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(57) ABSTRACT 

A nasal delivery device for delivering Substance to a nasal 
cavity of a Subject, the delivery device comprising: a Sub 
stance Supply unit for Supplying a dose of Substance to be 
delivered to the nasal cavity of the subject, the substance 
Supply unit including an inlet and an outlet; a nosepiece unit 
including a nosepiece for fitting to a nasal cavity of the Subject 
and being in fluid communication with the outlet of the sub 
stance Supply unit; and a mouthpiece unit including a mouth 
piece in fluid communication with the inlet of the substance 
Supply unit and through which the Subject in use exhales Such 
as to entrain Substance from the container chamber and 
deliver the same through the nosepiece, and at least one 
temperature modifier for reducing a temperature of the 
exhaled air flow such as to reduce the absolute humidity 
thereof. 
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US 2016/0166788 A1 

POWDER DELIVERY DEVICES 

CROSS REFERENCE TO PRIORAPPLICATION 

0001. This application is a continuation of U.S. patent 
application Ser. No. 1 1/816,984, filed on Jun. 10, 2009, now 
U.S. patent Ser. No. , which in turn is a U.S. national 
stage entry of PCT/GB06/00631, filed Feb. 23, 2006, which 
claims priority to GB0503738.7, filed Feb. 23, 2005. The 
content of all the prior applications is hereby incorporated by 
reference in its entirety. 

FIELD OF INVENTION 

0002 The present invention relates to a powder delivery 
device for the delivery of a powdered substance, in particular 
to the nasal airway, and both a powdered Substance and a 
capsule for use with the same. 

BACKGROUND 

0003. There is an increasing interest in the nasal delivery 
of Substances, typically pharmaceutical drugs, both as pow 
ders and liquids, for topical and systemic delivery. 
0004 Current delivery systems are not suited to the deliv 
ery of Substances to the upper posterior region of the nasal 
airway, in particular targeted delivery to the olfactory region 
and the sinus ostia. 
0005 U.S. Pat. No. 4,013,075 and U.S. Pat. No. 4,889,114 
disclose examples of prior art inhalation devices, which pro 
vide for the inhalation of a powdered substance from a cap 
Sule. 
0006 WO-A-00/051672, the content of which is herein 
incorporated by reference, discloses a delivery device for 
delivering a Substance, in particular a medicament, in a bi 
directional flow through the nasal cavities, 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. A particular feature of this bi-directional mode of 
delivery is the ability to target defined regions in the nasal 
airway, for both topical and systemic delivery, in particular 
the upper posterior region which cannot be targeted with 
existing systems. 

SUMMARY OF THE INVENTION 

0007. The present inventors have recognized that the 
delivery of powdered substances using the exhalation breath 
of a subject still presents a significant challenge, owing to the 
interaction of the moist exhaled air flow with the powdered 
Substance prior to delivery into the nasal airway. 
0008 Exhalation into a device leads to condensation on 
the Surfaces of the exposed device components, where the 
components are at a significantly lower temperature than the 
exhaled air flow, and significant condensation in the delivery 
channel will affect the consistency of the delivered doses. 
0009. It is an aim of the present invention to provide a 
delivery device which allows for the delivery of powdered 
Substances, either Supplied in capsules or blisters, which con 
tain a pre-metered dose of Substance with the appropriate 
particle size distribution and Surface properties, or metered 
from bulk, where using the exhalation breath of the subject. 
0010. In one aspect the present invention provides a nasal 
delivery device which utilizes an exhalation breath to deliver 
a powdered Substance, and includes a temperature modifier to 
reduce the absolute humidity of the exhaled air flow prior to 
entrainment of the powdered Substance. 
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0011. In another aspect the present invention provides a 
nasal delivery device which utilizes an exhalation breath to 
deliver a powdered Substance, and incorporates a Venturi unit 
to draw a powdered Substance into the exhaled airflow using 
an air flow of the ambient atmosphere. 
0012. In a further aspect the present invention provides a 
nasal delivery device which utilizes drive means, such as a 
pressurized gas Supply or a turbine, to entrain a powdered 
Substance into a substance gas flow, which in one embodi 
ment is then entrained by an exhaled air flow. 
0013 Inayet further aspect the present invention provides 
a capsule which is formed from a lightweight material. Such 
as a thin-wall section polymeric material, which reduces the 
energy required to move the capsule, typically by one or both 
of vibration and rotation, and thereby provides for emptying 
at reduced flow rates. In one embodiment the material has a 
reduced tendency to become tacky in the presence of mois 
ture. 

0014. In a still further aspect the present invention pro 
vides a powder formulation which is formulated to have 
reduced hygroscopicity, and preferably a transiently-in 
creased dissolution time, such as achieved by coating or 
blending, Such as to reduce any loss of powdered Substance in 
a device due to interaction with water condensate. 
0015. In one preferred aspect the present invention pro 
vides a nasal delivery device for delivering substance to a 
nasal cavity of a Subject, the delivery device comprising: a 
Substance Supply unit for Supplying a dose of Substance to be 
delivered to the nasal cavity of the subject, the substance 
Supply unit including an inlet and an outlet; a nosepiece unit 
including a nosepiece for fitting to a nasal cavity of the Subject 
and being in fluid communication with the outlet of the sub 
stance Supply unit; and a mouthpiece unit including a mouth 
piece in fluid communication with the inlet of the substance 
Supply unit and through which the Subject in use exhales Such 
as to entrain Substance from the Substance Supply unit and 
deliver the same through the nosepiece, and at least one 
temperature modifier for reducing a temperature of the 
exhaled air flow such as to reduce the absolute humidity 
thereof. 
0016. In one embodiment the at least one temperature 
modifier comprises at least one elongate channel. 
0017 Preferably, the at least one temperature modifier 
comprises a plurality of elongate channels. 
0018. In one embodiment the mouthpiece unit includes a 
plurality of temperature modifiers which can be fluidly con 
nected Successively to the mouthpiece, and a Switching 
mechanism which allows for one of the temperature modifiers 
to be fluidly connected to the mouthpiece. 
0019 Preferably, when the one of the temperature modi 
fiers is fluidly connected to the mouthpiece, the at least one 
other temperature modifier is vented to atmosphere. 
0020. In one embodiment the switching mechanism com 
prises a rotatable member to which the temperature modifiers 
are disposed, whereby rotation of the Switching mechanism 
provides for the one of the temperature modifiers to be in fluid 
communication with the mouthpiece. 
0021 Preferably, the substance supply unit comprises a 
container chamber for receiving a Substance-containing con 
tainer which contains a dose of Substance. 
0022. In one embodiment the container chamber is sub 
stantially cylindrical in shape. 
0023. In another embodiment the container chamber is 
Substantially spherical in shape. 
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0024. In one embodiment the container chamber and the 
nosepiece comprise a unitary, replaceable component. 
0025. In one embodiment the substance supply unit com 
prises a rupturing mechanism for rupturing the container as 
contained in the container chamber. 
0026. In one embodiment the container is formed of a 
material which exhibits insufficient tackiness, and preferably 
Substantially no surface tackiness, in the presence of moisture 
Such as not to adhere to an inner Surface of the container 
chamber during emptying of the container. 
0027 Preferably, the container is formed of a material 
which exhibits insufficient tackiness in the presence of mois 
ture in the exhalation air flow for a period of up to about 5 s 
following exhalation. 
0028 More preferably, the container is formed of a mate 

rial which exhibits insufficient tackiness in the presence of 
moisture in the exhalation airflow for a period of up to about 
2 s following exhalation. 
0029. Still more preferably, the container is formed of a 
material which exhibits insufficient tackiness in the presence 
of moisture in the exhalation air flow for a period of up to 
about 1 s following exhalation. 
0030. In one embodiment the container is formed substan 

tially of a cellulose derivative. 
0031 Preferably, the container is formed substantially of 
one of hydroxypropyl methylcellulose (HPMC), hydrox 
ypropylcellulose, methylcellulose, ethylcellulose and car 
boxymethylcellulose. 
0032. In another embodiment the container is formed sub 
stantially of gelatine. 
0033. In a further embodiment the container is formed of a 
plastics material. 
0034. In a still further embodiment the container includes 
a coating of a material which exhibits insufficient tackiness in 
the presence of moisture such as not to adhere to an inner 
Surface of the container chamber during emptying of the 
container. 
0035. Preferably, the coating is formed of a material which 
exhibits insufficient tackiness in the presence of moisture in 
the exhalationairflow for a period of up to about 5s following 
exhalation. 
0036 More preferably, the coating is formed of a material 
which exhibits insufficient tackiness in the presence of mois 
ture in the exhalation air flow for a period of up to about 2s 
following exhalation. 
0037 Still more preferably, the coating is formed of a 
material which exhibits insufficient tackiness in the presence 
of moisture in the exhalation air flow for a period of up to 
about 1 s following exhalation. 
0038 Preferably, the coating comprises substantially one 
of parylene, hydroxypropyl methylcellulose (HPMC), 
hydroxypropylcellulose, methylcellulose, ethylcellulose, 
carboxymethylcellulose, polyvinyl alcohol, acrylic acid 
polymer, methacrylic acid polymer, ethyl acrylic acid poly 
mer, cellulose acetate phthalate, polyvinyl acetate phthalate, 
hydroxypropyl methylcellulose phthalate and hydroxyl 
methylcellulose acetate Succinate, or any combination of lay 
ers thereof. 
0039. In one embodiment the container comprises a body 
of gelatine. 
0040. In one embodiment the container comprises a cap 
Sule. 
0041. In one embodiment the capsule is substantially 
cylindrical in shape. 
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0042. In another embodiment the capsule is substantially 
spherical in shape. 
0043. In one embodiment the at least one temperature 
modifier is configured to reduce the temperature of the 
exhaled air flow by more than about 5°C. 
0044 Preferably, the at least one temperature modifier is 
configured to reduce the temperature of the exhaled air flow 
by at least about 12°C. 
0045 Preferably, the at least one temperature modifier is 
configured to allow a flow therethrough at a flow rate of at 
least about 101/minata pressure of less than about 2 kPa, and 
preferably less than about 1 kPa. 
0046 More preferably, the at least one temperature modi 
fier is configured to allow a flow therethrough at a flow rate of 
at least about 20 1/min at a pressure of less than about 2 kPa, 
and preferably less than about 1 kPa. 
0047 Still more preferably, the at least one temperature 
modifier is configured to allow a flow therethrough at a flow 
rate of at least about 301/min at a pressure of less than about 
2 kPa, and preferably less than about 1 kPa. 
0048. Yet more preferably, the at least one temperature 
modifier is configured to allow a flow therethrough at a flow 
rate of at least about 40 l/min at a pressure of less than about 
2 kPa, and preferably less than about 1 kPa. 
0049 Still yet more preferably, the at least one tempera 
ture modifier is configured to allow a flow therethrough at a 
flow rate of at least about 501/min at a pressure of less than 
about 2 kPa, and preferably less than about 1 kPa. 
(0050. Preferably, the at least one temperature modifier is 
configured Such as to provide a pressure drop of not more than 
about 0.5 kPa to the exhaled air flow. 
0051 More preferably, the at least one temperature modi 
fier is configured Such as to provide a pressure drop of not 
more than about 0.25 kPa to the exhaled air flow. 
0.052 Still more preferably, the at least one temperature 
modifier is configured Such as to provide a pressure drop of 
not more than about 0.10 kPa to the exhaled air flow. 
0053. Yet more preferably, the at least one temperature 
modifier is configured Such as to provide a pressure drop of 
not more than about 0.05 kPa to the exhaled air flow. 
0054 Still yet more preferably, the at least one tempera 
ture modifier is configured such as to provide a pressure drop 
of not more than about 0.025 kPa to the exhaled air flow. 
0055. In another embodiment the at least one temperature 
modifier comprises a thermoelectric device. 
0056. In another preferred aspect the present invention 
provides a nasal delivery device for delivering Substance to a 
nasal cavity of a Subject, the delivery device comprising: a 
Substance Supply unit for Supplying a dose of Substance to be 
delivered to the nasal cavity of the subject, the substance 
Supply unit comprising a substance-receiving chamber 
including an inlet and an outlet, and a Venturi unit for drawing 
a flow of ambient air through the Substance-receiving cham 
ber; a nosepiece unit including a nosepiece for fitting to the 
nasal cavity of the Subject and being in fluid communication 
with the Venturi unit; and a mouthpiece unit including a 
mouthpiece in fluid communication with the Venturi unit and 
through which the Subject in use exhales Such as to entrain 
Substance from the Substance-receiving chamber and deliver 
the same through the nosepiece. 
0057 Preferably, the substance-receiving chamber com 
prises a container chamber for receiving a Substance-contain 
ing container which contains a dose of Substance. 
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0.058. In one embodiment the container chamber is sub 
stantially cylindrical in shape. 
0059. In another embodiment the container chamber is 
Substantially spherical in shape. 
0060. In one embodiment the container chamber and the 
nosepiece comprise a unitary, replaceable component. 
0061. In one embodiment the substance supply unit com 
prises a rupturing mechanism for rupturing the Substance 
containing container as contained in the container chamber. 
0062. In one embodiment the container is formed of a 
material which exhibits insufficient tackiness, and preferably 
Substantially no surface tackiness, in the presence of moisture 
Such as not to adhere to an inner Surface of the container 
chamber during emptying of the container. 
0063 Preferably, the container is formed of a material 
which exhibits insufficient tackiness in the presence of mois 
ture in the exhalation air flow for a period of up to about 5 s 
following exhalation. 
0064 More preferably, the container is formed of a mate 

rial which exhibits insufficient tackiness in the presence of 
moisture in the exhalation airflow for a period of up to about 
2 s following exhalation. 
0065. Still more preferably, the container is formed of a 
material which exhibits insufficient tackiness in the presence 
of moisture in the exhalation air flow for a period of up to 
about 1 s following exhalation. 
0.066. In one embodiment the container is formed substan 

tially of a cellulose derivative. 
0067 Preferably, the container is formed substantially of 
one of hydroxypropyl methylcellulose (HPMC), hydrox 
ypropylcellulose, methylcellulose, ethylcellulose and car 
boxymethylcellulose. 
0068. In another embodiment the container is formed sub 
stantially of gelatine. 
0069. In a further embodiment the container is formed of a 
plastics material. 
0070. In a still further embodiment the container includes 
a coating of a material which exhibits insufficient tackiness in 
the presence of moisture such as not to adhere to an inner 
Surface of the container chamber during emptying of the 
container. 
0071 Preferably, the coating is formed of a material which 
exhibits insufficient tackiness in the presence of moisture in 
the exhalationairflow for a period of up to about 5s following 
exhalation. 
0072 More preferably, the coating is formed of a material 
which exhibits insufficient tackiness in the presence of mois 
ture in the exhalation air flow for a period of up to about 2s 
following exhalation. 
0073 Still more preferably, the coating is formed of a 
material which exhibits insufficient tackiness in the presence 
of moisture in the exhalation air flow for a period of up to 
about 1 s following exhalation. 
0074 Preferably, the coating comprises substantially one 
of parylene, hydroxypropyl methylcellulose (HPMC), 
hydroxypropylcellulose, methylcellulose, ethylcellulose, 
carboxymethylcellulose, polyvinyl alcohol, acrylic acid 
polymer, methacrylic acid polymer, ethyl acrylic acid poly 
mer, cellulose acetate phthalate, polyvinyl acetate phthalate, 
hydroxypropyl methylcellulose phthalate and hydroxyl 
methylcellulose acetate Succinate, or any combination of lay 
ers thereof. 
0075. In one embodiment the container comprises a body 
of gelatine. 
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0076. In one embodiment the container comprises a cap 
Sule. 
0077. In one embodiment the capsule is substantially 
cylindrical in shape. 
0078. In another embodiment the capsule is substantially 
spherical in shape. 
0079. In one embodiment the Venturi unit comprises a 

first, driving air flow inlet which is in fluid communication 
with the mouthpiece unit and provides a constriction which 
acts to accelerate the exhaled air flow to deliver a driving air 
flow at a higher Velocity, a second, Substance air flow inlet 
which is in fluid communication with the Substance Supply 
unit and through which is in use drawn a Substance air flow 
from the Substance-receiving chamber which entrains Sub 
stance as contained therein, and an airflow outlet which is in 
fluid communication with the nosepiece unit and through 
which the driving airflow and the substance airflow are in use 
delivered. 
0080. In one embodiment the driving air flow is directed 
substantially perpendicularly to the substance air flow. 
I0081. In another embodiment the driving air flow is 
directed substantially parallel to the substance air flow. 
I0082 In one embodiment the mouthpiece unit is fluidly 
connected to the Substance Supply unit, such as to provide a 
Supplemental airflow to the Substance-receiving chamber on 
exhalation by the subject into the mouthpiece unit. 
I0083 Preferably, the mouthpiece unit includes a flow 
channel which is fluidly connected to the inlet of the sub 
stance-receiving chamber. 
I0084. In a further preferred aspect the present invention 
provides a nasal delivery device for delivering Substance to a 
nasal cavity of a Subject, the delivery device comprising: a 
Substance Supply unit for Supplying a dose of Substance to be 
delivered to the nasal cavity of the subject, the substance 
Supply unit comprising a substance-receiving chamber 
including an inlet and an outlet, and a gas Supply unit for 
delivering a gas flow through the Substance-receiving cham 
ber Such as in use to provide a gas flow entraining Substance 
from the outlet of the Substance-receiving chamber, a nose 
piece unit including a nosepiece for fitting to the nasal cavity 
of the subject and being in fluid communication with the 
outlet of the Substance-receiving chamber; and a mouthpiece 
unit including a mouthpiece in fluid communication with the 
outlet of the Substance-receiving chamber and the nosepiece 
and through which the Subject in use exhales such as to 
entrain Substance as delivered from the Substance-receiving 
chamber and deliver the same through the nosepiece. 
I0085 Preferably, the substance-receiving chamber com 
prises a container chamber for receiving a Substance-contain 
ing container which contains a dose of Substance. 
0086. In one embodiment the container chamber is sub 
stantially cylindrical in shape. 
0087. In another embodiment the container chamber is 
Substantially spherical in shape. 
0088. In one embodiment the container chamber and the 
nosepiece comprise a unitary, replaceable component. 
I0089. In one embodiment the substance supply unit com 
prises a rupturing mechanism for rupturing the container as 
contained in the container chamber. 
0090. In one embodiment the container is formed of a 
material which exhibits insufficient tackiness, and preferably 
Substantially no surface tackiness, in the presence of moisture 
Such as not to adhere to an inner Surface of the container 
chamber during emptying of the container. 
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0091 Preferably, the container is formed of a material 
which exhibits insufficient tackiness in the presence of mois 
ture in the exhalation air flow for a period of up to about 5 s 
following exhalation. 
0092. More preferably, the container is formed of a mate 

rial which exhibits insufficient tackiness in the presence of 
moisture in the exhalation airflow for a period of up to about 
2 s following exhalation. 
0093 Still more preferably, the container is formed of a 
material which exhibits insufficient tackiness in the presence 
of moisture in the exhalation air flow for a period of up to 
about 1 s following exhalation. 
0094. In one embodiment the container is formed substan 

tially of a cellulose derivative. 
0095 Preferably, the container is formed substantially of 
one of hydroxypropyl methylcellulose (HPMC), hydrox 
ypropylcellulose, methylcellulose, ethylcellulose and car 
boxymethylcellulose. 
0096. In another embodiment the container is formed sub 
stantially of gelatine. 
0097. In a further embodiment the container is formed of a 
plastics material. 
0098. In a still further embodiment the container includes 
a coating of a material which exhibits insufficient tackiness in 
the presence of moisture such as not to adhere to an inner 
Surface of the container chamber during emptying of the 
container. 
0099 Preferably, the coating is formed of a material which 
exhibits insufficient tackiness in the presence of moisture in 
the exhalationairflow for a period of up to about 5s following 
exhalation. 
0100 More preferably, the coating is formed of a material 
which exhibits insufficient tackiness in the presence of mois 
ture in the exhalation air flow for a period of up to about 2s 
following exhalation. 
0101 Still more preferably, the coating is formed of a 
material which exhibits insufficient tackiness in the presence 
of moisture in the exhalation air flow for a period of up to 
about 1 s following exhalation. 
0102 Preferably, the coating comprises substantially one 
of parylene, hydroxypropyl methylcellulose (HPMC), 
hydroxypropylcellulose, methylcellulose, ethylcellulose, 
carboxymethylcellulose, polyvinyl alcohol, acrylic acid 
polymer, methacrylic acid polymer, ethyl acrylic acid poly 
mer, cellulose acetate phthalate, polyvinyl acetate phthalate, 
hydroxypropyl methylcellulose phthalate and hydroxyl 
methylcellulose acetate Succinate, or any combination of lay 
ers thereof. 
0103) In one embodiment the container comprises a body 
formed Substantially of gelatine. 
0104. In one embodiment the container comprises a cap 
Sule. 
0105. In one embodiment the capsule is substantially 
cylindrical in shape. 
0106. In another embodiment the capsule is substantially 
spherical in shape. 
0107. In one embodiment the gas supply unit comprises a 
Volume of pressurized gas which, when released, provides the 
entraining gas flow. 
0108. In another embodiment the gas supply unit com 
prises a charged turbine which, when released, provides the 
entraining gas flow. 
0109. In one embodiment the gas supply unit is a breath 
actuated unit. 
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0110. In one embodiment the gas supply unit is actuated in 
response to generation of a predeterminable flow rate through 
the mouthpiece unit. 
0111. In another embodiment the gas supply unit is actu 
ated in response to generation of a predeterminable pressure 
at the mouthpiece unit. 
0112. In another embodiment the gas supply unit is a 
manually-actuated unit. 
0113. In a still further preferred aspect the present inven 
tion provides a capsule for containing a powdered Substance 
which exhibits insufficient tackiness, and preferably no sur 
face tackiness, in the presence of moisture Such as not to 
adhere to an inner Surface of a capsule chamber which con 
tains the capsule during emptying of the capsule. 
0114 Preferably, the capsule is formed of a material which 
exhibits insufficient tackiness in the presence of moisture in 
an exhalation air flow for a period of up to about 5 s. 
0115 More preferably, the capsule is formed of a material 
which exhibits insufficient tackiness in the presence of mois 
ture in the exhalation air flow for a period of up to about 2 s. 
0116 Still more preferably, the capsule is formed of a 
material which exhibits insufficient tackiness in the presence 
of moisture in the exhalation air flow for a period of up to 
about 1 s. 

0117. In one embodiment the capsule is formed substan 
tially of a cellulose derivative. 
0118 Preferably, the capsule is formed substantially of 
one of hydroxypropyl methylcellulose (HPMC), hydrox 
ypropylcellulose, methylcellulose, ethylcellulose and car 
boxymethylcellulose. 
0119. In another embodiment the capsule is formed of a 
plastics material. 
I0120 In one embodiment the capsule includes a coating of 
a material which exhibits insufficient tackiness in the pres 
ence of moisture Such as not to adhere to an inner Surface of 
the capsule chamber during emptying of the capsule. 
I0121 Preferably, the coating is formed of a material which 
exhibits insufficient tackiness in the presence of moisture in 
an exhalation air flow for a period of up to about 5 s. 
I0122) More preferably, the coating is formed of a material 
which exhibits insufficient tackiness in the presence of mois 
ture in the exhalation air flow for a period of up to about 2 s. 
I0123 Still more preferably, the coating is formed of a 
material which exhibits insufficient tackiness in the presence 
of moisture in the exhalation air flow for a period of up to 
about 1 s. 
0.124 Preferably, the coating comprises substantially one 
of parylene, hydroxypropyl methylcellulose (HPMC), 
hydroxypropylcellulose, methylcellulose, ethylcellulose, 
carboxymethylcellulose, polyvinyl alcohol, acrylic acid 
polymer, methacrylic acid polymer, ethyl acrylic acid poly 
mer, cellulose acetate phthalate, polyvinyl acetate phthalate, 
hydroxypropyl methylcellulose phthalate and hydroxyl 
methylcellulose acetate Succinate, or any combination of lay 
ers thereof. 
0.125. In one embodiment the capsule comprises a body 
formed Substantially of gelatine. 
I0126. In one embodiment the capsule is substantially 
cylindrical in shape. 
I0127. In another embodiment the capsule is substantially 
spherical in shape. 
I0128. In one embodiment the capsule comprises a body of 
thin-wall section. 
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0129. Preferably, the body has a thickness of not more than 
about 0.25 mm. 
0130. More preferably, the body has a thickness of not 
more than about 0.20 mm. 
0131. In a yet further preferred aspect the present inven 
tion extends to the use of a capsule, containing a powdered 
Substance, which exhibits insufficient tackiness, and prefer 
ably no Surface tackiness, in the presence of moisture such as 
not to adhere to an inner Surface of a capsule chamber which 
contains the same during emptying of the capsule in an 
exhaled air flow. 
0132 Preferably, the capsule is formed of a material which 
exhibits insufficient tackiness in the presence of moisture in 
an exhalation air flow for a period of up to about 5 s. 
0.133 More preferably, the capsule is formed of a material 
which exhibits insufficient tackiness in the presence of mois 
ture in the exhalation air flow for a period of up to about 2 s. 
0134 Still more preferably, the capsule is formed of a 
material which exhibits insufficient tackiness in the presence 
of moisture in the exhalation air flow for a period of up to 
about 1 s. 
0135) In one embodiment the capsule is formed substan 

tially of a cellulose derivative. 
0.136 Preferably, the capsule is formed substantially of 
one of hydroxypropyl methylcellulose (HPMC), hydrox 
ypropylcellulose, methylcellulose, ethylcellulose and car 
boxymethylcellulose. 
0.137 In another embodiment the capsule is formed of a 
plastics material. 
0.138. In one embodiment the capsule includes a coating of 
a material which exhibits insufficient tackiness in the pres 
ence of moisture Such as not to adhere to an inner Surface of 
the capsule chamber during emptying of the capsule. 
0139 Preferably, the coating is formed of a material which 
exhibits insufficient tackiness in the presence of moisture in 
an exhalation air flow for a period of up to about 5 s. 
0140 More preferably, the coating is formed of a material 
which exhibits insufficient tackiness in the presence of mois 
ture in the exhalation air flow for a period of up to about 2 s. 
0141 Still more preferably, the coating is formed of a 
material which exhibits insufficient tackiness in the presence 
of moisture in the exhalation air flow for a period of up to 
about 1 s. 
0142 Preferably, the coating comprises substantially one 
of parylene, hydroxypropyl methylcellulose (HPMC), 
hydroxypropylcellulose, methylcellulose, ethylcellulose, 
carboxymethylcellulose, polyvinyl alcohol, acrylic acid 
polymer, methacrylic acid polymer, ethyl acrylic acid poly 
mer, cellulose acetate phthalate, polyvinyl acetate phthalate, 
hydroxypropyl methylcellulose phthalate and hydroxyl 
methylcellulose acetate Succinate, or any combination of lay 
ers thereof. 
0143. In one embodiment the capsule comprises a body 
formed Substantially of gelatine. 
0144. In one embodiment the capsule is substantially 
cylindrical in shape. 
0145. In another embodiment the capsule is substantially 
spherical in shape. 
0146 In one embodiment the capsule comprises a body of 
thin-wall section. 
0147 Preferably, the body has a thickness of not more than 
about 0.25 mm. 
0148 More preferably, the body has a thickness of not 
more than about 0.20 mm. 
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0149. In yet another preferred aspect the present invention 
provides a nasal delivery device for delivering Substance to a 
nasal cavity of a Subject, the delivery device comprising: a 
Substance Supply unit for Supplying a dose of Substance to be 
delivered to the nasal cavity of the subject, the substance 
Supply unit including an inlet and an outlet; a nosepiece unit 
including a nosepiece for fitting to a nasal cavity of the Subject 
and being in fluid communication with the outlet of the sub 
stance Supply unit; and a mouthpiece unit including a mouth 
piece in fluid communication with the inlet of the substance 
Supply unit and through which the Subject in use exhales Such 
as to entrain Substance from the Substance Supply unit and 
deliver the same through the nosepiece. 
0150. In still another preferred aspect the present inven 
tion provides a method of delivering Substance to a nasal 
cavity of a Subject, the method comprising the steps of Sup 
plying a dose of Substance to be delivered to the nasal cavity 
of the Subject; fitting a nosepiece unit including a nosepiece to 
the nasal cavity of the Subject; and the Subject exhaling 
through a mouthpiece unit such as to entrain the Supplied dose 
of substance and deliver the same through the nosepiece to the 
nasal cavity of the Subject, wherein the mouthpiece unit 
includes at least one temperature modifier for reducing a 
temperature of the exhaled air flow such as to reduce the 
absolute humidity thereof. 
0151. In yet still another preferred aspect the present 
invention provides a method of delivering Substance to a nasal 
cavity of a subject, the method comprising the steps of pro 
viding a dose of substance to be delivered to the nasal cavity 
of the Subject in a Substance-receiving chamber, fitting a 
nosepiece unit including a nosepiece to the nasal cavity of the 
Subject; providing a Venturi unit which is operative to draw a 
flow of ambient air through the Substance-receiving chamber; 
and the subject delivering an exhaled air flow to the Venturi 
unit such as to draw a flow of ambient air through the sub 
stance-receiving chamber, which entrains the powdered Sub 
stance therein, and to the nosepiece such as to deliver the 
exhaled air flow entraining the powdered substance to the 
nasal cavity of the Subject. 
0152. In a yet still further preferred aspect the present 
invention provides a method of delivering Substance to a nasal 
cavity of a subject, the method comprising the steps of pro 
viding a dose of substance to be delivered to the nasal cavity 
of the Subject in a Substance-receiving chamber, fitting a 
nosepiece unit including a nosepiece to the nasal cavity of the 
Subject; providing a gas flow of ambient air through the Sub 
stance-receiving chamber, which entrains the powdered Sub 
stance therein; and the subject delivering an exhaled air flow 
to the nosepiece which entrains the gas flow entraining the 
powdered substance, such as to deliver the powdered sub 
stance to the nasal cavity of the Subject. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0153. Preferred embodiments of the present invention will 
now be described hereinbelow by way of example only with 
reference to the accompanying drawings, in which: 
0154 FIG. 1 illustrates a delivery device in accordance 
with a first embodiment of the present invention; 
(O155 FIG. 2 illustrates the heat exchanger of the delivery 
device of FIG. 1; 
0156 FIG.3 illustrates the delivery device of FIG. 1, in the 
operative state; 
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(O157 FIG. 4 illustrates the mouthpiece unit of a delivery 
device as a modification of the delivery device of FIG. 1, in a 
first operative configuration; 
0158 FIG.5 illustrates the mouthpiece unit of FIG.4, in a 
second operative configuration; 
0159 FIG. 6 illustrates a delivery device in accordance 
with a second embodiment of the present invention; 
(0160 FIG. 7 illustrates the delivery device of FIG. 6, in the 
operative state; 
0161 FIG. 8 illustrates a delivery device as a modification 
of the delivery device of FIG. 6; 
(0162 FIG.9 illustrates the delivery device of FIG.8, in the 
operative state; 
0163 FIG. 10 illustrates a delivery device in accordance 
with a third embodiment of the present invention; 
(0164 FIG. 11 illustrates the delivery device of FIG. 10, in 
the operative state; 
0.165 FIG. 12 illustrates a delivery device in accordance 
with a fourth embodiment of the present invention; 
(0166 FIG. 13 illustrates the delivery device of FIG. 12, in 
a first operative state; 
(0167 FIG. 14 illustrates the delivery device of FIG. 12, in 
a second operative state; 
0168 FIG. 15 illustrates a delivery device as one modifi 
cation of the delivery device of FIG. 12; 
0169 FIG. 16 illustrates a delivery device as one modifi 
cation of the delivery device of FIG. 1; and 
(0170 FIG. 17 illustrates a delivery device as another 
modification of the delivery device of FIG. 1. 

DETAILED DESCRIPTION OF THE INVENTION 

(0171 FIGS. 1 to 3 illustrate a delivery device in accor 
dance with a first embodiment of the present invention. 
0172. The delivery device comprises a substance supply 
unit 3 which includes a chamber 5 which receives a capsule 7. 
which contains a metered amount of a powdered Substance 
which is to be delivered by the delivery device, a rupturing 
mechanism 9 for rupturing the capsule 7, a mouthpiece unit 
11 which is in fluid communication with the chamber 5 and is 
gripped in use in the mouth of a Subject, and a nosepiece unit 
15 which is in fluid communication with the chamber 5 and is 
fitted to one nostril of the subject. For ease of illustration, the 
delivery device is illustrated in an elongate configuration, but, 
in its practical embodiment, the mouthpiece unit 11 and the 
nosepiece unit 15 are configured for fitting to the mouth and 
one nostril of the subject. 
0173 The substance supply unit 3 includes an inlet 17 
which fluidly connects the chamber 5 thereof with the mouth 
piece unit 11 and an outlet 19 which fluidly connects the 
chamber 5 thereof with the nosepiece unit 15. 
0.174. In this embodiment the substance supply unit 3 
includes a grid 21, here a gauze, which is disposed at the 
outlet 19 thereof and acts to prevent the capsule 7 or parts 
thereof from escaping from the chamber 5. 
0.175. In this embodiment the chamber 5 is cylindrical in 
shape. 
0176). In another embodiment the chamber 5 can be sub 
stantially spherical in shape, which is particularly advanta 
geous in allowing for the release of the powdered Substance 
from the capsule 7 in any operative position. 
0177. In this embodiment the chamber 5 and the grid 21, as 
components which contact the capsule 7 and the contained 
powder, are fabricated from a material having a low moisture 
sensitivity, here a plastics material. Such as to reduce any 
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tendency to become tacky in the presence of moisture, and 
therefore reduce the tendency for the capsule 7 and the pow 
dered substance as contained thereby to adhere to the wall of 
the chamber 5 or the grid 21. 
0178. In this embodiment the rupturing mechanism 9 
comprises a piercing element 23, here including two pins, 
which is operable to pierce the capsule 7, and thereby provide 
for the release of the contained powdered substance on the 
generation of a flow through the chamber 5. 
0179 The mouthpiece unit 11 comprises a mouthpiece 25, 
in this embodiment as defined by a tubular section, which is 
gripped in the mouth of the Subject, and a heat exchanger 27 
which is in fluid communication with the mouthpiece 25 and 
acts to draw heat from the exhaled air flow as delivered 
through the mouthpiece 25, thus decreasing the temperature 
of the air flow as delivered to the chamber 5. By decreasing 
the temperature of the airflow, the humidity of the air flow is 
reduced, with the water vapor condensing in the heat 
exchanger 27, and the impact of condensation is significantly 
reduced, thus allowing for Successive doses of powdered 
substance to be delivered without affecting the release of 
powdered substance from the capsules 7. 
0180. As illustrated in FIG. 2, in this embodiment the heat 
exchanger 27 comprises a channel 29 which has a Zig-Zag, 
serpentine configuration, with a circular cross section. In 
other embodiments the channel 29 could have other configu 
rations, for example, a rectangular cross section. 
0181. In this embodiment the channel 29 has an effective 
length of 200 mm and an effective diameter of 4 mm, which 
reduces the temperature of an exhaled air flow which has a 
flow rate of 301/min to about 25°C. from about 37°C., where 
the channel 29 is at a temperature of 20° C. 
0182 
lows: 

The reduction in temperature is calculated as fol 

0183. Where: T is the fluid temperature at the exit of the 
channel 29: T is the fluid temperature at the wall of the 
channel 29: T, is the fluid temperature at the inlet of the 
channel 29; his the heat transfer coefficient between the gas 
flowing through the channel 29 and the material of the chan 
nel 29; A is the surface area of the channel 29; m is the mass 
flow rate; and is the specific heat capacity of the gas flowing 
through the channel 29. This calculation assumes turbulent 
flow in the channel 29 (Nu-0.023Re-Pr). 
0184. In other embodiments the channel 29 can include 
features to enhance the heat transfer coefficient from the 
exhaled air flow to the wall of the channel 29, such that the 
effective length of the channel 29 can be considerably 
reduced. Typical features include nodules or areas of relative 
Surface roughness that create turbulence and so enhance the 
heat transfer. 

0185. In other embodiments the heat exchanger 27 could 
comprise a plurality of channels 29. 
0186. In one embodiment the heat exchanger 27 com 
prises four channels 29, as parallel ducts, which each have a 
width of 10 mm, a height of 1.5 mm and a length of 60 mm. 
This configuration reduces the temperature of an exhaled air 
flow which has a flow rate of 301/min by about 5° C., where 
the channels 29 are at a temperature of 20°C., and also cause 
only a very small pressure drop of 0.024 kPa. 
0187. The nosepiece unit 15 comprises a nosepiece 30, in 
this embodiment as defined by a tubular section, which is 
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inserted into a nostril of the subject, in this embodiment to 
provide a sealing fit therewith. 
0188 In this embodiment the nosepiece 30, as a compo 
nent which contacts the powdered substance, is fabricated 
from a material having a low moisture sensitivity, here a 
plastics material. Such as to reduce any tendency to become 
tacky in the presence of moisture, and therefore reduce the 
tendency for the powdered substance to adhere to the wall of 
the nosepiece 30. 
0189 In one embodiment the capsule 7 is a gelatine cap 
Sule. 
0190. In another embodiment the capsule 7 can be manu 
factured from a material which has a reduced tendency to 
become tacky in the presence of moisture, as occurs with 
gelatine capsules, and therefore reduce the tendency for the 
capsule 7 to adhere to the wall of the chamber 5 or the grid 21. 
0191 In one embodiment the capsule 7 is formed of a 
cellulose derivative, such as hydroxypropyl methylcellulose 
(HPMC), hydroxypropylcellulose, methylcellulose, ethylcel 
lulose and carboxymethylcellulose. 
0.192 In another embodiment the capsule 7 can comprise 
a plastics material, preferably a waterinsoluble material. Such 
as a polycarbonate. 
0193 In one embodiment the capsule 7 can be manufac 
tured from a lightweight material, such as thin-wall section 
polymeric materials, which reduces the energy required to 
move the capsule 7, typically by one or both of vibration and 
rotation, and thereby allow the delivery device to be operated 
at reduced flow rates, which is particularly advantageous for 
nasal delivery. 
0194 In one embodiment the capsule 7 has a wall section 
of less than about 0.25 mm, and more preferably less than 
about 0.2 mm. 

0.195. In an alternative embodiment the capsule 7 can 
include an outer coating of a material which has a reduced 
tendency to become tacky in the presence of moisture, as 
occurs with gelatine capsules, and therefore reduce the ten 
dency for the capsule 7 to adhere to the wall of the chamber 5 
or the grid 21. 
0196. In one embodiment the coated capsule 7 can be 
formed of gelatine. 
0197) In one embodiment the coating can comprise one of 
parylene, hydroxypropyl methylcellulose (HPMC), hydrox 
ypropylcellulose, methylcellulose, ethylcellulose, car 
boxymethylcellulose, polyvinyl alcohol, acrylic acid poly 
mer, methacrylic acid polymer, ethyl acrylic acid polymer, 
cellulose acetate phthalate, polyvinyl acetate phthalate, 
hydroxypropyl methylcellulose phthalate and hydroxyl 
methylcellulose acetate Succinate. 
0198 The delivery device of this embodiment is operative 

to discharge the powdered substance from the capsule 7 by 
rotation and vibration of the capsule 7, and thus the capsule 7 
is preferably formed of a material or coated with a material 
which exhibits substantially no tackiness in the presence of a 
moist environment, here a saturated exhaled air flow, that is, 
does not exhibit an increased moisture content at the outer 
surface thereof, which would prevent reliable rotation and 
vibration of the capsule 7. 
(0199. In this embodiment, as illustrated in FIG. 1, the 
capsule 7 is cylindrical in shape with hemispherical ends. 
0200. In other embodiments the capsule 7 could have other 
geometric forms, such as spherical, which allows for efficient 
powder release at low flow rates. 
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0201 In one embodiment the capsule 7 can comprise two 
or more parts. 
0202 In one alternative embodiment the capsule 7 can be 
constructed to act as the primary environmentalbarrier for the 
powdered substance. For example, the capsule 7 could be 
constructed from a relatively thick-walled cylindrical section 
of a polymeric material which includes two metalized thin 
film closure members which act to seal the ends of the cylin 
drical section and thus enclose the same. 

0203. In one embodiment, where the delivery device is a 
re-usable device, the chamber 5, which contains the capsule 
7, and the nosepiece 30 comprise a unitary, replaceable com 
ponent. 
0204. In operation, as illustrated in FIG. 3, a subject oper 
ates the rupturing mechanism 9 to rupture the capsule 7. 
inserts the nosepiece 30 into one of his/her nostrils, grips the 
mouthpiece 25 in his/her mouth, and exhales through the 
mouthpiece 25. 
0205 The exhaled air flow is reduced in temperature by 
the heat exchanger 27 on delivery therethrough, such as to 
reduce the absolute humidity of the exhaled airflow, and this 
cooled air is then driven through the chamber 5, which acts to 
move the capsule 7, in this embodiment by vibration and 
rotation, and entrain the powdered Substance as contained by 
the capsule 7. 
0206. The exhaled air flow, as then entraining the pow 
dered substance, is delivered though the nosepiece 30 into one 
nasal cavity of the Subject. 
0207. In this embodiment the exhaled air flow has such a 
pressure as to pass around the posterior region of the nasal 
septum, and into the other nasal cavity, thereby achieving a 
bi-directional air flow as described in the applicants earlier 
WO-A-OO/O51672. 

0208. In one modification, as illustrated in FIGS. 4 and 5. 
the mouthpiece unit 11 includes a plurality of, in this embodi 
ment first and second heat exchangers. 27a, b which can be 
used successively, such as to allow for the evaporation of the 
condensed moisture from the one or more previously-used 
heat exchangers 27a, b, and a Switching mechanism 31 which 
allows for one of the heat exchangers 27a, b to be fluidly 
connected to the mouthpiece 25. 
0209. In this embodiment the switching mechanism 31 
comprises a rotatable member to which the heat exchangers 
27a, b are disposed, whereby rotation of the switching 
mechanism 31 provides for one of the heat exchangers. 27a, b 
to be in fluid communication with the mouthpiece 25 and the 
at least one other of the heat exchangers 27a, b to be in fluid 
communication with the atmosphere. FIG. 4 illustrates a first 
configuration, in which the first heat exchanger 27a is in fluid 
communication with the mouthpiece 25 and the second heat 
exchanger 27b is vented to atmosphere. FIG. 5 illustrates a 
second configuration, in which the second heat exchanger 
27bis in fluid communication with the mouthpiece 25 and the 
first heat exchanger 27a is vented to atmosphere. 
0210. With this configuration, the one of the heat exchang 

ers. 27a, b which is in fluid communication with the mouth 
piece 25 acts to cool the exhaled air flow as delivered there 
through, and thereby trap water vapor from the exhaled air, 
and the other of the heat exchangers 27a, b which is vented to 
atmosphere provides for evaporation of the water condensate 
as trapped from a previous exhalation therethrough. 
0211. In an alternative embodiment the switching mecha 
nism 31 could be operatively coupled to the rupturing mecha 
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nism 9, such as to provide for operation of the switching 
mechanism 31 with each operation of the rupturing mecha 
nism 9. 
0212 FIGS. 6 and 7 illustrate a nasal delivery device in 
accordance with a second embodiment of the present inven 
tion. 
0213. The delivery device comprises a substance supply 
unit 103 which includes a chamber 105 which receives a 
capsule 107, which contains a metered amount of a powdered 
substance which is to be delivered by the delivery device, a 
rupturing mechanism 109 for rupturing the capsule 107, a 
Venturi unit 110 which is in fluid communication with the 
chamber 105 and is operative to draw an air flow of the 
ambient atmosphere through the chamber 105, a mouthpiece 
unit 111 which is in fluid communication with the Venturiunit 
110 and is gripped in use in the mouth of a Subject, and a 
nosepiece unit 114 which is in fluid communication with the 
Venturi unit 110 and is fitted to one nostril of the subject. For 
ease of illustration, the delivery device is illustrated in an 
elongate configuration, but, in its practical embodiment, the 
mouthpiece unit 111 and the nosepiece unit 114 are config 
ured for fitting to the mouth and one nostril of the subject. 
0214. The substance supply unit 103 includes an inlet 117 
which fluidly connects the chamber 105 thereof with the 
ambient atmosphere and an outlet 119 which fluidly connects 
the chamber 105 thereof with the Venturi unit 110. 
0215. In this embodiment the substance supply unit 103 
includes a grid 121, here a gauze, which is disposed at the 
outlet 119 thereofand acts to prevent the capsule 107 or parts 
thereof from escaping from the chamber 105. 
0216. In this embodiment the chamber 105 is cylindrical 
in shape. 
0217. In another embodiment the chamber 105 could be 
spherical in shape, which is particularly advantageous in 
allowing for the release of the powdered substance from the 
capsule 107 when in any operative position. 
0218. In this embodiment the chamber 105 and the grid 
121, as components which contact the capsule 107 and the 
contained powdered Substance, are fabricated from a material 
having a low moisture sensitivity, here a plastics material, 
Such as to reduce any tendency to become tacky in the pres 
ence of moisture, and therefore reduce the tendency for the 
capsule 107 and the powdered substance as contained thereby 
to adhere to the wall of the chamber 105 or the grid 121. 
0219. In this embodiment the rupturing mechanism 109 
comprises a piercing element 123, here including two pins, 
which is operable to pierce the capsule 107, and thereby 
provide for the release of the contained powdered substance 
on the generation of a flow through the chamber 105. 
0220. In one embodiment the capsule 107 is a gelatine 
capsule. 
0221. In another embodiment the capsule 107 can be 
manufactured from a material which has a reduced tendency 
to become tacky in the presence of moisture, as occurs with 
gelatine capsules, and therefore reduce the tendency for the 
capsule 107 to adhere to the wall of the chamber 105 or the 
grid 121. 
0222. In one embodiment the capsule 107 is formed of a 
cellulose derivative, such as hydroxypropyl methylcellulose 
(HPMC), hydroxypropylcellulose, methylcellulose, ethylcel 
lulose and carboxymethylcellulos. 
0223) In another embodiment the capsule 107 can com 
prise a plastics material, preferably a water insoluble mate 
rial. Such as a polycarbonate. 
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0224. In one embodiment the capsule 107 can be manu 
factured from a lightweight material. Such as thin-wall sec 
tion polymeric materials, which reduces the energy required 
to move the capsule 107, typically by one or both of vibration 
and rotation, and thereby allows the delivery device to be 
operated at reduced flow rates, which is particularly advanta 
geous for nasal delivery. 
0225. In one embodiment the capsule 107 has a wall sec 
tion of less than about 0.25 mm, and more preferably less than 
about 0.2 mm. 

0226. In an alternative embodiment the capsule 107 can 
include an outer coating of a material which has a reduced 
tendency to become tacky in the presence of moisture, as 
occurs with gelatine capsules, and therefore reduce the ten 
dency for the capsule 107 to adhere to the wall of the chamber 
105 or the grid 121. 
0227. In one embodiment the coated capsule 107 can be 
formed of gelatine. 
0228. In one embodiment the coating can comprise one of 
parylene, hydroxypropyl methylcellulose (HPMC), hydrox 
ypropylcellulose, methylcellulose, ethylcellulose, car 
boxymethylcellulose, polyvinyl alcohol, acrylic acid poly 
mer, methacrylic acid polymer, ethyl acrylic acid polymer, 
cellulose acetate phthalate, polyvinyl acetate phthalate, 
hydroxypropyl methylcellulose phthalate and hydroxyl 
methylcellulose acetate Succinate, or any combination of lay 
ers thereof. 

0229. The delivery device of this embodiment is operative 
to discharge the powdered substance from the capsule 107 by 
rotation and vibration of the capsule 107, and thus the capsule 
107 is preferably formed of a material or coated with a mate 
rial which exhibits substantially no tackiness in the presence 
of a moist environment, here a saturated exhaled airflow, that 
is, does not exhibit an increased moisture content at the outer 
surface thereof, which would prevent reliable rotation and 
vibration of the capsule 107. 
0230. In this embodiment the capsule 107 is cylindrical in 
shape, with hemispherical ends. 
0231. In other embodiments the capsule 107 could have 
other geometric forms, such as spherical, which allows for 
efficient powder release at low flow rates. 
0232. In one embodiment the capsule 107 can comprise 
two or more parts. 
0233. In one alternative embodiment the capsule 107 can 
be constructed to act as the primary environmental barrier for 
the powdered substance. For example, the capsule 107 could 
be constructed from a relatively thick-walled cylindrical sec 
tion of a polymeric material which includes two metalized 
thin film closure members which act to seal the ends of the 
cylindrical section and thus enclose the same. 
0234. The Venturi unit 110 comprises a first, driving air 
flow inlet 133 which is in fluid communication with the 
mouthpiece unit 111 and provides a constriction which acts to 
accelerate the exhaled air flow to deliver a driving air flow at 
a higher velocity, a second, substance airflow inlet 135 which 
is in fluid communication with the outlet 119 of the substance 
supply unit 103 and through which, by the reduced local 
pressure as developed thereat by the Venturieffect, is drawn a 
substance air flow from the chamber 105 of the substance 
supply unit 103 which entrains the powdered substance, and 
an air flow outlet 139 which is in fluid communication with 
the nosepiece unit 114 and through which the driving air flow 
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and the substance air flow are delivered. In this embodiment 
the driving air flow is directed substantially perpendicularly 
to the substance air flow. 

0235. This configuration, which utilizes ambient air to 
entrain the powdered substance from the capsule 107, is par 
ticularly advantageous, in avoiding the use of exhaled air to 
entrain the powdered Substance. Exhaled air has a high 
humidity which would lead to condensation both in the cham 
ber 105 and the capsule 107, which can cause problems in the 
complete entrainment of the powdered substance, both in 
terms of adhesion of the capsule 107 to the wall of the cham 
ber 105 and adhesion of the powdered substance to the wall of 
the capsule 107, particularly where the powdered substance is 
a hygroscopic powder. 
0236. The mouthpiece unit 111 comprises a mouthpiece 
145, in this embodiment as defined by a tubular section, 
which is gripped in the mouth of the subject. 
0237. The nosepiece unit 114 comprises a nosepiece 147, 
in this embodiment as defined by a tubular section, which is 
inserted into a nostril of the subject, in this embodiment to 
provide a sealing fit therewith. 
0238. In this embodiment the nosepiece 147, as a compo 
nent which contacts the powdered substance, is fabricated 
from a material having a low moisture sensitivity, here a 
plastics material. Such as to reduce any tendency to become 
tacky in the presence of moisture, and therefore reduce the 
tendency for the powdered substance to adhere to the wall of 
the nosepiece 147. 
0239. In one embodiment, where the delivery device is a 
re-usable device, the chamber 105, which contains the cap 
sule 107, and the nosepiece 147 comprise a unitary, replace 
able component. 
0240. In operation, as illustrated in FIG. 7, a subject oper 
ates the rupturing mechanism 109 to rupture the capsule 107. 
inserts the nosepiece 147 into one of his/her nostrils, grips the 
mouthpiece 145 in his/her mouth, and exhales through the 
mouthpiece 145. 
0241 The exhaled airflow is forced through the driving air 
flow inlet 133 of the Venturi unit 110, which acts to deliver the 
exhaled air flow as a driving air flow over the substance air 
flow inlet 135 of the Venturi unit 110 and draw a substance air 
flow, which entrains powdered substance, from the chamber 
105 of the substance supply unit 103. The substance air flow 
acts to move the capsule 107, in this embodiment by vibration 
and rotation, and entrain the powdered Substance as contained 
by the capsule 107. 
0242. The exhaled air flow, as then entraining the pow 
dered substance, passes through the air flow outlet 139 of the 
Venturi unit 110, and is delivered though the nosepiece 147 
into one nasal cavity of the Subject. 
0243 In this embodiment the exhaled air flow has such a 
pressure as to pass around the posterior margin of the nasal 
septum, and into the other nasal cavity, thereby achieving a 
bi-directional air flow as described in the applicants’ earlier 
WO-A-OO/O51672. 

0244. In one modification of the above-described delivery 
device, as illustrated in FIGS. 8 and 9, the substance supply 
unit 103 can be additionally fluidly connected to the mouth 
piece unit 111, in this embodiment by a flow channel 151 
which fluidly connects the mouthpiece 145 to the inlet 117 of 
the substance supply unit 103, such as to provide for a supple 
mental air flow to the chamber 105, which assists in entrain 
ing the powdered substance as contained by the capsule 107. 
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0245. By regulating this supplementary air flow and 
blending the same with the ambient air as entrained through 
the inlet 117 of the substance supply unit 103, the resulting air 
flow still has a reduced absolute humidity (water vapour 
content) as compared with an exhaled air flow, where the 
ambient air is not saturated. 
0246 Operation of this device, which is illustrated in FIG. 
9, is the same as for the delivery device of the above-described 
second embodiment. 
0247 FIGS. 10 and 11 illustrate a nasal delivery device in 
accordance with a third embodiment of the present invention. 
0248. The delivery device comprises a substance supply 
unit 203 which includes a chamber 205 which receives a 
capsule 207, which contains a metered amount of a powdered 
substance which is to be delivered by the delivery device, a 
rupturing mechanism 209 for rupturing the capsule 207, a 
Venturi unit 210 which is operative to draw an air flow of the 
ambient atmosphere through the chamber 205, a mouthpiece 
unit 211 which is in fluid communication with the Venturiunit 
210 and is gripped in use in the mouth of a Subject, and a 
nosepiece unit 214 which is in fluid communication with the 
Venturi unit 210 and is fitted to one nostril of the subject. For 
ease of illustration, the delivery device is illustrated in an 
orthogonal configuration, but, in its practical embodiment, 
the mouthpiece unit 211 and the nosepiece unit 214 are con 
figured for fitting to the mouth and one nostril of the subject. 
0249. The substance supply unit 203 includes an inlet 217 
which fluidly connects the chamber 205 thereof with the 
ambient atmosphere and an outlet 219 which fluidly connects 
the chamber 205 thereof with the Venturi unit 210. 

0250 In this embodiment the substance supply unit 203 
includes a grid 221, here a gauze, which is disposed at the 
outlet 219 thereof and acts to prevent the capsule 207 or parts 
thereof from escaping from the chamber 205. 
0251. In this embodiment the chamber 205 is cylindrical 
in shape. 
0252. In another embodiment the chamber 205 could be 
spherical in shape, which is particularly advantageous in 
allowing for the release of the powdered substance from the 
capsule 207 when in any operative position. 
(0253) In this embodiment the chamber 205 and the grid 
221, as components which contact the capsule 207 and the 
contained powdered Substance, are fabricated from a material 
having a low moisture sensitivity, here a plastics material, 
Such as to reduce any tendency to become tacky in the pres 
ence of moisture, and therefore reduce the tendency for the 
capsule 207 and the powdered substance as contained thereby 
to adhere to the wall of the chamber 205 or the grid 221. 
0254. In this embodiment the rupturing mechanism 209 
comprises a piercing element 223, here including two pins, 
which is operable to pierce the capsule 207, and thereby 
provide for the release of the contained powdered substance 
on the generation of a flow through the chamber 205. 
0255. In one embodiment the capsule 207 is a gelatine 
capsule. 
0256 In another embodiment the capsule 207 can be 
manufactured from a material which has a reduced tendency 
to become tacky in the presence of moisture, as occurs with 
gelatine capsules, and therefore reduce the tendency for the 
capsule 207 to adhere to the wall of the chamber 205 or the 
grid 221. 
0257. In one embodiment the capsule 207 is formed of a 
cellulose derivative, such as hydroxypropyl methylcellulose 
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(HPMC), hydroxypropylcellulose, methylcellulose, ethylcel 
lulose and carboxymethylcellulose. 
0258. In another embodiment the capsule 207 can com 
prise a plastics material, preferably a water insoluble mate 
rial. Such as a polycarbonate. 
0259. In one embodiment the capsule 207 can be manu 
factured from a lightweight material. Such as thin-wall sec 
tion polymeric materials, which reduces the energy required 
to move the capsule 207, typically by one or both of vibration 
and rotation, and thereby allows the delivery device to be 
operated at reduced flow rates, which is particularly advanta 
geous for nasal delivery. 
0260. In one embodiment the capsule 207 has a wall sec 
tion of less than about 0.25 mm, and more preferably less than 
about 0.2 mm. 
0261. In an alternative embodiment the capsule 207 can 
include an outer coating of a material which has a reduced 
tendency to become tacky in the presence of moisture, as 
occurs with gelatine capsules, and therefore reduce the ten 
dency for the capsule 207 to adhere to the wall of the chamber 
205 or the grid 221. 
0262. In one embodiment the coated capsule 207 can be 
formed of gelatine. 
0263. In one embodiment the coating can comprise one of 
parylene, hydroxypropyl methylcellulose (HPMC), hydrox 
ypropylcellulose, methylcellulose, ethylcellulose, car 
boxymethylcellulose, polyvinyl alcohol, acrylic acid poly 
mer, methacrylic acid polymer, ethyl acrylic acid polymer, 
cellulose acetate phthalate, polyvinyl acetate phthalate, 
hydroxypropyl methylcellulose phthalate and hydroxyl 
methylcellulose acetate Succinate, or any combination of lay 
ers thereof. 
0264. The delivery device of this embodiment is operative 

to discharge the powdered substance from the capsule 207 by 
rotation and vibration of the capsule 207, and thus the capsule 
207 is preferably formed of a material or coated with a mate 
rial which exhibits substantially no tackiness in the presence 
of a moist environment, here a saturated exhaled airflow, that 
is, does not exhibit an increased moisture content at the outer 
surface thereof, which would prevent reliable rotation and 
vibration of the capsule 207. 
0265. In this embodiment the capsule 207 is cylindrical in 
shape, with hemispherical ends. 
0266. In other embodiments the capsule 207 could have 
other geometric forms, such as spherical, which allows for 
efficient powder release at low flow rates. 
0267 In one embodiment the capsule 207 can comprise 
two or more parts. 
0268. In one alternative embodiment the capsule 207 can 
be constructed to act as the primary environmental barrier for 
the powdered substance. For instance, the capsule 207 could 
be constructed from a relatively thick-walled cylindrical sec 
tion of a polymeric material which includes two metalized 
thin film closure members which act to seal the ends of the 
cylindrical section and thus enclose the same. 
0269. The Venturi unit 210 comprises at least one driving 
air flow inlet 233 which is in fluid communication with the 
mouthpiece unit 211 and provides a constriction which acts to 
accelerate the exhaled air flow to deliver at least one driving 
airflow at a higher Velocity, a second, Substance airflow inlet 
235 which is fluid communication with the outlet 219 of the 
substance supply unit 203 and through which, by the reduced 
local pressure as developed thereat by the Venturi effect, is 
drawn a substance air flow from the chamber 205 of the 
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substance supply unit 203 which entrains the powdered sub 
stance, and an air flow outlet 239 which is in fluid communi 
cation with the nosepiece unit 214 and through which the 
driving air flow and the substance air flow are delivered. In 
this embodiment the at least one driving air flow is directed 
substantially parallel to the substance air flow. 
0270. In this embodiment the Venturi unit 210 comprises a 
plurality of air flow inlets 233 which are disposed in an 
annular arrangement, here concentrically, about the Sub 
stance air flow inlet 235. 

0271 This configuration, which utilizes ambient air to 
entrain the powdered substance from the capsule 207, is par 
ticularly advantageous, in avoiding the use of exhaled air to 
entrain the powdered Substance. Exhaled air has a high 
humidity which would lead to condensation both in the cham 
ber 205 and the capsule 207, which can cause problems in the 
complete entrainment of the powdered substance, both in 
terms of adhesion of the capsule 207 and the contained pow 
dered substance to the wall of the chamber 205 and adhesion 
of the powdered substance to the capsule 207, particularly 
where the powdered Substance is a hygroscopic powder. 
0272. The mouthpiece unit 211 comprises a mouthpiece 
245, in this embodiment as defined by a tubular section, 
which is gripped in the mouth of the subject. 
0273. The nosepiece unit 214 comprises a nosepiece 247, 
in this embodiment as defined by a tubular section, which is 
inserted into a nostril of the subject, in this embodiment to 
provide a sealing fit therewith. 
0274. In this embodiment the nosepiece 247, as a compo 
nent which contacts the powdered substance, is fabricated 
from a material having a low moisture sensitivity, here a 
plastics material. Such as to reduce any tendency to become 
tacky in the presence of moisture, and therefore reduce the 
tendency for the powdered substance to adhere to the wall of 
the nosepiece 247. 
0275. In one embodiment, where the delivery device is a 
re-usable device, the chamber 205, which contains the cap 
sule 207, and the nosepiece 247 comprise a unitary, replace 
able component. 
0276. In operation, as illustrated in FIG. 11, a subject 
operates the rupturing mechanism 209 to rupture the capsule 
207, inserts the nosepiece 247 into one of his/her nostrils, 
grips the mouthpiece 245 in his/her mouth, and exhales 
through the mouthpiece 245. 
0277. The exhaled air flow is forced through the at least 
one driving air flow inlet 233 of the Venturi unit 210, which 
acts to deliver the exhaled airflow as a driving airflow past the 
substance air flow inlet 235 of the Venturi unit 210 and draw 
a Substance air flow, which entrains powdered substance, 
from the chamber 205 of the substance supply unit 203. The 
substance air flow acts to move the capsule 207, in this 
embodiment by vibration and rotation, and entrain the pow 
dered substance as contained by the capsule 207. 
0278. The exhaled air flow, as then entraining the pow 
dered substance, passes through the air flow outlet 239 of the 
Venturi unit 210, and is delivered though the nosepiece 247 
into one nasal cavity of the Subject. 
0279. In this embodiment the exhaled air flow has such a 
pressure as to pass around the posterior margin of the nasal 
septum, and into the other nasal cavity, thereby achieving a 
bi-directional air flow as described in the applicants earlier 
WO-A-OO/O51672. 
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0280 FIGS. 12 to 14 illustrate a nasal delivery device in 
accordance with a fourth embodiment of the present inven 
tion. 
0281. The delivery device comprises a substance supply 
unit 303 which includes a chamber 305 which receives a 
capsule 307, which contains a metered amount of a powdered 
substance which is to be delivered by the delivery device, a 
rupturing mechanism 309 for rupturing the capsule 307, a gas 
supply unit 310 which is operative to deliver a gas flow 
through the chamber 305, a mouthpiece unit 311 which is in 
fluid communication with the chamber 305 and is gripped in 
use in the mouth of a subject, and a nosepiece unit 314 which 
is in fluid communication with the chamber 305 and is fitted 
to one nostril of the subject. For ease of illustration, the 
delivery device is illustrated in an elongate configuration, but, 
in its practical embodiment, the mouthpiece unit 311 and the 
nosepiece unit 314 are configured for fitting to the mouth and 
one nostril of the subject. 
0282. The substance supply unit 303 includes an inlet 317 
which fluidly connects the chamber 305 thereof with the gas 
supply unit 310 and an outlet 319 which fluidly connects the 
chamber 305 thereof with the mouthpiece unit 311 and the 
nosepiece unit 314. 
0283. In this embodiment the substance supply unit 303 
includes a grid 321, here a gauze, which is disposed at the 
outlet 319 thereof and acts to prevent the capsule 307 or parts 
thereof from escaping from the chamber 305. 
0284. In this embodiment the chamber 305 is cylindrical 
in shape. 
0285. In another embodiment the chamber 305 could be 
spherical in shape, which is particularly advantageous in 
allowing for the release of the powdered substance from the 
capsule 307 when in any operative position. 
0286. In this embodiment the chamber 305 and the grid 
321, as components which contact the capsule 307 and the 
contained powdered Substance, are fabricated from a material 
having a low moisture sensitivity, here a plastics material, 
Such as to reduce any tendency to become tacky in the pres 
ence of moisture, and therefore reduce the tendency for the 
capsule 307 and the powdered substance as contained thereby 
to adhere to the wall of the chamber 305 or the grid 321. 
0287. In this embodiment the rupturing mechanism 309 
comprises a piercing element 323, here including two pins, 
which is operable to pierce the capsule 307, and thereby 
provide for the release of the contained powdered substance 
on the generation of a flow through the chamber 305. 
0288. In one embodiment the capsule 307 is a gelatine 
capsule. 
0289. In another embodiment the capsule 307 can be 
manufactured from a material which has a reduced tendency 
to become tacky in the presence of moisture, as occurs with 
gelatine capsules, and therefore reduce the tendency for the 
capsule 307 to adhere to the wall of the chamber 305 or the 
grid 321. 
0290. In one embodiment the capsule 307 is formed of a 
cellulose derivative, such as hydroxypropyl methylcellulose 
(HPMC), hydroxypropylcellulose, methylcellulose, ethylcel 
lulose and carboxymethylcellulose. 
0291. In another embodiment the capsule 307 can com 
prise a plastics material, preferably a water insoluble mate 
rial. Such as a polycarbonate. 
0292. In one embodiment the capsule 307 can be manu 
factured from a lightweight material. Such as thin-wall sec 
tion polymeric materials, which reduces the energy required 
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to move the capsule 307, typically by one or both of vibration 
and rotation, and thereby allows the delivery device to be 
operated at reduced flow rates, which is particularly advanta 
geous for nasal delivery. 
0293. In one embodiment the capsule 307 has a wall sec 
tion of less than about 0.25 mm, and more preferably less than 
about 0.2 mm. 
0294. In an alternative embodiment the capsule 307 can 
include an outer coating of a material which has a reduced 
tendency to become tacky in the presence of moisture, as 
occurs with gelatine capsules, and therefore reduce the ten 
dency for the capsule 307 to adhere to the wall of the chamber 
305 or the grid 321. 
0295. In one embodiment the coated capsule 307 can be 
formed of gelatine. 
0296. In one embodiment the coating can comprise one of 
parylene, hydroxypropyl methylcellulose (HPMC), hydrox 
ypropylcellulose, methylcellulose, ethylcellulose, car 
boxymethylcellulose, polyvinyl alcohol, acrylic acid poly 
mer, methacrylic acid polymer, ethyl acrylic acid polymer, 
cellulose acetate phthalate, polyvinyl acetate phthalate, 
hydroxypropyl methylcellulose phthalate and hydroxyl 
methylcellulose acetate Succinate, or any combination of lay 
ers thereof. 
0297. The delivery device of this embodiment is operative 
to discharge the powdered substance from the capsule 307 by 
rotation and vibration of the capsule 307, and thus the capsule 
307 is preferably formed of a material or coated with a mate 
rial which exhibits substantially no tackiness in the presence 
of a moist environment, here a saturated exhaled airflow, that 
is, does not exhibit an increased moisture content at the outer 
surface thereof, which would prevent reliable rotation and 
vibration of the capsule 307. 
0298. In this embodiment the capsule 307 is cylindrical in 
shape, with hemispherical ends. 
0299. In other embodiments the capsule 307 could have 
other geometric forms, such as spherical, which allows for 
efficient powder release at low flow rates. 
0300. In one embodiment the capsule 307 can comprise 
two or more parts. 
0301 In one alternative embodiment the capsule 307 can 
be constructed to act as the primary environmental barrier for 
the powdered substance. For instance, the capsule 307 could 
be constructed from a relatively thick-walled cylindrical sec 
tion of a polymeric material which includes two metalized 
thin film closure members which act to seal the ends of the 
cylindrical section and thus enclose the same. 
0302) In this embodiment the gas supply unit 310 com 
prises a high-pressure reservoir 341, preferably at a pressure 
of from about 1 bar to about 10 bar, and more preferably at a 
pressure from about 2 bar to about 10 bar, which, when 
actuated, delivers a gas flow which acts to drive powder 
release from the capsule 307. In one embodiment the reser 
Voir 341 can be a pre-filled Volume of gas at high-pressure, 
Such as a pressurized canister which contains a propellant. In 
an alternative embodiment the reservoir 341 can be charged 
using a pump mechanism. 
0303. In this embodiment the gas supply unit 310 is con 
figured Such as to be actuated on the generation of a prede 
termined flow rate through the mouthpiece unit 311, typically 
a flow rate of from about 101/min to about 50 l/min. 
0304. In another embodiment the gas supply unit 310 can 
be configured such as to be actuated on the generation of a 
predetermined pressure at the mouthpiece unit 311. 
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0305. In a further embodiment the gas supply unit 310 can 
be configured such as to be manually actuated. 
0306 This configuration is particularly advantageous, in 
avoiding the use of exhaled air to entrain the powdered sub 
stance, and in one embodiment allowing the use of a dry gas. 
Exhaled air has a high humidity which would lead to conden 
sation both in the chamber 305 and the capsule 307, which 
can cause problems in the complete entrainment of the pow 
dered substance, both in terms of adhesion of the capsule 307 
and the contained powdered substance to the wall of the 
chamber 305 and adhesion of the powdered substance to the 
capsule 307, particularly where the powdered substance is a 
hygroscopic powder. 
0307 The mouthpiece unit 311 comprises a mouthpiece 
345, in this embodiment as defined by a tubular section, 
which is gripped in the mouth of the subject. 
0308 The nosepiece unit 314 comprises a nosepiece 347, 
in this embodiment as defined by a tubular section, which is 
inserted into a nostril of the subject, in this embodiment to 
provide a sealing fit therewith. 
0309. In this embodiment the nosepiece 347, as a compo 
nent which contacts the powdered substance, is fabricated 
from a material having a low moisture sensitivity, here a 
plastics material. Such as to reduce any tendency to become 
tacky in the presence of moisture, and therefore reduce the 
tendency for the powdered substance to adhere to the wall of 
the nosepiece 347. 
0310. In one embodiment, where the delivery device is a 
re-usable device, the chamber 305, which contains the cap 
sule 307, and the nosepiece 347 comprise a unitary, replace 
able component. 
0311| Operation of the delivery device will now be 
described hereinbelow with reference to FIGS. 13 and 14 of 
the accompanying drawings. 
0312. As illustrated in FIG. 13, a subject operates the 
rupturing mechanism 309 to rupture the capsule 307, inserts 
the nosepiece 347 into one of his/her nostrils, grips the 
mouthpiece 345 in his/her mouth, and exhales through the 
mouthpiece 345. 
0313 The exhaled air flow is delivered though the nose 
piece 347 into one nasal cavity of the subject. 
0314. In this embodiment, as illustrated in FIG. 14, when 
the exhaled air flow has a predetermined flow rate, the gas 
supply unit 310 is actuated, such as to deliver a gas flow 
through the chamber 305. This gas flow acts to move the 
capsule 307, in this embodiment by vibration and rotation, 
and entrain the powdered Substance as contained by the cap 
sule 307, and the gas flow, as then entraining the powdered 
Substance, is delivered into the exhaled air flow passing 
through the nosepiece 347 into one nasal cavity of the subject, 
such that the exhaled airflow entrains the powdered substance 
into the nasal cavity of the Subject. This configuration is 
particularly advantageous where the gas Supply unit 310 is a 
pressurized canister, as the gas flow from a pressurized can 
ister is cold, and this cold gas is mixed with the warmer 
exhaled air flow prior to delivery to the nasal cavity. 
0315. In this embodiment the exhaled air flow has such a 
pressure as to pass around the posterior margin of the nasal 
septum, and into the other nasal cavity, thereby achieving a 
bi-directional air flow as described in the applicants’ earlier 
WO-A-OO/O51672. 

0316. In one modification, as illustrated in FIG. 15, the gas 
supply unit 310 could comprise a charged turbine 353, for 
example, a propeller which is charged by a resilient element, 
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Such as spring. With this configuration, on actuation of the gas 
supply unit 310, stored energy drives the turbine to entrain 
atmospheric air through the chamber 305 which contains the 
capsule 307. 
0317 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 by the appended claims. 
0318. In one embodiment the powdered substance can 
also be formulated, for example, by coating or blending. Such 
as to reduce the hygroscopicity and transiently increase the 
dissolution time, and thus reduce any loss of powdered Sub 
stance in the device due to interaction with condensation on 
the internal surfaces of the device. 
0319. Also, the delivery devices of the described embodi 
ments have been described in relation to the use of capsules 7, 
107,207,307. It is to be understood that the present invention 
has application with any kind of powder delivery system, 
including blisters and metering from bulk, and can be config 
ured as a single-use or multi-use device. 
0320 Furthermore, the delivery device of the first-de 
scribed embodiment could be modified to incorporate a ther 
moelectric device as the heat exchanger 27, for example, a 
device which utilizes the Peltier effect, as illustrated in FIG. 
16. 
0321. In another modification, as illustrated in FIG.17, the 
delivery device of the first-described embodiment could be 
modified such that the chamber 5 is substantially spherical in 
shape, which is particularly advantageous in allowing for the 
release of the powdered substance from the capsule 7 in any 
operative position, and the capsule 7 could be spherical. 

1. (canceled) 
2. A nasal delivery device for delivering a Substance to a 

nasal cavity of a Subject comprising: 
a Substance Supply unit including an inlet and an outlet, the 

Substance Supply unit configured to receive a Substance 
container holding the Substance; 

a mouthpiece unit including a mouthpiece in fluid commu 
nication with the inlet of the Substance Supply unit, and 

a plurality of flow channels disposed between the mouth 
piece and the inlet of the Substance Supply unit. 

3. The delivery device of claim 2, wherein the plurality of 
flow channels extends only a portion of the distance from the 
mouthpiece to the inlet of the Substance Supply unit. 

4. The delivery device of claim 2, further comprising a flow 
path from the mouthpiece to the Substance Supply unit, the 
flow path including a constriction adjacent to the inlet of the 
Substance Supply unit. 

5. The delivery device of claim 2, wherein the plurality of 
flow channels are arranged in a Zig-Zag configuration. 

6. The delivery device of claim 2, wherein the plurality of 
flow channels are arranged in a serpentine configuration. 

7. The delivery device of claim 2, wherein each of the 
plurality of flow channels includes a substantially circular 
cross section. 

8. The delivery device of claim 2, wherein each of the 
plurality of flow channels includes a Substantially rectangular 
cross section. 

9. The delivery device of claim 2, furthering comprising a 
rupturing mechanism, the rupturing mechanism including a 
piercing element for rupturing the Substance container. 

10. The delivery device of claim 2, wherein the substance is 
a powder. 
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11. The delivery device of claim 2, wherein the substance 
container is a capsule. 

12. The delivery device of claim 2, further comprising a 
filter disposed adjacent the outlet of the Substance Supply unit. 

13. The delivery device of claim 12, wherein the filter is 
disposed between the Substance Supply unit and the nose 
piece. 

14. A nasal delivery device for delivering a substance to a 
nasal cavity of a Subject comprising: 

a Substance Supply unit including an inlet and an outlet, the 
Substance Supply unit configured to receive a Substance 
container holding the Substance; 

a mouthpiece unit including a mouthpiece in fluid commu 
nication with the inlet of the substance supply unit; 

a plurality of flow channels disposed between the mouth 
piece and the inlet of the Substance Supply unit; and 

a nosepiece unit including a nosepiece for fitting to a nasal 
cavity of the Subject, the nosepiece in fluid communica 
tion with the outlet of the substance supply unit. 

15. The delivery device of claim 14, wherein the plurality 
of flow channels extends only a portion of the distance from 
the mouthpiece to the inlet of the substance supply unit. 

16. The delivery device of claim 14, further comprising a 
flow path from the mouthpiece to the Substance Supply unit, 
the flow path including a constriction adjacent to the inlet of 
the Substance Supply unit. 

17. The delivery device of claim 14, wherein the plurality 
of flow channels are arranged in a Zig-Zag configuration. 

18. The delivery device of claim 14, wherein the plurality 
of flow channels are arranged in a serpentine configuration. 

19. The delivery device of claim 14, wherein each of the 
plurality of flow channels includes a substantially circular 
cross section. 

20. The delivery device of claim 14, wherein each of the 
plurality of flow channels includes a Substantially rectangular 
cross section. 

21. The delivery device of claim 14, further comprising a 
rupturing mechanism comprising a piercing element for rup 
turing the Substance container. 

22. The delivery device of claim 14, wherein the substance 
is a powder. 

23. The delivery device of claim 14, wherein the substance 
container is a capsule. 
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24. The delivery device of claim 14, further comprising a 
filter disposed adjacent the outlet of the Substance Supply unit. 

25. The delivery device of claim 24, wherein the filter is 
disposed between the Substance Supply unit and the nose 
piece. 

26. A nasal delivery device for delivering a substance to a 
nasal cavity of a Subject, comprising: 

a Substance Supply unit including an inlet, an outlet, a 
container chamber disposed between the inlet and the 
outlet, and a rupturing mechanism, the container cham 
ber configured to contain a Substance container, and the 
rupturing mechanism including a piercing element con 
figured to rupture the Substance container, 

a mouthpiece unit including a mouthpiece in fluid commu 
nication with the inlet of the substance supply unit; 

a plurality of flow channels disposed between the mouth 
piece and the inlet of the Substance Supply unit, the 
plurality of flow channels being arranged in a serpentine 
configuration; and 

a nosepiece unit including a nosepiece for fitting to a nasal 
cavity of the subject and a filter, the nosepiece in fluid 
communication with the outlet of the Substance Supply 
unit and the filter disposed at the outlet of the substance 
Supply unit; 

a constriction disposed in a flow path between the mouth 
piece and the Substance Supply unit; and 

a Substance container comprising a capsule containing a 
powdered Substance. 

27. In combination a substance supply unit and a plurality 
of unitary components which are replaceably fitted to the 
Substance Supply unit with each operation of the Substance 
supply unit to provide a delivery device for delivery of a 
Substance to a nasal cavity of a subject, wherein: 

the Substance Supply unit includes a mouthpiece through 
which the Subject in use exhales so as to entrain the 
Substance from the Substance Supply unit; and 

the unitary components each comprise a container cham 
ber which contains a Substance-containing container and 
is in fluid communication with the mouthpiece, and a 
nosepiece which is in fluid communication with the 
container chamber. 
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