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PROCESSES AND DEVICES FOR DELIVERY OF FLUID BY CHEMICAL REACTION

CROSS REFERENCE TO RELATED APPLICATION

[0001] This application claims priority to U.S. Provisional Patent Application Serial No.
62/460,414, filed February 17, 2017 .

FIELD OF THE DISCLOSURE

[0002] The present disclosure relates to processes and devices for parenteral delivery of
therapeutic fluids. More particularly, the present disclosure relates to processes and devices for
parenteral delivery of high-viscosity therapeutic fluids (e.g., protein therapeutics) by a chemical

reaction that generates a gas.

BACKGROUND OF THE DISCLOSURE

[0003] Protein therapeutics 1s an emerging class of drug therapy that provides treatment
for a broad range of diseases, such ag autoimmune disorders, cardiovascular diseases, diabetes,
and cancer. A common delivery method for some protein therapeutics, such as monoclonal
antibodies, is through intravenous infusion, in which large volumes of dilute solutions are
delivered over time. Intravenous infusion usually requires the supervision of a doctor or nurse
and is performed in a clinical setting. This can be inconvenient for a patient, and so efforts are
being made to permit the delivery of protein therapeutics at home. Desirably, a protein
therapeutic formulation can be administered using a syringe for subcutaneous delivery instead of
requiring intravenous administration. Subcutaneous injections are commonly administered by

laypersons, for example in the administration of insulin by diabetics.

[0004] Transitioning therapeutic protein formulations from intravenous delivery to
injection devices like syringes and injection pens requires addressing challenges associated with
delivering high concentrations of high molecular weight molecules in a manner that is easy,
reliable, and causes minimal pain to the patient. In this regard, while intravenous bags typically

have a volume of 1 liter, the standard volume for a syringe ranges from 0.3 milliliters up to 25
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milliliters. Thus, depending on the drug, to deliver the same amount of therapeutic proteins, the
concentration may have to increase by a factor of 40 or more. Also, injection therapy is moving
towards smaller needle diameters and faster delivery times for purposes of patient comfort and

compliance.

[0005] Delivery of protein therapeutics is also challenging because of the high viscosity
associated with such therapeutic formulations, and the high forces needed to push such
formulations through a parenteral device. Formulations with absolute viscosities above 40-60
centipoise (cP) may be difficult to deliver by conventional spring driven auto-injectors for
multiple reasons. Structurally, the footprint of a spring for the amount of pressure or force
delivered is relatively large and fixed to specific shapes, which reduces flexibility of design for
delivery devices. Next, auto-injectors are usually made of plastic parts. However, a large
amount of energy must be stored in the spring to reliably deliver high-viscosity fluids. If not
properly designed, this stored energy may cause damage to the plastic parts due to creep, which
is the tendency of the plastic part to permanently deform under stress. An auto-injector typically
operates by using the spring to push a needle-containing internal component towards an outer
edge of the housing of the syringe. The sound associated with the operation of a spring-based
auto-injector may cause patient anxiety, potentially reducing future compliance. The generated
pressure versus time profile of such a spring driven auto-injector cannot be readily modified,

which prevents users from fine tuning pressure to meet their delivery needs.

[0006] It would be desirable to provide processes and devices by which a therapeutic
fluid, in particular a high-viscosity fluid, could be self-administered in a reasonable time and
with a limited injection space. These processes and devices could be used to deliver high-

concentration protein, high-viscosity pharmaceutical formulations, or other therapeutic fluids.

SUMMARY

[0007] The present disclosure provides processes and devices for parenteral delivery of
therapeutic fluids, in particular high-viscosity therapeutic fluids {(e.g., protein therapeutics), by a
chemical reaction that generates a gas. The device may include a first actuation chamber

containing a first reagent, a second reaction chamber containing a second reagent, and a third
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therapeutic fluid chamber containing the therapeutic fluid. In a loaded configuration, a plunger
separates the first chamber from the second chamber. In a delivery configuration, the plunger
allows the first reagent from the first chamber to communicate and react with the second reagent
from the second chamber. The generated gas acts upon a plunger to deliver the therapeutic fluid

from the third chamber.

[0008] According to an embodiment of the present disclosure, a device is disclosed for
delivering a therapeutic fluid by chemical reaction. The device includes a barrel having a first
chamber, a second chamber, and a third chamber, a piston positioned between the first and
second chambers of the barrel, a spring configured to move the piston, a plunger positioned
between the second and third chambers of the barrel, and an actuator. The actuator has a locked
configuration in which the actuator is prevented from moving axially relative to the barrel, an
unlocked configuration in which the actuator is capable of moving axially relative to the barrel,
and a delivery configuration in which the actuator moves axially relative to the barrel. In the
locked and unlocked configurations, the first chamber contains a first reagent, the second
chamber contains a second reagent and is separated from the first chamber by the piston, and the
third chamber contains the therapeutic fluid. In the delivery configuration, the spring moves the
piston to place the first chamber in communication with the second chamber, the first and second
reagents reacting and generating a gas that drives the plunger to deliver the therapeutic fluid

from the third chamber.

[0009] According to another embodiment of the present disclosure, a device is disclosed
for delivering a therapeutic fluid by chemical reaction. The device includes a barrel having a
first chamber, a second chamber, and a third chamber, a piston positioned between the first and
second chambers of the barrel, a spring configured to move the piston, a plunger positioned
between the second and third chambers of the barrel, and an actuator configured to rotate relative
to the barrel between a first configuration and a second configuration. In the first configuration,
the first chamber contains a first reagent, the second chamber contains a second reagent and is
separated from the first chamber by the piston, and the third chamber contains the therapeutic

fluid. In the second configuration, the spring moves the piston to place the first chamber in
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communication with the second chamber, the first and second reagents reacting and generating a

gas that drives the plunger to deliver the therapeutic fluid from the third chamber.

[0010] According to yet another embodiment of the present disclosure, a device is
disclosed for delivering a therapeutic fluid by chemical reaction. The device includes a barrel
having a first chamber containing a first reagent, a second chamber containing a second reagent
and an absorbent powder, and a third chamber containing the therapeutic fluid, a piston
positioned between the first and second chambers of the barrel, a plunger positioned between the
second and third chambers of the barrel, and an actuator configured to move the piston to place
the first chamber in communication with the second chamber, the first and second reagents
reacting and forming a liquid mixture and a gas, wherein at least a portion of the liquid mixture
is absorbed by the absorbent powder, and wherein the gas drives the plunger to deliver the

therapeutic fluid from the third chamber.

[0011] According to still yet another embodiment of the present disclosure, a device is
disclosed for delivering a therapeutic fluid by chemical reaction. The device has a loaded
configuration and a delivery configuration. The device includes a barrel, an actuator that moves
in a first longitudinal direction relative to the barrel between the loaded configuration and the
delivery configuration, a piston that moves in a second longitudinal direction opposite the first
longitudinal direction of the actuator between the loaded configuration and the delivery
configuration, and a locking mechanism that prevents movement of the actuator in the second

longitudinal direction from the delivery configuration.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] The above-mentioned and other features and advantages of this disclosure, and
the manner of attaining them, will become more apparent and will be better understood by
reference to the following description of embodiments of the invention taken in conjunction with

the accompanying drawings, wherein:



CA 03049890 2013%-07-10

WO 2018/152018 PCT/US2018/017547

[0013] FIG. 1 is an assembled perspective view of a first exemplary delivery device of

the present disclosure, the device including a syringe, an adapter, and an actuator assembly;

[0014] FIG. 2 is a cross-sectional view of the device of FIG. 1;
[0015] FIG. 3 is an exploded perspective view of the device of FIG. 1;
[0016] FIG. 4 is an exploded perspective view of the actuator assembly of FIG. 1, the

actuator assembly including a lower plug, a lower mixing chamber, an upper mixing chamber, a
helical spring, a piston, an actuator shuttle, an upper plug, an upper housing, an anti-back drive

ring, and an actuator button;

[0017] FIG. 5 is a perspective view of the lower plug of FIG. 4;

[0018] FIGS. 6 and 7 are perspective views of the lower mixing chamber of FIG. 4;
[0019] FIGS. 8 and 9 are perspective views of the upper mixing chamber of FIG. 4;
[0020] FIG. 10 is a perspective view of the piston of FIG. 4;

[0021] FIGS. 11 and 12 are perspective views of the shuttle of FIG. 4;

[0022] FIGS. 13 and 14 are perspective views of the upper housing of FIG. 4;

[0023] FIG. 15 is a perspective view of the anti-back drive ring of FIG. 4;

[0024] FIGS. 16 and 17 are perspective views of the button of FIG. 4;

[0025] FIG. 18 is a cross-sectional view of the actuator assembly of FIG. 4 shown in a

locked and loaded configuration;

[0026] FIG. 19 is an exploded elevational view of the mixing chambers and the shuttle of
FIG. 4;
[0027] FIG. 20 is a bottom plan view of the shuttle of FIG. 4;
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[0028] FIG. 21 is a top plan view of the mixing chambers and piston of FIG. 4 with the

shuttle removed;

[0029] FIG. 22 is a cross-sectional view of the actuator assembly of FIG. 4 shown in a

delivery configuration;

[0030] FIG. 23 is a vertical cross-sectional view of the actuator assembly moving toward

the delivery configuration of FIG. 22;

[0031] FIG. 24 is a horizontal cross-sectional view of the actuator assembly moving

toward the delivery configuration of FIG. 22;

[0032] FIG. 25 is a perspective view of a modified actuator assembly including a lower
cap;

[0033] FIG. 26 is a cross-sectional view of the modified actuator assembly of FIG. 25;
[0034] FIG. 27 is an exploded perspective view of a second exemplary actuator assembly

of the present disclosure;

[0035] FIG. 28 is an assembled perspective view of the second actuator assembly of FIG.

27 shown in a locked and loaded configuration;
[0036] FIG. 29 is a cross-sectional view of the second actuator assembly of FIG. 28;

[0037] FIG 30 is an assembled perspective view of the second actuator assembly of FIG.

27 shown in a delivery configuration;
[0038] FIG. 31 is a cross-sectional view of the second actuator assembly of FIG. 30;

[0039] FIG. 32 is a cross-sectional view of a third exemplary actuator assembly of the

present disclosure;
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[0040] FIG. 33 is a cross-sectional view of the first device of FIG. 1 in the locked and

loaded configuration, the actuator assembly also including an absorbent powder and a filter; and

[0041] FIG. 34 is a cross-sectional view of the first device of FIG. 1 in the delivery

configuration, the actuator assembly also including the absorbent powder and the filter.

[0042] Corresponding reference characters indicate corresponding parts throughout the
several views. The exemplifications set out herein illustrate exemplary embodiments of the
invention and such exemplifications are not to be construed as limiting the scope of the invention

in any manner.
DETAILED DESCRIPTION

[0043] The present disclosure relates to processes and devices for parenteral delivery of
high-viscosity therapeutic fluids. The device is driven by generating a gas in the device through
a chemical reaction between one or more reagents. Suitable devices may include syringes or

auto-injector pens, for example.

1. Therapeutic Fluids

[0044] The therapeutic fluid to be dispensed from the devices of the present disclosure
may take various forms, such as a solution, dispersion, suspension, emulsion, or another suitable

fluid form.

[0045] The therapeutic fluid may contain a therapeutically useful agent. In certain
embodiments, the agent is protein, such as a monoclonal antibody or some other protein which is
therapeutically useful. In some embodiments, the protein may have a concentration of from
about 75 mg/mL to about 500 mg/mL in the therapeutic fluid. In certain embodiments, the
protein may have a concentration of about 150 mg/mL, 200 mg/mL, 250 mg/mL, or more. The
therapeutic fluid may further contain a solvent or non-solvent, such as water, perfluoroalkane

solvent, safflower oil, or benzyl benzoate.

[0046] The therapeutic fluid may be considered a high-viscosity fluid and may have an

absolute viscosity of from about 5 cP to about 1000 cP. In certain embodiments, the high-
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viscosity fluid has an absolute viscosity of at least about 10 cP, 20 cP, 30 cP, 40 ¢cP, 50 cP, 60 cP,

or more.

[0047] In some embodiments, the therapeutic fluid may include one or more drugs or
therapeutic agents including but not limited to insulins, insulin analogs such as insulin lispro or
insulin glargine, insulin derivatives, glucagon-like peptide (GLP-1) receptor agonists such as
dulaglutide or liraglutide, glucagon, glucagon analogs, glucagon derivatives, gastric inhibitory
polypeptide (GIP), GIP analogs, GIP derivatives, oxyntomodulin analogs, oxyntomodulin
derivatives, therapeutic antibodies and any therapeutic agent that is capable of delivery by the
device of the present disclosure. The drug as used in the device may be formulated with one or
more excipients. The device is operated in a manner generally as described herein by a patient,

caregiver or healthcare professional to deliver the drug to a person.

2. Gas-Generating Chemical Reactions

[0048] Any suitable chemical reagent or reagents can be used to generate a gas in the
devices of the present disclosure. Examples of generated gases include carbon dioxide gas,
nitrogen gas, oxygen gas, chlorine gas, etc. Desirably, the generated gas is inert and non-
flammable. The amount of gas needed to operate the device may impact the type, amount, and
concentration of each reagent used in the device. The reagents may be in dry form (e.g.,

powdered form, tablet form) and/or in liquid form.

[0049] In one exemplary embodiment, a bicarbonate (which may be present in dry form)
reacts with an acid (which may be present in liquid form) to produce carbon dioxide gas in the
device. Examples of suitable bicarbonates include sodium bicarbonate, potassium bicarbonate,
and ammonium bicarbonate. Other ingredients may also be present along with the bicarbonates,
such as diatomaceous earth. Examples of suitable acids include acetic acid, citric acid,
potassium bitartrate, disodium pyrophosphate, and calcium dihydrogen phosphate. In one
particular example, the bicarbonate is potassium bicarbonate and the acid is aqueous citric acid,
which may react to produce carbon dioxide gas and a liquid mixture of water and dissolved

potassium citrate.



[0050] Other reactions may be used to drive the devices of the present disclosure. In one
example, a metal carbonate, such as copper carbonate or calcium carbonate, is thermally
decomposed to produce carbon dioxide gas and the corresponding metal oxide in the device. In
another example, 2,2’ -azobisisobutyronitrile (AIBN) is heated to produce nitrogen gas in the
device. In yet another example, enzymes (e.g. yeast) are reacted with sugar to produce carbon
dioxide gas in the device. Some substances readily sublime, going from solid to gas. Such
substances include but are not limited to naphthalene and iodine. In still yet another example,
hydrogen peroxide is decomposed with catalysts such as enzymes (¢.g. catalase) or manganese
dioxide to produce oxygen gas in the device. In still yet another example, silver chloride is
decomposed through exposure to light to generate a gas in the device. Suitable reagents,
chemical formulations, and reactions used to drive the devices of the present disclosure are
further described in U S, Application No. 14/434.586 (U.S. Publication No. 2015/0314070) titled
"Chemical Engines and Methods for Their Use, Especially in the Tnjection of Highly Viscous
Fluids".

3, Eirst Delivery Device

[0051] FIGS. 1-3 show a first exemplary delivery device 100 of the present disclosure.
The illustrative device 100 is an elongate structure that extends along longitudinal axis L from a
first, distal end 102 (illustratively, a lower end) to a second, proximal end 104 (illustratively, an
upper end). The illustrative device 100 includes a substantially cylindrical barrel or housing 106
with a needle syringe 110 located at first end 102, an actuator assembly 120 located at second
end 104, and a lower housing or adapter 130 located therebetween. These components are
described further below. While actuator assembly 120 is illustratively coupled to syringe 110,
actuater assembly 120 alternatively may be used with an auto-injector pen or other suitable

delivery device.

[0052] Syringe 110 of device 100 may be constructed of glass, plastic, or another suitable
material. As shown in FIGS. 2 and 3, the illustrative syringe 110 includes an upper rim 112
configured to rest upon an inner shoulder 132 of adapter 130, Beneath upper rim 112 of syringe

110, a damper 114 may be provided to dampen movement between syringe 110 and adapter 130.

Date Regue/Date Received 2021-02-25
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Damper 114 may be integrally coupled (e.g., overmolded) to syringe 110 and/or adapter 130.
Alternatively, damper 114 may be a separate component (e.g., an O-ring). Above upper rim 112
of syringe 110, a seal 115 (e.g., an O-ring) may be provided to seal the connection between
syringe 110 and actuator assembly 120. The illustrative syringe 110 also includes a plunger 116,

aneedle 117, and a protective end cap 118 over the needle 117.

[0053] Adapter 130 of device 100 includes a lower shaft 134 having a relatively small
inner diameter and an upper head 136 having a relatively large inner diameter. Inner shoulder
132 is located between shatt 134 and head 136 of adapter 130 to receive rim 112 of syringe 110,
as discussed above. Adapter 130 may be sized and shaped to receive a desired syringe 110. For
example, the inner diameter of shaft 134 may be sized and shaped to accommodate the outer
diameter of the desired syringe 110. When assembled, shaft 134 of adapter 130 extends
downward to surround and support at least a portion of syringe 110, and head 136 extends
upward to couple with actuator assembly 120. In the illustrated embodiment, head 136 of
adapter 130 is externally threaded and actuator assembly 120 is internally threaded such that
adapter 130 is threadably coupled with actuator assembly 120. It is also within the scope of the
present disclosure to snap-fit, friction-fit, or otherwise couple adapter 130 to actuator assembly
120. Adapter 130 may also include a flange 138 (FIG. 1), illustratively an oval-shaped flange,

that extends radially outward to serve as a gripping surface for the user.

[0054] Actuator assembly 120 of device 100 is shown in more detail in FIG. 4. The
illustrative actuator assembly 120 includes the following components arranged along
longitudinal axis L: a lower plug 140, a lower mixing chamber 150, an upper mixing chamber
160, a helical spring 170, a piston 180, an actuator shuttle 190, an upper plug or screw 200, an
upper housing 210, an anti-back drive (ABD) ring 220, and an actuator button 230. Each of

these components is described further below.

[0055] Lower plug 140 is shown in FIG. 5. The illustrative plug 140 has a relatively
large head 141 that is sized for receipt in syringe 110 and a relatively small shaft 142 that is sized

10
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for receipt in lower mixing chamber 150, as shown in FIG. 18. Lower plug 140 may be

constructed of a thermoplastic elastomer (TPE) or another suitable material.

[0056] Lower mixing chamber 150 is shown in FIGS. 6 and 7. The illustrative lower
mixing chamber 150 includes a lower portion 151 having a relatively small inner diameter and
an upper portion 152 having a relatively large inner diameter. Lower portion 151 of lower
mixing chamber 150 defines a lower port or hole 153 that is sized to receive lower plug 140, as
shown in FIG. 18. Also, seal 115 is sized to fit around lower portion 151 of lower mixing
chamber 150. Upper portion 152 of lower mixing chamber 150 is sized to receive spring 170
and piston 180, as shown in FIG. 18. Lower mixing chamber 150 may be constructed of a glass-
reinforced high-density polyethylene (HDPE), glass-reinforced polypropylene, or another

suitable material.

[0057] Upper mixing chamber 160 is shown in FIGS. 8 and 9. The illustrative upper
mixing chamber 160 is coupled (e.g., ultrasonically welded) to lower mixing chamber 150, as
shown in FIG. 18. It is also within the scope of the present disclosure that mixing chambers 150,
160 may be integrally formed together. Upper mixing chamber 160 has a larger inner diameter
than lower mixing chamber 150 and is sized to receive shuttle 190, as shown in FIG. 18. Upper
mixing chamber 160 includes one or more locking tabs 161 that extend radially inward to
interact with piston 180 and one or more guide keys 162 that extend radially inward to interact
with shuttle 190. More specifically, the illustrative upper mixing chamber 160 includes two
locking tabs 161 positioned 180 degrees apart from one another and two guide keys 162
positioned 180 degrees apart from one another (see also FIG. 21). Locking tabs 161 may be
relatively long radially to reach piston 180, whereas guide keys 162 may be relatively short
radially to reach shuttle 190. Upper mixing chamber 160 also includes one or more alignment
keys 163 that extend upward to interact with upper housing 210, illustratively a first alignment
key 163 A that is relatively wide, a second alignment key 163B that is relatively narrow, and third
and fourth alignment keys 163C and 163D that are also relatively tall and narrow with coupling
tabs 164 on their ends. Upper mixing chamber 160 may be constructed of a glass-reinforced

HDPE, glass-reinforced polypropylene, or another suitable material.

11
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[0058] Piston 180 is shown in FIG. 10. The illustrative piston 180 is surrounded by a
seal 181 (e.g., an O-ring), as shown in FIG. 18, to provide a sealing interface to the inner wall of
lower mixing chamber 150. Piston 180 includes a tool engagement feature, illustratively crossed
slots 182, that faces upward to interact with a rotation tool (not shown). Piston 180 also includes
one or more locking tabs 183 that extend radially outward to interact with locking tabs 161 of
upper mixing chamber 160 and one or more rotation tabs 184 that extend radially outward to
interact with shuttle 190. More specifically, the illustrative piston 180 includes two locking tabs
183 positioned 180 degrees apart from one another and two rotation tabs 184 positioned 180
degrees apart from one another. Each rotation tab 184 has an upper ramped surface 185. Piston
180 may be constructed of a glass-reinforced HDPE, glass-reinforced polypropylene, or another

suitable material.

[0059] Shuttle 190 is shown in FIGS. 11 and 12. The illustrative shuttle 190 is
surrounded by a seal 191 (e.g., an O-ring), as shown in FIG. 18, to provide a sealing interface to
the inner wall of upper mixing chamber 160. Along its outer surface, shuttle 190 includes one or
more step-shaped keyways 192, with each keyway 192 having a lower vertical portion 192A, an
intermediate horizontal portion 192B, and an upper vertical portion 192C. The intermediate
horizontal portion 192B of keyway 192 may be bordered by an upper wall or stop surface 193.
At its upper end, shuttle 190 defines an upper port or hole 194 that is sized to receive upper plug
200 and an outer recess 195 that is configured to interact with button 230, as shown in FIG. 18.
At its lower end, shuttle 190 includes one or more ramped surfaces 196 that are configured to
interact with piston 180. Shuttle 190 may be constructed of a glass-reinforced HDPE, glass-

reinforced polypropylene, or another suitable material.

[0060] Upper housing 210 is shown in FIGS. 13 and 14. At its lower end, upper housing
210 is internally threaded to receive adapter 130, as shown in FIG. 18. At its upper end, upper
housing 210 includes an inner rim 211 configured to interact with ABD ring 220, as shown in
FIG. 18. Along its inner surface, upper housing 210 includes one or more alignment keyways
212 that are configured to receive corresponding alignment keys 163 of upper mixing chamber
160, illustratively a first alignment keyway 212A, a second alignment keyway 212B that is
relatively narrow, and third and fourth alignment keyways 212C and 212D that are also
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relatively narrow. Along its outer surface, upper housing 210 includes locked indicator 213 A
and an unlocked indicator 213B. Upper housing 210 may be constructed of a glass-reinforced

HDPE, acrylonitrile butadiene styrene (ABS), or another suitable material.

[0061] ABD ring 220 is shown in FIG. 15. The illustrative ABD ring 220 is a C-shaped
spring that is biased radially outward to a relatively large diameter and configured to flex or
compress radially inward to a relatively small diameter. ABD ring 220 may be constructed of

stainless steel or another suitable material.

[0062] Button 230 is shown in FIGS. 16 and 17. The illustrative button 230 includes a
contact surface 231, an inner ring 232, and an outer ring 233. The inner ring 232 includes one or
more inner ribs 234 that extend radially inward to interact with recess 195 of shuttle 190 and one
or more outer ribs 235 that extend radially outward above ABD ring 220, which is shown in FIG.
18. The outer ring 233 includes a lock indicator 236 configured to align selectively with locked
indicator 213 A or unlocked indicator 213B of upper housing 210, as shown in FIG. 4. Button
230 may be constructed of ABS, polycarbonate (PC), polyacrylate (PA), or another suitable

material.

[0063] The illustrative actuator assembly 120 may be assembled with reference to FIG.
18 according to the following exemplary assembly process, although the order of these steps may
vary. Once assembled, syringe 110, lower mixing chamber 150, upper mixing chamber 160, and

upper housing 210 of device 100 may cooperate to define barrel 106 of device 100.

[0064] First, ABD ring 220 is installed in upper housing 210. This step may involve
pressing ABD ring 220 downward until inner rim 211 of upper housing 210 compresses ABD
ring 220 radially inward. The compressed ABD ring 220 will expand radially outward as far as

possible to engage inner rim 211 of upper housing 210.

[0065] Second, spring 170 is installed in lower mixing chamber 150. This step may
involve inserting spring 170 into upper mixing chamber 160 and allowing spring 170 to slide

downward into lower mixing chamber 150.
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[0066] Third, piston 180 is installed in mixing chambers 150, 160. This step may
involve forcing piston 180 downward to compress spring 170 and rotating piston 180 until
locking tabs 183 on piston 180 are aligned beneath corresponding locking tabs 161 on upper
mixing chamber 160, as shown in FIG. 21. A rotation tool (e.g., a screw driver) (not shown)
may engage crossed slots 182 of piston 180 to depress and rotate piston 180. Piston 180 may be
biased upward into engagement with internal locking tabs 161 of upper mixing chamber 160
under the force of the compressed spring 170. In this position, seal 181 on piston 180 may be

sealed against lower mixing chamber 150.

[0067] Fourth, shuttle 190 is installed in upper mixing chamber 160 above piston 180.
This step may involve moving shuttle 190 downward as guide key 162 of upper mixing chamber
160 travels through keyway 192 of shuttle 190. More specifically, guide key 162 travels through
the lower vertical portion 192A of keyway 192 until reaching the intersection between the lower
vertical portion 192A and the intermediate horizontal portion 192B of keyway 192, as shown
with reference to FIG. 19. In this position, stop surface 193 may abut internal guide key 162 of
upper mixing chamber 160 to prevent further downward movement of shuttle 190. Shuttle 190
may be biased upward relative to upper mixing chamber 160 under the force of the compressed

spring 170.

[0068] Fifth, lower mixing chamber 150 is loaded with a second reagent (not shown).
This step may involve inserting the second reagent through lower hole 153 in lower mixing
chamber 150. In one example, the second reagent is a bicarbonate powder, such as potassium
bicarbonate in diatomaceous earth powder. Other suitable reagents are described in Section 2
above. The illustrative lower mixing chamber 150 may be sized to hold about 200 mg, 250 mg,
300 mg, or more of the second reagent, although this amount may vary. This step may also
involve closing lower hole 153 with lower plug 140 after loading lower mixing chamber 150
with the second reagent. Lower plug 140 may be friction-fit into lower hole 153 of lower mixing

chamber 150.
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[0069] Sixth, upper housing 210 is installed on upper mixing chamber 160. This step
may involve aligning keyways 212 of upper housing 210 with corresponding alignment keys 163
of upper mixing chamber 160. More specifically, this step may involve aligning the relatively
wide first alignment keyway 212A of upper housing 210 with the relatively wide first alignment
key 163 A of upper mixing chamber 160, the relatively narrow second alignment keyway 212B
of upper housing 210 with the relatively narrow second alignment key 163B of upper mixing
chamber 160, and third and fourth alignment keyways 212C and 212D of upper housing 210
with third and fourth alignment keys 163C and 163D of upper mixing chamber 160. When
upper housing 210 is lowered into position, coupling tabs 164 on the third and fourth alignment
keys 163C and 163D snap over upper housing 210 to hold upper housing 210 in place relative to

upper mixing chamber 160.

[0070] Seventh, shuttle 190 is loaded with a first reagent (not shown). This step may
involve inserting the first reagent through upper hole 194 in shuttle 190. In one example, the
first reagent is an aqueous citric acid. Other suitable reagents are described in Section 2 above.
The illustrative shuttle 190 may be sized to hold about 500 uL, 550 pL, 600 pL, or more of the
first reagent, although this amount may vary. This step may also involve closing upper hole 194
with upper plug 200 after loading shuttle 190 with the first reagent, such as by threading upper
plug 200 into upper hole 194.

[0071] Eighth, button 230 is installed on shuttle 190. This step may involve aligning
inner rib 234 of button 230 with outer recess 195 of shuttle 190 to rotationally lock button 230
and shuttle 190 together. In this position, indicator 236 on button 230 may align with locked
indicator 213 A on upper housing 210, as shown in FIG. 3. Button 230 may help conceal upper
hole 194 in shuttle 190 and upper plug 200. Button 230 may also be friction fit, ultrasonically

welded, or otherwise coupled to shuttle 190 for rotation therewith.

[0072] Finally, syringe 110 may be coupled to actuator assembly 120 using adapter 130.

This connection is described further above.
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[0073] Initially, device 100 may be provided in a loaded and locked configuration in
which piston 180 is held downward to compress spring 170, as shown in FIGS. 2 and 18. In this
loaded and locked configuration, barrel 106 of device 100 may be divided into multiple
chambers, illustratively a first actuation chamber 300, a second reaction chamber 302, and a third
therapeutic fluid chamber 304. The first actuation chamber 300 is located in upper mixing
chamber 160 and shuttle 190 above piston 180 and contains the first reagent (¢.g., aqueous citric
acid). The second reaction chamber 302 is located in lower mixing chamber 150 below piston
180 and contains the second reagent (e.g., potassium bicarbonate). The third therapeutic fluid
chamber 304 is located in syringe 110 below plunger 116 and contains the therapeutic fluid.
These three chambers 300, 302, and 304 are coaxial, and each is depicted as having a cylindrical

shape. Device 100 may be stored in this loaded and locked configuration.

[0074] When device 100 is ready for use, device 100 may be moved from the locked
configuration to an unlocked configuration. This step may involve rotating button 230 relative to
upper housing 210. Indicator 236 on button 230 may move away from locked indicator 213 A on
upper housing 210, as shown in FIG. 3, and into alignment with unlocked indicator 213B on

upper housing 210.

[0075] The rotation of button 230 causes rotation of shuttle 190, illustratively via the
engagement between inner rib 234 on button 230 and outer recess 195 on shuttle 190. During
this rotation, guide key 162 of upper mixing chamber 160 continues to travel through keyway
192 of shuttle 190, as shown in FIGS. 19-21. More specifically, guide key 162 travels through
the intermediate horizontal portion 192B of keyway 192 until reaching the intersection between

the intermediate horizontal portion 192B and the upper vertical portion 192C of keyway 192.

[0076] From the unlocked configuration, device 100 may be moved to an unloaded or
delivery configuration to deliver the therapeutic fluid to a patient, as shown in FIG. 22. This step

may involve pressing contact surface 231 of button 230 downward relative to upper housing 210.

[0077] The downward movement of button 230 causes downward movement of shuttle

190 relative to upper mixing chamber 160. Because button 230 and shuttle 190 operate together,
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the two components may be referred to collectively as an actuator. During this downward
movement of shuttle 190, guide key 162 of upper mixing chamber 160 continues to travel
through keyway 192 of shuttle 190, as shown in FIGS. 19-21. More specifically, guide key 162
travels through the upper vertical portion 192C of keyway 192.

[0078] Additionally, the downward movement of button 230, specifically outer ribs 235
of button 230, causes downward movement of ABD ring 220. When ABD ring 220 moves past
inner rim 211 of upper housing 210, ABD ring 220 is free to expand radially outward into upper
mixing chamber 160, as shown in FIG. 22. The expanded ABD ring 220 is captured beneath an
upper lip 165 of upper mixing chamber 160. The expanded ABD ring 220 may serve as a
locking mechanism by blocking upward movement of button 230 and shuttle 190 past upper lip
165 and holding button 230 and shuttle 190 downward in the delivery configuration , thereby
preventing button 230 and shuttle 190 from returning upward to the initial, loaded configuration.
Holding button 230 and shuttle 190 downward in the delivery configuration ensures that the
volume inside barrel 106 remains consistent throughout the delivery process. Also, holding
button 230 and shuttle 190 downward in the delivery configuration allows a user to visibly detect

that device 100 has been used.

[0079] The downward movement of shuttle 190 causes rotation of piston 180. Ramped
surfaces 196 of shuttle 190 engage corresponding ramped surfaces 185 of piston 180 to drive
rotation of piston 180, as shown in FIG. 23. As piston 180 rotates, rotation tabs 184 of piston
180 are freed from beneath shuttle 190 and locking tabs 183 of piston 180 are freed from beneath
locking tabs 161 of upper mixing chamber 160, as shown in FIG. 24.

[0080] The freed piston 180 moves upward and into shuttle 190 as spring 170 transitions
from its compressed state to its neutral or released state, as shown in FIG. 22. During this
transition, spring 170 should exert enough force to compress the air above piston 180 and to
overcome the frictional forces between seal 181 and lower mixing chamber 150. The force
exerted by spring 170 may be about 2.5 Ibr, 3.0 1bg, 3.5 Ibr, 4.0 lbg 4.5 1br, or more, for example.

In one particular example, spring 170 needs to exert about 2.0 1br to compress the air above
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piston 180 and about 0.9 1br to overcome frictional forces between seal 181 and lower mixing

chamber 150, so spring 170 should be designed to exert at least about 2.9 Ibg, such as 3.6 lbr.

[0081] The upward movement of piston 180 causes actuation chamber 300 to
communicate with reaction chamber 302 by breaking the sealed interface therebetween. In the
illustrated embodiment, shuttle 190 has a slightly larger inner diameter than lower mixing
chamber 150, such that seal 181 on piston 180 seals against lower mixing chamber 150 in the
loaded configuration of FIG. 18 but not against shuttle 190 in the delivery configuration of FIG.
22. Piston 180 may only need to travel a short distance before the sealed interface is broken,
which allows for minimal head space above piston 180. The first reagent from actuation
chamber 300 is exposed to the second reagent in reaction chamber 302, and this exposure leads
to a gas-generating chemical reaction inside device 100. The space between seal 181 and shuttle
190 may be varied to control the speed at which the reagents are exposed to one another. For
example, the inner surface of shuttle 190 may include one or more fluid delivery channels 198
(FIGS. 22 and 23) to encourage the first reagent to flow from actuation chamber 300, past piston
180, and into reaction chamber 302. One or more of the crossed slots 182 on piston 180 may
rotate into alignment with fluid delivery channels 198 in the delivery configuration to further

direct fluid flow across piston 180.

[0082] The generated gas causes the pressure in device 100 to increase. Because button
230 is retained downward in the delivery configuration and prevented from returning upward to
the initial loaded configuration, the volume inside barrel 106 remains consistent throughout the
delivery process and the pressure inside barrel 106 is forced to escape downward from device
100. Once a threshold pressure is reached inside device 100 and a corresponding threshold force
is applied to lower plug 140, lower plug 140 may be forced downward from its pre-delivery or
loaded position of FIG. 2 to a delivery position out of lower hole 153 and toward plunger 116.
The downward movement of lower plug 140 pushes plunger 116 downward through syringe 110,
and the downward movement of plunger 116 forces the therapeutic fluid out of therapeutic fluid
chamber 304 through needle 117 for delivery to a patient. The threshold force on lower plug 140
may be about 0.1 1br, 0.2 1bg, 0.3 Ibg, 0.4 1be 0.5 Ibg, or more, for example. Device 100 may reach

18



CA 03049890 2013%-07-10

WO 2018/152018 PCT/US2018/017547

this threshold force quickly for rapid delivery of the therapeutic fluid to the patient. As the
reaction continues, the pressure in device 100 may increase significantly beyond the threshold
pressure. For example, the pressure in device 100 may reach about 200 psi, 300 psi, 400 psi, S00

psi, or more.

[0083] Device 100 may be configured to visibly indicate to a user when device 100 has
been used in the delivery configuration. One example of this visible indication is the downward
locking of button 230, as discussed above. Another example is the visible position of lower plug
140 and/or plunger 116 in device 100. In one embodiment, device 100 includes one or more
windows (not shown) through which the user can see whether lower plug 140 and/or plunger 116
are in the pre-delivery or loaded position of FIG. 2 or the final delivery position. Labels (not
shown) may be provided adjacent to the windows to further communicate the position of lower
plug 140 and/or plunger 116 to the user. Yet another example is a visible pressure indicator
inside reaction chamber 302. In one embodiment, device 100 includes one or more windows
(not shown) through which the user can see a balloon (not shown) inside reaction chamber 302

that fills with the produced gas and expands during use.

[0084] In the exemplary embodiment, seals 115, 181, 191 are capable of withstanding the
pressure and reactive conditions inside device 100. Exemplary materials for seals 115, 181, 191
include butyl rubber and fluoroelastomers (e.g., Viton® available from The Chemours

Company).

[0085] FIGS. 25 and 26 show a modified version of actuator assembly 120 for use with
device 100 (FIG. 2), in which the elastomeric lower plug 140 is replaced with a removable lower
cap 240. Before actuator assembly 120 is coupled to syringe 110 (FIG. 2), lower cap 240 may be
coupled to lower mixing chamber 150 to close lower hole 153 and retain the second reagent
within lower mixing chamber 150. When actuator assembly 120 is ready to be coupled to
syringe 110, lower cap 240 may be removed from lower mixing chamber 150. In one
embodiment, a filter (e.g., filter 402 of FIG. 33) is positioned in lower hole 153 to help retain the
reagent with lower cap 240 removed. Because the generated gas only has to move plunger 116

(FIG. 2), not lower plug 140, the modified device 100 may have lower pressure requirements.
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4. Second Delivery Device

[0086] FIG. 27 shows an actuator assembly 120” of a second exemplary delivery device
of the present disclosure. Actuator assembly 120 of the second exemplary delivery device is
similar to actuator assembly 120 of device 100, with like reference numerals indicating like
parts, except as described below. Like actuator assembly 120, actuator assembly 120’ may be
coupled to a syringe (e.g., syringe 110 of FIG. 2), an auto-injector pen, or another suitable
delivery device. The following components of actuator assembly 120’ are shown in FIG. 27 a
lower mixing chamber 150°, an upper mixing chamber 160°, a helical spring 170’ a piston 180°,
a shuttle 190°, and an upper plug or screw 200°. Actuator assembly 120’ may include additional
components not shown in the drawings, such as a lower plug (similar to lower plug 140 of device
100), a lower cap (similar to lower cap 240 of device 100), and/or an actuator knob (similar to

button 230).

[0087] The illustrative lower mixing chamber 150’ and upper mixing chamber 160’ are
integrally formed together as a single unit. At its lower end, mixing chamber 150°, 160’ 1s
externally threaded for coupling to an adapter (similar to adapter 130 of device 100). At its
upper end, mixing chamber 150’, 160° defines one or more lock indicator windows 166’.
Mixing chamber 150°, 160’ is sized to receive spring 170°, piston 180°, and shuttle 190’ in a

stacked arrangement.

[0088] The illustrative piston 180’ includes one or more locking tabs 183’ that extend
radially outward to interact with shuttle 190°. More specifically, the illustrative piston 180’
includes eight locking tabs 183’ positioned 45 degrees apart from one another around the

circumference of piston 180°.

[0089] The illustrative shuttle 190° includes one or more locking tabs 197’ that extend
radially inward to interact with piston 180°, as shown in FIG. 29. More specifically, the
illustrative shuttle 190’ includes eight locking tabs 197’ positioned 45 degrees apart from one
another around the circumference of shuttle 190’. Shuttle 190" also includes channels 198’

between adjacent locking tabs 197, At its upper end, shuttle 190’ includes one or more dual-
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purpose lock indicator tabs 199 that both control and communicate the position of shuttle 190’

relative to mixing chambers 150°, 160°.

[0090] The illustrative actuator assembly 120’ may be assembled by installing spring
170’, piston 180’ and shuttle 190’ in mixing chambers 150°, 160°. As shuttle 190’ moves
downward relative to mixing chambers 150°, 160°, lock indicator tab 199 flexes inward and then
snaps outward into lock indicator window 166’ to retain shuttle 190’ in mixing chambers 150,

160°.

[0091] The assembled actuator assembly 120’ may have a loaded and locked
configuration in which piston 180’ is held downward to compress spring 170°, as shown in
FIGS. 28 and 29. Piston 180’ may be held in this position by aligning locking tabs 183 of
piston 180’ beneath locking tabs 197" of shuttle 190°. Lock indicator tab 199’ of shuttle 190’ is
visible in a locked position (e.g., a leftward position) through the lock indicator window 166’ of

mixing chambers 150°, 160,

[0092] From the locked configuration, actuator assembly 120° may be moved to a
delivery configuration, as shown in FIGS. 30 and 31. This step may involve rotating shuttle 190
relative to mixing chambers 150°, 160 until locking tabs 197’ of shuttle 190 are offset from
locking tabs 183’ of piston 180" and channels 198’ of shuttle 190" are aligned with locking tabs
183 of piston 180°. Depending on the size and position of locking tabs 183°, 197, the required
rotation of shuttle 190’ may be small, such as about 25 degrees, 20 degrees, 15 degrees, 10
degrees, or less. During this rotation, lock indicator tab 199’ of shuttle 190’ moves to an
unlocked position (e.g., a rightward position) in the lock indicator window 166’ of mixing

chambers 150°, 160°.

[0093] The freed piston 180° moves upward into shuttle 190’ as spring 170’ transitions
from its compressed state to its neutral or released state. More specifically, locking tabs 183 of
piston 180’ move upward through channels 198” of shuttle 190°. The upward movement of
piston 180’ breaks the sealed interface on either side of piston 180 and allows fluid

communication across piston 180’. Channels 198’ of shuttle 190’ may serve a dual-purpose in
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this embodiment. In addition to guiding locking tabs 183’ of piston 180” upward, channels 198’
of shuttle 190" may guide fluid flowing downward across piston 180’. Thus, the size of channels
198’ may be controlled to control the speed of fluid flow and mixing across piston 180°. Piston
180’ may also include channels on its outer surface, similar to slots 182 on piston 180 of FIG.

10, to further direct fluid flow. Piston 180 may only need to travel a short distance before the
seal is broken, which allows for minimal head space above piston 180°. The broken seal leads to
a gas-generating chemical reaction inside actuator assembly 120’ of the second exemplary

delivery device, as discussed above with respect to device 100.

5. Third Delivery Device

[0094] FIG. 32 shows a third exemplary delivery device 100” of the present disclosure.
The device 1007 is similar to device 100, with like reference numerals indicating like parts,
except as described below. Device 100” may include a syringe 1107, an auto-injector pen, or
another suitable delivery device. The following components of actuator assembly 120” are
shown in FIG. 32: a barrel 106” having an actuation chamber 300” and a reaction chamber 3027,
a one-way valve 380” (e.g., a check valve, an umbrella valve), a plunger 390” having a stem
3927, a spring 1707, and a button 230”. Actuator assembly 120” may include additional
components not shown in the drawings, such as a lower plug (similar to lower plug 140 of device

100) or a lower cap (similar to lower cap 240 of device 100).

[0095] Device 100” may have a loaded and locked configuration in which the one-way
valve 380" separates a first reagent (e.g., aqueous citric acid) in actuation chamber 300” from a
second reagent (e.g., potassium bicarbonate) in reaction chamber 302”. Button 230” may be
biased upward relative to barrel 106” under the force of spring 170”. Button 230” may also be
prevented from moving downward relative to barrel 106” due to a physical interference with

stem 392” of plunger 390”.

[0096] When device 100” is ready for use, device 100” may be moved from the locked

configuration to an unlocked configuration. This step may involve rotating button 230” relative
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to stem 392 to eliminate the prior interference with stem 392”. In this unlocked configuration,

button 230” may be free to move downward relative to barrel 1067, as shown in FIG. 32.

[0097] From the locked configuration, device 100” may be moved to a delivery
configuration. This step may involve pressing button 230” downward relative to barrel 106”.
Initially, stem 392” may frictionally engage barrel 106” such that the downward movement of
button 230” compresses spring 170”. When the energy stored in the compressed spring 1707 is
sufficient to overcome the frictional engagement between stem 392” and barrel 1067, spring
170” may release and drive plunger 390” downward relative to barrel 106”. Advantageously,

spring 170” may promote fast and consistent movement of plunger 390”.

[0098] The downward movement of plunger 390” forces the first reagent out of actuation
chamber 300”. Because spring 170” may promote fast and consistent movement of plunger
3907, spring 170” may also promote fast and consistent delivery of the first reagent. The first
reagent may travel across one-way valve 380” and into reaction chamber 302” to mix with the
second reagent already present in reaction chamber 302”. This mixing leads to a gas-generating
chemical reaction inside reaction chamber 3027, as discussed above with respect to device 100.
The pressure inside reaction chamber 302” may close one-way valve 380, thereby preventing
the generated gas and other materials from escaping upward (i.e., back-flowing) into actuation

chamber 300”.

6. Liquid Absorption

[0099] As discussed above with respect to device 100, a liquid reagent may be stored in
actuation chamber 300 in the pre-delivery or loaded configuration (FIG. 33) and travel into
reaction chamber 302 in the delivery configuration (FIG. 34), where the liquid reagent mixes and
reacts with a dry reagent. The liquid present in reaction chamber 302 in the delivery
configuration (FIG. 34) may be a mixture of any unreacted liquid reagent from actuation
chamber 300 and/or any liquids produced during the chemical reaction in reaction chamber 302.

The mixture may also contain dissolved solids, such as the dry reagent and/or any solids
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produced during the chemical reaction in reaction chamber 302. In certain embodiments, the

mixture may contain water and, as such, may be considered an aqueous mixture.

[00100] Device 100 or any of the other devices described above may include one or more
liquid absorbents (not shown) to absorb excess liquid from the mixture present in reaction
chamber 302 in the delivery configuration (FIG. 34). In certain embodiments, the absorbent(s)
may absorb a majority of the liquid present in reaction chamber 302 in the delivery configuration
(FIG. 34). Based on the proportion, location, and properties of the absorbent(s) in reaction
chamber 302, the absorption may be controlled to avoid interfering with (e.g., slowing) the
chemical reaction in reaction chamber 302 while preventing liquid from entering therapeutic

fluid chamber 304.

[00101] A first exemplary absorbent is an absorbent powder 400 (FIGS. 33 and 34), such
as a super absorbent polymer (SAP) powder (e.g., hydrogel). The absorbent powder 400 may be
chosen based on its absorption rate and capacity, long-term stability, price, chemical
compatibility with reactants and device materials, liquid retention under pressure, and chemical
safety. The absorption rate may be controlled by varying the particle size of the absorbent
powder 400. For example, the particle size range of absorbent powder 400 may be 150 microns
or less, 250 microns or less, or other suitable ranges. An exemplary absorbent powder 400 is
poly(acrylic acid) sodium salt (i.e., sodium polyacrylate) with light cross-linking or other
suitable salt of poly(acrylic acid) such as poly(acrylic acid) potassium salt (i.e., potassium
polyacrylate) with light cross-linking. The absorption characteristics of the salt may correspond

to the amount of cross-linking.

[00102] In the initial, loaded configuration, absorbent powder 400 may be mixed with the
dry reagent. As shown in FIG. 33, absorbent powder 400 is mixed with the second reagent (e.g.,

potassium bicarbonate) in reaction chamber 302.

[00103] In the delivery configuration, when the liquid reagent mixes and reacts with the
dry reagent, absorbent powder 400 may absorb excess liquid from the liquid mixture and swell.
As shown in FIG. 34, absorbent powder 400 may absorb excess liquid from the liquid mixture in

reaction chamber 302 after the first reagent (e.g., aqueous citric acid) leaves actuation chamber
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300 to mix and react with the second reagent in reaction chamber 302. For example, absorbent
powder 400 may absorb excess liquid reagent and/or liquid product present in reaction chamber

302.

[00104] A viscosity modifier polymer may be provided in addition to or alternatively to
the absorbent powder 400 to dissolve in and thereby increase the viscosity of the aqueous
reaction mixture. Exemplary viscosity modifiers include poly(ethylene oxide), xanthan gum, and
poly(ethylene glycol) methyl ether, for example. Such materials (e.g., powders) may modify the
viscosity of the aqueous mixture in reaction chamber 302 through dissolution such that the liquid

becomes too viscous to flow into therapeutic fluid chamber 304,

[00105] A second exemplary absorbent is a gas-permeable, hydrophilic filter 402. Filter
402 may be placed substantially between reaction chamber 302 and therapeutic fluid chamber
304 (i.e., downstream of reaction chamber 302 and upstream of therapeutic fluid chamber 304).
In the initial, loaded configuration, as shown in FIG. 33, filter 402 may help contain the second
reagent (e.g., potassium bicarbonate) in reaction chamber 302. In the delivery configuration, as
shown in FIG. 34, filter 402 may absorb any liquids that try to enter therapeutic fluid chamber
304. For example, filter 402 may absorb any liquid reagent and/or liquid product that try to enter
therapeutic fluid chamber 304. Filter 402 may also block any solids or particles that try to enter
therapeutic fluid chamber 304, Filter 402 is adapted to allow the passage of the produced gas in
reaction chamber 302 toward plunger 116 of syringe 110 to deliver therapeutic fluid from
therapeutic fluid chamber 304, as discussed above. An exemplary filter 402 is formed from
virgin cotton having randomly oriented fibers. In one embodiment, the cotton is rolled into a
cylinder shape or other suitable shape and press fit into the outlet of reaction chamber 302 during
assembly. Other exemplary filters 402 are formed from natural fibers, sponges, cellulose (e.g.,
bonded cellulose acetate), absorbent cloth (e.g., ShamWOW?® cloths), and foams. If necessary, a
housing (not shown) may be provided to hold filter 402 in place. The housing may include a
molded plug that is friction fit in the outlet of reaction chamber 302, similar to shaft 142 of lower
plug 140 (FIG. 5) of device 100. In one embodiment, lower cap 240 (FIG. 25) is coupled over
the outlet containing filter 402 for storage prior to attaching actuator assembly 120 to a syringe

110 or other delivery device.
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[00106] Absorbent powder 400 {and/or the viscosity modifier powder) and filter 402 may
be used alone or in combination. It is also within the scope of the present disclosure to
physically combine absorbent powder 400 with filter 402, such as by distributing absorbent
powder 400 throughout filter 402 or by placing absorbent powder 400 within a recess of filter
402. In one embodiment, absorbent powder 400 (and/or the viscosity modifier) is provided both

in filter 402 and with the second reagent in reaction chamber 302.

[00107] Device 100, device 100°; and/or device 100” may have other features disclosed in
U.S. Patent No. 9,321,581 titled “Process and Device for Delivery of Fluid by Chemical
Reaction ™

[00108] While this invention has been described as having exemplary designs, the present

invention can be further modified within the spirit and scope of this disclosure. This application
is therefore intended to cover any vatiations, uses, or adaptations of the invention using its
general principles. Further, this application is intended to cover such departures from the present
disclosure as come within known or customary practice in the art to which this invention pertains

and which fall within the limits of the appended claims.
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WHAT IS CLAIMED IS:

1. A device for delivering a fluid by chemical reaction, the device comprising:
a barrel having a first chamber, a second chamber, and a third chamber;
a piston positioned between the first and second chambers of the barrel;
a spring configured to move the piston;
a plunger positioned between the second and third chambers of the barrel; and
an actuator having:
a locked configuration in which the actuator is prevented from moving
axially relative to the barrel,
an unlocked configuration in which the actuator is capable of moving
axially relative to the barrel; and
a delivery configuration in which the actuator moves axially relative to
the barrel;
wherein:
in the locked and unlocked configurations, the first chamber contains a
first reagent, the second chamber contains a second reagent and is separated
from the first chamber by the piston, and the third chamber contains the fluid;
and
in the delivery configuration, the spring moves the piston to place the
first chamber in communication with the second chamber, the first and second
reagents reacting and generating a gas that drives the plunger to deliver the
fluid from the third chamber, and
the actuator is rotated relative to the barrel between the locked and

unlocked configurations.
2. The device of claim 1, wherein the actuator comprises:

a shuttle received in the barrel; and

a button coupled to the barrel.
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3. The device of claim 2, wherein the shuttle includes a port configured to receive the

first reagent, the button covering the port in the shuttle.

4. The device of claim 2, wherein the shuttle includes a keyway and the barrel includes a

key that extends radially inward to interact with the keyway of the shuttle.

5. The device of claim 4, wherein the keyway of the shuttle has a horizontal portion and
a vertical portion, the key of the barrel traveling through the horizontal portion of the keyway
between the locked and unlocked configurations and through the vertical portion of the

keyway between the unlocked and delivery configurations.

6. The device of claim 4, wherein the key of the barrel abuts a stop surface of the shuttle

in the locked configuration.

7. The device of claim 1, wherein the barrel comprises:
an upper housing;
an adapter coupled to the upper housing and having an inner shoulder; and
a syringe having an upper rim configured to rest upon the inner shoulder of the

adapter.

8. The device of claim 1, wherein the piston includes:

at least one locking tab that interacts with the barrel in the locked and unlocked
configurations; and

at least one ramped rotation tab that interacts with the actuator in the delivery

configuration.

9. The device of claim 8, wherein the at least one ramped rotation tab is positioned

circumferentially between adjacent locking tabs.
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10.  The device of claim 1, further comprising a C-shaped ring that holds the actuator
downward relative to the barrel in the delivery configuration to prevent the actuator from

returning upward to the unlocked configuration.

11.  The device of claim 1, further comprising a plug coupled to the barrel between the
piston and the plunger, wherein the plug seals the second chamber in the locked and unlocked

configurations and opens the second chamber in the delivery configuration.

12. The device of claim 1, further comprising at least one absorbent configured to absorb

liquid in the second chamber before the liquid reaches the third chamber.

13. The device of claim 12, wherein the at least one absorbent is a super absorbent
polymer.
14. The device of claim 13, wherein the super absorbent polymer is mixed with the second

reagent in the second chamber.

15. The device of claim 14, wherein the at least one absorbent is a gas-permeable filter

positioned upstream of the third chamber.

16. A device for delivering a fluid by chemical reaction, the device comprising:

a barrel having a first chamber, a second chamber, and a third chamber;

a piston positioned between the first and second chambers of the barrel;

a spring configured to move the piston;

a plunger positioned between the second and third chambers of the barrel; and

an actuator configured to rotate relative to the barrel between a first configuration and
a second configuration;

wherein:

in the first configuration, the first chamber contains a first reagent, the
second chamber contains a second reagent and is separated from the first

chamber by the piston, and the third chamber contains the fluid; and
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in the second configuration, the spring moves the piston to place the
first chamber in communication with the second chamber, the first and second

reagents reacting and generating a gas that drives the plunger to deliver the

fluid from the third chamber.

17. The device of claim 16, wherein the piston includes at least one locking tab that
extends radially outward and the actuator includes at least one locking tab that extends
radially inward, wherein the at least one locking tab of the piston is aligned beneath the at
least one locking tab of the actuator in the first configuration and is offset from the at least

one locking tab of the actuator in the second configuration.

18. The device of claim 17, wherein the actuator includes a plurality of locking tabs and a
plurality of channels between the locking tabs, wherein in the second configuration, the piston
travels upward through the channels and the first reagent travels downward through the

channels.

19.  The device of claim 17, wherein the actuator includes a plurality of locking tabs and a
plurality of channels between the locking tabs, wherein in the second configuration, the piston

travels upward through the channels and the first reagent travels around the piston.

20. The device of claim 17, wherein the barrel includes a lock indicator window and the
actuator includes a lock indicator tab visible to a user through the lock indicator window,
wherein the lock indicator tab translates through the lock indicator window from a first

position in the first configuration to a second position in the second configuration.

21.  The device of claim 20, wherein the lock indicator tab snaps into the lock indicator

window to retain the actuator in the barrel.

22.  The device of claim 16, wherein the piston travels axially upward and toward the

actuator in the second configuration.
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23.  The device of claim 16, further comprising at least one absorbent configured to absorb

liquid in the second chamber before the liquid reaches the third chamber.

24.  The device of claim 23, wherein the at least one absorbent is a super absorbent
polymer.
25.  The device of claim 24, wherein the super absorbent polymer is mixed with the second

reagent in the second chamber.

26.  The device of claim 23, wherein the at least one absorbent is a gas-permeable filter

positioned upstream of the third chamber.

27.  The device of claim 16, wherein the actuator has an unlocked configuration between
the first and second configurations, the actuator being configured to rotate relative to the
barrel from the first configuration to the unlocked configuration and being configured to move

axially relative to the barrel from the unlocked configuration to the second configuration.
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