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 whictb%(' 'E%Iion 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:{e003]JAEcardigly, such a technique is disclosed that a

{00011} The present invention relates tc a syrings
(injector) with which an injection objective substance is
injected into an injection target area of & 1living body

without using any injection needle.
BACKGRCUND ART

[0002] In relation to a needle-free syringe (nsedleless
syringe} with which the injection is performed without
using any inijection needle, a construction 1s 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 solution 1is
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 ¢f the injection solution. Therefore, it 1is
difficult to affirm that such a needle-free syringe
generally comes into widespread use.

[0003] ERccordingly, such a technique is disclosed 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 througha skip efiahumanbady,orthedike, and the injection salutign.is fed into the body.
After that, a pressure is continuously applied to such an extent that the injection solution can be
diffused in thecskinr by the eombustian of thetlbwspeetsconlsustibnrpovider i [0DO4{Ratent Document 2
discloses such a_technique that an injection solution is administered in two stages by using a

needle-free syiiget ifthid fechniytier fe-injedibn soltistich i€ BlISREE TS infé& by d5lying a high
pressure theretg so that tl‘teaigjee&iog S0 i&q tp%ftrat%sggl&oitpe sk 'r}gandt@gn the Dressure, which is
' Soluti itis € 3

applied to the injection solution, Is lowered so tha ntemplraﬁe td disperse the iﬁje:%:?i%n solution
in the skin. FusthenJRatent Boeument 3 disclosescsuch a terbpiguethatihesinjestian psessure for an
injection solution is adjusted by the intensity of the electric current by using a magnet and a coil. In this
technique, thefibjettionPréssurg isadjusted so thatlauhigh pressiire is=firstlyyhpplpecin order that the
injection solution penetrates thro %h the skin, and then an agproxim,ately, constant Etessure is

[

provided in order that the desirat fection Soflitiohi8 téd oF Gélivered F0005 TR Btedsiire, which is
applied to thegniggionites through a skin of a human body or the like, and

the injection solution is fed into the body. After that, a
pressure 1is continuously applied to such an extent that the
injection solution can be diffused in the skin by the
combustion of the low speed combustion powder.

{0004] Patent Document 2 discloses such a technigque that
an injection solution is administered in two stages by
using a needle-free syringe. In this technique, the
injection solution is allowed to inject by applying a high
pressure thereto so that the injection solution penetrates
into the skin, and then the pressure, which is applied to
the injection solution, is lowered sc that it is
contemplated to disperse the injection solution in the
skin. Further; Patent Document 3 discloses such a
technigue that the injection pressure for an injection
solution is adiusted by the intensity of the electric
current by using a magnet and a coil. In this technique,
the injection pressure is adjusted so that a high pressure
is firstly applied in order that the injection solution

penetrates through the skin, and then an approximately



solution when the needle-free syringe is used, is variously adjusted not only for such a purpose that
the injection solution is allowed to arrive at the interior of the skin but also for other purposes other
than the above. For example, in Patent Document 4, such a description is found that the increase in
the pressure applied to the injection solution is unfavorable after the penetration through the skin in
order to mitigate the noise generated when the injection solution is allowed to inject by using a

pressurized gas,{000G)in fhis cantext, he target, forwhich the injection is performed by using the
needle-free syringe, is the'living body such as the human body or the fike In many cases. Accordingly,
a discussion is previded in refation: torthe behawios of apiinjeeted 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). 19 dibcussidh ¢efers Foregamplel tha torrelatibhdsetween lasdeptt of aihole formed by
the injection and.a hole deﬁgh hav'ﬁlg a maxé%]lum dispersion width, and a correlation between the

Young's moduilis BF e skin Bhd the hoREdesth Faifth&® NohdBateht BRRhmeht 2 7eferS 16 &Y
correlation beg/@qg%q'@ddi%%rsmgidf@ pf @Q@yegigh%?%%n in,the human skig.and.the nozzle
HN

diameter of a needle-free syringe. PRECEDING TE CAL DOCUMENTS Patent Documents:

[0007] PatentBdcumient is allcewed to arrive at the interior of the skin
but alse for other purposes other than the above. For
example, in Patent Document 4, such a description is found
that the increase in the pressure applied to the injection
solution is unfavorable after the penetration through the
skin in order to mitigate the noise generated when the
injection solution is allowed to inject by using a
pressurized gas. |
[O00E6] 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
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



1: JP2003-534839; Patent Document 2: United States

needle-free syringe.

PRECEDING TECHNICAIL DOCUMENTS

Patent Documents:

[0007]

Patent Document 1: JP2003-534839;

Patent Document Z2: United States Patent No. 2,704,542;
Patent Document 3: United States Patent Publication No.
2006/0258986;

Patent Document 4: United States Patent Publication No.
2005/00101868.

Non-Patent Documents:

[0008]

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), p361i-
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 CF THE INVENTION

Problem to Be Solved by the Invention:



Patent No.2,704,542; Patent Document 3: United States Patent Publication No.

[0009] 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 bedy into which the component is to be fed differ
depending on the purpose of the iniection. This 1is because
the injection target area of the living body includes
various structures such as skin, muscle, internal organs
and the like, and the biologicel 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.

[G010] For example, the human skin can be distinguished
or classified into epidermis, dermis, and subcutaneous
tissue {(hypodermis) in a lavered form from the surface
side. Further, the epidermis can be distinguished or
classified into horny cell layer and intradermis. 1In order
that the respective layers perform the respective functions
anatomically, the horny cell layer is 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,



2006/0258986; Patent Document 4:

it is preferable that the predetermined component contained
therein is precisely delivered, for example, to the
objective tissue.

{0011] In order that the injection obijective substance
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 ig applied to the injection
objective substance, should be appropriately contreolled
from the start to the end of the injection. That is, if
the injection speed (velocity) of the injection obiective
substance, which 1s brought about by the pressurization, is
too slow, the substance is rebounded by the skin. To the
contrary, 1f 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
speed which is adequate to diffuse the substance in the
area. Therefore, it i1s considered that the injection
objective substance is rebounded due to the excessive
supply, and it is difficult to contemplate the apprepriate
diffusion thereof. Taking the foregoing problem into
consideration, an cbject 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
needle so that the injection objective substance can be

widely diffused at a depth.



United States Patent Publication No. 2005/0010168. Non-Patent Documents: [0008]

Solution for the Problem:

[0012] In order to solve the problem as described above,
the present invention adopts the following construction.
That 1s, the pressure, which is applied to an injection
cbhjective substance in crder to allow the injection
objective substance to inject, is adjusted in accordance
with pressurizing modes having mutually differenﬁ
characteristics in relation to a syringe for injecting the
injection objective substance into an injection target area
of a living body without using any injection needle. Owing
to the different pressurizing modes, the injection
objective substance can be fed into a biological tissue at
a desired depth in the iniection target area.

[0013] 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 enclosing unit
which encloses the injection obijective substance; a
pressurizing unit which pressurizes the injection objective
substance enclosed in the enclosing unit; 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 discharge to the injection
target area. The pressurizing unit generates a first
pressurizing mode in which a pressure applied to the

injection objective substance in the pressurizing unit is



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 OE THE INVENTION

Problem to B Soled by.{he Ievention: 4. 00091Whep.he nisgliprs performe fog (e iving body,

the component which is contained in the injection solution and the depth in the injection target area of
the living body infe #thieh theccerporent dsitoshe fed differ depending ®nithe pugpose of the injection.
This is because the injection target area of the living body includes various structures such as skin,
muscle, internaf6fgeFs and tHedlike) R tHeBiciGgigaitissues, whithl cohstitutéthepstRrstines, have

different functions.depending on the depths from the surface (surface on which the syringe is brought
in contact witr?ﬁpels]t%%ltjfge%cv &n the fnjectidh i§ %%%SLﬁﬁX%),%HB%%%%ﬁ?e lq'tsbelc(aﬂ?e{iseaiiffkﬂlt to

appropriately gxhibit the effectJf the.compopent contaipgd in thednjection solitign dogs,pot gtrive at

the objective biological tissue.
the injection objective substance having the waiting
pressure is pressurized so that the pressure applied to the
injection cobjective substance is raised to a second peak
pressure to inject a predetermined injection amount of the
injection cbijective substance.
[0014] In the syringe according to the present
invention, the inijection objective substance, which is to
be injected into the injection target area of the living
body, 1is enclcsed in the enclosing unit, and the pressure
is applied to the injection objective substance enclosed in
the enclosing unit. Thus, the movement of the injection
obijective substance is prompted. As a result, the
injection objective substance is allowed to discharge to
the injection target area while passing through the flow
passage unit. The injection coblective substance contains a
component or ingredient which is expected to exhibit any
efficacy at the inside of the injection target area. As
described above, the pressure applied in the pressurizing
unit is the driving source when the injection objective
substance is allowed to inject. Therefore, any enclosing

state of the injection objective substance in the enclosing

unit or any physical form for the injection objective



[0010]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 classified into horny cell layer and intradermis. In order that the respective layers
perform the respective functions anatomically, the horny cell layer is composed of keratinocytes, the
intradermis is composed of dendritic cells and pigment cells, the dermis is composed of fibroblasts and

collagen celo-and the, subgytaneaus tane.s comneegdiqf sybguianeays, fat ang e ike. When an

injection solution is injected for a predetermined purpose, it is preterable that the p?ed'etermined

component caontaiped thereir iszpretisely-delivered, faeexatplestothe gbjective tissue: [301d]In order

that the injection objective substance is efficiently injected without a leakage when the injection

objective substanée®isinjettéd: ito Bieinjeciivntarget drda ot thedivingolsddy) itis mreeebsary that the

pressure, whigq i,LS app ied to the iné'ec ion g%jective substance, should be appropriately controlled from
|

the start to thé end of the ihjedtibn Thatis” if thE ifjé&ioh dpeed(veldcity) ofthe TiBE S BBjective

substance, whigh §s 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 thel Ifadiibn target area,dmyt the injéctiohrspeediexceeds andnjectienispead adich is
adequate to diffuse the substance in the area. Therefore, it is considered that the injection objective

substance is fébbufiied dtitdbthe eXcasshvie'supply, &itdtit i difficult 16 EoHEsnplatE the @ppropriate

diffusion ther%g]fu'gglg th%}f1 rggoing]problgp into con ideration, an object of the present invention is
to provide a syringe W%%C’h maﬁies it%os%ﬁ)le“ fo feed an ?n?ec ion o ?eog{ivjée%%béfla]n%%tlﬁ%nan objective

injection targetiatea of adivinghedynwithew using:any injectioangedie se thatthe injeetion objective

substance can be widely diffused at a depth. Solution for the Problem:
Further, the component, which is to be fed into the
injection target area of the living body, 1s contained in
the injection objective substance. The component may exist
in such a state that the component 1s dissolved in the
injection obijective substance, or the component may be in
such a state that the component is simply mixed without
being dissclved. For example, the component to be fed
includes, for example, vaccine for enhancing antibody,
protein for beauty, and cultured cells for regenerating
hair. The injection cbhbjective substance is formed by
containing the component in a liguid or a fluid in a gel
form or the like so that the component as described above
can be allowed to inject.
[0016] Further, as for the pressurizing source to
pressurize the injection cbiective substance by the
pressurizing unit, it 1s pessible to utilize a variety of

pressurizing socurces, provided that the pressurizing forms

or modes of the first pressurizing mode and the second



[0012]In order to solve the problem as described above, the present invention adopts the following
construction. That is, the pressure, which is applied to an injection objective substance in order to
allow the injection objective substance to inject, is adjusted in accordance with pressurizing modes
having mutually different characteristics in relation to a syringe for injecting the injection objective
substance into an injection target area of a living body without using any injection needle. Owing to the
different pressuyrizing, modes, the jpiection objsefive substance can be fed into g iplogical tissue at a
desired depth'in the injectiontarget area. [0013]Specifically, the present invention provides a syringe
for injecting ap injection: abjectivesubstance intean injectieon tafget area-af Bdiving/bedy without using
any injection needle; the syringe including an enclosing unit which encloses the injection objective
substance; a presstirizifg UhitSviieR preésstirizes e ifedtion whjectivesubstance erncidsed in the
enclosing unit; and a flow passage unit which defines.a flow passage so that the injection objective
substance, wiich ?shgr(ggjégﬁzeﬁg e "E{rnelscgﬁriIzji!ﬁg%hﬁf3 isa I%V\%H%t%sd)[&?hza? e c% fhe injection target
area. The pregsurizing unit generates adirst presswizing mogdednwhich apressurg appligd to the
injection objective substance in the pressurizing unit is raised to a first peak pressure in order to allow
the injection objectivesubstance 10 penetratectheoughia ssface ob the(ifijectiorndarget area, and then
the pressure applied to the injection objective substance is lowered to a waiting pressure; and a
second presstifizifi§ méd&HaGRizhEHE TiEctiotPE5BEHI sUB¥tance aving the watirgipréssure is
pressurized sggllgatgglgg 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. [0014]In
the syringe acpooding to ther presentinventien; dbe irjactiamebjestive-substangs; whick is to be
injected into the injection target area of the living body, is enclosed in the enclosing unit, and the
pressure is appted o I8E inféctioncolsjectieasubstancel endlesedi imtthe Emelosinigeanit.chus, the
movement of %he in'éection obj%cgive subftan.ce isgé?&epted, As a result, the injection objective

substance is alfowsd to dischatge 16 the infécton Qe Whit8 pasSingtRrough the flow passage
unit. The injegtion-ohjestive substance qzmiyg@acqup%@tgér&fsgmw&%@&xpeﬂ?d to exhibit

any efficacy at the inside of the injection target area. As described above, the pressure applied in the
pressurizing unitis the/driving souece when fhe ijectionsahjedtivierspbstarcesisallowed to inject.
Therefore, any enclosing state of the injection objective substance in the enclosing unit or any physical
fownﬂxthehﬁ&ﬁ&%@ﬂﬁéﬁﬂ%ulel“g 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
diffused. 1In the first pressurizing mode, the pressure
applied to the injection objective substance is raised to
the first peak pressure, and then the pressure 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 cbiective substance advances in the depth
direction of the area.

[0018] The injection energy of the injection objective

substance 1s determined by the flow rate of the substance

10



substance such as liquid, fluid in a gel form, powder, solid in a granular form in the enclosing unit is
available as long as that the injection objective substance can be allowed to inject by being
pressurized in the pressurizing unit. [0015]For example, the injection objective substance 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 e ling body, is contained.n thenjection ablective substance, The
component may exist in such a state that the componenf IS AISSO ve(?ln the Injecton %%jec ve

substance, orihe eamponentymaydein spcha-state that the.campanent:is simply-naixedywthout being
dissolved. For example, the component to be fed includes, for example, vaccine for enhancing

antibody, proteindfer beasty, andcuktured cefls fonregeneratingtrain dheunjection objective substance
is formed by containing the component in a liquid or a fluid in a gel form or the like so that the

component as d&scribed abdvE T Be AfwEd tinjett. [H0T6 BF, a'for Hie presktifizing source
fo pressurize thepjeclion gbiectiye sybsiance by 1 pressiiaing it Lis possible 1o wlize.a variety

of pressurizing sources, provided that the pressurizing forms or modes of the first pressurizing mode
and the seconch pressusizingruede descrbedhabeve ean be wsed-The pressurizing souree is
exemplified, for example, by those which utilize the elastic force brought about by a spring or the like,
those which UlifFZ&the Bréssurieti gas, thesewhichiutilize v E6mbasticm ot amy: explesive charge,

and those WhiCH utilize an electric actyatar (for example, a motor, a piezoelectric element or the like)
. T i, P 18 r : ane
foreﬁedwmthe%mggﬁﬁgﬁﬁ%. Wﬁléh 18 equ1ﬂ%8 %o penetrate t%rough the

surface of the injection target area, is applied to the
injection objective substance.

{0019] In this context, the applicant assumes the
following mechanism for the injection into the injection
target area, of the injection cbjective substance allcowed
to inject. It is net 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 eguivalent to the effect of the present application
as a result of the execution of the pressure control with
respect to the injection objective substance as described
in the present application, belongs to the category of the
present invention, even if the other invention follows any
mechanism different from the mechanism.

{00201} When the injection objective substance is allowed
to discharge to the injection target area, then the forward
end of the flow (jet flow) of the pressurized injection
objective substance allowed to discharge at the early stage

cuts out the injection target area, and the cut fragments

11



[0017]in this construction, the injection objective substance can be adequately injected into the
injection target area of the living body owing to the two pressurizing modes realized by the
pressurizing unit. In other words, when the first pressurizing mode and the second pressutizing 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

ditused. In e fistressyyizing, ok, e Prassurs applir o e lection phjegive ssiance i
e, an e

raised to the first peak pressu n'the pressure’is lowered to the waitifig pressure. Accordingly,
the injection ohjedtivesupstangedirstlyr penetrates throygh the sydace of thesinjection darget area of
the living body, and the injection objective substance advances in the depth direction of the area.
[0018]The injédtioncereryy of tecinjevtion dijedtive stibstance isdeterminéby e fldwwatesof the

substance allowed to injectteger unit time, Therefore, the larger theﬁpressurizing sp%ed g/elocity) for the
injection objeSvESilEtande @mdurt of présstré ﬁ%¥éa§d@%&hu tif&§ fit the fitst Bres8rizing mode

is, the deeper;the injegtion depth hrought about hy:the injgction abjeglive, substance,in the first

pressurizing mode is. In the first pressurizing mode, the pressure increase is adjusted so that at least
the pressure, which isirequired t@ penetratesthiaugh the stirface of khef injectionridrgetarea, is applied
to the injection obéerctive substance. [0019]In this context, the applicant assumes the following
mechanism férthe ijéctich into-tHe ihjectivn targRt red of theFRjEclidit Bbjettive Stbstanée allowed to
inject. Itis no&'ﬂte%ndi%j\etha%theecp[rgsent a}féejlicant.is rt%%tiigted kgy wi%we&t]anism. It is_considered that

any other invention, Whlchlpr%wdesotﬂeee ctthat is the same as or equwa?en]ﬁoS Ye effect of the

present applicationas a resulofibe execution etthe pressure-control with respect te thesinjection
objective substance as described in the present application, belongs to the category of the present

invention, eversif tHeppther!invention follows any mechanism different from the mechanism.

[0021] When the jet flow is provided into the injection
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 te flow therethrough.

However, the biological tissue, which 1s the injection
target area, intrinsically has the elasticity, and hence
the biological tissue has such a tendency that the
biclogical tissue 1s contracted or shrunk to decrease the
hole diameter. The contractile force (shrinkage force)
narrows the back flow passage {reduces the dlameter).
Therefore, when such a state is given that the contractile
force is relatively large with respect to the jet flow,
then the resistance, which is brought about by the back
flow, 1is increased, and the injection energy possessed by
the jet flow is balanced at a relatively shallow pcsition.

002273 Taking the foregoing mechanism into

12



[0020]When the injection objective substance is allowed to discharge to the injection target area, then
the forward end of the flow (jet flow) of the pressurized injection objective 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 is

possessed by thg (f|et flow, is lost b%/ the friction \ﬁnth the back flow. Whenst:ElS inje tl%ﬂS energy is lost by

d r h 1 .15 i . . .
the back flow,an %heegl%‘il‘:lt]yotro1 cut out %Iée’lﬁfe% |oﬁ?gr€é% area |%:I’os<f?i1?e., whenthe injection energy is

balanced with-thejresistancergnergy. of {he-back flow; thes,the adyance,of thehole depth.is stopped.
[0021]When the jet flow is provided into the Injection target area, the same amount of the back flow
comes upwardheinithe epposite dirgetioniimdhe biote: fhereforie; itris eedssaryithat thedwile diameter
should be secured in order to allow the back flow to flow therethrough. However, the biological tissue,

which is the ifjB8tlor tf §EtdrRa, MbthsicHyHESHhe Sastitity SHFRENEE thehidloyical issue has
such a tendquyeth@gghgipjgloEgic g§§: e is% o%grqégeed Qr, %@uglét%gdggreeash%b%lj'gokesdiameter. The
, e 1EET B WL

contractile force (shrinkageforce) narrows ack flow passage (reduces the diameter). Therefore,
when such a state is.givesn that the ceattaetile farceris relatively lasge withyespectds the jetiflow, then
the resistance, which is brought about by the back flow, is increased, and the injection energy
possessed by!theljaofléw ivbalafced 48 4 yelatively shattow positiona [002 2JTdKing ive forégoing

mechanism in
ggow at a part of the penetrating passage {(forward end

pertion cf the penetrating passage) of the injection
obijective substance formed to arrive at a certain injection
depth. Therefore, it is considered that the diameter of
the penetrating passage is reduced. In this situation, it
is considered that the forward end portion of the injection
objective substance that is subjected to the pressure
reduction to the wailting pressure, is in such a state that
the pressure (walting pressure) applied to the injection
objective substance is generally balanced with the pressure
brought about by the back flow from the injection target
area of the living body, at such a position that the
injection target area of the living body, which is
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 raised as compared with any portion
which 1s not subjected to the reduction of the diameter.

The increase in the strength means that it is difficult to
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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 is intrinsically possessed by
the injection 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 passage) of the injection objective
substance forgee(gutgear;igg ag a ert 'r):} injercgiog deﬁh. Ti%%refore, it is co.nsic{&ra,red that the diameter of
the penetrating passage Is réduiced: T this Situa ion, it'ls consifiéredthar the Torvard end portion of the
injection objegtive:substance;tha is: subjected 10.theypyassute reduction fo,the waiting pressure, is in
such a state that the pressure (waiting pressure) applied to the injection objective substance is
generally baldriicedawitir the pressure-broughtalpoutdsthe back slowi fromethé dmpeetion target area of
the living body, at such a position that the injection target area of the living body, which is positioned at
the forward end pdrioHEOFthE Hehetrating PaSsays Raving Tvet Fediiced diamatet ! isiiotrB&ched. It is

considered that.when the diameter is, re _eggg he. part of the penetrating passage as described
above, the strengt againgt ?iﬁr%%etW ﬂgoji/r& ;%Hjéu ed gs%eéérﬁba}:’éd W&H%ﬂ)ﬁf‘l p%"%ic‘iﬁ) which'is not subjected

to the reductior: atthe-diameier. The ingrease in the steength means thatit is,difficuide secure the
back flow route when the pressurization is performed again in the second pressurizing mode.
Therefore, evehsvligitthe ressurizatiohis peitfbemed againlinvaccerdanee with thesseciond

pressurizing rggde afteJrCthe arriyal at thg wai in%gressure, the jet flow does not reach the forward end
of the penetra m% ﬁ&'s%aﬁ%%g ause the arés; t

StightWhith$h& Bagk ficw pa¥ses i 1686 the
contracted or shaunk,penefrating Rassage wherein the.pressutization;is principally effected for the

injection objective substance existing in the portion of the penetrating passage not subjected to the
diameter redustion:Therefore) thepermeationtaf:the injection ghjectivesutistanee is facilitated in the
direction in which the injection objective substance is spread in the injection area of the living body,
rather than thBg&netiating assdge BFuithér longatedtin the depth ditedtdhe Thus, the injection
objective subgggggii_ gi{fyse%% a vxg'ge éqn%r_eﬁén aev}}/%%,aigf als% %ffi{rk[?ed that the first pressurizing

mode, which is provided until arrival at the'wali ng%ressure, i8'the step Wwhich-makes it possible to

form such a staedbatithe diffusien iste be;perfermead, andthe secpnd pressurizing mede is the step
which accelerates the diffusion of the injection objective substance in the formed state. In the second

pressurizing mbdethelpressurecphlied o treecinjectionudbjectivessubstanceds daised td ¢the second
peak pressure, and thus it is possible to realize the injection of the injection oeg)gctive substance in an

objective predetefifinedinjetficn 8mobiRE 6623 FRe st peakitragduresty thewaiting pressure

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 is provided until
arrival at the waiting pressure, is 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 cbijective
substance in the formed state. In the second pressurizing
mode, the pressure applied to the injection objective
substance is raised to the second peak pressure, and thus

it is possible to realize the injection of the injection
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in the first pressurizing mode described above and the second peak pressure in the second
pressurizing mode are appropriately determined depending on the purpose of the injection of the
injection objective substance. In this context, it is also appropriate to consider the physical 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, whic%ma be, for example, .a farm animal such as pig or a pet such as dog.
[0024]As desCribéd a g\efe,sélcc%%ﬁﬁ Yo tHe Sytingé’accordifig ¥ ﬂge@&%?@fﬁ)flﬁ%ﬁt'ér‘ﬁ%é?r‘ﬁection
objective subgtanggundergoes 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 thédf@gfion objectivé substanee in thecinfection 4arget areawithdutsetessly: deepening
the injection depth. That is, the syringe according to the present invention makes it possible to widely
diffuse the injeBtion Bbjettive sHBSBRLE 4F4R61aR08l5 ﬂ%ﬁ&ﬁk@%ﬁw PthEsnjeefiont Esrget area of the
living body. [0025]In the syringe as described Egve, it is also_preferahle that the waiting pressure is
not more than g%gt&pr%ggt!;err%ﬁﬁes ratio oﬁhg Irst Sbeé%%b(lfegs%esffﬁe* [Z)rle%%n?ggélicaarr% found out the
fact that the effestive diffusion,otthednijectieriobjestive; substance as deseriRadabgve gan be realized
when the ratio of the waiting pressure with respect to the first peak pressure is not more than the first
predeterminediiratio.:Praferably; for exansple ithe firstipretéterminetstatiods set t0160%i §0026]In the
syringe as described above, it is also preferable that the second peak pressure is not mare than the

first peak preSSuteS&nd a'pressurd differeRBE BRIWEST thefirsP peak Bressiife AAY HHe €écond peak
pressure is within 2. secong-pradetermined ratio with respect Lo, theirst peak pressure, fhat is, the

second peak pressure is not more than the first peak pressure. However, the pressure difference
therebetweertissuppressed sorthat thenpressurehdifference 'doesdaint exsceed thexsecand: of
predetermined ratio on the basis of the first peak pressure. Accordingly, it is possible to realize the
injection in ari-BBjettivéinjectioh amEdrttintne Becaiid preskiriZing modewithoat dselessly deepening
meimecmn]%%ﬁ@he syringe according to the present invention, is not
limited to human, which may be, for example, a farm animal
such as pig or a pet such as dog.

[0024] As described above, according to the syringe
according to the present invention, 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 diffusicn of the injection objective
substance in the injection target area without uselessly
deepening the injection depth. That is, the syringe
according to the present invention makes it possible to
widely diffuse the injecticn cbhjective substance at a
relatively shallow depth in the injection target area of

the living body.

[0025] In the syringe as described above, it is also



[0027]0n the other hand, in the syringe as described above, it is also preferable that the second peak
pressure is a pressure which exceeds the first peak pressure. In accordance with the mechanism

assumed as described above, even when the second peak pressure exceeds the first peak pressure,
then the effective diffusion of the injection objective substance is facilitated after the injection objective
substance once arrives at the waiting pressure, and it is possible to suppress any useless increase in
the injection depth, The injection with the desired amount is easily realized in the second pressurizing

mode in somé’ gge%rﬁ?}aﬁsiﬁa&lﬁe SeBoid p&ak Brésstres Ue QescriBEy aBbved&peitifg on the
physical property. ot charagtayiac, of e njecfigndarget area otihediving body, J9028]In fg.syringe as

described above, it is also preferable that a rate of pressure increase fro waiting pressure to the
second peak pressurecindhe second pressutizingzmoge is setrtothelowen tharea sateiaffressure
increase from start of pressurization to the first peak pressure in the first pressurizing mode.
Accordingly, tHé ptessife unllefdoesithéssdifing pressarfe invthe firstairesswtizing Aoder Bhedthus it is
possible to rea izevtaklecgieck'gixe g(i}ffu!sion 8f ghbe igjeggilon objective §uté%tance..[0029 It is also preferable
that an amount of the injection Gbjective Substance in the second pressurizing mode is set to be larger
than an amoupt et the-injegtion objegtive substanee iy thes firsp pressyrizing mede. dt isgonsidered that

most of the injection objective substance, which is allowed to inject in the first pressurizing mode until

arrival at the waiting pressuré gis Subjected toitiechule fermationi(boring)ria fhe ajéstiorttarget area in

order to form the state appropriate to diffuse the ,
example, the first predetermined ratic is set to 60%.
[0026] in the syringe as described above, it is also
preferable that the second peak pressure is not more than
the first peak pressure; and a pressure difference between
the first peak pressure and the second peak pressure is
within a second predetermined ratio with respect to the
first peak pressure. That 1s, the second peak pressure is
not more than the first peak pressure. However, the
pressure difference therebetween is suppressed so that the
pressure difference does not exceed the second
predetermined ratioc on the basis of the first peak
pressure. Accordingly, 1t is possible to realize the
injection in an objective injection amount in the second
pressurizing mode without uselessly deepening the injection
depth.
[0C27] On the other hand, in the syringe as described
above, it is also preferable that the second peak pressure
is a pressure which exceeds the first peak pressure. In

accordance with the mechanism assumed as described above,

even when the second peak pressure exceeds the first peak
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injection objective substance in the injection target area as described above, and the injection
objective substance is generally discharged as the back flow to the outside of the injection target area.
In view of the above, when the injection amount is relatively increased in the second pressurizing
mode as described above, then a larger amount of the injection objective substance can be diffused to
the objective depth of the injection target area, and it is expected to exhibit the effect of the component
or ingredient contained in the injection objective substance. [0030]In this context, in the syringe as
described ab(ﬂo\feiaﬁslél also rp])ér%é'fgeg}aE%I}éethgt% %eecs%i‘ﬁ%e%élgé‘lrgc% npr(? sté}? igjnrii?o%(:&é\ﬁ@e which
includes an ignitiop.charge; and:a cambustior champer intg which.a combustion prodyct produced by
combustion of the ignition charge is allowed to flow and which accommodates a gas generating agent
that is to be combpastetsy thetcombustionpredacttdypreduce apredeterminedrgass whetein the
syringe is constructed so that a pressure in the combustion chamber is applied to the injection
objective sub&tafce Endidsed fif tHe EndiBsifg RMHERErtRSrY inithis EaistiutfivR 28 preséifzing unit
uses an Incregae [ RIesauKeaRerateg by tescomiustion.ofihe ianfign charge Jp th joryion device
as a pressurization fransition until arrival at the first peak pressure in the first pressurizing mode: and
an increase in:pressyrereroughtabaut by-thepredetermined-gasi produced by the gasgenerating
agent as a pressurization transition until arrival at the second peak pressure in the second
pressurizing rigde 003 1]Thafish the formssrandde Fifawhielr tvespressare protocet by the
combustion of g]e explosive charge is utilized as the driving source for allowing the injection objective

substance to BE discharged. cah be Adopted A8 L spstified SXamplé if ordertotehfize et ©
pressurization,applied t%%@H%@mg@sgtévea%%st%@cetmeaclc?\rfq%%wiﬁgthe first pressurizing

mode and the second pressurizing mode as described above. In the case of the syringe constructed
as described dbovas Jt is possiblento prefarably adjusidbe pressire transitiontin the first pressurizing
mode and the pressure transition in the second pressurizing mode by appropriately adjusting the
respective coRpBhBREE DI hE Yas genbidthg dgdht ahtithe igrifer ekargefentidignition device, the
respective sha%%stllnnthe s%(g%gr%,r%ndtghetrﬁlatlve ar a}:& ement relationship .there}?gtwee%n@e

r
3 X SecOrn e esSsSure a1l 3eC .
exemplary descrlptlongoﬁ e driving source basé&d on UsSe of the explosive c%arge as described

above does ngt-inghideianyintention to exsludertheadoption of any drivingsource-based on any other
form or mode. For example, it is also allowable to adopt, as the driving source as described above,
those which utifizes therelasticforee brdught aboat by aSpring oruhe like,ithose whicheutilizesthe
pressurized gas, and those which utilize an electric actuator (for example, a motor, a piezoelectric
element or th@eﬁﬁéf) RGid& to%effdot e first pressurizing mode. Accordingly,

the pressure undergoes the walting pressure in the first
pressurizing mode, and thus it is possible to realize the
effective diffusion of the injection objective substance.
jooz2e} It is also preferable that an amount of the
injection cobjective substance in the second pressurizing
mode is set to be larger than an amount of the injection
objective substance in the first pressurizing mode. It is
considered that most of the injection objective substance,
which is allowed to inject in the first pressurizing mode
until arrival at the waiting pressure, is subjected to the
hole formation (boring) in the injection target area in

order to form the state appropriate to diffuse the



pressurization. [0032]In the syringe as described above, it is also preferable that a decrease in
pressure, which is brought about by condensation of the combustion product in the combustion
chamber in the first pressurizing mode, is used as a depressurization transition from the first peak
pressure to the waiting pressure. The condensation action of the combustion product is utilized for the
decrease in pressure, and thus it is possible to suppress the kinetic energy possessed by the injection
objective substance until arrival at the waiting pressure, while maintaining the energy for penetrating

through the sUFAES bi-fig iRjeefioh targef AREA-61RE livhg bty 1t 1§ poisiBle &t forft i injection
at a shallowet, orjon of 1he. ijeglin target preq of ine lving body,, (093311 the,syringe, a3 described

above, it is also preferable that a combustion completion time of the ignition charge comes earlier than
a combustionicompletien time of the gasgeneratingnagent-and aselacityof preduction-ofdhe gas from
the gas generating agent is increased at a stage at which the combustion of the ignition charge is
completed andtthe bréssiré applied t6 thezibfettion bbjettive substante 46 deereasbe fromt the first
peak pressure ta the Waiv'glingb ressure. Thatis, it is Ts}o allowable that the %ombustion%period of the
ignition charge' and 1 the CombListion ple”fio}(:je(%f:’t%(:eL gasgenerating agent are Partiany Gverlapped with
each other, prowvided thatithe wailing pressuee-can be secured inthe first pressyrizing.mede described
above. When the combustion periods are overlapped, then the pressure brought about by the

combustion of thetigaitionichargeis supetrimposedsorptheepressurerofithe grdducestgaspradeiced from
the gas generating agent, and the resultant pressure is applied to the injection objective substance. In

order to adjusttHE Combastici Esmpletiohttimad BFthedgnitien ¢harge &hd tie'gas fehérating agent as
described ab%\é% Jdtis (Qgséiglee%%%aln@_et@g r(gtﬁ[%gecé%/eocg%og,itgg&gﬁ%nﬂde@g %omposition ratios. Even

when the both have the same composition an composition ratio, it Is also alfowable to change the

respective shapgs and giroensions (sizes): ot pxample: wheptheistateof the explosivecharge is
powdery, the combustion completion time comes earlier than the combustion completion time of an
explosive chak§€ H8Ving thé safieicormpositish forived-inca formiofdamps Fdether, the dombustion

completion time can be, @Clso ad'il%ed b\}é, changin bo;d%gf the composition and the shape and the
dimension (siZ&f. 17 this way e hé erﬁé%%}f; Bive Gharges havihg tHE shife-&mposition are

contained in the,ignitian charge;and the.gas,generating agent if.is pessible to; adiust;the respective
combustion completion times by adjusting, for example, the state, the shape, and the dimension (size)
of each of the-explgsive ghargesc 0343 nitbe sytinge as deserdbedabove, itsmalses-ion
' product preoduced by combustion of the ignition charge is
alliowed to flow and which accommodates a gas generating
agent that i1s to be combusted by the combustion product to
produce a predetermined gas; wherein the syringe is
constructed so that a pressure in the combustion chamber is
applied te the injection objective substance enclosed in
the enclosing unit. Further, in this construction, the
pressurizing unit uses an increase in pressure generated by
the combustion of the ignition charge in the ignition
device as a pressurization transition until arrival at the
first peak pressure in the first pressurizing mode; and an

increase in pressure brought about by the predetermined gas

produced by the gas generating agent as a pressurization
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preferable that 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 oxide, and an explosive charge containing aluminum and jron oxide,

or an explosive' Ehktge composed of A-éomBination of & plirality bfifé fordgoitiy Bxpidsive BRarges.
The ignition cgg%@%q%%céitpggzaib(%/e&?yg.the following feature. That is, the combustion product

does not contain any gas component at the ordinary temperature even when any gas is produced in a
high temperatloe 3tcte. Therefore,iwhenthe combustiompeoduct is brought inreontaet wth-the surface
in the combustion chamber, the condensation occurs immediately. Therefore, it is possible to perform
the injection &t & shkiRWer Poftich GTiRBURjEEHch tafgétares ot Hve ivifig PodyIEFFECT OF THE
INVENTION Oggé]lltzis i%J]ossibjﬁento fggdmfgt,le injegtiorncgbjggtli:veaﬁ%bos;tance gci the .deﬁgta of the objective

injection target area of the Tiving body without Using any injection needié so that t ei“ﬁ]te%%%n objective

substance capbe-widely. diffused.atthe depth-brought.aboitdheredy. e adopted as =

specified example in corder to realize the pressurization
applied to the injection objective substance in accordance
with the first pressurizing mode and the second
pressurizing mode as described above. 1In the case of the
syringe constructed as described above, it is possible to
preferably adjust the pressure transition in the first
pressurizing mode and the pressure transition in the second
pressurizing mode by appropriately adiusting the respective
components of the gas generating agent and the ignition
charge for the ignition device, the respective shapes in
the syringe, and the relative arrangement relationship
therebetween. The exemplary description of the driving
source based on the use of the explosive charge as
described above does not include any intention to exclude
the adoption of any driving scurce based on any other form
cor mode. For example, it is alsc allowable to adopﬁ, as
the driving scurce as described above, those which utilize
the elastic force brought about by a spring or the like,
those which utilize the pressurized gas, and those which
utilize an electric actuator (for example, a motor, a

pieszoelectric element or the like) in order to effect the
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BRIEF DESCRIPTION OF THE DRAWINGS [0036] Fig. 1 shows a schematic arrangement of a
syringe according to the present invention. Fig. 2 shows a schematic arrangement of an initiator
(ignition device) installed to the syringe shown in Fig. 1. 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. 1.

pregsurization.

[0032] In the svringe as described above, it is also
preferable that a decrease in pressure, which is brought
about by condensation of the combustion product in the
combustion chamber in the first pressurizing mode, 1is ussed
as a depressurization transiticn from the first peak
pressure to the walting pressure. The condensation action
of the combustion product is utilized for the decrease in
pressure, and thus it is possible to suppress the kinetic
energy possessed by the injection obiective substance until
arrival at the waiting pressure, while maintaining the
energy for penetrating through the surface of the injection
target area of the living body. It is possible to perform
the injection at a shallower portion of the injection
target area of the living body.

[0033] In the syringe as described above, it 1s also
preferable that a combustion completion time of the
ignition charge comes earlier than a combustion completion
time of the gas generating agent; and a velocity of
production of the gas from the gas generating agent is
increased at a stage at which the combustion of the
ignition charge is completed and the pressure applied to
the injection obiective substance is decreased from the
first peak pressure to the waiting pressure. That is, it
is also allowable that the combustion periocd cof the
ignition charge and the combustion period of the gas

generating agent are partially overlapped with each cther,
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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 Fig. 4, is applied to the injection solution. Fig.
6A shows a first view illustrating a result of an injection experiment by using the syringe according to
the present invention. Fig. 68 shows a second view illustrating a result of an injection experiment
by using the syringe according to the present invention. Fig. 60 shows a third view illustrating a

result of an injection experiment bKFlsting,the syringe according to the present invention. MODE FOR

CARRYING GUP THE INVERTIORE [00871A 2riRGE 152Ecordifg t&8n eribodimient of e present
inventiqn Wi||'kj}§ 559'. i Q%'PYVZV%% reference to é@@kgégvyigggv‘lér]g c%%t{lu.cgig of the foIIowing
embodiment is described by way of example. The present invention is not limited to the construction of
the embodimeninbustion periods are overlapped, then the pressure

brought about by the combustion of the ignition charge is

superimpesed on the pressure cof the produced gas produced

from the gas generating agent, and the resultant pressure

is applied to the injection objective substance. In order

to adjust the combustion completion times of the ignition

charge and the gas generating agent as described above, it

is possible to change the respective compositions and the

composition ratiocs. Even when the both have the same

compesition and the composition ratioc, it is also allowable

to change the respective shapes and dimensions (sizes).

For example, when the state of the explosive charge is

powdery, the combustion completion time comes earlier than

the combustion completion time of an explosive charge

having the same composition formed in a form of lump.

Further, the combustion completion time can be also

adijusted by changing both of the composition and the shape

and the dimension (size). In this way, even when the

explosive charges having the same composition are contained

in the ignition charge and the gas generating agent, it is

possible to adjust the respective combusticn completion

times by adjusting, for example, the state, the shape, and

the dimension (size) of each of the explosive charges.

[0034] In the syringe as described above, it is also

preferable that the ignition charge 1s any one of explosive
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[0038]In this embodiment, Fig. 1(a) shows a sectional view illustrating the syringe 1, Fig. 1(b) shows a
side view illustrating the syringe 1 as viewed from a side of an initiator 20, and Fig. 1(c) shows a side
view illustrating the syringe 1 as viewed from a side of nozzles 4 for allowing an injection solution to
inject. 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 diamet&rthaf afferthars - BiansteFbfthe thidtghaicle 14. Fhé Femaiing dther end

reaches the sids .3 nogzlefiole po.hich e nozzles 4 are Iarmed. Furher, ihg jpjtiator 20 s
installed on the side opposite to the comm’unlcategggortlon of the combustion chamber 9

communicatedwiththe-threugh-helezl4ise that dhe ignitien-urit theseef is oppesed ta:the:
communicated portion. [0039]An example of the initiator 20 will now be explained on the basis of Fig.
2. The initiato?2814s anwladtricigmitiort dewice UM spade fortareanigiry aa righltionadharge 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'Spate: Bhd A &yIfdricardiarge holder 9358 Brovided BR &Htippst surface thereof. The
ignition chargg 22-is:held by the charge halder.23..A bridge wire-26, mhjch electrically connects one

conductive pin 28 and the metal header 24, is wired at'the bottom portion of the ignition charge 22.
Two conductive pinsc28 are fixed torthexmetat heademn24 with @minsulator Sihterveningtherebetween
so that they are in a mutually insulated state when no voltage is applied. Further, an opening of the
cup 21, from WhichREHWS Condtidtive Bind 2B slipptrtet By the iRsiafor 25 éktendris prtected by a
resin 27 in a state ig which t%e %n&glati&g ear}‘lorg}gnfg iﬁi @eairg:tgged to bgn%aétilsjlalcgory between the two
conductive pins 28 ﬁﬁﬁ%ﬁn the initiafor 20 constriicted as describad a%ove, When the voltage is

applied betweenthe-twe canductive pinsi2&by ap exteraabpowersourge then theguyent flows
through the bridge wire 26, and the ignition charge 22 is combusted thereby. In this situation, the

combustion peoduetiwhigh is producedrbytthe lcombustiohtot tHe ighitiolrcharge 225 isvspouted from
the opening of the charge halder 23. Accordingly, in the present invention, the relative positional

relationship of tHE Aftfator 20'fith FBhect o HE A&t sfring&B6dy-2 76 deigréd 98 hatthe
CombUS“O”pﬁ%%%%@iﬂgf@QH%&E@F”Q%ﬁgtwbgbi%he combustion product does

not contain any gas compeonent at the ordinary temperature
even when any gas 1s produced in a high temperature state.
Therefore, when the combustion product is brought in
contact with the surface in the combustion chamber, the
condensation occurs immediately. Therefore, it is possible
to perform the injection at a shallower portion of the

injection target area of the living body.

FFFECT OF THE INVENTION
[0035] It is possible to feed the injection objective
substance to the depth cf the objective injection target

area of the living body without using any injection needle

so that the injection cobjective substance can be widely

22



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 so that the initiator cap 12 is hooked by the outer surface of the
initiator 20, and the 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. [0041]The ignition
charge 22, whict fS'G&8H for thé Syt L, RigefeidI§ exemplifiéd B 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{ AFPP)qontaining auwminuny and poiassiwn perchlorate, an explosive
charge (ABC) containing aluminum and bismuth oxide, an explosive charge (AMO) containing
aluminum and ffodfbldenum oxide, an explosive charge (ACO) containing aluminum and copper oxide,
and an explosive charge (A{O% containing aluminum and iron oxide, or an explosive charge composed
y

of a combination of a plirality Bf tHE foteGGiRG & plosive HarGES SFhe EXplGsive thafes as described

above exhibitsuch aghatagteristic.that the plasma hayving a high temperature and a high pressure is
generated during the combustion immediately after the ignition, but the generated pressure is

suddenly lowered betagse ho:gas«compaenentis containecwhemtre: ordinany tempetature-is given
and the combustion product is condensed. This characteristic is the characteristic which preferably
contributes to theFdrmatior6Tithe Hredstitizing fiode Folthe isjeekon Sofiienin thie &jringell-

according to the present invention, and this feature will be described later on. Any explosive charge
other than the above%%h%y l?)ée,e lfse%égjs? ﬂwlecfalrf’n i%nscih%‘?fgseef)go%ﬁeﬁﬁlt%a? redﬁﬁie%g%/ri%ﬁg mode can be

realized as deggtibed later on. [0042]In this embodiment, a gas generating agent 30 having a
columnar shape, which is combusted by the combustion product produced by the combustion of the
ignition charge 22 tofprodude tHecyas, is arranged it thercanibustinocheasiver9. afheldasigéenerating
agent 30 is exemplified, for example, by a single base smokeless propellant composed of 98% by

mass of nitrocgiftlose: 58% BY Mass ot GiphdAylafine St e 995 By Hiass bfpdassium sulfate by
way of example. It isEallgjo_ pgsggwg use ‘iar{%éi%*? q@pqﬂg%q]r}%a %r%ts%sae Jﬁ&grgas generator for
[ nlike t ition ¢

an airbag and a gas generator for a seat bélt pretensioner. U e ignitl arge 22 described

above, in the case of.the gas gereTating agent 8¢, the predetermined-gass whiglxis preduced during
the combustion, contains the gas component even at the ordinary temperature. Therefore, the rate of
decrease in thé'§eRératctd pressiifeligtexiremely the transition as shown in Fig.

4, is applied to the injection solution.

Fig. 6A shows a first view illustrating a result of an
injection experiment by using the syringe according to the
present inventiocon.

Fig. 6B shows a second view illustrating a result of
an injection expériment by using the syringe according to
the present invention.

Fig. 6C shows a third view illustrating a result of an
injection experiment by using the syringe according to the

present invention.

MODE FOR CARRYING OUT THE INVENTION
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small as compared with the ignition charge 22 described above. Further, the combustion completion
time upon the combustion of the gas generating agent 30 is extremely long as compared with the
ignition charge 22 described above. However, it is 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
surface shape of the gas generating agent 30 when the gas generating agent 30 is arranged in the
combustion chamber 9. This is because the contact state, which is provided with respect to the
combustion product of the ignition charge 22 allowed to flow into the combustion chamber 9, is

considered to g ghanged depending onthe surfage shape of ihe.gas generating agent 30 and the

relative positional relationship betweéen the gas generating agent 30 and the ignition charge 22
resulting fronpthesarrangemenitof dhe @as generatingladerd 305a the: combustiert ehamber 9o [0043]In
the next place, a piston 6 made of metal is arranged in the through-hole 14 so that the piston 6 is
slidable in thé BRiafdirattivhsin the trotghHote! 24 1ohe ®hdithereb? isl exijase d-iBRE Siis 6f the

combustion cyam er 9, and a sealing member 7 iginjegrajljl%attached to the other end. An injection

solution ML, which§ %telln?ectlo?‘i objective substarice to be injected from the syringe 1, is enclosed in
a space formed in the.threugh-holer 4 betwaen theisealing menber,r,and-another sealing member 8.
Therefore, the enclosing unit of the syringe according to the present invention is formed by the sealing
members 7, & 6A&&e throdgh-hbles14rEachiokthe sealing nietaberstiyyBsisanade of rubsbler having the

surface thinly coated with silicon oil so that the injection solution does not leak when the injection

solution ML is’ éﬁ&’lo%&&,u_asrfdrtﬁ@iﬁfécﬁaﬁ sémibﬁ‘?\ﬁ tan %%%m&o@_ﬂl&/ r’ﬁ%%?_& irfthie-tfifough-hole 14
in accordance with the sliding meyement.of.the piston 6. [Q044]1n,this embodiment, a flgw passage

unit of the
initiator 20, and Fig. 1{(c¢) shows a side view illustrating
the syringe 1 as viewed from a side of nozzles 4 for
allowing an injection solution to inject. The syringe 1
has a main syringe body 2. A through-hoie 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-hecle 14. The remaining other end reaches the
gside of a nozzle hole 5 in which the nozzles 4 are formed.
Further, the initiator 20 is installed on the side opposite
to the communicated portion of the combustion chamber 9
communicated with the through-hcole 14 so that the ignition
unit thereof is opposed to the communicated portion.
[0039] An example of the initiator 20 will now be

explained on the basis of Fig. 2. The initiatcr 20 is an

electric ignition device. A space for arranging an
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syringe 1 according to the present invention is formed on the forward end side of the syringe 1 (right
side as viewed in Fig. 1). Specifically, a holder 5, which is formed 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, tHéHdlders id'grevented fismbeing disehgaged ibnrtheain™§ringe body 2 by the
pressure applied (g the injection solutiop ML when the Injection, solution ML i5.gllowed fo Ipject.
[0045]A recess Y(]i \Which can accommodate the sealing memsberaB,Té formed at a portion opposed to

the sealing memper8 ina state inrwhighdhe holder Sisattached o the-mpaimsyringe body 2. The
recess 10 has approximately the same diameter as that of the sealing member 8, and the recess 10

has a depth whiekrisslightigdenget than the lehdgtivlobthezsealing evermbeit 8 cAcédrdinght when the
pressure is a Eglied,to the piston 6, and the inject%on solution ML is moved to the forward end side of

the syringe | togethet With the Se4fihg mémbers 758, TheN the SediingThBber %arf be
accommodated injthe recess 1Q. When the sealing member 8.is.accommggdated jp ihe recess 10, the

pressurized injection solution ML is released. Thus, a flow passage 11 is formed at a portion of the
holder 5 broughtiinzcordact withethesside of thelmaire dyringe hadye2i sethattheireleasad injection

solution ML is guided to the nozzle 4. Accordingly, the released injection solution ML passes through

the flow passggé A1°ana the fifection'soldibr- LIS Bllowed t3 discharg ffémihehiorsle’d to the
injection target, Owing to,the fact that the recess 10 has, the.depth for.accommodating the sealing
member 8, ar?yr%k\?ﬁ)llt%éndo t%etlt%lj%cﬁoer? %IEL tk%éei%f%%ﬁoaﬁsﬂéomjf%%r? I\ﬁl?, v%/ﬁiscﬁfvéroplﬁé t%%therwise caused

by the sealing member 8, £anihe.awidedJOD4G1A plusality. atgozzles 4,may he farmed,for the holder

5. Alternatively, one nozzle 4 may be formed. When the plurality of nozzles is formed, the flow
passages, whicts edrréspord-tottherbspective nozziese aies formedisotthat thertgteasedtinjection

solution is fed to the respective nozzles. Further, when the plurality of nozzles 4 is formed, as shown in
Fig. 1(c) His%ﬂﬁ%ﬁﬂﬂeﬂ%ﬂthe cup 21, from which the two conductive pins

28 supported by the insulator 25 extend, 1s protected by a
resin 27 in a state in which the insulation performance is
maintained to be satisfactory between the two conductive
pins 28.

[0040] In the initiator 20 ceonstructed as described
above, when the voltage is applied between the two
conductive pins 28 by an external power source, then the
current flows through the bridge wire 26, and the ignition
charge 22 is combusted thereby. In this situation, the
combustion product, which is produced by the combustion of
the ignition charge 22, is spouted from the cpening of the
charge holder 23. Accordingly, in the present invention,
the relative positional relationship of 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
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he respective nozzles are arranged at equal intervals around the central axis of the syringe 1. In this
embodiment, the three nozzles 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 injection solution
ML, and the physical property (viscosity) of the injection solution. [0047]In the syringe 1 constructed as
described above, the combustion product or the %redetermined, gas is generated in the combustion

chamber 9 by h8aHS Bf thdighitfon'chiardé 23 provided ¥ the inftiator 2tFafd T §ad GBnerating agent
30 arranged in the, combuystion.chamber 9 50 that the pressyre.is applied to,the ipiection 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 extsuded to-thefornardrendsside ©f 1he: syringe, ktogether with-thesealingmearmbees 7, 8.
When the sealing member 8 is accommodated in the recess 10, then the injection solution ML passes
through the fl6wPaz3ale 19 dhdPihesiozziest4 hdPtheliffection sélition ML is @lsivéd ® inject to the
injection target, ]’tjeg essure is ?plied to the injection solution ML allowed t_o.ir;}jgctﬁ Tf%‘eregore, the
o . InNt CYr Ccap 2, S Crew-TI1Xe CoLohe TNain SV e 00 . .
injection solution ML penetraatES rough the Surface of e injection %arget, and il injec ibn‘solution
ML arrives at the-inside thereofc Accardingl. diis pessible to achieve the purpase ofithe injection with
the syringe 1. [0048]In this embodiment, the injection target of the

body Z 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.

{00413 The ignition charge 22, which is used for the

syringe 1, 1is 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 perchlorate,

an explosive charge (ABO) containing aluminum and bismuth

oxide, an explosive charge (AMO) containing aluminum and

molybdenum oxide, an explosive charge (ACO) containing

aluminum and copper oxide, and an explosive charge (AFO)

containing aluminum and ilron oxide, or an explosive charge

composed of a combination of a plurality of the foregoing

explosive charges. The explosive charges as described

above exhiblt such a characteristic that the plasma having

a high temperature and a high pressure is generated during
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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. Therefore, Fig. 3 schematically shows an anatomical structure of the human skin. The
human skin is constructed in a layered form including epidermis, dermis, subcutaneous tissue
(hypodermis), and muscular tissue as disposed in the depth direction from the side of the skin surface.
Further, the epidermis can be distinguished or classified into horny cell layer and intradermis in a

layered form. 1R 8aCABF tie 5Rrs B thie kP Strudhfe Tthé B&sue’and 8 maii Eells6r the like for
constructing the fisgue %‘g"sSéf&%f-ﬁ%fe?é“r%&‘&evm'b [0Q4R15pgcifically, the harny.cell layer is

principally composed of keratinocytes, and the horny cell layer is positioned on the outermost surface
side of the skinoiTherefore, the horyucelklayethas thesfunetiom ef-thetsangalled-hargier kayer. In
general, the thickness of the horny cell layer is about 0.01 to 0.015 mm, and the horny cell layer
performs the Sidrface protedtion fopRbranisy kérafiABeRes . sTHeTBfG?E Sinbrded physically insulate
the interior of the human hody. from the external envti)ronmetn,t to some extentf awrejafiyely high strength
is required as“WEIF O tHe Sther hlaﬁd,ttkﬁ% intradérmis is constrlictel'to ifciade aendritic cells
(Langerhans cells) and pigment celis.(melanacyies). The-gpidermis is formed bydhedorpy cell layer
and the intradermis. The thickness of the epidermis is generally about 0.2 to 2 mm. It is considered
that the dendriticecélisjincthe dmtradermis are cellstwhkich patticipaté in the antigen-antilbody reaction.
This is because the dendritic cells recognize the presence of the antigen by incorporating the antigen,

and the antig@-2AfiBGdy PEEEtibh M whitH IyrhipRodytes AFeadtivated o piay aroRet a8 the
e e o Sl O S, e g ol ey e e
as the ignition charge provided that the pressurizing mode
can be realized as described later on.
[0042] In this embodiment, a gas generating agent 30
having a ceclumnar shape, which is combusted by the
combustion preduct produced by the combustion of the
ignition charge 22 to produce the gas, is arranged in the
combustion chamber 9. The gas generating agent 30 is
exemplified, for example, by a single base smokeless
propellant composed of 98% by mass of nitrocellulose, (0.8%
by mass of diphenvlamine, and 1.2% by mass of potassium
sulfate by way of example. It 1s also 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 combusticn, contains the gas
component even at the ordinary temperature. Therefore, the

rate of decrease in the generated pressure is extremely
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[0050]In the next place, vessels and capillary vessels on the skin are complicatedly spread all over the
dermis. Further, for example, sweat glands for adjusting the body temperature, hair roots of body hair
(including hair on the head), and sebaceous glands associated therewith also exist in the dermis. The
dermis is the layer which makes communication between the epidermis and the interior of the human
body (subcutaneous 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 e appeSTHt ot Ot ISE ACSS T oo LRI O MR SPROGS of It Shortage.

[0051]in this way,the skin,structure ofhumap,is.generally. fox in the fayered form. khe intrinsic
anatomical function is exhibited, for example, by the cells and the tissue principally contained in each
of the layers. ¥tmsomeansthe fact thatgtis desirablettorinjestie component @ngredient),fol amedical
treatment to a place (depth) of the skin structure in conformity with the purpose of the medical

treatment, forekaniteAkRen the Medical teatméntis dpphie® to the'§dr TR ekamiplEcthe dendritic

cells exist in tpe intraderm,j%. 'I'.herefore,.wl?en a vac}ciﬁne injec_Hon is perfarmed therein, it is possible to
O%@VQI, i 13 ﬁ)OSSdLD“e O Ci_i"ldng@ Thne Cco us On COEI‘ngEL_L I, .
expect a more effective antigen-antibody reaction. However, in the case of the conventional injection

technique, it is difficyito-perferm the-vaceine injectign withsrespectie-the intradermis which is
positioned at the relatively shallow portion. Even when such a vaccine injection is performed, the
injection greatlydepends on the skill of a Weulthccars WorkésmemedieakproféssioridleFurther, the
pigment cells exist in the intradermis, and hence it is also,demanded that when a beauty treatment is

performed for the S3&ali&dEkin %itgﬁfﬁg?§%pggﬁga%BHb%n%ﬁ?aﬁg%%iéfﬂffbrW?éa skin‘whitening is
injected into the itadermis. Howeveyyin;the case,of the egnventional technigug, itis difficult to

perform such a treatment as described above. [0052]In the next place, fibroblasts and collagen cells

exist in the dermis.Trhesefose jfor examplte; df proteimct state, which is provided
with respect to the combustion product of the ignition
charge 22 allowed to flow into the combustion chamber 9, is
considered tq be changed depending on the surface shape of
the gas generating agent 30 and the relative positiocnal
relationship between the gas generating agent 30 and the
ignition charge 22 resulting from the arrangement of the
gas generating agent 30 in the combustion chamber 9.
[Cc043] In the next place, a piston & made of metal 1is
arranged in the through-hole 14 so that the pistcon 6 is
slidable in the axial directicn in the through-hole 14.
Cne end therecof i1s exposed fto the zide of the combustion
chamber 9, and a sealing member 7 1is integrally attached to
the cther end. An injection solution ML, which is the
injection okijective substance to be injected from the
syringe 1, 1s enclesed 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
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for removing skin wrinkles, enzyme, vitamin, amino acid, mineral, sugar, 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 difficult
to perform the beauty treatment by means of the injection in many cases. As for a hair regeneration
treatment, the hair rogts are positioned in the dermis. Therefore, in order to perform the hair

regeneration fregtment’ the-follbiing protedtre s conkidered -t BE faistablé. Fhst £efor e@mple, a
stem cell injegiog method, i which deumal papila cells andior epidarmpalstem cells arg Aylologous
cultured and cultured cells are autologous transplanted to the scalp, is performed, or several types of
growth factors.aneéarnuirjert components extraeied from stemy cells:akg:infected e alportion
positioned in the vicinity of the dermis. [0053]In this way, the substance, which is injected in
accordance witethecpurpdse i thectrdatmidnt $or theaskirt; lirfdividiaky-éorre sporesito thé position
(depth) in the skin stru tur%ﬂo vhich the sg_b_stancgii d_esirably{ injected. Ijlﬁwevﬁr, it is difficult for the
¥ ]E}sttl 8 irﬁ%&ﬁ&n" [l)8§]iti8ﬁ). Rthe 2a5e of ?heeévr' %%e acg&%ing to the

conventional t&chn qel.ii1 to

present invention, thesdenth .at whichthe injeetionsolution.arrives in the.skin strugture, can be
preferably adjusted by adjusting the pressure applied to the injection solution. As described above,
various substances: {ihjeictidr objective substatees)areiuseditbbesihjetted:inte treenskin striicture
depending on the purpose of the treatment thereof. Therefore, the injection objective substance is
generally referfisd Eblést@?ﬁjeétion solution™ in the following description. However, this includes no

intention to Iirpgélﬁ Sorm a % tht%c;;_osnt Q?o%fﬁ%g ﬁ‘,gpst nfgg lob E}{gjggted. @gifgr Ehg injection objective
eli

substance, the component (ingredient), which is to be deliveredto the &Kkin structure, may be either
dissolved or natdisspived. Anyspecifieddormis ajsecavailablefor thei injection objective substance

provided that the injection objective substance can be allowed to inject to the skin structure from the
nozzle 4 by belry gressarized: s podsibie totddopt ¥akoas formsihehuding; der eanmpgleviguid and

gel forms. [0054]For example, the in#(%ction (‘ﬁective substance usable in the beauty treatment is

exemplified, foF example by prof&ir for skin whitefing dr f6rreniovitly Wrinkfes: 8h%ite “Vitdmin,
amino acid, migetal,.sugar.-aycleie acid, and.yariops.-growth factors (epitheliah cells and fibroblasts).

Further, the injection objective substance in the hair regeneration treatment is exemplified, for
example, by dermalpapilatetyhainsogt-stemrcell-epidetmal stem:eell, HARGeocktail, and hair for

transplantation.
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 soiution ML when
the injection solution ML is allowed to inject.
[0045] 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 holder 5 is attached to

the main syringe body 2. The recess 10 has approximately
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[0055]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 1. Fig. 4 shows the pressure
transition applied to the injection solution enclosed in the through-hole 14 by the aid of the piston 6 by
appropriately adjusting the combination of the ignition charge 22 and the gas generating agent 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 gaufesn afessirefeasurfiig port inGt'shbwi i Fig. 10 DrisGies o nake Corhitunication
with the comhustion c er 9 in the main syringe bod the e le s in_Fig. 4, the
pressure tran}s::%i%%gs Whﬁlﬁcnh%aartse p%\%ﬁég%wh@n{t geejp ﬁ/p%gio%?zf&ré%%%ﬁeﬁre %?é%’enﬁé}r%ting agent 30

are combined with the same-ameunt ofiZPR4gontaining zirconium angipotassium perehlorate) as the
ignition charge 22, are shown as LI, L2, L3 in Fig. 4. [0056]An explanation will now be made about the
pressure transitiohswi to L3 imthelsyihgecl abeomdingtorthé preseht imventiohe Thé Pressure
transitions involve the common technical feature. At first, the.common technical feature will be

explained on THe BasiR b e predhire rahsition T.2" #r the StesSSiite rarsition in‘thie préseri invention,
the combustign of theignition charge, 22 is. started imumediately,after the,applicgtion. ot the, glectricity to

the initiator 20, and thus the pressure suddenly arrives at the first peak pressure value Plmax from the
state in whichntheopressure:s zero. Afterthat; the: pressutenis loweregkstoithe waitiag préssure Pw2 (the

waiting pressure is represented by Pwl in the pressure transition Li, and the waiting pressure is
represented BFthelwEitifi§Ppressute PivaFrpapesdie trdhshitioh HTRE ptSeesstth which the
pressure is a Q:Iéedstg ggeércgectglo.nes%lgggn is% %%%erg%ng/&wi.tg th%3 pressure traggi&ign as provided until
arrival at this%omsi, is Teferred to-as "first préssurizing mode". Ater tﬁat, the pressure israised again,
and the pressurearevessatihe second peakpressure R2maxAthe seeond peakipressure is
represented by P2maxl in the pressure transition Li, and the second peak pressure is represented by
P2max3 in thepregsure transitionad<3). Aftehthatche plessufe is:genthiloweyed riTive protess or step,
in which the pressure is a{;%ied to the injection solution in accordance with the pressure transition for

raising the prégs&@aﬁxbrﬁ Waitngisessireds the %eé@ﬂﬂfﬁéé’l?_ppgssﬁfe,%Uréif%?jrea% %%@'S(_econd
e L . S L e e T L s by 1
which are  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 solution ML,

which would be otherwise caused by the sealing member §,

can be avoided.

[0046] A plurality of nozzles 4 may be 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 iz formed, ag shown in Fig. 1(c}, it is preferable that
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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 is
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 suddenly lowered.
Therefore, thé Pfesstifé tahaitin \Whithds based dh'thedirst présstfiizing rhbEsiscompleted in a
minute time At shown ighFig. 4. On the other hartnd,tgbe combustion prodlj!ct haﬁ/insg .the high

temperature, Whic n% pro u€§§b§ﬁfe &8mbustion ofethséyiﬁrjfiﬂgﬁ3 clllarge 22, 5loWss into the combustion

chamber 9, andtheigas generating:agent 3Q arrangedtherein is-combusted fherehy sAgcardingly, the
combustion of the gas generating agent 30 is started. Therefore, the gas generating agent 30 is
combusted diringithe pressure transitiorebased enthe. first pressalizing mede of immediately after the
completion of the first pressurizing mode, and the predetermined gas is produced thereby. The velocity

of the ger_1eraf1q'(&3ff’rb1E fhe gés fro hE%'g@asSgé‘i’_?er}gffn& agemt50 g@fﬁ%ﬁé‘iyﬁ@nﬂ@%srﬁb?ﬁpﬁred with
the velocity of;thegeperation. ot the,combuystion,product fram the ignitian,charge, 22, In other words,

the combustion completiontime of the gas generating agent 30 is longer than the combustion
completion time pf the ignition-eharge 22« Thereiere, as claréiee fram &ig. 14 ag well, the=pressure
transition is depicted such that the pressure increase rate, which is provided from the waiting pressure
Pw2 until arrival Ht¢hé s8csiid-pédiopréSsure P2nidi, Rhgentles thairtheqsregsure increase rate
which is provi ggsuggsrl,t e igni%’or% of the ignition char Z%':i_-!—a?ais feature is provided in the same

manner for th pressur‘ze Va)nsﬁlonskﬁ, '3’ %%\;Cejﬂéfb An explanation will be made on the basis of

Fig. 5 about the ggngeptualinjectian sifuation. of, thejpiection salytion inthe-human skin,steucture in
accordance with the pressure transition based on the two pressurizing modes as described above. In
the first pressurizingcmbde performed dnuthie minute ¢inper Ati@imee raingin frem the application of
electricity in the initiator 20 to the arrival at the waiting pressure Pw2), as shown in Fig. 5(a), a minute
amount of the? BB COIUTONTE AIGREER S Trjeet frorRTRE Byrinde 1tha iRjectitr of the minute

amount of the ipjeclipn, solufion, the anergy armgunt, which Is possessed by e injectipn solution

allowed to inje tdlependlng on ﬁwe |njecpt)|on amount per unit time, i.e., the injection flow ra?e, IS

determined by &xpression;1 asfallows, arranced in the combustion chamber ¢ so
that the pressure is applied to the injectiocn solution ML
enclosed in the through-hole 14 by the aid of the piston 6.
As a result, the injection scolution 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 and the
nozzles 4, and the injection solution ML is allowed to
inject to the injection target. The pressure is applied to
the injection sclution ML allowed to iniect. Therefore,
the injection scolution ML penetrates through the surface of

the injection target, and the injection solution ML arrives

at the inside thereof. Accordingly, it is possible to
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P = 1/8empD2u3...(Expression 1) P: energy of discharging injection solution, p: density of injection
solution, D: diameter of nozzle 4, u: discharging velocity of injection solution. [0059]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 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 Belowsabout fife presitiFecoritrat de cordifg to e préséntindertiohliind@lation to the

adjustment of I&%Jﬂi ction (}ept in the slgnétructuﬁre @1ile takin EE%( ression 1 into_consideration.
[0060]In the fir{st pregsurizingnm% é,sth%mpr%sélrjlr%ntrénvs\%tign, mn QV%ZC %)1% Scrggguerg a?%ﬁ/ré?gt the

waiting pressuenia the peak prassure;Pimax fremszerge iscperformed:inthe extremelyshort period of
time. Therefore, it is also affirmed that the injection solution having the high energy is allowed to inject
to the skin in thiscprocess. A< atrbsult, the injetichysclution, avhichiiszallowedrto injectint therfirst
pressurizing mg{de, penetrates through the outermost surface of the skin, and the injection solution

erodes the insidé of te“skin {ischargiglinfection YoIRONTIS tehresdnted By Si ih Fig 5(a)).In this
situation, it is g{g@s_iggre&lfth@h@esig:kefggg depth.is,more g%epﬂq{gdh%g}(? engrgy of the discharging

injection solution in the first pressurizing' mode represented by Expression 1 is more increased. In this
context, accorting torExpression.l, the energytR of ihe,/discharginginiactionrsolution is proportional to
the structure of the human skin. The human skin is constructed
in a layvered form including epidermis, dermis, subcutanecus
tissue (hypodermis), and muscular tissue as disposed in the
depth direction from the side of the skin surface.
Further, the epidermis can be distinguished or classified
into horny cell layer and intradermis in a layered form.
In each of the layers of the skin structure, the tissue and
the main cells or the like for constructing the tissue have
different features as well.
[0049] Specifically, the horny cell layer is principally
composad of keratinocytes, and the horny cell laver 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
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 intradermisg is
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product of the cube of the discharging velocity u of the injection solution and the density of the injection
solution. Therefore, the larger the peak 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
mode is, the smaller the energy P is. Therefore, the injection depth, at which the injection solution can
arrive in the skin, can he adjusted 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

structure. HoWw&ler "WHEh The BRierdy-ambtntig adfusted, thér tie injectioRh depis caf beshade deeper

in the first pregsriaing.mage o N Inigelien depth gan be made shallosy, DodIIaJhiz.gpntext, the
waiting pressure, at which the pressure arrives in‘the first pressurizing mode, is such a pressure that
the erosion, whichris<caused pydthe dischasging injeetien selutienii-thedirst pressurizing mede in the
injection depth direction at the inside of the skin structure, is mitigated, and the diameter of the
penetrating passagecariciel redicedior shrurikatld paftiof e Penettating passagétforthe injection
solution formed in_@hg skin stryctyre. In thoils case, e/vhwenwtmelpﬁressure}is raised to the peak pressure
Plmax and thé Bressiire fs theréatter ISwsrad o the Watting' sres8ure ther the“sHerlly anfcunt
possessed by the injegtian.solytion isclspw@é%d-iIh%F%O%me?%wsmquthk%%%by the
injection solution is mitigated, and the discharging injection solution does not arrive at the deepest
portion of the SkinsstructurecFurther; the skindtricture of tesliving body has @ eertain elastic force.
Therefore, on account of the elastic force, the diameter of the penetrating passage may be reduced or
contracted bythe Bldstié ForceSihiyiné g theshjeetion 861utibh b¥ 2earcelifinklifling the injection

solution at a part.of the penetrating p e.having beep already formed, especially on the forward
end side (deep sttl;degtih the depth %?’regtlgc%n . ,&S a’regsult, tﬁlé(:slt?atg?/frﬁpﬁﬁi%mﬁeg diameter is reduced, is

formed on thesferwargkend sideofdhe penetrating-passagen and the-state, 4R which the diameter is not
reduced, is maintained on the proximal end side of the penetrating passage, at the point in time at

which the pressuré arfigesat thedvaiting préssuiérin thelfirst pressurizihg moderdherefold,ghe
difference in strength with respect tq the pressure of the injection solution is generated between the

forward end sidé and the ProXimiarend side Bf e peristrating passage CFatis StherStretigth s
relatively highgn the forward.end, side of {he penetrating. passage as,compared with the proximal end

side thereof. As a result, when the pressurization is performed again in the second pressurizing mode
as described lateriomthemthe pressure of the injection solution is uniformly applied to the entire
penetrating passage, but the penetrating passage portion, which is in the unreduced diameter state,
has the strenditf er thar\thalt ®f tHeXrediiced Biarfiétet porion;: Becatsel therperictatingSpassage

portion in the uplrejggjced }gjamete,[ state iﬁre[ativeclix enlarg_ed 8Cr expanded. Itégﬁco sidered that this
situation contfibutes to the difftsion of the injéction SolTHor: Kecording S the above: itis Yesirable that

the waiting pressure is-the-pressure-which is lowered frone the-peak pressirre, Blmax inthe. first
pressurizing mode to such an extent that the forward end side of the penetrating passage is contracted
or shrunk by theretasticiforce, exerted framithe skinstrictireiin the se¢ond presisatizingrmade as
described later on, i.e., to such an extent that the difference in strength of the penetrating passage,
which can seclfté or guarsht&s e Biffasion ot the ifjéctishisdlation: tdfancelwfth ¢ &cond

pressurizing ”jl%d%}{% gggg@%d. theé(a@éorllen, At |si%re{q{gblfatggtr thv?h\’\{%'ltq'n% pressure is not more
than 50% of the peak pressuré Plmax.
communication between the epildermis and the interior of the
human body {subcutansous tissue and muscular tissue). The
dermis 1s 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-called collagen

shortage or the elastin shortage.
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(0062]In the next place, the pressure transition, in 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 solug§>§15a£ he wa}tian%ressure nghin ac&:(ordance wit@ the firsft Q{essurizirlsg mode, it is
considered th el jectionnso ution, Which is'confinéd irv 1fhléuﬁ’en1‘1(=,lireati(r)1g pa%%%&e Jﬁaving the reduced
diameter, is pressurized again.However, the injegtion sokution, whighds allewed 1q inject in the second
pressurizing mode, behaves to pressurize the skin structure by the aid of the injection solution existing
at the unreduced diameteil pértiontratherthar 0. disecthdact bmrthe:hottohe of the peretratingspassage,
on account of the difference in strength as described above. Therefore, the injection solution causes
the permeaticiifito e iffetivr of Bie skin2trbiture Hors thesperetrating passagé in e/ GAfeduced
diameter stat%,hrlagheg than tg_le f6urt(vheé Jgr%{%@ irllitthe'depgh direcgicl%. IQ otherﬁvé\é%rgsait is considered

that the injection Sollifion is diffused fothe interior of the tissue of the skin structure Via the portion of

the penetrating-passagedn the ynreduced diametes state whigh iseonsidered te have the selatively low
strength with respect to the pressure (in Fig. 5(b), the injection solution, which is diffused in
accordance withethelsecofid presstrizingsiode tis representedty 82). Further, thespressure increase
rate, which is provided in the second pressurizing mode, is gﬁentler than the pressure increase rate

t

which is providedii? fife first présstifiZingThhodé Srrdietore, theinjeAGk sSluti8h SBn B& diffused into
the skin along the:extending direction of.the Jayered tissug;of the siin strgcture without usslessly
deepening the injection depth of the injection solution. Fig. 5(b) shows the diffusion state as described
above merely-zanceptualy ~\Ahen theinjection depthiis settb-amy different ceptivas yvievredin Fig.
5(a), the diffusion state differs as well. For example, it is also possible to effect the diffusion so that the
injection soluffor¥ &Gserhfeatéd fté aPbriicn BivposEd féafdttd the defnhis ot iRRthe Hetmis
[0063]The pegod gggmg, r|ﬁrt1 wgicgtt?eggggnd Q{&SSU{giermganOdD%(if corletglggdbg determined
depending on thie Anolint of the |nje§|on solution @r?jection amoun%ﬁ allowed 10 Inject by the syringe 1.
After the passage-Qfdhe segond, peak presspre P2maxzy thepressyre; wvhich isapplied to the injection
solution, is gradually lowered. However, the pressure becomes zero at the point in time at which the

injection solutietalowed:to ihjfect fror theinozzies:4 igexHausted, landvthesecend piessurizing mode
comes to the end. The purpose of the second pressurizing mode is to diffuse the injection solution to
the desired déjth'of 156 BRif stiteture SThérefoe  Ts Breférable thiat B ihiddtivasotdtidn&mount,
which is aIIoweéJI to injecttlfromgggfﬁg\?%e 1tir1:15l£11e se%ond pr%gy}riéiggi{n%d% i%@f’rr%%r than the

- - - l t e e . - - - .
Injection SO|UtIr0n gm%\ﬂﬁ \thi?’Ch IS a 8rt0 Inject In t|:i]fee?li‘3‘,{r pressurizing moae. S situation can be

sufficiently realizegd:becausesthedirst-pressyrizing madesisipestormed avthin the-minutedime At as
described above.
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 ¢f the
conventional technique, it is difficult to perform such a
treatment as described above.

(00521 In the next place, fibroblasts and collagen cells

exist in the dermis. Therefore, for example, if protein
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[0064]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. In particular,
the pressurization, which is performed in the second pressurizing mode, is principally directed to the
diffusion of the injection solution, and the injection depth is prevented from being uselessly deepened.
Therefore, it Epossible o precisely: diffuse ithe injestionyssiutioni éver at sudhia portiontthat the
injection depth is relatively shallow. [0065]An explanation will now be made apout the pressure

transitions LTt L3 dtowt iy, BFespectively i tese prasdtetrahsiions, e héaipressures,
which are provided ip.the first pressurizing mode, are; approximately. Blmax.and geigcident with each

other by utilizing the same initiator 20. The waiting pressures are dispersed in a range of Pwl to Pwa3.
However, as deseribed above; asdon the Waiting pressirenahen drerpresstte is:tpweradito some
extent from the peak pressure in the first pressurizing mode, then the erosion caused by the
discharging ifjeegor Solufiés i thefirst pressbifizing piode; Wiich 8&cuirsdn e mjectionepth

direction at th inf' e of the skin str.uctgére is_mitigated, and the pressure may behave such a
Sﬁ%a o) POI %hon 1N SameT mar erb &S %[ e 1ntra C?rmls.
pressure thattheé diameter of the penetrating passage can be contractéd or reduced at the part of the

penetrating passags-fordhe injection sqlution;pravided.ipthe skinsteucture: i this,way; ever; when the
same initiator 20 is used, the gas generating agents 30, each of which is arranged in the combustion
chamber 9, havé thedifferent amauntsrAccerdingly) the prassure: transitions imthecsecond
pressurizing mode are changed as shown in Fig. 4. Specifically, in the case of the pressure transition

LI, the amounit'bf 3§88 geRerting gt 30 is Maxihized. frthe dEsertRé biédsure transition 13,
the amount of the gag generating ggent §gg>sag1indi@éz§§i©§qgwleogae§§ of the,pressure fransition L2, the

amount of the gas generating agent 30 is the intermediate amount. Therefore, the peak pressures in
the second pressudzing4nodeireside: in a selatienship. ot R2maxt in pregsurertsansition LI > P2max2 in
pressure transition L2 > P2max3 in pressure transition L3. According to the three types of the pressure
transitions astdesekibed abovésit isopdssitlado pradsithesdifféremt speeas tsldiffusehe injection
solution and the different amounts of the injection s%ﬁgon to be diffusedﬁt alpIProxim,ater the same

injection depth® {6666]THe peakpredsire PImax3 Which iprovidedin jection

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 into a portion
positioned in the vicinity of the dermis.

[0053] 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, it is difficult for the conventional
technigue to adjust the injection position. In the case of
the syringe 1 according to the present invention, the

depth, at which the injection solution arrives in the skin
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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 PImax and P2max3
is within a predetermined ratio with respect to PImax. This is because it is intended to clarify the
pressure transition in which the injection solution 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 technique, in order to feed the injection solution to the

desired depthini the sKihstructtite “PhE prédddinihed Tatic s ekemiplRita5)-66% S Pimax. [0067]The
peak pressures, Bauax, PAmax. which afePrgyidecinhe seqond pressuizing iads jn.fhe pressure

transitions LI, L2, have the values which exceed the peak pressure PImax provi rst
pressurizing moede.<lhespealopressutestR2max|, P2miax2-as-desasibed:aboye-ane apprepriately set in
order to realize the desired injection amounts. [0068]The foregoing embodiment is explained assuming
that the humahskirt Setictiife Bused] Bfovsvet the syfifige étording e theprésastiavérition can be

used as the syringe for animals (for example, farm animal, pet or t elikg% other than human. In this
\y}r‘i %e Se( te.l?'g%f%r%a@me?g] ‘ng-e eDP %fc?r% ﬁ,ge]e

case, the type and the Smount of tRe ignition charge carried on the ini and type and the
amount of theigas-generating agent; 3Q are, spproprately: adiusted.while censidering the gharacteristic

of the skin structure of the injection target, for example, the Young's modulus or the like.
"injection solution” in the following description.
Howevey, this includes no intention to limit the form and
the contents of the substance to be injected. BAs 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 is
also available for the inijection 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.
[0054] 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 factcors (epithelial cells and
fibroblasts). Further, the injection objective substance
in the hailr regeneration treatment is exemplified, for
example, by dermal papilla cell, hair root stem cell,

epidermal stem cell, HARG cocktail, and hair for

transplantatiocn.
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[0069]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 objective 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 [0070]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 s%q intens}ﬁélﬁ%ﬁir{q&%né’éﬁtﬁted‘?ﬁam TitBhe SRintayer 5Fa Bitf'as &R injection
target. <EXpe{I&ergglsqog1détpn§fg(Abg)ugg%rllpcgec%)e specified pressurizing form

for the injection solution as performed in the syringe 1.
Fig. 4 shows the pressure transition applied to the
injection solution enclosed in the through-hole 14 by the
ald of the piston 6 by appropriately adjusting the
combination of the ignition charge 22 and the gas
generating agent 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 in a pressure measuring port
(not sheown 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
ZPP {(containing zirconium and potassium perchlorate) as the
ignition charge 22, are shown as L1, L2, L3 in Fig. 4.
[0056] 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 combustion of the ignition charge 27

is started immediately after the application of the
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87 mg of ZPP (zirconium and potassium perchlorate) mixture was used for the 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. Nitrocellulose:
98.1% by weight; Diphenylamine: 0.8% by weight; Potassium sulfate: 1.1% by weight;  Graphite
(loss ratio (outage)): minute amount. (About injection target) In this embodiment, a skin portion of
abdomen of apras trsed 2% the ifjeetion targét- Spetfiicatiy: the pigiwas sadrificetl Rd then the skin

portion was pegled off; IIQW :gvbé’sb i@g sktloregi[or % da@%!{] angéiglogi%aéigliniﬁgyon at 4C to

prepare a sample (cooled angstored , or%olfowedf[gy b%mg rézen and stored at - and thawed

thereafter to prepafeansamplece in which the pressure is zero. After that,
the pressure is lowered to the waiting pressure Pw?Z (the
waiting pressure is represented by Pwl in the pressure
transition L1, and the walting pressure is represented by
the waiting pressure Pw3 in the pressure transition L3).
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
referred to as "first pressurizing mode". After that, the
pressure is raised again, and the pressure arrives at the
second peak pressure P2max?2 (the second peak pressure is
represented by PZmaxl in the pressure transition L1, and
the second peak pressure is represented by P2max3 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 solutiocn in accordance with the
pressure tTransition for raising the pressure from the
waliting 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.
[0057] The two different pressurizing modes, which are
provided in one pressure transiticn as described above,.are
realized by the ignition charge 22 and the gas generating

agent 30 which have the different combustion medes or
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(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 used. [0071] Table 1
Experiment 1

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 is
condensed at the ordinary temperature, no gas component is
contained therein, as represented by ZPP. Therefore, the
pressure, which is applied to the injection sclution, is
suddenly lowered. Therefore, the pressure transition,
which is based on the first pressurizing mode, 1s completed
in a minute time At shown in Fig. 4. On the other hand,
the combustion product having the high temperature, which
is produced by the combustion of the ignition charge 22,
flows into the compustion 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 gensrating agent 30 is
combusted during the pressure transition based on the first
pressurizing mode or immediately after the completion of
the first pressurizing mode, and the predetermined gas is
produced thereby. The veloclity of the generation 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 1ls depicted such that
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Experiment 2 Experiment 3 Experiment 4 Initiator Amount of ignition charge ZPP 87 mg SEP 87 mg

the pressure increase rate, which 1s provided from the
waiting pressure Pw2 until arrival at the second peak
pressure PZmax?2, is gentler than the pressure increase rate
which 1is provided upon the ignition of the ignition charge
22. 7This feature is provided in the same manner for the
pressure transitions L1, L3 as well.
[0058] An explanation will ke 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 mcdes 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), as shown in Fig. 5{a), a minute
amount of the injection scluticn is allowed to inject from
the syringe 1. In the injection of the minute amount of
the injection sclution, the energy amount, which is
possessed by the injection solution 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 = 1/8empDiu’ ... (Expression 1)

P: energy of discharging injection solution, p:
density of injection solution, D: diameter of nozzle 4, u:
discharging velocity of injection solution.
[0059] It is noted that Expression 1 merely calculates

the energy amount possessed by the injecticon sclution

40



ZPP 87 mg ZPP 87 mg Amount of gas generating agent Single base propellant 150 mg Single base
propellant 90 mg

allowed to inject. Even when only Expression 1 is
provided, it is insufficient to explain the adjustment of
the injection depth in the skin structure. That 1s, in
order to adjust the injection depth, it is necessary to
perform the pressure control according to the present
invention. 1In view of the above, an explanation will be
made below about the pressure control according to the
present invention in relation to the adiustment of the
injection depth in the skin structure while taking
Expression 1 into consideration.

[0060] In the first pressurizing mode, the pressure
transition, in which the pressure arrives at the waiting
pressure via the peak pressure Plmax from zero, 1s
performed in the extremely short period of time.
Therefore, it is alsc affirmed that the injection solution
having the high energy 1s allowed to inject to the skin in
this process. As a result, the injection solution, which
is allowed to inject in the first pressurizing mode,
penetrates through the outermost surface of the skin, and
the injection solution ercdes the inside of the skin
{(discharging injection solution is represented by 51 in
Fig. 5{(aj)). 1In this situation, 1t is considered that the
injection depth is more deepened as the energy of the
discharging injection solution in the first pressurizing
mode represented by Expression 1 is more increased. 1In
this context, according to Expression 1, tThe energy P of

the discharging injection solution 1is propcortional to the



Single base propellant 180 mg Single babe prdpellant 150 mg Injection target Frozen pig Cooled pig
Cooled pig Cooled pig

product of the cube of the discharging velocity u of the
injection solution and the density of the injection
solution. Therefore, the larger the peak pressure Plmax
is, the larger theAenergy P of the discharging injection
solution is. Further, the shorter the minute time At for
the execution of the first pressurizing mode is, the
smaller the energy P is. Therefore, the injection depth,
at which the injection scolution can arrive in the skin, can
be adijusted 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 structure. However, when the energy amount
is adjusted, then the injection depth can be made deeper in
the first pressurizing mode, or the injectiocon depth can be
made shallower.

[0061] 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 soluticon formed
in the skin structure. In this case, when the pressure 1s
raised to the peak pressure Plmax and the pressure is
thereafter lowered to the walting pressure, then the energy

amount possessed by the injection solution is lowered.

42



<Experimental results> [0072]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. 60 shows graphs illustrating the pressure transitions applied to the injection solution in

Experiment 118 Bxpeniffent #iesfe@RveR Tabld B shdwh beféW Strhmarizetne prédétermined
pressure valugs Jn the, pressu i@%@%@%@? ang the fimeg require tfn%rril’%s]aé ihe pressures
L ;

respectively. Thé préssure, which was applied to the injection solttion, was méasured by using an

electrostrictive elerment(piezoglectic element) ata detectior fregueney-of 100,0004resspensecond,
i.e., every 0.01 millisecond. The maximum pressure, which was detected immediately after the
operation of thé& nitidter 20, wis adbpted fohthesfirst peak pressure sowhdn Tablenz below, An
average vaIu%of the data was adqpted for the waiting pressure, the data including the data as

obtained within"0.08 1§ beforé and Hiter the Hiififmum préssuté fice., Fidcs of dhtfa Stitainsd at
respective five poinis provided therehelose aad dhersafieq secorded i sueh apdulenal thathe

pressure was lowered from the first peak pressure during the period in which the gas generating agent
30 was completely égnitegkafter the operationcofithe tnitiatot 20 The maximumhpressure, which

appeared after the arrival at the waiting pressure, was adopted for the second peak pressure. The
respective timesreqdivad td afiversHiwn i Table P-hean e PEAGES o tirmeTeyiked uRtiFarrival at

b TSI 01 o D S i g it ves
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 1s reduced, is formed on the
forward end side of the penetrating passage, and the state,
in which the diameter is not reduced, is maintained on the
proximal end side of the penetrating passage, at the point
in time at which the pressure arrives at the waiting
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 éompared with the
proximal end side thereof. As a result, when the
pressurization is performed again in the second
pressurizing mode as described later on, then the pressure

of the injection soluticon is uniformly applied to the

entire penetrating passage, but the penetrating passage
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Table 2 Exp.1 Exp.2 17.5 Exp.3 18.0

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 is relatively enlarged or expanded. It is
considered that this situation contributes to the diffusion
of the injection solution. According to the above, it is
desirable that the walting pressure 1s the pressure which
is lowered from the peak pressure Plmax in the first
pressurizing mode 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 mcode as described later on, 1.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 acceordance with the
second pressurizing mede, is generated. For example, 1t 1is
preferable that the waiting pressure is not more than 50%
of the peak pressure Plmax.

[0062] In the next place, the pressure transition, in
which the pressure i1s raised from the waiting pressure PwZ
to the second peak pressure PZmax2, 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 i1t 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
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Exp.4 17.4 First peak pressure(MPa) 16.8 Time required to arrive at first peak pressure(ms)

solution at the walting pressure PwZ In accordance with the
first pressurizing mode, it is considered that the
injection solution, which is confined in the penetrating
passage having the reduced diameter, is pressurized again.
However, the injection solution, which is allowed to inject
in the second pressurizing mode, behaves to 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 injection solution causes the permeation
into the interior of the skin structure from the
penetrating passage in the unreduced diameter state, rather
than the further erosion 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 to have the
relatively low strength with respect to the pressure (in
Fig. 5(b), the injection solution, which is diffused in
accordance with the second pressurizing mode, 1s
represented by S2). Further, the pressure increase rate,
which is provided in the second pressurizing mode, is
gentler than the pressure increase rate which is provided
in the first pressurizing mode. Therefore, the injection
solution can be diffused into the skin along the extending

direction of the layered tissue of the skin structure
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0.61 0.60 10.61 0.61 Waiting pressure(MPa) 6.73 7.39 8.95

without uselessly deepening the injection depth of the
injection sclution. Fig. 5(b) shows the diffusion state as
described above 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 diffusion so that the injection
solution is permeated into a portion disposed nearer to the
dermis or into the dermis.

[00&3] The periocd of time, in which the second
pressurizing mode 1s 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, 1is gradually lowered.
However, the pressure becomes zero 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 injection solution to the desired
depth of the skin structure. Therefore, it is preferable
that the injection solution amount, which 1s allowed to
inject from the syringe 1 in the second pressurizing mode,
is larger than the injecticn solution amount which is
allowed to intect 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.
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5.84 Time required to arrive at waiting pressure(ms) 1.73 1.74 1.71 1.74 Second peak pressure() 15.1

[0064] In this way, in the case of the syringe 1
according te the present invention, the pressure transition
advances such that the pressure undergoes the waiting
pressure 1in 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. In
particular, the pressurizaticn, which is performed in the
second pressurizing mode, 1s principally directed to the
diffusion ¢f the injection sclution, and the injection
depth is prevented from being uselessly deepened.
Therefore, it 1s possible to precisely diffuse the
injection solution even at such a portion that the
injection depth is relatively shallow.

[C065] An explanation will now be made about the
pressure transitions L1, L2, L3 shown in Fig. 4
respectively. In these pressure transitions, the peak
pressures, which are provided in the first pressurizing
mode, are approximately Plmax and coincident with each
other by utilizing the same initiator 20. The waiting
pressures are dispersed in & range of Pwl to Pw3. However,
as described above, as for the waliting 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 sclution in the first
pressurizing mode, which cccurs in the injection depth

direction at the inside of the skin structure, 1s
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15.4 32.3 29.2 Time required to arrive at second peak pressure(ms) 17.29 18.19 13.61 14.60

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 sclution provided in the skin structure. In this
way, even when the same initiator 20 is used, the gas
generating agents 30, each of which 1is arranged in the
combustion chamber 9, have the different amounts.
Accordingly, the pressure transitions in the second
pressurizing mode are changed as shown in Fig. 4.
Specifically, in the case of the pressure transition L1,
the amount of the gas generating agent 30 is maximized. In
the case of the pressure transition L3, the amount of the
gas generating agent 30 is minimized. 1In the case of the
pressure transition L2, the amount of the gas generating
agent 30 is the intermediate amount. Therefore, the peak
pressures in the second pressurizing mode reside in a
relationship of P2maxl in pressure transition L1 > PZmaxi
in pressure transition L2 > PZmax3 in pressure transition
L3. According to the three types of the pressure
transitions as described above, it 1is 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 injecticn depth.

[0066] The peak pressure PZmax3, which is provided in
tﬁe pressﬁfé traﬂsiﬁion.LB,”has the wvalue which is lower
than that of the peak pressure Plmax provided in the first

pressurizing mode. In this procedure, the pressure
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Waiting pressure ratio (waiting pressure / first peak pressure) 0.40 0.42 0.50 0.51 [0074]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 spreadin.approximately.identica) sizes,at three positions, In the, crgss 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‘eftstaying inithezskin layer nif thes injection solutiemsis vateine, the vaccinesean be fed
and diffused intensively or in a concentrated manner to the area in which it can be expected to cause
the effective arftigeh-aritibddy $eadtion” Kido iy the pressure transition in which

the injection solution 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 technique, in
order to feed the injection solution to the desired depth
in the skin structure. The predetermined ratioc is
exemplified by 60% of Plmax.

[0067] The peak pressures Plmaxl, PZmax?, which are
provided in the second pressurizing mode in the pressure
transitions L1, LZ, have the values which exceed the peak
pressure Plmax provided in the first pressurizing mode.

The peak pressures PZmaxl, PZmax? as described above are
appropriately set in order to realize the desired injection
amounts.

[0068] The foregoing embodiment 1s explained assuming
that the human skin structure 1s 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
amcunt 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.
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Experiments 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. [0075]On the other
hand, in Experiment 4, as for the injection solution allowed to inject from one nozzle of the 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
correspondind 8 it sectiohal Vie® is Shidler tarfthose ‘Gt injéctioniscars forfetat the other two

positions. This is bec stethe injection solution arrived at the degggr quition ofﬁhei 'ect'&cl) target as
. agg léﬁj.o Che %naec Ton chleftlve sSu 8aﬁe in the riega
shown in the sectional view in rélation to the small-injection scar, and the amount of the injection

solution, which was;siesessfullyconfirmed from thesyiace; was degeeased: Howgver, although not
shown, the effective diffusion of the injection solution was successfully confirmed for the two nozzles

other than theohigzzié shewstik Fig68inithe same rrammel s ircExperimentsrl to 8x[@076(Based on
the foregoing fact, it is affirmed that when the waiting pressure ratio (defined as the value obtained by

dividing the wating preRSare b\ thetetpédiCpredstre) Has thE Value 18fer tidh e Preddtermined

value, be allowed to inject from the syringe 1.

EXAMPLES

[0070] Experimental conditicns 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 preseht invention. The
following experimental conditions were set in order to
diffuse the injection solution intensively or in a
concentrated manner into the skin layer of a plg as an
injection target.

<Experimental conditions>

{(About syringe 1)

87 mg of ZPP {(zirconium and potassium perchlorate)
mixture was used for the ignition charge 22 of the
initiateor 20, and single base propellant in an amcunt 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.
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the injection solution, which is allowed to inject from at least any one of the nozzles 4, can be
effectively diffused into the skin layer 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 realized for the injection solution allowed to inject from all of the three
nozzles 4 as shown in Experiments 1 to 3. In the case of any conventional needle-free syringe, the
injection solution hag;been fed tq the deep,inside %};h% éry%q_} n target to such an extent that the
injection scar cannot be confirmed even by being overlooked from the skin surface unlike the present
invention. Taking this factdnteiconsideratiors 4t is affirgieghthat the syringe 1 according to the present
invention provides the useful effect which can be never realized by the conventional needle-free
syringe. <Other Examplesss[0@7 7 Acebidifg to-thessyringesti sithe present invention, for example,
cultured cells or stem cells can be seeded or inoculated with respect to cells or scaffold tissue
(scaffold) as the injectiG tar§&t iﬁ%ﬁé Tieldthe teJerdrative nﬁ%ﬁ?&iﬁg, Sth&Hihan the case in which
the injection spjuytionyis 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 thoseIskiltediin thecart tepending onkthe postion subjected:iddhe transplantstipn and
the purpose of the cell regeneration, for example, endothelial cell, endothelial precursor cell, myeloid
cell, preosteoBfast, thdndrocyte FibtobIast: sk del“Aftiscle cBIE fivericell kidney 221l Fihtestinal tract
cell, and stemw%ell, as C\:/velll as, g\éerya%el QC%sirge{?(je inslipfpfiel% of:ghgrlrexgegeraéiélg rgedi%ilpe. More
specifically, a Solution (Eeﬁ suspénsion con?alniné the cells fo be seeded or inoculated as’described
above is accommodated in $he threygh-hele:-14 by tsingithgsealing merpbers) 4.8, danwhich the
pressurization is performed in accordance with the pressure transition based on the first pressurizing
mode and thessecond pressurizing aiodé’as deserisachabove. Aoepidinglycthégitedetérmined cells are
injected and transplanted to the partion subjected, to the transplantation. [0078]Further, the syringe 1

according to the present ifVentioh'caifhe S0 Usen%o defivér DRIACOrThe ke, for eiéﬂfﬁe, to cells or
scaffold tissug, (scaffgld) as described.in JP200 -§g§;ggwa '%EME case, itis possible to suppress the

influence exerted, for example, on cells themselves or scaffold tissue (scaffold) itself when the syringe
1 according to the-presentikvention iscused; as compared with when the delivery is performed by
using any needle. Therefore, it is affirmed that the use of the syringe 1 according to the present
invention is more preférregder to easily grasp the diffusion situation of

the injection solution after the injection, a colored

agquecus solution (methylene blue} was used.
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[0079]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
J22010-50361@£nd the field of the immunological medical treatment (immunotherapy) (field as
described, for —Hﬂle, in JP2005-523679). The field, in which the syringe 1 is usable, is not
intentionally limited. PARTS LIST [0080] 1:syringe, 2:main syringe body,4:nozzle, 5:

Experiment 1 Experiment 2 | Experiment 3 ! Experiment 4

Initiator ZPP ZFF arp ZPP

Amount of 87 ng 87 mg B7 ng 87 mg
ignition

charce
Emount of Single base Single base Single base Single base
gas propeliant propellant propeliant propellant
generating 150 mg 90 mg 180 mg 150 mg
agent

Injection Frozen pig Cocled pig Cooled pig Cooled pig
target

<Experimental results>

[0072] Next, the experimental results as obtained in
accordance with the foregoing experimental conditicons 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 therecf (cross section taken along

AA). On the other hand, Fig. 6B shows a view illustrating
a pig skin surface in relation te an injection result in
Experiment 4 and a sectional view thereof (cross section

taken along BB). Further, Fig. 6C shows graphs
illustrating the pressure transitions applied to the
injection solution in Experiment 1 to Experiment 4
respectively. Table 2 shown below summarizes the
predetermined pressure values in the pressure transitions
and the times reguired to arrive at the pressures
respectively.

The pressure, which was applied to the

injection solution, was measured by using an
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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.

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
walting 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 waiting 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.
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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 enclosing unit which
encloses the injection objective substance; a pressurizing unit which pressurizes the injection
objective substance enclosed in the enclosing unit; 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 inj %tot%fl injection target area, wherein the pressurizing unit has: a first pressurizing
mode in WhIC a pressure applied to the injection objective substance in the pressurizing unit is raised
to a first peak pressure in order to allow the injectign pbjective substance to penetrate through a
surface of the injection target area, and then the pressure applied to the injection objective substance

is lowered to a waiting pressure; and

Fxp. 1 Exp. 2 Exp. 3 Fxp. 4
Flrst peak pressure {MPa) 16.8 17.5 18.0 17.4
Time required to arrive at .6l 0.60 0.61 0.61
filirst peak pressure {ms)
Waiting pressure (MPa) 6.73 7.39 8.85 8.84
Time required to arrive at 1.73 1.74 1.71 1.74
walting pressure (ms)
Second peak pressure (MPa) 15.1 15.4 32.3 29.2
Time required to arrive at 17.29 18.19 13.61 14.60
second peak pressure (ms)
Waiting pressure ratio 0.40 0.42 0.50 0.51
{(waiting pressure / first
peak pressure)

[0074] 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
successiully diffused at the desired iniection depth in the
skin layer of the pig. For example, as shown in Fig. 6A
corresponding to Experiment 2, as overlooked from the skin
surface, it 1s 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 ig diffused in a state of staying in
the skin layer. If the injection sclution is vaccine, the
vaccine ¢an ke 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
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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. 2.The
syringe according to claim 1, wherein the waiting pressure is not more than a first predetermined ratio
with respect to the first peak pressure. 3.The syringe according to claim 1 or 2, wherein: the
second peak pressure is not more than the first peak pressure; and a pressure difference between
the first peak FESsurE ahd ?hé sggéjn pgg}ﬂ“ %?F‘ez%ﬂ?epﬁo\/%vitrﬁgl%Wéléco%]aeppr)%%sefst%?r%nllﬁfeed ratio with

respect to thefirst-peak pressure, 4. The syings,aceordingda claim Lor2ewherein ,
confirmed in the same manner as in Experiment 3 shown in
Fig. 6A,
roQ751 On the other hand, in Experiment 4, as for the
injection solution allowed to inject from one nozzle of the
three nozzles 4, the injection soluticn 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 correspending to the sectional view
is smaller than those of the injection scars formed at the
other twe positions. This 1is 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 amcunt of the inljectiocn
solution, which was successfully confirmed from the
surface, was decreased. However, although nct shown, the
effective diffusion of the injection solution was
successfully confirmed for the two nozzles cther than the
nozzle shown in Fig. 6B in the same manner as in
Experiments 1 fto 3.

[0076] Rased on the foregoing fact, it is affirmed that
when the walting pressure ratic (defined as the value
obtained by dividing the waiting pressure by the first peak

pressure) has the value lower than the predetermined value,
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the second peak pressure is a pressure which exceeds the first peak pressure. 5.The syringe
according to any one of claims 1 to 4, wherein a rate of pressure increase, which is provided from the
waiting pressure to arrival at the second peak pressure in the second pressurizing mode, is lower than
a rate of pressure increase which is provided from start of pressurization to arrival at the first peak
pressure in the first pressurizing mode. 6.The syringe according to any one of claims 1 to 5, wherein
an amount of the injsclion,abigctive substance, jny the second pressyrizing mode is larger than an
amount of the |nject|oﬁ O%Jectlve substance in the first pressurizing mode. 7.The syringé according to
any one of clai@sdlitoany one of the nozzles 4, can be effectively diffused

into the skin layer of the pig, wherein it is possible to

find out the gsignificance of practical use. More

preferably, when the waiting pressure ratic is not more

than 0.50, it is considered that the effective diffusion is

realized for the injection solution allowed to inject from

all of the three nozzles 4 as shown in Experiments 1 to 3.

In the case of any conventional needle-free syringe, the

injection sclution has been fed to the deep inside of the

injection target to such an extent that the injection scar

cannot be confirmed even by being overlookasd from the skin

surface unlike the present invention. 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.

<Other Examples>

[0077] 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 JpP2G(08~

206477A, it is possible to inject, by the syringe 1, cells

which may be appropriately determined by those skilled in
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6, further comprising: an ignition device which includes an ignition charge; and a combustion
chamber into which a combustion product produced by combustion of the ignition charge is allowed to
flow and which accommodates a gas generating agent that is to be combusted by the combustion
product to produce a predetermined gas, wherein: the syringe is constructed so that a pressure in
the' combustion chamber is applied to the injection objective substance enclosed in the enclosing unit,

and wherein th%gress riéin unoilt.uses: .an incre%se in pregsure, %eéwerated,b the combustion of
. .. T arﬁ elg?n Edn% on T eé:)or lO{.l SUDtTaes T o) *E.{IE%/ .
the ignition charge inthe ignition deviceé as a preéssurization transition until arrival at the first peak

pressure in the first fresswrizingmodesande Hanneease inpresswe brought,ahout bythe
predetermined gas produced by the gas generating agent as a pressurization transition until arrival at
the second pegkpressure ir the: secdrid:pressurizing medel 8. Thé syringe-accordimg to=claim 7,
wherein a ,
myeloid cell, preosteoblast, 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 reagenerative medicine. More
gspecifically, a solution (cell suspension) containing the
cells to be seeded or inoculated as described above is
acconmodated in the through-hele 14 by using the sealing
members 7, 8, for which the pressurization is performed in
accerdance with the_pressure transition based con 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.
[0078] Further, the syringe 1 according to the present
invention can be alsc used to deliver DNA or the like, for
example, to cells cor scaffeld tissue (scaffcld) 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 i1s performed by using any
needle. Therefore, it is affirmed that the use of the

syringe 1 according to the present invention 1s more

preferred.
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decrease in pressure, which is brought about by condensation of the combustion product in the
combustion chamber in the first pressurizing mode, is used as a depressurization transition from the
first peak pressure to the waiting pressure. 9. The syringe according to claim 7 or 8, wherein: a
combustion completion time of the ignition charge comes earlier than a combustion completion time of
the gas generating agent; and a velocity of production of the gas from the gas generating agent is
increased at a sta?e at which the combustion of the ignition charge is completed and the pressure

applied to the ifiR&fdn objettive Shbstahts iSdédredSed fromtheFirdfpdak preSsiiredthe waiting
pressure. A essyinge according 9 apy,one of clalins o1 S helelh (hegpition charge is any

one of explosive charges of an explosive charge containing zirconium and potassium perchlorate, an

explosive chatge-eentainipg titaniurm hydride apd-potassigmaperchioraie, an pxplosive«<hasge
containing titanium and potassium perchlorate, an explosive charge containing aluminum and
potassium pefchiorate; antexplesive Eharge dontailgralifiiuriandbishatrexide has ekpsive

charge containing aluminum and molybdenum oxide, an exlpcliosiv% char;gre contaigigg aluminum
antvidgen deng 138 aaminlistere i o er G ermance I

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 JP2010-503616)
and the field of the immunclogical medical treatment
{(immunctherapy) (field as described, for example, in
JP2005-523679). The field, in which the syringe 1 is

usable, is not intentionally limited.

PARTS LIST
[00BO] 1: syringe, 2: main syringe body, 4: nozzle, 5:
holder, 6: piston, 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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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.

CLAIMS

1. A syringe for injecting an injection objective
substance inté an injection fTarget area of a living body
without using any injection needle, the syringe comprising:

an enclosing unit which encloses the injection
objective substance;

a pressurizing unit which pressurizes the injection
objective substance enclosed in the enclosing unit; 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
o the injection target area, wherein the pressurizing unit
has:

a first pressurizing mode in which a pressure applied
to the injection obiective 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 cof the injection target area, and then the pressure
applied tcoc the injection objective substance is lowered to
a walting pressure;.and

a second pressurizing mode in which the injection
obiective substance having the waiting pressure is
pressurized sco 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.
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2. The syringe according to c¢laim 1, wherein the
waiting pressure is not more than a first predetermined

ratio with respect to the first peak pressure.

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

the second peak pressure is not more than the first
peak pressure; and

a pressure difference between the first peak pressure
and the second peak pressure is within a second
predetermined ratio with respect to the first peak

pressure.

4. The syringe according to claim 1 or 2, wherein
the second peak pressure 1s a pressure which exceeds the

first peak pressure.

5. The syringe according to any one of claims 1 to
4, wherein a rate of pressure increase, which is provided
from the waiting pressure to arrival at the second peak
pressure in the second pressurizing mode, is lower than a
rate of pressure increase which is provided from start of
pressurization to arrival at the first peak pressure in the

first pressurizing mode.

6. The syringe according to any one cof claims 1 to

5, wherein an amcunt of the injection objective substance



in the second pressurizing mode is larger than an amount of
the injection obijective substance in the first pressurizing

node.

7. The syringe according to any one of claims 1 to
&, further comprising:

an ignition device which includes an ignition charge;
and

a combustion chamber intc which a combustion product
produced by combustion of the ignition charge is allowed to
fiow and which accommodates a gas generating agent that is
To be combusted by the combustion product to produce a
predetermined gas, wherein:

the syringe i1s constructed so that a pressure in the’
combustion chamber is applied to the injection objective
substance enclosed in the encleosing unit, and wherein the
pressurizing unit uses:

an increase in pressure generated by the combustion of
the ignition charge in the ignition device as a
pressurization transition until arrival at the first peak
pressure in the first pressurizing mode; and

an increase in pressure brought about by the
predetermined gas produced by the gas generating agent as a
pressurization transition until arrival at the second peak

pressure in the second pressurizing mode.

g. The syringe according to c¢laim 7, wherein a
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decrease in pressure, which 1s brought about by
condensation of the combustion product in the combustion
chamber in the first pressurizing mode, 1s used as a
depressurization transition from the first peak pressure tc

the wailting pressure.

9. The syringe according to claim 7 or 8, wherein:

a combustion completion time of the ignition charge
comes earlier than a combustion completion time of the gas
genaerating agent; and

a velcclty of production of the gas from the gas
generating agent is increased at a stage at which the
combustion of the ignition charge is completed and the
pressure applled to the injecticon objective substance 1is
decreased from the first peak pressure to the waiting

pregsure.

10. The syringe according to any cone of claims 7 to
9, 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
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and copper oxide, and an explesive 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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