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This invention relates to new dosage ‘forms for medici 
nals, and more particularly relates to pharmaceutical 
preparations containing enteric pilules measuring not more 
than about ‘Oil inch in diameter, the coating being a 
single, non-toxic, acidic, enteric ?lm-forming material. 
Many medicinals are most satisiactorily ‘administered 

in an enteric dosage form. However, many di?iculties 
have arisen in the attempt to produce an enteric dosage 
form which ideally performs its function. Many enteric 
dosage forms will partially disintegrate in the stomach. 
Some enteric dosage forms have been known to pass 
completely through the gastrointestinal tract without dis 
integrating at ‘all. Such enteric medicinals‘ rare erratic 
and unreliable. This di?iculty is magni?ed in the case 
of medicinals taken at or near mealtime. The slower 
passage of the medicinal through the stomach when 
taken during this period generally has an adverse effect 
upon its absorption into the human system. Moreover, 
rany enteric dosage form, since it does not disintegrate 
until reaching the intestine, necessarily involves a delay 
before the medicinal ingredient begins to take effect. 

It is therefore :an object of the present invention to 
provide a new enteric dosage form which is well adapted 
to oral therapeutic use. Another object is to provide 
such 1a dosage form which is innocuous to the taste and 
is especially well-adapted to pediatric use. Another 'ob 
ject is to provide such dosage forms which :are not dis 
integrated in the stomach, and yet are readily available 
for absorption in the upper intestinal tract. Still another 
object is to provide such a dosage form which gives better 
therapeutic results. Still another object is to provide such 
1a dosage form for medicinals absorbed into ‘the blood 
which gives ‘appreciably faster, higher land/or more con 
sistent bloodlevels than dosage ‘forms available to the 
prior art. "Still another object is the provision of a novel 
process for the preparation of such a dosage form. Other 
objects will be ‘apparent to those skilled in the art to 
which this invention pertains. 
The foregoing and additional objects have been accom 

plished by the provision of an oral pharmaceutical prepa 
ration containing uniform, spherical, enteric pilules meas 
uring not more than about 0.1 inch in diameter com 
prising '(a) a medicinal agent and (b) :a coating of a 
single enteric ?lm-forming material. The pilutes will not 
disintegrate in the mouth and can be sugar coated so 
that taste of the medicinal is completely masked. More 
over, the medicinal in this form will not be rapidly de 
stroyed in the stomach, will not cause nausea or other 
irritation, and can be given irrespective of meals. {It is 
particularly well ‘adapted to pediatric use since children 
may take it .at any suitable time. No e?ort need be made 
to predetermine a child’s diet \for the sake of adminis 
tering the medicinal whereas most products previously 
available, erythromycin, for example, had to be given on 
a tasting stomach for maximum results. Since pilules 
can be mixed with food, the tendency of small children to 
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resist the administration of medicine is minimized. These 
pilules are effective enough to be given irrespective of meal 
time and also are appreciably better therapeutically. In 
the case of medicinals absorbed into the blood, higher and 
more consistent blood levels, as well as more prolonged 
blood levels, are obtained with these pilules than with 
similarly coated larger dosage forms. The reason for 
this is unknown. Several reasons have been hypothesized 
but none has yet been substantiated. However, it is 
clear that superior therapeutic results ‘are obtained with 
the dosage form of the present invention. 
The enteric pilules can be formulated into a variety of 

?nished pharmaceutical forms, for example, packets, two 
piece hard gelatin capsules which can be sealed, one-piece 
so?t gelatin capsules, liquid suspensions, ‘and the like. 

‘In one embodiment of [the invention the pilules are 
prepared by rolling the desired medicinal on moistened 
pill starters until small pills (pilules) are produced. The 
pilules are dried and subsequently coated with the enteric 
coating material. 
A large number of medicinal agents can be prepared 

in the dosage forms of the present invention. Although 
the reasons for enteric coating these materials are dif 
ferent, the advantages inherent in the dosage form of the 
present invention are the same for each of these mate 
rials, i.e., quicker, better land/or more consistent thera 
peutic results are obtained in the dosage form of the 
present invention. For medicinals, such as erythromycin 
‘and penicillin, which are absorbed into the blood stream 
these advantages show up as quicker, higher and/or more 
consistent blood levels. These advantages together with 
advantages in actual use, such as adaptability to pediatric 
use, case of ingestion, innocuousness, and administration 
irrespective of mealtime, result in an ideal dosage form 
for a large number of medicinal materials, including the 
following (the reasons given are speci?c and in “addition 
to the foregoing): 

(a) Sedatives—phenobarbital, sodium pentobarbital, 
cyclopentenylallylbarbituric acid, etc, to overcome bitter 
taste. 

(b) Antipyretics——aspirin, salicylamide, sodium sali 
cylate, etc, to overcome bitter taste, reduce gastric irri-. 
tation, and improve stability. 

(0) ‘Antibiotics-erythromycin, tetracycline, penicillin 
and the like, to avoid destruction in the stomach and im 
prove taste. ‘ ' 

(d) Antispasmodios—atropine, methscopolamine bro 
mide, methscopolamine bromide with phenobarbital, to 
improve taste. 

(e) Nutritional agents-multiple vitamins to improve 
taste and stability. 

(f) Hematinics-ferrous sulfate, B12, intrinsic ‘factor, 
etc, to reduce gastric irritation, eliminate discoloration of 
teeth and improve taste. 

(g) Laxative-prune powder, to improve taste. 
|(h) Anthelmintics-santonin, piperazine citrate, etc., 

to improve taste, reduce irritation in mouth and stomach. 
(i) Expectorant-arnmonium chloride, to improve taste 

and reduce gastric irritation. ’ 
(j) Hormones-adrenocorticosteroids, for example, 

6a-methylprednisolone, hydrocortisone, and 9a-?uoro 
16a-hydroxyprednisolone; androgenic steroids, for ex 
ample, methyltestosterone, and 9a-?uoro-llp,l7?-dihy 
droxy-17a-methyl-4-androstene-3-one; estrogenic steroids, 
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for example, l7?-estradiol and 17-ethinyl, 3,17-cstradiol; 
and progestational steroids, for example, 17a-hydroxy 
progesterone acetate, 6ct-methyl-17a-hydroxyprogesterone 
17-acetate, and l7a-ethinyl-19-nortestosterone; to attain 
prolonged blood levels. 

(k) Psycic energizer agents, for example, indole, 
3-(2-aminopropyl)-, acetate and indole, 3-(2-amino 
butyl)-, acetate, to attain prolonged absorption. 

(1) Antimony potassium tartrate, to attain prolonged 
absorption. 
Many non-toxic acidic enteric materials are suitable for 

the novel dosage forms of the present invention. In gen 
eral such enteric materials serve the purpose of resisting 
disintegration of the coating until the pilules pass through 
the stomach into the intestine. Illustrative enteric mate 
rials and mixtures containing such materials include 
keratin, formalized gelatin, calcium alginate, shellac and 
like naturally occurring resinous substances, cellulose 
acetate phthalate, starch acetate phthalate, amylose acetate 
phthalate, partially hydrolyzed styrene-maleic anhydride 
copolymer, styrene-maleic acid copolymer, polyvinyl ace 
tate phthalate, and polyvinyl hydrogenphthalate; shellac 
wool fat, shellac-caster oil, shellac-cetyl alcohol, shellac 
ammonia, shellac-ammonia-alcohol; and the like. 
The size of the ?nished pilules is very important. The 

size of the pill starters depends upon the ?nished size of 
the pilules to be produced and the amount of the other 
ingredients to be used therein. The amount of active mate 
rial and the thickness of the enteric coat is adjusted to 
obtain a pilule not exceeding about 0.1 inch in diameter. 
It is preferred that the ?nished pilule range in size between 
about 0.04 and about 0.085 inch in diameter. The ?n 
ished pilule size is a critical feature of the present 
invention. 

In a more speci?c embodiment of the present invention 
an unweighed quantity of bolted sucrose (30440 mesh) 
is placed in a revolving‘ pill tub and moistened with a 
spray of deionized or distilled water until uniformly mois 
tened. Uniformity in size of the bolted sucrose is more 
important at this stage than is the relative size of the 
sucrose granules. A small amount of a homogeneous 
mixture of talc, starch and sucrose (20:5:1) is dusted on 
the moistened sucrose. The tale, starch, sucrose mixture 
rolls onto the moistened sucrose. The contents of the pill 
tub are alternately water-sprayed and powder-dusted until 
spherical masses, called pill starters, are produced. The 
smaller spheres, which are separated from the larger 
spheres by screening during processing, are returned to 
the pill tub and brought up to proper size by the above 
described method. Those spheres which are out of shape 
at this point are preferably discarded. Only round, smooth 
starters are desirable. 
A sufficient number of the spheres (or pill starters) of 

the proper size are placed in a revolving pill tub and 
sprayed with distilled or deionized Water until the pilules 
are uniformly moistened. A homogeneous mixture of the 
desired medicinal (e.g., erythromycin) three parts, talc 
7.5 parts, starch two parts and sucrose one part, is dusted 
on the moistened pill starters. Again the water spraying 
and powder dusting are repeated alternately until the 
pilules are of the proper size. The pilules are air dried 
and then assayed for content of the active material. 

Afterthe pilules have dried and the content of medicinal 
has been determined‘, the pilules are given several coats of 
an enteric material, using tale for dusting. Thus the 
?nished pilules are built up from an inert core by adding 
( 1) a layer containing a medicinal agent, and (2) an 
outer layer containing a single, non-toxic, acidic, enteric 
?lm-forming material. 

In all cases approximately nine-tenths of the ?nished 
enteric coated pilules must resist arti?cial gastric juice 
(pH 1.2) for at least sixty minutes. The coatings designed 
to make the medicament rapidly available ‘should disinte 
grate within sixty minutes in pH 6.8 buffer solution (citrate 
phosphate buffer) at 37 degrees Centigrade when subject 
to controlled and constant agitation in the buffer solu 
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tions. The coatings designed to provide prolonged avail 
ability of the medicament should disintegrate over a period 
of from about one to about seven hours in buffers from 
pH about 3.0 to about 8.0. 
The enteric coated pilules can be sugar coated if desired 

and are now ready for therapeutic use. They may be 
mixed with various foods and their size is such that the 
average person taking the'pilules will be unaware of their 
presence in the food. Therapeutic doses are generally 
prepared in packets and capsules to better control the 
amount of each dose. Pilules containing one active mate 
rial may also be mixed with other pilules containing other 
active materials for combined treatment with two or more 
active materials. 

While it is not believed to be absolutely essential that 
the dosage form of the present invention be limited to 
spherical pilules from the standpoint of therapeutic results, 
it is desirable for other reasons. Appearance is better 
when the individual units are uniform. The dosage of 
active ingredient is easier to control when the units are 
uniform. The thickness of the enteric coat and the uni 
formity of the enteric coat are more dif?cult to control for 
irregularly shaped solids. Moreover, the size of the units 
is easier to control if prepared in a uniform manner, and 
spherical units are easier to administer and less irritating. 
The following examples are illustrative of the process 

and product of this invention and are not to be construed 
as limiting. 

EXAMPLE 1 
Erythromycin Pilules 

An unmeasured quantity of bolted sucrose (30-40 mesh 
per ‘square inch screen) is placed in a revolving pill tub 
and moistened with a spray of deionized or distilled water 
until uniformly moistened. Uniformity in siza of the 
bolted sucrose is more important at this stage than is the 
relative size of the sucrose granules. A small amount of 
a homogeneous mixture of bolted talc, starch and sucrose 
(100 mesh per square inch screen) in a ratio of 20:5 :1 is 
dusted on the moistened sucrose. The talc, starch, sucrose 
mixture rolls onto the moistened sucrose. The contents 

_ of the pill tub are alternately water sprayed and powder 
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dusted until spherical masses, called pill starters, having a 
diameter between 0.040 and 0.050 inch, are produced. 
The smaller spheres are separated from the larger ones ‘by 
screening during processing. They are returned to the 
pill ‘tub and brought up to the proper size by the above 
described method. Those spheres which are out of shape 
at this point are discarded. Only round, smooth starters 
are used to form pilules. 
To prepare 50,000,000 pilules the following types and 

amounts of ingredients would be required: 

Pill starters __________________________ _. 50,000,000. 
Erythromycin crystalline base ___________ __ 59 lbs. 4 oz. 
Talc, bolted __________________________ _- 224 lbs. 
Starch, bolted ________________________ _. 64 lbs. 
Cane sugar powder, U.S.P ______________ _. 32 lbs. 

Color ______________________________ __ 1 lb. 

The pill starters are placed in a revolving pill tub and 
sprayed with deionized water until the pilules are uni 
formly moistened. A homogeneous mixture of erythro 
mycin three parts, talc 7.5 parts, starch two parts and su 
crose one part, is dusted on the moistened pill starters. 
The water spraying and powder dusting are repeated until 
the pilules range in size from 0.065 to 0.071 inch in di 
ameter. The pilules are air dried and assayed for erythro 
mycin content. 

After assay, the pilules are given several coats of cellu 
lose acetate phthalate described in U.S. Patent 2,196,768 
in an absolute alcohol-acetone solution having one to one 
ratio using tale for dusting. This procedure is continued 
until round and smooth pilules ranging in size from 0.065 
to 0.085 inch in diameter are obtained. 
The coating of the pilule should resist arti?cial gastric 
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juice (pH 1.2) for at least sixty minutes and should dis 
integrate within sixty minutes in pH 6.8 butler solution 
(citnate phosphate buffer) at 37 degrees centigrade when 
subjected to controlled and constant agitation in the butler 
solutions. . 

The pilules are packaged in ‘groups of 100, each packet 
supplying one therapeutic dose of about ?fty milligrams 
(allowing for losses in manufacture and storage). 

EXAMPLE 2 

- Salicylate Pilules 

Following the procedure of Example 1 pilules contain 
ing sodium salicylate as the active ingredient and coated 
with ammoniated shellac can also be prepared by substi 
tuting sodium salicylate for erythromycin and ammoni 
ated shellac for cellulose acetate phthalate. 
For 1,000,000 such pilules the following types and 

amounts of ingredients would be required: 

Sodium salicylate, 3 lbs. 9 oz. 63 grs. 
Talc, 3 lbs. 5 oz. 313 grs. 
Starch, 1 lb. 
Cane sugar, 8 oz. 

The superior therapeutic results obtained by the dosage 
form thus produced are illustrated by Table VI. 

EXAMPLE 3 

Ferrous Gluconate Pilules 

One million pilules containing ferrous gluconate as the 
ingredient are prepared from the following types and 
amounts of materials. 

FERROUS GLUCONATE PILULES, 1,000,000 
Ferrous gluconate, N.F., 3 lbs. 9 oz. 63 grs. 
Talc, U.S.P., 4 lbs. 8 oz. 
Bolted starch, 1 lb. 4 oz. 250 grs. 
Cane sugar powder, U.S.P., 10 oz. 125 grs. 

Round, smooth pill starters are prepared as described 
in Example 1. One million of these pill starters are placed 
in a revolving pill tub and sprayed with deionized water . 
until the pilules are uniformly moistened. A homogene 
ous mixture of ferrous ‘gluconate 6.25 parts, talc seven 
parts, starch two parts and cane sugar one pant, is dusted 
on the moistened pill starters. The Water spraying and 
powder dusting are repeated until the pilules range in size 
from 0.065 to 0.075 inch in diameter. The pilules are air 
dried and assayed for ferrous ‘gluconate content. 

After assay, the pilules are replaced in 1a pill tub and 
given three coats of a thirty percent shellac in ethanol so 
lution using talc for dusting. (The pilules are then dried 
with a blast of hot air and two coats of a solution of 
gelatin, sucrose and water are applied with talc for dust 
ing. A su?icient number of coats of the ‘gelatin-sucrose 
solution are applied using a mixture of precipitated cal 
cium carbonate, talc and acacia, for dusting until 100 
pilules laid end to end measure three and one-half inches. 
Then sufficient number of coats of a syrup solution with 
the car-bonate-talc-acacia mixture as a dusting powder are 
applied until the pilules are perfectly round. A syrup 
solution containing coloring material is applied to give 
the proper ?nished color to the pilules. 
Those pilules having a diameter less than .065 inch or 

greater than .085 inch were discarded. One hundred 
pilules gave a therapeutic dose of 2.5 grains of ferrous 
gluconate. 

EXAMPLE 4 

Penicillin Pilules 

Following the procedure of Example l, 500,000 pilules 
of potassium penicillin G are prepared by substituting one 
pound, two ounces of penicillin for the corresponding 
amount of erythromycin. 

Pilules ranging less than .065 inch or greater than .085 
inch in diameter were discarded. By assay pilules thus 
produced contained 1286 units of penicillin per pilule. 
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I 6 
Eighty such pilules provided a therapeutic dose of about 
100,000 units of penicillin. 

EXAMPLE 5 

Tetracycline Hydrochloride Pilules 
Following the procedure of Example 1 pilules contain 

.taining tetracyclinehydrochloride as the active ingredient 
can also be prepared by substituting twice as much 
tetracycline by weight for the erythromycin used in 
Example 1. ' 

Only the pilules ranging in size from 0.065 to 0.085 
inch in diameter are to be used. One hundred such 
pilules supply a therapeutic dose of one hundred milli 
grams of tetracycline hydrochloride. 

ANIMAL DATA 

The ‘following dosage forms were compared for blood 
levels in dogs: 

-I. Tablet A--enteric coated erythromycin (commer 
cially available product) 
Tablet 'B--non-enteric erythromycin 
Suspension-erythromycin as the ethyl carbonate in 
an orally acceptable vehicle (commercially avail 
able product) ‘ 

Pilules—-enteric coated erythromycin 

> II. 

III. 

IV. 
Eleven mongrel male dogs were used for this investiga 
tion. They are designated by number as 201, 202, 203, 
204, ‘205, 210, 216, 218, 220, ‘222, and 224. In each ex 
periment the dogs were starved eighteen ‘hours prior to 
administration’ of the drugs. . Except where otherwise 
indicated in the tables, each dog was given approximately 
25 milligrams of erythromycin per kilogram of body 
weight orally and immediately thereafter fed a full can 
of dog food. The animals weregthen permitted to eat a 
regular laboratory diet ad lib throughout the day. Ex 
cept where otherwise indicated, blood samples were taken 
shortly before the administration of the drug and usually 
every hour thereafter for a period of eight hours. Some 
dogs were run more than once on di?erent days with 
the same or different dosage forms. Serum samples were 
assayed for erythromycin by a modi?cation of the 
Rammelkamp (serial dilution) method employing Strepto 
coccus hemolyticus as the test organism. The results are 
presented in the ‘following tables (I through VI) and are 
given in terms of micrograms of erythromycin per milli 
liter of serum. Essentially, the tables are arranged and 
numbered in the same order as the dosage terms listed 
above. The results clearly indicate the superiority of the 
pilules over the other dosage forms in providing more 
‘immediate, higher and more consistent blood levels. 

TABLE I.—TABLET A (ENTERIC COATED) 

Time (hours) 201 201 202 202 203 

TABLE II.—'I‘ABLET B (UNCOATED) 

Time (hours) 201 202 203 

<0. 063 <0. 063 
<0. 063 <0. 063~ 
<0. 063 <0. 063 
<0. 063 <0. 063 
<0. 063 <0. 063 
<0. 063 <0. 063 
<0. 063 <0. 063 
<0. 063 <0. 063 
<0. 063 <0. 063 



TABLE III 

[Oral suspension,14.5 IIlg./kg.] 

Hours Dog 216 Dog 218 Dog 224 

<0. 03 <0. 03 0.06 
<0. 03 <0. 03 0.06 
<0. 03 0. 06 <0. 03 
<0. 03 0.06 <0. 03 
<0. 03 <0. 03 <0. 03 
<0. 03 <0. 03 <0. 03 
<0. 03 <0. 03 <0. 03 
<0. 03 <0. 03 <0. 0 

Tables I, II, and III show that the maximum blood 
level which can be reasonably expected from the usual 
dosage forms is about one microgram of erythromycin 
per milliliter of serum and that the maximum is not ob 
tained until the fourth hour or later. 

TABLE IV.—ENTERIC COATED PILULES 

Hour Dog 204 Dog 205 Dog 210 Dog 220 Dog 222 

<0. 06 <0. 06 <0. 06 <0. 06 <0. 06 
0.25 <0. 06 >4. 0 >4. 0 >4. 0 
4. 0 2.0 >4. 0 >4. 0 2.0 
4. 0 2.0 >4. 0 2.0 2.0 
2.0 1.0 2.0 2.0 2. 0‘ 
2.0 1.0 1.0 1.0 1. 0‘ 
1.0 1.0 1.0 1.0 1.0 
1.0 1.0 0.50 1.0 1.0 
1.0 0.5 0.50 1.0 0. 5O 

Although Table TV shows that the enteric coated pilules 
of the present invention are superior in many respects 
to the other dosage forms, the most striking difference is 
the fact that after one hour the enteric coated pilules give 
four times as high a blood level as the enteric coated 
tablets. 
A similar experiment has been conducted with penicillin 

as the active ingredient in the dosage form prepared in 
the manner described in Example 4. Regular sized gelatin 
capsules were compared with uncoated pilules and enteric 
coated pilules. Again the dosage form of the present 
invention proved to be superior to the other forms in 
providing more immediate, higher and more consistent 
blood levels. The data are summarized in Table V. 
TABLE V.—SERUM LEVELS OF PENICILLIN IN DOGS FOL 
LOWING ORAL ADMINISTRATION OF GELATIN CAP 
SULES, COATED AND UNCOATED PILULES 

Dog 204 Dog 222 

Hours 
Gelatin Uncoated Enterlc Gelatin Uncoated Enteric 
capsules pilules coated capsules pilules coated 

pilules pilules 

1. 28 2. 56 5. 12 2. 56 2. 56 0. 32 
1.28 0 64 5.12 2.56 2. 56 5.12 
0.32 0.64 1. 28 1. 28 l. 28 2. 56 
0. 32 0.64 0. 64 0.64 0.64 2.56 
0.08 0.32 0.32 0. 32 0. 32 0.64 

<0. 02 0.32 0.32 O. 16 0. 16 0.32 
<0. 02 0. 16 0. 16 0. 16 0.08 0. 16 
<0. 02 0. 16 0. 16 0.08 0.08 0. 16 

These data show at least a two fold increase in blood 
levels for the enteric pilules of the invention. 

Still another experiment was conducted with the pilules 
containing sodium salicylate and described in Example 2. 
The plasma levels of salicylic acid in blood from starved 
adult female dogs were determined by oral administra 
tion of ?fty milliliters of 0.1 normal hydrochloric acid 
followed by either the ammoniated shellac coated tablets 
or ammoniated shellac coated pilules given in a single No. 
11 gelatin capulse (veterinary 1/2 oz. capsule, Eli Lilly and 
Company). 
The sodium salicylate was administered at the level of 

113 mg./ kg. of body weight. Four ?ve grain tablets con 
tained about 1300 milligrams of sodium salicylate while 
some 700 odd pilules were used to give 1300 milligrams 
of the drug. These two drug preparations gave similar 
disintegration times in vitro. The data obtained, sum 
marized in Table VI, gives striking evidence of quicker, 
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8 
higher blood levels resulting from the dosage 
the present invention. 

form of 

TABLE VI 

7 Salicylic acid/ml. plasma 
Dotr Dose type 

1 hr. 2 hrs. 3 hrs. 5 hrs. 7 hrs. 

A____- Tablets..- 0 5 5 147 154 
Pilules_ ___ 85 122 134 146 155 

B_____ Tablets___ 4 8 22 27 95 
Pilules. ___ 102 172 177 172 163 

C__--_ Tablets___ 0 4 4 22 38 
Pilules. ___ 78 126 155 137 134 

D____ Tablets.__ 0 0 0 11 35 
Pilules. ___ 67 137 179 193 186 

[Average ranges for tablet vs. pilules in dogs] 

Average 7 salicylic acid/ml. plasma 
Dose 

1 hr. 2 hrs. 3 hrs. 5 hrs. 7 hrs. 

Tablets _________ __ l 2 8 52 81 

(0-4) (0-8) (0-22) (11-147) (35-154) 
Pilules __________ __ 83 130 161 162 159 

(67-102) (122-172) (134-179) (137-193) (134-186) 

HUMAN USE 
The experiments given above in animals have been 

duplicated in humans, and the results have rea?irmed the 
conclusions that enteric coated pilules give higher, more 
immediate, and/ or more consistent blood levels than other 
dosage forms containing the same active material. 

In general it should be noted that with all enteric 
coated dosage ‘forms, there is a delay in the onset of 
maximum average blood levels as compared with non 
enteric forms when the dosage form is administered with 
or immediately after meals. This is due to the addi 
tional time required for emptying the stomach following 
a meal providing an opportunity for the enteric coat to 
disintegrate in the upper intestine. When such dosage 
forms are administered on an empty stomach, peak blood 
levels are attained much more rapidly. In either case, 
however, the smaller pilules of the present invention give 
more ef?cient utilization of active material in providing 
higher, more consistent and more immediate blood levels 
than either larger dosage forms or suspensions. 

Since the dosage form of the present invention is be 
lieved to be especially adaptable to pediatric use, it was 
tested on a group of eighteen children ranging in age 
from four months to fourteen years to test for patient ac 
ceptance. Among the various foods used as vehicles were 
pureed peaches, carrots, pears, pablum, apple sauce, beef, 
potatoes, rice, green beans, tomatoes, ice cream, soup, 
chocolate pudding, juice, and cereal. In general, accept 
ance was good, and the studies show that the pilules should 
be mixed with food that does not require mastication, 
such as pureed fruits, pudding, juice and the like. 
The enteric coated erythromycin pilules were used to 

treat ?ve children under two years of age at a dose of 
?ve milligrams per pound. The pilules were administered 
on a dry spoon or mixed with pudding and were taken 
without objection by the children. The following Table 
VII summarizes the blood levels obtained in micrograms 
of erythromycin per milliliter of blood. 

TABLE VII 

1 hour 3 hours 5 hours 

1. _ _ _ 1. 7 3.0 4.2 

2-. <0. 1 1.0 l. 1 
3-. >4. 0 1. 4 
4 ______ .. 3. 1 2. 9 1. 4 
...... __ 1.0 1. 3 2. 1 

Average ...................... .. _. 1. 5 2. 4 2.0 
Number with measurable level _____________ .. 4/4 5/5 5/5 

Tables VIII and IX illustrate the superiority of the 
pilules over a comparable suspension when administered 
to children. 
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TABLE V‘III.——ERYTHROMYCIN PILULES 

[Single dose, 5 mg./lb.] 

Blood levels,’ meg./m1.1 
Age Weight Dose, 

in lbs. mg. ' 
1 hr. 2 hrs. 3 hrs. 4 hrs. 5 hrs. 8 hrs. 

37 185 <.1 ______ __ 1 6 ______ __ 2.4 .5 
105 500 . 1 ______ __ 1 9 ______________ __ . 15 

30 150 5 1 2 . 72 
48 250 36 ______ __ 2 2 ______ _- 3.2 .72 
19 100 8.0 3. 6 ______ __ 
23 125 .75 .6 

Average ___________________________ __ . 24 4. 4 1.7 2.1 2. 8 52 
‘ Ratio 2 ____________________________ -_ 3/4 212 4/4 2/2 2/2 4/4 

1 No reading taken wherever ( ____ __) appear. 
1 Fractions indicate the ratio of individuals with demonstrable levels to the total number 

of individuals in the group. 

TABLE IX.—ERYTHROMYCIN SUSPENSION ' prednisollone are prepared from the following types and 
[Single dose, 6.5 mg./lb.] amounts of ingredients: 

\ [Pill starters prepared as in Example 1 (average diameter 0.0460047 
in.), 50,000,000] 

. Blood level, mcgJml. 25 

Age Weight Dose, . .- M d 1 in s. mg. > e ieina agent mixture Lb . , . 
1 hr. 3 hr. 5 hr. 8 hr. S OZ G“ 

6a-methylprednisolone, micronized 3 6 118 
Patient: - Starch, bolted ____________ __ 6 2 335 

1 25/2 yr___ 32 200 .6 <. 1 <. 1 <- 1 Sucrose, powdered __________ __ a 3 1 16s 
18 100 .s .15 .1 <. 1 30 Tale 14 7 166 
40 250 <. 1 <. 1 <.1 <. 1 ' v Ethylene oxide~polypropylene glycol conden 
46 300 . 12 . 11 . 55 - 1 sation product 1 __________________________________ __ 4 179 

31% 200 . 76 .5 .32 . 19 > 
32% 200 <. 1 <. 1 <. 1 < 1 

1 Pluronic F458, Wyandotte Chemical Company. 
Average _______________________________ - 131% .312 .zlg . 1 . . Ram I I / 35 The 6a-met-hylpredn1solone and an equal amount of the 

. . . . . . . . ‘ starch ‘are uniformly mixed and the mixture is micronized. 

to‘t??a?gi‘gtit’i?tiit?ft?di?fi‘ilg’fs‘?di?tdg??g 1th demonstrable levels The mixture is then blended with the remaining starch 
‘and other ingredients and ‘bolted through number 11 

Table X provides further blood level data comparing 40 cloth 
the ‘dosage forms of the present invention with other a. 
dosage forms now ‘available to the art. The superiority 
of the enteric coated pilules illustrated by higher, more 
immediate and more consistent blood levels is clearly 

Coating solution Lbs. Oz. Grs. 

Hydrolysed styrene-maleio anhydride copoly 
mer _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ . _ . apparent ‘from ‘an examination of the ‘data. Probably the WM I 1 _1 18 __ 12 13 283 

most striking thing shown in the table is the fact that the 45 Deliail?légeéélhgély 82$; (1mm 62 1 $52 
enteric coated pllules of ‘the present 1nvent1on after two 
hours give three times as high a blood level as the small, 
unenteric granular The copolymer is dissolved in the alcohol and the min 

TABLE X.—OOMPARISON OF ERY’I‘HROMYCIN BLOOD LEVELS AT VARIOUS INTERVALS AFTER ORAL ADMINISTRATION 
OF ERYTHROSULFA PREPARATIONS 

[Dose: 400 mg. erythromycin (about 2.5 mg./lb.). Time: V2 hour before breakfast] 

Blood level at intervals, hours 
Preparation * ' 

2 4 6 8 10 

Erythroruycin enteric pilules with triple sulfa pilules .... _- Average range ----------- -- .458 .263 . 182 .114 .079 
Ratio (0) 1 ............... -. 0—. 810 0-. 440 0-. 480 .072—.236 .046-.144 

. > - 8/9 8/9 8/9 9/9 9/9 

Enteric coated erythromyein tablets laminated with Average range ----------- -- .350 .149 .121 .063 .054 
triple Sums, Ratio (0) 1 ............... _. 0-1. 34 0-. 654 .oso-. 22 0-. 120 0-. 1 

8/10 9/10 10/10 8/10 9/10 
Erythromycin with triple sulfas ?avored granules (not Average range ----------- -- -066 -052 .174 .047 .031 

enterie). Ratio (2) l ............... _. 0-. 256 0-. 256 0-1.06 0-, 230 0__1g6 
5/10 7/10 7/10 7/10 4/10 

Dn Average ran 140 086 . 045 . 058 031 
RM 0— 456 0-. 254 0-. 098 0-.1 0- 082 

A 049 046 8/0g 010 
‘Er throm cin with tri 1e sulfas oral sus ension ......... -. verage range . . . . _ 19 y y p ’ p Ratio (0) 1-. 07- 280 0-..12 o_.1o2 o- 1 0-. 08 

< 10/10 6/10 8/10 5/10 3/10 

X Fractions indicate the ratio of individuals with demonstrable levels to the total number of individuals in the group.' Number in parentheses 
indicates number of individuals in the group who had no detectable erythromycm levels at an;7 interval. 

EXAMPLE 6 eral oil is added. It is preferred to use 1 1b. 8 ozs. 297 
Steroid Pilules grs. of di-n-dilbutylphthalate as plastioizer in the coating 

50,000,000 enteric coated pilules containing 6a-methyl 75 solution. 
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Dusting powder: 
Magnesium stearate, powdered, 11 lbs. 162 grs. 
Talc, 44 lbs. 1 oz. 211 grs. 

The ingredients are uniformly mixed using a No. 12 
wire in the mixer. 

Directions: The pill starters are sprayed in a revolving 
pill tub with deionized water until uniformly moistened. 
The medicinal agent mixture is dusted on the moistened 

starters. The spraying and dusting are repeated until the 
average diameter of the pilules is from 0.048-0.049 in. 
The pilules are air dried and assayed tor steroid content. 
The assayed pilules are coated with the coating solu 

tion using the magnesium stearate-talc mixture as dusting 
powder, until the average diameter is from 0.051—0.052 in. 
The coated pilules are assayed for steroid content. 
The coated pilules are encapsulated into two-piece hard 

gelatin capsules each containing 4 mgs. of 6u-methyl 
prednisolone in the form of 140 enteric-coated pilules. 
The oral administration to humans of one to two cap 

sules daily provides bene?cial results with lowered inci 
dence of side eifects in rheumatoid arthritis. Advanta 
geous, consistent blood levels of 17-OH corticosteroids 
are obtained in the oral treatment of addisonian disease. 

EXAMPLE 7 

Antimony Potassium Tartrate Pilules 

10,000,000 pilules are prepared from the following types 
and amounts of materials: 

[Pill starters prepared as in Example 1 (average diameter of 600 starter 
is 0.041 in.), 10,000,000] 

Medicinal agent mixture Lbs. Oz. Grs. 

Antimony potassium tartrate, U.S.P 2 14 129 
Cane sugar _______________________ __ _ 1 ______ __ 280 

Starch bolted“..- 2 1 133 
Talc bolted _______________________________ __ 7 4 180 
Polyoxyethylene sorbitan monolaurate _____________ __ 1 303 

Gms. Cc. 

Coating solution: 
Hydrolyscd styrene-maleic anhydride copolymer" 1,700 ______ __ 
Di-n~butyl phthalatc O 
Anhydrous ethanol, denatured _________ __ 
White mineral oil, U.S.P., viscosity 180__ 

Dusting powder: 
Magnesium stearate po., U.S.P _________________ __ 1, 280 ______ .. 
Talc, U.S.P _____________________________________ __ 512 ______ _. 

In a revolving tub the starters are sprayed until uni 
formly wet with a 1% aqueous solution of the polyoxy 
ethylene sorbitan monolaurate. 
A homogeneous mixture of the antimony potassium 

bitartrate, the cane sugar, starch and talc is dusted on the 
wet starters. The spraying and ‘dusting are repeated until 
the average diameter of 600 pilules is about 0.048 in. The 
pilues are air dried and assayed for antimony potassium 
bit-artrate content. 

A-fter assay, the pilules are given several coats of hy 
drolysed styrene-maleic anhydride copolymer in an anhy 
drous ethanol solution containing mineral oil and di-n 
buty-l phthalate, using the magnesium stearate-talc mix 
ture as a dusting powder. This procedure is continued 
until uniform spherical pilules with an average diameter 
of about 0.055 in. are obtained. Bene?cial results are 
obtained in the oral treatment of dermal leishmaniasis at 
a daily dose of 3 to 4 capsules. 
The pilules are encapsulated into two-piece hard gel 

atin capsules each containing 22 mgs. of the medicinal 
agent in the ‘form of 160 pilules. 

EXAMPLE 8 

Psychic Energizer Pilules 
Following the procedure of Example 6, 1,000,000 en 

teric coated pilules are prepared from the following types 
and amounts of materials. 

15 
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Pill starters prepared as in Example 1 (average 

diameter 0.042 in.) __________________ __ 1,000,000 

Medicinal agent mixture: 
Indole, 3-(2-aminobutyl)-, acetate ___gms__ 43.2 
Starch, bolted __________________ __gms__ 63.0 
Sucrose, powdered ______________ __gms__ 31.5‘ 
Talc, bolted ____________________ __gms__ 147.6 
Ethylene oxide-polypropylene glycol 

condensation product1 __________ __gms__ 2.8 

Coating solution: 
Styrene-maleic acid copolymer _____ __gms__ 700 
Ethanol anhydrous, denatured _______ __cc__ 4670 
Di-n-butylphthalate ______________ __gms__ 84 
White mineral oil, viscosity 180 _____ __gms__ 140 

Dusting powder: 
Magnesium stearate, powdered ____ __gms__ 105 
Talc, bolted _____________________ __gms__ 420 

1Pluronic F-68, Wyandotte Chemical Company. 

The average diameter of the enteric coated pilules 
is 0.052 in. 130 pilules contain 5 mgs. of the medicinal 
agent. 

EXAMPLE 9 

Androgenic Steroid Pilules 

Following the procedure of Example 6, 10,000,000 
enteric coated pilules are prepared from the following 
types and amounts of ingredients: 

[Pill starters prepared as in Example 1 (average diameter 0.041 in.), 
10,000,000] 

Medical agent mixture Lbs. Oz. Grs. 

9t1-?uoro-11?, 17B-dihydroxy-17a-methyl-4 
audrostene-Bone ____ _.‘ __________________ __ 1 7 G5 

Starch, bolted ______ __ ___ 2 1 133 
Sucrose, powdered____ __- 1 ______ __ 280 
Tale ________________________________________ _. 7 4 180 

Gms. Cc. 

Coating solution: 
Polyvinyl acetate nhthal'lte 
Ethanol anhydrous, denatured_-_ 
Di-n-butylphthalate _________ __ 

White mineral oil, viscosity 180.-- __ 
Dusting powder: 

Magnesium stearate, powdered __________________ __ 1, 280 ______ __ 
Tale, bolted 512 

The average diameter of the enteric coated pilules is 
0.055 in. 150 pilules contain 10 mg. of the therapeutical 
ly active ingredient. 
The oral administration to male humans of one capsule 

daily provides bene?cial results in the treatment of an 
drogen de?ciencies. 

This application is a continuation in part of co-pending 
application Serial Number 496,344, ?led March 23, 
1955, now abandoned. 
What is claimed is: 
1. An oral pharmaceutical preparation containing a 

plurality of enteric~coated pilules each of which measures 
not more than about 0.1 inch in diameter, is spherical, 
and has a uniform thickness of enteric coating and com 
prises (a) a medicinal agent and (b) a coating of a single, 
non-toxic, acidic, enteric ?lm-forming material surround 
ing said agent, the plurality providing a unit dose of the 
medicinal agent. 

2. The preparation of claim 1 wherein the medicinal 
agent is a therapeutically active form of erythromycin. 

3. The preparation of claim 1 wherein the medicinal 
agent is a therapeutically useful form of iron. 

4. The preparation of claim 1 wherein the medicinal 
agent is a therapeutically active form of penicillin. 

5. The preparation of claim 1 wherein the medicinal 
agent is a therapeutically active form of a salicylic acid 
salt. 



3,081,233 
13 

6. The preparation of claim 1 wherein the medicinal 
agent is a therapeutically active form of a tetracycline. 

7. The preparation of claim 1 wherein the medicinal 
agent is a therapeutically active form of a steroid hormone. 

8. The preparation of claim 1 wherein the enteric ?lm 
forrning material is cellulose acetate phthalate. 

9. The preparation of claim 1 wherein the enteric 
?lm-forming material is hydrolyzed styrene-maleic anhy 
dride copolymer ‘which is more than ?fty percent hydro 
1yzed. 

10. The preparation of claim 1 wherein the enteric 
?lm-forming material is styreneamaleic acid copolymer. 

11. The preparation of claim 1 wherein the pilules 
measure between about 0.04 and 0.085 inch in diameter. 

12. A process for preparing a plurality of spherical 
enteric-coated pilules which comprises preparing uniform 
spherical pill starters, applying thereto a coating of a 
medicinal agent which is advantageously administered 
orally in enteric-coated form and applying a coating of 
a single, non-toxic, enteric ?lm-forming material, each 
step being so carried out as to provide pilules measuring 
not more than about 0.1 inch in diameter. 

13. The process of claim 12 wherein the pilules meas 
ure between about 0.04 and about 0.085 inch in diameter. 

14. An oral pharmaceutical capsule containing a plu 
rality of enteric-coated pilules each of which measures 
not more than about 0.1 inch in diameter, is spherical, 
and has a uniform thickness of enteric coating and com 
prises (c'z) 6a-methyleneprednisolone and (b) a coating of 
hydrolyzed styrene-maleic anhydride copoly-mer as the 
single, non-toxic, acidic, enteric ?lm-forming material 
surrounding said 6a-methylprednisolone. 

15. The capsule of claim 14 wherein the plurality of 
pilules contains about 4 mgs. of 6a-methylprednisolone. 

10 

14 
16. An oral pharmaceutical capsule containing a plu 

rality of enteric-coated pilules each of which measures 
not more than about 0.1 inch in diameter, is spherical, 
and has a uniform thickness of enteric coating and com 
prises (a) a medicinal agent and (b) a coating of a single, 
non-toxic, acidic, enteric ?lm-forming material surround~ 
ing said agent, the plurality providing a unit dose of the 
medicinal agent. 

17. An oral pharmaceutical packet containing a plu 
rality of enteric-coated pilules each of which measures 
not more than about 0.1 inch in diameter, is spherical, 
and has a uniform thickness of enteric coating and com 
prises (a) a medicinal agent and (b) a coating of a single, 

' non-toxic, acidic, enteric ?lm-foaming material surround 
15 

20 

25 

30 

ing said agent, the plurality providing a unit dose of the 
medicinal agent. 
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