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(57) ABSTRACT 

Correspondence Address: A breath-actuated 1 deli devi - - - - 
PROSKAUER ROSE LLP realin-acuated nasal delivery device, comprising: a 

mouthpiece through which a user in use exhales to actuate the 
PATENT DEPARTMENT delivery device; a nosepiece for fitting to a nostril of the user 
1585 BROADWAY through which a Substance is in use delivered; a Substance 
NEW YORK, NY 10036-8299 Supply unit actuatable to deliver a dose of a Substance through 

the nosepiece; a loading unit operable to load the Substance 
Supply unit with an actuation force; and a release mechanism (73) Assignee: OPTINOSE AS, Oslo (NO) pE. actuation of the Substance Supply unit in 
response to exhalation by the user through the mouthpiece; 

(21) Appl. No.: 11/964,766 wherein the release mechanism comprises a locking unit 
which is movable: between a locking configuration in which 
the Substance Supply unit is locked in a non-actuated position 

(22) Filed: Dec. 27, 2007 when loaded by the loading unit and a release configuration in 
which the Substance Supply unit is actuatable by the loading 

Related U.S. Application Data unit, and a trigger member for releasing the locking unit from 
the locking configuration to the release configuration in 

(63) Continuation of application No. 10/489,187, filed on response to exhalation by the user through the mouthpiece 
Sep. 28, 2004. and thereby enabling actuation of the Substance Supply unit. 

119 121 

  



US 2008/O163874 A1 Jul. 10, 2008 Sheet 1 of 20 Patent Application Publication 

F.G. 1 

  



Patent Application Publication Jul. 10, 2008 Sheet 2 of 20 US 2008/O163874 A1 

If A-51 FIG.2(d) 

  



US 2008/O163874 A1 Jul. 10, 2008 Sheet 3 of 20 Patent Application Publication 

F.G. 3 

#æge 

  

  

  

  



Patent Application Publication Jul. 10, 2008 Sheet 4 of 20 US 2008/O163874 A1 

  



Patent Application Publication Jul. 10, 2008 Sheet 5 of 20 US 2008/O163874 A1 

41 

  



Patent Application Publication Jul. 10, 2008 Sheet 6 of 20 US 2008/O163874 A1 

g S. 

5 v O G. W. it 
w 

  



Patent Application Publication Jul. 10, 2008 Sheet 7 of 20 US 2008/O163874 A1 

N e awyvy Yavapw s 

e 
CO 

O 
- 

2 

  



Patent Application Publication 

od 
wu 

Jul. 10, 2008 Sheet 8 of 20 

AAAAWA s 

as ple Nye 
XIX O'Mall 

C 
w 

T 
T 
2 

QS 2 ye % 

wn 
d 

cr) 

(s; C. 2 V 

US 2008/0163874 A1 

  

    

  

  

  

  

    

  

  

  

  

  

    

  

  

  

  

  

      

  



Patent Application Publication Jul. 10, 2008 Sheet 9 of 20 US 2008/O163874 A1 

  



Patent Application Publication Jul. 10, 2008 Sheet 10 of 20 US 2008/O163874 A1 

  



US 2008/O163874 A1 Jul. 10, 2008 Sheet 11 of 20 Patent Application Publication 

  



Patent Application Publication Jul. 10, 2008 Sheet 12 of 20 US 2008/O163874 A1 

115 

FIG. 9(b) 

  



Patent Application Publication Jul. 10, 2008 Sheet 13 of 20 US 2008/O163874 A1 

V 
O 

S sessesses N N 
was S w 
ne 

o N. w N. 

wn as SSN 
o v" ve 
r 

wo 

co 8 & 
"r" was 

S. SS 
wn N SSS 

- a 
St 

st SN 

  

  

  

    

  



US 2008/O163874 A1 Jul. 10, 2008 Sheet 14 of 20 Patent Application Publication 

FIG. 10(c) 

  



Patent Application Publication Jul. 10, 2008 Sheet 15 of 20 US 2008/O163874 A1 

115 

115 

FIG. 11(b) 

  



Patent Application Publication Jul. 10, 2008 Sheet 16 of 20 US 2008/O163874 A1 

s s 
2 

  



US 2008/O163874 A1 Jul. 10, 2008 Sheet 17 of 20 Patent Application Publication 

121 

FIG. 12(c) 

119 

  



Patent Application Publication Jul. 10, 2008 Sheet 18 of 20 US 2008/O163874 A1 

115 
  



Patent Application Publication Jul. 10, 2008 Sheet 19 of 20 US 2008/O163874 A1 

FIG. 14(b) 

  



Patent Application Publication Jul. 10, 2008 Sheet 20 of 20 US 2008/O163874 A1 

  



US 2008/O163874 A1 

NASAL DELIVERY DEVICE 

0001. The present invention relates to a breath-actuated 
nasal delivery device for and a method of delivering a sub 
stance, in particular one of a liquid, as a Suspension or solu 
tion, or a powder containing a medicament, especially sys 
temic or topical pharmaceuticals, or a vaccine to the nasal 
airway of a Subject. 
0002 Referring to FIG.1, the nasal airway 1 comprises the 
two nasal cavities separated by the nasal septum, which air 
way 1 includes numerous ostia, such as the paranasal sinus 
ostia3 and the tubal ostia5, and olfactory cells, and is lined by 
the nasal mucosa. The nasal airway 1 can communicate with 
the nasopharynx 7, the oral cavity 9 and the lower airway 11, 
with the nasal airway 1 being in selective communication 
with the anterior region of the nasopharynx 7 and the oral 
cavity 9 by opening and closing of the oropharyngeal velum 
13. The velum 13, which is often referred to as the soft palate, 
is illustrated in solid line in the closed position, as achieved by 
providing a certain positive pressure in the oral cavity 9. Such 
as achieved on exhalation through the oral cavity 9, and in 
dashed line in the open position. 
0003. There are many nasal conditions which require 
treatment. One Such condition is nasal inflammation, specifi 
cally rhinitis, which can be allergic or non-allergic and is 
often associated with infection and prevents normal nasal 
function. By way of example, allergic and non-allergic 
inflammation of the nasal airway can typically effect between 
10 and 20% of the population, with nasal congestion of the 
erectile tissues of the nasal concha, lacrimation, Secretion of 
watery mucus, Sneezing and itching being the most common 
symptoms. As will be understood, nasal congestion impedes 
nasal breathing and promotes oral breathing, leading to Snor 
ing and sleep disturbance. Other nasal conditions include 
nasal polyps which arise from the paranasal sinuses, hyper 
trophic adenoids, secretory otitis media, sinus disease and 
reduced olfaction. 
0004. In the treatment of certain nasal conditions, the topi 
cal administration of medicaments is preferable, particularly 
where the nasal mucosa is the prime pathological pathway, 
Such as in treating or relieving nasal congestion. Medica 
ments that are commonly topically delivered include decon 
gestants, antihistamines, cromoglycates, steroids and antibi 
otics. At present, among the known anti-inflammatory 
pharmaceuticals, topical steroids have been shown to have an 
effect on nasal congestion. Topical decongestants have also 
been Suggested for use in relieving nasal congestion. The 
treatment of hypertrophic adenoids and chronic secretory 
otitis media using topical decongestants, steroids and anti 
microbial agents, although somewhat controversial, has also 
been proposed. Further, the topical administration of pharma 
ceuticals has been used to treat or at least relieve symptoms of 
inflammation in the anterior region of the nasopharynx, the 
paranasal sinuses and the auditory tubes. 
0005 Medicaments can also be systemically delivered 
through the nasal pathway, the nasal pathway offering a good 
administration route for the systemic delivery of pharmaceu 
ticals, such as hormones, for example, oxytocin and calcitio 
nin, and analgetics, such as anti-migraine compositions, as 
the high blood flow and large Surface area of the nasal mucosa 
advantageously provides for rapid systemic uptake. 
0006 Nasal delivery is also expected to be advantageous 
for the administration of medicaments requiring a rapid onset 
of action, for example, analgetics, anti-emetics, insulin, anti 
epileptics, sedatives and hypnotica, and other pharmaceuti 
cals, for example, cardiovascular drugs. It is envisaged that 
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nasal administration will provide for a fast onset of action, at 
a rate similar to that of injection and at a rate much faster than 
that of oral administration. Indeed, for the treatment of many 
acute conditions, nasal administration is advantageous over 
oral administration, since gastric stasis can further slow the 
onset of action following oral administration. 
0007. It is also expected that nasal delivery could provide 
an effective delivery route for the administration of proteins 
and peptides as produced by modern biotechnological tech 
niques. For Such substances, the metabolism in the intestines 
and the first-pass-effect in the liver represent significant 
obstacles for reliable and cost-efficient delivery. 
0008 Furthermore, it is expected that nasal delivery using 
the nasal delivery technique of the present invention will 
prove effective in the treatment of many common neurologi 
cal diseases, such as Alzheimer's, Parkinson's, psychiatric 
diseases and intracerebral infections, where not possible 
using existing techniques. The nasal delivery technique of the 
present invention allows for delivery to the olfactory region, 
which region is located in the Superior region of the nasal 
cavities and represents the only region where it is possible to 
circumvent the blood-to-brain barrier (BBB) and enable com 
munication with the cerebrospinal fluid (CSF) and the brain. 
0009. Also, it is expected that the nasal delivery technique 
of the present invention will allow for the effective delivery of 
vaccines. 
0010 Aside from the delivery of medicaments, the irriga 
tion of the nasal mucosa with liquids, in particular saline 
solutions, is commonly practised to remove particles and 
secretions, as well as to improve the mucociliary activity of 
the nasal mucosa. These solutions can be used in combination 
with active pharmaceuticals. 
0011 For any kind of drug delivery, accurate and reliable 
dosing is essential, but it is of particular importance in relation 
to the administration of potent drugs which have a narrow 
therapeutic window, drugs with potentially serious adverse 
affects and drugs for the treatment of serious and life-threat 
ening conditions. For some conditions, it is essential to indi 
vidualize the dosage to the particular situation, for example, 
in the case of diabetes mellitus. For diabetes, and, indeed, for 
many other conditions, the dosage of the pharmaceutical is 
preferably based on actual real-time measurements. Cur 
rently, blood samples are most frequently used, but the analy 
sis of molecules in the exhalation breath of subjects has been 
proposed as an alternative to blood analysis for several con 
ditions. Breath analysis is currently used for the diagnosis of 
conditions such as helicobacter pylori infections which cause 
gastric ulcers. 
0012 To date, nasal medicaments have been primarily 
delivered as drops or by mechanical nasal spray pumps. With 
mechanical spray pumps, the mean particle size is typically 
between 40 um and 80 um in order to prevent the inhalation of 
delivered particles. In general, particles Smaller than 10 um 
will bypass the nose and can be inhaled. Indeed, the new FDA 
guidelines require that the fraction of particles less than 10 um 
be at most 5%. 
0013 Whilst the provision of a spray having a larger mean 
particle size prevents the inhalation of the particles, these 
larger particles are not optimal for achieving a good distribu 
tion to the nasal mucosa. 
0014. The applicant has now recognized that the closure of 
the oropharyngeal velum during the delivery of a Substance to 
the nasal airway prevents the possible inhalation of the sub 
stance, thereby enabling the delivery of an aerosol having a 
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much smaller mean particle size than achieved by traditional 
nasal spray pumps. In this way, an aerosol can be generated 
which has an optimal particle size distribution. 
0015. A further advantage is that the nosepiece acts to 
expand the narrowest, anterior part of the nasal cavity and 
thereby reduces the unwanted high deposition in the anterior 
region of the nasal cavity which is lined by squamous epithe 
lium. 

0016. In addition, the applicant has recognized that, by 
establishing a bi-directional flow through the nasal cavities as 
described in WO-A-00/51672, that is, an air flow which 
passes into one nostril, around the posterior margin of the 
nasal septum and in the opposite direction out of the other 
nostril, an aerosol having an optimal flow rate and timing can 
be generated. Furthermore, the bi-directional air flow advan 
tageously acts to stimulate the sensory nerves in the nasal 
mucosa, thereby conditioning the Subject for the delivery and 
providing a more comfortable delivery situation. 
0017. A yet further advantage is that the air flow acts to 
create a positive pressure inside the nasal passages connected 
in series, which tends to expand and widen narrow and con 
gested regions. 
0018. A still yet further advantage is that the two-point 
fixation of the device in the nose with a well-fitting nozzle and 
in the mouth provides a much more stable and reproducible 
positioning of the device as compared to traditional spray 
pumps. Thus, in addition to improved deposition and repro 
ducibility, the new concept provides a more user-friendly and 
intuitive nasal delivery method. 
0019. Furthermore, the delivery device, in being pre 
primed and actuatable by the oral exhalation breath of a 
Subject, does not require the application of an actuation force 
by the subject at the time of actuation. Traditionally, mechani 
cal liquid delivery pumps are operated by the manual com 
pression of a chamber containing a Volume of liquid to expel 
a flow of a metered Volume of liquid, and mechanical powder 
delivery pumps are operated by the manual compression of a 
chamber containing a Volume of air to drive and expel a flow 
of a metered amount of a dry powder. Such operation requires 
a relatively high actuation force, typically of the order of 50 
N, which high force often leads to significant movement of 
the delivery device, it being very difficult to maintain a deliv 
ery device stationary when attempting to apply a high actua 
tion force. Movement of the delivery device, both in the 
positioning and orientation of the nozzle, will lead to poor 
reproducibility, dose accuracy and patient compliance. In 
being pre-primed and actuatable by the oral exhalation breath 
of a subject, the delivery device of the present invention 
overcomes this problem. 
0020. In addition, by not requiring a subject to apply an 
actuation force at the instance of delivery, the delivery device 
provides for the same actuation force in each delivery, and 
also provides for delivery at an optimal pressure and/or flow 
rate, and the delivery of Substance having an optimized par 
ticle size distribution. 

0021. Yet furthermore, in providing for the closure of the 
oropharyngeal velum of a Subject, Substance is prevented 
from entering the lower airway, and also, in a preferred 
embodiment, bi-directional delivery can be achieved through 
the nasal cavities. 

0022. It will be appreciated that the nasal delivery devices 
of the present invention are quite different to inhalation 
devices which provide for inhalation into the lower airway. 
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0023. Inhalation devices have been used for alongtime for 
the inhalation of medicaments in the treatment of lower air 
way pathologies. 
0024. One such inhalation device is the pressurized 
metered dose inhaler (pMDI). In such inhalers, a metered 
dose of medicament is released as an aerosol by actuating an 
aerosol canister, with the particle sizes of the aerosol being 
required to be small, typically less than 5um, in order to reach 
the distal parts of the lower airway. One drawback with tra 
ditional pMDIs is that the subject must co-ordinate inhalation 
with the aerosol release in order to deliver the aerosolized 
medicament effectively to the lower airway. Inadequate co 
ordination represents a considerable problem, significantly 
reducing both lung deposition and reproducibility. Another 
drawback with traditional pMDIs is the use of chlorine-con 
taining compounds as the propellant gas, as such gases are not 
environmentally friendly and have been demonstrated to 
destroy the ozone layer. Recently, in order to alleviate these 
drawbacks, pMDIs have been developed which use an alter 
native propellant gas, this being a hydrofluoroalkane (HFA), 
and incorporate a breath-actuation mechanism which pro 
vides for actuation of the aerosol canister on inhalation by the 
Subject. 
0025. Another such inhalation device is the dry powder 
inhaler, such as the Turbohaler(R) inhaler as supplied by Astra 
Zeneca and the Discus(R inhaler as supplied by GSK. These 
dry powder inhalers do not require co-ordination of delivery 
and inhalation and can improve deposition to the lower air 
ways. 
0026. Bi-directional nasal drug delivery is achieved by 
directing an exhaled air flow through the nasal passages in 
series, or by triggering another flow source to create such an 
airflow, whereas breath actuation of pulmonary drug delivery 
is by inhalation into a closed expanding Volume, that is, the 
lungs. Forbi-directional nasal delivery, it is desirable to estab 
lish the air flow before the drug is released, whereas for 
inhalation, the release is best achieved at the very beginning 
of inspiration to reach the most distal parts of the lungs. 
0027 Increased airway resistance in pathological condi 
tions, both in the pulmonary and nasal airways, is a challenge. 
In inhalation devices, an airflow is created by the inspiratory 
muscles creating a negative pressure inside the chest. In this 
way, airis Sucked through the device and into the airways. For 
pulmonary drug delivery, it is essential that the triggering 
occurs, not only early, but also at a relatively low flow to 
ensure release in Subjects with a very low lung capacity. 
Furthermore, the releasing action should require as little 
energy as possible, as any resistance in the device will impede 
free inhalation. Still most Subjects, even patients with lung 
diseases, will be able to achieve a flow rate of 25 L/min which 
is typically required to trigger the release from a pMDI 
device. 
0028. For the nose, the situation is more complex and in 
many ways different. The expiratory muscles in the thorax 
produce the exhaled air flow used to trigger release, and this 
air flow is then directed through the device and into the nasal 
passages in series, or used to trigger another flow source. 
Thus, the triggering air flow is completely reversed as com 
pared to pulmonary breath actuation, and the air flow is 
directed into another airway/compartment separated from the 
lower airways. 
0029. Furthermore, the nose geometry is designed to 
humidify, warm and filter the inspired air to protect the lower 
airways. The resistance in the nose alone equals 50% of the 



US 2008/O163874 A1 

total airway resistance, and the resistance may increase 
immensely when congested. Owing to the high anterior resis 
tance, turbulence occurs just posterior to the constriction, 
increasing deposition in this region. To achieve a better dis 
tribution to larger and more posterior parts of the nasal 
mucosa, it is envisaged to be advantageous to have the drug 
released at a lower flow in a congested nose and at a higher 
flow in a open nose. This requires a system which can be 
released not only by flow, but also by pressure. Such release is 
essential for an efficient and reliable exhalation-triggered 
nasal drug delivery. In this regard, reference is made to co 
pending UK application nos 0104692.9 and 0.114272.8, the 
contents of which are hereby incorporated by reference. The 
two main triggering modes, flow and pressure, are to certain 
extent overlapping. They can be incorporated in one single 
mechanism or provided as separate mechanisms. However, 
the nose may become completely blocked, in particular dur 
ing colds and allergic attacks. In this situation, it becomes 
impossible to establish a bi-directional air flow, but still it is 
desirable and necessary to deliver drugs to the nose. Further 
more, for Some purposes, the exhaled air flow may only be 
used to trigger release from a pMDI or a mechanical spray 
pump. Again, the triggering may be mainly flow dependent or 
mainly/strictly pressure dependent. 
0030 Thus, the requirements for a breath-actuation 
mechanism for nasal drugs are different from those for 
inhaled drugs. The main features of exhalation-triggered 
nasal drug release are (i) triggering of drug release by exha 
lation, (ii) triggering when a bi-directional flow is established, 
(iii) triggering at a flow rate which provides optimal distribu 
tion, (iv) triggering in a very congested and even completely 
blocked nose, (v) triggering of external flow sources (pMDI), 
and (vii) triggering of a spray pump aerosol even in the 
absence of bi-directional flow. 
0031. In one aspect the present invention provides a 
breath-actuated nasal delivery device, comprising: a mouth 
piece through which a user in use exhales to actuate the 
delivery device; a nosepiece for fitting to a nostril of the user 
through which a Substance is in use delivered; a Substance 
Supply unit actuatable to deliver a dose of a Substance through 
the nosepiece; a loading unit operable to load the Substance 
Supply unit with an actuation force; and a release mechanism 
for enabling actuation of the Substance Supply unit in 
response to exhalation by the user through the mouthpiece; 
wherein the release mechanism comprises a locking unit 
which is movable between a locking configuration in which 
the Substance Supply unit is locked in a non-actuated position 
when loaded by the loading unit and a release configuration in 
which the Substance Supply unit is actuatable by the loading 
unit, and a trigger member for releasing the locking unit from 
the locking configuration to the release configuration in 
response to exhalation by the user through the mouthpiece 
and thereby enabling actuation of the Substance Supply unit. 
0032. In one embodiment the trigger member comprises a 
flow-sensitive element in fluid communication with the 
mouthpiece. 
0033. In one embodiment the flow-sensitive element com 
prises a vane. 
0034 Preferably, the flow-sensitive element includes an 
aperture which allows for a predeterminable air flow there 
over prior to actuation. 
0035. Preferably, the flow-sensitive element is one or both 
of shaped and sized such as to allow for a predeterminable air 
flow thereover prior to actuation. 
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0036. In another embodiment the trigger member com 
prises a pressure-sensitive element in fluid communication 
with the mouthpiece. 
0037. In one embodiment the pressure-sensitive element 
comprises a vane. 
0038. In another embodiment the pressure-sensitive ele 
ment comprises a flexible membrane. 
0039. Preferably, the flexible membrane comprises a resil 
ient membrane. 
0040. In a further embodiment the pressure-sensitive ele 
ment comprises a flexible membrane in fluid communication 
with the mouthpiece and a vane operable by the flexible 
membrane. 
0041 Preferably, the flexible membrane comprises a resil 
ient membrane. 
0042 Preferably, the delivery device further comprises: a 
pressure-sensitive sealing unit disposed downstream of the 
trigger member and being operable to vent an air flow devel 
oped by the user on exhalation through the mouthpiece to 
atmosphere, the sealing unit being normally closed and oper 
able Such as to be opened on generation of a predeterminable 
pressure thereat. 
0043. In one embodiment the sealing unit comprises an 
annular seal, a sealing member movable between a closed 
position in Sealing engagement with the annular seal and an 
open position in which an air flow can flow through the 
annular seal, and a biasing element for normally biasing the 
sealing member to the closed position and enabling the seal 
ing member to be opened on generation of a predeterminable 
pressure thereat. 
0044. In another embodiment the sealing unit comprises a 
flexible membrane which is movable between a closed posi 
tion and an open position in which an air flow can flow 
thereby. 
0045 Preferably, the flexible membrane comprises a resil 
ient membrane. 
0046 Preferably, the trigger member includes a pivot pin 
about which the same is rotatable, which pivot pin is engaged 
by the locking unit when in the locking configuration Such 
that the locking unit is moved from the locking configuration 
to the release configuration on rotation of the pivot pin. 
0047 More preferably, the locking unit includes a first, 
Support member which abuts the Substance Supply unit in the 
locking configuration and a second, link member which 
engages the pivot pin of the trigger member in the locking 
configuration, wherein the link member is movable in relation 
to the Support member and configured to be moved on rota 
tion of the pivot pinto move the locking unit from the locking 
configuration to the release configuration. 
0048. Yet more preferably, the link member is rotatably 
connected to the Support member. 
0049 Still more preferably, the link member is configured 
to load the pivot pin radially. 
0050. In one embodiment the delivery device further com 
prises: a flow path fluidly connecting the nosepiece and the 
mouthpiece, whereby an airflow developed by exhalation by 
the user through the mouthpiece is delivered through the 
nosepiece. 
0051. In another embodiment the nosepiece and the 
mouthpiece are fluidly isolated such that an air flow devel 
oped by exhalation by the user through the mouthpiece is not 
delivered through the nosepiece. 
0052. In one embodiment the substance supply unit com 
prises a nebulizer for Supplying an aerosol. 
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0053. In another embodiment the substance supply unit 
comprises an aerosol canister for Supplying an aerosol. 
0054. In a further embodiment the substance supply unit 
comprises a delivery pump unit for Supplying one of an aero 
Sol or a jet. 
0055. In one preferred embodiment the delivery pump unit 
comprises a liquid pump unit for Supplying a liquid aerosol. 
0056. In another preferred embodiment the delivery pump 
unit comprises a powder pump unit for Supplying a powder 
aerosol. 
0057. In a yet further embodiment the substance supply 
unit comprises a powder delivery unit for delivering a powder 
aerosol. 
0058 Preferably, the delivery device further comprises: a 
flow-control mechanism disposed upstream of the trigger 
member to at least restrict an air flow to the trigger member 
Such as to prevent actuation of the release mechanism on 
exhalation by the user through the mouthpiece where the 
delivery device is being improperly operated. 
0059. In one embodiment the flow-control mechanism is 
configured to at least restrict the air flow to the trigger mem 
ber where the delivery device is in an improper orient. 
0060. In another embodiment the flow-control mechanism 

is configured to at least restrict the air flow to the trigger 
member where the air flow developed by the user has a rate 
exceeding a predeterminable threshold value. 
0061 More preferably, the flow-control mechanism com 
prises a flow channel section which includes a recess, and a 
ball which is movably, captively disposed within the flow 
channel section, the ball normally, with proper operation of 
the delivery device, resting in the recess Such as to allow a 
Sufficient airflow to the trigger member as to enable actuation 
of the release mechanism, and being moved to at least par 
tially block the flow channel section where the delivery 
device is being improperly operated Such as to prevent actua 
tion of the release mechanism. 
0062. In another aspect the present invention provides a 
breath-actuated nasal delivery device, comprising: a mouth 
piece through which a user in use exhales to actuate the 
delivery device; a nosepiece for fitting to a nostril of the user 
through which a Substance is in use delivered and being in 
fluid communication with the mouthpiece; a Substance Sup 
ply unit actuatable to deliver a dose of a substance through the 
nosepiece; a release mechanism for enabling actuation of the 
Substance Supply unit in response to exhalation by the user 
through the mouthpiece; and a flow-control mechanism dis 
posed upstream of the trigger member to at least restrict an air 
flow to the trigger member Such as to prevent actuation of the 
release mechanism on exhalation by the user through the 
mouthpiece where the delivery device is being improperly 
operated. 
0063. In one embodiment the flow-control mechanism is 
configured to at least restrict the air flow to the trigger mem 
ber where the delivery device is in an improper orient. 
0064. In another embodiment the flow-control mechanism 

is configured to at least restrict the air flow to the trigger 
member where the air flow developed by the user has a rate 
exceeding a predeterminable threshold value. 
0065 Preferably, the flow-control mechanism comprises a 
flow channel section which includes a recess, and a ball which 
is movably, captively disposed within the flow channel sec 
tion, the ball normally, with proper operation of the delivery 
device, resting in the recess such as to allow a Sufficient air 
flow to the trigger member as to enable actuation of the 
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release mechanism, and being moved to at least partially 
block the flow channel section where the delivery device is 
being improperly operated Such as to prevent actuation of the 
release mechanism. 
0066. In a further aspect the present invention provides a 
release mechanism for enabling actuation of a Substance Sup 
ply unit, the release mechanism comprising: a locking unit 
which is movable between a locking configuration in which 
the Substance Supply unit is locked in a non-actuated position 
and a release configuration in which the Substance Supply unit 
is actuatable; and a trigger member for releasing the locking 
unit from the locking configuration to the release configura 
tion in response to a gas flow thereat, wherein the trigger 
member includes a pivot pin about which the same is rotat 
able, which pivot pin is engaged by the locking unit when in 
the locking configuration Such that the locking unit is moved 
from the locking configuration to the release configuration on 
rotation of the pivot pin. 
0067 Preferably, the locking unit includes a first, support 
member which abuts the Substance Supply unit in the locking 
configuration and a second, link member which engages the 
pivot pin of the trigger member in the locking configuration, 
wherein the link member is movable in relation to the support 
member and configured to be moved on rotation of the pivot 
pinto move the locking unit from the locking configuration to 
the release configuration. 
0068 Preferably, the link member is rotatably connected 
to the Support member. 
0069 Preferably, the link member is configured to load the 
pivot pin radially. 
0070. In a still further aspect the present invention pro 
vides a breath-actuated nasal delivery pump for delivering a 
liquid containing a Substance to a nasal cavity of a user. 
0071. In one embodiment the delivery pump is a spray 
pump and the liquid is delivered as a liquid spray. 
0072. In another embodiment the delivery pump is a jet 
pump and the liquid is delivered as a liquid jet. 
(0073 Preferred embodiments of the present invention will 
now be described hereinbelow by way of example only with 
reference to the accompanying drawings, in which: 
0074 FIG. 1 schematically illustrates the anatomy of the 
upper respiratory tract of a human Subject; 
0075 FIG. 2(a) illustrates a perspective view of a nasal 
delivery device in accordance with a first embodiment of the 
present invention; 
(0076 FIG. 2(b) illustrates one side view of the nasal deliv 
ery device of FIG. 2(a): 
(0077 FIG. 2(c) illustrates another side view of the nasal 
delivery device of FIG. 2(a): 
0078 FIG.2(d) illustrates a plan view of the nasal delivery 
device of FIG. 2(a): 
(0079 FIG. 3 illustrates a part-exploded perspective view 
of the nasal delivery device of FIG. 2(a): 
0080 FIG. 4(a) illustrates one side view of the substance 
delivery assembly of the nasal delivery device of FIG. 2(a): 
I0081 FIG. 4(b) illustrates another side view of the sub 
stance delivery assembly of the nasal delivery device of FIG. 
2(a): 
I0082 FIG. 4(c) illustrates a part-sectional other side view 
of the substance delivery assembly of the nasal delivery 
device of FIG. 2(a): 
I0083 FIG.4(d) illustrates an exploded perspective view of 
the substance delivery assembly of the nasal delivery device 
of FIG. 2(a): 
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0084 FIG.5(a) illustrates a side view of the loading unit of 
the loading mechanism of the Substance delivery assembly of 
the nasal delivery device of FIG. 2(a): 
I0085 FIG. 5(b) illustrates a vertical sectional view 
through the loading unit of FIG. 5(a): 
I0086 FIG. 5(c) illustrates an exploded side view of the 
loading unit of FIG. 5(a): 
0087 FIG. 6(a) illustrates a side view of the pressure 
sensitive release mechanism of the nasal delivery device of 
FIG. 2(a): 
I0088 FIG. 6(b) illustrates a vertical sectional view of the 
pressure-sensitive release mechanism of FIG. 6(a): 
0089 FIG. 6(c) illustrates an exploded perspective view of 
the pressure-sensitive release mechanism of FIG. 6(a): 
0090 FIG. 7(a) illustrates a part cut-away perspective 
view of the nasal delivery device of FIG. 2(a) in an inopera 
tive, rest configuration; 
0091 FIG. 7(b) illustrates a part cut-away perspective 
view of the nasal delivery device of FIG. 2(a) in a loaded, 
operable configuration; 
0092 FIG. 7(c) illustrates a part cut-away perspective 
view of the nasal delivery device of FIG. 2(a) where operated 
in one mode of operation; 
0093 FIG. 7(d) illustrates a part cut-away perspective 
view of the nasal delivery device of FIG. 2(a) where operated 
in another mode of operation; 
0094 FIG. 8(a) illustrates a part-sectional view of a nasal 
delivery device in accordance with a second embodiment of 
the present invention, illustrated in an inoperative, rest con 
figuration; 
0095 FIG. 8(b) illustrates a part-sectional view of the 
nasal delivery device of FIG. 8(a) in a loaded, operable con 
figuration; 
0096 FIG. 8(c) illustrates a part-sectional view of the 
nasal delivery device of FIG. 8(a) in an actuated configura 
tion; 
0097 FIG. 9(a) illustrates in enlarged scale region A of 
FIG. 8(a): 
0098 FIG. 9(b) illustrates in enlarged scale region B of 
FIG. 8(c); 
0099 FIG.10(a) illustrates apart-sectional view of a nasal 
delivery device in accordance with a third embodiment of the 
present invention, illustrated in an inoperative, rest configu 
ration; 
0100 FIG. 11(b) illustrates a part-sectional view of the 
nasal delivery device of FIG. 10(a) in a loaded, operable 
configuration; 
0101 FIG. 10(c) illustrates a part-sectional view of the 
nasal delivery device of FIG. 10(a) in an actuated configura 
tion; 
0102 FIG.11(a) illustrates in enlarged scale region C of 
FIG. 10(a): 
0103 FIG. 11(b) illustrates in enlarged scale region D of 
FIG. 10(c); 
0104 FIG. 12(a) illustrates apart-sectional view of a nasal 
delivery device in accordance with a fourth embodiment of 
the present invention, illustrated in an inoperative, rest con 
figuration; 
0105 FIG. 12(b) illustrates a part-sectional view of the 
nasal delivery device of FIG. 12(a) in a loaded, operable 
configuration; 
0106 FIG. 12(c) illustrates a part-sectional view of the 
nasal delivery device of FIG. 12(a) in an actuated configura 
tion; 
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0107 FIG. 13(a) illustrates in enlarged scale region E of 
FIG. 12(a): 
0.108 FIG. 13(b) illustrates in enlarged scale region F of 
FIG. 12(c); 
0109 FIGS. 14(a) and (b) illustrate a flow-control mecha 
nism in accordance with an embodiment of the present inven 
tion; and 
0110 FIGS. 15(a) to (c) illustrate the function of the flow 
control mechanism of FIGS. 14(a) and (b) where a user 
exhales rapidly or inhales therethrough. 
0111 FIGS. 2 to 7 illustrate a breath-actuated nasal deliv 
ery device in accordance with a first embodiment of the 
present invention. 
0112 The delivery device comprises a housing unit 14, in 
this embodiment provided by first and second housing parts 
14a. 14b, which defines a main body 15 which is typically 
gripped in the hand of a user, a nosepiece 17 for fitting to a 
nostril of a user and a mouthpiece 19 through which the user 
exhales to actuate the delivery device, and a guide member 20 
which, in this embodiment, together with the housing unit 14 
defines a main flow path 21 between the nosepiece 17 and the 
mouthpiece 19. 
0113. The main body 15 includes first and second cam 
recesses 22, 22 on opposed sides at a lower end thereof for 
receiving respective ones of the engagement elements 55, 55 
of a loading member 51, as will be described in more detail 
hereinbelow. The cam recesses 22, 22 each comprise a cam 
surface 23 which engages the cam element 57 of a respective 
one of the engagement elements 55, 55 of the loading member 
51, and a lug aperture 24 adjacent the cam Surface 23 through 
which extends the lug 58 of the respective one of the engage 
ment elements 55, 55 of the loading member 51. 
0114. The main body 15 includes at least one external 
venting aperture, in this embodiment a plurality of external 
venting apertures 25, 25 which provide for a vent to atmo 
sphere, and further defines a gas venting path 26 which can 
provide a fluid communication path between the external 
venting apertures 25, 25 and the main flow path 21 at a 
location downstream of the vane 89 of a trigger member 61, as 
will be described in more detail hereinbelow. As will be 
described in more detail hereinbelow, the gas venting path 26 
is normally isolated from the main flow path 21 by a pressure 
sensitive sealing unit 93, and is brought into fluid communi 
cation with the main flow path 21 by opening the pressure 
sensitive sealing unit 93 where a sufficient flow rate cannot be 
developed through the main flow path 21, for example, as a 
result of the nasal passage of the user being congested, and the 
pressure in the main flow path 21 exceeds a predetermined 
threshold pressure. 
0.115. In this embodiment the nosepiece 17 has a tapering 
section which narrows to the distalend thereof and acts, when 
inserted, typically from about 1 to 2 cm, into the anterior part 
of a nasal cavity, to expand the narrow nasal valve of the nasal 
cavity and provide a fluid-tight seal. 
0116. In this embodiment the mouthpiece 19 is configured 
to be gripped in the lips of a user. In an alternative embodi 
ment the mouthpiece 19 could be configured to be gripped by 
the teeth of a user and sealed by the lips of the user. In a 
preferred embodiment the mouthpiece 19 is specifically con 
figured to have one or both of a shape and geometry which 
allows the delivery device to be gripped repeatedly in the 
same position, thereby providing for the nosepiece 17 to be 
reliably inserted in the same position in the nasal cavity. 
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0117 The guide member 20 includes an arcuate section 
27, adjacent which the distal end of the vane 89 of the trigger 
member 61 is movably disposed, and a vane stop 29 which 
defines the rest position of the vane 89 of the trigger member 
61 when a locking assembly 59 is in the locking configura 
tion. The provision of the vane stop 29 acts to prevent the 
actuation of a Substance Supply unit 31 on inhalation by the 
user, as will be described in more detail hereinbelow. 
0118. In this embodiment the main flow path 21 provides 
a fluid communication path between the nosepiece 17 and the 
mouthpiece 19 such that an exhalation breath of the user can 
provide for bi-directional flow through the nasal cavities as 
disclosed in WO-A-00/51672. In alternative embodiments 
there could be no fluid communication path between the 
nosepiece 17 and the mouthpiece 19 such that an exhalation 
breath of the user is not directed to the nasal cavities of the 
user. These alternative embodiments include those where 
Substance is delivered in a separate gas flow, such as from a 
pressurized canister, for example, a pMDI canister. 
0119 The delivery device further comprises a breath-ac 
tuated substance delivery assembly 30 for delivering sub 
stance through the nosepiece 17 on exhalation by the user 
through the mouthpiece 19. 
0120. The substance delivery assembly 30 comprises a 
substance supply unit 31 for delivering a metered dose of a 
Substance on actuation of the same, an outlet unit 32 which is 
fluidly connected to the substance supply unit 31 for deliver 
ing Substance through the nosepiece 17, a loading mechanism 
33 for loading the substance supply unit 31, and a release 
mechanism 34 for releasing the substance supply unit 31 from 
a loaded, non-actuated position to an actuated position on 
exhalation by the user through the mouthpiece 19. 
0121. In this embodiment the substance supply unit 31, as 
a mechanical pump, comprises a container 35 containing a 
Volume of liquid containing a Substance, a pump fitting 36 
which includes a metering chamber and is connected to the 
container 35, and an outlet stem 37 which is movably dis 
posed to the pump fitting 36 and through which liquid is 
delivered. In operation, a metered volume of liquid is deliv 
ered on relative movement of the pump fitting 36 and the 
outlet stem 37, in this embodiment movement of the pump 
fitting 36 in relation to the outlet stem 37, between a first 
position in which the outlet stem 37 is extended from the 
pump fitting 36 and a second position in which the outlet stem 
37 is depressed into the pump fitting 36. 
0122. In this embodiment the substance supply unit 31 is a 
multi-dose device for enabling the delivery of a succession of 
metered doses of substance. In an alternative embodiment the 
substance supply unit 31 could be a single dose device for 
delivering a single metered dose of Substance. 
0123. The outlet unit 32 comprises an outlet block 40 
which is fluidly connected to the outlet stem 37 of the sub 
stance Supply unit 31 and, in this embodiment, includes a 
valve and swirl chamber, and a delivery tube 41 from which a 
mist of fine droplets of the liquid is expelled on actuation of 
the substance supply unit 31. In an alternative embodiment 
the delivery tube 41 could be configured to provide for the 
delivery of a liquid jet. 
0.124. The loading mechanism 33 comprises a loading unit 
42 which comprises a biasing element 43, in this embodiment 
a resilient element, here a compression spring, and first and 
second retaining elements 44, 45 between which the biasing 
element 43 is disposed Such as to loadable with an actuation 
force, which is sufficient to actuate the Substance Supply unit 
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31 when released, on compression of the same, in this 
embodiment by moving one, the lower, retaining element 44 
relative to the other, upper, retaining element 45. In this 
embodiment the retaining elements 44, 45 are coupled by a 
link 47, here a nut and bolt, to constrain the expansion of the 
biasing element 43 and thereby pre-bias the biasing element 
43 to a predetermined extent. In this embodiment the one, 
lower retaining element 44 includes first and second shoul 
ders 49, 49 on opposed sides thereof which are engaged by the 
respective lugs 58, 58 of the engagement elements 55, 55 of 
the loading member 51, as will be described in more detail 
hereinbelow. 
0.125. The loading mechanism 33 further comprises a 
loading member 51 for loading the loading unit 42. In this 
embodiment the loading member 51 comprises a U-shaped 
lever 53 which is movable from a non-loading position, as 
illustrated in FIG. 7(a), to a loading position, as illustrated in 
FIG. 7(b), in which the loading member 51 acts to load the 
loading unit 42 by biasing the same against the bottom end of 
the container 35 of the substance supply unit 31. 
0.126 The loading member 51 includes first and second 
engagement elements 55, 55 which are disposed in opposed 
relation at the respective ends of the lever 53 and are located 
in respective ones of the cam recesses 22, 22 in the main body 
15 of the body unit 14 and engage respective ones of the 
shoulders 49, 49 on the lower retaining element 44 of the 
loading unit 42. 
I0127. The engagement elements 55, 55 each comprise a 
cam 57 which is located at a respective one of the cam Sur 
faces 23, 23 of the cam recesses 22, 22 in the main body 15 of 
the body unit 14, and a lug 58 which extends through a 
respective one of the lug apertures 24, 24 of the cam recesses 
22, 22 in the main body 15 of the body unit 14 and engages a 
respective one of the shoulders 49, 49 on the lower retaining 
element 44 of the loading unit 42. The cams 57, 57 are 
configured such that, on moving the lever 53 from the non 
loading, rest position to the loading position, the lugs 58, 58 
are driven, in this embodiment upwards, towards the lower 
retaining element 44 of the loading unit 42 Such as to move the 
lower retaining element 44 of the loading unit 42 relative to 
the upper retaining element 45 of the loading unit 42 which is 
constrained by the bottom end of the container 35 of the 
Substance Supply unit 31, and thereby load the loading unit 
42. 

I0128. The release mechanism 34 comprises a locking 
assembly 59 which acts to lock the substance supply unit 31 
in the non-actuated position, in this embodiment by prevent 
ing movement of the pump fitting 36 relative to the outlet stem 
37 of the substance supply unit 31, until actuation of the 
release mechanism 34, and a trigger member 61 which is 
coupled to the locking assembly 59 and disposed at the 
mouthpiece 19 such as to support the locking assembly 59 
until acted upon by an oral exhalation breath of a user. 
I0129. In this embodiment the locking assembly 59 com 
prises a body member 62 which is fixed to the outlet block 40 
of the outlet unit 32, a first, support member 63, which is 
hinged, in this embodiment about a hinge axis 64 to the body 
member 62, and engages the pump fitting 36 of the Substance 
Supply unit 31 in the locked position, a second, link member 
65 which is hinged about a hinge axis 66 to the support 
member 63 between a first, locking position and a second, 
release position, and couples the Support member 63 to the 
trigger member 61 when loaded, a first biasing element 67, in 
this embodiment a resilient element, here a tension spring, 
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which is coupled to the body member 62 and the support 
member 63 such as to bias the support member 63 to the 
locking position, and a second biasing element 69, in this 
embodiment a resilient element, here compression springs, 
which is coupled to the support member 63 and the link 
member 65 such as to bias the link member 65 to the locking 
position. 
0130. In this embodiment the body member 62 includes a 
support member stop 70 which defines the locking position of 
the support member 63 where the support member 63 is 
biased to the locking position. 
0131. In this embodiment the hinge axis 64 of the support 
member 63 is offset from the longitudinal axis of the sub 
stance Supply unit 31, Such that, on release of the link member 
65 from the locking position, the support member 63 is 
hinged upwardly by the action of the substance supply unit 31 
being driven upwardly by the loading unit 42. 
0.132. In this embodiment the support member 63 com 
prises first and second arms 73, 75 which extend in opposite 
directions and define an abutment surface 77 at the junction 
therebetween, and, with the support member 63 in the locking 
position, the abutment Surface 77 engages the upper end of the 
pump fitting 36 of the substance supply unit 31, the first arm 
73 extends over the upper end of the pump fitting 36 in a 
direction Substantially orthogonal to the longitudinal axis of 
the substance supply unit 31 and the secondarm 75 is inclined 
upwardly Such as to engage the Support member stop 70 on 
the body member 62. 
0133. In this embodiment the first arm 73 of the support 
member 63 includes a first link member stop 79 against which 
the link member 65 is biased in the locking position, with the 
first link member stop 79 being configured such that the link 
member 65 extends substantially orthogonally to the first arm 
73 of the support member 63, and parallel to the longitudinal 
axis of the Substance Supply unit 31, when in the locking 
position. 
0134. In this embodiment the first arm 73 of the support 
member 63 includes a second link member stop 81 which acts 
to limit the rotation of the link member 65 when released from 
the locking position. 
0135. In this embodiment the link member 65 is a substan 

tially rigid member which includes at least one, in this 
embodiment first and second engagement elements 83, 83 
which engage the trigger member 61 when the link member 
65 is in the locking position. In this embodiment the engage 
ment elements 83, 83 each include an end cap 85 which is 
formed of a material of a high coefficient of friction, such as 
a rubber material, to provide for controlled engagement with 
the trigger member 61, and thereby prevent uncontrolled 
slipping from the trigger member 61. In an alternative 
embodiment the link member 65 could comprise a flexible, 
preferably resilient, element. 
0136. In this embodiment the trigger member 61 com 
prises a pivot pin 87 about which the trigger member 61 is 
rotatable between a first, Supporting position in which the 
trigger member 61 engages the link member 65 in the locked 
position, and a second, released position in which the link 
member 65 is not supported, in having been caused to roll off 
the pivot pin 87, and released from the locking position. 
0.137 In this embodiment the trigger member 61 further 
comprises a flow-sensitive vane 89 which extends from the 
pivot pin 87 and substantially closes the main flow path 21 
when in the Supporting position. In this embodiment the Vane 
89 is configured to engage the vane stop 29 on the arcuate 
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section 27 of the guide member 20 when in the supporting 
position. In this embodiment the vane 89 includes an aperture 
90 which acts to require a predetermined airflow through the 
main flow path 21 prior to releasing the trigger member 61 
from the Supporting position. Advantageously, with this con 
figuration, a bi-directional air flow can be achieved through 
the nasal cavities prior to release of Substance through the 
nosepiece 17. In an alternative embodiment, an airflow can be 
provided through the main flow path 21 prior to releasing the 
trigger member 61 from the Supporting position by sizing the 
vane 89 to be of a size slightly smaller than the section of the 
main flow path 21, whereby an air flow of up to a predeter 
mined flow rate can be developed about the vane 89 prior to 
driving the vane 89 such as to cause the trigger member 61 to 
be released from the Supporting position. 
0.138. The delivery device further comprises a pressure 
sensitive sealing unit 93 which is configured normally to be 
closed, and thereby isolate the gas venting path 26 from the 
main flow path 21, such that the exhaled air flow of a user is 
directed through the main flow path 21, and be opened where 
the pressure in the main flow path 21 exceeds a predetermined 
threshold pressure such that an airflow can be developed over 
the vane 89 of the trigger member 61 which has a sufficient 
flow rate as to drive the vane 89 to actuate the locking assem 
bly 59, with the exhaled air flow being vented through the 
external venting apertures 25, 25. As mentioned hereinabove, 
this configuration enables actuation of the release mechanism 
34 in the event that the nasal passage of the user is so con 
gested as to prevent the attainment of a sufficient flow rate as 
to drive the vane 89 of the trigger member 61 to actuate the 
release mechanism 34. 

0.139. In this embodiment the sealing unit 93 comprises an 
annular seal 95 which is disposed such as to be a sealing fit at 
one, the upstream, end of the gas venting path 26, a sealing 
member 97 which is moveable between a first, normally 
closed position and a second, open position, and a biasing 
element 99, in this embodiment a resilient element, here a 
compression spring, for biasing the sealing member 97 to the 
closed position. The sealing member 97 includes an annular 
seat 101 and is movable between the closed position in which 
the annular seat 101 is in sealing engagement with the annular 
seal 95, with the annular seat 101 being maintained in sealing 
engagement with the annular seal 95 by the biasing element 
99, and thereby closes the sealing unit 93 to isolate the gas 
venting path 26 from the main flow path 21, and the open 
position in which the sealing member 97 is driven out of 
sealing engagement with the annular seal 95 by the genera 
tion of a predetermined venting pressure in the main flow path 
21, with the force generated by the venting pressure exceed 
ing the biasing force applied by the biasing element 99, and 
thereby providing for fluid communication between the main 
flow path 21 and the gas venting path 26 Such as to enable an 
air flow to be developed over the vane 89 of the trigger 
member 61 as required to actuate the release mechanism 34. 
0140. Operation of the delivery device will now be 
described hereinbelow. 

0.141. In operation, a user first takes the device, as illus 
trated in FIG. 7(a), and primes the device by rotating the 
loading member 51 of the loading mechanism 33 to the 
loaded position, as illustrated in FIG. 7(b). With the release 
mechanism 34 in the locked configuration, that is, with the 
abutment surface 77 of the supporting member 73 of the 
locking assembly 59 abutting the pump fitting 36, the loading 
unit 42 is biased against the bottom of the container 35 of the 
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substance supply unit 31. The user then inserts the nosepiece 
17 into one of the nasal cavities, grips the mouthpiece 19 with 
the lips, and exhales through the mouthpiece 19. Where an air 
flow can be established through the main flow path 21, by 
virtue of the aperture 90 in the vane 89 of the trigger member 
61, a bi-directional air flow is developed through the nasal 
cavities. As illustrated in FIG. 7(c), with continued exhala 
tion, the pressure differential across the vane 89 of the trigger 
member 61 increases, until such point that the pressure dif 
ferential is such as to cause the rotation of the vane 89 and 
thereby the pivot pin 87 to which the vane 89 is attached. As 
illustrated in FIG. 7(d), where an air flow cannot be estab 
lished through the nosepiece 17, for example, as a result of 
nasal congestion, the pressure in the main flow path 21 
increases, until Such point that the pressure acts to open the 
sealing unit 93, in this embodiment by driving the sealing 
member 97 from the annular seal 95, at which point an air 
flow is established via the gas venting path 26 and the external 
venting apertures 25, 25 to atmosphere, which airflow is such 
as to cause the rotation of the vane 89 and thereby the pivot pin 
87 to which the vane 89 is attached. This rotation of the pivot 
pin 87 is such as to cause the movement of the link member 65 
of the locking assembly 59, which link member 65, once no 
longer abutting the pivot pin 87 and Supporting the locking 
assembly 59 in the locking configuration, allows for the 
movement, under the action of the loading unit 42, of the 
container 35 and the pump fitting 36 coupled thereto to actu 
ate the substance supply unit 31 and deliver a metered volume 
of liquid from the delivery tube 41 of the outlet unit 32. 
0142 FIGS. 8 and 9 illustrate a breath-actuated nasal 
delivery device in accordance with a second embodiment of 
the present invention. 
0143. The delivery device comprises a housing unit 114 
which comprises a main body 115, a nosepiece 117 for fitting 
to a nostrilofa user, and a mouthpiece 119 through which the 
user exhales to actuate the delivery device. 
0144. The main body 115 includes an aperture 116 for 
enabling any air flow thereinto to escape therefrom. 
(0145 The main body 115 defines a main flow path 121 
which provides a fluid communication path between the 
nosepiece 117 and the mouthpiece 119, and through which a 
substance is delivered to the nasal cavity of the user. The main 
flow path 121 includes an aperture 122 and an abutment 123 
therein, the purpose of which will become apparent herein 
below. In this embodiment the main flow path 121, in fluidly 
communicating the nosepiece 117 to the mouthpiece 119, is 
such that an exhalation breath of the user can provide for 
bi-directional flow through the nasal cavities as disclosed in 
WO-A-00/51672. In alternative embodiments there could be 
no fluid communication path between the nosepiece 117 and 
the mouthpiece 119 such that an exhalation breath of the user 
is not directed to the nasal cavities of the user. These alterna 
tive embodiments include those where substance is delivered 
in a separate gas flow, such as from a pressurized canister, for 
example, a pMDI canister. 
0146 In this embodiment the nosepiece 117 has a tapering 
section which narrows to the distal end thereof and acts, when 
inserted, typically from about 1 to 2 cm, into the anterior part 
of a nasal cavity, to expand the narrow nasal valve of the nasal 
cavity and provide a fluid-tight seal. 
0147 In this embodiment the mouthpiece 119 is config 
ured to be gripped in the lips of a user. In an alternative 
embodiment the mouthpiece 119 could be configured to be 
gripped by the teeth of a user and sealed by the lips of the user. 
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In a preferred embodiment the mouthpiece 119 is specifically 
configured to have one or both of a shape and geometry which 
allows the delivery device to be gripped repeatedly in the 
same position, thereby providing for the nosepiece 117 to be 
reliably inserted in the same position in the nasal cavity. 
0.148. The delivery device further comprises a breath-ac 
tuated substance delivery assembly 124 for delivering sub 
stance through the main flow path 121 on exhalation by the 
user through the mouthpiece 119. 
014.9 The substance supply assembly 124 comprises a 
substance supply unit 125 for delivering a metered dose of a 
substance on actuation of the same, an outlet unit 127 which 
is connected to the substance supply unit 125 for delivering 
Substance through the main flow path 121, a loading mecha 
nism 129 for loading the substance supply unit 125, and a 
release mechanism 131 for releasing the Substance Supply 
unit 125 from a loaded, non-actuated position to the actuated 
position on exhalation by the user through the mouthpiece 
119. 

0150. In this embodiment the substance supply unit 125, 
as a mechanical pump, comprises a container 133 containing 
a Volume of liquid containing a Substance, a pump fitting 135 
which includes a metering chamber and is connected to the 
container 133, and an outlet stem 137 which is movably 
disposed to the pump fitting 135 and through which liquid is 
delivered. In operation, a metered volume of liquid is deliv 
ered on relative movement of the pump fitting 135 and the 
outlet stem 137, in this embodiment movement of the pump 
fitting 135 in relation to the outlet stem 137, between a first 
position, as illustrated in FIG. 8(a), in which the outlet stem 
137 is extended from the pump fitting 135 and a second 
position, as illustrated in FIG. 8(c), in which the outlet stem 
137 is depressed into the pump fitting 135. 
0151. In this embodiment the substance supply unit 125 is 
a multi-dose device for enabling the delivery of a succession 
of metered doses of substance. In an alternative embodiment 
the substance supply unit 125 could be a single dose device 
for delivering a single metered dose of Substance. 
0152 The pump fitting 135 includes at least one lug 138 
which provides an abutment surface 139, as will be described 
in more detail hereinbelow. In this embodiment the abutment 
surface 139 of the at least one lug 138 is an inclined surface. 
0153. The outlet unit 127 comprises an outlet block 140 
which is connected to the outlet stem 137 of the substance 
supply unit 125 and, in this embodiment, includes a valve and 
swirl chamber, and a delivery tube 141 from which a mist of 
fine droplets of the liquid is expelled on actuation of the 
substance supply unit 125. In an alternative embodiment the 
delivery tube 141 could be configured to deliver a liquid jet. 
0154 The loading mechanism 129 comprises a biasing 
element 143, in this embodiment a resilient element, here a 
compression spring, which is loaded with a predetermined 
force which is Sufficient to actuate the Substance Supply unit 
125 when released, in this embodiment by causing relative 
movement of the pump fitting 135 in relation to the outlet 
stem 137, and a loading member 145 for loading the biasing 
element 143. In this embodiment the loading member 145 
comprises a lever which is movable to a loading position, as 
illustrated in FIG.8(b), in which the loading member 145 acts 
to load the biasing element 143 by biasing the same against 
the bottom end of the container 133 of the substance supply 
unit 125. 
0155 The release mechanism 131 comprises a locking 
assembly 147 which acts to lock the substance supply unit 
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125 in the non-actuated position, in this embodiment by pre 
venting movement of the pump fitting 135 relative to the 
outlet stem 137, until actuation of the release mechanism 131, 
and a trigger member 149 which is coupled to the locking 
assembly 147 and disposed at the mouthpiece 119 such as to 
Support the locking assembly 147 until acted upon by an oral 
exhalation breath of a user. 

0156. In this embodiment the locking assembly 147 com 
prises a first, support member 151, which is hinged, in this 
embodiment to the outlet block 140 of the outlet unit 127, and 
engages the at least one lug 138 on the pump fitting 135 in the 
locked position, and a second, link member 153 which 
couples the support member 151 to the trigger member 149 
when loaded. 

0157. In this embodiment the support member 151 is sub 
stantially L-shaped, with one end thereof being hinged to the 
outlet block 140 of the outlet unit 127, the other end thereof 
Supporting the link member 153, and including an abutment 
surface 155, in this embodiment a curved surface, which 
engages the abutment surface 139 of the at least one lug 138 
in the locked position. In this embodiment the link member 
153 is hinged to the support member 151 such as to be freely 
movable between a first, locked position, as illustrated in FIG. 
8(a), in which the link member 153 abuts the support member 
151 and defines a Support position, and a second, released 
position. In an alternative embodiment the link member 153 
could comprise a flexible, preferably resilient, element. 
0158. In this embodiment the trigger member 149 com 
prises a pivot pin 157 about which the trigger member 149 is 
rotatable between a first, Supporting position, as illustrated in 
FIG. 8(a), in which the trigger member 149 engages the 
locking assembly 147 in the locked position, and a second, 
released position, as illustrated in FIG. 8(c), in which the 
locking assembly 147 is not supported and released from the 
locking position. 
0159. In this embodiment the trigger member 149 further 
comprises a first, flow-sensitive vane 159 which extends from 
the pivot pin 157 and substantially closes the main flow path 
121 when in the supporting position. In this embodiment the 
first vane 159 is configured to engage the abutment 123 in the 
main flow path 121 when in the Supporting position. The 
provision of the abutment 123 acts to prevent the actuation of 
the substance supply unit 125 on inhalation by the user. In this 
embodiment the first vane 159 includes an aperture 160 which 
acts to require a predetermined airflow through the main flow 
path 121 prior to releasing the trigger member 149 from the 
Supporting position. Advantageously, with this configuration, 
a bi-directional air flow can be achieved through the nasal 
cavities prior to release of Substance through the nosepiece 
117. 

0160. In this embodiment the trigger member 149 further 
comprises a second, pressure-sensitive vane 161 which 
extends from the pivot pin 157 and substantially seals the 
aperture 122 in the main flow path 121 when in the supporting 
position. In this embodiment the second Vane 161 is config 
ured such as to release the trigger member 149 from the 
Supporting position on the generation of a predetermined 
pressure in the main flow path 121. Advantageously, with this 
configuration, the Substance Supply unit 125 can be actuated 
even when the nasal cavity is so congested that no, or not 
sufficient, an air flow can be achieved. 
0161 Operation of the delivery device will now be 
described hereinbelow. 
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0162. In operation, a user first primes the device by rotat 
ing the loading member 145 of the loading mechanism 129 to 
the loaded configuration, as illustrated in FIG. 8(b). With the 
release mechanism 131 in the locked position, that is, with the 
abutment surface 155 of the supporting member 151 of the 
locking assembly 147 abutting the abutment surface 139 of 
the at least one lug 138 on the pump fitting 135, the biasing 
element 143 is biased against the bottom of the container 133 
of the substance supply unit 125. The user then inserts the 
nosepiece 117 into one of the nasal cavities, grips the mouth 
piece 119 with the lips, and exhales through the mouthpiece 
119. Where an air flow can be established through the main 
flow path 121, by virtue of the aperture 160 in the first vane 
159 of the trigger member 149, a bi-directional air flow is 
developed through the nasal cavities. With continued exhala 
tion, the pressure differential across the first vane 159 of the 
trigger member 149 increases, until Such point that the pres 
sure differential is such as to cause the rotation of the first 
vane 159 and thereby the pivot pin 157 to which the first vane 
159 is attached. Where an air flow cannot be established, for 
example, as a result of nasal congestion, the pressure in the 
main flow path 121 increases, until Such point that the pres 
Sure acts to cause the rotation of the second vane 161 and 
thereby the pivot pin 157 to which the second vane 161 is 
attached. This rotation of the pivot pin 157 is such as to cause 
the movement of the link member 153 of the locking assem 
bly 147, which link member 153, once no longer abutting the 
pivot pin 157 and supporting the locking assembly 147 in the 
locking configuration, allows for the movement, under the 
action of the biasing element 143, of the container 133 and the 
pump fitting 135 coupled thereto to actuate the substance 
supply unit 125 and deliver a metered volume of liquid from 
the delivery tube 141 of the outlet unit 127. 
(0163 FIGS. 10 and 11 illustrate a breath-actuated nasal 
delivery device in accordance with a third embodiment of the 
present invention. 
0164. The nasal delivery device of this embodiment is very 
similar to that of the above-described second embodiment. 
Thus, in order to avoid unnecessary duplication of descrip 
tion, only the differences will be described in detail, with like 
parts being designated by like reference signs. 
0.165. The nasal delivery device of this embodiment dif 
fers only in that the trigger member 149 does not include a 
second vane 161 as in the above-described second embodi 
ment, but instead comprises a resilient element 163 which 
acts as a pressure-sensitive element. Operation is the same as 
for the above-described embodiment, with the resilient ele 
ment 163 being deformed, and hence causing rotation of the 
pivot pin 157, with an increased pressure in the main flow path 
121, such that the pivot pin 157 is rotated sufficiently to 
release the locking assembly 147 on a predetermined pressure 
being developed in the main flow path 121. 
0166 In alternative embodiments the trigger member 149 
could be configured to include only a single vane 159, 161 or 
element 163 such that the trigger member 149 is only one of 
flow or pressure sensitive. In particular, where the exhalation 
breath of a user is not delivered to the nasal airway, that is, 
where the nosepiece 117 is not fluidly connected to the 
mouthpiece 119, the trigger member 149 need only be con 
figured to be one of flow or pressure sensitive, since there will 
be no obstruction to the exhalation breath. 

0.167 For example, in these embodiments the substance 
Supply unit 125 could comprise an aerosol canister, Such as 
used in a pressurized metered dose inhaler (pMDI), for deliv 
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ering a propellant, preferably a hydrofluoroalkane (HFA) pro 
pellant or the like, containing a Substance, preferably a medi 
cament either as a Suspension or a solution. 
0.168. In other embodiments the substance supply unit 125 
could comprise a dry powder delivery unit for delivering a 
metered dose of substance in a dry powder, either entrained in 
the exhalation breath of a user or in a separate gas flow as 
Supplied by a separate gas source. 
0169. In still yet other embodiments the substance supply 
unit 125 could comprise a nebulizer for delivering a metered 
dose of a nebulized substance, either entrained in the exhala 
tion breath of a user or in a separate gas flow as Supplied by a 
Separate gas Source. 
0170 In still yet also other embodiments the substance 
Supply unit 125 could comprise a jet pump which delivers, in 
this embodiment Squirts, a metered dose of a Substance as a jet 
on actuation thereof, typically by releasing the stored energy 
in a compression spring. 
0171 In these embodiments the delivery device is config 
ured to deliver the exhalation breath through one nostril of a 
user Such as to flow around the posterior margin of the nasal 
septum and out of the other nostril of the user, thereby achiev 
ing bi-directional flow through the nasal cavities as disclosed 
in WO-A-00/51672. 
0172. In alternative embodiments the delivery device 
could be configured to deliver Substance at a reduced pressure 
which is not sufficient to achieve bi-directional delivery 
through the nasal cavities. This notwithstanding, these 
embodiments are still advantageous as compared to known 
delivery devices in providing for velum closure and being 
capable of achieving targeted delivery. In one embodiment 
the delivery device could include two nosepieces 117 for the 
simultaneous delivery to each of the nasal cavities. This 
embodiment advantageously provides for three-point fixation 
of the delivery device via the nosepieces 117 and the mouth 
piece 119. 
(0173 FIGS. 12 and 13 illustrate a breath-actuated nasal 
delivery device in accordance with a fourth embodiment of 
the present invention. 
0.174. The nasal delivery device of this embodiment is very 
similar to that of the above-described second and third 
embodiments. Thus, in order to avoid unnecessary duplica 
tion of description, only the differences will be described in 
detail, with like parts being designated by like reference 
signs. 
(0175. The nasal delivery device of this embodiment dif 
fers principally only in that the substance supply unit 125 is an 
aerosol canister, Such as used in a pressurized metered dose 
inhaler (pMDI), for delivering a propellant, preferably a 
hydrofluoroalkane (HFA) propellant or the like, containing a 
substance, in that the release mechanism 131 further com 
prises a biasing element 169, in this embodiment a resilient 
element, for biasing the locking assembly 147 to the locking 
configuration, and in that the trigger member 149 comprises 
only a single flow-sensitive vane 159. In a preferred embodi 
ment the aerosol canister is a pressurized metered dose 
inhaler (pMDI), for delivering a propellant, preferably a 
hydrofluoroalkane (HFA) propellant or the like, containing a 
Substance, preferably a medicament either as a suspension or 
a solution. Operation is the same as for the above-described 
second and third embodiments. 

0176 FIGS.14 and 15 illustrate a flow-control mechanism 
in accordance with an embodiment of the present invention 
for incorporation in the main flow path 21, 121 between the 
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mouthpiece 19, 119 and the trigger member 61, 149 of the 
nasal delivery devices of the above-described embodiments. 
0177. Where a spray pump is operated in an inclined ori 
ent, typically more than 45 degrees, oran upside-down orient, 
air may be drawn into the pump fitting, causing at least in part 
air, and not liquid, to be pumped. This will have the effect of 
causing a sequence of subsequent doses to be incomplete, and 
the flow-control mechanism is configured thus to prevent a 
user from releasing the device in an incorrect orient. 
0178. In this embodiment, as illustrated in FIG. 14(a), the 
flow-control mechanism comprises a flow channel section 
171 which includes a recess 173, and a ball 175 which is 
movably captively disposed within the flow channel section 
171 and normally, with the delivery device in an acceptable 
orient, rests in the recess 173 to allow an air flow from the 
mouthpiece 19, 119 to the trigger member 61,149, but, with 
the delivery device in an unacceptable orient, the ball 175 
adopts a forward, downstream position in the flow channel 
section 171 to block the same and prevent the development of 
an air flow therethrough which is required to actuate the 
release mechanism 34,131. A user is most likely to attempt to 
operate the device when seated with their head tilted back 
wards or in the supine position. Where the device is tilted 
backwards more than a predetermined angle, as illustrated in 
FIG. 14(b), the ball 175 will roll from the recess 173 into a 
narrower, downstream part of the flow channel section 171 
and block the same, thereby preventing actuation of the 
release mechanism 34,131. A more complex mechanism may 
also prevent insufflations in this position. 
0179. In this embodiment the flow-control mechanism is 
also configured to prevent actuation of the release mechanism 
34, 131 where a user blows too forcefully into the device. It 
can be advantageous to first establish a certain flow through 
the device and into the nose before releasing substance. The 
shape and/or geometry of the flow channel section 171 at the 
recess 173 allows for the passage of a certain air flow, as 
illustrated in FIG. 15(a), but, if the airflow becomes too high, 
the ball 175 is blown into the narrow, downstream region of 
the flow channel section 175, as illustrated in FIG. 15(b), 
blocking off the flow channel section 171, and hence the main 
flow path 21, 121, and thereby preventing airflow through the 
main flow path 21, 121, and consequently actuation of the 
device. The shape and geometry of the recess 173, the angling 
of the flow channel section 171 at the end regions thereof and 
the weight of the ball 175 can be altered to determine the 
maximum permitted flow. 
0180. Also, in this embodiment, where inhalation is 
attempted, the ball 175 will be sucked into the narrow, 
upstream region of the flow channel section 171, preventing 
further air flow, as illustrated in FIG. 15(c). 
0181 Finally, it will be understood that the present inven 
tion has been described in its preferred embodiments and can 
be modified in many different ways without departing from 
the scope of the invention as defined in the appended claims. 
0182 For example, for mechanical spray pumps, issues 
related to priming and loss of priming are important. Nor 
mally, when the container 35, 133 is new, the pump must be 
compressed typically three to five times before providing the 
first mist at actuation. In order to ensure that the required 
priming is performed before the device is used, in one modi 
fication a counter is included which clearly shows that the 
device is primed. The subject should be able to see that the 
device actually fires before it is used. 
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0183 In another modification the device is configured to 
provide for manual firing, especially in the case where a 
conventional container 35, 133 is used which may suck air 
into the tube and chamber if the container 35,133 is held in an 
incorrectorient. With the traditional spray pumps, the dose in 
the chamber tends to evaporate after some hours or days, 
making it necessary to re-prime the pump to enable proper 
function where having not been used for a certain period. 
However, recently, a new pump design has been developed 
which incorporates a valve, preventing this loss of prime. 
Still, the problem of actuating in an upside-down or very 
tilted position remains. If actuated in this position, air may be 
drawn into the tube inside the container 35, 133 instead of 
liquid. This causes one or more of the Subsequent doses to be 
incomplete. This may require repeated re-priming to restore 
normalfunction. One solution is to provide a compliant mem 
brane inside the container 35, 133 to prevent air entering the 
tube. Still, this solution is more expensive and the flexible 
membrane inside the container 35, 133 is formed other than 
from glass. To change from glass may be costly, and may 
hinder the uptake of this solution, particularly where used for 
medicaments. The present mechanism, which prevents 
release in upside-down and very-tilted orients, will to a large 
extent obviate this problem. 
0184. In the described embodiments the hinge axis of the 
support member 63, 151 of the locking assembly 59, 147 is 
co-incident with the axis of the substance supply unit 31, 125, 
but the hinge axis of the support member 63, 151 could be 
offset from the axis of the substance supply unit 31, 125. 

1. A nasal delivery device, comprising: 
a mouthpiece through which a user in use exhales to actuate 

the delivery device; 
a nosepiece for fitting in or to a nostril of the user; 
a Substance Supply unit actuatable to deliver a dose of a 

Substance through the nosepiece; and 
a trigger mechanism for actuating the Substance Supply 

unit in response to exhalation through the mouthpiece. 
2. The delivery device of claim 1, wherein the trigger 

mechanism comprises a pressure-sensitive element in fluid 
communication with the mouthpiece. 

3. The delivery device of claim 2, wherein the pressure 
sensitive element comprises a resilient element. 

4. The delivery device of claim 3, wherein the resilient 
element is configured to be deformable by the exhalation 
breath of the user on exhalation through the mouthpiece to 
operate the trigger mechanism and actuate the Substance Sup 
ply unit. 

5. The delivery device of claim 4, wherein the trigger 
mechanism further comprises at least one pivot pin which is 
configured to be rotated by the deformable resilient element. 

6. The delivery device of claim 5, wherein the trigger 
mechanism further comprises a locking assembly, and 
wherein the pivot pin is configured to engage and release the 
locking assembly, thereby operating the trigger mechanism 
and actuating the Substance Supply unit. 

7. The delivery device of claim 1, wherein the trigger 
mechanism actuates the Substance Supply unit at a predeter 
minable pressure. 

8. The delivery device of claim 1, further comprising a flow 
path fluidly connecting the nosepiece and the mouthpiece, 
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whereby an air flow developed by exhalation by the user 
through the mouthpiece is delivered through the nosepiece. 

9. The delivery device of claim 1, wherein the nosepiece 
and the mouthpiece are fluidly isolated. 

10. A nasal drug delivery system comprising: 
a container containing a Substance to be delivered into the 

nasal passages of a user; 
a nasal shaft extending from the drug delivery system for 

placement in or at the nose of user, said nasal shaft in 
fluid communication with a valve of said container, 

an oral shaft, extending from the drug delivery system for 
placement in the mouth of a user, and 

a pressure activated diaphragm trigger means, wherein 
upon application of pressure to the oral shaft the dia 
phragm trigger means releases a predetermined amount 
of said Substance from said container to said nasal shaft. 

11. The nasal drug delivery system of claim 10, wherein the 
oral shaft is in fluid communication with said nasal shaft. 

12. The nasal drug delivery system of claim 11, wherein the 
pressure activated diaphragm trigger means comprises a fol 
lower. 

13. The nasal drug delivery system of claim 12, wherein the 
pressure activated diaphragm trigger means comprises a fol 
lower assembly. 

14. The nasal drug delivery system of claim 13, wherein the 
pressure activated diaphragm trigger means comprises a cam. 

15. The nasal drug delivery system of claim 10, further 
comprising an activation spring. 

16. A method of delivering a predetermined amount of 
medication to the nasal epithelia of a user comprising the 
steps of: 

providing a drug applicator having a container containing a 
Substance to be delivered, a nasal shaft, extending from 
the drug applicator for placement in or at the nose of 
user, with said nasal shaft in fluid communication with a 
valve of said container, an oral shaft extending from the 
drug applicator for placement in the mouth of a user, and 
a pressure activated diaphragm trigger means; 

inserting the oral shaft into the mouth of a user; 
inserting the nasal shaft into or at the nose of a user pres 

Surizing the oral shaft which activates the diaphragm 
trigger means; and 

releasing a predetermined amount of medicament from the 
container into the nasal shaft and into the nasal passage 
of the user. 

17. The method of claim 16, wherein the drug applicator 
further includes a lumen connecting the nasal shaft and the 
oral shaft and further comprising a step of causing an airflow 
from said oral shaft to said nasal shaft. 

18. The method of claim 17, wherein the airflow assists in 
dispersing the medication into the nasal passage of the user. 

19. The method of claim 16, wherein pressurizing of the 
oral shaft displaces a diaphragm. 

20. The method of claim 19, wherein the displacement of 
the diaphragm displaces a cam. 

21. The method of claim 20, wherein displacement of the 
cam releases a follower and triggers release of the 
medicament. 


