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gelatin shells without degrading that ability even under
special conditions containing much calcium ions.
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CROSS REFERENCE TCO RELATED
APPLICATION

This application {s a continuation-in-part of copending
application Ser. No. 08/548.265 filed on Oct. 25, 1995 the
entire contents of which are hereby Incorporated by refer-
ence.

IND OF THE INVENTION

1. Field of the Invention

This invention relates to a capsuie sheil for forming
medical hard capsules More particilarly. it relates to such a
r--nnu1|.=~ shell ucmg hvdrnvvm-nnu!_rnethvi celuloge az a
base

2. Prior Art

Medical hard capsules are conventionally formed from
compositions comprising gelatin as a base with a plasticizer
such as glycerin and sorbitol, opagque agent. dye, pigreent
and other additives blended therein. After molding pins are
immersed in a gelatin aqueous solution with such compo-
nents blended and withdrawn therefrom. the gelatin solution

nrllu-nng to the mnc ic dried nhvtmnung ranenla chelle,

taining capsule shell

The shell- furmlng compositions based on gelatin have the
problem that the plasticity and other properties of shells
largely depend on a water content. With a too low water
content, shells are less resistant against shocks as encoun-
tered on drug filling. Also, as the water content lowers due
to drying during shelf storage shells can contract to loosen

ulc ut_p-uuuy CllsﬂsmllUlll Uf l—lll.!ul.l.lDD

For gelatin capsules, it is thus critical to maintain the
water content constant. However gince the nnt;lmum water
content is as high as about 10 to 15% by welght. there is a
likelihood that the water in the capsule shell can affect the
drug fll to lower its titer. degrade its quality, and change its
color, and inversely the capsulc shell can be insolubi.l.ized if
the drug fill is susceptible to hydrolysis or is a mixture of
interacting ingredients. Therefore. there is a demand to have
capsules hased on a substance other than gelatin so that the
material of capsules can be selected in accordance with a
particular drug fill,

Medical capsules using a base other than gelatin are
known in the art. ﬂrpically. capsules based on waler- soluble
ceiiuiose derivatives were proposed. For exampile, Japanese
Patent Publication {(JP-B) No. 4310/1972 discloses a method
for preparing capsnles based on water-soluble cellulose
ether from an aqueous solution of water-soluble cellulose
ether. Japanese Patent Application Kokai (JP-A) Nos,
100519/ 986 and 266060/1987 discloses to prepare capsules
from an aqueous solution of water-soluble cellulose ether

JRp P

and polyvinyl alcohol (PVA) blended therewiih.
The former shell- formmg method involves the steps of

1mmm-c1ng mnld'nn pnnc in an aqueons olution of waters

soluble cellulose da'lvatwe and heatmg the pins and hence,
the coating adhered thereto for gelation. The coating is not
gelled or solidified and can fall down from the pins if heating
is insufficient. The ooau‘.ug can be wrinkled during gclaﬁon
if the neaung temperature is loo high, In ihe laiicr method of
preparing capsules from am aqueous solution of water-
soluble celulose derivative and PVA, the water-soluble
cellulose derivative adhered to the molding pins is gelled by
immersing it in hot water. Some of the gelled coating can be
dissolved in the hot water at this point, hindering formation
of uniform shells. In addition, due to low jelly sttength the

LI.I].GLI bllUl.I.b Cail UC U.I.LCI.l CTacked upon TCINOVAL uuul. HIO

DOCKET

_ ARM

40

435

Lh
th

molding ning. In either of these methods, it is difficult to

produce capsule shells having a low water content.

Additionally, these methods require a special apparatus or
operation of heating the molding pins or immersing the
molding pins with cellulose coating in hot water.
Unfortunately, it is impossibie to utilize the current manu-
facturing apparatus for gelatin capsules without a substantial
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To solve these problems. the applicant previously pro-
noced in 118, Pat. No. 5,264,221 a medical hard r'ﬁnl:nlr-

(gt Y H

having a low water content which is shaped from a capsulc
shell composition comprising a water-soluble cellulose
derivative as a basc. a gelling agent and a co-gelling agent.
This capsule has equivalent performance to conventional
geiaiin capsuies and can be produced by utilizing the current
manufacturing apparatus for gelatin capsules as such,

TX i e sl e ] mwlra ~AF tha
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inventors, it was found that this capsule is inferior to
conventional gelatin capsules in solubility or disintegrating
ability under certain conditions. More particularly, one pre-
ferred formulation of this capsule shell composition uses
hydroxypropylmethyl cellulose as a water-soluble celiulose
dsrivative base., carrageenan as a gelling agent and a potas-

fon a5 & co-gelling agent. Shells of this preferred

R LT
formulation take a long time to disintegrate under special
conditions where calcium jions are present. Then, if a capsule
of this composition filled with drugs is administered after
having a food or beverage containing much calcium ions. for
example, milk, then the capsule is retarded from disintegra-
tion. Then the drugs are not fully released or absorbed within
a proper time. failing to fully
effect. Therefore, it is desired to further improve the prop-
erties of the capsule based on a water-soluble cellulose
derivative.

exart thair nharmaceutical
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- An object of the prc ent invention is to provide a capsule
shcll based on a water-soluble cellulose derivative which
does not degrade its disintegration ability under special
conditions where much caicium ions arc present. that is,
exerts its performance under any condition.

In connection with the capsuie shell composition com-
prising hydroxypropylmethyl cellulose (to be abbreviated as
HPMC, hercinafter) as a water-soluble cellulose derivative
base, caITageenan as a geiliog ageni, aid a potassium ion as
a co-gelling agent wherein the shapability of HEMC is
improved by blending carrageenan as a gelling agent and
gelling this carrageenan with the co-gelling agent, we found
that the disintegration ability of this composition is degraded
in the presence of calcium ions becanse the calcfurn ions
inhibit dissolution of the carrageenan blended in the com-
position as the gelling agent.

Continuing research works, we have found that degrada-
tion of the dicintegration ability due to the presence of
calcium fons is restrained by using a larger propomon of a
EPMC having a relatively low viscosity as a base, increasing
the amount of the co-gelling agent blended, and minimizing
the proportion of ca:rageenan gell'mg agent within a suffi-

[ s
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using a HPMC having a viscosity of 2.4 1o 5.4 centistokes
as measured in a 2t aqueous solution at 20° C,, blending the
HPMC with carrageenan as a gelling agent and a co-gelling
agent in the water to form an aqueous solution comprising
18 to 28% by weight of the HPMC. 0.01 to 0.09% by weight
of carrageenan and 0.05 to 0.6% by weight of a co-gelling
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shell comprising 79.6 to 98 7% by weight of the HPMC,
0.03 to 0.5% by weight of carrageenan, and 0.14 to 3.19%
by weight of a co-gelling agent, there is obtained a capsule
shell which maintains satisfactory disintegration ability even
in the presence of calcium ions and exerts performance
equivaient to conveniional gelaiin capsuies. A hard capsule
for phamlaccutical drugs of the capsule shell can be sccurcly

immersion moldlng

Accordingly, the present invention provides 2 capsule
shell comprising 79.6 to 98.7% by weight of a
hydroxypropyl-methyl cellulose, 0.03 to 0.5% by weight of
carrageenan, and (.14 to 3.19% by weight of a potassium ion
andlor a calcium ion, said capsule shell being prepared by

o —
drying an aqueous solution comprising 18 ¢o 28% by weight

of hydroxypropyl-methyl cellulose having a viscosity of 2 4
to 5.4 centistokes as measured in a 2% aqueous solution at
20° C. as a base, (.01 to 0.09% by weight of carrageenan as
a gelling agent. and 0.05 to (.6% by weight of at least one
ion sefected from the group comsisting of potassium and
calcium ions as a co-gelling agent.

BRIEF DESCRIPTION OF THE DRAWINGS

~= B L PP .
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FIGS. 1{A). 1(B) and LW} schematic the

ALy
gelation mechanism of carrageenan.
FIG. 2 is a graph showing the percent leaching of the

contents from a capsule of Example 1 and a conveantional
gelatin capsule when they were immersed in the first solu-
Hon prescribed in the Pharmacopoeia of Japan.

FIG. 3 is 2 graph showing the percent leaching of the
contents from a capsule of Example 1 and a conventional
gelatin capsule when they were immersed in the second
solution prescribed in the Phanmacopocia of Japan.

BEST MODE FOR CARRYING OUT THE
INVENTION

In a capsule shell consisting essentially of HPMC as a
base, carragecnan as a gelling agent, a oo~gc].lmg agent for
assisting in gelation of carrageenan and water, the present
invention optimizes the viscosity of HPMC and the blending
proporl:ion of the respective components such that the cap—
suje sheil may mainiain satisfactory mams:“gl‘ﬁﬁuu an.u.m_y
even under special conditions where much calcium ions are

Dresent,

The HPMC used as the base may be a commercially
available powder product. According to the invention. the
HPNC should be a low viscosity one such that a 2% aqueous
solution of HPMC has a viscosity of 2.4 to 5.4 centistokes
at 2(¢ C,, preferabiy 3.0 to 4.0 cenistokes ai 20° C. As
defined herein. the viscosity of HPMC is not the viscosity of
HEMC jtself, but the viscasity of a 2% aqueous solution of
HPMC throughout the specification. With a viscosity of less
than 2.4 centistokes, an immersion solution of HPMC from
which a capsule shell is to be obtained by a dipping
technique has a too low viscosity to shape the capsule shell.
With a viscosity of moe than 5.4 ceniistokes, an immiersion
solution has a too high viscosity, which requires to reduce
the amount of HPMC blended which in turn. requires to
increase the proportion of the gelling agent blended. failing
to achieve the object of the invention.

Such low viscosity EPMC is commercially available as
TC-5M type HPMC (2% aqueous solution viscosity 4.5
centistokes at 20° C.) and TC-5E type HPMC (2% aqueous
solution viscosity 3.0 centistokes at 20° C.) from Shin-Etsu

Chamieal Co.. Ltd, These HPMO lr}rc(l_ugfc may be used

oaleiiioar Aaavinhs aaaTaVAL pIUNRLLS anasy Lo UECC
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alone or suitably blended to form a mixture having a
viscosity of 3.0 to 4.6 centistokes. Alternatively, such a
EPMC product may be blended with another HPMC product
having higher or iower viscosity (by itscif ouiside the scope
of the invention) to form a mixture having an optimum
viscosity as defined above.

Carrageenan is blended as the gelling agent. Carrageenan
generally includes three types, iota (1), kappa (k) and lambda
(A). Among these, 1-carrageenan and x-carrageenan having
2 gelling ability may be used. with the carrageenan being
nreferred
l}l.'vl\-l.lll.—u

The co-gelling agent for assisting in gelation of carrag-
eenan is a potassium ion. a calcium ion or both. As a general
rule, a calcium ion is used for 1-carrageenan and a potassium
ion is used for x-carrageenan. It is most preferred to use
K-carrageenan as ihe geiling agent and a potassium ion as the
co-gelling agent, The potassium ion may be blended in the
form of a water-soluble compound such as potassium
chloride. potassium phosphate and potassium citrate. The
calcium ion may also be blended in the form of a water-
soiubie compound such as calciuim chioride.

In the capsule shell of the invention containing the
ahove-definad HRMC base. carrageenan gelling agent and

co-gelling agent in the above- dcﬁned prop-ort.lon there may
be further blended various additives such as coloring agents
(e.g.. dyes and pigments), opaque agents. and Havors in
conventional amounts.

The capsule shell of the present invention is prepared by

drying am aqueous solution comprising the above-defined
HPMC base. carrageenan gelling agent, co-gelling agent and
optional additives.

The amount of HPMC blended in the aqueous solution is
18 to 28% Uy iv'ciEm, pfﬁf&“aw._y 19 to 25% by 'v'v'eigh[-
Several incomvenient problems occur if the amount of
HPMC blended is outside this range. The capsule shell of the
invention is prepared by dissolving the HPMC. gelling
agent. co-gelling agent and optional additives in water to
form an aqueous immersion solution, immersing moiding

pins in the immersion soluton, withdrawing the pins from
the solution with the solution adhering to the periphery of

the pins, and drying the adheting solution. ¥ the amount of
HPMC blended is less than 18% by weight, the propostion
of the gelling agent blended becomes relatively high, failing
to achieve the objcct of the invention. If the amount of
HFMC biended is more than 28% by weighi. ihe proporiion
of the gc].hng agent biended becomes rclanvcly low, but the
immersion solution has a too high viscosity to shape capsnle
shelis by the dipping techmique.

The amount of carrageenan blended in the aqueous sclu-
tion is 0.01 to 0.09% by weight. preferably 0.05 to 0.07% by
w::ight If the amount of carrageenan blended is less than
aclneved and she]ls of sufficient gage cannot be formed by
the dipping technigue, If the amount of carrageenan blended
exceeds 0.09% by weight, the capsule shell loses disinte-
gration ability in the presence of caltium ions, failing to
achieve the object of the invention.

The amount of co-gelling agent blended in the agueous
solution is (.05 to (.6% by weight, preferably 0.06 to 0.1%
by weight in jonic amount. If the amount of co-gelling

den no satisfactory
gelation of carrageenan is ach.lcved and shells of sufficicnt
gage cannot be formed by the dipping technique. If the
amount of co-gelling agent blended exceeds 0.6% by
wcight a gc]lad ﬁlm forms in an aqucous i.lnmcrsion
difficult, and shells. even formed are low in disintegration
nhlhf\z
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