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NASAL INHALER 

[0001] This invention relates to an inhaler for enabling 
delivery of an active ingredient to the nasal passages. 

[0002] Conventionally, nasal inhalers are used for the 
supply of decongestants such as oxymetaZoline and the like. 
The nasal passages are also a good Way of supplying drugs 
and other medicaments into the bloodstream for treatment of 
ailments Which are not speci?c to the nasal passages. 

[0003] Conventional hydraulic/pump action nasal inhalers 
?re or eject large droplets of liquid into the nose. These 
droplets are polydispersed, that is they have a broad spec 
trum of siZes. The deposition of such droplets is primarily 
due to their oWn inertia Which can lead to a very patchy 
distribution of the liquid. Indeed excessive deposition in one 
region can lead to the droplets coalescing and ?oWing out of 
a nostril or doWn the back of the throat Which can cause an 
unpleasant taste or, Worse, lead to detrimental side effects as 
a result of the drug being delivered to the digestive or 
pulmonary system. 

[0004] It is an aim of the present invention to provide a 
device Which enables satisfactory and ef?cient supply of a 
substance such as a medicament or other active ingredient to 
the nasal mucosa avoiding deposition in non-target regions 
such as the lungs or the stomach. 

[0005] A process for producing comminuted matter 
knoWn as electrohydrodynamic comminution is described in 
detail in, for example, GB-A-1569707. In this process, a 
dispersed spray or cloud of comminuted matter such as 
liquid droplets Which are all of substantially the same siZe 
(monodispersed) is produced by subjecting liquid emerging 
from an outlet to an electric ?eld. 

[0006] The device described in GB-A-1569707 is large, 
produces highly charged droplets and is intended primarily 
for spraying of crops. 

[0007] Inhalers have been proposed that exploit electro 
hydrodynamic comminution because they have the advan 
tage, unlike conventional inhalers, of producing a monodis 
persed (substantially all the same siZe) mist or cloud of 
droplets so that the droplets may be targeted more accu 
rately. HoWever, because the conventional Wisdom is that it 
is dif?cult, if not impossible, to spray electrically charged 
material into a cavity, previous attempts at producing inhal 
ers using electrohydrodynamic techniques require that the 
comminuted matter be electrically discharged before inha 
lation. For example, EP-A-0234842 teaches that it is nec 
essary to discharge the resulting comminution before inha 
lation to prevent it being deposited only on the Wet 
conductive surfaces immediately inside the mouth or throat. 

[0008] The present inventors have, surprisingly, found 
that, by a combination of electrohydrodynamic, discharging 
or partial discharging techniques and aerodynamic forces on 
the resultant comminution, an inhaler can be provided Which 
generates by electrohydrodynamic means electrically 
charged comminuted matter Which can be inhaled so as to 
deposit evenly onto the conductive inner surface of the nasal 
passages from Whence an active ingredient carried by the 
comminution can be rapidly absorbed into the bloodstream 
Without being inhaled into the pulmonary system. 

[0009] In one aspect, the present invention provides an 
inhaler having electrohydrodynamic comminution means 
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arranged to be activated by inhalation by a user, Which 
facilitates entrainment of electrically charged comminuted 
matter into the air How and thence into the nasal passages of 
the user. 

[0010] In one aspect the present invention provides an 
inhaler having electrohydrodynamic comminution means 
With the electrode or electrodes of the comminution means 
being shielded from the user so that the user cannot make 
direct electrical contact With the electrodes. 

[0011] In one aspect the present invention provides an 
inhaler Wherein the material to be inhaled is electrohydro 
dynamically produced and the electrical charge and/or siZe 
of the comminuted material, generally droplets, are/is con 
trolled so that the material can be deposited evenly into the 
nasal passages but supply to the pulmonary system or the 
back of the throat is prevented, thereby enabling the inhaler 
to be used for the supply to the nasal passages of medica 
ments Which may produce unpleasant or undesirable effects 
if they Were supplied to the pulmonary or digestive system. 

[0012] In one aspect the present invention provides an 
inhaler having a supply of liquid carrying an active ingre 
dient, means for supplying the liquid to an outlet and means 
for subjecting liquid issuing from the outlet to an electrical 
?eld sufficient to cause comminution of the liquid to produce 
electrically charged comminuted matter for inhalation by the 
user, the liquid or liquids being selected so as to control the 
manner in Which active ingredient in the electrically charged 
comminuted matter is released When the electrically charged 
comminuted matter is deposited in the nasal passages. The 
liquid may be an oil or alcohol-based formulation alloWing 
rapid supply of the active ingredient into the bloodstream via 
the surfaces of the nasal passages. As another possibility, the 
liquid may be such that the resulting comminuted matter has 
a gel-like structure enabling continued release of the active 
ingredient. 

[0013] In one aspect the present invention provides an 
inhaler having means for subjecting liquid issuing from an 
outlet to an electric ?eld suf?cient to cause comminution of 
the liquid and means for causing electrically charged com 
minuted matter to be deposited onto the surfaces of the nasal 
passages. The latter means may comprise means for causing 
or facilitating an air ?oW through the inhaler Which entrains 
the charged comminuted matter. Such an air How may be 
generated by inhalation by a user, by arti?cial means such as 
a pump or a combination of both of these. 

[0014] In one aspect, the present invention provides an 
inhaler having comminution means arranged to provide an 
electric ?eld Which has a strength Which reduces rapidly in 
the direction of liquid ?oW from liquid supply means 
enabling liquid comminuted by the electric ?eld to be easily 
entrained in an air ?oW path from the inhaler into a nostril 
of a user during use. 

[0015] In one aspect, the present invention provides an 
inhaler having means for supplying liquid to an outlet and 
means for subjecting liquid issuing from the outlet to an 
electrical ?eld sufficient to cause comminution of liquid 
issuing from the outlet, and means for generating an elec 
trical potential at the one of the ?rst and second electrodes 
most remote from the liquid outlet, said means for generat 
ing the electrical potential comprising means for generating 
an ion current for indirectly charging said one electrode. 
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[0016] In this aspect, the ion current generating means 
may comprise a further electrode located adjacent the one 
electrode and means for providing a high resistance path to 
earth from said one electrode. The high resistance path to 
earth may be provided by an actual resistor in series With 
said one electrode or, for example, a resistive or semicon 
ductive coating on said one electrode. Indirect charging of 
said one electrode reduces the possibility of deposition of 
comminuted matter onto said one electrode because any 
electrically charged comminuted matter Which approaches 
said one electrode Will be at least partially electrically 
discharged by the generated ions. Furthermore, a more even 
deposition or greater penetration Within the nasal passages 
should be achieved because of the at least partial discharge 
of some of the comminuted matter by the ion generating 
means. 

[0017] In one aspect, the present invention provides an 
inhaler having means for supplying liquid to a comminution 
site and electrical current limiting means for limiting the 
supply of electrical current to the comminution site. The 
current-limiting means may comprise a dielectric or semi 
insulating coating or sleeve or a high resistance coupled in 
the path from a high capacitance high voltage source to an 
electrode. OtherWise, a loW capacitance high voltage source, 
such as a pieZoelectric voltage source, may be used. 

[0018] In one aspect, the present invention provides an 
inhaler capable of supplying opposite polarity comminu 
tions to the nasal passages. 

[0019] In one aspect, the present invention provides a 
dispensing device, Which may be an inhaler, having means 
for supplying liquid to an outlet, means for subjecting liquid 
issuing from the outlet to an electrical ?eld suf?cient to 
cause comminution of liquid issuing from the outlet and 
means for controlling the siZe of individual elements of the 
comminuted matter, for example droplets, in the resulting 
comminution. 

[0020] Embodiments of the present invention Will noW be 
described, by Way of example, With reference to the accom 
panying draWings, in Which: 

[0021] FIG. 1 illustrates schematically use of an inhaler in 
accordance With the present invention; 

[0022] FIG. 2 shoWs a diagrammatic, part-cross-sectional 
vieW of an embodiment of an inhaler in accordance With the 
present invention; 
[0023] FIG. 3 shoWs a block schematic electrical diagram 
for the inhaler shoWn in FIG. 2; 

[0024] FIG. 4 shoWs a part-cross-sectional vieW, on an 
enlarged scale, of part of the inhaler shoWn in FIG. 2 to 
shoW one example of an electrohydrodynamic comminution 
site for the inhaler shoWn in FIG. 2; 

[0025] FIG. 5 shoWs a part-cross-sectional vieW, on an 
enlarged scale, of part of the inhaler shoWn in FIG. 2 to 
shoW another example of an electrohydrodynamic commi 
nution site for the inhaler shoWn in FIG. 2; 

[0026] FIG. 6 shoWs a part-cross-sectional vieW, on an 
enlarged scale, of part of a further embodiment of an inhaler 
in accordance With the present invention; 

[0027] FIG. 7 shoWs a part-cross-sectional vieW, on an 
enlarged scale, of part of another embodiment of an inhaler 
in accordance With the present invention; 
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[0028] FIG. 8 shoWs very schematically another example 
of an inhaler embodying the present invention using a 
compressed air?oW for activation; 

[0029] FIGS. 9a to 9d shoW droplet spectrums With FIG. 
9a shoWing a droplet spectrum for an inhaler embodying the 
invention and FIGS. 9b to 9d shoWing droplet spectrums for 
various forms of conventional inhaler; 

[0030] FIG. 10 shoWs a diagrammatic part cross-sectional 
vieW similar to FIG. 2 of another embodiment of an inhaler 
in accordance With the present invention; 

[0031] FIG. 11 shoWs a diagrammatic part cross-sectional 
vieW similar to FIG. 2 of another embodiment of an inhaler 
in accordance With the present invention; 

[0032] FIG. 12 shoWs, on an enlarged scale, part of the 
inhaler shoWn in FIG. 2 to illustrate a modi?cation thereof; 

[0033] FIG. 13 shoWs very schematically a further modi 
?cation of an embodiment of an inhaler in accordance With 
the present invention; 

[0034] FIG. 14 is a diagram for illustrating the operation 
of an inhaler having the modi?cation shoWn in FIG. 13; 

[0035] FIG. 15 shoWs a part cross-sectional enlarged vieW 
of part of another embodiment of an inhaler in accordance 
With the invention; and 

[0036] FIG. 16 shoWs a part cross-sectional enlarged vieW 
of part of another embodiment of an inhaler in accordance 
With the invention. 

[0037] As illustrated schematically in FIG. 1, an inhaler 1 
embodying the invention is intended primarily for use as a 
pocket-sized, hand-held device Which is actuated by a user 
to enable delivery of an active ingredient, drug or active 
ingredient into the nostril of the user. For example, the 
inhaler may be arranged to deliver a decongestant such as 
oxymetaZoline to the nasal passages or to deliver drugs or 
other medicaments such as insulin or triptans (for example 
Elitriptan) into the bloodstream via the nasal mucosa. The 
inhaler may also be used to deliver ?u vaccines such as 
Flumist (a product being developed by Aviron of Mountain 
VieW, Calif., USA) Which is arranged to be effective in the 
relatively loW temperature environment of the nasal mucosa. 

[0038] The inhaler 1 comprises a housing 3. The housing 
may be made mainly of electrically insulative material such 
as a plastics material although at least a part of the housing 
that a user Will inevitably touch in use provides an electri 
cally conductive region that enables, as Will be described 
beloW With reference to FIGS. 2 and 3, an earth connection 
via the user. The inhaler has an outlet 4 through Which liquid 
droplets to be inhaled are supplied to the user. The outlet 4 
is siZed and shaped so as to ?t snugly against or slightly into 
the user’s nostril so as to make a reasonably air-tight seal. 
The outlet may be detachable from the housing to alloW 
different siZed and shaped outlets to be used so as to enable 
a snug ?t to different siZes of nostrils to enable, for example, 
use by both adults and children. Although a snug ?t is 
desirable from the vieWpoint of ef?ciency, in practice, it may 
be sufficient for the inhaler to be placed in close proximity 
to a nostril. 

[0039] The inhaler 1 is rotationally symmetric about its 
longitudinal axis so as to be generally cylindrical. Typically, 
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the housing Will be about one inch (25.4 mm) diameter and 
about 4 to 5 inches (102 to 127 mm) in length. 

[0040] FIG. 2 illustrates a part sectional vieW through one 
example of an inhaler embodying the invention, While FIG. 
3 shoWs a block circuit diagram of components of the 
inhaler. 

[0041] As shoWn in FIG. 2, the housing 3 of the inhaler 1 
has an internal Wall 3a Which divides the housing into ?rst 
and second chambers 1a and 1b. 

[0042] In this example, the ?rst chamber accommodates a 
voltage source 5 in the form of a battery. As shoWn most 
clearly in FIG. 3, the positive terminal of the battery 5 is 
connected via a user-operable sWitch SW1 to a reset input of 
a counter 6 and to a further sWitch SW2. Although not shoWn 
in FIG. 2, the negative terminal of the battery 5 is also 
connected to the electrically conductive region of the hous 
ing mentioned above so, as shoWn schematically in FIG. 3, 
the user H provides a path to earth (ground). The sWitch 
SW1 is a conventional manually operable sWitch such as, for 
example, a toggle or push sWitch. The sWitch SW2 is 
arranged to be activated by air?oW and Will be described in 
greater detail beloW. A high voltage generator 7 is coupled 
to the battery 5 via the sWitches SW1 and SW2 and a counter 
6 Which is arranged to be reset by closure of the sWitch SW1 
and Which outputs the battery voltage to the high voltage 
generator positive voltage input until a predetermined count 
is reached When the output of the counter goes loW. The high 
voltage generator may be a conventional electromagnetic 
high voltage multiplier of the type supplied by Brandenburg, 
Astec Europe, of High Street, Wollaston, Stourbridge, West 
Midlands DY8 4PG, UK, or Start Spellman of Unit 1, 
Broomers Park, Broomers Hill Lane, Pulborough, West 
Sussex RH20 2RY, UK. As an alternative, a pieZoelectric 
high voltage source Which has a loW capacitance may be 
used. 

[0043] The ?rst chamber 1a also contains a reservoir 8 for 
the liquid to be dispensed by the inhaler. The reservoir may 
be formed as a ?exible collapsible bag or belloWs-type 
arrangement having a chemically inert interior surface. 
Alternatively, a piston-like arrangement may be used so that 
as the liquid is used up, the piston moves With the liquid 
surface in the chamber so avoiding the possibility of air 
coming into contact With the liquid in the reservoir. Apump 
9 is provided to pump liquid from the reservoir 8 to a liquid 
supply outlet pipe 10. The pipe is made of an insulating 
material Which does not retain charge for any signi?cant 
length of time. A suitable material is, for example, poly 
acetyl or Delrin (Trademark). 
[0044] The liquid supply pipe 10 has an outlet noZZle 10a. 
Aconductive core or rod 11 provided Within the liquid outlet 
pipe terminates adjacent the noZZle outlet 10a and provides 
a ?rst electrode. In this example, the ?rst electrode 11 is 
coupled to the negative or earth terminal of the battery 5 via 
line 5‘. 

[0045] The outer surface of the insulative supply pipe 10 
carries a second electrode 12 (see FIG. 4) extending around 
the pipe 10. The second electrode 12 is located so as to be 
upstream of the tip 11a of the ?rst electrode in the direction 
of the liquid ?oW through the liquid supply pipe 10. The ?rst 
electrode 11 may, as shoWn, be pointed. 

[0046] In this example, the second electrode 12 comprises 
a coated electrode having a central conductive core 12a 
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Which is coupled to a high voltage output 7a of the high 
voltage generator 7 and is encased in a dielectric or semi 
insulating coating or sleeve 12b. Such a coated electrode is 
described in, for example, EP-A-0186983. The coating or 
sleeve3 may have a resistivity Within the range 5><1011 to 
5x10 Qcm and a thickness of approximately 2 mm. Suit 
able coatings are certain grades of sodaglass and phenol 
formaldehyde/paper composites. Kite brand tubes supplied 
by Tufnol Limited of Birmingham, England or Paxoline may 
be used. The core may be formed of, for example, beads of 
carbon tightly packed Within the coating 12b. The coating 
should have a time constant or relaxation time over Which it 
leaks or conducts charge of, typically, approximately 10-5 
seconds. The second electrode 12 may, hoWever, be 
uncoated. 

[0047] As can be seen from FIG. 2, the ?rst and second 
electrodes 11 and 12 are located Well Within the electrically 
insulative housing 4 so that the portion 4a of the housing 
de?ning the chamber 1b shields the user from the electrodes 
so that direct contact by the user With the electrodes is 
avoided. The outlet 4 is siZed so as to prevent a user inserting 
a ?nger into the chamber 1b. Also, although an electrical 
shorting is extremely unlikely, this Would occur betWeen the 
?rst and second electrodes and so Would not subject the user 
to an electrical shock. 

[0048] The pump 9 is an electrically operated pump and 
may be, for example, a pieZoelectric pump or any other 
suitable form of electrically or mechanically operated pump. 
The pump 9 is coupled to the positive terminal of the battery 
5 via the sWitches SW1 and SW2, and the counter 6. Adelay 
circuit 120, for example a conventional capacitor-resistor 
(CR) netWork, may be provided betWeen the counter 6 
output and the pump so that supply of the voltage necessary 
to activate the pump 9 is delayed until an electric ?eld 
suf?cient to cause electrohydrodynamic comminution of 
liquid supplied to the noZZle 10a has been established 
betWeen the ?rst and second electrodes. 

[0049] The output of the counter 6 is also supplied, as 
shoWn in FIG. 3, to an indicator light or buZZer 13. 

[0050] As shoWn in FIG. 2, the air ?oW activated sWitch 
SW2 comprises a ?rst electrical contact 20 mounted on a 
spring biassing arm 21 secured to the inner Wall of the 
housing chamber 1a. The sWitch SW2 has an outer insula 
tive body 22 Which is caused by the spring biassing member 
21 to block an air inlet 30 provided in the housing 3. An air 
path from the air inlet 30 to an aperture 32 in the partition 
member 3a is de?ned by an insulative tubular body 33. An 
inner Wall of the insulative tubular body 33 carries a further 
electrical contact 34 coupled via conductor 35 to the positive 
poWer supply terminal of the high voltage generator 7. 

[0051] The air path tube 33 may be modi?ed so as to 
provide air paths 33‘ coupling to tWo or more apertures 32 
provided in the partition member 3a and evenly distributed 
about the longitudinal axis L as shoWn in dashed lines in 
FIG. 2. 

[0052] To use the inhaler 1, a person ?rst inserts the outlet 
4 into or places the outlet snugly against a nostril and then 
manually actuates the sWitch SW1 Which couples the reset 
terminal of the counter 6 to the positive supply of the battery 
5 and so resets the count of the counter. The user then inhales 
through their nose as they Would if using a conventional 
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inhaler. The air ?oW resulting from the user inhaling thus 
causes the contact 20 of the sWitch SW2 to be moved 
towards the contact 34 against the biassing force of the 
spring member 21. Once the contacts 20 and 34 of the sWitch 
SW2 make contact, poWer is supplied to the high voltage 
generator 7 Which supplies the required high voltage, typi 
cally 3 to 12 kV (kilovolts) to the second electrode 12 so as 
to establish the necessary electric ?eld betWeen the ?rst and 
second electrodes 11 and 12 to provide the electrohydrody 
namic comminution site. Once this electric ?eld has been 
established, the delay circuit 120 provides the necessary 
electrical poWer to the pump 9 Which then pumps liquid 
from the reservoir to the outlet noZZle 10a. 

[0053] Liquid issuing from the outlet noZZle 10a is elec 
trohydrodynamically comminuted. The separation of the 
?rst and second electrodes 11 and 12 in the radial direction 
(that is perpendicular to the longitudinal axis L) can be 
relatively small (typically about 1 cm) because the coating 
on the second electrode enables the tWo electrodes to be 
close together Whilst suppressing any electrical breakdown 
of the air in betWeen. This relatively small separation results 
in a very high strength electric ?eld Which drops off or 
reduces rapidly in the longitudinal direction L. This facili 
tates entrainment of the resulting charged comminuted mat 
ter in the air ?oW through the tube 33 to the output 4 so 
reducing the possibility of the electrically charged matter 
depositing on the inner Wall of the chamber 1b. 

[0054] Comminuted matter then issues from the noZZle 4 
and is deposited uniformly onto the conductive surface 
inside the nasal passages. 

[0055] When a predetermined time since activation of the 
sWitch SW1 has passed, that is When the predetermined 
count is reached, the output from the counter 6 goes loW 
sWitching off the high voltage generator 7, the pump and the 
light or buZZer 13. After use, the user then can disable the 
device by pressing the sWitch SW1 again to disconnect the 
voltage source 5. 

[0056] The counter 6 thus enables the user to be advised 
When the required dose of medicament has been delivered. 

[0057] The coating or sleeving of the electrode 12 pro 
vides a current limiting effect to prevent excessive or dan 
gerous currents from passing betWeen it and the ?rst elec 
trode 11. 

[0058] FIG. 5 shoWs a modi?cation in Which the insula 
tive liquid supply pipe and conductive core 10 and 11 of 
FIG. 2 are replaced by a holloW electrically conductive 
capillary tube pipe 14 Which provides both the ?rst electrode 
and the outlet 14a. In this case, the second electrode 12 is a 
discrete uncoated electrode provided on the inner Wall of the 
?rst chamber so as to be disposed doWnstream of the end of 
the ?rst electrode 14 in the direction of liquid ?oW through 
the conductive pipe 14. As shoWn in FIG. 5, the inhaler has 
an air supply pipe outlet 33“ (Which may be an extension of 
the pipe 33‘ shoWn in dashed lines in FIG. 2) Which causes, 
in use, an air curtain to be provided in front of the electrode 
to inhibit deposition of droplets on the electrode 12. This 
modi?cation may also be made in the arrangement shoWn in 
FIG. 2. Although shoWn as a discrete uncoated electrode, 
the second electrode 12 may in this case comprise an annular 
slot electrode or a number of individual electrodes distrib 
uted around the inner periphery of the Wall of the second 
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chamber 1b. Also, the electrode 12 may be coated as 
described With reference to FIG. 4 and may be positioned 
slightly upstream or adjacent the ?rst electrode. In this case, 
When an electrical ?eld suf?cient to cause electrohydrody 
namic comminution is established betWeen the ?rst and 
second electrodes 14a and 12, multiple jets or cones Will 
generally be formed at the end of the conductive pipe 14. 

[0059] In use, satellite droplets are sometimes produced 
during the electrohydrodynamic comminution. These satel 
lite droplets Will not generally present a problem and Will 
normally deposit onto the interior surface of the inhaler or 
the second or counter electrode. HoWever, if the inhalers 
described above are used frequently over an extended period 
of time, the build-up of droplets and/or residue resulting 
from subsequent evaporation of the droplets may adversely 
affect the operation of the counter electrode 12 so reducing 
the overall ef?ciency of the device. One Way to avoid this 
problem is to design the inhaler body so that, for example, 
the portion 4a of the housing de?ning the chamber 1b can be 
removed (for example the housing portion 4a may be 
connected by screW-thread connected to the housing portion 
4b) to enable a user to Wipe the counter electrode to remove 
deposited droplets or other matter. An alternative, automatic 
means of maintaining the operational function of electrode 
12 is described beloW. 

[0060] FIG. 6 shoWs a part-cross-sectional vieW of mainly 
the loWer chamber 16 of another inhaler embodying the 
invention. The internal construction of the upper chamber 1a 
is essentially the same as that described above With refer 
ence to FIG. 2. 

[0061] In FIG. 6, the counter electrode 12‘ is mounted to 
the inner Wall 1b‘ of the loWer chamber 1b. The counter 
electrode 12‘ may be annular or may be formed by a discrete 
single point electrode or a number of separate electrically 
connected electrodes spaced apart around the Wall 1b’. 

[0062] The counter electrode 12‘ is, in this example, an 
uncoated electrically conductive electrode Which is coupled 
via Wire 50‘ and a resistor R to the conductor 5‘ Which is 
coupled to the negative or earth terminal of the voltage 
source 5. 

[0063] A further electrode 120 is mounted in a conven 
tional manner (not shoWn) in the loWer housing 1b so as to 
be considerably closer to the counter or second electrode 12 
than to the ?rst electrode 11. Typically, for the dimensions 
given above for the inhaler, the electrode 120 may be 2 mm 
from the counter electrode 12‘ and 5 mm from the ?rst 
electrode 11. The counter electrode 120 is coupled via the 
conductor 7a to the high voltage output of the high voltage 
generator 7 (not shoWn in FIG. 6). 

[0064] When an inhaler having the structure shoWn in 
FIG. 6 is used, the high voltage applied to the electrode 120 
causes ions to be generated by corona discharge from the 
electrode 120. These ions migrate to the closest conductive 
body—in this case the counter electrode 12‘—so providing 
an ion current to earth via the counter electrode 12‘ and the 
resistor R Which may, typically, have a value of 600 megao 
hms. This enables the counter electrode 12‘ to be indirectly 
charged to the required electrical potential. Any charged 
comminuted matter issuing from the noZZle 10a Which is 
inadvertently attracted toWard the counter electrode 12‘ Will 
be at least partially electrically discharged by the ion current 
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generated by the ion generating electrode 120 so reducing 
the likelihood of the charged matter depositing onto the 
counter electrode 12‘ and obviating the need for a user to 
Wipe the counter electrode periodically. 

[0065] FIG. 7 illustrates a modi?cation of the arrange 
ment shoWn in FIG. 6 in Which the resistance provided by 
the coating of the counter electrode 12“ is suf?cient to enable 
the required electrical potential to be achieved at the counter 
electrode 12“ Without the need for the resistor R. In other 
respects, the arrangement shoWn in FIG. 7 operates in the 
same manner as the arrangement shoWn in FIG. 6. 

[0066] Although FIGS. 6 and 7 shoW only one ion 
generating electrode 120, a plurality of ion generating elec 
trodes 120 may be provided around the liquid supply pipe. 
As another possibility, the ion generating electrode may be 
provided by a knife edge or Wire surrounding the liquid 
supply pipe. 

[0067] It has been found that the arrangements shoWn in 
FIGS. 6 and 7 enable a more even distribution of commi 
nuted matter to a greater depth Within the nasal passages; 
thus improving the uniformity of droplet distribution still 
further. This is believed to arise because electrically charged 
comminuted matter Which comes into the vicinity of the ion 
injecting electrode 120 Will have been at least partially 
electrically discharged so that some of the comminuted 
matter Which is inhaled Will be less highly charged and Will 
therefore have a tendency to be deposited further into the 
nasal passages. 

[0068] The air ?oW path in FIGS. 6 and 7 may be 
modi?ed as described above With reference to FIG. 5 to 
provide the second electrode With a protective air curtain. 

[0069] In the arrangements described above, the air?oW 
sWitch SW2 is activated by the user inhaling. It is, hoWever, 
possible that the user may be so frail that they are not 
capable of inhaling suf?ciently strongly to activate the 
sWitch SW2. In such a case, the inhaler may be provided, as 
shoWn in FIG. 8, With an adaptor 100 Which couples around 
the area of the sWitch SW2 and can be connected via a pipe 
101 to a manually actuable device 102 such as a bladder or 
belloWs Which can be squeeZed by the patient or another 
person such as a doctor, nurse or carer to force a How of air 
to open the air inlet 30 and close the sWitch SW2 or to a 
pressurised air or gas bottle or a compressor Which may be 
electrically operated to supply air at the desired ?oW rate 
doWn the pipe to the air inlet 30. 

[0070] FIGS. 9a to 9d shoW experimental droplet spectra 
produced using a Malvern MastersiZer X manufactured by 
Malvern Instruments of Malvern, UK. FIG. 9a shoWs a 
typical droplet spectrum produced using a device of the type 
shoWn in FIG. 1. As can be seen from FIG. 9a, the medium 
particle or droplet diameter is around 10 pm Which is at the 
loWer end of desirable droplet diameters for nasal delivery. 
FIGS. 9b to 9d shoW the equivalent droplet spectra pro 
duced by three commercially available nasal inhalers With 
FIG. 9b shoWing the droplet spectra produced by an “Otra 
vine” (Registered Trade Mark) nasal inhaler Which com 
prises a squeeZable plastic bottle supplying xylometaZoline 
hydrochloride as a nasal decongestant and is supplied by 
Novartis Consumer Health of Horsham RH12 4AB, UK, 
FIG. 9c shoWing the droplet spectra for a “Flixonase” nasal 
inhaler and Which uses a metering valve and a pressurised 

Apr. 29, 2004 

reservoir and Which supplies ?uticasone propionate and is 
supplied by Allen & Hanburys of Stockley Park, Middlesex 
UB11 1BT, UK and FIG. 9a' shoWing the droplet spectrum 
output by a “Beconase” pump action nasal inhaler Which 
comprises beclomethasone dipropionate and is also supplied 
by Allen & Hanburys. As can be seen from a comparison of 
FIGS. 9b to 9a' with FIG. 9a, the three conventional inhalers 
produce a larger range of particle or droplet diameters and 
control over the droplet siZes is poor in comparison to that 
achievable With the electrohydrodynamic device shoWn in 
FIG. 9a. It should also be noted that the conventional 
inhalers do not charge the droplets and rely on turbulence 
and inertia alone to deposit the droplets. Furthermore, the 
performance of conventional propellant inhalers is very 
dependent on the air How in the nasal passages that can be 
generated by the user. 

[0071] The operation of the inhaler 1 shoWn in FIG. 1 has 
been tested on models of the nose and it has been found that 
the resulting charge sprays deposit evenly over the conduc 
tive surface representing the interior of the nose. The liquid 
used in these experiments had an electrical resistivity of 
4500 Qcm, a surface tension of 30 mN/m (milli NeWtons per 
metre) and a viscosity of 2.4 cP (centipoise) and a voltage in 
the range of 8 to 12 kV Was applied betWeen the ?rst and 
second electrodes. 

[0072] The embodiments described above are intended 
primarily for comminuting liquids of relatively high resis 
tivity such as oils and alcohol. FIG. 10 shoWs a modi?ed 
version of the inhaler shoWn in FIG. 2 that is suitable for 
comminuting very electrically conductive liquids such as 
Water and salt solutions. 

[0073] In the inhaler 300 shoWn in FIG. 10, the air path 
tube 33 shoWn in FIG. 2 is replaced by an air path tube 330 
in the form of a holloW body de?ning an air channel 330 a 
Which extends through an aperture 32 in the Wall 3a to 
terminate in a ring-like noZZle outlet 331 surrounding the 
outlet noZZle 10a. In all other respects, the inhaler 300 
shoWn in FIG. 10 is the same as that shoWn in FIG. 2. 

[0074] The inhaler 300 operates in the same Way as the 
inhaler 3 shoWn in FIG. 2 apart from one signi?cant aspect. 
Thus, When a user takes a sharp intake of breath through a 
nostril using the inhaler 300, a fast moving stream of air is 
supplied via the noZZle 331 to the area in Which comminu 
tion occurs. The air ?oW from the noZZle 331 acts to shear 
droplets that are electrohydrodynamically formed from liq 
uid issuing from the outlet noZZle 10a so resulting in 
droplets that are smaller than they Would be Without the air 
?oW. This enables the inhaler to be used for conductive 
liquids such as Water and salt solutions Which are otherWise 
dif?cult to comminute electrohydrodynamically. 

[0075] Experiments have been carried out using tap Water 
as the liquid to be comminuted With a liquid supply pipe 
having an outlet noZZle 10a With an internal diameter of 0.2 
mm and With 2.5 kilovolts applied betWeen the ?rst and 
second electrodes 11 and 12. The diameter of the tube is 
selected in accordance With the average expected nasal 
inhalation rate of a user to provide an air ?oW rate from the 
noZZle 331 suf?cient to cause shearing, in this example 10 
m/second. Where the air ?oWs at approximately 20 to 30 
litres/minute through a tube Which is coaxial With and 
surrounding the outlet noZZle, then generally the tube outlet 
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should have an area of a feW square millimetres so as to be 
comparable With the air ?oW impedance provided by the 
nasal passages. 

[0076] Droplets having a diameter of approximately 20 
micrometers Were detected. The droplet charge to mass ratio 
Was determined to be approximately 10-4 coulombs/kilo 
gram. The droplets Were thus signi?cantly smaller than they 
Would have been Without the air ?oW. 

[0077] The air ?oW rate of approximately 10 m/second 
mentioned above is suf?cient to cause shearing and is 
roughly equivalent to the air ?oW generated by a relatively 
healthy person taking a sharp intake of breath. 

[0078] It Will be appreciated that the modi?cation 
described With reference to FIG. 10 may be used in com 
bination With any appropriate ones of the modi?cations 
described With reference to any one of FIGS. 4 to 8 above 
so that, for example, the counter electrode 12 may be 
positioned doWnstream of the ?rst electrode 11 as shoWn in 
FIG. 5. It Will also be appreciated that one, tWo or more air 
?oW noZZles may be provided in the vicinity of the com 
minution area or site. All that matters is that a sufficient air 
How is achieved at the comminution area or site to cause 
shearing Without causing undue turbulence. In this regard, it 
Will be noted that as shoWn in FIG. 10, the outlet noZZle 331 
is directed so as to provide an air ?oW extending obliquely 
of the direction in Which liquid issues from the outlet noZZle 
10a. 

[0079] Apart from the reasons given in the introduction of 
this application, a person skilled in the art may have thought 
that it Would be undesirable for the user of an inhaler to 
inhale charged droplets because the supply of charge to the 
user Would, if the user Was not earthed during use of the 
inhaler, result in a voltage rise of the user Which could result 
in the user experiencing an unpleasant electrical shock When 
he subsequently Was connected to earth. 

[0080] The present inventors have, hoWever, found that 
the rise in the voltage of an unearthed user during a single 
use of an inhaler embodying the invention is not suf?ciently 
large to result in an unpleasant electrical discharge. Also, the 
amount of charge transferred to the user may, if desired, be 
controlled to a minimum. This may be achieved by, for 
example, formulating the liquid carrying the medicament 
being inhaled With a higher concentration of the active 
ingredient or medicament in the liquid than is normal With 
aqueous solutions. Thus a smaller amount of liquid need be 
inhaled to deliver the required dose. This reduces the overall 
space charge and facilitates entrainment of the comminuted 
matter in the air ?oW through the inhaler. Typically, the 
concentration may be increased by ?ve fold (say from 10% 
to 50% by volume of the active ingredient). 

[0081] If prolonged or continuous treatment is required, 
then the inhalers described above may be modi?ed to 
periodically reverse the polarity of the voltage supplied by 
the high voltage generator so that the user receives droplets 
of one polarity charge folloWed by droplets of the opposite 
polarity charge, thereby inhibiting any signi?cant rise in the 
voltage of the user. One simple Way in Which this may be 
achieved is to use as the high voltage source a pieZoelectric 
generator Which is manually activated by the user using a 
cam and lever arrangement because this automatically pro 
vides a polarity reversal With the voltage generated When the 
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crystal is squeeZed being of opposite polarity to the voltage 
generated When the crystal is released. 

[0082] In each of the examples described above, the high 
voltage is applied to the second or counter electrode. HoW 
ever, the second electrode could be omitted and the ?rst 
electrode charged directly to the required high voltage, 
especially if a loW poWer, loW capacitance, high voltage 
generator, such as a pieZoelectric generator, is used. 

[0083] FIG. 11 shoWs a diagrammatic part-cross-sectional 
vieW similar to FIG. 2 of another embodiment of an inhaler 
in accordance With the present invention Where the ?rst 
electrode is directly charged. 

[0084] The inhaler 301 shoWn in FIG. 11 has tWo liquid 
supply pipes 10 each having an outlet noZZle 10a. The pipe 
10 is coupled to a corresponding pump 9 so as to receive 
liquid from a corresponding reservoir 8. Although not shoWn 
explicitly in FIG. 11, each pump 9 is coupled betWeen the 
delay circuit 120 and the negative terminal of the voltage 
source 5. Each of the liquid supply pipes 10 has supported 
Within it a ?rst electrode 11 in the form of a conductive core. 
The ?rst electrode 11 of one liquid supply pipe 10 is coupled 
to the high voltage output of the high voltage generator 7 
(not shoWn in FIG. 6). A further high voltage generator 7‘ 
providing a high voltage of the opposite polarity, negative in 
this case, has its high voltage output coupled to the ?rst 
electrode 11 of the other liquid supply pipe 10. In this case, 
either the liquid should be suf?ciently highly resistive to 
inhibit the direct charging of the ?rst electrodes 11 causing 
a voltage rise at the pump or the pump should be electrically 
isolated from the liquid. 

[0085] The air ?oW path shoWn in FIG. 11 is also different 
from that shoWn in FIG. 2. Thus, in the inhaler 301 shoWn 
in FIG. 11, the insulative tubular body 33 of FIG. 2 is 
replaced by an insulative tubular body 333 Which passes 
through the aperture 32 in the Wall 3a so as to terminate at 
an air outlet noZZle 334 Which, as shoWn in FIG. 11, is 
coaxial With and symmetrically disposed betWeen the tWo 
liquid outlet noZZles 10a. The inhaler 301 shoWn in FIG. 11 
operates in a similar manner to the inhaler shoWn in FIG. 2 
With the exception that tWo opposite polarity sprays or 
comminutions are produced. The air ?oW from the air outlet 
noZZle 334 is suf?cient to keep the tWo opposite polarity 
comminutions apart so that tWo opposite polarity commi 
nutions are supplied to the noZZle passages. This has the 
advantage of enabling charged, comminuted matter to be 
supplied to the nasal passages Without altering the overall 
charge of the body of the user. Typically, the longitudinal 
axes of the tWo liquid supply pipes may be 12 to 15 mm 
apart. 

[0086] It should be appreciated that the modi?cations 
described With reference to FIG. 11 may be used in com 
bination With the modi?cations described With reference to 
any one of FIGS. 4 to 8 above. 

[0087] In each of the embodiments described above the air 
?oW rate is controlled either by hoW hard the user sniffs or 
by, in the case of FIG. 8, the operation of the pump 102. 
Further control of the air ?oW rate in any of the above 
described embodiments may be provided by means of a 
valve in the air ?oW path. As an example, FIG. 12 shoWs 
part of the inhaler shoWn in FIG. 2 With a ?ap valve or 
choke 301 pivotally mounted in the air ?oW path 33. The ?ap 
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valve may be operable by means of any conventional 
mechanism, for example, the ?ap valve may be manually 
rotatable by a user rotating a knob mounted to the outside of 
the housing or pivoting movement of the ?ap valve may be 
controlled mechanically using a camming arrangement or 
electromechanically using a camming arrangement and a 
solenoid, for example, or may be arranged to be present by 
a doctor, for example. Other conventional forms of valves 
may also be used. 

[0088] As described above, the air ?oW from the outlet 
noZZle 334 serves to keep the opposite polarity sprays or 
comminutions apart. The amount by Which the opposite 
polarity comminutions are kept apart, and so a degree of 
mixing can be controlled by controlling the air ?oW rate 
through the pipe 334 by, for example, providing a throttle or 
like valve in the air ?oW pipe 334. This air ?oW valve may 
be preset by the doctor or at factory level (for example in 
dependence upon the active ingredient to be delivered by the 
inhaler), or may be settable by the user. The Zone of 
deposition of the comminuted matter in the nasal passages 
can be controlled by controlling the overall charge of the 
comminuted matter supplied to the nostrils of the user so 
enabling the area to Which the active ingredient is to be 
delivered to be targeted by adjusting the air ?oW rate With an 
air ?oW control valve. 

[0089] It Will be appreciated that different users or differ 
ent patients may have different nasal inhalation rates Which, 
With conventional propellant nasal inhalers, Would cause the 
inhaled material to be deposited more deeply into the nasal 
passages than if the inhaler Was being used by a person With 
a loWer nasal inhalation rate. HoWever, the nasal inhaler 
shoWn in FIG. 11 has the advantage that a person With a 
rapid nasal inhalation rate Will cause a more rapid How of air 
from the air outlet noZZle 334 than Will a person With a loW 
nasal inhalation rate so that the person With the high nasal 
inhalation rate Will receive more highly charged, less mixed, 
comminuted matter than the person With the loW nasal 
inhalation rate. As more highly charged matter tends to 
penetrate less deeply into the nasal passages, the inhaler 
shoWn in FIG. 11 provides a self-adjusting effect because 
the tendency of a greater inhalation rate to cause material to 
be deposited more deeply into the nasal passages is coun 
teracted by the greater charge tending to cause the material 
to be deposited less deeply into the nasal passages. 

[0090] In the arrangement shoWn in FIG. 11, the liquid 
outlets 10a are parallel to one another. HoWever, the liquid 
outlets may be angled toWards one another, for example at 
45° to the longitudinal axis L of the inhaler, Which may 
increase the degree of mixing. 

[0091] The overall charge on the comminuted matter 
delivered by the inhaler and thus the depth to Which that 
matter penetrates into the nasal passages may also be 
controlled by, in addition to or instead of controlling the air 
?oW rate, controlling the relative voltages applied to the tWo 
?rst electrodes by adjusting the voltages supplied by the 
high voltage generators 7 and 7‘ and/or by adjusting the 
relative ?oW rates of liquid to the outlet noZZles 10a. These 
adjustments may be adjustments that can be made at factory 
level so that a single inhaler construction can be adapted 
Within the factory for delivery of different doses (for 
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example for children and adults) of the same active ingre 
dient or to enable the same inhaler to be used to deliver 
different active ingredients Which require different dosages. 
As another possibility, the voltages supplied by the genera 
tors and/or the How rates may be adjustable by a doctor or 
nurse under clinical conditions or a pharmacist or the patient 
or user himself Where it is acceptable for the user to control 
the dose supplied. 

[0092] As described above, it is assumed that the same 
liquid is supplied to the tWo liquid supply pipes 10. If this 
is the case and relative ?oW rate adjustment is not required, 
then a single reservoir 8 and a single pump 9 may be 
provided. Also, instead of providing separate negative and 
positive polarity high voltage generators, a single generator 
providing a high voltage of one polarity to one of the ?rst 
electrodes 11 may be provided and the other electrode may 
be connected to earth (ground) so that, in practice, it is 
charged by induction from the directly charged ?rst elec 
trode. This has the advantage of requiring only a single high 
voltage generator so reducing the overall costs and reducing 
the space required Within the inhaler to accommodate the 
high voltage generator. 

[0093] Where, as shoWn in FIG. 11, respective reservoirs 
and pumps 8 and 9 are provided, then the tWo liquid supply 
pipes 10 may be supplied With different liquids that, When 
the opposite polarity comminutions are generated, interact 
With one another. For example, the tWo liquids may contain 
or comprise respective reactive components that, When the 
tWo opposite polarity comminutions are produced, inter 
mingle and react With one another so as to produce the 
required active ingredient. This enables, for example, short 
shelf life active ingredients to be formed only as and When 
needed. As another possibility, the tWo liquid supply paths 
may provide separate active ingredients for Which reaction 
is not desirable but Which lose their relative efficacy if they 
are in the presence of one another for any length of time. As 
another possibility, one of the liquids may contain a bloWing 
agent Which, When comminuted matter contained in the 
bloWing agent reacts With the opposite polarity comminuted 
matter, causes expansion of the droplets or particles of the 
other comminuted matter to form loW density particles, for 
example spheres, Which can penetrate deeper into the nasal 
passages. As another possibility, Where the liquid issuing 
from one of the outlets produces comminuted matter in 
liquid or gel-like form, then, When the tWo opposite polarity 
comminutions mix, the liquid or gel-like comminuted matter 
may cover or coat particles of the other comminuted matter 
to form, for example, microcapsules or coated short ?bres or 
?brils enabling sloW release of active ingredient from the 
cores of the coated particles. The coating material may 
contain a bioadhesive to prevent mucocillary clearance and 
to facilitate long term or sustained release of the active 
ingredient When used in conjunction With controlled release 
products. 

[0094] Another advantage of having tWo liquid outlets is 
that the overall rate at Which the active ingredient is deliv 
ered to the nasal passages should be higher than if only a 
single liquid outlet noZZle is used. It Will be appreciated that 
more than one pair of liquid outlets may be used and that it 
is not necessary for there to be equal numbers of positive and 
negative charged ?rst electrodes especially Where, if the 
arrangement alloWs complete mixing of the comminutions, 
a residual charge should be ensured. 
















