T A e

3 Retbo3~5 apss ] k” [ ‘ SHEETS SG
REPLACENMENT SHEET 2 6 FEB 1998 RES SRHLME’REQW!T _____ N
ACTI VE SOLUTI ON FOR AN | ONTOPHORETI C TRANS LA/E Y lf\NE

a reservoir which can be inpregnated witha 3¢ é pr e [
order to be used in an iontophoretic devicel ransde‘? il el

S dtvi dod ot SO iR BEbited wits ot
obj ect of theanligaRphoretictevied fos trafsdermal djehaerlv&smﬁddi@inarmuae@ktarna of

such a reservoir. Transdernal delivery of. nedicinal products assisted by
method of manufacture of such a reservoir

METHOD OF MANUFACTURE OF SUCH A RESERVOR T f{aqﬁrg%qb J\E;'g ’["l,"(')'r}gp &tgt e€s'tjo
¥

The present invention relates to a reservoir which can be impregnated

5  with a solution of active principle in order to be used in an iontophoretic

device for transdermal delivery of medicinal products and, more particularly,

to such a reservoir loaded with a divided material which can be impregnated

with this solution. A further object of the present invention is to provide a
method of manufacture of such a reservoir.

10 Transdermal delivery of medicinal products assisted by
iontophoresis is a technique which is currently well known, which has formed
the subject matter of numerous publications such as, for example, European
Patent Application No. 409067 and International Patent Application WO
92/10235, to which reference may be made for further details concerning the

15  essential characteristics of this medical technique.

| This technique consists in applying against the skin of a patient a
reservoir of an active principle in solution and in forcing passage through the
skin .of an ionized form of this active principle, by the action of a suitably
oriented electric field. In order to do this, a plane electrode is plated onto the

20 reservoir and an electrical potential difference is set up between this electrode
and a neighbouring electrode, optionally plated directly onto the skin of the
patient. The electrode plated on top of the reservoir is polarized so as to expel
the ions of the active principle under the skin of the patient so they pass into
the vascular system of this patient.

25 In the current state of the art, the reservoir commonly consists of a
hydrogel which can be impregnated with the solution of active principle. It is
not permanently loaded with this solution. It is actually kept in the "dry" state
in order to avoid problems of stability, for example those resulting from
contamination and/or incompatibility of materials, and it is impregnated with

30 the solution immediately before use. ‘ |

For convenience of this use, it is then necessary for impregnation

of the hydrogel contained in the reservoir to take place rapidly, in a time
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reservoir and an el ectrical potenti al ence i s set up between t
el ectrode and exhibitigghapidj cgmelete anddemaegeneonsldaging.at ed directly onto the
skin of t}je A further object of the present invention is to provide a method of
“manufacture of such a reservoir which can be exploited industrially, that is to
say a method which can provide a large production volume at a manufac-
turing cost price which is limited to the greatest possible extent.
The object of the invention, as well as others which will emerge on
10 reading the following description, are achieved with a reservoir loaded with
a divided material which can be impregnated with a solution of active
principle, which is noteworthy in that it comprises a) a support sheet made of
a cavitied material which is permeable to the solution and capable of con-
tributing to the mechanical strength of the reservoir, b) a layer of particles of
15 the impregnatable material, and c) a substrative layer interposed between one
face of the support sheet and the layer of particles in order to hold the latter
on the support sheet, this substrative layer consisting of a substance which is
miscible with the solution of active principle.
The use of such an impregnatable particulate material makes it
20 possible to provide a large area for absorption of the solution of active
principle, which accelerates impregnation of the reservoir. The thickness of the
layer of particles is preferably of the order of magnitude of the mean size of
these particles, which ensures rapid and homogeneous spreading of the
solution in the reservoir. Miscibility of the substrative layer with the solution
25  of active principle which is to impregnate the reservoir ensures electrical
continuity between this reservoir and an electrode designed to receive it.
in order to be fixed on such an electrode belonging to an
iontophoretic device for transdermal delivery of medicinal products, the
reservoir may be lined with a double-sided adhesive sheet, bonded to the
30 support sheet on that face of the latter which is opposite the face coated with
the substrative layer, this adhesive sheet being regularly open-worked in order

to ensure electrical contact between the solution and the electrode.



patient. The electrode plated on top of the reservoir is polarized so as to
expel the ions of the active principle under the skin of the patient so
they pass into the vascular systemof this patient. In the current state of
the art, the reservoir commonly consists ®f-a hydrogel which can be
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5  material which lines the reservoir is preferably chosen from cellulosic
derivatives such as hydroxypropylmethylcellulose, hydroxyethyliceliuiose,
hydroxypropylcellulose, carboxymethylcellulose, methylcellulose, polymers -
and copolymers of acrylic acid, of methacrylic acid, and of their esters,
polyalkylene glycol gels, polyvinylpyrrolidone and its derivatives, polyvinyl
10 alcohol, polyacrylamide and derivatives, natural gums, hydrosoluble
amylaceous derivatives and copolymers (methylvinylether/maleicanhydride).

The invention also provides a method of manufacture of the
reservoir according to the present invention, noteworthy in that a) a face of the
support sheet is coated with an adhesive layer of a substrative product and b)

15 the layer thus formed is powdered with particles of the material which can be
impregnated with the solution of active principle. The support sheet takes the
form of a band moving through a station for coating one face of this band with
the substrative product, then through a station for powdering the layer of this
product formed on the band. According to a preferred embodiment of the

20  present invention, the band is powdered by sieving the particles of the
impregnatable material above the adhesive substrative layer.

The band thus manufactured moves at high speed through a
manufacturing machine, which ensures a large production volume at low cost.
The band is then automatically welded and cut and the pieces obtained

25  constitute reservoirs according to the invention.

Other characteristics and advantages of the present invention will
emerge on reading the following description and on inspecting the attached
drawing, in which:

- Figure 1 is a perspective and sectional view of a preferred

30 embodiment of the reservoir according to the invention,

- Figure 2 is an enlarged view of the detail labelied A in Figure 1,

which shows the various product layers constituting the reservoir according to

the invention, and
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| npregnation of the hydrogel should al so be honbgeneous and conplete. The
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designed for implementing the method according to the invention for
manufacturing the reservoir of Figures 1 and 2.
As represented in Figure 1, the reservoir according to the invention
5 takes the form of a flat, rectangular piece, typically having an area of 6 cm x
2 cm, for example. It must comprise a material which can be impregnated
with a solution of active principle and must be capable of holding from 1 to
2 ml of this solution, for example.
For this purpose, the reservoir essentially comprises a support sheet
10 1 made of a cavitied material, impregnated with a layer 2 of substrative
substance deposited on one face of the sheet 1 and having a surface capable
of holding by adhesion a layer 3 of particles of a divided material which can
be impregnated with a solution of active principle.

The adhesive layer 2 itself impregnates the cavities of the support

15  sheet 1, which ensures good adhesion of this layer onto this sheet. The
particles 4,,4,,4,,4,, etc. of the impregnatable material are evenly distributed
over the adhesive layer 2 and held by this layer in this distribution.

The layer 3 thus provides a large absorption area, by virtue of the
sum of the areas of the particles, when it is impregnated with a solution of

20 active principle. Absorption of this solution is thereby greatly accelerated.

Uniform spreading of the solution in the layer is also promoted by
the small thickness, of the order of magnitude of the mean diameter of the
particles, and the flatness of this layer.

According to a first embodiment of the reservoir according to the

.25  invention, this reservoir may consist only of the layers 1, 2 and 3.

However, according to a preferred embodiment, the cohesion of
the reservoir is reinforced by a cover sheet 5 which covers the layer of the
particles 4; in order to ensure that the latter remain held correctly against the
support sheet 1.

30 The reservoir thus constituted must be fixed, on the side of the
support sheet 1, on an electrode formed, for example, by a conductive layer
of silver/silver chloride. This fixing is expediently carried out using a double-

sided adhesive sheet initially attached either to the reservoir or to the
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adjacent to its transverse edges 16, 17, as is the cover sheet 5. One face of the
double-sided adhesive sheet (not shown) is bonded against the mesh 6 which
is itself plated against the support sheet 1, the other face of the adhesive sheet
being intended to be applied against the surface of the electrode.

10 It will be noted that, in the absence of the mesh, the adhesive sheet
could not adhere to the support sheet, impregnated with glycerol, for example,
constituting the substrative surface, as will be seen further on. Cohesion of the
entire reservoir is ensured by the welds formed in the vicinity of the edges 16,
7.

15 The electrical continuity of the reservoir, from the cover sheet 5 to
the electrode adhering to the mesh 6, is ensured by using cavitied materials
for constituting the sheets 1 and 5 and a substrative layer 2 which is miscible
with the solution of active principle. This solution is injected into the reservoir
using a syringe, for example, just before applying the reservoir/electrode

20  assembly onto the skin of a patient, with a view to transthermal delivery of
medicinal products assisted by iontophoresis. The solution then impregnates
the particles 4, the substrative layer 2 and the cavitied sheets 1 and 5. The
double-sided adhesive sheet which fixes the reservoir onto the electrode can
be for example made with a support and electrically conducting adhesive

25  products. Electrical continuity to the adhesive sheet may also be obtained by
open-working the said sheet so that the solution of active principle can wet
the electrode through this sheet.

Various materials can be used for constituting the sheets or layers
1 to 6. Thus, in the case of the support sheet 1 and (optional) cover sheet 5,

30 it is proposed according to the invention to use a woven or non-woven
material, a felt, a mesh or an open-pored plastic foam sheet, of small |
thickness. This material must be sufficiently fine and open-worked, with

grammage preferably lying between 10 and 50 g/m? and preferably of the
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5  viscose, olefinic copolymer, polyvinyl chloride, cellulosic, acrylic or
methacrylic polymer.

The substrative layer 2 with which the support sheet 1 is
impregnated consists of a liquid which is miscible with the aqueous solution
of active principle. This liquid must be sufficiently viscous so that it does not

10 flow from the support sheet 1 which it impregnates, and sufficiently adhesive
to hold the absorbent particles 4, deposited on the surface of this support sheet
thus impregnated. Its viscosity preferably lies between 100 and 1000 cps. For
this purpose, use may be made of glycerol, diacetin, homoacetin, a
polyethylene glycol (or polyoxyethylene) having low molecular mass, or any

15  substance exhibiting equivalent characteristics which the person skilled in the
art will be able to identify and choose using his normal knowledge.

| The substance constituting the absorbent particles 4, is preferably
chosen from hydrophilic or hydrosoluble polymers. It is then in the form of
powder, flakes or fibres. This divided form promotes distribution of the liquid

20 by capillary action at the surface of the electrode. This substance is chosen
from the following, taken separately or in a mixture:

- cellulosic derivatives such as hydroxypropylmethylcellulose,
hydroxyethylcellulose, hydroxypropylcellulose,
carboxymethylcellulose, methylcellulose,

25 - polymers and copolymers of acrylic acid, of methacrylic acid and

of their esters which are super-absorbent,
- polyethylene glycol, polypropylene glycol,
- polyvinylpyrrolidone and derivatives,
- polyvinyl alcohol,

30 -  polyacrylamide and derivatives,

- natural gums, guar gum, xanthan gum, pectin, carrageenan, carob
flour, polysaccharides in general,

- hydrosoluble amylaceous derivatives,
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reservoir may be lined with a doubl e-sided adhesive sheet, bonded to the
support sheet on that face of the l|atter which is opposite the face coated
with the substrative |layer, this adhesive sheet being regularly open-worked
in order to ensure electrical contact betyween the solution and the
el ectrode. [err] 3- According to the invention, the substrative |ayer of
the reservoir preferalopobyonss ¢methylvioplethei/mdleicanipairideyes in the group
formed by glycerol, The particles 4; may also be obtained by grinding a solid layer
made from a mixture of the abovementioned products, optionally with the
addition of hydrophilic textile fibres such as cotton. This technique is preferred
5 to the direct deposition on the support sheet 1, duly coated with substrate, of
a mixture of various substances and textile fibres.
According to the invention, the particles obtained preferably have
a mean diameter lying between 80 ym and 250 ym, and they are deposited
in a fine layer of approximately 300 yum with a grammage of 30 to 250 g/m?,
10  on a substrative layer having a thickness varying between 100 and 200 ym.

__ It has been observed that depositing a substrative layer such as
glycerol on a cavitied support sheet, for example made of a non-woven fabric,
produces some degree of surface unevenness of this layer which, to some
extent, "copies" the uneven cavitied surface on which it has been deposited.

15  In order to overcome this drawback, according to the present invention, the
non-woven sheet may be coated with a polyoxyethylene hydrogel or other
equivalent substance, prior to deposition of the glycerol layer. in order to do
this, the support layer 1 may be arranged on a peel-off protective sheet, such
as silicone-coated paper, so as to give the whole sufficient mechanical

20  strength. The sheet is then coated by any of the known coating techniques,
using a roller, scraper, etc. and the non-woven sheet thus coated is then dried..
After removal of the silicone-coated paper, the result is that the two faces of
the support sheet have a very smooth surface. For this purpose, use may be
made of a polyoxyethylene hydrogel having a molecular mass of 300000,

25  marketed by the Belgian company JANSSEN CHEMICA, in a 2% solution. The
thus smoothed surface of the non-woven fabric may then receive a glycerol
layer of even thickness and good surface condition.

Reference is now made to Figures 3 to 5 of the attached drawing
in order to describe a preferred method of manufacture of the reservoir

30 according to the present invention. According to this method, a layer of
substrative product, for example glycerol, at a ratio of approximately 75 g/m?,
is first of all deposited on the support sheet 1. In order to do this, a band of

the material, for example non-woven, constituting the support sheet 1 is
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'n that a)s fba a motorlzed roller 7 under a scraper 8 which regulates the thickness of the
layer by retaining a meniscus 9 of glycerol forming a reserve, replenished by
means (not shown) well known to the person skilled in the art.
Clearly, other known coating techniques might be used instead of
those illustrated in Figure 3. Thus, the procedure may involve coating with a
10 transfer roll, by calendering, by pad application, by spraying, or by various
techniques used in printing such as, for example, the silk-screen process.
The glycerol-coated band is driven through a powdering station
such as, for example, that represented in Figure 4. The latter comprises a
hopper 9, the bottom of which is closed by a sieve 10, optionally a vibrating
15 sieve. A dehydrated powdered hydrogel, constituting the material,
impregnatable with solution of active principle, of the reservoir according to
the invention, is arranged in the hopper. The powder falls from the sieve onto
a ramp 11 which distributes the powder evenly over the surface of the
glycerol layer formed on the support band 1 which is moving under this ramp,
20 by virtue of the driving force developed by a motorized roller 12. The latter is
also used to peel off the band 13 of silicon-coated paper which supports the
band 1 until then. This band 1, lined with the layer 3 of powdered hydrogel
fixed on the surface of the glycerol layer, then passes through the station
represented in Figure 5 in order to be "complexed" with a cover band 5, at a
25 rolier 14, and a band of the mesh 6, at a roller 15, assuming that such
elements 5, 6 are incorporated with the reservoir according to the invention.
Bonding of the bands 1, 5 and 6 together might be reinforced by
various techniques such as welding by hot calendering at points regularly
distributed over the surface of the bonded bands, or assembling them by
30 similarly distributed spots of adhesive.
The complex band thus formed is finally heat-sealed or welded at
the transverse edges 16 and 17 of each reservoir manufactured (see Figure 1),

then cut at each of these edges in order to separate each reservoir. It will be
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support sheet is coated with an adhesive |ayer of a substrative product and
b) the layer thus formed is powdered with particles of the material which
¢an be inpregnated with the solution of active principle. The support sheet
takes the formof a band noving through-agstation for coating one face of
this band with the substrative product, then through a station for

powder i ng t henbtegethabit is imios npcesdanyt tof weldethisoresetveirbamall fowoadgesng to a

referred enbodi nent t he, pr,esent inyentjon. the band i s pawdered b
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manuf act uri ng machi ne, I ch ensures a large production volunme at | ow cost.

The band is t peedudtioonetéscand yhevefate downprogiuctiom gostseagricsding tobthei aiew
5  stated in the preamble of the present description.

Clearly, the invention is not limited to the embodiments described
and represented, which were given solely by way of example. Thus,
powdering techniques other than sieving might be used, for example, blowing
the powder through nozzles, passing the coated band of the product with

10 adhesive surface through a fluidized powder bed, etc. Similarly, the reservoir
may be formed integrally with the electrode and the double-sided adhesive

~ may be used to plate one onto the other.
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principle in order to be used in an iontophoretic device for transdermal
delivery of medicinal products, this reservoir, loaded with a divided material

5  which can be impregnated with this solution, being characterized in that it
comprises:

a) a support sheet (1) made of a cavitied material which is
permeable to the solution and capable of contributing to the mechanical
strength of the reservoir,

10 b) a layer (3) of particles of the impregnatable material, and

_ c) a substrative layer (2) interposed between one face of the support
sheet and the layer (3) of particles in order to hold the latter on the support
sheet (1), this substrative layer (2) consisting of a substance which is miscible
with the solution of active principle.

15 2. Reservoir according to Claim 1, characterized in that the thickness
of the said layer (3) of particles is of the order of magnitude of the mean size
of these particles.

3. Reservoir according to either of Claims 1 or 2, characterized in. that
it is lined with a double-sided adhesive sheet, bonded to the support sheet (1)

20  on that face of the latter which is opposite the face coated with the substrative
layer (2).

4., Reservoir according to Claim 3, characterized in that the said
adhesive sheet is bonded by its other face onto a metal layer constituting an
electrode.

25 5. Reservoir according to either of Claims 3 or 4, characterized in that
a sheet (6) of an open-worked material is interposed between the support
sheet (1) and the double-sided adhesive sheet.

6. Reservoir according to any one of Claims 1 to 5, characterized in
that the support sheet (1) made of cavitied material is impregnated with a

30 polyoxyethylene hydrogel prior to depositing of the substrative layer.

7. Reservoir according to ény one of Claims 1 to 6, characterized in
that it comprises a cover sheet (5) made of a cavitied material, covering the

layer (3) of particles of the impregnatable material.
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another by the edges.
9. Reservoir according to any one of Claims 1 to 8, characterized in
5 that the support sheet (1) is made of one of the products in the group
consisting of woven or non-woven products, a felt, a mesh, a cavitied foam,
made of a polymer component in the group consisting of polyethylene,
polypropylene, polyamides, polyesters, polyurethane, cellulose, viscose,
olefinic copolymers, polyvinyl chloride, cellulosic, acrylic or methacrylic
10  polymers.
10. Reservoir according to any one of Claims 1 to 9, characterized in
that the substrative layer (2) consists of one of the substances in the group
consisting of: glycerol, diacetin, homoacetin, polyethylene glycol.
11. Reservoir according to any one of Claims 1 to 10, characterized in
15 that the impregnatable divided material consists of one of the substances in
the group formed by: cellulosic derivatives such as hydroxypropylmethyl-
cellulose, hydroxyethylcellulose, hydroxypropylcelliuiose,
carboxymethylcellulose, methylicellulose, polymers and copolymers of acrylic
acid, of methacrylic acid and of their esters, polyalkylene glycol gels,
20  polyvinylpyrrolidoneand its derivatives, polyvinyl alcohol, polyacrylamide and
derivatives, natural gums, hydrosoluble amylaceous derivatives and
copolymers (methylvinylether/maleicanhydride).
12. Reservoir according to Claim 11, characterized in that the
impregnatable divided material consists of 80 um to 250 um particles, the
25  layer (3) of this material deposited on the substrative layer (2) having a
maximum thickness of approximately 300 um.
13. Reservoir according to both of Claims 7 and 9, characterized in that
the cover sheet (5) and the support sheet (1) consist of polymer substances of
the same group.
30 14, Reservoir according to any one of Claims 5 to 13, characterized in
that the sheet (6) of open-worked material consists of a mesh, a felt, a woven

or non-woven product made of polymer material.
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| arge absorption area, by virtue © e sum of the areas of e particles,
when it is i npusdosned isvpdwdersd|with qarti€les (4) of the material which can be
5  impregnated with the solution of active principle.
16. Method according to Claim 15, characterized in that the support

sheet (1) takes the form of a band moving through a station (7, 8) for coating
one face of this band with the substrative substance, then through a station (9,
10, 11) for powdering the layer of this substance formed on the band.

10 17. Method according to Claim 16, characterized in that the moving
band is lined with a band (13) of a peel-off protective material.

18. Method according to Claim 17, characterized in that the lined band
is impregnated with a polyoxyethylene hydrogel; then dried, before passing
through the station (7, 8) for coating with the substrative substance.

15 19. Method according to either of Claims 17 or 18, characterized in
that, at the exit of the powdering station (9, 10, 11), the protective band (13)
is peeled off and the substrate-coated and powdered band (1, 2, 3) is then
pressed between a cover band (5) made of an open-worked material covering
the layer (3) of powder and a mesh band (6) applied against the other face of

20 the substrate-coated and powdered band (1, 2, 3).

20. Method according to Claim 19, characterized in that the band
product obtained is evenly welded to the final dimensions of a reservoir then
cut out along these welds (16, 17) in order to separate each reservoir.

21. Method according to Claim 19, characterized in that the band

25  product obtained is hot-calendered in order to reinforce its cohesion.

22. Method according to any one of Claims 15 to 21, characterized in
that the particles of the impregnatable material are sieved in order to form a

layer of such particles on the adhesive substrative layer (2).
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ABSTRACT

The reservoir loaded with a divided material which can be
impregnated with the solution of active principle, comprises a) a support sheet
(1) made of a cavitied material which is permeable to the solution and capable
of contributing to the mechanical strength of the reservoir b) a layer (3) of
particles of the impregnatable material and ¢) a substrative layer (2) interposed
between one face of the support sheet (1) and the layer of particles (3) in order
to hold the latter on the support sheet (1), this substrative layer (2) consisting

of a substance which is miscible with the solution of active principle.

Figure 1
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The present invention relates to a reservoir which can be impregnated
with a solution of active principle in order to be used in an iontophoretic
device for transdermal delivery of medicinal products and, more particularly,
to such a reservoir loaded with a divided material which can be impregnated

with this solution. A further object of the present invention is to prt_:v.ide a

method of manufacture of such a reservoir.

, Transdermal delivery of medicinal .products assisted by
iontophoresis is a technique which is currently well known, which has formed
the subject matter of numerous publications such as, for example, European
Patent Application No. 409067 and International Patent Application WO
92/10235, to which reference may be made for further details concerning the
essential characteristics of this medical technique. |

This technique consists in applying against the skin of a patient a
reservoir of an activé principle in solution and in forcing passage through the
skin of an ionized form of this active principle, by the action of a sUitably
oriented electric field. In order to do this, a plane electrode is plated onto the
reservoir and an electrical p'otentiél difference is set up between this electrode
and a neighbouring electrode, optionally plated directly onto the skin of the
patient. The electrode plated on top of the reservoir is polarized so as to expel

~ the ions of the active principle under. the skin of the patient so they pass into

the vascular system of thxs patient.
In the current state of the art, the reservoir commonly consists of a

hydrogel which can be impregnated with the solution of active principle. It is
not permanently loaded with this solution. It is actually kept in the "dry” state
in order to avoid problems of stability, for example those resulting from

“contamination and/or incompatibility of materials, and it is impregnated with

the solution immediately before use.
For convenience of this use, it is then necessary for impregnation

of the hydrogel contained in the reservoir to take place raprdly, in a time
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wet exhibiting rapid, complete and homogeneous loading.

A further object of the present invention is to provide a method of

manufacture of such a reservoir which can be exploited industrially, that is to
say a method which can provide a large production volume at a manufac-
turing cost price which is limited to the greatest possible extent.

The object of the invention, as well as others which will emerge on
reading the following description, are achieved with a reservoir loaded with
a divided material which'can be impregnated with a sblution of active
principle, which is noteworthy in that it comprises a) a support sheet made of

~ a cavitied material which is permeable to the solution and c'ar.;able of con-
tributing to the mechanical strength of the reservoir, b) a layer of particles of
‘the impregnatable material, and ¢) a substrative layer interposed between one
face of the support sheet and the layer of particles in order to hold the latter
on the support sheet, this substrative layer consisting of a substance which is
miscible with the solution of active principle. '

The use of such an impregnatable particulate material makes it
possible to provide a large area for absorption of the solution of active
principle, which accelerates impregnation of the reservoir. The thickness of the
layer of particles is preferably of the order of magnitude of the mean size of
these particles, which ensures rapid and homogeneous spreading of the

~ solution in the reservoir. Miscibility of the substrative layer with the solution
of active principle which is to impregnate the reservoir ensures electrical
continuity between this reservoir and an electrode designed to receive it.

| in order to be fixed on such an electrode belonging to an
iontophoretic device for transdermal delivery of medicinal products, the
reservoir may be lined with a double-sided adhesive sheet, bonded to t_hé
support sheet on that face of the latter which is opposite the facé coated with
the substrative layer, this adhesive sheet being regularly bpen-Worked in order

to ensure electrical contatt_between the solution and the electrode.



This Sheet Has Been Replaced

the el ectrode through this sheet. Various materials can be us

constituting the sheets or layers 1 to 6. Thus, in the case o lﬂﬁl“&mlmm

sheet 1 and (optional) cover sheet 5, it-is proposed accordin

invention to use a woven or non-woven material, a felt, a mesh or an

op;ap_— por e?l pl ?St ic fgamc%bﬁdihg ktogtheriak/éntﬁdm,Cﬂh&eﬁﬁJstriﬁve layer efithe ressrvolve

sufficiently fine and open-worked, with grammge preferably |ying between

10 and 50 [ er r preferabjy eonsistsiof ope afithe su mw%gfsueéwmeg by glycerol,
diacetin, homoacetin, polyethylene glycol.

According to the invention, furthermore, the impregnatable divided |

material which lines the reservoir is preferably chosen from cellulosic
derivatives such as hydroxypropylmethylcelIulose,' hydroxyethylcellulose,
hydroxypropylcellulose, carboxymethylcellulose, methylcellulose, polymers
and copolymers Qf acrylic acid, of methacrylic acid, and of their esters,
polyalkylene glycol gels, polyvinylpyrrolidone and its derivatives, polyvinyl
alcohol, polyacrylamide and derivatives, natural gums, hydrosoluble
amylaceous derivatives and copolymers (methylvinylether/maleicanhydride).

The invention also provides a method of manufacture of the
reservoir according to the present invention, noteworthy in that a) a face of the
support sheet is coated with an adhesive layer of a substrative product and b)
the layer thus formed is powdered with particles of the material which can be
impregnated with the solution of active principle. The support sheet takes the
form of a band moving through a station for coating one face of this band with
the substrative product, then through a station for powc_lering the layer of this |
product formed on the band. According to a preferred embodiment of the
present invention, the band is powdered by sieving .the particles of the
impregnatable material above the adhesive substrative layer.

The band thus manufactured moves at high speed- through a
manufacturing m’aéhine, which ensures a large production volume at low cost.
The band is then automatically weld_ed and cut and the pieces obtained
constitute reservoirs éccording to the invention.

Other characteristics and advantages of the present invention will
emerge on reading the following description and on inspecting the attached

" drawing, in which: _

- Figure 1 is a perspective a;nd sectional view of a preferred
embodiment of the reservoir according to the invention, '

- Figure 2is Ian enlarged view of the detail labelled A in Figure 1,
which shows the various prdduct layers constituting the reservoir accordingto .
the invention, and | REPLACEMENT . SHEET
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As represented in Figure 1, the reservoir according to the invention
takes the form of a flat, rectangular piece, typically having an area of 6 cm x
2 cm, for example. It must comprise a material which can be impregnated
with a solution of active principle and must be capable of holding from 1 to
2 ml of this solution, for example. '

For this purpose, the reservoir essentially comprises a support sheet
1 made of a cavitied material, impregnated with a layer 2 of substrative
substance deposited on one face of the sheet 1 and having a surface capable
of holding by adhesion a layer 3 of particles of a divided material which ca{n
be impregnated with a solution of active principle.

“The adhesive layer 2 itself impregnates the cavities of the support
sheet 1, which ensures -good adhesion of this layer onto this sheet. The
particles 4,,4,,4,,4,, etc. of the impregnatable material are evenly distributed
over the adhesive layer 2 and held by this layer in this distribution.

The layer 3 thus provides a large absorption area, by virtue of the -
sum of the areas of the particles, when it is impregnated with a solution of
active principle. Absorption of this solution is thereby greatly accelerated.

Unifofm spreading of the solution in the layer is also promoted by
the small thickness, of the order of magnitude of the mean diameter of the
particies, and the flatness of this layer. '

According to a first embodiment of the reservoir according to the
invéntion, this reservoir may consist only of the layers 1, 2 and 3.

However, according to a_preferred embodiment, the cohesion of
the reservoir is reinforced by a cover sheet 5 Which covers the layer of the
particlles 4. in order to ensure that the latter remain held correctly against the
support sheet 1.

The reservoir thus constituted must be fixed, on the side of the
support sheet 1, on an electrode formed, for example, by a conductive layer
of silver/silver chloride. This fixing is expediently. carried out using a double-
sided adhesive sheet initially attached either to the reservoir or to the
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material. The sheet 6 is welded to the support sheet at the ends of the latter

adjacent to its transverse edges 16, 17, as is the cover sheet 5. One face of the

‘double-sided adhesive sheet {not shown) is bonded against the mesh 6 which

is itself plated against the support sheet. 1, the other face of the adhesive sheet
being intended to be applied against the surface of the electrode.

It will be noted that, in the absence of the mesh, the adhesive sheet
could not adhere to the support sheet, impregnated with glycerol, for example,
constituting the substrative surface, as will be seen further on. Cohesion of the
entire reservoir is ensured by the welds formed in the vicinity of the edges 16,
17. | |

The electrical continuity of the reservoir, from the cover sheet 5 to

the electrode adhering to the mesh 6, is ensured by using cavitied materials

for constituting the sheets 1 and 5 and a substrative layer 2 which is miscible '

with the solution of active principle. This solution is injected into the reservoir
using a syringe, for example, just before applying the reservoir/electrode
assembly onto the skin of a patient, with a view to transthermal delivery of
medicinal products assisted by iontophoresis.lThe solution then impregnates
the particles 4, the substrative layer 2 and the cavitied sheets 1 and 5. The
double-sided adhesive sheet which fixes the reservoir onto the electrode can

 be for example made with a support and electrically conducting adhesive

products. Electrical contihuity to the adhesive sheet may also be obtained by
open-working the said sheet so that the solution of active principle can wet
the electrode through this sheet. .

Various materials can be used for constituting the sheets or layers
1 to 6. Thus, in the case of the support sheet 1 and (optional) cover sheet 5,
it is proposed according to the invention to use a wovéh of non-woven
material, a felt, a mesh or an open-pored plastic foam sheet, of small
thickness. This material must be sufficiently fine and open-worked, with
grammage preferably lying between 10 and 50 g/m? and preferably of the
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derivatives such as hydroxypropyl nethyl cel | ul ose, hydroxye 5 laced

hydr oxypr opyl cel | ul ose, carboxynet hyl cel | ul ose, mnethylcellu I

pol ymers and copol yners of acrylic acid, -of6 methacrylic aci

esters which are super-absorbent, - polyethylene glycol, polypropylene
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substances constituting the sheets 1 and 5 are preferably polymers:
polyethylene, polypropylene, polyamide, polyester, polyurethane, cellulose,

viscose, -olefinic cdpolymer, polyvinyl chloride, .cellulosic, acrylic or

methacrylic polymer. _
The substrative layer 2 with which the support sheet 1 is

impregnated consists of a liquid which is miscible with the aqueous so_lutibn
of active principle. This liquid must be sufficiently viscous so that it does not -~
flow from the support sheet 1 which it impregnates, and sufficiently adhesive
to hold the absorbent particles 4, deposited on the surface of this support sheet
thus impregnated. Its viscosity preferably lies between 100 and 1000 cps. For
this purpose, use may be made of 'glycerol, diacetin, homoacetin, a
polyethylene glycpl (or polybxyethylene) having low molecular mass, or any

- substance exhibiting equivalent characteristics which the person skilled in the
art will be able to identify and choose using his normal knowledge.

The substance constituting the absorbent particles 4, is preferébly
chosen from hydroph'ilic or hydrosoluble polymers. it is then in the form of
powder, flakes or fibres. This divided form promotes distribution of the liquid |
by capillary action at the surface of the electrode. This substance is chosen
from the following, taken separately or in a mixture:

cellulosic derivatives such as hydroxypropylmethylcellulose,
hydroxyethylcellulose, hydroxypropylcellulose,
carboxymethylcellulose, methylcellulose,

- polymers and copolymers of acrylic acid, of methacrylic acid and

of their esters which are super-absorbent,
- polyethylene glycol, polypropylene glycol,
-  polyvinylpyrrolidone and derivatives,
- polyvinyl alcohol, |
- polyacrylamide and derivatives, .

- natural gums, guar gum, xanthan gum, pectin, carrageenan, carob
REPLACEMENT SHEET

flour, polysaccharides in general,

- hydrosoluble amylaceous derivatives,. ' 12 AUG 199¢
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The particles 4, may also be obtained by grinding a solid layer
made from a mixture of the abovementioned products, opfionally with the
addition of hydrophilic textile fibres such as cotton. This technique is preferred
to the direct d_eposition on the support sheet 1, duly coated with substrate, of
a mixture of various substances and textile fibres.

According to the invention, the particles obtained preferably have
a mean diameter lying between 80 um and 250 ym, and they are déposited'
in a fine layer of approximately 300 um with a grammage of 30 to 250 g/m?,
on a substrative layer having a thickness varying between 100 and 200 ym.

- It has been observed that depositing a substrative layer such as
glycérol on a cavitied support sheet, for example made of a noh—woven fabric,
produces some degree of surface unevenness of this layer which, to some
extent, "cdpies" the uneven cavitied surface on which it has-been .de_posited.

- In order to overcome this drawback, according to the present invention, the
non-woven sheet may be coated with a polyoxyethylene hydrogel or other
equivalent substance, prior to deposition of the leceroI layer. in order to do
this, the support Iayef 1 m'ay be arranged on a péel-off protective sheet, such
as silicone-coated paper, so as to give the whole sufficient mechanical
strength. The sheet is then coated by any of the known coating téchniques,
using a roller, scraper, etc. and the non-woven sheet thus coated is then dried.
After removal of the silicone-coated paper, the reﬁult is that the two faces of
the support sheet have a very smooth-surface. For this purpose, use may be
made of a polyoxyethylene hydrogel having a molecular mass of 300000;
marketed by the Belgian company JANSSEN CHEMICA, in a 2% solution. The
thus smoothed surface of the non-woven fabric may then receive a glycerol
layer of even thickness and good surface condition. '

Reference is now made to Figures 3 to 5 of the attached drawing
in order to describe a preferred method of manufacture of the reservoir
according to the present invention. According to this method, a Iayér of
substrative product, for .eXample glycerol, at a ratio of approximately 75 g/m?,

is first of all deposited on the support sheet 1. In order to do this, a band of
the material, for example 'n.on-woven, constituting the support sheet 1 is
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layer by retaining a meniscus 9 of glycerol forming a reserve, replenished by
means (not shown) well known to the person skilled in the art.

Clearly, other known coating techmques might be used instead of
those illustrated in Figure 3. Thus, the procedure may involve coating with a -
transfer roll, by calendering, by pad application, by spraying, or by various
techniques used in printing such as, for éxample, the silk-screen process.

The glycerol-coated band is driven through a powdering station
such as, for example, that represented in Figure 4. The latter comprises a
hopper 9, the bottom of which is closed by a sieve 10, optionally a vibrating
sieve. A dehydrated powdered hydrogel, constituting the material,
impregnatable with solution of active principle, of the reservoir according to
the invention, is arranged in the hopper. The powder falls from the sieve onto
a ramp 11 which distributes the powder evenly over the surface of the
glycerol layer fprmed on the support band 1 which is moving under this ramp,-
by virtue of the driving force developed by a motorized roller 12. The latter is
also used to peel off the band 13 of silicen-coated paper which ‘supports the |
band 1 until then. This band 1, lined with the layer 3 of powdered hydrogel
fixed on the surface of the glycerol layer, then passes through the station

- represented in Figure 5 in order to be "complexed" with a cover band 5, ata
roller 14, and a band of the mesh 6, at a roller 15, assuming that such
elements 5, 6 are incorporated with the reservoir according to the invention.

- Bonding of the bands 1, 5 and 6 together might be reinforced by
various techniques such as welding by ‘hot calendering at points regularly
distributed over the surface of the bonded bands, or assembling them by
similarly distributed spots of adhesive.

The complex band thus formed is finally heat-sealed or welded at
the transverse edges 16 and 17 of each reservoir manufactured (see Figure 1),

then cut at each of these edges in order to separate each reservoir. it will be
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stated in the preamble of the present description. _

- Clearly, the invention is not limited to the embodiments described
and represented, which were given solely by way of example. Thus,
powdering techniques other than sieving might be used, for example, blowing
the powder through nozzles, passing the coated band of the product with
adhesive surface through a fluidized powder bed, etc. Similarly, the reservoir
may be formed integrally with the electrode and the double-sided adhesive

‘may be used to plate one onto the other.
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1. - Reservoir which can be impregnated with a solution of active

principle in order to be used in an iontophoretic device for transdermal
delivery of medicinal products, this reservoir, loaded with a divided material
which can be impregnated with this solution, being characterized in that it
comprises:

a) a support sheet (1) made of a cavitied material which is
permeable to the solution and capable of contributing to the mechanical
strength of the reservoir, |

b) a layer (3) of particles of the impregnatable material, and

<) a substrative layer (2) interposed between one face of the support

" sheet and the layer (3) of particles in order to hold the latter on the support
sheet (1), this substrative layer (2) consisting of a substance which is miscible
with the solution of active principle.

2. Reservoir according to Claim 1, characterized in that the thickness
of the said layer (3) of particles is of the order of magnitude of the mean size
of these particles. o '
3. Reservoir according to either of Claims 1 or 2, characterized in that
it is lined with a double-sided adhesive sheet, bonded to the support sheet (1) |
on that face of the latter which is opposite the face coated with the substrative
layer (2).
4. Reservoir according to Claim 3, characterized in that the said
adhesive sheet is bonded by its other face onto a metal layer constituting an
electrode. _ | .
5. Reservoir act:ordihg to either of Claims 3 or 4, characterized-in th_at
a sheet (6) of an open-worked material is interposed between the support
sheet (1) and the double-sided adhesive sheet.

| 6. Reservoir according to any one of Claims 1 to 5, characterized in
that the support sheet (1) made of cavitied material is impregnated with a
polyoxyethylene hydrogel prior to depositing of the substrative layer. '
7. Reservoir according to any one of Claims 1 to 6, characterized in
that it comprises a cover sheet (5) made of a cavitied material, covering the

layer (3) of particles of the impregnatable material. This is the replacement sheet

Date: | 12 AU 19%
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ol e e ot o IR W auton Sheban 2JMININININD
silicon-coated vapour a notorjzed rol *underta scrsaper
whi ch regul ates the thickness of the |ayer T et ai n| ng a meni scus 9 of

Pha person ski | Bed |t IRESAMOT SGROSTNG o AWERTa A6 WSl g, chemeieiie
m ght be used i gaitRe \@hohbeﬁeetg haﬂhgﬁqa%mmgkgﬁgrbrﬁ' aﬁamaﬁe M&&E&Bﬁgwe

may invol ve coating wt atrans ering,
appl i cati on, byaspthaybyghemdgey. vari ous technl ques used in pr| nt| ng such

as, for exanple, the silk-screen cess
: ! €y, Reservoir accordi ing to any one of Claims 1 to 8, characterized in

t'o

that the support sheet (1) is made of one of the products in the group
consisting of woven or non-woven products, a felt, a mesh, a cavitied foam,
made of a polymer component in the group consisting of polyethylene,
polypropylene, polyamides, polyesters, polyurethane, cellulose, viscose,
olefinic copolymers, polyvinyl chloride, cellulosic, acrylic or methacrylic
polymers. | ' |

10. Reservoir according to any one of Claims 1 to 9, characterized in
that the substrative layer (2) consists of one of the substances in the group
consisting of: glycerol, diacetin, homoacetin, polyethylene glycol.

11. Reservoir according to any one of Claims 1 to 10, characterized in
that the impregnatable divided material consists of one of the substances in
the group formed by: cellulosic derivatives such as hydroxypropyimethyi-
cellulose, hydroxyethylcellulose, hydroxypropylcellulose,
carboxymethylcellulose, methylcellulose, polymers and copolymers of acrylic
acid, of methacrylic acid and of their esters, polyalkylene glycol gels,
polyvinylpyrrolidoneand its derivatives, polyvinyl alcohol, polyacrylamide and
_derivatives, natural gums, hydrosoluble amylaceous derivatives and
copolymers (methylvinylether/maleicanhydridé). . -
12. ~ Reservoir according to Claim 11, characterized in that the
impregnatable divided material consists of 80 #m to 250 um particles, the
layer (3) of this material deposited on the substrative layer (2) having a

 maximum thickness of approximately 300 um.

13. Reservoir according to both of Claims 7 and 9, characterlzed in that
the cover sheet (5) and the support sheet (1) consist of polymer substances of
the same group. . _

14. Reservoir according to any one of Claims 5 to 13, characterized in
that the sheet (6) of open-worked material consists of a mesh, a felt, a woven

or non-woven product made of polymer material. . )
o P poly This is the replacement sheet

Date: | 2 AUG 1996



The gl ycerol -coated band is dr| ven through a pomdermg—statﬂ—eﬁ—sueh—as—for

exanpl e, that reﬂih de 4. The latter co ho 9,
bottom of which is i eve 10, optionally H.Dn, Eum
dehydr at ed powdere nstituti the materi W th
sol ution o; active prlnC|pIe the res ol r according to the i Aventi on,

I S arrange | the ho T a

whi ch distri b Pes t he%%wgrgégg%\é@aew&g %eI{sgfvfogpgc%#ra‘h%e?% E\B‘Xe?'i?rq?ayer

formed on t he cgip30 ttobwdcﬁaea&'eﬁbed Sn NREE () #m&@ of the sugpN shietv{mtige of

the driving force devel oped by a notorized roller 12. The latter is also
used to peel qbétedhwithzamadlsesive !ayler wmﬁaaubdrmamprmhnddbbme layene

band 1 unt| %hhu%nfor;\%slsbpggvdclefec} with parncles tlf) o? e n“:’atgim "#ng{ ecgnh grogel
impregnated with the solution of active principle.
16. Method according to Claim 15, characterized in that the support
sheet (1) takes the form of a band movin_g through a station (7, 8) for coating )
one face of this band with the substrative substance, then through a station (9,
10, 11) for powdering the layer of this substance formed on the band.

17. Method according to Claim 16, characterized in that the moving
band is lined with a band (13) of a peel-off protective material.
18. Method according to Claim 17, characterized in that the lined band

is impregnated with a polyoxyethylene hydrogel, then dried, before passing
through the station (7, 8) for coating with the substrative substance. .

19, Method according to either of Claims 17 or 18, characterized in
that, at the exit of the powdering station (9, 10, 11), the protective band.(T 3)
is peeled off and the substrate-coated and powdered band (1, 2, 3) is then
pressed between a cover band (5) made of an opén-worked material covering
the layer (3) of powder and a mesh band (6) applied against the other face of
the substrate-coated and powdered band (1, 2, 3).

20. Method according to Claim 19, characterized in that the band
product obtained is evenly welded to the final dimensions of a reservoir then

cut out along these welds (16, 17) in order to separate each reservoir.

21. Method according to Claim 19, characterized in that the band
product obtained is hot-calendered in order to reinforce its cohesion.
22. Method according to any one of Claims 15 to 21, characterized in

that the particles of the impregnatable material are sieved in order to form a

layer of such particles on the adhesive substrative layer (2).
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fixed on the surface of the glycerol Iayer t hen passes t hrough the station
repr esent ed |ﬁhET§GF§“5‘rh‘Drdef«to be "conpl exed" wth a cover band 5, at
aroller 14, and a band of the mesh 6, at a roller 15, assum ng that such
elefrents 5, 6'are incorporated with the.reggry0|r according to the :
invention. Bonding of the bands 1, 5 and 6 together mi ght be reinforced by
vari ous techni ques such as meldlng by hot cal endering at points regul arly

di stributed ovRpsdrliSir WHitR<a (H 93 IH?Q% ioh IHQ @%}Q
simlarly o Stfdr%éﬁﬁ%gﬁe”’@gi e svaeﬁz N T oot

finally heat-sea L1
reservoi r manuf% uﬂwa{ et at each of these edges in

order to separate each reservoir. It will be

j
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ABSTRACT

The reservoir loaded with a divided material which can be
impregnated with the solution of active principle,' comprises a) a support sheet
(1) made of a cavitied material which is permeable to the solution and capable
of contributing to the mechanical strength of the reservoir b) a !ayef (3) of
particles of the impregnatable material and ¢) a substrative layer (2) interposed

- between one face of the support sheet (1) and the layer of particles (3) in order
to hold the latter on the support sheet (1), this substrative layer (2) consisting -

of a substance which is'miscible with the solution of active principle.

Figure 1
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noted that. it Ts not necessary to.weld this reservoir on all four edges.
The net hod of NPSIRG HAE Beefl RHcEdEd her ei nabove, which enploys a

coriti nuously novi Illpd and cut automatically, allows high
pr agducti on ratesJ | ow product, on costs, according to the ai ns
. stated in the pr resent desadription. Clearly, the invention

is not limted to the enmbodi ments described and represented _which were
given solely by eay 0 7 Thus, powdering techniques oth ¢ t han
si eving m ght f xampl e, blomnng
id i < SRRNNNEANOVAN Y LR AN \Y\\’:-\:\.\-\T’.\,\\\\\\\\\ NWNANNVARAN \‘\- .
BN g Y ST , 7

P ILIIIILIL I S ELF T OF S 2 392 P70 ) I3 (v T2, A LIS P47 7 I rsL

FIG .1 ¥ | 5 5 6

FIG.:2
RN
na 42& AN 3

1;41‘

h

REPLACEMENT SHEET

12 AUG 996




e

S
Foltoz-5 x¢o5

the powder through nozzles, passing the coated b nd t
adhesive surface through a fl uidi zgd powder bed, LPLR@ ﬂ‘g SG
reservoir may be forned integrally with the el ect r 0 Ii"@@ """
adhesive may be used to plate one onto the other E ----
; page i paged .....

- 10 - CGLAIVE -1- Abstract

THTS SHEET FAS BEEN| RESERVOIR IMPREGNABLE WITH AN ACE-S}"VIFESBHI-E!%EIPT"}?_IQ\_I_W
REPLACED | FOR AN IONOPHORETIC TRANSDERMIC DRUG DELTVERY——————=

DEVICE AND METHOD OF MANUFACTURE OF SUCH A RESERYOIR

The present invention relates to a reservoir which can be impregnated
with a solution of active principle in order to be used in an iontophoretic
device for transdermal delivery of medicinal products and, more particularly,
to such a reservoir loaded with a divided material which can be impregnated
with this solution. A further abject of the present invention is to provide a
method of manufacture of such a reservoir.
| Transdermal delivery of medicinal products assisted by
iontophoresis is a technique which is currently well known, which has formed
the subject matter of numerous publications such as, for example, European
Patent Application No. 409067 and International Patent Application WO
92/10235, to which reference may be made for further details concerning the
essential characteristics of this medical technique.

This technique consists in applying against the skin of a patient.a
reservoir of an active principle in solution and in forcing passage through the
skin of an ionized form of this active principle, by the action of a suitably
oriented electric field. In order to do this, a plane electrode is plated onto the
reservoir and an electrical potential difference is set up between this electrode
and a neighbouring electrode, optionélly plated directly onto the skin of the
patient. The electrode plated on top of the reservoir is polarized so as to expel
the ions of the active principle under the skin of the patient so they pass into
the vascular system of this patient.

In the current state of the art, the reservoir commonly consists of a
hydrogei which can be impregnated with the solution of active principle. It is
not permanently loaded with this solution. It is actually kept in the "dry” state
in order to avoid problems of stability, for example those resulting from
contamination and/or incompatibility of materials, and it is impregnated with
the solution immediately before use.

For convenience of this use, it is then necessary for impregnation

of the hydrogel contained in the reservoir to take place rapidly, in a time

N
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1. - . Rese| VRERLAGEMENT SMBEDe] i npregnated with a sol ution of active
principle in pr e ih an iontophoretic device for transdernal

delivery of ngdfc dV this reservoir, |oaded with a divided
mat eri al which ,an € gn

in that it coppk rt sheet (1) nmade of a cavitied materi al
whi ch is perngable to the sol utfion and Ttapable of contributing to the

tled with this sol ution, being characterized

ot eanat abt ¢ PERBGAY 1 ORI S Eiste s P, uhAesfibuifof bl BirBlel, 0C

one face of tBRoGHRIY besmﬁﬁégea@dug bed Eébfﬁﬂeté?’) of particles in order to
hold the latter on the support |

The precise object of the invention is to produce such a reservoir,
exhibiting rapid, complete and homogeneous loading.

A further object of the present invention is to provide a method of
manufacture of such a reservoir which can be exploited industrially, that is to
say a method which can provide a large production volume at a manufac-
turing cost price which is limited to the greatest possible extent.

The object of the invention, as well as others which will emerge on
reading the following description, are achieved with a reservoir loaded with
a divided material which can be impregnated with a solution of active
principle, which is noteworthy in that it comprises a) a support sheet made of
a cavitied material which is permeable to the solution and capable of con-
tributing to the mechanical strength of the reservoir, b) a layer of particles of
the impregnatable material, and ¢) a substrative layer interposed between one
face of the support sheet and the layer of particles in order to hold the latter
on the support sheet, this substrative layer consisting of a substance which is
miscible with the solution of active principle.

_The use of such an impregnatable particulate material makes it
possible to- provide a large area for absorption of the solution of active
principle, which accelerates impregnation of the reservoir. The thickness of the
layer of particles is preferably of the order of magnitude of the mean size of
these particles, which ensures rapid and homogeneous spreading of the
solution in the reservoir. Miscibility of the substrative layer with the solution
of active brinciple which is to impregnate the reservoir ensures electrical
continuity bétween this reservoir and an electrode designed to receive it.

in order to be fixed on such an electrode belonging to an
iontophoretic device for transdermal delivery of medicinal products, the
reservoir may be fined with a double-sided adhesive sheet, bonded to the
support sheet on that face of the latter which is opposite the face coated with
the substrative layer, this adhesive sheet being regularly open-worked in order

to ensure electrical contact between the solution and the electrode.



sheet (1), this substrative layer (2) consisting of afs
m scible with the solution of active principle. 2.

according to Claim1l, characterized in that the thickpes$s
(3) of particles is of the order of nagnitude of the

3.
characterized in that it is lined with a doubl e-si ded-adhesive sheet,

particles.

Reservoir accordi ng 130 -ei t her ofj C ai ns “‘-2-;-..JF

bonded to the support Atwedinglio the iriventibactheofubistrativealayer ofithe resavoir

opposite the face coated with the bstrative |ayer (2). 4.
Reservoir accdiraferply sonpigis Af Pne a#‘&c"ﬂ’gls'iaﬁﬁﬁf i"nx’lerﬂg“%’ figrraed By glyracel o

sheet is bondef, Byin honidetin/ FogetifcheglyBbial | ayer constituting an

According to the invention, furthermore, the impregnatable divided
material which lines the reservoir is preferably chosen from cellulosic
derivatives such as hydroxypropylmethylcellulose, hydroxyethylcellulose,
hydrdxypropylcellulose, carboxymethylcellulose, methylcellulose, polymers
and copolymers of acrylic acid, of methacrylic acid, and of their esters,
polyalkylene glycol gels, polyvinylpyrrolidone and its derivatives, polyvinyl
alcohol, polyacrylamide and derivatives, natural gums, hydrosoluble
amylaceous derivatives and copolymers (methylvinylether/maleicanhydride).

The invention also provides a method of manufacture of the
reservoir according to the present invention, noteworthy in that a) a face of the
support sheet is coated with an adhesive layer of a substrative product and b)

_ the layer thus formied is powdered with particles of the material which can be

impregnated with the solution of active principle. The support sheet takes the
form of a band moving through a station for coating one face of this band with
the substrative product, then through a station for powdering the layer of this
product formed on the band. According to a preferred embodiment of the
present invention, the band is powdered by sieving the particles of the
impregnatable material above the adhesive substrative layer.

The band thus manufactured moves at high speed through a
manufacturing machine, which ensures a large production volume at low cost.
The band is then automatically welded and cut and the pieces obtained
constitute reservoirs according to the invention.

Other characteristics and advantages of the present invention will

emerge on reading the following description and on inspecting the attached

-drawing, in which:

- Figure 1 is a perspective and sectional view of a preferred
embodiment of the reservoir according to the invention,
- Figure 2 is an enlarged view of the detail labelled A in Figure 1,

which shows the various product layers constituting the reservoir according to

the invention, and . i




REPLACEMEN
el ectrode. 5. Reservoir according to either of ' T§HEET
characterized in that a sheet (6) of an open-worked

|nter oged
bet ween the support sheet (1) and the doubl e-si ded adhesk vgzskég
Reservoir according to any one of Clains 1 to 5, chardgct in that tthe
support sheet (1) nade of cavitied materidl-is inpregnated W|th a

pol yoxyet hyl ene hydrogel prior to dep05|t|ng of the s
Reservoir according toFigWesodes 3ndd arendiagrams of varipussiations Ja @ Maching |

(3) ot “par (1 chEGEnR TR nibleRAGE 18 HhOJ SfecBRRG! & hECHRkhfion [foF | over
manufacturing the reservoir of Figures 1 and 2.

As represented in Figure 1, the reservoir according to the invention

takes the form of a flat, rectangular piece, typically having an area of 6 cm x

2 cm, for example. It must comprise a material which can be impregnated

with a solution of active principle and must be capable of holding from 1 to

2 ml of this solution, for example.

For this purpose, the reservoir essentially comprises a support sheet
1 made of a cavitied material, impregnated with a layer 2 of substrative
substance deposited on one face of the sheet 1 and having a surface capable
of holding by adhesion a layer 3 of particles of a divided material which can
be impregnated with a solution of active principle. '

The adhesive layer 2 itself impregnates the cavities of the support
sheet 1, which ensures good adhesion of this layer onto this sheet. The
particles 4,,4,,4;,4,, etc. of the impregnatable material are evenly distributed
over the adhesive layer 2 and held by this layer in this distribution.

The 'Iayer 3 thus provides a large absorption area, by virtue of the
sum of the areas of the particles, when it is impregnated with a solution of
active principle. Absorption of this solution is thereby gréatly accelerated.

Uniform spreading of the solution in the layer is also promoted by
the small thickness, of the order of magnitude of the mean diameter of the
particles, and the flatness of this layer.

According to a first embodiment of the reservoir according to the
invention, this reservoir may consist only of the layers 1, 2 and 3.

However, according to a preferred embodiment, the cohesion of
the reservoir is reinforced by a cover sheet 5 which covers the layer of the
particles 4, in order to ensure that the latter remain held correctly against the
support sheet 1.

The reservoir thus constituted must.be fixed, on the side of the
support sheet 1, on an electrode formed, for example, by a conductive layer
of silver/silver chloride. This fixing is expediently carried out using a double-
sided adhesive sheet initially attached either to the reservoir or to the
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characterized in that the various sheets and | ayers formﬂﬁﬁmag_ il
are wel ded to one another by the edges. 9. Reser yoi '
one of Clainms 1 to 8, characterized in that the suppor
of one of the products in the group consis¢ing of wove
products, a felt, a nmesh, a cavitied foam nade of a ppl

Reservoir according to any one of d ai

t he group consaletirbde.of pol yet hyl ene, pol ypropyl ene, pol yam des,

pol yesters,

ol yur et hane, cellul'gse, viscose “\—\___?_ !
poLy According to the invention, adhesion of this sheet on the reservoir

is improved by plating on the face 1, of the support sheet 1 a sheet 6 made of
open-worked material such as a fine mesh, made of an electrically insulating
material. The sheet 6 is welded to the support sheet at the ends of the latter
adjacent to its transverse edges 16, 17, as is the cover sheet 5. One face of the
double-sided adhesive sheet (not shown) is bonded against the mesh 6 which
is itself plated against the support sheet 1, the other face of the adhesive sheet
being intended to be applied against the surface of the electrode.

It will be noted that, in the absence of the mesh, the adhesive sheet
could not adhere to the support sheet, impregnated with glycerol, for example,
constituting the substrative surface, as will be seen further on. Cohesion of the
entire reservoir is ensured by the welds formed in the vicinity of the edges 16,
17. .

The electrical continuity of the reservoir, from the cover sheet 5 to
the electrode adhering to the mesh 6, is ensured by using cavitied materials
for constituting the sheets 1 and 5 and a substrative layer 2 which is miscible
with the solution of active principle. This solution is injected into the reservoir
using a syringe, for example, just before applying the reservoir/electrode
assembly onto the skin of a patient, with a view to transthermal delivery of
medicinal products assisted by iontophoresis. The solution then impregnates
the particles 4, the substrative layer 2 and the cavitied sheets 1 and 5. The
double-sided adhesive sheet which fixes the reservoir onto the electrode can
be for example made with a support and electrically conducting adhesive
products. Electrical continuity to the adhesive sheet may also be obtained by
open-working the said sheet so that the solution of active principle can wet
the electrode through this sheet.

Various materials can be used for constituting the sheets or layers
1 to 6. Thus, in the case of the support sheet 1 and (optional) cover sheet 5,
it is proposed according to the invention to .use a woven or non-woven
material, a felt, a mesh or an open-pored plastic foam sheet, of small
thickness. This material must be sufficiently fine and open-worked, with
grammage preferably lying between 10 and 50 g/m? and preferably of the
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Reservoir according to any one

gl ycol . 11. Reservoi r. gccordi ng tjo i 15 1 to
i zed in that the inpregnatable divided nmaterial consistg of
j mpregratedsuch

as hydroxypropyl net hy] - cel ] ul ose, . hydroxyet hyl cel Lul ose .
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%{b&i;ag?&{g é%dggti&ﬁﬂn%f tRE ORIRACT Yhhg BCide aprbfatably epdlymeker s,
polyethylene, polypropylene, polyamide, polyester, polyurethane, cellulose,
viscose, olefinic copolymer, polyvinyl chloride, cellulosic, acrylic or
methacrylic polymer.

The substrative layer 2 with which the support sheet 1 is
impregnated consists of a liquid which is miscible with the aqueous solution
of active principle. This liquid must be sufficiently viscous so that it does not
flow from the support sheet 1 which it impregnates, and sufficiently adhesive
to hold the absorbent particles 4; deposited on the surface of this support sheet
thus impregnated. Its viscosity preferably lies between 100 and 1000 cps. For
this purpose, use may be made of glycerol, .diacetin, homoacetin, a
polyethylene glycol (or polyoxyethylene) having low molecular mass, or any
substance exhibiting equivalent characteristics which the person skilled in the
art will be able to identify and choose using his normal knowledge.

The substance constituting the absorbent particles 4; is preferably
chosen from hydrophilic or hydrosoluble polymers. it is then in the form of
powder, flakes or fibres. This divided form promotes distribution of the liquid
by capillary action at the surface of the electrode. This substance is chosen
from the following, taken separately or in a mixture:

- cellulosic derivatives such as hydroxypropyimethylcellulose,
hydroxyethyicellulose, hydroxypropylcellulose,
carboxymethylcellulose, methylcellulose,

- polymers and copolymers of acrylic acid, of methacrylic acid and
of their esters which are super-absorbent,

- polyethylene glycol, polyprbpylene glycol,

- polyvinylpyl;rolidone and derivatives,

- . polyvinyl alcohol,’

- polyacrylamide and derivatives,

- natural gums, guar gum, xanthan gum, pectin, carrageenan, carob
flour, polysaccharides in general,

- hydrosoluble amylaceous derivatives,



pol yvinyl pyrrol idone and its derivatives, polyvinyl alcohol
pol yacryl am de and derivatives, natural guns, hydrosol uble
derivatives and copol yners (nethylvinyl et her/ nal ei canhydri d¢) .
Reservoir according to Claim 1 1, characterized in that the |

di vided material consists of 80 [err] to7250 [err] particleg, the Iayer (76)
of this material deposited on the substrative |layer (2) havjng a
t hi ckness of apprexi mpell)gm%Gn{ew\}lnylb&er/malelcﬁ’elsyxmdﬂ)-r a ding to both
of Clainms 7 and 9, charact zed in that cover, sheet and (the —
support sheet (1) cotﬁ\ 'g'ici ? Y%Q?a‘ﬁt‘@%‘e DY ﬁé'"ggﬂ%egjpgapl.ayiﬁ. |
Reservoir ac@dd Roni Q r@amtu@”'éf tHe %a&émerﬁldr@dlé’mdahe,r aptienalBedithnthe

addition of hyarophilic textile fibres such as cotton. This technique is preferred

to the direct deposition on the support sheet 1, duly coated with substrate, of
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a mixture of various substances and textile fibres.

According to the invention, the particles obtained preferably have
a mean diameter lying between 80 ym and 250 ym, and they are deposited
in a fine layer of approximately 300 um with a grammage of 30 to 250 g/m?,
on a substrative layer having a thickness varying between 100 and 200 ym.

It has been observed that depositing a substrative layer such as
glycerol on a cavitied support sheet, for example made of a non-woven fabric,
produces some degree of surface unevenness of this layer which, to some
extent, “"copies" the uneven cavitied surface on which it has been deposited.
in order to overcome this drawback, according to the present invention, the
non-woven sheet may be coated with a polyoxyethylene hydrogel or other
equivalent substance, prior to deposition of the glycerol layer. In order to do
this, tHe support layer 1 may be arranged on a peel-off protective sheet, such
as silicone-coated paper, so as to give the whole sufficient mechanical -
strength. The sheet is then coated by any of the known coating techniques,
using a roller, scraper, etc. and the non-woven sheet thus coated is then dried.
After removal of the silicone-coated paper, the result is that the two faces of
the support sheet have a very smooth surface. For this purpose, use may be
made . of a polyoxyethylene hydrogel having a molecular mass of 300000,
marketed by the Belgian company JANSSEN CHEMICA, in a 2% solution. The
thus smoothed surface of the non-woven fabric may then receive a glycerol
layer of even thickness and good surface condition.

Reference is now made to Figures 3 to 5 of the attached drawing
in order to describe a preferred method of manufacture of the reservoir
according to the present invention. According to this method, a layer of
substrative product, for example glycerol, at a ratio of approximately 75 g/m?,
is first of all deposited on the support sheet 1. In order to do this, a band of

-

the material, for example non-woven, constituting the support sheet 1 is



that the sheet (6) of open-worked nmaterial consist$ GEP%CMNT SHEEL| , a
woven or non-woven product made of polynmer materiaf. [err] - | -] 15.
Met hod of manufacture of a reservoir according to any d2NGV ®97 nF {L to
14, characterized in that (a) a face of the supporf $heet (1) is cpajed
with an adhesive layer (2) of a substratige-produc} and (By—the~tayer thus

formed is powdered with particles [err] of the matgrial which can b
formed and it is lined with a conforming band mmcﬁféd
protective paber which reinforces its mechanical strength. The band can then
be passed through a glycerol-coating station. Figure 3 diagrammatically
represents such a station. The band 1 and its silicon-coated vapour are driven
by a motorized roller 7 under a scraper 8 which regulates the thickness of the
layer by retaining a meniscus 9 of glycerol forming a reserve, replenished by
means (not shown) well known to the person skilled in the art.

Clearly, other known coating techniques might be used instead of
those illustrated in Figure 3. Thus, the procedure may involve coating with a
transfer roll, by calendering, by pad application, by spraying, or by various
techniques used in printing such as, for example, the silk-screen process.

The glycerol-coated band is driven through a powdering station
such as, for example, that represented in Figure 4. The latter comprises a
hopper 9, the bottom of which is closed by a sieve 10, optionally a vibrating
sieve. A dehydrated powdered hydrogel, constituting the material,
impregnatable with solution of active principle, of the reservoir according to
the invention, is arranged in the hopper. The powder falls from the sieve onto
a ramp 11 which distributes the powder evenly over the surface of the
glycerol layer formed on the support band 1 which is moving under this ramp,
by virtue of the driving force developed by a motorized roller 12. The latter is
also used to peel off the band 13 of silicon-coated paper which supports the
band 1 until then. This band 1, lined with the layer 3 of powdered hydrogel
fixed on the surface of the glycerol layer, then passes through the station
represented in Figure 5 in order to be "complexed" with a cover band 5, at a
roller 14, and a band of the mesh 6, at a roller 15, assuming that such
elements 5, 6 are incorporated with the reservoir according to the invention.

Bonding of the bands 1, 5 and 6 together might be reinforced by
various techniques such as welding by hot calendering at points regularly
distributed over the surface of the bonded bands, or assembling them by
similarly distributed spots of adhesive.

The complex band thus formed is finally heat-sealed or welded at
the transverse edges 16 and 17 of each reservoir manufactured (see Figure 1),

then cut at each of these edges in order to separate each reservair. It will be



i npregnated with the solution of active principle. 16. Met hod
according to Caim 15, characterized in that the support sheet (1) takes
the formof a band noving through a station (7, 8) for coating one face of
this band with the substrative substance, then through a station (9, 10,
11) for powdering the |ayer of this substance fornmed on the band. 17.

Met hod according to C aim 16, characterizéd i n that the noving band is

| d th band 3 f | tive Met hod
al:(r:]gr dYVIng t g Cﬂa%Fﬁ’nﬁl'iaf)'t g"n%? ?e‘%ﬁ%go B‘{'F?‘% ﬁf L \?lﬁr?év ‘W IoaqL ué%dgel npr egna? ed
with a pol yoxyet hyl enerfy/segis] ofmﬁkﬁﬁa&m@d’eschbéeh@rélﬁé@demfﬂembld)/@e

station (7, 8) for coating with the substrative substance. Met hod
according to & tchetmwusd}' anaxing7band,1 weldada padt eyt E%@"ﬁﬁ'ca”)': aliows high

production rates and therefore low production costs, according to the aims

stated in the preamble of the present description.

Clearly, the invention is not limited to the embodiments described
and represented, which were given solely by way of example. Thus,
powd_ering.techniques other than sieving might be used, for example, blowing
the powder through nozzles, passing the coated band of the product with
adhesive surface through a fluidized powder bed, etc. Similarly, the reservoir
may be formed integrally with the electrode and the double-sided adhesive

may be used to plate one onto the other.
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that, at the exit _of-the—povd 9 bBtation (9, 10, 1 1), the protective
band (13) is peel dREﬂUAC&M@N‘f%‘E ﬁb trate-coated and powdered band (1, 2,
3) is then presse €n a covell and (5) made of an open-worked nateri al

covering the layen (13) 49fn@¢v®97 4nd a mesh band (6)° ' he
other face of the jsubsti ate coateq gnd-peedered band ﬂmmmm‘imﬁlwmm
Met hod according t aragterized in that the band prrodsct +

obt ai ned i s evenl y} wel ded to t he fimal CliAMASsi ons of a reserv0|r then cut
out al ong thege we 7 qrd to sepa a erv 21.
Met hod accordi'ng to DAL vaﬁﬁr %’% Jogre e%taf”"?‘n ft?a{'ﬁ Br dﬁ jve
obt ai ned i s hgtinéiplena eseler it l@édﬁédttﬁ 881 idh@ighorétic deviee Sfo Ntrarsdermal

Met hod accordl ng to any one of %al ms 15 to 21, characterized in
delivery of medlcmal products, this reservoir, loaded with a divided material

which can be impregnated with this solution, being characterized in that it

comprises:
a) a support sheet (1) made of a cavitied material which is

permeable to the solution and capable of contributing to the mechanical
strength of tﬁe reservoir,

b) a layer (3) of particles of the impregnatable material, and

c) a substrative layer (2) interposed between one face of the support
sheet and the layer (3) of particles in order to hold the latter on the support
sheet (1), this substrative layer (2) consisting of a substance which is miscible
with the solution of active principle.
2. Reservoir according to Claim 1, characterized in that the thickness
of the said layer (3) of particles is of the order of magnitude of the mean size
of these particles.
3. Reservoir according to either of Claims 1 or 2, characterized in that
it is lined with a double-sided adhesive sheet, bonded to the support sheet (1)
on that face of the latter which is opposite the face coated with the substrative
layer (2).
4, Reservoir according to Claim 3, characterized in that the said
adhesive sheet is bonded by its other face onto a metal layer constituting an’
electrode.
5. - Reservoir according to either of Claims 3 or 4, characterized in that
a sheet (6) of an open-worked material is interposed between the support
sheet (1) and the double-sided adhesive sheet.
6. Reservoir according to any one of Claims 1 to 5, characterized in
that the support sheet (1) made of cavitied material is impregnated with a
polyoxyethylene hydrogel prior to depositing of the substrative layer.
7. Reservoir according to any one of Claims 1 to 6, characterized in
that it comprises a cover sheet (5) made of a cavitied material, covering the
layer (3) of particles of the impregnatable material. '



that the parti ‘IREPL@CEMEW iSHBEEghat abl e material are sieved in order to
forma layer o rb.r patrtTTres) oh the adhesi ve substrativetayer—(2——
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8. Reservoir according to any one of Claims 1 to 7, characterized in
that the various sheets and layers forming it conform and are welded to one
another by the edges. |

9. Reservoir according to any one of Claims 1 to 8, characterized in
that the support sheet (1) is made of one qf the products in the group
consisting of woven or non-woven products, a felt, a mesh, a cavitied foam,
made of a polymer component in the group consisting of polyethylene,
polypropyléne, polyamides, polyesters, polyurethane, cellulose, viscose,
olefinic copolymers, polyvinyl chloride, cellulosic, acrylic or methacrylic
polymers.

10. Reservoir according to any one of Claims 1 to 9, characterized in
that the substrative layer (2) consists of one of the substances in the group
consisting of: glycerol, diacetin, homoacetin, polyethylene glycol.

11. Reservoir according to any one of Claims 1 to 10, characterized in
that the impregnatable divided material consists of one of the substances in
the group formed by: cellulosic derivatives such as hydroxypropylmethyl-
cellulose, hydroxyethylcellulose, hydroxypropylcellulosg,
carboxymethylcellulose, methyicellulose, polymers and copolymers of acrylic
acid, of methacrylic acid and of their esters, polyalkylene glycol gels,
polyvinylp})‘rrolidone and its derivatives, polyvinyl alcohol, polyacrylamide and
derivatives, natural gums, hydrosoluble amylaceous derivatives and
copolymers (methylvinylether/maleicanhydride).

12. Reservoir according to Claim 11, characterized in that the
impregnatable divided material consists .of 80 um to 250 yum particles, the
layer (3) of this material deposited on the substrative layer (2) having a
maximum thickness of approximately 300 ym.

13. Reservoir according to both of Claims 7 and 9, characterized in that
the cover sheet (5) and the support sheet (1) consist of polymer substances of
the same group.

14. Reservoir according to any one of Claims 5 to 13, characterized in
that the sheet (6) of open-worked material consists of a mesh, a felt, a woven

or non-woven product made of polymer material.
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15. Method of r‘r‘_iénufactdre of a reservoir according to any one of
Claims 1 to 14, characterized in that (a) a face of the support sheet (1) is
coated with an adhesive layer (2) of a substrative product and (b) the layer
thus formed is powdered with particles (4, of the material which can be
impregnated with the solution of active principle. '

16. Method according to Claim 15, characterized in that the support
sheet (1) takes the form of a band moving through a station (7, 8) for coating
one face of this band with the substrative substance, then through a station (9,
10, 11) for powdering the layer of this substance formed on the band.

17. Method according to Claim 16, characterized in that the moving
band is lined with a band (13) of a peel-off protective material.
18. Method according to Claim 17, characterized in that the lined band

is impregnated with a polyoxyethylene hydrogel, then dried, before passing
through the station (7, 8) for coating with the substrative substance.

19. Method according to either of Claims 17 or 18, characterized in
that, at the exit of the powdering station (9, 10, 11), the protective band (13)
is peeled off and the substrate-coated and powdered band (1, 2, 3) is then
" pressed between a cover band (5) made of an open-worked material covering
the layer (3) of powder and a mesh band (6) applied against the other face of
the substrafe'—coated and powdered band (1, 2, 3).

20. Method according to Claim 19, characterized in that the band
product obtained is evenly welded to the fi'nal dimensions of a reservoir then
cut out along these welds (16, 17) in order to separate each reservoir.

21, Method according to Claim 19, characterized in that the band
product obtained is hot-calendered in order to reinforce its cohesion.

22. Method according to any one of Claims 15 to 21, characterized in
that the particles of the impregnatable material are sieved in order to form a

layer of such particles on the adhesive substrative layer (2).
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F9R AN TONTOPHORETIC TRANSDERMIC DRUG DELIVERY
DEVICE AND METHOD OF MANUFACTURE OF SUCH A RESERVOIR

The present invention relates to a reservoir which can be impregnated
with a solution of active principle in order to be used in an iontophoretic
device for transdermal delivery of medicinal products and, more particularly,
to such a reservoir loaded with a divided material which can be impregnated
with this solution. A further object of the present invention is to provide a
method of manufacture of such a reservoir.
| Transdermal delivery of medicinal products assisted by
— - iontophoresis is a technique which is currently well known, which has formed

the subject matter of numerous publications such as, for example, European
Patent Application No. 409067 and International Patent Application WO
92/10235, to which reference may be made for further details concerning the
essential characteristics of this medical technique.

This technique consists in applying against the skin of a patient. a
reservoir of an active principie in solution and in forcing passage through the
skin of an ionized form of this active principle, by the action of a suitably
oriented electric field. In order to do this, a plane electrode is plated onto the

-~ reservoir and an electrical potential difference is set up between this electrode
: and a neighbouring electrode, optionally plated directly onto the skin of the
~ patient. The efectrode plated on top of the reservoir is polarized so as to expel
the ions of the active principle under the skin of the patient so they pass into
the vascular system of this patient.

In the current state of the art, the reservoir commonly consists of a
hydrogei which can be f_mpregnated with the solution of active principle. It is
nat permanently loaded with this solution. It is actually kept in the "dry" state
in order to avoid problems of stability, for example those resulting from

contamination and/or incompatibility of materials, and it is impregnated with

the solution immediately before use.
For convenience of this use, it is then necessary for impregnation

of the hydrogel contained in the reservoir to take place rapidly, in a time



