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application and is based on U. S. Provisional Application Serial No.

60/ 142,704; filed July 7, 1999. 5 Field of the Invention This invention
relates to capsul es and, nore speci fically, to soft capsules typically

made using a rot 6M?RI§YNG'MGMFQE@S to novel
conposi tions th ﬁ% [ﬁ. E‘ “%g gapsul e
shel s can atron within a
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phar maceut i cal agent inaliquid carrier offers nany advantages over 15
ot her dosage forns such as conpressed, coated or uncoated solid tablets or
bul k I'i quid preparations. Encapsul ation of a solution or dispersion permts
accurate ddRe¢laedyApplicationst dose, an advantage whi ch becones especially
inportant when relatively small amounts of the active ingredient nust be
delivered, as in tHgagkationfs a@htiuatiohdnpaneppliGtioh andid mased by U.S$ nor e
difficult to achieve via a tableting 20 process wherein solids nust be
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i ncorporation o otal dose of active ingredient into a bulk |iquid
carrier \g/m ch

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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must be nmeasured out prior to each oral adm nistration. Soft capsul es, nost
comonly, soft gelatin capsules, provide a dosage form which is nore

readi |y ageepbsg7 by patients, since the capsules are easy porswed/isaze 5 and
need not be flavored in order to mask the unpleasant taste of the active

agent. Soft capsules are also nore easily transported by patients than bul k
liquids, since only the required nunber of doses need be renpbved fromthe

kage. Sof | atj f - : REQYI - j
Poorase e PSRRI ALK A BT 1

i nprove the ava Ity o mace agents. tive 1ngredients
are rapidly released in . 10 liquid for s.sqQon. as the gelatin shel
ruptures. Coffpyf¥ eemﬁ?sélfeﬁltoé‘gpgﬂ g’neafili‘ Ofaﬁ]é'g@%%fﬁn@ni s not necessary for the
active ingredients to becone avail able faor _absorption, uplike the case of
tabl et ed conposi t PEHSAPMIesMOBAOTMAHY sOftZedAtinA RS IS PTAYES F1¢sags can
be dispersed in aliquid carrier to provide faster absorption.

Tr adi t i onal | whidhos magefeaddndcdeated-byimatients sypengl the capsvles peeasyririyfalotur ed 15
using mamal i an gelatin as the nmaterial of choice for producing the capsul e

envel ope. 5 Thend féadrmot Bt Eapsred @ssrddercahadiate byplRahetrthstSohtheactivaagedB3 f or
produci ng one piece soft capsules utilized the unique properties of gelatin

to enable aggRRLAMRUSe 5185 mor@PSHY SrafBiea®l Walifits HaAGARSIquitke singvent i ve,
gelatin- free conposition disclosed inthis patent application is

especi al |y ugg e |l 0en @l ol oedic8 WELARE, lrsip e s e manufact ur e.

Convent i onal uring 8 capsules using the‘rotary die process

utilizes mammal i a elatin i.n a.process essentially as. follows. y gelatin
2 VID 01703677 PCTPOBGHFsHSHON gf Srver Guther Bmé’b‘#ﬁ?l??e%”?/&%‘caiw?mpé?vea@r& sui tabl e
pl asticizers and the conbination is then heated under vacuumto forma

nmol ten gel at bipameidability s pb@p@pﬁqlcp{b@n;ss Afsivg 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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inits nolten state while being formed or cast as filns or ribbons on
casting wheels or druns. The filnms or ribbons are fed under a wedge and
bet ween rwoanpiey7encapsul ation dies. Wthin the encapsul at ipar/uboesss20
capsules are sinmultaneously forned fromthe filnms or ribbons, filled, cut
and seal ed. The seals are formed via a conbination of pressure and heat as
the capsule is filled and cut. Rotary die manufacture of soft gelatin

capsul es is gdi,ggleosREohibiftAtwitl whfdr TnesulABRPlastidfhersPnddhé 66nBihatisitigst ri al
Pharmacy (Lachman, Lieberman and Kanig, Editors), 3d 10 Edition, published

by Lea & Febj | i e i C i 3 i ques
can al so be #gﬁﬁaat%%%qgg%@%bgw %&%@%gﬁ g&%ge?aﬁllh?garsﬁh atll ons
used to produce fil ns sui lLe. for maki ng capsules .within the rotary die
process typi BafyHoREHiP Wt}ﬁalgt%’érf{)%%o?ro&ﬁ%q%qﬁyls\%@ﬁn?ns% P& 3 e%%l atin.
Level s bel ow 25% by wei ?ht tend to | ead to poor sealing of 15 the capsule.
The physi cal opdrsper Thedilgs of Habaps|agg fed unferng wedgecandiheg¥eenigtarhe econoni ¢
production of soft capsules. For exanple, the filmnust be strong enough to
survi ve nani puapsulaioni dies Witbincthp sudagsilatiomdichicapsulgsrane siduiliguestiskyeal i ng
properties at tenperatures below the nelting point of the film evidence
rapi d di ssofdine® frohhthgdling o€ ripborseflleddt dmwealedf The ke arelfastiddoiiiy to
allow for the 20 formati on of the capsule. The wholly non-ani mal
conposi tion gfmibiAgid &SRBsurd MMGRE! KMhdBpksledd Hiled add @i e Ropayifeement s
wi t hout the use of mammalian gelatin, and surprisingly evidences several
| mpr oved propert) 6. &I b A361L RATANSAOLIEAR0 1118, AR O

h i on, 1'i ke mammal 1an gel at’i many

according to e present vent n, “has
properties that fav its in soft capsul e manuf ure.. One. JjJ4rportant
property of f Fﬂé””FﬁQ/pe);i‘f’i‘V@“Eg By 2%?‘? t eg‘é‘?ﬁ‘é‘@fﬁ D ENGEEY di e

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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process is the ability of the conpositions to be cast to formfilns that
are 5 nechanically strong and exhibit elasticity sufficient to allow the
filmto wwr@atesér? during filling. In other words, the inveROTESHiI$4R have
di nrensional stability, elasticity and strength adequate for use in a

conti nuous conmercial process. Another inportant and uni que property of the
i nventive conpositions is that the filnms formng the two hal ves of the

capsul e wi || f userjee@ipdsitiofl deédrding e thelfdedehl invargicantikeniatnnmgiapr ocess when
subj ected to sufficient pressure and el evated tenperature. This fusing

together r el%eﬁﬁin h saﬂé@gf v%xjé)gécj'h@g thAf BREY fiYulfin 56 cipshEBmifi@ictu! lones fusion

under condi tions’ tenperature, supplied by the injection wedge,

and pressure, s | i ed he. rotary cutti. i e at which
fusi on of tMPBﬁ%ﬁﬁr?%ergﬁg%e BURRRS ORESE Y ggse%gﬁgs\ﬁlgﬁgtﬂr?rﬁ%ﬁrgg%oi nt of
the film 15 i.e., the fusion or sealin enperature.is ]ess than the

mel ting poi rroess isbe phifiR Ofébﬁﬁ@gpw%ﬁmﬂ? Le tOpIF‘WefH“Hithia&l t to find
this conbination of properties in other polyner systens. Thus, nost

pr oposed 5subsedhenicaldy stmgrradeshibitrelagtirisy puffipigvieto aflaw the findo steeteh | ack of
one or nore of these properties. This is the main reason why mamal i an

gel ati n has dweieg fllieg Rl othatwads tisinvedtivedtintshave Himdnsiooalntaigliy0 nat eri al
in soft capsul e manufacture. The property of fusion tenperature being | ower

than nel tingi@eRELAL stE@igiiSadeqhite i usk tn 4 BentiRehd fgn@brcfApsdtesss using the
continuous rotary die process. If the 4 WO 01/03677 PCT/US00/ 18420 fusion

and mel ting teWpe,&ﬁéttférgg?gggntﬁaﬁﬁ'-Hnic#u].yla?ﬁ%ﬁf\%&)f&ﬁbﬁin%ﬂtme‘@ohipoﬁﬁﬁaﬁi %

conpletely nmelt as i roug ge and the rotary die. At this

CU R AR N e R

continul 1'[0y Ottllling 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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5 supply. Celatin has a variety of other drawbacks. For exanple, bovine
sources are sonewhat unattractive to individuals that prefer vegetarian

f ood sourwe®1/03750, gelatin is prone to cross-linking, eiPCEEPS@WAI4Ed by
aging or due to reaction with conmpounds such as al dehydes. Cross-1inking
reduces the gelatin insoluble in gastric fluids, a generally undesirable
quality for soft capsules. Thus, there is a 10 need in the soft capsule

i ndustry for figionepldasdiRg tenipetatiie agedbatii the banedhe fibmpadlintarbns. Ot her
hydrocol l oids formfilns but they lack the attributes of mammalian gelatin

required to @Arh@‘efgewﬁut 2l $6hak ks titBuiPthaweddé BndPiHRGERSy diEOAtEANP! €, a
variety of nodified food starches such as those available from Gain

Processing 1? ol ere%igggmgéﬁeglf{s%ﬁgahlee. (;Xst ﬂe@ullt,g:\é[gﬁjlésc&ﬁh %eﬁ)}r@tﬁt&@&s t hat

provide filmTormng 8sive properties. Starches ‘form cl ear,
flexible films that are fast . dryi and fl.avor free. These materials are
suitabl e as bi nderds B‘T‘m%%eésocﬁmaﬁé'@é]g‘ﬂ gegﬁgdﬁéuiﬁdﬁ%g‘?séﬁ? CONRUIY O ot h,

gl assy coating agents for confections and baked goods. However, these

mat eri al s5 ar sunphabGelatip hanr Hetgf phetber dRWhackyi FAT FERID ho¥HIGiSeIICES ¥€r engt h
and elasticity required for use in the rotary die process. Further, filns
made ent i r el yoriiewimt shattrabtiveawaendinslufls itlcit preferelegstaiien foodzsadress.r Alsgt h t o be
transferred fromthe casting drumto the rotary dies. Also, the filns

adhere t oo 5 MRiP/f188/16 dréskLIARXS, 8K Qaudetd PPtagihgt @ dubeo eastiomgitdr um
further dimnishing transferability. Thus, conpositions are needed that

mmc the beb&}{gﬁlndéﬁgc}f?&fﬂilé’éhgs&é. Scfkﬂogsﬁnﬁiin J 180 g@8liAtisBIueh ihe
ortcom ng Bac

overcomng its S. ckground Art Japanese Patent Application
Kokai Publ i C‘félglsl‘trci)cn ﬂll}i%'s, a6§én%§a4§/5u8ndcejslirsa(l:)leoq%l%ﬁtyafor soft capsules. Thus, thereis 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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conposition for the outer skin of soft capsules that allows the filling of
hydrophilic materials into the capsule. The conposition is a mxture of at
| east onewpalids@y pol ysaccharide sel ected from al gi ni c acpdrusdmisaroc aci d
derivatives, agar, |ocust 10 bean gum carrageenan, guaic gum tanmarind
seed pol ysaccharide, pectin, xanthan gum gl ucomannan, chitin, pluran, and
cycl odextrin; and at | east one substance selected from pol yval ent

al cohol s, Suggﬁtgﬂoﬁlﬁ %slcﬁiné'aﬂﬂﬂsfﬁﬁﬁ ilinﬂﬁ%ln%{rﬁﬁs‘f&gﬁﬂﬂt WeBhus, 88fpositions

ollgosaccharl osacchari des are descri bed ‘as enzynme and acid

deconposition _pro ROt at o, ile 15
carrageenan s ¢ ‘gecqcthgteralm]fﬁ%%e}ﬂagloﬁ%ndl Satr:%cﬁ% 3118%8%8’% H-glh%agglﬁhﬁﬁg 11\%\2“ ous
forms of carrageepan (i.e., jiota versus kappa). Further, there is no
suggest i on t REFICRTHBIS II:‘O#?‘BWP&’[“PB% of two gelling agents, i ot a- carrageenan
and a nodified starch having a hydration tenperature bel ow about 90C woul d
advant ageousl y produce a soft capsul e havi ng out standi ng physi cal
properties. Further, there is no disclosure or 20 suggestion that a weight
rati o of $rodBackgroshdrAit t o i ot a-carrageenan of at least 1.5:1 is required
to produce a filmthat can be used in a rotary die encapsul ation nmachine

to make soft capsyhfRgescPa¥idt AbhAShibh KUk PEOaEiSy RO. 63-N1648I8adiscdowek aPat ent
Application No. PCI/FR98/ 01744 (WD 97/07347) discloses a conposition for

the manufact p&; Sliti Pk 1 ekt SABRY, Eﬁllésnﬁﬁt HRGS thd Rz SR @OBRIAN as

the only gel agent at concentratl on gr eat er than 5% by wei ght.

This reference, do use of. starche act inthe 5
conposi tion tqr@&elflgo tg‘? cﬂbsu o FOBWPORLPY A 4 P u’ie aﬂjeaStoosng%g{u%al

accel erating the di sintegration of the capsul e after .cont actf gastric
juices. No spelypscchardescliricg fraghalgmic pgderlamiccis dem el Ve o, OSSSHer t han

subst ances such as wheat, rice, nmaize or _ _
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.



mani oc starch which may or many not have been nodified, may be used. This
reference fails to suggest or disclose the use of gelling starches and iota
10 carragpeeopose®dd Weight ratios of at least 1.5:1 to formpat/osoousefoul in
maki ng soft capsules, wherein the starch is a nodified starch with a
hydration tenperature of I|ess than 90C. U S. Patent 5,342,626 to Wnston
et al. discloses a conposition conprising gellan, carrageenan and mannan

gums for produci rigte?&iﬁtgn&m t¥pplidhtich r@étPQf‘IF/FI@?/blI'?M‘@WOCBﬁ@J/ﬁWS that the

tri blend of guns can be conmbined wth additional 1ngredients to forma

filmform ngdlgcgésé??%gr%{q&g% 1§ri1 %oir(t) X ml@&éctﬁ%fogsgﬁﬁﬁg l}}gﬁl\'\%ﬁgles thhAldes 1O

di scl ose the can bearrive usé of | ota-

carrageenan with certain di fied . .starches. Japanese Patent i cation No.
i - 95508 dPlcRBRELTan 3o QlpECliBe RHE POCHRAIG AL ESSbHEr 3V° Bomponent s
y

agar and wat er-sol ubl e high polyners, such as the carrageenans. This

ref erence f av¢ight dhsrpderencegioesidiselossihe heokdthesaandsurfa¢tantgimthecar r ageenan
with a nodified starch having a hydration tenperature bel ow about 7 WO

01/ 03677 5PCldokifposttib842 Bve B@ECup do LeYorbyfwéight fohthe plagpose ofiaskendinggher operti es
in the preparation of soft capsules. In simlar fashion, Japanese Patent

Appl i cation dkiatekRtiehdf MR cabfl1®aftetldndtifk ga:shﬁsj@ﬁcea. sRRpudifc tachingg film

conprising agar and carrageenan. The 5 reference points out that kappa

carrageenan d’f%? rtyg%rbqr S{a(PCl'ﬁlE & 6hetihgn sﬁiaﬁc&?ﬁﬁ §0GRHORS:, ARkizdGike any

mention of nodi starc eing incorporated into the fil'mformng
g?ggf)ziséison'mé]ﬁgg e Vﬁll{C | irn%y '3%%95 ng l?a%le 2en r%ogllﬂeld?ltnia{) b'é%’sed@ JTh%s(,) 508
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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capsul es made from pol ysacchari des which contain carrageenan and a base
which 10 contains nultival ent al cohols. The nultival ent al cohols include

sor bi t ol ,wetbhwiene gl ycol, glycol, glycerin and the |ike. Porasewisem is
made of i ota-carrageenan nor of nodified 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

t eaches the | i HAAIEEHRL inNhEResatisALT @8 of about
1 to about 1%?’2@69%%?8}%?&@{#%%32%& encggrga o) sluggeg{ég tﬁat sui tabl e

pl astici zers or el atins can be included for increasing filmstrength. PCT
Appl i cation W \51 710538 to Banner Phar macaps di scloses a gelatin free

capsul e conprising: .20 a) 8-50%Db i ght of. a. er  di spersihbl.e or

wat er - sol ubl e pl a ﬁ"@id%%ﬂ?hlo’b)h@?‘%’-s%ga W%lcéﬂ‘\?,\‘?bésﬁh’éu ﬁg‘?'%@ghan; c)
0-60% by wei ght dextrins; and 8 WO 01/03677 PCT/US0O0/ 18420 d) 1-95% by
wei ght wat er3158Pdisgloserea kansplg femnipg didmrampeisingragsieandnarmagessian 566 by wei ght
of all gunms formng or contributing to formati on of therno-reversible gels
i n the cdnposifdremoe.pointhbst thgtfappatiroagecimasyasobusdigpdesirefetable oRtios nat i on of a
filmformng starch and 5 iota-carrageenan to produce a filmof exceptional

properties fgferbhR does NBtrh&kRk @y mé&Rioh of ARmlMi@Bstarthes. bellad i@BérpdiatediniBd9, 307
to NNnomya et al. discloses a heat sealable, edible filmconprising a

oLt CPTFLAMSS o ) o veter soluble polysscchar e
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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10 water. The filmof this patent has a water content of not greater than
25% by weight and a weight ratio of the pol yhydric alcohol to the water

sol ubl e wobyexktchari de being in the range from 1:5 to 1: 1PCTHSW088424j s
reference does nention all three (3) fornms of carrageenan, kappa, iota and
| anbda, it fails to suggest or disclose a soft capsule fornulation
containing iota-carrageenan and a 15 nodified starch, such as

hydr oxypr opyl at edd}t api boa¥styaweight Watsr Pat ent No. 5,817,323 to Hutchi son et
al . discloses a conposition for wuse in the shell of a conestible capsule

conpri sing ggh@tintheRsbpa dah@sddnah @hpristd ahleast S0 ¢ leftint of Pghher With a
further conmpound which forns a secondary matrix for the plasticizer. This

further Com@g&m%dr%og{rfogﬁﬁg ?éjf?%aﬁgrp$ﬁﬂéﬁx¥o-%gﬁ%lé' bk %@%%n&a@siﬁgﬁat 0

starch aceta I's pa nmakes no suggestion or disclosure of the use of
i ota-carrageenan as an el asticizing,agent. for the filmf.orm.n dified
starches. 9 SGHM?‘?%W%§Wi%h‘igomhn§mb%&e [m'l{%r.mlﬂ,g %ﬁ% to
Fischer et al. describes gelatin capsules-conprisingjﬁ. apsule.sh?ath and a
filling Wher G carfAgegHBAP RTQIAE Aillg 04 cxePHPNH PEORFTHE: L ﬁ“ﬁsft’mi%%‘f wei ght of
an agent selected fromthe group consisting of starches, starch
derivati ves, safeddpsiileses, cel |l ul ose derivatives, mlk powder,

non- hygroscopic 5 nono-, di- and oligo saccharides, magnesiumtrisilicate

and silicon di oxi UeS. PatcheNeo. 5089887 w Nindasyd éthbdisdoseeh hgatcagaliee of
absorbing water in an anmount of at |east 10% by weight of its own weight.

Thi s patent f(ﬁﬁmﬁﬁl éo%?gﬁsh{)glea ﬁﬁx?ﬁa?kﬁco%@ﬁﬁﬁ essERRILEN 158 wis@doiulecont ai ni ng
e, Wwa

wat er m scible, water solu er sensitive or” hydrophilic materials.

P e e

3, 865, 603 t o Szymanski™ e e S ext énded gel atin

conposit lloonSWat-Ic;p.l ’fhg g{rr? g}th?sl Saﬁ!en(ﬁlgss a \%%gérfcggtgntsc}f%%% Qge%te\fmtﬁarr]l 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.



hydration tenperatures above 99C for use wth mammal i an gel atin at wei ght
rati os of about 1:9 to 1:1 (starch to gelatin). No nention is nade of iota-
carrageengp o9b3dzhe speci al need for soft capsul e nmanuf act upernsbdnsasmal i ng
15 tenperatures substantially below the nelting point of the film Summary
of the Invention The present invention provides conpositions for

manuf acturing capsules, in particular, soft capsules, and especially soft

capsul es_manuf act yy gpiensh, ﬁ%45§9t6?fs@i’iéfe@hledé‘§3% ”%Qléﬁd&&%sﬁl?@arat us. The
i nvention provides conpositi ons *t hat do not enpl oy nmral i an gel atin and,

t herefore, overcone the d ass t rjyed
mter i ol - CobpeoToTeAcaBIs e PryAanaRE HRelsa #2 t4eGRppS R TRy

PCT/ US00/ 18420 contain a i gni ficant unfs of gelatin i nst ead,
require at | @bksestihgpby Zﬁelghi@g?ﬁ %geniiel%f’t‘?% i lRGSOUR ewlﬂg\g,ogé tachsSdr at i on

t enper ature bel ow about 90C and 2ﬁul ot a- carrageenan As those skilled in
the art of sefarchedgivatiecspemiinases. seBulppd deriypiyese malkaeowdee nos-hyRrosedme med on
the drum of the encapsulation nachine is called the "wet film'. This film
is used if theonoatds sndesipepacdhatidesn mugodsiue thislidase md dikcdni dibxade.capsul es.
The capsul es are then dried using any nunber of techniques. During the

drying procqsgse é/%h@raré SescBPERVAbef] gCUEFﬁtﬂ@ of kbdorbTRE @faterfin 4va@BuritiF af i | |
material is hydr |I|c) and the capsu e shell. The result is a soft

capsul e W|thi sl | ‘%b ég%tof}tg ast%M o gBaqrmm? ﬁhﬁthﬁe sh gﬁeaﬁe i ke

corrponents enan Clzer starc

d"b d t Th d t ut, 6 t 12% b ht f th
Spy fi Flrjnn |\§%ﬁ‘g he&?gl“g ’Pg%?kﬁki‘\ﬁlﬁ?i&&?{ﬁﬁ&d@ﬁv‘@ﬁﬂ% 'éledﬁ}?rsyns eehhi gues :nd

is not considered when describing the conponents of the dried film
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



as a percentage of the conposition. The dried filmnunbers are cal cul ated
15 nunbers based upon a assuned wei ght percent of the bound water. Thus,
for exanpwe,01/@sfe | sets out the conponents of the invent PUEUSIWISA20 or mi ng
conposition and representative wei ght percent ranges for the wet film and
the dry film 20 11 WO 01/03677 PCT/ USO0/ 18420 TABLE | Prototypic Formul a
Conmponent Weight % of Wet Film Weight % of Dry Film |ota-carrageenan 6-12
12-24 Modi f icestaintank clgniffcadDardOuti®o P dsttn witziastesd, 36qub@-6 GcasBufof @ 0. 5-2 1- 4
Preservative 0-0.2 0-0.4 As will be denonstrated in the Exanples, one

aspect of thg,pReSHMU madifiey SRkdHkvirRSd kiRRatidh ttiedfi€ BYIetyaboneg0°Chmdwei ght
ratio of the nodifi'ed starch to the iota-carrageenan is crucial to formng

a satisfactory. film ayei ght ratio of the nodified starch to the

i ot a- carrageénan I's W1 Cast 1.5:1, with a preferred range being 1.5:1 to

1, anotner Teat oo ool g AL O A BB gkl he, [

pressure. The m x a-carrageena
conponents should result in a wet filmthat fuses.at “gr ess‘ureff ahove 207

kPa. Thus, tierfermed ¢ heidpynef the easrrsylaien grrchine isglled il WS Mg a fi1m

for encapsulating naterials, the conposition conprising a nodified starch
and iota- This film is used in the rotary encapsulation machine to form the filled capsules.

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

11



carrageenan in a ratio by weight of at least 1.5:1; said filmcapabl e of
fusion under a pressure of at |east about 207 kPa (30 psi). There is
further dvgel/exsed a 15 conposition wherein the weight ratigcpisimndid ed
starch to iota-carrageenan ranges from1.5:1 to 4:1, nore preferably from
2:1to 3:1. Further, the invention relates to a filmform ng conposition
that is capable of fusion, under pressure, in the range of 207 kPa to 2070
kPa (30 to 300 psi) and at tenperatung&Btgyghe range of from 25-80C 1In a
yet nore preferred enbodi nent, the fil n1accord|ng to the present 12 WD

01/ 03677 PCT/ USO0/ 18420 |nventhp Sifg tenperature of from2 to
25C, nore preferably 3-15C and nné%ggpg%eraﬁ#y 4-9C above its fusion
temperature__Mire specifical he r‘nl’ﬂ’\an tions ording to-the invention
(eggressed _as fetMPPRERE co r‘fV§‘ hf o of Veidoiimy | mpa*(vﬁ tp of Py Xl o)l
more pr ef er bl Yotd-Sarr&eesnan by | wei ght 8nld the preferred mid®34ed starch is
hydr oxypr opy!| atMadified starohdi f | ed cornlZ8@rch. The i nventiX¥h6@s al so npst
preferably g conpastitizen whefel n 1 ot&80carrageepan conpri®sés at |east 6 and
up to 12% by wei ghgyfedr the CpmpoSiTigR-2 The copposition jagcording tlo t he
present i nvemti SO cpntarm agpAEstT el Zzer  such ag g ycerin and the
pl asti ci zer uayq23%€%?§t tH—to 509ubgﬂxé;1ﬁﬁ—1ﬁ— uat i T—Nnor e
preferably up to 30@6by wei ght. There is also disclosed a dried film

conposition for s psul es, osition cons i essentially of

from 42-84% by we Pﬁlﬁgélde‘fr‘SPﬁ@l‘% mé’%ﬁ? ngplRg ORe ﬁfggﬁb?éthggrq SBtta- car r ageenan

and nodified starch; pl asticizer; and a buffer. There is further

di scl osed a BWAPY IleﬁléPﬁ wihe disayenpihat e Aeight satioeh the iedificd starglyio the

conposition conprising iota-carrageenan and at | east one m)dl fied starch
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



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 o stwoao3qnegel atini zed nodified corn starches, and vbemsbeisaze d
starch has a hydration tenperature bel ow about 90C and wherein the wei ght
ratio of nodified starch to iota-carrageenan ranges from1l.5:1 to 4.0:1.
The invention also relates to 13 WD 01/03677 PCT/ USO0/ 18420 a soft capsule

conpri si ng a,$86ldn 1289 rﬁelfih%{erﬁm}ﬁﬁée%f AES & ?sothﬁm%ﬁﬂekerabﬁy 3_fgotBhd

according to the present Invention. In general, the ihvention provides

conposi ti O”Smtprga,ﬁggﬁfe%’aﬁ'ﬁyt%@fg?%eeﬁkif‘l’lgllo?é(géa‘rrsl SRl acenents for the

conventi onal ase o&iti%ns. Thus, the conposi tions

of the invention possess. y of the desirable inpgrtant characterjstics of
gelatin. The inve Q/%’eEBﬂ’r?gﬁ)é’itg? ERTEPPH RS LT mgggfhedpée@o PHARSEAl |y
strong and exhibit elasticity sufficient to allowthe filmto stretch
during filliagv¢tdlloncampasngpm SFhUS, byt welghtrmedifipdstarch) mordprgterahilyrgprsi onal
stability, elasticity and strength adequate for use in a continuous process
whi ch requi 45 blylvedightraadoiwaprefenethnaodifist stagh dv hydregrepyhstediacdt transport
to rotary dies. Unexpectedly, the fusion or sealing tenperature is

subst anti al | yoli#Ra cbfitarche TAO irRhfiorE aR@iAdst Pefériblyl ad6@iHosiidn fWHepdin Thus,
films formed fromthe conpositions of the invention simltaneously fuse

t oget her durfogpgct:%ﬂ ﬁ{ Idy ri@&dat%ﬁtsféngdgﬁ’fé{iﬁ/@tbghvei%m%fﬁfétc%ﬁﬁrfpogﬁﬁnprOcess

when subj ecte Iclent pressure an eva enperature. An
o0 L onel RS SRS 2t B R RS bR 0" 18
exper i enced wih mmmmalian gelatin based compositions; For examle.

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



gelatin based filnms seal at pressures of about 1,724 kPa (250 psi) whereas
the new filnms according to the present invention seal at about 207 kPa,
nore prefWwopaPhds77 about 552 kPa (30-80 psi). This saves enepgyusishsafduces
t he wear experienced by 14 WD 01/03677 PCT/US00/ 18420 the rotary die.
Al'so, the inventive film when dry, (the filmcontains about 6 to 12% by
wei ght water) is durable and inperneable to hydrophobic Iiquids. As used

herein and i i ] t . 11100 5t ol ; wel di ng
of two (2) f?F%g%p%/h%héegH{?ggggfa Sg’%@%‘%%??llggatgiéﬁt”gﬁ%g‘?l}f‘%ﬁqga%@ﬁd that is
not 5 easily se ar{a\tt%d. Thet.fusit.on of the two filns during the rotary die
process resuftEr U R e BES Y A 8@ adequat e to hold the liquid fill of the
soft capsule during its anticipated shelf life. In a preferred.enbodi nent,
the invention proli %F‘é@raésdh?)H‘é’le’f“ilWOV@S%‘P‘PB?%%O%tth*Ftég%‘FIOBr?é‘%ﬁ%EIX Ped
starch and iota-carrageenan in a ratio by weight 10 in the range of 1.5:1
to 4:1; pl astepbicemesnts fonthé eprveatienad pranunalidneehtimdwsehedmrositiogac ihwsat eri al s
can be forned into filnms that have sufficient structure, elasticity and
strength to he cogfpovieidnd 6 inviertigepassess enaynifitid dasdtablasmpogarsur f ace. |t
has wunexpectedly been found that a conbinati on of carrageenan, especially

iota- carr ag_@t@dﬂﬁdﬂms@i@sﬂoﬁgew&aﬁh&ﬁ%micBﬁ%Gsiabﬁsr fohm ff1@kABatfakd M5 havi ng
characteristics 15 that allowthe filmto be reversibly stretched during

the capsule filil]ing;St o it i erably
conpri seLgvvat Ienre Lljldélm%ﬁv%gp%g&g% gflggg@%r 58@%?\%1}1?31%8{ e\/\fgﬁgﬁts%o ir}Ddi fied
starch, 5-30_ wei . % pl asticizer 0.p-2 i ght % buffers. and optionally
0-0. 2 wei ght d%“}éﬁ@@ﬁ\@f’l“’\?@@ﬁ"fé' i}%f’ﬁ% mé(ﬁ%%% have Qurenienat | on provi des
filnms conprisi n'g water and 20 a solids system In the filnms of the present
i nvention, t sabi&sy, iewtlggysq@rﬁtr@@gfbraﬁg@gite 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



nodi fied starch and iota-carrageenan. The filns of the invention are
capable of maintaining their formw thout being applied to a support; they
do not | oseotd¥7?y 15 WO 01/ 03677 PCT/ US00/ 18420 shape t hr BGHRS8HISHZQ | ng,

| engt heni ng, disintegration or otherw se by breakdown of the fil m when
unsupported. However, the filns may be stretched when pulled or conpressed
to a certain extent when an appropriate external force is applied. As used

herein and i theargtiRi Meso,theinivertie fitag iwhee drys (the diith dontlinsbeustich 5
starches as hydroxypropyl ated starches, acid thinned starches and the |ike.

The only nay -Q%eoﬂiéigﬁ@w%f;)% GhA6R #n@ ilRBerfiteableit® Agdrophdtic ligh@scar r ageenan

in preparing th ns according to the invention is potato starch,

thereby the term"nodifjed. st Yol L:nch i nodi fi ed
potato starch. InAéseuﬁ%é g%fgmr%&%ﬁ%dc lélg}sg}r?l gﬁéens&‘g}léelggriégﬁecdtﬁgwp%rﬁg%nafrﬁgd by
chem cal treatnent of starches, for exanple, acid 10 .treat st ar.ches,
enzyne treat N@?‘nfﬁn p W?n@g,ﬁf%igﬁiﬁfe‘ife ?ng%gf‘o ﬁsrté’srgs-%tolﬁcﬁqhogl%qé?té?%?'}es, and
ot her starch derivatives. It is preferred that the nodified starches be
derivatiz&d whelvecparaicde Thpdisien afrthe ApRfiimediie the FRIaDFHR Pracessgiesults

hydr ophobi ¢ groups to thereby forma nore conplicated structure with a
strong i nt er ach senh thab &t adequats tadieold e lirgiid fiB of Hrewoffrcapside dintingjsht wor k of
the inventors herein, they have determ ned that sone starches are barely

functional i Rptilipated slptElfel ve conpositions and include high anyl ose
starches, native starches other than potato starch and cross- |inked

e G, eV P SRR e i R peser Lo Bl ot
the present ' 20 Lnvent|on . THel eal ot f R AGHELAH RS gy DRl
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 invention are capable of
maintaining their form without being applied to a support; they do not lose their

15



are useful in the present invention and they are 1) hydration tenperatures
below 16 WO 01/03677 PCT/ US0O0/ 18420 about 90C and 2) filmform ng

capabi | i tw@91/036F ough a careful study of nunerous starcheger/ubodi@g200een
determned that the follow ng starches are not useful in the present

i nvention: tapioca dextrin, high anylose non-nodified corn starch,

nodi fi ed waxy mai ze starch, non-granular starch, nodified high anyl ose corn

5 starch andshggg ﬂﬁ%ﬂiﬁﬂ :,llgt é!)ein ﬁxemng?&isig)?é%‘?e{tﬁ)ni ot oft%ilg Eaglq}[réﬁ(hev%ﬁ@f an

edi bl e, soft capsu rise a soft, whi ¢

conprises: (| bout 12-24 wei.g % i ot.a-carrageenan; i) ab 30- 60
wei ght % modi if@“&‘ ‘gl?eé“r‘gﬁ‘;lppoiﬁd( ?ﬁtoi“ﬁevﬁrb t‘&?ﬁ-r%%’e\’ﬁe?%bei%‘ih%% 4 t“ﬁg‘? 2er : (iv)
about 1-4 wei ght % sodi um phosphate di basic bhuffer stystem nd wherein

sai d shel | efRMRIEEsd 3 cortaip pYtepiapasn 3 aPFIPTisty @ysapl foras 15 ApRiiey ¢ her
enbodi rent of the invention, there is disclosed a capsule wherein the

pl asticizer is coApupsidref agfl yicdeictrims, thetasint godsfiedstacht inchidehaclof and
the nodified starch is selected fromnodified corn starch, acid nodified
hydr oxyprsopystatchel asdiydradypraphy]aseicktdryieso i tiopyddattardhascind thwolilkd. i Bt t api oca
starch. 20 Carrageenan has been known for decades as a useful food

ingredient. Mhinh@vSahich aBlnaigako BE RintASRE fvithl PRl @rifag&shah NOpRPAEIY S,
technol ogically, carrageenans are rather conplex and there are hundreds of
di fferent prt%g BT 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

16



17 WO 01/ 03677 PCT/ US0O0/ 18420 available in the market called carrageenan
with highly different price levels and functionalities. Carrageenan is
obt ai ned Wy op@sgeeUS extraction of natural strains of seaweefssei 18420

G garti naceae, Solieriaceae, Phyllophoraceae, and Hypneaceae, famlies of
t he cl ass Rhodophyceae (red seaweeds). The three major forns of 5
carrageenan are known as iota, kappa and | anbda carrageenan. Lanbda and

kappa carragpgh £ )%t 8RR dafaRfEA TN arddll LGy SATEn&LANT .
e arveste er,

however, since t vari’'ous species are t oget extraction

Kappa and Sovsaimii e EFerionPRER s B R el ER UEHRRR iR o T

production of iota-carrageenan either. as apn 10 extract or as processed
Eucherm seawd&8Ent BYeRten:t WRIos? deritns yah amygésp?%a@érf%eom $arcd common ¢ hat
no sorting takes place before shipnent of the seaweed to the carrageenan
rendering f agiified eeaxy Seaivesiarsharon-gropilangtargh.goedified bieh angrlossecpieed t ype
and content of sand, salt, stones and hum dity and not based on functional
speci fi cat i ostsrch Bhdipregehtinagéenafiommnuf act urers need to test each 15
seaweed shipnent to determine the quality of the extractable carrageenan in

order to see if fRYte Ry REBAESIiBdoRd] TP s51t EFBUNCKERH cbRIprigdt ai ni ng t he
desired specifications. Carrageenans are available in the market place as

standardi zed and _yhon- ' cAr ans. Standardi zation is done
ei ther by blendina di %%?en g%%fgh%gfég“ggﬁan bat ches (cross-bl endi ng) or

by bl ending one or norg, 20 carr nan .hat ches with other ingredients such
as salts (KC, Nad, aﬁh Ca ‘%??9§%d$%$%§% ??afggﬁgﬂhrose, dext rose,

mal t odextri ns, Iactosez_in order to reach the. 18 WO 01/03677

PCT/ US00/ 18420 1)  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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desired specification. As used herein an in the clains, the recited weight
percents for iota-carrageenan include the standardi zing ingredient. All
carr ageemanel/@e6e wat er sol ubl e guns havi ng the comon st r RGTAISN0/18428at ur e
of being linear polysaccharides with a sugar backbone of alternating units
5 consisting of galactose units linked by 1, 3-(3-D-linkages, as well as
1,4-a-D linkages. The fundanental properties of iota, kappa and | anbda are

a function qfaildteintHERREkR M AR QRa® IvithNeglas deffersntlpriat eevglsumds .
| ot a- carrageenan contains approximately 30% by wei ght 3,6

anhydro-D-g %{f‘&{oﬂﬁﬁn&n %a%%g%]eg%ﬁ gsg%ﬁ%h&flﬁ)e acﬁ)éoué"@it%ﬁon bPn&8AI Edihs ofkappa

carrageenan contal ns nore y wel ght 6 10 anhydro- D gal act ose and

32% ester sul fat | cul ar ran 000 to
5000 000 Dal t6H¥Se "’rl‘?\ﬁc’w9 r%ﬁ%“&aﬁéd%%eﬁs }’)%5”0’ et aﬂ“f’i&" e]"gg"nt ain an
"internal" I‘Inﬁ_ t he 3, 6-anhydro ring. The eof es er sulfate
nmekes carrad@@ @ﬁ@fﬂ@gé%ﬁs\ﬁépﬁolthdé‘f‘ﬁéﬁedaiea‘é(ﬁ bH @%ﬁ Elate qrglsro sponsi bl e

for carrageenans being highly reactive nol ecul es. Cbnner0|ally avai l abl e
15 car r ajeeransgenen axginowin| ag iotatkappd hndilafribde dawegeenarnl Laehdscud &ePpHovever

t hrough careful quality control, relatively pure materials with specified
properties cafregéviand & t;qﬁaar@rdcicad fogethdihie tiyesdnagjactahowgeesarcetthipes
(kappa and iota) are biosynthesized by the living seaweed as a non-gelling

precursor, Watielk ipeclcbar Havard tb?attlﬁbrt &8ra8bil {iebs adfpitAriixkite bhRappat i on of

the enzyne, dekinkase, which catalyzes the formation of the

3 6 anhydr og) 83LAREL I SRl BALL ARCoRLEK Sy, [ BRRCALEAGREIAN | o

only produce I nosum an uces t he st rongest gels with
calcium 19 01/ Q377 PCT/ US00/ 18420 + are very
el astic and PHPIELEF S§§/‘H‘aeerd65§f1§°e#?re%roglfcntoﬁé’f$§?ﬁﬂ%ageenaﬂ Sl a8

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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concentrations for food application (i.e., 0.5 to 2% by weight). Al though
i ota- carrageenan does not gel with Na+, diluted iota-carrageenan sol utions

Wil fornmyotopoy@bropi c solutions also with Na+ as it acts ggtaséd/mard i zi ng
agent. In the best 5 node of the present invention, the Ca++ content is

kept to a mninum In iota-carrageenan, the 1,3- and 1,4- linked units are
respectively D gal act ose-4-sul fate and 3, 6- anhydro- D gal act ose-2-sul fate.

However , SOﬂﬁeég}gﬁd;s@ cifigaefol HY el nbke LS Braitns W REfRed WAL JERYerRS

repl aced by ose- ate, i ch may reduce considerably the
gelling power. of the iota-carr enan 0. The iqta-carrageenans useful in
the conposit if%rrfo%‘i?&ag?%nf%d‘f%gt%? ﬁ@gﬁrﬁlgﬁlg BESHE conform to t he
specification |aid down by the USA and European . regul atory authorities.
The i ot a- car r ageefdhcaFAgaFRNf 8te ‘b@eﬂ%‘ﬂbéﬁéﬁnéﬁﬂv@% | @ORIhHBH R mi ni mum
vi scosity standards, which correspond to a nol ecul ar wei ght of about 100K
Dal tons. 15 S$saterced bsingdinedrt ey saectsnidesiwih asugar dgeldrean of eltenpngi&@isr ni ne
breaking force and characterize the iota fromthe kappa carrageenan. After

breaki ng §or egnsitia JTeaRciRasHSnkdd 198l p-Dsliikagashemelids igt-a-Pet i di sh
and covered to avoid evaporation fromthe gels. After typically about four

(4) hours, 1 qﬁk?@u%e ?\Sn(faﬁfeﬁtarll %ftie@ to? %é%@ﬁﬁfﬂ(ﬂ)amibaa Hﬁaﬁsfﬁh%ﬂ ¢ hi gh

val ue i ndicates strong ge appa, ereas no syneresis indicates
iota. Table 1] sets out typical analytical patt s and val u for
iota-carrageéﬂ%ﬂmnaﬁﬁmafpég?%QEQWEﬁ%%?ﬁ%@ﬁ%@@ﬂ%g%ﬂﬁﬁgfﬁe?%mfégpggl

Anal ytical Paraneters and Val ues for |ota-carrageenan (Paranet?r Typica
Val ues (Ca-i @PB’)OXW?iP]da'SIO%/hY W@Sgh(t R qr@ygl)o-D-galac ose and 32% ester sulfate b

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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Gel strength 0-100 g/cm (1.5 %O carrageenan) pH 7-10 (in 1.5%gel) 7-10
Viscosity 10-30 cP (1.5% at 75C) 10-30 Chloride 0-1% (as KO) 0-1%

Cal ci um 2we% R36¥75% Sodi um - 1% 3- 5% Pot assi um 3-5% 4- 7% Phirasgdnsazs ensi ve
investigative efforts, the inventors have determned that 5

i ot a- carrageenan al one does not produce an acceptable filmand that the
nodi fi ed starches al one do not produce a useable filmfor encapsul ation.

Wthout bei n@onst{@dm. E[ﬁrr% g?ﬁ% Iafe{i\%g% %(llrzxchceagﬁi(bng[ﬂglezgip SE{A/GI%SQIS $REGLhahermdhat the

i ot a- carrageenan a nergistically to provide

films of sufficient .strength and .elasticj 3q . be .useful..in

encapsul at i or‘foﬂ?e(‘}%ég%r}s féb%?ﬂéip? 1Gagen ed’eé:'# &glo%n/"t ew%lggrtgbs%’lltth%%ﬁsgg? t he

i nvention possess the_ desirable properties of the fil .made. fromgelatin
and funct i on cagagsengdoesgot g@dY‘Q‘bﬁ?fbrﬁ”é“qddPtag‘@F&g?Wa’Fis? O’i‘SnWU{ algl y all
processes that enpl oy aqueous- gelatin conpositions for the production of
sof t capsul eshixpirepig selhbers gsownk dag as drastsrastazitapiliing agrnbp Butbgbrgn
processes, reciprocating die encapsul ati on processes, 15 concentric

cyl i nder procesikes thapdsg asessas teoCa'T comewtris &bptrig atnalbinetrs. The film
enrobing process is also a rotary die process, as described in U S. Patent

No. 21 WO 01/ 0367 fn RS IcHPVeRBH AR 1,5 6, X 3thkel haitdheabgebiieelpD-whi ch is

incorporated herein by reference in its entirety. Thus, the conpositions
of the pr ese%tala'cﬂ)gg-mguﬁgtepaﬁla\é',éqﬁhydro-D-galactose-2-su1fate. 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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i) mechanically strong, elastic filns that set on a tenperature- controlled
casting drumgenerally within fromabout 15 to about 60 5 seconds,
pr ef er abMmo bBs7t han about 20 seconds; ii) filnms that, whdCTWHIIM20i nt o
contact with one another, fuse together at tenperatures of from about
25-80C and pressures of from about 207 to about 2070 kPa (30-300 psi);
iii) films that fuse (formseals in the rotary die process) at tenperatures
10 significantly below the nelting pdABLBfiIthe filnms; and iv) strong,
durable dried films. Still other advantages of the inventive conpositions
include: 1) finishedicopRANIVERAPESraifiteraAAV A1eCfoP I5tal édtadten Qb
i ESOl :.Ibl I1|52at| on ~due to I nteractl on W th materl aI s such as al dehydes,

enol s etenes hrat—re) .u S
gr that ar %@M ﬁyﬁ' afg.ar“g" Cé dta i Fﬂﬂ?ﬁ@“&i‘%ﬁ&@l!
exhi bit grepter G 8BNS y when erHpeng‘Po(]e$/é?vat ed humidi tg and
tenperat ur e/ than capsul es nade usi §873#88#n. The lconpositions of the
present invention @k capablle of #&0 findg%2eDunsupport ed wetl%nd/or dry
films, i.e.}| theVisdosisy do nat rldgil ¢R(1a5%wpp®3) tao mai nt di03Q hei r shape
and structure. FuHlbede they do no0-1¢h GsKCEYrate, tear or O-1¥acture upl ess
sonme signifcant exgignal farce is applghgd.” The canposi tiongsaf the 22 WO

01/ 03677 PCTt USOO$OI.(ﬁﬁ‘l-I%O T et T o ar Qla/orneu Tt Tl L3 Dy5%ny of a
variety of puitapgle—trrethods—WWhite trag—or—extrudingon a castin
drumis preterre Otassu}‘n%nm‘t- on—wt-h ?‘3/‘ rot-ary—-die—pr oce%zb/ other ’
processes for formng filns wll be apparent to those skilled in

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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the art. 5 Ot her conponents may al so be incorporated into the conpositions
provided they do not alter the nelting point/fusion point characteristics

of the inygRiobye7film Representative of these additional pepaReuneaios

i nclude flavoring agents, opacifying agents, preservatives, enbrittlenment

i nhi biting agents, colorants and disintegrants. The inventive conpositions
are typically in the nolten state when these 10 conponents are added. Use

of conventi opal r tical . { i i ceptable. As
sed ner oi n_ander Oy HECEHhiRor Richdp hedbtfited hASHAY fftenccip A0, 27 ch
effective to form structured.filng nmeans an anount of a nodified starch
sufficient t8HEWmELS e oEppogiiont RLthe FESENHBY HOBR Ot has di mensi onal
stability. 15 More preferably, the phrase "effective to forma structured

film' neans an ambunt mschanieplyistrog cdastie dWms that petiosft lemperadien a

di mensionally stable filmhaving a thickness of at |east about 0.01

i nches. The phrase "ef teutdlled cestongtdrainzgeneratlyrwithint frameabouhd rabant 6bf i ot a-
carrageenan sufficient to provide a starch based conposition in the form of
film 20 sith sufficiegécontis, prgetablydessahsirespned0 tecomdg casting drug during
rotary die processing and al so sufficient elasticity to be deforned during

the rotary die 2%%\/\0 GO BB AR HrHRRPInkS SeactRViBE SRSt fasd 1 | | materi al
we of filns of th

is presented bet na palr of the conmposition (blow nolded). The

Py ase st on,ETEer e s BRI SORSAH T Sl SPPOELTE
> become one, i ndistingul SN So?iawonc SR 3R GoSbpEh! e
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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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, nopst

pr ef er ablwQ 0f/03$ffT about 2:1 to about 3:1. Unexpectedly, thRCEBERPISH#20i ons of
t he invention possess the inportant characteristic of having a nelting
point tenperature that is 10 substantially higher than the fusion
tenperature. Preferably, the nelting point tenperature of a film according
to the inverihvéioniage fored ahe litmSbyl m; ofeanchrivty ef suftnlslf encldds. fWhike about 4 to
9C, above its fusion tenperature. Wile not being bound to any theory or

nmechani sm  idsty Qekiradng ohftad cdshBg dhih & préfefred 8eaRMeEtIRCHItR If rdtaran
el asticizing agent. In other words, this 15 elasticizing agent renders an

| asti ci zi ngagent. I'n of het i s 15 el ast) erders
Filme of oy Roget ahFREbECA B R A o e Eien, oA,

substantiaII% %g their original size and shape after being subjected to a
def or m ng f JPe&" For exanple, a filmmade fromthe starch/carrageenan

conpositions of the invention that is stretched al gng its.l.ength . n&j/ or
width wi Bl 20 suldthensampangnts @ray s by INEYPETALSS 1A ¢ Féwaf’ﬁm%?fé*rpfwﬂs. As

di scussed previously, the nodified starches useful in the present

i nventi on i nbéudenotrbisethsmaglthepointifusionppint gshirpeterstics of thenpeemtvgidmbe| ow
about 24 WO 01/03677 PCT/ US00/ 18420 90C. Hydration tenperatures for nost

starches ar er@vé@echabl€of theddwriditionar @npyoments iiediudeaavpriag ugéntslaipacifyong
commercially avail abl e starches. Were they are not available via the

literature, \A%H{l%ﬂa BEE-aliives chBnRES AL LEbilRY abhtd, @8Rkdrys iRt @kintdpestenpl oyi ng

t echni ques Know to those skilled in the art. Suitable starches also 5

must be capap eem%cnt 'fvg lrﬁ?iinggsiagrlnsgzﬁ%’ %&)&'facl)l?‘é% Ehtérrﬁol\(gnt éf'at ef tftlse @ concentrat ion

of at least ' Troma Ive a mxture having a viscosity

bel ow abl%Ut 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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60, 000 to 80,000 centipoise (cps) neasured at a 10 sec-1 shear rate at the
tenperature at which starch hydration occurs. Representative of the
comer ci aybwiey@ar ! abl e starches useful in the present 10 povasbom®ad ncl ude
Pure CoteTM B760 and B790 (an acid-nodified hydroxypropylated corn
starch), Pure-CoteTM B793 (a pre-gelatinized nodified corn starch),

Pure- CoteTM B795 (a pre-gelatinized nodified corn starch) and Pure- SetTM

2965 (a f1asBdlelafnard ﬁn%ﬁail%dp@@e&&evﬁeoe%& AR o SIS Tkne Glrhp AlRI] DI €

from the Gal rocessin rporation of Misc |lne, lowa. O her useful,
comercially 115 avali Iﬁ%bl e, nodified starches include CAraTexTM 75701

(hydr oxypr op$?'8VéBOMEDd nodified tapioca starch), available from Cerestar,
Inc. of Hammond, |ndiana;, M50 and M0 (nmaltrins) and PuEle-Dent T™M B890
(modi fied corn st danemIrase ofisionrtgnACTREE JBss ghedsrpsFaLe ShWhighd™"RI dsol Cri sp
(nodi fied high anylose corn starch) fromMdwest Gain, Inc. of Atkinson,
Kansas. The onpgsimgfiimes ir2ontant modi darke athes e blenduat the eonfast intgyéachéd ein i s
potato starch. Such a starch is available from Roquette as Potato Starch
Supr a Bacs er becimd ) ddSmgvisREbIé bisODsdBdale stiteeurenvent i on may i ncl ude
genetically (reconbinantly) nodified and hybridi zed starches. Genetically

nodi fied and hybr g ze4s1 M HESRodified WdRhtth ARE-catrAdenhirinehRafvention & oped to
alter the physical properties and/or the anylose/anylopectin ratios. The

referred st i1Sc. i r A 5 i £ it
2- hydr oxypr O%{/{é@s&l?\%?ﬂyﬁ%&? F%ﬁ%?’pg%’ﬁ%‘s’ I E’il 26 gftscgl?é hl’iqg)&;t Efg‘r?l%?%’eﬂgomby
Chem cal Abst

comercially? %ﬁhslag’le%’%ég ﬁﬁ%%{ew t]g?%ggé%f}?og% QéI}?érlfSﬂ‘r? : eirpiﬂ Esiﬁlsfsiocszessi ng
Cor por at i on. ) o ) ) ) )
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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The iota-carrageenan is present in the inventive conpositions in an anount
10 that, in conbination with starch, effectively causes the conpositions to
have the wioariwséed gel atin-1i ke functional properties. As dCsasemesd2o
previously, as those skilled in the art will appreciate, the filmhas what
is knowmn as a wet shell conposition and a dry shell conposition. This
results fromthe evaporation of water fromthe filmduring the

manuf act uri ngofF ONGERLS tdhiiRratlel fGaRsKLBrchéParLhRibleH RONWMEredbuch
i ot a- carrageenan range from about 6 to 12% by wei ght of the wet shell

composi ti on. a%/%rroaug{ cﬁlftf for %gmﬁ’fgpéfmfav%laﬂ)lgsﬁ'r&%g T FORLy %ﬁﬂ% gtféifﬁme about

7-12% by wei g e wetl conposition. Particularly preferre

conpositions contain fromahout 9-11 weight % of iot.a-carrageenan, based on
the weight 2 ﬁﬁ@tmr% g@'ﬁfﬂ%ﬁ.jfer@%ﬁt%ﬁ‘ﬁF%aypl?ee?eééljlye‘ge%ﬁlgﬁg%cgi tions
contain about 20 10 wei ght % of iota-carrageenan by wei. h} of the wet
conposi ti on. empleying tepmgeasoral knopete thﬂsetﬂligleéﬂaﬁliﬂ%,sﬁ SHIChRSARS s of
the carrageenans famly can be used herein. Standardized iota-carrageenans
are 26 WD 0hiB8b67 FapRbIEld)SOBIAS 42 Bquaone mextnmdvitiwater & ¢ adrmenipatoherfragd
standardi zed i ota-carrageenan is commercial available fromthe FMC

Cor por ati on QfasPrbMGBbOIR0 WelshtBIt6 @ite Akiibiire aavinylaSGABSIY b9loSRBBE:,
standardi zed with 15% by wei ght dextrose. O her useful iota-carrageenans

i ncl ude a nor&nﬁio@@&@@@béeagfpgxsg( § hRAIGRERA I 1P SKWER: BicoSyid ens of Baupt,

France known a5 XPU-HG an on-standardi zed i ota- carrageenan from FMC.

In general, the filmform.ng ¢ y consist of the iota-
carrageenan, H%{Ppﬁr%tggetat%héChn%%ﬁcggg%%gggggﬁnﬁt h t he bal ance of the

conposition bein wat er . r referred. iti f the i i
imr;puzle Ia pl aslti giRZeQFqsentativlgoo tflleeco’mgl & ?f ed lgbqe OS'htI Or]?“ulo LS Inyentl on

ercially avai tarches useful in the presen

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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10 Suitable plasticizers include the materials used for the sanme purpose in
the nmanufacture of mammalian gel atin capsul es. Representative plasticizers

are any efoogoéer i ety of pol yhydric al cohols such as gl ycaramusomasdzot ol ,
propyl ene glycol, polyethylene glycol and the |ike. O her plasticizers
i ncl ude sacchari des and pol ysaccharides. The saccharides and

pol ysacchari des suitable for use herein nay 15 be produced by hydrol ysis

and/ or hydrOgenathHPQ&ﬁgmﬁﬁﬂE%@wﬁég%§%8§§§G¢QQM¥§ﬁﬁE@ﬁﬁﬁﬁﬁgﬂan ere

pl asticizers are enploye y can in amounts of up to about 60%
by wei ght of the.dry shell ~conpositi r 9 . shel
conposition}nbgﬁgﬁg¥gpz Peﬁe%%ﬁ%@%FFﬁﬁﬁgf%§g¢%$%2%$§%¥§ %ﬁ@ﬁ¥5ﬂF3625@6by 20
wei ght, based aon the ight of the wet shell composition and 30-50% by

wei ght of  tthHet igve begie qve@@ﬁg&-ﬂﬁf HW.pW?IC@/@reli@Irgg%a}’fV% US00/ 18420 Al so,
the capsule formng conposition, i.e., the shell mass conposition, my
optional |y comylaseanaylopedtiniretiose fidhstprefanedstaichds ebapé sy diobyred sAmestaah| e of
enbrittlement inhibiting conpositions is a mxture of sorbitol and one or
more sonbi traodifie®edth2-BydrBaymeopyl Ncher ync8ond peoups. Opisi starelh Isyidentifedf i | m
form ng conposition may contain preservatives and stabilizers such as

m xed par abefisch&@hihNAbdtra¥tsBRIYE Registef NBY6833arsbENThisintataidis a 4: 1
rati o. The parabens nay be incorporated in the conpositions at |evels of O-

0.2 wei ght ‘r’{eg{ngféer{cﬁgy‘%ﬁil&*ﬂeeilép S PEUBYE ?ﬁeﬁs 1,3“/96 fbmi GRifbbcshld - 1t

shoul d be in the follow ng Exanp preservatives were
included in the 10 experinental forrmulation to facilitate un-dried sanple
retention for®PIEP™ eval uati ons. Wthout preservatives, the retained wet

ri bbons woul d be spojl ed by , : : . o
The iota-carrageenan is present in the inventive compositions 1n 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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m crobial growh in a day or two. On a commerci al scale, preservatives
would typically note be added to the filmform ng conposition because the
wet ri bbowo ogMesdrd be qui ckly processed t hrough the encapsubetivso/msamhi nes
and then the 15 dryers. The dried fil mdoes not support mcrobial growth.
It has been found by the inventors that the use of a buffer systemin the
i nventive conpositions is highly desirable. Any known buffer can be used

wi th phosphgf&eM festil g fRHRA @{aﬁ@gdizg@mtﬁ.eéﬂra%elgném cﬁﬂﬂm&cimhe mel t and

filmis highly 1 nportant as carrageenans are rapi roken down in

y b
conditions of_ hj 0 hnpﬁltaé X L.di s %Sg eviously, the
gé%saggg/ 224&5@1?%&?@5%mtﬂ§ O:.I d %@gf(a%gg O?ghg&ér%‘lgnrii rrum?&%é’l’ ?%3677 .
convent i onal %é@%ﬁ@@g %&@%gqcﬁwﬂﬁqé‘%&?tY%Ei%ﬁ@e%tr%%ﬁ?@&%?ﬁ%fwct gel atin
capsul es: a unique dosage fornt, Pharmaceutical Tech., October 1977;
Stanl ey, J. Pigtacasigecmpisanilnde Tagnssipedardizediothearmesenap 5o SEW¥Mct i ce of
| ndustrial Pharnmacy, 359-84 (Lea and 5 Febiger ed. 1970); U.S. Patent Nos.
1, 970, 3965 2 B2&8s8&2%, ofBulpf F3dBe kh8wn ThXPEhp€illand ammdestandamdgzetinetar ot ary di e
process, wll typically have wet shell thicknesses varying from about

0.024 to 0. 1¢dBacchhef @émHNCfrom about 0.0508 to 0.127 and nore preferably
from about O. 050g8 to 0.0762 cmin thickness. The capsules of the invention

may be manufacturgdoi r::}ngaemifaﬁﬁli_ngfeaﬂgoaﬁbmnweonsis@om@\{@mnenti oned
rotary die process.“The fill materidls for the soft capsules may be any of

ary di e proces T mcertal's for capsules |
i & appar at ueiSarsH ¢ e ps BOA e bR GO AP

encapsul ation include oils, hydrophi]ijc . .. -
P water. However, preferre% corr?posmons 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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| i qui ds and enul sions. The active conponents that may be contained within
the 15 oils and enul sions are hydrophobi c and hydrophilic actives. Those
skill ed iwowne367art are familiar with and will recogni ze sECT/HBIISHZO |

materials. These fill materials may contain cosnetics, foods including
vitamns, liquids, sem -solids, suspensions, flavorings and
pharmaceuticals. After filling, the capsules are typically dried according

to conventional tatbnihgeessulefogmingtcompositipin,ng,, the shedl raasdrcompdsiyien, or ot her
20 suitable drying methods. 29 WO 01/ 03677 PCT/ US00/ 18420 Detail ed

Descri pti on Qfy bhgorRN§ehtafthnfera i emait SnhibRink @bnpvkifion exargb@pledamonst r at e
certain aspects of the present invention. However, it is to be understood

that these exATRLERCR! fnbAing obibRLiiBh X& mBUIPBPEFLROI ¥ fithopol Pur por t

to be wholly definitive 0 trons an e 5 scope of this invention.

It al so shoul d .be appreci gfed, {ha typical reaction conditions (e.g.,
t enper at ur e, 5 ig%3ﬁ#%3?§mh§9eigggﬁﬂﬁiven, the conditions which are
bot h above and bel ow t hese specified ranges can al so. be used, though
general | Y | ess cofpeenadyt thy film foyming epPmpAt e may SPRGIRTCIREAVEY 8%t i on nay
be obtained fromthe 10 follow ng non-limting exanples. Each of the

fol | owi ng cospoBidars erh assnipedpanteus, ardiverilyi methybonirepyhararabens és abqubed

bel ow. All tenperatures are expressed in degrees Celsius (C) and all parts

are parts byawRighé., ThpaaSend @siydiRdhadpaatedintirecontpédiidnEatletds Bf @par at i on
of the Capsule Shell Material A mxer, fitted with suitable nedi um shear

][“O>r<' ][‘gr Pn! ﬁge(?.;z lvﬁe';?gxt?ﬁzér%ﬁi ?/‘ggﬁféll RS 9P L hR S, F @tk &9 sREBPRsBo@dmel t en nass

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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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. 20
Appropri aiy siuged7i ti es of each conponent (except starch angcgarsoegsenan)
for each fornul ati on 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 and
30 WO 01/03677 PCT/ US00/ 18420 continuous stirring were applied until the
m xture became nol Etscﬁpc%?\glgss &Qgrag‘?&%ﬁ rurPlcESdbr QW BREhvERsAM at i on were

taken and cast onto a ate that was at roomtenperature. A blade or
draw bar wt not ch of .about .15 I i dth and..0. m i n. hei ght was
used to crea’t} &Fﬁ%“eéaéfﬁtﬁ%’.ta“ gt éﬁ'g’i ﬁ&w%sp ﬁé%?ﬁﬁ%‘%ﬁﬁguf‘ ugl%lg cmto

0.08 cmin thickness) was evaluated for stiff , .elastigity, brittleness
and film strelifgese fomﬁosPeharWﬁ%ttlfﬁlaTecaepétqi)ﬁéﬂgﬁéﬁnif‘éfd?%y gﬂé Gelatiest i gat or
as having sone potential were evaluated for sealing properties. The film
was car ef ul | YCapsnios'adn Thofhadme and Bewtioe af Bdasiviat Bhatercy.Bp58 84 (Lea@ndl aced on
a preheated bag sealer from M dwest Pacific Corp. The armwas | owered and
10 cont actsed Hdbézet d.ded0f;iU.5 Baehiddds. 8970,40€52883 e ned 23p8,7€8l. This device
is also known as an inpul se sealer and was used to assess the sealability
of wet films in thg daﬁaﬂéﬁhﬂdé/usiﬂ%"thé 6@y @6 phiceyd, dell typian9thagelivde as to
whet her or not an experinental filmwould forma seal. The fusion of the

two filmns wssh%ﬁ@gcsug%g%@g?;@&nra%a% @fmm,g&%&amgﬁ% poghiseal . The

nol ten mass was charged into a heate referably

needed for erbagp S PR PaPn bR v la birRo fBugRpkale. vt

encapsul ation. Normal rotary die pressures for gelatin filns rang% from
200- 300 | bs. Yrapsdesqfithe invenien way ke FERBECRFSHERY et dlehepeasng 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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seal ing pressure reductions of greater than 50% (34-68 kg) could be
realized and 20 still produce a good seal. The follow ng formul ati ons were
pr epar _ed WO AHlosgrssed above. 31 WO 01/03677 PCT/ US00/ 1842@cTh®oendsas i on 1
I ngredient Wet Film Percent Dry Filnf Percent by Wight by Wi ght
PURE- COTE(r) B790 15.0 33.94 VISCARI N(r) SD389** 8.0 15.38 dycerin USP
(plasticizer) 20.0 45 25 Sodi um phosphate d| basic 1.0 2.26 (buffer)
Preservative (| . : D5 Dextrose 2.71
For mrJ]It at ID?JEE E S " Percent by Wei ght by
wei g - 5. SCAR .45
dycerin USP (pla thFcf‘Pl 1ng’fa13plﬁ§)§?f§°ns§8§i%Fﬁh%‘h%gfﬁ?g?gth&pr%sgm c 1.0 2.29
(buffer) Preservative (parabens) 0.20 0.46

invention. However, it is to be understood that these examples are for illustrative

purposes only and do not purport to be wholly definitive as to conditions and the
5  scope of this invention. It also should be appreciated that when typical reaction
conditions (e.g., temperature, reaction times) have 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

30



Water USP 56.3 Dextrose 3.43 5 Formulation 3 Ingredient Wet Film Percent
Dry Filnm Percent by weight by weight PURE-COTE(r) B760 22.0 37.29
VI SCARI N(WP 0303@9** 10.0 14.41 dycerin USP 25.8 43.73 SBaTWRIPHdEbhat e
di basic 1.0 1.69 Preservative 0.20 0.34 Water USP 41.0 Dextrose 2.54 32
WO 01/ 03677 PCT/US00/18420 Formulation 4 Ingredient Wt Film Percent Dry
Fil m Percent by weight by weight PURE-COTE(r) B760 28.0 49. 56
VI SCARI N(r) Sbaifiohs dtlrrihg Werd appliet yadt tha niiSRrd bec@n2 fnd@léen #ddi um phosphat e
di basic 1.5 2.65 Preservative 0.20 0.35 Water USP 43.5 Dextrose 2.92
For mul ati on Pomogeneous. Samples from each formulation were taken and cast onto a glass
plate that was at room temperature. A blade or draw bar with a notch of about 15
cm in width and 0.127 cm in height was used to create the casting. After cooling,
5  the film (about 0.06 cm to 0.08 cm in thickness) was evaluated for stiffness,
elasticity, brittleness and film strength. Those films 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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I ngredient Wet Film Percent by weight PURE-COTE B790(r) 27 Genuvi sco
TPM 1(r) 10 dycerin USP 20 Water USP 43 5 Formnul ation 6 Ingredi ent Wt
Fi | m Per ceptoiobgr7wei ght  LYCATAB pregel atini zed 27. 3 st ar clpcTR3qo/e842€)

VI SCARI N(r) SD389 10.0 dycerin USP 15.0 Sodi um phosphate di basic 1.0
Preservative 0.20 Water USP 46.5 10 33 WD 01/03677 PCTI USOQ 18420
Formul ation 7 Native Potato Starch Ingredient Wet Film Percent by weight

Potato Starch Supra Bacter 15.8 (Rpgrgahifagbn 1
Ingredient Wet Film Percent Dry Film* Percent
by Weight by Weight
PURE-COTE" B790 15.0 33.94
VISCARIN"” SD389** 8.0 15.38
Glycerin USP (plasticizer) 20.0 45.25
Sodium phosphate di basic 1.0 2.26
(buffer)
Preservative (parabens) 0.20 0.45
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
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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| ot a- carrageenan 8.0 dycerin USP 15.0 Sodi um phosphate di basic 1.0
Preservative 0.20 Water USP 60.0 5 Fornulation 8 Ingredient Wet Film
Percent Ry olod¢?y Percent by wei ght by wei ght PURE- COTE(rpcBU86k/Rd%¢d 41. 96
| ot a- carrageenan XPU-HE 8.5 15.18 (SKW - (not standardi zed) dycerin USP
23.0 41.07 Sodi um phosphate di basic 1.0 1.79 Witer 44.0 Fornulation 9 10
Kappa only - no iota Ingredient Percent by weight PURE-COTE(r) 20.0

Kappa- carrageenan 6.0 Xant han gum rin USP 20.0 Sodi um phosphat e
di basic 1.0 Preservative 0.20 V\alfoer?n%&&gg

Ingredient Wet Film Percent Dry Film Percent
by weight by weight

PURE-COTE” B760 28.0 49.56
VISCARIN"” SD389** 11.0 16.55
Glycerin USP 15.8 27.96
Sodium phosphate di basic 1.5 2.65
Preservative 0.20 0.35
Water USP 43.5

Dextrose 2.92

Formulation 5

Ingredient Wet Film Percent
by weight
PURE-COTEB790~ 27
Genuvisco TPM-1" 10
Glycerin USP 20
Water USP 43
5 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

10
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34 WD 01/03677 PCTI USOQ 18420 Fornul ation 10 Ingredient Wet FilmDry Film
Percent by wei ght Percent by weight PURE-COTE(r) B760 23.0 40.03

VI SCARI Nweo) ob58P** 10.45 15.46 dycerin USP 23.0 40.03 @ogusswvigmsphat e
di basic 1.0 1.74 Water USP 42.55 Dextrose 2.73 * Dry Film Val ues

Cal cul ated **Standardi zed with 15% by wei ght dextrose Note: In the dry film
cal cul ations, the dextrose content, fromthe iota carrageenan is set out 5
separately. Formulations 1, 3, 4, & or lﬁglﬁlo o all produced excellent filns
that di splayed 10 excellent el aﬁ?i Cl %ﬁ qggllésrecgl ing features. Formulation 2
produced a seal, but of a weak Vet 5rrpared to Fornulations 1, 3 and
4. This could be the result of the nodified starch to |ota-carrageenan
ratio of 1.5:1, whefeas Folugipdiepbns 3 and 4 WeldFilpdeeenty car f ageenan
weight ratios in extess of 2.0:1. Formulation 5 Pyeévedgt a good|film but

t he seal i ng char act gPotatd StsrolvuprgBantar t han For nulla®i ons 3 and|4; 15 this
coul d be due to the|[R@juettd). 7: 1, starch to carrageenan ratio. Fornulation

7, the only unnodi [{R&cataleehad NAt Was found to wg.& W th iotajcarrageenan
was found to cast amﬁeﬁﬁp@s@i e fTimthat evi dencgg ggood sealing

properties. In contfrast: of fHOn 9 Kappa carrggeenan oniy| - no iota,
produced a brittle ?ﬁ%ymosa%tggl%éw :

Preservative 0.20
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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not be seal ed. This experinent evidences that kappa carrageenan is not a 20
substitute for iota in the present invention. 35 WD 01/03677

PCT/ USO0/w8420367EXAVMPLE 2 Rotary Die Process A standard r oRGFYS#V1I842¥achi ne
(see The Theory and Practice of Industrial Pharmacy, Lachnman, Liebernman
and Kanig, Editors, 3rd Edition, published by Lea 5 & Febiger, was used to
attenpt the manufacture of filled capsules using Formulations 1-4, 6, 8 and

10. The fill nmaterial was provi ded Roenithstidioppper connected to the rotary
di e encapsul ati on machi ne. The hopper was heated and jacketed. Ri bbons of
casting nmat eriat—v d—mgny of ty of coanmds

i ncl udi ng exit rusi ovr‘;llIl rédgér“g\'jl ty feed Ipefrgﬁgﬁ ‘tggbp 10 Fpgrgwtq;); \%ﬁh 6, 8
and 10 ont o jarevoly Eg Fstng—drum FREAF P Bt -PRS—WenE- R oV dech to

t he drum gen I';p erature 2-5C éh ove the n i he
formul ati on. YFﬁC%ARB}In)@Pé?%re varli es accd®APng to each sped?PfPc

formul ati on. | Gheaps USEti on of thd fill nmeBtial between twd%PBbbons of the
film was car$éddmehbsphacodidiasig tjo convent.lonal procedures.l. 7% Capsul es
prepar ed acclowditgr@ S0 conventi ondl rotary2dbe procedures using
For mul at i ons/ Bextdsed and 10, as §et forth rn this exanple, prdduced durable
capsul es t hat I VAMIYEIGiated? € ST T T ar 1 mappearance to traditional
softgel s neriRaghaisedith (9MbywEKBdek@de gel atin. 20 36 WO 01/ 03677
PCT/ USO0/ 184R0ke: In the dry film calculations, the dextrose content, from the iota carrageenan is set out

5 separately.

11%

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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EXAMPLE 3 Eval uation of capsule properties Capsul es produced according to
Exanples 1 and 2 above were tested for disintegration and resistance to
accel er atwe ososyrage conditions. Sanples of dried 5 capsul eeTaso@isasst ed
using a standard USP disintegration apparatus fitted with gui ded disks. The
test nediumwas 0.1 MHO nmaintained at 37C. Capsules ruptured within 3
m nutes and the shell disintegrated within 15 mnutes. These results are
conparabl e to those obtained using g mﬁg‘ nthonal soft mammalian gelatin
capsul e. 10 Additional sanples wer e stored i n open containers for 3 nonths

at 400 75% Rel ative Hum dity (" E ErV\Bleclhmcgssa standard condition used to

accelerate stability evaluation o dosage fornms. A mammal i an
gel atin based softgel filled w.th m.neral was al so eval yat ed using the
same conditions dsSEEhIqtyY digmachipyisee gg if’%ﬂ’?fﬁﬁ‘i" %Fttcﬁro %?2

capsul es remai ned 15 structurally intact and exhihited onl softenl ng of
the shell. | ®haomavabachmane Lioparman andKang diflitoss 8" dudhiden. @yblidgd bydea

together and | ost much of their structural integrity. Thus, the capsul es
made accos di BgF¢gérheas nsednd anempiehe hiaheficsupef filbed capedestange to humidity
and tenperature conpared to conventional manmmalian gel atin-based soft

capsul es. 20 F3/m\I&iHy 0354 & f@T/OUﬁ@@/H%BQnaIEM\BbEldéd @iReabphérve Anal ysis
The following is a conparison of capsule shell fornulation characteristics
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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and associated rotary die paraneters for conventional manmalian

gel atin-based 5 materials, a conposition wherein the filmwas forned solely
fromcarrgeeeosgdy and a nodified starch/iota-carrageenan pomvesd/igdsns
according to the present invention. The only carrageenan conposition was
made essentially according to the description set forth in published

I nternational Application WO 97/07347, except that 17% carrageenan i s used
instead of 9%as described in the Inteaffpi pral 10 Application. Table |1l
sets forth the nelting point of each conposition in addition to processing

conditions specific to each CEVEOSM i rgc J Qr ! use ier}. tshe rotary die process.
38 WO 01/ 03677 PCTI USOCO 1842 ENTI ON CONTROL Cel atin
St ar ch/ Carrageenan, Carrageenan Fornul atj on 30-45%qgel atin; 10-  15-20%
starch; 17%iota 3EPSHPaRTdRseACCOrgIng o, Xa{ngfeéérqn&gﬁ%?aﬁ WeHT esge dNan
water: g.s Typical Melt 50-55C 80-85C 95-98% Tenperature Qperational
60- 65C About dointgs@tiosandesistages o asgelFatddatorage gpditsmsy Sanpks pHdaed
Tenperature for sealing (Wdge Tenperature)
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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Pressure 100-300 psi 50-200 psi Not determ ned Typical Ri bbon 0.28-0.040

0. 020-0. 025 Not determ ned thickness (inches) Mchine speed 2 to 3 rpm?2
to 6 rpmWetoi@eéer M ned (optinmum * The sealing (wedge) t eawarsas/igago Was
adjusted to the tenperature at which the material fuses, 98- 100C, which is
also the nelting tenperature. No fusion takes place at |ower tenperatures.
Sealing and production of capsules was attenpted, but the ribbon nelted at
the wedge. No capsules were 5 formedgiy AR f£4ampl e supports the concl usion
that the starch/carrageenan conpositions of the present invention possess
properties simlar to mamuali an latin. and therefore allow for their
satisfactory use in the rotary dggmﬁwg@gggggﬁﬁggontrast, the 10 film

form ng conposition taught in WD 97/07347 is not _acceptable for form ng
soft capsul es. FilhgolBying ésp ‘FQ‘BI?ﬁr@BPrﬁg%HSP]Gﬁge%g?ﬂ"’é’?%ﬂ"ﬁ@%’é‘ﬁe&é%“énan as
the only film formng material do not possess the desired properties of

gel atin fil mendassociated rothnr d&if prameters farabhecntionalysamingliathgelpign-aaspddi e
process. 15 39 WD 01/ 03677 PCT/ USOQ 18420 EXAMPLE 5 The fol | ow ng

For mul at i ®ns nagdrialsy b epmpesitias wheteid tietfimi wasHoanad soldly fene eatragebadn, t hey

were prepared on a 500 gm scale. The prepared fornmul ations, as set forth in

Table 1V, vgf&a GRAAQEA R IHL-R8TadtbAdEc g JRBioRs dE@dndiBalio BRtpréRhiveen 0. 10
and 0.127 cmin height

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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5 (0.040 to 0.050 inches) to formribbons as described in Exanple 1. The

ri bbons of
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el asticity,
val ues are wei ght

filmwere evaluated wet and then allowed to set/dry overni ght

claritypct/exéomsgoand
% unl ess not ed

3k r vl

CONTROL INVENTION CONTROL
Gelatin Starch/Carrageenan Carrageenan
Formulation 30-45% gelatin; 10- 15-20% starch; 17% iota-
30% plasticizer; 8-10% iota-carrageenan carrageenan
water: q.s
Typical Melt 50-55°C 80-85°C 95-98%
Temperature
Operational 60-65°C 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

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

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.
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EXAMPLE 5
The following Formulations were prepared as set forth in Example 1, except that they
were prepared on a 500 gm scale. The prepared formulations, as set forth in Table IV,
were cast onto a glass plate using a draw bar set between 0.10 and 0.127 cm in height
(0.040 to 0.050 inches) to form ribbons as described in Example 1. The ribbons of
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



T~
© @©
mz_ X g
Mo ®
—~ < . X
—VERE.
Z_&8 _oOo
s > WM .m = o %6 ‘eddex o, 1 yim £ 14 uoaq wiyyy o[qeasn & donpoid jou pip eddey o
O —_
_ - Qo
~S% M — 201 (L14-S14 ‘Z14) ueussdeLed-e1ol 10 (1) Ueus95eLIED BPQWE] JO UOISN[OUL 3Y) USAT “(06L€ 910D 2Ind) YdIeis payIpous ayj Jo
C e —
_ 1 ..
>N e M_o>2 91} JO 9ANIO9dSILIT W Yeam pue o[1LIq & padnpoid [[e ‘€7 01 [ [ ‘UeussFesred eddey Sururejuod suoienuLoy ay |,
O . .mco i —
WonS5c
@) <O o,lo_ = W swasAsorg IS Aq parjddng ¢
= m © o yoxess azrew pajejAdoidAxoIpAH,
o0OD B M 5 Aas1af maN ‘uojdouLld Jo uoneiodio) HINJ Aq parjddng,
=8>2Sh pua|q edde3y/ei0]
wz35 T Roo1 | oor | sS INO-NdX,
ss O - o ueuda3eired
© S w ~ =2 001 | o001 eddey Mdv-Ndx,
a N~ ~~ [S—
| = % % o S0 wnn) ueyiuey
o . e _nm o) 01 S0 YA wno) ueag Isnoo|
(@ ~ W o b 01 01 01 01 01 01 01 01 01 01 01 01 *OdH®®eN
Z W.T m S ks 0 <0 [l o0 0 [4\ o0 [ 0 [4Y [4Y) [4Y) [4Y <0 9ATBAISSIL]
= _ o nnw 2070 | 0°0T 00¢ 0'sT | 00¢ 0c¢ 0°0¢ 00T 8'SC 0°0¢ 051 0SI 0°sT1 86T S'Ll €8 €8 uL20410)
OO0 .- o nrp 0SS | 0°0¢ SvL S99 | 889 8y €8y €8y oSy | OSy 9y S9y Sov 0ty €96 08 | ¢08 1B M
©l!l oN DH.. 06T | 00T £LT 0'¢d 0°0¢ 0°0¢ 00T | Ss'¢el €LT €LT eLe 44 0st 09.d 310D 3Ind,
—xoW_T 06 S/ 0°S S9°¢g UBUSOFELIRD-E)O],
X o U_ = b ueusogelIed
S5z coko §9° epquiey |
w  © B urusa3eled
2= w = 001 | 001 | oo1 | 08 | o001 01 ST 0s | oo1 | 001 | s95 | s9¢ eddey |
cosu _lgiww | o | st | ver | ew | wew | vze | oz | 6w | 81 | i | o | sw | via | € | nig | 18 yuduodwio
OBV
?38 0T
oo ® _.WL cg WL 1AL JUDIRJ JYSPA
o0Do
> SF 35 ATHATAVL
OX~Ew
O .— >
2 0T —
- m c
ZocoWwWeo

41
SUBSTITUTE SHEET (RULE 26)



carrageenan is detrinmental to the production of a useable film 5 EXAVPLE 6
Usi ng the procedure set forth in Exanple 5, additional fornmulations were

pr epar ed wad1/636aT uat ed. The fornul ations are set forth i n HEGBUSONAS420ABLE V
Conmponent #28 #29 #30 #31 Lanbda 10.0 carrageenan |ota-carrageenan 10.0
LC-5 standardi zed with sacrose Pure Cote B790 15.0 27.3 27.3 2TPH 1 10.0
non- st andardi zed iota 3XPUO-HE iota 10.0 Witer 56.3 46.5 46.5 68.8

d ycerin 17.i5talnd 27230 thodtfidd coNa bR Plre@cke 8720 brdddredRrmsebrdtifive 0. 2 0. 2
0.2 0.2 10 1Supplied by FMC Corp. 2Supplied by Hercules Corp. 3Supplied

by SKW/BiOsxﬁ&%%ﬁzE%ée&h@ﬂgﬂ%eﬁaﬁ%ﬁﬂgﬁﬁﬁ@mﬂkHéfBRQHBkﬁQwﬁé§¥E£%mprOdUCEd a
very weak film I5 that did not seal. I'n contrast F29 and F30

(1 ot & car ageenan:Al Ui dRALLL AR 8L Al arRiadiead Kghy Strong films tha

provi ded exce seal’s onl'y) produced a

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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strong film but would not seal. 42 WO 01/03677 PCT/USOQ' 18420 EXAMPLE 7
Usi ng the procedure set forth in Exanples 1 and 2, the follow ng
f ormul at iwa®91/032T e prepared cast onto a rotary encapsul at i BAT/HEQNSAY and
formed into soft capsules filled with vitamin E. 5 TABLE VI Conponent #32
#33 Wet filmDry filmWwet filmDry film Viscarin SD-389 10.25 14.97 0 O
St andardi zed iota Pure Cote B760 25.75 44.25 24.0 41.96 dycerin 21.0
36.08 22.5 39.34 Sodi um phosphate 1.KXAMPLE.70 1.75 buffer Parabens 0.2
0.34 0.2 0.35 Water 41.8 42.8 XPUHGE 2.64 9.5 16.61 F32 and F33 were
found to Dbe easil nsmggt%@?%&%ﬁa% sk rth 94 E&Xmgle@l%ﬂﬁ@l}’ﬁﬁlf@%\%‘lg fFBehihs

re

These formul ations re ent the inventors best node and produced 10

capsules with very fe

si mul at ed gas{¥yE

cpanc Cd%fO% !
P8 &R

. .Th
2 rotaryf%géaﬁ)gﬁltd

wer e

{181? mAchi etaﬁ&'ﬂ) %ﬁﬁﬁg s.bﬁ' cipsules

0 di'ssol've or disintegrate I

about five (5). mnutes, which is about the tine for commercially avail abl e
mammal i an g<(a|f)1ékequt?a‘§£amlg§- y
5
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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15 43 WD 01/ 03677 PCT/ US00/ 18420 EXAMPLE 8 In this experinent,

hydr oxypr opyl at ed tapi oca starch was used in conbination wth

i ot a- car reiQg@emz17t 0 produce a soft capsule. The tapi oca foPETAUSEY/ 20434,
and a conparative maize fornmulation are set forth in Table VII. 5 TABLE
VI1 Weight % 1In Wt Conposition Conponent #34 #35 |ota-carrageenan 10.25
10.25 (Viscarin SD389) Hydroxypropylated tapioca 25.75 0 starch dycerin
21.40 21.40 Disodium phosphate 41. 6GEXAMAALE®ater 1.0 1.0

Hydr oxypropyl ated mai ze 0 25.75 starch Soft capsul es were manufact ured

successful Iy using, giPldelimifiehfarRERBsHhRl itﬁﬂoca]s@areﬁﬁﬂ'k NSedidl dghbimidioand

F35. Yield is a neasure of process effectiveness. It is expressed as the

[
per cent age of .capsul es that, did,not | e i ng, nmber
of capsul es Hr‘tﬁdgté'ecagaﬁ%a%foe‘?rafiucuesai Sr?gta{%ﬁ%h%'y@giaéyr}ggg a I%tgénngillggn@? arch,
was slightly bett th h I fi ' : [
been ulsgd ycorgpargtrive mglrz]e tfor?nurlrgtpoln alree (sjettfc?rﬁ)lll %C”Pab?é %EICh Fornul ation #35 has

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.

44



to produce over 100,000 soft capsules filled with vitamn E. The yield for
this 15 production run was found to be 99.1 % which is considered

excel | entwg offlz¢M 01/ 03677 PCT/ USO0/ 18420 EXAMPLE 9 Conpapédtivsen/1sdte
formul ation set forth in Table VIII investigates the use of kappa
carrageenan as the sole elasticizing agent, as it is | ess expensive than
iota 5 carrageenan. TABLE VIII Wight %in Wt Conposition Conponent #34
Kappa carrageenan 8.0 Locust Bean Gy Qnpppgft han Gum 0. 25

Hydr oxypr opyl ated mai ze starch 18.00 Pure te B790 dycerin 30.2

Di sodi um phosphate 1.0 Water 42.05 éo Forqulatlon #34 was pl aced on a
pilot scale rotary di e encapsul ation nd was not successful in
produci ng any intact soft capsules.. The formulatjon uId forn1f|InB but
due to poor mecharingdPmatlatintgichorihg, TeplesY HEinvgstieates thcussAf KaPRR i nabi Ity

to formseals, no soft capsules could be produced. 45
carrageenan as the sole elasticizing agent, as it is less expensive than iota-

5  carrageenan.

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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WO 01/ 03677 PCT/ US00/ 18420 Industrial Applicability The econom c

manuf acture of soft capsules requires that the ribbons used to formthe
gel s possweI108477 ai n specific properties. Wiile nmammal i an BETASPH1842(s

remai ned the gelling agent of choice, there are nunerous shortcom ngs that
the 5 pharnmaceutical industry would Iike to overcone with new, non-gelatin
soft capsules. The present invention, which is founded in a discovery
regardi ng thgpdeyrial AppliesbiRgt i vity between a specific formof carrageenan
and certain nodified starches, will provide to the pharnmaceutical industry

an alternative to T%@%dnﬁ@ ]gnagl'ﬁka%wr@ of §dft mukbf&ﬁg& hiat h8@Mbons used to
n |

experinentation a scientific observation'that the 10 inventive
conpositions were realized. In.the r i has e i.ded a
detail ed desé‘?li"rbﬁlie(gﬁ%&ossﬁsﬁ?%fa neﬁjecreﬁricb‘%gﬁér#eag%s%ﬁg&e p?@%e%‘tlﬁ{n%dgnti on for
t he purpose of illustratjon and not. Iimtation. It .is to.be [ stood
that all ot h&fm#Bed ?hie(%{l}nér?g?mroiﬁg?icﬁ’a#l?@%e ygerols Ay s PRIRES tﬁ%ﬂﬁ%us to
those having skill in the art based on this disclosure are 15 intended to
be wi t hi n5t hehswumseutishl industinwenldi liks taovercamgwth ner nopygglatipseft gapsules.
PCT/ US00/ 18420 We claim 1. A dried filmconposition suitable for soft
capsul es, the conTbsiprdsent inversionf whigh iefsaded mld disafvefy wgardingdhes by wei ght
gel formers conprising a mixture of iota-carrageenan and nodified starch
water; a pl aglh&bidQE actAng RividénfBipecific fome ONMRRRIgkMA agdickRdihenddified or m ng a
soft capsul e,  the conmposition conprising iota-carrageenan and at |east one
modi fied star | Gt vi icaf HARkSY hf Git@haVedb ManRhei at ed
SRR P E A 1 R Bicdf AR} LA Hha

tapi oca starc ypropyl at

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.

46



starch, acid thinned hydroxypropyl ated corn starch, potato starch,
pregel atini zed nodified corn starches, and wherein said starch has a
hydr at i owoO e1e03pBr at ur e bel ow about 90C and wherei n t he weiR§IYUS08H8430 of

nodi fi ed starch

to iota-carrageenan ranges from1.5:1 to 4.0:1. 3. A

conposition according to claim1 wherein the plasticizer is glycerin.
conposition according to claim3 wherein said buffer is a sodium or
pot assi um sal/t clabn: A conposition according to claim3 further conprising a

preservative.
shel |

6. A capsule conprising a shell and a fill material, the

consi §ting g3Req Fﬂrﬁ lchpo ﬁoﬁ"stfﬂal)f@ f@Pg’cﬁf &ipRgiet Qné E&hﬁ&slﬁon?conﬂslﬁng

capsul e according to ¢

alm 6 er eln said Iota- carrageenan Is present

ff I Th I
aher oi nsai d o PTOUeLE 8 AR 2 ALy e SRR BeRTRRIERRE d RpAL ALY 2

structured film 47 WO 01/03677 P SOO/18420 9, A co n suitable
for formng a \/\/etloﬁ‘arqaﬁ‘iag‘iﬁna%ﬁﬁ%ﬁ’é’gr%i‘# skgchatatsn %P?Stlflﬁ%rng%%%gﬁ?ron

and iota-carrageenan in a ratio by weight of
1.2.1: shicomppsitiersytabledonforming msefieapsylcaths composition cOmprisiag st
10. A conposition according to claim9 wherein said

conprising a nodified starch,

at

about 207 kPa (30 psi).

| east

4.

A

wei ght ratio is iiotatdaerapesmge andht 12ashode modietl.statdh sedeatahfromithé groupccor di ng
to claim9 wherein said weight ratiois in the range of 2:1 to 3:1. 12.

conposi tion accorghgstitPohydrsRyBrapdetdd @pRLh YakBNRYdrdkiGopylbl hedizesyst em

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.

A composition according to claim 1 wherein the plasticizer is glycerin.

A composition according to claim 3 wherein said buffer is a sodium or
potassium salt.

A composition according to claim 3 further comprising a preservative.

A capsule comprising a shell and a fill material, the shell consisting essentially
of a film according to claim 1.

The capsule according to claim 6 wherein said iota-carrageenan is present in
an effective elasticizing amount.

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

amount effective for a structured film.

47

A



and wherein said filmis capable 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 conposiwo@iseyeording to claim 12 having a nelt tenperatpceusbo/fsazom 4-
20C above said fusion tenperature. 14. A conposition according to claim10
wherein said nodified starch conprises 12-30% by weight of the film
conposition. 15. A conposition according to claim 14 wherein said nodified

starch conprgses na%{?tf&ﬁ s‘ﬁﬁhlﬂ@tfor%nﬁﬁgq WA TSt ér@ﬁpsﬁﬁlng%nﬁt@ﬁﬂgsthé ' on

according to cla|m9 erein sald starch”is native potato starch. 17
conposition according to claim9 wher £l arch. i

nodi fi ed hydr oxypf%g?sé?%coég?lﬁsnﬁ %nmcﬁ fneiiSS?ar%‘ ang 5%??“%%663%121&3& aﬁS'b
claim9 wherein said nodified starch s sel ect fromthe roup nS|st|ng
of pre-gelatini zeWeH Pt Mdenst drnls §?‘élr Ui cappile ‘\R@W@%@SW‘% 0@815?518420
gel atini zed acid thinned nodified corn starch, flash dried acid nodified
native corn dent abeuwd20Rh kPaydtestypr opyl at ed acid nodified tapioca starch,
maltrins, nodified corn starch and nodified high anyl ose corn starch. 19.
A corrposi t i om0.accak domgoditorchabrdifg whasiai 9 whateh said sveipht ragde mathecanger i ses
6- 12% by wei ght of the conposition. 20. A conposition according to claim19
wherein the carrageegan.eepri ses 8- 10% by wei ght of the conposition. 21.
A conposition according to claim 20 wherein the carrageenan conpri ses

about 10% by, yei g tco% JsPRnGRLRAR gtb;325113%@6%%%%@%1@%9&% P@gt O

claim9 wherein t rrageenan | ndar di ze
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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i ot a- carrageenan. 23. A conposition according to claim9 wherein said

nodi fied starch and said iota-carrageenan conprise at |east 20% by wei ght
of the conpesini¢ron. 24. A conposition according to clai m 9pohaseds42the
conposition additionally conprises a plasticizer and a buffer. 25. A
conposition according to claim24 wherein said plasticizer is selected from
the group consisting of glycerin, sorbitol, propylene glycol, polyethylene

glycol. 26. A Con%ﬁtlhiz% aéﬁictﬁfnﬂbé‘&ohﬁie@ c%h%tgéh“ﬁé‘éhedr[bdtalaﬁi rﬂbéﬁfe& ﬁh@\?‘cr
conprises no nore than 50% by vvelg ht of the corrp05|t|on . An edl

soft capsul e V\:hl ch, co 9%, % 8‘%&%& about
12- 24 wei ght i ot gﬁ%:cgér)r aéag%‘ng?ﬁ‘%r% | %tf? g 8%8%’%&%@6 ma(l VI')” about
30- 60 wei ght % m)dl fi ﬁd starch %b t. 10-60 wei ght ]q%pl astici zer ;
(viii) about 1-4 \/Ué‘?‘b gd %@é&ﬁr%ﬂﬁ% igh gmyiose 6K’y st em  and
wherein said shell encloses a soft capsule fill material. 28. A soft
capsul e accorldi ng A sompaginerpFcoprbngiorclained pihgrin sdig éqtaicarragnepall ewepreses
glycerin or sorbitol or a mxture thereof and the nodified starch is
sel ected from nodi-12%dyocesightstfalictommsittbnodi fi ed hydr oxypropyl ated corn
starch and hydroxypropyl ated acid nodified tapioca starch. 50
20. A composition according to claim 19 wherein the carrageenan comprises 8-
10% by weight of the composition.
21. A composition according 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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28.

(vi)  about 30-60 weight % modified starch;

(vii) about 10-60 weight % plasticizer ;

(viii) about 1-4 weight % sodium phosphate dibasic buffer system;

and

wherein said shell encloses a soft capsule fill material.
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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