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of mniature type The invention concerns a needl e-1|ess |nJ form
-of a hand-held unit, preferably of mniature type, mnth

i ntracut aneously |njected for exanple into human or ani nal
invention ains to expand the area of use & an |nJec;or gr tha} ﬁlnd
“Liquids in the sense of the present vention_are prefera sol utions,
sugpen5|ons or di spersions which contE eﬁ@ﬁFﬁ@“%Hﬁ@Pﬁﬁﬁ@l Gt ve
substances can be pharnacologically active substances for treatnment of the
human or ani mal body or they be substances for diagnostic or cosnetic
uses. Active substances for nNﬁﬁﬁh&ﬁﬁHw§MHmﬁahnmsesnman be for exanple in
the area of plant protection insecticides, fungicides, grow h-pronoting or
growt h-inhibiting agents or fertilisers. The needl e-1 ess injector
according to the Thyéaniehtion perdgiissa hétdle-REY injesraRtAS Kl bF Q'Tl%% -held unit, .
application of agﬁnts W,th a system c action, as the active stance’
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needl e-| ess L st an for e l1ing the Iiquid
to be inj ectgd %%rolk@gn q‘?ﬁsd%ngﬁ% nvlg?tlg%ng}‘fstoﬂ‘p%fpdgm@§§"@rq“é@éﬁt
The liquid cmnnmctmrofﬂmtkmdnt ed Iateral ly to the piston punp. The anount
of liquid required. for an Lnjectlon i s sucked into the punp chanber by way
of an inlet passaydUidsqinh ¢ Faf?né?le‘bfkthﬂalpi@emhehvetnhﬁnpmt plrefcrablzewlﬁmﬂfsd AZ
soon as the | e npzzl e body the |iqui
i s urged thr%ﬁgﬁ{s?ﬁg ogs{lpé&@ﬁnég@s@gg&q aﬁfﬁ]‘a&ﬂ fE'P éal}fﬁd‘g%tk‘ﬁeﬁugga% SFA¥L BF st on
of the pist ophapmmlmglczdlysanhvdsuhstmdes for atamentst the h3dad 61 aBiBHE bABES the

needl e-1 ess vac which is operated with carbon dioxi'de ur?aer
pressure, fr{ g ﬁesﬁgﬁlﬁmgcﬂycwt%ﬂs% special valve. EP 0 347 190
di scl oses a vacuumrRRbS:

penetration of the inject gﬁ&grfﬂgﬁé‘ Eg&% ?éuaét%% %Hbgng%rnegagjppetlﬂéheggga of
pressure andP lamfeprotection insecticides, fung1c1dcs growth-promoting or growth-inhibiting agents

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
means of a pressure agent. The liquid container is mounted laterally 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
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
volume of the drug can be adjusted by way of the piston stroke.

EP 0 427 457 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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vol une of the drug can be adjusted by way of the piston stroke. EP 0 427
457 di scl oses a needl e-1ess hypoderm c syringe which is operated by neans
-of conpressed gas by way of a two-stage valve. The injection agent is
di sposed *000002* 2 in an anmpoule which is fitted into a protective casing
which is secured to the injector housing2 The anpoule is fitted on to the

~end of th I d ] dat th t h d f the anmpaoule is. the
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needl e-1 ess injector which is designed for t I njecti . The anpoul'e
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length of the anpoule. The dose to be injectéd can be adjuste _
t he screw ng<pptagés the gtug isescrawsdinte. ontrend jof dteodrivieamitwiithithe pisjorabe beihgom

the drive uni fter, actuati.on of the injector i ushed back by hand. Both
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is fitted laterally to the unit. The drive spring for the piston Is
stressed by RBeRIe¥ingately afjtherentipebihe length efthe amppuler Bhedase do be ingentad cas behe

two parts of ' ISPl rel.ative to.each other .b ressing
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chanber. WD 95/03844 discloses a further needle-less injector. It includes

a |iquid-fil oBerateg yyith souppressid &85  at one end i ncl udes a nozzl e through which
the liquid is exp : e d . tridge is closed b .
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triggered as theAOMIMS aleN@isPAdH RoldtiePbeSREDRYT by plRRhs Ynd oY BEaLNGE the
injection location. This

injection location. Respective valves are provided in the intake passage for the liquid

and in the outlet of the metering chamber.

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 by a
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 intended for one-off or repeated use. The cartridge is arranged
in front of the spring-loaded piston and is a fixed conponent of the
-injector. The position of the piston of the injector which is intended for
a plurality of uses is displaced after each use by a distance in a
direction towards the nozzle. The piston 3&nd the drive spring cannot be

“reset. The prestressjng of th pring is.initiall ufficiently. t .t

expel the enty§cEr lémntlﬁfl "‘}"i%q’gF dll‘}\% nggorba%ttlgq Hﬁ%&%ﬂ ?Ssgé“g@ﬂc‘él.tﬁ%ﬁ esglp(r)i ng

can only be ﬁ&ﬁﬁ%gﬁhlﬁ@aﬂﬁh the 3 injector is dismantled and the drive
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portion of t or assenbled with a fresh, conpletely filled
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th | t.aj for. the Liquid be i nj i
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The inlet passage includes an inlet valve and the outlet passage includes
an outl et vabf/te pBtethpwap verstrogied afhe inlet hassreeaingiui¢sagryinies valve ang tha pnlet

design configurati.ons,of the needl e-l.ess injector.{h ntai ner for
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subj ected to the Lsygideled@PbomRiukidndbof tity feedidlesinetst the ppply exvptairer on
of the anmount of liquid to be injected. In the case of the needle-|ess
i nj ectors whfarhthatieuidge batinigciai servepdiseclypsd Ry chambssand 3 subhectedoiophessed
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Wth sucg | Hj&eddors, the drive unit has to be replaced as soon as the
conpressed gas container is enpty. Accordingly the object is that of
provi di ng a mul ti Ithe cageeef] the peedle-lass mggeinrs 1%‘ arg PRyRisd Juth b‘ﬁ{lprﬁﬁ?gﬁasi’s
preferably suyi r I : DUk ggnﬂﬁ,' PR
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contai ner or;forthe amount of liquid contained in a supply container to
be taken as a whole and expelled all at once. The supply

Accordingly the object is that of providing a multi-use needle-less injector of a

simple design, which is preferably suited for repeated expulsion of a predetermined
amount of liquid. The amount of liquid which is expelled overall after many uses
should preferably be greater than the amount of liquid contained in a supply container.
It should be possible for either a plurality of partial amounts of the liquid to be
successively dispensed from the supply container or for the amount of liquid contained
in a supply container to be taken as a whole and expelled all at once. The supply
container should be able to be replaced in a simple manner. A sufficiently 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, a foil or
biological tissue.

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 includes 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



contai ner should be able to be replaced in a sinple manner. A sufficiently
great mechanical thrust force (inpulse) is to be inparted to the
-predeterm ned amount of liquid so that the predeterm ned amount of liquid
penetrates a nenbrane, a foil or biological tissue. In accordance with the
:Aﬂyeﬂt!on t hat Ol(ij)j ect is attained by a ndedle-less injector for a |liquid,
~which is arranged in the form of hand-.hel d unit in cylindrical housin
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of the needl §sdRSE al heRNHVT: thé\ cARZHet, ETHM dpacibetiveas theomezlepadi thg ehd of the
di sposed at the end of the cylinder, The space between the nozzle and the
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drive fl an9egx@tﬁé\é@tﬁ?—sg@oﬁQf&ﬂ%%o(ﬂl@vxrﬁmﬁéﬁﬁnge can nove with a reciprocating
g

novenent, an evice tor triggeri e | ocking nember. The travel of the
drive The locking stressing mechanism comprises a spring-loaded drive flange as the

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 cylindrical 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 is
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.



portion is limted precisely by the two abutnments. A force-transmtting
transm ssion arrangenent is disposed between the energy-storing spring and
-the drive for stressing the spring. The | ocking nmenber is annul ar and has
i nterengagi ng | ocking surfaces. A preferably cylindrical coil sprng or a
di sk spring or a leaf spring, which acts 8s a tension spring or as a

“conpressi on spri , an he used as the e stora e neans
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and the drive for stressing the spring he drive flange can be of a
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The ring can be closed or open; it can conprise a plurality of portions.

The | ocki ng hmlmeromslsaiefczmgw lultlxappbneabl y in a pI ane perpendicular to the

axis of the hou n that ane. urther det
relating to the Is%u eﬁg tg’tlsr %%%ﬂ%g ﬁéecﬂglﬂpé Frﬁr?SSVlgén b?’?lﬁlﬁ St f dRft e %lf?‘?‘i/
are descri bedfiverirOfestdbedtia 22695 B 226l i n the sprung portion of the | ocking
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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 um to 150 um. The nozzle
opening can have a length of 50 pm to 500 um, preferably 100 um 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
contact surface between the plates the parallelepiped can have a shallow triangular
opening which is about 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



arranged slidably within the cylinder. A nozzle is fitted to the end of the
cylinder. The nozzl e opening can have a hydraulic diameter of 10 ~tin to
-500 ~tm preferably 50 ~tin to 150 ~Lm The nozzle opening can have a

|l ength of 50 ~tmto 500 ~tm preferably 100 ~tmto 300 [im Wen the nozzle
has a plurality of openings, the |ongitud nal axes of the nozzle openings
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plunger. That therefore affords defined sealing surface on the

position in which the valve body bears against the defined sealing surface.

The space between the nozzle and the valve body mounted to the hollow
plunger is the pump chamber. It is possible to arrange a filter which is preferably in the
form of a depth filter in front of the nozzle 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-storing 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 diameter is preferably practically identical over its entire length 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




inlet side of the valve body. The distance over which the val ve body can be
di splaced relative to the hollow plunger is limted by an abutnent. The
-valve is closed in the position in which the valve body bears against the
defined sealing surface. The space between the nozzle and the val ve body
mounted to the hollow plunger is the punp chanmber. It is possible to
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travel of thaxdp) lRWnkd! HO8he itdusiapSthantiggering 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.



for each injection. The | ocking nenber is displaced parallel to the plane
of the ring or is radially deforned in the plane of the ring, by neans of
a triggering device. Wen the cylinder is fixedly nounted in the housing
the triggering device is actuated by neans of a triggering button which
can be depressed with a finger and the |8cking menber is released. Wen
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The 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 to each other. The sprung portion is displaced 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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material or elastomer. The nozzle can conprise netal, plastics material
glass, silicon or precious stone such as sapphire, ruby or corundum T1he
filter preferably conprises sintered metal or sintered plastics material
The needl e-less injector is preferably produced in the fort-n of a -
7hand held unit. It can be held and oper8ted with one hand in the in ection
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pressed agai Rtfent {H€ needle-less injector is lifted off the injection locatlon the return spring urges

the cylinder back into its rest position.

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
agents, hormones, contraceptives, vitamins, antibiotics, sedatives, antimicrobial

substances, amino acids and coronary agents.



injection location. In the case of a needle-less injector with triggering
button the triggering button is actuated with a finger and pressed into
the housing. In that way the |ocking nmenber is pushed into the disengaged
position and the injection is triggered. In the case of a needle-Iess
injector with slidably arranged cylinder 10he injector is pressed withits
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wat er or watgr.ii.Qil. They include purified, sterilised water, ethanol,
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coconut * It is of an easily manageable shape. The supply container for the liquid is
disposed in the injector housing.

e 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.

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

ancillary force and closes very quickly.



oil, peanut oil, soya oil, castor oil, sunflower oil), fatty acid esters
(such as isopropyl nyristate, isopropyl palmtate and ethyl ol eate),
‘triglycerides, triacetin, solketal, and propylene glycol. The formul ati ons
may al so contain additives such as for exanple preserving agents as wel |l
as acids or bases for adjusting the pH—véiue. The predeterm ned anount of a
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injector is pressed, agajnst. the injectjon |ocation., _The drive unit is not
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cl oses very quickly ol'une of the punp a e varl by
varyi ng the positiomjedtionone of the two abutnments. The nechanical inpul se
of the amount of liquid to be injected can be, K adapted to the desired depth
of penetration into {DREURALSQMaiger ff’bﬁ‘ﬁﬂ’@“{drﬁar?lbﬁéggaced in a simple manner,

e 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.

e Needle-less injection affects the place injected considerably less than
injection by means of a hypodermic syringe.

The invention will now be described in greater detail with reference to the
Figures. Figure 1 is a view in longitudinal section 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 needie-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



of the menbrane to be penetrated. The supply container for the liquidis
adapted to the conditions involved 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 nade on the
punp chanber in front of the nozzle. Thd2supply container for the liquid
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filter. in the otherwise free space within the coil spring; it is fitted in the flange (45) on to the
hollow plunger and is held on the hollow plunger by the press fit 49. The cage (46)
which surrounds the coil spring is connected 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 return 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 liquid is

injected from the pump chamber (43) into the skin (39).
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cylinder (3&pning p@:ﬁ&hdﬁdw&/tﬁ metdhhﬁgﬁbkmgslqewmﬁ e %mget 1rﬁd9QM@beM§ﬂe€illy

di sengages the locking nenber (34) as soon as the cylinder i's pushed

i nto the housiengdinggreove{SgBim)the sunphstontaiger or ce of t he return sprl ng when
the needle-less Tl-[yeces‘o%%qg&ldnsbe%gfhsﬁg ?ﬁﬁ&gﬁﬁtah@aﬁd‘hﬁn@%&ﬁ@ﬁ |ylch is

Ref erence (a) deno trave rive portro en the two
abut nent s. Tdhewat ihoRiguree\2e ardit4, @bmiphiees dfnabl}mukpl(ﬁlh)gwrthlmundj_eshwldeik ahd & hat

travel. Figure ows the needl e-]less inj. used for _[njection. The
nozzl e (39) I?eélpg‘iﬁaﬁ% §éf&n%4§a.&ﬁ%qvet@é) S b GrOSSSYRENRT- tlfthPwe%tt%mqed
skin (35); WefeBsadbW S108%in cdtin@sid#f € on the point of injection, the

needl e-1ess injector Ts triggered and the liquid is inj ected from the punp

chanber (43) intcdldipeowdd a c@Xeleasable 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 intracutaneous 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 polybutyleneterephthalate. 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
um 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



13 Figures 3 and 4 show one end of the supply container an

portion in a further enbodinent. In Fi gurepg %/he hol | ow pl ugggrehzgrgggn
‘introduced into the supply container but not yet connected to the hollow
plunger. Figure 3 is a viewin longitudinal section of part of the
(triple-shell) supply container (54). THe outer shell of the supply

container is a stiff. casing ( ich.ds. . de i : rg
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! i D7 1) which
engage i nt o Exaspbe?i lphasudanogus M@ﬁéﬂ“rfgvf\’gﬁﬁ‘ﬁ)‘{/e (52) i ﬁ t he sug)pl y) '
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to adopt snag,o00elSofiddd wathehfed iap e sbetyldatanenoditie medie s iajodtyr

extendi ng groove © triangular cross-section. Exanple 1: Structure of a
needl e- | ess i @t uppbecananegwas comsciedvierithe diellawnplned- ¢lelis 1P1r?f@&t@ for

i ntracutaneous injection into biological .tis - 1 ;

features: Th@ﬁ?&ﬂis‘i"*ﬁga‘?tgatS#]_tbﬁrFl%r&ﬁstl%%g%@gil %é?é? gﬁhéc:?& %%%tr%%hg%maﬂgmamlzngt h

of about 70%1maﬁhy BolifieP o bident Gfpet the ahofisrhnise héllosy pogém thegtumgseiantper

nmechani sm and the spring cage, are made from po]:i‘%jlbut | enet ar ht hal e

'(Ij'ihgl rrg%llalr ngfer amd the nongprﬂ}ﬁe@_e lsdpspiniEGOR HEE E1eB FRP tgt%‘,’re}"f)u? g%lgarveggar%‘uf si de

mm. and .an i nsi i i
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repeated a plurality of times.

Blood samples were taken from the dogs at regular intervals 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 logio PFU (plaque forming units) in the case of
relatively large DNA viruses (test virus: vaccinia virus) and less (approximately 0.5

log;g 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




[imand a Il ength of 220 ~tm The hol |l ow pl unger of high-quality steel is of
an outside dianeter of 1.59 mmand an inside dianeter of 0.35 nim The
“piston stroke travel is 12 nmm The val ve body conprises elastoner; it is
inthe formof a 2 mmthick disc with 14 an outside dianeter of 1.60 nm
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microlitres for each vaccination). The injection area on the back of the dogs was
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 only by palpation. This slight and entirely tolerable local reaction is very
probably connected with the local amplification of the depleted modified live virus, and

1s therefore viewed as necessary for the proper effectiveness of the vaccine. This

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



relatively large DNA viruses (test virus: vaccinia virus) and | ess
(approximately 0.5 loglo PFU) with snall RNA viruses (test virus: bovine
~viral diarrhoea virus) was deternm ned. Exanple 4: In-vivo application of a
vaccine with nodified live viruses in an ani mal experinent, the
applicability of the needle-l1ess injectod6 or delivering a vaccine
~suspension w.th nodified Live wiruses s te d. In this 15 xperi ment,
ot bt he_ sar Ao R 4:0% e BFedft 145 esf o b BTAGY po Olsbiia A g BRES B o-
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(Gal axy DA2ppvL+QCv,. SNo 6100 , Soly Animal Health Inc.) was delivered
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adenovirus was delivered by neans o e nee SS 1 njector.
exper i ment al thud vecamatioBAVs1B)1] igedificatiow effedt mas shgvi.he ani mals in group 2
was nanufacturedéiron1a.meak%ﬂﬁg$straLn of . the %%nine adenovirus. The titre

h
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times 10 mcrolitres = 60 mcrolitres for each vaccination). The injection
area on the ¢uRntismal yascigeten hameanyefadypedmmitheyringepect i ve si x i nj ection
sites were marked with a ball-point pen. The effectiveness of the
vacci nati on was established by determ ning the nunber of virus
neutralising anti bodies 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 experinent. The injection sites were
phot ographed and the results after pal pating the injection sites



were noted. This experinment showed: In the animals in group 2 a very slight
reddeni ng of the injection sites was evident during the first 2 to 3 days.
A tenporary swelling lasting | to 2 days could be determ ned only by

pal pation. This slight and entirely tolerable |local reaction is very
probably connected with the |ocal anplifization of the depleted nodified
“live virus, and $1d r SRl f roper

ef fecti veness of 1ee {]/gi(;:a%‘fllfé a%e%\gm%eﬂfﬁlﬁﬁ?% on Slosfcgljf}gé (L;&Flgld by the fact
that after the |nject|on of phyS|oIog|caI comon 16 salt solutlon usi ng

t he neeg
sl i ght, I?Qﬁrrporary swel | i ng was to be not‘éHtItEquéé{“Fl@éﬁé@s is determ ned by
the virus neutralisation test. The results are shown in Table 1. The
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The vaddMiERyssHanpy mepise é&’B‘é‘#q%ﬁyéng%am ne adenovirus vacci ne by means of

t he ne“{l4§6| €SS 1 n__t_:g,_L Or TS BT&‘f Fy as—eff e&.bj‘ye as— Tt d”'469¢]“ of
vacci ngtion with the conventional vaccinati oh by neans of ypoder m|c
syringe. 17 Table 1: Canine adenovirus neutralisation titres of canine
serum Do@yRT T1TT€ Qf__Cani né sqipgp 1est nunbgpyReTerence 2l dgys arter first
21 dayg after second 21 days after third vaccinati onvacci nationvacci nation

CAV- 1 L%Wlitéx%'e'ﬂrinefft‘ﬁf’\(/’aic]c%e tramoscutar-—by means—of—hypodernc—syringe
Subcutaneous by means of needle-less injector

1494 TTK9 4096 4096 8192
1495 USK9 4096 4096 8192
1497 UVL9 4096 8192 4096

1499 TVL9 2048 2048 2048
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Subcut aneous by neans of needle-less injector 1494 TTK9 409640968192 1495

- USK9 409640968192 1497 UVL9 409681924096 1499 TVL9 204820482048 18 CLAIMS 1
A needle-less injector for a liquid, which is in the formof a hand-held
unit, conprising a housing and a suppl yl8ontainer for the liquid, wherein
" - the housing includes two portions (1; 2), (31; 32) which are connected

t oget her and which are arranged rotatably relative to each other, and - the
needl e-l1 ess injector includes a |ocking stressing nmechanismwi th a sprung
portion (3; 33; 53) which is displaceable between two abutnments (17; 47)
and which i LlphM$ded with a triggering device, and a hollow plunger (7;
37; 57) which is fixed in the sprung portion (3; 33; 53) and which is
driven by the | ocking stressing nechanism wherein the hollow plunger is
arranged sl idably nekdiBilgssanfytor fdes 1{fiid, 38hichrid in nhé dotes of ashangHeld uaitye
body (12; 42) and di sposed at the end of the %ylinqer.'s a nozzle (9; 39)
havi ng at | east con@risipa s haysingend 28yppiy eontaaerslonthe ’Sé‘t‘in@’é‘ﬁret“he nozzl e and

the val ve body forns halibe ' (12 t | kdyer
(14; 44; 54) for the tﬁ? glglgﬁngsl ar rgr%végmvr\né@ﬁi g’?ﬂ’eelhgg)s?}rﬁgﬁla%rgqﬁagﬁ?#at he
form of a container sepgahataadfwhich drberraresed iretatablysrelating tectagh othed aind

b1 Unger - iy chpr of edbe TBEAE IS )i, - lasine Hre BkGUTRRSYRT VG
\t,)w;ie(r:]hc\(,)mn\?g tge hol | O"gpmdgn&ﬁ‘ﬁor( (3; 33 sBYWnRS RUispceatild Detvdeh TE8ablBdentias
yed t hrough the 'hol |l ow pl unger into the
(17; 47) and which is provided with a triggering device, and a hollow
plunger (7; 37; 57) which is fixed in the sprung portion (3; 33; 53) and
which is driven by the locking stressing mechanism, wherein the hollow
plunger is arranged slidably within a cylinder (8; 38) and includes a single
valve body (12; 42) and disposed at the end of the cylinder is a nozzle (9;
39) having at least one opening (10; 40) and the space between the nozzle
and the valve body forms a pump chamber (13; 43), and
- the supply container (14; 44; 54) 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 by means of a press fit (19; 49; 59) to the end of
the hollow plunger, which projects out of the cylinder, and
- the amount of liquid which when the hollow plunger (7) is pulled out of
the cylinder (8) has been conveyed through the hollow plunger into the
pump chamber (43) is determined by the stroke travel (a) and the cross-
section of the hollow plunger, and
- the position of the hollow plunger stroke travel (a) within the needle-less

injector is determined by the position of the two abutments (17; 47).

2. A needle-less injector according to claim 1 wherein
- the two portions (1; 2), (31; 32) of the housing are releasably connected
together.



punp chanber (43) is determned by the stroke travel (a) and the cross-
section of the hollow plunger, and - the position of the hollow pl unger
-stroke travel (a) within the needle-less injector is determ ned by the
position of the two abutnments (17; 47). 2. A needle-less injector according
to claim1 wherein - the two portions (1192), (31; 32) of the housing are
rel easably connected together. 19 3. A needl e-Jue S injector according to
clains 1 and.2 whegedlenless mlﬁétqii@ﬁ%r‘ém%@,dé@)ﬂim gggreglm y one opening (10;
40) of a hydraulic dja f QpBainpr@berapby af hphpmbie mto
150 m and - the 'nogt}q gg%zgéeé?héé{ W@%@n}}gogg ap Ie%g(th ofpfromyggamto
500 m preferably fromd@lonfba BDAmMo 00 wmnpredérably deum 5Hj watterl S4dedr di ng
toclains 1 to 3 wherein - the nozzle (9; 39) includes a plurality of

nozzl e openi ngs whoseéndydraulic dianeter is possibly different. 5. A

needl e-1 ess injector Cco%ﬁ% P?%Eéiﬁ%c(g%i % i1 d% flengﬂ.pgf @oth 50t 6308l e 9;

39) includes a plur alt ?)?0 eni'ngs, the longitudinal axes of

which are parallel tq,oReLANRERE00QM ®r300iel i ned divergently with respect
to one another. 6. A needle-less injector according to clains | to 5

wherein - the position of an abutnent and therewith the hol |l ow piston

stroke travel (a) i ariable. 7, L e iiLctor according to
clains 1 to %, vﬁé‘F%‘ﬁﬁ'\{e—SSfrHECt?roac?ﬁ?rﬂg\gg??fe%@ls I%lgé?ﬁg’gﬁgeﬁl?sm can be stressed by
rotating the two hougiRg A(Y; ®PsnclibieRh phirdlity oBApzatmnperdings whash hydgplet to
one another. 8. A needle-less injector according to clains | to 7 wherein -
t he | ocki ng stressi ngdinmetenisi poss! lrdifigrest r essed by way of a wormthrust
transm ssion arrangenent by rotation of the two housing portions (1; 2),

5. A needle-less injector according to claims 1 to 4, wherein

- the nozzle (9; 39) 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 needle-less injector according to claims 1 to 5 wherein

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

(a) is variable.

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

housing portions (1;2), (31; 32) manually with respect to one another.

8. A needle-less injector according to 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 (1; 2),

(31; 32) relative to each other.

9. A needle-less injector according to claims 1 to 8 wherein

- the locking stressing mechanism includes a coil spring (6; 36), a disk

spring or a leaf spring as the energy storage means.



(31; 32) relative to each other. 9. A needle-less injector according to
clains 1 to 8 wherein - the | ocking stressing nechani smincludes a coi
-spring (6; 36), a disk spring or a leaf spring as the energy storage
means. 20 10. A needle-less injector according to clains 1 to 8 wherein -
the nozzle (9; 39) conprises netal, plas2Qcs material, glass, silicon or
" precious stone such as sapphire, ruby or corundum 11. A needle-I|ess
injector according to clains 1 to 10 wherein - the separate supply

container (1¢; Adneceart)liedsanjeblde atdotihgltd daihR 11BS Wiremof a replaceable
supply container and the s?r ungaé))ortl on (53) is adapted to receive the

separate supply cont densozzlel 89; 1)necsepirises enstali plasiesomatetiebrglpssg stligor |ogi ms 1

to 11 wherein - the r I . Al 4 . 54) for the liquid
is releasably conne?%g%’u?%%flgg&ﬁlo ISo‘\’(/)‘[}ﬂllﬁtcl)r%Uﬂggro£ z(lofun@n 57) and is

di spl aceable with the stroke novenent of the holl ow plunger within the
housing. 13. A needle-less. injector according to clains 1 to 12 wherein -

t he separ at élsupprspdiedgssdniseior aerydingto ¢lajms) litlgd0gvheseine| easabl y connect ed
to the hollow pl Py Y o
0 e hol I ow pl unggf es%ﬁ%rm}iteﬁéﬁgﬂlgg%ﬁtgﬁ{gyﬂgl Qjﬁ?,r %@ﬁ?ﬁﬁé@ uidPR%n the! Bfn SPHUNY

portion (53) is provi t oks (51 engage 1nto a
peri pheral |y extendi rgplapeatie suppi®)contairieh eand ithe Isprumgnjcatioe (53)14. adapted to
needl e-1 ess injector according to clains 1.to 13 wherein - the nozzle end
of the needl e-less | HEYESRE$ a‘iﬁ‘Feth‘Pg]é’c?OWaWr'a closure cap (18). 15. A
needl e-l ess injector according to clainms 1 to 14 wherein - a filter (11) is
di sposed in front of the side of the nozzle, which is towards the punp
chanber. 16.12A deragiis-lesssipjecior acondingtocdeidisrigiotld whesging 1 to 15 wherein -
the separate supply container (14: 44:.54) . for t iquid.is,filled with a
[ qui d medi canent . pit SebABT oy e il B 3Rafgalh didefy st e el
connected to the hollow plunger (7; 37; 57) and is displaceable with the

stroke movement of the hollow plunger within the housing.

13. A needle-less injector according to claims 1 to 12 wherein
- the separate supply container (54) for the liquid is releasably connected to
the hollow plunger (57) and the sprung portion (53), and
- the sprung portion (53) is provided with snap hooks (51) which engage

into a peripherally extending groove (52) in the supply container.

14, A needle-less injector according to claims 1 to 13 wherein

- the nozzle end of the needle-less injector is provided with a closure cap

(18).

15. A needle-less injector according to claims 1 to 14 wherein
- afilter (11) is disposed in front of the side of the nozzle, which is towards

the pump chamber.

16. A needle-less injector according to claims 1 to 15 wherein
- the separate supply container (14; 44; 54) for the liquid is filled with a

liquid medicament, preferably from the group of analgesics, vaccines,



21 anti-diabetic agents, hornones, contraceptives, vitamns, antibiotics,
sedatives, antim crobial substances, am no acids and coronary agents. 17. A
needl e-1ess injector according to clains 1 to 16 for a liquid, which is in
the formof a hand-held unit, conprising a housing and a supply contai ner
for the liquid, wherein - the housing if¥kludes two portions (1; 2), (31,
~32) which are rel easabl.y. nnectgp t oget her

rotatably relative tamééiéar]?epcbt st OH?%eC%réa%AglvF%sg{t%naet?a %r%‘%“c? ‘udes

a | ocking stressing RBgHeBd, %mn\fﬁdré'b@l subfnbRE apdhd helds hﬁi,c&&larﬁ@ents
di spl aceabl e between two abut ment s (17; 47) and a coil spring (6; 36), and

the | ocking stressing mechanismcan be stressed by way of a wormthrust

transm ssi on-array e(f@i]ets tﬁﬁg{}tgﬂ; c%copcg é)Lo cltapngEV{Q 1'3 ?'a gciu%)r@hlg %s nlthez)

(31; 32) rel atlve 0 eacC ing s res ng nechanismis
provi ded with a féri ggarhangd-ldey ugie, coafpdising! h&ousieglhed hesspplynjoactimer fontleudes
a holl ow plunger (7; 37, 57) which is fixed in the sprung portion (3; 33;
53) and which i diqgid; \‘Vé‘ﬁreﬁy the | ocking stressing nechanism wherein the

hol | ow pl unger is ar rﬁ@gg%i%% ?{1& ‘%ﬁﬁb*gﬁt‘éﬂﬁsm&nz? @y! B@p%lc@l&reg&)ﬁag’w@

i ncludes a single valve i sgosed at the end of the
cylinder is a nozzl e cpfinec8d) togethler andi wpick aropenngel fdtatablyOjelativé toheadhpace
bet ween the nozzl e an%t he val ve body fornms a punp chanber (13; 43), and -
the supply container O%:2M%4: 54) for the liquid is arranged within the

housing and is in {hgyd Qééﬁlé’—ﬁesﬁ iReRBt Inchidh &l RkinghitfeBsihg nSRBadisth Swith @M
the needl e-less injector and which is connected by neans of a press fit

(59) to the end of t rsprdmalnootmrp(fﬁrﬂg}e&bd@p!@c@abmb@wperoqu hbuwntsddér 47)and
uhrch o comneet o0t e cSP NS RAr 6 ) BN oTTaBRRL B HRchy v >
container, and - the spesell ib9Rvafofta QoM@ tHrow thshBsion Strtadeendnt Byedtatﬁ(m) of
within the needl e-less
the two housing portions (1; 2), (31; 32) relative to each other, and the
locking stressing mechanism is provided with a triggering device, and
- the needle-less injector includes a hollow plunger (7; 37; 57) which is
fixed in the sprung portion (3; 33; 53) and which is driven by the locking
stressing mechanism, wherein the hollow plunger is arranged displaceably
within a cylinder (8; 38) and includes a single valve body (12; 42), and
- disposed at the end of the cylinder is a nozzle (9; 39) with a single
opening (10; 40) and the space between the nozzle and the valve body
forms a pump chamber (13; 43), and
- the supply container (14; 44; 54) for the liquid is arranged within the
housing and is in the form of a supply container which is separate from
the needle-less injector and which is connected by means of a press fit
(59) to the end of the hollow plunger projecting out of the cylinder, and
which is connected to the sprung portion (53) by means of snap hooks
(51) which engage into a peripherally extending groove (52) in the supply
container, and
- the position of the hollow plunger stroke travel (a) within the needle-less

injector is determined by the position of the two abutments (17; 47), and
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injector is determned by the position of the two abutnents (17; 47), and
22 the separate supply container (14; 44; 54) is filled wwth a liquid
‘medi canent. 18. Use of the needle-less injector according to clains 1 to 17
for injecting a liquid containing an active substance into a biol ogi cal
tissue. 19. Use of the needle-less injecddr according to clains 1 to 17 for
injecting a liquid tal ning active sufstancecinto | ant tissue. 20.
Use of a needle-| ess(hlﬁ)@njsgfé%}%tjrg 8 (lffcﬁoﬁtgan}e(r) @ ai ii)t & 1@1£0|W1f Pfelfliftg
| i qui ds contai ni ng amediabieve substance into an aninmal tissue. 21. Use of
t he needl e-less injector according to clains 1 to 17 for intracutaneous
injection of vaccines into an animal. 22. Use of the needle-less injector
accordi ng tqggcl ai . : hnL.ect f . jnes _i.nto an
il 33, (e S A Reckl LSy bR ERAR0 T (0o Ry BRI Rl o
i ntracut aneous compmitg agactive vestnoemte abivlagidalaesue. 24. Use of a
needl e-1 ess injector according to clains 1 to 17 for subcutaneous
i njecting of vaccines into a hunman. 25. Use of the needle-less injector
according tqocl @jse8%fIhd RecHle-fe® irjdM baYg; | § ' i into
B g bapr Mt hd ok fel 0 ek CAebdting thicHind 1 oM PRIInReARPhNE
containing an active substance into a plant tissue.

20.  Use of a needle-less injector according to claims 1 to 17 for injecting liquids

containing an active substance into an animal tissue.

21.  Use of the needle-less injector according to claims 1 to 17 for intracutaneous

injection of vaccines into an animal.

22. Use of the needle-less injector according to claims 1 to 17 for subcutaneous

injection of vaccines into an animal.

23.  Use of the needle-less injector according to claims 1 to 17 for intracutaneous

injecting of vaccines into a human.

24. Use of a needle-less injector according to claims 1 to 17 for subcutaneous

injecting of vaccines into a human.

25.  Use of the needle-less injector according to claims 1 to 17 for injecting a liquid

through a membrane into the space behind said membrane.



