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-1- NEEDLE- FREE | NJECTOR FIELD OF THE | NVENTI ON 5 The
present invention pertains to the field of needle-free
injectors. BACKGROUND Injections of nedicanents are
typically carried out using needl e-containing

injectors. There are a variety of problens associ ated

wi th needl e-containing injectprs including cross- 10

cont am nati on of suw@f}; e58t mm@@Rl nj ection, the

pai n associ ated wt the potentia

for the needl es to . C mnthln a

subj ect being inje Fre—t-€ ' a needl e

within a subject, can be n det ntal to the

heal {1 %fﬁ%ané‘P’anB@ieﬁ@n%ﬁ’o 4’?@&@ Qhpesd e'ge‘bedf”e@:?ﬁs al so

have significant econom c inpact. Increasingly, efforts
have been directed to destRGROINBedl e-free injectors,
inan 15 attenpt to avoid problens associated with

need} G5O FrMdAreMs@ed QpRallylcablidd &hisiHg ﬁeedleTUd?ﬂtéiﬁh% Yhjectors.
such needl e-free injectors are powered by an externa

Theas asupypirigtsol problpme visdelated ufithi nepdprcortpiaingyiniegiogr ipglading cross-
c&&h%enéll zl?]télljll oq"s kt}gcgg %EPM%% a%%%@ctglmﬁgéaggg%gfgﬁeg lﬁufsu 1nJect10ns and
thlé%ﬁbfe,nhaleolr tthd?ﬁ%dlbe t€ brdaky snindisladgt, mﬁnrawenla;bcbtd)eﬁrgrmjem@é The

hin an encl osure such as .an off | ab t ,
ot ElEnits 355 6 BTty Sl o
bélﬁ%&ethé ¥ @afnrb"l'éo ROVELn FRR kb S midRHaki. onal |y,

Vi ous e- free injectors are typically
conpllcated in design, which in turn results in

i ncrleasesingpseffasts havarhgemdirested torpeelopimgnageals-tieeniaisgtors, in an
herefo r e

oMo AP Ee 0] STt v

Tyikdlpg sichawadle Ateei mﬁe@tbrmtre pnwbel ibgaackxbymnal tees appily s@ it provide

q{é)mgrg rﬁ%gggga Sd:rlgz!i E}ée(r:E r}gl;gh:: tﬁf églaegfh%f{ga&ge:q%\éf g% #h Miternal gas
sUpPRSdah WR tisaliakagdbs fF tHeNBeheRREH BY cumbersome and not amenable for

use within an enclosure such as an office, laboratory, barn or the like. It can also be

inconvenient to store these types external power supplies. Additionally, previous needle-

free injectors are typically complicated in design, which in turn results in increased cost of

manufacture.
There remains a need, therefore, for improved needle-free injectors.

This background information is provided for the purpose of making known
information believed by the applicant to be of possible relevance to the present invention.
No admission is necessarily intended, nor should be construed, that any of the preceding

information constitutes prior art against the present invention.

SUMMARY OF THE INVENTION

An object of the present invention is to provide a needle-free injection device. In

accordance with one aspect of the present invention there is provided a needle-free injection
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i nformati on constitutes prior art against the present

i nvention. SUVMARY OF THE | NVENTI ON An obj ect of the

present invention is to provide a needle-free injection
device. In 30 accordance with one aspect of the

present invention there is provided a needle-free

injection -2- device for deliyering a medicament under

RVRS %Hrd%h'f/srrf?ﬂg‘aamgﬁ@dn{&t ﬁxﬁf%?{;?é%uf‘e frb¥h %%Qn@%s@%lr%rough an outlet
orifice for adm nistration to an ani mal and/or hunman;

opifice Her admpiaisgeigr 1% km ganblaudvge rhumgm i @fatﬂaleytypeec@nmmhg A plunger

r Lvel r and .nov
D RSN EP T SRR SR Rt Lt M gt expeting
saidi hedieamdnhehrong exienaifice C ORPiiipsdwRghedn cabplicilid BY AeMiiee device
d needl e-free inj ectlon devi ce, said

5 di sposed, on
disppss tpqnnsdl fiézflregdﬁgﬁptll% ﬁifdlceas%%ctthﬂélgt eVICR gﬁxﬁgrﬁsmg a gas tight

cRASERHiABA aﬁ@ﬂ)da&“‘s%m& ¥liblydaBlived' 8GR M%le'ef‘aﬁ(ﬂ%ovable between a
chanber and novabl e between a forward position and

foraardpasiop e i rerrwagd I@fﬁ§10@h&€@fe0hargetlh éhectharmber fof grging the piston
ald %cpgssérﬁlﬁ b%llieoff%rw@a os%n,talal m%gmégﬁe g o\ﬁaarng 11 assembly
e pIS y

position; Means Vi ng on a asse
agayast tist gashvbargasntohibe garwand poditien; readavieipger fosteldagubly fetuining the

PPt 4515y RS ol s MY SGeRBByie rgeer causes the

pBtohi adt doAthstddebl ftd BYGEIcERH IS ol Bmerd] b%/t @8 ALhERE 1o the forward
assenbly to be rel eased for novenent by the gas charge

PPAThE Fsolpviapact tho sl mg@indls@ﬂa@rtn@dmemﬂ»aovlﬂt héorpt suffelent to cause
th%' ﬁ&g&l % n%ve i ﬁie R}%alré/ dlré@n%p to ?:{1%81" Eme f L %{tﬁgg?g%%l Odlﬂet

he plunger to nove orwar

expel t he nmedi canent through sald outlet. In accordance

wi t hinoaseomdmivsdivitie ane @Ifrlbt)cﬁmem@csthmmrésme'mdndnn ttheecircumference of
o AR g A Bl B ol ST B AR e
intdii@r siirifioe loif @fiid Sk hgﬁtech@fnb&aélﬁh g@s tid gktbn @BARREH &Habion portion
that the piston defines an extension portion and a
A RIPESSIOR PRGIoN0f Faie Bassiighy clparber.i ght  chanber. In
accordance with anot her enbodi nent of the present

i nVQHtalc@&dEIliL% WEE Gh6thbr @ﬁbocﬁ'ﬁ&ﬁtc@f ﬂﬁ@ﬁﬂ%eﬁteﬁw@ntlon the nged e-free
gap-coupling connecting the rod e plston and
deyes enpiipyisesr gdpecoupling connecting the rod of the plston and rod assembly to the

plunger, wherein said gap-coupling is configured to maintain a gap-distance between said
rod and said plunger when said piston and rod assembly is in said rearward position.
Preferably the gap-coupling comprises a first end for removable attachment of the gap-

coupling to said rod; and a second end for sliding engagement with the plunger.

In accordance with a specific embodiment of the present invention the device
includes a manual means for moving the piston and rod assembly against the gas charge,
which comprises: (a) a handle pivotally connected to said needle-free injection device and
pivotable from a first closed position to a second open position; (b) a push rod pivotally
attached to said handle; and (c) an actuating member operatively associated with the rod of

said piston and rod assembly and configured to move in response to engagement with the




20 plunger, wherein said gap-coupling is configured to

mai ntai n a gap-di stance between said rod and said

pl unger when said piston and rod assenbly is in said

r e AP WPEEi tion.  Preferably the gap-coupl i ngCT/CA2005/001824
conprises a first end for renovabl e attachnent of the

gap- coupling to said rod; and a second end for sliding
engagenment with the plunger. -Ban accordance with a

ci fic enbodi ment . of the ent . entlo t he device
DR D 8 M I8 PO e St s SR h o Sl b o pad second
ﬁ&ﬁlo@%ﬁﬁrﬁﬂshf r@g@iglgets shid€acBRAENE RRMBE: and Mk aRONRA I S€ Sturmed to
handl e pivotally connected to said needl e-free

WF} @leﬁeidm@w@éwa)ésm@forfﬂ i dranyipeed foosdapush red validsiagun transfers
BOS L ok%atgts%g%aggmg Sal@?ﬁaa;ﬁlg%*saﬁ g%tog gaiﬁia &5Q8hbly from said
ﬁmed@ongmnmnw@namweﬂabmmemy associated with the rod of
sai d piston and rod assenmbly and configured to nove in

P 3Bt uft4R8° el bl 8000 R S80R4n e mama

head| c@nipﬂsem)a/ éendle @moszﬂﬁydcdnnmetd ¢ edéchepiisiite dnjettonsddvite and

sec said push rod en es sai.d actuati

RERGEF 2t e it boriith & SeRBE R o Bones adti Blagember

mﬁt@%m@cﬁwﬂhmg tHeOloB &fisgidt pidbs fafd t@Hak @S] hdPM$dice transfer -
ich in turn transfers the pushing force to said

Heang 401 Frgsteaivs dprce 6PRHSd do digilange 49 B BcHErCRBY QRsEAENpY yssociated
vaftﬁ’g@u? ﬁérﬁlu, whERbYaheh 008h e 'i*rfbvé@fIGm GRS Hosed osmon to said
posi tion. 'n accordance wt an alternate enbo YTB

eteh@dpowsepnsmpn\ﬁeldt geen assemblyanaalers diwan germomﬁ [3): etsovament of the

i vot al nected to..sai.d ne
AR S o BB mER AR e SR a T P ARE A DYy fomgoid forvaxe
mﬂﬁmhMﬂﬁuhﬁmﬁm&ﬁ@mhdmopen position; an actuating nenber
operatively associated with the rod of said piston and
rod senh rce transfer nmeans for . .
P and B BF Cedtan B B0 S & AT O R s @ motorized
@@ﬁ@ﬂ‘@ﬂé&a@@@r@wﬁMmpm glyed with said handle,
wher eby when said handle is noved fromsaid first
cl osed position to said ond en position said gear
assenh|2CHIARS FARSIOBIE émgeﬁf@eatt U\ PTPRG Y TREFTLIOBS the Higedle-free

injection device further comprises a gear assembly driven by a motor; and an actuating

member operatively associated with the rod of said piston and rod assembly, whereby said
motor ransfers a force to said gear assembly, which transfers the force to said actuating
member to move said piston and rod assembly from said forward position to said rearward

position.

In accordance with another specific embodiment of the present invention the trigger
comprises a triggering lever having a first end and a second end and being pivotable about a
pivot member and connected at said first end to said push rod, whereby when a downward
force is exerted on said second end of said triggering lever it pivots about said pivot member
and said first end is raised causing said push rod to disengage said actuating member such

that said piston and rod assembly moves from said rearward position to said forward

position.




handl e to said actuating nenber to nove said piston and
rod assenbly fromsaid forward position to said

re b ition. 5 Alternatively, the means for

no\%dr%o (gaifg?%pl ston and rod assenmbiy is a not or | Z§rA005001824
means, for exanple a DC or AC power supply. In

accordance W th anot her enbodi ment of the present

' o té%@fdgﬁ%: glﬁ{) Fjﬁei’ee&tr ?{; %§3/$eﬂt ﬂngv;é}ét?o% ft%c%é gﬁ brovided a

m@@lb@l ajfl inctin®e abﬁém@ﬁ%haﬁnw %hmﬂ@slﬂmh&hedompﬁbﬁngt e podiding an
of said pistaon, and rod assiﬁé nbl_y, V\:heret@/ sai d
aqrgatk pried

e afrqedflceﬂqnod%edasg JitAt §°¢ bviiene W%@?@F giithin

sa‘icp&osﬁx%r Hambe,; n_go") ﬁ%ttﬂc%dtfégonﬁ@:r@%{e hRctiRMRviZ8 bganﬁﬁt §4i@Animal
nd rod ass )? fromsaid forward position to said

alr easitsafat aroiistiiom; dnd 60 cloigderinge saifl t injeatient Werice el fihat said

h
mEbhprreeis st GouPt BFPRA PR 0 211t "and and a

second end and belng plvotable about a 5 pivot nenber
an d Imonoedired with asetiher fspecs bf n grasont dwieatiqn. disrer ig grovided a kit for

R o1 o TR SEEN R e s oS ik Bl @ FERORE £

inflRIbeevi@n tnB@) thsfridtivhs Bf theige thatesd causi ng sai d push
rod to di sengage said actuating nenber such that said

pi ston and rod assenbly noves from said rearward
position to saRRIEODESCRIPTIONIOBTHRYIGIIRES 058426
PCT/ CA2005/ 001824 -4 In accordance with anot her aspect

Of tl%}hg@fét ﬁ%glrs]tai (\alfggrtgizggﬁf a} Elg%d?eaﬁ' ﬁr]gjgc\qode%vﬁe &‘8511381% to one

erﬁmeal 6¥0the (psepl DivkstidagarAinFigakt IBtied proathahl sl needle-free
ection device, as descrihed herein and havi

iniﬁéld@fc‘a‘?fﬁqﬁacﬁﬁ’rfiﬁgﬁo anoghey ey B IHgH M?Sent(%ﬂenf%?%m ng the

outlet orifice of the injection device against said

ani MBburedtisa @bkBedtidhalagétl; B 8 healld-88 inptlor &dvice according to one
trig ger | n%sal d injection device such that said
embodmcn’f of the present 1nvenf ion;

Figure 3 provides three cross-sectional views of an actuation device in three stages of
operation of a needle-free injection device according to one embodiment of the present
invention. Figure 3A depicts the actuation device before being mounted in the housing of the
needle-free injection device. Figure 3B depicts the actuation device mounted in the housing
of the needle-free injection device, wherein the actuation device is in an uncharged
condition. Figure 3C depicts the same actuation device as depicted in Figure 3B after
charging of the device by the user, such that the piston and rod assembly is in the rearward

position.

Figure 4 is a cross-sectional view of a gap-coupling suitable for use in a needle-free
injection device according to one embodiment of the present invention. Figure 4A depicts
an exploded view of the plunger, gap-coupling and connector. Figures 4B and 4C depicts
the plunger slidingly received within the gap-coupling, the gap-coupling is attached to the

connector, which is in turn connected to the rod.

SUBSTITUTE SHEET (RULE 26)




medi canment is expelled through said outlet orifice. In

accordance w th anot her aspect of the present

invention, there is provided a kit for the use of a

ne®@ 2BUH05%86 | nj ecti on devi ce as descri bed her ePAT/CA2005/001824

conprising: (a) the needle-free injection device; and

(b) instructions for the use_thereof. BRI EF DESCRI PTI ON

OF THE FI GURES Figure 1A is~ a- photograph of a

needligut feea |crqses¢ctloma1 diewi e mewel WPy [piomeyiag the piston and rod
as %n%?g' ﬁrreglnntﬁt e tolé‘se C aégéc’ engt L 0Y£05EO N80 FHAMEE al Brdis: dg Q0 one

& nee ree 1nj sct Pon devi ce accor
ermdamt h;érth@ ptmﬁt nevtiof. Flpres rsemmt 5Brdepist thmhanmegmrﬂée first
LS a.cro ectional . vi ew of needl e-free injection

°1BS§@P8%h% 38? PERBRLOSHSF RN of the present

i nvention; Figure 3 provides three cross-sectional
Vi evigieb 6dna platiomiphoit adexdngsde ofithe luamenl sheaagpe depfted in Figure 5;
operatlon of a needle-free |nject|on devi ce accordi ng

{0 IO RN Bl S RESE B LB DL 0 wolfL AT e 5

t he hou5|ng of the needle-free injection device.
Fi gWigu3B Alepd Btase tioss-seciomalt views ofavicedlerfraritjedionevine(A) and

gﬁgﬁj&gg%ft@a%&g) e%?fglq%gy e.inje %bgpresgﬁvl%‘%n?é lst/tlner ei n

Fi gure 3C depicts the sane act uatl on device as depi cted
i n Aiigue® 3B cedsk-Section aiegi ot ndedlcHeeedriestiva doyice hecouding fo one
such that the piston.and rod assenbly is in the

erpkodiRiY thﬁé’é?sts’iltd‘hventi?r@ure 4 is a cross-sectional view
of a gap-coupling suitable for use in a needle-free

i nj eghiren] Fey i Gra@ﬁi@élr fbReentfioand tehedisaenpatein tohgerved after
resent invention. gure 4A depicts an expl oded view

tr@gertngéh@mmg@mdevg%@féf&msmgn ¥t onnect or. Fi gures 4B
and 4C depicts the plunger slidingly received within

the HaR=q9yP) | '3189 viel 8@ BBkt R tHeSre@ild-Bed fbctad of te present
connec¢tor, which is in turn connected to the rod.

inGBST TUTE SHEET (RULE 26)

Figure 12 is a cross-section side view of the needle-free injection device depicted in

Figure 11;

Figure 13 is a partial perspective view of the needle-free injection device depicted in

Figure 11;

Figure 14 is a partial perspective view of the needle-free injection device depicted in

Figure 11;

Figure 15 is a partial perspective view of the needle-free injection device depicted in

Figure 11;

Figure 16 is a perspective, paltially exploded view, of the needle-free injection

device depicted in Figure 11;

SUBSTITUTE SHEET (RULE 26)
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WO 2006/ 058426 PCT/ CA2005/001524 -5 Figure 5is a
cross-sectional view of a manual neans for noving the

pi ston and rod assenbly against the gas charge in a

needl e-free injection device according to one

enbodi nent of the present invention. Figures SA and 513
depict the handle in the firsg- closed position and
secomguaPen iPasiiié, OfhutidISSHGIIdel Slidv, &t Bl ReBlelffeedinjection device
(@hptograph of an exanpl &€ of the manual charger depicted
epiclef guFiguss: 11, Fi gure 7 is a photograph of an exanple of

t he manual charger depicted in Figure 5; Figure 8 A

and B; rOSSs i [ r TS

i ni eg%g?{geﬁlg elslsdc}éé%%:ﬁ% arﬁét'llﬁ‘é\%gfb&lg Jﬁb‘jﬁ?{%fetbg)rfegdle free injection
davevdapiatgy indipme | Brbodi ment of the present invention

Figure 9 is a cross-sectional view of a needle-free

i nj et i,C in e [ t of .the. .
pr ea R 8 G2 SR Qpl e e, B RN 1L htion e
deppedserigatilon of the pressure pattern observed after
triggering the injection device of the present

inveption. Figure.l..1 is a side view of one, enbodi.nent .
of ¢ hieuRoa i Itp Bttt Sy Sttt dbe qeca e dirg devic
dépiged & Figureg12 cross-section side view of the

needl e-free injection device depicted in Figure 11;

Figure 13 is a partial perspective view of the ) _ )
need! guierdds ?ﬁﬁfé‘é[ PGIPCEENF e Qb Predicedie-fige ifgegian deviige depicted in
Flghgune 14 is a partial perspective view of the

needl e-free injection device depicted in Figure 11;

Figure 15 is a partial perspective view of the
needfiguerEe iy ajrectialyntraespireet sépivitve df janneddigyfiece ifdgtion device

according to an alternative embodiment of the present invention;
Figure 23 is a side view of the needle-free injection device depicted in Figure 22;

Figure 24 is a magnified side view of the needle-free injection device depicted in

Figure 22; and

Figure 25 is a magnified side view of the needle-free injection device depicted in of

Figure 22.

In the Detailed Description that follows the numbers in bold face type serve to
identify the component parts that are described and referred to in relation to the drawings
depicting various embodiments of the invention. It should be noted that in describing
various embodiments of the present invention, the same reference numerals have been used
to identify the same or similar elements. Moreover, for the sake of simplicity, parts have

been omitted from some figures of the drawings.




Figure 16 is a perspective, partially expl oded view, of
the needle-free injection device depicted in Figure

11; SUBSTI TUTE SHEET (RULE 26) -6- Figure 17 is a side,
paMO 24P4/838€8&pl oded vi ew, of the needl e-free i njPEEICARHNS/001824
device depicted in Figure 11; Figure 18 is a

perspective, partially exploded view, of the

needl e-fl ee injection device7depicted in Figure 11; 5
Figure 19 is_a expl oded vLeMI of the

needl e-free P4 (
Figure 20 is a Iongltudlnal Cross sectlonal vi ew t he

needl 8s (ieBe bﬂﬂﬁﬁédl AMEe LG beBap ﬂfétﬁ@kehﬁn%rﬁaﬁ Brokides a needle-
igure 21 is partial perspective view of the

ﬁﬁe’elaxeetl@rr &yice rf?relétep%me Hegiieanané prdsr pepsivae inia irgair @ apimmal. The
V@%r& f?ng eﬂr§se§t Rkl ¢ \}frfsésnm & f}%:gtt%ge\égcﬁv\étﬂdm% needle-free

I nj ectlon accor
Jajetcewm dgvieee imvibbny adntingfestiveir forethe medicamemt hrmlnan &itgpuosfice in

3 a _side.view e need e- free devi ce
ée pdiog 24 E té{? %ﬁ) é}l e dﬁ? &Ny 18 %(pﬁgén’lof |ag18méﬁtr&BOn to the
anigwl @thuinhe Aeadiegtafnr r&edlbmjee GitjéBion deMbdé&nd@ﬁ) ircthedrt] tAe dev1ce of
5 Figgre 22; and Figure 25 is _a magnified side view of

RE SR dhenFon Bakss) WSE O 3P HEH %@a@@amveé I} fhegtosingirgsgpvgir and

#évabldfobhed 26t AlpkBllg RS mEHBIhQR drbddh o |oht@é@’%n¥1@§ In the device of
nunbers in bold face type serve to ~identif

B pseTé HEVcinm SietHgatuigh ercdesbiics é@th@n@cm@tﬁr@rdemv tomprising a gas

e R i —

gan tighsdrambeniyr urging the piston and rod assembly to a forward position, means for

moving the piston and rod assembly against the gas charge to a rearward position and a
trigger for releasably retaining the piston and rod assembly in the rearward position, such
that when the trigger is released, the piston and rod assembly moves to the forward position
SO as fo impact the plunger, directly or indirectly, with sufficient force to move the plunger
forward to expel medicament from the dosing reservoir and through the skin of the human or

animal being treated.

All or a portion of the needle-free injection device is preferably sized to be portable,
for example hand-held, thereby allowing a user to move from subject to subject (e.g., a
human or an aﬁimal) to perform injections. Alternatively, all or a portion of the needle-free
device may be permanently or removably attached to a structure, such as an injection
station, thereby allowing the user to bring the subjects to the injection station to receive an
1nJect1on In certain apphcatlons it may also be beneflcml to have only the dosmg portlon of
the device sized to be hand-held by a user. In this embodiment, the actuating portion

remains operatively associated with the dosing portion.

Referring to the Figures 1-10, the needle-free injection device comprises a dosing
reservoir 16 for receiving a liquid, such as a medicament. Reservoir 16 has a discharge end

having an outlet orifice having nozzle 17, through which the liquid in the reservoir may be
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DETAI LED DESCRI PTI ON OF THE | NVENTION As wi |l be
explained in nmore detail bel e®- the present invention

prOV|d needl e- free i.njectjon device for f ectin

i EROLERIER BrAgeSUme e G TAHGREGr "aFf by ThEovebly
Q‘?a%h&ﬁo &fe dit@aRE 8SEHH ddsAY ekiven 1%01'359 B3 50 W@ct@&z fft N@ptionally,
features of standard needle-free 5 L@gtlon devi ces

ieprevaitlilghea aobilsigoneaing rtsugh fV(hiCht ﬁ@ i geayebr recaivdd-arPosing
{%E&I{/(ﬁf B dfi 1REsi3d] 1ol J}g?rﬁ&gﬁeﬁg arrgig%r YPLE1udaBE g %Hul\ﬁh &Edmonally,

|canent I'S expe nistration to
Mmgabsemoilfﬂﬁmmy bA=smiomaidesd ai th fnelitdicahd veef ttempxe'oirs ofnvaned sizes

K th the d f ..
AR LS (TRt S ERGE R STt P BpGRGE op speciic
igpecdsi.ng reservoir and novable forward for expelling

the nedi canent through the outlet orifice. In the

device of .0 the.pres i nventi.on, .these features ar
ol GG PSP RS (AT A OB (5 FTRE 5 srepelling means
fok AR elﬁ%@'ﬂﬁ};elhqﬁaVWfﬂlﬁnath@(ﬁ)E@Q réddek Jioehrashe B! ot bEB&. Yin one

recel ved therein gas charge in the gas tlght

ghkadieent o ﬂlemigﬁeﬁ@mtfmom astse ‘Arfdewed. BssERPlige weang is a plunger
{P0na n@]‘} PR 10 @osu?x%@év&??} 6 afPYb 1 E‘e%w@énséxg P&s@nﬂm and a
assenbfy agal nst t as charge to a rearward position
famelard pomnmg gBlungarlSrie Iseais whfitywitlgn dpnn@gestﬂwelr po stdrthaneghen it is

PR Rer BB YR TRt E e G a8 osing

BEesr 16 b e el dpesikit @nplus@r dS ftém i aRiwdrfieo the forward
pl unger, directly or indirectly, with sufficient force

Tﬁ“ﬁ@@%ﬁpﬁgﬁﬁhﬁﬁﬁﬂamg@?ﬁﬁﬂ@ to expel nedicanent from
t he dosing reservoir and through the skin of the human

or  atduRing RRVRE 4or ﬁa&lgﬂmeﬂvkthﬁr a RoRARd 108F BE debBe-free injection
needl e- free injection device is preferably sized to be

fsyiceablogiponents of actuating device 40 are typically formed of a durable material, non-
limiting examples of which include, steel, stainless steel and/or an alloy. Components of the
needle-free injection device are typically formed of a durable material, non-limiting
examples of which include, steel, stainless steel, an alloy, carbon fiber and/or composite

plastic.

In accordance with one embodiment of this invention, housing 1 is adapted to be
hand-held by a user, and is optionally adapted to receive an extension handle 2 via connector
22. Alternatively, actuating device 40 may be disposed on housing 1.. Dosing reservoir 16

is optionally removably attached to housing 1, for example, via a screw fit.

In an alternative embodiment, housing 1 is not configured to hand-held by a user but
rather to be attached to a belt or held in a backpack, or the like, which is worn by the user.

Alternatively, housing 1 is adapted to be removably attached to a structure. In each case,




0 for exanpl e hand-held, thereby allow ng a user to
nove from subject to subject (e.g., a human or an
animal) to performinjections. Alternatively, all or a
pdy??%ﬁm%$mfhe needl e-free device may be per mfkHs3095/001824
or renovably attached to a structure, such as an
injection station, thereby allow ng the user to bring
the subjects to the injecti oﬁ‘stati on to receive_ an
adtydtiog deGee 40 emeds raswtivgiphssedatebyih the dagipe aorgen plethe needle-free

'3§ﬂ8&5§%%kﬂ%%i%9%§ only the dosing portion of 5 the
I t

evice size e hand-held by a user. In this
embodi ment, the actuating portion remains operatively
assosétadtog davich 40 kemposs ngapiight clambeRd Mdthra pigion and fod assembly

iqures..1-10 he.needl e-free. i njecti.Q Vi .
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rekiveptid GosiBoich Tas tarniedhcagit thambesedsvaied hbfeid)agneaally refers to a

di scharge end having,an outlet, orifice haying.nozzle ...
cheber P, f PR APY RoF Fooe oDl GSeel Hettin The e tieht
ch%g%f Q52484 REHGAZR0S/ VB2 the es&peXP @gr)@_@uﬂz@ﬂ gas, or mixture of

adm ni stration to an ani nal or human. tional |y, ,
235857 $asttp ainfaihipagssyOr THEEES HE 8o CHEARRGSRRRIGE LAgsswized
+9f dosing reservoir 16, for exanple via a screw fit.

tionally, reservoir 16 has an inlet opening through

which the |i gui d may be received. Dosing reservoir 16

can Bislos paderpdrsscabliobipdadas pistorapgiorof0 apgirerhipaytien 30. The shape
of S B0 CRELY, 808 ohts 1y SOTIR0 of BRGANRYof s T Blimberd. Tna
speaific echbedizest ofdhalpmsentritventioa) assigpictlliwFigores A 3B rahiC, the gas

..ol s qr. diffecent Liguids dependi hg op specifi c.

i3 sh e Aottt el B e R R BB ARGE L, frogor ross-

sectiéh, da5EBE UESLHYMI ahd rad assepdly BRJis n@aaslly fdk-shaped and the
expelling the liquid within the dgsi ng,reservoi'r . L.

cityrsRIgheet Hepigon |68t dedines A euter fdgsne? Mt énBotniach tvigs the fferior

sRfES 60b LIRMEME bl?aﬁ’mbe?é sﬁ?ﬁ?égxat'b]flstgﬁ @/ aErires oh REBARELIAHRAIE and a
neans 1's°a unger slidably recelived I n dosin .

cangsessivoiportib® Gmdthirogeabigbt dhetmhereh Bher eigrnméarehcp 0§ pision 0 may be

o4y HREEPREEH s BI85, B B el o
through passage (not shown) for fluid communication between extension portion E and
compression portion C. The passage is sized to enable rapid movement of piston and rod
assembly 32 within chamber 4 from the rearward position to the forward position. This
configuration is similar to that observed in conventional gas-charged springs or shock
absorbers, wherein a passage(s) within the piston is sized to dampen or reduce the travel of

the piston and rod assembly within the chamber.

In one embodiment, piston 60 has a generally circular passage therethrough‘having a
diameter that is approximately one third (a ratio of 1:3) of the diameter of piston 60. The
skilled worker will appreciate that the ratio of the diameter of the circular passage to the
diameter of the piston 60 can be varied. If, for example, the ratio is 1:6, thereby having a

smaller passage diameter as coinpared to the ratio of 1:3 mentioned above, the speed of the

SUBSTITUTE SHEET (RULE 26)
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noved fromthe rearward position to the forward

position it causes the liquid within dosing reservoir

16 to be expelled. Mvenent of plunger 15 fromthe

rearward to the forward 5 position is controlled by

actuating device 40. Actuating device 40 is di sposed

within a housing 1 of the nggdle-free injection

devi ce. Conponents of actuating device 40 are typically
pisfo@rafi® ebdodssénislyi B oal d it dicieased. Mbik-debienset ih Bpecexand eisovofor the

whi ch include, steel, stainless steel and/or .an. alloy.
“S%%@ﬁ%?haége@m%mﬁ@e@w*e@ PHf et pdRregetrime! &F buthans, for

inj 5&49%% ?xlgglyerfs \%\ﬂgﬁn&i oA R BodiBbELd B ratlPpldabids img %he@peed

exa of ich include, steel, stainless steel, '
of pistbognd rwdrismbly Bewoeld de drcrease as¢anepargsl taghd rgtio ph1:3 mentioned

accordance wth one enbodi t of this in | .
o B B0 LBl Al R L gy g
maRfbl ©Nakhry pidaphed rédassaally\32 dus ext Brattothehsd difah chdngber 4
connector 22. Alterpatively, actuating device 40 may
whenemgyiag isthg fywarbRsitivyg- 1. Dosing reservoir 16 ;5 is
optionally renovably attached to housing 1, for

exaR®l 80 of iphtéh &I A dskdmbly 3238 dadpbNRAkhiM @heMB&dd BRN through
housing 1 is not configured to hand-held by a_user but

openighie int ehapbentt dbieeastipn of resbP@ vith sealing means Hherphened about
t . : " _ !
orflpg et el LS LORRPL O RySRS g LAY B e
chasderfromh citz@nbet B, &ag bpecdsembMInRN 8d:0ing4R@ns 70 is an o-ring.
PCT/ CA2005/ 001824 -9 actuating device 40 remains

operatively associated with the. .dosin ' Q .
noaneca ke SRARBLAH G beck SEAETR AR EBAER o plffa wit
reird@¥ing EnbEOMP hbsisned adpSert it@ bpentipnsd Reinfomirighmampérs 7@nct to
and rod assen?ﬂ% 32 reciprocallg di sposed within
progia pRpertdo tisavakls vE aimbepd ek od3for war d position and a
rearward position. The term "gas tight chanber", as

us ech e igNcor@BGRE L Ak Yoha RE S8 ub@nd pistdiAARE o1 a¥eMBIyA32 to its

pi ston and rod assenbly reciprocally disposed therein.
forWird pgsition [agﬁhown in Figure 3A). The term “gas charge”, as used herein, generally
refers to a pressurized inert gas, or a pressurized mixture of more than one type of inert gas,
contained within gas tight chamber 4. Examples of inert gases suitable for use in the
actuating device of the needle-free injection device of the present invention include, but are
not limited to, nitrogen, carbon dioxide, helium, neon, argon, krypton, xenon, and mixtures
thereof. Selection of the inert gas will depend on various factors, including: the application,
cost, ease of use, etc. In practice, empirical tests can be used to confirm the suitability of a
selected gas or gas mixture. In such tests, the suitability can be determined by measuring
the depth of injection achieved in comparison to the depth when injection is performed with
a traditional needle (an industry standard) and/or the recommended depth of medicament
placement by medicament manufacturers. Advantageously, the inert gas is nitrogen.

Conventional means of introducing a gas charge into chamber 4 can be used and are known

to the skilled worker.
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chanber is adapted to mnimze or prevent the escape of

a pressurized gas, or mxture of gasses, so as to

mai ntai n the gas, or mxture of gasses, contained

therein in a pressurized state. Piston and rod

assenbly 32 includes piston portion 60 and rod portion

30. The shape of piston 60.generally corresponds to

the shape of the interior of gas tight chanber 4. In a

S pecTHq‘ pressttsonfithe gas abbrge vathir esseirght chapgher Homgreatsr than that of the
Sux %B n@’g %Hn&gﬁ %b ESsuid gm%sﬁrgi;g gﬁ gm 10 %%senjiblgl?& to the forward

t an I Ca aV n
p@sﬁtto@r(la@fhoWnt ih ragugenay. aUIltynazé ¥ Catledtiorc bblSlS apHeptiite gas pressure and

Pi ston 60 of piston and.rod ass nbl en
YaF Ok 28n bR e SRel R e B USRS T St Agy antadeously, the

pld @l Sh AP sQUAGE Vﬁ@lﬂﬁth@ 2ad fiak chasmﬂe? 1%%@@ tuchhhfthé RRdicament
interior “surface 6 gas th? nber 4 such that

isgkeallon Wi adefcené §rogln1 O@)N ghi\,ﬂOQ po$ ’gviltb gerRin pgrently used needle-free
1nge?{f@r{ rﬁc\/%eg NP %Er%ér%?% ?g%\é ‘t%ay séetdI gﬁl fexglgglgg@ énégﬁrrlleﬁg of 50N

erence
(enBniOSIN,6650 Mhiz@ithr&yzlﬁ@ TénS@i)OrNh gHoWe st oin wﬁID bt widaher the skilled
C I ses thro
W%rgg&lj‘ﬁﬁ 4t ?05% l{fé‘f/ ggpé(ﬂ %alnﬂ?eosrq egte ﬁiapen%mg on the force

re§AMARNE PRE@P YA bpl'ﬁe Qrub] 833 ETRasadsh besacﬁlhsz&l 31 QA 8ABIE pressure
rapi d nmovenment of piston and rod assenbly 32 within

ofghtagAsehargef rom t he rearward position to the forward
position. This <configuration is simlar to that

obseq ab@gtoh %\r;ﬁ ol §§§£r£91 ah ig %Vg? %Emelﬂe %&Rx}aﬂg os‘&fonsﬂa Q& rearward

absor erein a assage(s Iston is
positivedheé preslsamqadhh@ gasraedmg:e Wrpepistonved rodfassetri’m@ M Hreardamgeases.
rod se e chanbe ne enbodinen
T ep iR B rhcal e et i 2 P iy bR Re P 2o R igho the
préaitie g thd gadcRi¥ed &1d thBadirfics aRpRIF ??Stdfmihﬂ kyd @RE@nBINGR dxfded to the
rati o of 1 3) of the dianeter of piston 60. The

cogRrspeslcBator ker wi Il appreciate that the ratio of the
di anmeter of the circular passage to the dianeter of

t he 1Pi,stRMneO wWe@MnbendBRIh &R of kife prEQht BX &R dhRtihAHERe 40
s 1: 6, thereby having a snmaller passage di aneter as

mdmdqs arlebricating medivat fop Idfricatig tre mteroetend oflpisien andwed sipwadly 32
an8 the r1]neterloson -(I:-lllal-n erE SH%EJ hg 1%'5 ng2 n?edlum may also enhance the sealing
interaction between rod 30 of piston and rod assembly 32 and o-ring 70 in opening 68 of
chamber 4. The loss of the gas charge and/or lubricating medium from chamber 4 is
minimized or prevented due to the sealing interaction of rod 30 and sealing means 70. It
will be appreciated by those skilled in the art that nature of the lubricating medium, if
present, depends on the overall application of the actuating device 40, and the conditions in
which it is used. In one example, the volume and viscosity of the lubricating medium is
selected such that the movement of piston and rod assembly 32 from the rearward position
to the forward position within gas-tight chamber 4 is not significantly dampened by the
presence of the lubricating medium. For example, a small volume of light weight oil is less

likely to dampen the travel of the piston and rod assembly 32 than a larger volume or a

heavier weight oil. In contrast, if the skilled user requires that the velocity of piston and rod
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- 10 piston and rod assenbly 32 woul d be decreased.

This decrease in speed would allow for the use of a
gas-charge, which would otherw se be used for a |arger

ani mal or humans, for injecting a smaller sized aninma

or human. In contrast, as the ratio approaches 1:1, the
speed of piston and rod assgqphly 32 would be

i ncreased, as conpared to the ratio of 1:3 mentioned 5
asabroble. 321 e dangrenad (whick aryi t@um@;tfisalry if,ofas exdmghe, achighipegssure gas-
Is constructed of sufficient erial to

chapes iy & 15 W%a%egtef galuglg ggﬁ:ng%wgcgua 8%%5 Bits o% breach the

end of the chanber 4 when noving to the forward

SOSi Wihexg theRowua8ion akvipt $¢ mstaded inr @ dealkbs BedbInjecBan idsvice, the piston

I spose thin chapher 4 and through openi.ng 6§, i .

ahabarecmbl s B CIERYorOTB850. 0 HPe s ﬁ\@gﬁe% "t stight
chRstbdsioAngd iaRRMtibutbA FRRNIBHCHA8n HedhMamRERd fisPhavt dedalembly
seal so as to mnimze or prevent escape of the gas
3Zharge from chanber 4. In a specific enbodi nent,

sealing means 70 is an o-ring. In accordance mﬁth

anot ]ﬁ ?ﬁhaﬁ r(l)h retsaﬁ 1riv@1‘{tﬁﬂt 1h€ Rotu N8 BREEN Qnd tie dosing portion

prOV| re|n rC|ng menbers 72 positioned
ofathig mﬁe’mn dewice plerdurncgly&&achaétorﬁn@ redting. Methis @mgochmelacgaptcguphng 13

o2 R APBF BB 22 SHRTE S iyt Byt e
dﬁh&%@@b@néeﬁ@d 3@5&@191@}1 r 38 wihen pisﬁ)n aﬁ@fdws@rrmsm is@ﬂﬂthé asrward

shown in W$ne3A e term” , us
pdsiioni Gapgewing|1Byis rmsvahly agashed @rréé ) ramg idhishong e@@&éemem with

plﬁlg&eﬁ 18' ﬁ§ %g[gl&téc?gl ﬁ"zyi@ 2] ar{zp p?:LExgé} 13NE i &é((f’ﬁ'lr&lfgh lafl %ﬁctnmg in

ned w as tig | es of
gdprenl mgal§esuch uhat almhgerfléns slsielgﬂ}nretm@d vatdmuamq fmg ﬂ gvp -g@ipling 13.

e R R S S L
ro@ &P AR afia@¥inblese dAeotiidibnt, l’g@@-ﬁoupﬁﬁg @R is éﬂ’ayﬁw(li’\recﬁ(}emqﬁston and rod
and m xtures thereof. Selection of the inert

asrapin g2 erd Ve cPINElor Waedrsd. {tnwill R snpErenttie tf&p%ﬂigé é{‘foi\p%ﬁ that gap-
co?lgﬁ& 13X %Enﬂé%@d cﬂo(& 30|a%d§ g&l 1%6n a%&t& N %Jayst gl%tvﬁied that the
e (ised 0 con Irmthe ability of"a
gapasstmce Jais nintdinedehetaen pisin atné sbdsgssentdy 8% amchblunger ¥S wéhen piston
et errp gf ¥ measur.i ng « »
and rod assembly 32 is in the rearward position. This configuration results in “direct” impact of
plunger 15 by piston and rod assembly 32 when it is released for movement by said gas charge

to its forward position.

In some instances, it may be desirable for the actuating portion of the injection
device to be located apart from the dosing portion (see Figures 8 and 9). This can be
advantageous, for example, if the actuating device is heavy and, therefore, it is easier for a
user to carry the actuating portion at their waist, back, slung over a shoulder, or the like, in a
remote portion 202. In this embodiment, hand-held portion 200 contains dosing chamber
16, plunger 15 and nozzle 17. In such a configuration of the needle-free injection device,
transferring means 100 for transferring force generated by movement of piston and rod

assembly 32 to said plunger 15 is incorporated into the overall device. This configuration
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the depth of injection achieved in conparison to the
depth when injection is performed with 25 a traditiona
needl e (an industry standard) and/or the recomended
dept h of nmedi canment placenent by nedi canent

manuf acturers. Advantageously, the inert gas is
nitrogen. Conventional means of introducing a gas
charge into chanber 4 can be used and are known to the

res8lid il “alire@r k@pact of hlu eThg H@/f;ﬁﬁ&u hiel QU asdenby@32 ohat gés released
within gas tight c reater than_that of the

for gngvesient by g%aléilt BRI SPIIERS; @ 1;5? 8§%f%e9081tms Sa?@ﬁ??g,lyp peipvghion of the
|
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Advant eou

| jcation f th d
BB B3R MnksF s S50 BTSN S PR ARt
me&f¥aide o iphungsl @St @thusd/@l &hatstonhed WEJjigedRAl roll Sassembly 32 to
expelled with a force of from100 N to 5000 N.. As with

transésrring meens A@h(FiguigsVe Farrgrwnlingeld mpifaiey pyndigiagqecEsbetween

trar{she?rng%@@érgtﬁg Eg 'bf\tfn g%ral% @ ?gu%g%?u §1f l?e?\g%efncl\ll”bd 3y aHP kr@msf&ﬁn% means

100N[Fi&i0© 0), Mpspettonetyy evhen ipistan dlrld ﬂ@d ag$egly B i li imeths k¢ariverd position.

h
w6 AR RS BELUBEDERS A0, FOSR AR E v

fleible nﬁﬂt!i-ﬂn@f:alﬂé?fﬁlaﬁtdﬂbbﬁd-1n'£f¢631ﬁg2roeﬁledﬂ@. be adj ust ed by
adj usting the pressure of the gas charge. As piston

and rod assenbly 32 is ve fromthe for
scanpesF i B 9an e Ruts SelsrischRunBtmise e [EIsRRE oF pfbn and

rodaagéehﬂigy 3?fdl'fo§i@ng°ﬂr@§&*fhgad}‘1hé @é;l/l&sa%@ WefoYe dideck OF WLt impact with
incredses. The repul sive force of the conpressed gas

plunger diSst Bhis.aindturpdnardwizabthe d2ilplde ferfca tierdimpact pE thesliquid at the

orl%‘ie @ﬁ% g”lﬁ giewtggeass 1 nﬁ%@lﬁ%% 1%21% &th t fogh% ﬁée?atéﬂ%ﬁ%k rtlge;%eén e, since

it pedades ltie aFTedfon cige Nvedlhalﬂént ecn‘pmltmangh dfe sikhEarm s enlbcutaneous
[ device 40 _incl

. Invention an_actu |n

tssh, bR FEHOAOPOLS EAREICE &8 PSFEP T Ry e pnigiels using
relaBivelly QBwAREssiRE REARE Y indhct required for piercing skin and subcutaneous
tissue is far greater than the pressure required to inject the remaining dosage of the
medicament into the desired tissue. This makes the injector safer and much less painful to
the subject receiving an injection in comparison to conventional needle-free injection
devices. To draw a comparison, when triggered, an injector that operates with one constant
pressure during an injection pierces the skin and subcutaneous tissue and delivers the liquid
to be injected using the same pressure. If the user moves or slides the orfice end of the
device during this process the flesh of the subject can be sliced, as with a scalpel, thus
potentially causing severe wounds. By including a gap-coupling 13, the pressure is
delivered in a spike formation where, at impact, the pressure spikes to the desired level to

pierce the tissue, but drops to perform the remainder of the injection (See Figure 10).

If gap-distance X is too small, piston and rod assembly 32 is unable to reach

maximum velocity, the impact is lessened and the force at the orifice available for piercing
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and the interior of chanber 4. The [ubricating nmedi um

may al so enhance the sealing 20 interaction between rod

30 of piston and rod assenbly 32 and o-ring 70 in
op®Ri 28/ B826f chanber 4. The | oss of the gas @RANGE005/001824
and/or lubricating nmediumfromchanber 4 is mnimzed

or prevented due to the sealing interaction of rod 30

and sealing neans 70. It w lli4be appreciated by those
skilled in the art_that nature of the lubricating

Kegisur the pap-disaenk s Besedseanlit!neties On dlpach pissiveaterdis due to
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which it 1s used. In ohe exanple, the volune"ané

Qiadlrgs raaghedfat theerifighracat i ng mediumis sel ected such

that the novement of piston and rod assenbly 32 from

the r i ti e i 1 Ri
s FERAERR (PR AR LMD BTN A e 1
bheexapiplesba gap-diftatdeas B(Sbinetc dt hun gl tameadive embedimemx tphp cowpling is

smal l. vgl.une li ght ight ojl is.less  .lik to. ..
e S b SR R ot e B ity ggBoaton of e
Hhade. an htge plisakiRndbditnedf) thaayicehplingiightegi to roll BO.
contrast, if the skilled user requires that the

velocjty of. piston and rod - 12 assenb 32 be dappened
( Whi %}W’EIBIE aﬁ&?&@gﬁ’ﬁ)}o‘f ?S’Serflép/ 32){%%61; é’gm&g%{eawar osition to the
R RSIW oIt trHRAN ggrdliﬁaﬂc@ XOBefUReHd impact QRS \VID! iBMBCts, either

or nore viscous oil is_used. Wen the actuation device
figecilp skignped. 4 Ando nedadisctly.od injsteioneds iR &igyres and 9), the

j V: |l :
RREGRILt ool B BERRERYn B B STk ¥ OARPARIRGZo 18 forwacd
plosgtomi viathtin dosingf resdreoit Uhrd eaibieapel mEdiuidirem dosig pisgvain 16 through
and rgd assenbly 32. In one enbodi nent of the present
Pﬁggﬂtion, the actuating portion and the dosing portion
of the injection device are directly attached to one
anot hedtuating delics 4bh dienmertile-fgrpinzotiqpl dadeeld theorreseat Bivention
od 30 of. piston _.and rod assenily 32 t l.unger 15. X
s OB Ry A oM T gag b M Ebla e EAk e charge in
5R0icBOchamderd, ¥R@els bowih editPiestviid Aadioh0dnasSal by thdmeans for
I's in the rearward position. Gap-coupling fé.ls o
PeVing-a01se iaeblaéhedrazs” e dnguion devipsiniondes 1q @plsgt ready for injection.

?ﬁ@rﬂ%ﬁ&%ﬂé@iﬁgﬁpiston and rod assembly 32 may be a motorized or manual means,

In accordance with a specific embodiment of the present invention the means for
moving piston and rod assembly 32 are motorized means. Such motorized means may
include DC (optionally rechargeable) and/or AC power supplies. In one example, the motor

will be removably mounted on its own assembly or within a bracket.

In accordance with an alternative embodiment of the present invention the means for
moving piston and rod assembly 32 are manual means. One example of such manual means
is depicted in Figure 5. Handle 3 is pivotally connected to housing 1 of the needle-free
injection device and is pivotable from a first, closed position (as shown in Figure 5A) to a
second, open position (as shown in Figure 5B). Push rod 50 is pivotally attached to handle

3. Pushrod 50 can be fixed in length or can be configured to allow a variation in length. For
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pl unger 15. As depicted in Figures 4A, 4B and 4C,

plunger 15 is fitted through an opening in

gap-coupling 13, such that plunger 15 is slidingly

received within one end of gap-coupling 13.

Gap-coupling 13 is attached at the opposite end to
connector 12, which is, in tury, connected to 15 rod

30. In an alternative enbodi ment, gap-coupling 13 is
egemplehugh 8id Ebddpyctedingiistron, laﬂdd%@dhrea@m@ﬁr 30 regsived ovithin a

t@%%ﬁ%g%{? h éd & qﬁh{ Eg%% _0? B%ggglf)ﬁi E& 15‘%%9 ase<r1I n%retalged I%y tgreadmg or
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I d n iston and rod..
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r&adte ngltﬂffoﬁtZIOQ hat @S diktastly Fel atéii fr &6 thand-AEla@ortdh 200. Rl 4608€knce with
iston and rod assenbly 32 when it is rel eased

15 b
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and 9). This can be advantageous for exanple if the
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for a user™to carry
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results in "indirect" inpact of plunger 15 by piston
and Itndhie msﬁm@h;bo@immtse]f thet pr'es:nt eveasnedepited imbigersnt 2, 4, 5, 6,
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C(ﬁlﬂé’ctéroﬂz Q§$&ﬁ@a}ély3gtta‘bﬁ’ed3ﬁ) Rl s@s qg fflgure VR Rendel @1 and
gas charge to the forward position fheréby |npart|n?
cageder 1 ater AW akly iafachee 4nsod G0, andiip aheansn ferugrans@rring force 100,

whicRR$ Ene{ taggcf%@ 1§ %a % nISe ?Lg)lh ?qgrws}% se!:gﬁdséﬂ)%nec%& fl)éanlgﬂovément of

gap- cou ansferr
handle 3 from the ﬁrst closed position to the second, open position results in the push rod

10 engaging a notch 80 in actuating member 11. Movement of handle 3 from the second,
open position back to the first, closed position transfers a pushing force to actuating member
11 which, in turn, moves piston and rod assembly 32, via movement of connector 12, from
its forward position to its rearward position. In an alternative embodiment actuating

member 11 is directly connected to piston and rod assembly 32.

Once in the rearward position, piston and rod assembly 32 is held in place by a
trigger. The trigger is a mechanism that maintains piston and rod assembly 32 in the

rearward position and is user activatable to allow piston and rod assembly 32 to be released
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means 100 to plunger 15 (Figure 8), or piston 60 of

pi ston and rod assenbly 32 to transferring neans 100
(Figure 9). Gp-coupling 13 mai ntains gap-di stance X
between transferring nmeans 100 and pl unger 15 (Figure

8), or between rod 30 and transferring neans 100

(Figure 9), respectively, whe pi ston and rod assenbly

32 is in the rearward position. 10 Transferring neans
fropoiteigarvised pesitigretofraeyn tofthe fooward pasippe dugtocthe gredsure generated by

g ﬁgg%§%9§gmgs aneX|bIe mul ti-1ink cable/shaft

enc g, or the like. The appropriate
gap-distance X is selected to maximze the velocity of
pi st bnagadangeoditiagse abbydi@entf ] thopiesgt irviegiger, iusy aofivative of the

tr‘i‘j gar 8aus§ %sen%fﬁgoeﬁenglo%l%ﬁ%hnpod n%(ﬁ ﬁrﬂ{ngag:iuatnﬁg%ge{%bef gg eIn the specific

elfnbdmﬁlelflt(lfepicmdaﬁ tFigire Rhie hriigpei cbragristRighbring lebdr@ehong Offrst end
the devic This inpact force is inportant to the

Y% 38¢ éts?‘iﬁ’ﬁg &pd Phend é\ﬂné@wog@h%% abou PIVﬁF Bpies24. H”élg@ﬁrémﬂ feyer 5 is
bt ROl fegent ufsp rcRiaﬁfS ymwmm 8d febdy s%glgtédh(ﬁl second end

subcut aneous tis stance X a 0 al
94.ripeetanle by pettdno’, rtrlggqrmgﬂ@\@né pilvotd arogepiani mednberush ang first end

elatively | ow cause t q
o% Gt P s P R ST iecBRAKRE A Bt LBRE g S Push rou 5
isgligagaaed lﬁi@aﬂadtlhﬁn@ MeSE4F €1,Ieird 8@ véfert BIf BtontdA@ rod assembly 32
remainin psage of the 20 medi cament into the desired
ispqoggtied %}ﬂt &, Hiske's "eHUNg 6] siap Wrslyamenerae ofrpiston) aed god assembly

SPﬁ*blﬂfliélreatr@ardttB &s SoHRIaRCTosHRR G Mk s@fb th@bcﬁﬁﬁrb%@% %5& -charge. In the

arison to conventional needle-free inject
cae#ev e deviTocaurpwing remofsaioitsm ?02vwhe lhamdr ~hejg portidn 28, user activation

rates,. W ih one co
ol FR b )RR R oS R A e Bl B g o bt
Ab idssicted anBigtek isved D, tdver R2misiadconténtioaali ﬁﬁg@ﬁtr%@eﬂlﬁiﬂﬁlg hand-held

t he Me pressure. | f t he user noves or slides the
pogien 0D wihisEPnRgE L RO gV e Hilggep pale d 90t Aenon-limiting

egaln%@ofocﬁ éé?%a@l@@O@qg aGREl BRI bhEaEl @ﬁda\M}I Eonai a\!vﬂ?tﬁh a plastic
of P RIS

entially causing seve Uinds. By 1 nc
h(gwalpgc dﬁmill bfgamarent methp rséélsdl merkesl th@te»lanvear des of cabktp uateesultab
i npact, the pressure spikes to the

forma
foag%eialsérdgf”leévaeq?e ?Oo pierce the tissue, but drops to
performthe remai nder of the injection (See Figure 10).
| f gapeod'trsitaﬂOC&]eij@ubl@QieSi&aldf thpi @At andnti®@g @eEemdinyectors
32 i un%ble to rg?
requlred that the trigger be depressed during the entire course of the injection. In such
injectors, if the user stops depressing the trigger, the injection process ceases. Therefore,
these prior devices can result in incomplete administration of the desired dose of the

medicament due to user error in using the trigger.

In accordance with one embodiment of the present invention, the injection device
includes trigger guard 23, which is designed to minimize or eliminate the possibility of

unintentional triggering of the actuated device.

In accordance with another embodiment of the present invention, the injection device

includes a securing latch to maintain handle 3 in the first, closed position until un-latched for




30 maxi mum vel ocity, the inpact is | essened and the

force at the orifice available for piercing WO

2006/ 058426 PCT/ CS2005/001824 -14- is less. If the
gapQdi%P#ite X is increased, very little effeckClpA2005/001824
i npact pressure results due to the fact that the

maxi mum vel ocity has al ready been reached and therefore
maxi mrum f orce had been reachiegd at the orifice end. In
one_enbodi nent of the present |nventiop, .gap-di stance X .
98 THE Frpane HLrBHCOTARC & SosHb RRTIETY FE g hpoRp S e nedside
off $iatl1 S 3t Materh s Fthadnt @Rl YRiBIHRHIoRBR outbh®rface of housing 1.
gap-coupling is user adjustable such that the

Byapovins therfeanwardlp éacipghiosl trejrewenanigicBis elrasedsipf ihardls 3 gan be
85 | t lbMBing HRQFH i
T B A e g PP R mpr 08 st in
hpidl¢ 8rfoamrdceiviog aakspesdhly kb omithe Sufer strfachef hemmgal: By depressing
ositign to the orward position i)t travels .
BB Rt oo €St i detlle A by BT piseph oven
pekitibgr O directly (Figures 2, 4 and 5) or indirectly,
via transferring neans 100 (Figures 8 and 9), the rear

end of plunger.15.. PLunger 15, in.turn, .noves, fromits.
Fear REEP pST(ToRd 821 T S5 15P kb PP HET ESHOR KebieR ecorting o
AHOShIRG ERSRANGY ofl GreSPredft i¥e@iRE whach! ingluldl a fh @GS MB@rized
reservoir 16 through nozzle 17. Actuating, device 40 of

TReFES FECEPEDS Heeristal @Bd FhasaRly dTogt 1tf herPareRRsHton fo its rearward
pgﬁg&gg gp&ch %ﬁ%;imem%wcs MBI deS & SndIRARS thaBlferRY NPoPRHIRYing the

d asse y 32, against the gas charge’in gas .
foticg pplict sothe rinjdgtioh denict fas choging it acoraling devacsr Wagedordance with a
osition... Through use of thi f Vi N P
sPETi elt Rh ga ER R O R e o R gl gl ing
thesdp@lied for@adspfiods a gepestdntiy; exdingenefanscl ae depistbdig Figures 11 -

i ston and. rod assenbly 32 . b mtqri zed . [ .
il - T el 8 oY oY BB e R RGN 9 i o6 Chareing

oPiRS6RhtidMEeRt ] PRe 1@ 1IIR 308 @Tthe AR dIBTEE MFeddbrs HEMCtaNE Figures
rod assenbly 32 are notorized neans. Such notorized

Live 2Asend el - 45esinuisesDD (osting manibyr ersetiiaply sawrigjedany e rod of
ség:pﬁ)s?&fegndsrgg BLs'egl%ly. I’Pheoﬂ%ﬁmbﬁrizédql(ﬁeﬁ?tf&r moving the piston and

rod assembly transfers a force to a gear assembly, which, in turn, transfers, and optionally

amplifies, the force to the actuating member to move the piston and rod assembly from the

forward position to the rearward position.

As discussed above, actuating device 40 of the needle free injection device of the
present invention further comprises means for moving piston and rod assembly 32, against
the gas charge in gas tight chamber 4, from its forward to its rearward position. The means

for moving piston and rod assembly 32 may be motorized or manual means.

Referring to Figures 11 — 21, actuating device 40 is disposed within guide tube 348,
which is connected to dosing reservoir 16 via connector 390. Connector 390 is a generally
open-ended cylinder that has a first end, for removable attachment to guide tube 348, and a

second end, for removable attachment to dosing reservoir 16. Optionally, connector 390 is
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will be renovably nmounted on its own assenbly or within

a bracket. In accordance with an alternative enbodi nent

of the present invention the neans for noving piston

and rod assenbly 32 are manual neans. One exanpl e of

such manual nmeans t5 is depicted in Figure 5. Handle 3

is pivotally connected to hoyging 1 of the needle-free
|nject|on device and is pivotable froma first, closed

rgnery bl V@ttac(ha@ tosgidtubn 348 giarndhisagediconeectioe Somarlp gemnector 390 is

oRRIRRL ARy SRR | ookl B o R e R ek,

fixed in length or can be confi gured to all ow a
var i lat po raltbmati‘en gmbpdiﬁr@nt -cobpectax3fplie rerp@&gahlyr oedadged to dosing
I.ct e.5 ncl udes. a thre ded
b o W et Y SRR Daf T Ry, relee
m@éhaﬁiéﬁlh cbdcoP 396 fideer BaRdes o Hine (rﬁaslﬁdvrb)prdjbd’tﬁ@d}dmg the inner

unthreadlng respectively, threaded, nenber
SR hioR CPETSEioy PRl DBk Isee apPlst deaing Teretr o ’cpeﬁtct:‘lde%lﬁ generally L-

V r I
e O

cdta‘ugulretiebdshgmgty onte200h daph adworvdencdesingt feserydii 46 is inserted into

e oy s Foan e Y sh R eOR R exgpvg 1o he

qUEBEHIRkn FERABS medifantles (béirbladav%kspﬂﬁg 4(ﬁllfstdlﬁ)bﬁﬁdrt&twédﬂ&:onnector 390
notori zed or manual neans can be attached to either
andedstng IRl 9038 Sruraaiig-cRRIEto SPY Rt d9%0eg repgvoir 16 apart, and

pratnt akd Rﬁatto%‘f@Sfﬁﬁgtopﬁ9d@ﬁg§o§n%rgséﬁmrtlbe first, closed

position (Figure 5A) to th second, open p05|t|on
(Figure 513) brings push rod 50 into engagenent with
act udengsy 15 preditrosed withincdogiag irgsgrvies igeand 19 reppvably attached to gap-

% S A 0 S ned
oSBEALH @SSR SL IS FOAERCT, BRLABAGs 190 ars
scedu S &5 anaheres@opth, piingew frenbttachdd i sdpecoupliig 1®dy a quarter-turn

assenbly, 32 i .or er to e it ai nst the
SeRaPgeconmigh i & oYt B oA DHLon e g psembly
3008k ?Ql'iby gl i Iy g%mumeaha@a@@ tubR 348 Ghdl Al LS cidi®o gap-coupling
I nj ection device. In the specific enbodi ments og t he
13resent invention depicted in Figures 1, 2, 4, 5, 6, 7

and 9, actuating nenber 11 is a attached to
gapxﬁ%Hngng 13 via connector 12 and

As described above, movement of piston and rod assembly 32 from its forward
position to its rearward position charges the injection device. In use, the injection device
depicted in Figures 11 to 21, is charged by moving idler pulley 316 from a forward position
to a rearward position, which in turn moves piston and rod assembly 32 from its forward to
its rearward position. Accordingly, in the device depicted in Figures 11 - 21, idler pulley

316 is serving as an actuating member, as described above.

As noted above, a gear assembly provides a mechanical advantage to facilitate
charging of the actuator. In accordance with one embodiment of the present invention, an

actuating force is applied by the user to manual means for moving the rod and piston
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connector 12 is renovably attached to rod 30. In Figure

8, actuating nenber 11 and connector 12 are renovably
attached to rod 30 and to nmeans for transferring force

100, which is in turn attached to gap-coupling 13 via

a second connector 212. Mwvenent of 20 handle 3 from

the first, closed position tqgthe second, open position
results in the push rod 10 engaging a notch 80 in

agsemblat 32n @n ﬂimmeciﬁ@ Embiotinesme depiged mhiguees 3 If toddh, tmenanua means

second S back. t
c%%%rilstels 8}}]211‘%1 rgig : %Ma thsz HP %ttacgeér té)g)r%c(l)(e :h ﬁ ds ﬁ%%‘% rvaotally

atieil:h&hhio&hamlshaﬁ B0 by I’iﬁW&Betph&hﬁlﬁsrﬂBdl.r @ﬂa@ﬁ%emiﬂﬂbé 398.is pivotable
from its f

vi a povenent of. can tor rwar.d
figigeh LbFoNE ROPLiop é%f@ecaedplasﬂ%qr%snﬂ» 16 B 181081 Rat g gscond open
pSRRAGINEEHowATT WBlid Bithft 2%_2 g@mﬁfed]tﬂ-rohgq gée{r%ﬁg 398, and anludes first

connected to pl ston and assenb Once in t

endedHwendaseparst andoi3. pVaen phaagidg h@uﬂfaé% rsppiyot8® dhargingl lmdle 300

a L The trigger is a nmechani smthat
ég?%?ﬁ?ﬁ%‘%?glgﬁnﬁﬁ%?é%% assenbly 32 in the rearward

position and is user activatable to allow piston and
rod RaslenrhachZAsh dMeandebsals®tB Hh6-enfagemrattiset rracchwaisid 311 are

sition to nmove to.the forwar osition dye_to. the
iguet 1o PYAL AN a‘%§70§ f%"é“%ﬁ%?’g%‘?é%in% Q@nd@fha(ﬁﬂg@ mqvgd from the

fiRE 105AFISRIoWHtd PheORBoRNERE I PIBINbn, thd A&/ R B88Nhatt 302 from rotating
i nvention, user activation of the trigger causes

whigns ehrreige handlc F00pisshoyesdiren the sascadtanst i negitivertbehe first closed
pdsﬂloﬁlh%tﬁaes‘ﬁ tgﬁlg ratthef %%gérfﬁﬁlst Yvﬁilel?é &Jél? %n«l.)\gn 't:d gllérsﬁlll%%l \&goli]lg:r and

trigger conprises triggering lever avi ng
ca@de andrraetonda eeedleOfecangtctien degicpioV tie @b&sentah)mnhoml vot
menber 24. Triggering Iever 51is connected at first

end 2 to wnward fo IS exerte .

oDl e o NSheR S b Reb oS et ufptlg iz i

atiaeh/earto Se@ind@nd 3WBQWtmAh ERift BEITDB6thZ24aiangaf BT inemdin Hilley 312
is rajsed, thus cau3|nﬂ push rod 50 to di senga

rolEA ViR P SBHOMR- Qable O EaspRFPUEadSOPUley 4 bchnd dnfudge dirst end
31f5ragﬂl: gttb‘ ahdifd n%}lw antila chgﬁd’\@ﬁod(n%PEWtatt%hﬁﬁ’ 't(ZB‘Iﬁgl gear end

asse Is conmmtted
308otCablegp1# s ®tnetho©erd fIstpal angice wthet suibblpinstairl(@nd r od
assenbl y

The gear assembly is operable to move idler pulley 316 from a forward position to a

rearward position, and thereby move piston and rod assembly 32 from its forward position to

its rearward position.

Main pulley 312 is rotatable from a first unwound position to an second wound
position. As main pulley 312 is rotated from the first unwound position to the second
wound position, cable 314 winds around main pulley 312 and pulls idler pulley 316, thereby
moving piston and rod assembly 32 from its forward position to its rearward position,

against the gas charge in gas tight chamber 4.

In this example, the trigger is a trigger mechanism that releasably retains piston and

rod assembly 32 in its rearward position.
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32 fromits rearward to its forward position in
response to the conpressed gas-charge. In the case of
t he device conprising renote portion 202 and hand- hel d
portion 200, user activation of the trigger may be
effected on either renote portion 202 or hand-held
portion 200 or both. 15 As depicted in Figures 8 and 9,
| ever 220 is a conventional finger trigger within
handFiggedpivpoartri 328 i2 @0 osabtt dbsuiceremeletyestiaft 332 énvot ®locked position
ortion 202 .via tr.igger cab 206. A non-limtin
ol LirEeEPou Yo §oareidfieBoats § Moultdi lasfbtvPrm 328; when
tri%@éri;@‘ﬂﬂlahﬂ 338 'ileilalﬂha/loﬁ&ﬂtpai;iﬂ&d tM@geEihg\ gﬁarlﬁlzaid iin(geall(rindg relﬁtion with
ousing. Lt w e apparent to the illed worke at
myigredis Ot Yl legked apyied: Gregodng RABH26 TOfFS A1 4 gear 310 otaes.
trigger cable 206. 20 In contrast to the injection
deviggyefeat 380 B BR8AEA 0RKEEHNUEH) shift 88D 04l ik RlsBGh Qesring relation
required that the trigger be de (essed during the
wishirigger geaude apirigghegsanootagns, drivie g0 rplajeect ors, i f
the user stops depressing the trigger, the injection

PT 0CL - GRRAGI cpill?&{ &LPLHown Bﬁkg%%ﬁexam ?{dtl%ge\ﬁgg Bosif8N336) allows

result in inconplete admnistration o ire
seofndifyeshafiedB X toveotttedelkert change hareile 300 iin nuseddrdanhehe first closed

trigger,, 25 In accordance,w th. one .enbodi f..the
sl IR e okt BR TRE T i ARG ST ST At fugs BE charee of
actuatig@ @eviglas By I3evetine hairsstde30gned steondhryi dKaf S3Qrfrom rotating,

elimnate_ the gossibilit of unintentiona[,tri%gering
whin ghaeging bendie d0dos er0ved froge tsr irshelessdi pasitigRoiorBs second open

pOgﬁli‘gf;f_oliment of the present invention, the injection

device includes a securing latch to maintain handle 3
in the first, closed position until un-latched for WO
2006Ye0884D gropamercAR0d8r bz Bavlle 3007 frgmethe Thvet elegadrpasijion to the

t.C . ri raly. [
AR BB FORTE ARSI AR b 9 O 58, e
moeNewnRhtd Hpiftac hmrodesientily he helt@Fwadpbeten, abaihauld gg charge in
By, noving t he downwardly facing hook, the securing
gap Hel s8¢ éh eased and handl e 3 can be noved to its
second, open position. Alternatively, the securing

| at ¢ihafBYy SOMRIAIBE d@vid @D cbitinues until the desired charge is achieved. In
one example, a dosage ring (not shown) is used to set the desired charge. In this example,
the dosage ring is positioned on guide tube 348 and can be locked into place. The dosage
ring is user adjustable to set the extent to which piston and rod assembly 32 can be drawn
back; therefore, the dosage ring is user adjustable to set the amount of medicament that is
ultimately drawn in to the injector, for subsequent injection. The dosage ring may be set to
include a wide range of charges, and thus injection volumes. In one example, the dosage

ring is adjustable over a range of volumes between about 0.01cc to about Scc.

When trigger pivot arm 328 is moved to the unlocked position, triggering gear 326
pivots away from main gear 310, enabling main gear 310 and main shaft 302 to rotate so as
to permit main pulley 312 to move from the second wound position to the first unwound

position. Movement of main pulley 312 from the second wound position to the first
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5 handle 3 for receiving a depressi ble knob on the

outer surface of housing 1. By depressing the knob,

the securing latch is rel eased and handl e 3 can be

noved to its second, open position. Figures 11 - 21

and 22 - 25 depict needle-free injection devices

according to alternative enbodi nents of the present

i nvention, which include a manual or notorized O neans.
UFBUNAHOFIHEN Pﬁéﬂlfrﬁ iPét@handrigd pesemblysRrip Iy ve fiom ity warerduapsiion to

nPfE)?'\!v&rH%BsIh{? 1 8 1 tﬁﬁé}’%%ﬂ? gr tattéd thd Ebnﬁ%‘é!&e& ?a':s‘fchaﬁg*é?

device’l nc es a ans ransferri and
anplifying the force applied to the injection device
for BWQ prvgt ee 3&8:uaJmeiraﬂD@y dewvieced td barsed mggiaﬁé@ opdfinger drigger

C enbo t he esent ans
PRSI T ER R s AR PHRENbd Prghba el 3al 3 PRoty
at@OIAr to I BgeR pPRR rrd S38 yecoﬁd(&l’%}lexeﬁvéifM%S&hn@h@gger lever 340 is

depicted in Figures 11 5 21 and 22 - 25. Such a

ear .
pl&%@hﬁ'ﬁ%ﬁhﬁ@ & Pres maupietifandecand Htggsm{ea@fé‘&ﬂomﬁlgéﬁ ﬁ@taiﬁé Third
tri Fj&r ﬁ\?e@ 842 3{ %?&gll?%u%ﬁ e mdeY, e%leend thﬂl{f'@ttﬂl%t g@é’ | Fﬁest end

nee ree injectors eplcte i n Figures
34310fethuid Pdoger Kyec ddisi Sélémgbfnat‘@chlqdetmsn@ndem lever 340 at slot 366;

oper a 5 C|at Wit h.th 0 |sto n
sP3 Q¥R ARttt a7 1 oleh R el B g gyRg Fourn
trighe [pies Ban 1sapndotanpdqoaﬁﬁerir@klyrdtthgg@ﬂe«es 342 hopio6t houd 370, and is
gear, asse which, in turn, transfers, and
aﬁgﬂ}qdéﬁ Fstgn d()y(g Riimaip bigeekingrodddbe to the actuating
nmenber to nove the piston and rod assenbly fromthe

f or wadif 1@t tddo306t 9 shidiBglk @RunRH dhBOSH frigQ8: rodguldies 463 St are
above, actuating device 40 of the needle free injection

atgghr o geic (e 348 Mséririzesvehd I mayetlp betweemp faryie! position to a
. . S
reffd ofsf%{o MRY {8 G Rlapd S{L?tgﬁt trfg%% gy &Pbg r%%n tl%%‘ %ﬂsmon in

as C arge 1 n gas om |
tht ecartvardr @aitivar digpes iptvioonarm ™8 iveansd tb tﬁ@mﬂm}d&dﬂgosmon Finger

.pi ston and rod sembly 32 be notorized qr _manpua
il BRasReRO: Ay g 3 cioaed 10 Jn g oo 16 A8 R agond end
th#t Qs htbacBdSBARGE: tobddiz34 Onu£le trﬁg‘é@te%%‘]@ slidiMdly ?rn)uhﬁd on reservoir 16.

connected to d05|n? reservoir Vi a connect or )
Bagsh preegotS239ged baree! gégper 85¢ gwayp ﬁem— @ﬁ@@derxﬂy?rwmfemam Hagger rod

3OE Aéctﬁa gft th& 'ﬂgedlé ke 1n?g? de!’l SRS oangpril U u5119g geme(fi ?ngglélp §56 or
finger trigger 354.

Using barrel trigger 356, nozzle 17 is pushed onto the body to be injected with
enough force to move barrel trigger 356 against barrel spring 352 so as contact and move

main trigger rod 306 from its forward position to its rearward position.

Using finger trigger 354, moving finger trigger 354 from a forward position to a
rearward position causes finger trigger linkage 350 to move main trigger rod 306 from its

forward position to its rearward position.

Movement of main trigger rod 306 from its forward position to its rearward position

causes in fourth trigger lever 344, third trigger lever 342, second trigger lever 340 and first
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second end, for renovable attachnment to dosing
reservoir 16. Optionally, connector 390 is -18-
renovably attached to guide tube 348 via a threaded
connection. Simlarly, connector 390 is optionally
renmovably attached to dosing reservoir 16 via a
t hreaded connection. In an apternative enbodi nent,
connector 390 is renpvably attached to dosin .
trigeeydeyenidp8 1Gagkisa ag tare BiegeLpiHolraEneas é"r%&wgml@ﬁwwﬁon to the
t r r
B Bo L B G B RSt Ao TR e o AR B tiockea
pdshienialines nmir geac 81®andcoainebsfdB0B80rotatasd 45i te pexaifrplaey, pulley 312

dosi reservoi,r 16 .i ncl.udes nera L-. shaped .
oGP Bue R sl B S BE Bl heyion RS Emgnt of main
pdiens1 kb the %@ﬂ&@o%d\iﬁd@ﬁmﬁﬁ@ theCRIBFUnGoL R pbtisH pedthGpi¥ton and

mate wi th each other dosing reservoir 16 is
rof rpsgsrbdyy 32 i gnoveoipidcitsoreanand PRREOR & s darwasdPrsitipyt due to the

m%%&e%%&%g%@bkrn ol Kg&ﬁ%%%lh¥%g shaped groove. In the

rter-t ease Ism barrel wave spring
400 i s disposed between connector 390 and dosing
r esdiollpivingligiesiéorag spon@ifyeé showen)csaereldnasr ager hﬁléﬁgé 38P digm its

re%r%%? osllt‘lrong@ PR \tv%rd gjlthRr eMSQ en{ ?E ﬁ%%rﬁt:r]légc—% @gmgessso to its

0 and ng reservoir
fodzm@@sadowﬁslmltm inlasoveghente s Madi Erigkér asnd 306 firoamiry abdryvard to its

attached to - coupling 13. In one anpl
forpeprq GO R alqvem@%wféaa%ﬂr PRt £ By 8 Fommpestlatked Fstion to it

1o8&H B¥4itidd) BRALBEE n6XaBR!E rep@étlﬂﬁkgﬁ{arg:li%]}‘)rﬁce%méac hed to

gap-coupling 13 by a quarter-turn mechani sm
Gap-coupling 13 is rempvably attached to rod 30 of
pi stMWHwﬁMelwobﬁr@é drégast Y56 Spurgediifiom purdagyard positign to its forward

I de 4
pogla:%rg '(t:)g el@%@%{%ﬁim g%i (A m'é%ﬁﬁgl %I‘Iﬁg %F%xzeggab%g ,Sg/o{ Sm 328
anmﬁtﬂrtaggerdfevqn iIB8anotashdwnd @uﬁs tesdparts3Bgdthambieteby froowiag thigger
posi t ts. rearward position ch es the injection
ot ¥ i e bR o Rige B B skt E8¥olopi cred | n
Figures 11 to 21, is charged by noving idler pulley 316
from aidser watgl ip@Biidriallf included. In this embodiment, trigger safety 304 is

movable from a locked position to an unlocked position. When charging handle 300 is
moved from the first closed position to the second open position, main shaft 302 rotates and
causes trigger safety 304 to move from an unlocked position to a locked position. In the
locked position, trigger safety 304 prevents main triggering rod 306 from moving to its
rearward position. Trigger safety 304 is pivotally mounted on main gear end 308, and has
two springs (not shown) that urge trigger safety 304 to the locked position. Trigger safety
304 moves from the locked position to the unlocked position when charging handle 300 is
moved to its first closed position. Ratchet mechanism 311 and pawl 313 act on trigger

safety 304, so as to enable main trigger rod 306 to move to its rearward position.

The needle-free injector depicted in Figures 11 — 21 can also be actuated using a
motorized means for charging. In the case of motorized charging, charging handle 300 can

remain in place or be removed. If charging handle 300 remains in place, a ratchet




to a rearward position, which in turn noves piston and

rod assenbly 32 fromits forward to its rearward

position. Accordingly, in the device depicted in

Fi gore®/038426 21, idler pulley 25 316 is servi ngCagAams/001824
actuating nenber, as descri bed above. As noted above, a
gear assenbly provides a nechani cal advantage to

facilitate charging of the agguator. In accordance

with one enbodinment of the present invention, an
Jaeqha@winn@otf ghowe) fisinglyged el bsrotindoneemat epaveituadf inisetas by gear

LT R o B e 5,98t

mmngﬂﬁaﬁmpam$UWmmgpquse&moha}g|ng handle 300, which is
attached to bracket 364, which is, in turn, pivotally
attached Lo shaf t ratche nechanlsm

Char ghAGEkRdT L30Tt b s b Pl e TR Bk ifid o s« o
g;aas hdot@nhdtds pdegied tbgd lpa‘nt_ei-‘y gtwhess alﬂe, chhfpeatlly badeﬁsy am@u&ﬁk)uy, the

a second open 5 positjon (not shown). Miin ft. 30
*?aéte%ﬁ NPgHE B RAGH ’g‘é‘éﬁt ge‘ﬁ%d ABET aghgiep r%EFfula@é’f éﬁaé‘ﬁm" a Tocker

SNEL 3B aBdnsepnadaend d03:iciMesnahabaicndand!e B380mber 360.
i vot ed, charglng handl e 300~ and bracket 364 rotate

MOSHTAISP 130Rs PRINERE30FevhishrgHeSIawa St At Sepadarn sheft 332
I;%r%t?eﬁ glgﬁa fgt%rs t((a?ﬁ&@ﬁ%d%@o@é ﬁ zot%fg:g b %ﬁ{ﬂ?@ g%ag 89 BEr Rhdin gear

o rotate wh
Fidvethtés omint pelleyl1812 iwlgth mmbechbbaoél‘t |tb¢teb30 ntdvmgsp,lston cend rod

LtiQ and vent haft 302 fromrotating
ﬁﬁéﬂﬂgﬁg éﬁ%ﬁﬁﬁg gﬁém¥¥nﬁéwgglfronmthe second open
position to the first closed position. Other suitable
r at chetthiveetbadingns td dbsape ringl(hotlshowt) ihduddseansélediti@tmit switch

mnr er an can be | ncorporat ed nto a needl e-
B GorEb T hE pHks Tty BRsee oG nrH B gssembly 32,
ﬁéleg'ubtgf 11 136 Beeledifcity foSdeatdiod 880, AhereBy Sopphaf &axg)g@?g,\ The load is

main pulley 312 is 715 attached to second end 3
el By stra¢ pndectionst Bluish I ogeasecandryaylt rﬁé»naqoé%rﬂé@ﬁdafﬂz manual
rgﬁg&g with main shaft 302. Cable 314 passes around
pul l ey 316, and includes first end 315 attached
to main pulley 312 and a second end (not shown)
at t achiggeting ispdcnomglished igthe same manner as described in manual charging,

using either barrel trigger 356 or finger trigger 354.

Once piston and rod assembly 32 has returned to the forward position, a second
electrical switch (not shown) is activated, which allows gear motor 360 to start and recharge

the unit again.

A third electrical switch (not shown) is mounted on finger trigger 354, which acts as
a safety switch. Finger trigger 354 must be in its forward position (or released from any
pushing or squeezing) for motor 360 to restart. This is to insure that triggering gear 326 and

main gear 310 are engaged before the gear motor 360 starts.

Figures 22 — 25 depict a needle-free injector according to another embodiment of the
present invention. The injector depicted in Figures 22 - 25 also includes a gear assembly to

transfer and/or amplify an actuation force applied to the injector for moving the piston and
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308. Cable 314 is constructed of steel and/or other
suitable material (s). The gear assenbly is operable to
nove idler pulley 316 froma forward position to a 20
rearward position, and thereby nove piston and rod
assenbly 32 fromits forward position to its rearward
position. Main pulley 312 isopotatable froma first
unwound position to an second wound position. As main
rqdwlsseeyblﬁa@irisstha @asactl@ogef ffdimgt%atrelssfemb:kx iswnevotivedy pessdidtedwith either
to the seco 03|t on, . roun
= kTR RS St pRF £ BPup B Fegh dad! O Aefllly Peorter o
pﬂ'cWME Agnghsdie aanshtagedo %Sﬁﬁb lclyarglag fof i@ alctugitok. Omfrljiector depicted

sition to its rearward sition, against t
mclﬂalfr@w M3y %ﬂgﬁi@n ’ﬁFﬂPdisl?éln%Eﬂaﬂﬁg meﬁlb@h?pgeraéwaﬁp%éom% Howith the rod
oft §a'ic9 Sfon! agxdaroa LQeply. "W?é?)'ys Pid hahudieheas aPlsYidBEBHAY means

pl ston an assenb y 32°1n its rearward position.
trar@ﬂsrs afargpgiersaidi geat assarnh! 3 MIqhgrqns&mthbfceceatb@and as@l@bmgdmplyber to

mB\(I) ﬁa{q %%’tgn %E(? ré)g ealssieﬁg)lfy ggrg%%z%n%}dt 0519 tgndme refirward gosmon

pi vot arm 328; when trigger pivot arn1328 is in the
| ockiederpiagitd IRDgurest 22 gg2y,ilngsigedr 1s&@1€iova§>1y omgeeted ng reservoir 16.

| at ked pasi ti
AvEnGgaRring ) oo VOB b i uied oot apetionsn i

reflob My 8@RheBRglife B NES thPRtSLCORPAINpRRAf Pis384nd ﬂfdﬁassembly
is also in gearing relation wth trigger gear 326,

3% off ergeating elayicg 48 iv seranvebly atiephed (gemide3sie PR diidan 1515 Shdmgly
dl%&ae {tﬁé&és@%kr 15! aﬂﬁ g%%g%iy :ﬁ?@m to Bfffon g ér@sﬂh.a ﬁearsr%czk 504 is

position secon
attached dthabetenketfiace dragelehabal B48, 300 is shdmglgcﬂxapnmd] witlen slot 507 of
first closed position to the second open position.
hopsing 1 uni - directional clutch 336 holds the charge of 10
actuating device 40 by preventing main shaft 302 and

secopdadyrisdiabiovd3diol et rat @étbMand rvdaskemBAr 82 Fm its forward
handl e 300 has aned fromthe first closed position ta

pasiiien de dBngasyseh Pogibe ehasges actuation device 40. In'the device depicted in
Figures 22 to 24, charging of the injector is achieved by moving gear rack 504 from a

forward position to a rearward position, which in turn moves piston and rod assembly 32
from its forward to its rearward position. Accordingly, gear rack 504 is serving as an

actuating member.

In accordance with one embodiment of the present invention, gear motor 360 rotates
pinion gear 362, which rotates crown gear 334. Crown gear 334 is attached to a first end of
shaft 506 and gear 508 is attached to a second end of shaft S06; gear 508 rotates as crown
gear 334 rotates. Shaft 506 is mounted in gear mount 509, which is attached to housing 1.

Gear 508 rotates idler gear 510, which rotates compound gear 512. Compound gear
512 includes outer gear 514 and inner gear 516. Idler gear 510 rotationally engages outer
gear 514. Inner gear 516 rotationally engages charging gear 520. Rotation of compound

gear 512 rotates charging gear 520.
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Repeat ed novenent of chargi ng handle 300 fromthe first
cl osed position to the second open position, and back,
results in the continued wi nding of main pulley 312,
and 15 novenent of piston and rod assenbly 32 to the
rearward position, against the gas charge in gas tight
chanber 4. Chargi ng of actuapsng device 40 continues
until the desired charge is achieved. In one exanple,
a ddgagsing gerg SEOanclglovirs gta Jd8add tesesed sechad demi(ngghown, but
o SRR S5 TRl DR AR30F, LT SeBoS PRsthuay
atdeiedoe d0tch i Agurt S540$ efutadjrsahiabile i piveeilly tdi@ciedt ®nhousing 1 at
whi ch piston and rod assenbly 32 can be drawn back;. .
alippEReaf g1ount $4e Glrigige gﬁ%régz%i i§ meyghle Befigen A pRargige Patition and a
B8 RURMAL 1Pfhe RS RTRAioh NAkt iy 51 bf (LAY odF 396 e}
reto #ﬁé injectgr, or subgequen$ fnjectioﬁ£&¥%e dosggg’reég%gear
ragk S analyislwpersble tbanovengshuthek 204ifien itafywanf togisacgmerd position,

and thus injection yolu .4 N _0on xanmpl.e, the dosage
o Y rg hEE hf dod SibE; 4, JeBF (6% Rl ebra PieRE 15 o
reabadt pd3ithn| €e cli@gabaQUAtingCdevicg SI0VWREcekdell Ge@nhd HieNO52BFdationally

328 is noved to the unl ocked position, triggering gear
engangs loskipgesaraiidy Vhich i aiaried de Wri-dretionsgdsh ? mai n gear

310 and main shaft 302 to rotate so as to permt main

pul ltgy-dadadiohdl e 386 and 1d2RIng REANSLANGHPIE RS QAr 5T to rotate
the first unwound position. Myvenent of main pulley

wigs mavingngaeh gack S84 Amwisutonviyd fosifion 1 6 repevard pagitianp gnd does not
aIIHQV&Q%ﬁgQ{@Z@WO%{a@ (3 2Pt bR %@Qr lraglg Sgﬁsf?dﬁplit)é rgeg'wtou% to its
nove | (0] Its

S rearward position orward
forwasd pasction. dhes,tuai-tnectipnd sBinhe33gdiokis altesdhatyy of heuating device 40.

conpressed gas-charge. Trigger pivot arm 328 is

operably caonnect.ed ta barrel . tri r, 356.0r finger ..
Cr1 e GRTRBEEA e bt PRF Guoiidl sbal@Ripepievee. o
onk BEXABERE, doSte rinlsS36 id ided @Ldet 1R \GOSired IBargs. Ri MBteRhhyle, &osage ring

Szgttached to trigger pivot arm 328 and second tri%gen

évepsitpned ombewwes 1 B yyir dpieveinedaeition. prd/enaq lpcked into place.
B e
gegingoeeth | (yotndwmng dnttbe meien sgéae teatdnBD8ly etgags with graurick 504.
Wl?e%Sdosggierr?&g é?ikd is locked on housing 1 and gear rack 504, the extent to which gear
rack 504 and piston and rod assembly 32 can be drawn back is user determined; therefore,
the dosage ring is user adjustable to set the amount of medicament that is ultimately drawn
in to the injector, for subsequent injection. The dosage ring may be set to include a wide
range of charges, and thus injection volumes. In one example, the dosage ring is adjustable

over a range of volumes between about 0.01cc to about Scc.

When charging gear 520 is moved from its charging position to its release position,
charging gear 520 disengages gear rack 504, permitting gear rack 504 to move from its rear

ward position to its forward position.

In this example, the trigger is a trigger mechanism that releasably retains piston and

rod assembly 32 in its rearward position.
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343 of third trigger lever 342 is slidingly attached to
second trigger lever 340 at slot 366; second end 345

of third trigger lever 342 is attached to fourth

trigger lever 344. Fourth 10 trigger lever 344 is

pivotally mounted to third trigger lever 342 at pivot

mount 370, and is attached txg first end 307 of main
triggering rod 306. Main trigger rod 306 is slidingly
mountaargingr gsay 24 isi qgeblyr suingtdiosbaB4birigatn $36 @rfnger trigger 354

. A r od
PSPk R 5 A Bl oo
nposi dhbiging gerartim Beowvemr s plasihg Qf(’b81t1bﬁla@@€lfs Ricdet pa¥itin. In the
cS6EH1E P hEuter Pyg 26 o nar 70 budes TRasrbEPIT o {thabich is configured
td»“?é ogkad dﬂ?e@get irQBer Félt%g@ 532.1 rivege Igeélr' 2G84 30 l%grz n?ovgd to its

first end I'S attached to main trigger rod
rgrgad prsitiemdriggdiartch S3dengaghe thigger falaagep32. rF@@@nngamachment of

I sl nount ed. on res
Rl Sl SaPUEERD B LTI PR G SRE s chereing
pbsmmm t 616 @dfidase pdsﬁ&Q Afcordindlytthd gaede wittth ad@fionAetidalid @meld in
needl e free injector can be accoqgllshed usi ng

P%&? ‘?Ye’i%e EHIGEER JoBesr caish 10 Rgeset rilggeriB54. Using
barrel trigger 356, nozzle 17 is pushed onto the body

t 0 bgctufthst edtheidebdle gre Uﬁj@ctf)lofs%c&ﬁ%lmﬁy@ ublRg blrel trigger 356 or
trigger 356 against barrel sprin so as contact and
ﬁﬁ%?@gflggi%??f‘ t 1 ggle instager, 3giBatiqndmarhieverl dyvae dngsisizen tsieasedS32 to

dllsér%ageeﬁtg?@‘;@at&oﬁd BB tri érr}gle£§e:%§bthteféb? g)gﬁ?%’tgq% gegg\r/e{cﬂg.im to

finger ger 354 fromra forwa oSI {1 O
mpeafrowiig rq:miwaltdl moxition s gsfofwvard @osition. ggmg fingakaigeer3a, depressing

R TR e Ra e ShecuLAE AT el P Feyb P deisos 2

Uilﬁ bartd] $ridger B89, doRAS 171 isPstied ontoSthé BdYBIH iBOS&Ed WRR enough force
ca%ses |€§?ourth trig qﬂIever 344, )ﬁ?rd @rlgger Ievgr

fogagye bé@élotﬁﬁg?rﬁsé@S?mﬁé‘“\}i@ﬂemn&lﬁ@tﬁh@\m) 5029 fo caus¢ gigengagement
t 328
mﬁﬁ%%% %éﬁ?(pi&gq rﬂﬁm&@ qpve trigger pivot arm N

|t|on 0 the wunlocked position.

di scussed above, novenent of trigger pivot arm 328 to
t he luah elikedive embodiment, the needle free injector depicted in Figures 22 — 24 is

adapted for manual charging. In the case of manual charging, gear motor 360 is not used.
Instead, a charging handle and ratchet mechanism (not shown) directly or indirectly rotate
gear 506. In the case of indirect rotation of gear 506, a chain gear is optionally used to
connect the charging handle and ratchet mechanism to gear 506. Charging and actuation is

carried out as described above.

It will be clear to the skilled worker that various arrangement of gears and gearing
can be used in a gear assembly to increase the mechanical advantage for charging actuating
device 40. For example, a “gear train” consisting of several gears acting on each other can
drive a rack and pinion, which acts directly or indirectly on piston and rod assembly 32 to
move piston and rod assembly to its rearward position. A planetary drive gear box can be

used to act on the directly or indirectly on piston and rod assembly 32, in a similar fashion.
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position allows main gear 310 and main shaft 302 to

rotate so as to permit main pulley 312 to nove from

t he second wound position to the first unwound

position. Muwvenent of main 5 pulley 312 fromthe second

wound position to the first unwound position pernmits

pi ston and rod assenbly 32 txg.nove fromits rearward

position to its forward position, due to the pressure

Stjeriatyapedansiary Bear dowpng salelpt grstens meaydee. usEd| Toaiusgyof a worm gear
-0l ect i i.n fi r .trioger. .

LSS e L b OO U 80851 2RO bl e

opti@i”t ¢aanincrivime etire miecbinidal ngemtdot i sggesl fimeds ?@ﬁe%&dhcﬁné ti® force
0 forward position results in novenent of nmin trigger,

R GBS S 40y dPARTECR 81 1 Alir gapyane pakesghepsier for

ubRY RRRze QtubtidARelceRDVOL arm 328 fromits unl ocked
position to its |ocked position. The user is now able

to repeat the charging procedure. Alternatively, barre

t ri ghemoskiebe rgadilypppreCiaiadh iytaswerker skélled ipdii art, die nositionigg of the
PhEA St POSLLATRYCRELY ) MAAOSE B BES, B s o
thei spstiest anidyaty degiperto 3B88njerted, thhagn pf pul dubjethesiee pdectes, and the

togeth t her eby novi ng.trigger . pivot. ar 28 fro .
PR &) LA SRS £ PRI 18T ARl SRRSieS P oy i Jighfs more
digaduet ty piGcOpbh otiRts. YTHIN Gl e pakitd dpesieLABREINBRITh skin thickness.
trigger safety 304 is novable froma | ocked 805|t|on
AfditigipliynnspRer ob 8 PRHICBIT SRARIEH With BpvGiTpgomratidhebalyghatgre more or

1e80¥eckulr 8 MitAeThd At 0fGhOSRHhaPARI & a%%&ﬁsc?ﬁ%% REMon the

position, main shaft 302 rotates an auses trigger
easafoéinje®oy, sincenghue tickowssaanduraseiess cposartyivaith bge. &or example, in

| ocked. ition. .lp .th | ocked  posi.ti L rigger. .
sl SRGieB 0k Y B il e P GT RGBS 508 B kbt g more
rebdilyl infectabRaAthWR bl ap@s iddiadual TISGET, i @fﬁiié‘ty?&"anin%l% for example,

WO

pivotally nounted on main gear end 308, and has
regiops h%jgﬁ thetcasswnyreassac! limge wilt ipirelly saresisy taddeat.o There body
0S|t N [ | th
e RORY SR R ATt TR gl e Mimpgred o
bdvaredien B@0isingor Siffrovet ihject. tBhefskillsd wokles edll ppekdirtennd take into

cogarar R B SPEE b BN AU Apei e aager gelecting the
preBVR dof thel das-chgas.war d posi tion.

The injection device of the present invention optionally includes a supply reservoir
for supplying liquid to dosing reservoir 16. In a specific, non-limiting example, as depicted
in Figure 2 and 9, supply reservoir is syringe 21 containing a medicament. In Figure § the
supply reservoir is bottle 208 containing a medicament. Syringe 21 and bottle 208 are
connected to dosing reservoir 16 by a length of tubing 19 and a one-way valve 18. One-way
valve 18 allows unidirectional movement of medicament from syringe 24 to dosing reservoir
16. In these embodiments movement of plunger 15 from the forward position to the
rearward position in dosing reservoir 16 causes a single dose of medicament to be drawn

from syringe 21 into dosing reservoir 16.
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The needl e-free injector depicted in Figures 11 - 21

can al so be actuated using a notorized neans for

charging. In the case of notorized chargi ng, charging

handl e 300 can remain in place or be renoved. If

chargi ng handl e 300 remains in place, a ratchet WD

2006/ 058426 PCT/ CA2005/ 00182438 -- 23 nmechani sm ( not

shown) is included and permits for nornal operation of

i nj edt 8ecopiAngRAYith Aenther Beeet AddF tressal inyentiqn iser &i pgvided a

n%@'ﬂ) o ugigg d}lﬁesnegﬁl%sf%tu%] %tfdngﬂzgfce ?(?rf@{eé{u&locflf a %qu d through the skin of
eact| vat using a safety deactivating cap (

ashigwet) thatl mambmm ahameleorwiutnan.ofike method K:MBpItlsesfthetdn@s of (i) providing

t tor. 360 i DC. 5 -
-PRefehee pitkaredenye i Baetery Gt GoTe FdeBhirguppee luid
td8E h@hMistde®: I(ANadthating!the deRed bEr¥ving ﬂl@&@hrﬁﬂrddrhs%ml? BY to the
nount 358. A user actfivates gear notor 360 using

IqapERE POSIE R tRIFF I Zzishiiepinsiiie chinglf|tesngnbisce bt bq J@iepvd and (iii)
a
tr%gm%?lgtagg}agl&a ?ﬁ%\hge eéa% {3% dgﬁacgf tﬁptl g{“gﬁggﬂl }} g}%qgutlgpggﬁce and
neﬁﬂ:rEmﬂwhﬂagy&@hhmkﬁaﬁaammmtates drive gear 300 (as
descri bed above), which rotates triggering gear 326.

Mai n 0.310 tate [ Iley 31 whi.ch.wi.nds. ..
vabl AR ARID RO RLTR Rl B R Bl e e i i eTipaton are
ifdicativd dfecthé tevalas fthkilDoft theserskAlewad theR@stb twhidh thisintdiitién pertains and
quodlnent the dosage rln% (not shown)  includes an
arg| heggh ipcofRopdted Biirefefyncq itothe SRBfusKieniveT Erpagh dudlividu pablication,
pit¥ntt Bep A a?}%itﬁhbﬁ‘ %&%&&%am ghPhadnd9dnAsRER) B’e n%gorpcrated
|nterrupts low of electricity to gear notor
by te&srettsg. st oppi ng charging. The load is 5 held by sane
uni -directional clutch 336 on secondary shaft 332, as
desc’fﬁﬁbl nfugﬁ bURDR Wil de‘s?c'P%E@'lﬂ%n bErdbg%%E WP Same may be varied in
acconp Sh deseribed RS Manual
mahawgyn§uch usiangneart tmef tobﬂrm@rdéd as@gﬁpaﬁﬁt@ feim fHel’Bgﬁi’t and scope

tf,té? 8}%%1&&)%?%‘14 ﬁgsc,:ch%@}x gﬁg%nsldqs Irvgqcxj‘l (f‘ lzesglg:g(laﬁao one 3(1116(31 in the art are

intended to be included within the scope of the following claims.




O electrical switch (not shown) is activated, which
al l ows gear notor 360 to start and recharge the unit
again. Athird electrical switch (not shown) is nounted
on finger trigger 354, which acts as a safety switch.
Fi nger trigger 354 nust be i29its forward position (or
rel eased fromany pushing or squeezing) for notor 360
to restart. This is to insure that triggering gear 326

THER RYBOIZIMGIN hS gdaf HE I VANl oy dd1I6ET sPNeEXREUGERE PROIPHERTY OR
Flgu ﬁ%% 5 [ needl e-free
PRI?ﬁ?%C giégéggFg?ﬁgé 0 gﬁgﬁﬁggﬁg%%ogﬁ%ent of the
present invention. The injector depicted in Figures 22
1. - Bbaalesdicifreel inpesoradgear faskdntying & enedidaansf efideanddsoure from a

L S U
C_hﬁ}’ﬁ%_om hsing eaflumes 8RELYy feSciORE Addiy 8binAES8CHiRkE movable in a
wth either a manual neans or notorized neans for

notArTerdt deecpets fomexpalding saidamedieamant ithioeghdeaid refice cbyraeterized in
a fechanihralionevant ; b L ; .ng .of the
act uat or.‘feTh%ﬁl nj e(:ct%g1 rl%i%ﬁ%%?{g%iﬁﬁg?&r?%ﬁ?g%g}s&%z -25
further includes an actuating nmenber operatively
as@oci at gas tisht ¢hather;r od 5 of said piston and rod
assenbly. \Wereby, said manual neans or said notorized

Means : . I '
T80 o SO AR S TR AR e e
sai d piasfoomard pdsitiodaassentwayd fasitiont he f orward position
to the rearward position. Referring to Figures 22 - 25,

housing 1 is renmvab cgnnected.to reservoir, 16. .
ATt g U om0 SRR aTe e R Pl iy sty to said
i n housbivghrd podilidron connector 502 is 10 renovably

attached to guide tube 248 and acts as a gap-coupling.
Pgﬁ%on and rod assenbly. 32 of actuating device 40 is .
r iftvallSAIaivaendes tad gisiogend pbassambly eaingraitssas gharge into said

sl i di nglbytwafli 2RERJEL thin reservoir 16 and is
slidingly attached to union coupler 502. Gear rack 504

is attached the outer surface of guide tube 348, and
i ekl i di gy for spensally wktaining Ridopis90andfrod hesamiblyginisaid rearward

position,

whereby activating said trigger causes said piston and rod assembly to be released for
movement by said gas charge to said forward position so as to impact said plunger
directly or indirectly with a force sufficient to cause said plunger to move in said forward
direction to expel said medicament through said outlet and whereby said gas tight
chamber is adapted to minimize or prevent the escape of said gas charge so as to maintain

said gas charge in a pressurized state.

2. The needle-free injection device according to claim 1, wherein the circumference of the
piston of said piston and rod assembly defines an outer edge that is in contact with the
interior surface of said gas tight chamber such that the piston defines an extension portion

and a compression portion of said gas tight chamber.




10.

11.

I S As descri bed above, novenent of piston and rod
assenbly 32 fromits forward position to its rearward
position charges actuation device 40. In the device
depicted in Figures 22 to 24, charging of the injector
i s achieved by nmoving gear raCk 504 froma forward
position to a rearward position, which in turn noves
pi ston and rod assenbly 32 fromits forward to its
r edharadlepbed njsshon dgder ascerging,to gllm 2y waRrreBOR] Biston of said plston
se d
et Rl ool ek P HEL ot R GR BE ForPYl Bigension
r opaties angsand ammgeaionIoRjonwdiitleipas dglatcesmbsrown gear 334.
Cr own gear 334 i's attached to a first end of shaft 506
an ear econd haft 506;

o ar EGRI B BePil A RS SR CE Sl YRyl sid sas
| S cEBl it @ doinPregRalindiOallor BaIxtuthif ebmpessl irdehed. t o
hou5|ng 1. Zg GEar 508 rotates |dIerpgear 510, which

%ates conpound r 51% mpound gear 512 |ncludes

ut & negelgrr TSl e @léat‘*s%farelt c&pmgERspedgagt gas is nitrogen.
rotationally engages outer gear 514. Inner gear 516

r 011"1@5 hRBRL iBREAGES YR AL Grdigy Qﬁa@lﬁl 02881 clRRhAL tooNfidther comprising
nﬁéund gear 512 rotates chargi ng gear 520. -25-

rlﬁfglogé%ﬂduelz bprilpyicatiegssafq pigpn g@hﬁod 3I8TRHY recessed

second gear (not shown, but generally indicated by the

lipe deprted 19)(30!'1(5&{7@5@46 R8ENing @D N vERAYin ﬁ%@icatﬁ)n medium is a
rotationally 7attached to clutch mount 540; clutch

moligit wsipht pi& pi votal |y attached to housing 1 at
attachment nmount 542. Chargi ng gear 520 is novabl e

be{"%ﬁfe@d rfre%ﬁﬁ%&lo%e@%% hidopdl ofdl rrlg{&dan one éﬁgg‘ﬁfﬁ nﬁoﬁfuhhé’rrbompnsmg

arg| g position, argi ng
geargap26upding agasedjagrthe rat of 58id pmtdn i doqodr za;bénebly Go by @lunger,

ge rack 504 frogmits forward to i.ts rearwar
po@trtlaﬁald P Ul E b GUTe BRI B agaae%weezsald rod and

ag@i i tindeP 18051 & PRIcE @nd FeMsidnd 1 RNiN&di @ rdafvarli §BEMEH. d
p03|t|on to charge actuating device 40. Recessed

second %ear 522 rotationally engages |ocking gear 524,
whitetnepdlediee dyprsign devign Pt diiel vhapndhagaphcogsBg comprises:

(a) a first end for removable attachment of the gap-coupling to said rod; and
(b) a second end for sliding engagement with the plunger.

The needle-free injection device according to any one of claims 1 to 7 further comprising
means for transferring force generated by movement of said piston and rod assembly to
said plunger, whereby activating said trigger causes said piston and rod assembly to be
released for movement by said gas charge to said forward position thereby imparting a
force to said means for transferring force which in turn imparts the force to said plunger
sufficient to cause said plunger to move in said forward direction to expel said

medicament through said outlet

The needle-free injection device according to claim 1, wherein said means for moving

said piston and rod assembly is a manual means.




12.

13.

14.

15.

16.

10 Uni-directional clutch 336 and | ocking gear 524

enabl e charging gear 520 to rotate when noving gear

rack 504 fromits forward position to its rearward

position, and does not allow charging gear 520 to

rotate so as to nove gear radk-504 fromits rearward to

its forward position. Thus, uni-directional clutch 336

hol ds the charge of actuating device 40. Chargi ng of
actlhatiepdjediegiitisctirm doied piserlingid rlaime ldedieredn seidangaial means
iscg&pﬁﬁggd. In 15 one exanple, dosage ring 526 is

use 0 set the desired charge. In this exanple, dosage

ring 526 is positioned on housing 1 at a user

det(®r m addn@epitdtaly, caancctahw Hed hoolkefied nfjetiph aleeice and pivotable
Dosage FLin Zplinéludes %uide 328 for.receiving gear

rack 504°ME 258 PPHEYLEESCYELPPRE Y % h (not shown)

on the inner surface that matingly engage with gear

rac® 504 pushvbe pivdasiageachedie farnthahsle] meked on housing 1

and gear rack 504, the extent to which gear 20 rack 504

and. piston and rod assenbl.y 32 can he drawn back is.

ot etbRHIEE. THHGE GPORKYC AecAbe Ryt MEngl od St giston and rod
adj ust ahk&nb]9, set the anount of medicanent that is
ultimately drawn in to the injector, for subsequent
injection, The dosage rin y be set to include a w de

r alg&eo Wéﬁh?@g%g?n RN fﬁ}l sud it dlRsedieytion o Bifesecond open
ex :

o A G A SRR S QML DRSS Rlumed o
c hstidyélpgpd pesitios 2 Qushingiowasds frarsferiet o stidhpephngd, ydgéht indurn transfers
to,its .r.el ease posjtion, chargin ear. . 520 di sengages

golit PPl EBSE @R d g mGaleP I hRe e Bl B5twtrd T aracoly from
| t @id Pawardwasidopsdatd earwagl pdsBiohor ward position. In

this exanple, the trigger is a trigger nechani smthat

rel.easah] y. retains pisto nd roqod assenbly 32 in its . .

r ejgfewglepf% ipjeghion deygee ol gl ﬁﬁﬂe@e&a?m% .@@avs_s%a (VA pid piston
COfHAREH efehBIyRh hRkorlkd B8Ys 356 or finger trigger 354

by trigger rélease 532. Trigger release 532 is attached

to clutch nmount 540 and is operable to nove charging
gehie modle e wriegiiontdsvien agegiding o ekiimild duriied comprisied: ease
position. In the

(a) a gear assembly operatively associated with said motorized means; and

(b) an actuating member operatively associated with the rod of said piston and rod

assembly,

whereby said motorized means transfers a force to said gear assembly which transfers the
force to said actuating member to move said piston and rod assembly from said forward

position to said rearward position.

The needle-free injection device of claim 13 or 14 wherein said motorized means is a DC

power supply.

The needle-free injection device of claim 13 or 14 wherein said motorized means is an

AC power supply.




17.

18.

19.

20.

21.

22.

exanpl e of Figure 22 - 24, dosage ring 526 includes

trigger catch 530, which is configured 5 to rel easably
engage trigger release 532. Wien gear rack 504 has been
noved to its rearward position, trigger catch 530

engages trigger release 532.32Fol | owi ng attachnent of

trigger catch 530 to trigger release 532, charging gear

520 is noved fromits charging osition to its rel ease
poBietricodie-fise dediongeyice adserditep gerimil e hwviereis tthrapusbpod is adjustable
device .40 is held in place by the attachnent of
tﬁP&%@?Lcatch 530 to trigger release 532. 10

Actuatation of the needle free injector is acconplished
ustThegebdiefek itjeitpgeatevisdeording tongam 12, ivdgerin $bd triggar comprises a

each instance, actuatjon is, achieyed b vin rigger :

" ai a8 28 (3G GAaeEr  uard et ot Bbe PRaHPI L @ pivo
t rh@eRY: ah8! BasR1A3R, saldNBIEBNd REEAH HhidhNS I SRErebRAGHeR Gddownward
to nove fromits rearward position to its forward

pdsiceiipmxertas ¢y said nefond wepfl g spidamigeerpgpeedsit miyots aheyepaid pivot
tri ' t i g :
i 2 SR HRCENEDTRPORRTE oB B A FShERe 3R cctative
nozenhteer duchi thatuid pédoromtdood heetbigyndwes Fremi sajdeetradrdwdshion to said
egpgg#df0[ce to nove barrel trigger 356 against a

baf BiHy (not shown) so as to cause di sengagenment

of trigger catch 530 fromtrigger release 532. In an

alTther ieatiiefeceenmirotdbnr@stice bbwrdieedd eldimer!, iwleeeh ofid manual means
depicted in Figures 22 - 24 is adapted for manual

chaMgi#g: I n the case of manual chargi ng, gear notor

360 is not used. 20 Instead, a chargi ng handl e and

rahchet HE%QF%?’W&E'H}( BSHne&BO W Saidine€fé ke Pjedtiddi de®@fek IMd pivotable
rotate gear 506. I'n the case of indirect rotation of

gear 506m afishelpsedgeaition & discowsheen posise to  connect

the charging handl e and ratchet nmechanismto gear 506.

atgle TR PR A o ERAAE P AR ot

various arrangenent of gears and gearing 25 can be

uged i anactyetarg mswbabdperativeiyrassminel whie treersidagfi sead piston and rod
advantag@ Epr chargi ng actuating device 40. For
exanpls,e@'bbear train" consisting of several gears

acting on each other can drive a rack and pinion,
whvhelebgotten dhiddantlly iomovedfipmctaldyfishclpsedt ritiando s@od second open
asp%selt%)rll %aigzgetaro assembly transfers a force to said actuating member to move said

piston and rod assembly from said forward position to said rearward position.

The needle-free injection device according to claim 19, wherein said trigger comprises a
trigger mechanism, whereby user activation of said trigger mechanism causes said gear
assembly to disengage said actuating member such that said piston and rod assembly

moves from said rearward position to said forward position.

Use of the needle-free injection device according to any one of claims 1 to 20, to

manufacture a kit for administering a medicament to an animal or human.

A kit for the use of the needle-free injection device according to any one of claims 1 to

21, comprising:




23.

nove piston and rod assenbly to its rearward position.
A planetary drive gear box can be used to act on the
directly or indirectly on piston and rod assenbly 32,
inasimlar fashion. -27- Simlarly, a planetary gear
box and ratchet system may b& used. The use of a worm
gear drive is another alternative. Any conbination of
or set up of any suitable individual "gear option" can
i n@ eastbe trivedlpdichantaiah dadvaiatdge several times,
thereby reduci ng the force charge actuating devi ce 40.
addi h "gear trains" nmakes it
@?erlP&h%ﬂ gﬁ@é”% g&eﬁgfge actuating device 40. As
mould be readily appreciated by a worker skilled in the
anls¢ bé thposietliedidenigjeofiort Hevicenozalyeoregai diaimst N2 $arbyjdevistering a
wi || depend on.a nunber of factors, including, but not
Iiﬁ?gﬁﬂg?ﬁtanﬂ% €&peci es and body region to be
injected, the age of the subject to be injected, and
the pressure of the gas charge. For exanple, certain
ani mal species wll have skin that is nore 10 difficult
to pierce than others. This is due, in part, to species
di fferences in skin thickness. Additionally, menbers
of a particular species wll have regions of the body
that are nore or less difficult to inject. The age of
the animal and or human may al so have an effect on the
ease of injection, since skin thickness and coarseness
can vary with age. For exanple, in sonme species, a
younger individual (e.g., neonate or infant) will have
skin that is nore 15 readily injectable than an adult
individual. As well, in a variety of animals, for
exanpl e, regions behind the ears or in creases of
limbs will typically be easier to inject. Those body
regions that are nore readily injected will require a
| ower pressure gas charge conpared to a body region
that is nore difficult to inject. The skilled worker
wi || appreciate and take into consideration the
vari ous species, body region and/or age differences,
when selecting the 20 pressure of the gas-charge. The
i njection device of the present invention optionally
i ncludes a supply reservoir




for supplying liquid to dosing reservoir 16. In a

specific, non-limting exanple, as depicted in Fi
HREOB43uppl y reservoir is syringe 21 contalﬁﬂﬂﬁgﬁoym”&“

medi cament. In Figure 8 the supply reservoir is bottle

208 containing a nedi canent. Syringe 21 and bottle 208

are 25 connected to dosing reservoir 16 by a length of

tubing 19 and a one-way val ve 18. One-way valve 18

al  ows uni directional novenment of nedicament from

syringe 24 to dosing reservoir 16. In these

enbodi nents novenent of plunger 15 fromthe forward

position to the rearward position in dosing reservoir

16 causes a single dose of nedicanment to be drawn from

syringe 21 into d03|ng reservoir 16. -28- In accordance

er: =¢t “of " the' present rvention there is
'stng the: needle free injection

provi ded & nethod of”
devi ce fori Jnjectlon
subj ect, that ‘may B
conpri ses the steps
i njection deviceggf:
| east one dose
actuating th‘
32 to the 't
the skin of:
triggering: the ag§
liquid through: e
t hrough the sk
pat ents and pa
Speci fication arf
of those skilled"
pertai ns and arg
the_same extent g
patent or patent,
|ndQV|duaIIy
refgrence. The,] usj described, it wll
be 9bvi ous t hat =t . ed in 15 many

maYé. Such vari-ati g t ¥tlo.bej regarded as a

a

,anlnal or hunan ~The met hod

(i) providing a'needl e-free
dzgyent | on. havi ng at

agm ni stered; (ii)

4d rod assenbly

a dose of the

zzIe 17 and
subj ect

i cation

ii1-evel of skill
T s i nvention
ated by reference to
dual publication,
specifically and
rpprated by
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of the invention, and all such nodifications as mould
be obvious to one skilled in the art are intende _
VR 2006/8384%ed within the scope of the fol | owi ng &4 oymn&m
-29- THE EMBODI MENTS OF THE I NVENTION I N WH CH AN
EXCLUSI VE PROPERTY OR PRI VILECGE IS CLAI MED ARE DEFI NED
AS FOLLOAS: | In a needle-free injection device for
delivering a medi canent under pressure froma dosing
reservoir through an outlet orifice for adm nistration
to an animal or human, of ther~type conprising a
pl unger slidably recelve@| n sai d dosing reservoir and
nmovable in a forward direction for expelling said
medi canent through said orifice, ®haracterized in that
said injection device CO pri sgs aj gptuating devi ce
conprising: (a) a gas &gl h anber+ (b) a piston and
rod assenbly slida®l'y reseiV¥edt i n sai d_chanber and
novabl e betwegh ©a fnrmaro‘ﬁﬁgltlon ané a rearward
position; (c) ja gas ¢"I|musal d ¢hamber for urging
said piston and lio sai d orward position,;
(d) nmeans for on _afd rod assenbly
agai nst sai K gFserd rearward position;
and (e) a_trygge ‘ eP%!% _retaining said piston
' i'g rd position, whereby
M-us_ilsald pi ston and rod

assenbl ¢ t 5 w.---nt\gy sai d gas
charge to o ii' u‘ So as to i ct said

pl unger [ Jﬁﬂl=f Mﬁth a force sufficient
to cause sard_plu rii 1 al| provE ai-d_f orward

‘P t_through sa d outl et
N nper |S dapt ed to
of =

direction to ex sa
and wher eby sa;geéés\t gk

|
mnimze or prevFﬁ%“rh€<*E@ @ as charge SO0 as
to maintain o ‘,
™ o
) [Te]
53 j—— ~
G N |
= © =
T—— < A
\\N
// T
[}
<+

f Ju““:i\
(i
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said gas charge in a pressurized state. 2. The
needl e-free injection device according to claiml B
WP at0ai08s4the circunference of the piston of sa‘?q/%@f)%ﬂ”s“
and rod assenbly defines an outer edge that is in
contact with the interior surface of said gas tight
chanber such that the piston defines an extension
portion and a conpression portion of said gas tight
chanber. _10- The needle-free injection device
according to claim2, wherein said piston of said
pi ston and rod assenbly conprises a passage for fluid
comuni cati on bet ween §§%grgxgension portion and said
conpression portion of the gas tight chanber. 4. The
needl e-free injection device according to any one of
clainms I to 3, wherein said gas charge is a conpressed
inert gas o m xture of rconpressed inert gfb. 5. The
e
€e

A
needl e-free|Anj ecti on devi|& jof claim 4, in the
conpressed Imert gas is nitrogen. 6. The n le-free
i njection device according to any one of clains Ito 5
further conprising a IubEFfﬁqion medi um f
| ubricating said piston and rod assenbly 7. Th
needl e-free inj -an devj ce aeecerding tojcl ai

wherein lubrication nediumis fa |ight weight oil. 8.
The needl ed{frgee|injection| devijce according ko Y g®ne
of claiesrs—1 to 7 further onprlising a gap-coupling

connecting|the tod of saiid piston and rodgs bly to
t he pl ungern, erein said gap-coupling i$Jcontigured

to maintain a gap-distancle betjween said rod and said
pl unger when saijd ppston jand rjod aggsenbly|iis |in said
rearward position . The] needl g<free inj@gtijoh device

of claim8|wherefn the gqp-ggu ling conpriges:| (a) a
First end for novabl e ataéh 660f t helgap- coupli ng
to sai gp+od ©l (b) a sgronmd end for sliding
engagenment t he pl unggr—zZ£6—The needlzg-fyre 72
i njection dggvi accor di ngftdgzany one of (@ﬁa‘i‘*és l1to7
furt hef®comprisi ng

—T— 30 ——30 — 30
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means for transferring force generated by novenent of

said piston and rod assenbly to
activating said trigger causes said piston and
rel eased for novement by <AFY
charge to said forward position thereby inparting a
force to said neans for transferring force which in
turn inparts the force to said plunger )
cause said plunger to nove in said forwafid

assenbly t

0 be

sai d pl unge

suf f

wher eby

r od
l‘eécg)éz 10 April 2007 (10.04.2007) PCT/CA2:

r,

2]

i ci ent Wik 290570014528

diceosipnggg 5 10 A
. The oo

expel said nmedicanent through said outl et
needl e-free injection device according to im1,
wherein said neans for noving said pistoniand rod
assenbly is—a nmanual neans. -31- 12. The needl e-free
I nj ection|dgvice according to claim 11, whergein said
manual ne conprises: (a—a handle pivotally
connected )t said needl e-frieg injection deyvite amd 5
pi votable | firoma first cl osed position to|al second
open position; (b) a push rnod pivotally attached to
sai d handlie; and (c) an actjuati ng nenber operatively
associated wth the rod of [said piston ang=ed
assenbl y, whereby when said handle is no firom sai d
first closeg¢—position to sai¢—secord ope 5ition
. . . — (1)
sai d push|rod engages said{actuati ng ne ——lahd when
said handllejis returned to| said closed pasitiion a
pushi ng f e is transferred|to said pushirod, which in
turn transfers the pushing force to saidactuating
menber t e said pistam rod assenpliy from §§id
forward positionrto safd .t zard positi?g. 13. Then
needl e-f|t ee |imie&tion de i%%%qf—tlﬁin1l, vher ei n sai d
neans f ving said pistomi—and rod a §3nbhf_Lsmau
Nnot ori ze ans. 14. The|needle-free injéctijon devite
Yaccordin t3_c|ain113 furthen conpri simg: '
o=
()] o
ir ™
N i MENFEPN|
— _r —
In - )
I
~—i
Lo
<
N « \\\ .
m
O

4/
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(a) a gear assenbly operatively assocP¥t¥@decipt i 4mil 07 (10.04.2007) PCT/CAZ

notori zed neans; and (b) an
operatively associated with
rod assenbly, whereby said
force to said gear assenbly
to said actuating nenber to
assenbly fromsaid forward

actuati ng nenber
the rod of said piston and

mnm|HMrmthrmp rwﬁgp vy
which transfers the' &% b5 70010

a4
nove said@d st@aT @BERr&ﬂﬂﬁ 02.10.06

position to said rearward

position. 15. The needle-free injection device of claim
13 or 14 wherein said nitigtir@ed neans is a DC powver
supply. 16. The needl e-free injection device of claim
13 or 14 wherein said notorized nmeans is an AC power
supply. -32- 17. The needl e-free injection device
according to claim 12, wherein the push rod is
adjustable in length. 18. The needl e-free injection
devi ce according to claim 12, wherein said trigger
conprises a triggering lever having a first end an
second end and bei ng pivotabl e about a pivot nenbe

and connected at said first end to said push rod,

wher eby when a downward force is exerted on said
secqgnd| end of said triggering |lever it pivots about
sai-d—pi vot nmenber and said first end is rai sed causi ng
sai d push rod to di sengage said actuating nenbe uch
that said piston and rod assenbly noves from sai/d
rearward position to said florward position. 19

he

needl e-free injection deVI8' ordlng to cl ai m311,
wherefin said manual nedns (a) a hapdle B
:kVGPéFFy—GGﬂHGGPGd—% rofgl-e free i nj ectf

“““ o ad posjtiyon to a
2 22 40 4 u 10 9
{ m[( : ):*—,
Foorh b
2 2 1 40 4 32 30
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(b) a gear assenbly operatively associated wth said
handl e; and (c) an actuating nmenber operativel B
VR 2Wei0aed with the rod of said piston and rod€T/CA2005/001824
assenbly, whereby when said handle is noved from said
first closed position to said second open position
said gear assenbly transfers a force to said actuating
menber to nove said piston and rod assenbly fromsaid
forward position to said rearward position. 20. The
needl e-free injection device according to claim19,
wherein said trigger conprises a trigger nechani sm
wher eby user activation of said trigger mechani sm
causes said gear assenbly to disengage said actuating
menber such that said piston and rod assenbly noves
fromsaid rearward position to said forward position.
21. Use of the needle-free injection device according
to any one. of. to nmanufacture a kit for
admi ni stieri ng an ani mal ‘or human. 22. A
kit for thes ee injection device
accordi ng tio al F"to 21, conpri sing:
-33- (a) the n ion device; and (b)
instructions f 23. Use of the

needl e-free inj of any one of clainms 1-20
for adm ni ster nt to a subject. WO

2006/ 058426 P pa" g5 fie" ~i i yg
3k ~ zt o

o

Figure 6
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Date of receipt: 10 Apri 12007 (10.04 2007) PCT/ CA2|
1tilln F.., ~~ll~~h"J~t~c'} Url X~r n roon TT QJ
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Pressure pattern of inventive device
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Figure 12
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