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This application is a continua'tion-in-part of my appli 
cation Serial No. 81,277, ?led January 9, 1961, now 
abandoned. 
The present invention relates to novel forms and com 

positions of medicaments possessing advantages which are 
of value in the pharmaceutical ?eld and other ?elds. 
More particularly, the invention relates to new controlled 
release dosage forms for the internal administration of 
medicaments. 
The utilization of the principle of “controlled release” 

or “timed released” as exempli?ed by conventional sus 
tained release, prolonged action, repeat action, or time 
delay types of-dosage forms has become increasingly more 
important in recent years. These dosage forms possess 
several advantages previously unattainable by conven 
tional techniques. A single dose can provide a nearly 
constant blood level of medicament over an eight to twelve 
hour period of time eliminating the peak and valley type 
blood level picture previously obtained with single doses 
administered at more frequent time intervals. It has 
been found that patients respond far better to certain 
medication with reduced incidence of side effects when 
given in this manner. I addition to possible reduction in 
cost, it is also more convenient for the patient, especially 
when blood levels must be maintained throughout the 
twenty-four hour day. 
Two basic drug release mechanisms, digestion and 

leaching, have been employed with varying modi?cations 
to attain the sustaining action of prior art products. 

For the digestion mechanism of release, the medicament 
is either coated with or entrapped within a substance 
which is slowly digested or dispersed in the intestinal 
tract. As the digestive process progresses, the medica 
ment is made availabie to the body ?uids. The rate of 
availability is .a function of the rate of ‘digestion of the 
slowly dispersible substance. Although products utilizing 
this mechanism have been formulated as compressed, 
coated, or multilayer tablets, and as encapsulated gran 
ules or pellets, the variety of the size and shape of the 
dosage forms does not circumvent the physiological vari 
ability of the patients receiving the drugs. These varia 
tions may be in gastric mobility, enzymatic activity, and 
hydrogen ion concentration. The variation in the ability 
of patients ‘to digest insoluble substances is a well estab 
lished fact and it follows that a dosage form which de 
pends upon this variable must necessarily su?ier differ 
ences in effect. This lack of uniformity of release rate 
among patients is a serious limitation of dosage forms 
based on this mechanism. It is ‘highly signi?cant that di 
gestion is primarily accomplished only in the upper in 
testine, whereas absorption may be realized throughout 
the intestinal tract. 
The leaching mechanism of release is obtained by coat 

ing the drug with a ?lm, part of which is soluble and 
dissolves leaving pores through which the drug may dif 
fuse, or by entrap-ping the drug in an insoluble matrix 
from which it diffuses. While the leaching mechanism is 
not dependent upon digestive processes, it still has an in 
herent disadvantage. The rate of release is a function 
of the surface area exposed to the leaching ?uid and the 
distance through which the medicament must diffuse in 
order to be available to the ‘body ?uids. As a result, the 
release of medicament is ?rst order and the rate of re 
lease at any given time after ingestion will be dilferent 
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from the rate at any other time, and will ‘be decreasing 
as time after ingestion increases. Thus, in order to pro 
vide medication at the necessary blood level over a period 
of eight to twelve hours, a large overdose must be pres 
ent during the early stages after ingestion. Characteris 
tically, dosage forms of this type do not completely re 
lease the drug in the prescribed eight to twelve hour pe 
riod. Thus, the drug is either carried too far in the gas 
trointestinal tract to be physiologically available or there 
is the distinct hazard that the repeated administration of 
such products may result in a drug accumulation in the 
tissues and the occurrence of side effects. This hazard 
is recognized by the Federal Food and Drug authorities 
who designate such formulations as “New Drugs” even 
though the active principle in a smaller conventional 
dose is well known to be safe. 

Controlled release medicaments may also ‘be classi?ed 
by product types. The two primary examples are con 
trolled release tablets and capsules containing ‘a multi 
plicity of small cores, pellets, or granules. Apart from 
the mechanism of action, products prepared ‘from small 
cores or pellets are preferred because of the uniformity 
of the release pattern from their larger surface area and 
ease of maintaining quality control. In addition, a more 
uniform, reproducible movement of many small particles 
through the gastrointestinal tract can be attained than 
with a single large tablet. 
The small particles likewise may be pictured as tWo 

distinct classes. One class consists of molded, cast, or 
peiletized particles in which the drug is entrapped in the 
solid matrix. Although this procedure has the advantage 
that a multiplicity of particles can be administered, prod 
nets of this type utilize either the digestion or ‘leaching 
release mechanism and are particularly noted for rapidly 
releasing the drug initially or not completely releasing the 
drug over the eight to twelve hour prescribed period. 
The second class comprises coated particles. General 

ly, they consist of nonpareil sugar seeds or cores coated 
?rst with the drug and subsequently coated with a par 
tially water permeable ?lm. Aside from the obvious 
high cost, this technique has many other disadvantages. 
When the drug is coated on small seeds the basic tech 
nological limitations of this procedure invariably result 
in seeds coated with varying quantities of drug. The 
coatings frequently are applied in layers alternating with 
the drug layers. Thus, because of dimensional restric 
tions, only small doses of drugs can be employed and, 
in addition, there is no positive release mechanism. 
One object of the present invention is to provide a 

multiplicity of coated beads capable in dosage uni-t form 
of uniformly releasing medicament over an eight to twelve 
hour period of time at a rate suf?cient to provide ade~ 
quate blood levels for this period. 

Another object of the invention is to provide a con 
trolled release dosage form which operates independent 
of physiological variations encountered in individual 
patients. 

Another object is to provide a dosage form afford 
ing complete release of medicament by means of inter 
nal pressure. 

Still another object is to provide a medicament in dosage 
form which comprises a multiplicity of coated beads 
each containing a relatively high proportion of the medi 
carnent. 
Yet another object is to provide coated beads contain 

ing medicament, each of which possesses the same ratio 
of drug content to bead weight thereby guaranteeing 
unexcelled uniformity. 
A still further object is to provide a controlled re 

lease dosage form which can be adapted to medications 
having either relatively high or relatively low solubility 
in physiological fluids. 
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These and other objects and advantages will be ap 
parent in the following description. 

In the accompanying drawing: 
FIGURE 1 is an elevation of a coated medicament 

bead, cut away in part to show the interior of the bead; 
FIGURE 2 is a perspective view of a ruptured coated 

medicament bead; and 
FIGURE 3 is a plan view of a coated medicament 

bead following rupture. 
Referring to FIGURE 1, the present invention in one 

of its embodiments includes a controlled release unit 1 
which comprises a bead 2 speroidal in form, having a 
smooth surface, surrounded or enveloped by a contacting 
rupturable ?lm coating 3 which is inert to body ?uid 
(i.e. non-toxic, insoluble in body ?uid and non-digestible) 
and permeable to diffusion of water. The bead or core 
2, in turn, comprises a water-swellable, medicated col 
loid, i.e., colloid material containing one or more medica 
ments which are compatible with the colloid material. 
The medicament may be present in solution or, as shown 
in FIGURE 1, in the form of dispersed solid particles 
4. Following ingestion and immediately upon entering 
the gastrointestinal tract, the unit 1 comes into contact 
with body ?uid containing water which, with passage of 
time, diffuses gradually through the coating 3 into the 
central core 2. As indicated, the core contains a water 
swellable colloid. The colloid, under in?uence of the 
water entering and coming into contact with the core, 
immediately begins to absorb the water and to swell. 
The process is a continuing one and the colloid progres 
sively continues to swell as further amounts of water dif 
fuse through the coating into the core. Finally, when 
the swelling pressure of the colloid builds up suf?ciently 
and just exceeds the cohesive strength of the coating, the 
coating is ruptured at which time, and because of the 
extensive character of rupture ordinarily encountered, 
the medicament content of the core is substantially made 
completely available for immediate contact with the sur 
rounding body ?uid and tissue whereupon the absorption 
and uptake of the medicament proceed in normal physio 
logical fashion, without further delay. FIGURE 2 repre 
sents a controlled release unit 1 after prolonged exposure 
to water as the result of which the coating 3 has under 
gone rupture, as described, to provide a gross opening 
de?ned in part by random edges 5 through which the 
bead 2 is visible. The representation is typical of the 
case where the ?uid surrounding the coating 3 is in mo 
tion. FIGURE 3, on the other hand, is a representa 
tion of the rupture occurring when the ?uid surround 
ing the coating is relatively static. 

It is a signi?cant feature of the invention that the 
bead 2 swells on the diffusion of water through the coat 
ing 3. Prior to rupture, trace amounts of the medica 
ment may possibly diffuse through the coating, but it 
is only with rupture accomplished by swelling that es 
sentially the total content of the drug is released. Thus, 
while the release of the medicament is substantially im 
mediate (i.e., within several minutes after rupture), it 
is accomplished at a time which is considerably subse 
quent to the time of administration. Furthermore, the 
release of the medicament advantageously depends only 
on the presence of water and does not depend on enzyme 
action, pH, rate of digestion, mechanical attrition, etc. 
This feature is of great advantage since water is present 
in all individuals and its vapor pressure, a function of 
temperature, does not vary signi?cantly among indi 
viduals. 

Although various aspects of the coating 2 and the bead 
3 will be described separately hereinafter, it is the co 
operative combination of the swellable bead and the 
water permeable coating that provides controlled posi 
tive release results. 

For inclusion in the bead 2, in accordance with the 
invention, various colloid materials are satisfactory. 
Gelatin is a particularly useful colloid for this purpose 
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A. 
and although certain embodiments of the invention de— 
scribed hereinafter are directed to dosage forms contain 
ing gelatin, it will be realized that other colloids or com 
binations of colloids can be used in place of or in addi 
tion to gelatin. Among other suitable colloids may be 
mentioned starch, starch phosphate, zein, gum arabic, 
agar, albumin, tragacanth and mixtures of colloids, such 
as gelatin-starch mixtures. The quantity or relative pro 
portion of the colloid material of the bead is subject to 
considerable variation. In any case, a sufficient quantity 
of colloid material should be present to provide, on up 
take of water, a swelling pressure in excess of the cohe 
sive strength of the ?lm coating. The choice of colloid 
is not critical, it being required merely that the colloid 
possess water absorption properties and undergo swell 
ing with uptake of water. The colloid material may op 
tionally contain plasticizing agents such as sorbitol, glyc 
erin, and the like. The colloid material as used in the 
instant dosage forms is conveniently employed in dry 
form or in a form which has a substantial capacity for 
absorption of water. In the case of gelatin, for example, 
commercially available grades which ordinarily have a 
water content of about 11% are suitable for the present 
invention. In some instances, particularly where it is 
desired to achieve maximum stability with respect to 
medicament content, the water content of the gelatin 
should preferably be lower, i.e., less than 11% and down 
ward to about 1—5%. 
As indicated, the colloid material contains, in accord 

ance with the invention, one or more compatible medica 
ments. The medicament may be present in the colloid 
material either in the liquid phase or solid phase, as de 
sired. In one procedure, described in greater detail here 
inafter, the medicament is dissolved or dispersed in warm 
liquid gelatin and the liquid is extruded through an ori 
?ce into a non-turbulent stream of liquid coolant so as 
to cause the gelatin to form into smooth, discrete, solid 
spheroidal beads containing medicament uniformly dis 
solved or dispersed therethrough, following which the 
beads are dried to render them hygroscopic. Thus, in a 
given lot, each head contains the same proportion of drug 
and in each the distribution of drug is homogeneous. 

It is an advantageous feature of the invention that the 
beads may contain substantially more medicament on a 
Weight per dosage unit basis than conventional sustained 
release forms which comprise a multiplicity of individual 
delayed released granules or pellets. For example, the 
beads may contain as much as 50% or more by weight 
of medicament. In this connection, following formation 
of the beads, drying is accomplished at or below the tack 
point of the beads, i.e., the temperature at which the beads 
when subjected to cooling, cease to adhere to one another. 
The tack point varies inversely with the drug concentra 
tion. In a case where the beads contain a relatively high 
concentration of medicament, the tack point is ordinarily 
low and therefore drying must be carried out at relatively 
low temperatures, e.g., temperatures approaching 10 
15° C. or lower. 
A wide variety of medicaments may be included in 

the present dosage forms and the concentration thereof 
is also subject to wide variation, as desired. In general, 
one may use any medicament which, in the concentration 
employed, is compatible with the colloid material, i.e., 
does not adversely affect the desired swelling properties 
of the colloid material. Illustrative examples of medica 
ments which may be included in the colloid material are 
analeptics such as pentylenetetrazol and ephedrine; 
central nervous stimulants such as amphetamine, bethane 
chol, neostigmine, Z-dimethylamino-ethanol tartrate, 
captodiamine and mepazine; anorectic agents such as 
phenmetrazine, diethylpropion and phenylbutylamine; 
antihistamines such as thonzylamine hydrochloride, di 
phenhydramine hydrochloride, bromodiphenhydramine 
hydrochloride and chlorpheniramine maleate; anti-in?am 
matory agents and analgesics such as acetylsalicylic acid, 
acetophenetidin and phenylbutazone; anticonvulsants such 
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as diphenylhydrantoin sodium, trimethadione, phensux 
imide, pamidone, methsulximide and ethsuximide; anti 
microbial agents such as antibiotics, sulfonarnides, etc.; 
antiparasitic agents such as amodiaquin hydrochloride, 
biallylamicol hydrochloride, quinacrine hydrochloride, 
chloroquine phosphate and pyrvinium pamoate; and cen 
tral nervous depressants and tranquilizing agents such as 
chlorpromazine, meprobamate benactyzine, hydroxyzine, 
ethchlorvynol and ectylurea. Other types of medicaments 
may also be included. 
As a ?lm coating for the above-described bead, a sub 

stance is employed which is inert to body ?uid (i.e., non 
toxic, insoluble and non-digestible) and permeable to 
diffusion of water. The term “non-digestible” as used 
herein refers to ?lm-forming or coating substances which 
are completely non-digestible or are resistant to digestion, 
i.e., undergo substantially little, if any, digestion prior to 
the desired rupture and release of the medicament from 
the coated beads. Certain of the speci?c illustrative coat 
ing substances described hereinafter, although not com 
pletely non-digestible, are resistant to digestion and there 
fore when used as a coating substance should preferably 
be incorporated with at least one other more inert sub 
stance in a su?icient quantity to provide controlled re 
sistance to digestive attack. Similarly, some of these coat 
ing substances are better adapted to the formation of ?lms 
than others so that in cases where improved ?lm-forming 
properties are desired in a given coating substance, such 
improvement can be obtained by incorporating therewith 
a substance having enhanced ?lming properties. In gen 
eral, the coating can be achieved with a substance that 
forms a relatively thin continuous rupturable cohesive 
?lm which is inert to leaching or digestion by body ?uid. 
In general, the substances which are employed for this 

purpose are the plastic ?lm formers. Any one of a wide 
variety of plastic ?lm formers can be employed, among 
which are the following ‘types of plastic bases; cellulose 
ethers such as ethyl cellulose and ethyl hydroxyethyl 
cellulose; cellulose esters such as cellulose acetate, cel 
lulose acetate ph-thalate, celluose acetate butyrate and 
celulose nitrate; ?uorocarbon resins, particularly ?uoro 
ethylene resins such as tetra?uoroethylene and chloro 
tri?uoroethy-lene resins; polyamide-epoxy resins; syn 
thetic rubbers such as polychloroprenes and butadiene 
styrene, isoprene-styrene, polysul?de, polyacrylic, poly 
butadiene and polyurethane rubbers; vinyl chloride resins, 
vinyl chloride-acetate resins, vinyl chloride-vinylidene 
chloride copolymers and vinylidene chloride-acrylonitrile 
resins; acrylate and methacrylate bases; epichlorohydrin 
bisphenol resins; polyamide resins and polyamide-epoxy 
and polysul?de-epoxy resins; alkyd resins (phthalic an 
hydride-polyhydric alcohol-oil combinations); furan 
resins; silicone resins, silicone-alkyd resins, silicone phe 
nolic and silicone rubber; coumarone resins; styrene 
resins and styrene~butadiene resins; hydrocarbon resins; 
terpene resins; and urethanes. Among the preferred 
plastic bases are ethyl cellulose, chlorotri?uoroethylene 
(CTFE) resin such as Kel+F800g tetra?uoroethylene 
(TFE) resin such as Te?on 30 and vinyl chloridevinyl 
idene chloride copolymers such as Saran resin F-220 and 
Saran latex F-122A15. Curing or polymerization of 
the plastic bases, where necessary to provide the ?nished 
?lm coating, is accomplished by conventional means de 
scribed hereinafter. The coating mixture may also con 
tain a ?lm modifying agent to provide the desired degree 
of water-permeability in the ?nished ?lm coating. 
Among the many substances which can be employed as 
modifying agents, there may be mentioned petroleum 
waxes and vegetable and animal waxes; esters of higher 
(about C12 or higher) fatty acids and higher (about C12 
or higher) fatty alcohols and their esters with such acids; 
?xed oils like castor oil; glyceryl esters of such acids; 
and acetylated monoglycerides. 
The ?lm coating material may be applied by any pro 

cedure which provides a continuous ?lm of essentially 
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6 
uniform thickness. One method of ?lm coating involves 
rotating a bed of uncoated beads in a conventional tablet 
coating pan and applying a solution or dispersion of the 
coating agent in a suitable solvent by pouring or spray 
ing onto the moving beads, care being taken to uni 
formly coat each bead and to avoid incomplete ?lm 
coating such as is caused by bead agglomeration, etc. 
Drying of the coated beads is accomplished by exposure 
to Warm, dry air. The coating procedure conveniently 
is continued until the desired ?lm thickness is obtained. 
The resulting ?lm coated beads are then cured if neces 
sary with heat (air drying, baking or force drying), 
polished and ?nished as desired. Other coating pro 
cedures such as ?uid bed coating, vertical spray coating, 
etc., can also be employed. A preferred procedure for 
coating is the vertical spray coating method described in 
US. Patents Nos. 2,648,669 and 2,799,241. According 
to this method, the beads to be coated are suspended 
in a column by means of a turbulent air stream, and 
an atomized solution or dispersion of the ?lm coating 
agent is sprayed vertically upward into the column con 
taining the suspended beads such that the beads become 
uniformly coated and dried. Curing of the coating 
where necessary can be accomplished in conjunction with 
the drying step or can be carried out subsequently. 
Various solvents and mixtures of solvents can be used 
to provide ‘the coating agent solutions or dispersions. 
One may use any solvent which dissolves or disperses 
the coating agent and yet can be readily removed by 
evaporation or other conventional means. Preferably, 
the solvent should be relatively volatile and have a low 
viscosity. Some preferred solvents for this purpose by 
way of illustration, are water; halogen hydrocarbons 
such as =trichloroethylene, methylene chloride, carbon 
tetrachloride, and chloroform; alcohols such as absolute 
alcohol, isopropanol and methanol; low molecular esters 
such as ethyl acetate and amyl acetate; and ketones such 
as acetone, Z-butanone and the like. When carrying out 
the coating procedure, one can vary the strength of the 
coating ?lm against rupture due to swelling pressure, 
as well as the permeability to ‘water vapor, by the proper 
selection of the coating agent or agents and of the thick 
ness of the coating. Hence, one can control, by suit 
able variation of the coating agent and the thickness of 
the coating ?lm, the time at which the medicament will 
be released following administration of the dosage form. 
The relationship between the mentioned factors can be 
expressed mathematically by the following illustrative 
equation showing the release phenomenon as a two-step 
mechanism based on diffusion of water vapor and swell 
ing of the colloid: * 

t=Kd2+K' 
where 
t is time of exposure necessary for release, 
( is a constant dependent upon the coating substance, 
K’ is the time for the uncoated colloid to release the 

medicament, and 
d is the thickness of the coating ?lm. 

Thus, on the basis of constants for the coating substance 
and colloid material established by routine study, one can 
predict and control the release of internally administered 
medicaments for any given colloid material and coating 
substance by choosing the desired thickness of the coat 
ing ?lm. The size of the bead or nucleus can also be 
varied, but variation thereof does not appreciably armtect 
the release of the medicament. 

Although the invention contemplates a coated head 
of su?icient size to provide by itself the complete medic 
ament dosage required, a preferred embodiment of the 
invention is a plurality of small coated beads of a single 
type (.i.e., uniform bead size, ?lm coating, ?lm thick 
ness, etc.) or a blend of different types, either in bulk 
form or contained in a pharmaceutical carrier such as a 
hard or soft shell capsule, suppository, non-aqueous syrup, 
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or other pharmaceutical carrier, together with excipients 
if desired. Each of such coated beads contains a partial 
dose and, as indicated, may be varied as desired with re 
spect to one or more factors. The principal factors are 
the following: 
(a) The identity of the ?lm coating 
'(b) The ?lm thickness 
(0) The identity of medicament 
(d) The identity of the colloid material, and 
(e) The size, and hence the total sunface area, of the 

coated bead 
Thus, where the dosage form includes a plurality of 
coated beads having individual variations with respect to 
medicament release, i.e., a plural dosage form, there is 
provided on administration a controlled release dosage 
form. In this case, a non-enteric gelatin capsule is ad 
ministered orally containing a plurality of coated beads 
constituting a blend of beads having a uniformly graded 
variety of coatings or coating thicknesses, the capsule 
dissolves usually in about 10-30 minutes whereupon the 
individual coated beads become directly exposed to body 
?uid. In this condition, they each become separately 
ruptured in due course depending upon the ?lm coating 
thickness and type of coating of each individual bead. 
In controlled fashion, some beads, i.e., ones having a 
thin coating or a relatively highly water-permeable coat 
ing, undergo rupture at an early stage to provide prompt 
medication, while others having thicker or less water 
ermeable coatings remain intact for prolonged periods 

and later undergo rupture individually and progressively 
from time to time depending on their respective coatings 
and thickness thereof, to provide continuing, uniform, 
sustained medication. Thus, where the water-permeabil 
ity of the coatings in a given dosage form is varied in 
a uniformly progressive series over a predetermined 
range, the rupture of the coatings is gradual and uniform 
so that a sustained release of medicament is obtained. 
Such plural dosage forms can also include in admixture 
with the coated beads a number of uncoated beads which 
on administration operate to provide immediate medica 
tion. 
The invention is further illustrated by the following 

speci?c examples: 
PREPARATION OF UNCOATED COLLOID BEADS 

Example 1 

(a) Pig skin gelatin, bloom 270 __________ __kg__ 10.0 
Water, distilled _________________________ __l__ 34.0 
Diphenhydramine hydrochloride _________ __kg__ 4.0 
Glycerin _______________________________ __l__ 0.5 

Twenty-?ve liters of water are added to the gelatin 
with mixing and the wetted gelatin is allowed to hydrate 
overnight. The hydrated gelatin is heated to 70° C. 
and nine liters of hot water containing the diphenhy 
dramine hydrochloride is added with stirring. The gly 
cerine is heated to 70° C. and added with stirring. The 
resulting colloid mixture has a viscosity of 1300 cps. at 
70° C. as determined by a Brook?eld viscosimeter using 
a No. 2 spindle at 30 rpm. The mixture is then proc 
essed into solid beads by means of a bead-forming ap 
paratus of an improved type. Brie?y, this apparatus 
consists of a reservoir for the colloid material to be proc 
essed, conduit means connecting the reservoir with a 
manifold pipe having an integral bank of twenty parallel 
No. 22 gauge hypodermic needles for extrusion of the 
colloid, means for pumping the liquid colloid to the 
pipe at a desired rate, temperature and pressure, where 
by the liquid colloid in the reservoir can be pumped to 
the manifold pipe and thence through the needles and 
out of the orifices thereof at a controlled rate. The ap 
paratus also includes an inclined trough over which 
is ?owed, by pump and refrigeration means, at a con 
trolled rate, depth and temperature, a coolant liquid 
which is immiscible with the liquid colloid. The needles 
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8 
are arranged in a horizontal bank above and at right 
angles to the line of ?ow of the liquid coolant and are 
disposed vertically downward in a position such that the 
ori?ces thereof almost touch and are equidistant from the 
surface of the liquid coolant. In operation, the needles 
receive the liquid colloid (maintained at a tempera 
ture of 70° C.) and direct it in a plurality of ?owing 
streams or ?laments into the body of the ?owing liquid 
coolant. Petroleum ether maintained at a temperature 
of 10° C. is used as the liquid coolant; the ?ow thereof, 
as maintained, is laminar (i.e., non-turbulent) and the 
linear ?ow-rate is 50 cm. per second. The depth of the 
liquid coolant stream is about one-half centimeter, the 
width of the trough is 20 cm., and the angle of inclina 
tion with the horizontal is 20°. The ?ow rate of the 
liquid colloid ?owing from the needles is approximately 
30 liters per hour. The velocity of the liquid colloid 
as it ?rst enters the ?owing liquid coolant is essentially 
zero with respect thereto, but it is immediately diverted 
in the body thereof and carried along in a stream with 
the coolant and at increasing velocity until the coolant 
and the colloid stream are moving at approximately the 
same velocity. At this point, the colloid stream be 
comes dynamically unstable and breaks up into uniform 
spheroids or beads which on further movement with the 
?owing coolant congeal and become hardened. The 
coolant containing the colloid beads is then collected in 
a receiver, and the beads are separated intact from the 
coolant and dried ?rst at 10° C. to about 5% Water con 
tent and then at 45° C. to about 1% water content. The 
procedure provides about 11 kg. of dried colloid beads 
in the size range 590 to 840 microns (i.e., #20 to #30 
mesh, U.S. series) containing about 28% by weight of 
uniformly distributed diphenhydramine hydrochloride. 
If desired, other methods of forming colloid beads can 
be employed in place of the foregoing procedure, such 
as dropping the liquid colloid into a vertical air column. 

(b) For the preparation of similar colloid beads which 
differ only with respect to percentage of medicament con 
tent, the same procedure of Example 1( a) is followed ex 
cept that the relative quantity of diphenyhdramine hy 
drochloride is varied as desired. For the incorporation 
of the latter in the colloid mixture, it will be understood 
that a sufficient amount of water is used to provide a 
solution of the diphenhydramine hydrochloride, the total 
amount of water used in the formulation of the colloid 
mixture being maintained substantially constant so as to 
insure the required viscosity of the mixture. For example, 
colloid beads containing 5% of diphenhydramine hydro 
chloride are provided by the procedure of Example 1(a) 
using the following starting materials: 

Gelatin _ _ _ _ _ _ _ _ _ _ __ ___ kg 6.0 

Water, distilled _________________________ __l__ 22.0 
Diphenhydramine hydrochloride _________ __kg_.. 0.3 
Sorbitol, 70% in water ___________________ __l__ 1.0 

In a speci?c procedure, four batches of these starting 
materials when processed batch-wise to the wet beads, 
then pooled and dried, provide beads having the following 
mesh size distribution: 

Mesh size (U.S.): Weight percent 
10—l6 ________________________________ __ 38.0 

16-20 ________________________________ __ 33.5 

20-30 ________________________________ ___ 23.2 

30—60 ________________________________ ___ 5.3 

In a similar manner, colloid beads containing a higher 
percentage of medicament are provided, using the fol 
lowing materials: 

Gelatin, SO2-free, grade F ______________ __kg__ 1.0 
Diphenhydramine hydrochloride _________ __kg__ 1.5 
‘Glycerin _____________________________ __kg__ 0.25 
Water _________________________________ __l__ 3.0 
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The gelatin is hydrated in two liters of water, the third 
liter being used to dissolve the diphenhydramine. The 
yield is 2.35 kg. of dry (1%‘) beads assaying 52.3% 
diphenhydramine. 

Example 2 
Gelatin ______________________________ __kg__ 0.9 
3 - sulfanilamido - 6 - methoxypyridazine (micro 

nized) _____________________________ __kg__ 0.45 
Sorbitol, 70% in water __________________ __kg__ 0.1 
Water ______________________ _; _______ __’__l__ 2.4 

The gelatin is prehydrated with 900 cc. of water at 
room temperature for three hours. The hydrated mass 
is then heated to provide a melt and 1000 cc. of water 
containing the pyridazine in slurry form is added. The 
melt is held at 70° C. and thoroughly mixed to assure 
complete dispersion. The sorbitol is dissolved in 500 cc. 
of water and the solution blended into the melt suspension. 
The resulting blend is then converted into small, dry, 
solid beads or spheroids by the bead-forming procedure 
described in Example 1(a). Each bead contains ap 
proximately 29% by weight of the pyridazine. This ex 
ample illustrates the preparation of colloid beads which 
contain a water-insoluble medicament in the form of a 
suspension in the colloid. Other water-insoluble medica 
ments or mixtures thereof, particularly relatively high 
melting medicaments (e.g., chloramphenicol, diphen 
hydramine salicylate, sulfaguanidine, dimenhydrinate, and 
the like) can be used in place of the above-mentioned 
pyridazine to provide similar suspensions. 

Example 3 

Gelatin ______________________________ __kg__ 0.45 
N-methyl a-methyl a-phenylsuccinimide crystal 

line ________________________________ __kg__ 0.45 
Sorbitol, 70% in water __________________ __kg__ 0.05 
Water _____________ __'_ _________________ __l__ 0.9 

The gelatin is prehydrated in 450 cc. of water at room 
temperature for three hours. The hydrated mass is then 
heated to provide a melt and the succinimide is added. 
The resulting mixture is vigorously agitated while hot 
(75° C.) to provide a ?nely divided emulsion of the 
molten succinimide. A solution of the sor-bitol in 450 
cc. of Water is mixed in and the resulting emulsion is 
converted into small, dry, solid beads or spheres by the 
bead-forming procedure described in Example 1(a). 
Each bead contains approximately 45% by weight of the 
succinimide. This example illustrates the preparation of 
colloid beads which contain a water-insoluble medicament 
in the form of an emulsion in the colloid. Other water 
insoluble medicaments (e.g., liquid medicaments or low 
melting medicaments such as phensuximide and 
ethsuximide) or mixtures thereof can be used in place 
of the above-mentioned succinimide to provide similar 
emulsions. 1 

Example 4 

Gelatin ________________________________ __kg__ 2.0 
2 - diethylamino - 2 - methylpropiophenone, ni 

trate ________________________________ __kg__ 1.0 
Glycerin ______________________________ __kg__ 0.1 
Water __________________________________ __l__ 8.0 

The gelatin is prehydrated with 4 liters of water at 
room temperature for three hours. The hydrated gelatin 
is then heated to 70° C. The Z-diethylamino-2-methyl 
propriophenone nitrate is dissolved in one liter of hot 
water and added to the above hot gelatin mixture with 
stirring. The glycerin and an additional 3 liters of hot 
water are added While the temperature is maintained at 
about 70° C. The resulting colloid mixture is converted 
into dry solid beads or spheres by the bead forming pro 
cedure described in Example 1(a) The dried beads 
assey 27% by Weight of the nitrate salt. This example 
illustrates the preparation of colloid beads which contain 
a water-soluble medicament. Other water-soluble medic 
aments or mixtures thereof can be used in place of the 
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above-mentioned nitrate salt to provide similar forms. 
As an illustration of water soluble substances which may 
be used in place of the salt, there may be mentioned 
thiamine hydrochloride, chloroquin disphosphate, soluble 
acetylsalicylic acid compounds and the like. 

Example 5 

Gelatin ________________________________ __kg__ 6.0 
Methylene blue _________________________ __kg__ 0.1 
Sorbitol, 70% in water __________________ __kg__ 1 
Water __________________________________ __l__ 27 

The gelatin is prehydrated overnight at room tempera 
ture in 15 liters of water. The hydrated mass is heated 
to 70° C. and the methylene blue is added in the form of 
an aqueous solution (100 g. methylene blue in two liters 
of water). The sorbitol solution and 10 liters of Water 
are added with stirring and heating to maintain the tem 
perature at 70° C. The resulting colloid solution is 
converted into small, dry, solid colloid beads by the bead 
forming procedure described in Example 1(a). Each 
of the resulting beads contains about 1.5% by weight 
of methylene blue. 

PREPARATEONS OF 
COATED COLLOID BEADS 

Example 6 

Two kilograms of dried gelatin beads ranging in size 
from 16 to 20 mesh (U.S.) containing 5% by weight of 
diphenhydramine hydrochloride, prepared in accordance 
with Example 1(b), are placed in the coating chamber 
of a Wurster coating apparatus of the type described in 
U.S. Patent No. 2,648,609 and are suspended or ?uidized 
in the chamber by means of turbulent air ?owing at the 
rate of 68 cubic feet per minute. The air inlet tempera 
ature is maintained at 90° F. and the outlet temperature 
at 66° F. To the chamber is added, under an atomizing 
air pressure of 70 p.s.i., a coating solution consisting of 
500 grams of ethyl cellulose (10 cps.) dissolved in ?ve 
liters of equal parts of chloroform and anhydrous ethanol. 
The total volume of the solution is 5400 cc. and the 
viscosity l-2 cps. at 70° F. The solution is added at a 
constant rate of about 33 cc. per minute. The total time 
required for coating and drying is 2 vhours and 45 minutes 
following which the ?nished coated beads (approximately 
2950 grams) are recovered from the chamber. Similar 
beads coated with a thinner coating of the same composi 
tion are prepared in the same manner. A controlled re 
lease product designed to have an in vivo uniform re 
lease pattern of eight to twelve hours is provided by 
blending and encapsulating batches of such coated beads, 
each batch having a dilferent coating ?lm thickness. 

This same procedure may be used for the production of 
beads having other types of ?lm coating, as desired, em 
ploying other coating solutions in place of the above~ 
described solution. As illustrations of other coating solu 
tions and of the corresponding delayed release of the 
medicament from the coated beads produced, one may 
use the following solutions in the above procedure: 

Coating Time 1 Re 
Agent quircd for 
Concen- Release of 

Film Coating Agent Solvent tration 50% of Di 
(w./v.), phenhydra 
percent mine Hydro 

chloride 

Cellulose acetate butyrate 2-butanone, 6 2 9 
(17% butyryl). acetone (1:4). 

Saran latex 4 ______________ -_ Water _________ __ 10 3 20 

Ethyl cellulose Castorwax, Chloroform.-. _ . 20 2 7. 5 
parat?n (9:10: 1). 

Ethyl cellulose ___________ __ Chlorot‘orm, an- 10 2 3. 5 
hydrous etha 
nol (1:1). 

1 Hours. 
2Based on coated bead sample having 20% (weight) coating. 
3 Based on coated bead sample having 10% (weight) coating. 
4 Vinyl chloride~vinylidcnc chloride eopolymer F~122A15. 
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Example 7 
Two kilograms of dried gelatin beads, 12-20 mesh con 

taining 27.0% by weight of 2-diethylamino-2 methyl 
propiophenone nitrate, prepared in accordance with Ex 
ample -4, are placed in the coating chamber of a Wurster 
air suspension apparatus of the type referred to above, 
and are ?uidized in the chamber by turbulent air ?owing 
at the rate of 60 cubic feet per minute. The air inlet 
temperature is maintained at 125° F. and the outlet tem 
perature at 88° F. To the chamber is added, under an 
atomizing air pressure of 60 p.s.i., a coating solution con 
sisting of 300 g. of ethyl cellulose (10 cps.), 60 g. of hy 
drogenated castor oil and 3 g. of castor oil dissolved in 
four liters of equal parts of chloroform and alcohol. The 
solution is added at a constant rate of about 44 ml. per 
minute. For purpose of analysis, 50 gm. samples of 
beads are removed from the coating chamber after each 
2.5% weight increment of coating (relative to the weight 
of the uncoated bead) has been applied. Samples are 
collected following application of 2.5%, 5.0%, 7.5% 
and 10% coating increments. The coating procedure is 
continued until all of the coating solution has been ap 
plied and the coating has dried. Total time required for 
coating and drying is 95 minutes. 

Example 8 

Two kilograms of dried gelatin beads, 16-20 mesh, 
containing 1.5% by weight of methylene blue, prepared 
in accordance with Example 5, are placed in the coating 
chamber of a Wurster coating apparatus of the type re 
ferred to above, and are ?uidized in the chamber by 
turbulent air ?ow. The air ?ow and inlet and outlet 
temperatures are maintained at substantially the same 
values given in Example 6. To the chamber is added, 
in atomized form under a presure of 70 p.s.i., 6.4 liters 
of a solution of 5% by weight of ethyl cellulose (10 
cps.) in equal parts by volume of absolute ethanol and 
chloroform. The solution is added at a constant rate of 
about 15 cc. per minute. For purposes of analysis, sam 
ples of the beads are periodically taken from the cham 
ber as they are being coated, the ?rst sample being taken 
when the ?rst 2% weight increment of coating (relative to 
the weight of the uncoated bead) has been applied and 
successive samples being taken following application of 
succeeding 2% coating increments, speci?cally, 4% 
through 16% increments. The coating procedure is con 
tinued until all of the coating solution has been applied 
and the coating has dried. The coated beads are then 
recovered from the chamber; yield, exclusive of samples, 
about 2.2 kg. of free ?owing, coated beads. The ?lm 
coating of the beads is, relatively speaking, extremely thin. 
For example, 20-mesh (i.e., 840-micron) beads, proc 
essed by the procedure to a 16% coating, have an average 
?lm thickness of about 28 microns. 

Example 9 

Employing the same primary bead formula and coating 
procedure referred to in Example 8, but utilizing a coat 
ing solution consisting of 300 g. of ethyl cellulose (10 
cps.), 30 g. of hydrogenated castor oil and 3 g. of castor 
oil dissolved in four liters of equal parts of chloroform 
and alcohol, the following controlled release patterns 
are obtained: 

CUMULATIVE PERCENTAGE OF MEDICAMENT 
RELEASED 

Time 
Weight Increment 

Coating 
15 min. 60min. 2 hrs. 4 hrs. 6 hrs. 8 hrs. 

Percent Percent Percent Percent Percent Percent 
2.5% ______________ __ 1. 4 46. 0 88. 5 100 100 100 

_ 0 4. 7 22. 0 G5. 3 87. 7 9G. 2 
0 0 3. 3 16. 2 39. 0 70. 5 
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This demonstrates the concise controlled release pat 

tern that is obtainable. It also shows that any desired 
release pattern can be obtained by proper selection of 
coated beads having the same ?lm coating or a blend of 
coated beads having a variety of coatings. 

PREPARATION OF CONTROLLED RELEASE DOS 
AGE FORMS 

Example 10 

To provide a sustained release plural dosage form, in 
bulk, containing methylene blue as a medicament, equal 
weights (2 g.) of samples 4% through 16% of Example 
8 are blended. The resulting blend can be administered 
orally, either in bulk form or other form. A No. 0 hard 
shell capsule contains about 0.4 gram of the blended 
beads. 
When assayed for release of medicament in vitro, a 

sample of the blended product gives sustained action, up 
to eight hours, in water and in two types of simulated 
body ?uid, as follows: 

Cumulative Percentage of Medica 
ment Released 

Time (Hours) 

Water Gastric Intestinal 
Fluid 1 Fluid 2 

7 7 7 
16 16 16 
30 31 30 
43 42 44 
55 55 54 
67 66 66 
77 76 76 
85 83 82 

1 U.S. Pharmacopcia, Volume 16, page 1072. 
2 11.8. Pharmacopcia, Volume 16, page 1073. 

Although extraction studies were terminated after eight 
hours, data collected on subsequent studies indicated even 
tual complete release. 

It is notable that the release of the medicament is sub 
stantially the same for all three media used throughout 
the period represented, even though these media differ 
fundamentally in their chemical makeup and pH (water 
being neutral, gastric ?uid strongly acidic and intestinal 
?uid mildly alkaline). Further, the release in each case 
is gradual and uniform throughout the period. 

It is to be understood that the invention is not limited 
to the speci?c embodiments described and illustrated here 
inabove inasmuch as various modi?cations and equiva 
lents thereof, all within the spirit of the invention, will 
become apparent to those skilled in the art. Therefore, 
the invention is limited only by the scope of the following 
claims. 
What is claimed is: 
1. A controlled release dosage form for internal ad 

ministration, comprising a solid bead and contacting and 
surrounding the bead a rupturable plastic, non-toxic, in 
soluble, non-digestible ?lm coating which is inert to gas 
trointestinal ?uid and permeable to diffusion of water, 
the bead consisting essentially of a uniform dispersion of 
medicament in a water-swellable colloid, the thickness 
of the coating and the swellability of the bead being such 
that on prolonged exposure to gastrointestinal ?uid dif~ 
fusion of water takes place through the coating into the 
bead causing the bead to swell and build up pressure ex 
ceeding the cohesive strength of the coating thereby re 
sulting in outward rupture of the coating and substantially 
immediate and total release of the medicament from the 
head into the gastrointestinal ?uid. 

2. A controlled release dosage form in accordance 
with claim 1 in which the colloid is gelatin. 

3. A controlled release dosage form in accordance 
with claim 1 in which the coating is ethyl cellulose. 

4. A controlled release dosage form for internal ad 
ministration comprising a plurality of solid beads and a 
rupturable plastic, non-toxic, insoluble, non-digestible 
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?lm coating for each of the beads which is inert to gas 
trointestinal ?uid and permeable to diii‘usion of Water, 
the beads each consisting essentially of a uniform disper 
sion of medicament in a Water-swellable colloid, the 
thickness of the individual coatings and the swellability 
of the individual beads being such that on prolonged eX 
posure to gastrointestinal ?uid diffusion of water takes 
place through the individual coatings into the respective 
beads causing each bead to swell and build up pres 
sure exceeding the cohesive strength of its coating there 
by resulting in outward rupture of the respective coat 
ings and substantially immediate and total release of 
medicament from each bead into the gastrointestinal ?uid. 

5. A controlled release dosage form in accordance With 
claim 4 in which the beads each contain the same propor 
tion of medicament. 

6. A controlled release dosage form in accordance with 
claim 4 in which the beads are contained in a pharmaceuti 
cal carrier adapted for internal administration. 

7. A controlled release dosage form in accordance with 
claim 6 in which the carrier is a gelatin capsule. 

8. A sustained release dosage form for internal adminis 
tration comprising a plurality of solid beads and ruptur 
able plastic, non-toxic, insoluble, non-digestible ?lm coat 
ing for each of the beads, the beads each consisting es 
sentially of Water-swellable colloid containing medica 
ment uniformly distributed through the colloid, the in 
dividual coatings being inert to gastrointestinal fluid and 
Water-permeable, the water-permeability of said coatings 
being selected in a progressive series over a predetermined 
range, such that on prolonged exposure to gastrointestinal 

10 

15 

20 

14 
?uid diffusion of water takes place inward through the 
individual coatings at selected varying rates into the re 
spective beads causing each bead to swell at a rate corre 
sponding to the inward Water diffusion and to build up 
pressure exceeding the cohesive strength of its coating 
thereby resulting in serial outward rupture of the several 
coatings and substantially immediate and total release of 
medicament from each bead. 

9. A sustained release dosage form in accordance with 
claim 8 in which the beads are contained in a pharmaceu 
tical carrier adapted for internal administration. 

10. A sustained release dosage form in accordance with 
claim 9 in which the carrier is a gelatin capsule. 
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