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The present invention relates to pharmaceutical prepa 

rations in bead form, especially for oral administration, 
which contain the active ingredient, or mixture of active 
ingredients, incorporated in physiologically acceptable syn 
thetic polymers, that can be dissolved or swollen by the 
stomach juice and/or intestinal juice, and to the manufac 
ture of such pharmaceutical preparations. 

Hitherto, solid pharmaceutical preparations, for ex 
ample, for oral administration, were made by aggregat 
ing the active ingredient, either alone or in admixture with 
known adjuvants, for example, starch, sugar, talc, fla 
vouring agents, and the like, and compressing the aggre 
gate into flat circular discs of varying porosity on a 
tablet compressing machine. Preparations in this form are 
a further development of the powder which constitutes a 
single dose. They have many advantages over powders in 
that they permit more exact dosage, are easier for the 
patient to take, and permit more accurate selection of 
the region where resorption is to take place, for example, 
the mucous membranes of the mouth or of the gastro-in 
testinal tract. Furthermore, tablets have a longer storage 
life because they present a small surface area to the hostile 
environment than powders. A feature which both tablets 
and powders have in common is that they release the 
medicament quickly. More recently, attempts have been 
made to control the release of active ingredients from 
Solid pharmaceutical preparations of the kind defined by 
means of different methods of manufacture. Such phar 
maceutical preparations are known as "prolonged re 
lease' or "substained release' tablets. The purpose of these 
tablets is to release the active ingredient, either with or 
without an initial dose, over a period of several hours, 
the release being effected either continuously or in por 
tions, the object being to keep the level of active ingredi 
ent in the blood as constant as possible. To this end, the 
medicament is coated with a material which is resistant 
to the acid secretion of the stomach but which is solu 
ble in the secretion of the small intestine, thus prevent 
ing quick and premature release in the stomach. The 
materials first used for such coatings were natural prod 
ucts such as fats and waxes, and these were followed by 
synthetic adjuvants, which were mainly acrylic and cel 
lulose derivatives. In a further development of the “pro 
longed release' form, the medicaments are mixed with 
Syntheic materials of an appropriate grain size which are 
inert towards and insoluble in the intestinal juice, for ex 
ample, polyvinyl chloride or polystyrene, and the mixture 
is compressed into tablets by a known method. The 
Soluble medicament slowly diffuses out of this porous 
“housing.” The great drawback to this so-called classical 
form of prolonged-release tablet is that even very slight 
and uncontrollable changes in the mode of production 
result in very great differences in the porosity of the prepa 
ration or its "housing' and this, in turn, makes for big 
differences in the rate at which the active ingredient is 
released. A process for the manufacture of pharmaceu 
tical preparations having properly controllable release 
properties has recently been described in which the medic 
ament, or mixture of medicaments, is admixed with 
Synthetic materials and adjuvants and the mixture is proc 
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essed into tablets free from pores by the known injection 
moulding process. 
The pharmaceutical preparations of the invention have 

substantial technical and pharmacological advantages 
over the preparations known hitherto. They have a smooth 
surface which may be transparent or opaque and can be 
attractively coloured as required. Their manufacture is 
simple in comparison with other products, especially injec 
tion-moulded tablets, since expensive apparatus is not 
required. They are suitable for both small-scale and 
large-scale production. Furthermore, the size of the beads 
can be controlled in a very simple manner, which means 
that the release of the active ingredient can also be pre 
cisely controlled in respect of both amount and time. It 
has also been found that, in many cases, active ingredients 
incorporated in such preparations are more stable be 
cause the material with which they are coated or in which 
they are embedded is protective and mechanically stable. 
They also show a high degree of resistance to atmospher 
ic influence. Since they generally exhibit a low degree of 
permeability to water, the preparations made by the 
process of the invention are specially suitable for hy 
groscopic medicaments and/or medicaments that are sen 
sitive to moisture. 
The preparations made by the process of the inven 

tion may be used per se, for example, in the form of 
granules, if desired, in capsules, or suspended in a liquid, 
for example, as a suspension or in the form of a syrup. 
However, the product may also be admixed with ad 
juvants, and compressed into tablets in the customary 
late 

The synthetic materials used are those whose monomers 
can be subjected to bead polymerization in the presence 
of the active ingredients and which, when cured, yield 
a physiologically acceptable polymer of adequate strength 
that can be at least Swollen, e.g. dissolved by the gastro 
intestinal juices. Synthetic materials of the kind defined 
are advantageously copolymers of methacrylic acid and 
methylmethacrylate, acrylic acid and acrylic acid methyl 
ester, vinyl acetate and crotonic acid, styrene and acrylic 
acid, and/or maleic anhydride, vinyl methyl ether and 
maleic acid anhydride and/or fumaric acid and/or ita 
conic acid, and the Swelling capacity and alkali-solubility 
of the synthetic material can be regulated by changing the 
proportion of free acid present in the copolymer. 
The ratio of active ingredient to synthetic material in 

the preparations of the invention depends on the dosage 
of active ingredient and the desired rate of release. 
The new preparations may also contain fillers or swell 

ing agents, for example, paraffins, starch derivatives, talc, 
Stearates, and also electrolytes. Furthermore, interface 
active substances such as fatty alcohols or fatty acids may 
be added to render lipophilic substances hydrophilic, and 
Substances which render hydrophilic substances lipophilic, 
Such as alkylamines, for example, hexadecylamine, or 
organic silicones, for example, dimethyldichlorosilane. 
They may also contain the medicament, or mixture of 
medicaments, or parts thereof, enveloped in wax or fat, 
and also synthetic resins that are insoluble in the stomach 
juice and/or intestinal juice and that are not swollen 
thereby, and thus constitute a “prolonged release” prepa 
ration. 
The new pharmaceutical preparations of the invention 

are obtained when a medicament, or a mixture of medica 
ments, if desired or required, together with fillers and 
Swelling agents and/or further adjuvants, is subjected to 
bead polymerization in admixture with monomers which 
yield physiologically acceptable synthetic materials which 
are dissolved or Swollen by the stomach juice and/or in 
testinal juice when polymerized. In the said process, the 
medicament or mixture of medicaments, may be dissolved 
or suspended in the monomers, the adjuvants added, and 
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the mixture thus obtained dispersed, for example, by 
stirring, in a dispersing agent with which it is imniscible, 
for example, water, in such a manner that beads having 
the requisite degree of fineness are obtained. Polymeriza 
tion may even be carried out at room temperature if the 
appropriate monomers are used, although it is normally 
carried out at an elevated temperature. The beads that are 
formed are separated from the dispersing agent, Washed, 
and dried. 
The catalyst used is one of those normally employed 

for this reaction, for example, an inorganic or organic 
peroxide, for example, benzoyl peroxide and tertiary 
butyl hydroperoxide or an azonitrile, for example, co-aZO 
diisobutyronitriie. An organic tertiary-annine, an iron 
salt, manganese, cobalt, a Sulphinic acid or a sulphite can 
be added to accelerate polymerization. 
The following examples illustrate the invention. 

Example 1 
10 grams of 5-(1-cyclohexenyl)-5-ethyl-calcium bar 

biturate and 32 grams of a vinyl acetate-crotonic acid 
copolymer (92:8) are dissolved in a mixture of 40 grams 
of methacrylic acid monomer and 25 grams of methyl 
methacrylate monomer. The viscous solution is emulsified 
in 200 millilitres of a solution of 0.4 gran of sodium 
polyacrylate and 20 grams of sodium Sulphate in 100 
millilitres of water in a vessel provided with stirring 
means, a reflux condenser and a tube for the introduction 
of gas; 0.5 millilitre of benzoyl peroxide is added, and 
the batch is polymerized at about 60° C. at a stirring 
speed of 200 r.p.m. and with the introduction of CO2. 
Polymerization is finished after about 2 hours, and the 
product consists of dull white beads between 0.1 and 3.0 
millimetres in diameter and having a smooth surface. 
The beads are washed with distilled water and, if desired, 
dried at 40 C. 

Example 2 
10 grams of acetyl-para-phenetidine and 30 grams of a 

copolymer from acrylic acid ethyl ester, tertiary butyl 
acrylamide and acrylic acid are dissolved or suspended in 
a mixture comprising 40 grams of methacrylic acid mono 
mer and 27 grams of methylmethacrylate monomer. The 
Suspension is further treated and polymerized in a man 
ner analogous to that described in Example 1, but at a 
temperature of 50° C. and a stirring speed of 500 r.p.m. 
Polymerization is finished after about 2 hours, the prod 
uct comprising yellowish white beads having a mean di 
ameter of 0.2 to 0.3 millimetre. 

Example 3 
100 grams of 2-ethyl-2-phenyl-glutarimide are dissolved 

in a Solution of 30 grams of a vinyl acetate-crotonic acid 
copolymer (92:8) in 40 grams of methacrylic acid mono 
mer and 30 grams of methyl-methacrylate monomer. The 
Solution is emulsified in 550 millilitres of a solution of 0.4 
gram of Sodium polyacrylate and 20 grams of sodium 
Sulphate in 100 millilitres of water in a manner analogous 
to that described in Example 1. 0.5 gram of a-azo-iso 
butyronitrile is added, and the batch is polymerized for 
3 hours at a temperature of 60° C., while stirring at 500 
r.p.m. White beads having a means diameter of 0.4 to 
0.6 millimetre are obtained. 

Example 4 
25 grams of papaverine base and 20 grams of a vinyl 

acetate-crotonic acid copolymer (92:8) are dissolved in 
43 grams of methyl-methacrylate monomer. The solution 
is emulsified in 275 millilitres of a solution of 0.4 gram 
Cf Sodium polyacrylate and 20 grams of sodium sulphate 
in 100 millilitres of water in a manner analogous to that 
described in Example 1.0.3 millilitre of benzoyl peroxide 
is added, and the batch is polymerized at 50° C. at a 
Stirring Speed of 200 rp.m. After 1 hour, greenish brown 
beads having a mean diameter of i to 3 millimetres are 
obtained. 
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4. 
Example 5 

15 grams of arachis cil, 15 grams of a copolymer from 
acrylic acid ethyl ester, tertiary butylacrylamide and acryl 
ic acid and 20 grams of 4-dimethylamino-1-phenyl-2:3- 
dimethylpyrazolone-5 are triturated with 50 grams of 
methylmethacrylate, and then further treated and polym 
erized in a manner analogous to that described in Ex 
ample 1, but at a stirring speed of 500 r.p.m. Yellowish 
white beads having a mean diameter of 0.2 to 0.4 milli 
metre are obtained. 

Example 6 
10 grams of hydrocortisone are suspended in 90 grams 

of a mixture comprising 3 grams of methylmethacrylate, 
3 grams of polyvinyl acetate-crotonic acid copolymer 
(92:8) and 4 grams of methacrylic acid. 0.5 millilitre of 
benzoyl peroxide is added and the suspension is emulsi 
fied in 250 millilitres of a solution comprising 0.4 gram 
of Sodium polyacrylate and 20 grams of sodium sulphate 
per 100 millilitres of water. The batch is then polymerized 
for 3 hours at 60° C. while stirring at 250 rp.m. and 
with the introduction of CO2. White beads having a mean 
diameter of 0.7 to 2.0 millimetres are obtained. 

Example 7 
25 grams of N-6-methoxy-2- (methoxymethyl)-4- 

pyrimidinyl-Sulphanilimide are dissolved at 70° C. in 75 
grains of a mixture comprising 3 grams of polyvinyl ace 
tate-crotonic acid copolymer (92:8), 3 grams of methyl 
methacrylate and 4 grams of methacrylic acid. 0.07 gram 
of ox-aZoisobutyronitrile is added and the mixture is then 
emulisfied in 250 millilitres of a solution of 0.4 gram of 
Sodium polyacrylate and 20 grams of sodium sulphate in 
100 millilitres of water. The batch is polymerized for 2 
hours at 70° C. while stirring at 300 rp.m. and with 
the introduction of CO2. Yellow translucent beads having 
a mean diameter of 0.5 to 1.0 millimetre are obtained. 

Example 8 
15 grams of 3-acetylamino-2:4:6-tri-iodobenzoic acid 

(Acetrizons DCI) in the form of the sodium salt are dis 
solved at 70° C. in 85 grams of a mixture comprising 3 
grams of methylmethacrylate, 3 grams of polyvinyl ace 
tate-Crotonic acid copolymer (92:8) and 4 grams of meth 
acrylic acid. 0.2 gram of benzoyl peroxide is added and 
the mixture is then emulsified in 250 millilitres of a solu 
tion of 0.3 gram of high-molecular polyethylene glycol 
and 10 grams of Sodium Suphate in 100 millilitres of di 
lute hydrochloric acid (0.01 N). The batch is polymerized 
for 3 hours at 70° C. while stirring at 250 r.p.m. and 
with the introduction of CO2. White beads having a mean 
diameter of 0.5 to 1.0 millimetre are obtained. 

Example 9 
20 grams of N - 6-methoxy - 2 - (methoxymethyl)-4- 

pyrimidinyl-sulphamilamide are dissolved at 70° C. in 
80 grams of a mixture comprising 10% of methacrylic 
acid, 40% of methyl methacrylate, 30% of polyvinyl 
acetate crotonic acid coploymer (92:8) and 20% of 
divinylbenzene. After dispersion in 300 ml. of a saturated 
aqueous solution of sodium sulfate with 0.4% of poly 
acrylate having a pH value of 6, the batch is copolymer 
ised with the addition of 0.2 gram of azoisobutyronitrile 
at 70° C. for 5 hours at a stirring rate of 300 rotations 
per minute. 
The resulting beads show a half value period for the 

release of active substance of one hour in artificial in 
testinal juice having a pH value of 7.5 at 37 C. 

Example 10 
20 grams of N-6-methoxy - 2 - (methoxymethyl)-4- 

pyrimidinyl-sulphamilamide are processed with 80 grams 
of a mixture of 50% of methacrylic acid, 30% of a co 
polymer of polyvinyl acetate-crotonic acid (92:8) and 
20% of divinylbenzene under the same conditions as de 
Scribed in Example 9 to form beads. 
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The resulting beads show a half value period for the 
release in artificial stomach juice of 2/2 hours. 

Example 11 
20 grams of N-6-methoxy - 2 - (methoxymethyl)-4- 

pyrimidinyl-sulphamilamide are polymerized with 80 
grams of a mixture of 50% of methacrylic acid, 20% of 
a copolymer from polyvinyl acetate--crotonic acid 
(92:8) and 30% of divinylbenzene, as described in Ex 
ample 9, at a stirring rate of 150-180 rotations per min 
ute, to form beads. 
The resulting beads show a half value period for the 

release of the active substance of 3/2 hours. 
Example 12 

20 grams of N-6-methoxy - 2 - (methoxymethyl)-4- 
pyrimidinyl)-sulphamilamide are polymerised with 80 
grams of a mixture of 50% of methacrylic acid, 15% of 
a copolymer from polyvinyl acetate--crotonic acid 
(92:8) and 35% of divinylbenzene to form beads in the 
manner described in Example 11. 
The resulting beads show a half value period for the 

release of active substance of 11% hours. 
What is claimed is: 
1. Pharmaceutical oral, controlled-size, bead dosage 

form preparations, 0.1 to 3.0 mm. in diameter, which con 
tain a predetermined dosage of active medicament, stabi 
lized by being incorporated by bead polymerization in 
physiologically acceptable synthetic copolymers which are 
alkali-soluble or at least swollen by the gastro-intestinal 
juices, said copoymers being selected from the group con 
sisting of copolymers of methacrylic acid and methyl 
methacrylate, acrylic acid and acrylic acid methyl ester, 
vinyl acetate and crotonic acid, styrene and acrylic acid, 
and/or maleic anhydride, vinyl methyl ether and maleic 
acid anhydride and/or fumaric acid and/or itaconic acid, 
wherein control of the size of the beads controls the re 
lease of the active medicament in respect of both amount 
and time and wherein the ratio of active medicament to 
synthetic copolymer is correlated to the dosage of active 
medicament, the desired rate of release and regulation 
of the swelling capacity and alkali solubility of the syn 
thetic copolymer by changing the proportion of free acid 
present in the copolymer. 
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2. Pharmaceutical preparations in bead form as 

claimed in claim 1, which contain at least parts of the 
medicaments enveloped in waxes or fats. 

3. Pharmaceutical preparations in bead form as 
claimed in claim 1, which contain fillers, swelling 
agents and/or interface-active substances. 

4. Pharmaceutical preparations in bead form as 
claimed in claim 1, which contain synthetic materials 
that are insoluble in the gastro-intestinal juices and that 
are not swollen thereby. 

5. Pharmaceutical preparations in bead form as 
claimed in claim 1, which contain as synthetic polymers 
copolymers from methacrylic acid and methylmeth 
acrylate. 

6. Pharmaceutical preparations in bead form as 
claimed in claim 1, which contain as synthetic polymers 
copolymers from acrylic acid and acrylic acid methyl 
ester. 

7. Pharmaceutical preparations in bead form as 
claimed in claim 1, which contain as synthetic polymers 
copolymers from vinyl acetate and crotonic acid. 

8. Pharmaceutical preparations in bead form as 
claimed in claim 1, which contain as synthetic polymers 
copolymers from styrene and at least one member of 
the group selected from acrylic acid, maleic acid anhy 
dride, fumaric acid, itaconic acid. 
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