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Contaliner for the at least substantially separate
storage and release of substances, in particular

for storage and release 1n outer space

Abstract

The 1nvention relates to a container (10), particularly
1n syringe form, for an at least substantially separate
storage and release of substances, 1in particular for
storage and release 1n outer space, with an outflow
opening (22), a storage chamber (12) for the storage of
the substances, with at least one slideable separator
element (24, 24', 24’’) which divides the storage
chamber (12) 1into sub-chambers (14, 16, 18, 20), and
with at least one shaped overflow channel (26) which is
provided for transporting substances from a sub-chamber
(14, 16, 18, 20) 1into a sub-chamber (14, 16, 18) which
1s arranged forward as seen 1in the direction of the

outflow opening (22), and/or into the outflow opening

(22) .

It 1s proposed that the overflow channel (26) and the
separator element (24, 24’, 24'’) are designed for an
at least substantlally sequential release of substances

and/or for washing-out a stored solid by a liquid.

(Fig. 1)
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Container for the at least substantially separate
storage and release of substances, in particular

for storage and release i1n outer space

Prior art

For chemical analysis methods, 1n ©particular for
biochemical analysis methods, for example il1mmunoassays,
a large number of different reagents and auxiliary
substances are needed. To perform an i1mmunoassay, for
example, capture antibodies (CAB) and detection
antibodies (dAB) and also markers, such as fluorescent
dves, chromogenic compounds oY chemiluminescent
compounds, enzymes, and auxiliaries such as washing
solutions, additives and auxiliary substances, acid or
basic solutions and, possibly, solvents for dissolving
dry-stored substances, are needed as reagents. These
substances are usually stored separately 1in storage
containers and, in order to perform an analysis, have
to be added in the correct sequence and with defined
volumes. The necessarily separate removal of the
individual substances from individual storage
containers and the 1in each case separate addition of

the substances for the analysis is a source of a wide
variety of errors, for example mixing up the storage
containers, removing and adding an 1incorrect volume of
a substance, or escape of hazardous substances, for
example toxic, aggressive or cytostatic substances,

during the removal from a storage container.

A similar problem concerning the need to add required

substances 1n an exactly required amount and concerning
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corresponding storage 1in 1ndividual portions arises in

respect of the administration of medicines.

To substantially avoid these sources of error and to
substantially reduce the possibility of escape of
hazardous substances, multili-compartment syringes are
already known in which all the substances required for
a medical administration can be stored, mixed and/or

injected, together in the correct volumes.

Advantages of the invention

The 1nvention relates to a container, particularly in
syringe form, for the at least substantially separate
storage of substances, 1n particular for storage and
release 1in outer space, with an outflow opening, a
storage chamber for the storage of the substances, and
with at 1least one slideable separator element which
divides the storage chamber into sub-chambers and which
has at least one shaped overflow channel which 1s
provided for transporting substances from a sub-chamber
into a sub-chamber which is arranged forward as seen in
the direction of the outflow opening, and/or into the
outflow opening. In particular, the separator element
1s 1ntended to be slid by a pressure applied to one end
of the contailiner, to a speclally shaped end separator
element as closure element of a last sub-chamber,
and/or to a last separator element. In principle,
however, the separator element can also have specially
provided sliding means, for example a built-in magnet
which applles a sliding force to the separator element
by means of an external magnet, or a slide handle which
extends in a specially provided groove of the container
and can be moved 1n order to slide the separator
element. “Storage and release 1n outer space” 1s to be
understood 1in particular as meaning that the storage

and release take place outside Earth, for example 1n a
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space vehicle such as a space probe, or in an Earth
orbit or at a Lagrange point, during a space flight or
a circuit round another planet or round a moon, on a
satellite, on a moon, on an asteroid or on a planet
other than Earth. In particular, the storage and
release 1n outer space can take place under conditions
of reduced gravity. “Conditions of reduced gravity” are
to be understood in particular as conditions in which
there 1s a gravity effect of at most 0.9 g,
advantageously of at most 1*10° g, preferably of at
most 1*10° g and particularly preferably of at most 1*
10°° g, wherein g designates the value of the
gravitational acceleration on Earth of 9.81 m/s®’. An
“overflow channel” 1s to be understood in particular as
a recess and/or a condult which, at least after a
predetermined effective force 1in a direction of the
outflow opening has been exceeded, 1s intended to
permit substance transport through the recess and/or
conduit 1n the direction of the outflow opening. In
particular, elements can be arranged in the overflow
channel which prevent substance transport through the

overflow channel when the effective force 1 not

reached 1in the direction of the outflow opening. An
“effective force” 1s to be understood in particular as
a resulting force acting in one direction on an element
and arising from the sum of all the forces acting on
the element. A “shaped overflow channel” 1s to be
understood 1n particular as an overflow channel which

is already present at the container before the

|

container 1is filled and before a start of a release

process. In particular, the overflow channel is formed

directly during production of a main body of the
container and/or during production of the separator
element. Moreover, 1t 1is possible to vary the number of
the separator elements arranged 1n the main chamber.
The container can in particular also have a basic shape

different than that of a syringe, for example designed
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as a tube with a screw cap or with a closure for crimp

caps with an inserted septum.

It 1s proposed that the overflow channel and the
separator element are designed for an at least
substantially sequential release of substances and/or
for washing-out a stored solid by a liguid. An “at
least substantially sequential release of substances
and/or washing-out of a stored scolid by a liquid” is to
be understood 1in particular as meaning that a release
of substances from different sub-chambers takes place
at least substantially free of mixing and the
substances are released at least substantially
separately 1n a sequence of their arrangement in sub-
chambers, as seen from a direction from the outflow
opening to an end of the container directed away from
the outflow opening, wherein stored sclids, before
prassing through the outflow opening, are dissolved by a
ligquid, which 1s suitable as solvent for the solid,
from the rear chamber as seen in the direction from the
outflow opening. “At least substantially free of
mixing” 1s to be understood 1in particular as meaning

that, during a release and/or storage, and apart from

dissolving of a stored solid by a solvent, a stored

substance 1nside the container forms, with another
substance, a mixture with a maximum volume fraction of
the further substance of at most five percent by
volume, advantageously at most one percent by volume
and preferably at most a half percent by wvolume. In

particular, a release of substances at least

substantially free of mixing differs from a release in
which the substances from different sub-chambers are
brought successgively 1into a frontmost area of the
container and are mixed there and are released from the
container 1in a mixed state. Preferably, the overflow
channel and the separator element are designed for an

at least substantially sequential release of substances
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and/or for washing-out a stored solid by a 1liquid in
such a way that the sequential release can also take

place under conditions  of reduced  gravity. In

particular, storage of substances for a reaction with a
requlred volume and 1n a correct seguence can be
achieved, and 1ncorrect release of the substances with
unsuitable volumes and/or in an incorrect sequence can

be avoilided.

It 1s further proposed that the geparator element has
the overflow channel. In particular, at least
substantially any desired number and size of sub-
chambers can be achieved by 1nserting a corresponding
number of separator elements i1nto a container, and, in
particular, a main body of the container with the main

chamber can be designed as a conventional syringe body.

It 1s further proposed that the overflow channel 1is
arranged on an outside of the separator element. It is
possible 1n particular to achieve structurally simple

production of the overflow channel.

Moreover, at least a second overflow channel 1is
proposed, whereln the overflow channels are arranged
symmetrically to each other. 1In particular, the
overflow channels are arranged symmetrically to each
other on an outside of the separator element. On 1its

outside, the separator element preferably has a

plurality of overflow channels, in particular four,

advantageously six and preferably eight overflow

channels, arranged symmetrically to each other. It 1is

possible 1n particular to obtain an advantageous
distribution of a substance across a sub-chamber and/or

the outflow opening and also a uniform release of

substance.
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It i1s further proposed that the separator element has

at least one sealing element which 1s provided for

In particular, the sealing

sealing off a sub-chamber.
element 1s arranged on an outside of the separator
element. Preferably, the sealing element i1s formed by a
circumferential sealing lamella. It 1s possible 1n
particular to 1increase the probability of storage free
of mixing, and to reduce the force that has to be

applied for sliding the separator element.

At least one overpressure element, which 1s arranged 1n
the overflow channel, 18 also proposed. An
‘overpressure element” is to be understood in

particular as an element which, when a predetermined

effective force, in particular an effective pressure
force, on the element 18 reached or exceeded, permits
transport of substance through the element and, when
the predetermined effective force 1s not reached,
prevents the transport of substance. In particular, the
overpressure element has a sub-element which is movable
by pressure and which by a movement, for example a
folding movement and/or sliding movement, frees an
opening for the transport of substance, and/or the
overpressure element 1s provided to form the opening by
damage when the predetermined effective force 1is
reached. It 1s possible in particular to prevent mixing

of stored substances through the overflow channels.

It 1s also proposed that the overpressure element has a
predetermined tearing point. A “predetermined tearing
point” 1s to be understood in particular as an area of
the overpressure element which, when the predetermined
effective force 1s reached, 1s 1ntended to form an
opening through damage of the overpressure element. It
1s possible 1in particular to obtain an overpressure

element of simple design.
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L 1s also proposed that the overpressure element 1is

provided for a mechanical deformation. “Provided for a

-

mechanical deformation” 18 to be understood in
particular as meaning that the overpressure element is
specilially designed such that, when a predetermined
effective force 1s reached, it frees a sub-region of
the overflow channel by damage-free deformation, for
example an elastic deformation, a folding back or
turning back. It 1s possible in particular to obtain an

overpressure element of simple design.

At least one transverse distributor channel 1s also
proposed, which is provided for distributing substances
along a transverse direction of the storage chamber.
The  transverse distributor channel 1s ©preferably
arranged on the separator element. A ‘“transverse
distributor channel” 1s to be understood 1n particular
as a shaped channel which 1s connected fluidically to
at least one overflow channel and which, at least in an
assembled state, extends along a transverse direction
of the mailn chamber and 1is provided such that
substances transported through the overflow channel are
distributed along the transverse direction. The
separator element preferably has a large number of
transverse distributor channels which run together and
which are each connected to a respective overflow
channel. Alternatively, a large number of transverse
distributor channels can be designed in such a way, for
example, that each transverse distributor channel
connects two overflow channels to each other and runs
parallel to these. It 1s possible in particular to
obtain an advantageous distribution of transported
substances over an entire diameter 1in the transverse

direction and a uniform volumetric flow.

It 1s also proposed that the separator element has at

least one elastic sub-region designed as a pierceable
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membrane. A “pierceable membrane” is to be understood
in particular as an elastic sub-region which, 1in an
undamaged state, 1s designed to be impermeable and 1is
provided for a separation of substances, and which 1is
intended to be pierced by a hollow needle and 1s
designed to be 1i1mpermeable once again after withdrawal

of the hollow needle. It 1s possible 1n particular to

obtain a simple way of filling the sub-chambers.

At least one functional coating applied on at least one
area of a surface of the storage chamber and/or of the
separator element 1s also proposed. A “functional
coating” 1s to be understood 1in particular as a coat
applied on a surface 1In a thickness of at most 1 mm,
advantageously of at most 0.1 mm and preferably of at
most 0.01 mm, which also has an additional function,
for example an anti-adhesion function, a friction-
reducing function, or a function for reducing non-
specific binding of stored substances to a material of
the surface. In particular, the functional coating can
be formed by a nano-coating. A “nano-coating” 1s to be
understood in particular as a coating with a thickness
of a few atomic layers. A nano-coating 1s preferably

formed from a monomolecular layer. A functional coating

can be formed, for example, by a coating with BSA
(bovine serum albumin) for reducing non-specific
binding, with polyethylene glycol, with poloxamers, for
example the poloxamer obtalnable under the trade name
Pluronic’, or with polysorbates, for example the
polysorbate obtalnable under the trade name Tween , or a
Teflon or silicone coating for friction reduction.
Alternatively, instead of a functional coating, a
functionalization of a surface can be achieved by means
of a surface treatment, for example a corona treatment
or a Jlow-pressure plasma treatment for generating

special functional groups, preferably OH groups, on the
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surface. An 1improved storage function can be achieved

1n particular.

At least one end separator element 1s also proposed,
which 1s provided for closing a rearmost sub-chamber.
An “end separator element” 1s to be understood 1in
particular as a separator element which 1s free of
overflow channels and has at least one circumferential
layer of sealling elements. A “circumferential layer of
sealing elements” 1s tC0O be understood in particular as
meaning that the end separator element has at least one
sealing element extending about an entire circumference
and/or a large number of sealing elements extending
contiguously about the entire circumference without
gaps between them. The end separator element preferably
has a plurality of circumferential lavers of sealing
elements, for example three layers of sealing elements.
In particular, the end separator element is intended to
close off the rearmost sub-chamber to the rear and in
particular to prevent transport of substance from the
sub-chamber 1n a direction away from an outflow
opening. The end separator element can in particular be
integrated 1into a movable piston of the container.
Except for being free of overflow channels, the end
separator element 1s preferably designed analogously to
the separator elements. A “rearmost sub-chamber” 1is to
be understood in particular as a last sub-chamber as
seen 1n a direction away from the outflow opening. It
1s possible 1in particular to achieve a secure closure

of a rearmost sub-chamber.

A method for the at least substantially sequential

release of substances from a contalner according to the
invention 1is also proposed, 1in which method the
sequential release takes place under conditions of

reduced gravity. It is possible in particular to
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prevent disturbance conditions, such as gravity-induced

sedimentation of stored substances.

It 1s also proposed that, 1in at least one further

method step between two method steps for the release of
a substance portion, the separator element is free from
an effect of a force. It 1s possible in particular to
obtain a rest period, for the reaction of released

substances, before further substances are added.

It 1s also proposed that a release is effected by an
external, controllable technical release device. A
“technical release device” 1s to be understood 1in
particular as a technical device which has at least one
input unit for entering commands and/or a control unit
with a memory for executing a stored control program,
and a release unit which, by means of a pressure or
suction process, effects a release o0of substance
portions from the container. The external, controllable
technical release device 18 preferably provided for
automated or partially automated release. Instead of
using an external controllable technical release
device, a release can 1n principle also be achieved by
a manual operation or by means of an auxiliary tool or
an auxilliary device. It 1s possible 1in particular to
achieve high-precision release of substance portions

and high process efficiency.

The container according to the invention 1is not
intended to be limited to the use and embodiment
described above. In particular, to perform a function
described herein, the container according to the
invention can have a number different than the herein
specified number of individual elements, components and

units.

Drawlings
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Further advantages will become clear from the following
description o©f the drawings. The drawings show an
illustrative embodiment of the invention. The drawings,

the description and the claims contain many features 1in

combination. A person skilled 1in the art will, as
appropriate, also consider the features 1ndividually
and group them together to form further meaningful

combinations.

In the drawings:

Fig. 1 shows a storage container according to the

invention with four separator elements,

Fig. 2 shows a detailed view of a separator element

according to the invention,

Fig. 3 shows a sequential release of substances from a

container according to the 1nvention,

.

Fig. 4 shows a view of a closed contalner according to

the invention, and of a process vessel which 1s

provided for connection to the container, and

Fig. 5 shows a procedure for connecting a contalner
according to the invention to a process vessel,

which has a slit septum.

Description of the i1llustrative embodiments

Fig. 1 shows a container 10 according to the invention,
in syringe form, for the at least substantially
separate storage of substances, with an outflow opening
22, a storage chamber 12 for the storage of the
substances, and three slideable separator elements 24,
24’, 24'’, which divide the storage chamber 12 1nto
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sub-chambers 14, 16, 18, 20, and with an end separator
element 25, which 1s provided for closing a rearmost
sub-chamber. The container 10 can 1in particular also
have a basic form different than that of a syringe, for
example as a tube with a screw cap or with a closure
for crimp caps, both with an 1inserted septum. The
separator elements 24, 24’, 24'' have, arranged on the
outsides, shaped overflow channels 26 which are
provided for transporting substances from one of the
sub-chambers 14, 16, 18, 20 into a sub-chamber 14, 16,
18 which 1s arranged forward as seen in the direction
of the outflow opening 22, and/or into the outflow
opening 22. The outflow opening 22 is formed by a cone-
shaped nozzle at a tapering end of a main body of the
contalner 10. In an alternative design, the outflow
opening 22 can also be cylindrical, for example. The
end separator element 25 1sg of the same diameter as the
separator elements 24, 24’, 24’’ and differs from these
principally in that it 1s free of overflow channels 26
and has three circumferential layers of sealing
elements. The end separator element 25 18 provided for
secure closure of the rearmost sub-chamber 20. In
alternative designs, the end separator element 25 can
be 1ntegrated in a movable piston of the container 10.
In the text below, a statement of direction “forward”
refers to a direction leading to the outflow opening
22, and a statement of direction “rearward” refers to a
direction leading away from the outflow opening 22. The
overflow channels 26 and the separator elements 24,
24", 24'’ are designed for an at least substantially
sequential release of substances and/or for washing-out
a stored solid by a liquid. A substance portion 32, 34,
36, 38 1s 1n each case stored in the respective sub-
chambers 14, 16, 18, 20. The substance portions 32, 34,
36, 38 are each formed from different ligquid
substances, although in principle several of the

substance portions 32, 34, 36, 38 could be formed from
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identical substances, and/or at least one of the
substance portions 32, 34, 36 can be formed from a
solid that 1s to be dissolved. The solid is preferably
formed from dried antibodies, chromogenic oY
fluorophore dyes or enzymes. A size of the sub-chambers
14, 16, 18, 20 1s defined by a distance of the
separator elements 24, 24', 24'' from one another and
by the distance of the frontmost separator element 24
from the outflow opening 22 and the distance of the
rearmost separator element 24’’’ from the end separator

In an alternative design, 1instead of the

element 25.
end separator element 25, it 1s possible to use an
element which 1s 1identical to the separator elements
24, 24', 24'' and which likewise has overflow channels
26. The end separator element 25 can be designed as a
component part of a piliston, by means of which a
pressure can be applied to the rearmost substance
portion 38 and to the separator elements 24, 24', 24'"
and substance portions 32, 34, 36 1lying in front of
this, and a sequential 1release of the substance

portions 32, 34, 36, 38 can be effected.

The main body, which forms the storage container 12 and
the outflow opening 22, 1s surrounded by an additional
cover layer 48, which 1s formed from a Teflon heat-
shrink hose. The additional cover layer 48 is provided
to protect a user of the container 10 when dealing with
hazardous substances stored 1n the container 10, for
example toxl¢c or carcinogenic substances. For this
purpose, the additional cover layer 48 lies 1like an
onion skin around the main body. Instead of a Teflon
heat-shrink hose, 1t 1s also possible to use adhesive
tapes and/or adhesive labels or coatings with an
elastic material. Instead of a single additional cover
layer 48, it 1s possible to enclose the container 10 in
a plurality of additional cover layers 48, for example

three cover layers 48. The main body 1is preferably
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produced from a biocompatible plastic with low non-
specific binding ability, for example a COC (cyclo-
olefin copolymer) or PEEK (polyether ether ketone). In

princliple, however, the main body can also be produced

from other plastics, for example polystyrene,
polyethylene, polycarbonate or polypropylene, or from
another material, for example from a metal or from

glass. The main body is preferably transparent.

The separator element 24 (Fig. 2) has 1n each case a
hard core 44 which 1s arranged centrally 1n an upper
area directed toward the outflow opening 22 in an
assembled state of the separator element 24 and extends
over half a longitudinal extent of the separator
element 24. The separator elements 24’ and 24’'’' are
designed identically to this. Moreover, the separator
element 24 has an elastic sub-region 42 which 1is
designed as a pilerceable membrane and which surrounds
the hard core 44. The elastic sub-region 42 1is
impermeable in an undamaged state and 1is provided for
the separation of substances. The elastic sub-region 42
can be pierced by a hollow needle in order to fill a
rearward sub-chamber 16, 18, 20 with a substance
portion 32, 34, 36, and it 1s also designed to be
impermeable after withdrawal of the hollow needle. The
hard core 44 1s produced from a material with a greater
stiffness than the elastic sub-region 42 . In
particular, the hard core 44 is produced from a hard
plastic such as polypropylene or polyethylene. In
principle, other elastic materials, biocompatible
plastics, such as COP or PEEK, or other materials such
as a metal, can also be used to produce the hard core.
In principle, the hard core 44 can be omitted, and the
separator element 24 can consist only of the elastic
sub-region 42. The elastic sub-region 42 of the
separator element 24 18 preferably produced from an

elastic material that is softer than a plastic material



10

15

20

25

30

35

CA 02823930 2013-08-15

- 1 -

of the hard core 44, or alternatively of silicone or
rubber. Over an entire surface, the separator element
24 has a transparent functional coating 46 of BSA
(bovine serum albumin) for reduction of non-specific
binding of the stored substances to the separator
element 24. Alternatively, it 1s also possible for just
some areas of the surface of the separator element 24
to have the functional coating 46, for example a top
face and bottom face of the separator element 24.
Alternatively or 1in addition, 1t 1s also possible for a
surface of the main body of the container 10, which
forms the storage container 12, to have the functional
coating 46. It 1s also possible to use a functional
coating 46 made from other substances, for example from
a poloxamer such as Pluronic or a polysorbate such as

®
lween .

The separator element 24 has six overflow channels 26.

The overflow channels 26 are arranged symmetrically to

a—

one another on an outside of the separator element 24.

In principle, the separator elements 24 can also have
another number of overflow channels 26, wherein the

separator elements 24 preferably have one overflow

channel 26 and at least a second overflow channel 26,

wherein the overflow channels 26 are  arranged

In the overflow channels

symmetrically to one another.
26, three overpressure elements 28 are arranged, of
which one overpressure element 28 1s arranged at one
end of the overflow channel 26 and one 1s arranged at a
center of the overflow channel 26. The overpressure
elements 28 are designed as sealing lamellae and each

have a predetermined tearing point which is intended to

start tearing when a predetermined effective pressure
in the direction of a top face of the separator element
24 directed toward the outflow opening 22 1n the
assembled state 1s exceeded. In an alternative design,

the overpressure elements can be provided for a
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mechanical deformation and, when the predetermined

effective pressure is exceeded, they deform elastically

for example or fold back. In a storage state, and
during the release of a substance portion 32, 34, 36
stored in a forward sub-chamber 14, 16, 18 i1n front of
the respective separator element 24, the overpressure
elements 28 are 1ntended to ensure that the substance
stored in the rearward sub-chamber 16, 18, 20 1s not
mixed with the substance stored 1in the forward sub-
chamber 14, 16, 18 and to allow the substance stored 1in
the rearward sub-chamber 16, 18, 20 to be released into
the forward sub-chamber 14, 16, 18 after the forward
sub-chamber 14, 16, 18 has been emptied.

In areas Dbetween the overflow channels 26, the
separator element 24 also has three sealing elements 30
which are arranged one above another and which are
provided for sealing off a sub-chamber 14, 16, 18, 20.
In principle, 1in alternative designs, the separator
element 24 can have a different number of sealing
elements 30 arranged one above another i1n areas between
the overflow channels 26. The sealing elements 30 are
designed as sealing lamellae. Moreover, the sealing
elements 30 mean that less force 1is applied to slide
the separator element 24, since only a frictiomnal
resistance of the sealing elements 30 with the material
of the malin body has to be overcome during sliding,
instead of a frictional resistance of an entire outer
face of the separator element 24 with the material of

the main body.

A transverse distributor channel 40, which 1s provided
for distributing substances along a transverse
direction of the storage chamber 12, is arranged on the
top face of the separator element 24. The tCransverse
distributor channel 40 connects ends of the overflow

channels 26 to one another 1in a star shape and causes a
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uniform distribution of transported substances across

an entire transverse extent of the storage chamber 12.

Fig. 3 shows an example of the sequence of a method for
the at least substantially sequential release of
substances from the container 10. The container 10 can
1n principle have one or more additional cover lavers
48. In the method shown, the seguential release takes
place under conditions of reduced gravity, for example
on board a space vehicle 1n outer space or 1in low Earth
orbit. A release 1s effected by an external,
controllable technical release device 50. The external,
controllable technical release device 50 1s 1ndicated
only schematically and can be designed, for example, as
an electromechanical piston device controlled by a
computer. Alternatively, the external, controllable
technical release device 50 can also be controlled
manually, or a release can be effected by hand by a
user 1n a manual operation or by means of an auxiliary
tool or an auxiliary device. Preferably, the release by
the external, controllable technical release device 50
1s automated or partially automated. The external,
controllable technical release device 50 can comprise a
robotic arm for moving the container 10 during
transport and/or during release of sgubstance portions
32, 34, 36, 38. In a first method step 52, a force 70
is applied to the end separator element 25 by means of
the external, controllable technical release device 50,
which force 1s transmitted as pressure to the substance
portion 38 1n the sub-chamber 20 lying in front and to
the separator elements 24, 24’, 24’' and substance
portions 32, 34, 36. The frontmost substance portion 32
1s released through the outflow opening 22 as a result
of the pressure, and the frontmost sub-chamber 14
empties. Through an emptying of the frontmost sub-
chamber 14, it 1s possible for the separator elements

24, 24’ , 24'’", the end separator elements 25, the other
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substance portions 34, 36, 38 and tChe sub-chambers 16,
18, 20 to be slid accordingly i1in the direction of the
outflow opening 22. Sliding the separator elements 24,
24', 24’'' and the end separator element 25 takes place
simultaneously with the emptying of the frontmost sub-
chamber 14. The predetermined tearing points of the
overpressure elements 28 are designed 1in such a way,
and adapted to a pressure acting on them 1n such a way,

that the overpressure elements 28 remailn intact during

a sliding procedure and, 1in this way, a transfer of
substance from one of the rearward sub-chambers 16, 18,

20 1nto the sub-chambers 14, 16, 18 does not occur.

In a following method step 54, the frontmost substance
portion 32 1s completely released and the frontmost
separator element 24 has thus been slid to an area of
the main body of the container 10 narrowing toward the
outflow opening 22, which area serves as blockade
element and prevents further sliding of the separator
element 24. The external, controllable technical
release device 50 still applies a force 70, which acts
as pressure on the frontmost separator element 24 and
is now free from a partial compensation by a
hydrostatic pressure of the frontmost substance portion
32, such that the predetermined tearing points of the
overpressure elements 28 of the separator element 24
tear and permit transport of substance through the
overflow channels 26 of the sgeparator element 24. The
substance portion 34 stored in the sub-chamber 16 lying
behind can thus flow through the overflow channels 26
into the outflow opening 22 and be released. The sub-
chamber 16 1is thus emptied, and the separator elements
24’ , 24'' 1lyving behind 1i1t, the end separator element 25
and the sub-chambers 18, 20 with the stored substance
portions 36, 38 are slid forward in the direction of

the outflow opening 22.
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ITn a further method step 56, the sub-chamber 16 1is
completely emptied, and the separator element 24’
adjoining the sub-chamber 16 from behind has been slid
as far as the frontmost separator element 24, which
serves as a blockade element and prevents a sliding of
the separator element 24’. Through the pressure still
applied by the force 70, the predetermined tearing
poilnts of the overpressure elements 28 1n the separator
element 24’ tear, and the substance portion 36 1in the
sub-chamber 18 1s released via the overflow channels 26
of the forward separator elements 24. A sliding of the
rear separator element 24’’’ and of the end separator
element 25 takes place analogously to the sliding in

the preceding method steps 52, 54,

In a further method step 58, between two method steps
56, 60 for the release o0of substance portions 32, 34,
36, 38, the end separator element 25 1s free from the
effect of the force 70. Freedom from force 1s brought
about by a control of the external, controllable
technical release device 50. The further method step 58
creates a pause 1in the release, which pause 1s needed
to allow a complete reaction of the substance portions

32, 34, 36 before addition of the substance portion 38.

In a further method step 60, analogously to the
preceding method steps 52, 54 and 56, the sub-chamber

20 1s emptied and the substance portion 38 released.

In a final method step €62, the substance portion 38 is
completely released, and application of a force 70 1is
discontinued by the external, controllable release

device 50.

As an alternative to a release of substance portions
32, 34, 36, 38 by means of pressure, a sequential

release can also be achieved by a suction process, by



10

15

20

25

30

35

CA 02823930 2013-08-15

- 20 -

which the frontmost sub-chamber 14 1is emptied and the
separator elements 24, 24’', 24'’' and the end separator
element 25 are slid, analogously to the method steps
52, 54, 56, 58, 60 and 62, by an underpressure 1in the

frontmost sub-chamber 14.

For storage, the outflow opening 22 of the container 10
can be closed off with a closure cap 64, adjoining
which a septum 1nsert can be arranged 1inside the
outflow opening 22, or alternatively with an elastic
sealing 1insert (Fig. 4). At the start of a release
process, 1n order to open the container 10 the closure
cap 64 can be removed or can be pierced by means of a
canula 66 of a process vessel 68. Alternatively, after
removal of the closure cap 64, the septum insert can be
plerced by the canula 66 or the elastic sealing insert
can be pierced. Alternatively, it 1is also conceivable
that the container 10 and the process vessel 68 can be
connected to each other as a Luer lock and, before the

start of a release process, only the closure cap 64 of

the container 10 has to be removed. In an alternative

design, a container 10’ has a cylindrical instead of a
conical outflow opening 22’ and 1s closed by a closure

cap 64’ with an inserted septum.

In another alternative design (Fig. 5), the process
vessel 68 can be provided with a slit septum 72. The
slit septum 72 can be divided along a pre-formed slit.
For a release process, the closure cap 64 of the
container 10 1s removed, and the container 10 1is
inserted at the outflow opening into the slit septum
72. The container 10 divides the slit septum 72 along
the slit and 1s laterally surrounded by the slit septum
72 at the outflow opening. Slit septum 72 and container
10 establish a form-fit Luer lock connection. The Luer
lock connection 1s covered 1n a sterile manner by the

slit septum 72.
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Reference numerals

10 contaliner

10 contalner

12 storage chamber

14 sub-chamber

16 sub-chamber

18 sub-chamber

20 sub-chamber

22 outflow opening

22 outflow opening

24 separator element

24 separator element
2477 separator element

25 end separator element
26 overflow channel

28 overpressure element
30 sealing element

32 substance portion

34 substance portion

36 substance portion

38 substance portion

40 transverse distributor channel
42 elastic sub-region

44 hard core

46 functional coating

48 additional cover laver
50 release device

52 method step

54 method step

56 method step

58 method step

60 method step

62 method step
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64 closure cap

64’ closure cap

66 canula

66 ° canula

68 process vessel

68’ process vessel

70 force

72 slit septum
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Claims

A container for an at least substantially separate storage and release ot
substances with an outflow opening (22), a storage chamber (12) for the
storage of the substances, with at least one slideable separator element
(24, 24°, 24’") which divides the storage chamber (12) 1nto a first sub-
chamber (14, 16, 18, 20) and a second sub-chamber (14, 16, 18), and with
at least one shaped overflow channel (26) which 1s provided for
transporting the substances from the first sub-chamber (14, 16, 18, 20) into
the second sub-chamber (14, 16, 18) which is arranged forward as seen in
the direction of the outflow opening (22), and/or into the outflow opening
(22), characterized in that each overflow channel (26) and the separator
element (24, 24', 24”’) are designed for an at least substantially sequential
release of the substances and/or for washing-out a stored solid by a liquid
wherein each overflow channel is provided in one separator element at
least partially on a radially outer surface of said one separator element and
extending through the separator element at any position in the storage
chamber, whereby the overflow channel, along the length thereof, 1s
partially defined by the container, and wherein each separator element
has, around the penphery thereof, an elastic sub-region, providing a seal
for sealing engagement with the container, with each overflow channel
formed 1n the elastic sub-region, wherein each overflow channel
comprises at least one overpressure element (28), which is arranged in
the overflow channel (26),

wherein the overpressure element (28) is provided for a mechanical
deformation, and

wherein the overpressure element (28), when a predetermined effective
pressure 1s exceeded, deforms elastically or folds back in the direction of a
top face of the separator element (24, 24°, 24”’) directed toward the outflow

opening (22).
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The container according to Claim 1, characterized by at least one second
overflow channel (26), wherein the overflow channels (26) are arranged

symmetrically to each other.

The container according to Claim 1 or 2, characterized in that the seal of
each separator element (24, 24°, 24’’) comprises at least one sealing

element (30), for sealing off one of the sub-chambers (14, 16, 18, 20).

The container according to any one of Claims 1 to 3, characterized in that

the overpressure element (28) has a predetermined tearing point.

The container according to any one of Claims 1 to 4, characterized by at

least one transverse distributor channel (40), which is provided for

distributing the substances along a transverse direction of the storage

chamber (12).

The container according to any one of Claims 1 to 5, characterized in that

the elastic sub-region (42) of each separator element is as a pierceable

membrane.

The container according to any one of Claims 1 to 6, characterized by at
least one functional coating (46) applied on at least one area of a surface of

the storage chamber (12) and/or of the separator element (24, 24°, 247").

The container according to any one of Claims 1 to 7, characterized by at

least one end separator element (25), which 1s provided for closing a

rearmost sub-chamber (20).

A shideable separator element for use in a container (10), including an
outflow opening (22), and a storage chamber (12) for at least substantially
separate storage and release of substances, the slideable separator
element (24, 24°, 24"’) comprising:

at least one shaped overflow channel (26) formed on a radially outer
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surface of the slideable separator element (24, 24°, 24’’), whereby, in use
with the container, the overflow channel 1s partially defined by the
container, for transport of the substances from a first sub-chamber (14, 16,
18, 20) into a second sub-chamber (14, 16, 18), and arranged forward as
seen in the direction of the outflow opening (22), and/or into the outflow
opening (22); and

at least one overpressure element (28) formed in the at least one shaped
overflow channel (26) and configured to mechanically deform under a
predetermined effective force, wherein the at least one shaped overflow
channel (20) is configured to, at least substantially,

sequentlally release the substances and/or to wash-out a stored solid by a
liquid, and wherein,

when the predetermined effective force is reached, the at least one
overpressure element (28) deforms elastically or folds back in the
direction of a top face of the slideable separator element (24, 24°, 24’")

directed toward the outflow opening (22).

A method for an, at least substantially, sequential release of substances
from a container (10), comprising:

applying a first force, via a controllable technical release device, to an end
separator element (25) of the container (10) including an outflow opening
(22) connected to at least a first sub-chamber (14, 16, 18, 20) and a second
sub-chamber(14, 16, 18), which results in

emptying a first substance from the first sub-chamber (14, 16, 18, 20)
through the outflow opening (22),

shiding a slideable separator element (24, 24’, 24’’), each of which includes
an overflow channel extending through separator element at any position
in the container, and each of which separates the first sub-chamber (14, 16,
18, 20) from the second sub-chamber (14, 16, 18) and 1s located closest to
the overflow opening (22), during which at least one overpressure element
(28) within the slideable separator element (24, 24°, 24”’) remains intact to
prevent substances of the second chamber to flowing through an overflow

channel to mix with the first substance, and



10

15

20

29

11.

12.

13.

CA 02823930 2015-10-09

.26 -

sliding the slideable separator element (24, 24°, 24"") to the outflow

opening (22) so as to prevent an unintentional mixing volume and/or dead

volume; and

applying a second force, via the controllable technical release device, to
the end separator element (25) of the container (10), which results in
tearing at least one overpressure element (28) of the slideable separator

element (24, 24’°, 24’’), and emptying a second substance through the

overtlow opening (22).

The method according to Claim 10, characterized in that the sequential

release takes place under conditions of reduced gravity.

The method according to Claim 11, characterized in that, in at least one
method step (568) between two method steps of applying a first force to
eftect emptying of the first substance and applying a second force to effect
emptying of the second substance (36, 38), the separator element (24, 24°,

24°") 1s free from an effect of a force (70).

The method according to any one of Claims 10 to 12, characterized in that
the controllable technical release device comprises an external,

controllable technical release device (50).
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