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This invention relates to pills which sustain medication 
of the alimentary canal over extended periods of time. 

Medication for the purposes of combating diseases, 
acting on the nervous system or affecting the body in 
any manner may be accomplished orally or by injection. 
The oral method is preferred in most instances because 
it enables self-medication of the patient. 

Oral medication may take the form of powders, tablets, 
capsules, pills and the like. Because of the strong taste 
of many medicaments and the necessity for releasing 
them within selected portions of the alimentary canal; 
i.e., the stomach and intestines, pills are favored for 
medication in many circumstances. Generally pills have 
been formed by protecting a medicament with a desired 
coating to facilitate ingestion and passage into the ali 
mentary canal. The coating used was chosen to effect 
medication of a desired portion of the alimentary canal. 
When medication of the stomach was desired, the coat 
ing was formulated to resist ?uids encountered in the 
mouth and during passage into the stomach. The gastric 
?uids there encountered disintegrated the coating and 
rapid dissolution of the medicament followed. 
When it was necessary to release medicament in the 

intestines, so-called enteric coatings una?ected by stomach 
?uids were used to ensure passage of such medicament 
through the stomach to the intestines. Such enteric coat 
ings when immersed in intestinal ?uids were attacked 
and disintegrated or destroyed and the medicament quickly 
released. I 

Sudden release or dumping of large quantities of 
medicament into the alimentary canal is most undesir 
able. First, the body cannot absorb large quantities of 
medicament in a short interval and much will be wasted. 
Second, and of greater concern, release of too great a 
quantity of medicament can place the patient in a condi 
tion of shock, and cause injurious side effects. ’ 

Attempts ‘to provide sustained medication in the gastro 
intestinal tract have included the use of great numbers 
or‘ individual granules or pillets coated to release 
medicament at varying times. Di?icultie‘s have been 
encountered because of the necessity of timing the gran 
ules to release over a long period. If an excessive 
num er of granules released medicament simultaneously 
‘rather than sequentially, overdo-sage resulted rather than 
a sustained therapeutic effect. , 

Pills have also been ‘used ?rst to release medicament 
in the stomach and then, after being passed to the intes 
tines, to provide medication therein. The time a pill 
remains in the stomach varies greatly and may be from 
under one-half hour to two or more hours. If a pill 
is designed to release medicament into the stomach a 
few minutes after ingestion with the assumption that 
it will ‘be passed along in an hour to the intestines to 
release further-medicament, and the pill is thereupon 
passed within one-half hour to the intestines, the patient 
may be subjected to a double dose with injurious results‘. 
On the other hand, if the pill is retained in the stomach 
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for two hours and then passed to the intestines, the time ‘ 
interval between release in the stomach and in. the 
intestines may be so great as to provide an interval 
without medication. 

In an attempt to remedy this situation, pills have been 
designed to release medicament in the stomach about 
one-half hour after ingestion. If such pills arev passed 
into the intestines before release of the stomach dose, a 
double dosage of medicament is released directly to the 
intestines with possible bad e?ects on the patient. 7 
The present invention provides pills which release 

medicament in the alimentary canal over a wide range of 
desired periods to sustain medication for long intervals. 
Such release enables the body to absorb and use far 
greater percentages‘ of the medicament than if single 
larger ‘doses were administered, thereby greatly increas 
ing the etliciency of medication. Moreover, ‘sustained 
medication of the alimentary canal eliminates injurious 

- side effects resulting from the dumping of large quantities 
of medicament into the system. The impact of the drug ‘ 
is not made on the body during a relatively short inter 
val, as in the past, but is distributed over the period ‘of 
its release, thereby facilitating use of the drug by the 
system. 

Sustained medication pills in accordance with ‘the 
principles of the present invention are formed of layers 
of medicament separated by control coatings. Each 
coating includes a porous membrane, initially having a 
substance closing its pores, to control the flow of ali 
mentary ?uids therethrough to the medicament. The 
time each coating withstands the ?uids before becoming 
porous and the rate of flow of ?uids through the coating 
is determined by its composition and the manner in 
which it is formed on the medicament layers. More 
over, the time over which medication must be sustained 
determines the number of layers of medicament and the 
number of control coatings or membranes interposed 
between such layers. ‘ ' 

Upon subjection of the sustained action pill ‘to ali 
mentary ?uids, the material closing the pores is gradually 
removed and ?uids ?owing through the resultant perme 
able membrane leach medicament therethrough. Before 
complete dissolution of one medicament layer, the next 
coating is wetted by the fluids to initiate opening of its 
pores. During the release of medicament, ‘the control 
coating or membrane remains intact until at least the 
medicament thereunder is dissolved and passed vinto the 
alimentary canal. ' 

One form of sustained action pill according to the 
‘invention provides medication in both the stomach and 
intestines. The coating used in the stomach is of va 
different composition from that used in the intestines, 
due 'to the acidity of the stomach and alkalinity of the 
intestines. This pill medicates the stomach while it 
remains therein. Passage of the pill to the intestines re 
sults in dissolution of the stomach coating or coatings 
by the intestinal ?uids which then initiate leaching of 
‘the remaining layers of medicament through the in 
testinal control coatings into the intestines. The ‘?rst 
medicament released may stimulate the stomach to 
empty into the intestines, and such’ pill may then act ‘as 
as a laxative in the intestines. The pill ‘bars ‘exposure 
of the two different drugs to each other which precludes 7 
their reaction. 
When it is desirable to release medicament only to 

‘one portion of the alimentary canal, for example the 
intestines, a plurality of layers of medicament are ’sepa~ 
rated by coatings unaffected by acid stomach ?uids but 
which form permeable vmembranes to release medicament 
in the intestines over extended periods.' 

In many instances it is advantageous to incorporate 
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a number of the inventive pills into a capsule, larger pill‘ 
or tablet. A patient may then ingest a selected num 
ber of sustained action pills in convenient form, the 
small pills or pillets medicating the gastro-intestinal tract 
over an extended period. 

These and further objects and advantages of the pres 
ent invention will be more readily understood when the 
following description is read in connection with the ac 
companying drawings, in which: 

Figure l is an elevation, partially broken away, of a 
pill formed in accordance with the present invention; 

Figure 2 is a view in perspective, partially broken away, 
of a tablet containing a plurality of the pills of Figure 1; 

Figure 3 is an elevation of a larger pill, partially 
broken away, containing a plurality of the pills of Fig 
ure' 1; and , ’ - ' ' ' 

,.:.";Figure'4'is an elevation of a capsule, partially broken 
away, co'ntaining'a plurality of sustained action pills. 

, Referring to an illustrative embodiment of the inven 
tion with referenceto Figure l, a pill 10~is formed of 
aplurality of layers of medicament separated by control 
coatings. An outer layer of medicament 11 for medica 
[tion of the alimentary tract surrounds the pill 10. A 
sugar coating or thin polished wax layer may be placed 
over the layer 11, if desired, in accordance with con 
vventional practice in the pill manufacturing art. 
The term “medicament” used herein refers to any sub 

stance that it may be desirable to release for medica 
tion in the gastro-intestinal tract for‘ any purpose. For 
example, pills formed in accordance with the invention 
may’ include antibiotics such as the following: penicillin, 
Tetracycline, Terramycin, Aureomycin and Chloro 
_mycetin; sedatives and hypnotics, as follows: penta 
rbarbital sodium, phenobarbital, secobarbital sodium, 
codeine, Bromisovalum, carbromal and sodium pheno 
barbital; hypotensives and vasodilators, as follows; penta 
erythritol, erythrityl tetranitrate and nitroglycerin; amines 
‘as follows: dl amphetamine sulfate and dextroampheta 
mine sulfate; hormones as follows; Dienestrol, Diethyl‘ 
,stilbestrol, Methyltestosterone and Progesterone; corti 
sone; vitamins; and tranquilizers as follows; reserpine, 
chlorpromazine hydrochloride and thiopropazate hydro 
chloride. 

4 Immediately beneath the layer 11 is a coating or con 
trol membrane 12 to control the ?ow of alimentary ?uids 
to?a medicament layer 13. The coating 12 consists of a 
thin composite membrane including pores initially closed 
by a suitable substance. Alimentary ?uids act on the 
coating to remove after a period of time suf?cient 
amounts of the closure substance from the pores to render 
the coating permeable. The resulting permeable mem 
brane controls the ?ow of alimentary ?uids to the medica 
ment layer 13. Such ?uids dissolve the medicament and 
leach it out of the pill 10 through the permeable mem 
brane. ' 

The coating 12 must be tough enough to withstand 
agitation and abrasion in the alimentary canal without 
rupturing which would permit sudden release of the me 
dicament layer 13. Instead of sudden release by the pill 
10 of all of its active ingredients into the alimentary tract 
within a minute or two after exposure to alimentary ?uids 
ingthe manner of ordinary pills, which use protective 
coatings that disintegrate or rupture before or during 
release of the medicament, the control coating 12 remains 
intact after its pores have been opened to control release 
of medicament from, the single layer 13. - ' 

Before the layer 13 is wholly leached through the per 
meable membrane, formed from the coating 12, into the 
gastro-intestinal tract, the alimentary ?uids wet a further 
coating 14 and initiate removal of its pore sealing sub 
stance to render it permeable. Fluids passing through 
the coatings 12 and 13 then leach medicament out of a 
further layer 15. Inthis manner medication of the 
gastro-intestinal tract by the pill 16 may be suattlilled 

_ 2,928,770 

10 

15 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

70 

75. 

over any desired period limited only by the length of 
time the body retains the pill. ' 

Extensive use has been made of membranes that pro 
vide controlled release of medicament .in the alimentary 
canal for about one hour. For example, the membrane 
withstands ?uids for about 45 minutes before becoming 
permeable and then provides release of medicament for 
about 15 minutes. Accordingly, if six layers of medica 
ments are separated by one hour control coatings, such 
pill will provide effective medication of the alimentary 
canal for about 6 hours. As pointed out hereinafter, 
by suitably varying'the composition and thickness of the 
coatings’and the manner of'forming such coatings, re 
lease of medicament may be controlled by each coating 
for greater or lesser periods. 
Assuming the use of control coatings or membranes 

in the pill of Figure 1 that each provide medication for 
one hour, subsequent to dissolution of the outer layer 
11 .of the. pill 10 the ?ve coatings will provide release 
ofthe ?ve medicament layers during a 5 hour period. 
Formation of the permeable vmembrane after the ali~ 

mentary ?uids wet thecoating appears to follow a swell 
ing action of the ?lm or membrane material together 
with a softening, weakening and at least partial dissolu 
tion of the pore closure substance. Such swelling seems 
to break the softened closure substance out of the mem~ 
brane pores. Body temperatures‘ apparently assist this 
action. The coating 12, after exposure to alimentary 
?uids, has the physical characteristics of a very ?ne mesh 
screen which passes alimentary ‘?uids in con-trolled fash 
ion to the medicament. Moreover, the coating 12 re‘ 
mains intact and functions to control the passage of ali 
mentary fluids at'leastuntil its corresponding medicament 
layer is released to the alimentary tract. Sudden release 
of medicament and overdosage is thereby avoided. 

Tests have shown that medication is much more effi 
cient and effective when applied over an extended pe 
riod. The body absorbs a far greater percentage of 
medicament released in this manner than if the same 
amount of medicament found in the several layers of the 
pill were dumped suddenly into the alimentary canal. 
Moreover, dumping or sudden release of medicament can 
shock the system and'res'ult in serious side effects. 

If medication of the stomach and intestines is re 
quired, the pill ‘10 of Figure 1 may be formed of me 
dicament and coatings for use in the acid ?uids of the 
stomach and the alkaline ?uids of the intestines. The 
medicament layer 11 will be released immediately to 
the stomach ‘or, if omitted,’ as is often the case, gastric 
juices wetting the coating 12 will open its pores and the 
resultant permeable membrane will control ?uid ?ow 
to the medicament layer 13. For example, the coating 
12 may comprise _a porous ?lm of ‘cellulose acetate phthal 
ate (obtainable from Eastman Kodak Co. in powder 
form and mixed andcoated as set forth hereinafter) 
together with beeswax- blocking its pores. 
To form an exemplary coating 12, a solution may be 

prepared from cellulose acetate phthalate and beeswax 
in a vehicle of acetone in such proportions that a thin 
coating on the medicament will, after immersion in 
stomach ?uids, form a permeable membrane controlling 
the'?ow' of‘ ?uids therethrough. The medicament 13 
beneath the permeable membrane is subsequently leached 
through the membraneinto the stomach while the mem 
brane remains intact. _ 
For example, a ?lm comprising from 80% to 95% by 

weight of cellulose acetate phthalate and from 5% to 
20% by weight of beeswax has been found to provide a 
satisfactory membrane 12. Such coating may be pre 
pared by dissolving those components in a solvent such 
as acetone. ‘The solution may also contain, in place of 
beeswax, carnuba wax, for example from‘ 10 to 30%. 
The cellulose acetate phthalate~wax solution is then 
coated on the medicament layer 13 as described in detail 
hereinafter to form a coating controlling the release or 
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‘medicament. The coating 12- is very thin having the 
approximate thickness of thin onionskin paper. 
An ‘exemplary cellulose acetate phthalate solution comf 

prises 300 grams of cellulose acetate phthalate and 30 
grams of beeswax dissolved in 1500 cc. of acetone, the 
resulting solution being disposed on the medicament 
layer 11 by conventional coating methods to form the 
control coating 12. The solids concentration of the 
coating solution may be varied to determine, to some 
extent, the thickness of the coating 12. Moreover, the 
number of times the solution is coated on the pills also 
determines the coating thickness. In turn, the coating 
thickness is one factor determining the timing of release 
of medicament by the stomach ?uids. The thicker the 
coating, the longer it will withstand the stomach ?uids 
before becoming permeable and releasing medicament 
in a controlled manner to the stomach. Such release 
also depends on the composition of the coating, the solu 
bility of the medicament and the manner of applying 
and heat treating the coating. 

In use, the pill 10 is ingested into the stomach and the 
outer medicament layer 11 dissolves rapidly in four or 
?ve minutes. The outer layer 11 may be omitted if the 
pill must reach deep within the stomach before release 
of medicament. Exposure of the coating 12 to gastric 
juice causes swelling of the cellulose acetate phthalate 
film and the softened wax is accordingly broken out of 
its pores. Stomach ?uids pass through the permeable 
membrane, dissolve the medicament 13 and leach it out 
of the pill 10 for medication of the stomach. V 

In controlling release of the medicament layer 13, 
the coating 12 impedes the ?ow of stomach ?uids and 
maintains medicament release for a longer interval than 
if the layer 13 were exposed directly to stomach ?uids. 
For example, medicament may be released from the pill 
for a 15 minute period following a 20 minute period of 
exposure to stomach ?uids. In addition, the coating 12 
is tough enough to withstand agitation and abrasion in 
the stomach. 

It has been found that, other factors being equal, if the 
percentage of beeswax in the coating solution is increased, 
the period that the control coatings withstand exposure 
to stomach ?uids before becoming permeable is decreased 
while a decrease of the amount of wax in the coating 
solution results in the opposite effect. 

Preferably, the control coating 12 and any further 
coatings that may be used to release medicament in the 
stomach are formed of materials that will dissolve in 
the alkaline intestinal tract when the pill proceeds to 
the intestines from the acid stomach. Upon entry into 
the intestines, a second type of control coating or mem 

' brane 14 is exposed to the ?uids therein, such coating 
also forming a permeable membrane to control the ?ow 
of intestinal ?uids therethrough to provide medication 
in the intestines. H ‘ 

A‘n exemplary coating 14 is formed of ethyl cellulose 
and shellac in such proportions that a thin coating be 
comes permeable by intestinal ?uids. A coating com 
prising about 70% to 95% by weight of ethyl cellulose 
and about 5% to 30% by weight of shellac, for example, 
provides satisfactory results. These percentages are 
varied in accordance with the time the membrane must 
withstand the intestinal ?uids, the coating thickness, the 
solubility of the medicamentand the heat treatment of 
the pills as described hereinafter. In some instances the 
percentages may fall outside of those speci?ed which 
are not to be taken as critical. Such control coatings 
may be prepared by dissolving these components in a 
vehicle such as alcohol. The resulting ethyl cellulose 
solution may then be coated by conventional methods on 
the pill 10 over a layer of medicament 15 intended for 
release in the intestines, the membrane being very thin as 
described in connection with the coating 12‘. I 
~ As‘ a speci?c example of an ethyl cellulose solution, 
‘300 grams of ethyl cellulose and 30 grams‘ of shellac 
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may be dissolved in 3000 cc. of alcohol and the resulting 
‘solution coated on a layer of medicament 15 such as 
potassium penicillin or tetracycline to form the control 
coating 14, as described in detail hereinafter. I 

. The coating 14 will be exposed to the stomach ?uids 
after the layer 13 has been dissolved, if the pill 10 has 
not yet passed to the intestines. vHowever, the ethyl 
cellulose and shellac coating 14 is unaffected by such 
?uids so that the medicament layer 15 therebeneath will 
be passed into the intestines without being affected in 
the stomach. 

After being wetted by intestinal ?uids, removal of the 
pore closing shellac of the control coating 14 is initiated 
and intestinal ?uids then ?ow through the resulting 
permeable membrane to leach the medicament layer 15 ‘ 
into the intestines in a controlled manner. 
The proportion of shellac in the coating 16 is one 

factor that determines the rate at which medicament will 
be released from the layer 15. The thickness of the 
coating 16 and heat treatment of the pill also are factors 
in such release. Thus, other factors being equal,‘ a 
greater percentage of shellac decreases the periodlthat 
the coating will withstand the intestinal ‘?uids before 
becoming permeable while a thicker control coating in 
creases that period. ' 

The coating 14 must also have characteristics enabling 
it to withstand considerable agitation and abrasion as it 
travels through the intestinal tract. Ethyl cellulose is 
admirably suited to perform this function since it affords 
a tough resilient skin on the pill 10 in the intestines. 

Prior to complete dissolution of the medicament layer 
15, intestinal ?uids wet the next control coating 16, s’imié 
lar to the coating 14, and opening of its pores for pene 
tration by the intestinal ?uids to the medicament 17 
therebelow is initiated. The time which the control coat 
ing 16 is designed to withstand the intestinal ?uids before 
becoming permeable depends on the absorption charac 
teristics of the medicament. If the drug in the pill 10 
is absorbed quickly and then has a therapeutic‘ effect for 
one hour, for example nitroglycerin, the coating 16 may 
be designed to initiate release of a medicament layer 17 
within one hour after the intestinal ?uids wet the control 
coating. With such drugs a fairly large number of layers 
of active material, for example ten layers, separated by 
control coatings may be used to sustain medication over 
about a 10 hour period with proper heat treatment of 
the pills as described hereinafter. 
_ On the other hand, if a drug absorbed slowly by the 
intestines maintains its therapeutic effect for several 
hours, for example potassium penicillin, the control coat 
ing 16 may be designed to withstand intestinal ?uids for 
several hours before becoming permeable to intestinal 
?uids. Thus, such a-coating would use less shellac, be 
thicker, and heat treated in a manner to insure such . 
function. With drugs having longer lasting therapeutic 
effects, it is apparent that a lesser number of layers need 
be provided since the release of medicament from one 
layer will provide medication for several hours. For ex 
ample, it has been found that ‘a pill incorporating two 
layers of potassium penicillin separated by a control 
coating designed to withstand intestinal ?uids about seven 
hours provides medication in excess of sixteen hours. 

Returning to the pill 10‘ shown in Figure 1, medication 
of the intestines provided by the medicament layer 17‘ 
is then sustained due to the release of further quantities 
of medicament 19 and 21 through further control coat 
ings 18 and 20 in timed sequence. If each coating pro 
vides therapeutic effects for about one hour, the pill 10 
illustrated will be effective for at least 6 hours. Any 
greater or lesser number of medicament layers and per-v 
meable coatings may be used so that the inventive pill 
may provide medication and therapeutic effects for any‘ 
desired period. In that regard, the length of time pills 
remain in the intestines ranges from a period of about 
4 hours to a period in excess of 16' hours. 
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The coatings 14, 16, 18 and 20 become permeable 
membranes after exposure to intestinal ?uids but remain 
intact throughout the period of release of the medicament 
layers therebeneath to control medication of the intes 
tines. In contrast, known enteric coatings rupture or 
disintegrate after exposure to intestinal ?uids and, accord 
ingly, medicament in relatively large quantities is dumped 
into the intestinal tract at one time. 
A further exemplary coating that may be utilized to 

sustain medicament release in the alimentary tract in 
cludes ethyl cellulose and polyethylene glycol. For ex 
ample, 100 grams of ethyl cellulose and 3 grams of 
polyethylene glycol (Carbowax No. 6000 for example) 
may be dissolved in 1000 cc. of alcohol and the resulting 

. solution coated in a conventional manner on a plurality 
of layers of chloroprornazine, for example, in a pill to 
provide sustained medication in the intestinal tractas 
described above. ’ Such coatings when heat treated as 
speci?ed hereinafter and exposed to intestinal ?uids ini 
tially inhibit for a period and then control the ?ow of in 
testinal ?uids to the medicament layers therebeneath 
and in such manner sustained medication and therapeutic 
e?ects for desired periods. 

Since pills remain in the intestines for much longer 
periods than in the stomach, release of drugs and medi 
cation may continue over longer periods inthe intestines 
than in the stomach so that ordinarily, a greater number 
of medicament layers, separated by intestinal ?uid con 
trolling coatings, are used when medication over extended 
periods is desired. ' 

Tests of 180 patients have shown that the average 
time a pill remains in the stomach is approximately 47 
minutes. A single permeable membrane provided by the 
invention has been found to withstand stomach ?uids for 
any fraction of that period and then to become perme 
able and release medicament so that it is not necessary 
ordinarily to employ more than one coating to release a 
single medicament to the stomach. However, in the, 
event two or more medicaments must be released se 
quentially in the stomach, two or more coatings each 
providing release for about 10 minutes at 20 minute in 
tervals, for example, may be coated over layers of medi 
cament to provide such sequential release pills. 

x The invention can be illustrated by the ‘following ex 
‘amples: 

EXAMPLE Iv 

Step 1.—Mix 2.5 gm. of dextroamphetamine sulfate 
with 100 gm. of powdered sugar (dextrose). Moisten 
this mixture with =10 cc. of water and thoroughly dry 
at a temperature at 80° F. To this mixture add 2.5 gm. 
of magnesium stearate (for lubrication to prevent stick 
ing during compression) and compress into 1000 spheri 
cal cores or pillets each weighing 105 mg. with a di 
ameter of %2". 

Step 2.—Prepare a solution A, which will provide a 
coating resistant to stomach ?uids and permeable after 
exposure by intestinal ?uids, by mixing 5 gm. of ethyl 
cellulose, 1 gm. of shellac and 94 cc. of methyl alcohol. 
Prepare a solution B, which provides a coating perme 
able after exposure by stomach ?uids, by mixing 5 gm. 
of cellulose acetate phthalate, 1 gm. beeswax and 94 cc. 
acetone. . 

Step 3.-Rotate the pillets formed by step i in a coat 
ing pan while adding 5 cc. of solution A. During such 
coating maintain the temperature at the pill surfaces be 
tween 90“ and 100° F. After allowing the pills to dry 
for 15 minutes at room temperature, add another 5 cc. 
of solution A while rotating the pills in the coating pan 
at the same temperature. Each coating or membrane 
thus formed will withstand intestinal ?uids for about 45 
minutes and release a layer of dextroamphetamine sul 
fate over a period of about 15. minutes, depending on 
the ?nal heat treatment, as stated in step 7. 
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Step 4.—Dissolve 2.5 ‘gm. of dextroamphetamine sul 
fate and 22.5 gm. of powdered sugar (dextrose) in 
200 cc. of water and 100 cc. of methyl‘ alcohol, mix 
well and apply to the pills in a coating pan to provide 
a medicament layer about 1434" thick. Allow the pills 
to dry for a period of about thirty minutes. Each pill 
will now weigh 130 mg. . 

Step 5.—Repeat steps 3 and 4 a total of three times. 
Each pill will now weigh 180 mg. ' 

Step 6.-—While rotating the pills in a coating pan add 
5 cc. of solution B while maintaining the temperature 
at the pill surfaces between 90° and 100° F., allow to 
dry andvthen add another 5 cc. of solution B. The coat-, 
ing or membrane thus formed will withstand stomach 
?uids for about 45 minutes and then release through it's 
opened pores the dextroamphetamine sulfate for about 
'15 minutes depending on the'??nal heat. treatment. ‘Dis 
solve 2.5 gm‘. of dextroamphetaminesulfate and 22.5 
gm. of powdered sugar (dextrose) in 200 cc. of water 
and 100 cc. of methyl alcohol, mix well and apply about 
a 1,454" layer to the pills in a coating pan. Each pill will 
now weigh 205 mg. 

Step 7.—-Place the pills in an oven maintained at 97° 
to 98° for heat treatment for a period of 4 hours. 

S'rep 8.-Coat the pills with 1 pint U.S.P. syrup con 
taining 100 mg. red color until a weight of 299.5 mg. 
is reached. Then polish the pills with a solution of .25 
gm. of beeswax, .25 gm. of carnuba wax in 10 cc. of 
acetone. Each pill will now Weigh 300 mg. 
The pills formed in accordance with Example I will 

provide continuous therapeutic effects for ‘about 6 to 
7 hours due to release of medicament in the stomach 
over about a 2 hour period and in the intestines over 
about a 4 to 5 hour period. In other words, although 
there are only 4 layers of medicament (including the 
center pillet) released in the intestines, the sequence of 
release in the intestines is such that it will beabout 4 
hours (6 hours if the stomach period is included) be 
for substantially all of the material is‘released. Of 
course, absorption and therapeutic effects continue for 
some time after the release of the drug is completed. 

If a slower release of medicament is desired, the pills 
may be heat treated for 6 or 8 hours and medication 
will be sustained in the. alimentary tract 8 to 9 or 9 to 
10 hours, respectively. Thus, a factor in the time that 
the control coatings withstand alimentary ?uids is the 
period during which the pills are heat treated. 
The heat treatment dries the pills and causes the pore 

closure substance to enter and close the pores in the 
permeable membrane. The longer the heat treatment, 
the greater the drying and entry of shellac, for example, 
into the pores of the ethyl cellulose,_and the longer the . 
control membrane will Withstand alimentary ?uids be 
fore being rendered permeable. I 
The duration of heat treatment must also be related 

to the solubility of the medicaments used. For example, 
a sustained action pill with 10 layers of very soluble 
or hydroscopic medicaments such as ascorbic acid (vita 
min C) separated by 9 control coatings, becoming per 
meable sequentially after exposure to intestinal’ ?uids 
are formed as described in Example I, will medicate the 
intestines as shown in Table 1. 

Table 1 

Time Pills 1, 
Heat Medication 

Oven Temperature Treated Period, 
in Oven, Hours 
Hours 

91° to 98° F ________________________ _;_' ...... __ 10 9 -‘ in 
97° to 93° F.-___ 8 Eliot) 
97° to 98° F _________________________________ -_ 6 6_ to 7 

Since the pills described in connection with Example l 
incorporate the moderately soluble medicamentt dextroy 

it. 
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amphetamine sulfate, the followingv table applies to med- ' 
ication in the alimentary canal: 

Table 2v 

Time Pills 
Heat Medication 

Oven Temperature Treated Period 
' in Oven‘, ' Hours 
Hours 

97° to 98° F _________________________________ __ 8 9 to 10 
97° to 98° F _________________________________ __ 6 8 to 9 
97° to 98° F; ________________________________ __ 4 6 to 7 

When pills as described in connectionvwith. Example I 
incorporate medicaments relatively insoluble in water, 
such as phenobarbitol, the. following table. applies: 

Table_3 

Time Pills 
Heat Medication 

Oven Temperature Treated Period, 
in Oven, Hours 
Hours 

6_ 9 to 10 
4 8'to 9 
2 6 to 7 

From the foregoing tables, it will be apparent'that-the 
greater the solubility of the medicament,- the longer the 
pills must be heat treated to provide the same release 
period, other factors being equal. ‘ _ 
A further method of producing su?icient pills to man 

ufacture 500,000 15 mg. dextroamphetamine sulfate tab 
lets is set forth in the following example: 

EXAMPLE II 

Step>1.—To form pillets (center cores) place 100 lb. 
of'coarse granulated sugar in a closed revolving coating 
pan of' about 40" diameter and rotate. Moistenthe 
sugar with one quart methyl alcohol containing 5% 
water, rotating the pan until all the solution is evenly 
distributed throughout the granulated sugar, and then 
dust with a dusting powder containing 50% sugar and 
50% corn starch. Repeat this procedure three times 
drying the material between each moistening. Continue 
moistening with a solution made of one gallon of water 
(lukewarm) in which 5 lbs. of powdered sugar has been 
dissolved and then dust and dry after each moistening 
until. desired size pillets are obtained. A preferable 
size is approximately 13 to 16 mesh. Dry the-resulting 
pillets with a high temperature heating unit. Toremove 
all excess large pillets screen them through a size screen 
that will eliminate those pillets in excess of about 1,400,” 
diameter. Coat the pillets with 5 coatings of U.S.P. 
syrup (sugar and water syrup) and dry to give them a 
smooth surface in preparation for a layer of medicament. 

Step 2.—Prepare a solution A-1 by mixing one gallon 
of water, one gallon of methyl or isoprophynol alcohol 
and 8 ounces edible soluble gelatin. Dissolve the gelatin 
into the water by placing it in a bath and heating. 
After the gelatin solution has been cooled to about 100° 
F. the alcohol is added and the solution‘ mixed and 
strained to remove any solidi?ed gelatin. 

Step 3.—Prepare several quarts of solution B~1_ by 
mixing ethyl cellulose, shellac and methyl alcohol as 
follows: Provide an ethyl cellulose solution in- the pro 
portions of 25 gr. of ethyl cellulose in 100 cc. methyl 
alcohol, provide pharmaceutical glaze shellac (5 lb. shel 
lac per gallon of methyl alcohol). To obtain 100‘ cc. of 
solution B-l mix '25 cc. of the ethyl cellulose solution, 

cc. of the shellac glazeiand 50‘ cc. of'methyl alcohol: 
Step 4.--To prepare the active ingredient-for coating‘; 
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after entry into the intestines. 

10 
pulverize 7.5 kilograms of dextroamphetamine sulfate to 
avery ?ne mesh. powder and. mix in about 1% of talent 
magnesium stearate for lubrication purposes. 

‘Step 5.—.-Place 32.5 kg. of the pillets formed in step 1 
inan enclosed coating pan of about 40” diameter and 
moisten with two pintsa solutionA-l while- the pillets 
are being revolved until the solution is thoroughly coated’ 
on the pills. Open the pan and blow hot air- into it for 
approximately 10 seconds to dry the interior pan wall. 
Then add 2.5 kg. of the pulverized dextroamphetamine 
sulfate and revolve in the closed. pan until all. of the 
active ingredient adheres to the pills. Dry the pills with 
thehot air blower. . 

Step 6 .—Rotate the- dry pillets in the coating pan, spray 
on two pints of warm solution B-1 and dry the coating 
well. Then spray on two more pints of solution B'-1 
while the pills are rotating in the coating pan. Dust 
with a small amount of talc if necessary between coatings 
to prevent sticking. ‘ 

Step 7.——Repeat steps 5 and 6. 
Step 8.—-Repeat step 5 and dry well. 
Step 9.—-Weigh the pills and divide into three equal 

portions. Place one portion aside and rotate the two re: 
maining' portions in the coating pan and repeat the coat 
ing procedure of step 6 on these two portions 3 times. 

Step 10.--Remove half of the pills from the coating 
pan and repeat 3 times coating step 6 on the pills remain 
ing in the pan. 

Step 11.—-Place all three portions of the pills together 
in the coating-pan and rotate for about 2 hours with the 
hot air- blower turned on. This rounds out the pills and 
mixes the’ three portions thoroughly. 

Step 12.—-Allow the pills to cool 12 hours. 
Step 13.—Place the pills in an oven and heat treat‘for 

10 hours at a temperature of from 97° to 98° F. 
Step. 14.—Assay the pills to determine the quantity of 

them in milligrams necessary to incorporate in each tablet 
to release the selected quantity of drug. In the present 
example the assay results will show that about 130 mg. of 
pills are required to release 15 mg. dextroamphetamine 
sulfate. 

Step 15.—To form tableting ?ller material mix 100 
lbs. powdered sugar with 1% magnesium stearate (for 
lubrication).and granulate with a'3% ethyl cellulose solu-_ 
tion formed by mixing 3 grams of ethyl cellulose with 
100 cc. of chloroform. 

Step 16.-—Mix the pills with the tablet ?ller material in 
such amounts that the maximum weight of the pills com 
pressed into the tablets by a tableting machine is about 
50% of the weight of the tablets. Use 260 mg. of the 
pills-?ller mixture in a tableting machine to form each of 
about 500,000 15 mg. dextroamphetamine tablets in 
corporating the inventive sustained action pills. 
The three portions of pills of Example II initiate release 

of medicament at three different times. Thus, the ?rst 
portion releases its outer layer immediately followed by 
its second and third layers in the next two hours. Since 
the outer layer of the second portions of pills is covered 
with a thicker control membrane, release therefrom is 
initiated about 3 hours after it enters the intestines, and 
release from the third portion is initiated about 6 hours 

Since each of the three 
portions provides release of medicament over a three hour 
period, their sequential action affords release over a nine 
hour period and medication ‘for at least that long. 
Any desired number of groups of the inventive sus: 

tained action pills may be incorporated in tablets or 
capsules (see Figure 4) to provide release of medicament 
and medication, over extendedperiods. The, groupsfor 
classesof, pills- may be designed to release sequentially 
or, if desired, the release from two groups may overlap 
to insure continuity of‘medication. 
The following table indicates the manner of release 

of‘dextroamphetamine sulfate from a sample tabletppro 
duced in accordance with ExampleII. ‘ 
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Table 4 

Drug Cumulative 
Exposure in Hours ' Released Drug 

in Mg. Released 
in Mg. 

Gastric Fluid: 
1 1. 6 1. 6 

Intestinal Fluid: 
1 2. 2 3. 8 
2 1. 93 5. 73 
a 2.05 7. 78 
4 2. 01 9. 79 
5 2.02 11 a1 
'1 1.61 13 42 
7 ______________________________________ __ 1. 2 14. 62 
S . 31 14. 93 

Total material released over period of 9 hours, 14.93 mg. 

. To contrast the release of medicament over long periods 
with the release of dextroamphetamine sulfate in the 
gastro-intestinal tract from a conventional pill protected 
by an enteric coating of 50% shellac and 50% ethyl cellu 
lose, the following table should be examined: 

Table 5 

Exposure in hours: Drug released in mg. 
Gastric Fluid 

1 None 
Intestinal Fluid— 

1 None 
2 None 
3 13.5 
4 1.32 

Material released within 2 hours _____________ __ 14.92 

Further exemplary tablets incorporating the inventive 
pills may be formed as follows: 

EXAMPLE III 

Step 1.-—Place 107 lbs. of pillets (center cores) formed 
in accordance with step 1 of Example II in a 40” diam 
eter coating pan. 
Step 2.—Moisten the pills in the coating pan with one 

pint of solution A-l (see step 2 of Example 2). Rotate 
pan until all of the solution A-l is well distributed and 
the pan dry. Dust the pills with 6 lbs. 9 ounces of a 
powder containing 10% nitroglycerin and 80% beta-lac 
tose. Continue to rotate the coating pan until all the 
nitroglycerin is absorbed by the pillets and then turn on 
the warm air and dry well. ‘ 
’ Step 3.—Spray the pillets with 2 pints of solution B-l 
(see step 3 of Example II), dry and dust with about 1 lb. 
of talcum powder. Then coat with 2 more pints of solu 
tion B-l, dry and dust with talc. 

Step 4.--Repeat steps 2 and 3 nine times. Dry the pills 
well and coat with 8 layers of shellac, one pint for each 
coat, dusting between each layer. The total weight of the 
pills will now be about 197 lbs. 

Step 5 .-Heat treat the pills for 12 hours at a tempera 
ture of 97° to 98° F. 

Step 6.—To provide tablet filler material, mix 100 lbs. 
powdered sugar, 1 lb. talc or magnesium stearate for 
lubrication, and granulate with a solution of 3 gr. ethyl 
cellulose and 100 cc. of chloroform. Add nitroglycerin 
powder to the ?ller material to provide instant medication 
in the stomach. 

‘ Step 7.-Dissolve 5 gr. of red coloring in 1 pint of 
water and 3 pints of methyl alcohol. Coat 4 layers of 
red coloring solution on the pills, one pint per coat. 

Step 8.——Assay the pills and ?ller material to determine 
the quantity of pills and the weight of ?ller material 
necessary to provide 6.5 mg. nitroglycerin. In the pres 
cnt'example the assay results will show that about 224 
mg. of pills and 224 mg.of ?ller material will provide 
proper amount of drug. 
‘ Step 9.-—Supply the mixed pills and filler material to 
a tableting machine set for 448 mg. tablets. The matc 
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rial speci?ed in this example will besu?icient to manu 
facture about one million tablets incorporating the in 
ventive sustained action pills. 
The following table shows the amount of material 

released from 6.5 mg. nitroglycerin tablets produced in 
accordance with Example III. ' 

Table 6 

Drug Cumulative 
Exposure in Hours Released Drug 

in Mg. Released 
in Mg. 

Gastric Fluid: . 
1 1. 04 1. 04 

Intestinal Fluid: 
1 . 61 1. 65 
2 . 59 2. 24 
a . 52 2. 76 
4 . 49 3. 25 
5 . 47 3. 72 
a . 51 4. 23 
7 ______________________________________ _- . 64 2. 87 
R . 59 5. 46 
9 . 53 5. 99 
10 ..................................... -_ . 31 6. 3 

Material released in 11 hours, 6.3 mg. 

It is apparent from Table 6 that the inventive sustained 
action pills provide medication in the alimentary canal 
over an extended period and the nitroglycerin released 
following the initial release of medicament from the 
tablet ?ller is about thersame during each hourly period. 
Although the alimentary canal absorbs nitroglycerin 
within a few minutes after release, its therapeutic value 
in the body lasts over one hour so that constant medica 
tion is provided by the inventive pill. If the therapeutic 
e?ect lasted for longer periods, it would not be necessary 
to'provide as many layers of material as are found in 
this pill. . 
Heat treating the pills at temperatures of 97° to 98° F. 

has proven satisfactory since it softens the membrane 
material (ethyl cellulose, cellulose acetate phthalate, for 
example) and the pore closure substance (shellac, bees 
wax, polyethylene glycol, for example) to close gradually 
the pores in the control membrane. The smaller pores 
resist penetration by ?uids for longer periods. Higher 
heat treating temperatures may be used for shorter 
periods to effect the same results as heat treating at 
97° F., bearing in mind, however, that excessive tem 
peratures will destroy certain medicaments. Moreover, 
such temperatures must not be high enough to aifect ad 
versely the pore closure substance and render it unsuit 
able to perform its function of closing the membrane 
pores and withstanding alimentary ?uids. The pills may 
be heat treated at lower temperatures for longer periods 
to effect the same results as heat treating at 97° F. so 
long as the temperatures are high enough to soften the 
membrane and pore closure substance. 

Referring next to Figure 2, a tablet 22 containing a 
number of the pills 10 is illustrated. The tablet 22 is 
basically pressed from a powder consisting of starch and 
sugar in the ratio of 90% starch to 10% sugar, for exam 
ple. The toughness of the pills 10, due to the cellulose 
?lter preferably on its exterior in this instance, permits a 
?rm tablet 22 to be pressed without cracking the pills 10. 
Thus, one tablet may contain a plurality of the pills 10 
for releasing medicament in the stomach and subsequently 
in the intestines. Alternatively, the tablet 22 may con~ 
tain a plurality of pills adapted to release medicament in 
the stomach and a further plurality of pills for releasing 
medicament in the intestines. Thus, the layers of medica 
ment in the ?rst-mentioned pills would be separated by 
control coatings formed from cellulose acetate phthalate 
and the layers of medicament in the last-mentioned pills 
would be separated by control coatings formed from 
ethyl cellulose. 
For example, the tablet 22 may both stimulate the 

stomach causing it to empty into the intestines and sub 
sequently act as a laxative in the intestines. This is 
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sometimes preferable to employing two di?erent drugs 
in a single pill since it protects against any possible ill 
effects from the reaction of the drugs with each other. 

Turning to Figure 3, a pill 23 is pressed from a starch 
and sugar powder similar to that employed in forming 
the tablet 22, and contains a plurality of the pills 10. 
It may be formed and utilized in the same manner as 
set ?orth in connection with the tablet 22. 

Referring next to Figure 4, a capsule 24 is formed of 
two halves 25 and 26 in a conventional capsulating ma 
chine, the half 26 being transparent as shown. A de 
sired number of the pills 10 are carried within the capsule 
24 to assist in oral administration of medicament. The 
material forming the capsule may dissolve afterexposure 
to stomach ?uids. At that time the sustained action 
pills 10 contained therein will initiate release of medica 
ment over any desired extendedperiod as discussed in 
detail above. The sustained action pills 10 found in the 
capsule 24 may be of several different types or classes, 
one type releasing drugs over a period of three hours, the 
second type initiating release of medicament after three 
hours for an additional three hours, etc. 

It will be understood that the above-described embodi 
ments of the invention are illustrative only and modi?ca 
tions thereof will occur to those skilled in the art. There 
fore, the invention is not to be limited to the speci?c 
embodiments disclosed herein but is to be de?ned by 
the appended clairns. 

I claim: 
1. In a'sustained action pill to release medicament 

over an extended period for medication of the alimentary 
tract, a plurality of medicament layers, heat treated con 
trol membranes having pores containing a pore closure 
substance separating adjacent medicament layers, ali 
mentary ?uids rendering each of the membranes perine 
able after acting thereon for a period by removing at 
least partially the pore closure substance from the pores 
of the membranes, the temperature and duration of the 
membrane heat treatment softening the membrane and 
pore closure substance to decrease the size of the mem 
brane pores and lengthen the period the control mem 
branes resist penetration by the alimentary ?uids, the 
alimentary ?uids penetrating the permeable membrane 
to leach its corresponding medicament layer therethrough 
and thereafter wet the next membrane to render it per 
meable after a period of exposure thereto, each of the 
membranes remaining permeable and intact to control 
?uid ?ow at least until substantially all of the medica 
ment in the layer therebeneath has been leached there 
through. 

2. A pill as de?ned in claim 1, wherein the membrane 
is formed of ethyl cellulose and the pore closure sub 
stance is shellac, and the alimentary ?uids rendering the 
membranes permeable consist of intestinal ?uids. 

3. A pill as de?ned in claim 1, wherein the membrane 
is formed of cellulose acetate phthalate and the pore 
closure substance is beeswax and the alimentary ?uids 
rendering the membranes permeable consist of intestinal 
?uids. 

4. A pill as de?ned in claim 1, wherein the membrane 
is formed of ethyl cellulose and the pore closure sub 
stance is polyethylene glycol, and the alimentary ?uids 
rendering the membranes permeable consist of stomach 
?uids. 
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5. A tablet incorporatingpills as de?ned in claim 1, 65 

id 
in which a plurality of different groups of pills are pro 
vided, each group consisting of pills releasing medica 
ment over a different extended period after exposure to 
alimentary ?uids, thereby providing medicament release 
and therapeutic effects over an extended period of time. 

6. A tablet incorporating pills as de?ned in claim 1, 
in which some of the pills release medicament over a 
?rst extended period and other of the pills release medic 
ament over a second different extended period not co 
extensive with the ?rst period, whereby medicament is 
released ovcr a period greater than either one of the 
?rst and second periods. 

7. In a sustained action pill to release medicament over 
an extended period for medication of the intestines, a 
plurality of medicament layers, heat treated control mem 
branes comprising 70 to 95% ethyl cellulose and 30 to 
5% shellac separating adjacent medicament layers, in 
testinal ?uids rendering each of the membranes perme 
able after acting thereon for a period by removing at 
least partially the shellac from the ethyl cellulose pores, 
the temperature and duration of the membrane heat 
treatment softening the ethyl cellulose and shellac to de 
crease the size of the ethyl cellulose pores and lengthen 
the period the control membranes resist penetration by 
the intestinal ?uids, the intestinal ?uids penetrating the 
permeable membrane to leach its corresponding medic 
ament layer therethrough and thereafter wet the next 
membrane to render it permeable after a period of ex~ 
posure thereto, each of the membranes remaining per 
meable and intact to control ?uid ?ow at least untilv sub 
stantially all of the medicament in the layer therebe 
neath has been leached therethrough. 

8. In a method of producing sustained action pills re 
leasing medicament over extended periods, the steps of 
coating alternately on pillets a plurality of medicament 
layers and control membranes of ethyl cellulose and 
shellac, and heat treating the pills for a predetermined 
time and at a temperature suf?cient to soften the ethyl 
cellulose and shellac to decrease the size of the ethyl 
cellulose ‘pores to enable each of the control membranes 
to withstand intestinal ?uids for a selected time interval 
before being- rendered permeable by such ?uids. 
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