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(57) ABSTRACT 

A needleleSS Syringe capable of accelerating particles com 
prising a therapeutic agent acroSS Skin or mucosal tissue of 
a vertebrate Subject is provided. The Syringe comprises a 
body having a lumen with a diaphragm located adjacent to 
a terminus thereof. Particles comprising a therapeutic agent 
are delivered from an external Surface of the diaphragm by 
means of the motive force provided by the impact of a 
gaseous shock upon the internal Surface of the diaphragm. A 
method for transdermally delivering particles comprising a 
therapeutic agent from the needleleSS Syringe is also pro 
vided. 
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PARTICLE DELIVERY 

CROSS-REFERENCE TO RELATED 
APPLICATION 

0001. This application is a continuation-in-part of Inter 
national Patent Application Number PCT/GB95/03016, filed 
21 Dec. 1995, designating the United States, from which 
priority is claimed pursuant to 35 U.S.C. S365(c) and which 
is incorporated herein by reference in its entirety. 

TECHNICAL FIELD 

0002 The present invention relates generally to a needle 
leSS Syringe for use in delivery of particles comprising a 
therapeutic agent to a target Surface. More particularly, the 
invention is drawn to a needleleSS Syringe System configured 
for delivery of particles comprising a therapeutic agent from 
a first Surface of a diaphragm using a force imparted upon a 
Second Surface of the diaphragm by a gas flow. 

BACKGROUND OF THE INVENTION 

0003) In commonly owned U.S. Pat. No. 5,630,796, a 
noninvasive delivery System is described that entails the use 
of a needleleSS Syringe. The Syringe is used for transdermal 
delivery of powdered therapeutic compounds and composi 
tions to skin, muscle, blood or lymph. The Syringe can also 
be used in conjunction with Surgery to deliver therapeutics 
to organ Surfaces, Solid tumors and/or to Surgical cavities 
(e.g., tumor beds or cavities after tumor resection). 
0004. The needleless syringe is constructed as an elon 
gate tubular nozzle, having a rupturable membrane initially 
closing the passage through the nozzle adjacent to the 
upstream end of the nozzle. Particles comprising a powdered 
therapeutic agent are located adjacent to the membrane. The 
therapeutic agent is delivered using an energizing means 
which applies a gaseous pressure to the upstream Side of the 
membrane that is sufficient to burst the membrane, thereby 
producing a SuperSonic gas flow through the nozzle in which 
the particles are entrained. 
0005. As explained in U.S. Pat. No. 5,630,796, the par 
ticles comprising the therapeutic agent may be carrier par 
ticles coated, for example, with genetic material, or may be 
powdered therapeutic agents for all kinds of therapeutic use. 
With respect to delivery of powdered therapeutic agents per 
Se, e.g., agents delivered without the aid of a carrier particle, 
general delivery parameters include a particle size prefer 
ably in the range of about 10-40 tim, a particle density 
preferably in the range of about 0.5-2.0 g/cm, and an initial 
velocity preferably in the range of about 200-2500 m/sec 
with a momentum density preferably in the range of 4-7 
kg/Sec/m. 

SUMMARY OF THE INVENTION 

0006. In one embodiment of the invention, a needleless 
Syringe is provided. The needleleSS Syringe is capable of 
accelerating particles comprising a therapeutic agent acroSS 
skin or mucosal tissue of a vertebrate Subject. The Syringe 
comprises, in operative combination, a body having a lumen 
extending therethrough. The lumen has an upstream termi 
nus and a downstream terminus, and the upstream terminus 
of the lumen is interfaced with an energizing means Such as 
a volume of a pressurized driving gas. The Syringe further 
includes a diaphragm arranged adjacent to the downstream 
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terminus of the lumen, wherein the diaphragm has an 
internal Surface facing the lumen and an external Surface 
facing outwardly from the Syringe. The diaphragm is move 
able between an initial position in which a concavity is 
provided on the external Surface of the diaphragm, and a 
dynamic position in which the external Surface of the 
diaphragm is Substantially conveX. 

0007. In certain aspects of the invention, the diaphragm 
is an eversible dome-shaped membrane that is comprised of 
a flexible polymeric material. In other aspects, the dia 
phragm is a bistable membrane that is moveable between an 
initial, inverted position and a dynamic, everted position. 
Particles comprising a therapeutic agent are generally 
housed within the concavity provided by the external surface 
of the diaphragm when in its initial position. The body of the 
needleleSS Syringe can be configured as an elongate tubular 
Structure with the diaphragm arranged over the downstream 
terminus of a lumen extending along the major axis of the 
tubular Structure, or over an opening adjacent to the down 
Stream terminus, which opening faces in a direction Sub 
Stantially perpendicular to the major axis of the tubular 
Structure. 

0008. In another embodiment, a dome-shaped diaphragm 
for use with a needleleSS Syringe is provided. The diaphragm 
has a concavity that Sealably contains particles comprising a 
therapeutic agent. 

0009. In yet a further embodiment of the invention, a 
method for transdermal delivery of particles comprising a 
therapeutic agent is provided. The method entails providing 
a needleleSS Syringe according to the invention, wherein the 
Syringe has a diaphragm with a concave Surface and a 
conveX Surface, and particles comprising the therapeutic 
agent are disposed on the concave Surface of the diaphragm. 
A gaseous shock wave is released in a direction toward the 
conveX Surface of the diaphragm, wherein the Shock wave 
provides Sufficient motive force to impel the diaphragm to an 
everted position, thereby dislodging the particles from the 
diaphragm and accelerating them toward a target Surface. 

0010. In certain aspects of the invention, the particles are 
accelerated toward the target Surface in a direction Substan 
tially collinear with the direction of travel of the gaseous 
Shock wave. In other aspects of the invention, the particles 
are accelerated toward the target Surface in a direction 
transverse to the direction of travel of the gaseous shock 
WWC. 

0011. These and other embodiments of the present inven 
tion will readily occur to those of ordinary skill in the art in 
view of the disclosure herein. 

BRIEF DESCRIPTION OF THE FIGURES 

0012 Some examples of syringes constructed in accor 
dance with the present invention are illustrated in the 
accompanying drawings, in which: 

0013 FIG. 1 is an axial section through a first embodi 
ment of the invention; 

0014 FIG. 2 is a side elevational view of the embodi 
ment of FIG. 1; 

0.015 FIG. 3 is an axial section of a portion of the 
embodiment of FIG. 1; 
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0016 FIG. 4 is a pictorial representation of a further 
embodiment of the invention comprising a catheter and a 
positioning means, 
0017 FIG. 5 is a pictorial representation of the embodi 
ment of FIG. 4; 
0018 FIG. 6 is a plan side view of the tip of the 
embodiment of FIG. 4 showing the diaphragm in two 
different positions, 
0019 FIG. 7 is an axial section of a further embodiment 
of the invention; 
0020 FIG. 8 is a side view of a plateau-shaped dia 
phragm; and 
0021 FIG. 9 is a side view of a dome-shaped diaphragm. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

0022. Before describing the present invention in detail, it 
is to be understood that this invention is not limited to 
particular pharmaceutical formulations or proceSS param 
eters as Such may, of course, vary. It is also to be understood 
that the terminology used herein is for the purpose of 
describing particular embodiments of the invention only, 
and is not intended to be limiting. 
0023 All publications, patents and patent applications 
cited herein, whether Supra or infra, are hereby incorporated 
by reference in their entirety. 
0024. It must be noted that, as used in this specification 
and the appended claims, the Singular forms “a”, “an and 
“the include plural referents unless the content clearly 
dictates otherwise. Thus, for example, reference to "a thera 
peutic agent” includes a mixture of two or more Such agents, 
reference to “a gas' includes mixtures of two or more gases, 
and the like. 

0025 A. Definitions 
0026. Unless defined otherwise, all technical and scien 

tific terms used herein have the same meaning as commonly 
understood by one of ordinary skill in the art to which the 
invention pertains. The following terms are intended to be 
defined as indicated below. 

0027. The term “transdermal” delivery captures both 
transdermal (or "percutaneous') and transmucosal adminis 
tration, i.e., delivery by passage of a therapeutic agent 
through the skin or mucosal tissue. See, e.g., Transdermal 
Drug Delivery. Developmental Issues and Research Initia 
tives, Hadgraft and Guy (eds.), Marcel Dekker, Inc., (1989); 
Controlled Drug Delivery. Fundamentals and Applications, 
Robinson and Lee (eds.), Marcel Dekker Inc., (1987); and 
Transdermal Delivery of Drugs, Vols. 1-3, Kydonieus and 
Berner (eds.), CRC Press, (1987). Aspects of the invention 
which are described herein in the context of “transdermal” 
delivery, unless otherwise Specified, are meant to apply to 
both transdermal and transmucosal delivery. That is, the 
compositions, Systems, and methods of the invention, unless 
explicitly Stated otherwise, should be presumed to be 
equally applicable to transdermal and transmucosal modes 
of delivery. 
0028. As used herein, the terms “therapeutic agent” and/ 
or “particles of a therapeutic agent' intend any compound or 
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composition of matter which, when administered to an 
organism (human or nonhuman animal) induces a desired 
pharmacologic, immunogenic, and/or physiologic effect by 
local and/or Systemic action. The term therefore encom 
passes those compounds or chemicals traditionally regarded 
as drugs, vaccines, and biopharmaceuticals including mol 
ecules Such as proteins, peptides, hormones, nucleic acids, 
gene constructs and the like. More particularly, the term 
“therapeutic agent' includes compounds or compositions for 
use in all of the major therapeutic areas including, but not 
limited to, anti-infectives Such as antibiotics and antiviral 
agents, analgesics and analgesic combinations, local and 
general anesthetics; anorexics, antiarthritics, antiasthmatic 
agents, anticonvulsants, antidepressants, antihistamines, 
anti-inflammatory agents, antinauseants, antimigrane 
agents, antineoplastics, antipruritics, antipsychotics, anti 
pyretics, antispasmodics, cardiovascular preparations 
(including calcium channel blockers, beta-blockers, beta 
agonists and antiarrythmics); antihypertensives, diuretics; 
vasodilators, central nervous System Stimulants, cough and 
cold preparations, decongestants, diagnostics, hormones, 
bone growth Stimulants and bone resorption inhibitors, 
immunosuppressives, muscle relaxants, psychoStimulants, 
Sedatives, tranquilizers, proteins, peptides, and fragments 
thereof (whether naturally occurring, chemically Synthe 
sized or recombinantly produced); and nucleic acid mol 
ecules (polymeric forms of two or more nucleotides, either 
ribonucleotides (RNA) or deoxyribonucleotides (DNA) 
including double- and Single-Stranded molecules and Super 
coiled or condensed molecules, gene constructs, expression 
vectors, plasmids, antisense molecules and the like) Particles 
of a therapeutic agent, alone or in combination with other 
drugs or agents, are typically prepared as pharmaceutical 
compositions which can contain one or more added mate 
rials. Such as carriers, vehicles, and/or excipients. “Carriers, 
“vehicles” and “excipients' generally refer to substantially 
inert materials which are nontoxic and do not interact with 
other components of the composition in a deleterious man 
ner. These materials can be used to increase the amount of 
Solids in particulate pharmaceutical compositions. Examples 
of Suitable carriers include Silicone, gelatin, waxes, and like 
materials. Examples of normally employed "excipients,” 
include pharmaceutical grades of dextrose, Sucrose, lactose, 
trehalose, mannitol, Sorbitol, inositol, dextran, Starch, cel 
lulose, Sodium or calcium phosphates, calcium Sulfate, citric 
acid, tartaric acid, glycine, high molecular weight polyeth 
ylene glycols (PEG), erodible polymers (such as polylactic 
acid, polyglycolic acid, and copolymers thereof), and com 
binations thereof. In addition, it may be desirable to include 
a charged lipid and/or detergent in the pharmaceutical com 
positions. Such materials can be used as Stabilizers, anti 
oxidants, or used to reduce the possibility of local irritation 
at the Site of administration. Suitable charged lipids include, 
without limitation, phosphatidylcholines (lecithin), and the 
like. Detergents will typically be a nonionic, anionic, cat 
ionic or amphoteric Surfactant. Examples of Suitable Surfac 
tants include, for example, Tergitol(R) and Triton(E) surfac 
tants (Union Carbide Chemicals and Plastics, Danbury, 
Conn.), polyoxyethylenesorbitans, e.g., TWEENGR) surfac 
tants (Atlas Chemical Industries, Wilmington, Del.), poly 
oxyethylene ethers, e.g., Brij, pharmaceutically acceptable 
fatty acid esters, e.g., lauryl Sulfate and Salts thereof (SDS), 
and like materials. 
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0029) “Gene delivery” refers to methods or systems for 
reliably inserting foreign nucleotide Sequences, either DNA 
or RNA, into a recipient's cells. Such methods can result in 
expression of non-integrated transferred nucleotide 
Sequences, extrachromosomal replication and expression of 
transferred replicons (e.g., episomes), or integration of trans 
ferred genetic material into the genomic DNA of the recipi 
ent's cells. 

0.030. By “vector” is meant any genetic element, such as 
a plasmid, phage, transposon, coSmid, chromosome, Virus, 
Virion, etc., which is capable of replication when associated 
with the proper control elements and which can transfer 
gene Sequences between cells. 
0031) B. General Methods 
0032. In one embodiment of the invention, a needleless 
Syringe is provided having a body containing a lumen. An 
upstream end of the lumen 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 
terminates behind an eversible diaphragm which is movable 
between an inverted position which provides a concavity for 
containing particles comprising a therapeutic agent, and an 
everted, outwardly convex, position. The eversible dia 
phragm is arranged Such that, when an energizing gas flow 
is released into the lumen, the diaphragm will travel from its 
inverted to its everted position, thereby projecting the par 
ticles from the diaphragm toward a target Surface. 
0033. One advantage provided by the present invention is 
that even when a SuperSonic gaseous shockwave is used as 
the energizing means to Snap the diaphragm over from its 
inverted to its everted position, the diaphragm contains the 
gas within the lumen, preventing contact of the gas Stream 
with the target Surface. Therefore, unlike prior devices, no 
provision has to be made for dissipating and/or Silencing a 
gaseous shockwave reflected from the target. Also the target 
Surface is not Subjected to the possibility of trauma or 
mechanical harm from the high Speed gas flow. 
0034. A number of suitable energizing means can be used 
with the present needleleSS Syringe device. For example, a 
chamber containing a, reservoir of compressed gas can be 
arranged at the upstream end of the lumen. The gas can be 
released from the energizing chamber by way of a pierceable 
membrane or a valve, Such as a Spring-loaded ball valve, 
which is actuated by either mechanical means or by manual 
manipulation, for example, by movement of two parts of the 
Syringe relative to each other. Alternatively, the energizing 
chamber can be fitted with means for providing a controlled 
build-up of gaseous pressure from an upstream or associated 
Source. For example, release of a pressurized gas flow may 
be achieved by building up pressure behind a rupturable 
membrane until the pressure difference across the membrane 
is Sufficient to rupture the membrane and release the gas 
Suddenly into the lumen. The velocity of the shockwave 
provided by the energizing means can be increased if the 
driving gas is lighter than air, e.g., helium. This effect can be 
enhanced if the lumen is initially filled with a gas which also 
is lighter than air, e.g., helium. 
0035) In order to avoid loss of particles and/or to main 
tain Sterility of the particles prior to delivery, the concavity 
can be covered, for example, by a retractable shield or a thin 
barrier film which is readily penetrated by the particles upon 
delivery. 
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0036 Referring now to the accompanying drawings, 
FIGS. 1-3 show one embodiment of a needleless syringe 
Suitable for transdermal delivery of particles comprising a 
therapeutic agent. As particularly shown in FIGS. 1 and 2, 
the Syringe has an energizing means comprised of a cylin 
drical reservoir 10 initially containing helium under a pres 
sure of about 80 bar. The reservoir 10 is sealably coupled to, 
and in fluid communication with, a first opening of tubular 
body portion 11 which contains a rupture chamber, indicated 
at 12. Connection of the reservoir to the tubular body portion 
can be facilitated by any Suitable pressure-tight coupling. A 
Second opening of the body portion 11 is Sealably coupled 
to, and in fluid communication with, a Second tubular body 
portion 13 having a passageway 14 which extends there 
through. The passageway 14 comprises an upstream termi 
nus which interfaces with the rupture chamber 12, and a 
downstream terminus which interfaces with a third tubular 
body portion 17 when the body portion 13 is sealably 
coupled to the body portion 17 also by way of a pressure 
tight coupler. The tubular body portion 17 contains a pas 
sageway 18, and has a tubular tip portion 19 attached 
thereto. The passageways 14 and 18 establish a lumen 
through which gasses released from the rupture chamber 12 
may pass. 

0037. The particular construction of the syringe of FIGS. 
1 and 2 allows the reservoir 10 to be stored separately and 
fitted to the rest of the Syringe immediately prior to use. The 
body portions 11 and 13 are readily separable to allow the 
Sandwiching between them of an optional rupturable mem 
brane 20. The tip portion 19 is separable from the body 
portion 17 to allow the sandwiching between them of a 
diaphragm 21 which has an internal Surface facing the lumen 
provided by the passageways 14 and 18, and an external 
Surface facing outwardly relative to the Syringe. The dia 
phragm 21 is moveable between an initial position in which 
a concavity is provided on the external Surface of the 
diaphragm, and a dynamic position in which the external 
Surface of the diaphragm is Substantially convex. The body 
portions 13 and 17 are also readily separable such that one 
or more of the syringe components 17, 19 and 21 can be 
provided as a disposable unit. 
0038 Particles comprising a therapeutic agent will ini 
tially be provided in the concavity provided by the out 
Wardly facing external Surface of the diaphragm 21. The 
particles may be attached to the diaphragm by electroStatic 
forces, by their natural Sticky nature, or by way of an 
adhesive agent Such as trehalose or Silicone oil, or by the 
adhesive effect provided by evaporation of water or ethanol 
in which the particles have been Suspended. Alternatively, 
the particles may be attached to the diaphragm by way of 
compacting the particles within the concavity of the dia 
phragm using a Suitable press. The diaphragm 21 may, 
optionally, further comprise features on the concave side 
thereof, which features are useful for retaining the particles. 
For example, one or more annular rings, or a centrally 
disposed receSS can be provided respectively on, or in, the 
external Surface of the diaphragm. 
0039) Referring to FIG. 3, in the interest of sterility 
and/or of maintaining the integrity of the therapeutic agent, 
the diaphragm 21 can be covered and Sealed at its edge to a 
penetratable membrane Such as a weak barrier film 22 to 
form a Sealed capsule containing the therapeutic agent 
particles 23. The weak barrier film 22 may further contain 
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lines of weakness provided by a cut or Score in the barrier 
to assist rupture and reduce membrane fragmentation. 

0040. The diaphragm 21 can be an eversible dome 
shaped membrane that is comprised of any Suitably resilient, 
flexible polymeric material which can withstand the impact 
of a shock wave provided by a gas flow travelling at a 
Velocity approaching SuperSonic Speed. Exemplary materi 
als include, for example, a polyurethane or Silicone rubber 
material. Selection of suitable flexible dome-shaped mem 
branes is within the capabilities of the reasonably skilled 
artisan upon reading this specification, wherein the flexibil 
ity of an eversible dome can be characterized by the Static 
buckling StreSS provided by a particular membrane material 
of a given thickness. For example, the Static buckling StreSS 
of a representative membrane can be determined by con 
necting the membrane to a high-pressure cylinder, and 
gradually applying increasing pressure to the conveX face 
thereof such that the differential pressure at which the dome 
first begins to buckle (PE) can be noted. The buckling 
pressure (PB), then, represents the difference in pressure 
between the conveX and concave faces at the point of 
buckling. The static buckling stress (O) can be related to the 
buckling pressure (P), the effective dome radius (r), and the 
wall thickness (t) of the membrane, using the relationship: 
O=P(r)/2t. 
0041) The buckling stress (O) of a given dome-shaped 
membrane is Strongly dependent on the dome material, but 
only weakly dependent on the radius (r), wall thickness (t) 
and the overall dome shape. A highly flexible dome-shaped 
membrane can be characterized by a buckling stress (O) on 
the order of unity when measured in units of N/mm. In this 
regard, the measured buckling StreSS of a polyurethane dome 
membrane Suitable for use in the device of the present 
invention is around 0.75 N/mm, whereas a substantially 
rigid, inelastic dome comprised of a polyester film Such as 
Mylar(R) typically has a buckling stress of at least about 23 
N/mm. 

0.042 Flexible dome-shaped membranes used in connec 
tion with the present invention can have a number of Suitable 
geometries, wherein the mode of dome eversion can be 
closely related to the geometry of the dome. Two common 
modes of dome eversion include (i) eversion starting at the 
center (axis of radial Symmetry) of the dome and (ii) 
eversion Starting at the maximum radius of the dome. 
Referring now to FIGS. 8 and 9, two exemplary dome 
geometries are depicted. The dome 21a of FIG. 8 is a 
plateau-shaped dome, and the dome 21b of FIG. 9 is a 
conventionally shaped dome. The plateau-shaped dome of 
FIG. 8 generally everts at a higher static buckling stress than 
the dome of FIG. 9. 

0043. The mode of dome eversion provided by an ever 
Sible dome-shaped membrane can be used to tailor delivery 
parameters, Such as the size of the target area receiving the 
particles comprising the therapeutic agent, and the unifor 
mity of particle penetration into a target Surface. In this 
regard, a plateau-shaped dome used under the same condi 
tions as a conventional dome generally provides a more even 
penetration of particles that are dispersed over a wider target 
area. Conversely, a conventionally shaped dome can be used 
to concentrate particle delivery into a narrow, central region 
in which particle penetration is greatest at the axis of radial 
Symmetry, Subsiding radially outward therefrom. 
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0044 Alternatively, the diaphragm 21 can be a bistable 
membrane which is shaped in the form of a dome comprised 
of a resilient, polymeric material Such as polyester (e.g., 
Mylar(R). The bistable membrane can be formed by ther 
moforming in a Suitable jig. The bistable membrane is 
moveable between an initial inverted position and a dynamic 
everted position. 
0045. In use, the needleless syringe of FIGS. 1 and 2 is 
assembled to provide Suitable pressure-tight fittings between 
the components, and the lumen provided by passagewayS 14 
and 18 is prefilled with helium at approximately atmospheric 
preSSure. The tip 19 is placed in proximity to, or in contact 
with, the target Skin or mucosal Surface to be treated, and a 
plunger 24 is depressed to actuate a valve 25 to an open 
position which allows the pressurized helium to be dis 
charged from the reservoir 10 and pass into the rupture 
chamber 12. The valve 25 may preferably be configured 
Such that the frontal area of the plunger is greater at the 
downstream exit of the cylindrical reservoir 10 relative to 
the upstream frontal area of the plunger, resulting in a 
Self-opening (and quick-opening) valve. When the pressure 
in the rupture chamber 12 has reached a Sufficient value of, 
for example, about 23 bar, the rupture membrane 20 bursts, 
releasing a gaseous shockwave which propagates through 
the lumen formed by the passageways 14 and 18 and 
contacts the internal Surface of the diaphragm 21. The 
impact of the gaseous shock wave upon the internal Surface 
of the diaphragm provides Sufficient force to Suddenly impel 
the diaphragm from its initial position to a dynamic everted 
(outwardly convex) position, thereby dislodging the par 
ticles comprising the therapeutic agent from the external 
Surface of the diaphragm and propel them toward a target 
Surface, Simultaneously rupturing the barrier film 22. The 
particles are accelerated from the diaphragm at Velocities 
sufficient for the transdermal delivery thereof across skin or 
mucosal tissue. 

0046. In an optional device configuration, as depicted in 
FIG. 3, a short tubular spacer 26 may be provided to 
increase the distance between the tip portion 19 and a target 
Surface. The Spacer helps reduce the Velocity of the particles 
before impact with the target Surface, and enables the 
particles to become more spread out in order to increase the 
target area. 

0047 One important feature of the needleless syringe 
design concerns means to control the Static pressure retained 
within the device Subsequent to particle delivery. A large 
build-up of Static pressure can be detrimental to the oper 
ability of the device when highly flexible dome-shaped 
membranes are employed. Thus, it is preferable that Static 
preSSure build-up is minimized or Substantially eliminated. 
A direct way in which to minimize Static pressure build-up 
is to increase the ratio of lumen Volume-to-gas canister 
Volume. Static preSSure can also be Substantially eliminated 
by venting the lumen to atmosphere. In this regard, Such 
venting Surprisingly does not inhibit the effectiveness of 
particle delivery that is attainable from the device, Since the 
propagation of a shock wave is the key element in the 
eversion of the diaphragm. Thus, a vent that is Substantially 
perpendicular with the major axis of the lumen, and having 
a diameter of less than half that of the lumen, is Sufficient to 
release a driving gas after eversion of the diaphragm while 
not inhibiting the travel or the Strength of the gaseous shock 
wave. Furthermore, vents arranged adjacent to the dia 
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phragm, for example in the body part 17 or the downstream 
portion of body part 13, can improve the delivery perfor 
mance of the needleless Syringe. 
0.048 Another design consideration relates to the genera 
tion of the shock wave within the needleleSS Syringe device. 
For example, one way to produce a controlled shock wave 
is to burst a uniform rupture membrane within the Syringe to 
release the driving gas. Rupture membranes comprised of 
polyester films (e.g., Mylar(R) having a thickness of about 
12-50 um are adequate for these purposes. The rupture 
membrane initially closes-off the downstream opening of the 
rupture chamber 12, and a shock wave is generated once the 
driving gas (that has been released from the reservoir 10 or 
from a gas canister) reaches a critical burst pressure within 
the rupture chamber Sufficient to rupture the membrane and 
allow passage of the gaseous Shock wave into the lumen. 
Delivery performance can be optimized by increasing the 
rupture membrane burst pressure and/or by increasing the 
Volume of the rupture chamber. Increases in the rupture 
membrane burst pressure, e.g., by increasing the thickness of 
a given diameter rupture membrane, provide a larger Step 
change in pressure acroSS the Shock wave. Increased rupture 
chamber Volume provides a concomitant increase in the 
mass flow, which Sustains the SuperSonic transients of the 
shock wave. In order to provide sufficient mass flow through 
the device, the volume of the rupture chamber 12 can be 
substantially the same as the volume of the reservoir 10 or 
the Volume of a gas canister. 
0049. In the device depicted in FIGS. 1 and 2, the body 
of the needleleSS Syringe is configured as an elongate tubular 
Structure, wherein the diaphragm 21 is arranged over, and 
closes the downstream terminus of the lumen formed by 
passageways 14 and 18. Upon release, the gaseous shock 
wave travels down the lumen and impacts the interior 
Surface of the diaphragm, causing the acceleration of par 
ticles retained on the exterior Surface of the diaphragm 
toward a target Surface in a direction that is Substantially 
collinear with the direction of travel of the gaseous shock 
WWC. 

0050. In an alternative embodiment of the invention, a 
needleleSS Syringe is provided which is capable of acceler 
ating particles comprising a therapeutic agent toward a 
target Surface in a direction transverse to the direction of 
travel of a gaseous shock wave. Referring now to FIGS. 4 to 
7, one Such device is depicted which comprises an arterial 
catheter and is useful for treatment of vascular proliferative 
disorders. 

0051 AS seen in FIG. 5, a catheter is provided having at 
its upstream end a reservoir containing a driving gas. 
Release of the driving gas from the reservoir is controlled by 
actuation of a valve 25". The released gas passes into a 
rupture chamber 12" having a rupturable membrane 20' 
similar to the device described herein above. The catheter 
may be configured as a triple lumen catheter, wherein one 
lumen provides the usual guidewire, the Second carries gas 
to inflate a positional balloon 27 for urging a body 28 
adjacent to the leading end (shown in FIG. 4) of the catheter 
against a wall of an artery 29, and the third lumen 30 is used 
to propagate a gaseous shockWave to the tip of the catheter. 
0.052 At an opening 31 in a sidewall of the catheter body 
28, there is provided a diaphragm 32 that can be comprised 
of an eversible, dome-shaped flexible membrane, or a 
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bistable membrane as described above. When the diaphragm 
32 is in an initial position as depicted in FIG. 4 and in solid 
lines in FIG. 6, the diaphragm provides a concavity in which 
particles 33 comprising a therapeutic agent, e.g., containing 
or consisting of DNA, are located. In order to avoid 
unwanted loss of the particles from concavity by means of 
the blood flow in the artery, the cavity may initially be 
covered by a barrier film or by a retractable sleeve 35 as 
shown in FIG. 7. 

0053. The catheter is used analogously to the syringe of 
FIGS. 1 and 2. Thus release of a driving gas from the 
reservoir into the rupture chamber eventually bursts the 
rupture membrane and causes a shockwave to be propagated 
along the lumen 30, causing the diaphragm 32 to travel 
Suddenly to a dynamic, everted position as depicted in 
broken lines in FIG. 6, thereby propelling the particles 33 
outwardly in a direction transverse to the direction of travel 
of the gaseous shock wave, and toward the wall of the artery 
29. 

0054 Alternatively, it may be desirable for the dia 
phragm 32 to be housed within the peripheral envelope of 
the catheter body, not only when in its initial, inverted 
position in order to avoid interference during insertion of the 
catheter, but also when in its dynamic, everted position to 
avoid the possibility of a damaging impact with the arterial 
wall. 

0055. This particular embodiment of the invention is 
particularly useful the treatment of vascular proliferative 
diseases, Such as for delivering genetic material into the wall 
of the expanded Stenotic blood vessel to transform endot 
helial cells lining the wall of the blood vessel, and thereby 
preventing Subsequent restenosis/re-occlusion of the blood 
vessel. 

0056 Moreover, the catheter-based delivery system may 
find other uses, for example in the localised delivery of a 
combination of compounds (e.g., for chemotherapy) to 
Specific internal organs, or for local organ-based hormone 
replacement. The catheter device is also useful in the admin 
istration of drugs or DNA to accessible surfaces for medical 
purposes, for example in the treatment of tumours of 
mucosal Surfaces, Such as respiratory, gastrointestinal or 
genito-urinary tracts. 
0057 With respect to both of the above-described needle 
leSS Syringe devices, the gas provided by the energizing 
means may be helium at a pressure of about 40 to 80 bar. 
However, any other Suitable delivery gas may be used. 
0058. The needleless syringes of the present invention 
can be used for transdermal delivery of powdered therapeu 
tic compounds and compositions, for delivery of genetic 
material into living cells (e.g., gene therapy or nucleic acid 
vaccination), both in vivo and ex vivo, and for the delivery 
of biopharmaceuticals to skin, muscle, blood or lymph. The 
Syringes can also be used in conjunction with Surgery to 
deliver therapeutic agents, drugs, immunogens, and/or bio 
logics to organ Surfaces, Solid tumors and/or to Surgical 
cavities (e.g., tumor beds or cavities after tumor resection). 
In theory, practically any agent that can be prepared in a 
Substantially Solid, particulate form can be safely and easily 
delivered using the present devices. 
0059) Delivery of therapeutic agents from the above 
described needleleSS Syringe Systems is generally practiced 
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using particles having an approximate size generally ranging 
from 0.1 to 250 lum. For drug delivery, the optimal particle 
Size is usually at least about 10 to 15 um (the size of a typical 
cell). For gene delivery, the optimal particle size is generally 
substantially smaller than 10 lum. Particles larger than about 
250 um can also be delivered from the devices, with the 
upper limitation being the point at which the size of the 
particles would cause untoward damage to the skin cells. 
The actual distance which the delivered particles will pen 
etrate a target Surface depends upon particle size (e.g., the 
nominal particle diameter assuming a roughly Spherical 
particle geometry), particle density, the initial velocity at 
which the particle impacts the Surface, and the density and 
kinematic Viscosity of the targeted Skin or mucosal tissue. In 
this regard, optimal particle densities for use in needleleSS 
injection generally range between about 0.1 and 25 g/cm, 
preferably between about 0.9 and 1.5 g/cm, and injection 
velocities can range from about 200 to about 3,000 m/sec. 
0060. When nucleic acid preparations, e.g., DNA mol 
ecules, are to be delivered using the devices of the present 
invention, the preparations may optionally be encapsulated, 
adsorbed to, or associated with, carrier particles. Suitable 
carrier particles can be comprised of any high density, 
biologically inert material. Dense materials are preferred in 
order to provide particles that can be readily accelerated 
toward a target over a short distance, wherein the particles 
are still sufficiently small in size relative to the cells into 
which they are to be delivered. 
0061. In particular, tungsten, gold, platinum and iridium 
carrier particles can be used. Tungsten and gold particles are 
preferred. Tungsten particles are readily available in average 
sizes of 0.5 to 2.0 um in diameter, and are thus Suited for 
intracellular delivery. Gold is a preferred material Since it 
has high density, is relatively inert to biological materials 
and resists oxidation, and is readily available in the form of 
Spheres having an average diameter of from about 0.2 to 3 
plm. 

0062) C. Experimental 
0.063 Below are examples of specific embodiments for 
carrying out the present invention. The examples are offered 
for illustrative purposes only, and are not intended to limit 
the Scope of the present invention in any way. 
0064. Efforts have been made to ensure accuracy with 
respect to numbers used (e.g., amounts, temperatures, etc.), 
but Some experimental error and deviation should, of course, 
be allowed for. 

EXAMPLE 1. 

Transmucosal Delivery of Testosterone 

0065 Testosterone and its derivatives have been given 
orally for the treatment of hypogonadal men (Niesschlag et 
al. (1976) Hormone Research 7:138-145; Skakkebaek et al. 
(1981) Clinical Endocrinol. 14:49-61; and Gooren, L. 
(1986) Intern, J. Androl. 9:21-26). The “first-pass” effect 
limits the effectiveness of testosterone treatment when 
administered orally, where the testosterone is absorbed 
entering the hepatic circulation and immediately degraded 
by the liver (98% first pass degradation). Moreover, a major 
drawback of oral androgenic therapy compared to parenteral 
treatment is the exposure of the liver to high androgen loads, 
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increasing the likelihood of undesirable effects on, for 
example, lipid metabolism (Conway et al., (1988) Int. J. 
Androl. 112:47-64; and Thompson et al., (1989) JAMA 
261:1165-1168). 
0066. Thus, the following study was carried out to assess 
the transmucosal delivery of testosterone using a needleleSS 
Syringe constructed in accordance with the present inven 
tion. 

0067 Testosterone (Sigma Chemicals) was milled and 
Sieved into a particle size range (approximately 50-100 um) 
Suitable for transmucosal delivery from a needleleSS Syringe 
using Standard Stainless Steel mesh Sieves. Female New 
Zealand White rabbit subjects weighing between 2.2-2.8 kg 
were used and allowed food and water ad libitum. The 
rabbits (n=8) were randomly assigned to one of two treat 
ment groups. The first treatment group received testosterone 
(2.0 mg dose) as a Suspension in 35% polyvinylpyrrolidone 
C-30 in water (6 mg/g testosterone concentration) via Sub 
cutaneous injection. The Second treatment group received 
testosterone (2.0 mg dose of testosterone particles ranging 
from 53-75um) as two 1.0 mg transmucosal administrations 
from an OralJectTM needleless syringe device abutted 
against the cheek mucosa. 
0068 Whole blood (1.0 ml) was taken at times 0, 0.5, 1, 
2, 4, 6, 8, 12, 24 and 48 hours, the Serum aspirated and 
assayed for testosterone by radioimmunoassay (DPC). The 
Oral Ject TM device is a prototype device of the present 
invention that is actuated by helium at 40 bar. 
0069. The results of the study are depicted below in Table 
1 which shows the mean results and ranges for each treat 
ment group from the Study. AS can be seen, testosterone 
bioavailability in the order of 48.3% was achieved following 
Oral JectTM transmucosal delivery with at of 30 minutes 
in all animals. C (the mean maximum serum concentra 
tion) was not significantly different between treatments 
although there was a tendency for it to be lower following 
Oral JectTM administration. A second minor peak of serum 
testosterone was evident at 12 hours post administration 
Suggesting a possible depot effect following transmucosal 
delivery of testosterone by the OralJect TM device. 

TABLE 1. 

Treatment Subcutaneous Oralect TM 

Canmol/I 34.8 6.9 25.5 3.5 
Cmax range nmol/I 26.9 - 55.2 177 - 33.5 
% BAir NA 48.3 

i% bioavailability 

0070 These data demonstrate that it is possible to deliver 
a hydrophobic drug Such as testosterone transmucosally 
using the device of the present invention. The pharmacoki 
netic profile observed for such delivery was markedly dif 
ferent from that achieved following Subcutaneous adminis 
tration of the Same formulation of testosterone. 

EXAMPLE 2 

Delivery of a Powdered Local Anaesthetic to Oral 
Mucosa using a NeedleleSS Syringe Device 

0071. The following studies were carried out to assess the 
effectiveness of transmucosal delivery to oral mucosa using 



US 2004/0158197 A1 

a device constructed in accordance with the present inven 
tion, to provide a comparison between Such delivery and a 
conventional needle-Syringe injection, and to assess the 
anaesthetic effect provided by transmucosal delivery. 

0.072 A randomized, double-blind, negatively controlled 
Study was carried out in normal, healthy human Subjects as 
follows. Initially, a Single 3 mg dose of lignocaine HCL 
particles sized between 38 and 53 um was delivered from a 
needleleSS Syringe constructed in accordance with the inven 
tion. The lignocaine was delivered to the oral mucosa 
adjacent to the number 12 and 22 lateral incisors in 14 trial 
subjects. The delivery sites were then visually assessed for 
evidence of damage or irritation to the mucosal tissues. In all 
Subjects, no evidence of any tissue reaction was observed 
24-48 hours after delivery. 

0073. In a second study, a single 3.0 mg dose of 
lignocaine HCL particles (as above) was delivered using a 
needleleSS Syringe, and a, Single 0.2 mL dose of 2% 
lignocaine HCL was delivered via needle-Syringe injection. 
Pain associated with the administration of each treatment 
was Scored in all 14 Subjects using a 100 mm visual 
analogue Scale immediately after each treatment, wherein 
100% indicates a painful treatment, and 0% indicates a 
pain-free treatment. The needleleSS Syringe employed in the 
Study was operated using 40 bar helium driving gas to expel 
anaesthetic particles from a flexible, eversible dome-shaped 
membrane comprised of a 400 um, 6 mm polyurethane film. 
The mean values of all 14 scores were: 2.4% for the 
needleless syringe-based procedure, and 49.9% for the 
needle-Syringe injection, indicating that the delivery meth 
ods of the present invention are virtually painleSS relative to 
conventional injection techniques. 

0.074 Arandomized, double-blind study was then carried 
out as follows. Treatments were given to 14 Subjects over the 
course of three visits. The treatments provided to the Sub 
jects in each Visit were either a single 3.0 mg dose of 
Lignocaine HCL particles from the above-described needle 
less Syringe device, or 0.0 mg (as a blinded negative 
control). Accordingly, treatments provided over the course 
of the three visits were either: two actual (3.0 mg) doses of 
the anaesthetic particles and one placebo, or two placebos 
and one actual (3.0mg) dose. Pain stimulus was provided by 
probing oral mucosa with the back of a 27 G dental needle, 
wherein the probe Sequence was a probe on an untreated area 
of the mucosa, and then a probe on the treated area of the 
mucosa 1 minute post delivery. Again, the pain associated 
with the probe of the untreated and treated areas was Scored 
on visual analogue Scales using the above Scoring methods 
immediately after each probe. 

0075. The mean values of all pain response scores were: 
55.6% for the control (untreated) probe; 30.6% for the 
placebo treated probe; and 15.0% for the actual treated 
probe. These results demonstrate a Superior level of local 
anaesthesia relative to the placebo treatments. 
0.076 Accordingly, novel needleless syringe delivery 
Systems and methods for using the Same are disclosed. 
Although preferred embodiments of the subject invention 
have been described in Some detail, it is understood that 
obvious variations can be made without departing from the 
Spirit and the Scope of the invention as defined by the 
appended claims. 
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We claim: 

1. A needleless Syringe capable of accelerating particles 
comprising a therapeutic agent acroSS Skin or mucosal tissue 
of a vertebrate Subject, Said Syringe comprising: 

(a) a body having a lumen therein, wherein Said lumen has 
an upstream terminus and a downstream terminus and 
the upstream terminus of the lumen is capable of 
interfacing with an energizing means, and 

(b) a diaphragm arranged adjacent to the downstream 
terminus of the lumen, Said diaphragm having an 
internal Surface facing the lumen and an external Sur 
face, wherein Said diaphragm is moveable between an 
initial position in which a concavity is provided on the 
external Surface of the diaphragm, and a dynamic 
position in which the external Surface of the diaphragm 
is Substantially convex. 

2. The needleleSS Syringe of claim 1, wherein the dia 
phragm is an eversible dome-shaped membrane comprised 
of a flexible polymeric material. 

3. The needleless syringe of claim 2, wherein the flexible 
polymeric material is a polyurethane or a Silicone rubber. 

4. The needleleSS Syringe of claim 1, wherein the dia 
phragm is a bistable membrane that is moveable between an 
initial inverted position and a dynamic everted position. 

5. The needleleSS Syringe of claim 1 further comprising a 
rupture chamber having a first opening adapted to interface 
with an energizing means, and a Second opening which is in 
fluid communication with the upstream terminus of the 
lumen. 

6. The needleless Syringe of claim 5, wherein the Second 
opening of the rupture chamber is closed by a rupturable 
membrane. 

7. The needleless syringe of claim 1, wherein the 
upstream terminus of the lumen is interfaced with a Source 
of pressurized gas. 

8. The needleless syringe of claim 6, wherein the first 
opening of the rupture chamber is interfaced with a Source 
of pressurized gas. 

9. The needleless syringe of claim 7, wherein the source 
of pressurized gas comprises a gas canister containing a 
releasable Volume of a driving gas. 

10. The needleless syringe of claim 9 further comprising 
Valve means capable of actuation to release a Volume of the 
preSSurized gas from the canister and thereby create a 
gaseous shock wave within the lumen. 

11. The needleless syringe of claim 10, wherein the valve 
means comprises a rupturable membrane arranged over the 
upstream terminus of the lumen. 

12. The needleless syringe of claim 10, wherein the valve 
means comprises a frangible covering arranged over an 
opening in the gas canister. 

13. The needleless syringe of claim 8, wherein the source 
of pressurized gas comprises a gas canister containing a 
releasable Volume of a driving gas. 

14. The needleleSS Syringe of claim 13, wherein the gas 
canister and the rupture chamber have Substantially the same 
Volume. 

15. The needleless syringe of claim 1, wherein the lumen 
further contains a Volume of a gas which is lighter than air. 
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16. The needleless syringe of claim 9, wherein the driving 
gas is comprised of helium. 

17. The needleleSS Syringe of claim 1 further comprising 
particles comprising a therapeutic agent housed within the 
concavity in the external Surface of the diaphragm. 

18. The needleless syringe of claim 17, wherein the 
particles are disposed between the external Surface of the 
diaphragm and a retractable Shield. 

19. The needleless syringe of claim 17, wherein the 
particles are disposed between the external Surface of the 
diaphragm and a penetratable membrane. 

20. The needleless syringe of claim 17, wherein the 
particles are retained on the external Surface of the dia 
phragm by an adhesive agent. 

21. The needleless syringe of claim 20, wherein the 
adhesive agent is Selected from the group consisting of 
trehalose and Silicone oil. 

22. The needleless syringe of claim 1, wherein the body 
comprises an elongate tubular structure and the diaphragm is 
arranged over the downstream terminus of the lumen. 

23. The needleless syringe of claim 1, wherein the body 
comprises an elongate tubular structure and the diaphragm is 
arranged over an opening adjacent to the downstream ter 
minus of the lumen, Said opening facing in a direction 
Substantially perpendicular to the major axis of the lumen. 

24. A dome-shaped diaphragm for use with a needleless 
Syringe, Said diaphragm having a concavity Sealably con 
taining particles comprising a therapeutic agent. 
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25. A method for transdermally delivering particles com 
prising a therapeutic agent from a needleleSS Syringe, Said 
method comprising: 

(a) providing a needleless Syringe having an eversible 
diaphragm with a conveX Surface and a concave Sur 
face, wherein particles comprising the therapeutic 
agent are disposed on the concave Surface of the 
diaphragm; and 

(b) releasing a gaseous shock wave in a direction toward 
the convex Surface of the diaphragm with Sufficient 
force to impel Said diaphragm to an everted position, 
thereby dislodging the particles from the diaphragm 
and accelerating them toward a target Surface. 

26. The method of claim 25, wherein the particles are 
accelerated toward a target mucosal Surface. 

27. The method of claim 25, wherein the particles are 
accelerated toward the target Surface in a direction Substan 
tially collinear with the direction of travel of the gaseous 
Shock wave. 

28. The method of claim 25, wherein the particles are 
accelerated toward the target Surface in a direction trans 
verse to the direction of travel of the gaseous Shock wave. 

29. The method of claim 25, wherein the diaphragm is a 
dome-shaped membrane comprised of a flexible polymeric 
material. 

30. The method of claim 25, wherein the diaphragm is a 
bistable membrane that is moveable between an initial 
inverted position and a dynamic everted position. 
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