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APPLICATOR FOR THE DELIVERY OF
TOPICAL FORMULATIONS INTO MUCOSAL
CAVITIES

This application is a continuation-in-part of copending
application Ser. No. 09/693,289 filed on Oct. 20, 2000 now
U.S. Pat. No. 6,500,460.

FIELD OF THE INVENTION

This invention relates to the development of an applicator
which allows uniform delivery of topical formulations to
prevent or to treat any disease associated with or transmitted
through mucosal cavities, or to prevent invasion by an exter-
nal agent such as sperm or microbe.

BACKGROUND OF THE INVENTION

The efficacy of a topical formulation: a) to prevent or treat
any disease/condition associated with or transmitted through
mucosal cavities, b) to prevent invasion by an external agent
such as sperm or microbe, or ¢) to deliver any drug, any
vaccine, or any substance locally into the vagina and to the
cervix area greatly depends on the ability to deliver the for-
mulation uniformly throughout the entire mucosal cavity. For
instance, the efficacy of a vaginal formulation to block the
sexual transmission of pathogens causing sexually transmit-
ted diseases (STDs) depends: i) on the nature of the formu-
lation to be delivered and ii) on its ability to cover the entire
vaginal/cervix area. However, the vaginal applicators cur-
rently available generally have a unique hole at the tip thereof
so that their content is delivered mainly to the cervix area
excluding the vagina, which results in a limited efficacy of
vaginal formulations to protect against the transmission of
pathogens causing STDs. There is thus a need for an applica-
tor that provides uniform delivery of topical formulations to
prevent or to treat any disease associated with or transmitted
through mucosal cavities, or to prevent invasion by an exter-
nal agent such as sperm or microbe. It appears from literature
searches that there is no applicators or similar product on the
market having such a design to allow delivery of their content
to the entire vagina/cervix.

SUMMARY OF THE INVENTION

It is an object of the present invention to provide an appli-
cator that can be used vaginally and/or ano-rectally to deliver
topical formulations for treatment and/or prevention of infec-
tion and/or abnormal conditions of mucosae. The applicator
can be designed in different ways to give the same required
characteristics specified under detailed description of the
invention. Examples of some different concepts are also dis-
cussed under the detailed description which are intended to
describe some of the general design possibilities of the appli-
cator, but are in no way intended to limit the scope thereof. It
is important to mention that the final shape and appearance of
the applicator can differ from the examples given herein.

It is also an objective of the invention to develop, for
vaginal applications, an applicator which allows uniform dis-
tribution of the content to the entire vagina (delivery to sides)
and cervix (delivery to front) for maximal protection against
the sexual transmission of pathogens. Therefore, the present
invention provides an applicator which allows about 360°
distribution of its content into the vagina and far to the cervix
which is a great improvement over existing conventional
vaginal applicators which deliver contents only to front (cer-
vix area only).
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2

DESCRIPTION OF THE SPECIFIC
EMBODIMENTS OF THE PRESENT
INVENTION

This invention will be described hereinbelow by referring
to specific embodiments and appended figures, which pur-
pose is to illustrate the invention rather than to limit its scope.

BRIEF DESCRIPTION OF THE FIGURES

FIG. 1a is a perspective view illustrating a first embodi-
ment of an applicator according to an aspect of the present
invention.

FIG. 15 is a side elevational view showing typical dimen-
sions in inches of the applicator of FIG. 1a.

FIG. 1c¢ is an exploded view of the components of the
applicator of FIG. 1a.

FIG. 1d is a perspective view illustrating the details of the
external surface of the proximal end of the internal wall of the
applicator of FIG. 1a.

FIG. 2a is a perspective view illustrating a second embodi-
ment of an applicator according to an aspect of the present
invention.

FIG. 2b is a side elevational view illustrating typical
dimensions in inches of the applicator of FIG. 2a in both
insertion position and actuated position.

FIG. 2c¢ is an exploded view of the applicator of FIG. 2a.

FIG. 3a is a perspective view of a third embodiment of an
applicator according to an aspect of the present invention; the
applicator being shown in an insertion position.

FIG. 3b is a perspective view of the applicator of FIG. 3a
shown in an actuated position.

FIG. 3¢ is a side elevational view illustrating the internal
details of the applicator of FIG. 3a in the insertion position.

FIG. 34 is a side elevational view illustrating the internal
details of the applicator of FIG. 3a in the actuated position.

FIG. 4a is a perspective view of a fourth embodiment ofthe
applicator according to an aspect of the present invention.

FIG. 4b is an exploded view of the applicator of FIG. 4a.

FIG. 4c¢ is a side elevational view of the external wall of the
applicator of FIG. 4a where typical dimensions are given in
inches.

FIG. 4d is a side elevational view of the piston/reservoir of
the applicator of FIG. 4a where typical dimensions are given
in inches.

FIG. 4e is a sectional side elevational view of a portion of
the applicator of FIG. 4a illustrating the details of the arrange-
ment of the piston/reservoir with regard to the internal and
external walls of the body of the applicator.

FIG. 5a is a perspective view of a fifth embodiment of an
applicator according to an aspect of the present invention; the
applicator being shown in an uncompressed position.

FIG. 55 is a side elevational view illustrating the internal
details of the applicator of FIG. 5a in the uncompressed
position.

FIG. 5c¢ is a side elevational view illustrating the internal
details of the applicator of FIG. 5a in the insertion position.

FIG. 5d is a cross section of the distal end of the applicator
of FIG. 5a from below.

FIG. 5¢ is a cross section of the proximal end of the appli-
cator of FIG. 5a from above.

Design of Applicator for Vaginal/Ano-Rectal Delivery of For-
mulations

As mentioned above, the present invention provides an
applicator which allows the uniform delivery of topical for-
mulations to prevent or to treat any disease/condition associ-
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ated with or transmitted through mucosal cavities, to prevent
invasion by an external agent such as sperm or microbe, or to
deliver any drug, any vaccine, or any substance locally into
the vagina and to the cervix area. Before describing the appli-

4
d) Compatibility of the Polymer of the Applicator with the
Gel
The polymer used for the development of the vaginal appli-
cator should not affect the properties of any formulation (sta-

cator according to the present invention, a summary of the 5 bility, viscosity parameters, tolerance, efficacy to block
different characteristics such a device is required to possess is pathogens, etc.), whether it is a gel, cream, ointment, liquid,
now presented (see also Table 1): semi-viscous, or any film-forming component.
a) Uniform Distribution of Topical Formulations as Gel, e) Ease of Sterilization
Cream, Ointment, Liquid, Semi-Viscous, or any Film-Form- 0 The applicator design and material must ensure that it can
ing Component to the Entire Vagina/Cervix be sterilized using a suitable method and should not result in
The applicator must deliver the formulation uniformly and changes in the characteristics of it or its content.
must cover the whole vagina/cervix area by deh\{ermg f) No I eakage
through apical and lateral holes. Furthermore, the applicator .
. . . The applicator must be leak-proofunder storage and trans-
should deliver sufficient amount to cover both cervix and - -
. R . . AT 15 port conditions. If boxes are stacked on top of each other, the
vagina. This will allow maximal protection of individuals . .
. . applicator should not leak its content.
against pathogens causing STDs.
b) Efficient and Rapid Delivery of its Content g) Base of Mampulatlon and Insel.‘tlon .
.. . . . . The applicator must be user friendly, easy to manipulate
Most existing vaginal applicators deliver only a fraction of . . . : .
. ..o . and easy to insert without causing discomfort to its user.
its content limiting the efficacy of the formulation. Therefore, 20 Furthermore. it should be appealine to users
the applicator must deliver the quantity required for sufficient ’ PP s '
coverage of all target mucosae. This is achieved through the h) Resistance to Breakage to Expansion of Content and Vibra-
design of the reservoir and calculating the average force of the tions
fingers pressing on it to release its content. The time of deliv- The applicator should resist breakage if it falls from the
ery will vary depending on whether the content is delivered as 25 user’s hand or when it is handled during transport. It should
a liquid, semi-viscous or gel. However, the delivery of appli- also resist expansion of its content. Furthermore, the applica-
cator’s content must be rapid. tor should be stable and resist to vibrations during transport.
¢) Resistance to Temperature Variations (-40° C. to 60° C.) 1) Compatibility with Agents and/or Conditions Present in the
The applicator itself should resist temperature variations 30 Surrounding Environment
because storage and transport environments will vary greatly The applicator should resist to the agents and/or various
from one country to another. It should be designed so that the conditions present in the surrounding environment. For
applicator and the formulation remain unchanged under tem- example, it should not be affected by vaginal acidic pH,
perature conditions ranging from —-40° C. to 60° C. vaginal discharges or other similar conditions.
TABLE 1
Desired functions and target values of the applicator
No Function Description Target value
1 Distributes formulation  Once introduced, proceed  Applicator delivers

as liquid, semi-viscous,
gel, cream, ointment or
any film-forming
component

2 Distributes formulation
uniformly

3 Contains formulation
as liquid, semi-viscous,
gel, cream, ointment or
any film-forming
component

4 Leak-proof

5 Easy to manipulate

6 FEasy to insert

7 Delivers to
vagina/cervix

8 Resists to fall

to expulsion and
distribution of formulation

Distributes formulation to
cover the whole
vagina/cervix

Applicator has reservoir
(where applicable, filled
reservoir can be sealed
with membrane or cap =
membrane; membrane can
be removable or can be
pierced by an applicator
pin)

No leakage from package
and after initial
manipulation

Applicator can be held
easily and is user friendly
Applicator inserted without
pain and minimal
resistance

The applicator length
allows it to reach cervix

The applicator should not

formulation as liquid,
semi-viscous, gel,
cream, ointment or
any film-forming
component
Distributes content
over about 360° in
the vagina and over
about 360° in and
around the cervix
Reservoir holds a
quantity of about 3-5
ml of any formulation

0ml

Favourable opinion of
volunteers

Average diameter of
about 0.5 inch (12.5 mm)

Average length of
about 4.0 inch (about
102 mm) including
reservoir and holding
Fall of about 60
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TABLE 1-continued

No

Desired functions and target values of the applicator

Function

Description

Target value

10

11

12

13

14

15

Resists to surrounding
environmental
conditions

Not toxic and does not

affect surrounding envi-
ronmental conditions

Resists to vibration
during transport

Be efficient

Delivers fast

Resists to temperature
variation

Can be rinsed under
water

break and content should
not leak if it falls from
user’s hands

The applicator should not
be affected by its content,
vaginal secretions or
packaging material

Does not affect the
composition or quality of
formulation; it should also
not affect the surrounding
environment (e.g. vaginal
flora)

The applicator and
reservoir should not be
damaged and should
operate normally after
transport

Be operational (delivers
content and distributes
evenly without failure)
Content is rapidly ejected
from applicator

The applicator should not
be affected by temperature
variations

Can be rinsed if drops from
user’s hands

inches (1.5 m)

Favourable opinion of
volunteers

Few seconds

-40° C. to +60° C.

The applicator according to the present invention will now
be described by way of different embodiments thereof, which
are intended to describe some of the general design possibili-
ties of the applicator, but are in no way intended to limit the
scope thereof. It is important to mention that the final shape of
the applicator can differ from the examples given hereinbe-
low. It is deemed that such designs can be modified to suit
ano-rectal application.

FIGS. 1-5 illustrate specific examples or embodiments of
applicators according to the present invention.

The present applicator comprises a longitudinally extend-
ing body that has proximal and distal ends. The proximal end
is located close to the external site of the mucosal cavity
accessible to the user. The body has external perforations,
made as a series of slots or holes, for uniform distribution of
any formulation as described above to be delivered to the
user’s mucosal cavity.

Upon insertion of the applicator and expulsion of the for-
mulation in the mucosal cavity, the formulation, which is
contained in a reservoir, advantageously travels through a
diffusion channel having a small volume, prior to being
expelled through the perforations. Indeed, this allows both the
rapid expulsion of the formulation and the minimization of
the quantity of formulation left in the applicator after expul-
sion.

The diffusion channel is created by a free space between
two walls defining the body. The first wall is an external wall
of the body and includes apertures. The second, non-perfo-
rated, internal wall is provided inside the first wall to create
the diffusion channel. The internal wall is so configured and
sized that it can be slidably inserted into the first wall. Alter-
natively, the internal wall, sized to be smaller than the first
one, may be integrally molded with the external wall of the
body.

The internal wall has a proximal end, which is an inlet end
for the formulation into the diffusion channel. A directing
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element may also be provided to direct the formulation into
the inlet end of the diffusion channel. The directing element
therefore prevents entry of the formulation into another com-
partment than the diffusion channel.

A reservoir capable of receiving the formulation is also part
of'the applicator. The reservoir can be located near the body of
the applicator or inside the body. The reservoir is operatively
connected to an expulsion element. The expulsion element is
itself connected to the proximal end of the body through a
connector element. The expulsion element is actuated by the
user. Upon application of compression, pull or push move-
ments, the expulsion element releases the content of the res-
ervoir, which is contacted with the proximal entry end of the
diftusion channel. The formulation therefore travels into the
diffusion channel to the mucosal cavity, being expulsed
through the perforations.

As mentioned herein above, the present applicator is
designed to uniformly deliver any formulation as liquid,
semi-viscous, gel, cream, ointment or any other film-forming
component described herein above into a mucosal cavity,
with the smallest residual amount thereof left within the
applicator.

Turning now to FIGS. 1a-1d of the appended drawings, a
first embodiment of an applicator according to the present
invention will be described. FI1G. 15 shows an exploded view
thereof. The external wall (1) of the body of the applicator
shows perforations (2) (only one shown) made as one single
slot extending from one side of the body through the opposite
side with no interruption at the distal end of the external wall
(1). The longitudinal slot therefore defines lateral and distal
perforations. In this embodiment, the reservoir and the expul-
sion element are one single element (3) made of'a compress-
ible material. The formulation is contained in the reservoir,
which ejects its content by pressing it with fingers. The res-
ervoir is terminated by a membrane of low resistance to
compression (4). The reservoir being the expulsion element,
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it is connected to the proximal end of the body through a
connector element (5) represented by a screwable or snap-in
connector element. In this particular embodiment, the inter-
nal wall (6) of the body is provided as a separated element
dimensioned to be smaller than the external wall. The proxi-
mal end of the internal wall terminates with a protruding
collar that sits onto the connector element formed at the
proximal end of the external wall. The proximal part of the
internal wall comprises a closing element (7), which closes
the internal lumen formed by the internal wall. The closing
element may have the shape of a disc. Alternatively, the
proximal end of the internal wall may be integrally molded
with the latter to be simply closed. Concentric to this closing
element, there is an open concentric element (8) located at the
periphery of the closing element. These elements provide for
a generally called directing element, which directs the formu-
lation into the diffusion channel formed between the internal
and the external walls and away from the internal surface of
the internal wall (6). FIG. 1¢ also shows a tapered element (9),
located at the centre of the directing means, provided to break
the membrane (4) when adequate pressure is applied.

A second embodiment of an applicator according to the
present invention is illustrated in FIG. 2. The same peripheral
and internal walls as in FIG. 1 are used in this applicator. In
this specific version, a plurality of slots regularly spaced from
each other are provided in the external wall. Furthermore, the
expulsion element and the reservoir are also one single ele-
ment, and the expulsion element is not a compressible reser-
voir. It is rather a piston-like structure (10), which comprises
the formulation provided in a pouch (11). In this embodiment,
the connector element (5) is telescopically insertable in the
piston-like structure (10). The pouch is made of a material of
low resistance to compression. To break this membrane, a
tapered element is provided at the proximal end of the internal
wall. FIG. 2 shows this tapered element (9) as a disc provided
with a pointed portion. The disc sits on the proximal end of the
internal wall, the pointed portion facing the pouch (11). In
use, the piston-like structure (10) is pressed by the user, the
membrane is thus pierced by the pointed portion, and the
formulation is thus forced through the diffusion channel, and
expelled through the perforations.

FIG. 3 illustrates a third embodiment of an applicator
according to the present invention. While the two previous
embodiments show a reservoir located near the proximal end
of the diffusion channel, this third embodiment shows a res-
ervoir (12) provided away from the proximal end of the dif-
fusion channel. In this case, a seat (13) located away from the
reservoir is provided. The seat is operatively connected to the
piston (14) located proximally to the reservoir (12). The user
pulls the piston and therefore compresses the reservoir, the
content of which is engaged into the proximal inlet end of the
diffusion channel. The formulation is expulsed through per-
forations made in the external wall of the body of the appli-
cator, shown in F1G. 3 as a plurality of holes (2). The holes are
spaced in such a way that the formulation is uniformly dis-
tributed into the mucosal cavity. The holes are located in the
longitudinal section of the external wall as well as to the distal
end thereof. FIG. 3 further shows that the internal and exter-
nal walls of the body of the applicator may be integrally
formed. Alternatively, the internal wall may also take the
shape of the one shown in FIGS. 1 and 2, without the need of
a tapered element. The reservoir may include a membrane of
low resistance to compression in such a way that, when com-
pressed by the pull movement of the piston (14), the mem-
brane breaks and discharges its content into the diffusion
channel. In this embodiment of the applicator, the directing
element is formed by the proximal entry end of the diffusion
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8

channel and a closing element located this time at the proxi-
mal end of the body (not shown).

FIG. 4 shows a fourth embodiment of an applicator accord-
ing to the present invention. In this embodiment, the reservoir
and the expulsion element are a single element. A membrane
(4) oflow resistance is located close to the proximal end of the
body (1). The external wall of the applicator comprises slots
that are made as a plurality of grooves. The internal wall (6) is
integrally formed with the outer wall. The internal wall ter-
minates at its proximal end with a tapered element (15). The
reservoir/piston (16) has a diameter that is slightly larger than
the external diameter of the internal wall, but smaller than the
internal diameter of the external wall of the body of the
applicator. In use, the reservoir is slidably engaged between
the two walls, the membrane is pierced and its contents are
forced in to the diffusion channel and in the perforations
located on the sides and at the distal end of the external wall.

FIG. 5 illustrates a fifth embodiment of an applicator
according to the present invention. The reservoir and the
expulsion element are one single element (20). The reservoir
is filled with a formulation and sealed with a material of low
resistance such as a membrane for instance (not shown),
which is easily pierced by a pin provided within the expulsion
element or pealed off for example. The external wall of the
applicator comprises holes (2) distributed substantially uni-
formly on the body of the applicator and at the tip thereof (see
FIG. 5d). The internal wall may be either integrally formed
with the external wall or assembled therewith, by insertion,
by a push and snap movement, or by a push and screw move-
ment. The proximal end of the internal wall may be shaped to
comprise a pointed portion (21). Alternatively, the proximal
end of the internal wall may be substantially flat but config-
ured to receive a tapered element (of the type of the element
9 of FIG. 2¢, without holes, for example). Ideally, the piston
comprises a filled proximal portion (22), which is terminated
at the proximal end thereof with a chevron-like tip (19) con-
figured to complementarily fit with the shape and dimension
of the pointed portion. Upon activation, the external wall of
the reservoir piston engages the diffusion channel, the mem-
brane is pierced or pealed off for example before assembly
and the formulation is forced into the diffusion channel. Alter-
natively, the formulation can be provided as a separate pouch,
which is put in place into the reservoir, instead of having a
pre-filled piston. FIG. 5¢ shows the applicator after delivery
of'its formulation contents. Essentially, no or minimal formu-
lation is lost in void volumes. There are no connecting ele-
ments per se in this embodiment, although the reservoir
comes into connection with the diffusion channel at the proxi-
mal inlet thereof.

It is to be noted that in all the above described embodi-
ments, the directing element may be integrally formed with
the proximal end of the internal wall of the body or be pro-
vided as a closing element or disc to block the passage of the
formulation into the internal lumen formed by the internal
wall and to direct the flow of the formulation into the diffusion
channel.

Further, for ease of use, grasping elements may be pro-
vided in some embodiments to help the user maintain the
applicator in place while actuating the expulsion element.
More specifically, in the second embodiment, the grasping
element is defined by the annular collar (17) formed at the
outer periphery of the connector element (5). The annular
collar has an external thickness such that the user has enough
space to grasp the distal end of the collar between fingers and
push the piston with another finger. In the third embodiment,
the grasping element is provided at the proximal end of the
piston (see numeral 18). The external wall of the body being
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of a larger section than the piston, the user can hold the body
of the applicator by its proximal end with one hand and push
the piston with another. Finally, in the fourth embodiment, the
grasping element is provided as an elliptic handle (19) located
at the proximal end of the body of the applicator and sur-
rounding the connector element. This handle may be held
between two fingers, while the piston is pushed with another
finger.

From the foregoing, people in the art will appreciate that
the applicator according to the present invention allows for a
deliver of a formulation from the very end thereof as well as
from the sides thereof in such a way to cover the whole
vagina/cervix, thus providing a maximal protection against
pathogens causing STDs.

Additionally, it will be apparent that the applicator accord-
ing to the present invention can be used for the delivery of any
topical formulations used to cover cervical/vaginal/ano-rec-
tal mucosae for the treatment and/or prevention of infection
and/or abnormal conditions of mucosae. The applicator can
also be used to deliver 1) any topical formulations that can
prevent the sexual transmission of pathogens causing STDs,
ii) vaginal contraceptive formulations, iii) topical microbi-
cidal formulations against specific diseases and iv) any anti-
microbial, bactericidal, virucidal, chemotherapeutic, anti-in-
flammatory, antineoplastic, or immunomodulatory agent,
detergents, microbial adsorption inhibitor, skin penetration
enhancing agent, cytokine, antigen, vaccines, radioactive
agents or combination of them thereof.

What is claimed is:

1. An applicator for delivering a formulation into a user’s

mucosal cavity comprising:

a hollow cylindrical body having an open proximal end, a
partially closed distal end, and a cylindrical wall extend-
ing longitudinally therebetween; said cylindrical wall
being provided with a plurality of peripheral holes dis-
posed both along its periphery and a major portion of its
length;

an internal wall structure secured to said partially closed
distal end of said hollow cylindrical body end so as to
extend generally coaxially therein for a major portion of
the length thereof substantially overlapping with the
length of said hollow cylindrical body having said
peripheral holes disposed thereon; and

apiston for reciprocal movement in said hollow cylindrical
body having a proximal end, an open distal end and
including an internal abutting wall defining a reservoir in
said hollow piston for complementary cooperation with
said internal wall structure;

whereby, in operation, pushing said piston including the
formulation in its reservoir in said hollow cylindrical
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body causes the reservoir to receive said internal wall
structure therein via said piston open distal end causing
the formulation to exit the reservoir and to subsequently
exit through said plurality of peripheral holes along the
length of said cylindrical body and said partially closed
distal end, yielding a uniform delivery of the formula-
tion within the mucosal cavity of the user.

2. An applicator as recited in claim 1, wherein said internal
wall structure is cylindrical and said reservoir is cylindrical.

3. An applicator as recited in claim 1, wherein said internal
wall structure is mounted to said partially closed distal end.

4. An applicator as recited in claim 1, wherein said plurality
of peripheral holes are both longitudinally and radially
spaced in such a way that the formulation is delivered sub-
stantially uniformly to the mucosal cavity.

5. An applicator as recited in claim 1, wherein said partially
closed distal end of said hollow cylindrical body includes a
series of tip holes symmetrically located near the periphery of
said partially closed distal end.

6. An applicator as recited in claim 5, wherein a gap free of
holes is provided between said plurality of peripheral holes
and said partially closed distal end.

7. An applicator as recited in claim 1, wherein said reser-
voir is filled with the formulation, and said piston is then
sealed at its distal end prior to operation.

8. An applicator as recited in claim 1, wherein said piston is
sealed with a membrane that can be pealed off or pierced prior
to operation.

9. An applicator as recited in claim 1, wherein said piston
includes an annular collar near said proximal end thereof for
abutment with said open proximal end of said hollow cylin-
drical body.

10. An applicator as recited in claim 1, wherein said hollow
cylindrical body includes a grasping element on its cylindri-
cal wall near said open proximal end.

11. An applicator as recited in claim 10, wherein said
grasping element is in the form of a series of annular collars.

12. An applicator as recited in claim 1, wherein said inter-
nal wall structure is tubular.

13. An applicator as recited in claim 1, wherein said inter-
nal wall structure extends within said hollow cylindrical body
for a length at least equal to the length of said hollow cylin-
drical body having said peripheral holes disposed thereon.

14. An applicator as recited in claim 1, wherein said for-
mulation comprises a gel formulation.

15. An applicator as recited in claim 1, wherein said for-
mulation comprises a liquid formulation.

16. An applicator as recited in claim 15, wherein said liquid
formulation is a viscous liquid formulation.

#* #* #* #* #*
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