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Title
DELIVERY OF MEDICINAL COMPOSITIONS DIRECTLY TO THE BLADDER. METHOD AND
APPARATJS THEREFOR

International Patent Classification(s)
A61M 031/00 A61J003/00

Application No. : 26850/88 (22) Application Date : 14.12.88
Publication Date : 02.08.90
Publicatiors Date of Accepted Application : 30,04.92

Applicant(s)
FERR!NG B.V.

Inventor(s)
HANS VILHARDT

Attorney or Agent
DAVIES COLLISON CAVE , GPO Box 3876, SYDNEY NSW 2001

Prior Art Documents
EP 254394

IS 4309996

US 4235236

Claini

A method for delivering medicinals to arimai oxr human

bladders and urinary tracts whicn comprises:

9.

inserting into said bladder a polymeric, minicellular
porous container, said container comprising an internal
reservoir containing said medicinal and a floatation
means effective to keep said container f£loatirng above
the bladder outlet, wherein said medicinal diffuses
through the pores of said container and into said
bladder and urinary tract in an effective amount at a
programmed, continuous and controlled rate.

A method of delivering medicinals to animal or human

bladders and urinary tracts which comprises:

. . . buoyant flexible
a. inserting a sealedApolymerJ.c container, with a

porous wall, coitaining said medicinal and an
isolated compartiment containing a solution of
osmotically active particles into the bladder;

bh. contacting said osmotically active particles with
a liquid such that the osmotically active
particles imbibe the liquid and expand, thereby
prassing the medicinal out of said sealed
polymeric container;

c. and maintaining the medicinal in said bladder and
urinary tract in an effective amount at a

programmed, continuous and controlled rate.
L) ./2
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16. B floatable medicinal delivery apparatus tor the

bladder and urinary tract, which is insertable by means of a

suitable cystoscope or catheter, comprising a porous,
minicellular and polymeric wall container containing the
floatation means and surrounding an internal reservoir

containing the medicinal.
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invention entitled AN—EMPROVED

METHOD AND APPARATUS USEFuL FOR OELIVERING MEDICINAL COMPOSIIONS
INTO THE BLAaDDeER AMND LRI ARY . TRACT

The following statement is a full desciintion of this invention

including the best method of performing it known to me:-
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P=EMPROVED METHOD AND APPARATUS WUSEFUW

FOR DELIVERING MEDICINAL  comPOSITIONS IngTO THRE [LADDER
AND URINARY TRecocT

BACKGROUND OF THE INVENTION

This invention relates to treatment of diseases of the
bladder and urinary tract. Moxe specifically, the invention is
directed to a method of delivering medicinal compositions
directly to the bladder at controlled rates.

Various modes for delivery of medicinal to the bladder
and urinary tract are known in the art. Patients with cancer
may, for example, be treated with chemotherapy, i.e., toxic
agents which primarily destroy malignant cells. The drugs are
normally administered as injections, but in the case of carcinoma
of the vurinary bladder, instillation of an anticancer or
cytostatic agent directly into the cavity of the bladder is
recommended. This is done by daily injections of the drug
through a catheter which is introduced through the urethra.

The advantage of this focal treatment is that the drug
is placed in direct contact with the malignant cells, whereas the
drug concentrating everywhere else in the body is minimal. This
reduces the occurrence of general side effects. Although this
principlg holds true for any focal application of a drug, it is
particularly pertinent when it comes to administration of drugs
directly into the cavity of the bladder, because the permeability
of compounds through the mucosal lining of the bladder is low.

The drawbacks of this type of focal treatment are that
the patient must undergo daily catheterization of the bladder
which is both costly and unpleasant and the treatment is
inefficient because the drug stays in the bladder fOr only a few

hours, i.e., until the next micturition or urination.
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Another means of administering medicinal to the
bladder and urinary tract is to take the medicinal orally. 1In
such a case, the medicinal gradually pass from the kidney into
the bladder. Antibiotics, e.g., sulphur drugs, or urinary tract
antiseptics and anesthetics, e.g. pyridium, are administered in
this manner. Uncertain drug levels may be obtained in this
manner due to various rates of individual clearance of the
medicinal through the kidneys. 1In the case of anesthetics, a
significant period orf time may pass before any relief from pain
or discomfort is achieved.

The search has continued for new and improved methods
of delivering drugs to the bladder and delivery devices used in
those methods. This invention was made as a result of that
search.

OBJECTS AND SUMMARY OF THE INVENTION

Accordingly, it is a general object of the present
invention to avoid or substantially alleviate the
above-identified problems of the prior art.

A more specific object of the present invention is to
provide a method for effectively supplying medicinal or the 1like
to the bladder or urinary tract.

A further object of this invention is to eliminate
unwanted side effects associated with conventional methods of
supplying medicinal to the bladder or urinary tract.

An additional object of this invention is eliminate the
necessity of frequent administration of medicinal, thereby
increasing regimen compliance and decreasing costs associated
with treatment.

Still another object of this invention is to provide a

delivery device useful for delivering medicinal to the bladder
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or urinary tract in an effectibe manner using a minimum of
catheterization.

Yet another object of this invention is to increase the
comfort level of a patient by eliminating paid, discomfort and
embarrassment associated with frequent administration of
medicinal or the like to a bladder or urinary tract.

Other objects and advantages of this invention will
become apparent from the following summary of the invention and
description of its preferred embodiments.

The present invention provides, in one aspect, a method
for delivering medicinal to the bladder and urinary tract of an
animal or human. This method comprises introducing into the
bladder a porous, minicellular, polymeric container which acts as
a reservoir for a medicinal or plurality of medicinal. The
polymer is compatible with the tissues of living organisms when
it is implanted and may be constructed from biodegradable
materials. The size of the minicellular pores reagulates the
diffusion of the medicinal. The device of this method can
contain floatation means and may be formed int¢ an O-shaped ring.
The medicinal or medicinal or the like are kept in constant
contact with the surrounding environment!: at a programmed or
controlled rate of diffusion over a prolonged pericd of time. In
another aspect of the invention the diffusion rate is controlled
by arn osmotic minipump.

In yet another aspect, the present invention provides a
bladder or urinary tract medicinal delivery apparatus made from a
polymeric minicellular porous tube which surrounds an internal
reservoir containing a medicinal. The polymer may be
biodegradable. The apparatus may be fashioned into an O-shaped

ring and contain a floatation means. Minicellular pores of
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varying size, an osmotic minipump, or a coating of material may
regulate diffusion rates.

BRIEF DESCRIPTION OF THE DRAWINGS

The drawings illustrate various embodiments of the
invention as follows:

Fig. 1 is a side view of an apparatus useful for
delivering medicinal compositions into the bladder and urinary
tract and illustrates both an external and internal configuration
of a tubular form of the apparatus wherein floatation means are
in a wall;

Fig. 2 is a cross sectional view of the apparatus of
Fig. 1;

Fig. 3 1s a side view of an apparatus useful for
delivering medicinal compositions into the bladder and urinary
tract and illustrates both an external and internal configuration
of a tubular form of the apparatus wherein floatation means are
in a reservoir;

Fig. 4 1is a cross sectional view of the apparatus of
Fig. 3;

Fig. 5 is a side view of an apparatus useful for
delivering medicinal compositions into the bladder and urinary
tract and illustrates both an external and internal configuration
of a tubular form with an osmotic minipump version of the
apparatus;

Fig. 6 is a cross sectional view of the apparatus of
Fig. 5;

Fig. 7 is a top view of an apparatus useful for
delivering medicinal compositions into the bladder and urinary
tract and illustrates both an external and internal configuration

of a ring shaped form of the apparatus; and
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Fig. 8 is a top:view of an apparatus useful for
delivering medicinal compositions to the bladder and urinary
tract which illustrates both an external and internal
configuration of a ring shaped form of an osmotic pump version of
the apparatus.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

The drawings are examples of various delivery devices
of the invention but said examples are not to be considered as
limiting. Fig. 1, an apparatus useful for delivering m¢dicinal
compositions into the bladder and urinary tract comprises
external surface 1 composed of a polymeric, minicellular porous
wall which is tube shaped. Internal surface 2 surrounds a
reservoir 5 of medicinal. The apparatus of Fig. 1 has floatation
means 4 located within a polymeric, minicellular porcus wall 3.

In Fig. 2, the apparatus of Fig. 1 is shown in cross
section. Internal surface 2 surrcunds a reservoir 5 of
medicin@l. Located within a polymeric, wminicellular porous wall
3 is floatation means 4. Internal surface 2 contacts the
medicinal in reservoir 5 and the medicinal diffuses through wall
3.

In Fig. 3, an apparatus useful for delivering medicinal
compositions into the bladder and urinary tract comprises
external surface 1 which includes polymeric, minicellular porous
wall 3 which embodies a tube configuration. Internal surface 2
contacts a medicinal contained in reservoiir 5. Floatation means
4 is found within reservoir 5. Fig. 4 is a cross-=sectional view
of the apparatus of Fig. 3.

Fig. 5 shows an apparatus useful for delivering
medicinal compositions into the bladder and urinary tract. Tc is
composed of external surface 1 which includes polymeric,

minicellular porous wall 3 which embodies a tube configuration.
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Internal surface 2 contacts a medicinal within reservoir 5. The
medicinal diffuses through wall 3. Floatation means 4 is located
in wall 3 as well as in reservoir 5.  Osmotic minipump 6 ubsorbs
liquid and expands, thus pushing said medicinal through wall 3 at
a controlled and continuous rate. Fig. 6 is a cross sectional
view of the apparatus of Fig. 5.

Fig. 7 illustrates an apparatus useful for delivering
medicinal compositions into the bladder and urinary tract. It is
composed of external surface 1 which includes polymeric,
minicellular porous wall 3 which embodies an O-ring
configuration. The O-ring configuration is sized, structured and
adapted for easy placement, prolonged retention, and easy removal
from the bladder. Wall 3 surrounds and contacts reservoir 5
containing a medicinal via inner surface 2. Floatation means 4
is located in both reservoir 5 and wall 3. Floatation means 4
prevents obstruction of the bladder during urination by keeping
said apparatus floating high above the bladder outlet. Said
apparatus may be removed by hooking around inner erxternal surface
7 and pulling the apparatus out through a cystoscope.

Fig. 8 is an apparatus uséful for delivery medicinal
compositions into the bladder and urinary tract. It includes
axternal surface 1 composed of polymeric minicellular porous wall
3 whichrgmhodiesvan O-shaped ring. Wall 3 surrounds and contacts
reservoir 5 via inner surface 2. Floatation means 4 is located
both in reservoir 5 and in wall 3. Osmotic minipump 6 absorbs
liquid and expands, thus forcing the medicinal through wall 3 at
a controlled and continuous rate.

As illustrated above, this method of delivering
medicinal to the bladder makes use of a polymeric container
surrounding a reservoir of a medicinal agent. In the following

description and claims, the term ”medicinal® is used in its



10

25

30

Ll »

broadeist sense and it inciudes. any substance or mixture of
substances which may have any clinical use. For convenience,
the implant device or method of using said device will be
described in terms of containing a medicinal, although it is to
be understond that it may also contain a drug or a diagnostic
agent such as a releasable dye which has no biological activity
per se. Thus, in its broadest aspect, the method of delivery may
be defined as the release of any substance, which may or may not
exhibit biological activity.

Medicinal that can be used in this invention are
anticancer agents, hormones, anesthetics, antiseptics,
antibacterials, antibiotics, antivirals, and antimicrobials. The
medicinal may be in the [form of dry substance in aqueous
solution, in alcoholic solution or contained in microcrystals,
microspheres or liposomes. A more complete recitation of various
medicinal is disclosed in Goodman and Gilman. The
Pharmacological Basis of Therapeutics, 7th ed. 1985, the entire
disclosure of which is hereby incorporated by reference.

In accordance with the above described principles, a
plastic or polymeric device containing a medicinal is introduced
into the bladder via a catheter. The nature of the plastic or
polymeric device containing a medicinal is introduced into the
bladder via a catheter. The nature of the plastic or polymer
used is such that the medicinal agent is released into the
bladder at a rate determined by the characteristics of the
plastic used. Thus, by choosing a microporous wall material, and
a release rate controlling pore size, the rate of passage of
medicinal through the pores may be controlled to a high degree of
specificity. Any suitable polymeric composition mz2y be
incorporated to achieve the objects of this invention. Examples

include polypropylene, polyethylene, polystyol (polystyrene),
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condensation polymers sucﬁ as bolyamide and copyo;ymers) and
polyvinyls.
| In one embodiment of the invention, a plastic in the
form Qf soft polypropyiene tubing of various diaheters is used;
The wall of thé tubing consists of mini—cells interconnected by
small‘pores. ‘When the lumen of the tubing is filled with a
solution containing a given medicinal or chemical agent and the
tubiﬁg is placed in‘an aqueous medium, such és urine, the agent
will start to penetrate the‘wall of the tubing to enter the
aqueous‘surroﬁndings. The rate of diffusion for a given
substance is determined by the size of the mini-cells and the 
pores. This embodiment may be called the ”accurel pfinciple?.

| In another‘embodiment‘of the invention, an osmotic
minipump principle is emplbyed.‘ This embodiment also employs a
sealed plastic tubing with a porous wall. In addition to the
medicinal agent,‘thé interior of the tubing contains an isolated

cempartmént containing a solution of osmotically active

‘particles.‘ When placed in an aqueous medium, the osmotic

 compartment will absorb or imbibe water and expand, thereby

slowly pressing out the medicinal agent from the lumen of the
tubing to the aqueous surroundinés. This principle has been used
previously in the gastrointestinél tract, the vagina and the
ani-recpgl.passageway as shown in U.S. Patent Nos, 4,235,236 and
4,309,996. |

Both‘the accurel and minipump principles provide for
releasé of medicinal over a prolonged period cf time (ona day or
more). While the accurel tubing releases the medicinal at a rate
which decreases with time, the minipump will release the

medicinal at a constant rate. However, the accurel tubing may be

coated with a material (e.g. collodion) which will act as a rate

limiting step in the diffusion of the drug contained in the
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tubing thereby creating zéro—ofder kinetics, i.e. a release of
drug at a constant rate. This can be contrasted to a reaction
involving first order kinetics that may be defined as one in
which the rate of reaction is directly proportional to the
concentration of the reacting substance.

In a preferred embodiment, the tubing is made to avoid
obstruction of the outlet of the bladder during micturition.
This may be accomplished in sev=ral ways.  For example, the
tubing may be formed as an O-shaped ring which, because of its
shape, tends not to block the outlet from the bladder.
Additionally or alternatively, sealed air bubbles may be
introduced in any number of places along the tubing or in the
reservoir, thus allowing the tubing to float on top of the urine
in the bladder. Since the outlet from the bladder is situated at
the bottom of the bladder cavity,; obstruction would not take
place during micturition. Another means of avoiding obstruction
may be achieved by using polymeric compositions that have a high
degree of buoyancy in aqueous solutions. This buoyancy causes
the medicinal container to rise to the top of the urine and
achieve the same obstruction avoidance effect as the air bubble
floatation means.

The plastic devices should be removed from the bladder
when they have discharged their load of medicinal agent. The O-
shape of the device makes it easy to catch by means of a
cystoscope and the use of soft, flexible polymeric material in
construction of the device allows it to be folded when retracted
through a cystoscope. The problem of removal of the device may
be simplified further by using a material which dissolves in an
aqueous environment (e.g. urine). Any suitable biodegradable
material may be incorporated, such as that disclosed, for

example, in U.S. Patent No. 4,351,337, the entire disclosure of
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which is hereby incorporated by reference. Depending upon the
material used in such a device placed in the bladder, the agent
will be released into the bladder over a prolonged period of
time.

The administration and dosages of the various
medicinal which may be used in this invention are known to those
skilled in the art.

While the above described apparatus is advantageously
used in the bladder, it may also be used in any organ which has a
cavity, such as the uterine cavity, at any cancer site, or in the
stomach at a cancer site. The apparatus may be adopted to treat
any condition, curable by means of chemical therapy.

The present invention is illustrated by the following
Examples. All parts and percentages in the Examples as well as
in the specification and claims are by weight unless specified
otherwise.

EXAMPIE T

This example illustrates the method of the present
invention using accurgle tubing filled with Mytomycin £, an
anticancer drug.

Accurel polypropylene tubing, with an inner diameter of
1.3 mm, an outer diameter of 2.6 mm, a void volume of 75%, and a
maximal pore diameter of 0.5 micron, is obtained from Enka
Research Institute, Obernburg, West Germany. Before use, the
tubing is placed in ethanol under vacuum followed by immersion in
water.

Mitomycin C (commercially available from Kyowa Company
of Japan) is obtained as a dry substance with a 24 fold excess of
NaCl as carrier substance. Spectrophotometric scanning of an

aqueous solution of this product showed an absorption maximum at

- 10 -
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216 nm. Based on this, a'staﬁdard curve is produced over the
range of 0.2 Pg/ml to 10 pg/ml of Mytomycin.

Twenty milligrams of Mitomycin is dissolved in 2 ml of
distilled water and 800 ul of this is introduced in 3 x 10 cm of
accurel tubing. The filled tubes are then heat sealed using a
soldering iron and placed in a container with 7 ml of distilled
water maintained at 37°C. The water is quantitatively removed
and replaced with fresh water every 24 hours for 7 days. The
concentration of Mitomycin in the removed water is determined at
216 nm.

Over a period of 7 days, Mitomycin is released from the
tubing by simple first order kinetics. Other curves that
represent drug concentration over time may be obtained by
changing the concentration of Mitomycin in the tubing or by
selecting a different accurel product, which will either enhance
or reduce the rate of release of Mitomycin.

‘ EXAMPL.E TITI

This example illustrates the method of the present
invention implemented with the use of an osmotic minipump and
Mitomycin C.

Alzet osmotic minipump Model 2002, obtained from Alza
Co., USA, is filled with 200 ml of Mitomycin C (10 mg/ml),
obtained from Kyowa Company of Japan. ‘

The pump loaded with Mitomycin is placed in a tube
containing 5 ml of 0.9% NaCl and is kept at 37°C. The water is
quantitatively removed and replaced with fresh saline every 24
hours for 7 days. The concentration of Mitomycin in the removed
saline is determined at 216 nm.

Over a period of 7 days, Mitomycin C is released from
the minipump at a constant rate, giving a nearly constant

concentration of Mitomycin in the saline solution.

—11-
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The release rate may' pe changed by chang‘ing the

concentration of Mitomycin in a pump and/or by using a different

minipump model.

The principles, preferred embodiments are modes of

‘operatio“n of the invention have been described in the foregoing

The invention which is ‘intended‘ to be protected
herein, however, is not to be construed as limited to the
particuiar forms disclosed, since *these are to be regarded as
illustrative rather ﬁhan restrictive. Variati‘ons and changes may
be made by those skiiled in this arf: without departing from the

spirit of this invention.

- 12 -
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The claims defining the invention are as follows:
1. A method for delivering medicinals to animal or human
bladders and urinary tracts which comprises:
inserting into said bladder a polymeric, minicellular
porous corntainer, said container comprising an internal
reservoir containing said medicinal and a floatation
means effective to keep said container floating above
the bladder outlet, wherein said medicinal diffuses
through the pores of said container and intec said
bladder and urinary tract in an effective amount at a
programmed, continuous and controlled rate.
2. The method of claim 1 wherein the size of the
minicellular pores regqulates diffusion of the medicinal.
3. The method of claim 1 wherein the floatation means is
an air bubble or serxries of air bubbles.
4. The method of claim 1 wherein the polymeric,
minicellulayr porous container is formed into an O-shaped
ring.
5. The method of claim 1 wherein the polymeric,
minicellular porous container is biodegradable.
6. The method of claim 1 wherein the polymeric,
minicellular porous container is made of polypropylene.

7. The method of claim 1 wherein the medicinal is selected

from the group consisting of anticancer agents, hormones,
anesthetics, antiseptics, antibacterials, antibiotics,
antivirals, antimicrobials, and diagnostics.
g. The method of claim 1 wherein the medicinal is
Mytomymic C.
9, A method of delivering medicinals to animal or human
bladders and urinary tracts which comprises:
. buecyant flexible
a. inserting a sealedApolymeric container, with a
porous wall, containing said medicinal and an
isolated compartment containing a solution of
osmotically active particles into the bladder;
b. contacting said osmotically active particles with
a liquid such that the ovsmotically active
particles imbibe the liquid and expard, thereby
pressing the medicinal out of said sealed
polymeric container;
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c. and maintaining the medicinal in said bladder and
urinary tract in an effective amount at a
programmed, continuous and controlled rate.

10. The method of claim 9 wherein said device contains a
floatation means.

11. The method of claim 10 wherein said floatation means is
an air bubble of series of air bubbles.

12. The method ©f claim 9 wherein said device is formed
into an O-shaped ring.

13. The method of claim 9 wherein said device is made of a
biodegradable material.

14.. The method of claim 9 wherein the medicinal is selected
from the group consisting of anticancer agents, hormones,
anestnetics, antiseptics, antibacterials, antibiotics,
antivirals, antimicrobials, and diagnostics.

15. The method of claim 9 wherein the device is constructed
from buoyant material.

16. A floatable medicinal delivery apparatus for the
bladder and urinary tract, which is insertable by means of a
suitable cystoscope or catheter, comprising a porous,
minicellular and polymeric wall container containing the
floatation means and surrounding an internal reservoir
ce:.taining the medicinal.

1/. The apparatus of claim 16 wherein the porous,
minicellular and polymeric container is made of
polypropylene.

18. The apparatus of claim 16 wherein the porsus,
minicellular and polymeric container consists of an O-shaped
ring.

19. The apparatus of claim 16 wherein the porous, container
is flexible. '

20. The apparatus of claim 16 wherein the floatation means
comprises a buoyant container construction.

21. The apparatus of claim 16 wherein the floatation means
comprises sealed air bubbles within the container wall or
the reservoir.

22. The apparatus of claim 19 wherein the propylene
comprises soft and flexible material for folding during
removal through a cystoscope or catheter.
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- 23. The apparatus of claim 16 wherein the container
comprises blodegradable and water soluble material.
24. The apparatus of claim 16, wherein the porous container .
wall has pores of varying size.
25. The apparatus of claim 16 wherein the medicinal,
preferably Mitomycin C, is delivered at a predetermined rate
- by osmotic action. ' '
§ ' 26. A floatable and flexible apparatus in the shape of an
O-ring floatable and durable in urine for delivery of a
medicinal to the bladder and urinary tract at a
predetermined rate for an extended period of time, which
comprises a sealed container having a porous polymeric'wall
enclosure and an internal reservoir containing the

floatation means and the medicinal.

27. The apparatus of claim 26 wherein the floatation means
comprises a series of sealed air bubbles. |

28. The apparatus of claim 26 whlch is suffJ.CJ.ently small
and soft to be folded, inserted in the bladder or removed
therefrom, by means of a cystoscope or catheter.

29. The apparatus of claim 26 wherein the medicinal
comprises Mitomycin C. . _'

30. A method for delivering medicinals to animal or human
bladders and urinary tracts substantially as herein
described With reference to anyone of the Examples.

L B DATED this 8th day of August, 1991.

FERRING, B.V.
By Their Patent Attorneys
ARTHUR S. CAVE & CO.
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