SYRINGE TECHNICAL FIELD [0001]The present invention relates to a syringe (injector) with which an
injection objective substance is injected into an injection target area of a living body without using any
injection needle. BACKGROUND ART [0002]In relation to a needle-free syringe (needleless syringe)
with which the injection is performed without using any injection needle, a construction is adopted in
some cases such that an injection component is injected or allowed to inject by applying a pressure to
an accommodating chamber in which an injection selution is accommodated, by means of a
pressurized gas or a spring. However, in the case of the needle-free syringe having the conventionally
known construction, the reproducibility is unsatisfactory in relation to the depth and the injection
amount of the injection solution. Therefore, | |&%fﬂ§ﬁgt%%@{hr8 that such a needle-free syringe
generally comes into widespread use. [0003JAccordingly, such a technique is disclosed that a

[0001] The present invention relates to a syringe
(injector) with which an injection objective substance is
injected into an injection target area of a living body

without using any injection needle.
BACKGROUND ART

[0002] In relation to a needle-free syringe (needleless
syringe) with which the injection is performed without
using any injection needle, a construction is adopted in
some cases such that an injection component is injected or
allowad to inject by applylng a pressure to an
accommodating chamber in which an injection solution is
accommodated, by means of a pressurized gas or a spring.
However, in the case of the needle~free syringe having the
conventionally known construction, the reproducibility is
unsatisfactory in relation to the depth and the injection
amount of the injection solution. Therefore, it is
difficult to affirm that such a needle-free syringe
generally comes into widespread use.

[0003] Accordingly, such a technique is disclcsed that a
propellant charge, which is composed of a mixture of two

types of powders, i.e., a high speed combustion powder and



propellant charge, which is composed of a mixture of two types of powders, i.e., a high speed
combustion powder and a low speed combustion powder, is utilized to adjust the output pressure
(injection pressure) for the injection solution in a plurality of levels or stages (see, for example, Patent
Document 1). Specifically, the injection solution is firstly allowed to inject by applying a large force to a
piston by the combustion of the high speed combustion powder. As a result, the injection solution
penetrates through,a skin-ef & buman-bady grthedike, ard the injectign-selutionisfed into the body.
After that, a pressure is continuously applied to such an extent that the injection solution can be
diffused in theskirby theecombastiomdfthe low speedsconsbustion powdernPateht Document 2
discloses such a technique that an injectjon sol tiﬁn is administered in tw. stage% b¥ using a
needle-free sf/ﬁrlnéé.ll?ﬂhFs”teéhﬁﬁaﬁé,%étiﬁje%#o LWfution ¢ afdwéd o injéct by applying a high
pressure thereto 5o that the injgetion, solutign penetratesdntothe skin, and fhen ﬁi%@@s&we, which is
applied to the injection solution, is lowered so that it is contemplated to disperse the injection solution
in the skin.Fusthen;-Ratent Botiment 3 disclosesisuch anechniquesthat the/injectionipregsure for an
injection solution is adjusted by the intensity of the electric current by using a magnet and a coil. In this
technique, thé ¥jeeticr pressiife iR adjstel S otHEE & High predbuld i@ fitsthiappiietfin order that the

injection solution penetrates through the skin, and then an approximately constant,pressure is
: : L R =, : u
provided in o?:djer?k?ﬁgt%hgndeps?r\gau|nJect|onSsgluﬁgﬁ fs'teld or (fZIl:\L/réipeedc. ?U(?&]é?hlﬁs (J:”ontext, Patent

Document 3 disgloses sueh arteshnigue that:an inactive erinertypateriat iscprovided-n asgembustion
chamber in which an explosive charge (a propellant charge) is combusted in order that the heat, which
is generated from theiexpiosive sharge;] istenpdrarilyistoredt Irea ineddle-fréd syringe whichtuses the
explosive charge in order to adjust the injection pressure for an injection solution. According to this

technique, wiRers B E6mbastion S B Bkplosive Bharge i LoRipicted thah tR& heht Whith Ts
possessed by the.com HS@%Q%S.LQSn?ﬁe%@ thecombustion, is temporarily stared in the inert

material, and then the heat is given and received between the inert material arid the combustion gas.
Accordingly, itdsintendedchtoonattiain the gas demperainresand theopressure intthe«ombustion
chamber. However, the composition of the explosive charge is not disclosed specifically and
sufficiently. Orrtiiensther Rand, PateAEDosunent 4 Hisdieses speeified examples ®f #Xplosive charges

components of an ignition charge and a propellant which are assumed to.be usable in a needle-free
syringe. For é)?aa[rﬁﬁ?é?EKﬁ)é‘ %olrgﬁfp%grgg s Ig]?édug’si{h% ianﬁi%%%h%rge, and

srages
assium’nitrate) is-exempli

CuOﬂ}aﬁﬂnq%QQ;Q9f§g§gnpﬁfﬁiQ%ang%%@ﬂg&%e’ the injection solution 1s
allowed to inject by applying a high pressure theretc so
that the injection solution penetrates intce the skin, and
then the pressure, which is applied to the injection
solution, is lowered so that it 1s contemplated to disperse
the injection soluticn in the skin. Further, Patent
Document 3 discloses such a technigue that the injecticn
pressure for an injection solution is adjusted by the
intensity of the electric current by using a magnet and a
coil. In this technique, the injection pressure 1s
adjusted so that a high pressure is firstly applied in
crder that the injection solution penetrates through the

skin, and then an approximately constant pressure 1is



[00057A mode or form for allowing an injection solution to inject by any means other than the
explosive charges is also known, as Patent Document 5 discloses such a technique that the injection
pressure for the injection solution is adjusted by the intensity of the electric current by using a magnet
and a coil. In this technique, the injection pressure is adjusted such that a high pressure is firstly
applied in order to penetrate through the skin, and then an approximately constant pressure is

provided in ordet fhat.the destied Injegtion sotion s tadkor deliverac [090]] be pgssure. which is

applied to théjlnjectlon solution when fhe needle-free syringe is'used, is variously adjusted not only for

such a purpose t¢hat:thgdnjection: golution is allowed to arrive at the interior of the skin but also for other

purposes other than the above. For example, in Patent Document 6, such a description is found that

the increase iR 4dressurerapplied to dne injéotioResclitiorPis WifavoraBlecariet the penétration

through the skin in order to mitigate the noisegenerated when_the injection solution is a%r%\ged to inject
0

by using a présSiiZed'gat (6007 ihis-CaHtExt the targBE for WIHICH the mjectionic berfofmed by
using the neecle-ree,syringe; s ine ving.hody. sush a5, the.human body or dh lige i many cases.

Accordingly, a discussion is provided in relation to the behavior of an injected solution with respect to a

gel agent generalheused foramexperimentcand:thetskin ofithediving bady: (sges foreexample,

Non-Patent Document 1). This discussion refers, for example, to a correlation
which is generated from the explosive charge, is
temporarily stored, in a needle-free syringe which uses the
explosive charge in order to adjust the injection pressure
for an injection solution. According te this technique,
when the combustion of the explosive charge is completed,
then the heat, which is possessed by the combustion gas
generated in the combustion, 1s temporarily stored in the
inert material, and then the heat is given and received
between the inert material and the combustion gas.
Accordingly, it 1s intended tce maintaln the gas temperature
and the pressure in the combusticn chamber. However, the
composition of the explosive charge is not disclosed
specifically and sufficiently. On the other hand, Patent
Document 4 discloses specified examples of explosive
charges components of an ignition charge and a propellant
which are assumed to be usable in a needle-free syringe.
For example, BKNC: (boron/potassium nitrate) is exemplified
as the ignition charge, and CuO/5-aminotetrazcle 1s
exemplified as the propellant.
[O005] A mode or form for allowing an injection solution

to inject by any means other than the explosive charges is



between a depth of a hole formed by the injection and a hole depth having a maximum dispersion
width, and a correlation between the Young's modulus of the skin and the hole depth. Further,
Non-Patent Document 2 refers to a correlation between the dispersion width of an injection solution in
the human skin and the nozzle diameter of a needle-free syringe. PRECEDING TECHNICAL
DOCUMENTS Patent Documents: [0008] Patent Document 1: JP2003-534639;

also known, as Patent Document 5 discloses such a technique
that the injection pressure for the injection soluticn 1s
adjusted by the intensity of the electric current by using
a magnet and a coil. In this technique, the injection
pressure is adjusted such that a high pressure is firstly
applied in order to penetrate through the skin, and then an
approximately constant pressure is provided in order that
the desired injection soluticon is fed or delivered.

[0006] The pressure, which is applied to the injection
solution when the needle-~free syringe 1is used, is variously
adjusted not only for such a purpose that the injection
sclution is allowed to arrive at the intericr of the skin
but also for other purposes other than the above. For
example, in Patent Document 6, such a description is found
that the increase in the pressure applied to the injection
solutiocn is unfavorable after the penetration through the
skin in order to mitigate the nolse generated when the
injection sclution is allowed to inject by using a
pressﬁrized gas.

[0007] In this context, the target, for which the
injection is performed by using the needle-free syringe, is
the living body such as the human body or the like in many
cases. Accordingly, a discussion is provided in relation
to the behavior of an injected solution with respect to a
gel agent generally used for an experiment and the skin of
the living body (see, for example, Non-Patent Document 1).

This discussion refers, for example, to a correlation



Patent Document 2: United States Patent No.2,704,542;

between a depth of a hole formed by the injection and a
hole depth having a maximum dispersion width, and a
correlation between the Young's modulus of the skin and the
hole depth. Further, Ncon=-Patent Document 2 refers to a
correlation between the dispersion width of an injection
solution in the human skin and the nozzle diameter of a

needle-free syringe.

PRECEDING TECHNICAL DOCUMENTS

Patent Documents:

[0008]

Patent Document 1: JP2003-534839;

Patent Document 2: United States Patent No. 2,704,542;
Patent Document 3: JP2005-511254;

Patent Document 4: JPZ008-220980;

Patent Document 5: United States Patent Publication No.
2006/0258986;

Patent Document 6: United States Patent Publication No.
2005/00101¢68,

Non—-Patent Documents:

[0009]

Non-Patent Document 1: Joy Baxter, Samir Mitragetri, "Jet-
induced skin puncture and its impact on needle-free jet
injections: Experimental studies and a predictive model™,
Journal of Controlled Release {(U.S.A.) 106 (2005), p36l-

373;



Patent Document 3: JP2005-511254; Patent Document 4:

Non-Patent Deccument 2: Joy Schramm~Baxter, Samir
Mitragotri, "Needle-free -“et injections: dependence of jet
penetration and dispersion in the skin on jet power",

Journal of Controlled Release (U.S.A.) 97 (2004), pbhl7-535.

SUMMARY OF THE INVENTION

Problem to Be Sclved by the Inventicn:

[0010] When the injection is performed for the living
body, the component which is contained in the injection
gsolution and the depth in the injection target area of the
living body into which the component is to be fed differ
depending on the purpose of the injection. This is because
the injection target area of the living body includes
varicus structures such as skin, muscle, internal organs
and the like, and the biclogical tissues, which constitute
the structures, have different functions depending on the
depths from the surface {surface on which the syringe is
brought in contact with the structure when the injection is
performed), and because it becomes difficult to
appropriately exhibit the effect if the component contained
in the injection solution does not arrive at the objective
biological tissue.

[0011] For example, the human skin can be distinguished
or classified into epidermis, dermis, and subcutaneous
tissue (hypodermis) in a layered form from the surface

side. Further, the epidermis can be distinguished or



JP2008-220980; Patent Document 5: United States Patent

classified into horny cell layer and intradermis. In order
that the respective layers perform the respective functions
anatomically, the horny cell layer 1ls composed of
keratinocytes, the intradermis is composed of dendritic
cells and pigment cells, the dermis is composed of
fibroblasts and collagen cells, and the subcutaneous tissue
is composed of subcutaneous fat and the like. When an
injection solution is injected for a predetermined purpose,
it is preferable that the predetermined component contained
therein is precisely delivered, for example, to the
objective tissue.

[0012] In order that the injection chjective substance
is efficiently injected without a leakage when the
injection obijective substance is injected into the
injection target area of the living body, it is necessary
that the pressure, which i1s applied to the injection
obiective substance, should be appropriately controlled.
That is, if the injection speed (velocity) of the injection
objective substance, which 1s brought about by the
pressurization, is too slow, the substance is rebounded by
the skin. To the contrary, 1if the injecticn speed
(velocity) 1s too fast, then the injection depth can be
secured in the injection target area, but the injection
speed exceeds an injection speed which is adequate to
diffuse the substance in the area. Therefore, it 1s
considered that the injection cbhbiective substance 1is

rebounded due to the excessive supply, and it is difficult



Publication No. 2006/0258986;

to contemplate the appropriate diffusion thereof. In
particular, at the initial stage of the injection of the
injection solution, 1t is necessary that the injection
solution should be allowed to penetrate through the surface
of the injection target area of the living body to form a
state which is favorable for the injection solution to be
diffused into *he intericr thersof {(hereinafter referred to
as "diffusion preparatory state" as well). Therefore, it
is considered that the pressure control, which is performed
at the initial stage of the injection, 1s extremely
important. Taking the foregoing prcblem into
consideration, an obiect of the present invention is to
provide a syringe which makes it possible to feed an
injection objective substance into an objective injection
target area of a living body without using any injection
neadle so that the injection objective substance can be

widely diffused at a depth.

Solution for the Problem:

[0013] In order to solve the problem as described above,
the present invention adopts the following construction.
That is, the pressure source of the pressurizing force to
be exerted on an injection objective substance is an
ignition charge having specified components and a gas
generating agent, and the pressure transition brought about
by the ignition charge is made steep as far as possible, in

relation to a syringe for injecting the injection ocobjiective



Patent Document 6: United States Patent Publication No. 2005/0010168.

substance into an injection target area of a living body
without using any injection needle. Owing to the adoption
of the ignition charge and the gas generating agent and the
adoption of the pressure transition of the ignition charge,
the injection objective substance can be fed into a
biclogical tissue at a wide range of depths including
relatively shallow depths in the injection target area.
[0014] Specifically, the present invention provides a
syringe for injecting an injection opjective substance into
an injection target area of a living bedy without using any
injection needle; the syringe including an ignition device
which includes an ignition charge containing a fuel
component and an oxidizing agent component; a combustion
chamber into which a combustion product produced by a
reaction of the fuel component and the oxidizing agent
component during combustion of the igniticon charge is
allowed to flow and which accommodates a gas generating
agent that is combustible by the combustion product to
generate a predetermined gas; an enclosing unit which
encloses the injection objective substance; a pressurizing
unit which is constructed to pressurize the injection
objective substance encleosed in the enclesing unit by means
of a pressure in the combustion chamber; and a flow passage
unit which defines a flow passage sc that the injection
objective substance, which is pressurized by the
oressurizing unit, is allowed to inject to the injection

target area of the living body. Further, the fuel



Non-Patent Documents: [0009] Non-Patent Document 1: Joy Baxter, Samir Mitragotri, "Jet-induced
skin puncture and its impact on needle-free jet injections: Experimental studies and a predictive
model", Journal of Controlled Release (U.S.A.) 106 (2005), p361- 373; Non-Patent Document 2: Joy
Schramm-Baxter, Samir Mitragotri, "Needle-free jet injections: dependence of jet penetration and
dispersion in the skin on jet power", Journal of Controlled Release (U.S.A.) 97 (2004), p527-535.
SUMMARY OF THE INVENTION Problem to Be Solved by the Invention:

component and the oxidizing agent component contained in

the ignition charge are determined so that any component,
which behaves as a gas, i1s excluded from the combustion
oroduct when the combustion product i1s at ordinary
temperature in the case where the fuel component and the
oxldizing agent component are mixed at a stoichiometric
ratio and combusted; and a cooling member is arranged in
the combustion chamber so that the cooling member can be
brought in contact with the combustion product produced by
the combustion of the ignition charge to cool the
combustion product.

{0015] In the syringe according to the present
invention, the injection objective substance, which is to
be injected inte the injection target area of the living
body, is enclosed in the enclosing unit, and the pressure
is applied te the injection objective substance enclesed in
the enclosing unit. Thus, the movement of the injection
objective substance is prompted. As a result, the
iniection objective substance is allowed to discharge to
the injection target area while passing through the flow
passage unit. The injection objective substance contains a
compeonent or ingredient which is expected to exhibit any
efficacy at the inside o©f the injection target area. In
this context, the syringe according to the present
invention is constructed such that the enclosed injection
objective substance is pressurized by the pressure which 1s

brought about in the combustion chamber by the combustion
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[0010]When the injection is performed for the living body, the component which is contained in the
injection solution and the depth in the injection target area of the living body into which the component
is to be fed differ depending on the purpose of the injection. This is because the injection target area of
the living body includes various structures such as skin, muscle, internal organs and the like, and the
biological tissues, which constitute e structures, have different functions depending on the depths
from the surface (surface on which the syringe is brought in contact with the structure when the
injection is pestarmed), antibecauserit becemes difficultito appropeately exhibit¢he effect if the
component contained in the injection solution does not arrive at the objective biological tissue.
[0011]For ex&fiple) fie Riiman sKire cad béldistingtishegtorlassifisd ihtd Bpidefmis defmis! and
subcutaneous tissue (ha}/ggdgﬁmis% ina Iae){leregli ggrnm from gwe %ucrfcaoce soioclle._tF%rther, tthfcleeepidermis can
be distinguisheed"yc%rC Classitied into F?g'rn% ceﬁlfayer a%daﬁﬂ?ractiermis. i order that the respective layers

perform the respective functionsranatomically thehorgy celt Jayer is-compesed of keratinocytes, the
intradermis is composed of dendritic cells and pigment cells, the dermis is composed of fibroblasts and

collagen cells; andthe subcataneous tissue: isctomposedafisiditutanedus fatad: tHel like. When an
injection solution is injected for a predetermined purpose, it is preferable that the predetermined

component coftaiEF thBreil i€ pretisaly defered Or ekarmple, 16 thé b6/echive fisSliE [0012]In order

thatﬂmiMec%%E9m§gﬂ%%gu%¥§gg%g source when the injecticn objective

substance is allowed to inject. Therefore, any enclesing
state of the injection objective substance in the enclosing
unit or any physical form for the injection cobjective
substance such as liquid, fluid in a2 gel form, powder,
solid in a granular form in the enclosing unit is availlable
as long as the injection cobjective substance can be allowed
to inject by being pressurized in the pressurizing unit.
[0016] For example, the injection objectlve substance
may be a liguid or solid in a gel form, provided that the
fluidity, which makes it possible to allow the injection
objective substance to inject, is secured or guaranteed.
Further, the component, which is to bhe fed into the
injection target area of the living body, is contained in
the injection objective substance. The component may exist
in such a state that the component is dissolved in the
injection objective substance, or the compcnent may be in
such a state that the component is simply mixed without
peing dissolved. For example, the component to be fed
includes, for example, vaccine for enhancing antibody,

protein for beauty, and cultured cells for regenerating

13



is efficiently injected without a leakage when the injection objective substance is injected into the
injection target area of the living body, it is necessary that the pressure, which is applied to the
injection objective substance, should be appropriately controlled. That is, if the injection speed
(velocity) of the injection objective substance, which is brought about by the pressurization, is too slow,
the substance is rebounded by the skin. To the contrary, if the injection speed (velocity) is too fast,
then the injection depth can be secured in the injection target area, but the injection speed exceeds an
injection speéd Which Bradetjuatetoldiffuse ive Shbstaned it thecareas Therdtéré, itis considered that
the injection objective substance is rebounded due tofhe excessive s plg,dar}d it is difficult to

contemplate 18 Spgrontigte-diffuSioRREFEOT. hbatticuidl At e inttial Stage of thé ifjection of the
injection solutign, it is neggssary,that the. injection.solutign-shauld be allowed;ta penegrate:through the

surface of the injection target area of the living body to form a state which is favorable for the injection
solution to be-diffused iito e interoritheseof (hereinafter referred to as "diffusion preparatory state"

as well). Therefore, it is considered that the pressure control, which is performed at the initial stage of

the injection, [98X{fdmely ifdpdriaht. TAKIG tHe foréGoinl probleRFints BongideratiBh, an object of the
present invention is to provide a syringe which makes it passibl fee injectign.objective
substance inf6 ar %Eﬁa@ﬁvg %?g&io%ofg?goentea%é o‘?g i%%ngaggdyg\%vﬁﬂ%ﬁ%%sgmg any injection needle so

that the injection @hiective substance gap petw'@ehggliﬁgg@q} ataLepth. Saldtion for the Problem:
[0013]In order to solve the problem as described above, the present invention adopts the following

construction. Sihat is|, the: plessurs sourcesst the pressurizing fofsectoise exeréd 6A an injection
objective substance is an ignition charge having specified compon%:ts a%d %%as generating agent,
teet

and the pres&ifredrdrisition BrotgAfaBoutby theddhition tharge s made Steeh a5 faras possible, in
relation to a %/&{:};98JQE'QJ@%'QQ&E%{”J@%%QP ORJECING st ion product is at

ordinary temperature in the case where the components are
mizxed at the stoichiometric ratic and combusted. That 1is,
the fuel component and the oxidizing agent component of the
ignition charge are determined so that any compenent, which
behaves as the gas, 1s not contained in the combusticn
product upon the arrival at ordinary temperature as the
temperature of the combustion product is lowered in
accordance with the elapse of time (even in a short periocd
of time), even if any component, which behaves as the gas,
is contained in the combustion product, because the
remperature is relatively high immediately after the both
compenents are subjected to the combustion reaction. In
other words, the fuel component and the oxidizing agent
component of the ignition charge are determined so that any
component, which is the gas at the high temperature, is
changed to the solid or the liquid at ordinary temperature.

The phrase "mixed at a stoichiometric ratic and combusted”
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substance into an injection target area of a living body without using any injection needle. Owing to the
adoption of the ignition charge and the gas generating agent and the adoption of the pressure
transition of the ignition charge, the injection objective substance can be fed into a biological tissue at
a wide range of depths including relatively shallow depths in the injection target area.
[0014]Specifically, the present invention provides a syringe for injecting an injection objective
substance into an injection target area of a living body without using any injection needle; the syringe
including an igaftlnrdeVice whichdholudes ah ighitionchaide édntainiig afuékcomponent and an
oxidizing agent component; a combustion chamber into which a combustion product groduced by a
reaction of the*fugi-comporiehit'andIHEXidZing agert SomponeRtdirivg c&%%u?t%n of the ignition
charge is allqwed to;flqw ang which accommadates, a gas.genergating,agentthatis comhustible by the
combustion product to generate a predetermined gas; an enclosing unit which encloses the injection
objective substansces; aipressurizing uimib whjchris:constiicted, to jptessurizezthe injéction objective
substance enclosed in the enclosing unit by means of a pressure in the combustion chamber; and a
flow passagestritwhichrdefines alfid Pagsage 46 thatthe ifjection’ 6bjettivé’ sGbstanéd Shkich is
pressurized by the pressurizing unit, is alloyved to inject to the injection target area. of the living body.
Further, the fggp%#hep%%eﬁﬁ aQr{]_& ﬁ?eegxi"cillz\%lg 58(5?rt1jltecc(§[m|E)t<§)netnr!%ocﬁllifna(fr“fé1 inc?ﬁe%ﬁiti%ﬁ %%arge are
determined spdhat-any,companent; which:hehaves-as a gasisiexeludedsfrom the ggmbustion product
when the combustion product is at ordinary temperature in the case where the fuel component and the
oxidizing agemt compoaeptardmixedat@arstoichiometlicratig and<combusted;randa cooling member
is arranged in the combustion chamber so that the cooling member can be brought in contact with the

combustion dréﬁ@étfproﬂﬁggdlwtr‘?escé‘rﬂbﬁgﬂf&‘?&f?% i@Hﬁ_iB_ﬁ%ﬁ?ge _toHaéigd?Yﬁé coﬁ%ﬁstion product.
[0015]In the syrin gr%CEQ%dlgg_ tt:%ghceigrl;(les t ﬁr%v_eﬁ‘ﬂ%’éth&{@e‘c‘g%%OQ_J:?CWS sybstance, which is to

be injected in o the injection target area of the living body, Is enclosed In the enclosing unit, and the
pressure is applied tothednjestion nhjective substapce enelosed in dhe enelasingdinit Thus, the
movement of the injection objective substance is prompted. As a result, the injection objective
substance is alloweé ta distharge tothedsjeetion tirgetrareaawhifeopadsing #irdugh the flow passage

unit. The injection objective substance contains a component or ingredient which is eépected to exhibit
any efficacy &THETHSIAE of tHENRjectioh target afed 1M THis cbﬁte%(%,ct?%%?/%n & Aecording to the
present inventign,fs sonstiucied such thaldhe enclossehiniection, oplediive susiagee is pressurized by
the pressure which is brought about in the combustion chamber by the combustion product and the
predetermineg:-gasgeneratet-bythe.cembustion=of-thedgnitier €haige fassessedbyrtke ignition
device and the gas generating agent accommodated in the combustion chamber respectively. In other
words, the préssurehrarizitioh: which BISTRVIdedr R e EombiiStisH ¢R&mbEr By the combustion
product and the predetermined gas, is the driving spurce when the injection gbjective supstance is
allowed to inj%EtC.Pll*ﬁ %é%?e% %%%ge%%%sci)néi E%té: 0 ﬁw%si%jeg:tibn%%?evcjtﬁ%gsu qééae%cg}ﬁ thPél %%closing
unit or any physjgal form for the injection;ebjective supstancesuehas iquidefluidda a gel form,
powder, solid in a granular form in the enclosing unit is available as long as the injection objective
substance canthe-allowed tooinject by being preissutizeg irethenpressuriziag uaity[0016]For example,
the injection objective substance

component, which behaves as a gas at ordinary temperature,
is not contained in the combustion product produced by the
reaction of the both components.

[0018] The term "ordinary temperature" referred to
herein is the temperature which is low to such an extent
that the temperature can be distinctly distinguished from

the high temperature which is provided immediately after

the combustion reaction of the fuel component and the



may be a liquid or solid in a gel form, provided that the fluidity, which makes it possible to allow the
injection objective substance to inject, is secured or guaranteed. Further, the component, which is to
be fed into the injection target area of the living body, is contained in the injection objective substance.
The component may exist in such a state that the component is dissolved in the injection objective
substance, or the component may be in such a state that the component is simply mixed without being
dissolved. For example, the component 9. be fed includes. fqrexample, vacgipe for enhaacing
antibody, protein for beauty, and cultured cells for regenerating hair. The injection objective substance
is formed by ¢entaining the:.component ina liquid oga fiid ha gel form erdtheike serthat the
component as described above can be allowed to inject. [0017]In this context, the fuel component and
the oxidizing RgeAtEsMPoNERE whith-drecsubjéctéd o tHe- EsimBustion reattidh 'of the fynition charge,
are specifically determined so that any component, which behaves as the gas, is theoreticall

excluded froncﬁycfﬁ1 %%Hb%%tﬁ%aprr%&fct Wehnenatﬁﬁlc%%ﬁﬂlst%rﬁyprgaz’&a% la?%r&?ﬁa&%é?n%e%%re in the
case where the components;are:mixed-at the stoichiometric.ratio.and,combusted: That s, the fuel
component and the oxidizing agent component of the ignition charge are determined so that any
component, whichrbetavesias the gas, is ot centansed:inothe gomblstioa prodectuupbimthearrival at
ordinary temperature as the temperature of the combustion product is lowered in accordance with the

elapse of timé {EVEIT i & SRof Perid b fimle), E0én 7t &7y CompOHERE Whith Behaves asthe gas, is
contained in the corghuslion prodyct, becaysthe iemperalie I tiatively highJmmediately after the
both components are su Jecteg to the combustion reaction. In‘other words, the fuel component and

the oxidizing ageabgomponent:ofdhe ignition,eharge:arte determined serhatanyegmponent, which is
the gas at the high temperature, is changed to the solid or the liquid at ordinary temperature. The
phrase "mixedatzestoichiornelic ratic andrepmisusted teferred te hiéfsin Fearsisuch-a situation that
the oxidizing agent component is consumed neither too, much nor too little Wiﬂ] rtlaépe t to the fuel

component td 6R4SE fhe'cdthBiStion: Thifetofe, 15FéxarmpRrthe Chse of d Situation in which the
amount of the. actuial, oxidizing,agent campanent s larger with respect 1o the;amouptof the fuel

component and which may be realistically caused, oxygen, which is produced from the oxidizing agent
component itsel;remains:as anameeacted isubstance i Howeler; ke wagceramgesituation falls under
the case in which "the fuel component and the oxidizing agent component contained in the ignition
charge are détefminéd so-trat apjReRBhent WHIER behavss a8 agds: idexdbdéd froftthe
combustion product when the c,om?usttign prodggtsig at ordipar ten%oe{%tur_%glnetlhe case where the fuel

component and the 5Xidizing ARt comporieht ars mixed ‘ar a stoichiometric ratio and combusted”,

provided that the fugl.companent and the- oxidizing agent.compenentarg useds fior whigk any
composition ratio is present so that any component, which behaves as a gas at ordinary temperature,

is not contained i ¢hercombustion praduct praduced [Brthe reaetion:okthedooth components:

[0018]The term "ordinary temperature” referred to
contains the additive component, and any gas may be
produced resulting from the additive component (for
example, carbon dioxide produced by the combusticn of the
binder), then it 1s acknowledged that the ignition charge
is usable for the syringe according to the present
invention, on condition that both of the fuel ccmponent and
the oxidizing agent component are determined so that "any
component, which behaves as a gas, 1s excluded from the

combustion product when the combustion product is at

ordinary temperature in the case where the fuel component
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herein is the temperature which is low to such an extent that the temperature can be distinctly
distinguished from the high temperature which is provided immediately after the combustion reaction
of the fuel component and the oxidizing agent component in the combustion chamber. The
temperature belongs to a range at which the combustion product of the ignition charge allowed to flow
into the combustion chamber can arrive in any situation in which the use of the syringe according to
the present invention is assumed. Therefore, it can be understood that the ordinary temperature
according to the-jpresentinvention provides.a eengepidiaving-a relatively avide temperature range.
[0019]0On the other hand, the ignition charge may contain an additive component which is added in
order to achievera prédetetminedictjéct inadditionto e flel coniporent BAd the oXidizing agent
component described above. For example, the ignition charge may contain, as the additive
component, & Eombustort adjusting %ﬁén?ﬁﬂﬁ%ﬁ%? %eafig adjuist e Corblstisivstate of the fuel
component OEénpﬁ%%%rn‘%r the like which is generally used to form the ignition charge. Even when the
ignition charge contains the additive component, and any gas may be produced resulting from the
additive compatead Jfor examplecarbor: dioxide. pracueedbydhe combustion of thérbinder), then it is
acknowledged that the ignition charge is usable for the syringe according to the present invention, on
condition thati56th of the flil Eofnsohent aRg the Bsidizing BYent Corfiporerit Hié détermined so that

"any_componggt which behaves as a Oqsalsmies e&c@lﬁuded from tgfncombustij(:)(r:l (prggg%cta\%@en the

combustion proé‘tﬁ%ﬁlasS a?érd%ﬁlar?/}igmperaturecm tﬁ%eca%%nvehereltﬁg el component and the oxidizing
agent compopent:are;mixed-at astoichiametsie ratio apd cambusted;-as-describedr-above, in relation to

the fuel component and the oxidizing agent component thereof.
fitanium hydride and potassium perchlorate, an explosive
charge containing titanium and potassium perchlorate, an
explogive charge containing aluminum and potassium
perchlorate, an explosive charge containing aluminum and
bismuth oxide, an explosive charge containing aluminum and
molybdenum oxide, an explosive charge containing aluminum
and copper oxide, and an explosive charge containing
aluminum and iron oxide, or an explosive charge composed of
a combination of a plurality of the foregoing explosive
charges.
{0021] For example, in the case of BEKNOj
(boron/potassium nitrate) disclosed in Patent Document 4,
beoreon oxide (B203), potassium oxide (K0}, and nitrogen (Ny)
are produced when the combustion occurs. Therefore, it 1s
evident that gaseous nitrogen is contained at ordinary
temperature. However, for example, when the mixture (ZPP}
of zirconium and potassium perchlorate is used as the
ignition charge to be used for the syringe of the present

invention, then the substances, which are produced by the
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[0020]For example, it is possible to adopt, as the ignition charge described above, any one of
explosive charges of an explosive charge containing zirconium and potassium perchlorate, an
explosive charge containing titanium hydride and potassium perchlorate, an explosive charge
containing titanium and potassium perchlorate, an explosive charge containing aluminum and
potassium perchlorate, an explosive charge containing aluminum and bismuth oxide, an explosive
charge containing aluminum and molybdenum oxide, an explosive charge containing aluminum and
copper oxide-anghan iexplosive-eharge.containing ialuminuin andrirbroexide sanan explosiveésharge
composed of a combination of a plurality of the foregoing explosive charges. [0021]For example, in the
case of BKNO3 (bbfoh/pbtassiun hiticte) aiseosdd it Patétt Dottuniéitkl Bordn éRide (B203),
potassium oxide (K20), and nitro}gﬁw (aNZ) are ngroduced when Ehuer%gmbustit%neoccurs. Therefore, it is

evident that gaoas nittogen & Contained at ordinary temperatiife. However for example, when the

mixture (ZPP).of zisconium-and,potassium, perghlarateis used-as thedgnition.charge to be used for the
syringe of the present invention, then the substances, which are produced by the combustion, are

only zirconium«axidel and petassium chioridetinviewr of thedstoichioraetsy, 'and-hd gas éemponent is
contained at ordinary temperature. Further, the ignition charge containing titanium hﬁgiréride and

potassium pefelorite Pradices tamiuntBxide PotassitAFchIBhde. ‘and Water “afd te fyhition charge
containing titaniym.and, pofassiym petchlorate produces fitanium,oxide and potassium chigride.

Aluminum oxide an potassium chloride are produced from the ignition charge containing aluminum

and potassiumrpeschlgeate, aluminumoxide and bistmuth-areproduced endhedgaition charge

containing aluminum and bismuth oxide, aluminum oxide and molybdenum are produced from the

ignition chargercohtainihgtalomindra arg molybdertimmexidecalliminum dxidedrid eppercare

produced from the ignition chargge containing aluminum and,c pe{ﬁxg)je, and. aluminum oxide and
and’ir

iron are prod&&EdiomtRelgrition Shafde cohtaing Alumiin A oxide whérein it is
appreciated that.any-component, which,is & gas, at-erdinary tempegrafurey is, notcontaingd. The

foregoing description has been made by way of example. Any component, which does not contain any
gas at ordinaryitempatatuce e thesgame mannret assdesciibed apovencan provige-theueffect of the
present invention. [0022]When the ignition charge, which produces the combustion product containing

no gas compdrent at brdiharitehfseraftre g8 Utifred 48 tedcABetl above, 1RE ré1ativels Higpressure

isappHedtotggigg?ﬁ% gggﬁﬂxsoxide and copper are produced from the
ignition charge containing aluminum and copper oxide, and
aluminum oxide and iron are produced from the lgnition
charge containing aluminum and iron oxide, wherein it is
appreciated that any component, which is a gas at ordinary
temperature, 1is not contained. The foregoing description
has been made by way of example. Any component, which does
not contain any gas at ordinary temperature in the same
manner as described above, can provide the effect of the
present invention.
[0022] When the ignition charge, which produces the
combustion product containing no gas component at ordinary

temperature, is utilized as described above, the relatively

high pressure is applied to the injection objective
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substance immediately after the ignition of the ignition charge at the initial stage of the pressurization
in the pressurizing unit in order to allow the injection objective substance to inject. Further, the
combustion product thereafter reaches such a state that no gas is contained (i.e., the combustion
product is changed to liquid or solid by being cooled), and thus the pressure in the combustion
chamber can be suddenly lowered. The syringe according to the present invention includes the cooling
member which is arranged at the position at which the combustion product can be brought in contact
therewith. Therefere; the: cambustion product issquickly subjectadhto the transitiomtorardinary
temperature by the cooling action of the cooling member. Therefore, the period of time, which ranges
to the arrival ehthedteniperatute of tHeledmbustioh produteat-ordiitany températureiinimédiately after
the ignition of the i%nition charge, can be witgin ar]cextr Teg/ st ort period gf.time agthecjgit%! stage of
the pressurizBiGH 8X&cUted in the syringe”According t6 the present invention. [0023FThe initial stage of
the pressurizatign. in-the pressurizing. unit is-such.a stage that the iniection soluionds allowed to
penetrate through the surface of the injection target area of the living body to form the diffusion
preparatory state as:tliestatequeferablefonthe injection solutiondodesdiffused ta: thenaside thereof.
After undergoing the diffusion preparatory state, the injection objective substance is progressively

diffused into thk-ifiside gt thé fHjection targét 7 by the présSuizatisn blought Absat By the

predetermined gas generated.from the gas.generatin ent. Th qulilcktqlecr ase {pt@ femperature
of the combus o%jgr*o%%ctc 8?0%%%26 f?o%tf%%%it%o%‘%%gr@%,s W ?&hﬁs ca'uge§ att esinl%%'l stage of the

pressurizatiog ik the-pressuriziag ynitqisrexiremsly useful tarwiden the range of adiustgentof the
injection depth in the injection target area. In particular, when it is intended to diffuse the injection
objective substance te sarelativeliestiallow portibnof the: Injectiontangetiapeddtisiprefdrable that the
period of time, which is required for the combustion product to arrive at ordinary temperature, is short

as far as pos&ible* (0054 is 4136 prefetabiethat the syrings 38 dedthbad above 1S 68 structed such
that the pressurizing.unit has, a firstpressurizing made nwhich arpressuyre.applied fo the injection

objective substance in the pressurizing unit is raised to a first peak pressure in order to allow the
injection objeetiversuwhstancetopenretrate through laysurface:efithe injectior targehareai and then the
pressure applied to the injection objective substance is lowered to a waiting pressure; and a second
pressurizing fode in Which/thesifijeetion ‘objective stbstanes HavirrtheWaifiig pPéssure is
pressurized sg that the pressure applied to fhe Injection ObIeCVe ¢ ¢ ime, which

ranges to the arrival of the temperature of the combustion

product at ordinary temperature immediately after the

ignition of the igniticon charge, can be within an extremely

short period of time at the initial stage of the

pressurization executed in the syringe according to the

present invention.

[0023] The initial stage of the pressurizatlon in the

pressurizing unit is such a stage that the injection

solution is allowed to penetrate through the surface of the

injection target area of the living boedy to form the

diffusion preparatory state as the state preferable for the

injection solution to be diffused to the inside thereof.

After undergoing the diffusion preparatory state, the



substance is raised to a second peak pressure to inject a predetermined injection amount of the
injection objective substanCe. [0025]The injection objective substance can be more preferably injected
into the injection target area of the living body owing to the two pressurizing modes possessed by the
pressurizing unit as described above. In other words, when the first pressurizing mode and the second
pressurizing mode are adopted, then the injection objective substance is fed to the objective injection
depth of the injection target area such as the skin structure or the like, and the injection objective
substance is diffusedi bnthetfirst-pressurizing maode; the pressure applied to thefihjeetion objective
substance is raised to the first peak pressure, and then the pressure is lowered to the waiting
pressure. Acéordingly¢hé irfjectiorPobjebtive: Sulsstanca irsty Penefrafiss throdgHithe surface of the

injection target area of the iving t%)dg agg th inLjl _ct'%)n c%tﬂ'ective %Jbtsé%c %%vaéggs in the depth
. : . il - . [STe1S) 1 .
direction of tf?ergrsesagfd@% he |njé:ct|o% eneargg? 0 heﬁfnjectﬁlao 6bjectlve substance is determined by
the flow rate gtthe.substance-allowed t9-inject per urit times Jheteforerthe targenthe pressurizing
speed (velocity) for the injection objective substance (amount of pressure increase per unit time) in the
first pressurizing: modess ithetderpestive injéction depthbroughtiabout by the injection objective
substance in the first pressurizing mode is. In the first pressurizi_ngh ,

produced from the ignition charge, which 1s caused at the

initial stage of the pressurization in the pressurizing

unit, is extremely useful to widen the range of adjustment

£

of the in’jection depth in the injection target area. In
particular, when it is intended to diffuse the injection
objective substance to a relatively shallow portion of the
injection target area, it 1s preferable that the period of
time, which is required for the combustion product to
arrive at ordinary temperature, 1s short as far as
possible.

[0024] It ig also preferable that the syringe as
described above 1is constructed such that the pressurizing
unit has a first pressurizing mode in which a pressure
applied to the injection objective substance in the
pressurizing unit is raised to a first peak pressure in
order to allow the injectiocn objective substance to
penetrate through a surface of the injection target area,
and then the pressure applied toe the injection objective
substance 1s lowered to a walting pressure; and a second
pressurizing mode in which the injection cobjective
substance having the walting pressure is pressurized so

that the pressure applied to the injection objective
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mode, the pressure increase is adjusted so that at least the pressure, which is required to penetrate
through the surface of the injection target area, is applied to the injection objective substance. [0027]In
this context, the applicant assumes the following mechanism for the injection into the injection target
area, of the injection objective substance allowed to inject. It is not intended that the present applicant
is restricted by this mechanism. It is considered that any other invention, which provides the effect that
is the same as or equivalent to the effect of the present application as a result of the execution of the
pressure congrabwithitespeact te thesinjeation-objectire’substancerasdeseribed ihithe present
application, belongs to the category of the present invention, even if the other invention follows any
mechanism differént Fo thetnéBh&amsHho J0GZ8IWHen the §hjectidh Bbjetfive Stbstaned & allowed to
discharge to th%in'%ection target area, then the forward end of the flow (jet flow) of the pressurized
injection obje%ﬁvg stbStance allowed to discharge at the early stage cuts out the injection target area,

and the cut fraggiens are lifted upwardly by the back flow. Ageardingly, a-haleds besed, and the
forward end of the jet flow advances in the depth direction. As the forward end of the jet flow is

deepened, therinjectieh Enelgy; avhiehlisipossessed by the fet flow; és lost by tie frictioniwith the back
flow. When the injection energy is lost by the back flow, and the ability to cut out the injection target

area is lost, i.6Lwhen freinjéttionenergy RebAIERcE fith the fe<iStahts BhergyP Sfthathack flow,

then the adv%rﬁzcet%fethgpé) %g%gtgiiﬁ gt%eéj i%O?&]\éVMQS jgtbquyg is prpyided, into the injection
words, when the first pressurizing mode and the second
pressurizing mode are adopted, then the injection objective
substance 1s fed to the objective injéction depith of the
injection target area such as the skin structure or the
like, and the injection objective substance is diffused.
In the first pressurizing mode, the pressure applied to the
injection objective substance is raised to the first peak
pressure, and then the presgsure is lowered to the waiting
pressure. Accordingly, the injection objective substance
firstly penetrates through the surface of the injection
target area of the living body, and the injection objective
substance advances in the depth direction of the area.
[0026] The injection energy of the injection objective
substance 1s determined by the flow rate of the substance
allowed to inject per unit time. Therefore, the larger the
pressurizing speed {velocity) for the injection objective
substance (amount of pressure increase per unit time) in
the first pressurizing mode is, the deeper the injection
depth brought about by the injection objective substance in

the first pressurizing mode is. In the first pressurizing
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target area, the same amount of the back flow comes upwardly in the opposite direction in the hole.
Therefore, it is necessary that the hole diameter should be secured in order to allow the back flow to
flow therethrough. However, the biological tissue, which is the injection target area, intrinsically has the
elasticity, and hence the biological tissue has such a tendency that the biological tissue is contracted
or shrunk to decrease the hole diameter. The contractile force (shrinkage force) narrows the back flow
passage (reduces the diameter). Therefore, when such a state is given that the contractile force is
relatively largecwith réspeat to thejeeflowcthensthe résistihee L @Richds brédightabbif By the back
flow, is increased, and the injection, ener&g% possess%d.bx the jet flow is balfagmed %{ attrelatively shallow
position. [00307Faking & Fsreg8ing thechanisiinto Consideratisn: ‘the présent ifvention is considered
as follows. That,is,when the pressyre, which is-applied to.the injection,ahjective-substance, is raised
to the first peak pressure, and the pressure is thereafter lowered to the waiting pressure, then the
elastic force, whieftisiintrinsicadly ppossessetkby: thesinjection target area of the living body, is relatively
large as compared with the jet flow at a part of the penetrating passage (forward end portion of the
penetrating ph882dd) of thé injeétich 6bjeefve subistanée Forifedto atfive aEa cefain injection depth.
Therefore, it ifc, Ce sidiered I%réa\ tQ% :(ngamm%tgg og]hee Q%n%t£¥i.n&pqs§9ge ti% ée%ucegc Jcr}L %hriis situation, it
is considered that the fotward end portion of the mjec‘t'r’o”n ol%jei:ti\i'e substance that is subjected to the

pressure redyction:to thewaiting pressute, 4s in sueh aistate thatthe pressurewaiting.pressure)
applied to the injection objective substance is generally balanced with the pressure brought about by

the back flowfrom:the irfjection:taigetrarea of tiver fividg Yoy, atsuchra pesition tivatitheirfjection target
area of the living bod%vhich is positioned at the forward end portion of the penetratingC passage

having the redicé® tfaméte? s Mét fébched® i€ BoridideretthaPwheh & didfeter fs retiided at the

part of the pepetrating R@gg@g&ﬁ dgggr&@a%%g\i% dhe gHgn%tpf%Qfagn%th@ jetflow,is raised as

compared with any portion which is not subjéected to the reduction of the diameter. The increase in the

strength meags that itig.difficult ta seeurertbe baekflowsroute whendbe pressusizatian issperformed
again in the second pressurizing mode. Therefore, even when the pressurization is performed again in
accordance ith thersetohid préssurizing modelafferahe Arval be BfeWaItIHGPressurél the jet flow

does not reach the forward end of the penetrating pa because .
© resggct to the in?é%tf%n og§%é§§gg’suﬁgtance as described

in the present application, belongs to the categery of the
present invention, even if the other inventicn follows any
mechanism different from the mechanism.

[o028] When the injection cobjective substance 1s allowed
to discharge to the injection target area, then the forward
end of the flow (jet flow) of the pressurized injection
cbiective substance allowed to discharge at the early stage
cuts out the injection target area, and the cut fragments
are lifted upwardly by the back flow. Accordingly, a hole
is bored, and the forward end of the jet flow advances in
the depth direction. As the forward end of the jet flow is
deepened, the injection energy, which 1s possessed by the
jet flow, is lost by the friction with the back flow. When

the injection energy is lost by the back flow, and the
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the area, through which the back flow passes, is lost in the contracted or shrunk penetrating passage,
wherein the pressurization is principally effected for the injection objective substance existing in the
portion of the penetrating passage not subjected to the diameter reduction. Therefore, the permeation
of the injection objective substance is facilitated in the direction in which the injecthon objective
substance is spread in the injection area of the living body, rather than the penetrating passage is
further elongated in the depth direction. Thus, the injection objective substance is diffused in a wide
range. In a walp,iit istalso affirmed-tivat thesfirshpressurizingamgde, which isi provided uritilarsival at the
waiting pressure, is the step which makes it possible to form such a state that the diffusion is to be

performed, al@ fie §86ond presstifZing PRdde is'the Sep Whith dcddferafiss thedifiigiohof the
injection objegivs, sybstanes In fie forrped stale, In the, second aressurzing mofe: [he presgure
applied to the fnjec?i%n objective su%stance i$ raised to the second peak pressure, and thus it is
possible to realize the tjection of the injection objective substance in an objective predetermined
injection amount. [0031]The first peak pressure and the waiting pressure in the first pressurizing mode
described abd@@aRd the sebend pbak prdssiifein the secondPressuiizing-Foderare@pptdpriately
determined depending on the purpose of the in\é'/ection of é%e in'eci(on bj‘gctive substance. In this

e

context, it is a180 &ppropriate to consiadBrtha shysical property 6t the Injection farget area of the living
body as the target,,fqr example, he, Young'samadulus of the like of the-skjn. Therliving body, which is
the injection.target of the syringe according to the present invention, is not limited to human, which
may be, for example, rectasmzanimat such aspigror a pet sueh as deoge[00321As descriet] above,
according to the syringe of the present invention, the cooling member is adopted, which prompts the
quick decrease itttheteniperattré BftHeAcombustiontprotitietprodtie&d frofitHe-ignition charge

containing no_gas component in the combustign product at ordinary t erature when the ignition
charge is mix}é "at the ’StOQIC %o%le?r?co%jti%aa%d%éogrﬁBﬁéteﬁi'ﬁ%ls,ﬁf%/isgp%{sfb?g ?ocgﬁgrrﬁen the period of

time requireduntiithe pressure amrives at the waitingpregsure from the igpition.ef therigaition charge.
Further, the injection objective substance undergoes the waiting pressure when the mode transitions
from the first ptessutizihganode td thessecdnaspressurizing emotie: Thushitfs possible to effectively
contemplate the diffusion of the injection objective substance in the injection target area without

uselessly dedpeniiftHefinjectivn Hepttt IS tinterd60d thatthé $yHin§e atesdio fo theSpresent
vention is useful n e fg ifuse,the niecton atjegtie, substanse 1 he shiallgwet porton of the

injection target area.
narrows the back flow passage (reduces the diameter).

Therefore, when such a state is given that the contractile
force is relatively large with respect to the jet f[low,
then the resistance, which is brought about by the back
flow, is increased, and the injection energy possessed by
the jet flow is balanced at a relatively shallow position.
[0030] Taking the foregoing mechanism into
consideration, the present invention is considered as
follows. That is, when the pressure, which is applied to
the injection objective substance, is raised to the first
peak pressure, and the pressure is thereafter lowered to
the waiting pressure, then the elastic force, which 1is

intrinsically possessed by the injection target area of the



[0033]In the syringe as described above, it is also preferable that the waiting pressure is not more than
a first predetermined ratio of the first peak pressure. The present applicant found out the fact that the
effective diffusion of the injection objective substance as described above can be realized when the
ratio of the waiting pressure with respect to the first peak pressure is not more than the first
predetermined ratio. Preferably, for example, the first predetermined ratio is set to 60%. [0034]In the
syringe as described above, the cooling member may be formed of a material made of metal. In
general, the matetrial ntade/of metal has altarge/héatcapacity (thepmakchpacityy), ame Herice the
material made of metal is the material preferable to form the cooling member. As an example of the

cooling membeit i§ alsd preférable fo Sddpt SHER AcdHbtid sy Hiat thé E86ITY Member is arranged
along a sidle wall of the eambystion. shamber; pesiloned .2 dipction.inwhieh the gombustion product

flows into the' combustion chamber. When the cooling mémber is arranged along the side wall of the
combustion chiamher as«desgribed-above stheadt isossible to mereasesthesubstantiat cantact area
between the cooling member and the combustion product allowed to flow into the combustion
chamber, and' 5§ possiblestoaréalize thetmbfe effdctivéccooling ot theé- BEmBUSHST Broduct. In this

arrangement, when the cooling member is provided with a plurality of through-holes, it is possible to
expect the m%\ﬁlg e%éll?etnlf%%gﬂﬁg %ﬁ%ét?ﬁ%ﬁAg ano eec?l 'exaafm‘]cl))lle(8 %Tl %esggto .%g%%@m%%, it is also
preferable thatthe cooling member.is a-metat member whichds arranged 4n the.cambustian ghamber.
Further, it is also preferable that the metal member is constructed so that the pressure, which is
brought about by ¢he predetetmined gastand:thescomibbustiongproductpredpeced: mthe combustion

chamber, is transmitted to the injection objective substance. That is, the cooling member of the
present invenfidf s hrangel as's bittkshaped Mietalafembet inthé é6mbtistiort ERambeF, and thus
the cooling mgmber functions to substantially decrease the volume of the combustion.chamber.
Therefore, thge}f)?egsru?es i the ggr%ﬁ%t?% gf%a?rﬁgélrr&fn 88‘?ri?slf§r?ta§80l§s§ réirgl(ig ?;%yltﬁrel operation of
the ignition dewee,-and thesenargy-whichds gupplied fromihe dgnitian device: ean peHificiently used
to raise the pressure in the combustion chamber. Owing to the fact that the cooling member is formed
of the metal rhaterial; it is'possibie to-secuve the farger dmount-ofhdat iwich ean berdeprived from the
combustion product. Therefore, it is possible to expect the quick decrease in the temperature of the

combustion pfé@Gct CEurttisr, e’ ridtalti8mbef is alS6 bréudtitin toftact iith thé predetermined gas
generated byitgg ggg@é@tigg% Ihe gas geg%rg{iﬂg agﬁpgnlgo%g\ég[; this, cantact occurs after the

combustion product has been already brought in contact. Therefore, the thermal energy (heat energy)
of the positioned at the forward end portion of the penetrating

passage having the reduced diameter, is not reached. It is
considered that when the diameter is reduced at the part of
the penetrating passage as described above, the strength
against the jet flow is railsed as compared with any portion
which is not subiected to the reduction of the diameter.
The increase in the strength means that it is difficult to
secure the back flow route when the pressurization 1is
performed again in the second pressurizing mode.

Therefore, even when the pressurization is performed again
in accordance with the second pressurizing mode after the
arrival at the waiting pressure, the jet flow dces not

reach the forward end of the penetrating passage, because
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predetermined gas is prevented from being deprived by the metal member in a large amount.
Therefore, the pressurization for the injection objective substance, which is effected by the
predetermined gas, is performed relatively efficiently. EFFECT OF THE INVENTION [0036]It is
possible to feed the injection objective substance to the depth of the objective injection target area of
the living body without using any injection needle so that the injection objective substance can be
widely diffused at the depth brought about thereby. BRIEF DESCRIPTION OF THE DRAWINGS
[0037]  FigHA shows a sbhiematic arrangefrent bia lsyfinge apesrelirity tolthe lsresenttinvention.

the contracted or shrunk penetrating passage, wherein the
pressurization is principally effected for the injection
objective substance existing in the portion of the
penetrating passage not subjected to the diameter
reduction. Therefore, the permeation of the injection
objective substance is facilitated in the direction in
which the injection objective substance is spread in the
injection area of the living body, rather than the
penetrating passage is further elongated in the depth
direction. Thus, the injection objective substance is
diffused in a wide range. In a way, it is also affirmed
that the first pressurizing mode, which i1s provided until
arrival at the waiting pressure, i; the step which makes it
possible to form such a state that the diffusion is to be
performed, and the second pressurizing mode is the step
which accelerates the diffusion of the injection objective
substance in the formed state. In the second pressurizing
mode, the pressure applied to the injection oblective
substance 1s raised to the second peak pressure, and thus
it is possible to realize the injection of the injection
objective substance in an cbjective predetermined injection
amount.

[0031] The first peak pressure and the walting pressure
in the first pressurizing mode described above and tThe
second peak pressure in the second pressurizing mode are

appropriately determined depending on the purpose of the



Fig. 1B shows schematic arrangements of cooling members to be arranged in the syringe shown in

Fig. 1A. Fig. 2 shows a schematic arrangement of an initiator (ignition device) installed to the

syringe shown in Fig. 1A. Fig. 3 schematically shows the skin structure of human. Fig. 4

shows the transition of the pressure applied to the injection solution in the syringe shown in Fig. 1A.

Fig. 5 shows a situation in which the injection solution is diffused in the skin structure of human when

the pressure, which is in the transition as shown in Fug. 4, is apsgl'ed to the inje%tion solution. Fig.
% nothl

6A shows a_ﬁ@ﬂ@iﬁﬁﬁﬁﬁ%t%in@% resUltor an Mjettion expéfiment by Usiiy' the syringé according to
the present invention, — ;Fkig; 68 spows.a,second; view illustrating;a;iesultof aryipjectign experiment

by using the syringe according to the present invention.
property of the injection target area of the living body as
the target, for example, the Young's modulus or the like of
the skin. The living body, which is the injection.target
of the syringe according to the present invention, is not
limited to human, which may be, for example, a farm animal
such as plg cr a pet such as dog.
[0032] As described above, according to the syringe of
the present invention, the cooling member is adopted, which
prompts the quick decrease in the temperature cf the
combustion product produced from the ignition charge
containing no gas component in the combustion product at
ordinary temperature when the ignition charge is mixed at
the stoichiometric ratic and combusted. Thus, 1T 1s
possible to shorten the period of time reguired until the
pressure arrives at the waiting pressure from the ignition
of the ignition charge. Further, the injection objective
substance undergoes the waiting pressure when the mode
transitions from the first pressurizing mode to the second
pressurizing mode. Thus, it is possible to effectively
contemplate the diffusion of the injection objective
substance in the injection target area without uselessly
deepening the injection depth. It is understood that the
syringe according to the present invention is useful in
order to diffuse the injection objective substance to the

shallower portion of the injection target area.
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Fig. 60 shows a third view illustrating a result of an injection experiment by using the syringe according
to the present invention. Fig. 7 shows another schematic arrangement of a syringe according to
the present invention. MODE FOR CARRYING OUT THE INVENTION [0038]A syringe 1 according to
an embodiment of the present invention will be explained below with reference to the drawings. The
construction of the following embodiment is described by way of example. The present invention is not
limited to the construction of the embodiment. [0039]In this embodiment, Figs. IA and 1B show the
schematic arfdhg@ient of the syringeyt accerding toetherpresentinventiont At fisstaEige 1A(a) shows a

sectional view illustrating the syringe 1, Fig. 1A(b) shows a side, i
preferable Lhat The waiting pressure l1s not more than a

first predetermined ratio of the first peak pressure. The
present applicant found out the fact that the effective
diffusion of the injection objective substance as described
above can be realized when the ratic of the waiting
pressure with respect to the first peak pressure 1s not
more than the first predetermined ratio. Preferably, for
example, the first predetermined ratic is set to 60%.
[0034] In the syringe as described above, the cooling
member may be formed of a material made of metal. In
general, The material made of metal has a large heat
capacity (thermal capacity), and hence the material made of
metal is the material preferable to form the cooling
member. As an example of the cooling member, it is also
preferable to adopt such a construction that the cocling
member is arranged along a side wall of the combustion
chamber positioned in a direction in which the combustion
product flows into the combustion chamber. When the
cooling member 1s arranged along the side wall of the
combustion chamber as described above, then it is possible
to increase the substantial contact area between the
cooling member and the combustion product allowed to flow
into the combustion chamber, and it is possibkle to realize
the more effective cooling of the combusticon product. In
this arrangement, when the cooling member is provided with

a plurality of through-holes, it is possible to expect the



view illustrating the syringe 1 as viewed from a side of an initiator 20, and Fig. 1A(c) shows a side view
illustrating the syringe 1 as Viewed from a side of nozzles 4 for allowing an injection solution to inject.
In the next place, Fig. 1B shows, in Figs. 1BA and Fig. 1BB respectively, two specified forms of cooling
members 15 arranged in a combustion chamber 9 of the syringe 1 as described later on. The syringe 1
has a main syringe body 2. A through-hole 14, which extends in the axial direction and which has a
constant diameter in the axial direction, is provided at a central portion of the main syringe body 2.
One end of the,through-hole. 14 is-communicated with a combustion chamber 9 which has a diameter
that is larger than the diameter of the through-hole 14. The remaining other end reaches the side of a
nozzle hole 5[iAG@8ith the Aozzles Brave fermet Rurtifert the initiator 20 isdnstalied oh the side
opposite to the communicated portion of the combustion chamber 9 communicated with the

through-hole 4% &t Hie Rniton Uit theRsofis OppbSed B the comimuinitatéd poRiBRS {0040]An
exampe o theniata 20 vl ow be expaine gn e bass o Figy 2 The iialor20 s a elecir
c

ignition device. A space for arrariging an ignition charge 22 is defined in a cup 21 by the cup 21 having
a surface covesed with g insulaiingcover A metakheader24+is arranged im therapace; and a
cylindrical charge holder 23 is provided on an upper surface thereof. The ignition charge 22 is held by
the charge holdért23.& bridge wiree26 - whieh electhiealycconneesond goridigctive pin 28 and the
metal header 24,(% wired at tge bottom por _ilgn of theDiLgnétgon chargthZ,F Two condu{gtiverzl pins 28 are
fixed to the metai Headel Z4Witt¥ an insu atorﬁS%r?fgrveSnlﬁé) thérébétween™ srocﬁ%%%ﬁweylare ina
mutually insulated state.when,no valiageis applied. Fyrther, an.opening, of thecup-2L,from which the
two conductive pins 28 supported by the insulator 25 extend, is protected by a resin 27 in a state in

which the insulatientperformanse isimaintainedtto loe, satisfactorylbetweearthe two Lonductive pins 28.

[0041]In the initiator 20 constructed as described above, when the voltage is applied between the two
conductive piR& 2By ahEXterhalpower Souréé aRenfe BuRéRtAowsS aRBtgATi& bridge wire 26, and

the ignition charge 22 is_ combusted thereby. In this situation, the.combustion t, which is
produced by %ee%%rﬁbﬁgtigrr%gft %I?éﬁ%ﬁgﬁ}éﬁarcg% 5%&%1 'sp%,rt}tg(tedt rélnr% ;Jﬁsé%p%pﬁ%%lﬂgﬁhe charge

holder 23. Acgerdingly rin-the presentdnvantions the eelative-positional relationshipef therinitiator 20
with respect to the main syringe body 2 is designed so that the combustion product of the ignition
charge 22, which isproducetiin thé intistor. 20, Iflows o the combpsticrschiambar 91Eurther, an
initiator cap 12 is formed to have a brim-sha%ed cross section so that the initiator caghlez is hooked by

the outer surfat&’sf tite fitidior20 danchie ©© *nstantancousiy raised by

operation of the ignition device, and the energy, which 1s
supplied from the igniticn device, can be efficlently used
to ralse the pressure in the combustion chamber. Owing to
the fact that the cooling member is formed of the metal
material, it 1is possible to secure the larger amount of
heat which can be deprived from the combustion procduct.
Therefore, 1t is possible to expect the guick decrease 1n
the temperature of the combustion product. Further, the
metal member is also brought in contact with the
predetermined gas generated by the combustion of the gas
generating agent. However, this contact occurs aifter the
combustion product has been already brought in contact.

Therafore, the thermal energy {heat energy) cf the
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initiator cap 12 is screw-fixed to the main syringe body 2. Accordingly, the initiator 20 is fixed to the
main syringe body 2 by means of the initiator cap 12. Thus, the initiator 20 itself can be prevented from
being disengaged from the main syringe body 2, which would be otherwise disengaged by the
pressure brought about upon the ignition in the initiator 20. [0042]The combination of the fuel
component and the oxidizing agent component of the ignition charge 22 which is used for the syringe 1
is preferably exemplified, by an exnlosive charge (ZBP) £oniaining, zirconium and potassium
perchlorate, an explosive charge (THPP) containing titanium hydride ancfdpotassium perchlorate, an
explosive charge{TiRRrtentainingtitanite: and potassiumiperetflorate, amexplosive charge (APP)
containing aluminum and potassium perchlorate, an explosive charge (ABC) containing aluminum and
bismuth oxid& & ExplbsiveicHarde TAMD) contaifingaluminuis BhdsmelyBaéatmoxide: diexplosive
charge (ACO% Scoglia%'n@ing eaéur,ginutgn gn_d copper, %!Sj%@%nd an exggosiveer%ho%gg rAAFO) c_ontaining
aluminum and iron oxide, or aﬁ/exglosﬁe charge composg(?of a combination of a plurality of the
foregoing explasive charges. Fheaxplasive charges as described above exhibit such a characteristic
that the plasma having a high temperature and a high pressure is generated during the combustion
immediately after the ignition, but the generated pressure is suddenly lowered because no gas
component is contained when the ordinary temperature is given and the combustion product is
condensed. [0043]Further, a cooling member 1 ?\Aﬁ% igh}%ﬁﬁg&%a material made of metal as
shown in Figs. 15(a) and 13(b), is arranged along a side wall 9a of the combustion chamber 9 so that
the central axis thereof in the extending direction is mutually overlapped with that of the combustion
chamber 9. Speeiieally, thecombustien Chamber 9tisaispace whith hrasanvelumecefiaout 0.5 cc and
which is formed to have a cylindrical shape. Therefore, the cooling member 15 is also formed to have
a cylindrical shapetinthe shmetfivanfier Wsidé sufacel1Bacstiie coblify metberriIskown in Fig.
15(a) is formed such that a metal plate of aluminum, iron or the like, which is provided with a plurality
of through-hoafléseJE’fStS), is%ﬁ?ve]%l%%lr v%%%ﬁe%ﬂ‘/ﬁr% ical %ﬁéa’g. 'Iaﬁ‘é/ th%S&é"ﬁ-ﬁ%Pe% f?begtrbeeformed by
means of any,conventiopgltechnigue ingluding.for example,the.nunch press.and the laser
processing. On the other hand, the cooling member 15 shown in Fig. 15(b) is formed such that a mesh
plate made ofimefal(fai example, latpmetal rknowun witeomesh o thdolike), a metal plate having
minute irregularities (projections and recesses) formed on the surface to increase the surface area or
the like is curved to provide the cylindrical shape so that the cooling member 15 can be inserted into

the combustion chamber 9. Thsﬁ%rﬁ, H&%‘?Pﬂ@?ﬂﬁ”ﬁ’ﬁ%@f%if‘@g' 15(b) is formed with a

[0037]

Fig. 1A shows a schematic arrangement of a syringe
according to the present invention.

Fig. 1B shows schematic arrangements of cooling
members to be arranged in the syringe shown in Fig. 1A.

Fig. 2 shows a schematic arrangement of an initiator
(ignition device) installed to the syringe shown in Fig.
1A,

Fig. 3 schematically shows the skin structure of
human,

Fig. 4 shows the transition of the pressure applied to

the injection sclution in the syringe shown in Fig. 1A.



large number of mesh holes 15c. [0044]The cooling member 15, which is formed to have the
cylindrical shape as shown in Fig. 1B, has openings which are formed at portions corresponding to a
ceiling portion and a bottom portion in the axial direction. Accordingly, when the cooling member 15 is
inserted into the combustion chamber 9, the combustion product, which is produced by the combustion
of the ignition charge 22, easily flows into the combustion chamber 9. As a result, the combustion of a
gas generating agent 30, which is to be started by the contact of the combustion product with the gas
generating agent 30sas;descriiestdater oni ts:hardhnprevented-tiomikeing startet it is also allowable
that any structure or structural member is provided at the ceiling portion and/or the bottom portion of
the cooling nfEPAbET 1B having the eytiibrical $hedpes provided deatthe flow ofthé tomibistion product
in the combustion chamber is unnecessarily intercepted or shut.off. [0045]Owing to the. cooling
member 15 v&l’h@h i5"constructed’ gsl Cc:zlkésclrisbelan al%v% %ﬁ& 1\r/lv?fh':’éhli%npr("::%\?idéa %‘T’cr)lngl%e}%gé wall 9a of
the combustign chamber, 9, the eombuystion,product, whieh is-produced from the ignition charge 22, is
brought in contact with the cooling member 15. In this arrangement, the cooling member 15 is formed
of the material made ofimetal, ahdhense the heatvcapacity thereot isiretativelydarge. Thierefore, the
heat is deprived by the cooling member 15 from the combustion product brought in contact with the
cooling membéri £5: G the e fipEratute [&inticdidtel} fovrefedts thé ordinary 8 mperatife level.
According top[ghg é%‘%»tit !.Lanjg ne%rgr_lat the cooling member 15 exerts the cooling action on the
combustion product. The combustion product, which is cooled to ordinary temperature by the cooling
member 15 as describgd abovedees Botcontain any-companent which hehavessas thesgas.
Therefore, the pressure in the combustion chamber 9 can be lowered more effectively as compared
with any situationiin #hich thie ecolfgimenibep15us hot prdvided, Thescharacteristie of the pressure
decrease is the characteristic which preferably contributes to the formation of the pressurizing mode
for the injectién SolficHh T the &y¥iihe™ £ According to the present invention. This feature will be
described later on. Itis noted that any explosive;charge ather,than the.aboye may, be used-as the
ignition charge, provided that the pressurizing mode can be realized as described later on. [0046]The
cooling memberits; whiah dasdhe throughy using the syringe according to the

present inventicn.
Fig. 7 shows another schematic arrangement of a

syringe according to the present invention.
MODE FOR CARRYING QUT THE INVENTION

[0038] A syringe 1 according to an embodiment of the
present invention will be explained below with reference to
the drawings. The construction of the following embodiment
is described by way of example. The present invention is
not limited to the construction of the embodiment.

[0039] In this embodiment, Figs. 1A and 1B show the
schematic arrangement of the syringe 1 according to the
present invention. At first, Fig. 1A(a) shows a sectional

view illustrating the syringe 1, Fig. 1A({b) shows a side



holes 15b or the mesh holes 15c as shown in Fig. IB, makes it possible to secure the wider contact
area between the cooling member 15 and the combustion product allowed to flow thereinto. Therefore,
the characteristic of the pressure decrease in the combustion chamber 9 as described above can be
made more remarkable. The whole combustion product is not cooled to ordinary temperature by the
cooling member 15. It is necessary that an amount of the combustion product, which has the heat
required to start the combustion of the gas generating agent 30 as described later on, should be
secured to reach¢he gas geperating agent 30: [0047]In this embadiment & gas generatingzagent 30
having a columnar shape, which is combusted by the combustion product produced by the combustion
of the ignitioneHarge 22toddredacel tHel gas, is Afranged s thie €6MBustici'chamBeéry sThé gas
generating agent 30 is exemplified, for example, by a single base smokeless propellant composed of
98% by masgBFni%Eélﬂﬁgse}: 0:8% by Vr‘ﬁ%@s%%h%n@l%d%m%iﬁg ?L.Zzb%%ypmg%g of potassium

sulfate by way of g%gmgledﬂt i§r§5|§gQgggb&tgd{sgoyar@s%%n_eraﬁ&g agentsysed for a gas
generator for an airbag and a gas generator for a seat belt pretensioner. Unlike the ignition charge 22
described abpve,dr the"tase 0Bthegassgenerating agent30:the prédeteimihed gas, which is
produced during the combustion, contains the gas component even_at the ordinary temperature.

Therefore, thé P&testdetrdase in'the Yaretdted présaiitg i€ extremeh SmaFAE thmpared with the
ignition chargae 22 desd(%lribed abocvgmgﬁj%t‘pf% ch%‘_&gwéjlstign ggn}g{%tio&@pg C%poy the combustion of
y ignition chg

the gas generaﬁﬁ%ngg@ent 30 iS extreme ong as compared with the ignition charge 22 described
above. Howeyek it-is pogsible-to,change thecombustign completien fime-ofdhe gaggeanesating agent
30 by adjusting the dimension, the size, and/or the shape, especially the surface shape of the gas
generating agent 30 whew the:gas §enératingagent 86 isafranged itheseormbustioreehiarmBer 9. This
is because the contact state, which is provided with respect to the combustion product of the ignition

charge 22 all6Wed 6 HEW iRrthd Comisistion chamitiers, id Bondidersi'td be chatged dépending on
the surface shape,otthe gas generating agent 30, and the felative positional relationshipetween the

gas generating agent 30 and the ignition chargé 22 resulting from the arrangement of the gas

generating agent 30ria the,gombustien chambeh 9h {0@48]in the rextrplace; arpistonit:made of metal

® combustion chamber ¢ which has a diameter that is larger
than the diameter of the through-hole 14. The remaining
other end reaches the side of a nozzle hole 5 in which the
nozzlies 4 are formed. Further, the initiator‘ZO is
installed on the side opposite to the communicated portion
of the combustion chamber 9 communicated with the through-
hole 14 so that the ignition unit thereof is cpposed to the
communicated portion.
[0040] An example of the initiator 20 will now be
explained on the basis of Fig. 2. The initiator 20 is an
electric ignition device. A space for arranging an
ignition charge 22 is defined in a cup 21 by the cup 21
having a surface covered with an insulating cover. A metal

header 24 is arranged in the space, and a cylindrical

charge holder 23 is provided on an upper surface thereof.
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arranged in the through-hole 14 so that the piston 6 is slidable in the axial direction in the through-hole
14. One end thereof is exposed to the side of the combustion chamber 9, and a sealing member 7 is
integrally attached to the other end. An injection solution ML, which is the injection objective substance
to be injected from the syringe 1, is enclosed in a space formed in the through-hole 14 between the
sealing member 7 and another sealing member 8. Therefore, the enclosing unit of the syringe
according to the.present invention, is formed by the sealing members. 7,8 and the through-hole 14.
Each of the sealing members 7, 8 is made of rubber having the surface thinly coated with silicon oil so
that the injectiari dokition dees ot leakawhen the: injectivhysolutioreMt ds eneloseddand theeinjection
solution ML can be smoothly moved in the through-hole 14 in accordance with the sliding movement of

the piston 6. [00497Ih thizermbadiftiert la i6RFassade uhft of thé€ Syrnge 1 Acttrding'to the present
invention is formed on the-farward end side of the syringe 1 (ri Si s viewed in Fig. 1A).
Specifically, 4 ﬁg%dle?% whic Y{E‘ férgfﬁgg Wt% r%%li%% (?r‘allol\%éi;]r%)g %%%%gz%ag%o%uﬁ%l I\Q)I%L) to inject, is
provided on thedomvard endside of the:syringesLicthecholder b is fixed tastherend surface of the main
syringe body 2 with a gasket 3 intervening therebetween by the aid of a holder cap 13. The holder cap
13 is formed ta:haver abting-shaped erissesection sb'that thiecholderccap 13 fixes tie holder 5, and the
holder cap 13 is screw-fixed to the main s rin%e body 2. Accordingly, the hé)lder,S is prevented from
being disehgdged froft thethaintsyFinge g{)% 5 by HHE présstire appfied to'the injection Solution ML
when the injegtion sqlutiop Mk, is allowed to inject. [PRSQJA recess 10, which.can aecommodate the
sealing member 8, is formed at a portion opposed to the sealing member 8 in a state in which the
holder 5 is attachedto the: main gyringe bady: 2aThe reécessxt(:hds appraximately-the same diameter
as that of the sealing member 8, and the recess 10 has a depth which is slightly longer than the length
of the sealingr@hibet 8. Mecerdingly Swhen the presslife isepptiae t6the pisto B2ané the'injection
solution ML is moved to the forward Segitlgls.fijdi-:' of the syrig gether.with the sgealiggvrgembers 7,8,

elto
naint pe S i actOr gween fg WC  Congud
then the sealfﬁ%lr%e%lb%?(é can be accommod%%edf in the recess 10. When the
pins 28.
[0041] In the initiator 20 ceonstructed as described

above, when the voltage 1s applied between the two
conductive pins 28 by an external power source, then the
current flows through the bridge wire 26, and the lgnition
charge 22 1s combusted thereby. In this situation, the
combustion product, which is produced by the combustion of
the ignition charge 22, is spouted from the opening of the
charge holder 23. Accordingly, in the present invention,
the relative positional relationship cof the initiator 20
with respect to the main syringe body 2 is designed so that
the combustion product of the ignition charge 22, which is
produced in the initiator 20, flows into the combustion
chamber 9. Further, an initiator cap 12 is formed to have
a brim-shaped cross section sc that the initiator cap 12 is

hooked by the outer surface of the initiator 20, and the
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sealing member 8 is accommodated in the recess 10, the pressurized injection solution ML is
released. Thus, a flow passage 11 is formed at a portion of the holder 5 brought in contact with the
side of the main syringe body 2 so that the released injection solution ML is guided to the nozzle 4.
Accordingly, the released injection solution ML passes through the flow passage 11, and the injection
solution ML is allowed to discharge from the nozzle 4 to the injection target. Owing to the fact that the
recess 10 has the depth for accommodating the sealing member 8, any inhibition of the injection of the
injection solutign MLs,xwhich wwould be otherwise eaused by thensealing-membier $: cande avoided.
[0051]A plurality of nozzles 4 may be formed for the holder 5. Alternatively, one nozzle 4 may be
formed. Wheh<the piliralityof nolzzlesris forivieds; tRé flow passages. whith correspend td' tHe respective
nozzles, are formed_so that the released injection solution is fec%L%o the resgect{ e nozzles. Further,

when the plufdiity of nE2ZI8€ 47 fotnet as showhtih Fig “fA(c e

tis preflerable Rat the respective

nozzles are ajranged:atequal intervals %@Hngéh?g@%ﬁlt@@s ef.the swringe 140 dhisembodiment,

the three nozzles 4, which are provided for the holder 5, are arranged at equal intervals around the
central axis of the:sytirgend.iThe: diameter obthe rigzzle4d$appropriately setwhile sensidering, for
example, the injection target, the injection pressure applied to the injection solution ML, and the
physical propéity<(viseasity) of the fjectonssbldtich: J0052]IrPthe sy ringer corstritted a8 described

above, in the initiator 20.

[0042] The combination of the fuel component and the
oxidizing agent component of the ignition charge 22 which
is used for the syringe 1 is preferably exemplified by an
explosive charge (ZPP) containing zirconium and potassium
perchlorate, an explosive charge (THPP) containing titanium
hydride and potassium perchlorate, an explosive charge
(TiPP} containing titanium and potassium perchlorate, an
explosive charge (APP) containing aluminum and potassium
perchlecrate, an explosive charge (ABO) containing aluminum
and bismuth oxide, an explosive charge (AMO) containing
aluminum and molybdenum oxide, an explosive charge (ACGO)
containing aluminum and copper oxide, and an explosive
charge (AFQO) containing aluminum and iron oxide, or an
explosive charge composed of a combination of a plurality
of the foregoing explosive charges. The explosive charges
as described above exhibit such a characteristic that the
plasma having a high temperature and a high pressure is
generated during the combustion immediately after the
ignition, but the generated pressure is suddenly lowered

because no gas component is contained when the ordinary
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the combustion product or the predetermined gas is generated in the combustion chamber 9 by means
of the ignition charge 22 provided in the initiator 20 and the gas generating agent 30 arranged in the
combustion chamber 9 so that the pressure is applied to the injection solution ML enclosed in the
through-hole 14 by the aid of the piston 6. As a result, the injection solution ML is pushed or extruded
to the forward end side of the syringe 1 together with the sealing members 7, 8. When the sealing
member 8 is accommodated in the recess 10, then the injection solution ML passes through the flow
passage 11 angrihernazzies 4.sang therinjgetion iselutioniMk is atowed touinject 4o the injection target.
The pressure is applied to the injection solution ML allowed to inject. Therefore, the injection solution
ML penetratescthisugfethe surface of the injection target, and the injection solution ML arrives at the
inside thereof, Accordingly, it is possible to achieve the purpose of the injection with the syringe 1.
[0053]In this épﬁ%‘gggment, ?ﬁbr %ﬁgé%c‘fibnatarcgoeffﬁfﬂ?e Ei?r?ﬁgg%rlséeééofﬁ?nlg o the p}%rvggieﬁr%%né/éntion is the

skin structure,of the Jiving bady;sucti-ag, buman; fargy, animal or the;like. his, spegificatiopprincipally
refers to the action of the syringe 1 exerted on the human skin. Therefore, Fig. 3 schematically shows
an anatomical ssteuctaresefthe humareskin dEhe humareskin istenstructed inia tayenedfgrm including
epidermis, dermis, subcutaneous tissue (hypodermis), and muscular tissue as disposed in the depth
direction fronPtHesidadt thé Skif Surfage. Pifrtfer: fife 8pitletmistddh & BRiRGUIshed or classified into

horny celllayer and intradermis, .5 ayered form.Ip eagh,of fhe layers gfihe, skin structure, the tissue
and the main cellS of the like for constru ting the tissue have different features as well.

[0054]Specificalhy, the homy-celllayer is pringipallyfically, the combustion chamber
9 is a space which has a volume of about 0.5 cc and which
is formed to have a cylindrical shape. Therefore, the
cooling member 15 is also formed to have a cylindrical
shape in the same manner. A side surface 15a of the
cooling member 15 shown in Fig. 1B{a) i1s formed such that &
metal plate of aluminum, iron or the like, which is
provided with a plurality of through-holes 15b, 1s curved
to provide the cylindrical shape. The through-holes 15b
are formed by means of any conventional technique
including, for example, the punch press and the laser
processing. On the other hand, the cooling member 15 shown
in Fig. 1B(b) is formed such that a mesh plate made of
metal (for example, lath metal, known wire mesh or the
like), a metal plate having minute irregularities
{(projections and recesses) formed on the surface to
increase the surface area or the like is curved to provide
the cylindrical shape so that the cooling member 13 can be
inserted inte the combustion chamber 9. Therefore, the

cooling member 15 shown in Fig. 1B(b) is formed with a
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composed of keratinocytes, and the horny cell layer is positioned on the outermost surface side of the
skin. Therefore, the horny cell layer has the function of the so-called barrier layer. In general, the
thickness of the horny cell layer is about 0.01 to 0.015 mm, and the horny cell layer performs the
surface protection for human by kerati,ocytes. Therefore, in order to physically insulate the interior of
the human body from the external environment to some extent, a relatively high strength is required as
well. On the other hand, the intradermis is constructed to include dendritic cells (Langerhans cells) and
pigment cells(melanocytes): The epidetntisisfermed by the horny cell layer and the intradermis. The
thickness of the epidermis is generally about 0.1 to 2 mm. It is considered that the dendritic cells in the
intradermis arlP@dklwhichPatticipatelin th& aftgen-antibbéy: feaction TPRIESS beeatise’the dendritic
cells recognize the presence of the antigen by incorporating the antigen, and the antigen-antibody
reaction, in wﬁé% I§/P|¥1 hocyte aa{re Sé%ﬁ\?a edto Spr)%é)ng rofé t%]a ac %‘le ?oaraig%pr%%ﬁrelé’ tends to be

induced. On the other,hand, the pigment calls in the intradermis have,the Junction to: aypid the
influence of the ultraviolet light radiated from the external environment. [0055]In the next place,
vessels and capillaiy veasels ontthe iskin arercomyplicatedly spread:all overshe dermis. Further, for

example, sweat glands for adjusting the body temperature, hair roots of body hair (including hair on
the head), antiEebadésds Yrantesissobiatet thetewith digocexistdn tie dBfARIST THe dermis is the layer

which makes commupication petwsel e epiderpys and ihe Interpr oLhe humanody
10r

(subcutaneous tissue and muscular tissue). The dermis’is constructed to include fibroblasts and

collagen cells; Thetefere, ke state obthe.dernis greathpardigipates; for-exanple; in, the hair falling out
and the appearance of wrinkles due to the so-called collagen shortage or the elastin shortage. [0056]In

this way, the skifistructurevwf huntan istgenerally-formed intlrenlayered. fords Thelirtinsic:anatomical
function is exhibited, for example, by the cells and the tissue principally contained in each of the

layers. This nfeanstHBFAC  thal'it 7 dsifible 5 iHject @ 6Smpafent (ingredienty fors medics
treatment to a place (depth) of the.skin structure in, conformitg Wt INE . o sucr with the

gas generating agent 30 as described later on, is hardly
prevented from being started. It is also allowable that
any structure or structural member is provided at the
ceiling portion and/or the bottom portion of the cocling
menmber 15 having the cylindrical shape, provided that the
flow of the combustion product 1n the combusticon chamber is
unnecessarily intercepted or shut off.

[0045] Owing to the cooling member 15 which is
constructed as described above and which is provided along
the side wall %9a of the combustion chamber 9, the
combustion product, which is produced from the ignition
charge 22, 1s brought in contact with the cooling member
15. In this arrangement, the cooling member 15 is formed
of the material made of metal, and hence the heat capacity
thereof is relatively large. Therefore, the heat is

deprived by the cooling member 15 from the combustion
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purpose of the medical treatment, for example, when the medical treatment is applied to the skin. For
example, the dendritic cells exist in the intradermis. Therefore, when a vaccine injection is performed
therein, it is possible to expect a more effective antigen-antibody reaction. However, in the case of the
conventional injection technique, it is difficult to perform the vaccine injection with respect to the
intradermis which is positioned at the relatively shallow portion. Even when such a vaccine injection is
performed, the injection greatly depends on the skill of a health care worker or meqli§al professional.

Further, the pigireHECell Eistin the irftrdtetinls, Ahd hérte ifid“aise defiafided thar whsh a beauty
treatment is Raylormefot the secalled aign nhitening, 2, secllied companent{ingregient) for the skin
whitening is injected into the intradermis. However, in the case of the conventional technique, it is
difficult to perfesmp such atreatment as deseriber above: (@054 Irrthemext iplace, fibrablasts and
collagen cells exist in the dermis. Therefore, for example, if protein for removing skin wrinkles,
enzyme, vitarhire aniiie aeith Minaralesiigar, nucléicsacid, dnthvarousigrowit factors(epithélial cells
and fibroblasts% are in&ected into ?E.he germ' an eﬁ;%ti\é% bgaut freatment ‘glfq]‘gz%%is iesxpected. However,
the dermis is aIS6 [5’1655it%c()jrlﬁecfD at thérelative yesh(zjafﬁowuporf‘lorﬂ1 it the samé manner asthe intradermis.

Therefore, in the,gase efthe.conventionalteehnigue.dt is, difficult-toperform therheauty treatment by
means of the injection in many cases. As for a hair regeneration treatment, the hair roots are
positioned in thesderMisdTherefere, ihverder¢ta perdorm the haiy regeneration treatmént, the following
procedure is considered to be favorable. That is, for example, a stem cell injection method, in which

dermal papill& RBIY/8Rd/T epitferAaf stent CEIREAR Sutologus Coititetand: cliffired cells are
autologous Wransplanted 0 the seplp. s performes ot several ypes of grawth (gtgrs andlor nutrent
. . < L

components extracted from stem cells are injected into a portion positione the vicinity of the
dermis. [0058]xthisrway thersubstance: whichds injecteg:inracenedance withythe-prpese of the
treatment for the skin, individually corresponds to the position (depth) in the skin structure into which
the substance is desirablypinjetied. HoWwever: f1ig difficultfor the EofventiphabtEehRique to adjust the
injection position. In the case of the syringe 1 according to the present in¥ ntion, the depth, at which

the injection SETGHOTRARiveS irf e SKIA Stutfire, “cartbd préterabiy adjudted by aajubling té pressure
applied to the.igjecfion solution; As described above, various substances (injgction phiective,

substances) are used to be injected into the skin structure depending on the purposé of the treatment
thereof. Therefore;theinjeetiomebjegtive: sebstance-isrganeralty: refarred te asriinjection solution” in
the following description.
invention. This feature will be described later on. It is
noted that any explosive charge other than the above may be
used as the ignition charge, provided that the pressurizing
mede can be realized as described later on.
[0046] The cooling member 15, which has the tThrough-
holes 15b or the mesh holes 15¢ as shown in Fig. 1B, makes
it possible to secure the wider contact area between the
cooling member 15 and the combustion product allowed to
flow Thereinto. Therefore, the characteristic of the
oressure decrease in the combustion chamber 9 as described
above can be made more remarkable. The whole combustion

product is not cooled to ordinary temperature by the

cooling member 15. It is necessary that an amount of the



However, this includes no intention to limit the form and the contents of the substance to be injected.
As for the injection objective substance, the component (ingredient), which is to be delivered to the
skin structure, may be either dissolved or not dissolved. Any specified form is also available for the
injection objective substance provided that the injection objective substance can be allowed to inject to
the skin structure from the nozzle 4 by being pressurized. It is possible to adopt various forms
including, for example, liquid and gel forms. [0059]For example, the injection objective substance

usable in the heautistreatment s exemplified;fonexample, by protein;for skin whitening or for
removing wrinkles, enzyme, vitamin, amino acid, mineral, sugar, nucleic acid, and various growth

factors (epithelial ceflstangtfibroblasts) nEurther, tienipjectionwbjactive stbstancedn e haif
regeneration freatment is exemplified, for example, by dermal pa}pil_la cell, hair root stem cell,
epidermal stehfi c&fi, KARG B8eK il En FR&IF fortransplaritation: [6060]ih e et plate, an
explanation vgij%gggn%e_ on the basis of Fig. 4 about the specified pressurizing form for the injection
solution as performed in the syringe 1. Fig. 4 shows the pressure transition applied to the injection
solution enclggezimithe throughthole ddduysthesaid pof theypistare6 by appropriatetyadjdsting the
combination of the ignition charge 22 and the gas generating agent 30 contained in the syringe 1. The
horizontal axis®ofIFig. 4 répresentdthé eiissedtimein millisesorids afid the' veftieal axis represents the
applied pressure in MPa. The pressure can.he measured by installing a pressure gauge in a pressure
measuring p()cr??r}i)o‘fss%%\?vrﬁ in |g.uf) pr%\li%%%%gﬁaablye %%r%mcu%rlnc;%a Fogrllvs?% ﬁ?: fo%bustion chamber 9

in the main syringe-hody 2+10.the example shownda Fig.-4,.4he pressuke transitigns whigh are
provided when three types of amounts of the gas generating agent 30 are combined with the same
amount of ZRP(contdining zitcanivn aid pdtassigmperehlorate) as theyignition‘charge 22, are shown
as LI, L2, L3 in Fig. 4. [0061]An explanation will now be made about the .

exemplified, for example, by a single base smockeless

propellant composed of 98% by mass of nitrocellulose, 0.8%

by mass of diphenylamine, and 1.2% by mass of potassium

sulfate by way of example. It is alsc possible to use

various gas generating agents used for a gas generator for

an airbag and a gas generator for a seat belt pretensioner.

Unlike the ignition charge 22 described above, in the case

of the gas generating agent 30, the predetermined gas,

which is produced during the combustion, contains the gas

component even at the ordinary temperature. Therefore, the

rate of decrease in the generated pressure is extremely

small as compared with the ignition charge 22 described

above. Further, the combustion completion time upon the

combustion of the gas generating agent 30 1s extremely long

as compared with the ignition charge 22 described above.

However, it i1s possible to change the combustion completion

time of the gas generating agent 30 by adjusting the

dimension, the size, and/or the shape, especially the



pressure transitions Li to L3 in the syringe 1 according to the present invention. The pressure
transitions involve the common technical feature. At first, the common technical feature will be
explained on the basis of the pressure transition L2. In the pressure transition in the present invention,
the combustion of the ignition charge 22 is started immediately after the application of the electricity to
the initiator 20, and thus the pressure suddenly arrives at the first peak pressure value Plmax from the

state in which the pressure is zero. After that, the pressure is lowered to the waiting pressure Pw2 (the
waiting pressilé is fspréSemed by PREINIAE pr8&stiré tranditidALt fand tHe \Waitihg préssure is

represented by the waiting pressure ,Pwa3 in the pressure transitio . > ProCess,. jn.which the
pressure is a%%ﬂgg ?ot fhne%n?e%%% s%?utk)sn i%ra%%gﬁdeagncénwiﬁ?lt e%rﬁégggﬁt%ngf%o%h%%rovided until
arrival at thisgpointy is; refersed to-as sfirst peessyrizing imedel's After thatnthespressureds daised again,
and the pressure arrives at the second peak pressure P2max2 (the second peak pressure is
represented by P2madirethe pressire wansition Liandnhe second peak préssuke 9Sirepresented by
P2max3 in the pressure transition L3). After that, the pressure is gentlx\i\ly/owet}?d. The process or step,

in which the Fressife isapptied 16 the thjectioh Jolitfon h-acesiatice viith the Préssure transition for
raising the pressuii.flom e yalling.prassure i espaopdnealipressire, [s/elafigtio.gs "second
pressurizing mode". In this way, each of the pressure transitions Li to L3 is constructed by the first
pressurizing modesand thersecondrpressuizing noded [0R62lddhedwovdifferent piessukizing modes,
which are provided in one pressure transition as described above, are realized by the ignition charge
22 and the gas gehérating dyeht BOsfMich have e differdift corbuistion modes BFforATs. That is, the
feature of the, combustion fr(_)rm of '[IE% ig:nitigq Ep%rfge wzorrnesti es inrthg insé%gga{leg sg%nbustion
brought about BY'thé Applicatioh of the "sigctricity to the'initiator 20° Further, when the produced
combustion gfassisagé’ﬂg§@%%%§t the-ordinary tempearative,pe JasconpeRat is oontained therein, as
represented by ZPP. Therefore, the pressure, which is applied to the injection solution, is suddenly
lowered. In paetcagdr, the doolingemember d5ds provided. Brthe combustionichaniber 9.as described
above. Therefore, the decrease in the temperature of the combustion product can be effectively

caused, and tHUS et cteadd ™ the [rEscurd applied (6 theHhfectibhSdiition“@ar’be fnade steeper.

Therefore, the pressure transijtion, which is pased.on the‘f]jlrstcgr_\es??Hrli@ m de, Is cgmpleted in a
minute time A?tls%hsoe\l/?/)nlﬁﬁl IE@ h Sn%ﬁé%ﬂhe&r{ﬁa@nﬁ the combustion prO(HJ%:t, \?)lhich is produced by the

combustion of ke ignitiameharge 22; flowsJatathecombustionchamberd, andithe gasrgenerating
agent 30 arranged therein is combusted thereby. Accordingly, the combustion of the gas generating

agent 30 is starteth Thefefors) the gas yeheeatingfragant BOlis confbrstad during: tHechredsiife
transition based on the first pressurizing mode or immediately after the completion of the first

pressurizing Mode 5Af thé PredetérminBd Hastis prodliced thereby: THE Velbcity of the generation of
the gas from f{%%gc%%mgbgﬁe@yf‘g%gle@é 30 is extremely. gentle a5 campared-with the velocity of the

generation o ustionproduct from the ignition charge 22. In other words, the combustion
completion time,af-the gas generatig-agenti30 is lepgerdhan the gombustien completion time of the
ignition charge 22. Therefore, as clarified from Fig. 4 as well, the pressure transition is depicted such
that the pressurésdncréabe tatecwhickeis provided froprlfe waitigressires v entit&dival at the

second peak pressure . . . .
P %gmber 8. Therefore, the enclosing unit of the syringe

according to the present invention is formed by the sealing
members 7, & and the through-hole 14. Fach of the sealing
members 7, 8 is made of rubber having the surface thinly
coated with silicon oil so that the injection sclution does
not leak when the injection solution ML 1s enclosed, and
the injection solution ML can be smoothly moved in the

through-hole 14 in accordance with the sliding movement of
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P2max2, is gentler than the pressure increase rate which is provided upon the ignition of the ignition
charge 22. This feature is provided in the same manner for the pressure transitions Li, L3 as well.
[0063]An explanation will be made on the basis of Fig. 5 about the conceptual injection situation of the
injection solution in the human skin structure in accordance with the pressure transition based on the
two pressurizing modes as described above. In the first pressurizing mode performed in the minute
time At (time ranging from the application of electricity in the initiator 20 to the arrival at the waiting
pressure Pw2} asgshovanindtig. 5(a), a minute amount of the injection solution is allowed to inject from
the syringe 1. In the injection of the minute amount of the injection solution, the energy amount, which
is possessedBP#linjectiéh sbittipnaNoNEH 1S ihject dépehting i 1HE injBdtior’dmbliAt per unit
time, i.e., the injection flgfw ra(t:e ris dgterm{i)net%by Egggg%zs,g,itoni%1 agrggliovl\{s.iPS = formed on
1/80np02u3..?( xjprr]gs?sion if (E’l e%ergy o] g”lsgharglng inJeCYion sof)ution, p: gensny of injection
solution, D: diaypetes of noazle4; us discharging velogity of injection;splution. Je064]Its poted that

Expression 1 merely calculates the energy amount possessed by the injection solution allowed to

inject. Even wherr ooly Expressiéndds provided, it is insuffieient to eXkglain the adjustatént of
with nozzles 4 for allowing the injection solution ML to
inject, is provided on the forward end side of the syringe
1. The holder 5 is fixed to the end surface of the main
syringe body 2 with a gasket 3 intervening therebetween by
the aid of a holder cap 13. The holder cap 13 is formed to
have a brim-shaped cross section so that the holder cap 13
fixes the holder 5, and the holder cap 13 is screw-fixed to
the main syringe body 2. Accordingly, the holder 5 is
prevented from being disengaged from the main syringe body
2 by the pressure applied to the injection sclution ML when
the injection sclution ML is allowed te inject.
[0050] A recess 10, which can accommodate the sealing
member 8, is formed at a portion opposed to the sealing
member 8 in a state in which the heolder 5 is attached to
the main syringe body 2. The recess 10 has approximately
the same diameter as that of the sealing member 8, and the
recess 10 has a depth which is slightly longer than the
length of the sealing member 8. Accordingly, when the
pressure is applied to the piston 6, and the injectlion
solution ML is moved to the forward end side of the syringe
1 together with the sealing members 7, 8, then the sealing

member 8 can be accommodated in the recess 10. When the
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the injection depth in the skin structure. That is, in order to adjust the injection depth, it is necessary to
perform the pressure control according to the present invention. In view of the above, an explanation
will be made below about the pressure control according to the present invention in relation to the
adjustment of the injection depth in the skin structure while taking Expression 1 into consideration.
(0065]in the first pressurizing mode, the pressure transition, in which the pressure arrives at the
waiting pressure via the peak pressure PImax from zero, is performed in the extremely short period of

time. Therefor&@it 1§ dIsbHAited that the nfEEtohddiatid hdvifg fifhigh energy i€ allowed to inject
fo the skin in bisyQeess: s a fesult, e liactionselyfion, which is allowed iajpiect I the first
pressurizing mode, penetrates through the outermost surface of the skin, and the injection solution
erodes the inside,of-the skir: (dischasging injegtion salution is represeniad bySide Fig. 5(a)).In this
situation, it is considered that the injection depth is more deepened as the energy of the discharging
injection solution'intie first pressutizingirnbdé kepreséntedthy- Expressionst isimefe inefeased. In this

context, according to Expression 1, the,eneg’% P of the d|§char%|ng\}£gﬁzj§%%g£rgl é;%néés)n% )%S;t;ﬁgal to

the product of thé 2abe bf the” GisER&GIhg Velo&ity ('of tive ihjection's

injection solution, Theyefore, the Jajger, the peal pressure. Pimax is. the; larger the energy; P of the
discharging injection solution is. Further, the shorter the minute time At for the execution of the first
pressurizing pedlesis, thersmalterithe energy Bds.sEngrefare, thednjection déptht; at which the injection
solution can arrive in the skin, can be adjusted by adjusting the enerEéP.S (a) schematically shows
the situation FPwhichtRelfhjeétfor $oIGH6R affvesiatthe fayer porfor 6Fthe Emdérntis fi¥ the human
skin structure. However, when the energy amount is.adjusted, then the injection th can,be made
deeper in the-first 6%5%5%%%8 r%ggéeot?'therlgﬁfégt?ontgeﬁt ecafnt C:eie m%?éaerysﬁamgw%%%ﬁspgarﬁcuIar, the

cooling membek; 1% is:pravided inthe combystion chamhber . Therefate, Hisipossible togffectively
shorten the time At ranging from the state in which the pressure is zero to the waiting pressure via the
peak pressurerPlirizix: Therefore, litsis consideteththaf thé eodlingememtber Ablgreathy chtributes to the

achievement of the shallower injection depth in the first pressurizing mode.
which would be otherwise caused by the szaling member 8,

can be avoided.

[0051] A plurality of nozzles 4 may ke formed for the
holder 5. Alternatively, one nozzle 4 may be formed. When
the plurality of nozzles 1s formed, the flow passages,
which correspond to the respective nozzles, are formed so
that the released injection sclution is fed to the
respective nozzles. Further, when the plurality of nozzles
4 is formed, as shown in Fig. 1A{c), it is preferable that
the respective nozzles are arranged at equal intervals
around the central axis of the syringe 1. In this
emhodiment, the three ncozzles 4, which are provided for the
holder 5, are arranged at equal intervals around the
central axis of the syringe 1. The diameter of the nozzle
4 is appropriately set while considering, for example, the

injection target, the injection pressure applied to the
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[0066]In this context, the waiting pressure, at which the pressure arrives in the first pressurizing mode,
is such a pressure that the erosion, which is caused by the discharging injection solution in the first
pressurizing mode in the injection depth direction at the inside of the skin structure, is mitigated, and
the diameter of the penetrating passage can be reduced or shrunk at a part of the penetrating
passage for the injection solution formed in the skin structure. In this case, when the pressure is raised
to the peak pressure fgma%goaﬂgttpgrpr%s:urgﬁ%ti{q{gagg@lgwgqu &@Egev%iyng pressure, then the
energy amount possessed by the injection solution is lowéred. Therefore, the erosion of the skin
caused by thenjectien solution is mitigated,candthesdischarging injection solution does not arrive at
the deepest portion of the skin structure. Further, the skin structure of the living body has a certain
elastic force. iHeP&fbre, onf Bcédiit BY the lastic forté fhedigmetar ol H96 peRéafity passage may
be reduced or contracEFed l%y the elastic force whil includiﬁg tghe ini'glctic?n %osluti%n or scarcely including
the injection SoiGitiGR'AT 3 part5f thepehetrating passade having been alfsady formed, especially on
the forward epd,side {deep sidein the.depth-diraction).As.a result, the. state.dn whieh the diameter is
reduced, is formed on the forward end side of the penetrating passage, and the state, in which the
diameter is notyreduced, isrmaintainéd pnahe gproximal end side. ofitheqpeneirating passagesat the
point in time at which the pressure arrives at the waiting pressure in the first pressurizinrg mode.

Therefore, thedifféréhesdn SHERGth-With FeSHRBE tHe pregsGridotiRé mjsctiv&6iGtion is*generated
between the forward end side ;osm%helgro%%rg@h end side,of the pepetrating passage. That is, the
e o d si i etra X = ¢

strength is relatively hlghpo%@t%e orward e e of the penetrating passage as compared with the

proximal endside -Ehereof, As.a result, whenibepressurization is:perfermedhagaingdndhe second
pressurizing mode as described later on, then the pressure of the injection solution is uniformly applied
to the entire penetrating passageebutthe pehelrating passagéportivn: whitHisds the unreduced

diameter state, has the stren%th weaker than that of the re(:éjc_ed diameter(gortion, bectz:a}lljse the
penetrating pasSage portion in‘the UnFedUceddidmetétSstate is t8lativély Ehtarged Of expanded. It is

considered that thissituation contribytes to,the-diffusion gf the ipjection solytion,, Aggerding to the
above, it is desirable that the waiting pressure is the pressure which is lowered from he peak pressure
Plmax in the fiest pressurizing:moderto sueh anexdentithat thesforward endj sideiofthe penetrating
passage is contracted or shrunk by the elastic force exerted from the skin structure in the second
pressurizing fodetas dedCribieddate? ol ke 6! shél ah Exterit HhatHe differefice i'Strength of the
penetrating passage, which can secure or,guarantee the diffusiop of the injection solution in
accordance \ﬁiﬂ?ﬁge%egdna‘j&%sgaﬁziﬁé‘ ?n%o%li_(-:ﬁ,L is'génerated rﬁopyfgxéfgnpcrgs‘lf) i"%eﬁfefteorable that the
waiting pressyre is-notigors, than pQ% of the pgak; pressute, Plpax. {006 din the,pextiplace; dhe

pressure transition, in

‘ the injection soluticon ML allowed to inject. Therefore,
the injection solution ML penetrates through the surface of
the injection target, and the injection solution ML arrives
at the inside thereof. Accordingly, it is possible to
achieve the purpose of the injection with the syringe 1.
[0053] In this embcdiment, the injection target of the
syringe 1 according to the present invention is the skin
structure of the living body such as human, farm animal or
the like. This specification principally refers to the

action of the syringe 1 exerted on the human skin.

Thetefore, Fig. 3 schematically shows an anatomical
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which the pressure is raised from the waiting pressure Pw2 to the second peak pressure P2max2, is
depicted in the second pressurizing mode. When the pressure of the injection solution is raised again
in accordance with the second pressurizing mode from the state in which it is estimated that the
difference in strength is generated in the penetrating passage formed by the injection solution owing to
the arrival of the pressure of the injection solution at the waiting pressure Pw2 in accordance with the
first pressurizing mode, it is considered that the injection solution, which is confined in the penetrating
passage havigg-the reducedrdiameter,is: prespurized again:, Hiewever the irjectionsselutieawhich is
allowed to inject in the second pressurizing mode, behaves to pressurize the skin structure by the aid
of the injectiohrsolutionyexisting atrthelurréddded diapiater portiondatiier thars toodiréctlycacton the
bottom of the penetratingéﬁ)assage,_on account of the difference in strength as described above.

Therefore, thé irfétton' SollifioR thusds tHe Perfieition it the THeriaF of the kit Strd€tuké from the
penetrating pgssage in;the ynreduced diameter state, rathgy than the further egosion in the depth

direction. In other words, it is considered that the injection solution is diffused to the interior of the
tissue of the skir strgeture via theiperion of thenpenetratingipagssagedna the-unredused diameter state
which is considered to have the relatively low strength with respect to the pressure (in Fig. 5(b), the
injection solufiér,cwiielk iy diffused i aééordfafice Withathe Seednd présstiiziefmoderis represented
by 52). Further, the pressure ncrease rate, whichs provided in the second pressurizing moge, is
gentler than the pressure increase fate which is provi &d in‘thé firs préssurizing' mode. T‘:ﬁerefore, the

injection solutign, can be diffused into the.skin along.the exiending diregtion of theslayered:tissue of the
skin structure without uselessly deepening the injection depth of the injection solution. Fig. 5(b) shows
the diffusion statefas described-abeve merely conceptually. When the injection depth is set to any

different depth as viewed in Fig. 5(a), the diffusion state differs as well. For example, it is also possible

to effect the RS S0 théﬂﬁﬁjihjéﬁﬁ&r.}r golufi&ﬁ? ié‘l_Béﬁﬁeé&%& Inthee Fértibh d?s?ﬁ&%ﬂﬂ‘?‘elalrér to the
dermis or into pq)esrggs. g@%ggggﬁe&h@gtgstl’m%ﬂ% vm{gh ﬂf}ﬁg co l@re(?r%gégng; :gnode is

continued, is determined epending on the amount of the injection’solution (injection amount) allowed

to inject by the.syringe 1. After; the, passagerafdbe second peak pressure B2max2; the pressure, which
is applied to the injection solution, is gradually lowered. However, the pressure becomes zero at the
point in time dthwhich the: injédtionnsototiors allowea teeinject frobh thel nozzlesa i éxhidigstéd and the

second pressurizing mode comes_to the end. The purpose of the second pressurizing mode is to

diffuse the inje€tiorSoltifién t6 the' désifed depth Of e Skin strtfetirs: TREfetSre! it iS Preferable that
theoilgiection slytian amount, which is.allgwed tojniect fromythe; syringe 1inthesecqpd pressurizing
o cell layer performs the surface protection for human by
keratinocytes. Therefore, in order to physically insulate
the interior of the human body from the external
environment to some extent, a relatively high strength is
required as well. On the other hand, the intradermis is
constructed to include dendritic cells (Langerhans cells)
and pigment cells {melanocytes). The epidermis is formed
by the horny cell layer and the intradermis. The thickness
of the epidermis is generally about 0.1 to 2 mm. It is
considered that the dendritic cells in the intradermis are

cells which participate in the antigen-antibody reaction.

This 1s because the dendritic cells recognize the presence



is larger than the injection solution amount which is allowed to inject in the first pressurizing mode.
This situation can be sufficiently realized, because the first pressurizing mode is performed within the
minute time At as described above. [0069]In this way, in the case of the syringe 1 according to the
present invention, the pressure transition advances such that the pressure undergoes the waiting
pressure in the first pressurizing mode and the injection solution is diffused in accordance with the
second pressurizing mode. Accordingly, the injection solution can be fed to the desired depth in the
skin structure; #n padicytar; intherfifst pressuriziag moge; the periad of.fimen whicheelapses until the
pressure arrives at the waiting pressure, can be further shortened owing to the presence of the cooling
member 15. Fhéretsre - tHetdiffasionpsreparatery statelhich iS1He 36Re 16 difftise the injection
solution, can be form%d t the shallower L_poitior)gof thtetskin sé;rhlctu%e. Further thgt%rgssurization, which
is performed i the Scond preBddnzing hode, IS principaily dirscted 16t diftision of the injection
solution, and the, injegtion.depth is prevented, fromcbeing uselessly, degpened, fberefore, itds possible
to precisely diffuse the injection solution even at such a portion that the injection depth is relatively
shallow. [0070}An explanatieniwilhnewemate @bdut:thel pressure transitiohs Li, L2, L3shown in
Fig. 4 respectively. In these pressure transitions, the peak pressures, which are provided in the first
pressurizing Mbde! 8re‘approXintately PIax aid EomEiiént With dth GtRéFBY itilizing the same
initiator 20. Tge%%%rggngg%ssures are dispersed in a range of Pwi to Pw3. However, as described
above, as for the waiting pressure, when the pressure is lowered to some extent from the peak
pressure in theyfitst pressurizingiaode..thep the erosien caused by the dischargingsinjeation solution in
the first pressurizing mode, which occurs in the injection depth direction at the inside of the skin
structure, is mitigatet, ahd the pressure Maygbeliave suctea pressuretivat thé diametet of the
penetrating passag%can be contracted or reduced at the part of the penetrating pas?igg for the

injection solutidh brévided Mthe"SKiR Sfructtird An this WY eVBR viteh the skmé fifitiator 30 is used,
the gas geneating.aaents. 30, gach.-obwhich is arsanged;in the ¢ombuystiqn chamber 3 hayg the

different amounts. Accordingly, the pressure transitions in the second pressurizing mode are changed
as shown in Figad.) Spegifically, kr-the caseiefithe pressure fransitionddche amaeuntof e gas
generating agent 30 is maximized. In the case of the pressure transition L3, the amount of the gas
generating agént 30¢is ¢rinlmized. Mthetase bt tHe piessute ansition T2, tie<dmount of the gas

geneﬁmnga%%%%%&ﬁég%yggﬂgg%%g%%ﬂgggtgggggggﬁéhgggaghe interior of the

human body (subcutanecus tissue and muscular tissue). The
dermis is constructed to include fibroblasts and collagen
cells. Therefore, the state of the dermis greatly
participates, for example, in the hair falling out and the
appearance of wrinkles due to the so-cailed collagen
shortage or the elastin shortage.

[CO56] In this way, the skin structure of human is
generally formed in the lavered form. The intrinsic
anatomical function is exhibited, for example, by the cells
and the tissue principally contained in each of the layers.
This means the fact that it is desirable to inject a
component {(ingredient) for a medical treatment to a place

(depth) of the skin structure in conformity with the
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pressures in the second pressurizing mode reside in a relationship of P2maxl in pressure transition Li
> P2max2 in pressure transition L2 > P2max3 in pressure transition L3. According to the three types of
the pressure transitions as described above, it is possible to provide the different speeds to diffuse the
injection solution and the different amounts of the injection solution to be diffused at approximately the
same injection depth. [0071]The peak pressure P2max3, which is provided in the pressure transition

L3, has the value which i% lower than that of the peak pressure Plmax EBzrovidegleirg1 the first pressurizing
h -

mode. In this’ blrﬁ%gﬁﬁre? & Br@’es%%re difference bétweeh Plmax ant Max3 1S Withn a

predetermineg. ratio with respect to. Plmax. ;Tthis isibecausedt isjintendedde clarifynthespressure
transition in which the injection solution is diffused in accordance with the second pressurizing mode
after undergaingthe waitingepresseretintthe firstipressurizintg mode ; unlikeeamy pressurerransition
based on the conventional technique, in order to feed the injection solution to the dez;red depth in the

skin structuré. THEFredetemifed Haib isTexehipifiedHy 60955t Bimak - [007 2PfHe péaKk préssures
P2max!, Pamaxg, which e rovideddp I seqond, pressirizingJyode jn.the.pressure ransitions Li,

L2, have the values which exceed the peak pressure PImax provided in the first pressurizing mode.
The peak pressuees-R2maxl, B2max2 as deseriked-abave.are: apprapriately setin order to realize the

desired injection amounts.
technique, it is difficult to perform the vaccine injection
with respect to the intradermis which i1s positioned at the
relatively shallow portion. Even when such a vaccine
injection is performed, the injection greatly depends on
the skill of a health care worker or medical professional.
further, the pigment cells exist in the intradermis, and
hence it is also demanded that when a beauty treatment is
performed for the so-called skin whitening, a specified
component (ingredient) for the skin whitening is Injected
into the intradermis. However, in the case of the
conventiconal technigue, it is difficult to perform such a
treatment as described above.
[0057] In the next place, fibroblasts and collagen cells
exist in the dermis. Therefore, for example, if protein
for removing skin wrinkles, enzyme, vitamin, aminc acid,
mineral, sugaxr, nucleic acid, and various growth factors
(epithelial cells and fibroblasts) are injected into the
dermis, an effective beauty treatment effect is expected.
However, the dermis is also positioned at the relatively
shallow portion in the same manner as the intradermis.

Therefore, in the case of the conventional technique, it is
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[0073]The foregoing embodiment is explained assuming that the human skin structure is used.
However, the syringe according to the present invention can be used as the syringe for animals (for
example, farm animal, pet or the like) other than human. In this case, the type and the amount of the
ignition charge 22 carried on the initiator 20 and the type and the amount of the gas generating agent
30 are appropriately adjusted while considering the characteristic of the skin structure of the injection
target, for example, the Young's modulus or the like. [0074]In the foregoing embodiment, the pressure
is applied to fhefiRjettion obfedtive Ssubstared iR The sYringe & THBWEVEY if18 s Allowdlie that the

injection objective substance is, for example, a powder or a granular solid, provided that the injection
objective substance can be allowed to ?n]eg’t'fromsthe %§rir?gé 1."1'EXAI\/C[%L‘E§ %00'75' Experimental

conditions ang-experimmental results will pewihe describedibelow dni relatiomto inaetion experiments
(Experiments 1 to 4) performed by using the syringe 1 according to the present invention. The
following expérienialconditionsivere set i orderto diffise thélinjecticn Salutier intensively or in a

treatment, the following procedure is considered to be
favorable., That is, for example, a stem cell injection
method, in which dermal papilla cells and/or epidermal stem
cells are autologous cultured and cultured cells are
autologous transplanted to the scalp, is performed, or
several types of growth factors and/or nutrient components
extracted from stem cells are injected intc a portion
positioned in the vicinity of the dermis.

[0058) In this way, the substance, which is injected in
accordance with the purpose of the treatment for the skin,
individually corresponds to the position (depth) in the
skin structure into which the substance is desirably
injected. However, 1t is difficult for the conventional
technigue to adjust the injection positien. In the case of
the syringe 1 according to the present invention, the
depth, at which the injection solution arrives in the skin
structure, can be preferably adjusted by adjusting the
pressure applied to the injection solution. As described
above, varicus substances (injection objective substances)
are used to be injected into the skin structure depending
on the purpose of the treatment therecf. Therefore, the
injection objective substance is generally referred to as

"injection solution” in the following description.
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concentrated manner into the skin layer of a pig as an injection target. <Experimental conditions>
(About syringe 1)
ignition charge 22 of the initiator 20, and single base propellant in an amount shown in Table 1 below
was used for the gas generating agent 30. The diameter of the nozzle 4 is 0.1 mm, and the three
nozzles 4 are arranged concentrically. The component ratio of the single base propellant is as

follows. Nitrol_cig%%lg

weight;

87 mg of ZPP (zirconium and potassium perchlorate) mixture was used for the

2%, 981 %0,y weight, Dinhenylamine; 8,8% By W&ight: Peiassiym suifate: 1.1% by

the contents of the substance to be injected. As for the

injection objective substance, the component (ingredient),

which 1s to be delivered to the skin Structure,'may be

either dissolved or not dissolved. Any specified form 1is

also available for the injection objective substance

provided that the injection objective substance can be

alliowed to inject to the skin structure from the nozzle 4

by being pressurized. It is possible to adopt various

forms including, for example, liguid and gel forms.

[0059]

For example, the injection objective substance

usable in the beauty treatment is exemplified, for example,

by protein for skin whitening or for removing wrinkles,

enzyme,

vitamin, amino acid, mineral, sugar, nucleic acid,

and various growth factors (epithelial cells and

fibroblasts). Further, the injection objective substance

in the hair regeneration treatment is exemplified, for

example, by dermal papilla cell, hair root stem cell,

epidermal stem cell, HARG cocktail, and hair for

transplantation.

[0060]

in the next place, an explanation will be made on

the basis of Fig. 4 about the specified pressurizing form

for the injection solution as performed in the syringe L.

Fig. 4 shows the pressure transition applied to the

injection solution enclosed in the through-hole 14 by the

aid of the piston © by appropriately adjusting the

combination of the ignition charge 22 and the gas
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Graphite (loss ratio (outage)): minute amount. (About injection target) In this embodiment, a skin
portion of abdomen of a pig was used as the injection target. Specifically, the pig was sacrificed, and
then the skin portion was peeled off, followed by being stored for 6 days in a physiological saline
solution at 4C to prepare a sample (cooled and stored), or followed by being frozen and stored at -70C
and thawed thereafter to prepare a sample. (About injection solution) In order to easily grasp the

diffusion situation of the injection solution after the injection, a colored aqueous Solution (methylene
blue) was usedr[0076} Tableaent 30 contained in the syringe 1. The

horizontal axis of Fig. 4 represents the elapsed time in
millisecond, and the vertical axis represents the applied
pressure in MPa. The pressure can be measured by
installing a pressure gauge 1n a pressure measuring port
(not shown in Fig. 1) provided to make communication with
the combustion chamber 9 in the main syringe body Z. In
the example shown in Fig. 4, the pressure transitions,
which are provided when three types of amounts of the gas
generating agent 30 are combined with the same amount of
7PP (containing zirconium and potassium perchlorate) as the
ignition charge 22, are shown as L1, L2, L3 in Fig. 4.
[0061] An explanation will now be made about the
pressure transitions L1 to L3 in the syringe 1 according to
the present invention. The pressure transitions involve
the common technical feature. At first, the common
technical feature will be explained on the basis of the
pressure transition L2. In the pressure transition in the
present invention, the combusticn of the ignition charge Z2
is started lmmediately after the application of the
electricity to the initiator 20, and thus the pressure
suddenly arrives at the first peak pressure value Plmax
from the state in which the pressure is zeroc. After that,
the pressure is lowered to the waiting pressure PwZ (the
waiting pressure is represented by Pwl iIn the pressure
transition L1, and the waiting pressure 1g represented by

the waiting pressure Pw3 in the pressure transition L3}.

45



Experiment 1 Experiment 2 Experiment 3 ZAP 87 mg Experiment 4 ZPP 87 mg

The process, in which the pressure is applied to the
injection solution in accordance with the pressure
transition as provided until arrival at this point, is
raferred te as "first pressurizing mode". After that, the
pressure is raised again, and the pressure arrives at the
second peak pressure P2max2 (the second peak pressure 1is
represented by PZmaxi in the pressure transition L1, and
the second peak pressure 1is represented by PZmax3 in the
pressure transition L3). After that, the pressure is
gently lowered. The process or step, in which the pressure
is applied to the injection solution in accordance with the
pressure transition for raising the pressure from the
waiting pressure to the second peak pressure, is referred
to as "second pressurizing mode". In this way, each of the
pressure transitions L1 to L3 is constructed by the first
pressurizing mode and the second pressurizing mode.

[00862] The two different pressurizing modes, which are
provided in one pressure transition as described above, are
realized by the ignition charge 22 and the gas generating
agent 30 which have the different combustion modes or
forms. That is, the feature of the combustion form of the
ignition charge 22 resides in the instantaneous combustion
brought about by the application of the electricity to the
initiator 20. Further, when the produced combustion gas 1s
condensed at the ordinary temperature, no gas component is
contained therein, as represented by ZPP. Therefore, the

pressure, which is applied to the Injection solution, is
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Initiator Amount of ignition charge 2,9P 87 mg ZSP 87 mg

suddenly lowered. In particular, the cooling member 15 is
provided in the combustion chamber 9 as described above.
Therefore, the decrease in the temperature of the
combustion product can be effectively caused, and thus the
decrease in the pressure applied to the injection solution
can be made steeper. Therefore, the pressure transition,
which is based on the first pressurizing mode, is completed
in a minute time At shown in Fig. 4. On the other hand,
the combustion product, which is produced by the combusticn
of the ignition charge 22, flows into the combustion
chamber 9, and the gas generating agent 30 arranged therein
is combusted thereby. Accordingly, the combustion of the
gas generating agent 30 is started. Therefore, the gas
generating agent 30 is combusted during the pressure
transition based on the first pressurizing mode or
immediately after the completion of the first pressurizing
mede, and the predetermined gas is produced thereby. The
velocity of the generaticn of the gas from the gas
generating agent 30 is extremely gentle as compared with
the velocity of the generation of the combustion product
from the ignition charge 22. In other words, the
combustion completion time of the gas generating agent 30
is longer than the combustion completion time of the
ignition charge 22. Therefore, as clarified from Fig. 4 as
well, the pressure transition is depicted such that the
pressure increase rate, which is provided from the waiting

pressure Pw?2 until arrival at the second peak pressure
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Amount of gas generating agent Single base propellant 150 mg Single base propellant 90 mg Single
base propellant 180 mg Single base propellant 150 mg Injection target Frozen pig

P2max?, is gentler than the pressure increase rate which is
provided upon the ignition of the igniticn charge 22. This
feature is provided in the same manner for the pressure
transitions L1, L3 as well.
[0063] An explanation will be made on the basis of Fig.
5 about the conceptual injection situation of the injection
solution in the human skin structure in accordance with the
pressure transitlon based on the two pressurizing modes as
described above. In the first pressurizing mode performed
in the minute time At (time ranging from the application of
electricity in the initiator 20 to the arrival at the
walilting pressure Pw2), as shown in Fig. 5(a), a minute
amount of the injection solution is allowed te inject from
the syringe 1. In the injection of the minute amount of
the injection solution, the energy amount, which is
possessed by the injection soluticn allowed to inject
depending on the injection amount per unit time, i.e., the
injection flow rate, is determined by Expression 1 as
follows.

P = 1/BenpD’u’ ... (Expression 1)

P: energy of discharging injection solution, p:
density of injection solution, D: diameter of nozzle 4, u:
discharging velocity of injection solution.
[0064] It is noted that Expression 1 merely calculates
the energy amount possessed by the injection solution
allowed to inject. Even when only Expression 1 is

provided, it is insufficient to explain the adjustment of
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Cooled pig Cooled pig Cooled pig <Experimental results> [0077]Next, the experimental results as
obtained in accordance with the foregoing experimental conditions are shown. below. Fig. 6A shows a
view illustrating a pig skin surface in relation to an injection result in Experiment 3 and a sectional view
thereof (cross section taken along AA). On the other hand, Fig. 6B shows a view illustrating a pig skin
surface in relation to an injection result in Experiment 4 and a sectional view thereof (cross section
taken along BB). Further, Fig. 6C shows graphs illustrating the Eressure transitions applied to the

injection solufidf |HIE3X%%F|M€M 498 Expbriniéht 45fespeétively: trabte 2 shon Bélow'stmmarizes the
predetermlned %ressFre %@ues in trhk? eores.ilélirg raorglsn&o %nd qlg tirge% é%%uojrsegrgq arfive at the

pressures respectlvey € pressure whnich was applle tO
perfcocrm the pressure control accordlng to the present

invention. In view of the above, an explanation will be
made below about the pressure contrcl according to the
present invention in relation to the adjustment cof the
injection depth in the skin structure while taking
Expression 1 into consideration.

[0065] In the first pressurizing mode, the pressure
transition, in which the pressure arrives at the wailting
pressure via the peak pressure Plmax from zerc, 1is
performed in the extremely short period of time.
Therefore, it is also affirmed that the injection solution
having the high energy is allowed to inject to the skin in
this process. As a result, the injection scolution, which
is allowed to inject in the first pressurizing mode,
penetrates through the outermost surface of the skin, and
the injection solution erodes the inside of the skin
{discharging injection solution is represented by 51 in
Fig. 5{(a)). In this situation, it 1s considered that the
injection depth is more deepened as the energy of the
discharging injection sclution in the first pressurizing
mode represented by Expression 1 is more increased. In
this context, according to Expression 1, the energy P of
the discharging injection solution is proportional to the
product of the cube of the discharging velocity u of the

injection solution and the density of the injection
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injection solution, was measured by using an electrostrictive element (piezoelectric element) at a
detection frequency of 100,000 times per second, i.e., every 0.01 millisecond. The maximum pressure,
which was detected immediately after the operation of the initiator 20, was adopted for the first peak
pressure shown in Table 2 below. An average value of the data was adopted for the waiting pressure,
the data including the data as obtained within 0.05 ms before and after the minimum pressure (i.e.,
pieces of data obtained at respective five points provided therebefore and thereafter) recorded in such
an interval thabihe:prassurd’Was dowered fidHf the fifst peak pressiife RIGFRGHRE petidan which the
gas generatin agte::%?;Q was corrgglgteﬁl%i nitedEga\ftéa{E tr%%gp%ratioiqao; the initiator 20.. The maximum

pressure, whic ’apbearéara?te& the drrival atthe wai ing pressjusréj, was %‘188pt]é%]f%%t e second peak

pressure. The fespectivetimes tequined.to arrive shewndr. Table 2/meandhe perods ofime required

until arrival at the respective pressures by using, as the start point, the point in time at which the

ignition current was:allowed:to flofv tdthefinitiator20: {6078] Table 2o ExpiklLapioe
smaller the energy P is. Therefore, the injection depth,
at which the injection solution can arrive in the skin, can
be adiusted by adjusting the energy P. Fig. 5{a)
schematically shows the situation in which the injection
solution arrives at the layer portion of the epidermis in
the human skin strucﬁure. However, when the ensrgy amount
is adijusted, then the injection depth can be made deeper in
the first pressurizing mode, or the injection depth can be
made shallower. In particular, the cooling member 15 1s
provided in the combustion chamber 9. Therefore, it 1is
possible to effectively shorten the time At ranging from
the state in which the pressure is zero to the waiting
pressure via the peak pressure Plmax. Therefore, 1t is
considered that the cooling member 15 greatly contributes
to the achievement of the shallower inijection depth in the
first pressurizing mode.
f0066] In this context, the walting pressure, at which
the pressure arrives in the first pressurizing mode, is
such a pressure that the ercsion, which is caused by the
discharging injection solution in the first pressurizing
mode in the injection depth direction at the inside of the
skin structure, is mitigated, and the diameter of the

penetrating passage can be reduced or shrunk at a part of



Exp.3Exp.4 First peak pressure(MPa) 16.8 17.5 18.0 17.4 Ti.me required to arrive at first peak
pressure(ma) 0.61

the penetrating passage for the injection solution formed
in the skin structure. In this case, when the pressure is
raised to the peak pressure Plmax and the pressure 1s
thereafter lowered to the waiting pressure, then the energy
amount possessed by the injection solution is lowered.
Therefore, the erosion of the skin caused by the injection
soclution is mitigated, and the discharging injection
solution does not arrive at the deepest portion of the skin
structure. Further, the skin structure of the living body
has a certalin elastic force. Therefore, on account of the
elastic force, the diameter of the penetrating passage may
be reduced or contracted by the elastic force while
including the injection solution or scarcely including the
indection solution at a part of the penetrating passage
having been already formed, especially on the forward end
side (deep side in the depth direction). As a result, the
state, in which the diameter is reduced, is formed on the
forward end side of the penetrating passage, and the state,
in which the diameter is not reduced, 1s maintained on the
proximal end side of the penetrating passage, at the point
in time at which the pressure arrives at the walting
pressure in the first pressurizing mode. Therefore, the
difference in strength with respect to the pressure of the
injection solution is generated between the forward end
side and the proximal end side of the penetrating passage.
That is, the strength is relatively high on the forward end

side of the penetrating passage as compared with the
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0.60 0.61 0.61 Waiting pressure(MPa) 6.73 7.39 8.95 8.84

proximal end side therecf. As a result, when the
pressurization i1s performed again in the second
pressurizing mode as described later on, then the pressure
of the injection solution is uniformly applied to the
entire penetrating passage, but the penetrating passage
porticn, which is in the unreduced diameter state, has the
strength weaker than that of the reduced diameter portion,
because the penetrating passage portion in the unreduced
diameter state i1s relatively enlarged or expanded. It 1is
considered that this situation contributes to the diffusion
of the injection sclution. According to the above, it is
desirable that the waiting pressure is the pressure which
is lowered from the peak pressure Plmax in the first
pressurizing mede to such an extent that the forward end
side of the penetrating passage 1s contracted or shrunk by
the elastic force exerted from the skin structure in the
second pressurizing mode as described later on, i.e., to
such an extent that the difference in strength of the
penetrating passage, which can secure or guarantee the
diffusion of the injection solution in accordance with the
second pressurizing mode, 1is generated. For example, it is
preferable that the waiting pressure is not more than 50%
of the peak pressure Plmax.

[0067] In the next place, the pressure transitlon, in
which the pressure is raised from the walting pressure PwZ
to the second peak pressure PZmax?, is depicted in the

second pressurizing mode. When the pressure of the



Time required to arrive at 1.73 1.74 1.711.74 waiting pressure(ms) Second peak ressure(Pa)

injection solution is raised again in accordance with the
second pressurizing mode from the state in which 1t is
estimated that the difference in strength is generated in
the penetrating passage formed by the injection solution
owing to the arrival of the pressure of the injection
solution at the waiting pressure PwZ in accordance with the
first pressurizing mode, it is considered that the
injection solution, which 1s confined in the penetrating
rassage having the reduced diameter, is pressurized again.
However, the injection solution, which is allowed to inject
in the second pressurizing mode, behaves tc pressurize the
skin structure by the aid of the injection solution
existing at the unreduced diameter portion rather than to
directly act on the bottom of the penetrating passage, on
account of the difference in strength as described above.
Therefore, the iniection solution causes the permeation
into the intericr of the skin structure from the
penetrating passage in the unreduced diameter state, rather
than the further erosicn in the depth direction. In other
words, it is considered that the injection solution is
diffused to the interior of the tissue of the skin
structure via the portion of the penetrating passage in the
unreduced diameter state which is considered tc have the
relatively low strength with respect to the pressure (in
Fig. 5(b), the injection sclution, which is diffused in
accordance with the second pressurizing mode, 1is

represented by $2). Further, the pressure increase rate,
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15.115.432.329.2

which is provided in the second pressurizing mode, 1is
gentler than the pressure increase rate which is provided
in the first pressurizing mode. Therefore, the injection
soluticon can be diffused into the skin along the extending
direction of the lavered tissue of the skin structure
without uselessly deepening the injection depth of the
injection solution. Fig. 5{b) shows the diffusion state as
described above merely conceptually. When the injection
depth 1is set to any different depth as viewed in Fig. 5({(aj,
the.diffusion state differs as well. For example, it is
also possible to effect the diffusion so that the injection
solution 1s permeated into a portion disposed nearer to the
dermis or into the dermis.

[0068] The period of time, in which the second
pressurizing mode is continued, is determined depending on
the amount of the injection solution (injection amount)
allowed to inject by the syringe 1. After the passage of
the second peak pressure PZmaxZ, the pressure, which is
applied to the injection solution, is gradually lowered.
However, the pressure becomes zerc at the point in time at
which the injection solution allowed to inject from the
nozzles 4 is exhausted, and the second pressurizing mode
comes to the end. The purpose of the second pressurizing
mode is to diffuse the inijection solution to the desired
depth of the skin structure. Therefore, 1t is preferable
that the injection socolution amount, which is allowed to

inject from the syringe 1 in the second pressurizing mode,
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Time required to arrive at second peak pressure(ms) Waiting pressure ratio (waiting pressure / first
peak pressure) 17.29 18.19 13.61 14.60 0.40

is larger than the injection solution amount which is
allowed to inject in the first pressurizing mode. This
situation can be sufficiently realized, because the first
pressurizing mode is performed within the minute time At as
described above.

[0069] In this way, in the case of the syringe 1
according fto the present invention, the pressure transition
advances such that the pressure undergoes the wailting
pressure in the first pressurizing mode and the injection
soluticn is diffused in accordance with the second
pressurizing mode. Accordingly, the injection solution can
be fed to the desired depth in the skin structure. In
particular, in the first pressurizing mode, the period of
time, which elapses until the pressure arrives at the
waiting pressure, can be further shortened owing to the
presence of the cooling member 15. Therefore, the
diffusion preparatory state, which is the state to diffuse
the injection solution, can ke formed at the shallower
portion of the skin structure. Further, the
pressurization, which is performed in the second
pressurizing mede, is principally directed te the diffusion
of the injection solution, and the injection depth is
prevented from being uselessly deepened. Therefore, it is
possible to precisely diffuse the injection sclution even
at such a portion that the inijection depth is relatively
shallow.

[0070] An explanation will now be made about the
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0.42 0.50 0.51 [0079]The foregoing experimental results are analyzed as follows. That is, in
Experiments 1, 2, and 3, the injection solution, which was allowed to inject from all of the three nozzles
4 provided for the syringe 1, was successfully diffused at the desired injection depth in the skin layer of
the pig. For example, as shown in Fig. 6A corresponding to Experiment 3, as overlooked from the skin
surface, it is appreciated that the injection scars are spread in approximately identical sizes at three
positions. In the cross section, the injection solution is not uselessly spread to the fat layer and the
muscle layer? &A@ $Hé hjstisieddidtivibisTdifused inta sEte B stajing'ifl thé skin layer. If the injection

solution is vaccine tr%e gggcine can béehfgg %ng r(%igg%%%irg%g%\éqy g&i&a cgggegtégtgd manner to the
sl . ' ’ .

. L respaectl . :
area in which it can be expé/cted to cause the effective antigen-antibody reaction. Also in Experiments

1 and 2 which ,are $19 shownn the-effective diffusier of thecinjection selutionwas-sudeessfully
confirmed in the same manner as in Experiment 3 shown in Fig. 6A. [0080]On the other hand, in
Experiment 4ycassfor thesinjegtion-sotationlallowed:to injett frormone pdzzle-oftheach

other by utilizing the same initiator 20. The waiting
vressures are dispersed in a range of Pwl to Pw3. However,
as described akove, as for the walting pressure, when the
pressure is lowered to some extent from the peak pressure
in the first pressurizing mode, then the erosion caused by
the discharging injection scluticon in the first
pressurizing mode, which occcurs in the injection depth
direction at the inside of the skin structure, 1s
mitigated, and the pressure may behave such a pressure that
the diameter of the penetrating passage can be contracted
or reduced at the part of the penetrating passage for the
injection solution provided in the skin structure. In this
way, even when the same initiator 20 is used, the gas
generating agents 30, each of which is arranged in the
combustion chamber %, have the different amounts.
Accordingly, the pressure transiticns in the second
pressurizing mode are changed as shown in Fig. 4.
Specifically, in the case of the pressure transition LI,
the amount of the gas generating agent 30 i1s maximized. 1In
the case of the pressure transition L3, the amount of the
gas generating agent 30 is minimized. In the case of the
pressure transition L2, the amcount of the gas generating

agent 30 is the intermediate amount. Therefore, the peak
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three nozzles 4, the injection solution is somewhat spread to the fat layer and the muscle layer unlike
Experiments 1 to 3 (see a sectional view shown in Fig. 6B corresponding to Experiment 4). Further, as
overlooked from the skin surface shown in Fig. 6B, it is acknowledged that the size of the injection scar
corresponding to the sectional view is smaller than those of the injection scars formed at the other two
positions. This is because the injection solution arrived at the deeper position of the injection target as
shown in the sectignal.view,n relatian to.the small inigation.scaf-and theamount.ot.the injection
solution, Whigh was successfully confirmed from the surface, was decreased. However, although not
shown, the effective diffsision efithe injegtion solutien wasssuceessfilty. confirmed fo the:fwo nozzles
other than the nozzle shown in Fig. 6B in the same manner as in Experiments | to 3. [0081]Based on
the foregoing-fack itissaffirméd et Whet thedvaitiNg Préssuré ratis: @efingd asthé Vahmobtained by

dividing the waiting pressure b thg fit[ téae% eggs%ure)%Qa%%hetyaluerl%vgggh{gn the predetermined
value, the injéétlon S&ﬁﬁb%,lv% ich'is aliowed to mjeéf rom at least aﬁy one of the nozzles 4, can be

effectively diffusediinto the.skin layer of the pig, whesein:itis possible ta-find eut thessigaificance of
practical use. More preferably, when the waiting pressure ratio is not more than 0.50, it is considered
that the effective diffuSien s realizeddor the idjetfion sohltinialipaeditorinjget fidmcall efthe three
nozzles 4 as shown in Experiments 1 to 3. In the case of any conventional needle-free syringe, the

injection solufiof HasBéerted ©'Hhe dedpinsids of tie ffdction taryet to Slch an'Extent that the
Injection SC&I&%?EUOSE be %anfiég%ﬁegoeﬁlﬁgabcyetﬁjng#g erogked from the gkinsurface unlike the present
f into cons tis aff ‘ syringe ord

ivention. Taking this fact sideration, itis affirmed that the syringe 1 according to the present
invention proyigigsithe useful effegtwhichcan e neversealized by the gopventionabineedle-free
syringe. [0082] <Another Embodiment Concerning Cooling Structure for Combustion Product>
the pressure transition L3, has the value which is lower
than that of the peak pressure Plmax provided in the first
pressurizing mode. In this procedure, the pressure
difference between Plmax and PZmax3 is within a
predetermined ratic with respect to Plmax. This 1s because
it is intended to clarify the pressure transition in which
the inijection sclution is diffused in accordance with the
second pressurizing mode after undergoing the waiting
pressure in the first pressurizing mode, unlike any
pressure transition based on the conventional technigque, in
order to feed the injection sclution to the desired depth
in the skin structure. The predetermined ratio is
exemplified by 60% of Plmax.
[0072] The peak pressures P2maxl, PZmax2, which are
provided in the second pressurizing mede in the pressure
transitions L1, L2, have the values which exceed the peak
pressure Plmax provided in the first pressurizing mode.

The peak pressures PZmaxl, PZmaxZ as described above are
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Fig. 7 shows a schematic arrangement of another cooling structure for the combustion product
produced from the ignition charge 22, as adoptable for the syringe 1 according to the present
invention. Fig. 7(a) shows a sectional view illustrating a syringe 1, and Fig. 7(b) shows a side view as
viewed from the side of the nozzles 4. Substantially the same constitutive parts or components, which
are provided in the arrangement of the syringe 1 shown in Fig. 1 and the arrangement of the syringe 1
shown in Fig. 7, are designated by the same reference numerals, and thus any explanation thereof will
be omitted. |athe syririgec & showatin Fig oz, dke volume of thescombustiohicHainbers isHarger than the
volume of the combustion chamber of the syringe shown in Fig. 1, and the syringe 1 shown in Fig. 7
has the volu@df abdut 2 cc which is about four times the volume of the combustion chamber of the

syringe showpyig-ig- 1. A metalmember,16, whict-has.an integeated block shaped:form, is arranged

in the combustion chamber 9 adjacently to the piston 6 to such an extent that the metal member 16 is
brought in contagat with-am endpostiamokthe piston<b. Asthreegh-holeclAwehich iSiepen at an end
surface opposed to the initiator 20, which is also open at an end surface brought in contact with the
piston 6, andSWHiER Frakes-CofrunicatioR BetWEER The bothvEpenings, i€ foriied attHe driside of the
metal memb%rh]ée. That is th%through-h e 17 isa space v{nch connects the, |stg%§ and a residual

space in the combugtion’ gﬁam%ér d'in Which tiwe metal block 16 |sdarrrrnanage . Therefore, the pressure,

which is generated inithe combustionchamber:9, forrexample, by, the cembustign:product pkthe

ignition charge, is transmitted to the piston 6 via the through-hole 17 in this structure (transmission of
pressure is indicated by dotted drgow i Fig. J(a)) O083]Further sthegastdenerating agerit 30 is
arranged at an end portion of the metal member 16 disposed on the side of the initiator 20. Therefore,

at least a part bf We%d?ﬁﬁu&ﬁﬁ%r%ﬂﬁcﬁ%ié%“@%%ﬁée& ﬂ%nﬁﬁ%_ igfitioh tharge 225N reach the
e o e e
pressurizing mogle-as-desceibed abovenis alsa pedfarmed without causing any prablem.

target, for example, the Young's modulus or the 1like.

[0074)] In the foregoing embodiment, the pressure is

applied to the injection objective substance in the syringe

1. However, it is also allowable that the injection

obiective substance is, for example, a powder or a granular

solid, provided that the injection objective substance can

be allowed to inject from the syringe 1.
EXAMPLES

[0075] Experimental conditions and experimental results
will now be described below in relation to Injection
experiments (Experiments 1 to 4) performed by using the
syringe 1 according to the present invention. The
following experimental conditions were set in order to

diffuse the injection solutiocn intensively or in a
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[0084]In the syringe 1 constructed as described above, the metal member 16, which has the relatively
large volume, is arranged in the combustion chamber 9. Accordingly, the volume of the combustion
chamber is decreased, and it is possible to more effectively deprive the heat from the combustion
product produced from the ignition charge 22. Further, the pressure in the combustion chamber can be
instantaneously raised by the combustion product. That is, the combustion chamber 9 is widened as

compared with the syringe 1 shown in Fig..1, and the metal member 16.is ajranged therein.
Accordingly, e ﬁr%%’,&tf%w%?cﬁngﬁ%gés %%Oth%qéitatse%pi/v%%ﬁrﬁ éés%u%ﬁ zcgegroefg the waiting
pressure via the peak pressyre, Pimax in the first pressurizing mode, can be shortened more
effectively. As a result, the injection depth, which is brought about by the syringe 1, can be easily
adjusted in th& directioreintviick thelinjéction>depth is made shallower. [0085]The predetermined gas,
which is generated from the gas generating agent 30, may be also brought in contact with the metal
member 16. HoW&Ver, SWier te predetermined gas is generated, the metal member 16 has been

already in such a state that the temperature is, raised, by, the, combuystion product, Thergfore, the

thermal energy (heat energy) of the predetermined gas is not uselessly deprived by the metal member
16. That is, the metakmembern d63laesnatrinhibit the pressurizatien tbe applied to the injection
solution by the second pressurizing mode. The pressure, which is brought about in the second
pressurizing fodelinaceordancerwitls tHedesmbastiorréiothe ‘gad genetatiy &§ent 30, 38 fi4Rsmitted to
the side of the piston 6 without causing any loss of energy. [0086]According to the fact as,described
above, it is coRsidaret that %%*&Vec#i%% dilf?ues(?ogo of th%ﬂ%e ﬁ%n%%ﬁ?i%cﬁ%qé%oa%%ﬂgzéeﬁn' the skin

structure by thepressurecontrokbased gn he first pressyrizingynode angd-the segend pressurizing
mode in the syringe 1 shown in Fig. 7. In the foregoing embodiment, the pressure is transmitted by

means of therthratighshdlezl7e Howeversin place theredf;itlis also allowable to adopt such a
construction that a groove or grooves is/are formed on the surface of the metal member 16 and the

pressure in the combugtiGiPERAMBEE 978 FransMittdd ® the side of theSiStoR s viathe grSove or

grooves. as follows.

Nitrocellulose: 98.1% by weight;

Diphenylamine: 0.8% by welght;

Potassium sulfate: 1.1% by weilght;

Graphite {(loss ratio ({ocutage)): minute amount.
(About injection target)

Tn this embodiment, a skin portion of abdomen of a pig
was used as the injection target. Specifically, the pig
was sacrificed, and then the skin portion was peeled off,
followed by being stored for 6 days in a physioclogical
saline solution at 4°C to prepare a sample (cooled and
stored), or followed by being frozen and stored at -70°C
and thawed theresafter to prepare a sample.

(About injection solution)
In order to easily grasp the diffusion situation of

the iniection solution after the injection, a colored
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<Other Examples> [0087]According to the syringe 1 of the present invention, for example, cultured
cells or stem cells can be seeded or inoculated with respect to cells or scaffold tissue (scaffold) as the
injection target in the field of the regenerative medicine, other than the case in which the injection
solution is injected into the skin structure as described above. For example, as described in JP2008-
206477A, it is possible to inject, by the syringe 1, cells which may be appropriately determined by
those skilled in the art depending on the portion subjected to the transplantation and the purpose of
the cell regenerationsfor ekatmple) efidotielibat el Endvtheliaf pretarsor cell, myeloid cell,
preosteoblast, chondrocyte, fibroblast, skin cell., muscle cell, liver cell, kidney cell, intestinal tract cell,
and stem ceIF,Oa%F"\%II as every cell considered in the field of the regenerative medicine. More
specifically, a solution (cell suspension) containing;the cells to be seeded or inoculated as described
above is accommodated in the through-hole 14 6y Using the sealing members 7, 8, for which the
pressurization is performed in accordance with the pressure transition based on the first pressurizing

mode and the second pressurizing-mede as|desetibed-abave. Agcardingly, thepreddtesmined cells are
injected and transplanted to therportion subjected to the transplantation. [0088}Farther, the syringe 1
according to thegereserit inventionrean be also tised to deliver DNAwr the like, fof ésample, tg cells or
scaffold tisguer(s¢affold) as described in JP2007-525192W. In this case, it is possible to suppress the
Al e Ml R s EaptRaitt e e i
1 according fo the present invention is Used, %%:g) npared Wlt@]yy)ﬁglﬂl - delivery.is. performed by
using any needle. Therefore, ihisyaffimed that theuse of the| 150 g 150 mg

agent

Injecticn rozen plg Cooled pig Cooled pig Cooled pig

target

<Experimental results>

[0077]

Next,

the experimental results as obtained in

accordance with the foregoing experimental conditions are

shown bealow.

Fig.

6A shows a view illustrating a pig skin

surface in relation to an inijection result in Experiment 3

and a sectional

RAY .

view Th

On the other hnand,

erect

Fig.

{cross section taken along

6B shows a view 1llustrating

a pig skin surface in relation to an injection result in

Experiment 4 and a sectional view thereof (cross section

taken along BB).

Furth

er, Fig.

aC ¢

shows graphs

illustrating the pressure transiticns applied to the

injection solution in Experiment 1 to Experiment 4

respectively.

Table 7 shown below summarizes The

predetermined pressure values in the pressure transitions

and the times required to arrive at the pressures

respactively.

The pres

sure,
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syringe 1 according to the present invention is more preferred. [0089]Further, the syringe 1 according
to the present invention is also preferably used, for example, when various genes, cancer suppressing
cells, or lipid envelops are directly delivered to the objective tissue and when the antigen gene is
administered in order to enhance the immunity against the pathogen. Other than the above, the
syringe | can be also used, for example, for the field of the medical treatment for various diseases
(field as described, for example, in JP2008-508881 and JP2010-503616) and the field of the
immunologicalAfedicHt fredtmEft fmufdthétapy) (et &Y described® for example, in

s ST, T8 P, D800 L0t i 0 el g, PARTS LT
detection frequency of 100,000 times per second, 1l.e.,
every 0.01 millisecond. The maximum pressure, which was
detected immediately after the operation of the initiator
20, was adopted for the first peak pressure shown in Table
2 below. An average value of the data was adepted for the
waiting pressure, the data including the data as obtained
within 0.05 ms before and after the minimum pressure (i.e.,
pieces of data obtained at respective five points provided
therebefore and thereafter) recorded in such an interval
that the pressure was lowered from the first peak pressure
during the period in which the gas generating agent 30 was
completely ignited after the operation of the initiator 20.
The maximum pressure, which appeared after the arrival at
the walting pressure, was adopted for the second peak
pressure. The respective times required to arrive shown in
Table 2 mean the periods of time required until arrival at
the respective pressures by using, as the start point, the
point in time at which the ignition current was allowed to

flow to the initiator 20.

[0078]

Table 2

Exp. 1 Exp. 2 Exp. 3 Exp. 4
First peak pressure (MFa) 1.8 17.5 18.0 17.4
Time reguired to arrive at 0.01 0.60 .61 0.61
first peak pressure {(ms)
Walting pressure (MPa) 6.73 7.39 §.95 8.84
Time reguired to arrive at 1.73 1.74 1.71 1.74
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holder, chamber, 6:piston,7, 10:recess, 8:sealing member,9:combustion 11:flow passage,20:initiator,
22: ignition charge, 30: gas generating agent.

walting pressure (ms)

Second peak pressure (MPa) 15.1 15.4 32.3 Z29.2
Time regquired to arrive at 17.259 18.18 13.61 14.60
second peak pressure (ms)

Waiting pressure ratio 0.40 0.42 0.50 0.51

(waiting pressure / first
peak pressure)

[0079] The foregoing experimental results are analyzed
as follows. That is, in Experiments 1, 2, and 3, the
injecticn solution, which was allowed to inject from all of
the three nozzles 4 provided for the syringe 1, was
successfully diffused at the desired injection depth in the
skin layer of the pig. For example, as shown in Fig. 6A
corresponding to Experiment 3, as overlooked from the skin
surface, it is appreciated that the injection scars are
spread in approximately identical sizes at three positions.
In the cross section, the injection solution is not
uselessly spread to the fat layer and the muscle layer, and
the injection solution is diffused in a state of staying in
the skin layer. If the injection solution is vaccine, the
vaccine can be fed and diffused intensively or in a
concentrated manner to the area in which it can be expected
to cause the effective antigen-antibody reaction. Also in
Cxperiments 1 and 2 which are not shown, the effective
diffusion of the injection solution was successfully
confirmed in the same manner as in Experiment 3 shown in
Fig. 6A.

[0080] On the other hand, in Experiment 4, as for the

injection solution allowed to inject from one nozzle of the



CLAIMS 1.A syringe for injecting an injection objective substance into an injection target area of a
living body without using any injection needle, the syringe comprising: an ignition device which
includes an ignition charge containing a fuel component and an oxidizing agent component; a
combustion chamber into which a combustion product produced by a reaction of the fuel component
and the oxidizing agent component during combustion of the ignition charge is allowed to flow and
which accommodates a gas generating agent that is combustible bx the combusi;éonsgoedau&t to

generate .a.pFeQ:l‘éE.f@rrﬁ}llﬂéa as; 4 ﬁﬁ"%nél%ﬁ'@tdﬁf\/vﬁf& Ericidses thé jsktioh objettive substance:
a pressurlzmg(ém&tkygmggﬂs cqustucted to pressydze the injection pbjective,substance.enclosed in the

enclosing unit by means of a pressure in the combustion chamber; and
to 3 {(see a sectional view shown in Fig. 6B corresponding
to Experiment 4). Further, as overloocked from the skin
surface shown in Fig. 6B, it is acknowledged that the size
of the injection scar corresponding to the sectional view
is smaller than those of the injection scars formed at the
other two positions. This 1s because the injection
solution arrived at the deeper position of the injection
target as shown in the sectional view in relation to the
small injection scar, and the amount of the injection
soluticn, which was successfully confirmed from the
surface, was decreased. However, although not shown, the
effective diffusion of the injection sclution was
successfully confirmed for the two nozzles other than the
nozzle shown in Fig. 6B in the same manner as 1in
Experiments 1 to 3.
[c081] Baged on the foregoing fact, it is affirmed that
when the waiting pressure ratio (defined as the value
obtained by dividing the walting pressure by the first peak
pressure) has the value lower than the predetermined value,
the injection solution, which is allowed to inject from at
least any one of the nozzles 4, can be effectively diffused
into the skin layver of the pig, wherein it is possible to
find out the significance of practical use. More
preferably, when the waiting pressure ratio is not more

than 0.50, it is considered that the effective diffusion is
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a flow passage unit which defines a flow passage so that the injection objective substance, which is
pressurized by the pressurizing unit, is allowed to inject to the injection target area of the living body,
wherein: the fuel component and the oxidizing agent component contained in the ignition charge
are determined so that any component, which behaves as a gas, is excluded from the combustion
product when the combustion product is at ordinary temperature in the case where the fuel
component and the oxidizing agent component are mixed at a stoichiometric ratio and combusted; and
a cooling mefisey i§ affahgéd i the- EOMBUStTh Sartiberso that BHE Eodihg mefifer Cabe brought

in cantact wilt the combustiop araduct prodyce by the, gombystion. pLing aniion eharae,to cool the
combustion baroduct. 2. The syringe according to claim 1, wheréin the pressurizing unit has: a

first pressurizing mede-insuhich a;pressure,applied-e the dnjection-ebjective-substance.in the
pressurizing unit is raised to a first peak pressure in order to allow the injection objective substance to
penetrate throngh atsusfacecdfithe dmjection taeget dred, and then thegiressurecpplied t6 the injection

objective substance is lowered to a waiting pressure; and . ,
injection target to sudch an extent that the injectlion scar

cannot be confirmed even by being overlooked from the skin
surface unlike the present inventlon. Taking this fact
into consideration, it is affirmed that the syringe 1
according to the present invention provides the useful
effect which can be never realized by the conventional
needle~-free syringe.

[ooszj

<Another Embodiment Concerning Cooling Structure for
Combustion Product>

Fig. 7 shows a schematic arrangement of another cooling
structure for the combustion product produced from the
ignition charge 22, as adoptable for the syringe 1
according to the present invention. Fig. 7{a) shows a
sectional view illustrating a syringe 1, and Fig. 7{b)
shows a side view as viewed from the side of the nozzles 4.
Substantially the same constitutive parts or components,
which are provided in the arrangement of the syringe 1
shown in Fig. 1 and the arrangement of the syringe 1 shown
in Fig. 7, are designated by the same reference numerals,
and thus any explanation thereof will be omitted. In the
syringe 1 shown in Fig. 7, the volume of the combustion

chamber 9 is larger than the volume of the combustion
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a second pressurizing mode in which the injection objective substance having the waiting pressure is
pressurized so that the pressure applied to the injection objective substance is raised to a second
peak pressure to inject a predetermined injection amount of the injection objective substance. 3.
The syringe according to claim 1 or 2, wherein the cooling member is formed of a material made of
metal. ~ 4. The syringe according to claim any one of claims to 3, wherein the cooling member is
arranged along a side wall of the combustion chamber positioned in a direction in which the
combustion proelieeffows inté the EombustiGh-enamber. 7 1 9 -5, TTheé§ringeactording o tlaim 4,
wherein the cooling member is provided with a plurality of through holes. 6. The syringe according to
claim I or 2, ﬁ/ﬂ%?“’é?n:lfﬂe%o%ﬁng r#earﬁbé\rp{l% avr%ﬂé}lgfemé)r%b%rg\?v |chEis%?ra%%:é%E‘n %r%/e %%r%%%stion
chamber; and ., the,metal memberis,constructed sodhat theipressurgqawdichsis braught about by the

predetermined gas and the combustion product produced in the combustion chamber, is transmitted to

the injection ebjective suhstancen Fig. 1. A metal member 16, which has an
integrated block-shaped form, is arranged in the combustion
chamber 9 adjacently to the piston & to such an extent that
the metal member 16 is brought in contact with an end
portion of the piston 6. A through-hole 17, which is open
at an end surface cpposed Lo the initiator 20, which is
also copen at an end surface brought in contact with the
piston 6, and which makes communication between the both
openings, is formed at the inside of the metal member 16.
That is, the through~hole 17 is a space which connects the
piston 6 and a residual space in the combustion chamber 9
in which the metal block 16 is arranged. Therefore, the
pressure, which is generated in the combustion chamber 9,
for example, by the combustion product of the ignition
charge, is transmitted to the piston 6 via the through-hole
17 in this structure {transmlssion of pressure is indicated
by dotted arrcow in Fig. 7{a)).
[G083] Further, the gas generating agent 30 is arranged
at an end portion of the metal member 16 disposed on the
side of the initiator 20. Therefore, at least a part of
the combustion product, which is produced from the Ignition
charge 22, can reach the gas generating agent 30 in the
combustion chamber 9 without being intercepted or shut off

Ly the metal member 16. Accordingly, the pressurization,
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7. The syringe according to any one of claims 1 to 6, wherein the ignition charge is any one of
explosive charges of an explosive charge containing zirconium and potassium perchlorate, an
explosive charge containing titanium hydride and potassium perchlorate, an explosive charge
containing titanium and potassium perchlorate, an explosive charge containing aluminum and
potassium perchlorate, an explosive charge containing aluminum and bismuth oxide, an explosive
charge containing aluminum and molybdenum oxide, an explosive charge containing aluminum and
copper oxidey ahdlaniexptddive ERarge cartamirie alttninirm and ifors 65ide “or an explosive charge

composed of a combination of a plurality of the for [ i
P pressurzzfng mo@e asygescrggé I% 8Xg?syg(%gg%?%@rformed

without causing any problem.

[0084] In the syringe 1 constructed as described above,
the metal member 16, which has the relatively large volume,
is arranged in the combustion chamber 9. Accordingly, the
volume of the combustion chamber 1s decreased, and it 1s
possible to more effectively deprive the heat from the
combustion pfoduct produced from the ignition charge 22.
Further, the pressure in the combustion chamber can be
instantaneocusly raised by the combustion product. That is,
the combustion chamber 9 is widened as compared with the
syringe 1 shown in Fig. 1, and the metal member 16 is
arranged therein. Accordingly, the time At, which elapses
from the state in which the pressure 1s zero to the waiting
pressure via the peak pressure Plmax in the first
pressurizing mode, can be shortened more effectively. As a
result, the injection depth, which is brought about by the
syringe 1, can be easily adiusted in the direction in which
the injection depth is made shallower.

[0085] The predetermined gas, which 1s generated from
the gas generating agent 30, may be also brought in contact
with the metal member 16. However, when the predetermined
gas is generated, the metal member 16 has been already in
such & stalte that the temperature is raised by the
combustion product. Therefore, the thermal energy (heat

energy) of the predetermined gas is not uselessly deprived
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by the metal member 16. That is, the metal member 16 does
not inhibit the pressurization to be applied to the
injection solution by the second pressurizing mode. The
pressure, which is brought about in the second pressurizing
mode in accordance with the combusticn cf the gas
generating agent 30, is transmitted to the side of the
piston 6 without causing any loss of energy.

[0086] According to the fact as described above, it is
considered that the effective diffusion of the injection
solution is also realized in the skin structure by the
pressure control based on the first pressurizing mode and
the second pressurizing mode in the syringe 1 shown in Fig.
7. In the foregoing embodiment, the preséure is
transmitted by means of the through-hole 17. However, in
place thereof, it is also allowable to adopt such &
construction that a groove or grooves is/are formed on the
surface of the metal member 16 and the pressure in the
combustion chamber 9 is transmitted to the side of the
piston € via the greoecve or Jgrooves.

<Other Examples>

[0087] According to the syringe 1 of the present
invention, for example, cultured cells or stem cells can be
seeded or incculated with respect to cells or scaffold
tissue {(scaffold) as the injection target in the field of
the regenerative medicine, other than the case in which the
injection solution is injected into the skin structure as

described above. For example, as described in JP2008-



206477A, it is possible to inject, by the syringe 1, cells
which may be appropriately determined by those skilled in
the art depending on the portion subjected to the
transplantation and the purpose of the cell regeneration,
for example, endothelial cell, endothelial precursor cell,
myeloid cell, precstecblast, chondrocyte, fibroblast, skin
cell, muscle cell, liver cell, kidney cell, intestinal
tract cell, and stem cell, as well as every cell considered
in the field of the regenerative medicine. More
specifically, a solution (cell suspension) containing the
cells to be seeded or inocculated as described above is
accommodated in the through-hole 14 by using the sealing
members 7, 8, for which the pressurization is performed in
accordance with the pressure transition based on the first
pressurizing mode and the second pressurizing mode as
described above. Accordingly, the predetermined cells are
injected and transplanted to the portion subjected to the
transplantation.

[0088] Further, the syringe 1 according to the present
invention can be also used to deliver DNA or the like, for
example, to cells or scaffold tissue {(scaffold) as
described in JP2007-525192W. In this case, it is possible
to suppress the influence exerted, for example, on cells
+themselves or scaffold tissue (scaffold} itself when the
syringe 1 according to the present invention is used, as
compared with when the delivery is performed by using any

needle. Therefore, it is affirmed that the use of the
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syringe 1 according to the present invention is more
preferred.

[0089] Further, the syringe 1 according to the present
invention is also preferably used, for example, when
various genes, cancer suppressing cells, or lipid envelops
are directly delivered to the objective tissue and when the
antigen gene is administered in order to enhance the
immunity against the pathogen. Other than the above, the
syringe 1 can be also used, for example, for the field of
the medical treatment for various diseases (field as
described, for example, in JP2008-508881 and JP20106-503616)
and the field of the immunological medical treatment
(immunotherapy) (field as described, for example, in
JpP2005-523679) . The field, in which the syringe 1 is

usable, 1s not intentionally limited.

PARTS LIST

[0090] 1: syringe, 2: main syringe body, 4: nozzle, 5:
holder, 6: pisten, 7, 8: sealing member, 9: combustion
chamber, 10: recess, 11: flow passage, 20: initiator, 22:

ignition charge, 30: gas generating agent.
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CLAIMS

1. A syringe for injecting an injection cbjective
substance into an injection target area of a living body
without using any injection needle, the syringe comprising:

an ignition device which includes an ignition charge
containing a fuel component and an oxldizing agent
component;

a combustion chamber into which a combustion product
produced by a reaction of the fuel component and the
oxidizing agent componant during combustion of the ignition
charge is allowed te flow and which accommodates a gas
generating agent that is combustible by the combustion
product to generate a predetermined gas;

an enclosing unit which encloses the injection
objective substance;

a2 pressurizing unit which is constructed to pressurize
the injection cbjective substance encleosed in the enclosing
unit by means of a pressure in the combustion chamber; and

a flow passage unit which defines a flow passage SO
that the injection objective substance, which is
pressurized by the pressurizing unit, is allowed to inject
to the injection target area of the living body, wherein:

the fuel component and the oxidizing agent component
contained in the ignition charge are determined so that any
component, which behaves as a gas, 1s excluded from the

compustion product when the combustion product is at
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ordinary temperature in the case where the fuel component
and the oxidizing agent component are mixed at a
stoichiometric ratio and combusted; and

a cooling member is arranged in the combustion chamber
so that the cooling member can be brought in contact with
the combustion product produced by the combustion of the

ignition charge to cool the combustion product.

2. The syringe according toe claim 1, wherein the
pressurizing unit has:

a first pressurizing mode in which a pressure applied
to the injection objective substance in the pressurizing
unit is raised to a first peak pressure in order to allow
the injection objective substance to penetrate through a
surface of the injection target area, and then the pressure
applied to the injection objective substance 1s lowered to
a waiting pressure; and

a second pressurizing mode in which the injection
objective substance having the walting pressure 1sg
oressurized so that the pressure applied to the injection
objective substance is raised to a second peak pressure to
inject a predetermined injection amcunt of the injection

objective substance.

3. The syringe according to claim 1 or 2, wherein

the cooling member is formed of a material made of metal.
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4. The syringe according to claim any one of claims
1 to 3, wherein the cooling member is arranged along a side
wall of the combustion chamber positioned in a direction in
which the combustion product flows into the combustion
chamber.
5. The syringe according to claim 4, wherein the
cooling member is provided with a plurality of through-

holes.

o. The syringe according to claim 1 or 2, wherein:

the cooling member is a metal member which is arranged
in the combustion chamber; and

the metal member is construcied so that the pressure,
which is brought about by the predetermined gas and the
combustion product produced in the combustion chamber, 1s

transmitted to the injection objective substance.

7. The syringe according tc any one of claims 1 to
6, wherein the ignition charge is any one of explosive
charges of an explosive charge containing zirconium and
potassium perchlorate, an explosive charge containing
titanium hydride and potassium perchlorate, an explosive
charge containing titanium and potassium perchlorate, an
explosive charge containing aluminum and potassium
perchlorate, an explosive charge contalning aluminum and

bismuth oxide, an explosive charge containing aluminum and
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molybdenum oxide, an explosive charge containing aluminum
and copper oxide, and an explosive charge containing
aluminum and iron oxide, or an explosive charge composed of

a combination of a plurality of the foregoing explosive

charges.
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