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by a friable barrier and a flow distribution disk. Alternate embodiments include
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of two or more liquid reagents.
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DUAL CHAMBER DISSOLUTION CONTAINER WITH PASSIVE AGITATION

Background of th ntion

Numerous combinations of reagents that have beneficial or desirable characteristics can lose their desirable
properties over time. This transition can be prevented by maintaining each component separately prior to use, &.g.,
until their combined function is desired. Examples of these combinations include reagent aggregation in solution,
reagent degradation, production of gases that aiter the concentration or physical properties of the solution, and
changes in pH, color, taste of regent in solution.

An additional problem associated with combining dry and wet reagents within a closed housing i1s the
difficulty in ensuring that the reagents are completely dissolved. Manipulation is usually required to ensure that the
dry reagent is exposed to the diluent. The potential for incomplete dissolution is increased by the need for agitation.
The duration and degree of agitation is directly proportional to the degree of dry reagent dissolution. Without
adequate agitation, dry reagents may not be completely dissolved and the resulting solution would have the desired
characteristics.

The difficulty associated with achieving complete dissolution of reagent is more difficult when a small
volume of diluent is used to dissolve a large volume amount of dry reagent. The preparation of certain solutions Is
narticularly difficult with combinations that use small volumes of diluent compared to the dry reagent volume.
Examples of these types of combinations include vaccines, biotechnology derived drugs and concentrates of any form.
This problem is also difficult with poorly soluble reagents.

With some combinations of reagents, excessive agitation produces undesirable characteristics. For example,
nrotein-containing solutions produce foaming with excessive agitation. Foaming of protein solutions can lead to
protein denaturation, which can destroy the activity of the protein solution. Additionally, foaming can prevent
complete delivery of the solution from the preparation container as some portion of the foam will frequently remain in
the vessel used for agitation.

Methods used to combine wet and dry reagents include containment of reagents in separate containers that
are joined together, then the separation is removed and the reagents are combined by vigorous agitation of the
combined containers. Other attempts to prepare a solution from separated components include containment of the
components separately within a single packaging. These include containment of diluent within a bag that has a
hreakable barrier or perforation mechanism that allows contact of the separated reagents.

For these and other reasons, apparatus and methods for dissolving and mixing reagents rapidly, efficiently,

and with minimal agitation would be desirable.

Description of the Drawings
FIG 1 shows a cross section view of a generic reagent dissolution chamber in accordance with the preferred

embodiments.
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down view of one flow distribution disk embodiment for use with the mechanism of FIG 1. FIG 2B shows a cross
section of an alternate flow distribution disk embodiment. FIG 2C shows a cross section of another alternate flow
distribution disk embodiment.

FIG 3 shows a plunger-driven reagent dissolution chamber. FIG 3A shows the chamber in a fully loaded,
ready-to-use state. FIG 3B shows the chamber in a partially depressed state with the dark arrow indicating diluent
flow through the flow distribution disk and through the reagent chamber. FIG 3C shows a discharged chamber.

FIG 4 shows a spring-driven reagent dissolution chamber. FIG 4A shows the chamber in a fully loaded,
ready-to-use state. FIG 4B shows the chamber in a partially depressed state.

FIG 5 shows a spring-driven reagent dissolution chamber containing a first liquid reagent and a second liquid
reagent. FIG 5A shows the chamber in a fully loaded, ready-to-use state. FIG 5B shows the chamber in a partially
depressed state with the dark arrow indicating diluent flow through the flow distribution disk and through the reagent
chamber. .

Detailed Description of the Preferred E ime

The desirable effects of mixture of dry reagents dissolved in diluent may be diminished over time. Similarly,
the mixture of some wet reagent combinations may produce undesirable results if the mixture is aliowed to stand for
extended periods of time. To mitigate this possibility, this description below provides apparatuses and methods of
using same that maintain desired reagents separately until mixing is needed. This is accomplished within a closed
housing. Production of pressure within the housing induces rupture of a friable barrier exposing one reagent to the

diluent. Increased efficiency of dissolution of dry reagents or mixing of fluid reagents is achieved due to generation of

~ directional flow within the reagent bed due to flow directing channels with a flow directing disk. The passively

induced agitation creates vortices within the closed housing.

A reagent dissolution chamber is shown in FIG 1. The embodiment depicted in FIG 1 shows a reagent
dissolution chamber 10 comprising a diluent chamber 20 with a diluent 25 and at least one reagent chamber 30 with
a reagent 35 within a housing 40. The diluent chamber and the at least one reagent chamber are separated by a
friable barrier 50. Note that in the other arrangements, diluent can be provided separately as disclosed in U.S. Patent
No. 6,274,103, issued August 14, 2001. The friable barrier enables formation of a dual chamber for separate
containment of dry reagent and diluent/therapeutic fluid. This is advantageous for any combination of materials that,
when in contact, induce a deleterious effect over time. This deleterious effect could include formation of precipitation
or crystals, loss of efficacy or formation of gases. Examples of combinations of reagents include therapeutic agents
and diluents, multi-component cleaning solutions and sterilizing solutions. Examples of these are an antibiotic and the
diluent (Cefazolin and Saline), combination anti-nerve gas agents (HI-6 and Atropine), or peracetic acid prepared from a

combination of reagents.

A flow distribution disk 100 is located within a housing 40 between the diluent chamber 20 and the at least

one reagent chamber 30. The flow distribution disk 100 generates a distribution of diluent flow within a closed
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housing. The compound angles between the inlet and outlet ports of the disk create a flow directed from the central
portion of the housing 40 toward the periphery. The result is generation of passive agitation at the periphery of the
housing interior. This flushing effect due to the spiraled flow within the reagent bed 35 increases the efficiency of
dissolution.

For example, as the diluent is forced through the dry reagent bed 35, the reagent or reagents In the bed are
dissolved and reduced in volume. As this occurs, a compressed porous expansion component 70 expands, moving the
flow distribution disk 100 axially within the housing to maintain c.ontact with the reagent bed 35. As the flow
distribution disk 100 moves axially, the micro-spirals or vortexes of diluent progress axially until the reagent bed is
dissolved and the flow distribution disk 100 is in contact with the terminal portion of the housing. As depicted in FIG
1, the shape of the flow distribution disk 100 is preferably adapted to permit a flush interaction of the disk with the
housing 40.

Another embodiment includes incorporation of external grooves on the interior of the housing with
corresponding projections from the flow distribution disk. The grooves can be vertical within the housing or spiral.
Vertica! grooves would provide uniform axial movem.ent of the flow distribution disk perpendicular to the housing.
Grooves in a spiral pattern would provide uniform rotation of the flow distribution disk as it moves down the length of
the housing. Both of these embodiments provide a uniform and complete exposure of the diluent to the entire housing
interior and the dry reagent bed. Alternately, the grooves can be located in the flow distribution disk with
corresponding projections from the housing interior.

An embodiment of a flow distribution disk is shown in FIG 2A-C. The embodiments depicted in FIG 2 shows
a flow distribution disk 100 comprising a plurality of directional channels 110. A directional channel comprises an
inlet port 120 and an outlet port 130 connected by a flow channel 140.

The inlet and outlet ports connected by directional channels are arranged in the flow distribution disk 100 at
compound angles to direct diluent passing through the flow distribution disk into the reagent bed. Picturing the flow
distribution disk 100 in a three-dimensional system where X is the horizontal axis, Y is the lateral axis and Z is the
vertical axis. From the horizontal axis, typical angles are between 30 and 90 degrees, preferably between 45 and 75
degrees and more preferably between 55 and 65 degrees. In the same system the Y angles would be between 30 and
90, preferably between 45 and 75 degrees and more preferably between 55 and 65 degrees. In the same system the
Z angles would be between 30 and 90, preferably between 45 and 75 degrees and more preferably between 55 and
65 degrees. In practice, when pressure is applied to the diluent chamber, diluent flows to the flow distribution disk
100 and the inlet ports 120. Diluent passes through the inlet ports and enters the directional channels in the flow
distribution disk. The diluent then passes through the outlet ports.

The flow distribution disk embodiment shown in FIG 2A has a plurality of directional channels 110 disposed
at approximately 30 degrees sloping away from the center of the flow distribution disk. Although four directional
channels are depicted in the lower part of the figure, additional channels can be included in the disk. When diluent

passes through the flow distribution disk, the flow creates muitiple spiral flows within the reagent bed. The
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directional channels can have progressively diminished diameter from the inlet to the outlet ports to create a ventur
effact. The result of such an embodiment would be to enhance diluent flow rate from the outlet ports. Alternatively,
the directional channels can have dual conical pores with constrictions in the center of the flow distribution disk.

In another embodiment, the directional channels can connect laterally to ports on the peripheral sides of the
flow distribution disk. In such an embodiment, diluent forced through the flow distribution disk is directed toward the
interior housing wall or at the very peripheral end of the downstream edge of the flow distribution disk. The former
ensures that the interior housing wall is flushed by the diluent. The latter ensures that agitation is focused at the
peripheral margins of the housing interior.

The flow distribution disk embodiment shown in FIG 2B also has a plurality of directional channels 110
disposed at approximately 30 degrees sloping away from the center of the flow distribution disk. In this embodiment,
the flow distribution disk comprises two layers, a top layer 150 and a bottom layer 160 that, when placed adjacent to
each other form a distribution chamber 170. In the depicted embodiment, the top layer has a central pore 155
through which ihe diluent flows when the device is in use. The top layer directs the diluent from the diluent chamber
to the central pore. The diluent then passes through the central pore to the inlet ports 120, the flow channels 140
and the outlet ports 130 that make up the directional channels 110.

The flow distribution disk embodiment shown in FIG 2C comprises a top layer 150 and a porous plate 169.
The porous plate can be composed of hydrophobic materials to hinder flow of hydrophilic materials, which is designed
to aid in spreading the diluent flow across the face reagent bed. The outlet of the porous plate 165 comprises a
plurality of outlet ports 130.

From the discussion above it is apparent that a pressure generating structure facilitates the function of the
disclosed device. In the embodiment shown in FIG 3, a plunger is used to push the diluent through the device.
Alternative embodiments include the use of molded or metal springs. Various embodiments are discussed below.

A plunger driven reagent dissolution device 200 is shown in FIG 3. The device comprises a housing 40,
which includes a diluent chamber 20 and at least one reagent chamber 30 separated by a friable barrier 50. The
housing also includes a housing outlet 90. A diluent 25 is located in the diluent chamber 20. One or more reagents of
interest 35 are located in the at least one reagent chamber 30. A flow distribution disk 100 is located between the
diluent chamber 20 and the reagent chamber 30.

A plunger 210 is located adjacent to the diluent chamber 20. The diluent is contained within the diluent
chamber 20 formed by a plug seal 220, the housing 40 and the friable barrier 50. The plug seal comprises a pressure
generating side 201 and a diluent side 222. The plug seal 220 is typically composed of a non-porous, elastic material
that conforms to the interior walls of the housing 40, forming a seal between the plug seal and the housing walls.
The friable barrier 50 is comprised of a diluent side 51 and a reagent bed side 52, and is typically composed of a non-
porous, non-elastic material. The friable barrier 50 bursts when a differential pressure occurs on one side of the

barrier 50. This pressure is between 5 and 90 pounds per square inch (PSI), preferably 10 and 75 PSI and more
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oreferably between 20 and 30 PSI. In the depicted embodiment, the plunger 210 generates pressure within the
chamber 20 by transferring pressure from the plunger 210 to the pressure generating side 225 of the plug 220.

A porous expansion component 230 is located within the chamber adjacent to the reagent bed side 52 of the
friable barrier 50. The porous expansion component 230 comprises a diluent side 231 and a reagent hed side 232.
The porous expansion component 230 typically consists of a porous, compressible material that has an elastic
memory. The porous expansion component 230 is compressed when the device Is prepared. When the device is in
use, the porous expansion component 230 is induced to expand to its original axial length following release from
compression. Suitable materials for use as the component include polyurethane foam, springs such as molded
polymeric springs, metal springs, and the like.

Adjacent to the reagent bed side 232 of the porous expansion component 230 is a dry reagent bed 35. One
or more discrete reagent beds can be located within the dry reagent bed portion of the device 200. When more than
one reagent bed is used, each bed can be separated by an additional friable barrier, a porous barrier that permits
diluent to pass through while restraining the dry reagent, or other suitable barrier. Downstream of the dry reagent
bed 35 is a reagent bed restraint 240. The reagent bed restraint is typically composed of an inert porous material.
One example of a reagent bed restraint 240 is a porous nolyethylene plug. The housing outlet 80 is located
downstream from the dry reagent bed and reagent bed restraint 240.

In practice, the plunger 210 is depressed from a starting point shown in FIG 3A, which depicts a fully
charged reagent dissolution device 200. As the plunger 210 moves into the diluent chamber 20, pressure is generated
against the friable barrier 50 until the barrier is ruptured. Diluent then flows into the porous expandable material 230
and into the flow distribution disk 100. The diluent then leaves the flow distribution disk 100 forming micro-vortexes
that facilitate the dissolution of the reagent 35. This flow and mixing is indicated by the dark lines in FIG 5B, which
depicts a partially discharged device 200. The device 200 depicted in FIG 5C has been fully discharged.

A spring driven reagent dissolution device 300 is shown in FIG 4. In the illustrated embodiment, the housing
40, diluent chamber 20, reagent chamber 30, and other features of the device 300 are the similar to those shown in
FIG 3. The pressure-generating component of this embodiment, however, is not a plunger but an expanding material
such as a spring 310. The spring 310 is located adjacent to the pressure generating side of the plug seal 220.
Typically the spring 310 or other expandable material is held in a compressed form that can be released to apply
pressure to the plug seal 220. After the spring 310 or other expandable material is released and begins to expand,
movement of the plug seal 220 into the diluent chamber 20 generates pressure on the diluent 25 that causes the
friable barrier 50 to bursts. As the spring expands, it drives the plug seal and the diluent toward porous expansion
component 230 and the flow distribution disk 100. The diluent passes through the flow distribution disk 100
dissolving the dry reagent in the reagent bed 35. As the prepared solution emerges from the reagent chamber 30, it
can be filtered by the reagent restraint 240. Alternatively, the reagent restraint can be displaced by the flow of

solution out of the reagent chamber. Ultimately, the prepared solution flows from the housing outlet port 0.
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Another spring driven reagent dissolution device 400 is shown in FIG 5. In the illustrated embodiment, the
housing 40, and other features of the device are the similar to those shown in FIG 4. However, this reagent
dissolution device 400 is designed to mix two liquid reagents, a first liquid reagent 410 and a second liquid reagent
420. rather than a diluent and a dry reagent. Just as with the embodiment shown in FIG 4, after the spring 310 or
other expandable material in the reagent dissolution device 400 is released, resultant movement of the plug seal 220
into the diluent chamber 20 generates pressure that causes the friable barrier 50 to bursts. As the spring 310
expands, it drives the plug seal 220 and the first liquid reagent 410 toward the flow distribution disk 100. The first
liquid reagent passes through the flow distribution disk 100 and mixes with the second liquid reagent 420.

In one embodiment, attachment of a hydrophabic barrier to the flow distribution disk can replace the porous
expansion component. In this embodiment, after rupture of the friable barrier 50 by the application of pressure, the
first liquid reagent 410 is forced through the hydrophobic barrier and through the flow distribution disk 100. The
second liquid reagent 420 is then mixed with the first liquid reagent 410 to form the solution of interest. This mixing
process is enhanced by the directed flow resulting from the flow distribution disk 100. Such an embodiment can be
oressured by a plunger or spring driven pressurization.

FIG 5A depicts a fully charged reagent dissolution device, FIG 5B shows a partially discharged device, and
FIG 5C depicts a fully discharged device.

Example

An example of a reagent dissolution device is a device for the preparation of a typical antibiotic solution
le.g., a cephalosporin such as CEFAZOLIN™). The reagent dissolution device comprises a housing with a diluent of
oharmaceutical grade water and a reagent bed comprising 1000 mg of a cephalosporin. The reagent dissolution
chamber has a plunger, as depicted in FIG 3.

When the time comes to prepare the antibiotic solution, the user depresses the plunger. Depression of the
plunger results in the generation of pressure within the chamber sufficient to burst the friable barrier in the dissolution
chamber. Once the friable barrier bursts, diluent flows toward the dry reagent bed containing the cephalosporin. As
the diluent flow passes through the flow distribution disk, the force of the flow is directed from the central area of
the flow distribution disk to the periphery. Additionally, the constriction of flow produced by the reduction in flow
channels in the flow distribution disk induces an augmentation in flow velocity. The resulting effect is the generation
of micro-spirals or vortices at the periphery of the interior of the housing at the upstream surface of the dry reagent
bed. These micro-spirals enhance the dissolution rate of a dry reagent bed by creating passive dissolution requiring no
external agitation or mixing. The net result is bolus delivery of an antibiotic solution.

Although the invention has been described with reference to embodiments and examples, it should be

understood that various modifications can be made without departing from the spirit of the invention. Accordingly,

the invention is limited only by the following claims.
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WHAT IS CLAIMED IS:

1. A reagent dissolution device comprising a housing, a diluent, and at least one reagent bed, wherein
the diluent and the at least one reagent bed are separated by a friable barrier and a flow distribution disk.

2. The reagent dissolution device of Claim 1, further comprising a porous expansion component
located between the friable barrier and the flow distribution disk.

3. The reagent dissolution device of Claim 1, wherein the flow distribution disk contains a plurality of
directional channels disposed at a range from 30 to 90 degrees with respect to the vertical axis of the disk.

4. The reagent dissolution device of Claim 1, wherein the flow distribution disk contains a plurality of
directional channels disposed at a range from 45 to 75 degrees with respect to the vertical axis of the disk.

b. The reagent dissolution device of Claim 1, wherein the flow distribution disk contains a plurality of
directional channels disposed at a range from 55 to 65 degrees with respect to the vertical axis of the disk.

b. The reagent dissolution device of Claim 1, wherein the flow distribution disk comprises a top layer
and an adjacently disposed bottom layer that form a distribution chamber.

/. The reagent dissolution device of Claim 6, wherein the bottom layer is a porous plate.

8. The reagent dissolution device of Claim 6, wherein the bottom layer comprises a plurality of

directional channels bounded by an inlet port and an outlet port.

9. The reagent dissolution device of Claim 1, further comprising a pressure-generating plunger.

10. The reagent dissolution device of Claim 1, further comprising a pressure-generating spring.

11. The reagent dissolution device of Claim 1, wherein the diluent comprises a first liquid reagent.

12. The reagent dissolution device of Claim 11, wherein the at least one reagent bed contains a second

liquid reagent.
13. The reagent dissolution device of Claim 1, wherein the at lest one reagent bed comprises a dry
reagent bed.
14. A method of preparing a pharmaceutically acceptable solution comprising:
providing a dissolution chamber, wherein the dissolution chamber comprises a housing, a diluent,
and at least one reagent bed, wherein the diluent and the at least one reagent bed are separated by a friable
barrier and a flow distribution disk;
applying sufficient pressure to the diluent such that the friable barrier is ruptured and the diluent is
applied to the flow distribution disk, micro-spirals are creating in the diluent emerging from the distribution

disk; and

dissolving the at least one reagent bed with the diluent such that the pharmaceutically acceptable

solution is prepared.

15. The method of Claim 14, wherein mixing comprises dissolving dry reagent from the at least one

reagent bed.
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16. The methed of Claim 14, wherein mixing comprises mixing the diluent with liquid reagent from the

at least one reagent bed.

17. A reagent delivery device comprising:
a housing defining a fluid flow path therethrough,
a dry reagent bed within the housing;
a compression component exerting pressure upon the dry reagent bed; and

a flow distribution disk positioned upstream of the dry reagent bed, the disk including at least one

angled flow passage therethrough.
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