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Slow-release preparations and their method of production

The present inventions relate to slow-release preparations in which the effective ingre-
dient is an amine drug; and to a method for the production thereof

Amine drugs such as pseudoephedrine hydrochloride and phenylpropanolamine hy-
drochloride are valuable as the effective ingredient of oral drugs for rhinitis (see, for
example, Patent Reference 1, JP-A-2003-300874). Furthermore, as coating agents for
slow-release preparations, aqgueous slow-release coating agents comprising ethyl cel-
lulose aqueous dispersions or ethyl acrylate/methyl methacrylate copolymer aqueous
dispersions are normally used (see, for example, Patent Reference 2, JP-A-09-71524).

However, it is difficult to fully control dissolution when amine drugs such as pseu-
doephedrine hydrochloride or phenyipropanolamine hydrochloride are given a coating
treatment using an ethyl cellulose aqueous dispersion or an ethyl acrylate/methyl
methacrylate copolymer aqueous dispersion and, moreover, in some cases aggrega-
tion occurs during the coating operation and the operation itself becomes difficult.

The present inventions have the objective of providing drug preparations where the
dissolution of an amine drug can be effectively controlled.

The present inventions encompass the following.

(1) Slow-release granules formed by providing a coating layer containing polyvinyl
acetate and surfactant on drug-containing particles comprising an amine drug and a
water-soluble binder coated onto the surface of a core material.

(2) Slow-release granules according to (1) above where the amine drug is of at least
one kind selected from pseudoephedrine, phenylpropanclamine and their acid addition

salts.

(3) Slow-release granules according to (1) or (2) above where the surfactant is sodium
lauryl sulphate.

(4) Slow-release granules according to any of (1) to (3) above where the coating layer
contains polyvinyl pyrrolidone.

(5) Slow-release granules according to any of (1) io (4) above where the coating layer
contains plasticizer.

(6) A method for the production of slow-release granules which includes
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(i) a stage in which a liquid comprising an amine drug and a water-soluble binder
dissolved or dispersed in an aqueous solvent is sprayed onto the surface of a core ma-
terial and dried to form a drug layer, and

(ii) a stage in which an aqueous coating liquid containing polyviny! acetate and
surfactant is sprayed onto the drug-containing particles obtained in stage (i) and dried
to form a coating layer

(7) A method according to (6) above where the coating liquid contains polyvinyl pyr-
rolidone.

(8) A method according to (6) or (7) above where the coating liquid contains plasti-
cizer.

(9) Slow-release granules produced by a method as described in any of (6) to (8) abo-
ve. :

(10) Capsules or tablets which contain slow-release granules according to any of (1) to
(5) and (9) above.

(11) A drug preparation storage method which is characterized in that slow-release
granules according to any of Claims (1) to (5) and (9) or the capsules or tablets accord-
ing to (10) are stored at a relative humidity of no more than 43%.

In accordance with the present inventions, it is possible to provide drug preparations
where the dissolution of an amine drug can be effectively controlled.

The inventive slow-release granules are formed by providing a coating layer containing
polyvinyl acetate and surfactant on drug-containing particles comprising an amine drug
and a water-soluble binder coated onto the surface of a core material.

In the inventions, slow-release granules refers to the coarse granules and fine granules
specified in the 12" Revised Japanese Pharmacopoeia, where the amine drug, which
comprises the effective ingredient, is dissolved out over at least 1 hour.

The amine drugs employed in the present inventions are not restricted and may be
primary amines, secondary amines, tertiary amines or their acid addition salts, and they
may be used on their own or in combinations of two or more. Now, amide compounds
which do not form acid addition salts, such as acetaminophen, are not included a-
mongst the amine drugs.
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Examples of the amine drugs are pseudoephedrine, phenylpropanolamine,
phenylephrine, methylephedrine, chlorpheniramine, diphenhydramine, methoxy-
phenamine and dopamine, and as examples of their acid addition salts there are the
hydrochloride, sulphate, nitrate, iodide and other inorganic acid salts, and the citrate,
maleate, acetate, tartrate, salicylate, tannate and other organic acid salts. There are
no special restrictions thereon providing they meet the (import) approval standards for
the production of pharmaceutical products such as cold remedies, oral drugs for rhini-
tis, antitussives/ expectorants and the like.

The core material used in the present inventions is not particularly restricted providing it
is a pharmaceutical additive but preferred examples are crystalline cellulose particles
(such as Avicel SP, commercial name of an Asahi Chemical Industry Co. product; and
Selfia CP, commercial name of an Asahi Chemical Industry Co. product), white sugar
particles (such as Nonpareil 103, commercial name of a Freund Industrial Co. product)
and white sugar/starch particles (such as Nonpareil 101, commercial name of a Freund
Industrial Co. product), etc, of particie diameter 150-750 pm (preferably 300-500 pum).

Examples of the water-soluble binder used in the drug layer are copolyvidone, polyvinyl
pyrrolidone, polyethylene glycol-polyvinyl alcohol graft polymer, polyvinyl alcohol, celiu-
lose derivatives (such as hydroxypropyl methyl cellulose, hydroxypropyl cellulose, me-
thyl cellulose) and the like.

The proportions of core material and amine drug by weight are normally 100 : 110 100 :
200, and preferably 100 : 5 to 100 : 100; and the proportions of core material and wa-

ter-soluble binder by weight are normally 100 : 0.5 to 100 : 25, and preferably 100 : 4o -
100 : 10.

The proportions of amine drug and water soluble binder by weight are normally 20 : 1
to1:1, and preferably 10:1t02: 1.

As well as the amine drug and the water-soluble binder, there may be suitably added to
the drug layer, within a range that does not impair the efficacy of the invention, lubri-
cants (such as magnesium stearate and sucrose fatty acid esters) and fluidizing agents
(such as talc or silicon dioxide).

Examples of the surfactant used in forming the coating layer are sodium lauryl sulphate
and Tween 80. The proportions of polyvinyl acetate and surfactant by weight are nor-
mally 100 : 0.1 to 100 : 10, and preferably 100 : 0.5 to 100 : 2.

The coating layer preferably contains polyvinyl pyrrolidone. The proportions of the po-
lyvinyl acetate and polyvinyl pyrrolidone by weight are normally 100 : 1 to 100 : 30, and
preferably 100 : 510 100 : 20.
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If a compatible plasticizer is included in the coating liquid used to form the coating lay-
er, the slow release effect is further enhanced. Examples of such plasticizers are
triethyl citrate, Triacetin, propylene glycol, polyethylene glycol, tributyl acetyicitrate and
2-pyrrolidone, preferably triethyl citrate and Triacetin. The plasticizer content (by solids
component) in the coating layer in the case of triethyl citrate, Triacetin, tributyl acetyl-
citrate and 2-pyrrolidone is preferably 2 to 10 wt%, and in the case of propylene glycol
and polyethylene glycol it is preferably 5 to 20 wi%. In the case of triethyl citrate and
Triacetin, from 2.5 to 7.5 wt% is particularly preferred.

Furthermore, a coating auxiliary (such as talc or silicon dioxide) may be suitably added
to the coating liquid.

The inventive slow release granules are preferably produced by the following stages,

(i) a stage in which a liquid comprising the amine drug and water-soluble binder dis-
solved or dispersed in an aqueous solvent is sprayed onto the surface of a core mate-
rial and dried to form the drug layer, and

(ii) a stage in which an aqueous coating liquid containing polyvinyl acetate and surfac-
tant is sprayed onto the drug-containing particles obtained in stage (i) and dried to form
a coating layer, and the coating layer stabilized without curing or by carrying out curing
at no more than 60°C, preferably 40-60°C.

Polyvinyl acetate (vinyl acetate resin) does not dissolve in water (see page 319 of
“Pharmaceutical Additives Standards 2003” published by Yakuji Nipposha) so, in the
use thereof as a coating agent, it has normally been necessary to employ an organic

- solvent. However, in accordance with the present inventions it is possible to produce

slow-release granules without using an organic solvent.

Normally, water is employed as the aqueous solvent in aforesaid stage (i), but water
may also be employed in which there is mixed a solvent which is readily miscible with
water (such as an alcohol). '

The proportions of the aqueous solvent and amine drug by weight are normally 100 : 5
to 100 : 60, preferably 100 : 15 to 100 : 40, and the proportions of the aqueous solvent
and water-soluble binder by weight are normally 100 : 0.2 to 100 : 60, preferably 100 :
1.5to 100 : 20.

The solvent in the aqueous coating liquid used in aforesaid stage (ii) is normally water
but the water may also be mixed with a small amount of a solvent which is readily mis-
cible with water (such as an alcohol).
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The concentration of the polyvinyl acetate in the aqueous coating liquid is normally 5 to
27 wi% and preferably 12 to 23 wi%, and the concentration of surfactant (preferably
sodium lauryl suiphate) is normally 0.05 to 0.4 wt% and preferably 0.1 to 0.35 wt%.

The amount of the aqueous coating liquid applied will differ depending on the desired
dissolution time but the percentage polyvinyl acetate in said aqueous coating liquid in
terms of the weight of drug-containing particles is normally 5 to 100 wt% and preferably
10 to 60 wi%. Moreover, the percentage by weight of the total solids component in
said aqueous coating liquid in terms of the weight of drug-containing particles (herein-
after referred to as the percentage coating) is normally 10 to 100% and preferably 20 to
60%.

Next, explanation is provided of a preferred mode in the case of the inventive method
for producing slow-release granules. Firstly, the core material is introduced into a tum-
bling fluidized bed coating machine, and heated air then blown-in, and tumbling and
fluidizing effected. The drug liquid formed by dissolving or dispersing the amine drug
and water-soluble binder is sprayed thereon and dried, to form the drug layer. Next,
the dried drug-containing particles are introduced into a tumbling fluidized bed coating
machine and, while tumbling and fluidizing are effected by blowing-in heated air, the
aforesaid aqueous coating liquid is sprayed thereon and slow-release coating carried
out. Next, drying is performed, and the inventive slow-release granules obtained.

The inventive slow-release granules obtained in this way can optionally be mixed with
other drugs and the like, and employed in the form of capsules or tablets.

By storing the inventive slow-release granules, and capsules or tablets employing
-same, at a relative humidity of no more than 43%, it is possible to maintain the same
dissolution characteristics as prior to storage.

Examples

Below, the inventions are explained in more specific terms by means of examples and
comparative examples but the inventions are not o be restricted to these examples.

(Example 1)
1. Formation of the drug layer
2425 g of pseudoephedrine hydrochloride and 485 g of copolyvidone (commercial

name Kollidon VA64, produced by BASF) were dissolved in 8728 g of pure water to
prepare the drug liquid. Furthermore, 21.3 kg of cellulose granules of particle diameter
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350-500 um (Selfia CP-305, produced by the Asahi Chemical Industry Co.) were intro-
duced into a tumbling fluidized bed coating machine (model MP-25, produced by the
Powrex Corporation). Using a tangential spray, the drug liquid was sprayed onto the
fluidized cellulose granules and a drug layer formed. The operating conditions were as
follows:- '

air supply temperature = 75°C

air supply flow rate = 8.0 m*min
exhaust air temperature = 41-42°C
spray rate = 100 mL/min
spray air volume =450 L/min
side air pressure = 400 L/min
rotation rate = 240 rpm
drying time =10 min

2. Slow-release coating

850 g of a BASF aqueous slow-release coating agent “polyvinyl acetate aqueous dis-

_persion” (commercial name Kollicoat SR30D) [containing 27 wi% polyvinyl acetate,

2.5 wt% polyvinyl pyrrolidone, 0.3 wit% sodium lauryl sulphate; solids concentration

30 wt%], 15 g of plasticizer (one type selected from Triacetin, triethyl citrate, propylene
glycol and polyethylene glycol 400), 30 g of taic and 850 g of pure water were dis-
persed using a stirrer, and a coating liquid prepared. Furthermore, 1000 g of the drug-
containing granules prepared by the aforesaid method were introduced into a tumbling
fluidized bed coating machine (model MP-01, produced by the Powrex Corporation).
The coating liquid was then sprayed onto the fluidized granules using a tangential
spray, and slow-release coating performed. After completing the coating, preliminary
drying was carried out, after which the product was removed and curirig carried out for
12 hours under vacuum at 40°C. The operational conditions were as follows:-

amount introduced =1,000g
air supply temperature = 50°C

air supply rate =70 m*hr
exhaust air temperature = 30-33°C
spray rate = 8-10 g/min
spray air volume =70 L/min
rotation rate = 350 rpm

preliminary drying time = 5 min

The dissolution characteristics of the granules obtained were investigated by Method 2
of the Japanese Pharmacopoeia. Liquid 1 (pH = 1.2) was used as the test liquid and
the rotation rate of the paddie was 50 rpm. The results are shown in Figure 1.
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In the case where no coating was carried out, there was total dissolution within 10 min-
utes. In contrast, by coating with Kollicoat SR30D, slow release could be achieved.
Furthermore, the addition of Triacetin or triethyl citrate further enhanced the slow re-
lease effect. '

(Comparative Example 1)

Testing was carried out in the same way as in Example 1 using an ethyl cellulose
aqueous dispersion (commercial name Aquacoat ECD, produced by the FMC Co.) in-
stead of the Kollicoat SR30. In this case there was no dissolution controlling effect,
and even when the plasticizer was increased to 20% no effect of the addition was ap-
parent. The results are shown in Figure 2. Furthermore, testing was also carried out in
the same way using an ethyl acrylate/methyl methacrylate copolymer aqueous disper-
sion (commercial name Eudragit NE30D, produced by the Rohm Co., or Kollicoat
EMMB0D, produced by BASF) instead of the Kollicoat SR30. Here, aggregation oc-
curred during the coating operation, so the coating operation was halted.

: (Example 2)
20

Slow-release coating was carried out under the same conditions as in Example 1 and,
after preliminary drying and removal of the product, curing was carried out for 12 hours
at 50°C or 60°C. An investigation was then carried out into the dissolution properties of
the granules obtained (employing Triacetin as plasticizer). It was found that the disso-
lution behaviour after carrying out drying for 12 hours at 50°C or 60°C was the same as
in the case of drying under vacuum at 40°C. The results are shown in Figure 3.

(Example 3)

Using Liquid 2 (pH = 6.8), a dissolution test was carried out under conditions identical
to those in Example 1 (employing Triacetin as plasticizer). It was found, as a result,
that the same dissolution behaviour was again shown with this Liquid 2. The results
are shown in Figure 4.

(Example 4)

A drug liquid was prepared by dissolving 375 g of pseudoephedrine hydrochloride and
75 g of copolyvidone (commercial name Kollidon VA64, produced by BASF) in 2166 g
of pure water. Furthermore, 800 g of cellulose granules of particle diameter 350-

500 um (Selfia CP-305, produced by the Asahi Chemical Industry Co.) were introduced
into a tumbling fluidized bed coating machine (model MP-01, produced by the Powrex
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Corporation). The drug liquid was then sprayed onto the fluidized cellulose granules to
form the drug layer. The operational conditions were as follows:-

air supply temperature = 75°C

air supply rate =42 m*hr
exhaust air temperature =41-42°C
spray rate = 8.5-10 mL/min
spray air volume = 60 L/min
rotation rate = 300 rpm
drying time =10 min

875 g of the aqueous slow-release coating agent “polyvinyl acetate aqueous suspen-
sion” produced by BASF (commercial name Kollicoat SR30D) [containing 27 wi%
polyvinyl acetate, 2.5 wi% polyvinyl pyrrolidone and 0.3 wt% sodium lauryi sulphate;
solids concentration 30 wi%), 7.5 g of Triacetin, 30 g of talc and 833 g of pure water
were dispersed using a stirrer, to prepare a coating liquid. Furthermore, 1000 g of
drug-containing granules prepared by the method in Example 1 [“1. Formation of the
drug layer”] were introduced into a tumbling fluidized bed coating machine (model MP-
01, produced by the Powrex Corporation). The coating liquid was then sprayed onto
the fluidized granules by means of a tangential spray and slow release coating carried
out. The percentage coating in this case was 30%. Furthermore, coating at levels of
40% and 50% was also carried out in the same way. The operational conditions were
the same as in Example 1. The dissolution characteristics of the granules obtained
were determined under the same conditions as in Example 1. The results are shown in
Figure 5. A slow release effect was possible by coating with the aforesaid coating
agent at a weight of 30% or more.

(Example 5)

Granules prepared by the method in Example 1 (using Triacetin or triethyl citrate as a
plasticizer) were placed in a glass bottle and a stopper inserted, after which they were
stored for 4 weeks at 40°C. The dissolution of the sample following storage was found
to be about the same as that prior to storage. Figure 6 shows the results when Tri-
acetin was used and Figure 7 shows the results when triethyl citrate was used as the
plasticizer, respectively.

(Example 6)

The granules prepared in Example 4 (percentage coating 50%) were introduced into
glass bottles and stored for 4 weeks at 40°C and at a relative humidity of 20%, 31%,
43%, 53%, 68% or 75%. The results are shown in Figure 8.
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When stored at 20%, 31% or 43% relative humidity, the dissolution characteristics after

storage were the same as those prior to storage. In contrast, when stored at 53%,

68% or 75% relative humidity, the dissolution was slowed.

Brief Explanation of the Drawings

[Figure 1] This shows the pseudoephedrine dissolution characteristics of granules con-
taining pseudoephedrine hydrochloride in the case where plasticizer was added (5 wt%
solids content), or not added, to an aqueous coating liquid containing polyvinyl acetate,
polyvinyl pyrrolidone and sodium lauryl sulphate. The percentage coating was 30%.

[Figure 2] This shows the pseudoephedrine dissolution characteristics of granules con-
taining pseudoephedrine hydrochloride in the case where plasticizer was added (5 wt%
or 20 wi% solids content), or not added, to an ethyl cellulose aqueous dispersion.” The
percentage coating was 30%.

[Figure 3] This shows the influence of curing temperature on the dissolution character-
istics of the pseudoephedrine hydrochloride. The percentage coating was 30%.

[Figure 4] This shows the influence of pH on the dissolution characteristics of the
pseudoephedrine. hydrochloride. The percentage coating was 30%.

[Figure 5] This shows the influence of percentage coating on the dissolution character-
istics of the pseudoephedrine hydrochloride; 37°C, 50 rpm, pH = 1.2

[Figure 6] This shows the pseudoephedrine dissolution characteristics after 4 weeks at
40°C in the case of granules containing pseudoephedrine hydrochloride which had
been coated with an aqueous coating liquid containing polyvinyl acetate, polyvinyl pyr-
rolidone and sodium lauryl sulphate, together with Triacetin as plasticizer. The per-
centage coating was 30%.

[Figure 7] This shows the pseudoephedrine dissolution characteristics after 4 weeks at
40°C in the case of granules containing pseudoephedrine hydrochloride which had
been coated with an aqueous coating liquid containing polyviny! acetate, polyvinyl pyr-
rolidone and sodium lauryl sulphate, together with triethyl citrate as plasticizer. The
percentage coating was 30%.

[Figure 8] This shows the influence of the relative humidity at the time of storage on
the dissolution characteristics of pseudoephedrine hydrochloride. The amount of plas-
ticizer (Triacetin) was 5 wt% based on solids content.
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We claim:

10.

Slow-release granules formed by providing a coating layer containing polyvinyl ace-
tate and surfactant on drug-containing particles comprising an amine drug and a
water-soluble binder coated onto the surface of a core material.

Slow-release granules according to Claim 1 where the amine drug is of at least one
kind selected from pseudoephedrine, phenylpropanolamine and their acid addition

salts.

Slow-release granules according to Claims 1 or 2 where the surfactant is
sodium lauryl sulphate.

Slow-release granules according to any of Claims 1 to 3 where the coating layer
contains polyvinyl pyrrolidone.

Slow-release granules according to any of Claims 1 to 4 where the coating layer
contains plasticizer.

A method for the production of slow-release granules which includes

(i) a stage in which a liquid comprising an amine drug and a water-soluble
binder dissolved or dispersed in an aqueous solvent is sprayed onto the sur-
face of a core material and dried to form a drug layer, and

(i) a stage in which an aqueous coating liquid containing polyvinyl acetate
and surfactant is sprayed onto the drug-containing particles obtained in
stage (i) and dried to form a coating layer.

A method according to Claim 6 where the coating liquid contains polyvinyl pyrroli-
done.

A method according to Claim 6 or 7 where the coating liquid contains plasticizer.
Slow-release granules produced by a method as described in any of Claims 6 to 8.

Capsules or tablets which contain slow-release granules according to any of Claims
1to5and 9.
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11. A drug preparation storage method which is characterized in that slow-release
granules according to any of Claims 1 to 5 and 9 or the capsules or tablets accord-
ing to Claim 10 are stored at a relative humidity of no more than 43%.
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