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FIG. 1

o orifice apertures are disposed at the distal end of the nozzle.

(57) Abstract: A nozzle for use in delivering a mixture of aerosol propellant and drug formulation. The nozzle includes a drug
product inlet configured to receive a mixture of aerosolized propellant and an intranasal dosage form. The inlet is disposed at the
proximal end. A nozzle body is secured to the drug product inlet. Two or more channels are disposed within the body. Two or more
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NOZZLES FOR NASAL DRUG DELIVERY

CROSS REFERENCE TO RELATED APPLICATIONS

[0001] This application claims priority to U.S. Serial No. 61/484,048, filed May 9,
2011, the entire contents of which are hereby incorporated by reference herein in their

entirety.

STATEMENT CONCERNING GOVERNMENT INTEREST

[0002] The instant invention was made with U.S. government funding pursuant to US
Army SBIR grant W81XWH-10-C-0238. The Government.may have certain rights in this

application.

BACKGROUND

[0003] Existing nasal drug delivery devices do a poor job of penetrating the nasal
cavity to deposit drug onto the medial turbinates for systemic delivery. Such existing devices
are also lacking in delivering drug to the upper nasal cavity for direct nose-to-brain delivery.
Existing nasal drug delivery devices generate a wide plume which inadequately delivers a
compound deep into the nasal cavity.
SUMMARY

[0004] In one embodiment, a nozzle is described and claimed including a drug
product inlet configured to receive a mixture of aerosolized propellant and an intranaéal
dosage form, the inlet disposed at the proximal end, a nozzle body defining two or more
channels, the channels having a proximal and distal end, the body defining a longitudinal
axis, and, an orifice disposed at the distal end of each channel.

[0005] In an aspect, the channels are disposed parallel to the longitudinal axis.
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[0006] In another aspect, the channels are disposed at an angle with respect to the
longitudinal axis.
[0007] In an aspect, the nozzle includes from five to seven channels.
[0008] In an aspect, the channels are circular and tubular in shape.
[0009] In an aspect, the channels are conical in shape.
[00010] In an aspect, four circular orifice apertures configured in a square orientation
are disposed at the distal end of the nozzle.
[00011] In an aspect, five circular orifice configured in a pentagonal orientation are
disposed at the distal end of the nozzle.
[00012] In an aspect, six circular orifice configured in a hexagonal configuration are
disposed at the distal end of the nozzle.
[00013] In an aspect, six circular orifice configured in a centered pentagonal

configuration are disposed at the distal end of the nozzle.

[00014] In an aspect, four circular orifice configured linearly are disposed at the distal
end of the nozzle.

[00015] In an aspect, four rectangular orifice configured radially are disposed at the
distal end of the nozzle.

[00016] In an aspect, five star-shaped orifice configured in a pentagonal configuration
are disposed at the distal end of the nozzle.

[00017] In an aspect, the channels are plastic or metal tubes, the body is a plastic or
metal tube, and, voids are disposed between the channels and body.

[00018] In another embodiment, a nozzle for delivering a compound to an upper
olfactory region of a user is disclosed including a nozzle body having a central axis, a

plurality of channels housed within the nozzle body, the channels having a proximal end and
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a distal end, an inlet disposed at the proximal end of the channel, an outlet orifice disposed at
the distal end of the channel, the outlet orifice arranged parallel to the central axis of the
nozzle.
[00019] In an aspect, a line drawn thru a point on the outlet orifice is an equal distance

to the central axis of the nozzle.

[00020] In an aspect, the outlet orifices are arranged so that a narrow plume exits the
nozzle.
[00021] In an aspect, the angle of the plume is about 5 degrees, about 4 degrees, about

3 degrees, about 2 degrees, about 1 degree:

[00022] In yet another aspect, the angle of the plume is about 5 degrees.

[00023] In an aspect, the impact force delivered by the nozzle is decreased.

[00024] In an aspect, the delivery time for the compound is decreased.

[00025] In another embodiment, a nozzle for delivering a compound to an upper

olfactory region of a user is disclosed including a nozzle body, a compound channel housed
within the nozzle body, the compound channel having a proximal end and a distal end, the
proximal end capable of receiving a compound, the distal end of the compound channel
having an outlet orifice, and a propellant channel, the propellant channel having a proximal
end and a distal end, the proximal end capable of receiving a propellant, the distal end of the
propellant channel having an outlet orifice, the compound channel being centered within the
propellant channel wherein the compound and the propellant are capable of being emitted
from the from outlet orifice.

[00026] In an aspect, the nozzle includes at least a second compound channel, wherein

the nozzle is capable of delivering more than one compound at a time.
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In another aspect, the compound delivered by the nozzle is a liquid, a powder,

a gas, or combinations thereof.

[00028]

In another aspect, the nozzle further includes a check shut off valve wherein

the check shut off valve prevents propellant from flowing through the compound chamber

once the compound is released.

[00029]
embodiment.
[00030]
[00031]
[00032]
[00033]
[00034]
[00035]
[00036]
[00037)
[00038]
[00039]
[00040]
[00041]
[00042]

[00043]
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DESCRIPTION OF DRAWINGS

1 shows cross-sectional side view and -distal view of a nozzle

2 shows a cross-sectional side view of another nozzle embodiment.

3 shows a cross-sectional side view of another nozzle embodiment.

4 shows a cross-sectional side view of another nozzle embodiment.

5 shows a cross-sectional side view of another nozzle embodiment.

6 shows a cross-sectional distal view of another nozzle embodiment.
7 shows a cross-sectional distal view of another nozzle embodiment.
8 shows a cross-sectional distal view of another nozzle embodiment.
9 shows a cross-sectional distal view of another nozzle embodiment.
10 shows a cross-sectional distal view of another nozzle embodiment.
11 shows a cross-sectional distal view of another nozzle embodiment.
12 shows a cross-sectional distal view of another nozzle embodiment.
13 shows a cross-sectional side view of a{nother nozzle embodiment.
14 shows a cross-sectional side view of another nozzle embodiment.

15 is a graph of percent deposition versus vertical spray angle for various

nozzle and outlet orifice embodiments set forth in the Examples and Figures herein. In this
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graph the zero angle is defined as the optimal angle from the naris to the olfactory region.
[00044] FIG. 16 is a graph of percent deposition versus horizon-tal spray angle for
various nozzle and outlet orifice embodiments set forth in the Examples and Figures herein.

In this graph the zero angle is defined as the optimal angle from the naris to the olfactory

region.

[00045] FIG. 17 is a photograph of the side and distal end of nozzle 18.
[00046] FIG. 18 is a photograph of the side and distal end of nozzle 35B.
[00047] FIG. 19 is a photograph of the side and distal end of nozzle 31.
[00048] FIG. 20 is a photograph of the side and distal end of nozzle 33.
[00049] FIG. 21 is a photograph of the side and distal end of nozzle 17.
[00050] FIG. 22 shows nozzle number 3.

[00051] FIG. 23 shows nozzle number 4.

[00052] FI1G. 24 shows nozzle number 7.

[00053] FIG. 25 shows nozzle number 8.

[00054] FIG. 26 shows nozzle number 9.

[00055] FIG. 27 shows nozzles A, B, and C of Example 11.

[00056] FIG. 28 shows nozzle D of Example 11.

[00057] 'FIG. 29 shows a spray deposition (Method 3) comparison of 4 nozzles, two

single channel nozzles and two 5 channel nozzles. Nozzle performance was tested over an

extended distance range. To minimize the blotter wicking artifact, dose size was reduced to

10 microliters.

[00058] FIG. 30 shows frame captured images from high speed video of powder
dosing. Comparison of plume geometry for three powder nozzles.

[00059] FIG. 31 shows frame capture from high speed video of powder plumes for a
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zero bypass nozzle (simple tube) and a high bypass nozzle. These shots were carried out
between two plastic. plates with a spacing of 1.8mm, dimensions comparable to that found in
the nasal sinus. Two times during the development of the plume after actuation initiation are
shown. The performances with two different propellants are also compared.

DETAILED DESCRIPTION

[00060] Described herein are nozzles that deliver a compound into the posterior
regions of the nasal cavity. Current nasal delivery systems do not adequately deposit drug in
posterior regions of the nasal cavity such as the respiratory epithelium and olfactory region.
Described herein are nozzles that_enhance drug deposition into these regions of the nasal
cavity.

[00061] The nozzles disclosed herein consistently deposit at least a majority fraction of
dose into the distal parts of the nasal cavity such as the respiratory epithelium and olfactory
region. A drug product (also referred to as drug formulation, nasal dosage form and other
like terms used in the art) is propelled with a velocity via the nozzle into the nasal cavity.
[00062] The nozzle may be used to deliver a compound to the upper olfactory region
of a mammal or other animal. For instance, the user may be a human or non-human primate.
The nozzle may have adult or pediatric users. In some aspects, the nozzle may be used in
veterinary medicine. In some aspects, the nozzle may be used to deliver a therapeutic or
palliative care compound.

[00063] Like named structures in the various embodiments function in the similar or
same manner, are structurally the same or similar, and may be used in for the same or similar
purpose.

[00064] A nozzle is disclosed with a plurality of outlet orifices for delivery of a

compound. The nozzle has a central longitudinal axis. The nozzle houses a plurality of
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channels. The channels have a proximal end at which the compound to be delivered enters
the channel and a distal end at which the compound exits the channel via an outlet orifice. In
certain embodiments, the channels run parallel to the central axis of the nozzle. In other
embodimenfs, the channels run substantially parallel to the central axis of the nozzle in that a
line drawn thru a point on the outlet orifice is of equai distance to the central axis of the
nozzle.

[00065] The outlet orifices are arranged in parallel alignment with the central axis of
the nozzle. In one aspect, the outlet orifices are arranged where a line drawn through the
orifice has an equal distance from a line drawn through the center of the nozzle. In yet
another aspect, the arrangement of the outlet orifices of the nozzle provides a narrow plume.
In yet a further aspect, the outlet orifices are arranged so that the initial path of the compound
as it exits the nozzle is substantially parallel to the central axis of the nozzle. In yet another
aspect, the outlet orifices are arranged in parallel alignment, in a line of equal distance from a
center of the nozzle, in an arréngement that provides for the delivery of a narrow plume, in an
arrangement that provides an initial path of the compound as it exits the nozzle substantially
parallel to the central axis, or combinations thereof.

[00066] In an embodiment, the angle of the plume delivered from the nozzle is about 5
degrees, about 4 degrees, about 3 degrees, about 2 degrees, about 1 degree, inclusive of
endpoints. In an embodiment, the angle of the plume delivered from the nozzle is about 5
degrees. In yet another embodiment, the angle of the plume is 5 degrees, is 4 degrees, is 3
degrees, is 2 degrees, or is 1 degree. In a further embodiment, the angle of the plume
delivered from the nozzle is 5 degrees.

[00067] In embodiments of the nozile, the impact force delivered by the nozzle having

more than one outlet orifice is decreased.



10

20

WO 2012/154859 PCT/US2012/037132

8
[00068] In embodiments of the nozzle, the delivery time is decreased for delivery of a
compounci by a nozzle having more than one outlet orifice.
[00069] In another embodiment of the nozzle, the delivery time and the impact force is
decreased by a nozzle having more than one outlet orifice.
[00070] In embodiments of the nozzle, the outlet orifices are arranged so that the
propellant entrains the compound to be delivered. Without being bound by theory with
regards to entrainment of the compound, the multiple streams exiting the nozzle created by
the plurality of outlet orifices are better able to entrain air within the plume, thereby shielding
the edges of the plume against friction induced turbulence at the edges of the plume.
[00071] As shown in FIG. 1, a drug product inlet 2 is configured to receive a mixture
of gas propellant and a drug formulation. The drug formulation (prior to mixing with the gas
propellant) may be in the form of a powder, dispersion, liquid or other suitable nasal delivery
dosage form. A nozzle body 4 is secured to the drug product inlet 2. The mixture of gas
propellant and drug formulation pass through circular, tube-shaped nozzle channels 6 before
exiting the outlet orifices 8, 12 thus releasing the mixture. The circular, tube-shaped nozzle
channels 6 aligned parallel to a longitudinal axis running through the center of the nozzle
body 4. The distal surface 10 of the nozzle body 4 is shown in the distal view along with the
outlet orifices 12.
[00072] In one embodiment, the drug product inlet may be optional. In another
embodiment, the nozzle has an attachment mechanism to the source of the compound being
distributed from the nozzle. The attachment mechanism may be a screw, snap or other
suitable mechanism. In another embodiment, the drug product inlet and nozzle may be of

uniform construction with the chamber, container or the like holding the compound being
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delivered. When the drug product inlet is optional, a proximal end of the nozzle functions as
the drug product inlet.
[00073] The channels may be circular, oval, square, triangular, parallelograms,.
trapezoidal or combinations thereof.
[00074] In one embodiment, the nozzle shown in FIG. 1 is described in Example 6.
[00075] As shown in FIG. 2, a drug préduct inlet 14 is conﬁgured to receive a mixture
of gas propellant and a drug formulation. A nozzle body 16 is secured to the drug product
inlet 14. The mixture of gas propellant and drug formulation pass through circular, tube-
shaped nozzle channels 18 .before exiting the outlet orifices 20 thus releasing the mixture.
The circular, tube-shaped nozzle channels 18 being tapered away from a longitudinal axis
running through the center of the nozzle body 16.
[00076] As shown in FIG. 3, a drug product inlet 22 is configured to receive a mixture
of gas propellant and a drug formulation. A nozzle body 24 is secured to the drug product
inlet 22. The mixture of gas propellant and drug formulation pass through circular, tube-
shaped nozzle channels 26 before exiting the outlet orifices 28. The circular, tube-shaped
nozzle channels 26 being tapered toward a longitudinal axis running through the center of the
noizle body 24.

[00077] As shown in FIG. 4, a drug product inlet 30 is configured to receive a mixture

" of gas propellant and drug formulation. A nozzle body 32 is secured to the drug product inlet

30. The mixture of gas propellant and drug formulation pass through conically-shaped
channels 34 before exiting the outlet orifices 36 thus releasing the mixture. The conically-
shaped channels 34 are aligned to taper away from a longitudinal axis running through the
center of the nozzle body 32. The outlet orifices 36 (at t.he distal end of the channels 34)

being larger in diameter than the proximal end of the channels 34.
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[00078] As shown in F1G. 5, a drug product inlet 38 is configured to receive a mixture
of gas propellant and drug formulation. A nozzle body 40 is secured to the drug product inlet
38.- The mixture of gas propellant and drug formulation pass through conically-shaped
channels 42 before exiting the outlet orifices 44 thus releasing the mixture. An axis along the
center of the conically-shaped channels 42 being parallel to a longitudinal axis running
through the center of the nozzle body 40. The outlet orifices 44 (at the distal end of the
channels 42) being smaller in diameter than the channels 42 at the proximal end of the
channels 42.
[00079] Shown in FIG. 6 are five (5) circular outlet orifices 48 disposed at the distal
end of a nozzle body 46 in a pentagonal orientation. Shown in FIG. 7 are six (6) circular
outlet orifices 52 disposed at the distal end of a nozzle body 50 in a hexagonal orientation.
Shown in FIG. 8 are six (6) circular outlet orifices 56 disposed at the distal end of a nozzle
body 54 in a centered-pentagonal orientation. Shown in FIG. 9 are four (4) circular outlet
orifices 60 disposed at the distal end of a nozzle body 58 in a linear orientation. Shown in
FIG. 10 are four (4) recta-ngular outlet orifices 64 disposed at the distal end of a nozzle body
62 in a radial orientation. Showh in FIG. 11 are five (5) star-shaped outlet. orifices 68
disposed e;t the distal end of a nozzle body 66 in a pentagonal orientation. As shown in FIGS.
6-11, the volume between outlet orifices 48, 52, 56, 60, 64, 68 is solid. In another
embodiment, the volumes may be void, partially void or partially solid.
[00080] In one embodiment, the outlet orifices are square, circular, oval, trapezoidal,
parallelograms, triangular, star shaped, or combinations thereof. |
[00081] In one embodiment, the nozzle shown in FIG. 6 is described in Example 1.

[00082] In another embodiment, the nozzle shown in FIG. 9 is described in Example 3.
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[00083] Shown in FIG. 12 are five (5) circular outlet orifices 74 disposed at the distal
end of the nozzle body 70 in a pentagonal orientation. In this embodiment, the volume 72
between the channels is void (e.g., an air gap).

[00084] In one embodiment, the nozzle shown in FIG. 12 is described in Example 2.
[00085] As shown in FIG. 13,A a drug product inlet 76 is configured to receive a
mixture of gas propellant and a drug formulation. A nozzle body 78 is secured to the drug
product inlet 76. The mixture of gas propellant and drug formulation pass through circular,
tube-shaped nozzle channels 80 before exiting the outlet orifices 82 thus releasing the
mixture. In this embodiment the outlet orifices channels 80 extend beyond the nozzle body
78 and terminate at the outlet orifices 82 which are biased with the biased edge oriented near
to and parallel to a longitudinal axis running through the cen'ter of the nozzle body 78.

Nozzle #35B, as shown in FIG. 18, has outlet orifice channels which extend beyond the

nozzle body.
[00086] In one embodiment, the nozzle shown in FIG. 13 is described in Example 4.
[00087] As shown in FIG. 14, a drug product inlet 84 is configured to receive a

mixture of gas propellant and a Fimg formulation. A nozzle body 88 is secured to the drug
product inlet 84. The mixture of gas propellant and drug formulation pass through circular,
tube-shaped nozzle channels 90 before exiting the outlet orifices 92 thus releasing the
mixture. In this embodiment there is a rounded inlet guide 86 attached to the nozzle body 88
and pointed into the drug product inlet 84 which directs the drug product into the nozzle
channels 90. There also exists an outlet directional guide which guides the drug product
coming out of the outlet orifices 92 to help maintain a narrow drug product spray. The nozzle
is nozzle 31 shown in FIG. 19.

[00088] In one embodiment, the nozzle shown in FIG. 19 is described in Example 5.
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[00089] As shown in FIGS. 27 and 28, a bypass nozzle is shown and described.
Nozzle C (Example 11) describes an annular gas bypass nozzle. Nozzle C includes a
chamber for the compound to be delivered and a chamber for the propellant. In one aspect,
the compound is a drug and the propellant is a gas. The drug may be in liquid or powder
form. Nozzle C includes a channel to transport the drug. This drug channel is centered
inside of another channel, the propellant channel, which serves to deliver the propellant. In
one aspect, the drug channel transports a powder while the propellant channel delivers a gas.
The dimensions of the drug channel with respect to the propellant channel affects the amount
and velocity of gas emitted from the outlet of the nozzle. Both the powder transport channel
and the gas channel can be altered to change the perfor;nance of the nozzle assembly, as
discussed in Example 11.

[00090] Upon actuation of nozzle C, both chambers are pressurized and gas is emitted
from the end of the nozzle as a uniform and symmetrical hollow cylinder, while at the same
time the dose is emitted intol the center of the gas cylinder. Depending on the configuration
of the two channels and the amount and type of gas used to drive the nozzle, the relative
velocity of the gas and powder streams can be different, causing different effects on
performance. In one embodiment, multiple dose transport channels are placed in the center
of the gas transport tube so that this nozzle design would deliver doses of more than one drug
at the same time with minimal mixing before the drugs are deposited on the target surface or
tissue.

[00091] In one embodiment, the drug channel can transport a liquid, a powder, a gas,
or combiﬁations thereof.

{00092] In one embodiment, a bypass nozzle D is shown as in Figure 28. Nozzle D

shows a check shut off valve. The valve includes a ball of plastic slightly smaller than the
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diameter of the compound chamber behind the nozzle. Upon activation of the device, the ball
rolls up behind the drug and seats on the back side of nozzle D, thereby effectively
preventing gas flow through the drug channel once the drug is released.
[00093] A variety of compounds may be delivered by the nozzle. In one embodiment,
a mixture of drug and gas propellant is delivered by the nozzle. In another embodiment, a
mixture of liquid propellant and drug is delivered by the nozzle. In another embodiment, a
quuid propell'ant is delivered by the nozzle. In yet another embodiment, a drug is delivered
by the nozzle. In yet other embodiments, a combination of compounds is delivered by the
nozzle. |
[00094] The compound delivered by the nozzle may be a liquid, gas, solid, or
combinations thereof. The compound may be a liquid or a powder. The compound may be a
drug. |
[00095] The nozzle may be used to deliver compounds to many environments. The
nozzle may be used to deliver a compound intranasally. The nozzle may be used to deliver a
compound orally, rectally, vaginally, topically, to the eye, or intranasally.
[00096] The nozzle may be used to deliver medicaments or other compounds not for
therapeutic use. For example, the nozzle may be used to deliver a precise plume in

manufacturing.

EXAMPLES
[00097] Set forth below are examples of nozzles and outlet orifices.
Example 1
[00098] ' In nozzle number 1, a five outlet nozzle was constructed of 30 gauge (G)

stainless steel tubes, (approximately 0.0069 inch circular orifice and approximately Smm in

length) mounted within a 20G stainless steel tube. The 30G tubes fit tightly and formed a
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symmetric pentagonal arrangement that would lie symmetrically on a circle. All non-orifice
gaps between the individual 3CG tubes were filled. The distal end of the nozzle was finished
with all tubes flush and of equal length. The openings were finished clean and square.

Example 2
100099] Nozzle number 2 was constructed having 11 outlets composed of 5, 25G
stainless tubes (approximately 0.011 inch circular-orifice and approximately Smm in length)
mounted within an 18G stainless steel tube for a tight fit. No voids between the éSG and 15G
tubes were ﬁ’lled, so the no%zle configuration had 5 additional ports, approximately triangular
in shape, the nozzle ports surrounding the 5 circular ports. In addition, -a central void of
roughly pentagonal shape exists at the very center which was capable of passing a dose. The
distal end of the nozzle was finished with all tubes flush and of equal length. The openings
were finished clean and square.
[000100] Nozzle number 3, as shown in FIG. 22, was constructed having 6 outlets
composed of 3, 23G stainless tubes assembled into a 15G stainless steel tube. These fit
tightly and no glue or filler was used. In addition to the three nozzle ports from the 23G
tubes, there were three additional approximately triangular shaped outlets from the nozzle.
The distal end of the nozzle was finished with all tubes flush and of equal length. The
openings were finished clean and square.
{000101] Nozzle number 10 has some of the same components used to assemble nozzle
number 3. For nozzle number 10, each 23G stainless tube has an approximately 30 degree
bend in the last 2mm of the tube at the distal end of the nozzle. These tubes were inserted
into a 14G stainless steel tube so that their orientation was all the same around the perimeter
of the 14G tube. These were held in place with a central brass rod. The distal end of the-

nozzle was finished with all tubes flush and of equal length. The openings were finished
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clean and square. Because of the 30 degree bend in the 23G tubes, they are oval in
dimensions and not round. All voids between elements were open.

[000102] Nozzle number 11 has some of the same components of nozzle number 9
(Example 3) with straight 23G stainless steel tubes set into a 14G stainless steel tube. No
brass rod was used to hold the tubes in, with the 14G tube being lightly crimped. The distal
end of the nozzle was finished with all tubes flush and of equal length. The openings were
finished clean and square. All voids between elements were open.

[000103] Nozzle number 13 has some of the same components as nozzle number 2.
Similar to nozzle number 1 (Example 1), nozzle number 13 has all intervening open voids

filled leaving 5 active nozzle ports in the same special relationship as those in nozzle number

2.
Example 3
[000104] Nozzle number 5 has four outlets of 30G stainless steel tubes in a linear

arrangement within a modified 16G stainless steel tube. The 30G tubes were set By light
crimping of the 16G tube and filler was applied to fill all voids between the 30G and 16G
tubes. The distal end of the nozzle was finished with all tubes flush and of equal length. The
openings were finished clean and square.

Example 4
[000105] Nozzle number 12 has five outlets consisting of 27G stainless steel needle

ends arranged with the pointed ends extending beyond the end of the nozzle housing (a 16G

stainless steel tube). All five 27G needles were arranged so that the point was placed closest

to the center of the assembly. The assembly of 5 needles was secured within the 16G tube
under tension from a centrally placed brass rod. The brass rod was tapered so that a tension

fit held everything together. All voids other than the 5 outlet ports were filled with epoxy
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prior to final assembly. The resulting nozzle had a tapered distal end that extended
approximately 2.66mm from the end of the 16G nozz'le housing. All port surfaces were
finished clean and square.
[000106] Nozzle 19 is a composite assembly of nozzle number 37 (Example 6) with
27G stainless steel needles inserted into the port channels of a nozzle number 37 nozzle
assembly. The needles extend from the plastic end of the distal end of the nozzle by
approximately 5.5mm. The needles are all arranged so that the tip side of each needle is
oriented toward the center of the nozzle. They lie closest to the central axis of the nozzle.

Example 5
[000107] Nozzle number 14 has seven outlet ports arranged around a central
aerodynamic extension, analogous to nozzle number 7 (Example 8 and FIG. 24). Nozzle
number 14 was cast in plastic rather than assembled with stainless steel tubing. The central
extension is 2.15mm in diameter at the point that it joins the distal end of the nozzle and
tapers in an aerodynamic fashion. The port channels are straight and parallel to the nozzle
axis. The pc;rt channels are 5.5mm long. The nozzle assembly includes a female luer lock.
[000108'] Nozzle number 15 is similar to nozzle number 14 but with the body of the
section of the assembly before the nozzle proper being ;horter w.hile still including a female
luer lock. Nozzle number 15 is cast enﬁrely in plastic as a unit.

Example 6
[000109] Nozzle number 16 has 4 outlet ports arranged approximately 0.7mm apart and
equidistant in a sql;are pattern. Nozzle number 16 has a similar female luer lock design as for
nozzle number 15 (Example 5). Port lumen lengths are approximately 5.3mm in ler.1gth,

_parallel to each other and on axis with the nozzle body. Cast entirely in plastic as a unit.
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[000110] No;zle number 37 is similar to nozzle number 16, except 5 outlet ports
arranged equidistant to each other and as if placed on a circle or the apices of a pentagon.
Port channel lengths are 5.3mm and include the same luer lock as nozzle number 16. Cast
entirely in plastic as a unit.

[000111] Nozzle number 38 has 4 outlet ports as in nozzle number 16. The port
channels of nozzle number 38 traverse 10.3mm and they possess a right handed twist (as
viewed at the distal end) of approximately 180 degrees in that distance. The nozzle is longer
than nozzle 16 and contains the same luer features and spatial details as nozzle 16. Cast
entirely in plastic as a unit.

Example 7
[000112] Nozzlé number 4, as shown in FIG. 23, was constructed having 7 outlets
composed of 3, 25G stainless tubes (approximately 21mm in length) assembled into a 15G
stainless tube. The 15G tube was lightly crimped on its perimeter to secure the 25G tubes
within the body. No adhesive was used and all voids remained open. The distal end of the
nozzle was finished with all tubes flush and of equal length. The openings were finished
clean and square.
Example 8

[000113] Nozzle number 7, as shown in FIG. 24, was constructed of 14, 30G stainless
steel tubes arranged within a 14G stainless tube around a central steel aerodynamically
sculpted pin. The 30G tubes are 14mm in length and are seated flush with the end of the 14G
nozzle housing. The central pin is approximately ].12mm in diameter. It protrudes from the
distal end of the nozzle by 2.38mm. No glue is used to set these elements within the 14G

tube. All perimeter voids participate in the movement of liquid and gas through the nozzle.
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Except for the extended central pin, the distal end of the nozzle was finished with all tubes
flush and of equal length. The openings were finished clean and square.
Example 9
[000114]) Nozzle number 8, as shown in FIG. 25, has similarities to nozzle number 7

described in Example 8 without the use of 30G tubes on the periphery. Thin rectangular

. brass standoffs were used to center the central pin within the 14G stainless steel tube. Eight

standoffs were required to center and maintain the pin in a linear orientation with respect to

the 14G tube.

Example 10

[000115] Nozzle number 9, as shown in FIG. 26, is (;onstructed of 14, 30G stainless
steel needle tips with similarities to the 3OG tubes of nozzle number 7. These tubes are
mounted around the same type of central steel aerodynamically sculpted pin. Each tapered
needle tip is mounted with the long side placed against the steel pin. The result is a 3mm
tapered extension at the distal end beyond the edge of the 14G nozzle housing.

Example 11
[000116] Nozzles for the delivery of a dry powdered dose.
[000117] The nozzles of this Example are shown in FIG. 27 and 28.
[000118] Nozzle A. Single port nozzle. Several configurations of solid plastic drilled
with a straight exit port of varying lengths were tested. A 4.45mm diameter plastic nozzle
with a single 1.07mm internal diameter port of approximately lem in length was tested. Also
tested was a 4.45mm in diameter nozzle with a single 0.67mm internal diameter port of

8.75mm in length. A third configuration was a nozzle of approximately lcm in length with a
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single nozzle port of 0.03linch internal diameter. The powder is driven through the port tube
by gas pressure.
[000119] Nozzle B. Multiple port nozzle. Drilled in PEEK plastic. 5 nozzle ports of
internal diameter of 0.015inch. Orifice diameters are 0.011 inches. The dose is driven
through the multiple ports by gas pressure.
[000120] Nozzle C. Single port annular gas bypass nozzle. Two configurations were
designed and tested. This nozzle design is a two compartment nozzle, one for the dose and
one for gas. These nozzles feature a straight 0.031in internal diameter port tube that
transports the powder. This transport tube is centered inside of another tube that serves to.
deliver a stream of gas. The configurations tested have different gas tube diameters and
therefore affect the amount. and velocity of gas emitted from the end of the nozzle. Both the
powder transport tube and the gas tubes can be aitered to change the performance of the
nozzle assembly. These test configurations were designed to be driven by a single source of
compressed gas (e.g. hydrofluoroalkane), but each compartment of the nozzle could be
independently driven. Upon actuation, both chambers are pressurized and gas is emitted
from the end of the nozzle as a uniform and symmetrical hollow cylinder, while at the same
time the dose is emitted into the center of the gas cylinder. Depending on the configuration
of the two tubes and the amount and type of gas used to drive the nozzle, the relative velocity
of the gas and powder streams can be different, causing different effects on performance.
[000121] The inner diameter of the dose tube is 0.031in for all three nozzles. The zero
(0) bypass nozzle is the third configuration déscribed in A above. Low bypass nozzle has a
gas tube gap of 0.008in. The high bypass nozzle has a gas tube gap of 0.016in.
[000122] Nozzle D. A variant of nozzle C was made and tested, shown in FIG. 28. Itis

possible that excess propellant gas emitted from the dose tube after the dose chamber is
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emptied of powder can cause interference with the plume. In that event, a check shutoff
valve was conceived and tested. The valve consisted of a ball of plastic slightly smaller than
the diameter of the dose chamber behind the nozzle. Upon activation of the device, the ball
rolls up behind the dose and then seats on the back side of the nozzle, thereby effectively

preventing gas flow through the dose tube once the dose is gone.

Example 12
[000123] Analytical methods employed for nozzle testing
[0600124] Plume geometry
[000125] Plume angle was tested as a performance criterion. The testing of the nozzles

included establishing the angle of the plume and/or the size of the deposition area at a fixed
distance from the nozzle tip.

[000126] 1) Photography. The pattern of expelled high pressure water from the nozzle
was photographed and the angle described by the pattern on the printed photo was measured.
This method proved to bé accurate and reproducible.  Additional methods would look at
describing the plume angle of an aerosolized plume as would be generated during actual use.
Photography data was used as comparison data for the nozzles described herein.

[000127] 2) Blotter paper deposition. A method was developed that relied on the
deposition of a stained (Fluorescein) aqueous dose emitted from a nozzle onto a blo;ter paper
held at a distance of 4cm. 4cm was chosen as a distance relevant to the distance needed to
traverse from a likely nozzle tip position in the human naris to the upper olfactory region of
the human nasal sinus. This blotter paper deposition assay offered the advantage of creating
a permanent record of the dose deposition. In addition, it would be capable of showi.ng any
asymmetry in plume geometry. Plume angles were calculated using the blotter paper

deposition. A limitation of this method is that the dose staining can bleed beyond the region
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of deposition, thereby making the observed deposition spot to be larger than the actual'
deposition zone. This is éspecially true for larger dose volumes and for nozzles that
concentrate the dose into the smallest zone. Another limitation is that the method describes
the end result of the deposition and cannot describe how deposition occurs over the course of
the event. This limitation yields less information about the nature of the plume as it starts,
progresses and ends. It can say very little about how the plume is affected by its travels
through the air from nozzle to target.
[000128] Two additional approaches designed to analyze plume geometry during the
time course of dose delivery were applied.
[000129] 3) High speed blotter recording, with dose deposition onto a rapidly spinning
blotter paper target. This method is able to create a physical record of deposition over time.
The blotter disk can be rotated fast enough so that dose spread is reduced and appears to yield
accurate plume geometries displayed during the full shot. It appears to be able to
discriminate between different nozzle designs and can catch asymmetries in plume geometry.
[000130] 4) The second method is high speed videography (greater than 200 frames per
second) enhanced with fluorescent dye and lighting. This method appears capable of
discriminating the performance between different nozzle designs and can record defects in
performance. This method has been adapted for studying nozzle performance under various
situations, such as free air performance and within human nasal models.
[000131] 5) An adaptation of method high speed videography. Modified lighting
conditions were used to enhance the visuqlizatjon of powder doses. In some cases lighting
was adjusted so that only limited sections of the spray plume were visible. White light
illumination is valuable for seeing the overall plume geometry for powder, however white

light is easily scattered and is not able to report on the various dose densities within a plume
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and likely best highlights the surface of a powder plume. Using single wavelength light in
the red spectrum is able to redﬁce light scatter and better penetrate a powder plume.
[000132] Dose Deposition
[000133] Previous methods are principally directed at understanding plume geometry
generated by each nozzle. We used these methods to attain certain pre-determined
performance parameters, such as symmetrical and narrow plumes, to predict actual
performance in use. An in vitro method for éssessing nozzle performance was to measure
dose deposition efficiency in human nasal models. We have employed several methods for
this, differing mostly in the manner in which we quantitate the amount of dose deposited in
different areas of the human nasal sinus. Of the three methods developed, here we report data
genergted fro-m two methods.
[000134] 5) One method assessed deposition by dose weight and was able to report
only dose weight deposited in our upper olfactory region of interest (ROI) and elsewhere.
[000135] 6) Another method reports dose deposition through optical densitometry.
This method is capable of reporting fractional deposition within our upper olfactory ROI as
well as any number of other ROI that are user defined.
[000136] .  Impact Force
{000137] Another physical performance characteristic that affected nozzle design was
the impact force generated by the deveioped plume from any nozzle. We developed a
method that records impact force profiles (including maximal impact force) for the duration
of a dose shot. Forces generated during dosing could be compared to other commercially
available nasal spray devices.
[000138] - Results:

[000139] Plume Geometry:
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[000140] Many of the nozzles described herein have principle deposition zone
dimensions of 3mm or less when fired 4cm from the target with relatively minor amounts of
dose outside of Smm. This represents a plume angle of about 5 degrees or under. It should
be noted that the dimensions of the upper olfactory region of the human nasal sinus is on the
order of several mm eventually narrowing down to 1-2mm.

[000141] An early deposition study (method 5) along with a study with method 3
allowed a direct comparison between some of the nozzles described in this application with a
nozzle designed to generate a rotating plume and also to a single port device (urethral tip).

Table 1

% Offactory Deposition - Method 5

Nosietams |omanions M Ovecism DRI IS
#3

Rotational Plume
Prototype 25 -30mm . 2.8 4.2 9.9 1.23 2.4
#18 ’ mm | 18 T s T 208 T2 T 1
w2 13mm ) 58.3 30.2 494 456 . 548
T T ms . 8mm 7 ssa T Tesy 0 ss9 632 - 513
Twm ] e 66 . e 67.4 ' " 643 65
" UrethralTip | T Tses T w7 - 395 358 ) 523

* Not done concurrently with the other nozzles under the same conditions, however, later comparisons between #1 and #13 reveal
that #1 has a smaller deposit footprint than #13.
** Not done

[000142] As shown in Table 1, high speed blottér paper deposition analysis was carried
out with each nozzle in this experiment with the exceptions of nozzle number 1 and the
urethral tip. Later comparisons with nozzle number 1 revealed that nozzle number | is able
to achieve the smallest deposition zone for any of the nozzles tested. The urethral tip is also

able to achieve a deposition zone approaching that of nozzle number 13.
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[000143] The deposition study presented in Table 1 shows the average from at least
three nozzle firings for each nozzle and each aim angle. All conditions of firing were the
same for all the npzzles and for each firing condition studied. A correlation can be made
between the size of the dose deposition zone and the percent of dose deposited in the upper
olfactory region of a human nasal model. The correlation persists regardless of the aim angle
used for these shots. We conclude that the smaller the dose plume angle is, the higher the
deposition in our ROI. Not expected from these results is that some of the nozzles appear to
perform better regardless of the aim of the nozzle. In contrast, the urethral tip, which has a
single nozzle port and generates a single plum stream, appears to be more sensitive to aim
angle. While the urethral tip has good deposition (though by no means the best) when aimed
directly at the target, its performance falls off dramatically at most other angles. We
generally see with this data that multiport nozzles, which generate multiple stream plumes,
perform better in off-angles compared to the single port nozzle.

[600144] The experimental results presented in the FIG. 29 demonstrate how parallel
multistream plumes appear to be more resistant to plume degradation over greater distances.
All nozzles can be seen to have narrow deposition zones. The single port nozzles #20 and
#21 appear to degrade faster upon distance from the nozzle tip. This can especially be seen
with nozzle #21. The smallest diameter single port nozzle has comparability to the multi-
dose nozzles, but the constraint of this narrow port (1/5th the port area of the 0.0069in 5 port
nozzle) adversely affects the time of full dose delivery and/or the forces generated by the
plume on potentially sensitive nasal membranes (see Table 2 below).

[000145] Two measured parameters, nasal model deposition and plume stability, point
to a parallel multistream nozzle configuration bei'ﬁg better able to maintain a narrow dose

plume while traveling to the target. Our results demonstrate a narrow plume can deposit on
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the narrow recessed upper olfactory region of the human nasal sinus. Also, a multistream
dose plume appears to better negotiate the intricacies of the complex human sinus. The.off-
angle performance advantage for a multistream dose plume compared to the urethral catheter
(e.g., a single port 0.020inch nozzlé) demonstrates that clearly. Without being bound by
theory, it may be that the ability of a multistream dose plume’s ability to entrain air
(essentially forming an air capsule) is capable of solving both of these challenges (nasal
model deposition and plume stability). Such an air capsule may reduce peripheral turbulent
degradation of the dose steam as well as buffer its interaction‘ with the walls of the nasal
sinus.

[000146] Table 2 addresses the property of shot duration for various narrow plume
nozzles. Multi port nozzles have the advantage of initiating and completing dose delivery in
relatively short times. In contrast, the best performing single port nozzle (with respect to
deposition zone) required in excess of S0 milliseconds to complete a reduced volume dose.
The single port nozzles would greatly limit the size of the dose that a device could deliver. A
50uL dose would take in excess of 100 milliseconds and a 100uL dose nearly 2/10ths of a
second. This is too long for a user actuated device. Even if increasing the single port
aperture to 0.020in, which could in theory bring the shot duration performance into line with
the multiport nozzles, performance is lost, as shown in Tables 1 & FIG. 29. Alternatively,
increased pressure might be able to reduce the shot time for nozzle #20, but the impact force

from such a stream is more likely to be damaging to sensitive tissues.
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Table 2 N

Spray Deposition - Method 3 - High Speed Disk

Nozzle Name Nozzl: Description - Spray Deposition " Fine Mist* Width Spray dose Spray duration
ouzde
Number of Ports & zone width @ 4cm @ 4cm volume®* in pL Milliseconds
Port Diamater {inch) :
oM | Sports@0.0069 | ~_1.95mm 10.26mm_ . 36 284
#13 5 ports @ 0.0110 2.3%9mm 8.19mm 40 4.6
#22 S ports @ 0.0060 2.18mm 9.73mm 40 19.1
#23 S ports @ 0.0110 2.87mm 11.15mm ‘ 40 3.1
#20 1 port @ 0.0070 1.36mm 9.09 25 56.0

* Each spray deposition results in some small fraction of the dose that is deposited at some distance from the
central dense deposition zone. This is measurable with this method and is likely fess than 10% of the dose.
** The maximal dose load was 40pL for this experiment. However, for those nozzles with restricted flow, less
volume was required in order to measure the greatly extended duration of the spray.

[000147] Table 2 shows physical dimensions of spray plume and duration of spray for 4
parallel multiport nozzles and one single port nozzle.

Example 13
[000148] Powder Nozzles
[000149] FIG. 30 shows the effect that a bypass nozzle can make on a plume of powder
as it is ejected out of a nozzle into free air. In most cases a simple tubular powder nozzle will
display what is shown in FIG. 30. The front of the plume appears to form a bullet point
shape. Video analysis shows that likely mechanism causing this is that the powder is ejected
from the nozzle as a ballistic stream and the leading edge is immediately met by resistance
from the air that it is moving into. This appears to be met by additional material fed into the
back of this turbulent feature. In cases where the nozzle has clogged mid shot, the “bullet”
plume essentially comes to a rest. The propagation of the plume through the ambient air

requires additional force from the fresh material emanating from the nozzle.
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[000150] In contrast, the bypass nozzles do not possess this feature. The powder
appears to be buffered against impact with any stationary air in the firing path. Without
being bound by theory, we believe that the propellant that exits the nozzle has displaced the
stationary air, replacing it with a forward moving stream of gas. This forward stream of gas
likely paves the way or carries the powder as if on a slipstream moving in the direction
aimed. Additional studies have shown what appears to be more tightly collimated powder
streams when fired from the bypass nozzles, as shown in FIG. 30.
[000151] FIG. 31 demonstrates again how the high bypass generated slipstream appears
to negate the leading edge bullet point and turbulence that a simple zero bypass nozzle
generates. In this case where the plumes are directed between two plates 1.8mm apart also
shows how the powder streams generated by the high bypass nozzle can remain collimated as
compared to that caused by the zero bypass nozzles.

Example 14
[000152] Nozzle 18 was constructed of qty. five (5) metal tubes with an internal
diameter of 0.01 inches and an external diameter of 0.02 inches contained within a 15 metal
tube with an internal diameter of 0.054 inches and an external diameter of 0.070 inches. The
metal tubes are frictionally secured. Air gaps are disposed between the needles. Nozzle 18 is
illustrated in FIGS. 12 and 17.
[000153] Nozzle 35b included.five (5) outlet orifices with a diameter of 0.008 inches
which extend out from the housing body and terminate as sharp points. Nozzle 35b is
illustrated in FIGS. 7, 13, and 18.
[000154] Nozzle 31 included qty. seven (7) outlet orifices with diameter of 0.015

inches. Nozzle 31 is illustrated in FIGS. 14 and 19.
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[000155] Nozzle 33 included qty. five (5) outlet orifices each with a diameter of 0.015

inches. The outlet orifices on the distal end of Nozzle 33 are illustrated in FIGS. 6 and 20.

[000156] Nozzle 17 was constructed with five outlet orifices with a diameter of 0.006

inches. The outlet orifices on the distal end of Nozzle 17 are illustrated in FIGS. 6 and 21.

[000157] Set forth in Table 3 is data generated using various nozzles in accordance with

the invention.

Table 3
Nozzle Average deposition % Outlet Orifice Average Impact Force
@ 0 deg horizontal Diameter (in) (grams)
and vertical
29 62% 0.054 4,00+ 0.22
18 58.3 0.054 4,06 + 0.86
35B 45.7% 0.0075 2.04+0.59
31 33.9% 0.015 2.42+0.37
33 41.6% 0.015 2.32+0.57
17 66.0% 0.007 1.99 +0.08
[000158] Average deposition was done with the nozzle aimed at optimal orientation into

a human nasal sinus model. Depositions were determined by dose weights deposited onto

model surfaces with the average of a minimum of three experiments.

[000159] Spray plume diameter and Average impact force measurements were taken

with nozzles positioned at 4cm distant from recording device. Outlet orifice diameter is by

direct measurement.
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CLAIMS
We Claim:
1. A nozzle comprising:

a drug product inlet configured to receive a mixture of an aerosolized propellant and

5 an intranasal dosage form, the drug product inlet disposed at a proximal end,

a nozzle body defining at least two channels, the channels having a proximal end and

a distal end, the body defining a longitudinal axis, and,

an outlet orifice disposed at the distal end of each channel.

2. The nozzle of claim 1, wherein the channels are disposed parallel to the
10 longitudinal axis.
3. The nozzle of claim 1, wherein the channels are disposed at an angle with

respect to the longitudinal axis.

4. The nozzle of claim 1 further comprising at least five channels.
5. The nozzle of claim 1, wherein the channels are circular or tubular in shape.
15 6. The nozzle of claim 1, wherein the channels are conical in shape.
7. The nozzle of claim 1, further comprising four outlet orifices, wherein the

outlet orifices are circular and arranged in a square.

8. The nozzle of claim 1, further comprising five outlet orifices, wherein the

outlet orifices are circular in shape and arranged in a pentagon.

20 9. The nozzle of claim 1, further comprising six outlet orifices, wherein the outlet

orifices are circular in shape and arranged in a hexagon.

10. The nozzle of claim 1, further comprising six outlet orifices, wherein five of
the outlet orifices are configured in a pentagon and one outlet orifice is configured at the

center of the pentagon.
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11. The nozzle of claim 1, further comprising four outlet orifices, the outlet
orifices arranged in a line.
12. The nozzle of claim 1, further comprising four outlet orifices, wherein the

outlet orifices are rectangular in shape and radiate out from the center axis of the nozzle.

13. The nozzle of claim 1, further comprising five outlet orifices, wherein the

outlet orifices are star shaped and arranged in a pentagon.

14. The nozzle of claim 1, wherein the channels are a plastic or a metal, the body

is a plastic or a metal, and, a void is disposed between the channels and the body.

15. A nozzle for delivering a compound to an upper olfactory region of a user

comprising:
a nozzle body having a central axis,

a plurality of channels housed within the nozzle body, the channel having a proximal

and a distal end,
an inlet disposed at the proximal end of the channel,

an outlet orifice disposed at the distal end of the channel, the outlet orifice arranged

parallel to the central axis of the nozzle.

16. The nozzle of claim 15, wherein a line drawn thru a point on the outlet orifice

is an equal distance to the central axis of the nozzle.

17. The nozzle of claim 15, wherein the outlet orifices are arranged so that a

narrow plume exits the nozzle.

18. The nozzle of claim 17, wherein the angle of the plume is about 5 degrees,

about 4 degrees, about 3 degrees, about 2 degrees, about 1 degree.
19. The nozzle of claim 18, wherein the angle of the plume is 5 degrees.

20. The nozzle of claim 15, wherein an impact force delivered by the nozzle is

decreased.



10

15

20

WO 2012/154859 PCT/US2012/037132

31
21.  The nozzle of claim 15, wherein a delivery time for the compound is
decreased.
22. A nozzle for delivering a compound to an upper olfactory region of a user
comprising:

a nozzle body,

a compound channel housed within the nozzle body, the compound channel having a
proximal end and a distal end, the proximal end capable of receiving a compound, the distal

end of the compound channel having an outlet orifice, and

a propellant channel, the propellant channel having a proximal end and a distal end,
the proximal end capable of receiving a propellant, the distal end of the propellant channel

having an outlet orifice, the compound channel being centered within the propellant channel

wherein the compound and the propellant are capable of being emitted from the from

the respective outlet orifice.

23.  The nozzle of claim 22, further comprising at least a second compound

channel, wherein the nozzle is capable of delivering more than one compound at a time.

24, The nozzle of claim 22, wherein the compound is a liquid, a powder, a gas, or

combinations thereof.

25. The nozzle of claim 22, further comprising a check shut off valve wherein the
check shut off valve prevents propellant from flowing through the compound chamber once

the compound is released.
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