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"580: T N CAPSULE. MANUFACTURE. The. pr.esent.-i-nvention rel ates t 04 $ott
atl n c apsul es haV| ng a‘ eapsul e'-shefl made' of gel atin, plastici Zi ng

age ,g in parti cuI 2 propytene.dgh yreets L aAd bpt i onal | y further

.,gum | T%ry materi al S, and ycapsulee PLI | ngecofit-ai ni nbl8s8088ent, adj uvants

% Fagd one or nore phawﬁacel agi-cak.Ly:. adtivessubstances. The invention further
Pf‘el‘%%gs to a proces¥’for preparing sech soft. gel atin capsul es. Sone
arrmacol ogi cal ly active subst-ances nmay ‘have bi ophar maceut i cal and/ or
p
co

Axsi cochemi cal properti-es whi'ch nmake them-difficult to formulate into
rcially acceptable fornulations. Such substances may however be
orconveni ent |y adnmi ni st SQHTIGELAJIN CABSHLE: MANUFAGEMRBEex carrier nedi um
made up of several conponents. Solvents such as 1, 2-propyl ene glycol and

difret hyl i sosorbide have great potential in such carrier media. The carrier
> Aedi um ”?ﬁegﬁegéﬁ’t' |ﬂO@ﬂldrPrélQl'é§‘t@%dwg’élﬁttﬁ%abgufegq\aﬁﬁm(‘dhﬁsb@ St
faC| litating absorption of
E made of gelatin, plasticizing agents, in particular 1,2-propylene’ glycol, and
optionally further auxiliary materials, and a capsule filling containing soivent,
5 adjuvants and one or more pharmacologically. active substances. The invention

further relates to a process for preparing such soft gelatin capsules.

Some phamacologically active substances may have biopharmaceutical and/or
physicochemical properties which make them difficult to formulate into
commercially acceptable formulations. Such substances may however be

10 conVeniently administered in liquid form, e.g in a complex carrier medium made
up of several components. Solvents such as 1,2-propylene glycol and dimethyl
isosorbide have great potential in such carrier media. The carrier medium may
be designed to form an emulsion in the stomach thereby facilitating absorption of
the pharmmacologically active substance. The carrier medium may have to be

15 accurately prepared and even slight vaﬁatiohs in the composition cannot be
tolerated without irreversibly upsetting the system, and destroying its beneficial
properties. Thus the sblubilizing properties of the capsule filling may be changed
and the active substance precipitafes out. This precipitation process may be
irreversible, and the patient is under-dosed. The emulsifying properties of the

20 capsule filling may be changed, and, upon administration, an emulsion may not
be formed in the stomach and the pharmacologically active substance is not

correctly or reproducibly absorbed.

Encapsulation of such liquid formulations in soft gelatine capsules potentially
offers a very convenient way of administering such pharmacologically active
25 substances. However the manufacture of commercially acceptable liquid filled

soft gelatine capsules is fraught with difficulties which restricts the availability of

this approach. Thus, during manufacture, the capsule shell is formed from wet
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the pharmacol ogical |y active substance. The carrier mediummay have to be
accurately prepared and even slight variations in the conposition cannot be
tolerated without irreversibly upsetting the system and destroying its
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phar macol ??I cally active substances. However the manufacture of

commer ci & [tye sapeediing are)lost il ed soft gel atine capsules is fraught

with difficulties which restricts the availability of

In recent years microemulsion pre-concentrates have been developed as carrier
media for active substances which are sparingly soluble in water, which
microemulsion pre-concentrates exhibit a distinct improvement in the

10 bioavailability. Examples of such microemulsion pre-concentrates have been
described, for example, in the UK patent application No 2 222 770 A {equivalent
to DE-A-39 30 928) for the active substance cyclosporin. Microemulsion pre-
concentrates consist of a hydrophilic phase, a lipophilic phase and a surface-
active agent. As the hydrophilic phase there has been expressly mentioned and

15 also used in the examples propyleneglycol, and more specifically 1,2-propylene-
glycol. - UK patent application No 2 222 770 A mentions, as an application form
of the microemulsion pre-concentrates in addition to hard gelatin capsules, also
soft gelatin capsules as well as other parenteral or topically applicable forms; cf.
page 13, lines 16-25. We have found that microemulsion pre-concentrates

20 comprising 1,2-propyleneglycol as the hydrophilic phase in soft gelatin capsules
are prone to the migration of the 1,2-propyleneglycol into the capsule shell from
the capsule filling. Not only softening of the capsule shell occurred, but also a
destruction of the microemulsion pre-concentrates, because the hydrophilic

component was withdrawn therefrom.

25 Since propyleneglycol, and more specifically 1,2-propyleneglycol, is a good
hydrophilic solvent, it would be desirable to employ this solvent also for the
preparation of capsule ﬁllings.' It is true, it is readily possible to produce such
gelatin capsules wherein, for example, glycerol or sorbitol are used as the
plasticizer for the capsule shell. However, such soft gelatin capsules are not

30 stable, since with the lapse of time the propyleneglycol migrates into the capsule
shell from the capsule filling so that the capsules will become weak.
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~pro ch. Thus, during manufacture, the capsule shell is forned f
e -2-/ gel atine bands and the resultant wet capsules are dried. During
or even afterwards, we have found that conponents in the capsule

y migrate into the capsul e.ghell, and vice versacadereboss
the conposition of the capsule fi 1 ng at |east in the bounda

n/near the interface of the capsule filling and the capsul e shell,
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there will be a decrease in volume and a reduction in pressure in the interior of

the capsule.

We have now found that the migration of, e.g. 1,2-propyleneglycol, may be
hindered by using this component in the gelatine band composition with the
result that it is present in the capsule shell. However we also experienced
difficulties in the commercial manufacture of soft gelatine capsules containing

1,2,propylene glycol.

in EP-B-0 121 321 there have been disclosed soft gelatin capsules wherein at
least one pharmacologically active substance has been dissolved or suspended
in a liquid polyethyleneglycol, the capsule comprising gelatin, a plasticizer
therefor and a compound for preventing embrittlement which compound is a
mixture comprising sorbitol and at least one sorbitan. If so desired, alcohols
having several hydroxyl groups are added to the capsule shell as the
embrittlement-preventing compound. As polyhydric alcohols suitable for this
purpose there have been mentioned glycerol, sorbitol and propyleneglycol.
Furthermore this patent specification mentions that the capsule filling may also
contain such alcohols comprising several hydroxyl groups. Again glycerol,
sorbitol and propylenegiycol have been described. However, it is conspicuous
that in the e)iamples glycerol has been exclusively used for the capsule filling as
well as for the capsule shell. This may be to the fact that the attempts to
substitute propyleneglycol for glycerol in the capsule shell failed. Aithough
propylenegiycol is basically suitable as a plasticizer for gelatin, in the large scale
commercial manufacture of such soft gelatin capsules according to the so-called
Rotary Die Process the gelatin bands, once poured onto the cooling drums, may
be removed only with difficulty from the cooling drums and passed to the
molding rolls where the encapsuilation is effected. The reason therefor is that the
gelatin bands containing propyleneglycol as the plastxcxzer are substanttally more
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m croenul si on pre-concentrates exhibit a distinct inprovenent in tye

bi oavai l abi lity. Exanples of such microenul sion pre-concentrates have been
described, for exanple, in the UK patent application No 2 222 770 A
(equivalent to DE-A-39 30 928) for the active substance cyglO$PRROLE >
M croemul si on pre- concentrates consist of a hydrophilic phase, a &
| i pophilic phase and a surface- active agent. As the hydrophi I I C phase .—;\‘s‘g

t here has e ssly _nmentipned . an dlnt é‘c
propyl ea PX/@?)E? ﬁﬁ?‘f’ %ﬁ@nﬂ%gﬁ' ?'@élqr$°?b'§ﬂ I%ﬁﬁt' ‘g‘f l%&m'atent\ Qe\ <
appl i Catéd?ﬂgblaua capRuieEhdving At ddpttile aﬁem&oﬁwﬂsirrgagelaﬂnfamm of the ©
m croenul si dn pre-concentrates in addition to hard gelatin capsules, also

sof t gelpropyleneglygbbas asplaetitizershanehseveabeen intedusedtiols practigeappl i cabl

fornms; cf. page 13, lines 16-25. W have found that m croemnul sion
pre-concentrates conprising 1 ,2-propyleneglycol as the hydrophilic phase

n_sof t jetpip.n 2Paab YWerd Raws BEEN Tdi’scﬂd%é heladihicapstlestWRich, in the
1, 2-propyl enegl ycol into the capsule shell Trom
5 capsule filling, contain a solvent mixture which contains at least 5% by weight of
ethanol and at least 20% by weight of one or more partial glycerides of fatty
acids having from 6 to 18 carbon atoms. In the description there has been
mentioned that the capsule shell may contain glycerol, propyleneglycol, sorbitol
and sorbitans as the plasticizer. However, again just glycerol, sorbitol and
10 sorbitans were used in the capsule shell, because propylene glycol results in the

above-described undesirable tackiness.

Since the use as a plasticizer of propyleneglycol in the capsule shell results in
difficulties in the manufacture of soft gelatin capsules according to the Rotary Die
Process, there was a further need for developing a process wherein the

15 manufacture of soft gelatin capsules according to the Rotary Die Process is
possible even in the case where the capsule shell contains a component which

leads to tackiness, e.g. 1,2-propylenegiycol.

We have found surprisingly by cooling the cooling drum with a liquid coolant it is
possible to eliminate - or at least to suppress - the troublesome tackiness
20 observed, and a commercially feasible manufacture of such soft gelatin capsules

is possibie.

Therefore, the present invention provides soft gelatin capsules which include a
capsule shell comprising gelatin, plasticizers and, if desired or required, further
auxiliary materials, and a capsule filling containing solvent, adjuvants and one or
25 more pharmacologically active substance(s), wherein the solvent of the capsule
filling, at least in part, is a migrateable component and which, nevertheless, are
stable. e
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In one aspect the invention provides a liquid filled soft gelatin capsule
5 characterized in that the capsule shell contains a migrateable component (other

than glycerol) which is also present in the capsule filling.

- In another aspect the present invention provides a process for encapsulating a
liquid mixture in gelatine to form soft gelatine capsules, wherein one component
of the mixture has a propensity to migrate into gelatine, characterized in that the

10 gelatine composition used in the encapsulation process contains also the said

migrateable component, and said migrateable component is other than glycerol.

In another aspect the present invention provides a process for manufacturing soft
gelatin capsules having a capsule shell comprising gelatin and a component
which leads to tackiness, characterized in that cooling of the gelatin bands to

15 form the capsule shell is effected using a liquid coolant. Preferably, but not
necessarily, the component which leads to tackiness is a migrateable

.component.

Typical migrateable components include non-volatile pharmaceutically acceptable
solvents which are capable of mixing with, or forming a solid solution with, the

20 gelatine. As mentioned above glycerol is mentioned in the above EP-B-0-
121321. However, glyceroli is not a particularly good soivent, and in general does
not lead to tackiness. Glycerol may of course also be present as described

hereinafter.

Typical migrateable solvents include tetrahyrofurylalcohol ethers, e.g. glycofurol
25 diethylene glycol mono ethyl ether, e.g. transcutol, 1,3-dimethyl-2-
imidazolidinone, dimethylisosorbide, polyethylene glycol (e.g. of molecular weight
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-3- Furthernore, such softened capsules will undergo defornmation, b&cause
*due to the mgration of part of the solvent into the capsule shell fyomthe

capsule filling there will be a decrease in volunme and a reduction i

pressure in the interior of the capsulge. W have now found C&igti18eD8s:
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5 filling is established soon after encapsulation. During the equilibration phase the
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migrateable component may migrate from the capsule shell into the capsule
filling (thereby increasing its concentration in the capsule filling and decreasing it
in the gelatine shell), but migration of the migrateable component into the

capsule shell from the capsule filling is significantly reduced.

10 in one embodiment of the invention the carrier filling at least partially is 1,2-

propyleneglycol, but not predominantly polyethyleneglycol. In another aspect the
present invention accordingly provides a soft gelatin capsule having a capsule
shell comprising  gelatin, plasticizers and, if desired or required, further
auxiliary agents, and a capsule filling containing a solvent, wherein the solvent at
15 least partially is 1,2-propyleneglycol, but not predominantly polyethyleneglycol,
characterized in that the capsule shell contains 1,2-propylenegiycol.

The term gelatin as used herein includes not only unmodified gelatin as in the
European Pharmacopeia and NF but also modified gelatin such as succinated

gelatin.

20 Typical pharmacologically active substances include substances difficultly soluble
in water, which have a solubility in water of less than 1% (w/v) such as
cyclosporins and macrolides. Cyclosporins comprise a class of structurally
distinct, cyclic, poly-N-methylated undecapeptides, generally possessing
immunoéuppressive, anti-inflammatory, anti-viral multidrug resistant and/or

25 anti-parasitic activity, each to a greater or lesser degree. The first of the

. cyclosporins to be identified was the fungal metabolite Cyclosporin A, or
Ciclosporin, and its structure is given in The Merck Index, 11th Edition; Merck &'
Co., Inc.; Rahway, New Jersey, USA (1989) under listing 2759. Large numbers
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For /and a conpound for preventing enbrittlenent which conpound is a
: onprising sorbitol and at | east one sorbitan. If so desired,
havi ng several hydroxyl groups are added to the capsul e shell as

Wit ement - preventing conpound. As pol yhydric al copgdes) igugdgabl e for
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@py)eneglycol . Furthernmore this patent specification nentions that the

Eroups. Ssthel SRR abrbs KhoRan T shor RIS AGTBRCRENE S DU PAlery o
ver ,apptncaﬁorcmszlzzgopm AN Theks indiade xagaard|cyespbrifge.deen
| usi vel é‘: used for_the capsule filling as well as for the capsule shell.

ETh s mayCYE posntAeriGer synteticieyciasperiptderivatives thareat @.r opyl enegl ycol for
| uinSL? 13 e85y SRR B v T s T RS B 06 scml & sormercial
rgf acou(e-Hidrexethdp(D) St Ciclbspara UAREmativelydthepHamiagelogicatigl | ed
active substance may be a macrolide such as a rapamycin, including
derivatives thereof. Large numbers of derivatives of rapamycin have been
synthesized, including for éxample those disclosed in US patents 5221670 and
5221740, certain acyl and aminoacyl-rapamycins (see for example US patent
10 4316885, US patent 4650803, and US patent 5151413), and carbonates and
amide esters (see for example EP 509795 and 515140) 27-desmethyl-rapamycin
(see for example WO 92/14737), 26-dihydro-rapamycin (see for example US
patent 5138051), alkoxyester derivatives (see for example US patent 5233036),
and certain pyrazole derivatives (US patent 5164399). A preferred rapamycin is
15 40-0-(2-hydroxy)ethyl rapamycin as disclosed in PCT/EP/93/02604.

FK 506 is a macrolide immunosuppressant that is produced by Streptomyces
tsukubaensis No 9993. The structure of FK506 is given in the appendix to the
Merck Index, as item AS. Also a large number of related compounds which
retrain the basic structure and immunological properties of FK506 are also
20 known. These compounds are described in a large number of publicétions, for
example EP 184162, EP 315973, EP 323042, EP 423714, EP 427680, EP
465426, EP 474126, WO 91/13888, WO 91/19495, EP 484936, EP 532088, EP
532089, WO 93/5059 and the like. These compounds are termed collectively
"FK506 compounds" in this specification. Examples of compounds are FK 5086,
25 ascomycin and those disclosed in EP 427 680, e.g. Example 66a.
Other preferred compounds are disclosed in EP 465 426.

Any of the pharmacologically active substances mentioned in the specifications
referred to above may be used in the capsules of the invention, e.g. in the

examples mentioned hereinafter.
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Rotary Die Process the gelatin bands, once poured onto the cooling
may be removed only with difficulty fromthe cooling drunms and passk
the nolding rolls where the encapsulation is effected. The reason tRerefor

is that the gelatin bands containing _propyl eneglycol as th | er are
substantially nore -4- tacky than ? hose contai ni ng gl ycgrag% ilgér 8g%r I tol (\b"’

as the plasticizer. This is why soft gelatin capsul es having a capsul & 6e,Q &
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contain a component which is volatile to some extent at the temperature of \
capsule production or storage such as ethanol which will to a certain extent pass .

5 through the capsule shell until equilibrium is reached.

The present invention is of particular importance for the manufacture of soft
gelatin capsules in which the capsule filling may form an emuision on mixing
with water, see e.g. WO 94/5312. Thus the capsule filling may be a
microemuision pre-concentrate containing e.g. 1,2-propyieneglycol as the

10 hydrophilic component e.g. those disclosed in UK patent application Nos 2 222
770 A and 2 257 359 A.

Other components may include a hydrophilic component, lipophilic component,
surfactants and co-surfactants mixed together to provide a uniform mixture.

The capsule filling may contain a mixture of C,,,, fatty acid mono-, di- and/or

15 tri-glycerides e.g. from com oil. Preferably the mono-, di-, and tri-glycerides have
a low saturated fatty acid content preferably obtained from commercially
available glycerol transesterification products by separation techniques as known
in the art (for example purification to remove glycerol by washing and freezing
procedures coupled with separation techniques such as centrifugation) to remove

20 the saturated fatty acid components and enhance the unsaturated fatty acid
component content. Typically the total saturated fatty acid component content will
be less than 15%, (for example <10%, or <5%) by weight based on the total
weight of the component. A reduction of the content of saturated fatty acid
component in the mono-glyceride fraction may be observed after being subjected

25 to the separation technique. A suitable process is described in WO 93/09211.
Because the undesirable migration into the capsule shell from the capsule filling

is reduced, the amount of migrateable component to be used in the capsule shell
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e devel opi ng a process wherein the manufacture of soft” gelatin capsules
r di ngpayobe hehaeenasg tiEt dheresuting conpentsatineofawnigrateabiencompopenhdne t he

hel |l contains.a conponent ich | eads to tackiness, .e.(d.
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th a | hasoripRsicey adlingSfrom 1 to 35% by weight of migrateable solvent to the
gelatin composition. The gelatin composition initially contains water which in tum

is removed in the subsequent drying operation.
A typical weight ratio of the migrateable component to gelatin is from 1:1 to 1:4.

The preferred range of the migrateable component content in the dried capsule
10 shell is between 10 and 32%. In order to accomplish this, from 4 to 30% of
migrateable component is added to the aqueous gelatin composition. Especially
good results with microemulsion pre-concentrates containing 1,2-propyleneglycol
as the hydrophilic component are achieved upon adding an amount of from 8 to

25% of migrateable component to the aqueous gelatin composition.

15 Another surprising advantage of the invention is that by using a migrateable
component such as 1,2-propyleneglycol as the plasticizer in the capsule shell
the amount of water required for dissolving and melting the gelatin may be
reduced. While glycerol is highly viscous or syrupy and sorbito! itself even is a
solid, the migrateable component such as 1,2-propyleneglycol may be a low-

20 viscosity liquid. The reduction in the water content of the gelatin solution for
producing the gelatin shell is a major advantage in that, during the process of
drying the wet capsules, a smaller amount of water will make its way into the
capsule filling from the initially moist shell. Thereby, with medicaments that are
sparingly soluble in water, in many cases precipitation by crystallization of the

25 active substance in the capsule filling can be prevented. Furthermore, due to the
low diffusion of water into the-capsule filling from the capsule shell a more stable
capsule is obtained.
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additives such as dyes, colorant pigments, flavoring agents, sugar, oligo-
saccharides or polysaccharides. However, it is preferred that the capsule shell in
the wet state and, thus, at-the time of encapsulation, contains sufficient
migrateable component so that any migration of the migrateable component

into the capsule shell from the capsule filling is reduced or prevented. The
equilibrium concentration in the first place is determined by the concentration in
the capsule filling of migrateable component such as propyleneglycol. However,
it may also be affected by the qualitative and guantitative composition of the

lipophilic component, the surfactants and the co-surfactants as well as the

amount of further components of the capsule filling and the capsule shell. Thus,
the optimum amount of migrateable component in the aqueous gelatin
composition for an intended capsule filling can be determined by way of some

simple and conventional preliminary tests.

If glycerol is employed as a further plasticizer in the capsule shell in combination
with migrateable component , the concentration of the 'glycerol may be less than
18%, and preferably even below 12%, relative to the weight of the moist capsule
shell. A typical weight ratio of the migrateable component to glycerol is from 1:1
to 1:0.2.

The process according to the invention is basically carried out in the same
manner as usual in accordance with the Rotary Die Process as described in
greater detail, inter alia, in Lachmann et al., "The Theory and Practice of
Industrial Pharmacy”, 2nd Edition, pages 404-419. It is apparent from Figure 13-
9 and its description in page 414, right column, last paragraph, that the gelatin
band is passed over an air-dried rotating drum. The temperature of the cold air
was reported to be 56 °F to 58 °F, corresponding to 13.3 °C to 14.4 °C, but this

only inefficiently cools the gelatine.
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rocess according to the invention it is also possible to produce
I n capsul es according to EP-B-O 121 321 which contain liquid

3 eneglycol in the capsule filling and 1, 2-propyl eneglycol in the
| | one aspect the invention pjpvides a liquid filledssofd-gogd atin
gepsul e/ characterized in that the capsule shell contains a mgrateable
BEpongnt (other than glycerol) which is also present in the capsule

11 [Ag. In another aspect the present invention provides a process for

I n one conponent of the m xture has a propensity to mgrate into
tine, characterized in that the gel ati ne eonposition used in the
psul lattheragsoprasyingfigurient al so the said nigrateabl e conponent, and
safd m grateabl e conponent is other than glycerol. In another aspect the
pryesent invention provides a process for manufacturing soft gelatin

psul esAhavi eprésetad autsvlingeapparanie! fof ki caelirj mediird a conponent
B shoWs the feed flow of the cooling medium

represents gelatine

represents the spreader box

represents the cooling drum

represents the gelatine band

indicates the direction of rotation of the cooling drum

I O Mmoo

represents the gelatine band take-off, and

10 shows the retum flow of the spent cooling medium

In another aspect the invention provides a cooling drum for cooling gelatin bands
to form soft gelatine capsule shells wherein the drum is adapted with means for
cooling the drum surface using a liquid coolant e.g. water. The cooling drum

may be in association with a machine for producing soft gelatine capsules.

15 According to the invention, the cooling drum - as shown in the attached
schematic figure - is cooled with a liquid coolant, with water being particularly
preferred as the coolant, and being administered at such a rate that it can
remove large quantities of heat quickly to provide a rapid and thorough cooling of

the gelatin bands.

20 The gelatine bands conveniently have a temperature of about 65°C when they
contact the cooling drum. The bands may be better and more evenly cooled by
the cooling drum according to the invention than an air-cooled cooling drum.
The gelatine bands stick less strongly to the cooling drum according to the

invention and after the bands have been cooled to about 20°C they may be
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whi ch | eads to tackiness, characterized in that cooling of the ge{atin
bands to formthe capsule shell is effected using a |iquid cool ani\.
Preferably, but not necessarily, the conponent which |eads to tackjness is
a mgrateabl e conponent. Typical m_gsateable conponents gt 4988088
non-vol ati |l e ‘pharnaceutically acceptabl e solvents which are capabl e of -
mxing with, or formng a solid solution with, the gelatine. As nent\on g

cbove. SLGH] Anded o B hdpaldiniooy, 7 25,0, 121521 Fovever, alycirol &

tacki ness. dycerol may of course al so be present as descri bed here| naft er \?
Typi cal _m grateabl e solvents include tetrahyrofurylal cohol ethers, e.g
gI ycof uTbis rgsultts ot aslygnye bettan hut @lsg in atnere unifam eeeling ol e, gelatln

b3 O B~ 3 R {h B TR oA Ry B AR 01 YOO

20°C, in comparison with from 20 °C to 22 °C for gelatin bands in the absence of

5 1,2-propyleneglycol. For example gelatin bands comprising 10% of such a
component , e.g. 1,2-propyleneglycol (corresponding to Examples 1 and 3
hereinafter) preferred temperatures are from 18 °C to 20 °C and for gelatin
bands comprising 21% of such a component (corresponding to Example 2) it is

even lower, i.e. from 16 °C to 18 °C.

10 The temperature of the cooling medium may be thermostatically controlied

precisely e.g. with a cryostat.

The rate of flow of cooling medium, e.g. water, is conveniently from about 300 to
500 litres /hour. The rate may be conveniently controlied by a flow meter. The
rate of flow may naturally be increased or decreased, for example with

15 particularly thick or thin gelatine bands, or by increase or decrease of the rate of
rotation of the cooling drum. Typically the rate of rotation of a cooling drum with

a diameter of about 50 cm is about 0.5 rotations per minute.

The cooling medium, e.g. water, may be pumped in a single E:ircuit, or preferably

a double circuit as shown in the accompanying figure, through the cooling drum.
20 By separation of the cooling medium into an upper and lower circuit an

especially good and.uniform cooling of the gelatine band may be obtained.

The cooling drum may be made of good conducting metal or metal alloy, e.g.

aluminum or steel.

The disclosures of all the references mentioned above are incorporated by

25 reference.
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0 to 600) and preferably propyl ene glycol or solvents having
ygration capability. Preferably, the concentration of the
m ﬂq%;a | e conponent in the capsule shell is chosen to be so high that an

appro tely stable equilibrium of e concentrations be iﬁﬁéﬁ? capsul e

shel | d the capsule filling is esfanlished soon after e

During/the equilibration phase the mgrateable component nmay mgrate from

the capsul e shell into the capsule filling (thereby increasing its

concent riAefedmaiter: t he capsule filling and decreasing it in the gelatine
i;shell) but mgration of the m grateable conponent into the capsul e shel

% the capsule filling is significantly reduced.

Labrafil M 2125 CS is a transesterified ethoxylated vegetable oil known and
commercially available under the trade name Labrafil which is obtained from com
oil and having an acid number of less than about 2, a saponification number of
155 to 175, an HLB value of 3 to 4, and an iodine number of 90 to 110.
Cremophor RH 40 is a polyethyleneglycol-hydrogenated castor oil available
under the trade name Cremophor RH 40, which has a saponification number of
about 50 to 60, an acid number less than about 1, a water content { Fischer)
less than about 2%, an n,® of about 1.453 to 1.457 and an HLB of about 14 to
10 16.

Further details on the excipients are available in the literature such as H.
Fiedler, Lexikon der Hilfsstoffe, 3" edition, vol 2, page 707, as well as
manufacturer’s brochures.

The soft gelatin capsules according to the invention and the process for

15 preparing same is further illustrated in the following Examples.

EXAMPLE 1

500 mg of a phospholipid solution containing 12% of 1,2-propyleneglycol as a

solvent and diluent are encapsulated with a gelatin composition as follows:

Component _
20 Gelatin 47.5%
1,2-Propyleneglycol 10.0%
Glycerol ) 6.0%
Water _36.5%
100.0%
25 After encapsulation and drying, the capsules are packaged in glass bottles. The

capsules thus manufactured have a good capsule shape and may be stored for
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I n one enbodi ment of the invention the carrier filling at |east paitially

is 1,2- propyl eneglycol, but not predoninantly polyethyl eneglycol. {n

anot her aspect the present invention accordingly provides a soft gel tin
capsul e having a capsul e shel | conpri giyng gelatin, plastig é%eq , i f \
desired or required, further auxiliary agents, and a capsul e I|ng \ ®
containing a solvent, wherein the solvent at |least partially is | )
1, 2- propyl ene col . but not predom nantly pol yethyl enegl ycol, Lo
characterﬁ?gagv SBfut the capsul e shell contains 1,2-propyl eneglycol . The
termgelatin as used herein includes not only unnmodified gelatin as in

gel atin. IVIEY Mo aNgLleal |y active subst ances include substances
dlffICU|t|y soluble in wat er, which have a solubility in water of less tfg
1% (w' v) such as cyclosporins and macrolides. Cyclosporins conprise a clags

of struct gl hy of a phospholipid solution containing 12% of 1,2-propyleneglycol as a

solvent and diluent are encapsulated with a gelatin composition as follows:

5 Component
Gelatin : 49.0%
Glycerol 11.9%
Water 39.1%

100.0%

10 After encapsulation and drying, the capsules have deformations of the capsule
shell so that they are not suitable for commercialization.

EXAMPLE 2

a) Microemulsion pre-concentrate comprising 1,2-propylenegiycol as the
hydrophilic component for encapsulation in soft gelatin capsules:

15 Component Amount {mg/capsule)
1,2-Propyleneglycol 100.0
Mono-, di- and triglycerides from com oil 160.0
Cremophor® RH 40 (1) 190.0
Cyclosporin A . 50.0

20 Total amount ' 500.0

(1)  Cremophor® RH 40, is a pelyoxyethylene-glycolated hydrogenated castor
oil and a Trademark of the company BASF Ludwigshafen, Germany.
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clic, poly-Nnethylated undecapepti des, generally possessing

u ressive, anti-inflammatory, anti-viral nultidrug resistant and/or

sporin, and its structure is given in The Merck |Index, 1lth
Merck & Co., Inc.; Rahway, New Jersey, USA (1989) under |isting

s R s e S R A
de e.g. rmmlamlmfabermmmanglsmpmamnoenﬁaw G or synthetic
ycI osporin derivatives thereof, e.g.

Component

Gelatin i _ 47.5%
5 1,2-Propyleneglycol 21.0%

Water 31.5%

100.0%

After the encapsulation of the microemulsion pre-concentrate the capsules are

dried. After drying the capsules are packaged in moisture-tight glass bottles.
10 The soft gelatin capsules thus prepared are stable for more than two years, e.g.

more than 3 years, and have an unobjectionable appearance i.e. a satisfactory

capsule hardness and a satisfactory capsule shape

The content analysis of 1,2-propyleneglycol in the microemulsion pre-concentrate
and in the capsule shell exhibits the following values 2 days, 7 days, 18 days

15 and 35 days after the encapsulation:
Time Capsule contents Capsule shell
[mg] [mg] [%]
2 days 104.8 70.6 24.6
- 7 days 107.3 72.0 25.8
18 days 104.1 69.0 25.1
20 35 days 101.5 70.7 25.7

The 1,2-propyleneglycol content in the capsule contents and in the capsule shell
remains approximately constant over the whole test period, i.e. the composition

of the microemuision pre-concentrate is not changed. -~ - ——v e o
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([3'-desoxy-3"-oxo-MeBnt][err]-[Val][err]-Ciclosporin) or
-[0-(2-hydroxyethyl)-(D)Ser][err]-C closporin. Alternatively the
phar macol ogi cal |y active substance nmay be a nacrolide such as a rapa
i ncludi ng derivatives thereof. Large -pguirbers of derivativegCasé 118439
have been synthesized, including for exanple those disclosed in US pajents .o
5221670 and 5221740, certain acyl and am noacyl -rapanycins (see for e
US pat ent g43dBgR.3 US patent 4650803, and US patent 5151413), and
carbonat esandanr de esters (see for exanple EP 509795 and 515140)
27-desnet hyl -rapanmycin (see for exanple WO 92/ 14737), 26-di hydro-rapanycy

(see for exanp US patent 5138051), al koxyest-er derivatives (see for
examl o U pat Mieros SR PreEaCeatale sPTBpHSIRG| b2 PePPYERegNeol St ent

i sclosed | n' peoR s BRAY T Ari dtaol s BEEBONDN HEMBBINEY (et

i s produced byc&thpepeniiorencapsulation in soft gelatin capsules: .

5 Component Amount (mg/capsule)
1,2-Propyleneglycol 150.0
Ethanol 150.0
Mono-, di- and triglycerides from com oil 320.0
Cremophor® RH 40 (1) 380.0
10 Cyclosporin A 100.0
1 100.0

b) Gelatin composition containing 1,2-propyleneglycol and glycerol as

plasticizers for the encapsulation of the microemuision pre-concentrate.

Component
15 Gelatin 47.5%
1,2-Propyleneglycol 10.0%
Glycerol 6.0%
Water _36.5%
100.0%
20 After the encapsulation of the microemulsion pre-concentrate the capsules are

dried as in Example 2 and are packaged in glass bottles. The capsules thus
prepared are stable for more than two years and have an unobjectionable
appearance, i.e. a satisfactory capsule hardness and a satisfactory capsule

shape. -

25 The content analysis of 1,2-propyleneglycol in the microemulsion pre-concentrate
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No 9993. The structure of FK506 is given in the appendix to
ndex, as item A5. Also a | arge nunber of related conpounds which

retradp,t e’ basi c structure and i nmunol ogi cal properties of FK506 are al so

se conpounds are described _yf a | arge nunber of puRlijgaigegss, for
P 184162, EP 315973, EP 323042, EP 423714, EP 427680, EP 465426,

53 2059 Byt 01580 PR SR FYAEEe SBLI 951408 5380

cin and t hose d| sclosed in EP 427 680, e.g. Exanple 66a. O her

ounds are discl osed in EP 465 426. Any of the

active suggt an ondd 1 n the spe ti ons
Jﬁ Mfay be us r{gQ{%uI ds of thgaip%b'&n '% in the
nti oned hereijnafter.
[mg] _ [mg] _ [%]
18 days 156.0 61.6 15.6
42 days 152.4 60.8 15.4

5
a)
10
b)
15
20

COMPARATIVE EXAMPLE 2

Microemulsion pre-concentrate comprising 1,2-propyleneglycol as the

hydrophilic component for encapsulation in soft gelatin capsules:

Component Amount (mg/capsule)
1,2-Propyleneglycol 180.0
Mono-, di- and triglycerides from com oil 360.0
Cremophor® RH 40 (1) 360.0
Cyclosporin A 100.0

1 000.0

Gelatin composition containing glycerol as plasticizer for the encapsulation

of the microemulsion pre-concentrate.

Component

Gelatin " 49.0%
Glycerol 11.9%
Water | - 38.1%

100.0%

After the encapsulation of the microemulsion pre-concentrate the capsules are
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-8- The carrier nmediumnmay contain a wi de variety of conmponents besi\des the
‘m gr at eabl e conponent, e.g. as described hereinafter. It may, for exgnple,
contain a conponent which is volatile to sone extent at the tenperatuye of
capsul e production or storage such as eghanol which wll to@s&?iﬁ—%b%
extent pass through the capsule shell until equilibriumis reached.
present invention is of particular inportance for the manufacture of s

| ati I in which th Le filli f '
e 11 SRl 2 A S S5 9254 Sl b Y o Bl T2 20
m croenul sjon BE6: AONGRTHERSBLRANTAEYHAVe® Befolmed  dipRRI SREDWARH wits th

increasing storage period becomes softer and more tacky so that the capsules

are not any more suitable for commercial use.

5 The content analysis of 1,2-propyleneglycol in the microemulsion pre-concentrate
and in the capsule shell exhibits the following values after 2 days, 7 days,
18 days and 56 days:

Time Capsule contents Capsule shell
[mg] [mg] [%]
2 days 128.3 42.0 9.4 '
10 7 days 120.5 50.7 11.8
18 days 106.8 59.4 13.2 “
56 days 100.2 742 16.3 "

The 1,2-propyleneglycol content in the capsule filling decreases with time,
because the 1,2-propyleneglycol diffuses into the capsule shell. The change in
15 the hydrophilic component leads to stability problems in the microemulsion pre-

concentrate.

EXAMPLE 4:

a) Microemulsion pre-concentrate comprising 1,2-propyleneglycol as the
hydrophilic component and ethanol as the co-solvent in the hydrophilic
20 component for encapsulation in soft gelatin capsules.
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%g,drophl i

conponent e.g. those disclosed in UK patent application Nos 2

22% /,770 A And 2 257 359 A. O her conponents may include a hydrophilic
conpo)dp t/ lipophilic component, surfactants and co-surfactants m xed
d.ogeth o0 provide a uniformm xture.,gThe capsule filling Ry 16213088 a
ﬁb@(ture f CJerr] fatty acid nono-, di- and/or tri-glycerides e.g. from

Preferably the nmono-, di-, and tri-glycerides have a | ow

cor%;?\m :

uratfed fatty, acid caontent preferably obtaine N |y

,avai |l abl e gl ycé&mm%{ﬁsest erification products=bBy—sep:c Fortechni ques as
Senown/i n the ar1t2.(::fr@;5 }gﬁg@pbg purification to regmge gI ycerol by washi ng
and ffreezing procedures coupled with separation techni ques such as

cent/ifugati onEtb@anelenove the saturated fatty acf@Oconponents and enhance

oty a6 d comyiBhatc Bt SgORRRE oL, B8 1 2: oxampi o <10% or
<5/9 sy wei ght d?éﬁrﬂiﬂ)h@ﬁ” Ree4bqtpl , 202.5

DL-alpha-Tocopherol 0.5
Cyclosporin A 50.0
535.0

b) Gelatin composition containing 1,2-propyleneglycol and glycerol as

10 plasticizers for the encapsulation of the microemuision pre-concentrate.
Component Amount
Gelatin ' 46.6 %
1,2-Propyleneglycol 12.0 %
Glycerol _ 51%
15 Water 35.3 %
Titanium dioxide 1.0%
100 %

After the encapsulation of the microemulsion pre-concentrate the capsules
are dried. After drying the capsules are packaged in glass bottles. The

20 capsules thus prepared are stable for more than three years and have an
unobjectionable appearance, i.e. a satisfactory capsule hardness and a

satisfactory capsule shape.

The content analysis of 1,2-propyleneglycol in the microemulsion pre-
concentrate and in the capsule shell exhibits the following values after 7

25 days, 18 days and 35-days.

This Sheet Has Been Reﬁlaced




wei ght of the conponent. A reduction of the content of saturated f{tty acid
“conponent in the nono-glyceride fraction nay be observed after bei

subj ected to the separation technique. A suitable process is descrihed in
WO 93/09211. Because the undesirabl eggnigration into the capsul ®-sdggl| from

the capsule filling is reduced, the amount of m grateable conponent to be )
used in the capsule sheII -9 depends on the desired initial and final
concentrarna#hg aabe 8 = Thus,
the contefit of Timgr ateabl ecapgqugrwmerﬁtgy be= choserCapsiiBahelihe resujjting
concentrajion of mgrateable conmponent in fhe capsule shell after djying is
from2, effg. 5 to 40% by wei gt'[}ng]Thl S may |be - [mg] [%]
- 7 days 50.8 36.0 12.2 "
18 days 51.5 ' 33.4 116 L5
_ \
35 days 53.2 324 11.3 4
~ -‘\“
5 The 1,2-propyleneglycol content in the capsule fill increases after encapsulation

especially in the first seven days. However the higher propyleneglycol content

has no negativé effect on the stability of the microemulsion pre-concentrate.

EXAMPLE 5 .
a) Microemulsion pre-concentrate comprising 1,2-propyleneglycol as the 1
10 hydrophilic component and ethanol as the co-solvent in the hydrophilic E
component for encapsulation in soft gelatin capsules. '
Component Amount (mg/capsuile)
1,2-Propyieneglycol 37.5
Ethanol 75.0
15 Labrafil M 2125 CS 75.0
Cremophor® RH 40 (1) 262.0
DL-alpha-Tocopherol . 0.5 | i
[3’-desoxy-3™-oxo-MeBmt)' -[Val*- 50.0 5
Cyclosporin
20 - 500,0

b) Gelatin composition containing 1,2-propyleneglycol and glycerol as
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conpl i sh(:;by adding from1l to 35% by weight of m grateable solvent to
t- el atinf conposition. The gelatin conposition initially contains water
whi c1¥gn tirn is renoved in the subsequent drying operation. A typical
i ght $atio of the ni grat eabl e conponent to gelatin is fronrakel 1RB0R84.
preferred range of the mgrateable conponent content in the dried
e shell is between 10 and 32% In order to acconplish this, from4 to
m gr at eah), e [ : Pl lDeSriigpesd. i On.
Espgcial |y good%#%%%%éggmerﬁ% c‘::% ?g%t'gﬁoﬁhgﬁgwgoncelrjl'tgﬁa{na%'{se-n%ont ai?‘%?érig
- propyl enegl ycol as the hydrophilic conponent are achi eved upon addi ng
anmount of frgm8 to 25% of m grateable corrponeng to the aqueous gel atin
conposition. An 0 prising advantage of the i on is that by using

i

a mgrateable c nt such as 1 ,2-propyleneglycqdpag the plasticizer in
t he capsul e sheﬁm%lﬂg amount of water required for dPssoI ving and nel ting

the gel atin nay 1t@&Propyleneglycol i 10.0 %
5 Glycerol 8.5 %
Water 35.5 %
100.0 %

After the encapsulation of the microemuision pre-concentrate the capsules
are dried. After drying the capsules are packaged in glass bottles. The
10 capsules thus prepared are stable for several years and have an

unobjectionable appearance.

The content analysis of 1,2-propyleneglycol in the microemuision pre-
concentrate and in the capsule shell exhibits the following values after 2

days, 7 days, 18 days and 56 days.

15 Time Capsule contents Capsule shell
[mg] [mg] [%]
2 days 48.5 31.6 11.1
7 days 49.5 28.6 10.6
18 days 484 | 26.6 104
56 days - 491 - 26.4 104
20 The 1,2-propyieneglycol content in the capsule fill increases after encapsulation

especially in the first two days. However the microemulsion pre-concentrate

remains stable on admixture with water.
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ithel f

reduced. Wile glycerol is highly viscous or syrupy and sorbitol
ol may

even is a solid, the m grateabl e conponent such as 1 ,2-propyl enegl
be a low viscosity liquid. The reduction in the water content of th
gel atin solution for producing the gebatin shell is a najof aéQY?Q%Bgf\'”
that, during the process of drying the wet capsules, a snal er “anou

water will make its way into the capsule filling fromthe initially noist
shel | . Therebyggghhénggicanents that are sparingly soluble in water, in
many cases pre& by crystallization of the active substance in the
capsule filling can be prevented. Furthernore, due to the | ow diffusion of
water into the-capsule filling fromthe capsule shell a nore stable capsule
i s obtainaf. Microemulsion pre-concentrate comprising 1,2-propyleneglycol as the

hydrophilic component and ethanol as the co-solvent in the hydrophilic

component for encapsulation in soft gelatin capsules.

5 Component Amount (mg/capsule)
1,2-Propyleneglycol 150.0
Ethanol 140.0
Mono, di- and triglycerides from
com oil 374.0
10 Cremophor® RH 40 (1) 225.0
DL-alpha-Tocopherol 1.0
Cyclosporin G 100.0
990.0
b) Gelatin composition containing 1,2-propyleneglycol as plasticizer for the
15 encapsulation of the microemuision pre-concentrate.
Component Amount
Gelatin 47.0 %
1,2-Propyleneglycol : 21.0 %
Water 320 %
20 100.0

After the encapsulation of the microemuision pre-concentrate the capsules are
dried. After drying the capsules are packaged in glass bottles. The capsules thus

prepared are stable for several years and have an unobjectionable appearance.

The content analysis of 1,2-propyleneglycol in the microemulsion pre-concentrate
25 and in the capsule shell exhibits the following values after 7 days, 18 days and
35 days.
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10 The capsul e shell may of course additionally contain, as plasticizer
yaddition to the mgrateable conponent, certain anmounts of glycerol as
ﬂﬂg s conventional additives such as dyes, colorant pignents, flavoring

agent®® sugar, oligo- saccharides orppol ysaccharides. Howgwugs 118808%
preferred that the capsule shell in the wet state and, thus, at the tine of
encapsul ati on, contains sufficient m grateabl e conponent so that any

m gration of the mgrateable conponent into the capsule shell fromthe
capsule filling is reduced or prevented. The equilibriumconcentration in
the first place is determned by the concentration in the capsule filling
of m grateabl e conponent such as propyl enegl ycol. However, it may al so be
affected by the qualitative and quantitative conposition of the lipophilic
conponent, the surfactants and the co-surfactants as well as the anount of

further conponents of the capsule filling and the capsule shell. Thus,
TIME Capsule ) Capsule ' shell
contents
[mg]
[mg] %
7 days 178.0 84.4 20.2
18 days 171.7 91.2 21.2
35 days 169.1 96.4 : 21.9
5 The 1,2-propyleneglycol content in the capsule fill increases after encapsulation

in the first seven days. Afterwards the 1,2-propyleneglycol content in the capsule

fill decreases slightly. However the microemulsion pre-concentrate remains

sufficiently stable.

-
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t he opti mum anmount of m grateable conponent in the aqueous gelatin \
conposition for an intended capsule filling can be determ ned by way ‘of
some sinple and conventional prelimnary tests. If glycerol is enployed as
a further plasticizer in the capsule ghell in conbination wché riggegsabl e
conponent, the concentration of the glycerol may be |less than 18% and:
preferably even below 12% relative to the weight of the noist capsule .
shell. A typical weight ratio of the m gramgmbg%tmg@mgsmadee gl ycerol is
from1l:1 to 1:0.2. The process according to is basically
carried out in ¢ghggnre manner as usual in aH'B'l m ml"{!u the Rotary Die.
Process as described in greater detail, inte hmann et al. '
"The Theory and Practice of Industrial Pharnmacy", 2nd Edition, pages

S i °) AURRLE Med SO Bl Carkiie EndfdAd RYAEL Bid YapsiPans 414

contains a migrateable component (other than glycerol) which is also

-

5 present in the capsule filling.

2. A soft gelatin capsule according to claim 1 , characterized in that the
migrateable component is a non-volatile pharmaceutically acceptable
solvent which is capable of mixing with, or forming a solid sol_ution with,

the gelatine.

10 3." A soft gelatin capsule according to claim 1 or 2 wherein the
migrateable component is a tetrahydrofurylalcohol ether, diethylene glycol
mono ethyl ether, 1,3-dimethyl-2-imidazolidinone, dimethylisosorbide,

polyethylene glycol or propylene giycol.

4, A soft gelatin capsule according to claim 3 wherein the migrateable
15 component is 1,2-propyienegiycol.
5. A soft gelatin capsule of claim 1 having a capsule shell comprising gelatin,

plasticizers and, if desired or required, further auxiliary agents, and a
capsule filling containing a solvent, wherein the solvent at least partially is
1,2-propyleneglycol, but not predominantly polyéthyleneglycol,

20 characterized in that the capsule shell contains 1,2-propyleneglycol.

6. A soft gelatin capsule according to any preceding claim characterized in
that the capsule filling contains a lipophilic component.
7. A soft gelatin capsule according to any preceding claim characterized in

that the capsule filling contains a surfactant.
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%’and S passed over, .an ain ‘5 rotating drum The tenperature of the cold
al TZ as repoth ﬁﬁﬁm to 58 [err]F, corresponding to 13.3 [err]C

told’é[err]C inefficiently cools the gel atine. In the
(¥

acconpadyi ng fi resent S cooling apparatus fer.the gagl i ng
medi um B- shovvs the feed fl ow of thegcool I ng medium C gsespriels?ent S

gel atine D represents t he spreader box E represents the cooling drum
F repr eéent °A ts%‘?t gqéﬁa ! 'cQSSLtﬂe according to any preceding claim characterized in

that the capsule filling is capable of forming an emulsion on mixing with

water.

9. A soft gelatin capsule according to any preceding claim characterized in
5 that the capsule filling is in the form of a microemulsion pre-concentrate
which contains 1,2-propyleneglycol as a hydrophilic and migrateable

component.

10. A soft gelatin capsule according to any preceding claim characterized in
that the capsule shell contains at least 5% of migrateable component.

10 11. A soft gelatin capsule according to any preceding claim, characterized in

that the capsule shell contains from 5 to 40% of migrateable component.

12. A soft gelatin capsule according to any preceding claim, characterized in

that the dried capsule filling contains ethanol.

13. A soft gelatin capsule according to any preceding claim, characterized in

15 that the dried capsule shell contains up to 32% of migrateable component.

14. A soft gelatin capsule according to any preceding claim, characterized in
that the dried capsule shell contains between 10 and 32% of migrateable

component.

15. A soft gelatin capsule according to any preceding claim, characterized in

20 that the capsule shell contains also glycerol.

16. A soft gelatin capsule according to any preceding claim containing a
pharmacologically active substance which has a solubility in water of less
than 1%.
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drum for cooli ng
the drumis adapted wt
cool ant e.g. water.

i ndi cates the direction of rotation of the cooling drum H
Fepresents the & ¢aﬁéa$)aefm Reﬂ@e@ff and shows the return flow of the
spent cooling ned "!ﬁ aspect the invention provides a cooling

rreans or coo

enmatic ure -

l'iquid cool ant, phariactdgicaleactivepaibistandeald dcpl‘:l@‘spbﬁ@@r&ﬁadrbﬁd@om ant,
bei ng adm ni stered at such a rate that it can r-enove |arge quantities of

heat quickly to provide a rapid and thorough cooling of the gelatin bands.

18 PARLWACQUNAR cBPELY LR%FdiRgt6 M4 Y7 witdrefPHg 650 err] C when

The gel ati

t hey

10

15

20

19.

20.

21.

22.

28.

24,

pharmmacologically active substance is cyclosporin A or G.

A process for encapsulating a liquid mixture in gelatine to form soft
gelatine capsules, wherein one component of the mixture has a propensity
to migrate into gelatine, characterized in that the gelatine composition
used in the encapsulation process contains also the said migrateabie

component, and said migrateable compound is other than glycerol.

A process according to claim 19 including any of the features claimed

in any of claims 1 to 18.

A process for manufacturing soft gelatin capsules having a capsule shell
comprising gelatin and a component which leads to tackiness,
characterized in that cooling of the gelatin bands to form the capsule shell

is effected using a liquid coolant.

A process according to claim 21 for manufacturing soft gelatin capsules
having a capsule shell comprising gelatin, plasticizers and, if desired or
required, further auxiliary agents, and a capsule filling containing a
solvent, wherein the solvent at least partially is 1,2-propyleneglycol and
the capsule shell contains 1,2-propyleneglycol, characterized in that the
codiing drum for cooling the gelatin bands contains a liquid coolant.

The process according to claim 22 characterized in that water is used as

the coolant. -

Capsules produced by the process of any one of claims 19 to 23,

A

o for n?éoft gel atine capsul gagheld-gogher ei n
Ing the drum surface using a li1quid

The cooling drumnmay be in association with a machine %-

Lor, Producl 10 g bEalath epbae yleiand e AAnd RrblpIRETL o0, L

cool ing drum -

and
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O@ont act the cooling drum The bands nmay be better and nore evenly cool ed by
‘thé,go0ling drumaccording to the invention than an air-cool ed cooling
drumd’o‘}'he gel atine bands stick less strongly to the cooling drum accordi ng
to the'S nvention and after the bands bave been cool ed to algasd 128Regs ] C

t hey may be -12- easily renmoved fromthe cooling drum This results not
only in a better, but also in a nore uniformcooling of the gel atin bands.

-ZI_B[eeP: ]efC é$ ﬁdc}ér%g’?ﬁgt#{’ﬁ‘ &L (%Jaﬁﬂg%%ll%er r%‘@f{o er r ]g%E@ éaésg% n bands

in the absencesmélislwReriyé dnﬁgllsmhptéﬂawnhxaearhsfcgatmﬂmg tberm‘sm:orrprl si ng
10% of such a
’ surface using a liquid coolant e.g. water.

26. A drum as claimed in claim 25 in association with a machine for producing

5 soft gelatine capsules.
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conponent, e.g. 1,2-propyleneglycol (corresponding to Exanples 1 and 3
_hereinafter) preferred tenperatures are from18 [err]C to 20 [err]C and for
gel atin bands conpri SI ng 21% of h a conmponent (corresponding to Exanpl e
i S T e—,,fgtgsﬁalﬁ errhg to 18 [err] C. The iRepelsigoge of
optgurg (BedP um’may be’ thernost4tically controlled precisely e.g. with a
cryoqtat. The rate of flow of coollng medium e.g. water, is conveniently
fromjabout 300 to 500 litres [/ ‘The rate may be conveniently controlled
ter. The rate of flow may naturally be increased or decreased,
for exanple with particularly thick or thin gelatine bands, or by increase
or decrease of the rate of _rotati i r ypically the rate
of rotation of a cooli négﬂﬁm%i}&%éw%"nﬂggﬁmgcm is about 0.5
rotations per mnute. The cooling nmedium e.g. water, may be punped in a
single circuit, or preferably

Abstract of the Disclosure

Soft gelatin capsules having a capsule shell comprising gelatin, plasticizers and,
if desired or required, further auxiliary agents, and a capsule filling containing a

5 solvent including a migrateable solvent such as 1,2-propyleneglycol as a solvent
in the capsule filling and in the capsule shell. The manufacture of said capsules
is improved, if in the process for making the soft gelatin capsules the gelatin
bands are cooled with a liquid, and preferably with water.

m:\wp\data\doc\spec\118-8088
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c%redouble circuit as shown in the acconpanying figure, through the cooling
*drdhg By separation of the cooling nmediuminto an upper and |ower circuit
an e§%§$ially good and uni form cooling of the gelatine band may be
obt ai ned. The cooling drum nmay be nade of good conducting netal or netal
alloy, e.g. alumnumor steel. The disclosures of all the references
nment i oned above are incorporated by reference. -13- Hereinafter:

Labrafil M 2125 CS is a transesterified ethoxylated vegetable oil known and

T q¥NDTS
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w;mﬂ He

cormerEl al Ly 7avai;l-abl e ;under” the frade nane Lab‘r/afl I V\:hl ch is obtained: from
corn ot :and. havi ng an acid.. of less thanéabout 20 da- sapohlflcatléﬁ '

nunber'gf _'_155\\t0 175, ap. HL al'gg"of 3 to 4, ahd an |od| ne-nurffer :of . 90?7té
110. ophor’, RH IS al’p ;g:t hyT’ éneglr ycol ogenat.ed ‘cast o. {0 !
avai | a'bl e . ade ~Oremophor RH 40 V\:hl ch.thas ra .saponi f1 catJ an |

nunber |-6f “'about 50"t 60; “amtacid-nunber |ess!than about 1, a water content
( Fi sc.her) | ess ‘than ‘about 2% -an-njerr] of about 1. 453 t 0-1:-45%/apd an HLB
of about 14 to 16. Further details on the excipients are available in the
literature such as H. FS@MeGELIEéSlNk@AP@éJLE-th&'W@'E RE err] edition, vol
2, page 707, as well as manufacturer's brochures. The soft gelatin capsul es
according to the invention and the process for preparing sanme is further

i 11 ustrat eghd BrdsBft irvehfith Pelates PSS gelatin capsules having a capsule shell
made of gelatin, plasticizing agents, in particular 1,2-propylene glycol, and
optionally further auxiliary materials, and a capsule filling containing solvent,
adjuvants and one or more pharmacologically. active substances. The invention

further relates to a process for preparing such soft gelatin capsules.

Some pharmacologically active substances may have biopharmaceutical and/or
physicochemical properties which make them difficult to formulate into
commercially acceptable formulations. Such substances may however be
conileniently administered in liquid form, e.g in a complex carrier medium made
up of several components. Solvents such as 1,2-propylene glycol and dimethyl
isosorbide have great potential in such carrier media. The carrier medium may
be designed to form an emulsion in the stomach thereby facilitating absorption of
the pharmacologically active substance. The carrier medium may have to be
accurately prepared and even slight variatiohs in the composition cannot be
tolerated without irreversibly upsetting the system, and destroying its beneficial
properties. Thus the sblubilizing properties of the capsule filing may be changed
and the active substance precipitatés out. This precipitation process may be
irreversible, and the patient is under-dosed. The emulsifying properties of the
capsule filling may be changed, and, upon administration, an emulsion may not
be formed in the stomach and the pharmacologically active substance is not

correctly or reproducibly absorbed.

Encapsulation of such liquid formulations in soft gelatine capsules potentially
offers a very convenient way of administering such pharmacobgically active
substances. However the manufacture of commercially acceptable liquid filled
soft gelatine capsules is fraught with difficulties which restricts the availability of

this approach. Thus, during manufacture, the capsule shell is formed from wet

This is the replacement sheet
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EXAMPLE 1 500 ng of a phospholipid solution containing 12% of
1, 2-propyl enegl ycol as a solvent and diluent are encapsulated with a
gelatin conposition as follows: Conponent Celatin

47.5% 1, 2- Propyl enegl ycol 10. 0% G ycerol
6. 0% Wat er -2 - 36. 5% 100. 0% Af t er

encapsul at %élatiﬁ@@aﬂﬂﬁ’ I thbh%sﬁﬁ&ﬁ%@tscéﬁs@u&aé}@ﬁﬁgdﬁ Dulh@afis Reddd 5. The
capsul es thus nanufactured have a good capsul e shape and Tay be stored for
even afterwards, we have found that components in the capsule filling may

migrate into the capsule shell, and vice versa, thereby changing the composition

of the capsule filling at least in the boundary region near the interface of the

capsule filling and the capsule shell, with the result that the beneficial properties

of the capsule filling are lost.

In recent years microemulsion pre-concentrates have been developed as carrier
media for active substances which are sparingly soluble in yv"ater, which
microcemulsion pre-concentrates exhibit a distinct improverr;ent in the
bicavailability. Examples of such microemulsion pre-concentrates have been
described, for example, in the UK patent application No 2 222 770 A (equivalent
to DE-A-39 30 928) for the active substance cyclosporin. Microemulsion pre-
concentrates consist of a hydrophilic phase, a lipophilic phase and a surface-
active agent. As the hydrophilic phase there has been expressly mentioned and
also used in the examples propyleneglycol, and more specifically 1,2-propylene-
glycol. - UK patent application No 2 222 770 A mentions, as an application form
of the microemulsion pre-concentrates in addition to hard gelatin capsules, also
§oft gelatin capsules as well as other parenteral or topically applicable forms; cf.
page 13, lines 16-25. We have found that microemuision pre-concentrates
comprising 1,2-propyleneglycol as the hydrophilic phase in soft gelatin capéuies
are prone to the migration of the 1,2-propyleneglycol into the capsule shell from
the capsule filling. Not only softening of the capsule shell occurred, but also a
destruction of the microemulsion pre-concentrates, because the hydrophilic

component was withdrawn therefrom.

Since propyleneglycol, and more specifically 1,2-propyleneglycol, is a good
hydrophilic solvent, it would be desirable to employ this solvent also for the
preparation of capsule fillings. lt is true, it is readily possible to produce such
gelatin capsules wherein, for exampie, glycerol or sorbitol are used as the
plasticizer for the capsule shell. However, such soft gelatin capsules are not
stable, since with the lapse of time the propyleneglycol migrates into the capsule

shell from the capsule filling so that the capsules will become weak.
This is the replacemsrrt sheel
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jse\/eral years. COVPARATI VE EXAMPLE 1 500 ng of a phospholipid solution
contai ning 12% of 1, 2-propyl enegl ycol as a solvent and diluent are
encapsul ated with a gelatin conposition as follows: Conponent Gelatin

49. 0% d ycer ol 11. 9% Wt er
39. 1% 100. 0% After encapsul ati on and dfyi ng, the capsul es have defornmations
of the capsule shell so that they are not suitable for commercialization.

EXAMPLE 2
Furthermore, such softened capsules will undergo deformation, because due to

the migration of part of the solvent into the capsule shell from the capsule filling

there will be a decrease in volume and a reduction in pressure in the interior of

the capsule.

We have now found that the migration of, e.g. 1,2-propyleneglycol, may be
hindered by using this component in the gelatine band composition with the
result that it is present in the capsule shell. However we also experienced
difficulties in the commercial manufacture of soft gelatine capsules containing

1,2,propylene glycol.

In EP-B-0 121 321 there have been disclosed soft gelatin capsules wherein at
least one pharmacologically active substance has been dissolved or suspended
in a liquid polyethyleneglycol, the capsule comprising gelatin, a plasticizer -
therefor and a compound for preventing embrittlement which compound is a
mixture comprising sorbitol and at least one sorbitan. If so desired, alcohols
having several hydroxyl groups are added to the capsule shell as the
embrittlement-preventing compound. As polyhydric alcohols suitable for this
purpose there have been mentioned glycerol, sorbitol and propyleneglycol.
Furthermore this patent specification mentions that the capsule filling may also
contain such alcohols comprising several hydroxyl groups. Again glycerol,
sorbitol and propyleneglycol have been described. However, it is conspicuous
that in the eiamples glycerol has been exclusively used for the capsule filling as
well as for the capsule shell. This may be to the fact that the attempts to
substitute propyleneglycol for glycerol in the capsule shell failed. Although
propyleneglycol is basically suitable as a plasticizer for gelatin, in the large scale
commercial manufacture of such soft gelatin capsules according to the so-called
Rotary Die Process the gelatin bands, once poured onto the cooling drums, may
be removed only with difficulty from the cooling drums and passed to the
molding rolls where the encapsulation is effected. The reason therefor is that the

gelatin bands containing propyleneglycol as the plasticizer are substantially more
T i the raploceman nhns|
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a) M croenul si on pre-concentrate conprising 1, 2-propyl eneglycol as the
hydrophilic conponent for encapsulation in soft gelatin capsul es: Conponent

Anmount (ng/ capsul e) 1, 2-Propyl enegl ycol 100.0
Mono-, di- and triglycerides fromcorn oil 160. 0 Crenophor[err] RH
40 (1) 19_(1._0 Cycl osporin A

50.0 Total anount 500.0 (1)

Crenophor[err] RH 40,[err] is a pol yoxyet hyl ene-gl ycol at ed hydr ogenat ed
tor oil and a Trademark of the conpany BASF Ludw gshafen, _Germany.
castor o tacky tﬁan those containing glycergP or gorbltol as the p?astxcnzer. This is why

soft gelatin capsules having a capsule shell comprising gelatin and

propyleneglycol as a plasticizer have never been introduced into practice.

in EP-B-0 257 386 there have been disclosed gelatin capsules which, in the
capsule filling, contain a solvent mixture which contains at least 5% by weight of
ethanol and at least 20% by weight of one or more partial glycerides of fatty
acids having from 6 to 18 carbon atoms. In the description there has been
mentioned that the capsule shell may contain glycerol, propyleneglycol, sorbitol
and sorbitans as the plasticizer. However, again just glycerol, sorbitol and
sorbitans were used in the capsul_e shell, because propylene glycol results in the

above-described undesirable tackiness.

Since the use as a plasticizer of propyleneglycol in the capsule shell results in
difficulties in the manufacture of soft gelatin capsules according to the Rotary Die
Process, there was a further need for developing a process wherein the
manufacture of soft gelatin capsules according to the Rotary Die Process is

possible even in the case where the capsule shell contains a component which

leads to tackiness, e.g. 1,2—propyleneg|ycol.

We have found surprisingly by cooling the cooling drum with a liquid coolant it is
possible to eliminate - or at least to suppress - the troublesome tackiness
observed, and a commercially feasible manufacture of such soft gelatin capsules

is possible.

Therefore, the present invention provides soft gelatin capsules which include a
capsule shell comprising gelatin, plasticizers and, if desired or required, further
auxiliary materials, and a capsule filling containing solvent, adjuvants and one or
more pharmacologically active substance(s), wherein the solvent of the capsule
filling, at least in part, is a migrateable component and which, nevertheless, are

stable.
This is the replacement sheet
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-15-.b) Gel atin conposition containing 1, 2-propyl eneglycol as plasticizer
‘for the encapsul ation of the m croenul sion pre-concentrate. Conponent
CGel atin 47. 5%

1, 2- Propyl enegl ycol 21. 0% Wat er

31.5% 100. 0% After the encapsul ation of the m croenul sion pre-concentrate
the capsules are dried. After drying the capsul es are packaged in

noi sture-tight glass bottles. The soft gelatin capsules thus prepared are
stable for nore than two years, e.g. nore than 3 years, and have an

unobj ect i ddsihy ehe ppecessnaeccording. todthedhvertant b iy atsappodsibleaodmedacandita
satisfact Ogrgfat?na g;‘ajslu?ess rallzcixlg(oar'ding to EP-B-0 121 321 which contain liquid

polyethyleneglycol in the capsule filling and 1,2—pFoperneg!ycol in the shell.

In one aspect the invention provides a liquid filled soft gelatin capsule
characterized in that the capsule shell contains a migrateable component (other

than glycerol) which is also present in the capsule filling.

- In another aspect the present invention provides a process for encapsulating a

- liquid mixture in gelatine to form soft gelatine capsules, wherein one component
of the mixture has a propensity to migrate into gelatine, characterized in that the
gelatine composition used in the encapsulation process contains also the said

migrateable component, and said migrateable component is other than glycerol.

In another aspect the present invention provides a process for manufacturing soft
gelatin capsules having a capsule shell comprising gelatin and a component
which leads to tackiness, characterized in that cooling of the gelatin bands to
form the capsule shell is effected using a liquid coolant. Preferably, but not
necessarily, the component which leads to tackiness is a migrateable

.component.

Typical migrateable components include non-volatile pharmaceutically acceptable
solvents which are capable of mixing with, or forming a solid solution with, the
gelatine. As mentioned above glycerol is mentioned in the above EP-B-0-
121321. However, glycerol is not a particularly good solvent, and in general does
not lead to tackiness. Glycerol may qf course also be present as described

hereinafter.,

Typical migrateable solvents include tetrahyrofurylaicohol ethers, e.g. glycofurol
diethylene glycol mono ethyl ether, e.g. transcutol, 1,3-dimethyl-2-
imidazolidinone, dimethylisosorbide, polyethylene glycol (e.g. of molecular weight
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The content anal ysis of 1,2-propyl eneglycol in the m croemul sion
Ppre-concentrate and in the capsule shell exhibits the follow ng values 2
days, 7 days, 18 days and 35 days after the encapsulation: Tine

Capsul e contents Capsul e shell [ ng] [ no]

[94 2 days 104. 8 -6- 70.6 24.6 7 days

107. 3 72.0 25.8 18 days 104. 1

69.0 25.1 35 days 101.5 70.7 25.7

Ther 1 e 2 00 P IRt LS5 BB GERSERIE R e consy o
conposi t i onigodtiarheapatolitpeRreferabty,pthe- cmmeen‘atlam of i thenmaigrataab@domponent

in the .capsule shell is chosen to be so high that an approximately stable

equilibrium of the concentrations between the capsule shell and the capsule

filling is established soon after encapsulation. During the equilibration phase the

migrateable component may migrate from the capsule shell into the capsule

- filling (thereby increasing its concentration in the capsule filling and decreasing it
in the gelatine shell), but migration of the migrateable component into the

capsule shell from the capsule filling is significantly reduced.

In one embodiment of the invention the carrier filling at least partially is 1,2-
propyleneglycol, but not predominantly polyethyleneglycol. In another aspect the
present invention accordingly provides a soft gelatin capsule having a capsule
shell comprising gelatin, plasticizers and, if desired or required, further
auxiliary agents, and a capsule filling containing a solvent, wherein the soivent at
least partially is 1,2-propyleneglycol, but not predominantly polyethyleneglycol,

characterized in that the capsule shell contains 1,2-propyleneglycol.

The term gelatin as used herein includes not only unmodified gelatin as in the

European Pharmacopeia and NF but also modified gelatin such as succinated

gelatin.

Typical pharmacologically active substances include substances difficultly soluble
in water, which have a solubility in water of less than 1% (w/v) such as
cyclosporins and macrolides. Cyclosporins comprise a class of structurally
distinct, cyclic, poly-N-methylated undecapeptides, generally possessing
immunosuppressive, anti-inflammatory, anti-viral multidrug resistant and/or
anti-parasitic activity, each to a greater or lesser degree. The first of the
cyclosporins to be identified- was the fungal metabolite Cyclosporin A, or
Ciclosporin, and its structure is given in The Merck Index, 11th Edition: Merck &'

Co., Inc.; Rahway, New Jersey, USA (1989) under listing 2759. Large numbers
T s b rapincewmen shoe!
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-16- EXAMPLE 3 a) M croenul si on pre-concentrate conpri sing
1, 2- propyl enegl ycol as the hydrophilic conponent and ethanol as the
co-solvent in the hydrophilic conponent for encapsulation in soft gelatin

capsul es: Conponent Anmount (ng/ capsul e)

1, 2- Propyl enegl ycol 150. 0 Et hanol

150. 0 Mono-, di- and triglycerides frotcorn oil 320.0
Crenophor[err] RH 40 (1) 380.0 Cyclosporin A
100.0

of other cyclosporins are also known and examples are disclosed in UK patent
application No 2 222 770 A. These include e.g. natural cyclosporins e.g
cycloporin A or G or synthetic cyclosporin derivatives thereof, e.g.
([3'-desoxy-3'-oxo-MeBmt]'-[Val]*-Ciclosporin) or
[0-(2-hydroxyethyl)-(D)Ser]*-Ciclosporin. Altematively the pharmacologically
active substance may be a macrolide such as a rapamycin, including
derivatives thereof. Large numbers of derivatives of rapamycin have been
synthesized, including for example those disclosed in US patents 5221670 and
5221740, certain acyl and aminoacyl-rapamycins (see for example US patent
4316885, US patent 4650803, and US patent 5151413), and carbonates and
amide esters (see for example EP 509795 and 515140) 27-desmethyl-rapamycin
(see for example WO 92/14737), 26-dihydro-rapamycin (see for example US
patent 5138051), alkoxyester derivatives (see for example US patent 5233036),
and certain pyrazole derivatives (US patent 5164399). A preferred rapamycin is
40-0-(2-hydroxy)ethyl rapamycin as disclosed in PCT/EP/93/02604.

FK 506 is a macrolide immunosuppressant that is produced by Streptomyces

tsukubaensis No 9993. The structure of FK506 is given in the appendix to the

Merck Index, as item A5. Also a large number of related compounds which
retrain the basic structure and immunological properties of FK506 are also
known. These compounds are described in a large number of publications, for
example EP 184162, EP 315873, EP 323042, EP 423714, EP 427680, EP
465426, EP 474126, WO 91/13889, WO 91/19495, EP 484936, EP 532088, EP
532089, WO 83/5059 and the like. These compounds are termed collectively
"FK506 compounds" in this specification. Examples of compounds are FK 5086,
ascomycin and those disclosed in EP 427 680, e.g. Example 66a.

Other preferred compounds are disclosed in EP 465 426.

Any of the pharmacologically active substances mentioned in the specifications
referred to above may be used in the capsules of the invention, e.g. in the
examples mentioned hereinafter.
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1 100.0 b) Gel atin conposition containing 1, 2-propyl eneglycol and
‘glycerol as plasticizers for the encapsul ation of the m croenul sion

pre-concentrate. Conponent Gelatin

47.5% 1 , 2- Propyl enegl ycol 10. 0% G ycerol
6. 0% WAt er 36. 5% 100. 0% After

t he encapsul ati on of the m croenul si of8-pre-concentrate the capsul es are
dried as in Exanple 2 and are packaged in glass bottles. The capsul es thus
prepared are stable for nore than two years and have an unobj ecti onabl e

appear anc§hei carieansaiiurafraay eontainpswide Yaviety ef coanpbreertatbiesidestthey capsul e
migrateable component , e.g. as described hereinafter, It may, for example,
contain a component which is volatile to some extent at the temperature of

capsule production or storage such as ethanol which will to a certain extent pass

through the capsule shell until equilibrium is reached.

The present invention is of particular importance for the manufacture of soft
gelatin capsules in which the capsule filling may form an emulsion on mixing
with water, see e.g. WO 94/5312. Thus the capsule filling may be a
microemulsion pre-concentrate containing e.g. 1,2-propyleneglycol as the
hydrophilic component e.g. those disclosed in UK patent application Nos 2 222
770 A and 2 257 359 A.

Other components may include a hydrophilic component, lipophilic component,

surfactants and co-surfactants mixed together to provide a uniform mixture.

The capsule filling may contain a mixture of C,,,, fatty acid mono-, di- and/or
tri-glycerides e.g. from com oil. Preferably the mono-, di-, and tri-glycerides have
a low saturated fatty acid content preferably obtained from commercially
available glycerol transesterification products by separation techniques as known
in the art (for example purification to remove glycerol by washing and freezing
procedures coupled with separation techniques such as centrifugation) to remove
the saturated fatty acid components and enhance the unsaturated fatty acid
component content. Typically the total saturated fatty acid component content will
be less than 15%, (for example <10%, or <5%) by weight based on the total
weight of the component. A reduction of the content of saturated fatty acid
component in the mono-glyceride fraction may be observed after being subjected

to the separation technique. A suitable process is described in WO 93/09211.

Because the undesirable migration into the capsule shell from the capsule filling
is reduced, the amount of migrateable component to be used in the capsule shell
This Is ths replacememnt sheet
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shape. The content analysis of 1,2-propyleneglycol in the m croemulsion

pre-concentrate -17- and in the capsule shell exhibits the follow ng

val ues after 18 days and 42 days: Tine Capsul e contents

Capsul e shell [ ng] [ no] [94 18 days 156.0
61. 6 15.6 42 days 152. 4 60. 8 15. 4

COVPARATI VE EXAMPLE 2 a) M cr oenul st@an pre-concentrate conprising
1, 2- propyl enegl ycol as the

depends on the desired initial and final concentrations of the migrateable
component in the capsule filling. Thus, the content of migrateable component
may be chosen so that the resulting concentration of migrateable component in
the capsule shell after drying is from 2, e.g. 5, to 40% by weight. This may be
accomplished by adding from 1 to 35% by weight of migrateable solvent to the
gelatin composition. The gelatin composition initially contains water which in tum

is removed in the subsequent drying operation.
A typical weight ratio of the migrateable component to gelatin is from 1:1 to 1:4.

The preferred range of the migrateable component content in the dried capsule
shell is between 10 and 32%. In order to accomplish this, from 4 to 30% of
migrateable component is added to the aqueous gelatin composition. Especially
good results with microemulsion pre-concentrates containing 1,2-propyleneglycol
as the hydrophilic component are achieved upon adding an amount of from 8 to

25% of migrateable component to the aqueous gelatin composition.

Another surprising advantage of the invention is that by using a migrateable
component such as 1,2-propyleneglycol as the plasticizer in the capsule shell
the amount of water required for dissolving and melting the gelatin may be
reduced. While glycerol is highly viscous or syrupy and sorbitol itself even is a
solid, the migrateable component such as 1,2-propyleneglycol may be a low-
viscosity liquid. The reduction in the water content of the gelatin solution for
producing the gelatin shell is a major advantage in that, during the process of
drying the wet capsules, a smaller amount of water will make its way into the
capsule filling from the initially moist shell. Thereby, with medicaments that are
sparingly soluble in water, in many cases precipitation by crystallization of the
active substance in the capsule filling can be prevented. Furthermore, due to the
low diffusion of water into the-capsule filling from the capsule shell a more stable

capsule is obtained.
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hydr ophi |l i ¢ conponent for encapsulation in soft gelatin capsul es: Conponent

Amount (ng/capsule) 1 ,2-Propyl enegl ycol . 180.0
Mono-, di- and triglycerides fromcorn oil 360.0 Crenophor[err] RH

40 (1) 360. 0 Cyclosporin A o
100.0 1 000.0 b) Gel atin conposition containing glycerol as plasticizer

for the encapsul ation of the m croenul sion pre-concentrate. Conponent
Celatin ' -10- 49. 0% G ycer ol

11. 9% Wat er 39. 1%

The capsule shell may of course additionally contain, as plasticizer in addition to
the migrateable component , certain amounts of glycerol as well as conventional
additives such as dyes, colorant pigments, ﬂavoring; agents, sugar, oligo-
saccharides or polysaccharides. However, it is preferred that the capsule shell in
the wet state and, thus, at-the time of encapsulation, contains sufficient
migrateable component so that any migration of the migrateable component

into the capsule shell from the capsule filling is reduced or prevented. The
equilibrium concentration in the first place is determined by the concentration in
the capsule filling of migrateable component such as propyleneglycol. However,
it may also be affected by the qualitative and quantitative composition of the
lipophilic component, the surfactants and the co-surfactants as well as the
amount of further components of the capsule filling and the capsule shell. Thus,
the optimum amount of migrateable component in the aqueous gelatin
composition for an intended capsule filling can be determined by way of some

simple and conventional preliminary tests.

If glycerol is employed as a further plasticizer in the capsule shell in combination
with migrateable component , the concentration of the 'glycerol may be less than
18%, and preferably even below 12%, relative to the weight of the moist capsule
shell. A typical weight ratio of the migrateable component to glycerol is from 1:1

to 1:0.2.

The process according to the invention is basically carried out in the same
manner as usual in accordance with the Rotary Die Process as described in
greater detail, inter alia, in Lachmann et al., "The Theory and Practice of
Industrial Pharmacy*, 2nd Edition, pages 404-419. It is apparent from Figure 13-
9 and its description in page 414, right column, last paragraph, that the gelatin
band is passed over an air-dried rotating drum. The temperature of the cold air
was reported to be 56 °F to 58 °F, corresponding to 13.3 °C to 14.4 °C, but this

only inefficiently cools the gelatine.
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100. 0% After the encapsul ati on of the m croenul sion pre-concentrate the
capsul es are -18- dried as in Exanples 2 and 3 and are packaged in gl ass
bottl es. The capsules thus prepared are not stable. They have a def orned
capsul e shell which with increasing storage period becones softer and nore
tacky so that the capsules are not anyjgpre suitable for comercial use.
The content analysis of 1,2-propyl eneglycol in the m croenul sion
pre-concentrate and in the capsule shell exhibits the foll ow ng val ues

after 2 days, 7 days, 18 days and 56 days:

In the accompanying figure 1

represents a cooling apparatus for the cooling medium .
shows the feed flow of the cooling medium

represents gelatine

represents the spreader box

represents the cooling drum

represents the gelatine band

indicates the direction of rotation of the cooling drum

IO MTMTMmMmoaoOwm>

represents the gelatine band take-off, and

shows the retum flow of the spent cooling medium

In another aspect the invention provides a cooling drum for cooling gelatin bands
to form soft gelatine capsule shells wherein the drum is adapted with means for
cooling the drum surface using a liquid coolant e.g. water. The cooling drum

may be in association with a machine for producing soft gelatine capsules.

According to the invention, the cooling drum - as shown in the attached
schematic figure - is cooled with a liquid coolant, with water being particularly
préferred as the coolant, and being administered at such a rate that it can
remove large quantities of heat quickly to provide a rapid and thorough cooling of

the gelatin bands.

The gelatine bands conveniently have a temperature of about 65°C when they
contact the cooling drum. The bands may be better and more evenly cooled by

the cooling drum according to the invention than an air-cooled cooling drum.

The gelatine bands stick less strongly to the cooling drum according to the
invention and after the bands have been cooled to about 20°C they may be
This is ihs replacement sheet
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Ti me - Capsul e contents Capsul e shel |l [ng] [ m]

194 2 days 128. 3 42.0 9.4 7 days

120.5 50. 7 11.8 18 days 106. 8

59.4 13.2 56 days 100. 2 74.2 16. 3
The 1, 2- propyl enegl ycol content in the capsule filling decreases with tine,

because the 1, 2-propyl enegl ycol di ffusks into the capsul e shell. The change
in the hydrophilic conponent |eads to stability problens in the
m croemul sion pre- concentrate. EXAMPLE 4: a) M cr oemul si on
pr e- concergasily gegwmvedi fsomghe  c@ofing siyuemegl ycol as the hydrophilic conponent
and et hanol as the co-solvent in the hydrophilic
This resuits not only in a better, but also in a more uniform cooling of the gelatin
bands. The preferred temperature of the coolant water, may be about 15 to
20°C, in comparison with from 20 °C to 22 °C for gelatin bands in the absence of
1,2-propyleneglycol. For example gelatin bands comprising 10% of such a
component , e.g. 1,2-propyleneglycol (corresponding to Examples 1 and 3
hereinafter) preferred temperatures are from 18 °C to 20 °C and for gelatin
bands comprising 21% of such a component (corresponding to Example 2) it is

even lower, i.e. from 16 °C to 18 °C.

The temperature of the cooling medium may be thermostatically controlied

precisely e.g. with a cryostat.

The rate of flow of cooling medium, e.g. water, is conveniently from about 300 to
500 litres /hour. The rate may be conveniently controlled by a flow meter. The
rate of flow may naturally be increased or decreased, for example with
particularly thick or thin gelatine bands, or by increase or decrease of the rate of
rotation of the cooling drum. Typically the rate of rotation of a cooling drum with

a diameter of about 50 cm is about 0.5 rotations per minute.

The cooling medium, e.g. water, may be pumped in a single circuit, or preferably
a double circuit as shown in the accompanying figure, through the cooling drum.
By separation of the cooling medium into an upper and lower circuit an

especially good and.uniform cooling of the gelatine band may be obtained.

The cooling drum may be made of good conducting metal or metal alloy, e.g.

aluminum or steel.

The disclosures of all the references mentioned above are incorporated by

reference. o
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conponent for encapsul ation in soft gelatin capsul es. -19- Conponent
Anmount (ng/ capsul e) 1, 2- Propyl enegl ycol 35. 0 Et hanol

75.0 Mono, di- and triglycerides fromcorn oil 172.0 Crenophor[err] RH 40
(1) 202.5 DL- al pha- Tocopher ol 0.5
Cycl osporin A 7§ 0 535.0

Hereinafter:

Labrafil M 2125 CS is a transesterified ethoxylated vegetable oil known and
commercially available under the trade name Labrafil which is obtained from comn
oil and having an acid number of less than about 2, a saponification number of
155 to 175, an HLB value of 3 to 4, and an iodine number of 90 to 110.
Cremophor RH 40 is a polyethyleneglycol-hydrogenated castor oil available
under the trade name Cremophor RH 40, which has a saponification number of
about 50 to 60, an acid number less than about 1, a water content ( Fischer)
less than about 2%, an n,* of about 1.453 to 1.457 and an HLB of about 14 to
16.

Further details on the excipients are available in the literature such as H.
Fiedler, Lexikon der Hilfsstoffe, 3" edition, vol 2, page 707, as well as
manufacturer's brochures.

The soft gelatin capsules according to the invention and the process for

preparing same is further illustrated in the following Examples.
EXAMPLE 1

500 mg of a phospholipid solution containing 12% of 1,2-propyieneglycol as a

solvent and diluent are encapsulated with a gelatin composition as follows:

Component _

Gelatin 47.5%
1,2-Propyleneglycol 10.0%

Glycerol 6.0%

Water _36.5%

100.0%

After encapsulation and drying, the capsules are packaged in glass bottles. The

capsules thus manufactured have a good capsule shape and may be stored for

This is the replacement sheet

3 1 0CT 13%

Date:



b) Gel atin conposition containing 1,2-propyl enegl ycol and gl ycerol as
plasticizers for the encapsul ation of the m croenul sion pre-concentrate.

Conponent Amount Cel atin
46.6 % 1 , 2- Propyl enegl ycol 12.0 % d ycerol
5.1 % Water 35.3 % Ti tani um di oxi de

1.0 % 100 % After the encapsul ation of ;4he m croenul sion pre-concentrate
the capsules are dried. After drying the capsul es are packaged in gl ass
bottl es. The capsules thus prepared are stable for nore than three years
and have an unoPyectlonable appearance, i.e. a satisfactory capsule

har dness anad'&@

COMPARATIVE EXAMPLE 1

500 mg of a phospholipid solution containing 12% of 1,2-propyleneglycol as a
solvent and diluent are encapsulated with a gelatin composition as follows:

Component

Gelatin : 48.0%
Glycerol 11.9%
Water 39.1%

100.0%

After encapsulation and drying, the capsules have deformations of the capsule

shell so that they are not suitable for commercialization.

EXAMPLE 2

a) Microemulsion pre-concentrate comprising 1,2-propylenegiycol as the

hydrophilic component for encapsulation in soft gelatin capsules:

Component Amount (mg/capsule)
1,2-Propyleneglycol 100.0
Mono-, di- and triglycerides from com oil 160.0
Cremophor® RH 40 (1) 180.0
Cyclosporin A 50.0
Total amount 500.0

(1) Cremophor® RH 40, is a polyoxyethylene-glycolated hydrogenated castor
oil and a Trademark of the company BASF Ludwigshafen, Germany.
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satisfactory capsule shape. The content analysis of 1 ,2-propyleneglycol in
the m croemnul sion pre- concentrate and in the capsule shell exhibits the

foll owi ng values after 7 days, 18 days and 35-days. -20- Time

Capsul e contents Capsul e shell [ ng] [ no] [ %A
7 days 50. 8 -36. 0 12. 2 18 days

51.5 33.4 11. 6 35 days 53.2

32.4 11. 3

b) Gelatin composition containing 1,2-propyleneglycol as plasticizer for the

encapsulation of the microemulsion pre-concentrate.

Component

Gelatin 47.5%
1,2-Propyleneglycol 21.0%
Water 31.5%

100.0%

After the encapsulation of the microemulsion pre-concentrate the capsules are
dried. After drying the capsules are packaged in moisture-tight glass bottles.
The soft gelatin capsules thus prepared are stable for more than two years, e.g.
more than 3 years, and have an unobjectionable appearance i.e. a satisfactory

capsule hardness and a satisfactory capsule shape

The content analysis of 1,2-propyleneglycol in the microemulsion pre-concentrate
and in the capsule shell exhibits the following values 2 days, 7 days, 18 days

and 35 days after the encapsulation:

Time Capsule contents Capsule shell
[mg] [mg] [%]
2 days 104.8 70.6 24.6
7 days 107.3 72.0 25.8
18 days 104.1 69.0 25.1
35 days 101.5 70.7 25.7

The 1,2-propyleneglycol content in the capsule contents and in the capsule shell
remains approximately constant over the whole test period, i.e. the composition

of the microemulsion pre-concentrate is not changed.
e ks he reclaoement Sheeg



The 1, 2- propyl enegl ycol content in the capsule fill increases after

encapsul ation especially in the first seven days. However the higher

propyl enegl ycol content has no negative effect on the stability of the

m croemnul si on pre-concentrate. EXAMPLE 5 a) M croemnul si on pre-concentrate
conprising 1, 2-propyl eneglycol as the gﬁdrophilic conponent and et hanol as
t he co-solvent in the hydrophilic conpaohent for encapsul ation in soft

gel atin capsul es. Conponent Anmount (ng/ capsul e)
1, 2- Propyl enegl ycal 37.5 Ethanol

75.0 Labraﬁ&iﬂéﬁ A CS 75.0 Crenophor[err] RH 40 (1)
262. 0 DL- al pha- Tocopher ol 0.5

a) Microemulsion pre-concentrate comprising 1,2-propyleneglycol as the
hydrophilic component and ethanol as the co-solvent in the hydraphilic

component for encapsulation in soft gelatin capsules: .

Component Amount {mg/capsule)
1,2-Propyieneglycol 150.0
Ethanol 150.0
Mono-, di- and triglycerides from com oil 320.0
Cremophor® RH 40 (1) 380.0
Cyclosporin A M

1 100.0

b) Gelatin composition containing 1,2-propyleneglycol and glycerol as
plasticizers for the encapsulation of the microemulsion pre-concentrate.

Component

Gelatin : ' 47.5%
1,2-Propyleneglycol : 10.0%

Glycerol 6.0%

Water _36.5%

100.0%

After the encapsulation of the microemulsion pre-concentrate the capsules are
dried as in Example 2 and are packaged in glass bottles. The capsules thus
prepared are stable for more than two years and have an unobjectionable
appearance, i.e. a satisfactory capsule hardness and a satisfactory capsule

shape.

The content analysis of 1,2-propyleneglycol in the microemulsion pre-concentrate
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[ 3' -desoxy-3' -oxo-MeBnt)[err]-[Val][err]- 50. 0 Cycl osporin 500,0 b)
‘Cel atin conposition containing 1 ,2-propyleneglycol and glycerol as
pl asticizers for the encapsul ation of the m croemul sion pre-concentrate.

Component Amount Cel atin
46,0 % 1, 2- Propyl enegl ycol -17- 10.0 % d ycerol
8.5 % Wat er _ 35.5 %

and in the capsule shell exhibits the following values after 18 days and 42 days:

Time Capsule contents Capsule shell
[mg] . [mg] _ (%]
18 days 156.0 61.6 15.6
42 days ‘ 152.4 60.8 15.4

COMPARATIVE EXAMPLE 2

a) Microemulsion pre-concentrate comprising 1,2-propyleneglycol as the

hydrophilic component for encapsulation in soft gelatin capsules:

Component Amount (mg/capsule)
1,2-Propyleneglycol 180.0
Mono-, di- and triglycerides from com oil 360.0
Cremophor® RH 40 (1) 360.0
Cyclosporin A 100.0

1 000.0

b) Gelatin composition containing glycerol as plasticizer for the encapsulation

of the microemulsion pre-concentrate.

Component

Gelatin . 49.0%
Glycerol 11.9%
Water ' 39.1%

100.0%

After the encapsulation of the microemuision pre-concentrate the capsules are
This is ths replacement sheet
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100.0 % After the encapsul ation of the m croenul sion pre-concentrate the
‘capsules are dried. After drying the capsul es are packaged in gl ass

bottl es. The capsul es thus prepared are stable for several years and have
an unobj ecti onabl e appearance. The content analysis of 1, 2-propyl eneglycol
in the mcroemnul sion pre- concentrate and in the capsule shell exhibits the
follow ng values after 2 days, 7 days, 818 days and 56 days. Tine

Capsul e contents - Capsul e shert T ny] [ o] [ %A
2 days 48. 5 31.6 11.1 7 days

49.5 28. 6 10. 6 18 days 49. 4 _
26. 6 dried 49 it Examples 2 and 3 and are packaged in glass bottles. The capsules

thus prepared are not stable. They have a deformed capsule shell which with
increasing storage period becomes softer and more tacky so that the capsules

are not any more suitable for commercial use.

The content analysis of 1,2-propyleneglycol in the microemulsion pre-concentrate
and in the capsule shell exhibits the following values after 2 days, 7 days,

18 days and 56 days:

Time Capsule contents Capsule shell
[mg] [mg] [%]
2 days 128.3 42.0 9.4
7 days 120.5 50.7 11.8
18 days 106.8 59.4 13.2
56 days 100.2 74.2 16.3

The 1,2-propyleneglycol content in the capsule filling decreases with time,
because the 1,2-propyleneglycol diffuses into the capsule shell. The change in
the hydrophilic component leads to stability problems in the microemulsion pre-

concentrate.
EXAMPLE 4:

a) Microemulsion pre-concentrate comprising 1,2-propyleneglycol as the
hydrophilic component and ethanol as the co-solvent in the hydrophilic

component for encapsulation in soft gelatin capsules.
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56 days 49.1 26. 4 10. 4 The

1, 2-propyl enegl ycol content in the capsule fill increases after
encapsul ation especially in the first two days. However the m croemul sion
pre-concentrate renmains stable on adm xture with water. -22- EXAMPLE 6

a) M croemul si on pre-concentrate conprising 1, 2-propyl eneglycol as the
hydr ophi |'i ¢ conponent and et hanol as_{die co-solvent in the hydrophilic
conponent for encapsulation in soft gelatin capsul es. Conponent

Amount (ng/ capsul e)

Component Amount (mg/capsule)
1,2-Propyleneglycol 35.0
Ethanol 75.0
Mono, di- and triglycerides from com oil 172.0
Cremophor® RH 40 (1) 202.5
DL-alpha-Tocopherol 0.5
Cyclosporin A 50.0
535.0

b) Gelatin composition containing 1,2-propyleneglycol and glycerol as

plasticizers for the encapsulation of the microemulsion pre-concentrate.

Component Amount
Gelatin 46.6 %
1,2-Propyleneglycol 12.0 %
Glycerol_ _ 51 %
Water 35.83 %
Titanium dioxide 1.0%
100.%

After the encapsulation of the microemulsion pre-concentrate the capsules
are dried. After drying the capsules are packaged in glass bottles. The
capsules thus prepared are stable for more than three years and have an
unobjectionable appearance, i.e. a satisfactory capsule hardness and a

satisfactory capsule shape.

The content analysis of 1,2-propyleneglycol in the microemulsion pre-

concentrate and in the capsule shell exhibits the following values after 7

days, 18 days and 35-days.
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1, 2- Propyl enegl ycol 150. 0 Et hanol 140.0

"Mono, di- and triglycerides fromcorn oil 374.0
Crenophor[err] RH 40 (1) 225. 0 DL- al pha- Tocopher ol 1.0
Cycl osporin G 100.0 990.0 hb) Gel atin conposition
containing 1, 2-propyl enegl ycol as plasjj.cizer for the encapsul ation of the
m cr oenul si on pre-concentrate. Conponent Amount Gel atin
47.0 % 1 , 2- Propyl enegl ycol 21.0 %

Time Capsule contents Capsule shell
[mg] [mg] [%]
- 7 days 50.8 36.0 12.2
18 days 51.5 ’ 33.4 ' 11.6
35 days 53.2 324 11.3

The 1,2-propyleneglycol content in the capsule fill increases after encapsulation
especially in the first seven days. However the higher propyleneglycol content

has no negativé effect on the stability of the microemulsion pre-concentrate.

EXAMPLE 5 .

a) Microemulsion pre-concentrate comprising 1,2-propyleneglycol as the
hydrophilic component and ethanol as the co-solvent in the hydrophilic

component for encapsulation in soft gelatin capsules.

Component Amount (mg/capsule)
1,2-Propyleneglycol 37.5
Ethanol 75.0
Labrafil M 2125 CS 75.0
Cremophor® RH 40 (1) 262.0
DL-alpha-Tocopherol _ 0.5
[3'-desoxy-3-oxo-MeBmt)* -[Vall* 50.0
Cyclosporin

500,0

b) Gelatin corriposition containing 1,2-propyleneglycol and glycerol as
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Wat er 32.0 % 100.0 After the encapsul ation of the
‘m croemul sion pre-concentrate the capsules are dried. After drying the
capsul es are packaged in glass bottles. The capsul es thus prepared are
stable for several years and have an unobjectionabl e appearance. The
content analysis of 1,2-propyleneglycol in the m croemulsion
pre-concentrate and in the capsul e shglil exhibits the follow ng val ues
after 7 days, 18 days and 35 days. -23- TIME Capsul e
Capsul e shel

plasticizers for the encapsulation of the microemulsion pre-concentrate.

Component Amount
Gelatin 46,0 %
1,2-Propyleneglycol 10.0 %
Glycerol 8.5 %
Water 35.5 %
100.0 %

After the encapsulation of the microemulsion pre-concentrate the capsules
are dried. After drying the capsules are packaged in glass bottles. The
capsules thus prepared are stable for several years and have an

unobjectionable appearance.

The content analysis of 1,2-propyleneglycol in the microemuision pre-

concentrate and in the capsule shell exhibits the following values after 2

days, 7 days, 18 days and 56 days.

Time Capsule contents Capsule shell
[mg] [mg] [%]
2 days 48.5 31.6 11.1
7 days 49.5 28.6 10.6
18 days 49.4 26.6 10.4
56 days - 49.1 26.4 10.4

The 1,2-propyleneglycol content in the capsule fill increases after encapsulation
especially in the first two days. However the microemulsion pre-concentrate

remains stable on admixture with water.
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7 days 178.0 84.4 20. 2 18 days

171.7 91. 2 21.2 35 days 169.1
96. 4 21.9 The 1, 2-propyl enegl ycol content in the capsule fil
i ncreases after encapsulation in the first seven days. Afterwards the 1
, 2-propyl enegl ycol content in the capsule fill decreases slightly. However
the m croenul si on pre-concentrate [ eM#ENS sufficiently stable. 24
CLAI MS: | . Aliquid-filled soft gelatin capsule containing a
pharnacologicalgy active substance in a
EXAMPLE 6

a) Microemulsion pre-concentrate comprising 1,2-propyleneglycol as the
hydrophilic component and ethanol as the co-solvent in the hydrophilic

component for encapsulation in soft gelatin capsules.

Component Amount (mg/capsule)
1,2-Propyleneglycol 150.0 |
Ethanol 140.0
Mono, di- and triglycerides from
com oil 374.0
Cremophor® RH 40 (1) 2250
DL-alpha-Tocopherol 1.0
Cyclosporin G 100.0

990.0

b) Gelatin composition containing 1,2-propyleneglycol as plasticizer for the

encapsulation of the microemulsion pre-concentrate.

Component Amount
Gelatin ' 47.0 %
1,2-Propyleneglycol . 21.0 %
Water 32.0%
100.0

After the encapsulation of the microemulsion pre-concentrate the capsules are
dried. After drying the capsules are packaged in glass bottles. The capsules thus

prepared are stable for several years and have an unobjectionable appearance.

The content analysis of 1,2-ptopyleneglycol in the microemulsion pre-concentrate
and in the capsule shell exhibits the following values after 7 days, 18 days and

35 days.
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carrier nediumtherefor, wherein at the tinme of encapsul ation the capsule
shell conprises a m grateable conponent (other than glycerol) which is also
present in the capsule filling and which is a solvent for the active
substance. 2. A soft gelatin capsule according to claim1, wherein the

m gr at eabl e conponent is a non- volatile pharnmaceutically acceptable

sol vent which is capabl e of m xing wi t3- or formng a solid solution with,
the gelatin. 3 A soft gelatin capsule according to claim1 or 2 wherein
the m grateabl e conponent is a tetrahydrofuryl al cohol ether, diethylene

gl ycol nmono ethyl ether, 1,3-dinethyl-2- imdazolidinone,

di nmet hyl i sosor bi de, pol yet hyl ene gl ycol or propylene glycol. 4. A soft
gelatin capsule according to claim3 wherein the m grateabl e conponent is
1, 2- propyl eneglycol. 5. A soft gelatin capsule of claim1 having a

capsul e shell conprising gelatin, plasticizers and, if desired or required,
further auxiliary agents, wherein the solvent at |least partially is

TIME Capsule ) Capsule " shell
contents
[mg]
[mg] %
7 days 178.0 84.4 20.2
18 days 171.7 891.2 21.2
35 days 169.1 96.4 : 21.9

The 1,2-propyleneglycol content in the capsule fill increases after encapsulation
in the first seven days. Afterwards the 1,2-propyleneglycol content in the capsule
fill decreases slightly. However the microemulsion pre-concentrate remains

sufficiently stable.
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1, 2-propyl enegl ycol, but not predom nantly polyethyl eneglycol, wherein the

capsul e shell contains 1, 2-propyl eneglycol. 6. A soft gelatin capsule
according to any preceding claimwherein the capsule filling contains a
| i pophilic conponent. 7. A soft gelatin capsule according. to any

precedi ng cl ai mwherein the capsule fi_&J‘_i ng contains a surfactant. 8.
soft gelatin capsule according to any precedi ng cl ai mrhis8hest Hasg B&W

A
_ ke
filling is capable of formng an enul sion on mxing wt 9.
A soft gelatin capsule according to any preceding claim psul e

filling is a

CLAIMS:

1. A liquid filled soft gelatin capsule characterized in that the capsule shell
contains a migrateable component (other than glycerol) which is also

present in the capsule filling.

2. A soft gelatin capsule according to claim 1, characterized in that the
migrateable component is a non-volatile pharmaceutically acceptable
solvent which is capable of mixing with, or forming a solid solution with,

the gelatine.

3. A soft gelatin capsule according to claim 1 or 2 wherein the
migrateable component is a tetrahydrofurylalcohol ether, diethylene glycol
mono ethyl ether, 1,3-dimethyl-2-imidazolidinone, dimethylisosorbide,

polyethylene glycol or propylene glycol.

4, A soft gelatin capsule according to claim 3 wherein the migrateable

component is 1,2-propyleneglycol.

5. A soft gelatin capsule of claim 1 having a capsule shell comprising gelatin,
plasticizers and, if desired or required, further auxiliary agents, and a
capsule filling containing a solvent, wherein the solvent at least partially is
1,2-propyleneglycol, but not predominantly polyéthyleneg!ycol,

characterized in that the capsule shell contains 1,2-propyleneglycol.

6. A soft gelatin capsule according to any preceding claim characterized in

that the capsule filling contains a lipophilic component.

7. A soft gelatin capsule according to any preceding claim characterized in
that the capsule filling contains a surfactant.
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m croemul si on preconcentrate which contains 1,2-propyl eneglycol as a
hydrophilic and m grateabl e conponent. 10. A soft gelatin capsuie-

according to any preceding claimwherein the capsul e sheThis Sm’@ﬁég'léee

| east 5% by wei ght of m grateabl e conponent. 11. A soft ced
according to any preceding claim V\:thEI n the capsul e shel WF
to 40% by wei ght of m grateabl e conpofren A soft ge

according to any preceding claim wherein the capsule filling contains

et hanol as a co-sgl vent A soft gelatin capsule according,to any

pr ecedi ng-cl alﬁrﬁowgimcﬂwléﬂﬁer@”g%@ﬁ”y FH’F‘F@@'”Sr“;?'H@;C hamateized igp t o

32% by wei ght ﬁﬂp

according to (:t éﬁﬁ 1 elrng‘{'ﬁq?%%%grl e é’)gnéﬁ %@F%ﬂcﬁ?g’?’%@’%ﬁ‘g{ ween 10
and 32% by weiygdter of m gr at eabl e conponent. 15. A soft gelatin capsule
according to any preceding claim wherein the capsule shell also

9. A soft gelatin capsule according to any preceding claim characterized in
that the capsule filling is in the form of a microemulsion pre-concentrate
which contains 1,2-propyleneglycol as a hydrophilic and migrateabie

component.

10. A soft gelatin capsule according to any preceding claim characterized in
that the capsule shell contains at least 5% of migrateable component.

11. A soft gelatin capsule according to any preceding claim, characterized in
that the capsule shell contains from 5 to 40% of migrateable component.

12. A soft gelatin capsule according to any preceding claim, characterized in

that the dried capsule filling contains ethanol.

13. A soft gelatin capsule according to any preceding claim, characterized in
that the dried capsule shell contains up to 32% of migrateable component.

14. A soft gelatin capsule according to any preceding claim, characterized in
that the dried capsule shell contains between 10 and 32% of migrateable

component.

15. A soft gelatin capsule according to any preceding claim, characterized in

that the capsule shell contains also glycerol.

16. A soft gelatin capsule -according to any preceding claim containing a
pharmacologically active substance which has a solubility in water of less
than 1%.

I T e ropeemem e
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contains glycerol. 16. A soft gelatin capsule according to any preceding
¢l aimcontaining a pharnmacol ogi cally active subst ance!Thisi Sheett4es Been Replaced

solubility in water of |less than 1% wv. 17. A soft ge
according to claim 16 wherein the pharnacol ogically acti muys a
cycl osporin or macrolide. 26 18. A _soft gelatin capsule to
claim 17 wherein the pharnacol ogi call y’2§'ct I ve substance is selected from
cyclosporin A, cyclosporin G
([3[err]-desoxy-3[err]-oxo-MeBnt][err]-[Val][err] G closporin), rapamycin,
40- 0- ( 2- hytiT oxyResalt/gelatip aapstie acgasding tes 16 wherein the

33-epi -chl oro- 385%%?&)38{3&88159’8&{{% substance is a cyclosporin or macrolide.

18. A soft gelatin capsule according to claim 17 whersin the

pharmacologically active substance is cyclosporin A or G.

19. A process for encapsulating a liquid mixture in gelatine to form soft
gelatine capsules, wherein éne component of the mixture has a propensity
to migrate into gelatine, characterized in that the gelatine composition
used in the encapsulation process contains also the said migrateable

component, and said migrateable compound is other than glycerol.

20. A process according to claim 19 including any of the features claimed

in any of claims 1 to 18.

21. A process for manufacturing soft gelatin capsules having a capsule shell
comprising gelatin and a component which leads to tackiness,
characterized in that cooling of the gelatin bands to form the capsule shell

is effected using a liquid coolant.

22. A process according to claim 21 for manufacturing soft gelatin capsules
having a capsule shell comprising gelatin, plasticizers and, if desired or
required, further auxiliary agents, and a capsule filling containing a
solvent, wherein the solvent at least partially is 1,2-propyleneglycol and
the capsule shell contains 1,2-propyleneglycol, characterized in that the

coo'ling drum for cooling the gelatin bands contains a liquid coolant.

23. The process according to claim 22 characterized in that water is used as

the coolant.

24. Capsules produced by the process of any one of claims 19 to 23,
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19. ‘A soft gelatin capsule as clained in claim15 wherein the wei ght
rati o of the m grateable conponent to glycerol is from1:1 to 1:0.2. 20.

A soft gelatin capsule containing a cyclosporin A conposition which
conposition conprises 1, 2-propyl ene glycol wherein the capsul e shel
conprises 1, 2-propylene glycol at the tinme of encapsul ation. 21. A soft
gelatin capsule as clained in claim20 further conprising glycerol in the
capsul e shell on encapsul ation. 22. A7soft gelatin capsule as clained in
claim20 or 21 wherein the conposition is a mcroenul sion preconcentrate.
23. A process for encapsulating a liquid mxture in gelatine to form soft
gel atine capgsul @SeqdHiry &lumn wecmiﬁ?cg@aﬁn ®hnkY o Torrh ot dstie BAEHABSI Ly tO
mgrate into gelatine, wherein at the tine of encapsul ation the gel atine
conposi ti on usesdhells whesgs thatdsumhis adapted avitomeainsfonkeolinghthentigmat eabl e

conponent, and gg;fgcén uglrnagt %aﬁélﬁd%%%aonqeerfgt;. \'N%te% her than

26. A drum as claimed in claim 25 in association with a machine for producing

soft gelatine capsules,
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gl ycerol . 24. A process as clained in claim23 wherein the m grateable

‘conponent is propylene glycol. 25. A process as clained in claim23 or 24
wherein the liquid mxture is a mcroenul sion preconcentrate containing
cyclosporin A as active substance. 27 26. A process for manufacturing

soft gelatin capsules having a capsule shell conprising gelatin and a
conponent which | eads to tackiness, wherein the gelatin is in the form of
bands, wherein cooling of the gelatin g%?ds to formthe capsule shell is
effected using a liquid coolant. 27. ~&"process according to claim26 for
manuf acturi ng soft gelatin capsul es having a capsul e

SOFT GELATIN CAPSULE MANUFACTURE

Abstract of the Disclosure

Soft gelatin capsules having a capsule shell comprising gelatin, plasticizers and,
if desired or required, further auxiliary agents, and a capsule filling containing a
solvent including a migrateable solvent such as 1,2-propyleneglycol as a solvent
in the capsule filling and in the capsule shell. The manufacture of said capsules
is improved, if in the process for making the soft gelatin capsules the gelatin
bands are cooled with a liquid, and preferably with water.

FIGURE 1
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.shell conprising gelatin, plasticizers and, if desired or required, further
auxiliary agents, and a capsule filling containing a solvent, wherein the
solvent at least partially is 1,2- propyleneglycol, but not predom nantly
pol yet hyl enegl ycol , the capsul e shell contains 1, 2-propyl eneglycol, and a
drumis adapted for guiding and coolinglthe bands, wherein the drum
contains a |liquid cool ant 28. A process as clained in claim26 for
produci ng a capsul e having the features as clainmed in any one of clains 2

to 22. 29. A process according to claim27 or 28 wherein water is used as
t he cool ant 30. Capsul es produced by the process of any one of clains 26
to 29. 31. A capsul e or process substantially as herein described with

ref erences to the Exanples.
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CLAIMS:
1. A liquid-filled soft gelatin capsule containing a pharmacologically active substance in a

carrier medium therefor, wherein at the time of encapsulation the capsule shell comprises
a migrateable component (other than glycerol) which is also present in the capsule filling

and which is a solvent for the active substance.

2. A softt gelatin capsule according to claim 1, wherein the migrateable componeat is a non-
volatile pharmaceutically acceptable solvent which is capable of mixing with, or forming

a solid solution with, the gelatin.

3. A softt gelatin capsule according to claim 1 or 2 wherein the migrateable component is a
tetrahydrofurylalcohol ether, diethylene glycol mono ethyl ether, 1,3-dimethyl-2-
imidazolidinone, dimethylisosorbide, polyethylene glycol or propylene glycol.

4, A soft gelatin capsule according to claim 3 wherein the migrateable component is 1,2~
propyleneglycol.
5. A soft gelatin capsule of claim 1 having a capsule shell comprising gelatin, plasticizers

and, if desired or required, further auxiliary agents, wherein the solvent at least partially is
1,2-propyleneglycol, but not predominantly polyethyleneglycol, wherein the capsule shell.
contains 1,2-propyleneglycol.

6. A soft gelatin capsule according to any preceding ¢laim wherein the capsule filling

contains a lipophilic component.

7. A soft gelatin capsule according to any preceding claim wherein the capsule filling
contains a surfactant.
8. A soft gelatin capsule according to any preceding claim wherein the capsule filling is

capable of forming an emulsion on mixing with water.
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10.

1L

12,

13.

14.

15.

16.

17.

25

A soft gelatin capsule according to any preceding claim wherein the capsule filling is a
microemulsion preconcentrate which contains 1,2-propyleneglycol as a hydrophilic and

migrateable component.

A soft gelatin capsule according to any preceding claim wherein the capsule shell contains
at least 5% by weight of migrateable component.

A soft gelatin capsule according to any preceding claim, wherein the capsule shell

contains from 5 to 40% by weight of migrateable component.

A soft gelatin capsule according to any preceding claim, wherein the capsule filling

contains ethanol as a co-solvent.

A soft gelatin capsule according to any preceding claim, wherein the capsule shell, after
drying, contains up to 32% by weight of migrateable component.

A soft gelaﬁn capsule according to claim 13, wherein the dried capsule shell contains

between 10 and 32% by weight of migrateable component.

A soft gelatin capsule according to any preceding claim, wherein the capsule shell also

contains glycerol.

A soft gelatin capsule according to any preceding claim containing a pharmacologically

active substance which has a solubility in water of less than 1% w/v.

A soft gelatin capsule according to claim 16 wherein the pharmacologically active

substance is a cyclosporin or macrolide.

-
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18.

19.

20.

21.

22.

24.

25.

26

A soft gelatin capsule according to claim 17 wherein the pharmacologically active
substance is selected from cyclosporin A, cyclosporin G,
([3*-desoxy-3-oxo-MeBmt]-[ValJ*-Ciclosporin), rapamycin, 40-0-(2-hydroxy)ethy!

rapamycin, FK506, ascomycin, or 33-epi-chloro-33-desoxyascomycin.

A soft gelatin capsule as claimed in claim 15 wherein the weight ratio of the migrateable
component to glycerol is from 1:1 to 1:0.2.

A soft gelatin capsule containing a cyclosporin A t::omposition which composition
comprises 1,2-propylene glycol wherein the capsule shell comprises 1,2-propylene glycol
at the time-of encapsulation.

A soft gelatin capsule as claimed in claim 20 further comprising glycerol in the capsule

shell on encapsulation.

A soft gelatin capsule as claimed in claim 20 or 21 wherein the composition is a

microemulsion preconcentrate,

A process for encapsulating a liquid mixture in gelatine to form soft gelatine capsules,
wherein one component of the mixture has 2 propensity to migrate into gelatine, wherein
at the time of encapsulation the gelatine composition used to encapsulate the mixture
contains also the migrateable component, and said migrateable component is other than

glycerol.
A process as claimed in claim 23 wherein the migrateable component is propylene glycol.

A process as claimed in claim 23 or 24 wherein the liquid mixture is a microemulsion

preconcentrate containing cyclosporin A as active substance.
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26.

27.

28.

29.
30.

3L

27

A process for manufacturing soft gelatin capsules having a capsule shell comprising
gelatin and a component which leads to tackiness, wherein the gelatin is in the form of
bands, wherein cooling of the gelatin bands to form the capsule shell is effected using a

liquid coolant.

A process according to claim 26 for manufacturing soft gelatin capsules having a capsule
shell comprising gelatin, plasticizers and, if desired or required, further auxiliary agents,
and a capsule filling containing a solvent, wherein the solvent at least partially is 1,2-
propyleneglycol, but not predominantly polyethyleneglycol, the capsule shell contains
1,2-propyleneglycol, and a drum is adapted for guiding and cooling the bands, wherein
the drum contains a liquid coolant.

A process as claimed in claim 26 for producing a capsnle having the features as claimed in
any one of claims 2 to 22.

A process according to claim 27 or 28 wherein water is used as the coolant.
Capsules produced by the process of any one of claims 26 to 29.

A capsule or process substantially as herein described with references to the Examples.
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