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Abstract. of the Disclosures Compositions which contain
active substances and are in the form of solid particles
can be obtained by intimately mixing the active substance

with a water-soluble melt composed of |
a) 10 - 90% by weight of a water-soluble polymer A with

a viscosity Vv, of 1,000 - 120,000 cps and
b) 10 - 90% by weight of a water-soluble polymer B with
a viscosity V, of 1 - 500 cps
as carrier substance, where the viscosities V, and V, are
those of a 2% by weight agqueous solution at 20°C,
measured by the ASTM D 2363-72 capillary method {(European
Pharmacopoeia, Vol. III, p. 37), and processing the melt

with shaping to give the particles.
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Compositions which contain active substances
and are in the form of solid particles

The present invention relates to compositions

which contain active substances and are in the form of

solid particles, obtainable by intimately mixing the

active substance with a water-soluble melt compcsed of

a) 10 - 90% by weight of a water-soluble polymer A with
a viscosity V, of 1,000 - 120,000 cps and

b) 10 - 90% by weight of a water-soluble polymer B with
a viscosity V, of 1 - 500 cps

as carrier substance, where the viscosities V, and V), are

those of a 2% by weight aqueous solution at 20°C,

measured by the ASTM D 2363-72 capillary method (European

Pharmacopoeia, Vol. III, p. 37), and processing the melt

-with shaping to give the particiles.

The present invention also relates to a process
for producing these compositions and to the use thereof
for purposes in human and veterinary medicine and in crop
protection.

Compositions which contain active substances and
are composed of water-soluble polymers as carrier sub-
stance with delayed release of active substance are

generally known. The delayed release is normally achieved

by sparingly soluble or insoluble additives such as

- copolymers of methyl methacrylate and acrylic acid as

well as waxes and fats (US-A 3 432 592).

~ EP-~A 440 462 describes compositions which contain
active substances and are in the form of compressed
tablets and which contain mixtures of high-viscosity and
low=viscosity hydroxypropylmethylcelluloses as carrier
substances. The disadvantage of the formulations is that
they are unsatisfactory in respect of release because the
active substance is embedded as crystals in the polymeric

‘carrier substance and cannot be completely absorbed after

intake. In addition, an evenly delayed release is

‘observed only with certain mixing ratios of high- to low-
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viscosity hydroxypropvlmethylcellulose. In addition, the
production of these formulations 1is industrially very
costly because it requires a high pressure for compres-
sion and a plurality of screening steps for uniform
particle sizes.

It is an object of the present invention toO
produce compositions which contain active substances and
are in the form of sclid particles and which have a
delayed and uniform release of active substances as well
as good absorption.

We have found that this object is achieved by the
compositions defined at the outset.

The present invention also relates to a process
for the production thereof ’ 't_he presentations thereof and
the use thereof for purposea 'in human and veterinary
medicine and in crop protection in which delayed release
of the active substances is required.

The compositions according to the invention
contain as carrier substance a water-soluble melt
composed of
a) a water-soluble polymer A with a viscosity V, of

1,000 ~ 120,000 cps, preferably 3,500 - 120,000 cps
and |

'b) a water-soluble polymer B with a viscosity V, of

1 - 500 cps, preferably 1 - 100 cps,

where the viscosities V, and V, are those of a 2% by

weight aqueous solution at 20°C,', measured by the ASTM D

2363-72 capillary method (-European Pharmacopoela, Vol.
III, p. 37).

The water-soluble melt is composed of
a) 10 ~ 90% by weight, preferably 10 -~ 50% by weight,
of a polymer A and |

- b) 10 - 90% by weight, preferably 50 - 90% by weight,

of a polymer B.
' ~Suitable water-soluble polymers A with a viscos-
;Lty V are the follow:n..ng gel~forming substances

- alkylcelluloses such as methylcellulose



10

15

20

25

30

35

2103961

- 3 - 0.Z. 0050/43445

hydroxyalkylcelluloses such as hydroxymethyl-
cellulose, hydroxyethylcellulose, hydroxypropyl-
cellulose and hydroxybutylcellulose
hydroxyalkylalkylcelluloses such as hydroxyethyl-
methylcellulose and hydroxypropylmethylcellulose
carboxyalkylcelluloses such as carboxymethyl-
cellulose

alkali metal salts of carboxyalkylcelluloses such as
sodium carboxymethylcellulose

carboxyalkylalkylcelluloses such as carboxymethyl-
ethylcellulose

carboxyalkylicellulose esters

starches

pectins such as sodium carboxymethylamylopectin
chitin derivatives such as chitosan
polysaccharides such as alginic acid, its alkali
metal and ammonium salts, carrageenans, galacto-
mannans, tragacanth, agar-agar, gum arabic, guar gum
and xanthan gum

polyacrylic acid and its salts

polymethacrylic acid and its salts

polyvinyl alcohol

polyvinylpyrrolidone

-polyalkylene oxides such as polyethylene oxide and

polypropylene oxide and copolymers of ethylene oxide
and propylene oxide

and mixtures of these substances.

Preferred ©polymers A are methylcellulose,

hydroxypropylcellulose and hydroxypropylmethylcellulose,
especially hydroxypropylmethylcellulose.

Examples of water-soluble polymers B with a

viscosity V, are

‘alkylcelluloses such as m@thylcellulose.

hydroxyalkylcelluloses such as hydroxymethyl-
cellulose, hydroxyethylcellulose, hydroxypropyl-
cellulose and hydroxybutylcellulose '

hydroxyalkyl alkylc el luloses such as hydroxyethyl-
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methylcellulose and hydroxypropylmethylcellulose
- polyvinyl alcohol
— polyvinylpyrrolidone
- polyvinyl acetate
- N-vinylpyrrolidone/vinyl acetate copolymers
and mixtures thereof. |

Preferred polymers B are hydroxypropylcellulose,
polyvinylpyrrolidone and N-vinylpyrrolidone/vinyl acetate
copolymers, especially hydroxypropylcellulose and copoly-
mers of 40 - 70% by weight N-vinylpyrrolidone and 30 -
560% by weight vinyl acetate.

"Water-soluble” wmeans that at least 0.5 g,
preferably 2 g, of the polymer dissolves, with or without
gel formation, in 100 g of water at 20°C.

Suitable active substances are, besides vitamins,
for example the comPCunds listed in EP-A 240 904, those
which are preferably suitable being the active substances
which are mentioned as particularly preferred in the
cited publication. The principle according to the inven-
tion is particularly suitable for compositions containing
the cardiovascular agent nifedipine (dimethyl 1,4-di-
hydro-2,6~dimethyl-4-(2-nitrophenyl)-3,5-pyridinedi-
carboxylate) as active substance.

The active substances also include those used as

‘biocactive substances in the crop protection sector.

The compositions according to the invention can
be produced either Dby melti'ng the active substances
directly as mixture with polymers A and B or by mixing
them with the previously prepared polymer melt.

The particular active substance can be present in
the compositions according to the invention in amoxrphous
form, virtually homogeneously dispersed in the melt,
which is advantageous for evenly delayed release and good
absorption. The substances which are present as a mole-
cular disPersion in a polymer melt are normally also
called "solidSOJ;utions“o _ ‘

The compositions according to the invention can
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contain various concentrations of the active substances
depending on the activity and rate of release. Thus,
possible amounts of active substance per dose unit are
from about 0.1 to 90% by weight - based on the melt -
preferably from 0.5 to 60% by weight.

The active substance is mixed with the melt in a
conventional way in extruders, preferably in single- and
twin-screw extruders, at from 50 to 200°C. The shaping of
the melts which contain the active substances to give the
compositions according to the invention can take place,
for example, by calendering the extrudate by the method
described in EP-A 240 906, and by the process disclosed
in DE-A 38 30 355, by comminuting the extrudate with
rotating knives to give fragments which have a solidified
surface but are still defoma;ble-'a‘nd are of equal volume,
and subsequently compressing to tablets in conventional
tableting machines.

The mixing of the active substance with the melt
can also take place in other apparatus which is suitable
for this purpose and is conventionally used for process-
ing plastics, eg. calenders and injection molds.

_ The compositions according to the invention can
also'contain conventional phamaCeutical auxiliaries such
as fillers, lubricants, moid relea_se 'agents, flow regula-
tors, plasticizers, colorants and_.stabilizers , in amounts
of up to about 50% of the weight of the melt (“-'-'» 100%)

~which contains the active substance.

Examples of fillers are the oxides of magnesium,
aluminum, silicon and titanium, and the amount of filler
is preferably about 0.05 -~ 50% by weight.

Examples of lubricants and mold release agents
are calcium, magnesium and aluminum stearates as well as

talc and silicones, and the amount is preferably about

0.1 - 3% by weight. .
~ Examples of flow regulators are the mono-, di-

 and triglycerides of longwchain fatty acids, waxes and
‘lecithins, and the amount is preferably about 0.1 - 5% by
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Examples of plasticizers are, besides low mole-
cular weight polyalkylene oxides such as polyethylene
glycol, polypropylene glycol and polyethylene/propylene
glycol, also polyhydric alcohols such as propylene
glycol, glycerol, pentaerythritol and sorbitol, and
sodium diethyl sulfosuccinate, mono-, di- and triacetates
of glycerol and polyethylene glycol stearate. The amount
of plasticizer is preferably about 0.5 - 15% by weight.

Examples of colorants are azo dyes, organic and
inorganic pigments as well as natural coloring agents,
and the amount is preferably about 0.5 - 3% by welight.

Examples of stabilizers are light stabilizers,
antioxidants, free radical traps and stabilizers prevent-
ing microbial contamination, and the amount thereof 1is

" preferably about 0.01 - 0.05% by weight.

It is also possible for acidic additives to be
present to control the solubility of the active sub-
stance. Conventional examples are citric acid and
succinic acid,

It i8 possible either to mix the auxiliaries 1nto
the polymer melt which already contains the active
substances, or to incorporate them mixed with the active
substances into the polymer melt. It is furthermore
possible for mixtures of auxiliaries, active substances

and polymers A and B to be directly melted. The latter

method is generally customary.
The compositions containing active substances
according to the invention are used in the form of

powders, granules, tablets and pellets for purposes in

- human and veterinary medicine and in crop protection

where delayed release of the active substances is

- required.

To achieve additional delay of release of active
substances, the compositions according to the invention can

be covered with coating materials such as ethylcellulose,

hydroxypropylcellulose, hydroxypropylmethylcellulose,



10

15

20

25

30

35

2103961

- 7 - 0.Z2. 0050/43445

cell{zlos_e acetate phthalate, polymethacrylates and
shellac. It is advisable, especially for purposes in
human medicine, to cover the compositions with colored
coatings, eg. composed of titanium dioxide and colored
pigments, to improve the appearance. Coatings suitable
for improving the taste are those composed of, for
example, glucose, sucrose, xylitol and mannitol.

The novel compositions which contain active
substances and are in the form of solid particles have
advantages by comparison with those of the prior art in
that they release the active substances, irrespective of
the composition of substances, with uniform delay and
good absorption without losing insoluble residues. The
virtually homogeneous dispersion of the active substance
in the polymeric carrier substance in the form of a solid
solution is a.chiavedby simple production methods without
frequent screening steps and without high pressures for
compression.

EXAMPLES 1 TO 7

The following commercially available polymers
were used to produce compositions containing the active
substances:

Polymer A:
A/1 Methylcellulose, V, = 8,000 cps
(Metolose® SM 8000 from Shin-Etsu Chemical)

"A/2 Hydroxypropylmethylcellulose, V, = 4,000 cps

(Methocel® F4 M from Dow Chemical)

A/3 Hydroxypropylmethylcellulose, V, = 100,000 cps
(Methocel® X100 M from Dow Chemical)

Polymer B:

B/1 Copolymer of 60% by weight N-vinylpyrrolidone (NVP)
and 40% by weight vinyl acetate, V, = 5 Cps
(Kollidon® VA 64 from BASF AG)

- B/2 Hydroxypropylmethylcelluleose, V, = 100 cps

(Methocel® K100 LV from Dow Chemical)

B/3 Hydroxypropylcellulose, V, = 2 Cps

(Klucel® EF from Hercules)
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The following substances were used as auxiliaries

C/1 Polyethylene glycol stearate (PEG-9 stearate;
macrogol stearate 400 complying with DAB 9)
(Cremophox® SS9 from BASF AG)

C/2 Polyethylene glycol, M, = 4,000
(Lutxcl® E 4000 from BASF AG)

C/3 Polyethylene glycol, M, = 6,000
(Lutrol® E 6000 from BASF AG)

(M, = weight average molecular weight)

The amounts of polymers A and B indicated in the
Table under Examples 1 to 7 were in some cases mixed with
the auxiliaries C and were in each case mixed with the
active substance nifedipine in the amounts specified
therein. The complete mixture was produced in a twin-
screw extruder and then extruded with the extruder barrel
being heated through five temperature zones (60, 80, 100,
120 and 130°C). The polymer extrudate emerging from the
extruder die at the various temperatures (130 - 150°C)
was introduced into a calender with mutually opposing
recesses in the roll surfaces and compression molded to
250 mg tablets.

The release of active substance was measured by
the USP XXI paddle method. This in vitro test method is
used to determine the rate of dissolution of molidings
(eg. tablets) containing active substances. _

' - To do this, 900 ml of a phOSphate buffer solution
of pH 6.8 were equilibrated at 37°C in a 1 1 round-bottom
vessel. During the test, the 250 mg tablet was located in
the center of the round bottom of the vessel below the

paddle which was rotated at 100 rpm. The test lasted 8

hours in each case, after which the amount of released

active substance was determined by UV spectroséopy. The

release of active substance was found to be proportional
to time in all cases. '

The details of these tests and their results are

to be found in the Table.
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ample A (% by B (% by iary C pine ture of active
. weight) weight) (% by (% by the die substance
weight) weight) (°C) after 8 h
(%)
1 50 A/l 50 8/1 - 25 140 64
2 50 A/2 50 B/1 - 25 130 59
3 75 A/2 25 B/1 - 25 150 27
4 37.5 A/3 2.5 B/1 o - 25 140 36
5 10 A/1 50 B/2 - 25 130 66
. 40 B/3
6 10.5 A/2 39.5 B/2 1.3 C/1 26.3 130 56
- 50 B/3 3.9 C/2 .
7 73.4 A/2 26.6 B/3 6.6 C/3 26.6 140 54
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CLAIMS

1. A composition which contains an active substance and is in
the form of solid particles, obtained by intimately mixing the active substance

with a water-soluble meilt composed of

a) 10 - 90% by weight of a water-soluble polymer A with a
viscosity Vg of 1,000 - 120,000 cps and

b) 10 - 90% by weight of a water-soluble polymer B with a
viscosity Vp of 1 - 500 cps

as carrier substance, where the viscosities V4 and Vp are those of a 2% by

10 weight agueous solution at 20°C, measured by the ASTM D 2363-72 capillary

method (European Pharmacopoeia, Vol. lll, p. 37), and processing the melt with

shaping to give the particles.

2. A composition as claimed in claim 1, containing

a) the water-soluble polymer A has a viscosity V4 of 3,500 -
120,000 cps and
b) the water-soluble polymer B has a viscosity Vp of 1 - 100

Cps.
3. A composition as claimed in claim 1 or 2, containing
a) 10 - 50% by weight of said water-soluble polymer A and
20 b) 50-90% by weight of said water-soluble polymer B.

4. A composition as claimed in any one of claims 1 to 3,

containing methylcellulose, hydroxypropyiceliulose and/or hydroxypropylmethyl-
cellulose as said polymer A.

5. A composition as claimed in any one of claims 1 to 4,

containing  hydroxypropylcellulose, polyvinylpyrrolidone and/or N-vinyl-

pyrrolidone/vinyl acetate copolymers as said polymer B.
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6. A composition as claimed in any one of claims 1 to 5,

containing nifedipine as said active substance.

7. A process for producing a composition which contains an

active substance and is in the form of solid particle as claimed in any one of
claims 1 to 6, which comprises intimately mixing the active substance with a

water-soluble melt of polymers A and B, and processing the melt with shaping to

give the particles.

8. A powder, granule, tablet or pellet containing a composition
in the form of solid particles as claimed in any one of claims 1 to 6, for use as a
10 drug.
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