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[57] ABSTRACT 

An osmotic active agent dispenser is comprised of ( l) 
a ?rst compartment of relatively impervious material 
containing an active agent and provided with an aper 
ture for releasing said active agent to the exterior of 
the dispenser; (2) a second compartment of controlled 
permeability to water containing a solution of an 
osmotically effective solute which exhibits an osmotic 
pressure gradient against water; and (3) a movable 
barrier member separating the ?rst from the second 
compartment. The barrier member is slidably respon‘ 
sive to an increase in volume in the second compart 
ment via absorption of water therein; whereby as 
water flows by osmosis into the compartment (2) of 
the dispenser in a tendency towards osmotic equilibri 
um with its environment, corresponding pressure is ex 
erted behind the barrier (3) driving it into and 
diminishing the volume of the compartment (1), in 
turn continuously ejecting active agent thereout at an 
osmotically controlled rate over a prolonged period of 
time. In a speci?c embodiment, the dispenser is com 
prised of a plurality of capsule half shells one of which 
compartmentalizing and being free to move within the 
device, thereby de?ning a closure for both the active 
agent compartment and the solution compartment. 

9 Claims, 7 Drawing Figures 
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()SMOTIC DISPENSER 

CROSS-REFERENCE TO RELATED APPLICATION 

Takeru I-Iiguchi copending application, Ser. No. 
106,131 ?led Jan. 13, 1971, assigned to the assignee of 
the present invention. 

FIELD OF THE INVENTION 

This invention relates to an osmotic dispenser, and, 
more especially, to an osmotic dispenser, simple in con 
struction, capable of releasing to its outside environ 
ment concentrations of active agent at an osmotically 
controlled rate over a prolonged period of time. 

DEFINITION OF TERMS 
The expression “active agent” as used herein denotes 

any drug (as de?ned, infra); composition in any way 
affecting any biological entity; substance having a nu 
trient or stimulating action, or growth inhibiting, de 
stroying or any regulating action on plant growth, con 
trolled or otherwise; substance to be assimilated by any 
organism, e.g., human being, animal, or lower order or 
ganism, for its nourishment or for regulating its ‘growth; 

' substance exhibiting any of the above activities to be 
directly applied to the habitat, surroundings or environ 
ment of any of the above organisms; and substance hav 
ing any other effect on any other environment, espe 
cially any aqueous environment. - 
Therefore, suitable active agents for use with the dis 

penser of this invention include, without limitation, 
those which are generally capable of: 

1. Preventing, alleviating, treating or curing abnor 
mal and pathological conditions of the living body 
of such means as destroying a parasitic organism or 
limiting the ‘effect of the disease or abnormality by 
chemically altering the physiology of the host or 
parasite; 

2. Maintaining, increasing, decreasing, limiting or de 
stroying a physiologic body or plant function, e.g., 
vitamin compositions, sex sterilants, fertility inhibi 
tors, fertility promoters, growth promoters, and the 
like; 

3. Diagnosing a physiological condition or state; 
4. Controlling or protecting an environment or living 
body by attracting, disabling, inhibiting, killing, 
modifying, repelling or retarding an animal or mi 
croorganism, such as food and non-food baits, at 
tractants and lures, biocides, pesticides, algicides, 
parasiticides, rodenticides, insecticides, fungicides, 
and the like; _ , 

5. Preserving, disinfecting or sterilizing; and 
6. Controlling or affecting generically an environ 
ment, as by introducing a catalyst or metering a re 
actant into a reacting chemical system, or by ef 
fecting any chemical process therein, such as a fer 
mentation, including propagation and/or attenua 
tion of a microorganism. 

The terms “environment," “surroundings" and “hab 
itat” as used hereinabove and herein denote any pro 
spective situs for the osmotic dispenser of this inven 
tion which is comprised of or will provide sufficient 
water for absorption into the device to develop the 
needed osmotic pressure on which its motive force de 
pends; and implicit in the foregoing definition of “ac 
tive agent" — one that will develop its action in the 
presence of such environment, surroundings or habitat, 
or one that will develop its action on a remote and/or 
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2 
another environment, which need not be aqueous. as 
hereinafter described and illustrated. 

BACKGROUND OF THE INVENTION 

Many and varied compositions, products, appliances, 
depositors, applicators, dispensers, injectors and de 
vices are well known in the art in which the timing or 
spacing of administration or absorption of an active 
agent is regulated by the structure or physical arrange 
ment of elements so that a single administration pro 
vides a gradual but continuous or sustained feeding of 
the active agent to a system by slow or differential re 
lease. All of such prior art devices and the like, how 
ever, are characterized by at least one feature which 
adversely affects control over their rate of sustained or 
differential release or which detracts from the practical 
bene?ts attendant the long-term continuous adminis 
tration of various active agents both to humans, ani 
mals, and into other environments. 
An osmotic dispenser too has been proposed which 

is capable of delivering drug solution at a relatively 
constant rate. See Rose and Nelson, Austral. J. Exp. 
BioL, 33 pp. 415 — 420 (1955). The Rose et al. injector 
consists of three compartments and a clamp to hold a 
semi-permeable membrane. The motive force of the 
injector depends on the osmotic pressure developed by 
a saturated aqueous solution of Congo red against wa 
ter. This solution is contained in a partially collapsed 
rubber compartment and is separated from a second 
water compartment by the semi-permeable cellophane 
membrane. The partially collapsed bag is placed in a 
glass ampoule, with the drug compartment of the de-> 
vice being defined by the space between the Congo red 
bag and the glass ampoule. The ampoule is also pro 
vided with drugrelease means and when the drug com 
partment is charged with a drug solution by osmosis 
water will move into the Congo red solution thus ex 
panding the rubber compartment and providing the 
mechanical force to eject the drug out of the apparatus. 
The Rose et al. device, however, has substantial in 

herent disadvantages which has prevented its wide ac 
ceptance by the medical community. In the ?rst place, 
the use of a solution as the drug vehicle ( l ) will not per 
mit high concentration of drug to be embodied within 
the device; (2) such solutions exhibit the deleterious 
tendency to be released from the device by simple 
leaching; and (3) many chemical substances on pro 
longed storage in a dissolved state undergo chemical 
deterioration. The reference injector is moreover cum 
bersome in that it depends for its motive force on a sep 
arate water compartment rather than its environment. 
In addition, the Rose et al. device is essentially only a 
research or experimentation tool, is complex in con 
struction and is at least literally restricted to a Congo 
red solution to produce the osmotic driving force and 
to a cellophane osmotic membrane. See also Rose and 
Nelson, Austral. J. Exp. BioL, 33 pp. 41 l — 414 (1955). 

SUMMARY OF THE INVENTION 

Accordingly, it is a primary object of this invention 
to provide an osmotic dispenser, simple in construc 
tion, which exhibits all of the practical benefits of long 
terrn continuous administration of various active agents 

' both to animals, humans, and into other environments. 
Another object of this invention is to provide an im 

proved osmotic dispenser which overcomes problems 
inherent in related devices heretofore proposed. 
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Another object of this invention is to provide an im 
proved osmotic dispenser which will permit high con 
centrations of active agent to be embodied therein, and 
which high concentrations of active agent will not ex 
hibit the tendency to be leached from the device nor be 
decreased in potency by chemical breakdown. 
Another object of this invention is to provide an os 

motic active agent dispenser which depends for its mo 
tive force on its environment. 

Still another object of this invention is to provide an 
osmotic dispenser, the osmotic membrane of which can 
be fabricated from many and varied suitable materials, 
and which is capable of using a variety of solutions of 
osmotically effective solutes ‘to produce the osmotic 
driving force. 
Yet another object of this invention is to provide an 

osmotic dispenser of simple design which will release 
active agent solution, or gel, or semisolid active agent 
formulation, at a controlled rate over a prolonged pe 
riod of time. 

In attaining the objects of this invention, one feature 
resides in an osmotic dispenser comprised of a ?rst 
compartment of relatively impervious material contain~ 
ing an active agent and a second compartment contain 
ing a solution of an osmotically effective solute which 
exhibits an osmotic pressure gradient against water. 
Separating the said ?rst from the said second compart 
ment, and de?ning a wall member common to each of 
said compartments, is a sliding or movable barrier of 
impervious material. The enclosure, whether of inte 
gral construction or not, de?ning the remainder of the 
second compartment, wherein the osmotic motive 
force of the dispenser is developed, is at least in part 
comprised of membrane which exhibits controlled per 
meability to water. When placed in a hypotonic aque 
ous environment, water, by osmosis, is absorbed there 
from through the membrane and diffuses into the solu 
tion contained in the said second compartment. As the 
water ?ows into the second compartment, the solution 
contained therein increases in volume exerting corre 
sponding pressure behind the movable barrier divider. 
Such pressure serves to drive the said barrier forward 
and into the active agent compartment thus diminish 
ing the volume of same and which sliding barrier in turn 
ejects the active agent out of the apparatus at an osmot 
ically controlled rate over a prolonged period of time. 
For purposes of permitting the active agent to be 
squeezed out of the ?rst compartment, same is pro 
vided with any suitable dispensing head or active agent 
release means to the exterior of the device, for exam 
ple, capillary ducts therethrough. 
A further feature of this invention resides in an os 

motic active agent dispenser comprised of a plurality of 
capsule half shells, similar in shape to pharmaceutical 
hard gelatin half shells, with a ?rst and a second half 
shell being securedly af?xed in capsular con?guration, 
and a third half shell frictionally disposed in such cap 
sule but free to slidably move therein. The said capsule 
is thereby divided into the two compartments with the 
third half shell de?ning the wall member common to 
each of same. Optionally, a fourth half shell de?nes 
capping means for the dispensing head of the capsule. 
Other objects, features and advantages of this inven 

tion will become more apparent from the following de 
scription when taken in conjunction with the accompa 
nying drawings and wherein like reference numerals 
are used to indicate like or equivalent parts. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

In the drawings: 
FIG. 1 is a cross~sectional view of an osmotic dis 

penser of this invention; 
FIG. la is a fragmentary cross-sectional view of a 

modi?cation in the dispensing head of the osmotic dis 
penser of FIG. 1; 
FIG. 1b is a fragmentary cross-sectional view of an 

other modi?cation in the dispensing head of the os 
motic dispenser of FIG. 1; 
FIG. 2 is a cross-sectional view of another osmotic 

dispenser of this invention; 
FIG. 3 is a cross-sectional view of yet another os 

motic dispenser of ‘ this invention; 
FIG. 4 is a cross-sectional view of still another os 

motic dispenser of this invention; and 
FIG. 5 is an exploded view of the dispenser of FIG. 

4. 

DETAILED DESCRIPTION OF THE INVENTION 

In one embodiment in accordance with this invention 
as illustrated in FIG. 1 an osmotic dispenser 10 is com 
prised of a rigid, impervious housing member or plastic 
shell 12, capsule-shaped and having a thickened 
rounded end and bored with one or more capillary 
ducts or openings 14 approximately 0.5 mm in diame 
ter. The open end of the plastic shell 12 is sealed or 
closed off with a membrane 16 which exhibits con 
trolled permeability to water, advantageously a semi 
permeable, anisotropic cellulose acetate membrane of 
the type used in reverse osmosis water desalination. 
The membrane 16 is backed up by and supported by a 
stiff water-porous disc 18 which is advantageously ce 
mented in place in the said shell 12 and is fabricated 
from such materials as, for example,.a ceramic frit. A 
sliding barrier plug, disc or seal 20, of impermeable 
barrier material compartmentalizes the shell 12 into an 
active agent compartment 22 and a compartment 24 
wherein the motive force of the dispenser is developed. 
The said ?rst compartment 22 contains the active 
agent, advantageously a drug, in a gel, paste or other 
semisolid state (albeit a solution or concentrated solu 
tion of active agent will sometimes suffice), and the ac 
tive agent, if a drug, is preferably normally carried in 
an oil phase, such as cocoa butter. The said compart 
ment 24 contains a solution of an osmotically effective 
solute which exhibits an osmotic pressure gradient 
against water; and the sliding barrier plug 20 is so con 
structed as to movably provide and maintain a tight 
barrier between the active agent phase in the ?rst com 
partment and the osmotic ?uid in the second. Without 
this tight barrier undesirable contamination could take 
place. The capillary ducts or active agent release means 
14 provide communication from the interior of the 
compartment 22 to the exterior of the device 10, in this 
instance the said means being comprised of one or 
more of said capillary ducts 14 drilled in the thickened 
rounded end or dispensing head of the said shell 12. 
The plug 20 is frictionally disposed but is free to move 
within the device by sliding while at the same time 
maintaining an impenetrable or contamination pre 
venting barrier between the active agent phase and the 
osmotic ?uid. 
To use the osmotic active agent dispenser of FIG. 1, 

the device, when the active agent is a drug or other 
agent for treating, etc., a living organism, is either phys 
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ically inserted or surgically implanted in the body of the 
organism, typically a mammal, or is administered via 
the gastrointestinal tract. Once in place, water will be 
absorbed therein from either body tissues or body ?u 
ids through the stiff porous support 18 and through the 
water permeable membrane 16 in an effort to reach os 
motic equilibrium, i.e., a transition from hypertonicity 
to isotonicity. As the water ?ows by osmosis into the 
compartment 24 tending to increase the volume of 
same corresponding pressure is built up behind the slid 
ing barrier plug 20. Such pressure serves to drive the 
said barrier plug 20 forward at a constant rate thus 
forcing the drug through the capillaries 14 at an osmot 
ically controlled and constant rate into the external en 
vironment. There is accordingly provided the gradual 
and controlled constant release of drug or similar agent 
directly to the body or affected organ thereof over a 
prolonged period of time. ‘Moreover, the use of any 
semisolid drug vehicle will reduce the tendency to re 
lease the drug, or any other active agent for that mat 
ter, by leaching and will permit high concentrations 
thereof to be embodied within the device. 

In some instances, the dispenser is of insufficient spe 
ci?c gravity to maintain placement at the desired loca 
tion. For example, for use in the rumen of polygastric 
animals, the weight should be suf?cient to‘ provide a 
speci?c gravity of at least 1.5. In those instances of in 
sufficient speci?c gravity, therefore, a weight or ballast 
can be placed in the device, such as the steel ball 26 of 
FIG. 1. Other suitable weights comprise iron plugs, iron 
ore tablets, brass plugs, ceramic plugs, or the like. 
When the active agent is other than a drug or similar 

agent, or is intended for use other than in a living or 
ganism, the device is introduced into the desired aque 
ous environment to produce the desired effect exactly 
as would be any of the known means for accomplishing 
a like result. And this is generally a mere physical inser 
tion, such as by placing a pesticide containing device in 
a river or stream, or a catalyst containing device in an 
aqueous reaction medium. 

If desired, long ?exible tubing of polythene or the 
like can be extended from the dispensing head of the 
device of FIG. 1. See FIG. la. In such manner the de 
vice can be deposited at a site remote from the desired 
point of application and still release its active agent 
contents through the dispensing head and then through 
the tube directly to said point. This permits placement 
of the dispenser in an aqueous environment and release 
of the active agent into another environment which 
need not be aqueous. The dispensing head can also be 
provided with a check valve, for example, a one way 
ball valve (see FIG. 1b), to prevent back flow of active 
agent or other materials from the external environment 
into the device. 
The design of the FIG. 1 device is moreover unique 

in that it requires a membrane of but limited surface 
area. This because of the ready availability of the highly 
water-permeable cellulose acetate membranes de 
signed for use in reverse osmosis processes for water 
desalination. These membranes, typically and prefera~ 
bly anisotropic membranes, are highly permeable to 
water (allow relatively rapid rates of water transmis 
sion) but are relatively impermeable to salt, thus per 
mitting their use in relatively small exposure area de 
vices. 

In FIG. 2 there is depicted an osmotic active agent 
dispenser 10 which allows for higher available exposure 
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6 
area of the membrane 16 and, accordingly, which de 
sign takes advantage of the availability of a far greater 
number of membranes than the semi-permeable, aniso 
tropic cellulose acetate membranes of the type used in 
reverse osmosis water desalination. In this embodi 
ment, both the membrane 16 and the stiff water porous 
support 18 are cup shaped rather than a ?at disc, with 
the former being adhered or cemented to the latter. 
The designs of both FIG. 1 and FIG. 2 are also such that 
the porous disc or cup 18/membrane l6 assembly can 
alternatively merely be snapped or press-?t into the po 
rous shell 12 and be there secured without the need for 
added adhesive or cement, and in such manner this me 
chanical lock in and of itself prevents any leakage. Op 
tionally, in another alternative embodiment, a separa 
tor of porous paper, fabric or the like can conveniently 
be disposed between the support 18 and membrane 16. 
This prevents the membrane from being punctured or 
drawn into too tight a contact with the casing, thereby 
assuring that the entire membrane is exposed to the 
aqueous environment. Also in FIG. 2 it is depicted that 
the separator 20 may take the con?guration of a cap 
sule half shell, rather than a plug or disc (as in, for ex 
ample, the design of FIG. 3). 
FIG. 3 illustrates another embodiment of this inven 

tion wherein an osmotic active agent dispenser 30, sim 
ilar to that of FIG. 1, is comprised of three, and option 
ally four capsule half shells, similar in shape to pharma 
ceutical hard gelatin half shells. The shell 32 is optional 
and designed to rapidly dissolve in the aqueous envi 
ronment in which the device is intended to be placed, 
for example, is designed to rapidly dissolve in body ?u 
ids (when the active agent is a drug or other agent for 
treating, etc., a living organism). Shell 32 thus provides 
a capping means for the release port 44 of the capsule. 
Contran'wise, the shells 34 and 36 are rigid and resis 
tant to dissolution and degradation in the aqueous envi 
ronment or body ?uids, but exhibit controlled perme 
ability to moisture. The shells 34 and 38 are cemented 
tightly on manufacture, in capsular con?guration, with 
shell 36 being free to move or slide in response to water 
?owing into the compartment 40, which compartment 
contains the solution of the osmotically effective solute 
exhibiting an osmotic pressure gradient against water, 
and said compartment 40 being de?ned by the walls of 
the said shells 36 and 38 and to some extent by the 
walls of the said shell 34. The active agent, advanta 
geously a drug, is contained in the compartment 42 
which is de?ned by the space between the walls of the 
shells 34 and 36. Shell 34 is provided with an aperture 
or ori?ce 4-4 from which the active agent or drug exits 
upon expansion of the solution compartment 40 which 
forces the shell 36 further into the active agent com 
partment 42, thus diminishing the active volume of the 
latter. The shell 36 is frictionally set into the shells 34 
and 38 to such an extent (1) that it is free to move in 
response to absorption of water through the permeable 
shell 38 and concomitant increase in volume of the said 
compartment 40 but (2) the ?t is tight enough as to 
prevent commingling and contamination of the con 
tents of the several compartments 40 and 42 by leak 
age. It can be seen that, in use, as water flows into the 
solution compartment in a tendency towards osmotic 
equilibrium with the environment, the said solution 
compartment expands or increases in volume by forc 
ing the interior shell further into the active agent com 
partment, thus continuously ejecting or squeezing ac 
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tive agent thereout at an osmotically controlled rate 
over a prolonged period of time. Thus, it will be appre 
ciated that, mechanism-wise, the dispenser of FIG. 3 is 
functionally equivalent to those of .FIGS. I and 2. The 
shell 38 most preferably is a composite comprised of a 
rigid, highly porous half shell 46 lined with membrane 
,48 which is controlledly permeable to water. Such 
composite is readily fabricated by either lining or lami 
nating the membrane 48 to the porous half shell 46, or 
by casting a ?lm of the said membrane 48 onto and 
preferably within the said shell 46. The aforementioned 
casting about the porous shell is advantageously per 
fected by depositing the ?lm from a solution of mem 
brane forming material in a solvent, e.g., a 20 percent 
solution of cellulose acetate in an acetone-ethanolethyl 
lactate mixed solvent, 65 percent — 20 percent — 15 per 
cent. In casting the ?lm, care should be taken that the 
pores of the shell 46 do not become clogged. 
Moreover, a device of either FIG. 1, FIG. 2 or FIG. 

3 type is admirably suited for the continuous adminis 
tration of the antibiotic oxytetracycline to beef cattle 
from the rumen. This because such devices can easily 
be fabricated of a size, weight and shape as to be re 
tained in the ‘rumen of polygastric animals to release 
drug or similar agent thereto at a carefully controlled 
rate.‘ Other variations on the basic theme would be 
readily apparent to the skilled artisan. Although partic 
ular con?gurations may be designed for speci?c body 
uses, each of these con?gurations is applicable to use 
in other environments. 
The membrane 16 of FIGS. 1 and 2 and the half shell 

lining 48 of FIG. 3 can be formed from a wide variety 
of materials permeable or semi-permeable to solvent 
(water) but not to solute, i.e., those suitable for the 
‘construction of an osmotic cell. For best results, the 
membrane should be substantially impermeable to pas 
sage of the osmotically effective solute so as to prevent 
loss thereof. Typical membranes are isotropic mem 
branes such as unplasticized cellulose acetate, plasti~ 
cized cellulose acetate, reinforced cellulose acetate, 
cellulose di- and triacetate, ethyl cellulose; anisotropic 
reverse osmosis membranes which typically are made 
of cellulose acetate; silicone rubbers, polyurethanes, 
natural rubber, and hydrolyzed ethylene/vinyl acetate 
copolymers. Isotropic membranes have less water per 
meability than do the anisotropic membranes. Also, 
with both types of membranes, increasing the acetate 
content of the cellulose acetate polymer decreases the 
water permeability. Since, as previously described, the 
surface area of the membrane is relatively limited in a 
device of FIG. 1 type, it will be preferred to use semi 
permeable membranes allowing relatively rapid water 
transmission in this > general category of dispensers. 
Thus, in such embodiments the anisotropic membranes 
are the preferred. A cellulose acetate membrane suit 
able for this limited surface area application is Eastman 
Chemical Products Type R0 97, which is rated to be 
permeable to 1.5 to 2 cc/cmz/day at atmospheric pres 
sure, against a saturated solution of K2804 at 39° C. A 
speci?c example of the design of FIG. 1 constructed 
with polymethylmethacrylate dispensing head, separa 
tor and tubing having an inner diameter of 1.9 cm, is 
capable of delivering 4 to 6 cc of active agent, advanta 
geously a drug, per day. In one speci?c embodiment of 
a dispenser of FIG. 2 type, the membrane used was an 
isotropic cellulose acetate membrane, with no plasti 
cizer, having an acetate substitution of 2.4, being 3 mils 
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thick, and passing water at the rate of 70 mg/cm2 per 
day against a saturated magnesium sulfate solution at 
39° C. The membranes too are insoluble, and chemi 
cally compatible with the salt solution and any excess 
solute therein. For drug depot applications as hereto 
fore described, the membranes are also biologically in 
ert, non-irritating to body tissues and non-allergenic. 
For devices designed to deliver active agents relatively 
rapidly for a limited period, membranes of controlled 
high water permeability are indicated; membranes of 
lower water permeability are used to provide slower 
and more prolonged delivery. 
The impermeable plastic shell 12 of FIGS. 1 and 2 

and the half shell 34 of FIG. 3 too are insoluble and can 
be formed of polystyrene, polyethylene, polypropylene, 
polyvinyl chloride, reinforced epoxy resin, polymethyl 
methacrylate, etc., sheet metal (e.g., aluminum, cop 
per, steel, etc.), galvanized pipe, or styrene/acryloni 
trile copolymer. It is of course intended that such cas 
ing or shell act as a barrier to the transport of water. 
Again, for drug depot applications the same are advan 
tageously biologically inert, non-irritating to body tis 
sues and non-allergenic. The barrier plug 20 and the 
half shell 36 can be formed of materials identical to 
those used for fabricating the shells 12 and 34. Espe— 
cially preferred of the above are the impermeable or 
refractory plastics. Likewise with respect to thevporous 
disc or cup 18 of FIGS. 1 and 2, and the half shell 46 
of FIG. 3, except in this instance the materials would 
be highly porous since it is not intended that the mem 
ber 18 and the half shell 46 in any way act as a barrier 
to or restrict the transport of water. 

l-Ialf shell 32 of the FIG. 3 dispenser can be formed 
from any material which will rapidly dissolve in the 
aqueous environment in which the device is intended 
to be placed, such as gelatin and such material again 
being biologically inert, non-irritating to body tissues 
and non-allergenic when the device is designed for 
placement in the body. 
Many other materials including those which are bio 

logically acceptable are suitable for fabrication of the 
several component parts of the device of this invention. 
While the said several component parts of the device 
of the invention have previously been described as 
being insoluble under the conditions and in the envi 
ronment of intended use, it is also within the scope of 
the invention that such materials be insoluble only dur 
ing the period of said intended use; thereafter dissolv~ 
ing away in the environment of the device. Thus, a dis 
penser is here contemplated which is unaffected by its 
environment, solubility-wise, at the situs of use, or 
which is only slightly soluble during the period of in~ 
tended use, such that once its active agent content has 
been discharged it will then dissolve or erode away 
leaving no objectionable residue or empty container at 
the said situs of use. _ 

It is further within the scope of the invention to op 
tionally provide the subject dispenser with a self 
contained water supply or separate water compart 
ment, as in the ?rst mentioned Rose and Nelson publi 
cation, supra. 
The relative thicknesses of the various membranes 

comprising the dispensers of the invention, as well as 
the relative thickness of the various shells and half 
shells can vary widely and are not limitations on the in 
vention. Typically, however, each shell and half shell 
has a wall thickness of 0.5 to 50 mils, preferably of 5 
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to 50 mils, and the water permeable membranes have 
a wall thickness of 1 to 10 mils. 
One speci?c embodiment of a dispenser fabricated in 

accordance with the invention, and as illustrated in 
FIG. 4 and 5, ?tted witha 3 mils thick semi-permeable 
membrane 16, and having the following dimensions 
and speci?cations: 
Outer diameter of dispenser 1.125 inch 
Wall thickness of shell 12 0.125 inch 
Inner diameter of dispenser 0.875 inch 
Overall length 2.5 inch 
External volume 2.45 inch3 
lntemal volume 1.24 inch3 
Overall dispenser density 1.5 
Available membrane area 0.44 inch2 
Active agent volume 0.94 inch3 
Active agent density 1.2 
Active agent: Approximately 60 percent tetracycline 
hydrochloride dispersed in 40 percent cocoa butter 
medium; 

Osmotic solution: Saturated aqueous solution of‘ 
K2804 containing sufficient excess solute in solid 
‘form to maintain solution saturated over a period 
of at least 3 days; ' 

Water permeable membrane: Cellulose diacetate, 
' with a degree of acetyl substitution of 2.4; 
Shell 12: Soft polyethylene; 
Threaded end cap 50: Soft polyethylene; 
Delivery cap 52: Soft polyethylene; 
Barrier member 20: Soft polyethylene; 
Chamfered ring 54: Polycarbonate; 
Membrane support 18: Polystyrene; 
Diameter of delivery port 14: 0.0625 inch; 
Diameter of ori?ces in cap 50: 0.0625 inch; 
Diameter of orifices in support 18: 0.1250 inch; 

is capable of delivering 5 gm of the active drug per day, 
over a period of 3 days, when administered to the 
rumen of a 500 pound calf, whereat it is retained, via 
the gastrointestinal tract. It will be appreciated that the 
design of the FIG. 4 and FIG. 5 device is quite similar 
to that of FIG. 1, with the most salient distinctions 
therebetween residing, in the FIGS. 4 and 5 device, in 
the separate rather than integral delivery cap 52; the 
chamfered polycarbonate retaining ring 54 which aids 
in maintaining a tight seal between the shell 12 and cap 
52; and the perforated end cap construction 50 which 
is threaded onto the shell 12 and ?tted with a rubber 
O-ring 56 to prevent leakage at the point of the thread 
fit. The cap 50 houses the membrane 16 and the mem 
brane support 18. Of course, the greater the free space 
or total open surface area of the plurality of ducts 
bored into the end cap 50, the greater the amount of 
the membrane 16 which is exposed to the aqueous en 
vironment. Likewise, the greater the open surface area 
of the plurality of ducts bored into the membrane sup 
port 18, the more readily the water di?'uses into the 
compartment 24. As in the designs of FIGS. 1 and 2, it 
is again optional that a separator of porous paper, fab 
ric or the like can be placed between either or both of 
the membrane support 18 and end cap 50 and the semi 
permeable membrane 16. Same, as heretofore men 
tioned, prevents the membrane from being punctured 
or drawn into too tight a contact with its housing, 
thereby additionally assuring that the entire membrane 
is exposed to the aqueous environment. 
Any of the drugs used to treat the body, both topical 

and systemic, can be compartmentalized as the active 
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10 
agent in any of the osmotic dispensers of this invention. 
“Drug” is used herein in its broadest sense as including 
any composition of substance that will produce a phar 
macological or biological response. 
Suitable drugs for use in therapy with the dispenser 

of the invention include without limitation: 
1. Protein drugs such as insulin; 
2. Desensitizing agents such as ragweed pollen anti 
gens, hay fever pollen antigens, dust antigen and 
milk antigen; 

3. Vaccines such as small pox, yellow fever, distem 
per, hog cholera, fowl pox, antivenom, scarlet fe 
ver, diphtheria toxoid, tetanus toxoid, pigeon pox, 
whooping cough, in?uenza, rabies, mumps, mea 
sles, poliomyelitis, Newcastle disease, etc.; 

4. Anti-infectives, such as antibiotics, including peni 
cillin, tetracycline, chlortetracycline, bacitracin, 
nystatin, streptomycin, neomycin, polymyxin, 
gramicidin, oxytetracycline, chloramphenicol, and 
erythromycin; sulfonamides, including sulfaceta 
mide, sulfamethizole, sulfamethazine, sulfadiazine, 
sulfamerazine, and sul?soxazole; anti-virals includ 
ing idoxuridine; and other anti-infectives including 
nitrofurazone and sodium propionate; 

5. Anti-allergenics such as antazoline, methapyrilene, 
chlorpheniramine, pyrilamine and prophenpyrida 
mine; 

6. Anti-in?ammatories such as hydrocortisone; corti 
sone, hydrocortisone acetate, dexamethasone, 
dexamethasone 2 l-phosphate, ?uocinolone, triam 
cinolone, medrysone, prednisolone, prednisolone 
21-phosphate, and prednisolone acetate; 

7. Decongestants such as phenylephrine, naphazo 
line, and tetrahydrozoline; 

8. Miotics and anticholinesterases such as pilocar 
- pine, eserine salicylate, carbachol, di-isopropyl 
?uorophosphate, phospholine iodide, and 
demecarium bromide; 

9. Mydriatics such as atropine sulfate, cyclopento 
late, homatropine, scopolamine, tropicamide, 
eucatropine, and hydroxy-amphetamine; 

10. Sympathomimetics such as epinephrine; 
11. Sedatives and Hypnotics such as pentobarbital 
sodium, phenobarbital, secobarbital sodium, co 
deine, (a-bromoisovaleryl) urea, carbromal; 

l2. Psychic Energizers such as 3~( 2-aminopropyl) in 
dole acetate and 3-(2-aminobutyl) indole acetate; 

13. Tranquilizers such as reserpine, chlorpromazine, 
and thiopropazate; 

14. Androgenic steroids such as methyltestosterone 
and ?uoxymesterone; 

15. Estrogens such as estrone, 17 B -estradiol, ethinyl 
estradiol, and diethyl stilbesterol; 

l6. Progestational agents such as progesterone, 
megestrol, melengestrol, chlormadinone, ethister 
one, norethynodrel, l9-nor-progesterone, nore~ 
thindrone, medroxyprogesterone and l 7 
a-hydroxy-progesterone; 

17. Humoral agents such as the prostaglandins, for 
example, PGEI, P052, and PGFZ; 

18. Antipyretics such as aspirin, sodium salicylate, 
and salicylamide; 

19. Antispasmodics such as atropine, methantheline, 
papaverine, and methscopolamine bromide; 

20. Anti-malarials such as the 4-aminoquinolines, 8 
aminoquinolines, chloroquine, and pyrimethamine; 
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21. Antihistamines such as diphenhydramine, dimen 

hydrinate, tripelennamine, perphenazine, and car 
phenazine; 

22. Cardioactive agents such as hydrochlorothiazide, 
flumethiazide, chlorothiazide, and aminotrate; 

23. Nutritional agents such as vitamins, essential 
amino acids and essential fats; 

24. Anti-Parkinsonism agents such as L-dopa, (L 
3,4~dihydroxyphenylalanine); 

25. Investigative antihypotensive agents such as do 
pamine, 4-(2-aminoethyl) pyrocatechol. 

Other drugs having the same or different physiolog 
ical activity as those recited above can be employed in 
osmotic dispensers within the scope of the present in 
vention; Suitable mixtures of drugs can, of course, be 
dispensed with equal facility as with single component 
systems. 
Drugs can be in various forms, such as uncharged 

molecules, components of molecular complexes, or 
non-irritating pharmacologically acceptable salts such 
as hydrochloride, hydrobromide, sulphate, phosphate, 
nitrate, borate, acetate, maleate, tartrate, salicylate, 
etc. For acidic drugs, salts of metals, amines, or organic 
cations (e.g., quaternary ammonium) can be em 
ployed. Furthermore, simple derivatives of the drugs 
(such as ethers, esters, amides, etc.) which have desir 
able retention and release characteristics but which are 
easily hydrolyzed by body pH, enzymes, etc., can be 
employed. 
The amount of drug incorporated in the osmotic dis 

penser varies widely depending on the particular drug, 
the desired therapeutic effect, ‘and the time span for 
which it takes the drug to be released. Since a variety 
of dispensers in a variety of sizes and shapes are in 

, tended to provide complete dosage regimes for therapy 
for a variety of maladies, there is no critical upper limit 
on the amount of drug incorporated in the dispenser. 
The lower limit too will depend on the activity of the 
drug and the time span of its release from the dispenser. 
Thus it is not practical to de?ne a range for the thera 
peutically effective amount of drug to be released by 
the dispenser. _ 

The motive force of the dispenser of this invention 
depends on the osmotic pressure generated by the solu 
tion of the osmotically effective solute contained in the 
compartments 24 and 40, which solution exhibits an 
osmotic pressure gradient against water. Said solution 
is most preferably a saturated aqueous salt solution. To 
maintain the solution saturated and therefore to 
achieve a constant osmotic pressure throughout opera 
tion of the dispenser, the compartment containing the 
solution also contains excess solute in solid form. Vari 
ous osmotically effective solutes can be used. These in~ 
clude magnesium sulphate, magnesium chloride, so 
dium chloride, potassium sulphate, sodium carbonate, 
sodium sulphite, sodium sulphate, sodium bicarbonate, 
potassium acid phthalate, calcium bicarbonate, potas 
sium acid phosphate, raffinose, tartaric acid, succinic 
acid, calcium succinate, calcium lactate, and magne 
sium succinate. The excess solid solute can be in the 
form of dispersed particles or preferably in the form of 
a pellet. The solution can initially be a solution of the 
same or of a osmotically effective solute di?'erent than 
the solid excess solute. 
The osmotic dispenser can be fabricated in any con- 

venient shape for either physical insertion or implanta 
tion in the body, or for administration via the gastroin 
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testinal tract, or for introduction into any desired aque 
ous environment. Dimensions of the device can thus 
vary widely and are not of controlling importance. The 
lower limit of the size of the device is governed by the 
amount of the particular active agent to be supplied to 
the aqueous environment to elicit the desired response, 
as well as by the form the dosage unit takes, for exam 
ple, in cases of speci?c body uses, implantate, bolus, 
IUD, IVD, vaginal ring, uterine capsule for fertility sup 
pression, arti?cial gland, pessary, prosthesis, supposi 
tory, and the like. Likewise with respect to the upper 
limit on the size of the device. In one specific embodi 
ment, the dispenser can be of such size as to deliver 1 
to 2 0c of drug formulation per day and to deliver a 
total of 5 to 10 cc of drug formulation over a 5 to 10 
day period. With alternate choice of slower permeation 
membranes, the pump can deliver drug more slowly up 
to and in excess of 1 year. It is preferred that the con 
struction of the several compartments and of the active 
agent release means be such that the osmotic driving 
pressure developed is at least 10 times greater than the 
back pressure generated by the active agent formula 
tion. 

Thus, the invention provides, in an osmotic dis 
penser, a reliable means for releasing effective concen 
trations of active agent contained therein to the body 
of a living organism, or to any other aqueous environ 
ment, at an osmotically controlled rate and over a pro 
longed period of time. In addition, prime advantages of 
the dispenser of the invention are that‘it is simple in 
construction and exhibits all of the practical advan 
tages of the long-term continuous administration of 
various active agents both to humans, animals, and into 
other environments, and that the active agent con 
tained therein will not exhibit the tendency to be 
leached therefrom. 
While the invention has been described and illus 

trated with reference to certain preferred embodiments 
thereof, those skilled in the art will appreciate that vari 
ous modi?cations, changes, omissions, and substitu 
tions can be made without departing from the spirit of 
the invention. It is intended, therefore, that the inven 
tion be limited only by the scope of the following 
claims. 
What is claimed is: 
1. An osmotic active agent dispenser, comprised of 

a plurality of capsule half shells, with a ?rst and a sec 
ond half shell securedly a?ixed in capsular con?gura 
tion, and a third half shell frictionally disposed in such 
capsule but free to slidably move therein, the said cap 
sule being thereby divided into two compartments, an 
active agent compartment containing active agent and 
provided with release means therefor to the exterior of 
the dispenser and a second compartment containing a 

' solution of an osmotically effective solute which exhib 
its an osmotic pressure gradient against water; the shell 
of the capsule comprising the solution compartment is 
rigid, resistant and water pervious; the shell of the cap 
sule comprising the active agent compartment is rigid, 
resistant and water impervious; and the interior half 
shell is rigid, resistant and water impervious, the open 
end of which is in communicating relationship with the 
said second compartment; whereby as water ?ows by 
osmosis into the solution compartment in a tendency 
towards osmotic equilibrium with its environment the 
said solution compartment expands by forcing the inte 
rior shell further into and diminishing the volume of the 
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active agent compartment, thus continuously squeezing 
active agent thereout at an osmotically controlled rate 
over a prolonged period of time. 

2. The osmotic dispenser as de?ned by claim 1, fur 
ther comprising a rapidly soluble fourth half shell cap 
ping the active agent release means of the capsule. 

3. The osmotic dispenser as de?ned by claim 1, 
wherein the active agent is selected from the group 
consisting of a drug and a bio-affecting composition. 

4. The osmotic dispenser as de?ned by claim 1, 
wherein the active agent contained therein is in the 
form of a semisolid formulation. 

5. The osmotic dispenser as de?ned by claim 1, 
wherein the solution of an osmotically effective solute 
exhibiting an osmotic pressure gradient against water is 
a saturated aqueous salt solution. 

6. The osmotic dispenser as de?ned by claim 5 
wherein the saturated salt solution contains excess sol 
ute in solid form. 
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7. The osmotic dispenser as de?ned by claim 1, 

wherein the said second compartment is comprised of 
a membrane selected from the group consisting of cel 
lulose acetate, silicone rubber, polyurethane, natural 
rubber and hydrolyzed ethylene/vinyl acetate copoly 
met. 

8. The osmotic dispenser as de?ned by claim 7, 
wherein the membrane is anisotropic. 

9. The osmotic dispenser as de?ned by claim 1, 
wherein the osmotically effective solute is selected 
from the group consisting of magnesium sulphate, mag 
nesium chloride, sodium chloride, potassium sulphate, 
sodium carbonate, sodium sulphite, sodium sulphate, 
sodium bicarbonate, potassium acid phthalate, calcium 
bicarbonate, potassium acid phosphate, raffin0se,'tar 
tan'c acid, succinic acid, calcium succinate, calcium 
lactate and magnesium succinate. 

* * * * >l< 


