is a partial cross sectional view of a syringe assembly in accordance with an

embodiment of the present invention containing two fluids prior to actuation;

Figure 3B is a partial cross sectional view of the syringe assembly of Figure 3A during

delivery;

Figure 3C is a partial cross sectional view of the syringe assembly of Figures 3A and

3B after delivery;

Figure 4A is a partial cross sectional view of a syringe assembly in accordance with

another embodiment of the present invention containing a single fluid prior to actuation;

Figure 4B is a partial cross sectional view of the syringe assembly of Figure 4A after

delivery;

Figure 5A is a partial cross sectional view of a mixing syringe assembly in accordance

with an embodiment of the present invention prior to actuation;

Figure 5B is a partial cross sectional view of the mixing syringe assembly of Figure 5A

during mixing;

Figure 5C is a partial cross sectional view of the mixing syringe assembly of Figures 5A

and 5B at the start of delivery;
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Figure 5D is a partial cross sectional view of the mixing syringe assembly of Figures 5A

to 5C after delivery;

Figure 6A is a partial cross sectional view of a mixing syringe assembly in accordance

with an alternative embodiment of the present invention prior to actuation;

Figure 6B is a partial cross sectional view of the mixing syringe assembly of Figure 6A

during mixing;

Figure 6C is a partial cross sectional view of the mixing syringe assembly of Figures 6A

and 6B at the start of delivery; and

Figure 6D is a partial cross sectional view of the mixing syringe assembly of Figures 6A

to 6C after delivery.

DETAILED DESCRIPTION

[0039] Figures 1A and 1B each show a partial cross section of a syringe assembly 10 in
accordance with an embodiment of the present invention in which a stopper 14 is disposed in
a barrel 12 of the syringe assembly 10. The barrel 12 and stopper 14 are generally cylindrical

in shape.

[0040] The skilled reader will appreciate that references to “axial” or “longitudinal” directions
and axes (or similar) are considered to be parallel to the sides defining the barrel 12, with
“‘radial” directions considered to be perpendicular to the longitudinal axis and extending
outwards from a longitudinal axis running through the circular center of the syringe assembly
10. Similarly, “circumferential” directions are considered to be defined about a longitudinal axis

running through the circular center of the syringe assembly 10.

” i ” L]

[0041] References to “forward”, “front”, “lower”, “below” or the like are considered to denote a
direction or point at or towards a delivery end of the syringe assembly (i.e. the end that
medicament is expelled from). Similarly, references to “rearward”, “rear”, “upper”, “above” or
the like are considered to denote a direction at or towards the end of the syringe assembly that

is opposite the delivery end.

[0042] The stopper 14 has a permanent seal 16 formed by a pair of axially aligned flanges
16a,16b extending radially from the stopper 14 and forming a fluid tight seal with the barrel 12
around the entire perimeter (circumference) of the stopper 14 at a forward end thereof. In
alternative embodiments, any formation or configuration that is capable of forming a fluid-tight
seal with the barrel 12 may form the permanent seal 16. Indeed, the present invention is not
limited to having two such formations, and any number of flanges 16a,16b or alternative

formations or configurations may be used.
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[0043] The stopper 14 has a resilient seal 22 axially rearward of the permanent seal 16

where the resilient seal 22 is formed of a pair of axially aligned flexible elements 22a,22b that
extend radially from the stopper 14 and extend around the entire circumference of the stopper
14. As is described in more detail below, the resilient seal 22 is moveable between a sealing
configuration (as shown in figure 1A) and an open configuration (as shown in Figure 1B),
where in the sealing configuration, the resilient seal 22 fluidly seals the stopper 14 to the barrel
12, and in the open configuration, the resilient seal 22 does not fluidly seal the stopper 14 to
the barrel 12.

[0044] The stopper 14 defines and separates a first volume 24 of the syringe assembly 10
and a second volume 26 of the syringe assembly 10 which are each capable of containing a

medicament or other substance.

[0045] A channel 18 passes through the stopper 14 and has a first opening 20a in fluid
communication with the first volume 26 and two second openings 20b that are each selectively
sealed from the second volume 24 by the resilient seal 22. In the embodiment shown in
Figures 1A and 1B, the channel 18 has a first axial channel part 18a and a second channel
part 18b arranged substantially perpendicularly to the first axial channel part 18a. The first
opening 20a is associated with the first axial channel part 18a and the two second openings
20b are associated with the second channel part 18b. In the specific embodiment depicted in

Figures 1A and 1B, the channel 18 is T-shaped in cross-section.

[0046] When the resilient seal 22 is in the sealing configuration, the first volume 24 is fluidly
isolated from the second volume 26 by the stopper 14. Conversely, when the resilient seal 22
is in the open configuration the first volume 24 is in fluid communication with the second
volume 26 via the channel 18. Thus, since the resilient seal 22 is moveable between the
sealing configuration and the open configuration, so too is the stopper 14 as a whole, since it
selectively fluidly isolates and fluidly connects the first volume 24 and second volume 26 via

the channel 18 depending on the configuration of the resilient seal 22.

[0047] The resilient seal 22 is moved from the sealing configuration to the open configuration
when a force incident on the resilient seal 22 exceeds at predetermined threshold. Typically,
such a force will arise when the fluid pressure of a fluid acting on the resilient seal 22 exceeds
a predetermined threshold. For example, if the first volume was filled with a fluid (such as a
fluidic medicament), then the resilient seal would move from the sealing configuration to the
open configuration when the pressure of the fluid exceeded the predetermined threshold.
When the pressure exceeds the predetermined threshold, the flexible elements 22a,22b of the
resilient seal 22 flex or deflect so as to move away from the barrel 12 and open a fluid pathway

allowing fluid to bypass the resilient seal 22. Alternative components may form the resilient
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seal 22 in place of the flexible elements 22a,22b that deform, deflect, flex or otherwise move

to open a fluid pathway between the stopper 14 and the barrel 12 upon application of a
predetermined force. In the embodiment shown in Figure 1B, the flexible elements 22a,22b
are shown to be flexed or deflected in a forward direction, such as one might expect to result
from the pressure of a fluid in the first volume exceeding the predetermined threshold.
However, the resilient seal 22 may be configured to be bi-directional such that a fluid in the
second volume 26 is capable of causing the resilient seal 22 to move from the sealing
configuration to the open configuration when the pressure of the fluid in the second volume 26

exceeds the predetermined pressure threshold.

[0048] In both sealing and open configurations, the permanent seal 16 remains in place and
maintains a seal between the stopper 14 and the barrel 12 at the forward end of the stopper
14. Thus, a fluid connection is only formed between the first volume 24 and the second
volume 26 when the resilient seal 22 is in the open configuration. Even when the resilient seal
22 is in the open configuration, fluid must flow along several axes in order to bypass the
permanent seal 16 through the channel 18. This arrangement therefore provides a labyrinth
pathway between the first volume 24 and the second volume 26, as opposed to a straight
channel. A benefit of the labyrinth arrangement is that the likelihood of fluid flow from the first
volume to the second volume is substantially reduced in the event that the resilient seal 22 is
inadvertently moved to the open configuration for a short period of time. One advantage of
having the resilient seal 22 acting between the stopper 14 and the barrel 12 is that this
provides a low friction arrangement (particularly when the internal surface of the syringe barrel
12 is siliconised, which it often is) making the resilient seal 22 more reliable at opening when

desired, since friction will have less influence of the predetermined pressure threshold.

[0049] An alternative embodiment of the invention is shown in Figures 2A and 2B in which
the syringe assembly 10 comprises an alternative stopper 14’. Apart from the alternative
stopper 14’, the syringe assembly 10 is otherwise identical to that described above in relation
to Figures 1A and 1B. The alternative stopper 14’ has a permanent seal 16 identical to that
described above in relation to Figures 1A and 1B, and comprises a resilient seal 22. The
resilient seal 22 depicted in Figures 2A and 2B is formed of a pair of flexible elements
22a’,22b’ each extending radially from the stopper 14’ and arranged in axial alignment with
one another. However, different to the resilient seal 22 of Figures 1A and 1B, the resilient seal
22’ of Figures 2A and 2B does not extend entirely circumferentially around the stopper 14’ but
is otherwise identical to resilient seal 22. Instead, the resilient seal 22’ extends partly around
the circumference of the stopper 14’ and a second permanent seal 28 formed of a pair of
flanges 28a,28b extending radially from the stopper 14’ extend around the remainder of the

circumference of the stopper 14’ The second permanent seal 28 maintains a permanent seal
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between the stopper 14’ and the barrel 12 across the extent of the circumference that it

extends.

[0050] The stopper 14’ has a channel 18 that bypasses the permanent seal 16 and is formed
of a first axial channel part 18a and a second channel part 18b arranged substantially
perpendicularly to the first axial channel part 18a. A first opening 20a is associated with the
first axial channel part 18a and a single second opening 20b is associated with the second
channel part 18b. The channel 18 of Figures 2A and 2B is L-shaped in cross section, in
contrast to the channel 18 of Figures 1A and 1B which is T-shaped in cross section. However,
either channel arrangement may be used in either embodiment. Alternatively, other channel
arrangements may be employed that bypass the permanent seal 16 from an outer radial

position via an inner radial position that is radially inwards of the permanent seal 16.

[0051] In preferable embodiments, the stopper 14,14’ is made from a deformable elastomeric

material that is able to achieve a fluid tight seal with the barrel 12.

[0052] The resilient seal 22’ and the second permanent seal 28 are arranged relative to one
another such that when the resilient seal 22’ is in the sealing configuration (as shown in Figure
2A) the combination of the resilient seal 22’ and the second permanent seal 28 fluidly isolate
the second opening 20b of the channel 18 from the first volume 24, and hence fluidly isolate
the first volume 24 from the second volume 26. In the open configuration (as shown in Figure
2B), the resilient seal 22’ permits a fluid pathway that fluidly connects the first volume 24 to an
annulus circumferentially surrounding the stopper 14’ between the axial positions of the

permanent seal 16 and the second permanent seal 28.

[0053] In an alternative embodiment, axial ribs or similar formations (not shown) may be
arranged on the stopper 14’ on either side of the second opening in each circumferential
direction so as to form an axial channel that forms a circumferential boundary around the
second opening and seals with the barrel 12. In this embodiment, the axial channel would be
bound at a forward end by the permanent seal 16 and the axial channel would be bound at a
rear end by resilient seal 22°. Since the second opening 20b is disposed within the bound
axial channel, the second permanent seal 28 would not be necessary, however it is preferable
that it still be present to minimise the risk of inadvertent fluid flow from the first volume 24 to

the second volume 26.

[0054] A preferred mode of operation and arrangement of the syringe assembly 10 is shown
in Figures 3A to 3C. Figure 3A shows the syringe assembly 10 prior to actuation containing a
first fluid in the first volume 24 and a second fluid in the second volume 26. The first and
second fluids may be medicaments and/or may be the same or different to one another. In the

embodiment shown in Figure 3A, the first volume 24 is greater than the second volume 26,
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however this need not necessarily be the case.

[0055] The barrel 12 has a tapered forward portion 12b that tapers to a narrowed opening or
outlet 12a at the forwardmost end of the barrel 12, where the narrowed opening 12a has a
diameter less than the diameter of the barrel 12. A hollow needle 30 is connected to the
opening 12a of the barrel 12 to permit the expulsion of fluid from the barrel 12 through the

opening 12a.

[0056] Rearward of the stopper 14 there is a plunger element 32 in the form of a plunger
stopper disposed in the barrel 12. In the embodiment of Figures 3A to 3C, the first volume 24
is defined as the volume between the plunger element 32 and the stopper 14 and the second
volume is defined as the volume in the syringe assembly 10 forward of the stopper 14 and may

include the volume inside the hollow needle 30.

[0057] The stopper 14 is axially displaceable within the barrel 12 upon the application of an
axial force on the stopper 14. Similarly, the plunger element 32 is axially displaceable within

the barrel 12 upon the application of an axial force on the plunger element 32.

[0058] To actuate the syringe assembly 10, the needle 30 is inserted into an injection site
and the plunger element is moved axially forwards within the barrel 12. The axially forward
movement of the plunger element 32 may be achieved using a power source or by manually
moving the plunger element 32. The plunger element 32 may additionally comprise a plunger
rod connected to the plunger stopper to facilitate axial movement of the plunger stopper within
the barrel 12. As the plunger element 32 moves axially forwards within the barrel 12, it
increases the fluid pressure of the first fluid in the first volume 24. Due to the incompressible
nature of the first fluid, the force from the plunger element 32 is transferred axially to the
stopper 14. The skilled reader will appreciate that any suitable mechanism that can apply a
force to the first fluid may be used in alternative embodiments in place of the plunger element
32.

[0059] The stopper 14 is configured such that the axial force required to axially move the
stopper 14 within the barrel 12 is less than the force provided by a fluid at the pressure
threshold that determines when the resilient seal 22 moves from the sealing configuration to

the open configuration.

[0060] Therefore, initial forward force from the plunger element 32 on the first fluid causes
the stopper 14 to move axially forwardly within the barrel 12. This action increases the
pressure of the second fluid contained in the second volume 26 and causes the second fluid to
be expelled from the syringe assembly 10 through the opening 12a and needle 30. Assuming

that a continual axially forward force is applied on the plunger element 32, the stopper 14 will
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continue to move axially forwards and expel the second fluid until the stopper 14 reaches the

tapered forward portion 12b of the barrel 12. At this point, the axially forward force acting on
the stopper 14 is met with an equal and opposite (i.e. axially rearward) reaction force from the
tapered forward portion 12b of the barrel 12 and the stopper 14 ceases to move forwards.
Subsequent force on the plunger element 32 causes the pressure of the first fluid in the first
volume 24 to increase in pressure until the predetermined pressure threshold required to move
the resilient seal 22 from the sealing configuration to the open configuration is exceeded.
Once exceeded, the resilient seal 22 moves from the sealing configuration to the open
configuration and the first fluid in the first volume 24 bypasses the permanent seal 18 into the
second volume 26 and is expelled out of the syringe assembly through the opening 12a and

the needle 30, as shown in Figure 3B.

[0061] Further force on the plunger element 32 causes the plunger element 32 to move
further axially forwards towards the now stationary stopper 14, decreasing the first volume 24
as it does so. Eventually, the plunger element 32 reaches the stopper 14 and reduces the first
volume 24 to substantially zero, as shown in Figure 3C. At this point, two volumes of fluid
have been expelled from the syringe assembly 10 and delivery is complete. The needle 30

may then be removed from the injection site.

[0062] The device described in relation to Figures 3A to 3C may thus be used to deliver two
sequential doses of medicament to an injection site, where the stopper 14 ensures the two
volumes of fluid remain separate from one another prior to actuation. A syringe assembly 10
of this type may be useful for delivery of two medicaments that are unstable or less effective
when mixed with one another. Further stoppers 14,14’ may be included to permit the
separation and subsequent sequential delivery of three or more substances. In one
embodiment, a first substance may be delivered using the syringe assembly 10 and the
delivery process may then be interrupted so that the needle 30 (or alternative applicator) may
be changed prior to the delivery of the second substance using the same syringe assembly 10.
Indeed, in the case where three or more substances are to be delivered, the needle 30 or
other applicator may be changed prior to the delivery of each or any of the substances during

the (interrupted) delivery procedure.

[0063] In another arrangement, the stopper 14 may be used to isolate a single volume of
fluid from contact with certain components of the syringe assembly 10. In the example shown
in Figure 4A, the first volume 24 is defined between the stopper 14 and the plunger element 32
and contains a first fluid. The stopper 14 is disposed in the barrel 12 against the tapered
forward portion 12b of the barrel 12 such that no further forward axial movement of the stopper

14 in the barrel 12 is possible. The second volume 26, axially forward of the stopper 14, does
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not contain any fluid or medicament. Thus, the first fluid is maintained in the first volume 24

and is isolated from the opening 12a of the barrel 12 and the needle 30. In some
embodiments, it may be desirable to have some “take-up” such that the stopper 14 is initially

disposed axially rearward of the tapered forward portion 12b of the barrel 12.

[0064] This arrangement may be advantageous in keeping sensitive medicaments isolated
from the materials of the needle 30 and any adhesives used to affix the needle 30 to the
opening 12a prior to actuation of the syringe assembly 10. Such contact between sensitive
medicaments and the materials of the needle, any adhesives used to affix the needle in place,
or any residual tungsten left from the manufacture of the syringe assembly (i.e. when forming
the narrowed outlet 12a) may reduce or null the efficacy of the medicament over time. The
arrangement shown in Figure 4A therefore allows sensitive medicaments to be stably stored in
a syringe assembly 10 without the risk of its efficacy being reduced through material
contamination. In an isolated configuration (which may be achievable in any embodiment of
the present invention), the medicament is only in contact with a limited number of materials, for
example the stopper 14, the syringe barrel 12 and any silicon, if present (if, for example, the
internal surface of the barrel 12 is siliconised). With limited contact between the materials of
the syringe assembly 10 and the medicament, it is easier to determine extractables and

leachables.

[0065] When the user is ready to deliver the first fluid in the first volume 24, the needle is
inserted into the injection site and a force is applied to the plunger element 32 which in turn
applies a force to the stopper 14 via the incompressible fluid in the first volume 24. If the
stopper 14 is initially in the position shown in Figure 4A against the tapered forward portion
12b, then the stopper is unable to move axially forwards and the pressure of the first fluid
increases. If, however, there is some “take-up”, and the stopper 14 is initially axially rearward
of the tapered forward portion 12b, then the stopper 14 moves axially forwardly under the
influence of the force applied to the plunger element 32 until it reaches the tapered forward
portion 12b, at which point the pressure of the first fluid begins to increase. When the
pressure of the first fluid exceeds the pressure threshold required to move the resilient seal 22
from the sealing configuration to the open configuration, the resilient seal 22 moves to the
open configuration and the stopper permits the first fluid to leave the first volume 24 and enter
the second volume 26 and be expelled from the syringe assemble 10 through the opening 12a

and needle 30.

[0066] Continued force on the plunger element 32 causes the plunger element 32 to
continue to move axially forwardly towards the stationary stopper 14, decreasing the size of

the first volume as it does so until the first volume 24 is reduced to substantially zero. At this
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point, delivery is complete and the user may remove the needle 30 from the injection site.
[0067] Since the stopper 14 is not required to move axially within the barrel 12, the stopper
14 may be fixed axially within the barrel 12. Examples of how the stopper 14 may be axially
fixed within the barrel include but are not limited to radio frequency (RF) welding or heat
welding. In other preferred embodiments, the stopper 14 may be retained axially within the
barrel 12 simply by friction between the stopper 14 and the barrel 12. Alternatively or
additionally, the stopper 14 may be prevented from moving axially forwardly in the barrel 12 by

abutment with the tapered forward portion 12b of the barrel 12.

[0068] A further embodiment of the invention is shown in Figures 5A to 5D which depict the
various stages of operation of a syringe assembly 10. In particular, the syringe assembly 10 of
Figures 5A to 5D is for mixing two substances prior to delivery. For example, the two
substances may include a dry or lyophilized medicament and a fluid diluent, or a dry or
lyophilized medicament and a fluid medicament. It may be desirable for stability and/or
efficacy reasons to keep the wet and dry substances separated prior to delivery (e.g. during

storage of the syringe assembly 10).

[0069] The syringe assembly 10 of Figure 5A is largely similar to that described above in
relation to Figure 3A. The first volume 24 contains a fluid while the second volume 26 contains
a dry or lyophilized substance. The stopper 14 initially separates the first and second volumes
24,26 just as described above with reference to Figure 3A. However, the stopper 14 of the
syringe assembly 10 of Figure 5A is configured in the barrel 12 such that the force at the fluid
pressure threshold that determines when the resilient seal 22 moves from the sealing
configuration to the open configuration is less than the force required to move the stopper 14

axially in the barrel 12 (i.e. that required to overcome friction and other axial resistive forces).

[0070] Therefore, when the syringe assembly is actuated by applying a forwardly axial force
on the plunger element 32, the increase in fluid pressure in the first volume 24 causes the
resilient seal 22 to move from the sealing configuration to the open configuration whilst the
stopper 14 remains axially stationary in the barrel 12. Figure 5B shows the syringe assembly
of Figure 5A during the “mixing” stage, where the resilient seal 22 is in its open configuration
and the axially forwardly advancing plunger element 32 is pressurizing the fluid in the first
volume and causing it to flow into the second volume via the channel 18, while the stopper 14
remains axially stationary within the barrel 12. The fluid from the first volume 24 therefore
mixes with the dry or Iyophilized substance in the second volume 26 to form a solution or
mixture. In some embodiments, the stopper 14 may additionally comprise a nozzle or spray
head (not shown) at or near the first opening 20a to facilitate mixing of the fluid and dry or

lyophilized substance in the second volume 26.



10

15

20

25

30

35

16
[0071] Continued axially forward movement of the plunger element 32 results in the plunger

element 32 reaching the stopper 14 and reducing the first volume 24 to zero. At this point,
substantially all of the fluid from the first volume 24 has flowed through the channel 18 and into
the second volume 26 to form a solution or mixture. Once the plunger element 32 has met the
stopper 14, as shown in Figure 5C, further axially forwardly movement of the plunger element
32 causes the stopper 14 to move axially forwardly in the barrel as the forward force applied to
the stopper 14 exceeds the axially rearwardly acting frictional and resistive forces that resist

forward axial movement of the stopper 14 in the barrel 12.

[0072] Axially forwardly movement of the stopper 14 in the barrel 12 causes the solution or
mixture contained in the second volume 26 to be expelled through the opening 12a of the
barrel through the needle 30 and into the injection site that the needle is staked into. Figure
5D shows the syringe assembly 10 at the end of delivery where the plunger element 32 and
stopper 14 have moved to their forwardmost axial position in the barrel 12, with the stopper 14
abutting the tapered forward portion 12b of the barrel 12. At this point, the syringe assembly

10 may be removed from the injection site.

[0073] An alternative embodiment of a mixing-type syringe assembly 10 in accordance with
the present invention is shown in Figures 6A to 6D. In this embodiment, the stopper 14”
includes a friction clamp 34 that increases the frictional forces required to move the stopper
14" axially forwardly within the barrel 12. In one embodiment, the stopper 14” may be a two-
shot moulding where the first shot forms the friction clamp 34 from a plastics material or the
like and the second shot forms the remainder of the stopper 14" from an elastomer material or
the like. The stopper 14" additionally has a socket 36 formed therein that is capable of
receiving a complementary key 32a that is formed on the front side of the plunger element 32.
When the key 32a is received in the socket 36, the clamping load (i.e. the frictional and
resistive forces) provided by the friction clamp 34 is reduced, thereby lowering the threshold

force required to move the stopper 14" axially forwardly in the barrel 12.

[0074] The arrangement shown in Figure 6A is equivalent to that shown in Figure 5A where a
fluid substance is contained in the first volume 24 and a dry or lyophilized substance is
contained in the second volume 26, prior to actuation. Similarly, Figure 6B shows an
equivalent arrangement to that shown in Figure 5B, where the axially forwardly force on the
plunger element 32 has caused the plunger element 32 to move axially forwardly in the barrel
12 towards the stationary stopper 14" causing the resilient seal to move into the open
configuration and forcing the fluid from the first volume 24 to flow into the second volume 26

through the channel 18.

[0075] In the arrangement shown in Figure 6C, the plunger element 32 has moved axially
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forwardly in the barrel 12 and has met the stopper 14" such that the key 32a of the plunger

element 32 is inserted into the socket 36 of the stopper 14”. As described above, the mating
of the key 32a and socket 36 components causes the clamping load of the stopper 14" to be
reduced. Therefore, further axially forward movement of the plunger element 32 causes
axially forward movement of the stopper 14", thus expelling the solution or mixture formed in
the second volume 26 from the syringe assembly 10 via the opening 12a and needle 30.
Figure 6D shows the syringe assembly 10 at the end of delivery where the plunger element 32
and stopper 14” have moved to their forwardmost axial position in the barrel 12, with the
stopper 14” abutting the tapered forward portion 12b of the barrel 12. At this point, the syringe

assembly 10 may be removed from the injection site.

[0076] The arrangement of Figures 6A to 6D has the additional advantage over the
arrangement of Figures 5A to 5D in that the force required to move the stopper 14" is higher
due to the presence of the friction clamp 34. However, the key 32a and socket 36
arrangement of the embodiment of Figures 6A to 6D means that the force required to actually
move the stopper 14" axially forwardly when desired is achievable within the reasonable
operating limits of the syringe assembly 10. Therefore, the friction clamp 34 provides less risk
of unwanted axial movement of the stopper 14" prior to the completion of mixing between the

first volume 24 and the second volume 26.

[0077] The syringe assembly 10 of the present invention may be used as a manual device or
as part of an autoinjector device. In particular, the syringe assembly 10 may be configured
such that the needle 30 is automatically inserted and removed from the injection site, prior to

and after delivery, respectively.

[0078] Either of the described stoppers 14,14’ and any described alternatives or
modifications of the stoppers 14,14’ may be utilized in a syringe assembly 10 in accordance
with the present invention. Additionally, the stopper 14" described in relation to Figures 6A to
6D may be used in “mixing”-type devices within the scope of the present invention. All
stoppers in accordance with the present invention are particularly advantageous as each
provides an effective and reliable two-way valve for separating two substances or isolating a
single substance. The stopper may be used in existing syringes thereby negating the
requirement for bespoke syringes. Additionally, the stopper of the present invention may be
easily and cost-effectively moulded in comparison to prior art components that seek to provide
a similar effect. Thus the syringe assembly 10 of the present invention is easy to manufacture
in comparison to more complicated prior art arrangements. A further advantage of the syringe
assembly 10 of the present invention is that it may be filled with relative ease in comparison

with prior art devices. Each substance is introduced into the barrel sequentially from the rear
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(i.e. the end opposite the narrowed opening or outlet) with the stopper (or stoppers) being

inserted in the sequence where desired. Therefore, standard syringe filling apparatus that is
common in the art may be used to fill the syringe assembly, and no specially adapted filling

apparatus need necessarily be used.

[0079] Two or more stoppers 14,14’ may be employed in a single syringe assembly 10 to
provide selective sealing between several volumes in the syringe assembly 10. For example,
three medicaments may be delivered sequentially by utilizing two stoppers 14,14’ intermediate
the opening 12a and the plunger element 32 or equivalent means for providing a forward
force. Indeed, the syringe assembly 10 may consist of a combination of the embodiments
shown in Figures 3A to 3C and Figures 4A to 4B in that a front stopper 14,14’ may be used to
isolate the contents of the syringe assembly 10 from the opening 12a and needle 30 whilst
further stoppers 14,14’ may be utilized to permit a multi-dose, sequential delivery. Additionally
or alternatively, the syringe assembly 10 may be a combination of any of the described
embodiments so that the syringe assembly 10 is capable of any one or more of: sequential
delivery, mixing of two or more substances, and medicament isolation. Indeed, the syringe
assembly 10 may be arranged to be capable of all three of these modes of operation, such
that medicaments are initially isolated from one another and the narrowed outlet (and any
needle present). Upon actuation of the syringe assembly 10, two or more of the substances
may be mixed in accordance with the mechanism described above in relation to Figures 5A to
5D or Figures 6A to 6D and then delivered, before being delivered, following the sequential
delivery of one or more substances stored axially rearward of the two or more substances that

are mixed.

[0080] Instead of an integral narrowed opening 12a, the syringe assembly 10 may include a
separate component that serves as a narrowed opening 12a for allowing the expulsion of fluid

from the syringe assembly 10.

[0081] The syringe assembly 10 of the present invention may be used with a needle 30 or

other applicator in fluid communication with the opening 12a.

[0082] Throughout the description and claims of this specification, the words “comprise” and
“contain” and variations of them mean “including but not limited to”, and they are not intended
to (and do not) exclude other moieties, additives, components, integers or steps. Throughout
the description and claims of this specification, the singular encompasses the plural unless the
context otherwise requires. In particular, where the indefinite article is used, the specification
is to be understood as contemplating plurality as well as singularity, unless the context

requires otherwise.

[0083] Features, integers, characteristics, compounds, chemical moieties or groups
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described in conjunction with a particular aspect, embodiment or example of the invention are

to be understood to be applicable to any other aspect, embodiment or example described
herein unless incompatible therewith. All of the features disclosed in this specification
(including any accompanying claims, abstract and drawings), and/or all of the steps of any
method or process so disclosed, may be combined in any combination, except combinations
where at least some of such features and/or steps are mutually exclusive. The invention is not
restricted to the details of any foregoing embodiments. The invention extends to any novel
one, or any novel combination, of the features disclosed in this specification (including any
accompanying claims, abstract and drawings), or to any novel one, or any novel combination,

of the steps of any method or process so disclosed.

[0084] The reader's attention is directed to all papers and documents which are filed
concurrently with or previous to this specification in connection with this application and which
are open to public inspection with this specification, and the contents of all such papers and

documents are incorporated herein by reference.
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CLAIMS

A syringe assembly comprising:
a barrel for containing one or more medicaments, a narrowed outlet for allowing the
expulsion of said one or more medicaments from said barrel through said outlet; and
a stopper disposed in the barrel defining and separating a first volume and a second
volume within the syringe assembly, the stopper comprising:
a permanent seal fluidly sealing the stopper to the barrel about the entire
perimeter of the stopper intermediate the first volume and second volume; and
a channel bypassing the permanent seal, the channel having a first opening in
fluid communication with the second volume and a second opening selectively sealed
from the first volume by a resilient seal,
where the resilient seal is moveable between a sealing configuration and an open
configuration to selectively seal the channel from the first volume, where in the sealing
configuration the resilient seal fluidly seals the stopper to the barrel so as to fluidly isolate
said second opening of the channel from the first volume, and in the open configuration
the second opening of the channel is in fluid communication with the first volume; and
wherein the resilient seal is moveable from the sealing configuration to the open
configuration upon fluid pressure in the first volume or second volume exceeding a first

pressure threshold.

A syringe assembly according to claim 1, wherein the stopper is axially moveable

within the barrel upon application of an axial force on the stopper.

A syringe assembly according to claim 2, wherein the axial force required to move
the stopper within the barrel is less than the force provided by a fluid at the first pressure
threshold.

A syringe assembly according to claim 2, wherein the axial force required to move
the stopper within the barrel is greater than the force provided by a fluid at the first

pressure threshold.

A syringe assembly according to any preceding claim, wherein the resilient seal

comprises one or more flexible elements.

A syringe assembly according to claim 5, wherein said one or more flexible

elements partly extends circumferentially around said stopper and the remainder of the
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stopper forms a seal with the barrel circumferentially around said one or more flexible

elements.

A syringe assembly according to claim 5, wherein said one or more flexible

elements extends entirely circumferentially around said stopper.

A syringe assembly according to any of claims 5 to 7, wherein the resilient seal

comprises at least two flexible elements.

A syringe assembly according to claim 8, wherein the at least two flexible

elements are axially aligned with one another.

A syringe assembly according to any preceding claim, wherein the channel
comprises at least one axial channel part and at least one additional channel part
arranged substantially perpendicularly to said at least one axial channel and in fluid

communication therewith.

A syringe assembly according to any preceding claim, wherein the permanent
seal comprises at least one flange projecting outwardly from said stopper about the entire

perimeter of the stopper.

A syringe assembly according to claim 11, wherein the permanent seal comprises
at least two flanges projecting outwardly from said stopper about the entire perimeter of
the stopper, wherein the at least two flanges are arranged in axial alignment with one

another.

A syringe assembly according to any preceding claim, further comprising a

pressure source for pressurising a fluid in the barrel.

A syringe assembly according to claim 13, wherein said pressure source
comprises an axially moveable plunger element disposed in the barrel, where the stopper
is disposed in the barrel intermediate the plunger element and the narrowed outlet of the

barrel.

A syringe assembly according to claim 14, wherein said plunger element
comprises a plunger stopper and a plunger rod connected to the plunger stopper for

axially moving the plunger stopper in the barrel.

A syringe assembly according to any of claims 13 to 15, where said pressure

source includes a power source.
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A syringe assembly according to any preceding claim, wherein one or both of said
first volume and second volume is a medicament volume for containing one or more

medicaments.

A syringe assembly according to any of claims 1 to 16, wherein said first volume
is a first medicament volume for containing a first medicament and said second volume is

a second medicament volume for containing a second medicament.

A syringe assembly according to claim 18, wherein said first medicament volume
contains a first fluidic medicament and said second medicament volume contains a

second fluidic medicament.

A syringe assembly according to any of claims 1 to 16, wherein said first volume
is a medicament volume for containing a medicament and said stopper is arranged in said

barrel to selectively isolate the medicament volume from the outlet of the barrel.

A syringe assembly according to claim 20, wherein said medicament volume

contains a fluidic medicament.

A syringe assembly according to claim 4, or any of claims 5 to 18 when
dependent upon claim 4, wherein the stopper further comprises a friction clamp that is
moveable between a clamping position and a non-clamping position, where a higher force
is required to axially move the stopper in the barrel when the friction clamp is in the

clamping position than when the friction clamp is in the non-clamping position.

A syringe assembly according to claim 22, further comprising a moveable plunger
element disposed in the barrel for pressurising a fluid in the first volume, where the
stopper is disposed in the barrel intermediate the plunger element and the narrowed outlet
of the barrel, wherein the plunger element comprises a key and the stopper comprises a
socket complementary to said key, and wherein engagement of the key in the socket

moves said friction clamp to said non-clamping position.

A syringe assembly according to claim 3, 22 or 23, wherein the stopper further

comprises a nozzle or spray head at the first opening of the stopper.

A syringe assembly according to claim 3 or any of claims 22 to 24, wherein said
first volume contains a fluidic substance and said second volume contains a dry or

lyophilized substance.
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A syringe assembly according to any preceding claim, further comprising a needle

in fluid communication with the narrowed outlet of said barrel.

A syringe assembly according to any preceding claim, wherein said barrel and

said narrowed outlet are integrally formed.

A syringe assembly according to claim 27, wherein said barrel tapers towards

said narrowed outlet.

A syringe assembly according to any preceding claim, wherein said stopper is a
first stopper, and the syringe assembly further comprises one or more additional stoppers
each comprising the features of the first stopper as defined in any preceding claim,
wherein the one or more additional stoppers separate and define further volumes within

the syringe assembly axially rearward of the first stopper.

A syringe assembly substantially as hereinbefore described with reference to the

accompanying drawings.
An autoinjector comprising a syringe assembly according to any preceding claim.

A method of using a syringe assembly comprising the steps of:

i) providing a syringe assembly according to claim 3 containing a fluid in the first
volume; and
ii) applying a force to pressurise the fluid so that the resilient seal moves to the

open configuration and permits the expulsion of the fluid through the narrowed

outlet via the channel of the stopper.

A method of using a syringe assembly comprising the steps of:

i) providing a syringe assembly according to claim 3 containing a first fluid in the
first volume and a second fluid in the second volume;

i) applying a force to pressurise the first fluid to move the stopper axially forwardly
within the barrel to expel the second fluid through the narrowed outlet;

iii) allowing the stopper to travel axially forwardly in the barrel to its forwardmost
position; and

iv) continuing to apply a force to pressurize the first fluid so that the resilient seal
moves to the open configuration and permits the expulsion of the first fluid

through the narrowed outlet via the channel of the stopper.
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A method according to claim 33, wherein the syringe assembly provided in step i)
further comprises a first applicator in fluid communication with the narrowed outlet, and
wherein subsequent to performing step ii) and prior to performing step iv) the first

applicator is replaced with a second applicator.

A method according to claim 34, wherein one or both of the first applicator and

second applicator is a needle.

A method of using a syringe assembly comprising the steps of:

i) providing a syringe assembly according to claim 4 containing a fluidic substance
in the first volume and a dry or lyophilized substance in the second volume;

ii) applying a force to pressurise the fluidic substance so that the resilient seal
moves to the open configuration and permits the flow of the fluidic substance
from the first volume to the second volume via the channel to form a solution or
mixture in the second volume; and

iii)) applying a force to the stopper to move the stopper axially forwardly so as to
expel the solution or mixture from the second volume through the narrowed

outlet.

A method according to claim 36, wherein the applied forces are provided by
moving a plunger element axially forwardly in the barrel, wherein the stopper is disposed
intermediate the plunger element and the narrowed outlet, and wherein the force applied
to the stopper in step iii) occurs when the plunger element contacts the stopper following

the expulsion of substantially all of the fluidic substance from the first volume.

A method according to claim 37, wherein the stopper further comprises a friction
clamp that is moveable between a clamping position and a non-clamping position, where a
higher force is required to axially move the stopper in the barrel when the friction clamp is
in the clamping position than when the friction clamp is in the non-clamping position,
wherein the plunger element comprises a key and the stopper comprises a socket
complementary to said key, and wherein engagement of the key in the socket moves said

friction clamp to said non-clamping position.

A method of using a syringe assembly substantially as hereinbefore described

with reference to the accompanying drawings.
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