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Particle delivery.

A needleless syringe

comprising a body containing a

lumen, an

upstream end of which is, or is arranged to be, connected to a source

of gaseous pressure which can suddenly be released into the lumen;

the downstream end of the lumen terminating behind a bistable

diaphragm which is movable between an inverted position in which it

presents outwardly of the body a concavily for containing particles

of a therapeutic agent, and an everted, outwardly convex, position;

the arrangement being such that, in use, when gas under pressure is

released into the lumen,

outwardly.

the diaphragm will snap over from its

inverted to its everted position and catapult the particles

Vente des fascicules & IOAPI - B.P. 887 - YAOUNDE (Cameroun) - Imprimé 4 1OATI



10

15

20

25

30

35

1 010494

PARTICLE DELIVERY

In our earliary WOS4/24263, we disclose a non-invasive
drug delivery system involving the use of 2 needlaless
syringe which fires particles of a therapeutic agent 1in
cdntrolled‘doses into body tissue, e.g. through the intact

skin, or delivers genetic material into living cells. The

' syringe described in the earlier application 1s constructed

as an elongate tubular nozzle, a rupturable membrane
initially closing the passage through the nozzle adjacent
to the upstream end of the nozzle, particles of a
therapeutic agent located adjacent to the membrane, and
energising means for applying to thes upstream side of the
membrane &a Jgaseous 'pressure sufficient to burst the
membrane and produce through the nozzle a supersonic ¢as
flow in which the particles are entrained.

As explained 1in the earlier specification, the
particles of the therapeutic égent may be carrier particles
coated, for example, with genetic material, or may be
powdered drugs for all kinds of therapeutic use. Similarly
the earlier specification explalns the paramaters of
particle size (praferably 10-40 um) density (preferably
0.5-2.0 g/cms), and velocity (preferably 200-2300 m/sec),
and momentum density (preferably 4-7 xg/sec/m), which have
been: found +to ke appropriate for adeguactea —arget
penetration. These parameters are unchanged but we have
now devised a modification of the particle delivery systen.

According to the present invention, a needleless
syringe ccmprises a body containing a lumen, an upstrean
end of which is, or 1is arranged to be, connected to &
source of gaseous pressure which can suddenly be released
into the lumen; the downstrean end of the lumen terminatling

behind a bistable diaphragm which is movakle between 2an

"inverted position in which it presents outwardly of the

body a concavity for containing particles of a therapeutlic
agent, and an everted, outwardly convex, position; the

arrangement being such that, 1n use, Wwhen gas under
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pressure is released into the lumen, the diaphragm will

spap over from jts inverted to {~s everted positicn and

- catapult the parcicles outwardly.

This new construction nas an advantage that even when,
as will be ysual, a gaseous suporsonlc shockwave will be
necessary to snap the diaphragn over from 1€S inverted to
its everted posercw, the diaphragn will contaln the gas
within the lumen S¢ that no FYOVLJLOH has to b2 mada fCr
dissipating and <ilencing any shockwave reflected from the
target. also the -arget LissUE is not suplected &7 any
possxbllrty 0f harm from the high spead gas flow.

~ As disclosed in the earlier specification, the realease
of the pressurlzed gas may be achieved DY puilding up
pressure pehind 2 rupturable membrane uantil the pressure
difference across the membrane 1s sufficient to rupture the
nembrane and releasé the gas suddenly into the lumen.
Alternatlvely the syrlnge may incorporate 2 reservolir of
compressed gas havxng a valve which can be opened suddenly
to release the gas into the lumen. In both cases. the
velocity of the shockwave is increased if the gas is
lighter than air, &-9- neliunm. This effect ;s enhanced 1f
the lumen 1S also initially £illed with @ gas. which 1s
lighter than air, e-G- helium.

in order to avolid loss of particles prior to delivery
and to maintain sterility of the particles, the concavity
is preferably covered bY. for example, @ retractable shield
or a thin parrier f£ilm which is readily penetrated by the
particles upocn ejection.

The syringe may De constructed for the transdermal
delivery of drugs 1nto rhe body, 1D which case the lumen
nay be provided py the passageway «nrough & tubular nczzle,
the diaphragn peing provided adjacent £O the downstrean end
of the nozzle and facing suosr,ntlell~ in the axial
direction o2 the nozzle- Alternatively, the invention may
pe used in conjunction with a cathetel: such as an arterial
catheter, in which case tne diaphragh nay bpe D*ovr ded in a

sidewall of the catreter bedy S© +pat upon eversion, “he
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particles are propelled laterally ZIrom the body. This
would find use in vascular proliferative diseases for
delivering genetic material into the wall of the axpindad
stenotic blood vessel, to transform genetically the

endothelial cells lining the wall of the blood vessel with
the aim of preventing subsequent restenosis/re-occlusion of
the blood vessel.

Moreover, the develcpment ci a catheter-based delivery
B

st}

system may find other uses, as for localised delivery of

combination of compounds e for chemotherapy into
_ p g D}

. specific internal organs and for the local organ-based

hormone replacement. The catheter device would also be
useful in the administration of drugs or DNA to accessible
surfaces for medical purposés (eg for the treatment of
tumours of mucosal surfaces, such as respilratory, gastro-
intestinal or genito-urinary tracts).

The invention is illustrated by way of example in the
accompan}ing drawings.

Figures 1 to 3 show a syringe for transdermal delivery
of particles of therapeutic agent. Thus as particularly

shown in Figure 1 the syringe has a cylindrical reservolir

10 initially containing helium under a pressure of about 80

bar. This is screwed and sealed to a first tubular body
portion 11 containing a rupture chamber 12. The body
portion 11 is screwed and sealed to a second tubular body
portion 13 containing a passageway 14. In turn the beody
portion 13 is screwed and sealed to a third tubular body
portion 17 containing a passageway 18, and a tubular tip
portion 19 is screwed to the bottom of the body pecrzicn 17.

With this construction the reservoir 10 can be stored
separately and fitted to the rest of the syringe
immediately prior to use. The body perticns 1l and 13 are
separable to allow the sandwiching between them of a
rupturabie membrane 20. The tip portion 19 is separable
from the body portion 17 to allow the sandwiching between
them of an invertible bistable diaphragm 21 which is shaped

-y T 3 . - 3
rom a sStiff and strong, put

i

in the form of a dome
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resilient, material such as Mylar by thermoforming in a
suitable jig. The tody portions 13 and 17 are separable so
that the parts 17, 19 and 21 can be provided as a
disposable unit.

Particles of therapeutic agent will initially be
provided in the concavity at the externally facing suvrtace
of the diaphragm .. The particlses may be attachel by
electrostatic forces, by thelr natural sticky nature, or by
the evaporation of ethanol in which the particles have been
suspended. Preferably, however, and for reasons of
sterility, the diaparagm 21 is covered and sealed at 1ts

edge to a weak barrier film 22 to form a sealed capsule

3
=2
1)

containing the particles 23, as shown in Figure 3.
weak barrier £ilm 22 may be cu£ or scored to assist rupturs
and reduce membrane fragmentaticn.

In use with the syringe assembled and with the lumen
14, 18 prefilled with helium at approximately atmospheric
pressure, the tip is placed in proximity to, or in contact
with, the skin to be treated and a plunger 24 is depressed
to open a valve 25 and allow the helium to be discharged
into the rupture chamber 12. This valve 25 may preferably
be arranged such that the frontal area of the plunger is
greater at the downstream exit to the cylindrical reservoir
10 when compared with the upstream frontal area of the
plunger, resulting in a self-opening (and quick-opening)
valve. When the pressure in the chamber 12 has reached a
sufficient wvalue c¢f, fcr example, abkout 23 bar, the
membrane 20 bursts, releasing a shockwave which propagates
through a lumen, i.e. a nozzle, formed by the passageways
14 andnle, and causes the diaphragm 21 suddenly to evert
into a downwardly, outwardly convex, configuration. This
propels the particles 23 rapidly forward out of the syringe
with simultaneous rupture of the barrier film 22.

As shggested in Figure 3, a short tubular spacer 26
may be provided to reduce the velocity of the particles

before impact and tc enable the particles to become more

H

spread out in order tc increase the target area oI shkin.

1
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Figures 4 o 7 shov the application of the jpvention
to an arterial catneter for use in vascular proliferatiVe
disorders-

Figure 5 shovs the whole catheter: provided at its
upstreem ond with 2 reservolr 10, valve 25, rupture chanbal
12 and rupturable mempbrane 20, cimilar ©O tnose of the
girst example: ™he cnzhetal aay pe" Friplt punen
cathetel. one lumen for the ysual auidewire, the gacond ©o
carry 93° ro infla=® a positional palloon 27 foYr wroing a
pody 28 adjacent to the 1eading end (shown in Figur® &) of
the cathetel against a wall of an artery 5g, and the ghird
30 for propaqatinq a gnockwave ro the cip of the catheter-

At an openind 31 in @ gidewall of the catheter pody

58, there is provided a pistable diapnhrad® 32. In @&

Ty

position shown 17 ijgure 4 and in full lines 10 Flgure 9
the diaphraqm presents a 1aterally outwardly facing
concavity in which particles cf therapeutic agent, cuch 'as
particles 33, -9 containinq or.consistinq of DNA, are

located. 1n order o avoid the particles peind washed out

of the concavity py means of the plood f£lo¥ in the artery
the cavity ma¥y initially be covered by @ parrier £ilm or BY
a retractable sleeve 15 as ghown in Figure 7.

The catheter is used analoqously o the syrings of
Figures 1 £o 3- Thus releas®e of peliun from the reservoir
10 1into the rupturs champer 12 eventually pursts T02
memprane 20 and causes 2 shockwave to be propaqated alond
the lumen 30 causing the diaphraqm 32 to evert suddenly e
the gotted 1ine position shown in Figure ¢ and hence to
propel the particles 33 outwardly, after retraction of the

sleeve 35 €T cnrough the parriel £ilm, into the wall of the

envelope of the cagheter pody nct onlYy Jhen D 1es
lnverced posxtlc. jp order o avolrs ane~ierence auring
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position to avoid potentially damaglng 1impdct with <the

arterial wall.
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CLAIMS

1. A needleless syringe comprising a body (13,17;28)

containing a lumen (14,18;30), an upstrean end 2¢% which 1s,

or is arranged to be, connected to a source (10) of gaseocus
pressure which can suddenly be released into the lumen; the

downstream end of the lumen tarminating behind a bistable

‘diaphragm (21,32) which is mowvable between an 1nverted

position in which it presents outwardly of the body a
concavity for containing particles (23,33) of a therapeutic
agent, and an everted, outwardly convex, pesition; the
arrangement being such that, in use, when gas under
pressure is released into the lumen, the diaphragm will
snap over from its inverted to its everted positlon and
catapult the particles outwardly.

2. A syringe according o claim 1, wherein the upstream
end of the lumen ‘(14,18;30) 1is initially closed by a
rupturable membrane (20) which, when subjected to gas under
sufficient ﬁressure is arranged to rupture and release the
gas suddenly into the lumen.

3. A syringe according to claim 1 or claim 2, in which
the lumen (14,18;30) initially contains a gas which is
lighter than air.

4.. 'A syringe according to any one of the preceding
claims, in which particles (23,33) of a therapeutic agent
are located in the concavity cf the inverted diaphragm.
5. A syringe according to claim 4, in which the particles
in the concavity are covered by & retractable shield (35).
6. A syringe according to claim 4, in which the particles
in the cavity are covered by a thin barrier film (22) which
is readily penetrated by the particles upon ejection.

7. A syringe according to any one 0f the preceding

o7}
t

§
Yy
!
b

claims, in which the jumen-containing body 1s
nozzle (14,18), the diaphragm (21) being provided adjacant
to the downstream end of the nezzle and facing

substantially in the axial direction ot the nozzle.
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8. A syringe according to claim 7, in whiéh a tubular
spacer (26) projects from tne nozzle downstrean of The
diaphragm..

9. A syringe according to any one of claims > ©o &, in
whlch the lumen-containing body is a catheter (28).

10. A syringe aceording to clain &, in which the diaphraym
(32) 1is provided in @& side wall of the cathetser pody $0

that, upon eversion of the diaphragm, the particles (33)
are propelled laterally from the pody .

11. A product for therapeutic use, ~he product comprising
a unit of or for a syringe according to any one of the
preceding claims, the unit comprising & dome-shaped
diaphragm in the concave side of which are sealed particles
of a therapeutic agenu, the diaphragm peing arranged
.suddenly to evert unider a gaseous shock-wave applied to the
convex side of the dome whereby the particles are
catapulted outwardly from the diaphragm.

12. A product according to claim L, wherein the particles
are sealed between the concave side of the diaphragm and a
covering barrier film which is sealed to the diaphragm.
13. A method of therapeutic treatment by the injection of
particles of . therapeutic agent into bodily tissu=, the
method comprising providing the particles in the concave
side of 2 dcome- shaped diaphragm, and applying a gaseous
shgckwave to the convex side of the dome whereby the dome

suddenly everts and catapults the particles outwardly from

the diaphragm.
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