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This invention relates to a tablet having a slow pro 
tracted medicinal effect and to a method of making the 
same. 

More particularly, it is an object of my invention to 
provide a tablet and method of the character described 
which are such that the tablet after ingestion, i.e., after 
being swallowed, experiences a time-controlled slow dis 
integration, so that an active medicinal ingredient or in 
gredients uniformly and ?nely dispersed throughout the 
tablet is continually discharged for assimilation by the 
patient. 

It is another object of my invention to provide a tablet 
and method of the character described which make the 
taking of medication more convenient. 

It is another object of my invention to provide a tablet 
and method of the character described which are such 
that a single tablet taken in the morning, for example, 
will relieve the patient entirely of the necessity of carry 
ing a supply of medication with him during the day and 
also of the necessity of remembering to take the medica 
tion at prescribed intervals. 

It is another object of my invention to provide a tablet 
and method of the character described which will pro 
vide a more uniform therapeutic response than can be 
achieved with doses taken at intervals. Customarily, 
medication is taken at widely spaced times and this re 
sults in an intermittent response characterized by an in 
crease in intensity of action each time the medication is 
taken followed by a falling off of action after each dose. 
In accordance with the present invention, however, this 
is avoided, and the action of the tablet is more uniform. 

It is another object of my invention to provide a tablet 
and method of the character described which will reduce 
the manufacturer’s costs and will enable any kind of ac 
tive ingredient to be used therewith. 

It is another object of my invention to provide a tablet 
and method of the character described which lend them 
selves to manufacture by comparatively unskilled labor 
and which do not require the use of special equipment. 

It has been proposed heretofore to provide medication 
having an extended effective period although taken at a 
single dose. Such medication constituted many individ 
ual small particles of an active ingredient which were 
covered with coatings requiring different times for dissolu 
tion, so that after ingestion of a large number of mixed 
particles of such character, the release of medication was 
extended over a period of time determined by the varying 
times necessary for the different coatings to dissolve. 
However, such medication customarily had different rates 
of release time depending on the pH of the site in which 
it would dissolve. 

It is another object of my invention to provide a tablet 
and method of the character described which avoid the 
drawback that just has been mentioned. 

Other objects of my invention in part will be obvious 
and in part will be pointed out hereinafter. 
My invention accordingly consists in the combinations 

of compositions and series of steps which will be exempli 
?ed in the tablets and methods hereinafter described and 
of which the scope of application will be indicated in the 
appended claims. 
A medicated tablet conventionally constitutes a solid 
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carrier and a medically active ingredient hereinafter sim_ 
ply referred to as an “active” ingredient. The solid car 
rier ordinarily is inert, that is to say, it usually has no 
medical function, simply serving as a diluent. It is non 
toxic, tasteless and bland, and lends itself to tableting, this 
being a standard operation in which a mass of particles 
of a solid carrier and active ingredient are compacted in a 
die under pressure. 
The present invention distinguishes from conventional 

tableting only in that a different and special solid carrier 
is used. In all other respects, that is to say, in the mixing 
together of the solid carrier and active ingredient or in 
gredients, and in the tableting operation itself, standard 
practice is followed. 

Essentially, my invention consists in the provision of a 
solid carrier which constitutes a homogeneous matrix con 
sisting of a water-soluble material intimately, extensively, 
?nely and thoroughly dispersed in a water-insoluble ma 
terial, the active ingredient being ?nely, intimately, ex~ 
tensively and thoroughly dispersed in the matrix itself. 
Desirably, the two constituents of the matrix are in solid 
solution with one another. It is highly preferred, more 
over, for the matrix to have waxy physical characteristics, 
so that the particles thereof have excellent coherency, 
thus enabling the tablet to maintain its shape, and, fur 
thermore, permitting the tablet to slip off, i.e., readily re 
lease, from the tableting dies. 

In the preferred form of my invention the water-soluble 
ingredient of the matrix constitutes polyethylene glycol or 
a water-soluble fatty acid ester thereof both of these be 
ing waxy, and the water-insoluble ingredient is ethyl cellu 
lose. 

I have found that any of the commercially available 
polyethylene glycols are suitable for the purposes of my 
invention and prefer particularly to use polyethylene gly 
cols ( or the speci?ed derivatives thereof) having an aver 
age molecular weight of between 1,000 and 20,000. A 
suitable water-soluble fatty acid ester of polyethylene gly 
col is a mono or di stearate of polyethylene glycol where 
in the molecular weight of the polyethylene glycol is 
about 6,000. 
Any of the commercially available ethyl celluloses can 

be used which have an ethyoxyl content of from 2.2 to 
2.6 ethyoxyl groups per anhydroglucose unit. The num 
ber of such anhydroglucose units in a chain, that is to 
say, the molecular Weight, has no noticeable effect on 
the operation of my invention, and I have found that 
both high and low viscosity types of ethyl cellulose work 
equally well. 
The ?rst step in the operation of my invention is to 

prepare a base matrix mixture for the tablet. One satis 
factory method of making the same is to dissolve the 
water-soluble ‘and water-insoluble ingredients in a mutual 
volatile organic solvent, and then to evaporate the solvent 
so as to obtain a single homogeneous solid. In this 
solid the two materials, i.e., the water-soluble and the 
water-insoluble constituents, will be intimately,’ ?nely, 
extensively and thoroughly dispersed in one another. 
Thereafter, this homogeneous solid is milled, that is to 
say, reduced to ?ne particles, e.g., 20 mesh. At this stage, 
the matrix material is ready for mixing with the active 
ingredients and tableting. It can be stored for as long 
as desired and is at all times immediately available for 
incorporation in a tablet. 
To make a tablet out of this material, the same is 

mixed with an active ingredient in any desired propor 
tions, depending upon the desired rate of release and the 
desired amount of medication. Preferably, the amount 
of active ingredient does not exceed 40% by weight of 
the tablet and in no case should it exceed 80% by weight. 
The mixing can be accomplished in conventional blend 
ers and mixers, such as are presently employed in phar 
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macgeutical houses. Thereafter, the mixture of the matrix 
material and the active ingredient are tableted in a known 
manner, i.e., between dies and under pressure. In the 
?nished tablet, the active ingredient will be found to be 
?nely, intimately, extensively and thoroughly dispersed 
through the matrix. 
An example of the foregoing method consists in dis 

solving two pounds of polyethylene glycol (molecular 
weight of 6,000) with one pound of ethyl cellulose (2.42 
to 2.53 ethyoxyl groups per anhydroglucose unit, the vis 
cosity ‘being 4 centipoises when determined in 5% con 
centration, using 80% toluene and 20% methanol as a 
solvent) in three gallons of methanol at room tempera 
ture. The solution then is evaporated in a vacuum drier 
at any suitable temperature in order to recover the 
methanol for reuse. If recovery is not desired, the solvent 
can be evaporated into the atmosphere at room tempera 
ture. The resulting homogeneous solid then is milled to 
a ?neness of about 20 mesh. 
An alternate method of making the matrix material 

is to heat the polyethylene glycol or the water-soluble 
fatty acid ester thereof so as to melt the same, and then 
to dissolve the ethyl cellulose in the now liquid material. 
The temperature employed for melting is a few degrees, 
a minimum of 5° C., above the melting temperature for 
the polyethylene glycol or its derivative, e.g., about 60° 
C. When the ethyl cellulose is completely dissolved and, 
preferably, after the mix is stirred, it is permitted to 
solidify by cooling, and it will be found that at such time 
the two materials are as ?nely, thoroughly, intimately 
and uniformly dispersed in one another as in the ?rst 
method above described. Thereafter, the solid is milled 
and used in the manner already set forth. 
-A tablet prepared in accordance with the foregoing 

invention Will, when ingested, be exposed to the ?uids 
present in the alimentary canal. These are water based 
and, therefore, at the solid-liquid interface of the tablet 
and alimentary ?uid a disintegrative process will be 
started by solution or dispersion of the water-soluble 
material, and also a release, therefore, of the water-in 
soluble material in the matrix. This will set free as much 
active ingredient as previously had been bound into the 
tablet by that amount of the water-soluble and waterin 
soluble materials that have left the surface of the tablet. 
In other words, as the surface of the tablet gradually is 
disintegrated by the water present in the alimentary sys 
tern, the active ingredient content will be released into 
the system for assimilation thereby. 

It is pointed out that the rate of disintegration of the 
tablet and, therefore, the rate of release of the active 
ingredient, can be varied by varying the composition of 
the matrix and, in general, the greater the percentage 
of water-soluble material present, the more rapid will be 
the rate of release and vice versa. I have found it quite 
simple to prepare matrices of different compositions which 
will give times of disintegration ranging from one hour 
to twenty-four hours for a single conventionally-sized 
tablet. As an example, a 1%" diameter tablet with oval 
sides containing ?ve grains of matrix consisting of 55% 
ethyl cellulose and 45% polyethylene glycol, with a 
molecular weight of 6,000, prepared at a typical tableting 
compression force of 35 tons per square inch, will slowly 
disintegrate over a period of about four hours, it being 
then fully disintegrated. By varying the proportions to 
50% ethyl cellulose and 50% polyethylene glycol (mo 
lecular weight 6,000), the time required for complete 
slow disintegration is about 2 hours. Conversely, by 
changing the amount of ethyl cellulose to 60% and the 
amount of polyethylene glycol of the same molecular 
weight to 40%, the time for complete slow disintegration 
is about 6 hours. If the amount of ethyl cellulose is 
65% and that of polyethylene glycol is 35%, the time 
for complete slow disintegration is about 9 hours. 

It also will be appreciated that the time span of dis 
integration may be extended or shortened bymaking the 
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weight of the tablet larger or smaller as the case may 
be, or by changing the shape of the tablet, the disintegra 
tion time being a function of the ratio of surface area 
to volume. t 

It further will be appreciated that any known type of 
active ingredient can be utilized, examples thereof being: 
racemic amphetamine sulfate, dextroarn-phetamine sul 
fate, erythrityltetranitrate, digitoxin, acetyl salicylic acid, 
sodium penicillin, dihydrostreptomycin, pentobarbital, 
tolbutamide, aminophylline, antazoline hydrochloride, 
pyrilamine 'maleate, alkaloids of belladonna, bethanechol 
chloride, caffeine, codeine sulfate, morphine sulfate, col 
chicine, cortisone, meprobamate, tolazoline hydrochloride, 
reserpine, quinidine sulfate, quinine sulfate, pilocarpine 
hydrochloride progestrone, dienestrol, diethyl carbama 
zine citrate, ephedrine sulfate, ergonovine meleate, 
ethisterone, predisone, isoniazid, mercurophylline, meth 
yltestosterone, propylthiouracil, and neostigmine bromide. 
The foregoing, before incorporation into the tablet, are 
powders. However, it even is within the scope of my 
invention to utilize liquid active ingredients, e.g., nitro 
glycerine, provided that the same are present in suffi 
ciently small proportions to permit tableting. 
As noted above, ‘I prefer not to have the amount of 

active ingredient exceed 80% by Weight of the tablet. 
However, this percentage can be made as small as is 
wanted, depending, as Will be appreciated, upon the de 
sired rate of release of the active ingredient and the total 
amount present in any one tablet. 

It also will be appreciated that the active ingredient 
may itself be carried in an inert base, particularly when 
very tiny amounts thereof are to be utilized, or when the 
active ingredient normally is supplied in such manner by 
chemical and pharmaceutical manufacturing concerns. 
A typical example of a tablet embodying my inven 

tion is 5 mgs. of dextroamphetamine sulfate together 
sufficient of the matrix to make up 5 ‘grains (325 mgs.), 
the matrix consisting of 65 % by weight of ethyl cellulose 
and 35% by weight of polyethylene glycol. The tablet 
is compressed at 35 tons per square inch and has a di 
ameter of 3A; of an inch. 
Another example is a tablet of the same weight, 5 

grains, the same size, and similar compression, contain 
iug 100 mgs. of pyrilamine maleate together with a su?i 
cient quantity of the same matrix as used in example 1 
to make up the 5 grain-s. 

Still another example is a tablet of the same size, weight 
and compression, containing 2 mgs. of dienestrol to 
gether with enough of the same matrix to make up 5 
grains. 
A further example is a tablet of the same weight, size 

and compression, containing 0.5 mg. of reserpine to 
gether with enough of the matrix to make up to 5 grains. 

Still another example is a tablet containing 200 mgs. 
of quinidine sulfate together with enough of the same 
matrix to make up an 8 grain tablet. Due to the size of 
the tablet, the same is 1/2 inch in ‘diameter and is com 
pressed to the same extent as aforesaid. 
The matrix materials of my invention not only are 

non-toxic, bland, inert, palatable, and ingestible in the 
human system without any ill effects, but they can be 
stored for protracted periods of time without experi 
encing any chemical or physical deterioration. 

Because the release of the active ingredient takes place 
by solution or dispersion at the surface of the tablet, and 
because the surface initially is largest directly following 
ingestion, the initial release of active ingredient is the 
fastest, and thereafter the rate of release gradually de 
creases. This is particularly desirable because it enables 
a rapid achievement of a therapeutic level of medication 
to be obtained, followed by a slowly decreasing rate of 
release which approximates the rate at which the body 
eliminates the medication. 

It will be apparent that my novel matrix can be incor 
porated in standard tableting procedures without requir 
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ing the skilled help and special machinery that are neces 
sary in varying the coatings on particles of active ma 
terial, and that with very little additional expense, I can 
prepare a single tablet that, although taken only once a 
day, will give a steady substantially uniform release of 
active material for a rather long period of time. In addi 
tion to the foregoing, due to the fact that the disintegra 
tion of the tablet employing my new matrix is achieved 
by exposure to a water based liquid, the disintegration is 
substantially unaffected by the pH of such liquid. Thus, 
despite the ‘fact that the tablet may be traversing almost 
the entire length of the alimentary canal, the rate of 
release of the medicament will not vary. In this respect 
the tablet differs from some conventional tablet-s which 
are specially coated to provide release only in regions 
of certain pH’s and which, after they travel past such 
regions, will have no bene?cial effect. However, it will 
be understood that, if desired, a tablet embodying my 
invention can be coated to prevent release of medica 
ment initially and to permit start of release only at some 
certain part of the alimentary canal. 

It thus will be seen that I have provided tablets and 
methods of making the same which achieve the various 
objects of my invention and are well adapted to meet 
the conditions of practical use. 
As various possible embodiments might be made of 

the above invention and as various changes might be 
made in the embodiments above set forth, it is to be 
understood that all matter herein described is to be in 
terpreted as illustrative and not in a limiting sense. 
Having thus described my invention, I claim as new 

and desire to secure by Letters Patent: 
1. A solid compressed tablet having a slow protracted 

medicinal effect, said tablet consisting of a matrix and an 
active ingredient, said matrix essentially constituting a 
solid solution of solid ethyl cellulose in a solid material 
selected from the class consisting of polyethylene glycol 
and water-soluble mono and di fatty acid esters thereof, 
said active ingredient being intimately, ?nely, extensively 
and thoroughly dispersed throughout said matrix, whereby 
when the tablet is ingested, the water based liquids in the 
alimentary canal will form a liquid-solid interface, with 
the surface of the tablet, whereupon the surface of the 
tablet will gradually be disintegrated by solution of the 
solid material selected from the class consisting of poly 
ethylene glycol and water-soluble mono and di fatty acid 
esters thereof in the alimentary water-based liquids with 
the consequent release of the solid ethyl cellulose and of 
the active ingredient so that the tablet will slowly disinte 
grate at its surface to slowly and continually release the 
active ingredient at the said surface into the alimentary 
canal over a period of several hours and so that because 
the rate of release of the active ingredient is proportional 
to the surface area of the tablet and because the surface 
area of the tablet continually decreases in size the rate 
of release of the active ingredient slowly decreases. 

2. A solid compressed tablet having a slow protracted 
medicinal effect, said tablet consisting of a matrix and 
an active ingredient, said matrix essentially constituting 
a solid mutual solution of solid polyethylene glycol hav 
ing a molecular Weight of between 1,000 and 20,000 and 
solid ethyl cellulose having an ethyoxyl content of from 
2.2 to 2.6 ethyoxyl groups per anhydroglucose unit, said 
active ingredient ‘being intimately, ?nely, extensively and 
thoroughly dispersed throughout said matrix, whereby 
when the tablet is ingested, the water-based liquids in the 
alimentary canal will form a liquid-solid interface, with 
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the surface of the tablet, whereupon the surface of the 
tablet will gradually be disintegrated by solution of the 
solid material selected from the class consisting of poly 
ethylene glycol and water-soluble mono and di fatty acid 
esters thereof in the alimentary water-based liquids with 
the consequent release of the solid ethyl cellulose and of 
the active ingredient so that the tablet will' slowly disin 
tegrate at its surface to slowly and continually release 
the active ingredient at the said surface into the ali 
mentary canal over a period of several hours and so that 
because the rate of release of the active ingredient is 
proportional to the surface area of the tablet and because 
the surface area of the tablet continually decreases in size 
the rate of release of the active ingredient slowly de 
creases. 

3. A solid compressed tablet having a slow protracted 
medicinal effect, said tablet consisting of a matrix and an 
active ingredient, said matrix essentially constituting a 
solid solution of a solid fatty acid ester of a polyethylene 
glycol having a molecular weight of ‘between 1,000 and 
20,000 and solid ethyl cellulose having an ethyoxyl con 
tent of from 2.2 to 2.6 ethyoxyl groups per anhydroglucose 
unit, said active ingredient being intimately, ?nely, exten 
sively and thoroughly dispersed throughout said matrix, 
whereby when the tablet is ingested, the water-based 
liquids in the alimentary canal will form a liquid-solid 
interface, with the surface of the tablet, whereupon the 
surface of the tablet will gradually be disintegrated by 
solution of the solid material selected from the class con 
sisting of polyethylene glycol and Water-soluble mono 
and di fatty acid esters thereof in the alimentary water 
based liquids with the consequent release of the solid 
ethyl cellulose and of the active ingredient so that the 
tablet will slowly disintegrate at its surface to slowly and 
continually release the active ingredient at the said sur 
face into the alimentary canal over a period of several 
hours and so that because the rate of release of the active 
ingredient is proportional to the surface area of the tablet 
and because the surface area of the tablet continually de 
creases in size the rate of release of the active ingredient 
slowly decreases. 
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