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ETHYL CELLULOSE COATINGS FOR SHAPED
MEDICINAL PREPARATIONS

Hans Lowey, Larchmont, N. Y.
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This invention relates to shaped medical preparations
and especially to the coating of medicating carriers.

One of the objects of the invention is to provide on
granulated carriers of predetermined shape, one or more
action affecting multi-coat layers of predetermined struc-
ture and dimensions, and of high elasticity so as sub-
stantially not to be affected in their action by the further
handling of the granules and especially during shaping
or compression of several granules into capsules or tablets
of predetermined shape, structure and dimensions.

A preferred object of the invention is to provide so
many coatings or a layer of such thickness while main-
taining a predetermined solidity and elasticity as to per-
mit complete postponement or exclusion of action for
such a great period, i. e., several hours, as to insure
any action to occur only after a predetermined delay,
for example, after passage through the stomach. Such
relatively thick layers are in contrast to relatively thin
layers which merely cause medication to start slowly
but immediately, with the result of a more sustained ac-
tion instead of a delayed action. .

Another object of the invention is to provide a multi-
coat layer on a granulated medication containing carrier
having so many coatings as to insure the occurrence of
a predetermined action delaying or action sustaining
effect, within certain permissible tolerances, even in case
some of ‘these coatings would be inhomogenous or im-
perfect due to inaccuracies which may be incidental or
accidental to existing production methods or facilities.

Still another object of the invention is to provide multi-
coat layers each including a large plurality of successive
coatings, and wherein each plurality of coatings grad-
ually decreases in thickness from the bottom to the top
layer of such plurality, while the bottom layer of each
plurality of coatings may be caused to increase in thick-
ness, in a manner preferably proportional to its radius
or to the distance of the coating from the center of the
granule.

A further object of the invention is to insure or en-
hance elasticity and occurrence of the desired action
delay after consumption of a finished tablet or capsule
by applying the multi-coat layer or layers to a medically
active, round granulated carrier, and reducing the thick-
ness of each individual coating to a thickness which is
not more than one percent of its radius or a fraction
thereof, preferably for a granule of a diameter of .05”,
the thickness of each individual coating should be re-
duced to the order of magnitude of .000025".

Still further an object of the invention is to provide
on granulated round carriers multi-coat layers of a pH-
wise substantially neutral structure, so as to reduce to
a minimum the effect of the usually varying individual
acid or alkaline conditions prevailing in the part or parts
of the human body receiving the tablet or capsule, whether
such tablet or capsule is to be effective in the stomach
or in the intestines or in both, thereby maying the effect
of the stomach or intestinal juices, whether alkaline or
acid, more closely proportional to the number of coatings
and thus more accurately predeterminable than it would
be with the use of pH-wise non-neutral, or acid or alka-
line coatings.
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At the same time as a further object of the invention,
imperfections in such substantially neutral coatings such
as varying thickness or even ruptures or fissures will have
less effect upon the desired action delay, in contrast to
imperfections in acid or alkaline coatings which once
broken at one point would permit either the acid stomach
fluid or the alkaline intestinal fluid, as the case may be,
to break through rather quickly to the granulated medi-
cally active core, thus causing it to act prematurely there-
by destroying any intended predetermined actional sus-
taining or action delaying effect of these coatings.

As a more specific object of the invention, therefore,
the individual coatings in a multi-coat layer are substan-
tially separated from each other or from any preceding
or succeeding coating.

A preferred object of the invention, is to separate the
individual coatings by a thin layer of extremely finely
ground filler particles such as talcum, which serve to
maintain an effective separation of adjacent coatings even
though the bottom coating may not be completely dry
when a succeeding coating is applied. In fact such com-
plete dryness is not desired firstly because it would un-
duly extend time of manufacture, and, secondly, the
succeeding coating would have difficulty adhering to a
completely dried out bottom surface.

On the other hand, the direct application of a suc-
ceeding coating on a wet or humid bottom coating would
tend to make the two adjacent coatings structurally one,
causing one coating to share its defects with the other
one in more or less the same manner and location, and
thereby destroying or impairing the safety in effect,
achieved by separating a great number of thin coatings
in accordance with-the invention.

In accordance with another feature of the invention,
the powder layer applied to a not-completely-dried-out
and therefore still somewhat soft bottom layer will cause
a roughening of its surface, which while holding the two
adjacent coatings substantially separate and apart from
each other, will cause a succeeding coating safely to
adhere to its bottom coating while at the same time im-
parting to its top coating a structure substantially inde-
pendent from that of the bottom coating. Thus, for
example, openings in one coating will not necessarily
communicate with openings in the other coating, and
therefore the probability of a break-through, through a
number of coatings of the juices affecting the multi-
coated granule is reduced, or rather limited to single
coatings only.

Still another object of the invention is to provide multi-
coat action sustaining or action delaying layers on non-
granulated carriers and even medical substances in powder
and even tablet form such as aspirin powder or tablets.

Still further another object of the invention is to pro-
vide action sustaining or action delaying coatings on im-
mediate action substances other than those of a medical
nature such as biologically active substances or carrier
of such substances, such as fertilizers, herbicides or in-
secticides in powder or tablet form.

All these features of the invention, especially those
resylting from the specific coating structures and pro-
cedures applied in this disclosure permit wide and pre-
determined variations in the effectiveness of medical prep-
arations such as tablets and capsules.

These and other objects of the invention will be more
fully disclosed in the drawings annexed herewith in
which Fig. 1 represents cross section through a granulated
carrier embodying certain principles of the invention and
Fig. 2 a combination .of granules differentially coated
also in accordance with the invention.

According to Fig. 1 a granulated carrier of round shape

such as produced in the usual manner in a rotating pan
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from sugar or corn starch is schematically indicated at
1. It may either contain or be impregnated with a
medicating substance such as nitroglycerin.

In the latter case, granule 1 is provided in accordance
with the invention, first, with a medicating impregnation
2 containing, for example, a medically active substance
such as nitroglycerin compound in an amount of say
50% of the weight of the granule 1.

Impregnation 2 is applied in one impregnation step or
preferably in several steps of a number which may be
somewhat less than the number of coating steps in-
volved in the application of action sustaining or action
delaying coatings.

In the present case medicating impregnation or coating
2 has been applied in twelve successive steps each in-
volving a medicating layer of substantially not larger di-
mensions than the subsequent action sustaining or action
delaying layers, with the difference that the resulting
medicating layer 2 forms, at least partially, not only a
coating but also an impregnation for the granule 1.

Since preferably substantially the same coating is used
to apply the medicating substance as in the application
of the subsequent action sustaining or action delaying
coatings, the penetration of the medically active coating
into the interior of granule 1 causes a dimunition in the
thickness which for that reason and depending upon the
internal structure of granule 1, may be thinner than the
corresponding action sustaining or action delaying coat-
ings, all this without departing from the scope of this
invention,

Upon medicating impregnation or impregnations 2, a
great number of extremely thin action sustaining or ac-
tion delaying coatings are applied schematicaly indicated
as an example at 3, 4, 5 and 6 of Fig. 1 without, however,
being limited to such number. Each of these coatings
should have a dimension not exceeding a few percent of
the radius of the granule and generally each coating
should have a thickness not exceeding a few percent of
its radius.

It has also been found from experiments underlying the
invention that a great number, preferably at least ten
coatings must be applied in order to give the resulting
multi-coat layer a predetermined action sustaining effect,
and at least twenty coatings must be applied to obtain a
predetermined time delaying effect.

In a preferred embodiment of the invention, the di-
ameter of the granules has been found to be of the order
of .05"" and a thickness of each coating applied thereon
of the order of 4000 of a percent of its radius or .000025"".

In a preferred embodiment of the invention further the
number of coatings forming one action sustaining or
delaying layer and which are indicated in Fig. 1 from 3
to 6 consists of the order of 25 and similarly each suc-
cessive layer has been established as of the order of 25
coatings. Such 25 coatings of the dimensions indicated
above have been found to provide a sustained action effect
of the duration of approximately one hour, provided the
granules contain a medicating substance or coating or
are to be medically active; or, as the case may be, an
action delaying effect of two hours provided there are
50 coatings applied in succession.

In a particular example, it has been found that on a
granule of a diameter of .05”" the application of 250 coat-
ings of an average thickness of .000025’* will increase the
diameter of each granule by about 30% from .05’ to
.065”. By manufacturing in this manner ten types or
batches of granules containing ten different multi-coat
layers of different multiples of 25 coatings, each of these
multi-coat layers will provide an action sustaining effect
for a predetermined multiple of hours. In this way a
substantially continuous action sustaining effect is ob-
tained, which, in accordance with this invention can be
made to extend altogether over 10 hours with a con-
siderable degree of accuracy and within economically
reasonable production tolerances.
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In order to produce such action sustaining or action
delaying effects of relatively long duration, in one example
of the invention, the following procedure is applied:

The object of this procedure was to obtain a nitro-
glycerin containing tablet releasing the nitroglycerin
gradually and practically proportionally during a period
of approximately ten hours and in such a manner as not
to become destroyed when released in the patient’s
stomach and not produce any shock effect upon the
patient when released in his intestinal tract.

In order tc achieve such a gradual release in a first
step of procedure, a predetermined amount of say 100
pounds of granulated material is worked in a rotating
pan in otherwise well known manner, into substantially
round granules which, after sieving and, if necessary,
regranulating of the residues, are transformed into 200
pounds of granules of substantially equal size, for ex-
ample, of between ten to twenty mesh or a diameter of
approximately .05 each.

These 200 1bs. of granules are now subjected to a
great number of coating operations in a rotating pan, in
otherwise well known manner, except that in accordance
with the invention the coating solution applied is of a
substantially lower concentration than usual and the speed
of the rotating pan is of a substantially higher order than
the usual.

Both these features cooperate to produce an extremely
thin coating of extremely high elasticity and solidity,
especially when superimposed in large numbers.

In a particular example of such coating operation the
200 pounds of .05" diameter granules are first coated
with a lesser number of say, 12 medicating coatings in-
creasing the weight of the granules from 200 to 201.5
Ibs. and thereafter with one or several multiple coatings
each consisting cf 25 separate coatings, whereby each of
these coatings is produced by one pound of a coating
solution containing a very high percentage of solvent,
weighing at least several times as much as the coating
material itself. In a particular example the solution is
an 85% alcohol solution containing 15% of a cellulose
compound containing at least one of the following sub-
stances: methyl cellulose, ethyl cellulose, and cellulose
acetate, phthalate or derivatives thereof; this solution also
includes a few percentages (of the order of about 10%)
of beeswax and castor oil which add to increase plasticity
and elasticity of the coatings, respectively.

The alcohol solvent may be replaced by chloroformt,
if necessary; all this without exceeding the scope of the
invention, although ethyl cellulose has been found as con-
tributing a maximum of elasticity to the final coatings
and a minimum of inaccuracies and imperfections.

It has also been found of importance for the effects
characteristic of the invention that the coating solution
be substantially neutral or of the order of 7 pH.

It should be noted that in order to obtain exactly pre-
determined coatings the solvent must be applied im-
mediately before coating.

The coating itself is effected in 2 rotating pan of usual
construction of a diameter of around 38 inches but ro-
tating with a speed of 50 to 60 R. P. M. in contrast to
the usual 30 R. P. M.

The coating operation itself and the rotation of the pan
occurs for a duration of arcund five minutes until the
entire one pound solution is transformed into coatings;
then a drying operation of arcund 10 minutes or twice as
much as the coating time is applied. Thereafter a sepa-
rating layer is applied to the dry yet still soft coating in
the form of very fine talcum powder estimated to be of
not more than the order of coating thickness, or between
about 1000 and 10,000 mesh.

The drying is preferably effected in a flow of warm air
of slightly above rcom temperature, preferably at around
70° Fahrenheit.

Thus in accordance with the invention, upon the medi-
cating impregnation or impregnations 2 the first action
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sustaining or delaying coating is applied in the form of a
one pound alcohol solution as mentioned above and im-
mediately after drying after talcum dusting, the second
coating 4 is applied in the form of a 1 Ib. solution sub-
stantially identical with the previous solution whereafter
another dusting procedure takes place. This process is
continued until 25 coatings have been applied, always
using a 1 Ib. alcohol solution of cellulose compound.

Thus this first action sustaining or delaying coating
procedure will increase the weight of the granules from
201.5 to 204.5 pounds.

Thereafter one-tenth of the granules corresponding to
an action sustaining period of one hour, namely, 20.45
Ibs. are removed and stored separately and the balance of
the granules, i. e. 184.05 1bs. is subjected to another coat-
ing procedure again involving 25 separate coating opera-
tions, each using again a 1 1b. 85% cellulose compound
coating solutions, resulting in coatings 12, 13, 14 etc.
with intermediate talcom dust layers 15, 1§, etc.

The result will be 187.05 pounds of granules each
granule containing 50 coatings of predetermined thick-
ness and providing an action sustaining period of two
hours.

In a third operation, now, one-ninth of this amount,
namely 20.75 pounds of granules, is removed and put
aside; the balance, namely an amount of 166.30 pounds
of granules, is subjected to 25 successive coating opera-
tions each involving a 1 1b. 85% cellulose compound
solution. As a result of this third operational step 169.3
pounds of granules are obtained containing granules hav-
ing each a three hour action sustaining effect.

This coating procedure is now continued until, finally,
ten batches of granules are obtained, representing ten
different multiples of 25 coatings corresponding to ten
different action sustaining periods, extending from one
to ten hours, respectively. ’

By combining one or preferably several granules, in
the abovementioned example 20 granules, of each batch,
into a tablet or capsule, this tablet or capsule will pro-
vide an action sustaining or delaying effect gradually
extending over ten hours.

Part of such a tablet in cross section is shown in Fig. 2
where granule 17 is shown carrying a 12-coat impreg-
nation 18 and a 250-coat action delaying layer 19. Gran-
ules 20 and 21 are shown to have in addition to and
on top of the 12-coat medically active impregnation 22,
a 25-coat action delaying layer 23, while granule 24 car-
ries in addition to medicating impregnation 25, a 50-coat
action delaying layer 26, and granules 27, 28 carrying in
addition to medicating layers 29, a 100-coat action de-
laying layer 3&.

There may be combined, of course, in a tablet, any
desired number of granules having any desired number

of coatings in accordance with the invention and in addi- -

tion to medically active granules such as shown at 17,
20, 21, 27 and 28, a number of medically inactive filler
granules preferably of irregular shape such as shown in
Fig. 2, at 31, 32, which protect the medically active gran-
ules from breakage or any other action distorting effects.

In another example of the invention ounly four such
batch steps are involved. In this case, in a first step,
a time delaying action is intended, i. e., an action in
which for a predetermined time, for example, during the
passage of the tablet through the stomach, no medicating
effect at all is produced, while thereafter, namely, in
the intestines, a medicating effect, for example, a sus-
tained action medicating effect is to be realized.

In this particular case and in this particular example
two hundred pounds of granules or powder particles of
any shape not necessarily round but preferably of the
general diametrical dimensions mentioned above, are
coated in a first operational step with fifty separate coat-
ings preferably of the dimensions mentioned above, each
involving an intermediate dusting and a one pound coat-
ing solution similar to that mentioned above in its first
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step. In this way the first 50 coatings cause a delay time
of approximately two hours, i. e., for a duration suffi-
cient to permit a tablet or capsule containing such
granules or powder particles to be passed through the acid
stomach and to the alkaline intestines, provided, of course,
that in accordance with the invention the coatings are of
a pH-wise substantially neutral structure.

The result of such coating procedure will be an amount
of 206 pounds of granules, or particles, each providing a
two hour delayed action period. = Thereafter one fourth
of this batch is removed from the pan and the balance
is subjected to a second coating step whereas an amount
of coating solution proportional to the remaining weight
of the granules or particles is added, and 50 successive
coating operations are applied in a manner similar to
that of the first operation.

After two further and successive coating steps, two
further batches of a size substantially equal to the first
removed batch are removed from the coating pan.

As a result of these four coating steps each including
fifty individual coating operations, four batches of gran-
ules or particles are obtained each batch corresponding
to two, four, six and eight hours of action delaying pe-
riods.

The final product of these four coating operations each
containing 50 coating steps will be a mixture of four
batches of granules or particles containing equal amounts
of two, four, six and eight hour action delaying coatings.

In other words a tablet or capsule made with a mix-
ture of such granules or particles will produce no action
whatever in the stomach but will produce action delaying
effects for a period of approximately eight hours in the
intestinal tract.

In order to achieve a more pronounced or prolonged
preliminary action delaying effect, in another example of
the invention the different batches of granules are pro-
duced in simultaneous coating steps instead of in suc-
cessive coating steps as before.

In order to explain this matter still further an example
of this type of procedure will be given.

A first batch of 50 pounds of granules or particles of
a general size such as mentioned above is provided in
a rotating pan with fifty coatings of dimensions such as
mentioned above and in the manner stated above and
with the use of a coating solution such as exemplified in
one of the previous examples. n

Thereafter in another successive coating operation a
second 50 lb. batch of equal character is added to the
first batch and fifty further coatings are applied to both
batches with corresponding amounts of solution in ac-
cordance with the invention. -

The result will be 100 1bs. of granules or particles, 50
1bs. ‘thereof providing an action delay of two hours and
another 50 lbs. thereof providing an action delay of four
hours.

Now, in a third step of this procedure, a third 50 1b.
batch of granules or particles is added and the three
batches are coated in the pan in substantially the same
manner as stated above with fifty appropriate coatings,
dimensioned in accordance with the invention.

Thereafter, in a fourth coating step, a fourth 50 Ib.
batch of granules or particles is added and the pan is
rotated and fifty further coatings are applied to these four
batches in accordance with the invention. The result of
these four process steps will be a 200 1b. mixture of
granules or particles, containing in equal proportions
action delaying coatings for two, four, six and eight hours
respectively.

"This mode of procedure has the advantage that the
last or top layer of multiple coatings which are applied
to all four batches and to every one of the 200 lbs. of
granules or particles, can be made of any desired thick-
ness corresponding to any amount of predetermined ac-
tion delaying time such as several hours, while the under-
lying coatings may be relatively thinner corresponding
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only to action sustention periods such as durations of one
hour only or multiples therect.

In a fourth mode of coating procedure, four separate
501b. batches of appropriately shaped granules or parti-
cles are processed completely separately. Each of these
batches is treated separately, the first batch with 50 coat-
ings, the second batch with 100 coatings, the third batch
with 150 coatings and the fourth batch with 200 coatings,
all applied in accordance with the invention. A tablet or
capsule made of a mixture of equal quantities of these
four granules or particles and derived from each of thsese
four batches will have no effect whatever for two hours
and therefore it will be able to pass the stomach substan-
tially unaffected; it will only be effective after two hours,
i. e., in the intestinal tract, and in this location it will be
gradually effective for a duration of altogether eight hours
one granule being effective over each pair of successive
hours.

The invention is not limited to the exact coating pro-
cedures, amounts and structures shown and described but
may be applied in any proportion and sequence whatso-
ever. It is especially possible in accordance with the
invention to obtain wide variations and mixtures for ac-
tion delay and action sustention in a predetermined man-
ner, to increase one or the other of these effects.

I claim:

1. In a medically active shaped preparation, a num-
ber of substantially round medically inactive granulated
carriers, each having an impregnation of a solution of
therapeutically active material in ethylcellulose and upon
said impregnation a number of action-delaying ethyl-
cellulose coatings, the number of coatings on at least
some of said carriers being different from the number
on the remaining carriers by at least 25; said 25 coat-
ings containing a total amount of coating material of the
order of 1% of the weight of the inactive carrier substan-
tially equally divided among said 25 coatings, and each of
said coatings being substantially not thicker than .1% of
its radius.

2. Preparation according to claim 1 wherein said medi-
cally active impregnation contains nitroglycerin and said
total amcunt of ethylcellulose coating material is ap-
proximately 1.5% of the weight of the medically inactive
carrier, and wherein each of said coatings has a thick-
ness of the order of .000025 inch; said carriers having
a granule diameter of .05 inch; the diameter of the largest
medically active coated carrier being approximately 30%
greater than the diameter of the smallest medically active
coated carrier.

3. Preparation according to claim 1 in the form of a
tablet wherein each of said medically impregnated ethyl-
cellulose coated carriers is additionally provided with at
least 25 ethylcellulose top coatings centaining a total
amount of coating material of the order of 1.5% of the
weight of the medically inactive carrier; said amount being
divided substantially equally among said 25 top coatings,
and each of said top coatings being substantially not thick-
er than .1% of its radius.

4. In a coating process, the steps of coating medically
inactive granules in a rotating pan to a substantially
round shape, sieving the granules to a substantially equal
size, impregnating said granules with a medicating sub-
stance in an ethylcellulose solution and coating thereon
an action delaying ethylcellulose layer in the form of at
least 23 substantially separate successive coating steps;
the 25 coatings containing a total amount of coating mate-
rial of the order of 1% of the weight of the medically in-
active granule substantially equally divided among said
25 coatings; each coating being followed by an interme-
diate drying step and each action delaying coating having
a thickness of the order of %y% of the radius of the
medically inactive granule.

5. Process according to claim 4 wherein said medical-
1y active impregnation contains nitroglycerin and said total
amount of ethylcellulose coating material is approximate-
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ly 1.5% of the weight of the medically inactive granule
and, wherein said granules are of the order of .05 inch
diameter, each coating being of .the order of .000025 inch;
and wherein there are a further number of medically im-
pregnated granules coated in said pan and provided with
so many successive ethylcellulose coatings as to in-
crease the diameter of the coated granules to approxi-
mately 30% of the diameter of the medically impregnated
granules containing only 25 ethylcellulose coatings; the
thickness of all the coatings on different granules being a
multiple of the thickness of all the coatings on said
granules containing only 25 ethylcellulose coatings.

6. Process according to claim 4 wherein said granules
are coated with a highly evaporative solution of ethylcel-
iulose and in a coating pan rotating at a speed of around
50 to 60 R. P. M,, the ethylcellulose being dissolved, im-
mediately prior to rotation, in said solution; said solution
containing as a solvent at least 85% of at least one of the
group consisting of alcohol and chloroform.

7. Process according to claim 4 wherein a predeter-
mined batch of granules is placed in the rotating pan and
rotated at a speed of about 50 to 60 R. P. M. for a dura-
tion of five minutes, the operation being repeated 25
times whereby each time substantially the same amount of
ethylcellulose is applied in a solution containing fractions
of beeswax and castor oil and as a solvent at least 85%
of at least one of the group consisting of alcohol and
chloroform, each time followed by a fifteen minute drying
period, and wherein thereafter a predetermined fraction
of said batch is removed from said pan and a coating
solution is applied to the remaining batch in an amount
substantially in the same proportion to the remaining
batch as applied previously to the entire batch, and the
pan is again rotated in twenty-five separate operations
each lasting five minuies; followed by fifteen minute dry-
ing pericds; whereupon again a fraction of granules sub-
stantially equal to the fraction previously removed is re-
moved from the pan, and the granules remaining in the
pan are coated in the previous manner, said removing
and coating operations being repeated until a desired num-
ber of batches of granules is obtained; the coatings of
each batch representing multiples of twenty-five coatings,
there being interposed after each coating step a powder
dusting step consisting of the application of talcum of
about 1,000 to 10,000 mesh and of an amount substan-
tially not higher than that of the ethylcellulose in one
finished coating; whereupon predetermined amounts of
granules of each batch are formed into a predetermined
shape providing a predetermined amount of action delay.

8. Process according to claim 4 in the manufacture
of a tablet wherein each of said medically impregnated
cthylcellulose granules is additionally provided with at
least 25 ethylcellulose top coatings containing a total
amount of coating material of the order of 1.5% of the
weight of the medically inactive granules; said amount
being divided substantially equally among said 25 top
coatings, and each of said top coatings being substan-
tially not thicker than .1% of its radius.

References Cited in the file of this patent
UNITED STATES PATENTS

2,196,768 Hiatt Apr. 9, 1940

2,540,979 Clymer et al. ____.._____ Feb. 6, 1951

2,714,084 Hermelin - _.______ July 26, 1955

2,736,682 Hermelin - ____ Feb. 28, 1956

2,738,303 Biythe o __________ Mar. 13, 1956
FOREIGN PATENTS

109,438 Australia . ______ Jan. 11, 1940

OTHER REFERENCES

Celet: Drug and Cos. Ind., September 1948, vol. 63,
No. 3, p. 286.

Clarkson: “Tablet Coating,” 1951, Drug and Cos. Ind.,
N. Y., pp. 59-65. .



