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Field of the Invention
This invention relates to capsules and, more specifically, to soft capsules
typically made using a rotary die apparatus. More specifically, it relates to novel
compositions that are capable of forming films from which soft capsule shells can
10 be made.

Background of the Invention

Encapsulation within a soft capsule of a solution or dispersion of a
nutritional or pharmaceutical agent in a liquid carrier offers many advantages over
15  other dosage forms such as compressed, coated or uncoated solid tablets or bulk
liquid preparations. Encapsulation of a solution or dispersion permits accurate
delivery of a unit dose, an advantage which becomes especially important when
relatively small amounts of the active ingredient must be delivered, as in the case
of certain hormones. Such uniformity is more difficult to achieve via a tableting

20  process wherein solids must be uniformly mixed and compressed, or via
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relatively small anounts of the active ingredient nust be delivered, as in
the case of certain hornones. Such uniformty is nore difficult to achieve
via a taby@lypg7Pr ocess wherein solids nmust be uniformy npefisednba2o
conpressed, or viaincorporation of the total dose of active ingredient into
a bulk liquid carrier which nust be neasured out prior to each oral

adm ni stration. Soft capsul es, nost commonly, soft gelatin capsules,

provi de_a_dosageotaldh i i SolPd ictifedskiat GRBLMIPNqRE LR Smich nce the

capsul es are easy to swallow and nee |'avore er to mask the

unpl easant taste of the active agent. Soft.capsules are also nore easi
transported H&“ﬁ%??&ﬁ?gﬁﬁﬁﬁﬁn8h§M%¥$a&ﬁa@?ngﬁﬁﬁ@non|y the required nunbgr
of doses need be renoved fromthe package. Soft encapsul ation of drugs
further provides SRE ARG NPt QHMARIY oV &ell?émmaa%ﬁ%%: PEOYiGS ¢ Josgge form
pharmaceutical agents. Active ingredients are rapidly released in liquid
form as soonwhschtihenqgereatily asdepted byuptientessinaeshptanseles prsi aasetyr atdllow of t he
capsul e is not necessary for the active ingredients to becone avail able for
absorpti oft, ufid hded Hddde flas@redin brabt iraskkabeapasedsanitaste Af the,actied agenvel y

i nsol ubl e active ingredients can be dispersed in a liquid carrier to

Er ovi de fast ngt%Qﬁﬁﬁé&@r@ﬂso H&@Eésil?@ﬁhéﬁbﬂeb%&}i‘)aﬁ@{ﬁ AR Gulkeli¢lriéd) ginke capsul es
ave been manufactured using mamrmalian gelatin as the nmaterial of choice
for produci ngnltyk{ﬁe ?e%rﬁﬁg& flumber of doses need be removed from the package.
Soft encapsulation of drugs further provides the potential to improve the
bioavailability of pharmaceutical agents. Active ingredients are rapidly released in
10  liquid form as soon as the gelatin shell ruptures. Complete disintegration of the
capsule is not necessary for the active ingredients to become available for
absorption, unlike the case of tableted compositions. Also, relatively insoluble
active ingredients can be dispersed in a liquid carrier to provide faster absorption.
Traditionally, both soft and hard-shell capsules have been manufactured
15  using mammalian gelatin as the material of choice for producing the capsule
envelope. The rotary die process developed by Robert Scherer in 1933 for
producing one piece soft capsules utilized the unique properties of gelatin to
enable a continuous soft capsule manufacturing process. The inventive, gelatin-
free composition disclosed in this patent application is especially useful in the
20  rotary die method of soft capsule manufacture.

Conventional manufacturing of soft capsules using the rotary die process

utilizes mammalian gelatin in a process essentially as follows. Dry gelatin
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envel ope. The rotary di e process devel oped by Robert Scherer in 1933 for
produci ng one piece soft capsules utilized the unique properties of gelatin
t o enabl ewa g7 nuous soft capsul e manuf act uring process. pEraISony®RRd i Ve,
gel atinfree conmposition disclosed in this patent application is especially
useful in the rotary die nethod of soft capsul e manufacture. Conventi onal
manuf acturing of soft capsules using the rotary die process utilizes

mammal i an gebahies hfd BnidiRESSth RaRehid aidameapaasfneizbg%d th¥ YorfiBihatidrigr anul es
are conbined wth water and suitable plasticizers and the conbination is

th heat ed t

hen heat e YRREAGMIR RO AR SEUAHbIL TR <o Bk Ay oSS 1 s
t whee] bb f d d

ot ween 1ot iy GRELBEFENBH bmng?f”‘weq<Fﬁ%s&%iﬂ%‘%%aa@ﬁpﬁs?wﬁ%sﬁwﬁgésgé‘u| es

are sinmultaneously fornmed fromthe filnms or ribbons, filled, cut and

seal ed. The SedinBiSalbefibmpearibbopsaretsanmdena Wadestandrhsbkerdoltid heat as t he

capsule is filled and cut. Rotary die nanufacture of soft gelatin capsul es
i s di scl dsedencapsiéatanldiesn WitbinTtheensapariatider dics, icepsudds drqsiostitanedusi®har macy
(Lachman, Lieberman and Kanig, Editors), 3rd Edition, published by Lea &
Febi ger. A gapthed&oal thptfilew optibheisafiiled, encadsshieti The sethmieqomsedodmnaal so be

found in WD 98/42294 (PCT/ GB98/00830) .
combination of pressure and heat as the capsule is filled and cut. Rotary die
manufacture of soft gelatin capsules is disclosed in detail in The Theory and
Practice of Industrial Pharmacy (Lachman, Lieberman and Kanig, Editors), 3™
10  Edition, published by Lea & Febiger. A good description of gelatin encapsulation
techniques can also be found in WO 98/42294 (PCT/GB98/00830).

Gelatin formulations used to produce films suitable for making capsules
within the rotary die process typically contain between 25% to 45% by weight
mammalian gelatin. Levels below 25% by weight tend to lead to poor sealing of

15  the capsule. The physical properties of the gelatin film are critical to the economic
production of soft capsules. For example, the film must be strong enough to
survive manipulation in the encapsulation machine, provide good sealing
properties at temperatures below the melting point of the film, evidence rapid
dissolution in gastric juices, and have sufficient elasticity to allow for the

20  formation of the capsule. The wholly non-animal composition of the present

invention meets all of these requirements without the use of mammalian gelatin,

and surprisingly evidences several improved properties.
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Gelatin formul ations used to produce filns suitable for maki ng capsul es
within the rotary die process typically contain between 25%to 45% by

wei ght nwenalosent gel atin. Level s bel ow 25% by wei ght t end PCI/US98/d8426 poor
sealing of the capsule. The physical properties of the gelatin filmare
critical to the econom c production of soft capsules. For exanple, the film
must be strong enough to survive mani pul ation in the encapsul ati on machi ne,

provi de good sealTHaGoRfpRRiEbh a6Sording t@ IR redet BSethinpiiké ammedliahng poi nt  of
the film evidence rapid dissolution in gastric juices, and have sufficient

elasticity tg%}a@ilnl %6 IIlQI{g/ Bferti®f 8 £290r # udehif lsf@@%&h%-mémﬁad’t\ﬁl‘é! lohenon- ani mal

conposition the present I nvention neets a of these requirenents

wi t hout the .use of ma |l ian gelatin, and.. (.Sl ' sever al
:nEroved prdH@PFW@éﬁ%%ggggﬁB%EWP%Bﬁc?%%%?ﬁ%ﬁ%&?g§%ﬁg&%??%g%t 'ggéntion

i ke mammal i an gel atin, has pany properties that _favar its use in soft
capsul e mandraessisdhe epility HiIBF EARPOHHUYSAP S? o5t 19 fpomy fﬂ{}’éﬁ@?t\?ée conposi ti ons
with respect to the rotary die process is the ability of the conpositions
to be ca$t troedhenically strangtandtexhibi clstipian pufEFieyt orallonghaftm éx Arark
elasticity sufficient to allow the filmto stretch during filling. In other

wor ds, the idwegtfiligg.f inl otbertventds, dherimmentoredilmsthabé Hinensiophlasatiiiiyt y and
strength adequate for use in a continuous comercial process.
elasticity and strength adequate for use in a continuous commercial process.
Another important and unique property of the inventive compositions is
that the films forming the two halves of the capsule will fuse together during the
10 filling and cutting process when subjected to sufficient pressure and elevated
temperature. This fusing together relies on a particular property of the films that
allows fusion under conditions of elevated temperature, supplied by the injection
wedge, and pressure, supplied by the rotary cutting dies. The temperature at which
fusion of two opposing films occurs should be below the melting point of the film,
15 i.e., the fusion or sealing temperature is less than the melting point of the film
composition. It has proven difficult to find this combination of properties in other
polymer systems. Thus, most proposed substitutes for mammalian gelatin have
failed due to a lack of one or more of these properties. This is the main reason
why mammalian gelatin has been used almost exclusively as the shell forming
20  material in soft capsule manufacture.
The property of fusion temperature being lower than melting temperature is

crucial to the sealing of capsules using the continuous rotary die process. If the
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Anot her inportant and uni que property of the inventive conpositions is that
the films formng the two halves of the capsule will fuse together during
the filliwiQorod7tutti ng process when subjected to suffici ePET/PP@EIS#A0e and
el evated tenperature. This fusing together relies on a particular property
of the filnms that allows fusion under conditions of elevated tenperature,
supplied by the injection wedge, and pressure, supplied by the rotary

cutting di esfusidheandengigh@taniRratrewhiccibolittht seamafthé fim ephasarhg fil ms occurs
shoul d be below the nelting point of the film i.e., the fusion or sealing

tenperature bfﬂ‘nﬂgl@%‘f’y FRANs {8 irbfgh PEWHdgOhind R rbiayiieomR@sstion. It has

proven diffic to find this conbination of properti'es in other polyner

P S St TR o MR S RS

due to a |l ac roper I'S mal n reason
why manmmal i an gel atin has been used. al t.e céu jvely as the hetl form ng
material in soft ?’éﬁ‘gﬁ‘?’gagﬁ fr}fé‘ilﬁéﬂ@.n &f nb?%b ‘?S'EQ{ € 8?S¥?E§F%HIHP§%B rature
being lower than nelting tenperature is crucial to the sealing of capsules
usi ng t heS cosnphuouslatinhay § veriely pf elbesdrawpacksh EPUSTERPIG P VHISISPHIEES are
tenperatures are about the sane, the filmwll nearly conpletely nelt as it
passes t hr ougdméwieat waskgyactavectotindividotlathat giefer vagetatins faodrsorrcas.uAlso, t he fil m
| oses its structure. As a result, capsul es cannot be produced.
gelatin is prone to cross-linking, either caused by aging or due to reaction with
compounds such as aldehydes. Cross-linking reduces the gelatin insoluble in
gastric fluids, a generally undesirable quality for soft capsules. Thus, there is a
10  need in the soft capsule industry for a replacement for the gelatin based
compositions.
Other hydrocolloids form films but they lack the attributes of mammalian
gelatin required to allow their use in the rotary die process. For example, a variety
of modified food starches such as those available from Grain Processing
15  Corporation as Pure-Cote®, are low viscosity starches that provide film-forming
and adhesive properties. Such starches form clear, flexible films that are fast
drying and flavor free. These materials are suitable as binders for seasonings on
snacks and cereals and as smooth, glassy coating agents for confections and baked
goods. However, these materials are unable to form hydrated films with the
20  requisite strength and elasticity required for use in the rotary die process. Further,
films made entirely from starch have insufficient elasticity and strength to be

transferred from the casting drum to the rotary dies. Also, the films adhere too
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D sadvant ages of mammual i an gel atin includes the cost and continuity of
supply. Gelatin has a variety of other drawbacks. For exanple, bovine

sources aye opakgyhat unattractive to individuals that prefpeTnvsgrisaze an
food sources. Also, gelatin is prone to cross-linking, either caused by
aging or due to reaction with conpounds such as al dehydes. Cross-1inking
reduces the gelatin insoluble in gastric fluids, a generally undesirable

quality for ﬁgﬁﬁy £aRs Ués‘ﬁﬁg dg{{)hg,sftuﬁfl&ecﬁ iﬂi&iﬁ%f}ﬁﬁs‘i}exjaﬁ'ilﬁﬁerlﬁgf Lo RER8

i ndustry for repl acenen e gel atin based conpositions. O her

hydr ocol | oi ds._f L. but. they | ack: Lh i | -
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variety of nodified food starches such as those available from Gain
Processi ng COY 6P EINEdH SREIEMBSEot e(r), are | ow viscosity starches that
provide filmform ng and adhesi ve properties. Such starches formclear,
flexible films that are fast drying and flavor free. These naterials are
suitabl e as binders for seasonings on snacks and cereal s and as snoot h,
gl assy cofti Backgennd Aiar confections and baked goods. However, these
materials are unable to formhydrated films with the requisite strength and
elasticity requireghahede raS@it APplibRich M G2y PR 2RbO RS 63-1648 38 icloses a
composition for the outer skin of soft capsules that allows the filling of hydrophilic
materials into the capsule. The composition is a mixture of at least one natural
polysaccharide selected from alginic acid, alginic acid derivatives, agar, locust
10  bean gum, carrageenan, guaic gum, tamarind seed polysaccharide, pectin, xanthan
gum, glucomannan, chitin, pluran, and cyclodextrin; and at least one substance
selected from polyvalent alcohols, sugar alcohols, monosaccharides, disaccharides,
and oligosaccharides. The oligosaccharides are described as enzyme and acid
decomposition products of sweet potato, potato, corn and the like. While
15  carrageenan is disclosed, there is no distinction made between the various forms of
carrageenan (i.e., iota versus kappa). Further, there is no suggestion that the
combination of two gelling agents, iota-carrageenan and a modified starch having
a hydration temperature below about 90°C would advantageously produce a soft
capsule having outstanding physical properties. Further, there is no disclosure or
20  suggestion that a weight ratio of modified starch to iota-carrageenan of at least

1.5:1 is required to produce a film that can be used in a rotary die encapsulation

machine to make soft capsules.



films made entirely fromstarch have insufficient elasticity and strength
to be transferred fromthe casting drumto the rotary dies. Also, the filns
adhere tappioghdshy to the casting drum further di m nishinge¢T/assigambility.
Thus, conpositions are needed that m mc the behavior and characteristics
of manmmalian gelatin while overcomng its shortcom ngs. Background Art
Japanese Patent Application Kokai Publication No. 63-164858 discloses a

conposi tion for Uhg.oulsH Siixd Gp1SAldn GaRRH PRobARIaNOY b hRsY | 1ing of

hydrophilic materia Into t psul e. The conposition is a mxture of at

et oo il Stes RROYRASARR KU, SRAGELEH Jrs iRl Sl Gpdfiklmatlal ™ € 20

S
deri vati ves, SF amari nd seed

polysaccharlde pectln nt han uconannan, | ur and

cycl odextri rfOtaa‘i?Hrag?enla’é%al d’rﬁ’iy %‘%EE% Sggf@éa%"é’lnéférft@&OW B‘Ingﬁ?)tf:{/) gn/‘t %% cohol s,
sugar al cohols, nonosaccharides, disaccharides, and oligosaccharides. The
ol i gosaccharweight. dFhes téerendetsings disclope rmsapistarches @é@éﬁ%@éﬁltﬁ ibepr oduct s of
sweet potato, potato, corn and the like. \Wile carrageenan is disclosed,

t here is5n0 angiosiiohiaolevaB@dE up &b D&BIbyt e ghadr the pufpmsest adcelaatimggbenan
(i.e., iota versus kappa). Further, there is no suggestion that the

ﬁg\r/"?'ngat Ion d?ﬁmfe‘é&htﬁﬁ'olf'tl{&aﬁﬂﬁé\hﬁer doftadtif@pdsagcienas Nadpacifiotdathiad starch
on the type of starch is given, other than substances such as wheat, rice, maize or
manioc starch which may or many not have been modified, may be used. This
reference fails to suggest or disclose the use of gelling starches and iota-

10  carrageenan at weight ratios of at least 1.5:1 to form films useful in making soft
capsules, wherein the starch is a modified starch with a hydration temperature of
less than 90°C.

U.S. Patent 5,342,626 to Winston et al. discloses a composition comprising
gellan, carrageenan and mannan gums for producing soft capsules. This patent

15  further discloses that the tri blend of gums can be combined with additional
ingredients to form a film-forming polymer composition. This reference, however,
fails to disclose the benefits that can be arrived at through the use of iota-
carrageenan with certain modified starches.

Japanese Patent Application No. HEI9-25228 discloses a soft capsule film

20  having as essential components agar and water-soluble high polymers, such as the

carrageenans. This reference fails to suggest or disclose the combination of iota-

carrageenan with a modified starch having a hydration temperature below about
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a hydration tenperature bel ow about 90C woul d advant ageously produce a soft
capsul e havi ng out standi ng physical properties. Further, there is no

di scl osungo@issdggesti on that a weight ratio of nodified speroBodd420

i ot a-carrageenan of at least 1.5:1 is required to produce a filmthat can
be used in a rotary die encapsul ati on nmachine to nake soft

capsul es. I nternational Patent Application No. PCT/FR98/ 01744 (WD 97/07347)
di scloses a GPMGThih Alind @t RNE TRMHUAG! MHbBerAls BQht pRP&kaNask dr §apsul es that
uses iota-carrageenan as the only gelling agent at concentrations of
greater than 5%1b wei ght. This reference does disclose the use of starches
and surfact a?ﬁpgule%ﬁl' the conposition at levels of up to 20% by weight for

t he purpose of accel erat] t he di siptegration.of the capsul fter
contacting gastri@ﬁ“@iﬂé‘éé&%% SPEERY ?@eﬂe‘gmcw%ﬁlﬁc i %}g}?‘l%étar chis

gi ven, other than substances such as wheat, rice, nmize or manioc starch
whi ch nay or31a8R9 disstospay eapsele fompias flilmsompaiingagusad camageenaef Ehence fail s
to suggest or disclose the use of gelling starches and iotacarrageenan at
wei ght rat i osfatn@tpoimastt thatkappd carfageenahiwassfousdfoule prafenablkd. ibhis of t

capsul es, wherein the starch is a nodified starch with a hydration

t enperat ure RfferbRedoefast M any.nFentidatof Aoddti¥RaroRés Yeindihbsrporateltingl .
di scl oses a conposition conprising

the film forming composition.

Japanese Public Patent Disclosure Bulletin No. 61-10508 discloses
capsules made from polysaccharides which contain carrageenan and a base which

10 contains multivalent alcohols. The multivalent alcohols include sorbitol, ethylene
glycol, glycol, glycerin and the like. No mention is made of iota-carrageenan nor
of modified starches.

Another reference suggesting the use of kappa-carrageenan to form
capsules is seen in Japanese Patent Application Disclosure No. SHO60-12943.

15  This reference teaches the exclusive use of kappa carrageenan in concentrations of
about 1 to about 12% by weight. This reference also suggests that suitable
plasticizers or gelatins can be included for increasing film strength.

PCT Application WO 00/10538 to Banner Pharmacaps discloses a gelatin
free capsule comprising:

20 a) 8-50% by weight of a water dispersible or water-soluble plasticizer;

b) 0.5-12% by weight kappa carrageenan;
c) 0-60% by weight dextrins; and
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gel l an, carrageenan and mannan guns for produci ng soft capsules. This
patent further discloses that the tri blend of guns can be conbined with
addi ti ona¥0 prgp6edi ents to forma filmform ng pol yner conpST/US®AS42Phi s
reference, however, fails to disclose the benefits that can be arrived at

t hrough the use of iotacarrageenan with certain nodified starches. Japanese
Pat ent Application No. HElI9-25228 discloses a soft capsule film having as
essential conponedit s apasYsthdwerhewateol ubl e hi gh pol ymers, such as the
carrageenans. This reference fails to suggest or disclose the conbination

of i otacarragggBanh¥hfbadaffagidnbiecompades At RastisSng, By Reihabf angsper ature
bel ow about90C to formfilnms that have outstanding properties in the

preparation f . i: m fEﬁﬁ QR g :
Application %&?c%ﬁgéﬁggﬁghﬁggf%%ng%gggghelscﬁggggﬂggggggﬁﬁégf ?%%ﬁ% film
car T ageenan B pBHHoR Joaehetissriipy EomirLor efop hae ibes MR ARRke any
mention of nodified starches being incorparated into:gh filmformng
conposi t i%on. ioaprarAgsenap ip pradupg g @?ﬂ‘l oI TR PTRRAYES Pﬁﬁﬁéj.om@%l- 08

di scl oses capsul es made from pol ysacchari des which contain carrageenan and
a base whi chsoft capsules.

U.S. Patent No. 5,089,307 to Ninomiya et al. discloses a heat sealable,
edible film comprising a film layer consisting essentially of: 1) a water soluble
polysaccharide composed chiefly of carrageenan; 2) a polyhydric alcohol; and 3)

10  water. The film of this patent has a water content of not greater than 25% by
weight and a weight ratio of the polyhydric alcohol to the water soluble
polysaccharide being in the range from 1:5 to 1:1. While this reference does
mention all three (3) forms of carrageenan, kappa, iota and lambda, it fails to
suggest or disclose a soft capsule formulation containing iota-carrageenan and a

15  modified starch, such as hydroxypropylated tapioca starch.

U.S. Patent No. 5,817,323 to Hutchison et al. discloses a composition for
use in the shell of a comestible capsule comprising gelatin and a plasticizer, such
as glycerol, together with a further compound which forms a secondary matrix for
the plasticizer. This further component is disclosed as typically being unbleached

20  potato starch acetate. This patent makes no suggestion or disclosure of the use of

iota-carrageenan as an elasticizing agent for the film forming modified starches.



contains multival ent al cohols. The nultival ent al cohols include sorbitol,

et hyl ene glycol, glycol, glycerin and the like. No nention is made of

i ot a- car nggeeasgI7nor of nodi fied starches. Anot her referengerwsggssto ng t he
use of kappa-carrageenan to form capsules is seen in Japanese Patent
Application Disclosure No. SHO60- 12943. This reference teaches the

excl usi ve use of kappa carrageenan in concentrations of about 1 to about

12% by wei ght. Thig SIEh&Renca, S@h%g2%’9ﬂeﬁér%tElhaéscﬁﬁéstg”é?itﬁlcpclkppteéCi zers or

gel atins can be |nc Increasing filmstrength l'ication WO

00/ 10538 to B Ph n
a) 8- 50@6b§ ﬁgﬁﬁﬁ%ngf%éga m%é@égﬁ? gmg$m§a'2pé%§?dbﬁﬁ§g gmﬁﬁ%ﬁé;f'”g

0.5-12% by wei ght kappa carrageenan; c) 0-60% ht dextrln andd)

1- 95% by me@b%?“da@ Y Wkt 8 W’ﬁﬁ@tﬁﬁﬁﬁﬁiﬁgmr é@WBﬁ posHiig dsterdies) east 50%
by wei ght of all guns form ng or contributing to formati on of

t her mo- r ever stapthedagivhtivésncallwbosen epldaliosd danivativess mallspovdst, inoR-hygeoscemie

suggest the conblnatlon of a filmform ng starch and iota-carrageenan to
produce a5fi hmomof, dxaripiligorsatcharidgse magessifrotridilhientd ardealcomdiofide.

These agents are described as being capable of absorbing water in an amount of at
least 10% by weight of its own weight. This patent teaches that the capsule sheath
can then be used in containing water miscible, water soluble, water sensitive or
hydrophilic materials. This patent makes no mention of iota-carrageenan.

10 U.S. Patent No. 3,865,603 to Szymanski et al. relates to modified starch-
extended gelatin compositions. This patent discloses modified starches with
hydration temperatures above 99°C for use with mammalian gelatin at weight
ratios of about 1:9 to 1:1 (starch to gelatin). No mention is made of iota-
carrageenan or the special need for soft capsule manufacture with sealing

15  temperatures substantially below the melting point of the film.

Summary of the Invention

The present invention provides compositions for manufacturing capsules,
in particular, soft capsules, and especially soft capsules manufactured using the
20  rotary die encapsulation apparatus. The invention provides compositions that do
not employ mammalian gelatin and, therefore, overcome the disadvantages
associated with collagen-derived material. Compositions of the invention do not

10



soft capsules. U S. Patent No. 5,089,307 to NNnomya et al. discloses a
heat seal able, edible filmconprising a filmlayer consisting essentially
of: 1) a wetweo3@dl ubl e pol ysacchari de conposed chiefly of BEFVEYESAN; 2) a
pol yhydric al cohol; and 3) water. The filmof this patent has a water
content of not greater than 25% by weight and a weight ratio of the

pol yhydri c al cohol to the water sol ubl e polysaccharide being in the range
from1:5 to %todtain\thiylsinifidagt sradbeiteoteclatoetutnesteadmealite at hrasetwo3R) f or ns  of
carrageenan, kappa, iota and lanbda, it fails to suggest or disclose a soft

capsul e for myLafd.of) £QB8iEe ishecH 1Rl ArCAky@RgesNaMmpantirabsii boaddesCaindh, such
as hydroxypropyl ated tapi oca starch. U'S. Patent No. 5,817,323 to Hutchison

et al. discl 359 2B SRRsi tion for use in the shell of a conestible capsule
conpri sing gé atinoamd a pl astici zer, such as glycerol, together with a

further conpound ich forns .a secondary matrix for %1‘% %Pg) I Gl . This
further conponent Sstﬁ?ﬁessg}lggéﬂ theart Ao téﬁapvl%fania%ﬁﬁtrlft e%alg Eédpl)%% ;tﬁ % starch
acetate. This patent nakes no suggestion or di ﬁ,cl osure of the yse of
i ot a- car r Agedivarforredon e dsim of Herrpeansulition grachmg is ¢alied ik ny "ﬁéﬂ%di fied
starches. U. S. Patent No. 4,804,542 to Fischer et al. describes gelatin
capsul es conihissfilngisaisedipstht eotstyeatapsatation nfaching i) faxmethe ififled wepsdlesat h
contains a gelatin and
The capsules are then dried using any number of techniques. During the drying
process, water is removed from the fill material (when the fill material is
hydrophilic) and the capsule shell. The result is a soft capsule with a “dry film”.
10  The dry film comprises the various components, i.e., carrageenan, plasticizer,
modified starch and the like and “bound water”. The bound water, from about 6 to
12% by weight of the dry film, is not easily removable using conventional drying
techniques and is not considered when describing the components of the dried film
as a percentage of the composition. The dried film numbers are calculated
15 numbers based upon a assumed weight percent of the bound water.
Thus, for example, Table I sets out the components of the inventive film

forming composition and representative weight percent ranges for the wet film and

the dry film.

20
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at least 1% by weight of an agent selected fromthe group consisting of
starches, starch derivatives, celluloses, cellulose derivatives, mlk
powder, Ramehysgroscopi ¢ nmono-, di- and oligo saccharides, pEgOsSwI194%0
trisilicate and silicon dioxide. These agents are described as being
capabl e of absorbing water in an anount of at |east 10% by weight of its
own weight. This patent teaches that the capsule sheath can then be used in
containing water mscible, water sol upAgrpwater sensitive or hydrophilic
materials. This patent nmakes no nention of 1ota-carrageenan. U S. Patent

No. 3,865,603 to Szymanski et al. qL@ﬁﬁ§F&9ng@dlfled st ar chext ended

gel atin conpositions. This patent ified starches with
hydration tenperatures above 99C for use wth m i aht
rati os of about GOMIPPREN: | (~t‘é(th|htt/eOEEY9ﬂ1?lw W aie 28T DEY o
iotacarrageenaﬁﬁéﬁmﬂﬁﬁﬁéﬁb0|al need PO soft capsul e nank&tture with
seal i ng tenper atlodifsd statebt anti al |y bE-30v the ne|ting poid-6Gf the fil m
Summary of [he | mgttizen The| present 5i3venti on provi des wv6posi tions| for
manuf act uri pg Capseiifes, 1N particulaps-Boft capsules, and-gspecially| soft

capsul es manufags mrEthasT g e IUL d(),}g) e encapsut atT onggppar atus. [The
i nventi on proevieaes—coRrposttions—that

S

As will be demonstrated in the Examples, one aspect of the present
5  invention resides in the discovery that the weight ratio of the modified starch to the
iota-carrageenan is crucial to forming a satisfactory film. The weight ratio of the
modified starch to the iota-carrageenan is at least 1.5:1, with a preferred range
being 1.5:1 to 4:1. Another feature useful in characterizing the inventive film is
fusion pressure. The mixture of modified starch, iota-carrageenan and other
10 components should result in a wet film that fuses at pressures above 207 kPa.
Thus, there is disclosed, a composition suitable for forming a film for
encapsulating materials, the composition comprising a modified starch and iota-
carrageenan in a ratio by weight of at least 1.5:1; said film capable of fusion under
a pressure of at least about 207 kPa (30 psi). There is further disclosed a
15  composition wherein the weight ratio of modified starch to iota-carrageenan ranges
from 1.5:1 to 4:1, more preferably from 2:1 to 3:1. Further, the invention relates to
a film forming composition that is capable of fusion, under pressure, in the range
0f 207 kPa to 2070 kPa (30 to 300 psi) and at temperatures in the range of from

25-80°C. In a yet more preferred embodiment, the film according to the present

12



not enpl oy manmmal i an gel atin and, therefore, overcone the disadvantages
associ ated with col |l agen-derived material. Conpositions of the invention do
not cont aiwoang3ergni fi cant amounts of gel atin but, insteadpcragoi/rsazat

| east two (2) agents: 1) a nodified starch having a hydration tenperature
bel ow about 90C and 2) iota-carrageenan. As those skilled in the art of
soft capsul e manufacture will appreciate, the filmformed on the drum of

the encapsul i%llierg{&]{}pag _Iairﬁ'étif.l% helﬁﬂJekzﬁﬁlretd? ?roll"l){\% go %3'°Fplen§rélc_ glie?er{iﬂl& M iscyagd in

the rotary encapsul ati on ma e to form psul es. The capsul es

are then dried usi n er .of.t.echni ques. During the drying process,
water is ren@\?%td)r?fg%%%f%'gmf,l?‘??Venlﬁ'tfél§llorélter?§5rﬁa§ﬁret he fill material is

hydrophilic) and the capsule shell. The result is soft capsule with a
"dry filnt. The dMPT§ ?Hemfgaﬁbrtpgé%‘n???é“%@%ém&é E‘ﬁ?fgl,oni(.e’@r?ss\e’%
carrageenan, plasticizer, nodified starch and the |ike and "bound water".
The bound waasevst filmyepmpoes fremt 5A%dyoyeigkti medified starel; woye pricfasgbly 45not
easily renovabl e using conventional drying techniques and is not considered
when descr i bd0tg blylveeiglargad tienprsfenfed tnnedi fied eakch id pdasxyprgeiaedbade of the
conposition. The dried filmnunbers are cal cul ated nunbers based upon a

assuned wei glbditRl 6 stath! T8e RAMAGLIR a8 - mdd PeeferbBlf aooaiAdsRion baftk@n| sets
out the conponents of the inventive film
iota-carrageenan comprises at least 6 and up to 12% by weight of the composition.
The composition according to the present invention may also contain a plasticizer
such as glycerin and the plasticizer may comprise up to 50% by weight of the
10 composition, more preferably up to 30% by weight.

There is also disclosed a dried film composition for soft capsules, the
composition consisting essentially of from 42-84% by weight gel formers
comprising a mixture of iota-carrageenan and modified starch; a plasticizer; and a
buffer.

There is further disclosed a composition suitable for forming a soft capsule,
the composition comprising iota-carrageenan and at least one modified starch
selected from the group consisting of hydroxypropylated tapioca starch,
hydroxypropylated maize starch, acid thinned hydroxypropylated corn starch,
potato starch, pregelatinized modified corn starches, and wherein said starch has a

hydration temperature below about 90°C and wherein the weight ratio of modified

starch to iota-carrageenan ranges from 1.5:1 to 4.0:1. The invention also relates to

13



form ng conposition and representative wei ght percent ranges for the wet
filmand the dry filmTABLE | Prototvpic Fornula As will be denonstrated in

t he Exanpy@siofpe aspect of the present invention resides pariReyduscovery
that the weight ratio of the nodified starch to the iota-carrageenan is

crucial to formng a satisfactory film The weight ratio of the nodified
starch to the iota-carrageenan is at least 1.5:1, with a preferred range

being 1.5:1 g, céé;sule%'aﬁ{p Sing BBEH Rfd H?ﬁll;rrggtief.f'i?ﬂe& Eiﬁq'lﬁﬂeﬁii@g fiie inventive

filmis fusion préessure. e "m Xxture o starc I ot a- carr ageenan
hould result in a wet filmthat fuses at pressures

and other co Ox?eﬁnt? t?; i
above 207 kPACOHNHDE © PRBFEHINGEYR osed, a conposition suitable for forning
a filmfor encapsul atig‘ﬁ;> materials, the conpositi 0£| conpri sipg,a nodi fi ed
starch and i ot acalt &geEkdhe myentignprogidsy compesitionsithajfunclipnefiptively ag 5 g
filmcapable of fusion under a pressure of at |east about 207 kPa (30 psi).
There is f urtdpiacentients forsbel cenvsohpus mangnalignegeddtin hased gpanppsttionat Thusf
nodi fied starch to iota-carrageenan ranges from1.5:1 to 4:1, nore
preferably fthemwoRipbsitionsSoflthe biviehti@r possére manyarfithodesireblati@pottanta fil m
form ng conposition that is capable of fusion, under pressure, in the range

characteristics of gelatin. The inventive compositions form films that are

5  mechanically strong and exhibit elasticity sufficient to allow the film to stretch

during filling (blow-molding). Thus, the invention films have dimensional

stability, elasticity and strength adequate for use in a continuous process which

requires their removal from a casting drum and subsequent transport to rotary dies.

Unexpectedly, the fusion or sealing temperature is substantially less than the

10  melting point of the inventive film. Thus, films formed from the compositions of

the invention simultaneously fuse together during the filling and cutting portion of

the rotary die process when subjected to sufficient pressure and elevated

temperature.

An additional unexpected property of the films according to the invention
15  isthat sealing occurs at substantially lower pressures than those experienced with
mammalian gelatin based compositions. For example, conventional mammalian
gelatin based films seal at pressures of about 1,724 kPa (250 psi) whereas the new

films according to the present invention seal at about 207 kPa, more preferably

about 552 kPa (30-80 psi). This saves energy and reduces the wear experienced by

14



of 207 kPa to 2070 kPa (30 to 300 psi) and at tenperatures in the range of
from25-80C. In a yet nore preferred enbodinent, the filmaccording to the
presenti rwemi/MaI7has a nelting tenperature of from2 to 25BCT/SpR18420
preferably 3-15C and nost preferably 4-9C above its fusion tenperature.
More specifically, the conpositions according to the invention (expressed
as wet film conprise from5-50% by wei ght nodified starch; nore preferably

15- 40% by weiegbtarpad. tAleo, pheiheeia fitag wher drys (e diimi contayrds aboypé apy | at ed
acid nodified corn starch. The invention is also nost preferably a

conposi tion Wher g WeibRi BaeAil AAI6RIMI GAPBIABR t8hydRBRsHI6 lighidsup to 12% by
wei ght of the co%ogllgti 0?1. 1§)'Il'he conposition accordlyngﬁt o] 1t hlg p?esent

T s

pl a;csti ciblzer may coIrp ] y ‘wei gh e conposition, nore
preferably up 30% ight. There_.is also disclosed dr.i fil.m
conposi tion f"’(?ﬁ‘g’ég)f’{m&%gwlg%?’yf}PFeUSESﬁB’E?é?LF? B%ascté’r‘fg?@ttlinr?g’o@gﬁ%tl? Yy of
from 42-84% by wei ght gel formers conprising a m xture of iota-carrageenan
and nodi f § ed easilirseparatgdpThe fisioryef the Hiie filmedyring the 1ofapdip pracgssRaits

di scl osed a conposition suitable for form ng a soft capsule, the
conposi tion doapeal ghanes ddeyeate tr hald denaquidifitl ofithel sefistapgie dwibag fi$ ed st arch

anticipated shelf life.
In a preferred embodiment, the invention provides compositions
comprising at least one modified starch and iota-carrageenan in a ratio by weight
10  in the range of 1.5:1 to 4:1; plasticizers; buffers and optionally preservatives.
Such materials can be formed into films that have sufficient structure, elasticity
and strength to be removed from a temperature-controlled casting surface. It has
unexpectedly been found that a combination of carrageenan, especially iota-
carrageenan, and at least one modified starch, forms films having characteristics
15  that allow the film to be reversibly stretched during the capsule filling step. These
compositions, as wet films, preferably comprise water, 6-12 weight % iota-
carrageenan, 12-30 weight % modified starch, 5-30 weight % plasticizers, 0.5-2
weight % buffers and optionally 0-0.2 weight % preservatives.
In another embodiment, the invention provides films comprising water and
20  asolids system. In the films of the present invention, the solids system comprises
modified starch and iota-carrageenan. The films of the inventioﬁ are capable of
maintaining their form without being applied to a support; they do not lose their

15



selected fromthe group consisting of hydroxypropyl ated tapi oca starch,
hydr oxypr opyl ated nai ze starch, acid thinned hydroxypropyl ated corn starch,
pot at 0o styd elre3epy €gel atini zed nodi fi ed corn starches, and p&egussomssn d
starch has a hydration tenperature bel ow about 90C and wherein the wei ght
ratio of nodified starch to iota-carrageenan ranges from1.5:1 to 4.0: 1.
The invention also relates toa soft capsule conprising a shell and a fill

terial whegg i 5. B0kl | i bihept i on. |
raterl al WhegEbE ﬁéi!,%ktknvgg:, i thggﬂn b@iﬁﬁ%g@étﬂﬂ th%t@égﬁge by HROAabRN SR L on. 1N

general, the | tron'pro sitions tha ectively as

repl acenent s f t he conventjgn ma | ian gel ati sed .co i t1ons.
Thus, the cotrt?'ﬁg]i’fr]t‘?’ eﬁlsun(g‘rlprf%%gi %{%Vr?tv ?Pgﬁlep@%s %ya,?%%/e %fegt%hémg}éggér érbl e

i nportant characteristics of gelatin. The inventive conpqsiti ,ogs formfilns
that are nmecHaPRIESE {0 & eeThiy Xy whan 38 PEPLRls eitemaligrasiis predt o al | ow t he
filmto stretch during filling (blownolding). Thus, the invention filns
have di mensi onal #&sakid hergin apdl asthie slaims,dhel tesinr @t ficdhgiaghatneludgs suBe in a
continuous process which requires their renmoval froma casting drum and
subsequert tstaoBedsthytdooxypioplylatedi sarchddnaci dédheal syarchdseantiulse Ike. GFheseal i ng
tenperature is substantially less than the nelting point of the inventive

film Thus, §dll metifosaRH dbleRfiinkd @ SOMReSbIdl Yt i6fa-dab@gbdhdB M pRParing

si mul t aneousl y" fuse together during the filling and cutting portion of
the films according to the invention is potato starch, thereby the term “modified
starch” is meant to include native, unmodified potato starch. In general, modified
starches are products prepared by chemical treatment of starches, for example, acid

10 treatment starches, enzyme treatment starches, oxidized starches, cross-bonding
starches, and other starch derivatives. It is preferred that the modified starches be
derivatized wherein side chains are modified with hydrophilic or hydrophobic
groups to thereby form a more complicated structure with a strong interaction
between side chains.

15 Through the diligent work of the inventors herein, they have determined
that some starches are barely functional in their inventive compositions and
include high amylose starches, native starches other than potato starch and cross-
linked starches. Hydrogenated starch hydrolysates that have been used to promote
the disintegration of the gelatin capsule would likewise not be useful in the present

20  invention.

There are two characteristics that help characterize modified starches that

are useful in the present invention and they are 1) hydration temperatures below
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the rotary die process when subjected to sufficient pressure and el evated
tenperature. An additional unexpected property of the filnms according to

t he i nvenyp@ioiea7t hat sealing occurs at substantially | owepcpigspigans t han
t hose experienced with mammal i an gel ati n based conpositions. For exanple,
conventional mammalian gelatin based filnms seal at pressures of about 1,724
kPa (250 psi) whereas the new filns according to the present invention seal

at about 207,kRagoW04f fﬁ&%ﬂh n 521“h!§(l)3 3% 1&&& fJLHhe'*“r gaVves
i The

energy and re uces t ar expe yt he otary

wat o) 15 aurdshe e ondddfun fft?%“ﬁyhﬂﬁ %ﬁ%%?t%r‘ér e gelt ﬁ‘iﬂ'ﬂﬂﬁein

and in the clains, the term"fysiaon" .is ne to t he me |ng of two
(2) films byPHERALIYENEIN: HRBIOLH 5@“% high Y oas 0Pt rrrcrﬁhfgedbf&ﬁra S@Hd is not
easily separated. The fusion of the two filns durrng t he rotary di e process
resul ts in ameddiedtpxy maizagiarghaton-grentat darchanodifad dighiamylede cove sof t
capsule during its anticipated shelf life. In a preferred enbodi nent, the
i nventi orp prawicdasd pragplathizedrise fowpri sing at | east one nodified starch and
iota-carrageenan in a ratio by weight in the range of 1.5 :1 to 4 :1;
plasticizers; buffTgée iafethendibQoRll AIHRS 8bK dhpsi®Swhich comprises:
a) a soft, dry shell which comprises:
(i) about 12-24 weight % iota-carrageenan;
(11) about 30-60 weight % modified starch;
10 (ii1))  about 10-60 weight % plasticizer ;
(iv)  about 1-4 weight % sodium phosphate dibasic buffer
system; and
wherein said shell encloses:
b) a soft capsule fill material.
15 In a further embodiment of the invention, there is disclosed a capsule
wherein the plasticizer is comprised of glycerin or sorbitol or a mixture thereof and
the modified starch is selected from modified corn starch, acid modified
hydroxypropylated corn starch and hydroxypropylated acid modified tapioca
starch.
20 Carrageenan has been known for decades as a useful food ingredient.
While salt and sugar are rather simple food ingredients, technologically,

carrageenans are rather complex and there are hundreds of different products
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Such materials can be forned into filns that have sufficient structure,
elasticity and strength to be renoved froma tenperature-controlled casting
surface. woomas7unexpect edly been found that a combi nati orP@VUsHaABRFeenan,
especially iotacarrageenan, and at |east one nodified starch, forns filns
havi ng characteristics that allow the filmto be reversibly stretched
during the capsule filling step. These conpositions, as wet fil ns,

preferably GORPLISH hehfket Balled cafrhgithatavitagy dageentdice 1=BGndei ght %
nodi fied starch, 5-30 weight % plasticizers, 0.5-2 weight % buffers and

optional Iy Q;0. gé\ﬁ%&hha%agée?lﬁﬁﬁsvﬂéi}{&?by L(QJeQHQEﬂﬁfctigﬂgp%tﬁﬁﬂhraiﬁ@@f

i nvention provi ifms conprising water and a solids system In the filns

of the present inventjon,. the solids sys C rise i f] starch and

i ot a- car r agSEN4I S?Ese/}’g‘fr [ihgcege YoHg" ’f’?ﬁ%’n{) WHP g‘?'p c%‘éepa%@% éar%rg‘feht ai ni ng
their formw thout being applied to a support; ey do not .l ose .t heirshape
t hr ough spl ifemiligg of F%@ﬂﬁé‘ﬁpﬁ@?hya?‘?i(mdei‘j?‘éﬁ‘?dé}\ 'i;]?e %‘W‘Fe‘?%ogg’rw %r eakdown of

the fil mwhen unsupported. However, the filns may be stretched when pulled
or conpr éssedrregeeaan erctkaiownex ieat kaphe andilambdp coprgeanan. dhanehdsandhkeped i s
applied. As used herein and in the claims, the term"nodified starch”
i ncl udes suchrrageehefiedo Ba tipichlyxocpuopyttated tsd sameysisnt, howeb et feimedbe st ar ches
and the like. The only native starch determned to be functional with
I ot a- car r ageaRgHs sgicies GRMarM8ted together, extraction yields a typical mixture of kappa
and lambda with an average of around 70% kappa and 30% lambda. Euchema
Spinosum is the seaweed source for production of iota-carrageenan either as an
10  extract or as a processed Euchema seaweed. During the production of
carrageenans, it is common that no sorting takes place before shipment of the
seaweed to the carrageenan rendering facilities. Seaweeds are typically sold based
on seaweed type and content of sand, salt, stones and humidity and not based on
functional specifications. Thus, carrageenan manufacturers need to test each
15 seaweed shipment to determine the quality of the extractable carrageenan in order
to see if any processing adjustments are needed for obtaining the desired
specifications. Carrageenans are available in the market place as standardized and
non-standardized carrageenans. Standardization is done either by blending
different pure carrageenan batches (cross-blending) or by blending one or more

20  carrageenan batches with other ingredients such as salts (KCl, NaCl, and CaCl,)

and/or sugars (saccharose, dextrose, maltodextrins, lactose) in order to reach the
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the films according to the invention is potato starch, thereby the term
"nodi fied starch"” is neant to include native, unnodified potato starch. In

general , Wwpdibi@s starches are products prepared by chem cabriyse@igapnt of
starches, for exanple, acid treatnent starches, enzyne treatnent starches,

oxi di zed starches, cross-bonding starches, and other starch derivatives. It
is preferred that the nodified starches be derivatized wherein side chains

are nodi fied with sﬁ%’%ﬁ%ﬁ{b}%ﬂ |6 Qeq BYAEPRNORKE cRIRURS: Fe@itéd\_@éi%ﬁy%ér&{n@ a nore

Cﬁnpliﬁatﬁd struct a strong I nteraction between sidée chains.

Through the dil.igent work of .the inventors herein,  they have determ ned
that some st APTdAECATAECHAR cluds the sieRfarfizing lp%réafhreh}'nveﬁti ve conpositions
and include high arrill ose starches, native starches other than potato starch
and crosslinked stAdfedreageenans prsgesat winble grup hpyag Bioromman ?tﬁﬁfurﬁ]ave been
used to pronote the disintegration of the gelatin capsule would |ikew se
not be usef ulfedturetoibeipgdmentpdlysaeeitarides with esegarbackbone ohalteraeeng wiifscs t hat
hel p characterize nodified starches that are useful in the present

i nvent i onsandehi@ihgdsreratlkiody dhid inded sy ermDrtagbshowatiast, 46Mand 2) film
form ng capabilities. Through a careful study of numerous starches, it has

been det er m ned, J Aty g, fa8lch @b RPeiiRtE RS 1@ AR 1akiB8E We d finkih of

the number and position of the ester sulfate groups. Iota-carrageenan contains
approximately 30% by weight 3,6 anhydro-D-galactose and 32% ester sulfate by
weight. In contrast, kappa carrageenan contains more than 36% by weight 3,6

10  anhydro-D-galactose and 32% ester sulfate by weight. Molecular weight ranges
from 100,000 to 500,000 Daltons. The gelling carrageenans (kappa and iota)
contain an “internal” ring — the 3,6-anhydro ring. The presence of ester sulfate
makes carrageenans negatively charged at all pH values and is responsible for
carrageenans being highly reactive molecules. Commercially available

15  carrageenans are typically not well defined chemical compounds. However,
through careful quality control, relatively pure materials with specified properties
are available commercially.

The gelling carrageenan types (kappa and iota) are biosynthesized by the

living seaweed as a non-gelling precursor, which is then turned into the gelling

20  form by the action of the enzyme, dekinkase, which catalyzes the formation of the
3,6-anhydroglacatose ring. As mentioned previously, iota-carrageenan is only

produced from Euchema Spinosum and produces the strongest gels with calcium
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present invention: tapioca dextrin, high anylose non-nodified corn starch,
nodi fi ed waxy mai ze starch, non-granul ar starch, nodified high anyl ose corn
starch angoipgehati nized rice flour. There is further di sebeasdoesazedi bl e,
soft capsul e which conprises: a) a soft, dry shell which conprises: (i)
about 12-24 weight % i ota-carrageenan; (ii) about 30-60 weight % nodified
starch; (iii) about 10-60 weight % plasticizer ; (iv) about 1-4 weight %

sodi um phosphGCA-HATHE Bl hfcors Vit iEtndddthpliek uRrsdt fres Bkt ngfclIOSes: )

a soft capsule fill “matefra I'na further nt of the invention,

th i s discl l e wherein, th i ci : i ced of
ol yceri n or  SBBIEBIO0 SRt BCPR oo i et fobd T IBTRAREE .
sel ected fromnodified corn starch, agcid nodified hydrox rrlso‘gla%ﬂ at ed corn

starch and hyawessgprbigasaobael yafNapdiivteddorpageenan é‘i’l(‘:‘ﬁ. orm

thixotropic solutions also with Na+ as it acts as a stabilizing agent. In the best
5  mode of the present invention, the Ca™" content is kept to a minimum.

In iota-carrageenan, the 1,3- and 1,4- linked units are respectively D-
galactose-4-sulfate and 3,6-anhydro-D-galactose-2-sulfate. However, some of the
3,6-anhydro-D-galactose-2-sulfate rings may be replaced by D-galactose-6-sulfate,
which may reduce considerably the gelling power of the 1ota-carrageenan.

10 The iota-carrageenans useful in the composition according to the invention
should conform to the specification laid down by the USA and European
regulatory authorities. The iota-carrageenan should not be degraded and should
conform to minimum viscosity standards, which correspond to a molecular weight
of about 100K Daltons.

15 Syneresis is often measured on carrageenan gels to determine breaking
force and characterize the iota from the kappa carrageenan. After breaking force
has been measured, the gel is transferred to a petri dish and covered to avoid
evaporation from the gels. After typically about four (4) hours, the amount of free
water (the syneresis) is measured. A high value indicates a strong gelling kappa,

20  whereas no syneresis indicates iota.

Table II sets out typical analytical patterns and values for iota-carrageenan.
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Carrageenan has been known for decades as a useful food ingredient. Wile
salt and sugar are rather sinple food ingredients, technologically,

carr ageenmanmel/@s® rat her conpl ex and there are hundreds of ROGTES004H420
product savail able in the market called carrageenan with highly different
price levels and functionalities. Carrageenan is obtained by aqueous
extraction of natural strains of seaweeds of G gartinaceae, Solieriaceae,
Phyl | ophor aceae, and Hypneaceae, fanTABISE@f the cl ass Rhodophyceae (red
seaweeds). The three major fornms of carrageenan are known as iota, kappa

and | ambda carragggpRal AhITRLA PAAnKAARANAV A18E8CRPA0G-ERrAlenhi P Cal |y
occur toget her in"The same pl ant, nowever SI nce the various SpeCI es are

harvested t et.h'" uu.m,tiu.. £ i
with an aver_kaigps_cﬁ‘r_g‘g (hd 70% Eg%ﬁ%a ,geg{,(';;&}f h%uuhr@lglivzﬂﬁﬁmuﬁf&h a;mt)ﬁg
seaweed soufce ﬁﬂlStﬁ?‘@Bmctl an of Oag/E‘Br Flaﬁ/é?enan ei t her asoan extract or

as a processed Euchemn seawsed. DurPH#2%R&product|ion of carrageenans| it

is common that no $bFting takes pl-A@&ndePore)shi phent of t FdO0seaweed fo the
carr ageenan| r enddfisaogity aci | it i 9-36eReEdsit A5°€)t ypi cal |y &) based on
seaweed type and Coati@nt of [sand, &abk4 (as®@npes and hum di tG+1%nd not based
on functi ongt SpE@dl&luﬁlatl ong.~ ThUS, Calghpigeenan menuf act upEr®,need to|test
each seawee _am pSI&HﬁmLU detrerm e theggual Tty of [the extragyable

Cal‘ I‘ageenan +HA UPOtaSSlum 3_5% 4-7%

Through extensive investigative efforts, the inventors have determined that
5  iota-carrageenan alone does not produce an acceptable film and that the modified
starches alone do not produce a useable film for encapsulation. Without being
bound to any theory or mechanism, it is speculated that the iota-carrageenan and
modified starches interact synergistically to provide films of sufficient strength and
elasticity to be useful in the encapsulation process.

10 The films made from the compositions of the invention possess the
desirable properties of the films made from gelatin and function as effective
replacements for gelatin films in virtually all processes that employ aqueous-
gelatin compositions for the production of soft capsules. Among those processes
are rotary die encapsulation processes, reciprocating die encapsulation processes,

15  concentric cylinder processes, and processes for film-enrobing tablets. The film-

enrobing process is also a rotary die process, as described in U.S. Patent No.
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to see if any processing adjustnents are needed for obtaining the desired
specifications. Carrageenans are available in the market place as

st andar diwg@; @587 non- st andar di zed carrageenans. Standar di za&t@RBod/Bathone
either by blending different pure carrageenan batches (cross-blending) or
by bl ending one or nore carrageenan batches with other ingredients such as
salts (KA, Nad, and Cad 2) and/or sugars (saccharose, dextrose,

mal t odextri ng, | r : j | fs ion. As used
herlei 3 an i n§#ﬁéﬁ}§{),§ﬁ%§{$(‘:]{3ﬁ1§re:‘ag((:’vihicgldg\;ﬁ%lg&?ﬁgg(gggﬁg{nrtﬁg’ %ge?&?{)etlg?tcarrageenan
include the standardi zing ingredient. Al carrageenans . are water sol uble
guns havi ng ?‘Pfgeﬁ’oiﬂ%ﬂ?t“ro@& fiops f’é@?lhjfeege% mn ‘?ﬂ%r?ﬁ AOVE%r pol ysacchari des
with a sugar backbone of alternating units consisting of galactose units
linked by 1, 3-b-D-|inkegbanically sigeng. chastig flms that s¢l1eRFEMPTRETEundanent al
properties of iota, kappa and | anbda are a function of the nunber and
position of the ester softfclted cgstigplumigsheratymitre Earrebosht Aiorpbout 60
approxi mately 30% by wei ght 3,6 anhydro- D gal act ose and 32% ester sulfate
by wei ghts In contrast sedoppRaréfarabpdestam ssout 20 ssconds;e t han 36% by wei ght
3,6 anhydro-D gal actose and 32% ester sulfate by weight. Ml ecul ar wei ght

ata) contai n an T nt ef R P B e e esence of
ester sulfate together at temperatures of from about 25-80°C and pressures of
from about 207 to about 2070 kPa (30-300 pst);
1ii) films that fuse (form seals in the rotary die process) at temperatures
10 significantly below the melting point of the films; and
iv) strong, durable dried films.
Still other advantages of the inventive compositions include:
1) finished capsules are not prone to cross-linking or insolubilization
due to interaction with materials such as aldehydes, phenols
15 ketones, that may be present within the capsule fill or shell, or that
are formed over time by oxidization; and
ii) finished capsules exhibit greater stability when exposed to elevated
humidity and temperature than capsules made using gelatin.
The compositions of the present invention are capable of forming
20  unsupported wet and/or dry films, i.e., the films do not require a support to

maintain their shape and structure. Further, they do not disintegrate, tear or

fracture unless some significant external force is applied. The compositions of the
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makes carrageenans negatively charged at all pH values and is responsible
for carrageenans being highly reactive nolecules. Commercially avail able
carrageens091/636g7 t ypi cal |y not well defined chem cal conpoRFIYSO0ASHEver

t hrough careful quality control, relatively pure materials with specified
properties are available commercially. The gelling carrageenan types (kappa
and iota) are biosynthesized by the living seaweed as a non-gelling
precursor, vhveiohard foened inte 6tnsg by anyt bita gelely ofgpuitablonipthadse Vdoidé on of t he
enzynme, deki nkase, which catalyzes the formation of the

3, 6- anhydr ogl a6t A& tiling onfSa ERAME ANRE isRirefed & donnk@icr CAK HRGORIIAN | S
only produced from Eucherma Spi nosum and produces the strongest gels with
cal ci um ons {Ca++)_ .. : asd i I : resis
Free ar the SoRogtss R RonBeete Rt S AR R iR 0256 by
weight). At Oéﬁh i ot acarrageenan does not gel wth Na+, diluted
iota-carragé P8 solutions will formthixotropic solutions also with Na+ as

it acts as a stabilizing agent. In the best node OL t he gnesent Lgéfntion,
the Ca++5content Qdekeprpansnts mavalsabg InFerppsted 1ntey the gempagitionsproyided  5ng
1,4- linked units are respectively Dgal act ose- 4-sulfate and
3, 6- anhydr o-theyydd nettalicethz-neeltingpeint/ fusiompoint charetenstiosioé the inventive film.
3, 6- anhydr o- D-gal act ose-2-sul fate rings may be repl aced by
D- gal act ose-IepseBeh@ties of these additional components include flavoring agents, opacifying
agents, preservatives, embrittlement inhibiting agents, colorants and disintegrants.
The inventive compositions are typically in the molten state when these
10  components are added. Use of conventional pharmaceutical or food grade
ingredients is acceptable.
As used herein and in the claims, the phrase “an amount of modified starch
effective to form a structured film” means an amount of a modified starch
sufficient to form a film or gel that does not flow, but has dimensional stability.
15  More preferably, the phrase “effective to form a structured film” means an amount
of a modified starch sufficient to form a dimensionally stable film having a
thickness of at least about 0.01 inches.
The phrase “effective elasticizing amount” means an amount of iota-
carrageenan sufficient to provide a starch based composition in the form of film

20  with sufficient strength to be removed from a casting drug during rotary die

processing and also sufficient elasticity to be deformed during the rotary die
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whi ch may reduce considerably the gelling power of the iota-carrageenan.

The i ota-carrageenans useful in the conposition according to the invention
shoul d copbdifmdg® the specification |aid down by the USA apdriosi@msazn

regul atory authorities. The iota-carrageenan shoul d not be degraded and
shoul d conformto m ni mum vi scosity standards, which correspond to a

nol ecul ar wei ght of about | OOK Daltons. Syneresis is often neasured on

car rageenan gelcsed ondie ffi MG SRR RN EnthiCOPRRARI TR SrfiRirIoAl @ 1 om
t he kappa carrageenan. ter breaking force has been neasured, the gel is
transferred kq aége@fé di sh and covered to avoid evaporation fromthe gels.
After typi calP9VaBd9tD our (4) hours, the amount of free water (the

syneresis) is neasured. A _high value indicates a stron el | i ng kappa,
wher eas no syner edihg PhFSF ¢ é@tP@P%?“W%HP@”@ﬂh%@ﬁgmﬁﬁwgﬁgﬁ¥5%ﬁgﬁnalytica
patterns and val ues for iota-carrageenan. TABLE || Typical Analytical

Par anet er s anpposingifkns, dr camach witiraaely etbam nvilt irlandgih thet eontict miterigese i gat i ve
efforts, the inventors have determ ned that iota-carrageenan al one does not
produce af abeephabie iddidtingaitatilband inkepanabdé §tieturst ar ches al one do not
produce a useable filmfor encapsul ation. Wthout being
The weight ratio of modified starch to iota-carrageenan in this invention is
at least 1.5:1, more preferably from about 1.5:1 to about 4:1, most preferably, from
about 2:1 to about 3:1. Unexpectedly, the compositions of the invention possess
the important characteristic of having a melting point temperature that is
10  substantially higher than the fusion temperature. Preferably, the melting point
temperature of a film according to the invention, is from about 3-15°C, and more
preferably from about 4 to 9°C, above its fusion temperature.
While not being bound to any theory or mechanism, it is believed that the
iota-carrageenan functions as an elasticizing agent. In other words, this
15 elasticizing agent renders an otherwise in-elastic, modified starch film, elastic.
Consequently, the films of the invention have a “memory” and are capable of
returning substantially to their original size and shape after being subjected to a
deforming force. For example, a film made from the starch/carrageenan
compositions of the invention that is stretched along its length and/or width will
20  substantially return to its original length over time.
As discussed previously, the modified starches useful in the present

invention include those starches that have a hydration temperature below about
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bound to any theory or nechanism it is speculated that the

i ot a-carrageenan and nodified starches interact synergistically to provide
films of emfdiiedé@nt strength and elasticity to be useful i rcthsoo/18420
encapsul ati on process. The filnms made fromthe conpositions of the

i nvention possess the desirable properties of the filns made fromgelatin
and function as effective replacenents for gelatin filnms in virtually all

processes t hape@nil @y a0 ladisdtlea tdrSe sRRks hiRNSall e infe BERsIUAL k@h Of
soft capsul es. Anpbhg those processes are rotary die encapsul ation

processes, I g¢ ipgord%&a&aw%r ?é@n{%ﬁ%ﬂﬁwaﬁ%ﬂﬁ LaPHRC CHARRe 1EP Tl ra{/é:iba%l/é i nder

processes, rocesses m-enrobing tablets. I 1 menrobi ng
process is also._a rotary di rocess, as, descriped i. . S. .Pat ent
No. 5, 146, 730,14 & Ligray oéliﬁhj‘@{at\%i%%rhp?@mf‘ﬁ&%?yp%er %?f’%lgy #eé?rél?lﬂe%y ref erence
inits entirety. Thus, the conpositions of the present invention provide:
i) mechani calemplesingisghnigpessyglokmon pgtheseakilicdun gie At BHIFBIHUFRSEHr ol | ed
casting drumgenerally within fromabout 15 to about 60 seconds, preferably
| ess t han5aboutst BOcapablered$orming afi aquesus axturenigin wates agh coniceniwatommiagt with
one anot her, fuse together at tenperatures of from about 25-80C and
pressures of [faspfvmbvuit Xoveipht Bho diveZ0hktkPha(id@-a3@opsy helow about
60,000 to 80,000 centipoise (cps) measured at a 10 sec-1 shear rate at the
temperature at which starch hydration occurs.
Representative of the commercially available starches useful in the present
10  invention include Pure Cote” B760 and B790 (an acid-modified
hydroxypropylated corn starch), Pure-Cote” B793 (a pre-gelatinized modified
corn starch), Pure-Cote” B795 (a pre-gelatinized modified corn starch) and Pure-
Set” B965 (a flash-dried acid modified native corn dent starch), all available from
the Grain Processing Corporation of Muscatine, Iowa. Other useful, commercially
15  available, modified starches include C*AraTex 75701 (hydroxypropylated acid
modified tapioca starch), available from Cerestar, Inc. of Hammond, Indiana;
M250 and M180 (maltrins) and Pure-Dent” B890 (modified corn starch) from
Grain Processing Corporation; and Midsol Crisp (modified high amylose corn
starch) from Midwest Grain, Inc. of Atkinson, Kansas. The only native

20  (unmodified) starch suitable for use herein is potato starch. Such a starch is

available from Roquette as Potato Starch Supra Bacter.
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iii) films that fuse (formseals in the rotary die process) at tenperatures
significantly below the nelting point of the filnms; and iv) strong, durable
dried fi Wgoudetd! ot her advantages of the inventive conpasit/ussoasi2oc! ude:
i) finished capsules are not prone to cross-linking or insolubilization due
to interaction with materials such as al dehydes, phenols ketones, that may
be present within the capsule fill or shell, or that are fornmed over tine

by oxi di zati on; ih{vj%qtfdo;h%%élu%‘g%&élti%ll;ﬁeﬂéﬂo%inﬁfts%ﬁfdiﬁédaﬁdl ity when

exposed to el evate ty "and tefrperature than capsul es made using

latin. Th | i f th ' '
Cnsuppor t ed WETCERRPBr Ty Crpitgny Ry HFiA 08 BufnbeRERUE ise 210D,

to maintain their shape and structure. Further, .they do, not disintegrate,
tear or fraéP@r@VﬁhF"éé‘ge@gﬁPégé‘?éFﬁrﬁ?ed%W icghgrapeities 3Ydhe s appl i ed.gThe

conposi tions of theinvention are formed into filnms by any of a variety of
sui t abl e netdmdese/amylppectiagaiiosg The pesterredistaghonemagd ﬁaéﬁ{ﬂ@d @Punstargh
preferred in connection with the rotary die process, other processes for
formi ng f5i | nmodified with 2ppdroeyiropyd etheo Smcskmndl lgemiipisn Thisestach is identified
by Chemical Abstracts Service Registry No. 68584-86-1. This material is
commercially available as PURE-COTE® B760 and B790 from Grain Processing
Corporation.
The iota-carrageenan is present in the inventive compositions in an amount
10 that, in combination with starch, effectively causes the compositions to have the
required gelatin-like functional properties. As discussed previously, as those
skilled in the art will appreciate, the film has what is known as a wet shell
composition and a dry shell composition. This results from the evaporation of
water from the film during the manufacturing process of the soft capsule.
15  Preferred amounts of iota-carrageenan range from about 6 to 12% by weight of the
wet shell composition. More preferred amounts of iota-carrageenan range from
about 7-12% by weight of the wet composition. Particularly preferred
compositions contain from about 9-11 weight % of iota-carrageenan, based on the
weight of the wet composition. Even more preferred compositions contain about
20 10 weight % of iota-carrageenan by weight of the wet composition.
As will be demonstrated in the Examples, not all members of the

carrageenans family can be used herein. Standardized iota-carrageenans are
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O her conponents may al so be incorporated into the conpositions provided
they do not alter the nelting point/fusion point characteristics of the

i nvent i vewbidijase7lRepr esent ati ve of these additional conponentsusomissze
flavoring agents, opacifying agents, preservatives, enbrittlenent

i nhi biting agents, colorants and disintegrants. The inventive conpositions
are typically in the nolten state when these conponents are added. Use of

conventi onal Githr REfehR0 Stafi AR el RAL-BEH £ Rar 1§ cBRERPLAD! €. AS
used herein g&g |i\m?&ﬁ%gdé alrrgs} et he S rasee"an amﬁgr%t %fl I’(;Ddlfl eld starch

effective to fOfag]eafr r%xtliljc}g'MrCeéortpl %agio?%?ﬁlﬁc &% Ww S"&ul“?‘?}m% fied starch

avgl
sufficient to afo 'ma does no as di nensi onal

tability. o, th £ fect f tryuct ured
Fi it modns. SISGRRING SISy stmrdient SiadSh Sorpiefl dfwort, enid e

di mensional |y stable filmhaving a thickness of at |east about 0. 01 inches.
The phrase " edfthcerigeenaisanelidq 2 nerystandnisieed intuparagse SkW
i ot acarrageenan sufficient to provide a starch based conposition in the
form of f5 | mBieSystessf dfiBauet) Fratce dngwh as XPheHGH rmnd @chohrstamdardezzdtiotag dr ug
during rotary die processing and al so sufficient elasticity to be deforned
during the reiddtefirePs0E@ES. When a fill material is presented between a
pair of filns of the conposition
In general, the film forming compositions may consist of the iota-
carrageenan, at least one modified starch with the balance of the composition being
water. However, preferred compositions of the invention include a plasticizer.
10  Suitable plasticizers include the materials used for the same purpose in the

manufacture of mammalian gelatin capsules. Representative plasticizers are any of

a variety of polyhydric alcohols such as glycerin, sorbitol, propylene glycol,

polyethylene glycol and the like. Other plasticizers include saccharides and

polysaccharides. The saccharides and polysaccharides suitable for use herein may

15  be produced by hydrolysis and/or hydrogenation of a simple or complex
polysaccharides.
Where plasticizers are employed, they can be used in amounts of up to
about 60% by weight of the dry shell composition or 30% of the wet shell
composition. More preferred compositions contain from about 10 to 25% by

20  weight, based on the weight of the wet shell composition and 30-50% by weight of

the dry shell composition.
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(bl ow nol ded). The phrase "fusion tenperature" neans the tenperature at

whi ch two opposing films, in contact with each other, will blend at their
cont act iwWO®IMPIIE to become one, indistinguishable and i nsBEHPEHYE420
structure. The weight ratio of nodified starch to iota-carrageenan in this
invention is at least 1.5:1, nore preferably fromabout 1.5:1 to about 4:1,
nost preferably, fromabout 2:1 to about 3:1. Unexpectedly, the

conposi tions of tABojtheespsubnfopamgesmpblidonnmanthastiellohassaomposisivnc of
having a nelting point tenperature that is substantially higher than the

fusion t errp%é% Hﬁﬁ‘onaﬁﬂl%Bﬁﬁaﬁﬁﬂemﬁrﬁﬂerﬂ&htiﬁfﬂgitiﬂgicBinpbﬁﬁBﬂ.r Alnwxempfe of film
according to the invention, is fromabout 3-15C, and nore preferably from

about 4 to 9 bﬁtﬂg%@nq 1@ﬁb&@eﬁ%&g§§§9ﬁ]§ta%ﬁtur%T L&oNotarl®IRSr Rped to any

t heory or nechani sm at the 1ota-carrageenan functions as
an el asti ci zi agent. 1n oth @@ his el asticizing agent renders an
ot herw se in$9&5§gi ?ewﬁgﬁPF@g&gpg? 3%¢In1 el astic. Consequently, the

films of the invention have a "nmenpry" and _are capable of returnipg
subst antifal |y to ©reenallyy thgifiha fognipg camgodiehmay crRAIELHIVASF 8%t ed to a

deform ng force. For exanple, a filmmade fromthe starch/carrageenan
stabilizers such as mixed parabens, ordinarily methyl or propyl parabens, in about

a 4:1 ratio. The parabens may be incorporated in the compositions at levels of 0-
0.2 weight % for the wet shell and 0-0.4 weight % for the dry shell. It should be
noted that in the following Examples, preservatives were included in the

10  experimental formulation to facilitate un-dried sample retention for later
evaluations. Without preservatives, the retained wet ribbons would be spoiled by
microbial growth in a day or two. On a commercial scale, preservatives would
typically note be added to the film forming composition because the wet ribbon
would be quickly processed through the encapsulation machines and then the

15  dryers. The dried film does not support microbial growth.

It has been found by the inventors that the use of a buffer system in the
inventive compositions is highly desirable. Any known buffer can be used with
phosphate buffers being preferred. Controlling the pH of the melt and film is
highly important as carrageenans are rapidly broken down in conditions of high

20  temperature and acidity. As mentioned previously, the presence of Ca™ ions

should be kept to a minimum.
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conpositions of the invention that is stretched along its |ength and/or
wdth will substantially return to its original |length over tine. As

di scussedwes @vgzerss! y, the nodi fied starches useful in the pegasobiasyention
i ncl ude those starches that have a hydration tenperature bel ow about 90C.
Hydration tenperatures for nost starches are available in the literature,
such as product data for commercially avail able starches. Were they are

not available via dsJ}?c;{pisﬁl_@g ﬂltdyg@ﬁm%u%dw{rfécwaaﬁ&m% iveRo Ry be

readi |y determ ned enpl oyl ng chni ques we know to those skilled in the

art. Suitabl & §lAnENes 3ls Heterl v RAPABYE Al LoriTh 0GRl AGuRRYS M Xtur e

wth water at gast from wei ght” %'to give a

m xture having a viscgsity bel ow about 60,000 to 80,000 centipoise (cps
measured at aHosRgesieRN], RidEmacqugicd Lachy Qétqb@hg%%étsﬁ?@%eya?PmﬁgehQ%ﬁ%%51 Pe)
hydration occurs. Representative of the conmercially avail able starches
useful in theCqpsalehin The Erarpand Rotatide oflndestcal Bharngep (S8t @raend an
aci d-nodi fi ed hydroxypropyl ated corn starch), Pure-Cote(tm B793 (a

pr e- gel at isni Zeigepdi f1990); A0B NPaEmMNds) 1,9P0B086;02 &8, B9 5nd 2,3p8,818el ati ni zed
nodi fied corn starch) and Pure- Set B965 (a flash-dried acid nodified

2P S0 ST i Phly AR 04y it v nass v
shell thicknesses varying from about 0.024 to 0.1778, preferably from about
0.0508 to 0.127 and more preferably from about 0.0508 to 0.0762 c¢m in thickness.
The capsules of the invention may be manufactured in any desired shape using the

10  above-mentioned rotary die process.

The fill materials for the soft capsules may be any of a wide variety of
materials suitable for encapsulation using the rotary die apparatus. Among the
types of materials that are suitable for encapsulation include oils, hydrophilic
liquids and emulsions. The active components that may be contained within the

15  oils and emulsions are hydrophobic and hydrophilic actives. Those skilled in the
art are familiar with and will recognize suitable fill materials. These fill materia1§
may contain cosmetics, foods including vitamins, liquids, semi-solids, suspensions,
flavorings and pharmaceuticals. After filling, the capsules are typically dried

according to conventional techniques, e.g., tray drying, using a drum dryer or other

20  suitable drying methods.
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avail abl e, nodified starches include C:AraTex 75701 (hydroxypropyl ated acid
nodi fi ed tapi oca starch), available from Cerestar, Inc. of Hamond,

I ndi ana; Werfe3¢d M 80 (maltrins) and Pure-Dent(tm B890 (awaisoe/esi2eorn
starch) from G ain Processing Corporation; and Mdsol Crisp (nodified high
anyl ose corn starch) fromMdwest Grain, Inc. of Atkinson, Kansas. The only
natiVﬁ (unrmdi}‘i efl) -fstarch suitable for use herein is potato starch. Such a
starch is avgjla r . h Supra Bacter. The

inven';]i on g et dI Iesc \Btion &t the Pré §rr'€8 l?od%_ h rmdipfi ed and hybri di zed
starches. netica nmodi fied and hybridized starches.jinclude those that
hav?a been devel opér(yle%%%lloé’?”f‘&ex?rﬁgle ﬂ?}é?‘&sérlatepcregﬁ@ratspgc 53%%“)3 SFthe

anyl ose/ anyl opectin ratios. The preferred starch is an acid drol yzed corn
starch nodi f ilesgniipn.nHowRyesy 6X§/ﬁ9rtt%pylldeléﬁq6?ér‘h‘¥t GRRSE E¥REPICY ?@Jﬁémﬁﬁﬁ% ®starch
is identified by Chem cal Abstracts Service Registry No. 68584-86-1. This
material is gomueescony hyd dvadt mispat BsbPURHLGETRtYeBBE0 carditigromdithom Gr ai n
Processing Corporation. The iota-carrageenan is present in the inventive
conposi ti §ns gkdhedT tREMARNtIbM ALt alsoRhE@ADE Appricoiatedithdt velieartgpicalatdctioni vel y
causes the conpositions to have the required gelatin-like functional

properties. A8, 4LiSE R deRperatRt ShactioAtintddPRS e been given, the conditions

which are both above and below these specified ranges can also be used, though
generally less conveniently.
A further understanding of the invention may be obtained from the
10  following non-limiting examples. Each of the following compositions is prepared
according to the method described below. All temperatures are expressed in

degrees Celsius (°C) and all parts are parts by weight, unless designated otherwise.

EXAMPLE 1

15 Preparation of the Capsule Shell Material

A mixer, fitted with suitable medium shear mixing blades, and a side sweep
assembly was used to prepare a molten mass for forming films. The mixing
container may be heated or cooled as needed and optionally may be constructed
such that a vacuum can be established inside the vessel.

20 Appropriate quantities of each component (except starch and carrageenan)
for each formulation was added to the mixer and blended. The starch and

carrageenan were then added to the mixture and mixed under vacuum. Heat and
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skilled in the art wll appreciate, the filmhas what is known as a wet
shell conposition and a dry shell conposition. This results fromthe
evapor at i W 36wt er fromthe fil mduring the manufact uri nBCHUSBEE2Gf t he
soft capsule. Preferred anpbunts of iota-carrageenan range from about 6 to
12% by wei ght of the wet shell conposition. Mre preferred anmounts of

i ot a- carrageenan range from about 7-12% by wei ght of the wet conposition.
Parti cul arl y cpatfuius efrriogWeos applied sintbiht aintute bevasdsonelted-abdiwei ght % of

i ot a- carrageenan, based on the weight of the wet conposition. Even nore

preferred COfBBﬁl%ithﬁéa%. SanpiRé Roabauh fdrmit@ititwdre efkeh ah@catbh@gegaan by
wei ght of the wet conposition. As will be denonstrated in the Exanples, not

al | menber s g,flaté Bt GaL sﬂgsmgrgger%a;%.'xb@ﬁa BarHS B Wk §hBrch Strapsiandi zed

i ot a- carrageenans arepreferre particular preferred standardi zed

i ot a-carrageenan is .co jal .available f { E . I f

Pri n(r:]et gn, NM%W@&?“%L%“H? ! ‘ﬁsl\lltspé 8{5?‘[55%& hegi% 5%8%?%:@%&(?%\%1%1 15% by
wei ght dextrose. O her useful iota-ce i ncl ud - st andar di zed
ot a- car r Agedhafiln (aDeHkOp BRe)Sm THhIBAES VP ALk BB SXPU Ha and

a non-standardi zed i otacarrageenan from FMC. In gener al, the filmformng
conposi ti ons etaaticityo sittinessfand Hémi sotcngthr Thgesehlars, that were characterized by the

investigator as having some potential were evaluated for sealing properties. The
film was carefully removed from the glass plate and folded in half and placed on a
preheated bag sealer from Midwest Pacific Corp. The arm was lowered and

10  contacted the folded film as heat and pressure were applied. This device is also
known as an impulse sealer and was used to assess the sealability of wet films in
the laboratory. This device provided a good guide as to whether or not an
experimental film would form a seal. The fusion of the two films was then
observed and rated as a weak seal or a good seal. The molten mass was

15  subsequently charged into a heated, preferably electrically heated holding tank and
maintained in its molten state until needed for encapsulation, if the formulation
was to be used for encapsulation. Normal rotary die pressures for gelatin films
range from 200-300 lbs. (91-136 kg). It was determined from this work that
sealing pressure reductions of greater than 50% (34-68 kg) could be realized and

20  still produce a good seal.

The following formulations were prepared as discussed above.
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at |l east one nodified starch with the bal ance of the conposition being

wat er. However, preferred conpositions of the invention include a

pl asti ci z&p.01/8d7tabl e pl asticizers include the material s upedfsos/igabe sane
purpose in the manufacture of mammalian gel atin capsul es. Representative
pl asticizers are any of a variety of polyhydric al cohols such as glycerin,
sorbitol, propylene glycol, polyethylene glycol and the |like. OQher
plast|C|zers i ncl ude sacchari des angoRRhsisaqhari des. The saccharides and
pol ysacchari des SU|tabIe for use hereln nay be produced by hydrol ysis

and/ or hydr ogerat Igf)%&"m rplte \’gctw'ﬁi % e@gel%sauu

pl astici zers| are en they ca int sf 3fbt ifin )g aEgut 60%

b §$ gﬁp anDl

by wei ght of_the dry shell conposition vy of the wet ition.
Nbre pref er ridVRBr@SEL Y99 contdin from!afout 10 0 _25% b§ #Bi ght . based
on the wei ght VBRCARBNWED38%E! | cdnposi ti dh0and 30-50% by wédght of the dry
shel | conpos| Glyoerd®AUS®, (pldseécieapsul e for n2A§ conposition, i4825 the shell
mass conposi [SediumPhysphatd divakicy [contain g enbritgl enment 12026 biting
conposi tion. (6gﬁgﬁanple of enbritjtl enent inhibiting conpositions is a
m xture of soptd VL ATHad ERsyT MO € SOT biplgns. See U S PalEyy No.
4,780, 316. Water USP 55.8
Dextrose 2.71

Formulation 2

Ingredient Wet Film Percent Dry Film* Percent
by Weight by weight
PURE-COTE" B790 15.0 34.32
VISCARIN"™ SD389** 10.0 19.45
Glycerin USP (plasticizer) 17.5 40.05
Sodium phosphate di basic 1.0 2.29
(buffer)
Preservative (parabens) 0.20 0.46
Water USP 56.3
Dextrose 3.43
5 Formulation 3
Ingredient Wet Film Percent Dry Film* Percent
by weight by weight
PURE-COTE” B760 22.0 37.29
VISCARIN"™ SD389** 10.0 14.41
Glycerin USP 25.8 43.73
Sodium phosphate di basic 1.0 1.69
Preservative 0.20 0.34
Water USP 41.0
Dextrose 2.54
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Optional |y,
stabilizers

i n about wo4%id3dati o.

| evel s of
I

at
dry shell.

were included in the experinental
retention for

ri bbons woul
commer ci al

the filmform ng conposition may contain preservatives and

such as m xed parabens, ordinarily nethy
0- 0.2 weight % for the wet shel
t should be noted that in the follow ng
eval uati ons.

| at er Wlﬁ

1afib ger vatives,

| or

pr opyl

0.4 weight %for

Exanpl es,

par abens,
The parabens may be incorporated in poguseuzes ti ons
and O-

t he

preservatives
formulation to facilitate un-dried sanple
t he retained wet

form ng cong
t hrough t he

not support

use of a buf

Any known bu

Controlling

are rapidly
menti oned pr

m ni num Sof t

d be spoi l ed by m crobia gromﬁ in a day or two. On a
vu e hl‘ﬂCﬂl‘\le:\v]eS \voul d t\ln r-:al | \/ nlctn hn arlrlnrl o ||m
ositi on"BEAMe the wet NYBEIN KETTeRt be qw l%rp%‘ée&ed
encapsul at j on_machi n=s and PWE8I&Me dryefs d film does
HUERBKIQTEgB3M® h. 1t |has been?$Bund by the |nve4ﬁ%s t hat| t he
PEISGARINNSDB38IMie i nyentive cbhfositions|is highf.§5 desiraple.
fGgeeraSPe used wi th phosphat®8buffers peing pZEderred.
95 RTpRGsphB@ diBhdic and TTT M 1§ 5 ghl'y Thportant 25 carrageenans
LPrBé‘e‘FvbltHQV"” TTT Ccomndi {Tons of @an renperarure a@cg5aC| dity} As

» P the—presente—of Catpz pons—shoupd—be kept—toa
capsu-es—ray—bermanufactured+R—accordapce w—t—g—genven{—i—onal
DexXirose .9

10

Formulation 5

Ingredient Wet Film Percent
by weight
PURE-COTEB790~ 27
Genuvisco TPM-1" 10
Glycerin USP 20
Water USP 43
Formulation 6
Ingredient Wet Film Percent
by weight
LYCATAB pregelatinized 27.3
starch (Roquette)
VISCARIN" SD389 10.0
Glycerin USP 15.0
Sodium phosphate di basic 1.0
Preservative 0.20
Water USP 46.5

33



techni ques as set forth in Ebert, WR , "Soft elastic gelatin capsules: a
uni que dosage form', Pharnmaceutical Tech., Cctober 1977; Stanley, J.P.,
"Soft Gelghbfofeapsul es”, in The Theory and Practice of | ndpsi/us@iisiear nacy,
359-84 (Lea and Febiger ed. 1970); U S. Patent Nos. 1,970, 396; 2,288, 327,
and 2,318,718. The capsul es made using the rotary die process, wll
typically have wet shell thicknesses varyi ng from about 0.024 to 0.1778,
preferably from about 0.0508 to O. ze preferably from about 0.0508
to 0.0762 cmin thickness. The CZEE ﬁstq(ﬁElthlnvention may be

manuf actured in any desired shap F 3’%3 A50ve- ment i oned rotary die
process. The fill npterials for the soft capsules may be any of a wide
variety of material s suitaigxedigpt encapsiul ati B’He‘t@lhﬁd)etrﬁ@“r otary die
apparatus. Anpng the types of materials that areb¥feigifl e for e1capsu|ation
i ncl ude oils, hydropBotatccStarotySugsa Raderenul si ons. Th&.8acti ve conponents that
may be contai ned w { {Rayuehe) oi | s and enu| si ons are hydrophobic and
hydrophilic actives TotheaPagtéhd €ed in the art are famIliar wth|and w ||l
recogni ze suitable beeﬁﬁmﬁﬁials |nese i natqu@ls may conjain

cosnetics, foods inek guids,—sen—=sgiids;, suspensi ons,
flavorings and phar ,Yg’b\'(ZIEITﬁ?\QS] 1ffbﬂé“&hbbas‘fcf: H-nAg—t ..co%psu. es—arejtypically

p

: "Preservative T
dried
Water USP 60.0
5
Formulation 8
Ingredient Wet Film Percent Dry Film Percent
by weight by weight
PURE-COTE" B790 235 41.96
Tota-carrageenan XPU-HGI 8.5 15.18
(SKW) — (not standardized)
Glycerin USP 23.0 41.07
Sodium phosphate di basic 1.0 1.79
Water 44.0
Formulation 9
10 Kappa only — no iota
Ingredient Percent by weight
PURE-COTE" 20.0
Kappa-carrageenan 6.0
Xanthan gum 2.0
Glycerin USP 20.0
Sodium phosphate di basic 1.0
Preservative 0.20
Water USP 50.8
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according to conventional techniques, e.g., tray drying, using a drumdryer
or other suitable drying nethods. Detail ed Description of the Preferred
Enbodi nerwe oT/h3s7f ol | owi ng exanpl es denopnstrate certai n aspRCT/ESWI18#He
present invention. However, it is to be understood that these exanples are
for illustrative purposes only and do not purport to be wholly definitive
as to conditions and the scope of this invention. It also should be
appreci ated that when typical reactRoefmulatiéh 10 ons (e.g., tenperature,
reaction tines) have been given, the conditions which are both above and
bel ow t hese specit I]‘tﬁﬁ ACHES can also By JFﬂﬂll’ tho
er

€
conveniently. A fur under st andi nt |
the fol | OV\A. n‘gg(: aYal a_avamle %EQJ t ,Y élEHF |

@ \~FAuCanyva T |==vavy) t T OA' H
prepar ed acc ﬁﬁCQIE B QPT hnz dnchrl hgf} heol r':\cl\l I,U iui", eppe Irac _ar

u T AT ¢

expressed i n MEYrARINGSD3BYE () |and al | [BAPts are harts husqélnhf uhl ess
desi gnat ed ot Ghicaiis ISPEXAMPLE 1 Hr epar at i23f of the Capsul e48%3| | Matefial A
m xer, fittedSedituh phusphatd & bagidi ym shear hixi ng bl ades, andl-Z24 si de sweep
assenbly was| wsed USP prepare a ngl ten nagd55or formng films. The m Xxing

Dextrose 2.73
* Dry Film Values Calculated
**Standardized with 15% by weight dextrose
Note: In the dry film calculations, the dextrose content, from the iota carrageenan is set out

5 separately.

Formulations 1, 3, 4, 6, 8 and 10 all produced excellent films that displayed

10  excellent elasticity and sealing features. Formulation 2 produced a seal, but of a
weak character compared to Formulations 1, 3 and 4. This could be the result of
the modified starch to iota-carrageenan ratio of 1.5:1, whereas Formulations 3 and
4 had starch to carrageenan weight ratios in excess of 2.0:1. Formulation 5 yielded
a good film, but the sealing characteristics were poorer than Formulations 3 and 4;

15  this could be due to the high, 2.7:1, starch to carrageenan ratio. Formulation 7, the
only unmodified starch that was found to work with iota-carrageenan was found to
cast an acceptable film that evidenced good sealing properties. In contrast,
Formulation 9, kappa carrageenan only - no iota, produced a brittle film that could
not be sealed. This experiment evidences that kappa carrageenan is not a

20  substitute for iota in the present invention.
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contai ner may be heated or cool ed as needed and optionally may be
constructed such that a vacuum can be established inside the vessel.

Appropri aye oddsgrti ti es of each conponent (except starch andctasoagaznan)
for each fornmulation was added to the m xer and bl ended. The starch and
carrageenan were then added to the m xture and m xed under vacuum Heat
andconti nuous stirring were applied until the m xture becanme nolten and
honogeneous. Sanpl es from each formﬁﬂmmre taken and cast onto a gl ass
plate that was at roomtenperature. A blade or draw bar with a notch of

about 15 cmin width and 0.127 cmg’q hﬁ!' gt}% 0\§§§ used to create the casting.
After cooling, the film (about O. ; cmin thickness) was

eval uated for stiffness, elastjcity, britt]epess and film strength. Those
films that were cHaftaRdasd oy digmathing (ie q?z”gefodyaggPﬁgq{Cﬁ@f Mt ent i al
were evaluated for sealing properties. The filmwas carefully renmoved from
the gl ass pl &errarat, Lathges, Lieblandn anddKasiadatitosn 3a Hslitere aublishsa §ydeal er
fromM dwest Pacific Corp. The armwas | owered and contacted the fol ded

filmas hgat &aRebigerewasingeduwe aterapythé atnufibiuse cfefvliaiecapsuled gsingknown as an
i npul se seal er and was used to assess the sealability of wet filns in the

l'aboratory. FimuldfyisCrR48 Bvinda®. arhgInOmatetiaiew &Sprooidel & fh%fhop?ern ot an
experinmental filmwould forma seal. The fusion of the two filns was then
connected to the rotary die encapsulation machine. The hopper was heated and
jacketed. Ribbons of casting material were formed in any of a variety of
conventional methods, including extrusion or gravity feed of the liquid
10  Formulations 1-4, 6, 8 and 10 onto a revolving casting drum. The formulations
were provided to the drum generally at a temperature 2-5°C above the melting
point of the formulation. This temperature varies according to each specific
formulation. Encapsulation of the fill material between two ribbons of the film
was carried out according to conventional procedures.
15 Capsules prepared according to conventional rotary die procedures using
Formulations 1, 3, 4 and 10, as set forth in this example, produced durable

capsules that, upon drying, are similar in appearance to traditional softgels

manufactured from mammalian gelatin.

20
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observed and rated as a weak seal or a good seal. The nolten mass was
subsequently charged into a heated, preferably electrically heated hol di ng
tank and waigposd7red in its nolten state until needed for epepwsod/alron, if
the formulation was to be used for encapsulation. Normal rotary die
pressures for gelatin filns range from 200-300 | bs. (91-136 kg). It was
determned fromthis work that sealing pressure reductions of greater than
50% (34-68 kg) could be realized an?‘ﬁgMﬁLEgoduce a good seal. The
followi ng formul ati ons were prepared as di scussed above. Fornul ation 1

Cormul 2 Ton SFoTLALIon ¢ FOr L ShaRd: SRR Croriation 7 e ve
10 % Dry FilmVval uCea%)su es!, grléldgée%dacz;rgl[nagntg%rx(ajlin% e(g 1V\2I1intdr§ a 50(\)433 t\%)érélvt%ist%(ril tfordext rose
disintegration and resistance to accelerated storage conditions. Samples of dried
5  capsules were tested using a standard USP disintegration apparatus fitted with
guided disks. The test medium was 0.1 M HCI maintained at 37°C. Capsules
ruptured within 3 minutes and the shell disintegrated within 15 minutes. These
results are comparable to those obtained using a conventional soft mammalian
gelatin capsule.
10 Additional samples were stored in open containers for 3 months at
40°C/75% Relative Humidity (“RH”), which is a standard condition used to
accelerate stability evaluation of pharmaceutical dosage forms. A mammalian
gelatin based softgel filled with mineral oil was also evaluated using the same
conditions as a control. The modified starch/iota-carrageenan capsules remained
15  structurally intact and exhibited only softening of the shell. In contrast, the
mammalian based soft capsules had fused together and lost much of their structural
integrity. Thus, the capsules made according to the invention exhibited superior
resistance to humidity and temperature compared to conventional mammalian

gelatin-based soft capsules.

20
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Note: In the dry filmcalculations, the dextrose content, fromthe iota
carrageenan is set out separately. Fornmulations 1, 3, 4, 6, 8 and 10 all
produced @¥aglobent filns that displayed excell ent el asticipgrasdossaad i ng
features. Formul ation 2 produced a seal, but of a weak character conpared
to Fornmulations 1, 3 and 4. This could be the result of the nodified starch
to iota-carrageenan ratio of 1.5:1, whereas Fornulations 3 and 4 had starch
to carrageenan weight ratios in excgsgaRfpigQ: 1. Fornulation 5 yielded a
good film but the sealing characteristics were poorer than Formul ations 3

and 4; this could be due to the taghi 2!i7éé, aﬁgs%rch to carrageenan ratio.
Formul ation 7, the only unnodifi s found to work with

i ot a- carrageenan was found to cast an acceptable filmthat evidenced good
seal i ng properti edhe fRlla¥gRg g eompsisa P P?péﬁleé,l‘elﬂ(%ﬁglﬁ%%rcé‘@@ﬁﬁgﬁ“%nI Yy - no
iota, produced a brittle filmthat could not be seal ed. This experinment

evi dences t hand kssppated setenydie paranisters fir cansanbionalimaampban geatn-basedhe

present invention. EXAMPLE 2 Rotary Die Process A standard rotary die

machi ne (5eembieials)eobiypasidoPaetei thedfiml watufetméedibol Sy dramm cyrrageandmyan,
Li eberman and Kanig, Editors, 3rd Edition, published by Lea

and a modified starch/iota-carrageenan compositions according to the present
invention. The only carrageenan composition was made essentially according to
the description set forth in published International Application WO 97/07347,
except that 17% carrageenan is used instead of 9% as described in the International
10  Application. Table III sets forth the melting point of each composition in addition

to processing conditions specific to each composition for use in the rotary die

Process.
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& Febiger, was used to attenpt the manufacture of filled capsul es using
Formul ations 1-4, 6, 8 and 10. The fill material was provided to the hopper
connect eqyd g1/643¢; rotary die encapsul ati on machi ne. The hopperusasisimat ed
and jacketed. Ribbons of casting material were fornmed in any of a variety
of conventional nethods, including extrusion or gravity feed of the liquid
Formul ations 1-4, 6, 8 and 1 onto a revolving casting drum The

formul ati ons were provided to the drurfmﬁrlgly at a tenperature 2-5C

above the nelting point of the fornul X Is tenperature varies

accordi ng to—each specifi tion—Encapsib-atoppt—the - —mpterhal
bet ween two|ri bbons of thmgarri ed W%@”&!P&Tng fo ggﬁv"é]gi' ronal
procedur es. |Capsul es prepar ed SC¥8HYi ng t o SEISYE AT AZEENaR of 5 (Arxageenan
procedur es (isi hgmRdatan atli 3%95% gedating 18nd 10,15280%starghort h|i n” tHedotaxanyl e,
produced dufabl e capsul es t 38t plagmizedr yi| gl 0%anetasarpgesnan n appeagesiade t|o
tradi tional |softgels manuf act urae: fisom manmal i an gel ati n. EXAMPLE 3
Eval uation ¢ TaRsalNMelpT gpert 1 sg58apsul es pr odugegseaccor di hg t ®5B&3apl eg 1
and 2 above|wetgnpgafyed flor disintegratign and resistance fo accel erateg
storage condrtigarona P °S O 65%5%Y About 90-95°C 98-100°C
Casting
Fusion 40-42°C 53-75°C 98-100°C
Temperature for
sealing (Wedge
Temperature)
Pressure 100-300 psi 50-200 psi Not determined
Typical Ribbon 0.28-0.040 0.020-0.025 Not determined”
thickness
(inches)
Machine speed 2to 3 rpm 2 to 6 rpm Not determined
(optimum)

* The sealing (wedge) temperature was adjusted to the temperature at which the material fuses, 98-
100°C, which is also the melting temperature. No fusion takes place at lower temperatures. Sealing
and production of capsules was attempted, but the ribbon melted at the wedge. No capsules were

5  formed.

This Example supports the conclusion that the starch/carrageenan
compositions of the present invention possess properties similar to mammalian gelatin
and therefore allow for their satisfactory use in the rotary die process. In contrast, the

10  film forming composition taught in WO 97/07347 is not acceptable for forming soft
capsules.

Films derived from compositions containing carrageenan as the only film
forming material do not possess the desired properties of gelatin films and are
therefore unsuitable for use in the rotary die process.

15
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capsul es were tested using a standard USP di sintegration apparatus fitted
with guided disks. The test nmediumwas 0.1 M HCL mai ntained at 37C.

Capsul es wapt/o3e@d within 3 mnutes and the shell disintegr BEBYSHIBHIN 15

m nutes. These results are conparable to those obtained using a
conventional soft mammal i an gel atin capsule. Additional sanples were stored
in open containers for 3 nonths at 40C/ 75% Rel ative Hum dity ("RH'), which
is a standard condition used to accelBXAMPISE &bility eval uati on of
pharmaceuti cal dosage forns. A manmmalian gelatin based softgel filled with

m neral oil foSAnE YA h&ShsUPd B Sréplgl%dsa@@& BANG EkaNpleas cRcepOihal by The

nodi fi ed starch/iota-carrageenan capsul es remained structurally intact and

hi bi t ed I f ' I : [ d
Soft capsul ot ViR iR A¥p 00 Sl e oAk FARigh? B ST hTpIERe

use oge ran el'r structura

integrity. Thus, the capsul es nade agcording .to the inventi exhi bi t ed

superi or resW§fea‘i?§te°rttBar%%?Fﬂfaﬁ/u%%a B ?rétgme WE%Z&&EEPK}QESH\}Q&G}%‘EM
mammal i an gel ati n-based soft capsul es. EXAMPLE 4 Conparative Anal ysi % The
fol 1 owi ngd i s(GO4biefhPiGinahes) tepatboshay qlesrt@bqu@maﬁwlechaIB%PE‘P?@ﬂ cs

film were evaluated wet and then allowed to set/dry overnight and then revaluated.
Ribbon strength, elasticity, clarity, texture and thermal sealing were measured. All

values are weight % unless noted otherwise.

40



and associated rotary die paraneters for conventional

gel ati n-based material s,

according to the present

manmal i an

a conposition wherein the filmwas forned solely
from car re@e403677 and a nodified starch/iota-carrageenan cBEpPUSIVIsEHs

i nventi on.

The only carrageenan conposition was
made essentlally accordlng to the description set forth in published

| nt er nat i onal—AppiTrcatTon_VOr97/ 07347, except t hat 17% carJageenan I s used
(==}
i nstead of 9'§as descr@evq &n the Internacslonal Applicatian. Table Il sets
forth the meltinglpoilnt_of [each compasition in additiéh t5:proceSS|ng
conditions specific tjo gagrp(,orrposition for dse in ther:rof‘ary die
process.TABLéz [l |* Thewseéﬁlng wedge) tenperature a usted to the
t enper ature atjwhifch [The [mat erifal| fusSEes, | 98- | 100C, Mhl@h al so the
nelting tenpeggatune. No flgsEon |t akes plage at |ower t tures. Sealing
and producti ¢h| of |capsul &5 [Was |at|t enpt ed| but the rlbqgn |ted at the
wedge. No capsptes—were fronnmed—Thirs anptejsupports %he;@onclusion t hat
the starch/ c(ﬁ rageendn Ec@nﬁsgtfc ns ofS the present invent |%3)n possess
properties simlaf td fEnMali ellatin and fherefore &l 1 d&& for their
satisfactory|use iin the rgtégﬁ %ie precess. Iin contra@;, the filmformng
conposi tion tsaughty in WO|9T&0¥347 ijs |t |acceptable fog fq‘im'ng sof t
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capsules. Filns derived from conpositions containing carrageenan as the
only filmformng material do not possess the desired properties of gelatin
films andvawwoleher ef ore unsuitable for use in the rotary dPET/US00/18420
process. EXAMPLE 5 The foll owi ng Fornul ati ons were prepared as set forth in
Exanpl e 1, except that they were prepared on a 500 gm scale. The prepared
formul ations, as set forth in Table IV, were cast onto a glass plate using
a draw bar 9Sefa da@RRSCHn{ddifledagodn StakcB (P Gdie BEDQIYrodked4thdnebrixtl®Hilmi nches)
to formribbons as described in Exanple 1. The ribbons of filmwere

eval uat ed Weha 1@ty tERd 8 ArREalt ThENdpXs Qe bhEEAIoRNEvdNE NPy al uat ed.
Ri bbon strength, ‘elasticity, clarity, texture and thernmal sealing were

ggraigrn?di/\éf\l clgfr\r{%eﬁgr?n%ac%?réﬁzﬁgf}tgft% tl% %hﬁ&?onrbq{aqgeﬁ}lgﬁ[ﬁq{i se. TABLE 1V Vi ght

5 EXAMPLE 6
Using the procedure set forth in Example 5, additional formulations were

prepared and evaluated. The formulations are set forth in Table V.

TABLE V

Component #28 #29 #30 #31
" Lambda 10.0
carrageenan
' Iota-carrageenan 10.0
LC-5 standardized
with sacrose
Pure Cote  B790 15.0 27.3 27.3
“TPH-1 10.0
non-standardized iota
“XPU-HG] iota 10.0
Water 56.3 46.5 46.5 68.8
Glycerin 17.5 15.0 20.0 20.0
Na,HPO, 1.0 1.0 1.0 1.0
Preservative 0.2 0.2 0.2 0.2

10 'Supplied by FMC Corp.

*Supplied by Hercules Corp.
*Supplied by SKW Biosystems

F28 (lambda carrageenan plus modified starch) produced a very weak film
15  that did not seal. In contrast F29 and F30 (iota-carrageenan plus modified starch)
produced very strong films that provided excellent seals. F31 (iota only) produced a

strong film, but would not seal.
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2Hydr oxypr opyl ated mai ze starch ' Supplied by SKW Bi osystens The

formul ati ons contai ni ng kappa carrageenan, FI 1 to F23, all produced a
brittle amdowes7fil mirrespective of the | evel of the nodPET/EH00:8430ch
(Pure Cote B790). Even the inclusion of |anbda carrageenan (FI 1) or

i ot a- carrageenan (F12, F15-F17) to the kappa did not produce a useable
film Even F17 with 1% kappa, 9% ota and 27. 3% nodi fied com starch (Pure
Cote B790) produced a non-brittle filpxahMPLBWy fornmed a weak seal. Thus,
the presence of even |ow | evels of kappa carrageenan is detrinental to the

production of a Uiﬁsﬂgﬁ ﬁ»kdc%hm%%@é\ﬁahﬁlé*ﬁw%a&st%drzr %qué@mg%nﬁaamsl n
onal” fo

Exanple 5, additi mul ati ons were prepared and eval uat ed.
formul ations _are set L rp.
3Suppl i ed by“%/\?rﬁp% a(rV e%%’éJ@Erragééﬁgﬁh% us x?st eccfgést g(rach)
produced a very weak f| |.m that did not seal. In contrast F29 and F30
(iota-carrag QWIBIYJE““HB& fied starch) produced very strong filns that
provi ded excellent seals. F31 (iota only) produced a strong film but would

?St 01’1

not seal . EXAMPLE 7
TABLE VI
Component #32 #33
Wet film Dry film Wet film Dry film
Viscarin SD-389 10.25 14.97 0 0
Standardized iota
Pure Cote B760 25.75 44.25 24.0 41.96
Glycerin 21.0 36.08 22.5 39.34
Sodium phosphate 1.0 1.72 1.0 1.75
buffer
Parabens 0.2 0.34 0.2 0.35
Water 41.8 42.8
XPU HGI 2.64 9.5 16.61

F32 and F33 were found to be easily processed on the rotary die encapsulation
machine. These formulations represent the inventors best mode and produced
10  capsules with very few defects. The capsules were then tested in a simulated gastric
fluid and were found to dissolve or disintegrate in about five (5) minutes, which is

about the time for commercially available mammalian gelatin capsules.

15
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Usi ng the procedure set forth in Exanples 1 and 2, the follow ng

formul ati ons were prepared cast onto a rotary encapsul ati on machi ne and
formed i mvo 0s08d77 capsul es filled with vitamn E. TABLE VI FGPUSHUISEAR were
found to be easily processed on the rotary die encapsul ati on nachi ne. These
formul ations represent the inventors best node and produced capsules with
very few defects. The capsules were then tested in a sinulated gastric
fluid and were found to dissolve or GidSAMIPE8te in about five (5) mnutes,
which is about the time for commercially avail able mamralian gelatin

capsul es. EXAMPLE §, fi. &80 8m@XPRYdTR A rop NYEE Q1 a0ubiRhad ub@PinQembiiatiogh Was
used in conbination wth 1 ota-carrageenan to produce a soft capsule. The

tapi oca formulation #34, and a conparati i Mol forth
rabte vi 1 W il o s il cEe TEF Rl B PR 3R o
manuf act ured successfully using. a pilot. scal n sul ati on machi ne using
F34 and F35. CWP@raﬂYesmé‘Zﬁé%'gH‘rlgl%‘fariﬁ%cf%%l%mef"‘fbi"c ifveness. It is expressed
as the percentage of capsules that did not |eak after drying, out of the

5

TABLE VII

Weight % In Wet Composition

Component #34 #35
Iota-carrageenan 10.25 10.25
(Viscarin SD389)

Hydroxypropylated tapioca 25.75 0
starch

Glycerin 21.40 21.40
Disodium phosphate 41.60 41.60
Water 1.0 1.0
Hydroxypropylated maize 0 25.75
starch

Soft capsules were manufactured successfully using a pilot scale encapsulation
10  machine using F34 and F35. Yield is a measure of process effectiveness. It is
expressed as the percentage of capsules that did not leak after drying, out of the
number of capsules produced. The yield, using the hydroxypropylated maize starch,
was slightly better than the modified tapioca starch. Formulation #35 has been used
to produce over 100,000 soft capsules filled with vitamin E. The yield for this

15  production run was found to be 99.1%, which is considered excellent.
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nunber of capsul es produced. The yield, using the hydroxypropyl ated nai ze
starch, was slightly better than the nodified tapioca starch. Fornul ation
#35 has Bggnigsed to produce over 100, 000 soft capsul es fiptpiisydishovi tam n
E. The yield for this production run was found to be 99. 1% which is

consi dered excel |l ent. EXAMPLE 9 Conparative The formul ation set forth in
Table VIII investigates the use of kappa carrageenan as the sole

el asticizing agent, as it is |less exmmt?ian i ot acarrageenan. TABLE
VITI Weight % n Wt Conposition Fornmulation #34 was placed on a pilot scale
rotary di e encapsul ati on machi ne and Jas nott.vsuccessful i n produci ng any
intact soft capsules. The formulatio rmfilnms, but due to poor
mechani cal strength, |low elasticity coefficient and inability to form
seal's, no soft capdgifeanyetigngsehiorthrigdabledVilhnysstigates thewseiof&BPma 1y The
econom ¢ manufacture of soft capsules requires that the ribbons used to
form t he gel sapagsseasasdbe sele glasiazing iagerpr asptistlessexpasivedhamiotal i an gel atin
has remai ned the gelling agent of choice, there are numerous shortcom ngs

t hat the phacamsgeharcal industry would |ike to overcome with new,

non-gel atin soft capsul es.

TABLE VIII

Weight % in Wet Composition

Component #34
Kappa carrageenan 8.0
Locust Bean Gum 0.5
Xanthan Gum 0.25
Hydroxypropylated maize starch 18.00
Pure Cote B790
Glycerin 30.2
Disodium phosphate 1.0
Water 42.05
10 Formulation #34 was placed on a pilot scale rotary die encapsulation machine

and was not successful in producing any intact soft capsules. The formulation would
form films, but due to poor mechanical strength, low elasticity coefficient and

inability to form seals, no soft capsules could be produced.
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The present invention, which is founded in a discovery regarding the
synergistic activity between a specific formof carrageenan and certain
modi fi ed woanos@%, will provide to the pharmaceutical i nduBETASEG18420
alternative to mammualian gelatin. It was through diligent experinentation
and scientific observation that the inventive conpositions were realized.
In the foregoing, there has been provided a detail ed description of
_preferred enu@alﬁgtﬁatgngﬁcgm;_nlpresent invention for the purpose of
illustration and not Timtation. It is to be understood that all other

modi fications, rafif ieﬁ@g AP $n AN RN bY & fEBIp3uRPYdqaHEs that hBeBBoRdideddo SKi | |

in the art based on t Isclosure are intended to be within the scope of

the invention as,clajned. W claim. .. j . i i.tion:. su.table f
sof t hcaps:JI fez?mf fhe g@krﬁ%%elsf f?#nal%s nesclf'l%ctﬁﬁgé&elggewlg}lfa %&%%@T@H&& b)e/ o
wei ght gel forne j Si 1 Xt f iota- i fi

S arch: Cent eromaing] HeERnEaEe A aha e rare B HORLCPTT 8 Bt Pabl & for

form ng a soft capsule, the conposition conprising iota-carrageenan_and at
| east oneS no@héimagewtical duster wenlddikerte piversamg ma thyieyb menefatig sgft capsules.

hydr oxypropyl ated tapi oca starch, hydroxypropylated nmaize starch, acid
t hi nned hydr oxypr dbylpadsent inoentshawhich iphituatied stadistpvery regarding the

synergistic activity between a specific form of carrageenan and certain modified

starches, will provide to the pharmaceutical industry an alternative to mammalian

gelatin. It was through diligent experimentation and scientific observation that the
10  inventive compositions were realized.

In the foregoing, there has been provided a detailed description of preferred
embodiments of the present invention for the purpose of illustration and not
limitation. It is to be understood that all other modifications, ramifications and
equivalents obvious to those having skill in the art based on this disclosure are

15 intended to be within the scope of the invention as claimed.
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pregel atini zed nodi fi ed com starches, and wherein said starch has a

hydrati on tenperature bel ow about 90C and wherein the weight ratio of

nodi fi edwa @v@sk7t o i ot a- carrageenan ranges from 1.5:1 to £QF/US00/2842%4
conposition according to claim1 wherein the plasticizer is glycerin. 4. A
conposition according to claim3 wherein said buffer is a sodium or
potassiumsalt. 5. A conposition according to claim3 further conprising a
preservati veyeBlaifk capsul e conprising a shell and a fill material, the
shell consisting essentially of a filmaccording to claim1. 7. The capsule

according tq cl ai@hﬁea\/ﬁ%%l)&?§§}{8ign ;él_l.ﬁfaﬁl'e%f EFOSRRARS, Re BERP&Mor cbndfting

ef fective elasticizling anoun e capsul e according to claim®6 wherein

ear ot 1 o0 ot o BRI PP AT L SR FuBbaers o

film9. A conpositioR? g 58 We or “encapsul ati ng
materials, the conposition conprisj a nodified starch, and
i ot a- car r ageenan PH-RITAEEIEN B WS’FignP?g S@Fél’gtwqt"éaéi’?aft.‘%‘.z?é a%(gf‘ BuiS m capabl e
of fusion under a pressure of at |east about 207 kPa (30 psi). 10. A
conmposi ti on 2accorAlcompestien siifgh fahraing ssdftcapsilghthe campesifign FoMPRYENE ange
iota-carrageenan and at least one modified starch selected from the group
consisting of hydroxypropylated tapioca starch, hydroxypropylated maize
starch, acid thinned hydroxypropylated corn starch, potato starch,
pregelatinized modified corn starches, and wherein said starch has a hydration
temperature below about 90°C and wherein the weight ratio of modified starch
to iota-carrageenan ranges from 1.5:1 to 4.0:1.
3. A composition according to claim 1 wherein the plasticizer is glycerin.
4. A composition according to claim 3 wherein said buffer is a sodium or
potassium salt.
5. A composition according to claim 3 further comprising a preservative.
6. A capsule comprising a shell and a fill material, the shell consisting essentially
of a film according to claim 1.
7. The capsule according to claim 6 wherein said iota-carrageenan is present in
an effective elasticizing amount.

8. The capsule according to claim 6 wherein said modified starch is present in an

amount effective for a structured film.
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of 1.5:1to 4:1. 11. A conposition according to claim9 wherein said weight
ratio is in the range of 2:1 to 3:1. 12. A conposition according to claim9
addi ti onalby1esgypri sing a buffer system and wherein sai d fptmuser/msamabl e of
fusion under pressure in the range of 207 kPa to 2070 kPa and at fusion
tenperatures in the range of 25-80C. 13. A conposition according to claim
12 having a nelt terrperature of from4- 20C above said fusion tenperature.

L4 A composhll on sSRRRInA sRafk MRSl it ] i anatarsine

conprises 12-30% nposi t| on. . A conposition
according to claim14 erein sai 0-

wei ght of said Coﬁ%rgg?%{\?%coqwsn}g %ngjé S?acgﬁ 4C (ljorté%?% %gi;: lill nﬁ% 8o/wﬁere| n
said starch is native potato starch A co sition accordin claim?9
wherei n sai d nodi Pieiht 6f alrleast 9k spig fﬁﬁb‘?aﬂ’?lélﬂ %’Ef ‘yﬁ%weé%agéaﬁf?ﬁar ch.
18. A conposition according to claim9 wherein said nodified starch is

sel ected from t heabeuw@p7&Basikpsing of pre-gel atinized nodified corn starch,
pregel atinized acid thinned nodified corn starch, flash dried acid nodifi ed

native 10. A composition according to claim 9 wherein said weight ratio is in the range
of 1.5:1 to 4:1.
11. A composition according to claim 9 wherein said weight ratio is in the range
of 2:1 to 3:1.
12. A composition according to claim 9 additionally comprising a buffer system

and wherein said film is capable of fusion under pressure in the range of 207
kPa to 2070 kPa and at fusion temperatures in the range of 25-80°C.

13. A composition according to claim 12 having a melt temperature of from 4-
20°C above said fusion temperature.

14. A composition according to claim 10 wherein said modified starch comprises
12-30% by weight of the film composition.

15. A composition according to claim 14 wherein said modified starch comprises
20-30% by weight of said composition.

16. A composition according to claim 9 wherein said starch is native potato starch.

17. A composition according to claim 9 wherein said modified starch is acid
modified hydroxypropylated corn starch.

18. A composition according to claim 9 wherein said modified starch 1s selected

from the group consisting of pre-gelatinized modified corn starch, pre-
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com dent starch, hydroxypropylated acid nodified tapioca starch, maltrins,
nodi fi ed com starch and nodi fi ed high anyl ose corn starch. 19. A
conpositiwo opserding to claim9 wherein said iota-carragepgausemrgazd ses

6- 12% by wei ght of the conposition. 20. A conposition according to claim19
wherein the carrageenan conprises 8- 10% by wei ght of the conposition. 2 1.
A conposition according to claim 20 wherein the carrageenan conpri ses about

10% by wei ght of the,¢ERRAS I thARed AddifRdCRRPaSich! AR hARERA R bobificd haive 9
wherein the carrageenan is standardi zed iota-carrageenan. 23. A conposition

according to claim rel al d_nodi fi rar i.d. ] gt a- rageenan
conpri se at | east CQ%BEQ nnﬁtea\r/é]i’ éﬁr%’éﬁfpr? ;r),')élat%g r?%%lsrfl&lﬂggagafz&a%taéggﬁpr%ag?{nf’on
according to claim9._. rein the conpasitiaon addjtionally conprises a

pl asticizer and a ‘B‘Bﬁlﬁg ?Orﬁfitar&‘ féfidngléél@éj ?ﬁ@mtség/r R-ai m 24 wher ei n
said plasticizer is selected fromthe group consisting of glycerin,
sorbitol, prdfyl erfecempesiion pespydingip daim §Wpersin said iota-carrageenan comprises

6-12% by weight of the composition.

20. A composition according to claim 19 wherein the carrageenan comprises 8-
10% by weight of the composition.

21. A composition éccording to claim 20 wherein the carrageenan comprises
about 10% by weight of the composition.

22. A composition according to claim 9 wherein the carrageenan is standardized
10ta-carrageenan.

23. A composition according to claim 9 wherein said modified starch and said
iota-carrageenan comprise at least 20% by weight of the composition.

24. A composition according to claim 9 wherein the composition additionally
comprises a plasticizer and a buffer.

25. A composition according to claim 24 wherein said plasticizer is selected from
the group consisting of glycerin, sorbitol, propylene glycol, polyethylene
glycol.

26. A composition according to claim 25 wherein the plasticizer comprises no
more than 50% by weight of the composition.

27.  An edible, soft capsule which comprises a soft, dry shell which comprises:

v) about 12-24 weight % iota-carrageenan,
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26. A conposition according to claim25 wherein the plasticizer conprises

no nore than 50% by wei ght of the conposition. 27. An edible, soft capsule
whi ch conpmo@amsera soft, dry shell which conprises: (v) aboeCTABe@mB4eei ght %
i ot a- carrageenan; (vi) about 30-60 wei ght % nodified starch; (vii) about

10- 60 wei ght %plasticizer ; (viii) about 1-4 weight % sodi um phosphate

di basic buffer system and wherein said shell encloses a soft capsule fill

material. 28. A soft capsul Qb&lﬁ@@r%'\ﬂ& 110, Gh iR Etareher ei n the plastici zer
is conprised of glycerlaﬁfor sor bi t ol % a m xtlure t hereof and the nodified

starch is selected fro difi m star nodi fi ed
hydr oxypr opyl ated com g‘}t“ bo ?goﬁ‘@dwé@ﬁg’ 1asﬁ&%%d acid nodified tapioca

starch. (viii) about 1-4 weight % sodium phosphate dibasic buffer system;
and
wherein said shell encloses a soft capsule fill material.
28. A soft capsule according to claim 27 wherein the plasticizer is comprised of
glycerin or sorbitol or a mixture thereof and the modified starch is selected
from modified corn starch, acid modified hydroxypropylated corn starch and

hydroxypropylated acid modified tapioca starch.
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