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the particles could initially be immobilised, e.g.
electrostatically, on or upstream of a rupturable

20 diaphragm, which is ruptured when the gas flow commences,
and which may be the same as the rupturable membrane which
ruptures to initiate the gas flow. Alternatively it was
said that the particles could be injected into the gas
stream through a hollow needle.

25 It is now appreciated that, surprisingly, the earlier
technique can be modified to provide a non-invasive drug
delivery system by means of a needleless syringe which
fires light drug-containing particles in controlled doses
into the intact skin.

30 According to a broad aspect of the invention, a
needleless syringe comprises an elongate tubular nozzle, a
rupturable membrane i'nitially' closing the passage through
the nozzle adjacent to the upstream end of the nozzle,
particles of a therapeutic agent, particularly a powdered

35 therapeutic agent, located adjacent to the membrane, and
energising means for applying to the upstream side of the
membrane a gaseous pressure sufficient to burst the
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20 diseases. Thus, the main advantages which flow from the
invention include no needle and less pain; no risk of
infection; delivery of drugs in natural, solid form;
quicker and safer to use than liquid drug, by syringe and
needle; and no sharps to dispose of.

25 Preliminary experiments confirm a theoretical model
and establish the efficacy of the new technique,
particularly the transdermal injection of powdered drugs.
The theoretical model assumes that the skin behaves much
like water as a resisting medium. Thus, at low values of

30 Reynolds number the drag follows Stokes law, but at higher
values of Reynolds number the drag coefficient is constant.
Evidence for this form of drag behaviour on a smooth sphere
in a uniform medium, like water, is given in "Mechanics of
Fluids" by B S idassey (Van Nostrand). The calculations

35 show that adequate penetration, for example to between 100
and 500 pm beneath the skin is possible using powdered drug
particles which are not so large that skin cells will be
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sub-cutaneously, and 10 mm or more for an agent active when
administered intra-muscularly. The agent itself will be
20 chosen accordingly. Examples of agents that can be used
are viruses or proteins for immunisation, analgesics such
as ibuprofen, hormones such as human growth hormone, and
drugs such as insulin and calcitonin. The agent can be
administered without any carrier, diluent or other density-
25 enhancing agent. In certain circumstances, e.g. in order
to provide a particle of a certain size containing a
highly-active drug, some carrier may be present, but the
amount will usually be much less than in a conventional
pharmaceutical composition, e.g. less than 75% and often
30 less than 50% by volume of the particles. Insulin and
calcitonin, for example, will usualiy be delivered sub-
cutaneously. HGH (human growth' hormone) may be
administered sub-cutaneously or, less frequently, intra-
muscularly. The immunogens hepatitis A, meningitlis and BCG
35 may be administered intra-muscularly, sub-cutaneously and

intra-dermally.
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damaged, utilizing gas velocities e.g. Mach 1-8, preferabtyWach 1-3, which
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insulin parddmp£i*apiéNpenetration into the tissue would require a
reduction in the size of the particles to allow for their
"increased density. Thus if such coated particles with a
nominal diameter of 1 ym, and a density of the order of 20

20 are injected into maize cells at a velocity of 500 m/sec,
the penetration is about 200 um.

In general, the new injection technique can be carried
out with particles having a size of between 0.1 and 250 um,
preferably, for transdermal pbwdered drug injection, of

25 between 1 and 50 and most preferably between 10 and 20 unm.
The particles will usnally have a density in the range
between 0. 1 and 25 g/cm ’ but for transdermal drug
injection, preferably in the range between 0.5 and 2.0
g/cm’, most preferably substantially 1.0 g1cm3' Injection

30 velocities may be between 200 and 2,500 (or even up to
3,000 or more) m/sec, but for transdermal powdered drug
injection, preferably between 500 and 1,500 and most
preferably between 750 and 1,000 m/sec.

The powdered therapeutic agent will normally be ground

35 and sieved to a precise diameter. Alternatively the
particles could be tiny spherical shells of for example, up
to 100 pum diameter, in which solid or liquid drugs are




mdmi nal diameéter of 10 umwere injected at an initial velocity of 50 n sec
into the skin. Assunming that the insulin particles H hegt bse to
that of the skin, i.e. approxiimately 1, and that the Kj sity of
the skinis assurred to match that of water at [err] ni

penetration depth before the partlcles cohe to rest within the skln S

bout 200 T bt t |

"ot eased | oencaganaatethe £f, the SiERbERLoElna oRaRT bk € COrCroEfeds
t?et Eenetraz bgh&méabtihitytsesthbsalma}t é%ﬁvﬁ.dle Imamrmdanpﬁénsf ofie use
0 e new techni no 0 eneiic
transf or nat i Bﬁ'°3figlc{é'pl Fggaexélﬂjps asel!l Fite aﬂ:Q%f\lAéé)j::“;&e‘vg A

e I nj ectron coat €d tungsten
carrier partisobstantialdyi Znext | garaieynmsabhevserta rhei dRclnded

{1 ssue vgul dLEQ1Ee ehe! BUMELCIE Wit the ¥ dfuliem W14é clrip sass! fow for

their inCrea ensi hus | coated particle

di aneter of édemla&#dpaneen%ti9nef94%1@#m Bt ZG%QPH?BEPEEQP%%“%i ze
cells at a Vilsosbunef oP 0 N e deridit PN Thedaerier AAgUbe 2iDxednwith

general, the new injection techni n be carri ut arti
havi ng a si zEh8 3eDken F 19598@90 gﬁ? pﬁ'b‘?@?s&bf%{)nq owhtea' %sderthé
powder ed drugeqmmeul Qo6seodilEtdemend mn&hﬁoqaadtmﬁytapdeimmgrmmen 10

and 20 fg]S ?n{%&é | geg'%t %I | HU \6efd A 1es | ih td'sHANge bet ween

0.1 and ransder na ug 1 njection, ﬁ;eferabl in the
range bet ween 0. 5Aad1ftecegmcnppnmh dmefaetiting Aageeptable |Qperat

g/ ggge(r);] o gh%%"}n'e%%r\éekef' %hﬁsnaﬁytaéhﬁﬁ efls28 sétledt St (94 rﬁ/@ne up to

pref erably b§t1\ﬁ@enm5§§ and J(ﬂ)!{%é)g]g?ﬁ; ﬁ%dgﬁgr% grﬂg‘!‘ tec%ﬁ)“%ﬁﬁyl 000
m sec. The pender 8 pALE DTS momerpauh d/i\iidea)hyabh;-tlielgr ﬁnodtahdasee»ed to
Shel s B8 foptobatieer doang 190 REefekREY Benierf o dhd ?’-‘r?ﬁ&?&' °a
drugs are Thicentrdiheof emomemtam density 8ig unegéyabnme m orger
encapsul at edy hiife Je CSNGHTTIER! | €sShELbel8ct fveCRlundni®%ration. 1In
the first example mentioned above, in which powdered
insuli;x with a particle size of 10 um is fired at a

20 velocity of 750 m/sec, the momentum density is 5 kg/sec/m.

In the second example involving the injection of DNA-coated
tungsten carrier particles into maize cells, the particles
having a nominal diameter of 1 u.in and a velocity of 500
m/sec, the momentum density is 6-7 kg/sec/m.

25 The invention also includes a needleless syringe, for
therapeutic use, which comprises a nozzle, particles of a
powdered therapeutic agent, and energising means which, on
activation, deliver the particles through the nozzle at a
velocity of at least 200, preferably in the range of

30 between 200 and 2,500, m/sec, in which the particles have
a size predominantly in the range 0.1 to 250 um and a
density in the range of 0.1 to 25 g/cms, and in which the
agent comprises a drug having the therapeutic use and,
preferably, no, or a minor amount (i.e. < 50%) by volume

35 of, inert carrier or diluent.

Further the invention includes a method of therapeutic
treatment, comprising the transdermal delivery of particles
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20 Typical operating values for a practical system are a
burst pressure of the diaphragms of between 20 and 75
atmospheres in a pressure chamber having a volume of
between 1 and 5 ml, generating a supersonic shockwave at
velocities of between Mach 1 and Mach 8, preferably between

25 Mach 1 and Mach 3.

The gas/particle velocity leaving the nozzle and hence
penetration depth is dependent on membrane burst pressure
but, surprisingly for such a transient phenomenon,
experiments have shown that the velocity is-also critically

30 dependent on nozzle geometry. This is useful as it enables
the penetration depth to be controlled by changing the
nozzle rather than the membrane thickness. The nozzle
preferably has a convergent upstream portion 1leading
through a throat to a cylindricai or, preferably, divergent

35 downstream portion. The upstream portion allows the sealed
unit of agent to be accommodated in a wider portion and the
supersonic shock wave is produced a?: the throat. The

v ovaban s i
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20 also produced different penetration. Thus three nozzles of
the same length and exit diameter but different internal
geometries chosen to ‘produce Mach numbers of 1, 2 and 3
under theoretical steady state conditions produced target
penetration depths of 15, 21 and 34 units respectively.
25 . The type of gas used for the delivery is not, prima
facie, critical and comparatively cheap gases such as
helium, nitrogen and carbon dioxide are appropriate.
However, the gas applied to the upstream side of the
membrane to rupture the membrane should be sterile as it
30 will contribute to the gas flow carrying the particles
through the nozzle to the patient’s skin or other target.
For this purpose helium is useful as it is available in

inert, sterile form.
It has now been appreciated that there is another
35 advantage in using helium for bursting the membrane. It is
‘believed that most of the particles travel on the contact
surface between the upstream and downstream gases which are
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~consi dered to be predom nantly transient. The divergent portion also
'appears to transforn1the transient flow pattern upon bursting of the
menbrane into a snooth exit flow fromthe nozzle, thereby rendering uniform
the travel of the particles into their target. In addition the divergence
of the nozzl e causes an even spread of thegparticles onto the target. In
one series of experinents utilising heliumupstream of the nenbrane, and

varying only t r n [ get
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car bon di oxi de‘h#‘gn ? 8&% 12) {iﬁ et0818 theﬂe chxﬁ‘évuas%&%ﬁm

side of the me rane s e as
contribute to ahkowes pressure r?if@et%tiﬂh i Breylﬁﬁfloﬁgﬁtt khenpembrang t he

patient’ kiR oy OHIFEui'@r ARt -tia¥ éPéésﬁi:'épaiQﬁ&'édtri‘dﬁ usghUlyederal is
available in inert erile form It _has now gn rematedthat tgﬁrEIS

anot her advantERRXeEPER| FenJ3%nPPRL1isdr %9 n trrame side jQf htpeeyed
that nost of tﬂi@nl&?éﬁé Ct& ShiF sty ethé@ "mébbranat fst 1sgntaeethanvm¢n t he

upstream and dovvnst c re This,i s th C
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di fferential am!m§l!99;e$ﬁ¢ﬁ)rt®él9&t af:hée@sﬁfeaowu b@hr\éamaplﬂ? Jishdsz) e
geonetry. It foi¢eyeuibatol providehand@maintain in practice. In order

therefore to further minimise the required burst pressure
of the membrane to achieve a required shockwave (and

20 contact surface) velocity in the nozzle, the interior of
the nozzle downstream of the membrane preferably contains
a gas, such as helium, which is lighter than air, at
substantially atmospheric pressure, the light gas being
contained by a readily removable seal, such as a removable

- 25 plug or cap, or a peelable foil, at the downstream end of

the nozzle. In use the seal will be removed immediately

_ before operation of the syringe, so that the light gas will

_have little time to diffuse out of the nozzle before the
syringe is fired. -

30 The sealing of the downstream end of the nozzle also
has the additional advantage that it remains sterile so
that there is minimum chance of any foreign bodies entering
the nozzle, after, for example, undoing a sterile package,
and before firing the syringe, as such foreign bodies would

35 inevitably be entrained by the gas flow carrying the drug
particles to the patient’s skin or other target.
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used the required shockwave velocity can be achieved with a | ower pressure
differential, provided that the nenbrane will rupture at that pressure
differential. In general therefore the gas applied to the upstream side
of the menbrane to burst. the menbrane is lgghter than air. This
appreciation has lead to a further understanding that the velocity of the

hock th h t
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bef ore operati e h wil |

time to di ffus%gsg{mi? egnorgzﬁegggboféetéﬁﬁ %Q gens fi I'E‘f}a % egel ng
of the downst rm&hueofthate the| entiire h@svme. adimmﬁmnq a@nergigdnghat
it remai gy st %ééﬁaﬁfsﬁhatpféb‘itfriz%ﬂé" %Ehfﬂ&“cenBEziB?/efﬂéﬂﬁhé’oﬁhas

entering the nozz e, _affer, for exanple, updoing a steri Egac a
before firing R¥e %?}?ﬁgé’“]a]s becHEH: & gﬁiBSGPes“%ulaH‘q nEppEaR L pd&
entrai ned by tilemysats| 6fv €ive rde\nncé Rel X Use (Bidpos£rlé aftder pald enu*hasski n

ther t { | i e d
The’drug and shiseesgble fhhafhly \hiE RABULE1IY bR, Relel ol chaPIT 28,
absol ute sterpdssibles sopgtrticnhdrtymseqﬁenml y i pliastie be avatm.an.hat
2 4 oast ashe RpesthselelyPULag UgTinGe I "ASRANG B LEBaPABIETheo
chanber, w | | %o manksue dispesa a@@ﬁ@ﬁtrsﬁmapﬂﬁﬁ/ cerpyrising atmlgassal ed
steril e packagte sterile Hozzle]UnkfibPana bha pabeiciis, eand lah dpstrean

[nchuding encr g sl NaGEcha o, Pr2aut aable SDAREL ohezel oy gthoane and
w1 be di sposidweverdt édn tids Tparticular configuration, the source of
20 pressurized gas and its coupling to the pressurizable
chamber would not be disposable, being comparatively
expensive metal parts. Because exposed end and interior
surfaces of these parts will come into communication with
the interior of the pressurizable chamber, and hence during
25 drug delivery with the interior of the tubular noz:zle,
there is a danger of contamination from bacteria and other
contaminants settling on the nondisbosable parts.
Preferably therefore the upstream end of the chamber
is closed by a sterile barrier, such as a semi-permeable
30 membrane which allows the passage of gas but not of
bacteria therethrough. Alternatively, the chamber may be
cylindrical and the sterile barrier is a piston, there
‘being means for advancing the piston in the cylindrical
chamber to compress the gas therein. The means for
35 advancing the piston may be a source of compressed gas
applied to the upstream end of the piston. The syringe may
then be self-contained and portable, and incorporates its
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~~ di sposabl e assenbly woul d naturally be nade as cheaply as possible,
particul arly from  plastic material. Alternatively, the syringe may
readily be separable into two parts: a di sposabl e downstream part
conprising at |least the sterile nozzle, nenbrane and particles, and an
upstream part conprising at |east part_ of the energising nmeans. However in
this particular configuration, t he sout@e of pressurized gas and its
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ot her contarspring weich iy arranged dadbepstuessedaand theninmelaased
t her efre ﬁ%gfg#;ggg?ég%g% LR m%ggﬁr_ Is closed by a sterile barrier,

such as a sem - rane n al | ows the passage of gas but not
of bacteria thefaenhpyeyision cofatthe:| piston ensuyes habethberends cal and

[ the oyl TIE1ALED & PReBLELPRInbl "vE1uRL e TN aE A PO gL P ot
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advanci ng Qﬁ%s?)‘i%?o‘ﬁhﬁﬁy By pe o&n&eﬁ?eeop%r&m Fhe Riftan aleng,e

upst ream ewileleint bnepbynand_ribalsWammahmzbsmw,cmﬁtﬂjmwegnd

port ahl e, r QOrAL €S - - eggr gas,
and g‘Mval \éP %?#‘gl’%gc%ﬁ %%e_ec%{eah’gbae rr'r&nsu%ﬁﬁ’; i% \ggé‘)%pgéegﬁéet (ghsefcg{nga{b%%?%e gas
pressure. andcdeliver| phehparticdesor Theaamovpt: o gas: whichnfiliowss a

spring whi j rr d tr gesAa n he d Wl o]
advance th‘gﬁ?‘g?lgn. %'?%g p?lgt\)/‘?g?%n of t%eeap?isét on%ﬁgﬁfgggt hat the%féeiyits

initially BFefetereineded and yRECSNCESs Hittle, ehiectiPnable, &ifes vini ch
may be i ncrie@ssiepty volumg of ctive éyhindéer hedddsary o dHdralise ahechanber,

nove s S Yo Skt 08, PLERS Yt e o RO, e S Gt R
through tHeutstuilee membrane s ey bef minimiseidsdfytie duel Humior ethend
Peoucer, A | e Syl e Chmalie (5" BEbnH LB LIS £ XERET
suf fi ci entatmpspheric pressure of, say, 2 bar prior to advance of the
piston. Also, in order to avoid a dead space between the
20 leading end of the piston and the membrane, when it bulges
away from the piston immediately before bursting, the nose
of the piston is preferably convex so as to be capable of
approaching the centre of the membrane more closely.
When the syringe is to be used clinically for drug
25 delivery, it is expected that the assembly of tubular
nozzle, membrane, particles, cylindrical chamber,
energising means and piston will —be,supplied in a sealed
sterile package and be disposable after use. In the
~alternative arrangement comprising disposable and non-
30 disposable parts, contamination from the means for moving
the piston, whether it be a spring, a manual plunger or a
source of pressurized fluid behind the piston, will be
avoided because the piston maintains, throughout the drug
delivery, a barrier isolating the nondisposable parts
35 upstream of the piston from the interior of the disposable

parts downstream of the piston. _ —— ———
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burst the nmenbrane, may be ‘mnimsed if the heliumor other gas in the
cylindrical chanber is prepressurized to a super atnospheric pressure of,
say, 2 bar prior to advance of the piston. Also, in order to avoid a dead
$pace between the | eading end of the pis®dn and the nenbrane, when it

bul ges away fromthe piston imrediately before bursting, the nose of the
piston is preferathe codieposaeble t oapsembiyh| cWdtlapproatwrallYne deitre
of the ”E”brégﬁu?%%u? A5 Chy- ei){}fabmeagyrpdwmﬁetophﬁta&adaehrk{m%ﬁy for
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example from components including a separate (possibly

20 disposable) tubular nozzle and cylindrical chamber
component, which are separable to allow the replacement of
a ruptured membrane, and a separate piston component to be
inserted into the cylindrical chamber after genetic
material has been dosed onto the membrane.

25 _ The various means disclosed in WO-A-92/04439 for
locating the particles prior to rupture of the membrane are
suitable when the particles are made from a very dense
metal and/or for the genetic transformation of plant cells
in which case it is not critical as to how many of the

30 particles reach the target. However, the earlier apparatus
is not suitable for powdered drugs because the drug-
containing particles are so light that they are difficult
‘to immobilise prior to propulsion, must be deliverable in
the prescribed dose, and maintained sterile prior to

35 delivery. For this purpose, the particles of powdered
therapeutic agent' are preferably located between two

I
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di sposabl e) tubul ar nozzle and cylindrical chanber conponent, which
are separable to allow the replacenent of a ruptured nenbrane, and a
separate piston conponent to be inserted into the cylindrical chanber after
genetic material has been dosed onto the nenbrane. The various means :
di scl osed in WO A-92/ 04439 for |ocatingighe particles prior to rupture of
the nmenbrane are suitable when the particles are nade froma very dense

net al and/ opupturabdegdiapheaghsnektendingnactopbathe chtterior WE ¢thecase it
“is not critical ;as to how many of the particles reach the target. However,. .

the earlier Qﬁﬁéfat us is not suitable for powdered drugs because the drug-
contai ning parti Ones off &¢heo tiwagdiaphatagie, oreciddéédcbbthi omaymfiorm se

prior to pr | si IV?E%E | 1 PE§S dose,
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the |1ght PIELEtLEs Gpitledd 82! rabbABEFehd SF €8S fmd Bl rufeubabhic! s of

powder ed t herapeutic agent are gre erably | et ween two is is the

ocat ed
r epl acenent meéppEane, atigny copvepisnt BP&&E&&@WEleﬁﬂeﬁanB°ﬁEFﬁss t he :
[ Eteri or of the mglzlﬁemmnb &f ahde %ﬁ@pﬁraghrag;msdiaphraﬁsd lagiyh, b&aK form
the nmain r abl e ran t itiat t he gas
flow " A« ePFEARGSE, 1XEITeR in 4 Fisvdhepls sgcipdd o8, Sshaleblam o
the mel® rupartabfethensyninge atomrghey mayilmiclamped at fheiy etigesozzle.
The nmenbran i ap be ne [ in a
di sposabl e gy??%gg or%sa ?e par“fa&g?ft Eg“seyr?ﬁgéef@ r&ﬁ.f é%gﬁsgg
cl anped at bftweendgerewedntegethencseabiongarts of the nozzle for exanpl e
bet ween screwed i’?ﬁ?bﬁ‘ﬁbl eQ:tHé)”éd &5 efgy a@h& Hapriaemsofarkdesdaddr agns

capsul o contaPREREE: Hixe e cagetla 2 Bes] S o FRTBI A byoBBPRg
seal edi$0 osaoheteonm@sﬂbse:mtﬁaﬁﬁnq the part1c1es, or indirectly,
for example by being sealed to opposite axial faces of an
intervening ring. In either case the edges of the sealed
unit may be gripped between separable portions of the
nozzle.

20 The sachét, capsule, or other sealed unit, may include
three or more of the diaphragms to provide multiple
isolated components containing different powdered
therapeutic agents to be injected together. This would be
useful for the delivery of mixtures of drugs which might

25 otherwise react unfavourably even when dry. The unit nmay
be handled as a sterile assembly and contains a precise
dose of the drug. By arranging for it to burst when the
membrane bursts, it can be ensured that the drug is
available at the right dosage and when needed. A

30 particular advantage of the new technique of injecting dry

_powdered drugs is that it can be used for delivering a
stable mixture of drugs, which are unstable when mixed wet.
The invention includes such a stable mixture of powdered
drugs for use in a syringe according to the invention.

35 The sealed unit contains a predetermined dose of drug
and it is important that substantially the whole of this

dose is delivered to the patient’s skin. It is therefore
i .
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IFntervening ring. In either case the edges of the sealed unit may be
gripped between separable portions of the nozzle. The sachet, capsule, or
other sealed unit, may include three orlﬁpre of the diaphragnms to provide
mul tiple isolated conponents cont ai ni di fferent pomdered
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that there is an optlrrum pacin |rrum enetratlon an
reduces shatppf Fhis fGﬁ‘W&esa axply urther approach of the

nozzle to the skin, probably because of the reflected shock

20 wave interfering with the contact surface.
It may therefore be desirable to provide a spacer at
the downstream, outlet end of the nozzle to provide a
positive spacing of the nozzle from the patient’s skin of
up to 35 mm, preferably between 5 and 15 mm. A further
25 desirability of providing this spacing between the nozzle
and patient’s skin is to enable the jet leaving the nozzle
to expand radially outwardly and consequently to cause the
particles to impinge on a much larger area of the patient’s
skin than the cross~-sectional area of the nozzle. For
30 example, if the nozzle has, at its downstream end, an
outlet opening of about 2.5 mm in diameter, a desirable
divergence of the jet would cause it to impinge
substantially uniformly on an area of the patient’s skin of
the order of 20 - 30 mm in diameter. Consequently, it is
35 preferred if the spacer is a tubular shroud sufficiently
large and shaped so that it does not prevent a jet of gas-
entrained drug-containing _particles leaving the nozzle
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- nozzle to the skin, probably because of the refl ected shock wave
interfering with the contact -surface. It may therefore be desirable to
provi de a spacer at the downstream outlet end of the nozzle to provide a
positive spacing of the nozzle fronltheéﬁftient's skin of up to 35 nm
preferably between 5 and 15 nm A furth desirability of "‘providing this

spaci ng between, the pozzl e d patient!s skin is to enable the jet |eaving
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found to be remarkably efficient in reducing the otherwise
20 frightening noise which is created when the diaphragm is
burst and the shockwave leaves the nozzle to carry the
particles into contact with the patient’s skin.
The following Example illustrates the utility of a
needle-less syringe of the invention.
25 Example _
Eight healthy, male, albino rats (Wistar, avg. mass:
250 g) were anaesthetized with injections of 0.25 ml
Sagatal (sodium penthathol barbitone, 60 mg/ml). The fur
in the peritoneal region of each was removed using a
30 commercially-available depilatory creme (Immac). Animals
1 to 4 were then injected with 0.1 mg bovine insulin
(powder form, Sigma) using a needle-less syringe as
illustrated in Figure 1 of the accompanying drawings.
Animals 5 and 6 were injected with 1 mg bovine insulin
35 (powder form) under identical conditions. The average
insulin particle size was c. 10 um, and the delivery

velocity 750 m/s. For comparison, animals 7 and 8 were
‘\\ .
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particles into contact with the patient's skin. The follow ng Exanple
Illustrates the utility of a needle-less syringe of the invention. Exanple
Ei ght healthy, nmale, albino rats (Wstar, avg. mass: 250 g) were

anaest hetized with injections of 0.25 nl figatal (sodium penthathol
barbitone, 60 ng/m). The fur in the peritoneal region of each was renpved
using a comTeg.ﬁ abkrdavditmbo £1 degi | isulinr ddsspllvesd)in oLfRMEquebus 4

h d h O
115, LR oo v OSBRIV, R T V0
) A e G ot s ) 4,
or un ]?37 e )

c. 10 um and y vel oci t npari san,” ani nals and

8 were 5- 1a8t- fomrehanrs\pest-inigetion i nIn mh/etaasw 0390reRse Ot
N}«gtClt ] usi ng abieetaafI@apgﬂakiﬁaeémgtesovn)aw&&&?b@mo@dat%mwrﬁs(t tta&qmo&ach
0 e experipenta S Were en or to.injecti 0 act as
control) and ¥R€n %\'Pf?%ﬂ‘i%rg‘ﬁ&g- rirjegct?on“l rpr gﬁ' cd Preyetls of
bl ood (appr oxclmtei;lgSO Thiswmixtureowas ftion thixedi with 1be pganiofalét and

mxed with eiJ. g??gé/o Heiql °t8rﬁ¥f€tgihgkkhaﬂteta;%ﬁsﬂ X! the }ﬂﬁ?cth@

mxed with 1 perchl ori ¢ aci ucose ne
m xt ur e Mhs Vhen themn spand end sther rﬁamnahgsuy@ssamdblmm gﬂa@dse

Bl ood gl ucosegqiguskae. (BG) for animals 1 to 6 are given in the follow ng
Cable: BLG (i e, mal o b 5. 30

2 22 9 Bloodglycose levels (BG_IL.)ngo; animals 1 to 6;are
1.51 4 given in t15e6ﬂollow1ng table: 2.87 5 5. 07
0.91 6 5. 2.63 Results fromaninmals 7 and

8 showed BGL vaI ues of 2. 2 3.3 mMMand 2.0-2.4 nMafter 1 and 2 hours,
respect |1v5el y.}

20

Results from animals 7 and 8 showed BGL values of 2.2-

25 3.3 mM and 2.0-2.4 mM after 1 and 2 hours, fespectively.
From these results, it is apparent that insulin has been
delivered by needle-less injection in sufficient quantities

to produce a significant therapeutic effect, and that the
level of this therapeutic effect appears to be comparable

30 to that resulting from conventional needle/syringe
injection. Comparison of these results at four hours with
other results show that reduction in operating pressure
(from 65 bar to 40 bar) and the reduction in insulin
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. 'Fromthese results, it is apparent that insulin has been delivered by

needl e-less injection in sufficient quantities to produce a significant
therapeutic effect, and that the level of this therapeutic effect appears
to be conparable to that resulting from conventional needle/syringe

i njection. Conparison of these results at6four hours wthh other results
show that reduction in operating pressure (from65 bar to 40 bar) and the
reducti on i r*paplodad” THEyoms 1t.0e mgeHac®ad g} hpreduce npo significant
(from1.0 OSEEE L Ojd fdseUmeliy %' d3Cenrdd s 1S
extrenely %%ﬁ%ﬂ%“?%% ﬁ‘wee 'reg‘l&)%g{%)é mﬁ#eﬁjced opte[fatl ng r-|ograessure
reduces strkeapeMst cquirenents for the eventual design of nass-produced

clinical devjges; ii) reduceae%tixs?eb&ws%ﬁre PEEGGEES stiTtiRal the
el i m nation ofqm&lxerse effects whic ghé ogcur a thetm n;
and iii)P Tre t8r fPHa e eveRtYad: (design, magss f
delivery is dipiyarfdéeeiess; ensuring that the bio-availability associated
with this deJjyvery technigque.will _he fficient. exanpl.es_of ri nges
constructed Jfgn) accor da’ﬁ%‘égﬁf?h pggraa::i nt eprf?ﬁﬁé%?ﬁ on enggreﬁ | ust¥at ed
in the accolbwinatgionf any advexsie effecgsr whichsmightietcueat che

t hrough a fi . Bhgure 2 is an elevation of the first exanple;
Figure 3 is%a:lf%%f%ﬁgiéﬁ' v%#“gi ob_. of Figure 1; Figures 4, 5 and 6 are

sectiold® si ik} to Fixedecedp Aryg RAVIRAA t (HeRPNFRraILRS t Fhatanthds
respectivel \ietHodlU6€ del$vargcisi Righiycareicibat!,i easvring ¥hat the gure
6, and, Figyre 8 'S'fanqﬂ‘g:l.él segtlon tgrogﬁg ﬁ]capaghﬁvu.sed |nht he .

i |l ustrated Thet’ Y 385QG12H8E ViFRsFRase ery techpigyes; ;¢
some 18 cm |wirdl dvel suffigbento be held in the palmof the hand with .t he
LU Vel 0 4 PRSknie e Y SlalliStonc (] AlckiBondE T ¢
porti oA510 with osthiebypussent plimyentiamviare a didpestratedki in 1%herhe

accompanying drawings, in which:

Figure 1 is a axial section through a first example;

Figure 2 is an elevation of the first example;

Figure 3 is an exploded version of Figure 1;

20 Figures 4, 5 and 6 are sections similar to Figure 1
but of second, third and fourth examples, respectively;.

Figure 7 is a section taken on the line VII - VII in
Figure 6; and, '

Figure 8 is an axial section thtough a capsule used in

25 the illustrated syringes.

The first syringe illustrated in Figures 1 to 3 is
some 18 cm long and arranged to be held in the palm of the
hand with the thumb overlying the upper end. It comprises
an upper cylindrical barrel portion 10 containing a

30 reservoir 11. The upper end of the barrel portion 10 is
closed by an end plug 12, having a depending skirt 13. The
lower end of the barrel portion 10 is closed by an integral
end wall 14 formed with a depending externally screw
threaded skirt 15. A plunger 16 has upper and lower

35 cylindricél enlargements 17 and 18, which slide within the
skirts 13 and 15 respectively. Upward movement of the
slider is 1limited by abutment of the upper end of the
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.lower end of the barrel portion 10 is closed by an integral end wall 14

formed wth a depending externally screw threaded skirt 15. A plunger 16
" has upper and | ower cylindrical enlargenents 17 and 18, which slide within
the skirts 13 and 15 respectively. Upward novenent of the slider is

limted by abutnment of the upper end of fe This is the repl acenent sheet

- 20 - enlargenent 17 with a oul d in the, end ca 2. The_pl unger can
be moved domﬁﬂéﬂm?mﬂ“&n]t"hl%“gbsq téb?f"f‘?ﬁ{)ub% ip &P%ké"% Balent ?get he
gap 20 SQO""P uﬁnawul canl bey moved downwardly €ron anbstposieioﬁl thtotght he
upper end of _t ung o] o) ro e; en nme

remai ns seal &d st%fp%ee %ﬁ#?a}-ﬁmé l{%g ﬁl&e ahénab %J‘g ik ﬁpﬁ%er:# é&

posi tion of dbwnvhudgpresﬁweammmmomgll fixed| bd tbethppetl end 16f by
neans of gan t QS r t e o1 S
forced dovvn &gl gﬂuﬁﬁersggl exi tgﬁ %O\%B?.Ee%éroﬁa %“\Q ihi%gigﬂgp; ovi de
an outl et frEemains, sealed (tathe ﬁkérﬁaﬂanbﬁ Beanse Of: [an Onxingr2d¢ | 8

and the skirignleheSgadded poditadividOnend p ﬂﬁ‘wertwréﬁaf%ﬁéﬁe 1§ is a
| ower cylindgical garre ortlﬂ?ém cant ai ni ﬁg&fi pressure ch

Screwed i nt otBhESR ﬁgrtgn 81 SEHEE L? (RY BRAN an 9§r$nﬁ02§bet965331
Secured and thel etrelserwodr t hﬂ.pppbutendheh t khenopaunget anis t hEorEster

d f 2 f | |
: copet S 08nfarhIR “Enel ST e SEHAY douds Ung Be ShETARERE USRS °
the nozzl e 2Brewide |rrp7ouyletr |ﬁ¢g>;u Zﬂland'ese;‘Vpetesleiedlnnat el eroamae and
capsul e reSpBééwééhYthéseﬁﬁQ%éd&n@ 9 G‘arﬁ} sidptiig conprises an

annular ring 31, _ having frustoconic | nt er na peri phery

surroundi ng a conﬁﬁ?ﬂ‘f@ﬁt t92th@oﬁ’t°$trﬂnhg?ﬁ ithe annen é@qr@lb@qnﬁim &P The
top of the chspa t heweri Scyim@ﬂibuammapbyeianww Whealﬂuﬁehr@gm 33

o 2t 8, AR, Arapcis 1 e TR Yhie 10555, dndPi Uy T
bet ween t he bavrek wra:idm | 4278 bat rzzle e26: ablSedwrsed oanat fsera/leﬁa
22RFe o 1 "BohASER ShocUpphlne’ e W B B Ry o
of an annular rib 27 formed integrally with the barrel
portion 24, is a capsule 28 containing particles to be
20 injected. The capsule is sealed to the nozzle 26 and rib
27 by O-rings 29 and 30, recessed in the nozzle and capsule
respectively.
As shown in Figure 8, the capsule comprises an annular
ring 31, having a frustoconical internal periphery
25 surrounding a compartment 32, containing the particles to
be injected. The top of the compartment is closed by a
comparatively weak Mylar diaphragm 33 and at the bottom by
a stronger Mylar diaphragm 34. These diaphragms may be
sealed to the upper and lower walls of the-ring 31 by the
30 compression between the nozzle 26 and rib 27, but are
preferably heat or otherwise bonded to the faces of the
ring, so that the capsule forms a self-contained sealed
unit. The diaphragm 34 may be dimpled downwardly as shown
in dotted 1lines, to assist in ensuring that all the
35 particles are carried from the compartment when the
diaphragms burst in use. The ring may be split into two
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in dotted lines, to assist in ensuring that all the particles are carried
_fromthe conpartment when the di aphragns burst in use. The ring may be

split into two - 21 - parts witha third, weak, diaphragm between the
- parts so as to provide two separate coggartnents. The passageway through
the nozzl e 25 has an upper convergent (in the downward direction of flow)

part 35 Ieiﬁm WitaugheRikd) Grdalsd dﬁ@ﬁgﬁrmeéiﬁlﬁhe?’ﬁartihéo@ﬂverg?m

. portion is conti,nuaticn o. the frustoconical internal ape of the ring

31. The n&?zlpé'Qsi ﬁ“&m e, GAMRATEMeRY %1 on provi ding a divergent
spacer shroud 3&w0baes§a¢émienboa'ghem poiziz189 2@ diRas N anwuppéy es

hal ves. ar o SPRVERHERE) (0 Shd H el "A rethE ol GE 149 Rakie 5 e,
are rebai nd&adiqspm‘mglbp ttia'oat e36ehga9e|dimerqfenanmmar. rl‘n'mnd

?Lgogsl |4ﬁdr| cal %&?&%& | ﬁt gg%&wé@f&{?a nu W axl a e °

spaced, radintienpal ghapeyofrthexting 31 anghe mzziﬁeism@rrmd%@xbf t he

ggtzélngl In; ?Ioe?riliges 416156&&/#1&{%(@ msgggg?f eqwngrs?at blat gty
respecti ve 2R Ref¥ ﬂ&ﬁF ‘{G@éspﬁ t 132 &&F@raﬁTaﬁﬁPmﬁ‘%"ﬁﬁe

f4 Ioangie 41&1Srlu@ayhbyl aghbhtlgigﬁaﬂheql dbanetpali pmﬁhedl arteé afppir tdiid | anges
rin xhaust S | t r

adj acent tg’ [ ttg% ﬁ' eﬁ‘%tl %fs PES & &?‘3’ ?‘fh 4 3 h%%dfgldé ?H“%‘} WI |1

be reusabl 40 aﬁdthelnommnﬁ theyalare rgitadneds ingpesition hy ithe nt ended

that the pi?&%frs-%h meft! B? At %Rﬁh%rt P?gbaﬁ&eéﬁﬁ gvé ! £, 10y 'éﬂobe made

primarily o stics naterial an i Ssposabl e after a single use.

In an al tehﬁ&ﬂ'ﬁﬂaaé’ﬁbﬁﬁﬁﬁeh?"d?ﬁet%ﬁ?FFErdevTBE ipner Furgage Gt é’g'&ﬂ astics

mat erisl, uytllinaemaqv;:d@@ 38 ibeﬁhkt@g&a\qh lﬂ‘tihﬁiﬂ with abenslibeRoodl e
after a sin e the, servmr& he (irrel ortlo 10 is
charged wi ?% 31 a&f?ﬁ TERY Ye?§8|3€° By £3RDEERy 4P suppl y
conduit onThet beteklsurﬁﬂ;e a:ﬁjtuepnezzlegis heomb Lemen t 4651 yp m:im
eeon’y MR GELRN, LM G SRR Pangdy W e
each ax:.ally spaced equidistant between a respective
20 adjacent pair of the flanges 40. The outer diameter of the
flanges 41 is very slightly greater than the inner diameter
of the flanges 40. A ring of exhaust outlets 42 is formed
in the cylindrical part 39, adjacent to its upper end.
It is intended that the barrel portion 10 will be
- 25 reusable, and will be made of metal or plastics material.
It is intended that the parts screwed to the bottom of the .
barrel portion 10 will be made primarily of plastics
material and will be disposable after a single use. In an
alternative embocdiment, the entire device will be made of
30 a plastics material, will be provided in sterile packaging
and will be disposable after a single use.

In use the reservoir 11 in the barrel portion 10 is
charged with a gas, such as helium under pressure, by
screwing a supply conduit onto the skirt 15, and depressing

35 the plunger 16 so that the reservoir is charged by flow
upwards around the enlargement 18. When the button 21 is

released, the plunger 16 will be retracted to seal the
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-Thi-s is the replacenment sheet 1 8 JUN 1997 - 22 - reservoir 11 by the

"~ supply pressure acting on the underside of the enlargenent 18. The

remai ning part of the syringe will normally be supplied in a sealed sterile
packet with the capsule 28 in place, andagvM th the passageway through the
nozzle 26 filled with a |ight gas such as helium at substantially

at mospheri c. §§ VoEr £1 Gy UhebupPlyypressuresdct ingvahl the andexdside
. adhesive to t otto face o{__ i‘ e nozzle, and having a tab 44. This part

is screwed t‘bft%ebﬁP aragmer In order to carry out an injection,
the wider end of The rpaadningr cpattS&:f stheesyxdingeaiwill anprmad iy deski n

ggdl sazlteS:efl"iééﬂlﬁngas re@aseé rom I*Bwreservm r%t&?s{fhhe cha%tto%

eventuals y places and midh thebpassageway throughi the nozple 26 filled

di aphragns 33@a0d 4 s0gnel | gust hguers a8 thammt hrav.gh sh'lh%t%%&hilgrﬁ

with the particles eniralnedthere |nt thr‘gu Igi

shockwave r AYRRSRREY1G PYSRSYULR, dé’% [h?jt Q'ﬁmPPf@ 4

| abyri nt glg neswmhehyyamm tdnetlmh Ebbetaﬁ ﬂﬁdesutr thednogzdel, i addi cgl
ortion or,t,uous n t n and .

gvent ual ly &ﬂwﬁﬁ?ou hg?% 4(E)‘ﬁenl ﬁéi‘%z %&ﬁa g’é ?a#]g%ceraéﬁ ga?k%'tlé!.h"uati ng

t he noil®e oqumtyaslﬂhscharge A charge of gas in the reservoir 11 could
be sufficient forpdiy Fﬁlé’f £8”céﬂ'f’06 e Ore I?Q&E%nt hﬁh%“%.?&i: Qh&t geype

only allows for a single injection, s nel essar¥
reservoir tFhge $E%‘Hﬁ¥'g§ﬁr°“¢\f 88r iphpriefsad jagainst \p| pabdens! Aupkibr at

Ieagt Ej he dlaﬁiw,sa@@naerrﬁz%a&baab@agt en&hsogmtwhrwf pUlEifd drf ltheotabon 10
{0202 1 500350 Yo, ENS Ty 'da hpERRSR. e Bl Mgl oy B 005
capsul 528 friesteativquir k1 timto rehe chjamnsbemtmﬂ.rluyedzmatted fint kthe
T et S, BB HOSCL AR Sl B s EaR TR 10
repl acenment lagw g:tyyma_@gyo travel through the nozzle 26,
with the particles entrained thereby, into the patient’s
skin. . The shockwave reflected from the patient’s skin
20 travels up through the labyrinthine passageway between the
nozzle 26 and surrounding cylindrical portion 39, through
the tortuous path between the flanges 40 and 41, and
eventually out through the opehing 42, acting as a silencer
and attenuating the noise of the gas discharge. |
25 A charge of gas _in the reservoir 11 could be
sufficient for five or ten injections, although the current
prototype only allows for a single injection, before it is
necessary for the reservoir to be recharged. After the
injection, it will be normal for at least- the disposable
30 parts attached to the bottom of the barrel portion 10 to be
disposed of. However, it is conceivable that in certain
situations, the nozzle could be unscrewed from the lower
barrel portion 24, and a new capsule 28 fitted prior to a
new injection being carried out. If the reservoir is to
35 contain enough gas for multiple injections, the plunger 16
will preferably be spring-loaded upwards so that the lower

-
eet Has Been Reﬁaced

\\I\\l\\ AN



--23-- end of the reservoir is reclosed upon rel ease of the button 21 as
soon as the syringe has been fired. Figure 4 shows a nodification in which
.the upper barrel portion 10 has an open upper end, and is secured at its

| ower end to a coupling 45 which is screwed to the upper end of a | ower
barrel portion 24. The coupling has a sock@Oowith an Oring 46 for
receiving and sealing within the socket a neck 47 on a netal bulb 48,
contai ni ng a premsdwf theé geserwoliraisheréclosedhapon irxelease/of thecbuttion

wi thin the barr r f coupling 45 is
provi ded with a“"r_:li u%%t%%%vn%gpﬁ%?e%gﬁéé%% ﬁ \Miu there passes a
passageway 50 openi riigure #heshowsber mdiﬁ:cphionofirarwbien the cuppey
down opposite %érjlsz;eff 6{?&]@&@' a0 'dn ew upplet %&Ot %ﬁda soseciitbaci!

to their Iovver arre porti 10, and acent to their °

upper ends,S t o 8 e%'EVeB4e“ﬁa\ﬁ%gaa°9§Pﬂ- 45 vhigh g& ez &9 hthe
upper end of t hgpgust thtfcﬁ of & Towér Hartel @oi@ﬂi@ncﬂm ai meacSQplﬁﬂI' Ragded

brof ection 40 VhEPRE MITh A8 OrEEPE o8 Pt Bt Gt endobnating, BFELR o
force the bulb mfbfsot:het iantmecdk e 4F0atet a4 metle lpmlhswel a:nnﬁaimlrmbar

25 are only shqun, % %#; dch ad' e 1%1?2%1:”?%0168&&&%3&16%8

features, such®a encer an ur es

3. per atli%n m%hm otbeas hagnede P¢¥§1-°Exé-t9pl e [Thet rmtmnwﬂhb @fanbhe 25

is to be press%d&ﬂiﬁé’“xﬁnié npﬁswaaa Wl%h' Vﬁrup'ghdrﬁiﬂi&rﬁé&jhé@idrﬂwse
gas fromthe bulb 48 intq the c thi's case sone.or all of the

parts may be dithreugh é’h&FPthQEEhP?ﬁ?QEt?CRPsﬁqg?W 39 spenihIc1nkp e 4
sen - per neabl e oimlieane2s Whi ah paiilrt 3 avisasy , basitendingyg ciomelqspmter

e 0%, U dhod "8t Bigl bAPARR abt 45850, Lkl WA 5y B0L 98y fenE O

t hreaded d@8nnedia dheimdawearehds, s the barrel poxrticomel@pranda 453,
upstream of thgAREHE &8 tnBlxS dppdd endd) ST evdF %4 | havirdg ANeddo7

' nose 55 arranged to engage the upper end of the bulb 48.

The n,eck 47 of the bulb contains a spring loaded valve

which is opened upon inward pressure into the neck by the

20 hollow projection 49 when the lever 54 is rotated clockwise

as seen in Figure 4 to force the bulb 48 further into the

socket 45. '

The parts below the chamber 25 are only shown

diagrammatically in Figure 4 but may include all the

" 25 features, such as the spacer/silencer and foil seal, shown

in Figures 1 to 3. Operation is analogous to the first

example in that when the chamber 25 is to be pressurized

for an injection, the lever 54 is operated to release gas

from the bulb 48 into the chamber 25. In this case some or

30 all of the parts may be disposable after each injection.

In the first two examples, a semi-permeable membrane,

which filters out any bacteria or foreign matter in the gas

supply, may be fixed at its edges to the barrel portion 24,

e.g. between two parts of the portion 24, which are

35 connected by a screw threaded connection, and extend across

the interior of the portion 24, upstream of the capsule 28.
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- 24 - Figure 5 shows a nodification of the first exanple and al t hough not
~shown, the spacer silencer and foil nmay be provided as in the first
exanple. The essential difference is that the barrel portion 24 is |onger
and is provided with a piston 56, which4X sealed to the inner wall of the

barrel portion 24 by an Oring 57. ILston i.s.capti It rrel
porti onp24 Iby -eng&é‘%\mﬂts \mt{wg%ﬁ Eﬂﬂl?g I 8?”%%%4#?? H]gan@i%%
chanber 25 ngy+h&udhChbt! Shoi,h 996, spacerasiiencen and afeibemaymbepheri c
pressure of, sa -4 bar, .but _possi bly. en ' 0 e the
Ut ton 21 i PFoWLass s du £3e SEERE, fpplysy Ble Yedbritiay altrerehck’
downwar dl y ifst Bhakathe hexrrebrpcritiomt 24 i Adonger ardr iscproyidedm t he
reservoig 11 will_e b td Rigd ' n thed
force tf‘é pi_g% ?ﬁéﬁ%‘&%&o%ﬁ%‘}ﬁé{%ﬁﬁer ZQ%IP:W%E]}?e&p?essure
bet ween the paxreh poxtions24cbysansOsuingchdnt Theppistonnds:spptive
diaphragm  in! Rpblishr AR PbPeibn! 24 NbynéAgabRienthwitar 1éh Banuler 24

ed fromthe barre I

will be separat portion 10°for disposal together with the
pi ston 56. THROWIAeRBB<shown in Figures 6 and 7 has di sposable parts which

are simlar to thpseipis iduse thechanbewn 25 may dbie prief i) withnigashe

Phr ougini CRIThS R, 8% 2 SHRerF EREp AR 1§ oI § SEP Ry, 24 52
super at nospHear ¢ putspossibly eves assbigheaspplrbB¥rrel portion 10
i o epoaih S TRG oRRHRR0S, Ik e pRaGR30 0 Ml ks
is initiallypieten e eashert distance: devRyaFeAYoin Fheibarfel, poxtion
helically copi othMupWSK thedgaBlfefdabudEron the adedihalix Qlowiad pl ate
and ongibes SRESR¥RARERSL SRERIEN G4 MRRITH (SHE BAREOTLRE B e R o4
whi ch screwsthetpistorntar geroke adwatwithinpthe ehdmbert 26 phntidetheand
efectively JOllB.A0 S4GES Yhe biston’aHa08hpetiibs2s S1d Mo AGRTRY
burst the capsule diaphragm. In this example it is
intended that the barrel portion 24 will be separated from
20 the barrel portion 10 for disposal together with the piston
56. :
The syringe shown in Figures 6 and 7 has disposable
parts which are similar to those of the syringe shown in
Figure 5, except that the piston 56 is of a slightly
25 different shape and contains a poppet valve 59 through
which the chamber 25 can be precharged with gas under a
superatmospheric pressure. 1In this case the upper barrel
portion 10 contains a sliding plunger 60 having an annular
leading end 61 which is arranged to engage the piston 56
30 around the poppet valve 59. The plunger 60 is initially
held retracted, against the action of a pair of parallel
helically coiled compression ‘springs 62 by means of a
keyhole slotted plate 63 which is laterally slidable in the
upper end of the barrel portion 10, and engages a
35 complementary annular groove in the upper end of a stem 64
which screws into an enlargement 65 at the upper end of the
plunger, and effectively forms an extension of the plunger.
\
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The springs 62 act between the enl argenent 65 and a shoul der on an insert
66 within the barrel portion. The slotted plate 63 is |laterally novable by
nmeans of a finger lever 67. Initially with the plunger 60 cocked and
retracted, and with the piston 56 at the uppser end of the chanber 25, a
spacer at the Iomer end of the syringe is applied, as previously described

. . . h 6 | 1 6
to a patient's drl 922 el 82 Yct Npeltwben S¢nec @ﬂ?ﬁfﬂ&ﬂanﬁ 68 64y tﬁe

pl unger 60, whic pr ston 56 forwardly unti € pressure I'n

chanber 25 is s@houkdex on mrénseﬁ‘é ffapithins the itharzelpertien. |n'rbech

of the exanpl esglidtt & PRIt 63 isN2akerallgVRvvableudy means0szl & £6n
of the spacer s oud 38 are significant and the followng are typical or a

nom nal Mach 2 'nozzl e. The convergent portion 35 is 10 mm Il ong and
converges fsom a di armiftriamflyﬁ with othe dpiunger &0 tducked omnd 3pettadtédm

from the Cnroal S A o, Riesan, 380F g{éhﬁags?"?hg fibosnd dpaRebiE)" ©

1.95, 2.03, 2.1& spdder 2attothe. 1ower 2hd Z)ﬂZtths?riﬁgﬁnﬁemliedﬂ yas

pet r bam i amot Br SR AP LU oad B & patd dHE ARk HEptRELEN ot

may be nodi fi edth@r lever a6%r yeleases ﬁh&/lﬁﬁﬂg ﬁﬁ ané pdiunger 16, pehich

portion 2434n '8E§Tvd§3rﬁhé3 zedss Ofarﬁsﬁazf ahtngtﬂaelpt«&aéu&vm%éhe
chanber 25 can | mttent b ed u t he | ressure of 2-4
Eacoer 25 hal Chepban '#9) Ld 3GeBiTRERe Ral hugkt | By AiabhERams shhcthe

di sposabl e, nocapsnﬁe [28avi ded preassenbl ed. Thus the barrel port ion 10

may be of rigid constdd ctéa ang h%%Ede(‘elge it é)&ner%r% g%4 the _

particulate material e Pprovi t he T ag
seal ed uni't 28 pesquabmrmqhwheamzzd@zzse amk of thespager shroude

| aboratory;git ﬁsyaeeessigrla anéoranhheaﬁeltfoﬁc&ﬁ %ace ngﬁiea %rtoa

whi ch the particul ate _nat dosed I's the re
JUN 1997 - 260opingdgMachc 2t ¥glecitycnoasie; p'ahm%n!erqeatopo:’éi@mas ng

is 10 mm long and converges from a diameter of 6 mm to a
diameter at the throat 36 of 1.5 mm. The divergent portion
37 -is 50 mm long and the diameters at 5 mm increments from

20 the throat 36 downstream to the outlet end of the nozzle
are 1.74, 1.95, 2.03, 2.10, 2.16, 2.19, 2.20, 2.21, 2.22
and 2.23 mm respectively. The spacer shroud 38 has an
axial 1length of 30 mm and diverges from an upstream
diameter of 12 mm to 30 mm. _

25 The examples shown in Figures 5 to 7 may be modified
. for laboratory use by providing in the wall of the barrel
portion 24 an inlet por{: connected to a source of e.gq.
helium via which the chamber 25 can intermittently be
pumped up to the initial pressure of 2-4 bar. 1In this

30 case, it may not be necessary for the lower parts to be
disposable, nor to be provided preassembled. Thus the
barrel portion 10 may be of rigid construction and held in

a secure position. The particulate material may be
provided between the diaphragms 33, 34, of a sealed unit 28
35 between portion 10 and nozzle 26. However, in the

laboratory, it may be sufficient for there to be a single
-membrane on to which the particulate material is dosed
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_of the piston 56 into the top of the portion 10, and the raising of the
pressure within the cylinder via the inlet port. Thereafter the driving gas
- is applied to depress the piston 56. -27- THE CLAI M5 DEFI NI NG THE

| NVENTI ON 1. A needl el ess syringe conpr%§ing an el ongate tubul ar nozzl e,
a rupturable nenbrane initially closing the passage through the nozzle

Sgent 1 ocat ccCREPUID AR, CPR.OF A BaF7ef pdfelon £4, Trfot VB PRLIGY |

agent | ocat ed rane, an ener SIn ans or app
to the upstreafh thdepdistome Sterintmcthe gtepoof bhespotsion fidi éand ttheur st
the menbrane éaﬂs%ﬁfue.ethgr Praasiite RATHIR he RGN G ftmp imedi ch

the particles are eftraine wherein the parti-¢cleS are of a powdere

t her apeuti c aBert-| Jhereptlenddhe [Ar ving gpgois ﬁPHbE?GgF% ERSS ihe
across the inpesten §6.the nozzle. 2. A syringe according to claim
1, in which the energising nmeans conprises a chanber upstream of the
menbrane, and neans for the controlled build up of gaseous pressure in the
chanber. 3. A syringe according to claim2, in which the nmeans for

buil ding up the pressure in the chanber conprises a source of conpressed
gas connected to the chanber through a bl eed valve. 4. A syringe
according to claim 3, which is self- contained and portable and
incorporates its own reservoir - of conpressed gas. 5. A syringe according
to any one of clains 2 to 4, wherein the upstreamend of the chanber is

cl osed by a sterile barrier. 6. A syringe according to claim5, in which
the sterile barrier is a sem -perneabl e nenbrane which allows the passage
of gas but not of bacteria therethrough. -28- 7. A syringe according
to claimb5, wherein the chanber is cylindrical and the sterile barrier is a
pi ston, there being neans for advancing the piston in the cylindrical*-
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*chanber to conpress the gas therein. 8. A syringe according to claim?7,
wherein the means for advancing the piston is a source of conpressed gas

applied to the upstream end of the piston. 9. A—syringe —according to
claim8,. which is self- contained and pogz4abl e, ' its own
reservoir of conpressed gas, and a val ve which canﬂmumnmm—mml y to
expose the piston to the gas pressure. ICLAYMSYringe atcordimgsto*claim?7,
wherein the means for advancing the piston conprises a spring which is

arranged to be stressed and then rel eased nmanual ly to advance the piston.
11. A syringelaccoAdnegdilelesg ayrisige|comprisinglan ellengatet tubylar
initially int n, &dﬂf t eﬂh&% ' |

super -t m?herﬁézgggésﬁre. f@:ra%,&és.'?rl ngeg’%cg'g‘riglq%g&?ggégéiﬁﬁethﬁ PRFEERTS 7
to 11, whe¥ei nthreughakhey nozele adjagebdtotq sthenupstream mnd refigthe

according to apyzeme Obaftibﬂﬁs1of°a4th@§§b%h%ihh%gﬁﬁifQb%h%ﬁd”ﬁ&ﬂ%cent :
conprises a bulb contalnjn ressyri sed gag and having an outl et Closed by
a spring Ioadeﬁ°vEP?emﬁHPEgngooﬁE@aFEgrﬁgFing Beans. £o5, aPRlyiBgs ¥ei khe,
the arr angemrrﬁnﬁpbeireamsslrdleh tdﬁth_bhﬂehbkhnﬁaﬁ éwsﬁkmm@td shmml | Bd&'fh‘.bﬁen::l
proj ection eyl eupon rojeciion opens the,valve.an wWs gas_{o ow
From the bul b t84Barsty g “néabrRfie BHY prcafe” Entieh, HE #8817 o,
wherei n t¥®e gasupepsoniict gashflowsinewhichdthef particdebr are entbainedt he
menbrane is lighter than air. This.is the replacenent sheet Date: 18 JUN

1997 - 29 - 15. A syringe according to any one of-the preceding clains,
wherein there &re ab | 8¥Eingar cacgeraingdi &phr edadmpr dvi diing wWhiGhenthe

ad] ?_celnt onig @%ei'&ﬁsﬂﬁéphié’éﬂ%, c&ﬁitwieye% Sﬁacéfﬁaﬁﬁérdiv.iﬁ@%z%ﬁmt?b&estﬁé
particles. : ri nge_accordin 0 ,any one o recedi ng cl a

Wher el n the rUBCHPLERE b SHRRT SO SHSPTF THSS HBHIE MR o8 TRRPRs.
17. A syrifhge pressureginotheychambert.t he precedi ng clains, wherein the

di aphragns are seal ed together around the edges to forma common sachet or

capsul e containing the particl es. )
3. A syringe according to claim 2, in which the means for

building up the pressure in the chamber comprises a source
of compressed gas connected to the chamber through a bleed
20 valve.

4. A syringe according to claim 3, which is self-
contained and portable and incorporates its own reservoir

_ of compressed gas.’

25 _
5. A syringe according to any one of claims 2 to 4,
wherein the upstream end of the chamber is closed by a
sterile barrier.

30 6. A syringe according to claim 5, in which the sterile
barrier is a semi-permeable membrane which allows the
passage of gas but not of bacteria therethrough.

7. A syringe according to claim 6, wherein the chamber is
35 cylindrical and the sterile barrier is a piston, there
being means for advancing the piston in the cylindrical

chamber to compress the gés therein.
-_
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18. A syringe according to any one of the preced“mm 'm“mmm n at :
| east one of the two diaphragms is dinpled anay m@ provi de
'separation sufficient to locate the majgrity of t he par'tlc'1es°‘ radially

i nwardly of the di aphragm edges. 19. ASyri nge accor di ng to any one of the

preceding clains, in V\:hl ch do [ e m;ﬁ%g | of the
nozzl e cont8rns & B¥E inge AF g&ﬁ% :{'r su stantlai | £

-at m)spherl Ca@V&AEYAE. tnbepistjm igﬁisa =ource of anomrqgseﬂ &"@dlapplrieﬁ)vabl e
seal at the _downstrea t z A syrl nge according to claim
19, in V\:hl che tﬁg s‘éﬁf& é lf(=3‘rirt)€gb Bé *’SS‘%? cap. 21. A syringe according
to claim19, wherein the seal is a peel abl e foi I 22. A syringe according
to any gne Qf clgi dé) abcodETRY N toheclaimc o) ai visllchv tiy nsbllg-nozzl e
is helium This |s Ia nt s Dat e: 18 JUN 1997 23.
A syringe. ReREaIRed A BPAP IR, SN INSRIRALSS RS WL FERRTYRIZnos s ¢
i s conver geaf/@bm@&d qas;o and gewalvel whilchcean mmemmanu

menbr ane. n t n n preceding clains, in
which a spa%%rei‘gg%# @?%géfgg&bgodgl\}\gs ragaﬁmr 5{&? ‘the nozzle to pr ovide a
positive spacing of the nozzle froma target. 25. A syringe according to

cl ai mqyZdt, 14 Whi {Ifn e f@jm I 0 ng to
cl ai mlﬁ, |jr:1bmh|§kﬁb* %Zﬁ ng el‘?éllﬁt%ﬁ:e range é‘?‘e&ﬁy ﬁﬁgﬁ]ﬁeﬁﬁ% g@g ri nge
r

accor di ng tARRCG the CPhﬂﬁ%"‘ 2gompriges; & KRXdRI: NBichads aF§a§9PGbul ar
shroud sufftsipat b¥rkasea and vhardeledded mand@TTyNBd AAY¥AGE &heet Of
gas-entrai ned ’?art icles |l eaving the nozzle outlet, in use, from expanding
to a cross B Bh at least five tines the area of the outlet at a position
level with the downstreamend of the shroud. 28. A syringe according to any
One ofsel AP, 2 | Qyfingh" allcluinly £835RY |ohdilok TRARGEAIP LuDubar ¢
shrou a sifenter rs positioned I'n an annu pace thin a barrel
where:m the gas initially in the chamber before the piston

is advanced is at super-atmospheric pressure.

12. A syringe according to any one of claims 7 to 11,
20 wherein the leading end of the piston is convex.

13. A syringe according to any one of the preceding
claims, wherein the gas applied to the upstream side of the
membrane to burst the membrane is lighter than air.

25
14. A syringe according to any one of the preceding
claims, wherein the particles are of a powdered therapeutic
agent located between two rupturable diaphragms extending
across the interior of the nozzle. -

30 - |
15. A syringe according to claim 14, wherein there are at
least three of the diaphragms providing between adjacent
ones of the diaphragms, separate spaces for different types
of particles. .

35
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" -surrounding the tubular nozzle to receive the SW @!ﬁiﬁdfromthe

target back through the spacer shroud. 29. A sﬂm‘“‘ﬂ‘g L0 any one
of the preceding clains, which is readily separalils ! S: a

di sposabl e downstream part conprising at |eagé the nozzl'e, nenbrane and
particles, and an upstream part conprising at |east part of the energising

means. -31- 396. AnSEyrifigedaceoiding toclclain’i4 Wicklddre XN whirein

| east- on any one,of clains 5 to 12, .whereipn the disposable part al so

i ncl udes the chahB&r Wﬁ%‘?i?emﬂlﬁa&e_ gi. W%Yﬁ?‘fegﬁécgﬁ e urahle,
the downstream dataphedbaspart of the syringe according to claim29 or
claim30. 32. A syringe according to any one of clainms 1 to 30, which, on
activation, delivers the particles through the nozzle at a velocity in the
range of betSeen1200 Ansy?imde adamrdindct@aanycbne lofiiclpimsi ¢ to 16,

predom nantly i 0 . eps) | 1
to 25g/cnferr] %ﬁgﬁeggpﬁﬁed%acé%ﬁ%qua (% g[i%%g,éé%%?gién%&ve o%
range i s betweente00ferm 1800cAammen sachstsyprngeapsudedi sentaisizgm 3é,e
wherein the vel ogat¥i&geds i s between 750 and 1000 nfsec. 35. A syringe
according to any one of clains 32 to 34, wherein the size range i s between
1 and 50 Am 36. A syringe according to claim35, wherein the size range is

at Least 10am $88. AAsgvringedarraitdihg el anyn dfie \dferciaiﬁéfmfita aange
I s between 10 a m_J38 syrLn cC ' . i

to 37, wherein F‘g%gg%#gi?g %%?1%5 %/éébe éﬁeﬂ%r@ﬁ&’%ﬁ rcl% éﬁlj.gn?_ligg_gwig
product for therfipemttbeueotherotpr provjde separdtiont suffdcient %fosyiccage
accordi ng to any, € mafs regednig Fpss | 0 IS t

di aphragns whi chtggemg‘lfjroecﬁyg 6;? ?h&l r‘gcﬁjir/@lseeéargaatﬂ%i% erig{ndoatst;@% a‘?%uﬁ&e

This is the repl @t¥pRFagBhedges. - 32 - their edges, and which contaih
particl es ofs a powdered '

19. A syringe according to any one of the preceding
claims, in which, downstream of the membrane, the interior
of the nozzle contains a gas which is lighter than air at
substantially atmospheric pressure, the light gas being

20 contained by a readily removable seal at the downstream end
of the nozzle. '

20. A syringe according to claim 19, in which the seal is
a removable plug or cap.

25 _
21. A syringe according to claim 19, wherein the seal is
a peelable foil. o

22. A syringe according to any one of claims 19 to 21,
30 wherein the gas contained within the nozzle is helium.

23. A syringe according to any one of the preceding
claims, wherein the nozzle is convergent/divergent
downstream of the membrane.

35 |
24. A syringe according to any one of the preceding
claims, in which a spacer is provided at the downstream end
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therapeutic agent for transdernmal injection. 40. oduct according to
claim39, inthe formof a seal ed rupturable sac?&ﬁ!} "f l’ 1. A
“product according to claim40, wherein the sachet’ T flast three
of the diaphragnms, providing at |east two27conpartnments contal ning
different powdered therapeutic agents to be injected together. 42. A
product accor diggg the nogzlec tof prioyvide 30 pasitive spacing o thenozzile

t herapeutic agef\nt i S 38?%%@ e m xture of drugs which ar-e unstabl e when

mi xed wet. 43. *KB 84 Céording to any one of clains 39 to 41, in which
the therapeutic agent conprises insulin. 44. A product according to any one

of claims 39 tgg‘}?»z;i Eg%’ﬂhﬁb a6GorihgCtesciaya 2451 &% Wi R0 EH@ Epaciny t he
range 0.1 to 2 pm 45, pr oduct acortil?g to cf ai m 44, wherein the size
range is 15to 86 UR t9535 mB, cREEEeRAbIY Hange £ Sureld Mhe size

Is at least 10 um 47. A product according to claim46, wherein the size
range i s betwe 10 _and 20 pm _48. negdl el ess rin or. t herapeutic '
a6 Cuhi ch congPr sed” BYFipePapeficsafnd Ea, S18T8 24168 Wiadh 2ty S MESH ¢
agent, - and enethesisppoexrniswa ctubulaactshrnoudn sufflicientilye bargeclarsd

t hrough the no t CiskVahlat r e e Zggisa

nm sec, in whi cﬁﬁ%ﬁgaﬁgrat #@%gsi aegag g‘?’} ei’g%?&glfr% lr%arL‘ptélﬂiy %l‘fn t e%?lg%gaeiq:%]dl S
is the relPacepantishes lgaeing the nazzlmouiieindin wieeifinen expandinge

of 0.1 to 259/ 8 aerdds WBeebiohhataddtst CAIDE t2mes?d tHe!tard@V bRy tHde

has no. or a nPWEASknBEnE BPILIaHoLEPeT HALh Eher AOMMSEramm,SHA o5 the
syringe accordshgotid.cl aim 48 or claim49, wherein the velocity range is
the vel ool ty rahge. FosPEtlis foeofafi BECaAT 8he' 8 dfafud R ¥6 26043 |
to any orikb of Uhgbhrsthe spager \iscras ninpex Sorvate ahgbular bshveud, 1 andd 360
um silencer is positioned in an annular space within a barrel
surrounding the tubular nozzle to receive the shock wave
reflected from the target back through the spacer shroud.
20 28. A syringe according to any one of the preceding
claims, which is readily separable into two parts: a
disposable downstream part comprising at least the sterile
nozzle, membrane and particles , and an upstream part
comprising at least part of the energising means.
25 '
'29. A syringe according to claim 28, when dependent on at
least one of claims 5 to 12, wherein the disposable part
also includes the chamber and sterile barrier.
30 30. A sterile p'ackage containing the downstream disposable
part of the syringe according to claim 28 or claim 29.

31. A product for therapeutic use, comprising a sealed
unit of or for a syringe according to any one of the
35 preceding claims, the unit comprising two diaphragms which
are directly or indirectly sealed to one another around
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"53. .A syringe according to claimb52, wherein the stzeTange is at |east 10
-gm 54. A syringe according to claim52, wherein t ' mnﬂubet ween’
10 and 20 gm 55. A syringe according to any one Oﬂmmnm?lﬂg , 3
"wherein the density range is between 0.5 and 2.0 g/em 56.1 A SyrS nde

according to any one of clainms 48 to 55, in2thich the agent is as defined
in claim42 or claim43. 57. A needleless syringe whic¢ch_conprises a nozzle,

particles of a pERRLFec@Ages apaRdi B’Mz&@ht‘?"%’bnBFﬁngﬂranﬁ%ﬁlsaV\MPrGﬁ

activation, delitérapéutict hgefit fbihtPanBaernal fiajectionl, between 2 and
10 kg/sec/m 5S. A syringe according to claim57, wherein the nonmentum

density range is between 4 and 7 kg/sec/m This is the replacenent sheet
-59. A needl el ess3zyri Agproauet acepriing otgattalind3having the ufordn eafh a
barrel part ich contalns, in e urce. under pressure, and a
domnstreamtﬁﬂ&ﬂ%ﬁaﬁﬂézFﬁpﬁgF bﬁ%v?ﬂ§h§£pé§sﬁ .sgggth I ncl udes a shorter
upstream convergent portion and- a |onger downstreamcylindrical or

di vergent porti t p h t ] e a
conneet od oget et en Peafictl dbeotilnl R 0AR Y, SiPfLh BhR Hnknet
when connect ed teRpEPRises atpderstcihrgeniafy tdiaphragns, : pEP¥pding cat

agenlt: means forlééﬁlgénﬂlprebéﬂﬁé‘lﬁﬂméﬂ@s gaéoﬁ@?ﬁﬁiﬂe fasltterbhtougtbwa&eg
nozzl e passage g .supersonic gas flow in whi ar es are entrained;
and a shr oﬁm%@?ﬁg#ﬁsgﬁﬁ’a{%ﬁ%nﬁ% ‘F\Be"?h %Bt&ﬁgfream end of the
nozzle part for spacing the end of the nozzle froma patient's tissue, and

to provide int annyl e t r,oungj ng
shroud a sil encggra"'T o;woﬂ?fsos‘?\ga iar‘fg&;e’}r(l%% ﬁﬁ%%’ﬁo%&\}?}&é It}'gc'?:g’dagh gée
from the pati entwhich &he posGlerads ghengpeuticr agentt is a @talsle mixsurencfhe

reans for suddeniduds! Rt PouEEabIE WD ket WegD! o embr ane

adj acent tq _the upstreamend of the nozzle and arranged to burst when
sufficient 1&as pressure is applied to the nenbrane. 61. A syringe according

to claim59 or Asy MEProd@cei dcddINRF 0 ange one dfbdlaigls damebesagdigas
whi ch has an which the therapeutic agent comprises insulin.

36. A product according to any of claims 29 to 33, in
20 which the particles have a size predominantly in the range
0.1 to 250 um. ' '

37. A product according to claim 36, wherein the size
range is 1 to 50 ugm, preferably 10 to 20 um.
25
38. A needleless syringe, for therapeutic use, which
comprises a nozzle, particles of a powdered therapeutic
. agent, and energising means which, on activation, deliver
. the particles through the nozzle at a velocity of at least
30 200, and preferably in the range of between 200 and 2,500,
m/sec, in which the particles have a size predominantly in
the range 0.1 to 250 um and a density in the range of 0.1
to 25 g/cms-, and in which the agent comprises a drug having
the therapeutic use.
35
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outlet closed by a spr whi ch cooperates with a projection
in the barrel part, ilﬂ“ﬂlﬂﬂ&'m J lulgl ng such that pushing the bul b down
the barrel causes th en the valve and rel ease gas to flow
fromthe bulb. 62. A nethod of therapeutic treatnent, conprising the
transdermal delivery of particles of a pomler&?therapeutlc agent, which

conprises adm nistering the particles to the |ocus of transder
admi nistration at 39veldcsyyingetaecordingstenclady a't%mag‘? g%’[‘ Bhecagent

18 JUN1997 o [oHEs f5, 68! ¥CREno#0Encant %ﬁ%nméesf, inerbi carribe or
particles have a sjze prédoninantly in the range 0.1 to 250 3 umand a

density in the rarfb’el‘éﬁme 1to 25 g/cm, and in which the agent conprises a
drug having the trmapemtsprj,ﬁ@ &&owmm e]:a:bndsagoroctainnssz wherein

which th

1 29 Myt ol ndbugh S | bin Sty
vel ocity range |s Hmmwm 360 @and 115000mm/sec H5andAonetthel §§Ger arange ois
clai m 64, Wher el n byl O 4 900 %r e HEIVEPodEdedid1 R 140 Chn; Olnafor

met hod according to any of c ereln e Size range Is
between 1 and 50 A#he 6713“5A%tmﬁccitﬁ dbrg§vesnc| @ f and wReOei nPFREesARLY

range i s at | east s]_ﬁ,g\fan@ﬁ]_]f mp%yﬁ?qordl ng to claim®67, wherein the
0 Am 6

size range i s between 10 and A nmet hod according to any one of
clainms 62 t01@8, wherein the density range is between 0.5 and 2.0 g/cnferr]
70. A met hod accorqding & cyringe acrordingrtccanyo offe ofnclhaims 8Betagen;, im

as defined in ol aliid Und! AdRSYs T drBURURTIAEL 9P colarglsmnt.

conprising the transderna Ivery o s of a powdere erapeuflc
agent, which conprises admnistering the particles to the |ocus of

Lé?g:g/ein”a' adm nigyd r atd Opethod BYELhEFapRltilty CfelChdRE] 2oiptiing the
15 transdermal delivery of particles of a powdered therapéutic
agent, which comprises administering the particles to the
locus of transdermal administration at a velocity in the
range of at least 200, preferably between 200 and 2,500
m/sec, in which the particles have a size predominantly in
20 the range 0.1 to 250 um and a density in the range of 0.1
to 25 g/cm’, and in which the agent coniprises a drug having
the therapeutic use.

43. A method according to claim 42, in which the agent has
25 no, or a minor amount by volume of, inert carrier or
- diluent. ' '

44. A method according to claim 42 or claim 43, where in
the velocity range is betwéen 500 and 1,500, preferably

30 between 750 and 1,000 m/sec; and/or the size range is
between 1 and 50, preferably between 10 and 20 um; and/or
the density range is between 0.5 and 2.0, preferably
substantially 1.0 g/cms. '

35 45. A method according to any one of claims 42 to 44, in
which the agent is as defined in claim 34 or claim 35.
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.72. " A nethod according to claim71, wherein the monentum density i's

between 4 and 7 kg/sec/m 73. A syringe accordi ngto any—one—ef—elains 1

-to 38 or to any one of clains 48 to 61, which, ers the -
particles at such velocity, and the particles hawﬁm"nm"mzmﬂgmmnsi ty,
that the particles will achieve. a transdernal penetratien ef en 100
and 500 um 74. A nethod according to any e of clains 62 to 72, wherein
the velocity at which the particles are delivered, and the size and density

of the particl&6.ark mgsmsymimqaawhmgomprﬂsashamzlemmm%
penetratlon of gPetane n }5@& é}ﬁfedl SS {Yn
substantially afs) thaer ég?oge% escr ?%%%i tﬁ% re erghge ?‘3 lHue ac%olr'rlﬁgnyl ng

drawi ngs. 76. h(ﬂi“ actiyatden,: de tiweat thet pastibslentvith » mementun
her ei nbef ore it egf\Wkeltwele® & cd® 1 gm Petwierr VaRES 7
DATED t hi ’?1&/ Cct ober, 1996. OXF | OSCI ENCES LIMTED By its
Patent Att €S CO_LI SON CAVE This is the replacenent sheet 1 8
JUN 1997

47. A method of therapeutic treatment, comprising the
transdermal delivery of particles of a powdered therapeutic
agent, which comprises administering the particles to the
10 locus of transdermal administration at a momentum density
of between 2 and 10, preferably between 4 and 7 kg/sec/m.
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