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DESCRIPTION
FIELD OF THE INVENTION

[0001] The present invention relates to a drug delivery device. More particularly, the invention 
relates to a throwaway or reusable device for delivering at least one therapeutic compound, or 
a formulation comprising the at least one therapeutic compound (hereafter drug) to a patient.

BACKGROUND TO THE INVENTION

[0002] The applicant's earlier UK application no 0121914.6 discloses a drug delivery 
technology and device for delivering an injectate. The device is intended to deliver a pioneer 
projectile and a following drug, and comprises an outer housing or holder, the lowermost end 
of which is slidably mounted within the uppermost end. At the lowermost end is fitted a 
disposable component, such as, for example, a drug cassette. The drug cassette is screwed 
into the lowermost end of the inner housing. The drug cassette comprises a casing, having a 
central aperture or chamber in which is mounted an injectate comprising a pioneer projectile 
and a formulate. A large headed ejector pin is positioned above the injectate, and when 
contacted by a striker in the device is pushed into a patient.
The applicant's earlier application is based on their recognition that a pioneer projectile can be 
used as a means for introducing medicaments in forms other than as a free flowing, non 
viscous liquid.
In it, they describe a method of delivering at least one therapeutic compound, or a formulation 
containing the at least one therapeutic compound to a human or animal in the form of a 
needleless injection comprising:

1. i) Penetrating the skin with a pioneer projectile which is left in the human or animal; and
2. ii) Introducing directly, or substantially directly, behind the pioneer projectile, the at least 

one therapeutic compound or the formulation containing the at least one therapeutic 
compound, which at least one therapeutic compound or the formulation containing the at 
least one therapeutic compound is provided in a contained state.

[0003] By contained state is meant either:

1. i) As a liquid contained by a membrane;
2. ii) As a liquid with a viscosity of at least 5000 centipoises (the viscosity of honey), more 

particularly at least 50,000 (the consistency of mayonnaise) and most preferably still at 
least 100,000 (the consistency of peanut butter), such that the liquid has characteristics 
more akin to a solid than a liquid i.e. they have a definite shape as well as volume (and 
are not readily free flowing);
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3. iii) As a semi-solid (having a viscosity and rigidity intermediate that of a solid or a liquid);
4. iv) As a paste (having a soft malleable consistency);
5. v) As a gel (a liquid dispersed in a solid); which materials can all be considered to have a 

degree of stiffness; or
6. vi) As a solid (a state in which the matter retains its own shape).

[0004] Introducing a medicament in such a contained state has advantages in that splash back 
and seepage can be avoided and more controlled dosages delivered when compared to a 
following non viscous liquid formulation. The viscous, semi solid or solid nature of the 
medicament ensures that the pioneer projectile is pushed to the requisite depth and is followed 
by the medicament rather than seeping around the sides of the projectile. The semi solid 
formulations, gels, pastes and solids are also generally more stable than liquid formulations 
and are more patient compilable.

[0005] By introducing the medicament in a form other than as a non viscous liquid behind a 
pioneer projectile, it is possible to tailor the characteristics of the medicament for optimum 
pharmacokinetic delivery rather than for penetration.

[0006] Similarly the pioneer projectile can be developed to have optimised penetrating 
capabilities independent of the medicament.

[0007] Preferably the pioneer projectile is independent of the at least one therapeutic 
compound or the formulation containing the at least one therapeutic compound.

[0008] Alternatively, the pioneer projectile is independent of, yet forms an integral part of the at 
least one therapeutic compound or the formulation containing the at least one therapeutic 
compound.

[0009] Most preferably the pioneer projectile forms a head to the at least one therapeutic 
compound or the formulation containing the at least one therapeutic compound.

[0010] The at least one therapeutic compound or the formulation containing the at least one 
therapeutic compound can take a number of forms.

[0011] In one embodiment the at least one therapeutic compound or the formulation 
containing the at least one therapeutic compound is a liquid contained in a water soluble, lipid 
soluble or otherwise biodegradable membrane.

[0012] In another embodiment the at least one therapeutic compound or the formulation 
containing the at least one therapeutic compound is provided in a solid form such as, for 
example, crystals, particles, granules, beads, rods, discs or a combination thereof.
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[0013] In yet another embodiment the at least one therapeutic compound or the formulation 
containing the at least one therapeutic compound is provided as a viscous liquid, semi solid, 
gel or paste which may be further supported, if desirable, by a water soluble lipid soluble or 
otherwise biodegradable membrane.
In the method of their earlier described invention the skin is penetrated and the therapeutic 
compound administered at a low velocity. By low velocity is meant less than 100m/s. Preferably 
the velocity is less than 10m/s.
Since the injectate is pushed at a low velocity rather than fired at a high velocity it is possible to 
ensure that the dosage is always delivered to the correct (and same) depth under the skin. 
This means that the system can be used on different skin types and skin locations and the 
dosage will still be delivered to the same depth.

[0014] This earlier application also describes pioneer projectiles comprising:

1. i) A first "penetrating" face which in use penetrates the human or animal's skin; and
2. ii) Remote from the first face a second "driven" face which in the course of injection is 

the face upon which a driving force is exerted through the therapeutic compound or 
therapeutic compound containing formulation; characterised in that said pioneer 
projectile has an aspect ratio (width to height) of less than 1:10.

[0015] Because the pioneer projectile were developed separately of the medication, it was 
possible to make them less than 10mm in length and optimise their shape such that it functions 
as a leading head or tip for a following formulation, the two components forming an injectate. 
Preferably the pioneer projectile is water soluble, lipid soluble or otherwise biodegradable.

[0016] Preferably the pioneer projectile has an aspect ratio of less than 1:8, preferably less 
than 1:6, more preferably less than 1:4, more preferably still less than 1:3, and most preferably 
about 1:1.5.

[0017] Preferably the pioneer projectile is less than 3mm in width, more preferably still about 
1mm in width.

[0018] Preferably the pioneer is less than 10mm in height, more preferably about 1.5 to 2 mm 
in height. By reducing the height to a minimum it is possible to maximise the amount of 
therapeutic compound being injected. In this regard it should be noted that if the combined 
pioneer projectile and following drug formulation is too long it might not be possible to deliver 
the drug to the optimum depth.

[0019] In one embodiment, the pioneer projectile is free of any therapeutic compound. In 
another embodiment it comprises at least one therapeutic compound. Thus, for example it 
might be beneficial to include, for example an antibiotic in the pioneer projectile or have it 
release a therapeutic compound at a different rate to the formulation in, for example, the case 
of insulin injections.



DK/EP 1545662 T3

[0020] The skin penetrating face of the pioneer projectile preferably comprises a cutting 
element to facilitate entry. This may take the form of a sharp point or an oblique edge. 
Alternatively the skin penetrating face may be blunt or gently curved.

[0021] In one embodiment the face for contacting the therapeutic compound or therapeutic 
compound containing formulation in a contained state is flat. Alternatively it may be concave or 
otherwise hollowed to facilitate pushing and formulation containment.

[0022] The pioneer projectile may be made of any suitable material. Suitable materials are 
those hard and rigid enough to facilitate penetration at low velocities. More preferred are 
materials, which are also water soluble, lipid soluble or otherwise biodegradable. Preferred 
materials include glassy materials e.g. the sugar glasses as noted in WO 98/41188. In some 
circumstances the pioneer projectile may comprise a barrier material over at least the face that 
contacts the therapeutic compound in a contained state or vice versa such that the respective 
components will not react with one another.

[0023] The earlier application also discloses formulations. They comprise a therapeutic 
compound or therapeutic compound containing formulation which is held in a contained state 
and adapted for introduction into a human or animal in the form of a needleless injection 
behind a pioneer projectile.

[0024] Preferably the formulation comprises less than 50mg of therapeutic compound in a 

volume of less than 50mm3, more preferably less than 10mg of therapeutic compound in a 

volume of less than 10mm3.

[0025] The therapeutic compound or therapeutic compound containing formulation may be 
provided as a liquid contained in water soluble, lipid soluble or otherwise biodegradable 
membrane.

[0026] In an alternative embodiment the therapeutic compound or therapeutic compound 
containing formulation is provided in a solid form comprising for example crystals, particles, 
granules, beads, rods, discs or a combination thereof which are generally likely to be more 
stable than traditional non-viscous liquid formulations with a viscosity similar to that of water 
e.g.1 Centipoises or glucose e.g. 500 Centipoises.

[0027] In a preferred embodiment the therapeutic compound or therapeutic compound 
containing formulation is provided as a semi solid, gel or paste. In this form it is particularly 
patient compliant and the therapeutic compound is generally likely to be more stable than if it 
were in a traditional non-viscous liquid formulation.

[0028] Where the therapeutic compound or therapeutic compound containing formulation is a 
viscous liquid, it preferably has a viscosity of at least 10,000 Centipoises more preferably at 
least 50,000 Centipoises and more preferably still at least 100,000 Centipoises.
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[0029] The formulation may comprise an end piece beyond the therapeutic compound or 
therapeutic compound to ensure that the entire therapeutic compound enters the patient.

[0030] The therapeutic compound or therapeutic compound containing formulation may 
comprise a plurality of differently formulated elements.

[0031] The therapeutic compound or therapeutic compound containing formulation may be 
packaged in a cap, cartridge, carousel or cassette.

[0032] The applicant's earlier UK application no 0121914.6 also extends to an injectate 
comprising a pioneer projectile and a therapeutic compound or therapeutic compound 
containing formulation.

[0033] It discloses a needleless injectate for injection comprising:

1. a) A pioneer projectile; and
2. b) A therapeutic compound or therapeutic compound containing formulation which is 

held in a contained state behind the pioneer projectile.

[0034] These components are as previously described.

[0035] The pioneer projectile and therapeutic compound or therapeutic compound containing 
formulation may both be water soluble, lipid soluble or otherwise biodegradable to differing 
degrees.

[0036] The injectate may be contained I packaged in a cap, cartridge, carousel or cassette 
optionally together with a means, e.g. an ejector pin, for pushing the pioneer injectate out of its 
container.

[0037] Alternatively the pioneer projectile and the therapeutic compound or therapeutic 
compound containing formulation are contained I packaged in separate caps, cartridges, 
carousels or cassettes.

[0038] An aim of the present invention is to produce a simple, cheap drug delivery device 
which is adaptable and able to deliver a drug in the form of not only a needleless injectate but 
also other forms, such as, for example liquid formulations, and solid drug needles.

[0039] This aim is achieved by the provision of a device which is adapted to receive a 
packaged drug which is slidably mounted in the device such that in use the device is able to 
push a drug from its packaging, the packaged drug being packaged such that the drug, 
whatever it's form, can be pushed from its packaging by the device.
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[0040] It is another and independent aim to package different drug forms for use with such a 
device.

[0041] This aim is achieved by the provision of a packaging adapted to be attached to the 
device and which comprises a channel housing the drug, and a drive pin or like element for 
pushing it out when actuated by the device.

[0042] There are many possible product applications for such a delivery device and they 
include therapeutic, prophylactic and diagnostic applications. Applications may be limited to 
those drugs that are administered in relatively low doses because of the dose limitations for 
each injection imposed by pushing. However, although each dose may be limited to less than 

10mg or a volume of less than 10 mm3 it would be possible to administer more than one dose 
either concurrently or sequentially, if larger doses are required.

[0043] New laws in many states in the USA are declaring that safety needles must be used for 
injections whenever possible. These are needles that withdraw into a sheath as the needle is 
withdrawn from the patient so that the needle tip is not left exposed. This is to avoid the use of 
a conventional needle which can result in accidental needle stick injuries. A delivery system 
that either does not require a needle (or that incorporates a needle that retracts) would be 
beneficial for the US market as well as other parts of the world that will, no doubt, follow the 
lead of the Americans.

[0044] Particular applications where the technology might be very well suited include:

Vaccines: - Vaccinations are one of the common reasons for people to need an injection and 
many people would rather risk catching a disease than have to be injected with a standard 
needle and syringe. Children in particular can often have a needle phobia. Therefore a system 
that either does not incorporate a needle (or the needle is never seen by the patient) might 
help compliance with vaccines. In third world countries there is a great need for delivery 
systems for vaccines that do not involve needles. An added advantage of the new delivery 
system is that using a non liquid dose therapeutic compound should assist stability of the active 
compounds and therefore the cold chain storage requirements for the vaccine may be 
avoided.

Acute Emergencies: - The device is very quick and easy to use and therefore well suited for 
self administration as well as administration by an untrained assistant. There are a number of 
drugs, such as glucagon (hypoglycaemia), migraine treatments or adrenalin (anaphylactic 
shock) that are required when the patient may not be in a suitable condition to undertake the 
injection themselves. Glucagon and some of the migraine treatments are normally supplied as 
a powder that have to be made up with the diluent before the injection which means that they 
are not suitable for administration by an untrained assistant. In addition, the patient may, or 
may not be in a fit state to make up the drug let alone administer it. The present device would 
enable these and similar drugs to be administered in solid dosage form.

Diabetes:-Millions of people worldwide have to inject insulin either daily or several times a day.
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Most have to use a needle and syringe although new delivery systems such as inhalers and 
insulin pumps are becoming more popular. The advantage of the new delivery system is that 
several different types of insulin can be administered in a solid dose form at one time. This can 
be done by having two or more short pieces of different insulin formulations in e. g. a drug 
cassette. This could allow a short as well as a long acting insulin to be injected at the same 
time and thus reduce the requirement for multiple injections throughout the day.

Although the applications above have been highlighted, the technology is suitable for 
administering many drugs that are required at the dosage levels capable of being delivered by 
the system.

SUMMARY OF THE INVENTION

[0045] According to the invention there is provided a drug delivery device with the features of 
claim 1.

[0046] A device according to the invention has a number of advantages compared to current 
needle free devices.

[0047] It comprises a small number of components and is therefore cheap to manufacture and 
assemble. It is also relatively small (currently the same size as a dry marker pen).

[0048] In a preferred embodiment of the device, it can only be actuated by inserting a 
packaged drug and pushing the skin tensioning end of the packaged drug against a solid 
object.

[0049] The priming and actuation of the device by pushing the end of the device against the 
skin ensures that there is a reliable and consistent contact and tensioning of the skin on 
delivery of the drug. Additionally, by setting the device such that the force required to actuate it 
is from, for example, 20-30 Newton the force will be too high for a patient to accidentally 
actuate the device without pushing it firmly against the body's tensioned skin, thereby providing 
a significant safety feature.

[0050] A spring and cap arrangement makes it is possible to adjust the actuation force by 
altering the tension on the spring. By screwing the cap further onto the upper barrel the spring 
is tensioned and by unscrewing it the force can be reduced. Alternatively, instead of a coil 
spring as the main power source, the device could incorporate any other type of mechanical 
spring or a gas spring. In an alternative embodiment the spring could be pretensioned during 
manufacture to avoid having to tension the spring during the drug administration. This would 
result in a single use device in which case the packaged drug would most likely be an integral 
part of the device.

[0051] The velocity of the impact hammer during administration of the therapeutic agent is less 
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than 10m/s, more preferably less than 5m/s and most preferably in the order of 0.1-2 m/s. The 
skilled man will appreciate that the actual speed may vary with the mass of the impact hammer 
and thus the impact imparted on the delivery dose. As a consequence the therapeutic agent is 
delivered by a pushing action from the end of the packaged drug rather than by a firing action 
(as would be the case with a bullet leaving the barrel of a gun).

[0052] To ensure that the device actuates automatically when the correct force is applied the 
hammer has a shaped shoulder region which engages a correspondingly shaped surface in a 
wall separating the upper and lower barrels. The device will actuate only when the substantially 
frustoconical sections fully engage. This will be at the same main spring tension every 
administration and if the administration is aborted before the frustoconical sections engage 
then the packaged drug can be removed safely without leaving the device primed.

[0053] In a preferred embodiment the device can't be primed until the packaged drug is 
attached thereto since it is the packaged drug that acts against the piston in the device to 
cause the spring to be tensioned. This makes the device particularly safe. It also means it can't 
be actuated when not loaded such that an operator can't use the device in a belief they are 
providing an injection.

[0054] In the case of a reusable device a slewing spring returns the impact hammer into it's 
non axially aligned position at the end of each administration.

[0055] Furthermore, because the reusable components of the system (all components except 
those of the packaged drug) do not come into contact with the target tissue for the drug 
administration they do need to be sterile.

[0056] All components apart from the springs can be moulded making the device cheap to 
manufacture and the limited number of parts and their ease of assembly keeps assembling 
costs to a minimum.

[0057] A range of custom packaged drugs will fit the delivery device but patients will not be 
able to easily introduce their own therapeutic compounds into the drug cassettes (as can be 
done with a needle and syringe).

[0058] The device is suitable for both human and veterinary applications.

[0059] The device is particularly suitable for self administration of drugs and requires minimal 
training.

[0060] In a preferred embodiment the device is a single use drug delivery device.

BRIEF DESCRIPTION OF THE DRAWINGS
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[0061]

Fig 1 is one embodiment of a reusable device according to the invention with one embodiment 
of a packaged drug attached thereto, the device being shown pre-use;

Figs 2a, b, and c illustrate a device substantially similar to the device illustrated in fig 1 in: a) its 
assembled form b) at the point where it is fully primed and about to self actuate ; and c) in its 
post actuation position;

Fig 3 is a packaged drug not forming part of the invention in which the drug is in a solid or 
otherwise contained form and follows a pioneer projectile;

Fig 4 is another packaged drug not forming part of the invention in which the drug is in a liquid 
form and is released and injected via a retractable needle; and

Fig 5 is yet another packaged drug not forming part of the invention in which the packaging is 
adapted to hold a drug in a solid or liquid form and in which the end of the packaging is 
modified to be particularly well adapted to skin tensioning.

DETAILED DESCRIPTION

[0062] Fig 1 illustrates a (reusable) drug delivery device (10), with a packaged drug (100) fitted 
thereto. It comprises very few components. They include

1. i) a housing (12);
2. ii) a means (14) for generating a force capable of pushing a drug (16) from a packaging 

(18) into a human or animal body;
3. iii) a means (20) for transmitting said force to push the drug (16) from the packaging 

(18) into the human or animal body;
4. iv) a means (22) for receiving a packaged drug (100);
5. v) a means (24) for priming the device; and
6. vi) a means (38,42b) for triggering the device.

[0063] In the embodiment shown the device is primed and triggered in a single action.

[0064] The delivery device (10) which may be absent of the packaged drug (100) is spring 
powered. It can deliver the drug or a formulation containing a therapeutic compound (hereafter 
drug) in a solid, semi-solid or liquid form. By altering the form of the packaged drug (100) the 
device can be used to either deliver drugs through a retractable needle (Fig 4), or behind a 
"pioneer projectile" (Fig 3 and 5) . It can also be used to deliver a solid drug splinter.
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[0065] Looking at the device in more detail it comprises a number of components which are 
readily assembled and easily sterilised making manufacture cheap.

[0066] The body of the device comprises a three part housing (12) comprising a first housing 
component (12a) defining an upper barrel (28) which houses the force generating means (14), 
a second housing component (12b) defining a lower barrel (30) which houses the packaged 
drug (100) and the means (20) for transmitting the force to push the drug (16) from its 
packaging (18). The first and second housing components (12a; 12b) connect to one another, 
and a third housing component (12c), which preferably takes the form of a screw cap (32), fits 
over the end of the first housing component to close off the upper barrel (28).

[0067] Within the upper barrel (28) is fitted the means (14) for generating the force capable of 
pushing the drug (16) from its packaging. In the embodiment shown this takes the form of a 
mechanical coil spring which can generate a force of from about 10 - 40 N, more preferably 15 
- 35 N and most preferably 18-31 N. The spring is connected at its lower end to a spring 
follower (36) which is slidably mounted in the upper barrel (28). Above the spring is a 
compression bar (34) which provides a contact surface against which the spring can act. By 
screwing or unscrewing the cap (32) from the housing component (12a) the spring can be 
caused to compress or relax thereby providing a means for adjusting the force that can be 
generated by it. In Fig 1 the spring is shown at minimum pre-load.

[0068] The upper barrel (28) and lower barrel (30) are separated from one another by a wall 
(42) with a communicating aperture (43) therein and it is on the upper surface (42a) of this wall 
that the spring follower (36) sits. The means (20) for transmitting the force generated by the 
spring takes the form of an impact hammer one end (20a) of which passes through the 
communicating aperture (43) where it contacts spring follower (36). In use the uppermost end 
(20a) of the impact hammer slides through the communicating aperture (43) pushing the 
spring follower (36) up the upper barrel (28) causing the spring to be compressed thus priming 
the device.

[0069] Within the lower barrel is housed not only the majority of the impact hammer (20), but a 
slewing spring (44) and a sliding piston (48) having an aperture (46) therein, such that the 
lower barrel can operatively communicate with the packaged drug (100) which is secured to 
the device via the receiving means (22) provided at the devices lowermost end (49).

[0070] The slewing spring functions to draw the longitudinal axis of the impact hammer off 
centre (Fig 2a) in the devices rest position. However, the hammer is adapted by way of a 
shaped shoulder region (38), (which in a preferred embodiment is substantially frustoconical, 
as illustrated) to be drawn into axial alignment with the aperture (46) in the sliding piston, 
against the action of the slewing spring (44), such that when it is fully primed the device 
automatically actuates. Accordingly the lowermost surface (42b) of the wall (42) is shaped to 
receive the shaped shoulder region (38) of the impact hammer and cause the impact hammer 
to be axially aligned with the aperture (46) in the sliding piston (48) such that it is driven by the 
spring (14) through the aperture (46) in the sliding piston (48) where it contacts a drive pin 
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(108) or other element causing the drug (16) to be pushed out of its packaging (18) into the 
human or animal. In contrast with the Fig 1 embodiment it should also be noted that the end 
(20a) of the impact hammer graduates to a point (being substantially conical) and is seated in 
a similarly shaped recess (36a) in the spring follower (36). The shaping of the hammer end 
(20a) and the provision of the similarly shaped recess (36a) in the spring follower (36) further 
improves reliability of actuation.

[0071] By comparison of Fig 2a with Figs 2b and c it will be apparent that once a packaged 
drug (100) has been attached to the lower most end (49) of the device (10) it can be actuated 
by a user holding the device about it's housing (12) and pressing the device (10) firmly against 
the patients skin. This causes first the skin to be tensioned and then the packaged drug (100) 
slides up the lower chamber (30) pushing the piston (48) which in turn pushes the impact 
hammer (20). As it does so the upper end (20a) of the impact hammer pushes against the 
spring follower (36) causing the spring (14) to be compressed until the necessary drive force is 
reached. This is at the point illustrated in Fig 2b. At this point the shaped shoulder region (38) 
is drawn into the shaped lowermost surface (42b) of wall (42), the action of the slewing spring 
(44) is countered, the spring (14) is fully charged and the impact hammer (20) axially aligned 
with the aperture (46) in the sliding piston (48) such that it will automatically actuate, the spring 
(14) forcing the impact hammer (20) through the aperture (46) in the piston (48) causing it to 
push the drive pin (108) which in turn, depending on the mechanism employed in the 
packaged drug (100) (see Figs 3 to 5) causes the drug to be dispensed into the human or 
animal. Significantly the longitudinal axis of the impact hammer can't be aligned with the 
aperture (46) in the sliding piston (48) until it reaches the set actuating force which is set to 
coincide with the point at which the shaped shoulder region (38) contacts the shaped 
lowermost surface (42b) of wall (42) thus providing a safety mechanism against accidental 
actuation. When it reaches this point triggering is automatic and the device is actuated (Fig 2c).

[0072] It should be noted that on actuation the hammer moves only a short distance, less than 
10mm, more preferably less than 5mm and typically about 3 mm before impacting the drive pin 
and therefore moves (say) approx 5 mm before the pioneer projectile strikes the skin. This 
means that the maximum force and impact are all in the first few millimetres of travel, when the 
maximum force is required to pierce the skin. Through the rest of the delivery, the force is 
reducing as the main spring power is diminishing and also the slewing spring is being 
compressed (Fig 2c). This means that the force tapers off during the second half of the 
delivery when less force is required.

[0073] Therefore the force profile through the whole delivery matches the requirements i.e. a 
high force and impact to pierce the skin and then a reduced force to push the injectate into the 
skin.

[0074] In the case of a reusable device the packaged drug is removed from the device and 
discarded. The slewing spring will assist in this action. As the packaged drug (100) is removed 
from the device the slewing spring (44) acts to draw the impact hammer (20) so that it is not 
axially aligned with the aperture (46) in the piston (48) and the device (10) is ready to receive a
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new packaged drug.

[0075] Such a device can be used to dispense a drug in a variety of different forms depending 
on how it is packaged.

[0076] To demonstrate the versatility of the device three different designs (Figs 3, 4 and 5) of 
packaged drug (100) are illustrated as suitable for use with the device. All three embodiments 
illustrate the dispensing of a single dose but the skilled man will appreciate that multi-doses 
could also be dispensed simultaneously or sequentially with the device of the invention. 
Similarly, the device could be produced in a pre-primed form with the packaged drug forming 
an integral part of the device.

[0077] Referring to Fig 3, in one embodiment the packaged drug (100) takes the form of an 
end piece which is adapted to be slidably mountable in the device (10). The packaging (18) 
takes the form of a two- piece housing (18a, 18b), thereby simplifying construction and 
assembly. A first housing element (18a) is the shape of a hollow inverted "T" and comprises a 
region (102) (the stem of the "T") which serves in use to slidably engage the device (10) 
allowing the packaged drug to slide up the lower chamber (30) of the device (10), and a "cross 
piece" against which the second element (18b) abuts. A central channel (106a) runs through 
the middle of the stem exiting at the crosspiece. The second element (18b) comprises an end 
(104) which is shaped to tension the skin. The second element (18b) is also substantially the 
shape of an inverted T and has a channel (106b) running down the centre axis of the inverted 
T. The respective channels (106a, 106b) communicate with one another to form a single 
channel (106) which runs right through the packaging (18). The channel (106b) houses a 
pioneer projectile (110) and the drug (16) or a drug splinter (effectively 110,16), the skin 
contacting end of which is set a few millimetres in from the skin tensioning surface of the 
device to ensure it is moving at the requisite speed when it contacts the skin. It also houses the 
lower end (108b) of the drive pin (108). At the end remote from the skin tensioning surface the 
channel (106b) opens out to house a resilient member e.g. a spring (114). The placing of a 
resilient member under the head (108a) of the drive pin allows the drive pin to be withdrawn 
back into the housing immediately after actuation. The drive pin (108) is slidably mounted in 
the channel (106) so that when the head is depressed by the hammer of the device the drive 
pin moves down the channel pushing the pioneer projectile and drug (110, 16) from the 
channel (106b) into the human or animal body. The pioneer projectile (110) and drug (16) are 
held in place in the channel (106b) by, for example, a breakable membrane (not shown) or 
appropriate frictional means e.g. one or more markings or splines on either the pioneer 
projectile, drug and or channel (106b) surface.

[0078] The packaged drug illustrated in Fig 3 is suitable for the injection of a "contained" drug 
behind a pioneer projectile which can penetrate the skin and create a channel into which the 
drug is pushed as described in UK application no 0121914.6. This type of packaged drug is 
also suitable for the administration of drug splinters or rods of a solid therapeutic compound 
which have a sharp tip as per WO 94/22423. The therapeutic compound or therapeutic 
compound and tip are initially located in the channel (106) of the packaging (18). The distal 
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end (108b) of the drive pin may or may not be in contact with the uppermost end of the 
therapeutic compound prior to actuation. When the drive pin head (108a) is struck by the 
impact hammer the drive pin (108) pushes the therapeutic compound (and pioneer projectile, if 
included) into the target tissue.

[0079] The end of the drive pin may just penetrate the outer layers of the skin to ensure that 
the therapeutic compound is completely delivered into the skin. Alternatively, the packaged 
drug may include a short rod (or rods) of a placebo or pharmaceutical compound between the 
end of the drive pin and the therapeutic compound, which can be used to push the therapeutic 
compound fully into the skin. In this case it would not matter if the placebo rods entered the 
skin but it would ensure that the drive pin did not have to penetrate the skin. The benefits of 
this are that the drive pin would not be left protruding from the packaged drug following the 
administration and would not be contaminated with bodily fluids and it would therefore not pose 
a health risk in terms of disposal. An alternative is to include a piece of rubber or foam, or as 
illustrated a light spring (114), under the head (108a) of the drive pin to ensure that the tip of 
the drive pin is withdrawn into the spent packaging after administration.

[0080] Fig 4 illustrates an alternative design of a packaged drug for use with a device 
according to the invention. The packaged drug comprises a two piece housing (18a, 18b) 
which is identical to that of the Fig 3 embodiment. This simplifies manufacture as the housing 
components can be used for a packaged drug which is solid (as per the Fig 3 embodiment) or 
one which is liquid. In order to be adapted to dispense a liquid a needle (112) sits in the 
channel (106), it's lower end (112b) being in the channel (106b) of housing component (18b) 
and its upper end (112a) extending into the channel (106a) of housing component (18b). The 
needle (112) is obliquely cut at both ends to provide sharp points. Attached to the upper end 
(112a) of the needle is a support plate (113) on which is seated a resilient or compressible 
spacer (126) which extends above the tip of the upper end (112a) of the needle. Seated on the 
spacer (126) immediately above the tip of the needle (112) is a liquid drug containing 
receptacle (120). The receptacle comprises one or more side walls (121) and a puncturable 
base (122) which together define a receptacle cavity which is filled with the drug (16) through 
an opening (124). The receptacle is sealed by a drive pin or element (108) which sits in the 
receptacle opening (124).

[0081] In use the hammer of the drug delivery device contacts the drive element head (108a) 
causing the receptacle to be pushed down the channel (106a) of the housing element (18a). 
The spacer (126) is compressed causing the needle to puncture the base (122). Consequently 
the needle (112) is filled by some of the drug contents (16) of the receptacle thereby expelling 
air from the needle prior to piercing of the skin and delivery of the drug. The force exerted on 
the support plate (113) forces the needle into the skin where the liquid drug contents (16) drain 
into the human or animal through the tract formed by the needle (112). As the user of the 
device removes the device from the skin, the drug package is pushed substantially out of the 
end of the device by the action of the slewing spring, and the needle is withdrawn into the drug 
package by the action of the spring (114).
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[0082] In yet a further embodiment, and as illustrated in Fig 5 there is a packaged drug (100) 
which is adapted to hold a drug (16) in any state, liquid, semi solid or solid. As in the previous 
embodiments the housing (18) preferably takes the form of a two piece housing (18a, 18b) 
although in this case the housing elements are shaped differently. In channel (106b) of the 
second housing element (18b) is housed a pioneer projectile (110) and the lowermost part of a 
drug containing receptacle (120) in the form of a thin walled metal tube which is sealed with a 
breakable membrane (122). The tube terminates at it's uppermost end in a lip (121) on which 
rest a pair of flexible arms (128) of a drive element (108). The receptacle is sealed by the drive 
element (108). At the end remote from the skin tensioning surface of the second housing 
element (18b) is a ramped surface (130). The uppermost part of the drug containing 
receptacle (120) and the drive element (108) sit in a cavity between the housing elements 
(18a, 18b) and which can be considered an extension of channel (106a) formed in the first 
housing element (18a). The end (104) in this embodiment is particularly well suited to skin 
tensioning and includes an annular ring (105) located immediately about the channel (106) 
exit. The annular ring in this embodiment is about 3mm in diameter (including the channel 
which is about 1mm in diameter) and depth. By way of comparison the end (104) has a 
diameter of about 16mm.The depth and width need not be 3mm by 3mm but should generally 
be in the range 1.5mm to 6 mm. Any more than this and it may cause pain and bruising and 
any less than this and it may not adequately tension the skin. This annular ring which may be a 
whole ring or a broken ring comprising a number of projecting elements disposed in a 
substantially annular fashion about the channel exit could be a feature of any embodiment. To 
simplify construction in this embodiment the drive pin head (108a) is produced as separate 
component to the lower and elongate end (108b) of the drive pin.

[0083] In use the hammer of the drug delivery device contacts the drive element head (108a) 
causing the receptacle to be pushed down the channel (106b) as a consequence of the force 
exerted by the flexible arms (128) of the drive element (108) against the lip (121) of the 
receptacle (120). This causes the pioneer projectile (110) to be pushed into the patient. Once 
the pioneer projectile has entered the patient the flexible arms (128) of the drive element (108) 
contact the ramp surface (130) of the second housing element (18b) and are caused to flex 
apart and ride over the lip (121) and I or snap. As a consequence the lower part (108b) of the 
drive element is able to move down the receptacle (120) pushing the drug (16) contents out 
into a tract formed by the pioneer projectile (110). Preferably the end of the receptacle which 
takes the form of a thin walled tube just enters the skin before the drug is delivered. This 
ensures that if a liquid drug is used the drug follows the pioneer projectile into the skin rather 
than escaping along the skin surface.

[0084] The main advantage of the Fig 5 embodiment is for the injection of liquids as it ensures 
that the liquid is contained during the administration and is guided by the thin walled metal tube 
into the target tissue. However, the drug contents need not be restricted to liquids.

[0085] A feature of the device illustrated which further distinguishes it from other hand 
powered systems is that the force generated by the spring is the delivery force and there is 
substantially no additional force generated by the operator due to the gradual priming and
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instantaneous actuation when the device reaches the delivery force set.

[0086] In contrast devices which include a break tab or other snap means to actuate the 
device can't have the force carefully controlled and as a consequence the greater the force 
exerted by the user the greater the velocity of impact by the drug with the skin.

[0087] With the system detailed in this application the hand force compresses the main spring 
to a preset point at which the drug package is inserted to virtually its maximum point within the 
device. At this point the actuation takes place and the predetermined spring strength delivers 
the drug. Any extra force by the hand is dissipated over the whole of the area of the end of the 
device.

[0088] An alternative way of viewing this is to consider the skin as a sponge. In devices utilising 
snap tabs, when the snap tabs are broken all the force by the hand is pushing the drug and the 
resilience of the skin will start to push the bottom half of the device (part not held in hand) back 
towards the hand. This may result in a less good seal with the skin and, in theory, if the hand 
force stops immediately the snap tabs are broken then the drug would never be pushed from 
the device - they rely on the inertia in the hand to make the injection. In practice this means 
that the user pushes and pushes and then suddenly the tabs break and the device is pushed 
into the target possibly causing pain and bruising with the device. In the present injection the 
skin is compressed by a steady hand force. At the point of actuation the main spring controls 
the delivery of the drug and the hand maintains (but does not suddenly increase) the force on 
the skin to ensure a good contact with the skin. If at any point before actuation the sensation 
on the skin is painful then the injection site can be altered or the injection aborted rather than 
causing further pain and I or bruising.

[0089] Devices of the type described have been demonstrated by the applicant to be capable 
of delivering a drug as demonstrated by the following examples:

Examples

[0090] Initial experiments were carried out with non pharmaceutical materials to demonstrate 
the delivery concept. These experiments comprised the following:

Example 1. Drug splinters.

[0091] A rod of 0.9 mm diameter pencil lead was broken to lengths of approximately 6 mm and 
a point was sanded on one end of each length and a flat on the other to create solid splinters. 
The splinters were placed in the drug package shown in Fig 3 and successfully administered to 
pig skin using a prototype delivery system.

Example 2. Pioneer projectile followed by a solid rod.
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[0092] The same pencil lead detailed in example 1 above was cut into short lengths of 
approximately 3 mm in length. These had a point sanded on one end and a flat on the other 
end to create pioneer projectiles. Further rods of the same pencil lead were cut at 
approximately 4 mm in length and had both ends sanded flat. When a pioneer projectile and a 
solid rod were placed in a drug package as shown in Figure 3 they were successfully 
administered to pig skin using a prototype delivery system.

Example 3. Pioneer projectile followed by a soft rod.

[0093] A soft rod of wax was extruded through a die and rods of approximately 4 mm in length 
were cut with a flat at each end. Further sections were cut with a point at one end and a flat at 
the other end. When a pointed section (identical in shape and size to the splinter used in 
example 1) was administered to pig skin using a drug package as shown in Fig 3 the wax did 
not pierce the skin but was flattened on the skin surface. When a rod of the same waxy 
material was placed behind a pioneer projectile used in example 2 and administered to pig skin 
using a drug package as shown in Fig 3 then both the pioneer projectile and the waxy material 
were successfully delivered into the tissue. The wax material used for this experiment could 
easily be squashed between a finger and a thumb.

Example 4. Pioneer projectile followed by solid beads.

[0094] Beads of diameters 0.5 - 0.75 mm were placed in a drug package, as shown in Fig 3, 
behind a pioneer projectile as detailed in example 2. The pioneer projectile and all the beads 
were successfully administered to pig skin using a prototype delivery system.

[0095] The experiments outlined above demonstrated that a range of different materials could 
be delivered behind a solid pioneer projectile. Ideally it is preferred that the pioneer projectile is 
manufactured from pharmaceutical grade compounds that will dissolve in the target tissue. 
Two processes have been used to produce such pioneer projectiles as outlined below:

Example 5.

[0096] A hot melt of sugars is produced which can then be moulded into the correct form for a 
pioneer projectile or extruded to produce long rod. If an extrusion process is used then the 
pioneer projectiles can be cut to shape from the soft extrudate or the sharp ends of the pioneer 
projectile can be formed when the extrudate has solidified. This process produces a material 
similar to a boiled sweet which can be very hard and incorporate a sharp point on one end.
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Example 6.

[0097] A mix of powders is produced using pharmaceutical grade sugars together with a 
hardening agent such as polyvinylpyrolidone (PVP). The powder blend is extruded through a 
die to produce a long rod of the compound. Some blends require a lubricant to facilitate the 
extrusion and binding process such as water or ethanol. The pioneer projectiles are formed by 
cutting the long rod into short sections. This process can be facilitated by using a hot knife. If 
necessary, the point or flat end of the pioneer projectile can be created by sanding or filing a 
short rod of the extrudate.
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PATENTKRAV

1. Lægemiddelindgivelsesanordning (10), der omfatter:

i) et hus (12);

ii) et middel (14) til generering af en kraft, der kan skubbe et lægemiddel (16) fra en 

emballage (18) ind i en menneske- eller dyrekrop;

iii) en slaganordning (20) til at transmittere kraften for at skubbe lægemidlet (16) fra 

emballagen (18) ind i menneske- eller dyrekroppen; og

iv) et middel (38, 42b) til udløsning af anordningen,

hvor huset definerer:

i) en øvre cylinder (28), ved én ende af anordningen, der rummer det kraftgenererende 

middel (14); og

ii) en nedre cylinder (30), ved enden væk fra den øvre cylinder, der rummer:

a) et emballeret lægemiddel (100); og

b) slaganordningen,

hvor den nedre cylinder (30) står i operativ forbindelse med den øvre cylinder (28) og 

det emballerede lægemiddel (100);

kendetegnet ved, at

slaganordningen (20) bevirker, at lægemidlet (16) skubbes fra emballagen med 

slaganordningen og at lægemidlet bevæger sig ved mindre end 10 m/s,

hvor lægemidlet (16) er i en indesluttet form, og hvor lægemidlet (16) er et faststof.

2. Lægemiddelindgivelsesanordning ifølge krav 1, der endvidere omfatter v) et middel (22) 

til modtagelse af det emballerede lægemiddel (100); og vi) et middel (24) til spædning af 

anordningen.

3. Lægemiddelindgivelsesanordning ifølge et hvilket som helst af krav 1 eller krav 2, hvor 

midlet (14) til generering af en kraft, der kan skubbe lægemidlet (16) fra en emballage (18) ind 

i en menneske- eller dyrekrop, leverer en kraft på fra 10 - 40 N.

4. Lægemiddelindgivelsesanordning ifølge krav 2, hvor det emballerede lægemiddel (100) 

er glidende anbragt i midlet (22) til modtagelse af det emballerede lægemiddel.
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5. Lægemiddelindgivelsesanordning ifølge et hvilket som helst foregående krav, hvor det 

emballerede lægemiddel (100) er glidende placeret i den nedre cylinder (30) og omfatter en 

emballage (18) indeholdende et lægemiddel (16), hvilken emballage omfatter et hus (18a, 18b) 

med en kanal (107; 106a, 106b), der løber derigennem, hvori der er anbragt en drivstift eller et 

andet element (108), et hudpenetrerende middel (110; 112) og lægemidlet (16); hvilket hus 

endvidere omfatter

i) et område (102), der gør det muligt for det emballerede lægemiddel at blive glidende 

monteret på lægemiddelindgivelsesanordningen (10) ved modtagelsesmidlet (22); og

ii) en ende (104), der er tilpasset til at gå i indgreb med og udspænde huden.

6. Lægemiddelindgivelsesanordning ifølge krav 5, hvor det hudpenetrerende middel er et 

pionerprojektil (110), en injektionssprøjtenål (112) eller hovedet på en lægemiddelsplitter.

7. Lægemiddelindgivelsesanordning ifølge krav 5 eller krav 6, hvor drivstiften eller det 

andet element (108) har et fladt eller forstørret hoved (108a).

8. Lægemiddelindgivelsesanordning ifølge krav 5, 6 eller 7, der endvidere omfatter et 

elastisk middel (114) under eller på anden måde forbundet med drivstiften eller det andet element 

(108) til at sikre, at drivstiften trækkes tilbage efter brug.

9. Lægemiddelindgivelsesanordning ifølge et hvilket som helst foregående krav, hvor 

midlet (14) til generering af kraften, der kan skubbe lægemidlet (16), er en fjeder.

10. Lægemiddelindgivelsesanordning ifølge krav 9, hvor fjederen er en spiral- eller 

gasljeder.

11. Lægemiddelindgivelsesanordning ifølge krav 9 eller 10, hvor kraften genereret af 

fj ederen er j usterb ar.

12. Lægemiddelindgivelsesanordning ifølge krav 11, hvor en skruehætte (32) og 

kompressionsstang (34) tilvejebringer et middel til justering af kraften genereret af fjederen.

13. Lægemiddelindgivelsesanordning ifølge et hvilket som helst af kravene 9 til 12, der 

endvidere omfatter en fjederfølger (36).
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14. Lægemiddelindgivelsesanordning ifølge krav 1, hvor slaganordningen er en hammer.

15. Faststoflægemiddelindgivelsesanordning ifølge et hvilket som helst foregående krav 

hvor et område (38) af slaganordningen er udformet til at passe til en tilsvarende udformet 

overflade (42b) i en væg (42), der adskiller den øvre (28) og den nedre (30) cylinder defineret af 

huset (12), således at slaganordningen (20) rettes ind for at ramme en drivstift (108) eller andet 

element i det emballerede faststoflægemiddel (100) ved aktivering.

16. Lægemiddelindgivelsesanordning ifølge krav 15, hvor slaganordningen omfatter et i alt 

væsentligt keglestubformet skulderområde (38), der går i indgreb med en i alt væsentligt 

keglestubformet overflade (42b) i væggen (42), der adskiller den øvre (28) og den nedre (30) 

cylinder defineret af huset (12).

17. Lægemiddelindgivelsesanordning ifølge krav 13, hvor slaganordningen (20) omfatter en 

i alt væsentligt konisk ende (20a) og fjederføl geren (36) har en tilsvarende udformet indskæring 

(36a) i undersiden deraf.

18. Lægemiddelindgivelsesanordning ifølge et hvilket som helst foregående krav, hvor det 

emballerede lægemiddel (100) og slaganordningen (20) er glidende monteret i anordningen, 

således at anordningen kan spædes ved at skubbe anordningen mod huden.

19. Lægemiddelindgivelsesanordning ifølge et hvilket som helst af kravene 16 til 18, hvor 

anordningen omfatter en drej el] eder (44), et glidende stempel (48) med en åbning (46) deri og 

slaganordningen (20), alt indeholdt i den nedre cylinder (30), og anordningen udløses af, at 

stemplet (48) glider op i den nedre cylinder (30), indtil slaganordningens (20) skulderområde 

(38) går i indgreb med en formet overflade (42b) og retter slaganordningen med åbningen (46) i 

det glidende stempel (48) ind, således at slaganordningen bevæges ned i åbningen under 

påvirkning af det kraftgenererende middel (14).

20. Lægemiddelindgivelsesanordning ifølge et hvilket som helst af de foregående krav, hvor 

anordningen spædes og aktiveres ved en enkelt handling.
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21. Lægemiddelindgivelsesanordning ifølge krav 20, hvor skubning af det emballerede 

lægemiddel (100) op i den nedre cylinder (30) med tilstrækkelig kraft bevirker, at anordningen 

spædes og aktiveres.

22. Lægemiddelindgivelsesanordning ifølge krav 20 eller 21, hvor handlingen med skubning 

af det emballerede lægemiddel op i den nedre cylinder (30) med tilstrækkelig kraft bevirker, at 

det glidende stempel (48) bevæger den nedre cylinder (30) op, hvilket bevirker, at 

slaganordningen (20) skubber den nedre cylinder (30) op ud af en første position, hvori den ikke 

flugter aksialt med åbningen (46) i den glidende position, der operativt står i forbindelse med det 

emballerede faststoflægemiddel og samtidigt indvirker på en fjederfølger (36) i den øvre cylinder 

(28), hvilket bevirker, at fjederen (14) komprimeres og anordningen spædes, således at, når den 

krævede indgivelseskraft er genereret, slaganordningen (20) flugter aksialt med åbningen (46) 

af det glidende stempel (48) og derved aktiveres, således at fjederen (14) virker viafjederfølgeren 

(36) og slaganordningen (20) på en drivstift (108) eller et lignende element i det emballerede 

lægemiddel (100) for at indgive lægemidlet (16) i menneske- eller dyrekroppen.

23. Lægemiddelindgivelsesanordning ifølge et hvilket som helst af kravene 1 til 19, hvor 

anordningen spædes og aktiveres ved to separate handlinger.

24. Lægemiddelindgivelsesanordning ifølge et hvilket som helst af kravene 1 til 22, hvor den 

øvre cylinder og den nedre cylinder er dannet som separate komponenter.

25. Lægemiddelindgivelsesanordning ifølge krav 1, der endvidere omfatter et emballeret 

lægemiddel som en integreret del af anordningen.

26. Lægemiddelindgivelsesanordning ifølge et hvilket som helst af de foregående krav, hvor 

anordningen og/eller det emballerede lægemiddel er forseglet i en foliepose eller lignende for at 

forhindre indtrængning af for eksempel, fugt, oxygen, lys, bakterier eller andre 

lægemiddelnedbrydende eller -kontaminationsmidler.

27. Lægemiddelindgivelsesanordning ifølge et hvilket som helst foregående krav, hvor 

spidsen af pionerprojektilet eller nålen placeret et par få mm ind fra enden (104) af emballagen 

(18), således at den bevæger sig ved kontakt med huden.
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28. Lægemiddelindgivelsesanordning ifølge et hvilket som helst af de foregående krav, hvor 

enden (104) omkring udgangen fra kanalen (106) er i form af en i alt væsentligt ringformet ring, 

der er placeret umiddelbart omkring kanal- (106) udgangen og har en dybde og bredde i 

intervallet 1,5 mm til 6 mm.

5

29. Lægemiddelindgivelsesanordning ifølge et hvilket som helst af de foregående krav, der 

endvidere omfatter et positivt låsetilbageholdelsessystem til at sikre, at det emballerede 

lægemiddel (100) ikke forlader anordningen ved tyngdekraft samtidigt med, at det frit kan glide 

op i anordningen.

10

30. Lægemiddelindgivelsesanordning ifølge et hvilket som helst af de foregående krav, der 

er en lægemiddelindgivelsesanordning til engangsbrug.

31. Lægemiddelindgivelsesanordning ifølge krav 30, hvor midlet til udløsning af 

15 anordningen er en aktiveringsknap eller et knaplignende element.
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