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571 ABSTRACT

A medicament carried within a perforate or semiper-
meable shell is gradually released, as by dissolution
into body fluids, to provide effective therapy with re-
duced concentration and dosage. The medicament
may be in dry powdered form. For treatment of the
eye, the carrier comprises a capsule less than 1 milli- -
meter in diameter which is placed in the conjunctival
sac or mounted in a contact lens. The capsule may be
colored for easy location and removal, may be absorb-
able by the body, or may gradually swell to allow
washout by the tears. For glaucoma treatment, less
than 1 milligram of pilocarpine or phospholine in a
single sustained release capsule may be an adequate
daily dosage. In another embodiment a soft contact
lens itself may serve as the medicine containing car-
rier.

For burn, ulcer, or wound treatment, the carrier may
be of planar configuration or incorporated in a film
forming spray comprising many minute particles or
capsules each containing a medicament. The resultant

* film will protect the tissue from exposure, will provide

sustained release medication, and may be absorbable
to eliminate the need for removal with concomltant
damage to newly formed granulation tissue.

5 Claims, 6 Drawing Figures
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1
GRADUAL RELEASE MEDICINE CARRIER
BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to gradual release med-
icine carriers and particularly to a capsular medica-
ment carrier useful for prolonged release therapy of the
eye and adapted for placement in the conjunctival sac
and to other carriers for treatment of superficial body
areas.

2. Description of the Prior Art

It is well known that the effectiveness of some medic-
inal agents is increased when the agent is released
slowly into the host. This is particularly true of the eye,
where the constant washing by tears tends to dilute and
flush away a medicine dropped onto the cornea. A sub-
stantial portion of the actual medicament is lost, and
the remaining therapeutic portion is present at the eye
for a relatively short period of time.

Sustained release therapy, wherein a small amount of
medicine is released over a prolonged period of time,
significantly decreases both the concentration of medi-
cament required and the total daily dosage. Such ther-
apy is of value to patients who are sensitive either to the
medication itself or to the preservative, vehicle or sta-
bilizer used with the agent. For eye treatment, sus-
tained release therapy is useful for continuous control
of intraocular pressure or other ocular conditions (in-
fections, etc.).

The reduced dosage and concentration achievable
with sustained release therapy is illustrated by the pilo-
carpine treatment of open-angle glaucoma. To simulate
gradual release of the medication, patients were admin-
istered 100 drops of pilocarpine over a 5 hour period.
The results were compared with the response of pa-
tients given the conventional dosage of two or three
drops per day of 1% to 4% pilocarpine. On a sustained
release basis, the minimum effective dosage was found
to be between 10 and 30 micrograms per hour, equiva-
lent to a 24 hour dose of 240 to 720 micrograms. This
is significantly less than the total dose of from 1500 mi-
crograms per day for a patient receiving 1% pilocarpine
three times daily to 6000 micrograms in a patient re-
ceiving 4% pilocarpine three times daily. The investiga-
tors reported that “'If a suitable method of prolonged
release pilocarpine therapy could be developed, most
patients with wide-angle glaucoma would require a
total 24-hour dose between 10 and 25 times less than
that they are currently using.” (See “Simulated Sus-
tained Release Pilocarpine Therapy and Aqueous
Humor Dynamics” by S. Lerman and B. Reininger,
OPHTHALMOLOGY DIGEST, Sept., 1971.)

In the past, some sustained release medicine carriers
have been suggested, but none is useful for eye therapy.
Typical is the polysiloxane (silicone rubber) implant
shown in the U.S. Pat. No. 3,279,996 to D.M. Long, Jr.
et al. That device comprises a tube about 1 centimeter
in length, fabricated of certain silicone rubber material
(typically dimethylpolysiloxane), and containing a drug
which is soluble in and capable of diffusing through the
silicone rubber at a constant rate. The carrier contain-

ing a relatively large supply of the medicament, is im-

planted in the living body. Drug molecules are removed
from the polymer wall by body fluids and tissue absorp-
tion, this process continuing indefinitely or until the
medicinal substance has been consumed completely.
The agents used include anti-coagulants, anti-
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infectives, anesthetics, and hormones. Sustained re-
lease drug application through polysiloxane implants
also shows improved effectiveness over conventional
therapy. For example, invivo experiments were per-
formed with rats using the steroid hormonal prepara-
tion megestrol acetate. These experiments show that
sustained release of the hormone through a polysilox-
ane implant is 6 to 25 times more effective than subcu-
taneous injections in producing comparable biological
effect. (See C. Chang and F. Kinel, *‘Sustained Release
Hormonal Preparations: Biologic - Effectiveness  of
Megestrol Acetate” in STEROIDS, Vol. 12, No. 6,
Dec., 1968.)

While effective therapeutically, silicone rubber im-
plants are inapplicable for eye usage. An objective of
the present invention is to provide a gradual release
medicine carrier of sufficiently small size as to be
placed in the conjunctival sac, or incorporated in a
contact lens worn by the patient. Techniques for car-
rier insertion and disposal of the emptied capsule are
set forth. Other embodiments for burn, ulcer, wound
and implant therapy are discussed.

'SUMMARY OF THE INVENTION

In accordance with the present invention, there is
provided a sustained release medicine carrier compris-
ing a capsule having a perforate or semipermeable shell
and containing-a medicament which is gradually re-
leased through the shell. Alternatively, the medicament
may be impregnated in the capsule. For eye therapy,
the capsule preferably is less than 1 millimeter in diam-
eter, permitting deposit of the capsule in the conjuncti-
val sac. The medicament, which may be in a dry, pow-
dered form, dissolves in the tears to effectuate pro-
longed release into the eye. The capsule may be inert
or have a pH matching that of the tears.

To facilitate insertion, one or more capsules may be
prepackaged in a dropette. Coloring facilitates location
of the emptied capsule for removal from the conjuncti-
val sac. Alternatively, the capsule may be absorbable,
or may swell so as to be washed from the eye by tears
after some period of time. '

In other embodiments, the sustained release medi-
cine carrier may be inserted in a contact lens, or the
corneoscleral lens itself may function as the medica-
ment container. For burn, ulcer and wound treatment,
very small medicament containing capsules or medi-
cine-impregnated particles may be incorporated in a
spray forming a film over the body area being treated.
The film may be absorbable and applied in layers, with
the rate of absorption controlling the medicament re-
lease rate. Preformed, absorbable, gradual release me-
dicament containing structures such as thin pads or im-
plants also are envisioned. Alternatively, the medica-
ments may be incorporated in linquets, pellets, micros-
pansules, ointments, suppositories, or chewable tablets,
each facilitating gradual release of the medicament.

BRIEF DESCRIPTION OF THE DRAWINGS

A detailed description of the invention will be made
with reference to the accompanying drawings wherein
like:numerals designate corresponding parts in the sev-
eral figures. These drawings, unless described as dia-
grammatic or unless otherwise indicated, are to scale.

FIGS. 1 and 2 are greatly enlarged perspective views,
partly broken away, of gradual release medicine carri--
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ers for eye therapy and respectively using a perforate
shell and a semipermeable membrane.

FIG. 3 is a pictorial view showing insertion of a grad-
ual release medicine carrier into the conjunctival sac of
the eye.

FIG. 4 is a perspective view of a prolonged release
medicine carrier mounted in a contact lens.

FIG. 5 illustrates the manner in which a soft contact
lens may be used as a medicament carrier.

FIG. 6 is a perspective view of a pad-shaped gradual
release medicine carrier useful, e.g., for burn treat-
ment.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

The following detailed description is of the best pres-
ently contemplated modes of carrying out the inven-
tion. This description is not to be taken in a limiting
sense, but is made merely for the purpose of illustrating
the general principles of the invention since the scope
of the invention is best defined by the appended claims.

Structural and operational characteristics attributed
to forms of the invention first described shall also be
attributed to forms later described, unless such charac-
teristics are obviously inapplicable or unless specific
exception is made.

A gradual release medicine carrier 10 useful for eye
therapy is shown in FIG. 1. Referring thereto, the car-
rier or capsule 10 comprises a casing or shell 11 which
may be, but is not necessarily spherical. Contained
within the shell 11 is a medicament 12, typically in dry,
powdered form. The shell 11 is perforated to allow
body fluids such as tears to enter the capsule interior
13. The medicament 12 dissolves in such fluid and
flows out through the perforated shell 11 in solution.

The medicine release rate is established by the size,
shape and number of the shell 11 perforations. By way
of example, a capsule 10 may have just a few relatively
large openings 14 of V- or Y-shape. Such shape estab-
lishes a substantial flow area, but prohibits foreign bo-
dies such as dust in tears from entering the capsule 10.
Alternatively, the shell 11 may be perforated by multi-
plg tiny holes or micropores 15. In another embodi-
ment the medicament may be impregnated in the cap-
sule shell or the capsule may be solid with the medica-
ment impregnated throughout. .

In the alternative embodiment of FIG. 2, the capsule
20 includes a shell 21 having the characteristics of a
semipermeable membrane. Body fluid diffuses through
the membrane 21 into the capsule interior 23 where it
comes in contact with the dry, powdered medicament
12. The medicine dissolves, and the solution flows back
out through the shell 21 at a rate established by the
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membrane characteristics. Alternatively, a liquid medi-

cament may be contained in the capsule 20, and the
semipermeable membrane selected for preferred out-
ward diffusion of the medicine. The shell 21 may com-
prise a dialysis membrane.

Preferably the diameter of each capsule 10, 20 is suf-
ficiently small so that there is no irritation or discom-
fort when the carrier is situated in the conjunctival sac
of the eye. A diameter of less than about 1 millimeter
is satisfactory. The shell 11, 21 may be inert or may
have a pH of about 7.2, equal to that of a tear, and
should be non-allergenic.
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FIG. 3 illustrates delivery of the capsule 10, 20 to the
conjunctival sac 25 of a patient 26, Many of the cap-
sules 10, 20 may be packaged in a bottle, in a saline or
antiseptic solution. The capsules may be colored for
ease of visability. An eyedropper is used to remove one
or two capsules from the bottle for deposit into the sac
25. Since the capsules 10, 20 are small, it may be diffi-
cult to pick up only one or two in a dropper. This prob-
lem is alieviated by prepackaging a very small number
(i.e., one or two) capsules 10, 20 in an individual, dis-
posable dropette 27 or ampoule-like dropper. In use,
the dropette 27 is opened and the contents deposited
into the conjunctival sac 25 as the lid 28 (FIG. 3) is
held away from the eye 29,

While the capsule 10, 20 is within the conjunctival
sac 28, the medicament 12 will dissolve in the patient’s
tears and flow onto the eye 29. Prolonged release of the
medicine is achieved, so that the amount of medica-
ment 12 employed may be very small. For example, in
the treatment of glaucoma the medicament 12 may
comprise powdered crystals of pilocarpine or phospho-
line. When gradually released from the carrier 10, 20,
less than 1 milligram of such powder may constitute a
day’s supply. As discussed earlier, this is significantly
less than the amount required for effective therapy
using the conventional liquid drop application. More-
over, as the pilocarpine or phospholine is maintained in
dry powder form, no preservative is required, eliminat-
ing the chance of allergic reaction to such preserva-
tives. Similarly, no preservative may be required if the
medicament is impregnated in the capsule.

When all of the medicament 12 has been released to
the eye 29, the capsule 10, 20 is removed from the sac
25 by flushing the eye with water, or by use of a cue tip.
If the shell 11, 21 is colored, the capsule readily can be
located for removal.

The need to remove the emptied capsule 10, 20 from
the sac 25 can be eliminated by making the shell 11, 21
of a material absorbed by the body. For example, the
perforated shell 11 may be made of a synthetic poly-
glycolic acid polymer which hydrolyzes in the human
body. Sutures made of such synthetic material are sold
commercially by the Lederle Laboratories, Pearl River,
N.Y., under the trademark DEXON. Certain colloidal
materials such as collagen fibrils may be formed into a
shell 11 absorbably in the body. Alternatively, the sem-
ipermeable shell 21 may comprise absorbable gut of
the type used for dialysis membranes. Such material is
absorbed in the body by proteolysis, a protein cleavage
process.

An alternative approach to the capsule removal
problem is to form the shell 11, 21 of a material which
will swell when immersed in tears. In the course of a
day, as the medicament 12 is dispensed, the shell will
swell sufficiently so as to be washed from the eye by the
tears present in the sac 25. A swelling gelatin material
satisfactory for use at the eye is described in the Mar.,
1968 issue of ARCH OPHTHAL, on page 289. This
gelatin is absorbed by the body, but only after periods
much longer than a day.

Rather than placing the gradual release medicine car-
rier in the conjunctival sac, the capsule 10, 20 may be
situated in a contact lens. Thus (FIG. 4) a contact lens
35 may include a capsule receiving notch or recess 36
in a peripheral edge 37 of the lens. A capsule 10, 20 is
injected into the recess 36. When the lens 35 is placed
on the eye, tears will enter the recess 36; the medica-
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ment 12 will dissolve in the tears and flow onto the eye
29 as before.

The use of the invention wnth soft contact lenses is of
particular interest. The hydrophilic corneoscleral lens,
composed of a cross-linked hydrophilic polymer of 2-
hydroxyethyl methacrylic acid has the known disadvan-
tage that bacteria tend to grow in the interstices of the
plastic. As a result, such lenses normally must be boiled
in saline each day for sterilization, or kept in a steriliz-
ing solution overnight with questionable results. Such
daily sterilization could be eliminated by mounting in
the lens a capsule 10, 20 containing an antibacterial
agent instead of or in addition to a medicament.

Another disadvantage of soft contact lenses is that
ocular preservatives such as benzalkonium chloride
and chlorbutanol drops might concentrate within the
interstices of the lens. This problem is completely elim-
inated by the use of a carrier 10, 20 which contains the
medicament without any preservative. -

As the cost of soft contact lenses is reduced, it is
likely that disposable lenses will become available. The
medicament carrier 10, 20 could be mounted in such
a disposable lens at the time of manufacture. The user
would purchase the daily disposable lenses by prescrip-
tion specifying the appropriate medication.

In yet another embodiment, a disposable, soft
contact lens itself may serve as the medicament shell.
Thus in FIG. 5, the soft contact lens 40 contains a
chamber 41 containing the medicament 12, injected
during manufacture. The region 41.is perforated, as for
example, by micropores 42 analogous to the openings
15 in the embodiment of FIG. 1. Controlled release of
the medicine is achieved directly from the lens 40.

For the treatment of burns, ulcers and wounds, the
carrier 45 (FIG. 6) may comprise a pad of minimal
thickness but relatively large length and width. The cas-
ing 46 of the pad 45 is analogous in composition and
function to the shell 11 or 12 described above, and sur-
rounds a hollow interior 47 containing a medicament
48. Preferably the casing 46 is of absorbable material.
When placed on a burn or open wound the medicament
48 slowly will be released. Eventually the casing 46 it-
self will be absorbed. The slow release of medication
provides the benefits of lowered dosage and concentra-
tion, while the absorbability feature eliminates the pain
usually associated with bandage removal. The pad need
* not be hollow, but may have the medicament impreg-
nated throughout.

By making the capsules 10, 20 of very small size, they
may be combined with a film forming plastic material
and applied to a wound area in the form of a spray. Al-
ternatively the spray may comprise small particles of a
film forming material impregnated with the medica-
ment. Such particles may consist of a polyglycolic acid
intermediary, a colloidal protein, collagen fibrils or
other absorbable material.

The film thus formed in situ will be conformal with
the wound, and will have the desirable gradual medi-
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6

cine release characteristics' described above. In addi-
tion, the film will protect the tissue from exposure, de-
creasing pain and reducing the chance of toxic reac-
tions. The medicament may include an antiseptic to
prevent infection.

Additional benefits result from using an absorbable
film forming material. The rate of medicament release
may be determined by the absorption rate. Additional
layers may be sprayed on to affect the dosage and re-
plenish the medication. Further, use of such an absorb-
able film eliminates the problem, associated with re-
moval of conventional wound coverings, of pulling off
newly formed granulation tissue.

Suitably packaged forms of the invention, for exam-
ple linguets or suppositories, can be placed in the
mucus membrane of the eye, oral or nasal cavity, va-
gina or rectum to achieve gradual release of medica-
ment.

Intending to claim all novel, useful and unobvious
features is shown or disclosed, the applicant claims:

1. For sustained release medicinal therapy of the eye:

a sealed, disposable, ampoule-like dropper prepack-
aged to contain a very small number of gradual re-
lease medicine carriers in a saline or antiseptic so-
lution, each carrier having a hollow casing contain-
ing a medicament in dry powdered form, said cas-
ing being non-allergenic, having a tear-equivalent

" pH, and being perforated by orifices to allow the
‘entry of tear fluids, the number and size of said ori-
fices establishing the gradual release rate of said
medicament by dissolution into said tear fluids,
each carrier having no dimension greater than
about 1 millimeter to permit non-irritating dispo-
sition of said carrier in the conjunctival sac of the
eye, said ampoule-like dropper facilitating delivery
of said carriers into said conjunctival sac for inti-
mate tear fluid exchanging delivery of said medica-
ment to the eye.

2. A prepackaged ampoule-like dropper according to
claim 1 wherein said casing is absorbable by tissue of
said conjunctival sac over a time duration commensu-
rate with or greater than the total release period of said
medicament.

3. A prepackaged ampoule-like dropper according to
claim 1 wherein said carrier is colored to aid finding the
emptied casing for removal from said conjunctival sac.

4. A prepackaged ampoule-like dropper according to
claim 1 wherein said casing gradually swells in the pres-
ence of tears to a size sufficient to be washed from said
conjunctival sac by said tears.

5. A prepackaged ampoule-like dropper according to
claim 1 wherein said medicament comprises less than
1 milligram of pilocarpine or phospholine, said medica-

. ment being a sufficient daily dosage for the sustained

release treatment of glaucoma.
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