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to a proce¥d U8032n apparatus for form ng capsules, for exab@l/€Bhupilrhe
delivery of 5 pharmaceuticals, and also to the resulting capsules A variety
of pharmaceuticals and other materials are delivered in capsules. Were
the material is a particulate materi al sdch as a powder it may be encl osed
10 in a hard capsule, typically of elongated round-ended cylindrical

shape, made in t“@%@ﬁﬁﬂ%ﬁafor assenbly around the material. Both |iquid
and particulate materral nay be enclosed in soft capsul es, these capsul es
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Both types of capsules are commonly made fromgelatin™filirs. e bondi ng
of thernoplastic polynmer films using dielectric heating (or radio

f requency heatiggh mﬁrﬁﬁﬁpcﬁggmAWﬁaw$ﬁ@£camBYanﬁeétﬁﬁf'ﬁéﬂ&ﬁié!@gﬁﬁé the
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Di el ectric wehdi pgcbagaiot hiddert Qo Reeangopstderad sl (Al & o Mgl ding

t he wat er - soLubI e .
e enclosed in soft capsules, these capsules being made

from films of a soft elastic polymer which are brought

15 together between rotating dies that have cavities in
their surfaces. The material to fill the capsules is
supplied between the films as the films deform into the
cavities; as the dies move the films come toéether and
are sealed together by application of heat and/or

20 pressure at the dies. Both types of capsules are
commonly made from gélatin films. The bonding of
thermoplastic polyrer films using dielectric heating (or
‘radio frequency heating) has also been known for many
years. In this process the two pieces of thermoplastic

25 material are positioned between opposed electrodes {or
one electrode and a base plate), the electrodes are
pressed together, and a radio frequency voltage is
applied between the electrodes. This process is however
applicable only to those materials which have a

30 significant dielectric loss index, for example greater
than 072, over the.range say 20-60 MHz, for example
polyvinylchloride. Dielectric welding has not hitherto
been considered suitable for welding the water-soluble
polymers which are desirably used in making capsules fof

35 pharmaceuticals.




2004

polymers which are desirably used in making capsules for 35 09 SEP
ding to

phar maceuticals. 0 9 SEP 2004 WD 01/68032 PCT/BA /01126 - 7 Accordi

the pres®®@0V6&htion there is provided a process for mak®hd/EPILII%s.
the process using two filnms of a water-soluble or digestible polyneric
material, and the process conprising the,ssteps of 5 deformng the filns to
forma nultiplicity of recesses between a pair of rotary dies, filling the
recesses with a flowable filling material, welding the filnms together by
diel ectric wel difgegtdihg ot ahe giressdrmr fintvent taht therei iy otosidedsur es
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resonati ng &f @apsules.:

The rotary dies act as opposed electrodes, to which

15 the high frequency electrical supply is provided. The
supply may in principle be at a frequency between 1 MHz
and 200 MHz, usually between 10 MHz and 100 MHz, but
stringent limits are imposed on any emitted radioc waves.
In practice therefore the choice of frequency may be more

20 limited. For examp_e the supply frequency may be 27.12
MHz, or 40.68 MHz. Preferably the electrical connections
to both the rbtary dies are by a capacitative coupling.
Alternatively the coupling may be by a sliding contact,
for example with brushes. A tuned circuit may be

25 electrically connected to at least one of the electrodes,
for example the tuned circuit may be connected between
one electrode and ground potential. For example a tuned
circuit may comprise an inductor connected to the:
capacitative coupling to one electrode and to ground

30 potential, the tuned circuit preferably resonating at a
frequency substantially that of the supply. The tuned

circuit may be a mazching network.

Fach rotary dis may be substantially cylindrical,

35 and rotate about a fixed axis .of rotation. Alternatively
each rotary die may be of substantially polygonal Ccross-
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or a nutritional supplenent), the yneric _materi d be 1 ngesti bl e.
It may for 25ekBRpPféSse gdilir iFuterng QutePfsshgbravsulies o8y berivati ve.

For exanpl e péribymed hwdrodH DRy BBEh¥iternatively the dies may be
sufficiently close togethér, at least around the
periphery of each recess, that the film surrounding each.

15 capsule is sufficiently thin that the capsules can be
easily pushed out of the remaining web; for example
around the periphery of each capsule the film might be of

a thickness between 10 and 20 pm.

20 The filling material may be a pharmaceutical, and is
a preferably a liquid. Where the capsules are intended
to be swallowed (for example where they contain a
pharmaceutical or a nutritional supplement), the
polymeric material should be ingestible. It may for

25 example be gelatin, or a water-soluble cellulose _
derivative. For example it may be hydroxypropyl methyil
cellulose, which is approvéd for use with pharmaceuticals
and in food  (being indicated bj the code E464 in Eurcpe).
Other suitable polymeric materials would be edible

30 seaweed-derived polymers such as sodium alginate (E401),
propylene glycol alginate (E405) or égar-agar {E406) .
The polymeric material must not contain any harmful or
toxic additives, but may contain compounds such as
glvcercl (E422) or glycerol monostearate (E471) as

35 plasticisers, these compounds also being ingestible and

dispersible or soluble in water. Other suitable




cellul ose, which is approved for use with pharmaceutical s

, (bei ng indi

The pol yneri
but may cont
di spersi bl e

to be added.
shoul d be at,

anbi ent condt?9%
at a terrpﬁraémp@rﬁiciémgndry, cabat ive thumiagi tlyx aquilibabFbumexanhl e,

and in f&&&EPZ%L

cated by the code E464 in Europe). Oher suitable polyneric
mat er i al swioallasoize edi bl e 30 seaweed-derived pol yners such RsSI/6881/0Hh2é
al gi nate (E401), propylene glycol alginate (E405) or agar-agar (E406).
c material nust not contain any. harnful or -toxic additives,
ai n conpounds such as glycerol (E422) or glycerol nonostearate
(E471) as 35 plasticisers, these conpounds al so being ingestible and

© Oher 932
9 spersth < s gl cocpivatsoeotbe subiain 40 S0 ik

cellulose E463) ,
and net hyl 6§W®1m%EhYEI8§EY%E§8§}U1?ﬁ§réEﬁ§5ﬁo ﬁﬁﬁgﬁ for any water

ﬁ@x&f@eﬂﬁehtﬂ fapdanindeedr to be pideley att etﬁ@af'ime AhAns

GPER air
it

5 Sy R ey D A8 A B A

m ght be sto f a tr t,. with a 10
Fel'ative nurdrtsihr pBpdEiohd,” FRY PRasBLabats EauE MgAEBE 4"
ci r cunst ancezathbibr i mmwydikd éurdéﬁtBytemmamq&uﬁﬁepﬁmﬁﬁfﬂmaaﬁ #dut woul d

%%l%@éyhmﬁagt§u5 u%%orp?g%t e MRt et A U%P%ﬁenﬂetete%aas a

appear conpl
pl asticiser.

e invention al so provi aes an app mak I Ng and

filling capRRRRreyUshe iieRheaNsFOLilFRe AUEBEVEY TOMFIUTSREr OVAEY @i es

arranged o

further aspect

appar at us of

15

20

25

30

35

ﬂ@ié’émré hBuhl Bt e grke e rdiaheatr ited I:sary@é 3 adenpt pget her .
Q¢@;,ﬁ9gﬁtpaﬁcumstances t%e fi1lm would ev

incorporate some water but would appear completely dry,
and such incorporated water would tend to act as a
plasticiser.

The invention also provides-an apparatus for making
and filling capsules by the method specified above,
comprising rotary dies arranged to deform the film and to
dielectrically weld them together. In a further aspect,
the invention provides a capsule formed by the method or

apparatus of the invention.

The invention will now be further and more
particularly described, by way of example only, and with

reference to the accompanyving drawing which shows a side

view, partly in sectipn, of an apparatus for forming

capsules.

Referring to figure 1 this shows schematically an

apparatus 10 for making capsules of an ingestible,

pharmaceutical grade material, such as hydroxypropyl
methyl cellulose, the capsules being filled with a non-
agqueous ligquid filling material 12. The apparatus
comprises two adjacent rotary dies 14 and 15, each of
generally cylindrical external shape, which define a
plurality of oval recesses 16 in their periphery (eight

In a

20 the invention provides _a_capsule forfgéng¥ the nmet hod or



The i nvent now be further and nore particularly described, by3q§&f 20/

of exanplébgﬁpé$m%nd with 25 reference to the acconpanying dKEWGBnghrch

shows. a side view, partly in section of an apparatus for form ng

capsules. Referring to figure 1 this showg schematically an 30 apparatus
10 for neking capsul es of an ingestible, pharmaceutical grade material,

such as hydroxypropyl nethyl cellul ose, the capsules being filled with a
non- aqueousrbceasésflHﬂlﬂﬁdﬂﬂ(ﬂa}%?@jh %@@l@n@g??t@&thgoggﬂgifse;?grna
adj acent rot [ 1 15,. ea eneral ly i ndr,

shgpe mhich%énglgig %E?$%§Ea S(i gr%%é@§é991§YPﬁhﬂ9§%z?ﬁﬁ$%hery
(ei ght WO 0146803208 @@SEBE@@416W§W4}§mw£gﬂ iipeeg&?eagc&$c&hﬁMﬁh gLfggda
eri pheral h o] t an ein ynchr

go Fhat theﬁ%g%gggeznfé %?%hgﬂma3%35%§6%? d HRHBLRER qHﬁ%%ﬂii

shown) aré aﬁﬂénéédaﬁoamﬁamnﬂnﬁﬁﬂﬂﬁ(b@ﬁwamn %0 aadd 13 0&C aﬂnﬁnﬁx&mpué

bet ween 50 a@@oaocmwgo%h%é@gpu% CQPQFKJ ggﬁﬁggfclgag%ragﬁ pol yneric

material (hydroxypropyl nethyl ose tarnrn ycerol ester as a
pl asti ci ser hY?FP§Y€%§E§ﬂeFE5ﬁ§' §ﬁ&&@¥ﬁﬁ¢cﬁ@h@aldmeg ¢l yaed oll5 dstoar

rollers 20, a@ca shaet1:8 skei ne thﬂso ﬂ&n %g?ﬁﬁg@lﬁe@ e dies

14 and 15 ar a | ength as the wd and may

have ot her 5)2 Fé@ gge 98"35&}36%8?%@@ AWy SheeE L8neing fof

exanpl e 4i0x. uﬁhéodmeshlékﬁﬁ@slﬁ @menﬁO”TmM‘%Féénlﬂganﬁaﬁé'ﬁr%h%g%Q§%%8W

ducts (not s ni_cating t.he S ach recess

val ves (not g%man}ggnggre% I;tg]ﬁc gﬁﬂb ngﬁdg}f% 't ABdeTAYC b8 16

that .are |fAfkbBdracery aﬁovecemsamIﬂﬂad&ﬂv&xxalhg dleﬁgléhé&d length,
for example six. The dies 14 and 15 are hollow, defining

within them narrow ducts (not shown) communiicating with

15 the base of each recess 16, and valves {not shown)
whereby suction can be applied to those recesses 16 that
-are immediately above the pinch between the dies 14 and
15. The axes of rotation of the dies 14 and 15 are
spring loaded towards each other, so the films 18 are

20 subjected to compression as they pass between the dies 14
and 15, and are arranged so that, at their closest, the

dies are 12 um apart immediately around each recess 16§.

Immediately above the two dies 14 and 15 is z non-

25 conductive guide block 22, the films 18 passing between
the lower curved surface of the guide block 22 and the
outer surface of the dies 14 and 15. The filling
material 12 is fed zhrough ducts 24 in the guide block 22
into the gap between the films 18 just above the point

30 where they come together, each duct 24 being aligned with
one of the sets of peripheral recesses 16. The films 18
are softened by their contact with the heated surface of
the dies 14 or 15, and are deformed by being sucked into
the recesses 16 above the pinch point. Hénce the filling

35 material 12 fills the recesses 16 at this point.




15. The axes of rotation of the dies 14 and 15 are spring | oaded to&/grSchP 200k

each other, so the filns 18 are 20 subjected to conpression_as. the ass
bet ween WEOI488E 14 and 15, and are arranged so that, at Fﬂgicimé"ﬂﬁlszgst,
the dies are 12 mapart imrediately around each recess 15. Imrediately
above the two dies 14 and 15 is a non- 25;conductive guide block 22, the
films 18 passing between the | ower curved surface of the guide block 22 and
the outer surface of the dies 14 and 15. The filling mterial 12 is fed

t hrough ducts 24 A midle gueédechboclged@rduyo 1dei gapohrtweed the &ilns 18

just above the pojnt 30 where.the t.oget her,. each _duct 24 bei.n

al i gned mﬁtﬁa3§%9Qﬁt{%% %8?%18P9%éﬁfgﬁb@ﬁ%ré§:s%is }STHSnFFPﬁﬁn%%_ are
sof tened by arheiYecunieel withenheateat ddesrdace of 27 h22dMés . 14 The 15,
and are defaorned by. bej pg. su i .he S .t.he pi nch

poi nt . Hencéatt Y& fﬂ%r%ejhg 1%58!%%3& Eaelq‘)i ftf'héf |%IF<§&?%€ ?%e_g%gggé?iggat this
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26 1s Conne%a?%ﬁ’i@a@ivéagéﬁbﬁihtbv%ec%ﬁ g %&&&Qg gge&égeﬂﬁ%&s

generating a ectrical current at a _frequency of e other
die 14 is cdmaetadtiviedafdrABA Lo ARG AT v TeeRPIt n§regugR§YaRt nduct or

29 to .earth potential. idPedasapagist al indg GauR| | e 2Padnd blechaduct or 29
together forma tuned ¢circuit that has %resonant fr%:%uenc¥l at . which its
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resonant1dr egieneyoss 8b)10heofrekpsmdo)od hehé reemeneyonf 26he Igener at or
suppl 65t h PR IP Uochiy SFTANETRD (harh e RES PP neo1a pass bet vieen
the di es 14 etk Bucheyyaseppddkjsedthsids ttolgh ef eetueéncuekdongl. Tive dipdsed
faces of as the films 18 pass between the dies 14 and 15 they are
subjected to dieleétric welding. The opposed faces of
15 the sheets lB.becoﬁe hot enough to fuse together, whereas
the outer faces in contact with the dies remain at the
temperaturerf the dies 14 and 15. Thus 1in operation an
array of filled capsules 30, each sealed and comnnected
together by a web cf welded sheet 18, emerges from below
20 the rotary dies 14 and 15. The web is only 12 um thick
around the periphery of each capsule 30, so that the
capsules 30 can readily be separated from the remainder
of the web.

25 Because the pclymeric material melts during the
welding process, a bead of molten material forms arocund
the  the welded seam on the inside of each capsule 30, so
that after the capsules have been cut out the wall
thickness is slightly thicker around the seam. The sealed

30 nature of the capsules 30 allows the material 12 to be
liguid, so that a wide range of pharmaceuticals can be
délivered with suclt a capsule 30. By way of example each
capsule 30 might be of ellipsoidal shape, 10 mm long and
7 mm wide. The use of a cellulose derivative (such as

35 hydroxypropyl methyl cellulose) f'or the sheets 18, and so
for the walls of the capsule, has advantages in view of
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It is apparenat from the description of the welding
15 arrangements, that direct contact is made between the
dies 14 and 15 and the sheets 18 of material being
welded. qurier sheets commonly used in dielectric
welding are not required or used. This increases the
acceptability of the process for pharmaceutical use, in
20 avoiding the use of a potential source of contamination,
particularly in view of the fibrous nature of common
barrier materials. A particular advantage of the present
invention is that the capsules 30 can be filled with
liquid. The liquid may be a solution of a
25> pharmaceutically active material, or a medicine in liquid
form, or an emulsion of pharmaceutical material in a
liquid, or a pharnaceutically active oil or other liquid.
It will be readily understood that the filling material
12 must be compatible with the material-of the sheet 18
30 and in particular that water and aqueous solutions are
not desirable in view of the highly soluble nature of the
cellulose derivative. The filling material might
alternatively be a free-flowing powder, for example.

35 Many variations and modifications may be made to the
apparatus described above without departing from the
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event the PET2RNSS as to create a bead of molten material around the
welded seam at the edge of each recess. The rotary dies
15 might incorporate a punch mechanism to separate the
capsules 30 from the web, rather than merely forming a

thin portion of web arcund each capsule 30.




of a plasticiser in the polynmer filmis beneficial to both the forr’rﬁgsgpm
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the filnse down to a thickness of say 0.3 mmover the entire weld area,
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of recessesj(16) .5 t r sses with a flowable filling

mat eri al (12)( melméﬁééégg £ ﬁ%%é@?h&% é1F§r§F°@|ﬁﬂkm%l(b$ﬂyoﬁf

encl osures (BO}Yeentis ma@nimlflthengro&atser talptid)ing f}_q} %' ng the
e Ti1lns ? S0 as

filled englo h n arts_of th
hoadEBETiAY EH% %fF%%ggE t 9W£@r@PﬁtﬁﬁéﬁﬁﬂﬁﬂrQ¢ process is

to form the said nmu
dielectric mE?GPﬁ@eﬁedﬂ@HnedHﬁ%m@mnthepaecestesr@lanyWQdﬁSéjf& %% and
of a water-so e or

characteri zegliinihha r S 1
dlgestlbllaZ T Bnngggﬁgﬁéﬁlg% L@Sggiﬁ%gggé gil@FaFﬁﬁﬁqn?Qﬂ%@nfqrm
wherein the @ dF‘éngPPELE%‘EM G’ifnﬁng]é?ﬁmm%l (28) apphyaDgiskeetd Cﬁllﬂlgnal s

to the rot am}atdefﬁailfﬂlzﬁ) abw %%?éﬁa@ﬂq&aﬁgémﬁfﬂgg g{olﬁ Lin (S?[S§|2

imed in claim erern

3. A
ot i ar +§%SFEIBﬁénF89aP§1rdﬁse Y dhe jfidorpot 18 pssa 'atsne.d) Cﬂd:r_@rhll t

connectlon to
(28, 29) 25the said multiplicity of capsules, wherein the welding

process is dielectric welding performed between a pair of

rotary dies (14, 15), and characterized in that the

process uses films (18) of a water-soluble or digestible
15 polyméric material.

2. A process as claimed in claim 1 wherein the
dielectric welding step involves applying electrlcal
signals to the rotary dies (14, 15) by use of

20 capacitative coupllngs (27, 28).

3. A procCess as claimed in claim 1 or claim 2 whereln
the electrical connection to at least one rotary die (14)
incorporates a tuned circuit (28, 29)

25
4. A process as claimed in any one of the Preceding
claims wherein each film (18) comprises a water-soluble
cellulose derivative.

30 5. A process as claimed in any one of the preceding

claims wherein each film (18) comprises a water- soluble
or digestible plasticiser.

6. A process as claimed in any one of the preceding

35 claims wherein each film (18) is dry., being in




4. A process as clainmed-in any one of the preceding clains wherei 'ESEE
film(18) conprises a water-soluble cellulose derivative. 30 5. Aq% R
as clainmed in any one of the preceding clains wherein each film (18)
conprises a water-soluble or digestible plasticiser. 6. A process as
clainmed in any one of the preceding 35 clains wherein each film(18) is
dry, being in 09 SEP 2004 -10 substantial-i@quilibriumw th anbient

at nrosphere containing humdity. 7. A process as clainmed in any one of the
preceding 5 clains wherein the filnms (18) are heated to above anbi ent

t enper at ure BBPSLaBdiag et bk el Vétm enbileadtesdemsphereprocess as

clainmed in aBMn%ﬁ%ﬂThé £geding clains wherein the dies (14, 15) are
sufficiently close 107together during the welding process, at |east around
the periphery of each recess (16), that after welding the film

surroundin ach ga i L&l ent t hi hat_ t he ules (30
can be easigl 3 sepg'r %?gg%%géét E:ef%irfé%%i %ﬁnéxe(egb%?th%&eo e%%ggélgpai gred)i n
any one o? thbaphecwhiesglirc|tianst 3 ¥mahi t8)t Acewbkditred it pEvdoe nedbdicdtout

use of barri&mpabaetsebeiea thei el eatEoiRs2RE kher IlHB L beLag ye! ded

8. A process as claimed in any one of the preceding
claims wherein the dies (14, 15) are sufficiently close
10 together during the welding process, at least around the
periphery of each recess (16), that after welding the
film surrounding each capsule(30) is sufficiently thin
that_the capsules (30) can be easily separated from the

remaining web.

9, A process as claimed in any one of the preceding

claims in which the welding is performed without use of

barrier sheets between the electrodes and the films

being welded






