[DESCRIPTION]

ITitle of Invention] INJECTOR

[Technical Field]

[0C01] The present inventionrelatestocaniniectorforinjecting
an injection obiective substance into an injection target region.
[Background Axrt]

[C002] An injector includ@s a syringe in which an injection
component {an injection objective substance) is encapsulated. The
injecteor drives a piston with respect o the injection component
toejecttheinjectioncomponent. Thereisaninjectorthatsupplies,
with,forexample,pressurebyapressurizedgas,aspring,combustibn
by an explosive component or the like, force for driving the piston.
[0003] For example, an injector disclosed in Patent Literature
1 is an injector actuated by a prepellant. An internal shell and
a chemical unit are incorporated in a main body. The propellant
is disposed in the internal shell and stored in an external shell
together with the chemical unit. The external shell is fit in the
mainbody andcoveredwithacover. Chemnical isejectedbycombustion
of the.propellant. An injector disclosed in Patent Literature 2
is an injector of a handgun type. A part (the peripheral surface)
of amain body is opened. A cartridge is inserted from this opening
section. The cartridge includes a piston, a bellows section, in
which chemical is stored, andanozzle. Intheinjector, the chemical
is ejected by the force of a spring.
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[0004]

[PTL 1] US Patent Specification No. 6258063

[PTL, 2] US Patent Specification No. 5080648

{Summaryi

[0004za] Inone aspect of the present disclosure, there is provided
a needleless injector comprising:

a syringe unit including a syringe that encapsulates an
injectionobjectivesubstancetobeinjectedintoaninjectiontarget
region, an ignition device that gives, by combustion of an explosive
component, energy for ejection to the iniection objective substance
encapsulatedinthe syringe, andapistondisposedbetween the syringe
and the ignition device and capable of transmitting the energy given
by the ignition device to the syringe side; and

an activating unit activating the ignition device included
in the syringe unit, wherein

the syringe unit includes a c¢ylindrical housing in which the
ignition device and the piston are incorporated, and the syringe
can be installed in a housing space formed in the housing through
an opening section provided in a side surface of the housing,

the syringe includes a nozzle formed at a distal end portion
of the syringe and injecting the injection objective substance to
the injection target region and a plunger disposed in a proximal
end portion on a side opposite to the distal end portion, a sealed
space for encapsulating the injection cbjective substance being
formed by the plunger and an inner wall of the gyringe, and the

plunger being capable of being propelled, toward the nozzle, on
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the inside of the syringe by energy transmitted from the piston, and

when the syringe is installed in the housing, the syringe is fixed
s0 that the nozzle of the gyringe lg exposed from the housing and the
plunger of the syringe is disposed in a position opposed to the piston

incorporated in the housing.
[Technical Problem]

[0005] In an iniector, since an injection component is included
in a syringe, the syringe needs to be kept sterile until immediately
beforeinjection. Inparticular, whenaninjectionobjectivesubstance
ig injected only once, the injector touches skin (an injection target)
once. Therefore, the reproduction of bacteria and the like can be
avoided. But, when the syringe isg replaced and used every time the
injection is performed, a sanitation problem concerning contamination
of a replaced new syringe has to be sufficiently taken into account.
[0006] When pressure generated by combustion of an explosive

component or the like is used as a driving source of a piston in the
injector, since it is easy to adjust the pressure applied to the piston,
the pressure ig considered to be a useful driving source. However,
the residue to the explosive component or the like occurs when the
explogive component or the like is burned. Therefore, a component once
used ig desirably discarded. At this point, a residue component

desirably doeg not leak out to the outside from the viewpoint of

sanitation (a place which a hand of a user reaches} to prevent the
hand of the user from being stained, when components after use are

removed or detached.
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[Q007] However, in the injector of Patent Literature 1 described
above, the chemical unit comes off the internal shell at the moment
that the external shell is taken out from the hcusing after use.
Therefore, it is likely that a combustion residue adheres to the
hand. Inparticular, since the external shell is inserted into the
main body and used, the main body is used a plurality of times.
Tt is conceivable that the main body is affected by the residue
every time the use is repeated. Tn the injector of Patent Literature
2 described above, although the driving source is not limited to
the explosive component and the like, the injector includes a
configuration for repeatedly loading the cartridge in the ingide.
Therefore, when bacteria adhering after the injection and an
injection solution leaked during the injection adhere to the main
body (e.g., the piston), problenms of sanitation Iinfluence arise
when a new cartridge is installed.
[oo0Eg] Therefore, the present invention has beendevisedinview
ofthepxoblanandji:isanobjectofthepresentinventiontogmovide
an injector that, although including a structure for replacing a
syringe including an injection objective substance every Time
injection is performed, even if the injection cbjective substance
leaked during the injection adheres to the syringe, can prevent
the influence of the injection cobjective substance from reaching
thenextnewsyringeandpreventtheinfluenceofamxmmustionresidue
of an explosive component used as a driving source from reaching
the new syringe.

[Solution to Problem]



[0009] In order to solve the problems, the inventors directed
attention, inparticular, toasyringe unit configuring an injector.
Specifically, the present invention is an injector including: a
syringe unit including a syringe that encapsulates an injection
cbijective substance to be injected into an injection target region,
anignitiondevice that gives, by combustioncf anexpliosive component,
energy for ejection to the injection objective substance
encapsulatedinthe syringe, andapistondisposedbetweenthe syringe
and the ignition device and capable of transmitting the energy given
by the ignition device to the syringe side; and an activating unit
that activates the ignition device included in the syringe unit.
The syringe unit includes a cylindrical housing inwhich the ignition
device and the pistonare incorporated. The syringecanbe installed
in a housing space formed in the housing through an opening section
provided in a side surface of the housing. Further, the syringe
includes 2 nozzle formed at a distal end portion of the syringe
and for injecting the injection objective substance to the injection
target region and a plunger disposed in a proximal end portion on
a side opposite to the distal end portion, & sealed space for
encapsulating the injection objective substance being formed by
the plunger and an inner wall of the syringe, and the plunger being
capable of being propelled, toward the nozzle, on the inside of
the syringe by energy transmitted from the piston. When the syringe
is accommodated in the housing, the syringe is fixed to dispose
the plunger of the syringe in a position opposed to the piston

incorporated in the housing.



[00210] The injector according to the present invention uses the
explosive component as a driving source for ejecticnof the injection
obiective substance. As the igniticondevice, only apublicly-known
electric igniter including an explosive component such as ZPP (a
mixture of zirconium and potassium perchlorate) may be used ozr

publicly~known black powder {boron saltpeter) or a publicly-known
gas generating agent (e.g., cellulose nitrate-based) can be used
together with the electric igniter.

[0G11] In the injector according to the present invention, the
injection objective substance is encapsulated in the syringe, at
the distal end portion of which the nozzle is formed. The nozzle
may be formed integrally with the syringe or may be attached to
the syringe as another member. In the syringe, the plunger is

provided at the proximal end portion on the opposite side in the
axial direction of thedistal endportion where thenczzle is formed.

The sealed space, 1in which the injection cbiective substance is

Ind

encapsulated, is formed by the plunger and the inner wall of the
syringe. The plunger is disposedon the inside of the syringe, that
15, the sealed space to be capable of being propelled toward the
nozzle. Note that, as explained below, energy generated by the
ignitiondevice is transmitted to theplunger via the piston, whereby
the plunger performs propulsicn in the sealed space.

[0012] The syringe canbe installed in the housing of the syringe
unit in which the igniticn device and the piston are incorporated.

That is, the ignition device and the piston are incorporated in

thehousing inadvance. However, concerningthesyringe, anysyringe
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selectablebytheuseraccordingtonecessitysuéhaga¢medetermined
syringe in which a desired injection objective substance
corresponding to an injection purpose i1s encapsulated or a
predetermined syringe having a nozzle diameter suitable for the
injection target region is selectively installed in the housing,
whereby the injector is configured. For installing the syringe in
the housing, the copening section is provided on the side surface
of the cylindrical housing. Note that the opening section does not
always need to have size same as the secticnal shape of the syringe
and only has to have size enough for attaching the syringe to ths
housing.

[0013] The plunger present at the distal end portion of the
syringe 1s disposed to be opposed to the piston incorporated in
the housing when the syringe is installed in and fixed to the housing
via the opening section. Asthe fixingof the syringe to the housing,
it is possible to use publicly-known fixing methods such as a method
of pressing the proximal end portion of the syringe to the piston
side using an elastic body or the like, a method of bringing the
syringe into contact with or fitting the syringe in a protrusion
formed on the inside cof the housing, a method of fixing the syringe
to the housing using a predetermined member for fixing, and a method
by an adhesive tape. Note that the fixing of the syringe to the
housing is not limited to the fixing methods indicated above as
long as the syringe 1s properly fit without backlash when being
installed in the housing and the syringe is held in the housing

such that the piston can smcothly push the plunger.



[0014] The syringe unit is connected to the activating unit.
The ignitiondevice incorporated in the syringe unit receives supply
of electricpower foractivationbytheactivatingunit., Forexample,
if the ignition device is an ignition device in which an electric
igniter is used, a circuit and a battery for supplying an ignition
current to the igniter, an actuatiocn switch, a diagnostic device
for the circuit, and the like are disposed in the activating unit.
When the iniection cbjective substance is ejected, the user can
grip the activatingunit andoperate the injector. Note thatvarious
forms can be adopted as a form of the connection of the syringe
unit and the activating unit. For example, the units may be formed
by individual containers (housings). The syringe unit may be
attached and fixed to the outer peripheral section of the container
on the activating unit side and receive power supply. The syringe
unit and the activating unit may be connected in a form in which
the syringe unit is housed on the inside of an outer container
configuring the activatingunit. Thesyringeunitmay receive power
supply from the activating unit side.

[G015] Inthe injectorconfiguredinthisway, aftertheinjection
objective substance iz emitted by cperation of the ignition device,
the syringe unit is removed from the activating unit and discarded.
The syringe unit after use includes the ignition device, the syringe,
andthepistonasexplainedabove. Thesyringelis fixedtothesyringe
unit on the inside. Therefore, a residue less easlily leaks to the
outside of the syringe unit during the operation and after the

operation. FEven 1f the injection objective substance leaks into



the syringe unit, since the syringe unit is replaced in whole, it
is extremely less likely that the hand of the user operating the
injector is contaminated by the residue and the injection cbjective
substance. That is, in the present invention, the syringe unit is
discarded after being used once. It is possible to eliminate, as
much as possible, likelihood that the syringe unit contaminates
anewsyringeandanewsyringeunitinstalledinthenextnewinjector.
i0018] Before ejection of the injection objective substance,
the syringe unit of the present invention is desirably stored in
a sealed container or the like while being divided into the syringe
and the syringe unit not installed with the syringe, that 1s, the
housinginwhichtheignitiondéviceandthepistonareincorporated.
Immediatelybefore theuse, the sealing of the syringe and the syringe
unit is released and the syringe is housed in the housing from the
opening section. At this point, unlike the Patent Literature 1
described above, complicated work for installing the internal shell
having the propellant and the injection solutionunit inthe external
shell together is unnecessary. That is, since the ignition device
is incorporatedinadvance inthehousingusedinthepresent invention,
the syringe unit is completed if only the syringe is incorporated
in the housing at a point of use. Therefore, the user does not need
to touch unnecessary components. The syringe is installied from a
side surface of the housing. Therefore, assembly of the syringe
unit is also simple. Note that it isdesirable interms of sanitation
as well Lo separately seal the syringe and the housing. However,

at a stage before use, the housing does not always have to be sealed



and stored. Only the syringe, in which the injection objective
substance is encapsulated, may be sealed and stored.
‘[0017] In the injector, the ignition device may be formed to
be integrated with the housing. In this way, it is easy to manage
the housingbeforeuse. Inparticular, sincetheexplosivecomponent
is used in the ignition device, by integrating the ignition device
with the housing, it is possible to suppress the user from carelessly
accessing the explosive component in the ignition device. More
specifically, when the housing is formed by injection molding of
a resin material, the ignition device may be integrated with the
housing in a state in which the ignition device is embedded in the
housing during the injection melding of the housing. The housing
and the ignition device are integrated by a method of so-called
insert molding.

[0018] When the ignition device and the housing made of resin
are integrally molded in this way, it is likely that the housing
is damaged by heat generated in the ignition device. Therefore,
to reduce the theﬁmal damage to the housing, in the injector, in
the housing, heat-resistant members may be provided between the
ignition device and the resin material of the housing and between
the piston and the resin material of the housing to cover at least
parts of the ignition device and the piston dispesed in the housing.
The heat-resistant members are members that are not deformed by
heat when the ignition device operates and burns and strength of
which ig not deteriorated. For example, metal, ceramic, and the

like can be used. These heat-resistant members are desirably
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disposed to surround the entire ignition device and surround the
entire piston in order to cbtain a reducing effect for the thermal
damage as much as possible. Further, the ignition device and the
piston may be surrounded by an integrally formed heat-resistant
member. By disposing such a heat-resistant member, deformation of
the housing made of resin due to heat after the operation of the
ignition device is suppressed to make it easy to replace the syringe
unit.
[0019] In the injector, since the diameter of the nozzle is
relatively small compared with the diameter of the syringe maln
body, a relatively large load tends to be applied to the wall surface
of the syringe when a load is applied to the syringe from the piston
during the operation. Therefore, it is likely that the syringe is
deformed or broken. Therefore, in the housing, a reinforcing member
may be provided between the syringe and the housing to cover at
least a part of the syringe installed in the housing. If the
reinforcing member is disposed to cover the syringe in this way,
it is possible to avoid the deformation and the breakage even Lf
the load is applied to the syringe wall surface.
[0020] In the injector explained above, a lid section capable
of opening and closing the opening section may be provided in the
housing. Although the syringe is fixed to the housing, since the
1id section is provided in the housing, it is possible to prevent
drop of the syringe by any chance. Note that the lid section may
be a 1id section that is completely detached from the housing or

may be a lid section that is connected to the housing in a part
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and can be opened and closed in a door shape. The lid section may
be formed of a material same as the materizal of the housing or may
be formed of a different material.

10021 In the injector explained above, in a state in which the
syringe is installed in the housing, the nozzle of the syringe may
be exposed from the housing. For example, in a case where the housing
has a through-hole, which connects the inside and the outside of
the housing, in a distal end face of an end portion of the housing
space, with the end portion being on a side opposite to the ignition
device, when the syringe is installed in the housing, the syringe
may be fixed to the housing in a state in which the syringe is held
in the through-hole and may be configured such that the nozzle i1s
exposed from the through-hole. By configuring the syringe in this
way, it is possible to facilitate positioning of the syringe with
respect to the housing. The user can complete ejection preparation
of the injection objective substance with simple operation.
[Advantageous Effects of Invention]

[0022] It is possible to provide an injectcr that, although
including a structure for replacing a syringe including an injection
objective substance every time injection is performed, even if the
injection objective substance leaked during the injection adheres
Uathesyringe,canpreventtheimfluenaaoftheinjectionobjective
substance fromreaching the next new syringe andprevent the influence
of a combustion residue of an explosive component used as a driving
source from reaching the new syringe.

[Brief Description of Drawings]
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(00231
[Fig. 11
Flg. 1 is a first diagram showing the schematic configuration of
an injector according to the present invention.
[FPig. 2]
Fig. Zisadiagramshowing the configurationof an initiator included
in the injector shown in Fig. 1.
[FPig. 3]
Fig. 3 1s a diagram showing the configuration of a plunger, which
is one of components of a syringe included in the injector shown
in Fig. 1.
[Fig. 4]
Fig. 4 is @ diagram showing the configuraticn of the syringe included
in the injector shown in Fig. 1.
[Fig. 5]
Fig. 5 is a secticonal viewcof a syrihge unit included in the injectorn
shown in Fig. 1.
{Fig. 6]
Fig. 6 is a second dlagram showing the schematic configuration of
the injector according to the present invention.
[Fig. 7]
Fig. 7 is a.third diagram showing the schematic configuration of
the intecter according to the present invention.
{Descripticon of Embodiments)
[0024] A needleless injector 1 (hereinafter simply referred to

as "injector 1") according to an emnbodiment of the present invention



is explained below with reference to the drawings. Note that a
configuration of the embodiment explained helow is illustration.
The present invention is not limited to the configuration of the
embodiment.
[0025] <Configuration of the injector 1>

Fig. 1 is a perspective view of the injector 1. DNote that
the injector 1 shown in Fig. 1 is configured by a syringe unit 10
and an activating unit 30 explained below. However, Fig. 1 simply
shows the concept of the invention and does not show relative sizes
of the units. In the following description of this application,
an injection objective substance injected into an injection target
region by the injector 1 i1s generally referred to as "injection
solution™. However, thisdoesnot intendto limit contents and forms
of substances tobe injected. Intheinjectionobjective substance,
a component that should be delivered to a skin structure or the
like, which is the injection target region, may ke dissclved or
may not be dissoclved. A specific form of the injection oblective
substancemaybe any formas long as the injectionobjective substance
can be ejected to the injection target region from a nozzle 3a by
being pressurized. Various forms such as liquid and gel forms can
be adopted.
[0026] The injector 1 is configured from the syringe unit 10
and the activating unit 30. The syringe unit 10 is a unit that is
thrownawaveverytimeejectionof the injectionsolution is performed.

On the other hand, the activating unit 30 is a unit that can be
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repeatedly used as long as electric power of a battery incorporated
therein remains.
[0027] First, the syringe unit 10 is explained with reference
to Fig. 1 and Fig. 5. Note that Fig. 5 is a sectional view of the
syringe unit 10. The syringe unit 10 includes a housing 2 formed
in a cylindrical shape. In the housing 2, an initiator 20, which
jjsanelectricigniterthatburnseulexplosivecomponenttx:generate
energy for ejection, and a piston 5, which transmits the energy
generated by the initiator 20 to a syringe 3 side explained below,
are incorporated. Specifically, the housing 2 is manufactured by
injection molding of resin. Concerning the injection molding, a
publicly-knownmethodcanbe used. When the housing 2 ismanufactured,
the initiator 20 is insert-molded to be integrated with the housing
5 4n a form in which a charge holder 23 side explained below are
exposed. As a resin material of the housing 2, for example,
publicly—knownnylon6~12,polyarylate,polybutyleneterephthalate,
polyphenylene sulfide, or ligquid crystal polymer can be usad. A
filler such as a glass fiber or a glass filler may be included in
these kinds of resin. 20 to 80 mass: of the glass fiber canbe included
in the pelybutylene terephthalate. 20 to 80 mass% of the glass fiber
can be included in the polyphenylene sulfide. 20 to 80 mass% of
mineral can be included in the liguid crystal polymer.
[0028] AnexampleoftheinitiatorZOisexplainedwithreference
to Fig. 2. The initiator 20 is an electric igniter. A cup 21, the
surface of which is covered with an insulating cover, defines, in

the cup 21, a space for disposing an ignition charge 22. A metal
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header 24 is disposed in the space. A cylindrical charge heolder
23 is provided on the upper surface of the metal header 24. The
ignition charge 22 is held by the charge holder 23. A bridge wire
26, which electrically connects one of conductive pins Z& and the
metzl header 24, is wired in the bottom of the ignition charge 22.
Note that two conductive pins 28 are fixed to the metal header 24
via an insulator 25 to be insulated from each cther. Further, an
opeﬂimgofthecule,fromwhichthetwoconductivepins28supported
bythei&sulatorZSextend,isprotectedijzastat@inwhichinsulation
between'bheconductivepinsZB.issatisfactorilyH@intainequrresin
27,

100291 Tn the initiator 20 configured in this way, an electric
current flows to the bridge wire 26 when a voltage is appliedbetween
the two conductivepins 28 by anexternal power supply. Conseqﬁently,
the ignition charge 22 burns. At this point, a combustion product
bythecombustionoftheignitioncharqazzisejectedfrmnaﬁopening
sectionof the charge holder 23whilebreakingthecup 21. Therefore,
in the present invention, a combustion chamber 6 having a
predetermined capacity is disposed in front of the charge holder
23 (a direction opposite to a direction in which the conductive
pins 28 extend) such that the combustion product of the ignition
charge 22 in the initiator 20 flows into the combustion chamber
6. Note that, since the initiator 20 is formed integrally with the
housing 2 as explained above, it is unlikely that the initiator
20 itself comes off the housing 2 with pressure generated during

ignition in the initiator 20.
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10030 Note that examples of the ignition charge 22 used in the
injector 1 preferably include powder (ZPP) containing zlrconium
andpotassiumpexchlorate,powder(THPP)containingtitaniumhydride
and potassium perchlorate, powder (TiPP) containing titanium and
potassium perchlorate, powder (APP) containing aluminum and
potassimnperchlorate,powder(AEO)containingaluminwnandbismuth
oxide,powder(AMO)containingaluminumandnwlybdenumoxide,powder
(ACO}containingaluminmnandcopperoxide,powder{AFO)containing
aluminum and iron oxide, or powder formed by a combination of a
plurality of kinds of powder among these kinds of powder. These
kvinds of powder show a characteristic that, although these kinds
ofpowdergeneratehigh—temperatureandhigh-pressureplasmaduring
combustion immediately after ignition, when temperature changes
to the normal temperature and the combustion product condenses,
generated pressure suddenly drops because these kinds of powder
do not include a gas component. Powder other than these kinds of
powder may be used as the ignition charge as long as appropriate
injection is possible.
[0031] In the combustion chamber 6 shown inFig. 5, an additional
@xplosivecémponentisnotparﬁiculariydisposed. However, inorder
to adjust transition of pressure applied to the injection solution
via the piston 5, it is also possible to dispose, in the combustion
chamber 6, a gas generating agent or the like that is burnt by the
combustionproduct generatedby the combustionof the ignition charge
22 and generates gas. Examples of the gas generating agent include

single—basesmokelesspowderincluding98ﬁ@ss%ofcellulosemitrate,
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0.8 mass% of diphenylamine, and 1.2 mass% of potassium nitrate.
Tt is also possible to use various gas generating agents used in
a gas generator for an airbag and a gas generator for a seatbelt
pretensioner. By adjusting the dimension, the size, and the shape,
inparticular,thesurfaceshapeofthegasgeneratinqagentdisposed
in the combustion chamber 6, it is possible to change a combustiocon
completion time of the gas generating agent. Conseguently, it is
possible to adjust the transition of the pressure applied to the
injection solution to desired transition, that is, transition in
which the injection solution can appropriately reach the injection
target region.
[0032] In the housing Z, a through-hole 7 having a fixed diameter
along the axial direction thereof is provided. One end ol the
through-hole 7 communicates with the combustion chamber 6. The
remaining one end reaches a housing space Zb side for housing the
syringe 3. In the through-hole 7, the piston 5 made of metal 1is
disposed to be capable of being propelled along the axial direction
in the through-hcle 7. One end of the piston 5 faces the coembustion
chamber 6 side. The remaining other end faces the housing space
2b side.
[0033] The syringe 3, in which the injection solution is
encapsulated, is explained with reference to Fig. 3 and Fig. 4.
Tn Fig. 4, the schematic configuration of the syringe 3 is shown
as a sectional view thereof. InFig. 3, the schematic configuration
of a plunger 4, which is one of components configuring the syringe

3, is shown as a sectional view thereof. The plunger 4 is formed
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of resin. As thematerial of theplunger 4, for example, butyl rubber
and silicon rubber canbe adopted. Further, examples of thematerial
include styrene-based elastomer, hydrogenated styrene-based
elastomer, and the styrene-based elastomer and the hydrogenated
styrene-based elastomer added with polyethylene, polypropylene,
polybutene,polyolefinsnmﬂlasaroiefincopoiymer,liquidparaffin,
oil such as process oil, and powder inorganic matters such as talc,
cast, and mica. Further, polyvinyl chloride-based elastoner,
olefin-based elastomer, polyester-based elastomer,
polyamide;based elastomer, and polyurethane-based elastomer,
various rubber materials (in particular, those subjected to
vulcanization)suchznsnaturalrubber,isoprenerubber,chloroprene
rubber, nitrile-butadiene rubber, and styrene-pbutadiene rubber,
mixtures of the kinds of elastomer and the kinds of rubber, and
che like can be adopted as the material of the plunger.
10034] Exbodysectionénvoftheplungertihaseagenerallycolumnar
shape. A plurality of annular protrusion sections 43 are formed
in the outer circumference of the body section 41. In an example
shown in Fig. 3, three annular protrusion sectiocns 43 are formed.
As shown in Fig. 4, the plunger 4 configured in this way is inserted
into a hollow portion ¢of the syringe main body 31 such that a rear
end face 44 of the plunger 4 is generally flush with an end portion
of the syringe main body 31 made of metal. The hollow portion is
provided taking into account the size and the shape of the plunger
4 such that the plunger 4 can be inserted into the hellow portion

with a distal end portion 42 at the head and the plunger £ is capable



19
of being propelled in the hollow portion in order to eject the
injection solution. Note that the plurality of annular protrusion
sections 46 provided in the cuter circumference of the plunger 4
areelasticallydeformedwhenbeinginsertedintothehollowportion
because the annular protrusion sections 46 are made of resin. The
adhesionoftheplunger4andthesyringemainbodyBlcanbeimproved.
In particular, since the plurality of protrusion sections are
provided, it is possible to suppress the pressurized injection
solution from leaking out from between the plunger 4 and the syringe
main body 31 during injection.
0353 Since the plunger 4 is inserted into the syringe main
bodyBlinthisway,asealedspace34forencapsulatingtheinjection
solution is formed in the syringe main body 31. 2 nozzle 3a for
ejecting the injection solution to the outside iz formed at the
distal end portion of the syringe main body 31, that is, an end
portioncﬂltheoppositesideofau1endportionintowhichtheplunger
4 is inserted. The distal end portion 42 of the plunger 4 is formed
in a shape for supplementing the shape of an outflow port 33 (see
Fig. 4) extending to the nozzle 3a of the sealed space 34. That
is, the shave of the outer surface of the distal end portion 42
and the shape of the outflow port 33 are generally coinciding shapes.
Therefore, when the ejection of the injection solution is completed,
it is possible to reduce an amount ¢f the injection sclution left
in the sealed space 34 as much as possible.
(00367 The syringe unit 10 is configured by the housing Z and

the syringe 3 configured as explained above. The housing 2 is in
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a state in which the initiator 20 and the piston 5 are incorporated
therein. However, the svringe 3, in which the injedtion solution
is encapsulated, is not incorporated in the housing 2 itself. The
user of the injectorjkcan select an appropriate syringe 3 according
to an injection purpose and install the syringe 3 in the housing
space 2b of the housing 2. For example, the user can select the
syringe 3 corresponding to a type and an amount of the injection
solution that should be delivered to the injection target region
and the syringe 3 including the nozzle 3a having a shape corresponding
to characteristics {depth, resistance of the regicn, etc.) of the
injection target region.

[0037] As shown in Fig. 1, the syringe 3 selected by the user
is installed in the housing space 2b from the cpening sectionprovided
in the side surface of the housing 2. At this point, the nozzle
3a located at the distal end portion of the syringe 3 is fit in
a through-~hole 9 provided in a distal end face 8 of the housing
2. Fixing in the housing space 2b is performed in a state in which
a proximal end portion (an end portion on the opposite side of the
distal end portion at which the nozzle 3a is provided) of the syringe
3 is pressed against the piston 5 side by fixing means by a not-shown
elastic memb@r.. As a result, the syringe 3 is stably fixed in a
state in which the syringe 3 is positiocned by the through-hole 9
in the housing space 2b. In the fixed state, the rear end face 44
of the plunger 4 is opposed to the end face of the piston 5 already

incorporated in the housing 2.
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[0038] Note that, in the opening section for reaching the housing
space 2b of the housing 2, a door section Za for opening and closing
the opening section is provided. When installing the syringe 3 in
the housing 2 in the use of the injector 1, the user can access
the opening section by opening the door section Za. When installing
the syringe 3 is completed, by closing the door section Za, the
user can suppress the syringe 3 from suddenly coming off.

[0039] As shown in Fig. 5, the conductive pins 28 of the initiator
20 incorporated in the housing 2 extend to the cutside of the housing
2. The activating unit 30 is attached to the conductive pins 28.
Consequently, the injector 1 is completed. A not-shown battery in
the inside of the activating unit 30 and an activating switch 31
are provided for the activating unit 30. When the activating unit
30 is connected to the syringe unit 10 via the conductive rins 28,
electric power can be supplied to the initiator 20 from the battery.
The user pushes the activating switch 31, whereby electric power
is actually supplied and the initiator 20 operates. In this way,
the activating unit 30 functions as a power source of the injector
1. However, the activating unit 30 also functions as a grip portion
for the user to grip the injector 1 during the use of the injector
1. The activating unit 30 itself is gripped by the use and supplies
electricpower. Therefore, theactivatingunit 30 isnot acomponent
contaminatedbytheuseroftheinjectorl. Eherefore,theactivating
unit 30 can be repeatedly used as long as the electric power of

the battery lasts ocut,
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[0C40] when the initiator 20 operates, combustion gas 1s
generatedandthepressureofthecxmmustionchamber6Iises,whereby
the piston 5 is propelled in the through-hole 7. Therefore, the
plunger4ispush@dandejectionoftheinjectionsolutioaisperformed.
At this point, according to the operation of the initiator 20,
high~temperature combustion gas is generated. Therefore, it is
likely thai the resin material forming the housing 2 is thermally
damaged. Therefore, in the housing Z, heat registant members 11
are disposed in places where relatively large heat is likely to
be transmitted to the resin material of the housing 2 from the
initiator 20. Specifically, the heat resistant members 1l are
disposedbetweentheinitiatoriﬂ)andtheresinﬁ@teriaiandbetween
the piston 5 and the resin material in a region reaching from the
vicinitycﬁfthechargeholder23coftheinitiator20tx;thep@riphery
of the piston 5. The heat resistant members 11 can be formed of
materials such as metal and ceramic.

(00417 Note that the heat resistant members 11 are alsomaterials
havingﬁﬁigh,strength_comparedﬁwith,the.resimwﬂateriaj_of the housing
2. Therefore, as shown in Fig. 5, the heat ragslistant members 11
further extend to the vicinity of the housing space 2b in a position
between the syringe 3 and the resin material of the housing 2 and
also function as reinforcing members to reinforce the syringe 3
fromthe periphery thereof. As explained above, pressure isapplied
to the injectien solution in the syringe 3 by the pressure of the
combustion gas in the initiator 20, whereby the ejection of the

injection solution is performed. At this point, a relatively large
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forcejjsappli@dt@>thesyrinqenwdjlbody31alfthesyringELSbecause,
for example, the diameter of the nozzle 3 is small. Therefore, by
surrOundingijmasyringen@inkxth3lwiﬁhijuaheatresistantnﬁmbers
(the reinforcing members) 11, it is possible to avolid deformation
and breakagerof the syringe 3 during the ejection.

1004273 Notethat,inthisembodiment,theheatresistantnembers
(thereinforcingmembers}11arecontinuouslylaidfromtheinitiator
20 to the housing space 2b. However, the heat resistant members
(the reinforcing members) 11 may be partially laid in places
corresponding to the respective members according to necessity.
Alternatively, as the heat resistant members (the reinforcing
members} 11, members separated for each of portions to be covered
such as the initiator 20 and the piston 5 may be used in combination.
As the material of the heat resistant member 11 laid in the vicinities
of the initiator 20 and thepiston Sandthematerial of thereinforcing
member 11 laid in the vicinity of the housing space 2b, different
materialsnmylxarespectivelyznwxiaccordingtx>requiredfﬁnctions,
that is, a heai insulatipg function and a reinforcing function.
(00433 To use the intector 1 configured as explained above, when
the user uses the injector 1, the syringe 3 selected according to
an injection purpose is installed in the housing 2, in which the
initiator 20 and the piston 5 are incorporated, and the activating
unit 30 is connected to the syringe unit 10 via the conductive pins
28 to complete the injector 1. To eject the injection solution to
a predetermined injection target region, the user depresses the

activatingswitchBljj1astateinwhichtheusergzipstheactivating
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unitBOandpressesthenozzle3aagainstthepredeterminedinjection
target region. Consequently,theinitiatorZOoperat@sandejection
of the injection solution is performed.
[0044] After completion of the injection, the user detaches the
syringe unit 10 from the activating unit 30. On the other hand,
+he user discards the syringe unit 10 as it is without detaching
the syringe 3 from the syringe unit 10. The activating unit 30 can
be used for the next injection as long as electric power of the
battery remains. As a result, even after the completion of the
injection, since the syringe 3 is fixed on the inside of the sjringe
unit 10, the syringe unit 10 is considered to be in a state in which
2 residue generated from the initiator 20 less eazily leaks out
o the outside of the unit. BEven if the inijection solution leaks
out from the syringe 3, since the syringe 3 stays on the inside
of the syringe unit 10 and is replaced together with the syringe
unit 10 in the next inijection, it is possible to eliminate, as much
as possible, likelihood that the hand of the user is contaminated
by the leaked-out injection solution and the like.
[0045] Note that, in terms of sanitation and malfunction
avoidance, before the use of thé injector 1, the syringe 3 and the
housing 2 are respectively desirably sealed and stored.
[0046] <Modification 1>

A first modification of the syringe unit 10 is explained with
reference to Fig. 6. In the embodiment explained above, as shown
in Fig. 1, the lid section Za provided in the side surface of the

housing 2 is opened and the syringe 3 is installed in the housing
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space 2b from the opesning section. Instead of such a form, in the
modification shown in Fig. 6, the lid secticn 2a is removed,
approximatelyahalfofthesidesurfaceof thehousing 2 corresponding
to the housing space 2b is cut off, and a relatively wide copening
section is formed. Eveninsuchaconfiguration, asexplainedabove,
the syringe 3 is installed in the housing space 2Zb in a state in
which the proximal end face of the syringe 3 is pressed against
the piston 5 side by the fixingmeans by the not-shown elastic member.
Therefore, basically, the ejection c¢f the injection soluticn is
not affected. Since the lid section 2a is removed, the syringe is
in a state in which the syringe is installed in & half-open space.
However, after the completion of the injection, since the syringe
is discarded together with the syringe unit, it is considered less
likely that the hand ¢f the user is contaminated.
[0047] <Modification 2>

Further, a second modification of the syringe unit 10 is
explained with reference to Fig. 7. A difference betwesen the
modification shown in Fig. 7 and the modification shown in Fig.
61is the shapesof adistal end face of the housing 2 and a through-hole
provided in the distal end face. In the modification shown in Fig.
7, a distal end face 8a of the housing 2 is formed in a shape cut
off by approximately a2 half according to the shape df the housing
space 2b. A through~hcle 9%9a formed in the distal end face 8a 1is
also formed in a generally semicircular shape. Even if the shapes
of the distal end face 8a and the through-hole %a are formed in

this way, since the syringe 3 is pushed into the housing space 2b
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from above to be installed, positioning of the syringe 3 1in the
housing space 2b is not affected. Therefore, as in the embodiment
explained above, the syringe 3 can be appropriately installed in
the housing 2. After the completion of the injection, it is
considered less likely that the hand of the user is contaminated.
[0048] <Other embodiments>

With the injector 1 according to the present inventlon, other
than injecting the injection solution into the skin structure, for
example, in the field of regenerative medicine for a human, it is
possible to seed a cultured cell, a stem cell, and the like in an
injectiontarget cell andascaffoldtissue/ascalffold. Forexample,
as described in Japanese Patent Application Laid-Open No.
2008-206477, it is possible to inject, with the injector 1, a cell
that those killed in the art can determine as appropriate according
to a region to be implanted and a purpose of recellularization,
for example, an endothelial cell, an endothelia precursor cell,
a bone marrow cell, a preosteoblast, a chondrocyte, a fibroblast,
askincell,anmsclecell,alivercell,a&kidneycell,anintestinal
cell, a stem cell, and all other cells considered in the field of
regenerative medicine.
100491 Further, the injector 1 according to thepresent invention
can also be used for delivery of a DNA and the like to a cell, a
scaffold tissue/a scaffold, and the like described in Japanese
Translation of PCT Application No. 2007-525192. In this case,
compared with delivering the DNA using a needle, it is considered

moredesirable tousetheinjectorlaccordingtothepresent invention
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because it is possible to suppress the influence on the cell, the
scaffold tissue/the scaffold, and the like themselves.
[0050] Further, whendirectlydeliveringvarious genes, a cancer
inhibition cell, a lipid envelope, and the like to a target cell
oradministeringfulantigengenejjlordertx>improveimmunityagainst
pathogen, the injector 1 according to the present invention is also
sultably used. Besides, the injector 1 can be used in the field
of various disease treatments (the field described in Japanese
TranslationofPCTApplicationNo.2008~50888l,Japan@seTranslation
of PCT Epplication No. 2010-503616, and the like), the immunclogy
field (the fielddescribed in Japanese Translationof PCT Application
No. 2005-523679 and the like), and the like. Usable fields of the
injector 1 are not intentionally limited.

[Reference Signs List]

(00511

1 Injector

2 Housing

3 Syringe

4 Plunger

5 Piston

& Combustion chamber
7 Through-hole

g8, 8aDistal end face
%, 9aThrough-holes
10 Syringe unit

20 Initiator
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Syringe main body
Sealed space
Body section
Distal end pertion
Annular protrusion section

Rear end face
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[CLAIMS]
[Claim 1] A needleless injector comprising:

a syringe unit including a syringe that encapsulates an
injectionobjective substance tobe injectedintoan injection target
region, an ignition device that gives, by combustion of an expldsive
component, energy for ejection to the injection objective substance
encapsulatedinthe syringe, andapistondisposedbetween the syringe
and the ignition device and capable of transmitting the energy given
by the ignition device to the syringe side; and |

an activating unit activating the ignition device included
in the gyringe unit, wherein

the syringe unit includes a cylindrical housing in which the
ignition device and the piston are incorporated, and the syringe
can be installed in a housing space formed in the housing through
an opening section provided in a side surface of the housing,

the syringe includes a nozzle formed at a distal end portion
of the syringe and injecting the injection objective substance to
the injection target region and a plunger disposed in a proximal
end portion on a side opposite to the distal end.pc'n:t:i_onr a sealed
space for encapsulating the injection objective substance being
formed by the plunger and an inner wall of the syringe, and the
plunger being capable of.being propelled, toward the nozzle, on
the inside of the syringe by energy transmitted from the piston,

and
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when the syringe is installed in the housing, the syringe is
fixed so that the nozzle of the syringe is exposed from the housing
and the plunger of the syringe is disposed in a position opposed
to the piston incorporated in the housing.
[Claim 2] The needleless injector according to claim 1, wherein
the ignition device is formed to be integrated with the housing.
[Claim 3] The needleless injector according te claim 2, wherein

the housing is formed by injection molding of a resinmaterial,
and

the ignition device is integrated with the housing in a state
in which the ignition device is embedded in the housing during the
injection molding of the housing.
[Claim 4] The needleless injector according to claim 3, wherein,
in the housing, heat resistant members are provided between the
ignition device and the resin material of the housing and between
the piston and the resin material of the housing to cover at least
parts of the ignition device and the piston disposed in the housing.
[Claim 5] The needleless injector according te claim 3, wherein,
in the housing, a reinforcing member is provided between the syringe
and the resin material of the housing to cover at least a part of
the syringe installed in the housing.
[Claim 6] The needleless injector according to any one of claims
1 to 5, wherein a 1id section capable of opening and closing the

opening section is provided in the housing.
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[Claim 7] The needleless injector according to claim 1, wherein

the housing includesg a through-hole, which connects an inside
and an outgide of the housing, in a distal end face, which is an
end portion of the housing space, this end portion being on a side
opposite to the ignition device, and

when the syringe i1s installed in the housing, the syringe is
fixed to the housing in a state in which the syringe is held in

the through-hole, and the nozzle is exposed from the through-hole.



