Title: M N ATURI ZED NEEDLELESS | NJECTOR

I njectors for

| ess injector

is provided with a val ve body on

for the liquid is disposed within the hqgus

o

liquids are known fromthe art

are adapted to different conditions of application.
I s designed as a hand- hel d devi ce.

t ensi oni ng LB DR VSR RE VR N s ok £38),
di spl aceabl estvya§ tﬁ?ﬂpﬂmﬁwmsﬂg%éngg FFE {ﬁ:r?m &?h

Its one end

Abstract: Needl el ess

in a variety of designs that

The inventive needl e-

it conprises a |ockable

a hoI[TI ow %i stq%g%gé;)

ston

elgf%r§g§ﬁ§%n ai ner (44)

ing. The | ockabl e tensioning

systemis t @anpWaRReillo B R@ks Bidkinng
t her eby wi t hdr awi niptérasonhi@lBi@w pi st on §

{43) Internationales Veradffentlichungsdatum
7. September 2001 (07.09.2001)

2 i 31: 32),
S AT T

(10) Internationale Veréffentlichungsnummer

WO 01/64268 Al

PCT

(51) Internationale Patentklassifikation:

{21) Internaticnales Aktenzeichen:

(22) Internationales Anmeldedatum:

2. Mirz 2001 (02.03.2001)

A6IM 5/30  (71) Anmelder (fur alle Bestimmungsstaaten mit Ausnahme
: von US): BOEHRINGER INGELHEIM INTERNA-

PCT/EPOL/02356 TIONAL GMBH [DR/DE); 55216 Ingetheim am Rhein
{DE).

{72) Erfinder; und
{75) Erfinder/Anmelder (mwr fir US): EICHER, Joachim
[DE/DE];- Gustav-Korthen-Allee 24, 44227 Dortmaund

(25) Einreichungssprache: Deutsch (DE). GESER, Johannes (DE/DE}; Vorderer Boehl 23,
P 55218 Ingelheim am Rhein (DE). ZIERENBERG, Bernd
[ (26) Verdflentlichungssprache: Deutsch {DE/DE); Goethestr. 1, 55411 Bingen am Rhein (DE).

(30) Angaben zur Prioritit:
10010 123.2

3. Mirz 2000 (03.03.2000) DE

REIMHOLZ, Ralph, Christian [DE/DE]; Zietenring
10, 65195 Wiesbaden (DE). ELBERS, Knut [DE/DE];
Caprino-Veronese-Str. 4a, 55435 Gae Algesheim

{Fortsetzung auf der ndchsten Seite]

0 0 O

36

01/64268 Al

7“2

AL R

. N
-5-0 ot

~

R ]
0N \
N A
46 §¢ / '.:?4’/"\\
&r ks i /\\ 49
Nk NEZY
31 Q ?:‘ k b
Nt
32 Q 37
N
\ 46
N

(54) Title; MINIATURIZED NEEDLELESS INJECTOR,

(54) Bezeichnung: NADELLOSER INJEKTOR IN MINIATURAUSFUHRUNG

{57) Abstract: Needeless injectors for liguids are known from theartina variety of .
designs that are adapted to different conditions of application. The inventive needle-
less injector is designed as a hand-held device. It comprises a locksble tensioning
system, an energy-storing spring (36), a hollow piston (37) displaceable within a
cylinder (38), and a nozzle (39). The hollow piston is provided with a valve body
on its one end. The storage container (44) for the liquid is disposed within the hous-
ing. The lockable tensioning system is tensioned by counterrotating the two housing
parts (31; 32), thereby withdrawing the hollow piston (37) from the cylinder (38).
At the same time the amount of liquid required for the injection is withdrawn from
the storage container (44) and transported through the hollow piston to the pump
chamber (34). When the lockable tensioning system is released, the amount of lig-
uid is ejected from the pump chamber through the nozzle, The needleless injector is
easy and reliable to handle also for unpracticed people. It is used for intracutancous
injections of a medicat liquid into biclogical Iissue, for injecting a liquid containing
an active substance into a plant or for injecting a liquid through a membrane into the
space behind said membrane.

(57) Zusammenfassung: Nadellose Injektoren fiir Fliissigkeiten sind in etlichen
Ausfibrungen bekannt, die an unterschiedliche Anwendungsbedingungen
angepasst sind. Der erfindungsgemtisse nadellose Injektor ist als Handgeriit
ausgebitdet. Er enthilt ein Sperrspannwerk, eine energiespeichernde Feder (36),
einen in ¢inem Zylinder (38) verschiebbaren Hoholben (37} und eine Diise (39).
Der Hohlkolben ist ar seinem einen Ende mit einem Ventilkérper (42) versehen.
Der Vorratsbehiilter (44) fiir die Fliissigkeit ist innerhalb des Gehiiuses angeordnet.
Beim Spannen des Sperrspannwerkes durch Drehen der beiden Gehliuseteile (31;
32) gegeneinander wird der Hohlkolben (37) aus dem Zylinder (38) herausgezogen;
gleichzeitig wind die fiir eine Injektion benttigte Flilssigkeitsmenge aus dem
Vorratsbehilter (44) durch den Hohlkoiben hindurch in den Pumpenraum (43)
gefrdert. Nach dem Ausldsen des Sperrspannwerkes wird die Fllissi gkeitsienge

aus dem Pumpenravim durch die Diise hindurch ausgestossen, Der nadellose Injektor Eisst sich auch von ungeiibten Personen

o sicher und leicht handhaben. Er wird verwendet zum intrakntanen Injizieren einer arzneimittethaltigen Fliissigkeit in biologisches
a Gewebe, zum Injizieren einer wirkstoffhaltigen Fliissigkeit in eine Pflanze oder zum Injizieren einer Plissigkeit durch eine
Membran hirdurch in den Raum hinter der Membsran,
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Active substances for non-pharmaceutical uses can be for example in the area of
plant protection insecticides, fungicides, growth-promoting or growth-inhibiting agents
15 or fertilisers. The needle-less injector according to the invention permits the

environmentally friendly application of agents with a systemic action, as the active
substance is applied directly to the plant.
EP 0 063 341 and EP 0 063 342 disclose a needle-less injector which includes a
piston pump for expelling the liquid to be injected, which is driven by a motor by
20  means ofa ﬁressure agent. The liquid container is mounted Iatefally to the piston pump.
The amount of liquid required for an injection is sucked into the pump chamber by way
of an inlet passage and a flap check valve when the piston is retracted. As soon as the
piston is moved in the direction of the nozzle body the liquid is urged through the outlet
passage to the nozzle and expelled. The piston of the piston pump is a solid round
25  piston. ‘
EP 0 133 471 describes a needle-less vaccination unit which is operated with
carbon dioxide under pressure, from a siphon cartridge by way of a special valve.
EP 0 347 190 discloses a vacuum compressed gas injector in which the depth of
penetration of the injected drug can be adjusted by means of the gas pressure and the
30 volume of the drug can be adjusted by way of the piston stroke,
 EP 0427 457 discloses a needle-less hypodermic syringe which is operated by

means of compressed gas by way of a two-stage valve. The injection agent is disposed
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WO 95/03844 discloses a further needle-less injector. It includes a liquid-filled

cartridge which at one end includes a nozzle through which the liquid is expelled. At
the other end the cartridge is closed by a cap-type piston which can be pushed into the
cartridge. A piston which is loaded by a prestressed spring, after release of the spring,
displaces the cap-type piston into the cartridge by a predetermined distance, with the
amount of liquid to be injected being expelled in that case. The spring is triggered as
soon as the nozzle is pressed sufficiently firmly against the injection location. This
injector is intended for one-off or repeated use. The cartridge is arranged in front of the
spring-loaded piston and is a fixed component of the injector. The position of the piston
of the injector which is intended for a plurality of uses is displaced after each use bya
distance in a direction towards the nozzle. The piston and the drive spring cannot be
reset. The prestressing of the spring is initially sufficiently great to expel the entire
amount of liquid in the cartridge all at once. The spring can only be stressed again if the
injector is dismantled and the drive portion of the injector assembled with a fresh,

completely filled cartridge.
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the pressure spring pushes the plug, via the piston, by a corresponding amount into the
'liquid container. |

In some known desugn conﬁguratlons of the needle-less injector the supply
container for the liguid to be mJected is arranged laterally beside the drive unit. The
amount of liquid to be injected is sucked into the pump chamber when the solid piston
of the piston pump is retracted. The inlet passage includes an inlet vﬁlve and the ouflet
passage includes an outlet valve. Both valves operate with an auxiliary force.

In other design configurations of the needle-less injector the supply container
for the liquid to be injected serves directly as a pump chamber and is subjected to the

sudden application of force whxch ocours upon expulsion of the amount of liquid to be
_ 1njected



position as soon as the conpressed air applied is no | ong f hye. The
liquid to be injected is housed within the injector in ag%ﬁﬁéf§§®b¥igid
container that is provided at one end with a plug noveable within the
cont ai ner, which keeps the liquid in the cqntainer constantly under
pressure by neans of a spring-tensioned piston. Wien sone of the liquidis
pushed out of the container into the liquid chanber wthin the punp
cylinder, the pressure spring pushes the plug, via the piston, by a
correspondi ng amount into the liquid container. In sone known design
configurations of the needle-less injector the supply container for the
liquid to be injected is arranged laterally beside the drive unit. The
anount of |iquid toIbe injected is sucked into the punp chanber when the
solid piston of thelmihstcase gfulindedlciety Adchi ' i ncl udes an
inlet valve and %Ee outl et passage inc udeséwgl&odﬁﬂ)g%ra@gﬁg@%% ATSRFS 878 s
operate with ahP %thﬁPVP?%?‘-’@eEaS Pirapesaficr ¢eehi igjectionf Tipwonigrensd ghs édiainer

needl e- | ess i ngegt t I3\ € l,her.. for the l.iquid to be Injected
serves directl y%gg?glyprﬁﬁn%éééﬁgr%%%%t{@ dg{%‘ﬁgﬁ{llgﬁ With Gomepressad gan again. With
appl i cat i on ofSurhinjectods] thi drive unis hagorbeaupldbed Bobh ab e RN aé.% %raglqert 0

be injected. 1@? A{;}gust 2004 3 In the case of the needle-leéss Infec
whi ch are opera TE%i th conpressed gas, a part of the conpressed gas

escapes after each A&joefihéloih . cont.ai ner i qQssi bly
repl aceabl e but it ca.r?notgge ?Jli gg%??%???gﬂq@mﬁgﬁng@hbﬁgé’%@% 1)egtoRp of a
Wth such injSéepl§rdssignnahinhi isepraferably asitedofdrerepebchegshisdon W%R&aetreqﬁjned
conpressed ga j s ty. cordingly the object is that of
ooVt ding. a ot 8¢ Wabid,, Inf MBlot CE AL Bilch 5 caghed aveseidaftonmany wses
preferably suisheuldfpreferablyciat @datex didh $E@£}n9ﬁnt%£ g ?l'a%%?fﬂ a %&”ﬁ%mr
after .

liquid. The a era

t of liqujid which is expelle
shoul d prefer Z%ILS@O‘B‘E bﬁr%‘%ﬁ@?e {orapithenca phwsality of partigliachonntst ¢f dRdlilidate be
suppl y cont ai B&doessiv: ' for.either lurality of partial
armﬁnt s of the lcie%saiél ta g’ﬁ%)ﬂésgd ?&ggg%glh&lélﬁfoﬂﬁ%’éﬂgg% tﬁ? EWPFIH@QW gontained
contai ner or e supplyaceainerofo bé tpkied asontwbioheand ieRpcled URPLY oﬁ@é?t"ﬂlenﬁﬁggw q
S

be taken as a and ell.ed all at once. The supply contal ner
be able to be %‘%}"gﬁ;é@o‘}lﬁ @‘?lﬁﬁPgb%%@ed I8 3 gmplei manher. gk eafficiently great

mechanical thrust force (impulse) is to be imparted to the predetermined amount of
liquid so that the predetermined amount of liquid penetrates a membrane,
biological tissue.

a foil or

In accordance with the invention that object is attained by a needle-less injector
for a liquid, which is-arranged in the form of a hand-held unit in a cylindrical housing
and which includgs a supply container for the liquid. The housing substantially
comprises two portions. The two portions are releasably or non-releasably connected

together and are arranged rotatably relative to each other. The needle-less injector
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sprung portion, a drive for stressing the spring, a locking member, two abutments for

the drive flange, between which the drive flange can move with a reciprocating
movement, and a device for triggering the locking member. The travel of the drive
portion is limited precisely by the two abutments. A force-transmitting transmission
arrangement is disposed between the energy-storing spring and the drive for stressing
the spring. The locking member is annular and has interengaging locking surfaces. A
preferably cyIiﬁdrical coil spring or a disk spring or a leaf spring, which acts as a
tension spring or as a compression spring, can be used as the energy storage means.

The energy-storing spring can be stressed by means of a direct drive. For that
purpose the drive flange is displaced by an axially acting external force. When a high
level of spring force is involved, a force-stepup transmission arrangement 1is
advantageous, for example a worm-thrust transmission arrangement, by means of
which the spring is stressed by an external torque. A transmission arrangement of that
kind is a single-speed or multi-speed transmission arrangement which is disposed

between the spring and the drive for stressing the spring.
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stressing the spring. The | ocking nenber is annular and has ?nterengaging
| ocki ng surfaces. A preferably cylindrical coil spring or a disk spring or
a leaf spring, which acts as a tension sgring or as a conpression spring,
can be used as the energy storage neans. The energy storing spring can be
stressed by neansTb¢ driveliflange cair bwef alap-shiyrt copfip@agien, T aj]jay%fftﬂeaf?g@e i s
di spl aced byﬂ%&eaxi aI.I%l gcti ng external force. Wien 'a high level o
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advant ageoussavftedih SxXMeR aMOK hs r:ansm ssi on arrangenent, by neans
of which the spring i sbg?ﬁjesseﬂ(}h%y %éﬁ{gesgl&dg'r nal torque. A transm ssion

arrangenment of th&ke akéragk sprirg &ircmtar bpbdetvean IOUNt AmdSDRER tgeggtgég,i 83197
ar r angenent ' en the spring and the drive tor
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or-a ring .ch i.s subjected to prestressing by one or no springs.
The ring c\gﬂhﬁgo B’&fjngf'r SpErnged displaceablpini aspane prrperalicular to thepmeis bHIhS.

The | ocki ng HHRERE! or iPisHeFdH -di ably in a plane perpendicular to the
axi s of the houg’l ngl,lsore |m|8fsé g?agh)?ra%g'l e in that plane. Further details

relating to the |Betiendetsils mdatinggo teclaking RirbRingemsdiahiigs ﬁ)?talé?ﬁﬁ%ac B

are descri be(ﬂ# %FGD% 191? 45&3‘%3 Fi ég& in the sprung portion of the |ocking

stressing meCHAATSMePLosd 1 W‘% ger which is driven by the I ocking

stressi ng nmechanifged e b LHAO8F theldg Sos s e, cvl inder d
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slidably wi tPAunges irehigly |is fiven by the locking stressing mechanism. The hollow plunger
engages into the cylinder and projects with a part of its length out of the cylinder: it is
arranged slidably within the cylinder.

A nozzle is fitted to the end of the cylinder. The nozzle opening can have a
hydraulic diameter of 10 pm to 500 pm, preferably 50 pm to 150 pm. The nozzle
opening can have a length of 50 um to 500 mﬁ, preferably 100 pm to 300 um.

When the nozzle has a plurality of openings, the longitudinal axes of the nozzle
openings can run parallel to one another, or they can be inclined divergently with
respect to one another. When the nozzle has a plurality of openings, the hydraulic
diameters thereof can be different. |

The nozzle can comprise a parallelepiped which is composed of two silicon
plates and which for example is 1.1 mm wide, 1.5 mm long and 2.0 mm high. In the

“c.:ontact surface between the plates the parallelepiped can ﬁave a shallow triangular
opening which is abou_t 400 pm thick and which terminates in a single nozzle opening
which is 50 pm wide, 50 pm thick and 200 um long, It may be desirable for the nozzle
to be surrounded over its entire periphery with an accurately fitting elastomer shaped

portion. The internal contour of the elastomer shaped portion is matched to the external
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The space between the nozzle and the valve body mounted to the hollow
plunger is the pump chamber. Tt is possible to arrange a filter which is preferably in the
form of a depth filter in front of the nozzie end of the pump chamber, that is to say in
the expulsion passage for the liquid. If the liquid to be injected contains suspended

- particles, the pore width of the filter has to be matched to the size of the particles,
' Further details relating to the hollow plunger and the valve Body are set forth in
DE 195 36 902.

The locking stressing mechanism and the energy-stéring spring are preferably
stressed relative to each other by rotation of the two housing portions, preferably by
way of a worm-thrust transmission arrangement. The torque can be produced by hand
or by means of a motor. '

The cylinder diamster is preferably practically identical over its entire Jength to
the outside diameter of the hollow plunger. The cylinder can be fixedly mounted in the

one portion of the housing. In addition the cylinder can be axially displaceably mounted



relative to the hollow-plunger is limted by an abutnent. I S
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liquid can be altered by varying the position of an abutnent. The position
of the trave‘e"rﬁﬁ“;’éﬁiﬁﬁ?c’%f the sprung portion and thus the stroke novenent
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Xedly mounted in the housing the triggering device is actuated by means of a

triggering button which can be depressed with a finger and the locking member is
released. When the cylinder is mounted slidably in the housing the triggering device is
actuated when the cylinder is pressed in against the force of the return spring and the
locking member is disengaged.

A supply container for the liquid is provided within the housing. That supply
container is in the form of a container which is separate from the needle-less injector; it
is connected to the end of the hollow plunger which is in opposite relationship to the,
pump chamber. The end of the hollow plunger is covered by the liquid which is
disposed in the supply container.

The supply container which is connected to the hollow plunger can additionally
be connected to the sprung portion. That connection can be a releasable or non-
releasable push-in connection in which the sprung portion is provided with a plurality
of snap hooks which engage into a peripherally extending groove in the supply

container after the supply container has been pushed into the needle-less injector.
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pl unger. Thbightquakty steelenent of the hollow plunger is delinmted by the two
abut nents for th(i, dri%e {Dlgnge. It i,s desirable to provide in front of the
nozzl e a removabl8® S PRI 5 compTisy metals Poramios L1z Pregionp afaneg biaskisng
storage of Hheraeedéigsthgss i njector prior to and during the period of use
t hereof from contam nation and evaporation of the liquid. The two portions
of the housing, - The npalkraycamprisssnstyl, plestivamaenial} glesscyilicomarprecions dtig:
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ceram c, glass, precious stone, plastics material or elastoner.
he needle-less injector is preferably produced in the form of a hand-held unit.

It can be held and operated with one hand in the injection procedure. The cylinder, the

hollow plunger, the valve body, the nozzle and possibly the filter are miniaturised
components.

The mode of operation of the needle-less injector is described hereinafter.
During storage of the needle-less injector which has not been used or which has
already been put to use and between two injections, the needle-less injector is in the rest
condition. The energy-storing spring is in a prestressed condition. The sprung portion
bears against the abutment which limits the travel of the sprung portion in the rest
condition. The hollow plunger engages deeply into the cylinder. There is only a small
spacing between the end of the hollow plunger and the inside of the nozzle. The locking
member is in the disengaged position.
The locking stressing mechanism is stressed when the two housing portions are
' rotated relative 0 each other. The sprung portion is displacéd in the axial direction
away from the cylinder, in which case the stressing of the energy-storing spring is
increased. At the same time the hollow plunger is pulled a distance out of the cylinder

and the pump chamber is increased in size. The hollow plunger still projects with a part
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As soon as the locking member has assumed the disengaged position the force
K of the stressed energy-storing spring acts by way of the sprung portion, the hollow
plunger and the closed valve at the end of the hollow plunger, during the period of time
At, on the liquid in the pump chamber, whereby the mass of liquid m has imparted
thereto the speed Av and thus a mechanical impulse K * At =m * Av, and it issues from
the nozzle at high speed and intracutaneously penetrates into the tissue. The needle-less
injector is in the rest condition again after the injection.

The needle-less injector according to the invention can serve in human medicine
and in veterinary medicine for intracutaneous injection of an active substance in liquid
form, for example, a medicinal preparation, into human or animal tissue. Examples of
suitable pharmaceutical preparations are inter alia analgesics, vaccines, anti-diabetic
agehfé, honnone‘s‘,“"c.;:;ntraceptivés, vitamins, antibiotics, sedatives, antimicrobial

substances, amino acids and coronary agents.
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propane di oPdVa3aEe§1 al cohol s, ethanol -water mixtures, oils (such as
castor oil, sunflower oil), fatty acid

coconut oil, pegn -gi oan SOYR, OL.L, :
esters (such as I'so J 8 pr easily manageable shape. The supply container for the liquid is
disposed in the injector housing. '
* It can be used for many - up to several hundred - injections which can be
taken from one or more supply containers,
* Besides the valve at the end of the hollow plunger it does not have any
further valves.
¢ The locking stressing mechanism can be easily handled, even when high
spring forces are involved, even by unskilled persons, and can be stressed
with the application of a relatively small amount of force by way of a worm-
thrust transmission arrangement,
» The locking stressing mechanism is triggered by hand by pressing the
trigger button with a finger or when the needle-less injector is pressed
against the injection location.

* The drive unit is not replaced but only the supply container for the liquid. |

* The valve mounted at the end of the hollow plunger operates without

ancillary force and closes very quickly.
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[ [ ] | -l ess injector
ressing the trigg tfon wi.t.h a finger. or n the need| e
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but only the supplydemmidiwitth &emdiden thélpindlp chdiBeria!feat BPHELES 18t the end
of the hollow plunger operates without ancillary force and closes very

qui ckly. 24 August 3Beaupply comtpimey &nthe lighid ise1openposelidotiier thras fivee wupoh ed
by!varying the. posi i 'Hf one of the two abutnents. The nechani cal
i npul se of the am)u%ﬁ' of liquid to be injected can be adapted to the

desired depth of epefihé sgiplpeoritaiber fohtellighfinWe relabdiein iR S SmeL! the
menbrane to be penetrated, o ) i )
o The amount of liquid to be delivered that is necessary for a given

application can be injected in. a simple manner consecutively in several
partial amounts in different places in the area of injection.

* Needle-less injection affects the place injected considerably less than

injection by means of a hypodermic syringé.

The invention will now be described in greater detail with reference to the
Figures. Figure 1 is a view in longitudinal séction through a needle-less injector with
triggering button in the rest condition, in which the cylinder is fixedly arranged in the
one housing portion. Figure 2 is a view in longitudinal section through a needle-less
injector without triggering button in the stressed condition of the energy-storing spring,
in which the cylinder is arranged displaceably in the one housing portion.

Referring to Figure 1 shown therein are the two housing portions (1) and (2)
which are releasably connected together and which are arranged rotatably relative to
each other, Of the locking stressing arrangement which is in the rest condition, the
Figure shows the sprung portion (3), the locking member (4) in the disengaged
condition, the triggering button (5) which acts on the locking member, and the energy-
storing coil spring (6 in the form of a compression spring. Fixed in the sprung portion
(3) is the hollow plunger (7) which engages into the cylinder (8). Mounted to the end of
the cylinder is the nozzle (9) with the nozzle opening (10). The filter (11) is disposed in

front of the nozzle. The nozzle end of the hollow plunger is provided with the valve



The supply container for the liquid is adapted to the.congihjemns 2bpyol ved
upon storage of the container - possibly for years - and to the connection
thereof to the injector. Its design configuration is independent of the
demands which are nmade on the punp chanbel2in front of the nozzle. The

supply .cont g rt he Liquid is not exposed to the thrust force upon
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other. Of t%g%’gg% %g s% 8@&11%?)&??% ﬁglﬁﬁﬁ]?elm ZRA)@ the, epgaged sonditiomand i on,
the Fi gur e thhenagy-bieriapicuil gpiies (369t i3 kiredsBE dm.@ ﬂqﬁi Forkifs
di sengaged ? ndiet%i n, the tri geer ?ng butt on ((:5 “Pcﬁﬁgg%zggeo‘&’ cfrhglﬁi ng
rember . and (FHels 3%@%}9%@91&1@53 Bowhich snzagss (8P the cylielef (38N Mouvated at the
conpr essi on BALFRE o6 ' . tion 3).is hol | ow pl unger
(7) which en ages icr?{ﬁgﬁt&ﬁglﬂ%y %lcfz(rgéj(&gg }&ﬁ%ﬁﬁ?@&e élbﬂ)np}ge(ﬁibﬂgl'bgfnozglﬁ@nd of ~
cyl i nder i s ththBokhoy zitenged)is pidvietineitin dzezvAveopes (ln]).(“ma puth %h%inhaaﬁgng%é) 'S
di sposed in .Sfroegit f the nozzle. The nozzle end of the hollow plunhger is
or ovi ded wi tdfl‘l PP lepzfvseep \/ V@quygg @q@zz};o@e fUEply cotiteineiidyd) cshardaged (13)
i s di sposed ibefe@Baratifenvipige Bothh @Bdod Btidd: ki SHRRE Ya 5L BT
(14) is arranged in the ot}?grwi se f reemgg%:ﬁeé’\l}\ﬁtltgﬁﬁﬁdmgwcﬁjo ei‘bsﬁioﬁgt? ©
ollow plunger and is held on the hollow plunger by the press fit 49. The cage (46)
Which surrounds the coil spring is comnected in positively locking relationship to the
housing portion (31). The sprung portion (33) bears against the abutment (47) on the
engaged locking member (34). The cylinder (38) is arranged axially slidably in the
housing portion (31); it is held in its rest position by the helical retumn spring (48) which
acts as a compression spring. The cylinder (38) is provided with a triggering device
(not shown) which disengages the locking member (34) as soon as the cylinder (38) is
pushed into the housing portion (31) against the force of the return spring when the
needle-less injector is pressed against the injection location. Reference (a) denotes the
travel of the drive portion between the two abutments. The stroke movement of the
hollow plunger is identical to that travel.

Figure 2 shows the needle-less injector used for injection. The nozzle (39) is
pressed against the schematically shown: tightly stretched- skin (35); with further
pressure on the point of injection, the needle-less injector is triggered and the lquid is
injected from the pump chamber (43) into the skin (39).



it is fitted in the flange (15) on to the hollow plunger apdubsstiebsl on the
hol I ow plunger Dby the press fit (19). The cage (16) which surrounds the
coil spring is connected in positively locking relationship to the housing
portion (1). The sprung portion (3) beard3 against the abutnment (17). The

nozzle is protected by, th novabl e cl osure cap (18). Referring to Figure
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Reference (a) dengtes the. travel of the drive portion between the two
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travel . Figyp i dl.e- Ml £or injection. e
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needl e-1 ess _j;nj QL 1S triggered and the liquid is injecte romthe punp
chanber (43)1'51?%%%@% %g-gaﬁogan?%gn 24 August 2004 13

To provide a non-releasable plug-in connection, it is possible to adopt snap

hooks with sawtooth-shaped shoulders and a peripherally extending groove of
triangular cross-section.

Example 1: Structure of a needle-less injector according to the invention

A needle-less injector for infracutaneous injection into biological tissue has the
following features:

The housing is of an outside diameter of about 20 mm and a length of about
70 mm. Both portions of the housing, the locking stressing mechanism and the spring
cage, are made from polybutyleneterej)hthalate. The cylinder also comprises
polybutyleneterephthalate; it is of an outside diameter of 5 mm and an inside diameter
of 1.60 mm. The nozzle comprises quartz. The nozzle opening is of a diameter of 140
pm and a length of 220 um. The hollow plunger of high-quality steel is of an outside
diameter of 1.59 mm and an inside diameter of 0.35 mm. The piston stroke travel is

12 mm. The valve body comprises elastomer; it is in the form of a 2 mm thick disc with



Figures 3 and 4 show one end of the supply container and phe,g@teogsportion
in a further enbodinment. In Figure 3 the holl ow plunger has been introduced
into the supply container but not yet connected to the holl ow pl unger.
Figure 3 is a viewin |longitudinal sectidd of part of the (triple-shell)
supply container, (54). The outer shell of the supply container is a stiff
Casi ng (58) WhpeRidpslametey pld@Oumm Thegliss HEPHIdE) o CRERRS yEfoes Pl |

The supply cgn ' . the . pl |.C |, B
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supply cont aj | S48 t I spl unger and the sprung
portion, m%&%@e@?‘ﬁ?@%?ﬁe?}Efgd?ﬁlgoﬁﬁﬁ&h%ﬁuhger by the press fit (59) and
to the spruBghnisle i Ditrabytaievns @pplidados nfpligmidks (51) which engage into the
peri pherally extending. groove (52) in the suppl ont ai pe The connection
bet ween t he” suppl 4ndgReEMDIERCOIHE ST AP8P! JeFHRuoGRGe 3%5%9&5?1%

Figures 3 an : | ;Eg@%%h VY

peri pheral l y&éﬁf’t&%@ﬁﬂéﬁ%ﬁ%ﬁ)@@&? 0 ggem%%%?%ﬁglsd%?%gg?@ gt?]c ﬁ#ﬁ%t&e
connecti on i feedle-lesd miadd| 2copdinggtoi the droventon.i Fun . thapupparei4l® nd of the dextran
non-rel easabl e plug-in connection, it is possible to adopt s hpoks with
sawt 00t h- shafeRFesRBLIdIE %mmgoa%qeﬂﬁh@rtég FYpD, ?%%}P?Tgoqu}ﬁ?)&@%ﬁg}ess mjector
triangular c £aS ' : nafet el ‘b@the
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I's of an outsj de. di t et of, about nm and epgt h,of ahout 70 Bot h
bor L1 ons of  BHETRORENRSS 1 Rite 5t grne] et s 680 Ge Al B GiechafE brvmb SpiRhe
cage, are nagel the kel VRhcdRIREEIhfRIbE Mk A apg_ﬂed &y4 presdusBl shavapat 65 es
pol ybutyl oneterepht hal ate; it is of an outside dianeter of 5 nun and an

i nsi de di ametherskinin theswgiam ofTthe stynasheolcbapsions aad quggred. Theé presedye was
Lopen 19 1 el OIS D fmand o fenath of 220 Jym The bollow
i nsi de di anet er oBldéxd¥amples wWre talieht foom she ddga dt regoddr ihtervals and the content of
dextran fluorescein in the blood plasma was determined. The results demonstrate the
operability of the needle-less injector according to the invention.
Example 3: In-vitro examination of a viral suspension
In laboratory experiments using the needle-less injector, it was determined
whether the viability of suspended live viruses was decreased when the suspension was
expelled through the valve of the needle-less injector. '
From the viral suspension obtained after expulsion from the needle-less injector,
a yield of only approximately 1 logie PFU (plaque forming units) in the case of
relatively large DNA viruses (fest virus: vaccinia virus) and less (approximately 0.5
logiy PFU) with small RNA viruses (test virus; bovine viral diarrhoea virus) was

determined.

Example 4: In-vivo application of a vaccine with modified live viruses
In an animal experiment, the applicability of the needle-less injector for

delivering a vaccine suspension with modified live viruses was tested. In this



12 mm The valve body conprises elastomer; it is in the fgfmglst2084m
thick disc with 24 August 2004 1 14 an outside dianeter of 1.60 nm The
disc is provided on its peripheral surface with axial openings through
which the liquid can flow past the val ve Sody into the punp chanber. The
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of ' t he needmesaheefthempailt-dessageqaosdi ng to the invention. Exanple 3: In-vitro
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shaved and the respective six injection sites were marked with a ball-point pen.

" The effectiveness of the vaccination was established by determining the number
of virus neutralising antibodies in the serum of the dogs, in each case three weeks after
each vaccination.

Tolerability was determined by observation of the injection sites six seconds
after the vaccination and subsequently daily until the end of the animal experiment.

The injection sites were photographed and the results after palpating the injection sites
were noted,

This experiment showed:

In the animals in group 2 a very slight reddening of the injection sites was
evident during the first 2 to 3 days. A temporary swelling lasting 1 to 2 days could be
determined onty by palpation. This slight and enfirely tolerable local reaction is very
probably connected with the local amplification of the depleted modified live virus, and
is therefore viewed as necessary for the proper effectiveness of the vaccine. This

explanation is suppoited by the fact that after the injection of physiological common



determ ned. Exanple 4: In-vivo application of a vaccine w4 Augmdbboed |ive
viruses In an aninmal experinment, the applicability of the needl e-I|ess
injector for delivering a vaccine suspension with nodified |ive viruses
was tested. In this 24 August 2004 15 experinment, both the safety and the
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heal t hy dogsa gfoht hem : igned to two groups. Goup 1

conprised two c%g’s, g‘r oﬁp&galé%g%rglsgozgﬂg)gﬂf dogs. The animals in both groups

were each vacci néffedivehessés dsterasined by Behrus AeRrAkatith bt SHsaka B o1 T €€
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each case 1 TP herlargestiditres apauillosapalls of acutalising@axing)  ( Gal axy
DAZppvL+Cv, 3he0dAQ041; Solvay Aninmal Health Inc.) was delivered

intramuscularly in accordance with the manufacturer's recomendations by
means of ‘a hypoderthé seremrdfafdhe Animglsdiiinm Zhe @0 S¥RKY, ivﬁ:gglﬁ@dtraggi%ne
adenovi r us was | ivered, by .means of the needle-less injector. "The

d
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was 7.2 'loglo TCI D50 per mcrolrtres i ssue culture infective

dose). At each i nfhsctacoinatiint with shexexipegtinehidLiednisd lefio ViRt 226iHL Bﬂlr_ﬁﬁeﬁﬁseé}‘f (six
times 10 m é)l i tdgefels = 60, mcrolitres for each vaccination). e Injection
area on t he BatRUsH IS Grrctly ap shfestivg as intranusewlpevaccinatien withrthect i on
sites were rBhv@tionslivac I @fug Lveness of the

vacci nati on was est abl igﬁggdﬂb@ﬂ?g%rﬁ?mg t egér?ﬁ%g'r of virus
neutralising antibodies in the serumof the dogs, in each case three weeks
after each vaccination. Tolerability was determ ned by observation of the
injection sites six seconds after the vaccination and subsequently daily
until the end of the animal experinment. The injection sites were

phot ographed and the results after palpating the injection sites were
noted, This experinent showed:
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1494 TTK9 409640968192 1495 USK9 409640968192 1497 UVL9 409634944086 1499
TVL9 204820482048 24 August 2004 18 CLAIMS I. A needle-less injector for a
liquid, which is in the formof a hand-held unit, conprising a housing and
a supply container for the liquid, wherein - the housing includes two
portions which are connected together d8d which are arranged rotatably

relative to each other, - the needle-less injector includes a | ocking
stressing ne ismwith a sprung portion which is displaceabl e between
two abut nent which is provided with a triggering device, and a hol | ow

pl unger which is fixed in the sprung portion and which is driven by the
| ocki ng stressing nechani sm wherein the hollow plunger is arranged

sl | dably wi thi nAmeeule-Retelnjandr faiol HGGR. dHiding!if el ReDhARChdligAeed at
e

the end of the cylinder is a nozzle having at east one opening an
space between €PEPHYAZ P Eowting akiba suppliecdntedyerffor this ligujdywhehanber, - the
supply container for the liquid is arranged within the housing and is in

the form of a cont ai rthe heeging atctudes ewotpoetinee dikécH @onhedtegt or and is

connected to the end of .fhe hollow plunger, which projects out of the
cylinder, - the amourfPESherap &h&%géﬁ%@ﬁm@w&fw&mﬁ/ﬁpﬁaﬁg&en s pul | ed

out of the cylinder fagekRelss BvasFthdiiauaBorig el RLINdSh i o the

punp chanber is determ ned by the stroke trave Cross- of
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plunger which is fixed in the sprung portion and
which is driven by the locking stressing mechanism, wherein the hollow
plunger is arranged slidably within a cylinder and includes a single
valve body and disposed at the end of the cylinder is a nozzle having at
least one opening and the space between the nozzle
and the valve body forms a pump chamber,

- the supply container for the liquid is arranged within the
housing and is in the form of a container separate from the needle-less
injector and is connected to the end of the hollow plunger, which projects
out of the cylinder,

- the amount of liquid which when the hollow plunger is pulled out of the
cylinder has been conveyed through the hollow plunger into the pump
chamber is determined by the stroke travel and the cross-section of the
hollow plunger, and

- the position of the hollow plunger stroke travel within the needle-less
njector is determined by the position of the two abutments.

2. A needle-less injector according to claim 1, wherein

- the two portions of the housing are releasably connected together.

3. A needle-less injector according to claim 1 or 2, wherein



- the two portions of the housing are rel easably connect ed4tgaing 3. A
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the nozzl e includes only one opening of a hydraulic dianmeter of from 10 gm
to 500 gm preferably from50 gmto 150algm and the nozzle opening is of a
|l ength of from50 gmto 500 gm preferably from100 gmto 300 gm 4. A
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needl e-1 ess i njector *accor WY clains 1 to 6, wherein - the
| ocki ng stressing nechani smcan be stressed by rotating the two housing
portions manually with respect to _one another. 8. A needle-Iless injector
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5. A needle-less injector according to claim 1 or 2, wherein
- thenozzle includes a plurality of nozzle openings, the longitudinal
axes of which are parallel to one another or are inclined divergently with

respect to one another.

6. A needie-less injector according to any one of claims 1 to 5, wherein

- the position of an abutment and therewith the hollow piston stroke travel

is variable,

7. A needle-less injector according to any one of claims 1 to 6, wherein
- the locking stressing mechanism can be stressed by rotating the two

housing portions manually with respect to one another.

8. A needle-less injector according to any one of claims 1 to 7, wherein
- the locking stressing mechanism can be stressed by way of a worm-thrust
transmission arrangement by rotation of the two housing portions
relative to each other.

9. A peedle-less injector according to any one of claims 1 to 8, wherein
- the locking stressing mechanism includes a coil spring, a disk

spring or a leaf spring as the energy storage means.



10. A needle-less injector according to any one of clai msad a,gudl.oopherein -
the nozzle conprises netal, plastics material, glass, silicon or precious
stone such as sapphire, ruby or corundum 11. A needle-less injector
according to anyone of clains 1 to 10, wherein the container for the |liquid
is releasably connected to the end of th& hollow plunger by neans of a
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of the needle-less injector is provided with a closure cap. 16. A
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plunger within the housing.

13. A needle-less injector according to any one of claims 1 to 12, wherein
- the supply container for the liquid is in the form of a replaceable supply
container and the sprung portion is adapted to receive the supply
container.

4. A needle-less injector according to any one of claims 1 to 13, wherein
- the supply container for the liquid is releasably connected to the hollow
plunger and the sprung portion, and
- the sprung portion is provided with snap hooks which engage into a

peripherally extending groove in the supply container.

15. A needle-less injector according to any one of claims 1 to 14, wherein
- the nozzle end of the needle-less injector is provided with a closure

cap.

16. A needle-less injector according to any one of claims 1 to 15, wherein
- a filter is disposed in front of the side of the nozzle, which is towards the

pump chamber.



anti-di abetic agents, hornpnes, contraceptives, vitan ns,2aRtglkdtoboLs,
sedatives, antim crobial substances, am no acids and coronary agents. 18.
needl e-1 ess injector according to any one of claims 1 to 3 for a |iquid,
which is in the formof a hand-held unit, conprising a housing and a
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the nozzl e opposite the punp chanber. 20. Use of the needle-|less injector
accordi ng t ggapynceiR-184s ifjediofBecbrdife fotardyUne JfBiaBES | 15 IR ng
an active substance int oﬁ'la gl ant .tn?gssue._ 2nf Use %)?[&tg%é%ljndelgmlé-‘f@é%&]ﬂ
i nj ect or accorthé fiym of ahyndsheldomitc bamprsig adobSingand a suppht dontaiged fogui d
t hrough a rrent%flgtime i(ptonthe space behi nd sai d nmenbrane.

1quid, wherein

- the locking stressing mechanism includes a coil spring, and the
locking stressing mechanism can be stressed by means of a worm-thrust
transmission by rotating the two housing portions relative
to one another, and the locking stressing mechanism is provided with a
triggering device,

- disposed at the end of the cylinder is a nozzle with a single
opening,

- the supply container is connected by means of a press fit
to the end of the hollow plunger, and this is connected to the sprung
portion by means of snap hooks which engage into a
peripherally extending groove in the supply container, and

- the supply container is filled with a liquid medicament.

19. A needle-less injector according to claim 18, wherein

- there is a filter in front of the side of the nozzle opposite the punp
chamber.

20. Use of the needle-less injector according to any one of claims 1 to 19 for

injecting a liquid containing an active substance into a plant tissue.

21. Use of the needle-less injector according to any one of claims 1 to 19 for

injecting a liquid through a membrane into the space behind said membrane.



