BUTYLPHTHALI DE SELF- EMULSI FYI NG DRUG DELI VERY SYSTEM | TS

PREPARATI ON METHOD AND APPLI CATI ON FI ELD OF THE | NVENTI ON The present
invention relates to a novel drug delivery and rel ease system of
butyl pht hal i de, and particularly relates to butyl phthalide

self-emul sifying drug delivery system and its preparation process
and use in pharmaceutical fornulations. BACKGROUND OF THE | NVENTI ON
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generally to body temperature, namely 37°C) with mild stirring. As the amount
of the emulsifying agent increases, such a self-emulsifying system can form
micro-emulsion in the gastrointestinal tract spontaneously, and thus is cailed
Self-microemulsifying Drug Delivery System (SMEDDS). When SEDDS enters
the gastrointestinal tract, it is firstly self-emulsified as emulsion droplets and
rapidly dispersed throughout the gastrointestinal tract, and thus reducing the
irritation caused by the direct contact of the drug with the mucous membrane
of the gastrointestinal tract. In the gastrointestinal tract, the structure of the
emulsion microparticulates will be changed or destroyed. The thus-formed
microparticulates of micrometer or nanometer level can penetrate into the
mucous membrane of the gastrointestinal tract, and the digested oil droplets
enter the blood circulation, thereby significantly improving the bicavailabiiity of
the drug. The self-emulsifying drug delivery system is predominantly employed
with respect to lipid-soluble and less water-soluble drugs. It can increase the
stability and the bicavailability of the drugs.
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synt hesi s. Chinese Patent for Invention No. 98125618. X di scl osed the
use of L-n-butylphthalide in the manufacture of an anti-thronbotic
and anti-platelet agglutination drug, clearly denonstrating that
L-n-butyl phthal ide can regulate the function of the NOS-NO cGW
system and t he Bubtpiibrlidenioon piiraatyi chonpanenidi delenies eantossddsciiersof, It
after cerebral .isc inese Patent for Invention No. 93117148.2
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requi renents of patients. For exanple,thZﬁ;reparation of hard
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Currently, butylphthalide is commercially available only in the form of soft
capsule, that is, butylphthalide is dispersed in vegetable oil and then directly
filled into soft capsules. Though such a dosage form can mask the unpleasant
odor of the agent, yet its content is poorly dispersed in an aqueous phase, and
the extent of its dissolution in vifro cannot be directly determined, which not
only obstructs the quality control during the production of the product, but also
affects the absorption rate of the drug to a great extent,

In addition, in Chinese Patent for Invention No. 02123000.5, the present
inventors disclosed a technique to improve the water solubility of
butylphthalide through the inclusion of cyclodextrin derivative. This technique
not only masked the unpleasant odor but also increased the water solubility of

butylphthalide. However, the amount of the primary component being used
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dosage is limted by the | oading capability, the preparation of
tablets is limted by the suitability of tablet size, and the anount
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butyl pht halide). Butyl phthalide is selected fromthe group consisting
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emul sifying agents are less toxic than ionic enulsifying agents, %nd
nerel y i ndgeévenssypisinfer iteinbhalide iche self-emulsifying drug delivery system
of butylphthalide.

The self-emulsifying drug delivery system of butylphthalide provided in the
present invention comprises as essential components 1% fo 65wi% of
butyiphthalide, 10% to 65wt% of an emulsifying agent, and preferably
comprises as essential components 10wt% to 50wt% of butylphthalide, 15wt%
to B0wit% of an emulsifying agent, together with various excipients
appropriately depending on the desired dosage forms to produce
corresponding dosage forms, wherein the appropriate amount of the excipients
used is 0 to 85%, preferably 5 to 75% ( each of the above amounts is based on
the total weight of the self-emulsifying drug delivery system for butylphthalide).

Butylphthalide is selected from the group consisting of its racemic,
levo-rotary and dextro-rotary isoforms.

The self-emulsifying drug delivery system of the present invention is also
useful for the delivery of oil-soluble derivatives of butylphthalide.

In the present invention, preferably SEDDS emulsifying agents are
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perneability of the nmucous nenbrane of the gastrointestinal tract.
SEDDS enul sifying agents of the present invention are selected from
any of the group consisting of liquid or solid ethoxy
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capsul e, whosé content is a liquid oil of a self-emulsifying
feature, whiikkd ccampmisass by pht drahosethesof. enul si fyi ng agent, and
optionally an excipient. The excipients are selected from any one of
the group consiFsepagtion Ryaredwepll &g emiisifying agendk arp ramplesalignelisd in
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of any two gpgMBeibMEr &8l addel, to produce a dosage form of the butylphthalide
self-emulsifying drug delivery system.

The present invention also provides a series of formulations of
butylphthalide self-emulsifying drug delivery, and various butylphthalide
dosage forms with a mechanism of self-emulsifying drug delivery, together
with excipients appropriate for corresponding dosage forms, such as tablets,
soft capsules, granules, hard capsules and oral liquids for self-emulsifying
drug delivery of butylphthalide.

The self-emulsifying drug delivery system for butylphthalide of the present
invention is especially useful for a dosage form of soft capsule, whose content
is a liquid oil of a self-emulsifying feature, which comprises butylphthalide, an
emulsifying agent, and optionally an excipient. The excipients are selected
from any one of the group consisting of edible piant oils, for example sesame
oil, corn oil, peanut oil, soybean oil, almond oil, peach kernel oll, cotton seed oil,
sunflower seed oil, and oliver oil, or the mixture of any two or more thereof.
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Optionally, the dosage formmay additionally conprise an anti-oxi dant
and a lipophilic flavoring. The excipients contained in the

sel f-enul sifying soft capsules of the present invention can be
conventional excipients in the art. The butyl phthalide
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but yI pht hal ¢hteinsan érat figuidi fyl ng dr ug deI ivery system resulting in

solid powders or ﬂwanul es of a self-enulsifying feature by
conventional fBehttyjpbialide seltemysifing doig delpernhsysieen of the present
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an appropriate coating such as a gastric coating, edteric coatlng,
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acetate, et h?éasgeés!pléluf)es?, Sx%glulgshgncli Itrlfeellke, can be obtained by incorporating
excipients as required by the oral solid formulations, such as disintegrants,
binders, flavorings, and/or polymeric scaffold materials, efc, to the
aforementioned butylphthalide self-emulsifying drug delivery system, resulting
in solid powders or granules of a self-emulsifying feature by conventional
techniques.

Tablets of the butylphthalide self-emulsifying drug delivery system
according to the present invention can be produced by mixing solid powders or
granules being capable of self-emulsification with appropriate plasticizing
agents, disintegrants and |ubricants, and subsequently pressing with
appropriate mould size. If necessary, the tablets can be coated with an
appropriate coating such as a gastric coating, enteric coating, or delayed or
controlled drug release coating including cellulose acetate, ethyl cellulose and
the like.

Hard capsules of the butylphthalide self-emulsifying drug delivery system
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Hard capsul es of the butyl phthalide self-enulsifying drug delivery
system 5 according to the present invention can be produced by
conbining solid powders or granul esbeing capabl e of

self-emul sification with conventional |ubricants, delayed rel ease
mat eri al s afecarivgl ikdhe rigeaerti myentiom manabe hatoducedpsulcempindng solid
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d by,a si .and | er at. ess, Moreover, it has
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reparatio | ' lLallzation,. etc,.
But y1 pot hal a8 Sopiof &l pRRREER M o bbodted BrehEsRhion
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adm ni stration conveni ence, easy swallow ng, and good conpliance "of
patients. NBR®dY@reatiytinescaset otherdhy inclepsingt theeatisogptiei @id of te 8Rig.
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vitro rel ea mul ati on are not

signific anﬁ%rfpngf%%g@%o} Qeean rrr?éss?(% }:Iyot'["le normal soft capsules, administration
convenience, easy swallowing, and good compliance of patients. Moreover,
they allow the oily active ingredients to be rapidly dispersed when getting
contact with the gastric fluld to form an oil-in-water emulsion, thereby
increasing the extent and the rate of absorption. The present formulation is
shown in the acceleration test and the long-term test that, although the aging
of the shell of the present soft capsule is significant when being heated and the
disintegration time is elongated, it is still less than 60 minutes, and thus
complies with the provisions of Chinese Pharmacopoeia. Various parameters
such as appearance, content, degradation products, the time for
self-emulsification and the in vitro release degree of the present formulation

are not significantly changed.

BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 shows the result of the particle size distribution of butylphthalide
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BRI EF DESCRI PTI ON OF THE DRAW NGS Figure 1 shows the result of the
particle size distribution of butylphthalide 6 self-enulsification
system bei ng neasured with a | aser particle size distribution

anal yzer. FronFigure 1, it can be seen that nore than 98% of the

emul si on  dselpleeidsificationaysin being raédsired wite aJaddrpardbiza A thken
said systembelong to a self-mcroenulsifying drug delivery system

It can al soapalygendiroméeipure dmit tan be seendhdtoserd tham §&¥cefnthagemulsion
profile in Fi rticle size distribution in the present
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agent, pr efrerpobynt systde if nddromiang upFoment ages by weights: 10%to

50% of butyl phthalide, and 15%to 60% of said enul sifying agent.
Into the oily liquid of the drug can al so be added an appropriate

such as. m nPESALER R TON B PR VBN Tiice” The emul 9i fyi ng

i f ' h i d
ol yet hyl bnegl goal T erra s et B ALY h 855 R Bt dpincem
ratio of  lofthé Hugyldhthale w'gwsfﬁéb?r?%m?m’ﬂ %gﬂé\%ll pht hal i de to the

enul sifying agent is prefera Ight). Preferred
Preparati on Prdbesenteny il tgesuit expsussstiohe obif-cnsulstttapiaiegl delive®! srege i n

a water bath at 25 to 50C, then polyethyl enegl ycol-8 glycerin

capryl at e/ cBi§P8Fe INenitpfie Commiiisesx sttwwhthalislei tandi am temulsifing agent,
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are. t erfj | gih?@lﬁé&gﬁ%ﬁ%ﬂﬁdgrtgfagsxts‘tSfe %?& bR eRht. i1 the oily liquid of
the drug can also be added an appropriate antioxidant such as dibuty!
hydroxytoluene and a flavoring agent such as mint oil, green apple oil, and the
like.

The emulsifying agent is preferably the mixture of polyoxyethylene castor
oil and polyethyleneglycol-8 glycerin caprylate/caprate preferably in the ratio of
1:0.5 to 1.5(by weight). The ratio of butylphthalide to the emulsifying agent is
preferably 1:0.5 to 1.5 (by weight).

Preferred Preparation Process: Hydrogenated castor oil is adequately
melted in a water bath at 25 to 50°C, then polyethyleneglycol-8 glycerin
caprylate/caprate is added and mixed with agitation to obtain a homogenous
clear oily liquid. Butylphthalide is added and mixed with agitation at room
temperature. The contents for the soft capsules are thus obtained.

The shell of the soft capsule of the self-emulsifying drug delivery system
according to the present invention consists lessentially of shell composition,
plasticizing agent, and water in the ratio by weight of 1:0.2 to 0.4:0.8 to 1.3.

Furthermore, into the shell can also be incorporated appropriate preservative
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according to the present invention consists essentially of shell
conposition, plasticizing agent, and water in the ratio by weight of
1:0.2t0 0.4:0.8 to 1.3. Furthernore, into the shell can also be

i ncorporated appropriate preservative 7 such as ethyl paraben,
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conpr essi on mqhgipmfmﬂbogge,{tQgp;@tﬂ%rﬁpg&%ﬁgﬁbp{heqﬂ%@%gﬁ%@thgg

or the dropping nethod. General e conpression ne

the rotary coffpeesesent bupiplthaliesstheshsute €Phe yestucddiydediventional
automatic rotary capsule-rolling machine, with the tenperature being
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gel atin, aQ-POW ggo it to absorb water and to swell. Qycerin,
et hyl para aer@insm pharm l pedid 0
hyl befP helCesiodtiat eagh seft sapsule seefainsm pharmansitioally deeptdb

a tenperat f 0 and honogeneously m xed. Swollen gelatin
is added vmé*f'ﬁu golft@p{l@ﬂgalfﬁﬁ‘ted, i ncubated for 1 to 2 hrs, and kept

t for f ] . d
Lhe. renmi nderTLe follovaR eBmpleaCaid bl & HORIMLC S SHBRBHEED B ot m
for furtherprasent fMibenticrsirogétall. They ke roSbhée td Wil HRHLEbIES of the

generally 2.8 to 3.2 degree.
present invention.

Example 1: Preparation of butylphthalide self-emulsification soft capsules

Preparation of Gelatin Solution: 100 g of gelatin, 30 g of glycerin, 130 g of
water and 200 mg of ethylparaben are used. An appropriat'e amount of water is
added into gelatin, ailowing it to absorb water and to swell. Glycerin,
ethylparaben and residual water are placed into a tank and heated to 2
temperature of 70 to 80°C, and homogeneously mixed. Swollen gelatin is
added with agitation, melted, incubated for 1 to 2 hrs, and kept rest for foams
to float up. The floating foams are then scraped, and the remainder is filtered
through a clean white cloth and kept warm for furthér use. The viscosity of the
resulting gum fiquid is generally 2.8 to 3.2 degree.

Preparation of oily liquid of butylphthalide: 100 g of butylphthalide, 50 g
each of polyethyleneglycol-8 glycerin caprylate/caprate and polyoxyethylene
castor oil are weighed and thoroughly agitated to obtain the oily liquid.

Compression of soft capsules: the prepared gelatin glycerin and oily liquid

&



Preparation of oily liquid of butylphthalide: 100 g of
butyl pht halide, 50 g each of polyethyleneglycol-8 glycerin
capryl ate/ caprate and pol yoxyet hyl ene castor oil are wei ghed and
thoroughly agitated to obtain the oily liquid. Conpression of soft
capsul es: t ﬁgbtﬁvl@bﬁwédegaée #daedghtecan antoaredicabtayy lcapstie-rolingimachine,
butylphthal%%f are aced into an automatic rotary capsule-rolling

I
machi ne, #}‘Fetef"g?%%truéﬁ i kentat gl de 59 C4Boft sapuies sach conjaéning 200
each cont ai Ip,gr}gtﬁé)g%y ﬁ%.n&faégﬁ | er‘?J iquid are encapsul ed. The soft
rOprT &l s?%esur '

capsul es havé& an ap appear ance and good content

consi stency asTRBaSHH edpsH¥e Ve #n a}ﬂﬂdﬂ%&é %fkeoh %@g%%ﬁggsﬁdf 8bod

preparing butyl phthalide self-emulsi tion so
Pr epar at i oncaftentven@stsatdyrasSakasired; 1000 g of gelatin, 300 g of
glycerin, 1300 g of water and 2000 ng of ethyl paraben are used. An
appropriate anount of water is added into the gelatin, allowng it
to absorb er and,swell. . Gycgerjn, ethylparaben and residual water
are placed TAHDPS ?%ln\lﬁﬁ%ﬁmt'ﬂﬁatcgd tb% PEOGESEp PRt Brapasing7 dhutypiialideand
honbgeneousd 44 : elatin is added with agitation,

sl Fhiefficaldlt ot Gapdiled

mel ted, incu or and kept rest for foans to float

up. The fl oatiPgpaeaich 6f ®et BERALA AR %bpgrd’ ?ﬂg‘%[ﬁfeﬁrﬁ@dosgfd]t@ﬁfeﬂg,

through a clean white cloth and kept war use:

viscosity of300hg ofr estert amd) 2000 higgof dtfivipaaaiber alré YusedB AP aphpriate
degree. Preparation of oily Ii?ui d of butylphthalide: 1000 g ofp
but yl pht hal§aUntshwaier is adfed intp e eelatn, alleyingdoio-absgity watermand swell,

hor oughty Gl BNt ebdE BE M el et 5 i Bsinra smksgmheated to |

| es: ' ' 1 h ily liquid.
bt yl pht hal) So Ve SR SPZ0% s0e ahd nBnKEBReS Bl e 18 stoleb sty
machi ne, ansatided withagitation, endiedkBRlbated 48 110 DRG. ar%@képtcrééﬁa{ fanRach

containing 200 ng of the oily liquid are.encapsul ed. The resulting

sof t capsull@dlogt diparkée Heatinge feamoy @re dhéroscreped, dime remainder is filtered
through a clean white cloth and kept warm for further use. The viscosity of the
resulting gum liquid Is generally 2.8 to 3.2 degree.

Preparation of oily liquid of butylphthalide: 1000 g of butylphthalide, 500 g
each of polyethyleneglycol-8 glycerin caprylate/caprate and polyoxyethylene
castor oil are weighed and thoroughly mixed to get the oily liguid.

Compression of soft capsules: The thus prepared gelatin glycerin and the
oily liquid of butylphthalide are placed into an automatic rotary capsule-rolling
machine, and the temperature is kept at 40 to 50°C. Soft capsules each
containing 200 mg of the oily liquid are .encapsuled.

The resulting soft capsules prepared at the above ratios have an
appropriate size in appearance and good content consistency as measured,

Three batches of samples are prepared according to the procedure in
Example 2. The consistencies of the dissclution and particle size are
investigated for the three batches of the samples. The degree of dissolution

and the particle size is determined as follows:
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appropriate size in appearance and good content consistency as
measured. Three batches of sanples are prepared according to the
procedure in Exanple 2. The consistencies of the dissolution and
particle size are investigated for the three batches of the sanples.
The degree of

| d th | det d
fol love: o b sDIaRGn Tou; Theresriann gaéufésigrﬁ's%s@% §é£rc'€|§gtt33he
d 2 |
Chi nese PhapSEoRHom R AR MERRETE f GhieactPaeiGinsShocls 2808 er
s used as edifomqhaten), wiRste donam GaeF X usbBlaR the shRentlantdfle ATl e

test is perfornmed as described. After 45 m nutes,

sol ution i srateismetat 400 rfl Tee axkt tsﬁpefﬁormédtés@efsbhbécﬁfﬂﬂtelr%FPﬁlﬁGie%e*l(Y
renoved and ransferred into a 10 m neasuring flask. Methanol is
added into Wé the olutiad {sheergevad and filigraditd on ammmﬁm@em@mnwy

haken. Th b t th 2
:pgcfpophofo r aqcia ?%‘?%f’ﬂ%vfd/x%gﬁ@ﬁwm %’3% Mﬁh@ﬁl@g@ded into

Phar macopoea, ﬂagQ@é)tlfedééé[ber cﬁﬁflén 5.{@ Hoéﬁggﬁ?oa@é/dérr%gﬁoﬁﬁ l)ﬁqr%grqge

of butylphthalide is precisely
measuring fatathls waveldranelof lzaoarﬁﬁleﬁséé&trdﬂ;héﬁ)%éihéém c?é‘i@m%éa”(ABﬁbﬁo%(
of

the scale, then m xed honobgeneously l'ution

preci sel y tlé{kénlneﬁﬁfainpﬁs%@@armammem SZ(IMD smtamuPaﬂg!)f Eai’dmg bhthl@ et

of nethanol is add % W"H .1s, supplenented into the flask to the
scal e for oeiquR'?oﬂ NHPHB ﬁ%d?f@?'?ewswa@éﬂd gk placad triat asﬁﬂ) unl on

e, 2 ARG Al RO el Hlsa%f‘?rhe%féﬁﬁpé‘é %tz Sawun
in Table 1. thé\ﬁla’uyéd RoMogREoRA.19 fl 6f tﬁ%‘&'ﬂs ;% g%ﬁée?fha%ﬁ%p %‘Oofzs

of MALVERN Particle Sizé Anal yzer 1s use

t he presentintoapsilnak nieasuikglzsrd tieir Coem! Y HOHahbMps a!%lé@ Wat?r is
artificial gastric fluid and used as the test solution.

al i quot i s SpPatkeEEnted dnte theafigsle te dhe . scakee foredituiioeneint] hmpgerﬁamﬁ:@d
at a setti The rang of the particle size

t
di stributi agﬁ'& 3 ur g@Pﬁ'ﬁBFN%r&'SPQ 2 Iey‘iQ-ﬂirO and measured by the

same procedure. The dissolution of each capsule is calculated and the results
are shown in Table 1.

Analysis of the Particle Size Distribution:

Model Nano-ZS of MALVERN Particle Size Analyzer is used. Protocol: the
content of the present capsules is taken and diluted by 100 times with artificial
gastric fluid and used as the test solution. 1 ml of aliquot is placed into a
sample cell. The measurement is performed at a setting temperature of 25°C.
The range of the particle size distribution and summed distribution is analyzed
using unimodality statistics. The results are shown in Table 2 and Figure 1.

Microscopic analysis: 0.2 ml of the oily liquid is aliquoted and dropwise -
added into 100 ml of the artificial gastric fluid at 37°C with mild agitation, and
immediately a homogeneous oil-in-water emulsion is formed spontancously.
10 pi of the thus-formed emulsion is placed on a glass slide for microscopic
investigation.

Statisﬁcaliy 98.7% of the emuision dropleis have a particle size of smaller than
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using uninodality statistics. The results are shown in Table 2 and
Figure 1. Mcroscopic analysis: 0.2 m of the oily liquid is

al i quoted and dropwi se. added into 100 ml of the artificial gastric
flurd at 37Cwith mld agitation, and imedi ately a honbgeneous

oi | -in-wat ef jemulvetiicn i ssubstardidiip ponssteeusitty the 18sliltdlast Atasured by
t hus-forned enul sion is placed on a glass slide for m croscopic

i nvest i gat | MALVGRN i pariela) sige olistribytian enalyeisulasidoliesd mthire tise hrange af
particle si ubstanti al |

|| . p.m which i
Consi stent QRERTHETEab0N S35 fodSuBadren,=s ntride (3o amubpang

distributio TIRVASY] § | i Aeglal r -

m cr oenul si @Ieggfl :c%o? %’ﬂ{?'?g)i g@eﬁ%’%’%%%@%@ %%%@ %rﬁ]tﬂﬁ%loihagacter istics of
sel f - emul si thgiprgsertsRbbgatenpenul sifying) drug delivery system based
on the characteristics of the present dosage form Table 1. Results
of three batches of the sanples in the dissolution test item

Di ssol ution_ % Renpark 031201 031202 031203 Sel f-enul sification 100.01
99.6 98.9 & Jeeguls of thiegybaiches of the sapupdeminiihe dissohiion testns a
honbgeneop enul st on sgapt aneously 1T gettin contact wthwater:
Sanpl es car;f\e e directlycﬁ}%ﬁ?@ﬁ%%r rreasurerren?‘?e”ﬁS*F mal soft capsul e
95.4 96. 8 92. 5 When bei 1 besyi N t g | ldrops (60 m n) adhere
to the wall—of the flas g}g?ﬁoﬁfltgg?iogn ﬁﬁéﬁgurface wi t hout

di sper si onselfldneuamaliorsi S 108010 goper f drggmd onlynaheRiRN §iGHEHShE Yinng
agent is jadded into the| dissolluti on nmedi um |Concl usion 2 e

sel f-emul sS#fyimg fornul ation i s dissolived norleonthif dsiisy aamdrmbféheous

emulsion spontaneously if getting
contact with water. Samples can be

directly taken for measurement.

Normal soft capsule | 95.4 96.8 92.5 When being disintegrated, oil drops
{60 min) adhere to the wall of the flask or
float on the surface without
dispersion. The analysis can be
performed only when an

emulsifying agent is added into the

dissolution medium.

Conclusion 2 The self-emulsifying formulation is dissolved more uniformiy and the

quality can be controlled.

Table 2. Particle size distribution measured for 3 batches of the samples

Particle Size Particle Size Distribution % Remark

031201 | 031202 | 031203

>5 pm 278 3.05 2.54 Totally 300 particulates per batch

1t0 5 um 4.64 5.64 5.01 are counted.
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quality can be controlled. Table 2. Particle size distribution
measured for 3 batches of the sanples Particle Size Particle Size
Distribution % Remark 031201 031202 031203 >5 pm 2.78 3.05 2.54
Tota||y 00 p:\rfir‘lll at-es per hat ch 1 ta 5§ p 4. 64 5.64 5.01 are

counted. j11 <1<mu92 68 j 94881] 98145 Comglgsiion 1 Al of the three

by A oAl ot fvina drua d
A g

bat ches f—the aallpl €S €St S-Sy
The exper|iGrspiugen tat a onAltoaliid thrae bdtcheheof piee senples afet safPRIMIfEEG AFR

shown in| Table 3: Table 3. Prelimnary stability test of the

butyl pht Hal i de_sel f - enul SPVPR&FYRSsoft  capsul es Condi tion N
Appearance Content Degrd. Tine for Tn vitro Time for TimeE (W%
Product self-emulsific release disintegr (nmonth (% ation (sec.)

Capsil o 1 YHY SaParaantel SpEPhn SEPiP R ok Biftpnfsdi cdfsed A shat dn
Yel | ow cl eaTalefst 99.3 0.63 3.33 99.6 14710" o capsule 3 Yell ow

clear soft 98.4 0.62 3.5 100.2 28'30" ca sule 6 Yellow clear soft
99.0 0.58 3lddeds Melpirgry stabiliig test o tHe YetiphthalideageicahitisFRtidn Qo3

2.50 100.5 6' 15" capsule

capsules
Condition | Appearance Content | Degrd. Time for | In  vitro | Time for
Time (wi%) Product | self-emulsific | release | disintegr
{month) (wi%) ation (sec.) (wi%) ation
o |0 Yellow clear soft | 100.3 0.61 2.33 99.3 5'50”
Ty capsule
=1
& |1 | Yeliow clear soft | 101.1 0.66 2.67 - 100.2 6'45"
® capsule
% 2 Yellow clear soft | 99.3 0.63 3.33 99.6 1410°
= capsuie
2|3 Yellow clear soft | 98.4 0.62 3.5 100.2 28'30"
o) capsule
~ |8 Yellow clear soft | 99.0 0.58 3.33 98.5 49'52"
capsule .
3 |1 | Yellow clear soft | 100.1 0.63 2.50 100.5 615"
g capsule
z |3 Yellow clear soft | 101.0 0.67 2.50 08.9 8'35”
3 capsule
© I'6 | Yellow clear soft | 99.4 0.66 2.67 100.1 9'45"
capsule
12 | Yellow clear soft | 89.1 0.62 2.83 99.7 17°50"
capsule

Example 3: Preparation of soft capsules of butylphthalide

100 g of butylphthalide, 50 g each of polyethyleneglycol-8 glycerin
caprylate/caprate and polyoxyethylene castor oil are weighed, the subsequent )
steps are the same as in Example 1, except that in the preparation of the oily
liquid, a solubilizing agent such as 20 g of propylene glycol is additionally
incorporated and thoroughly mixed. Each of the final soft capsules contains

220 mg of the oily liquid of butylphthalide.
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3 Yellow clear soft 101.0 0.67 2.50 98.9 8735" 3 capsule p 6 Yellow
clear soft 99.4 0.66 2.67 100.1 9'45" capsule 12 Yellow clear soft
99.1 0.62 2.83 99.7 17'50" capsule Exanple 3. Preparation of soft
capsul es of butyl phthalide 100 g of butyl phthalide, 50 g each of

Castor o | Sra¥EH iR gbUehy fg§§%raé%@ése’gf@ﬁiﬁéﬁ@?$%epSLﬁéxéit "
Exanpl e 1, excepépihaén bf‘G%lﬁnFEcﬁ Blbey eﬁap « 30'dof diydlithd 1280

sol ubi I'i zi ng agent such as propyl

i ncor por at ewammmdmmu@bﬁ/ethylpechbeﬁaarb usbdt’ﬂ[@e @él&@h s%@jt!on%lfb?é%eﬁ'éd
contains 220 ng of the oily liquid of butylphthalide. 12 Exanple 4:

Preparat i on bfhesﬁﬁme@é@ﬁmi@@ lﬁfEXBmpJﬁ% ﬁ)ht hal i de Preparation of Cel atl n
Sol ution: 100 | at cerin, 120 of water and 200
ng of ethyl par gﬁ gﬁ é@& °'|TW8uGé?f§PngﬂP"§%ﬁ‘il§lﬁ 30 gé)fbﬂé/ﬂﬁi“rt@éildebﬁoﬁ he
same protoc of .t Qi |

but yl pht hal Q(?e%%%hﬁéﬁ‘{@ I>]/8| %'Eé‘ﬁﬂf %W%é%éndgébg%mg Jr otafige heoring
pol yet hyl engginteed m%@ia\d%d thofARIMWkEd &ehiahQ %u? @pange

flavoring agent are weighed and t hor oughl ym xe to o taln the oily

li quid. ConpreSehynestdiors of soft appsules ThEgmopsdire It s4mbhe iIRE@nipke | N
Exanple 1, except that each of the final conpressed soft capsul es

contai ns 22b Eﬁi&e@? that gachiof jhe fiealiconiresnedysofineapsuleseconiaiasiale by of
Preparatio f1 ca but yl pht hal i de Preparation of oily
liquid of &’]?ﬁ"%ﬁﬂﬂ‘&l g’é’.ﬂ’@ﬁ @deof but yl pht hal i de, 65 g of

pol yet hyl enegl ycol -8 gl ycerin capryl ate/ caprate, and 50 g of

pol yoxyet hyl ene castor oil are wei ghed and honogeneously m xed,

resul ting iExeansiedaPreparation bfisdftleapsuies of butylphthalide

Preparation of oily liquid of butylphthalide: 100 g of butylphthalide, 65 g of
polyethyleneglycol-8 glycerin caprylate/caprate, and 50 g of polyoxyethylene
casfor oil are weighed and homogeneously mixed, resulting in a clear oily
liquid.

Preparation of Gelatin Solution: 100 g of gelatin, 30 g of glycerin, 120 g of
water and 20 g of PEG400 are used. The protocol for preparing the gelatin
solution is the same as in Example 1.

The steps are the same as in Example 1, except that each of the final soft

capsules contains 210 mg of the oily liquid of butylphthalide.

Example 6: Preparation of soft capsules of butylphthalide

100 g of bulylphthalide, 40 g of polyethyleneglycol-8 giycerin
caprylate/caprate, and 50 g of polyoxyethylene castor oil are weighed and
thoroughly mixed to obtain a clear oily liquid.

Preparation of Gelatin Solution: 100 g of gelatin, 40 g of glycerin, 120 g of
water and 10 g of PEG400 are used. The procedure for preparing the gelatin
solution is the same as in Example 1.

The other steps are performed in the same way as in Example 1, except
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Preparation of Gelatin Solution: 100 g of gelatin, 30 g of glycerin,
120 g of water and 20 g of PE&X400 are used. The protocol for
preparing the gelatin solution is the sanme as in Exanple 1. The
steps are the sane as in Exanple 1, except that each of the final

soft capsukfg St 8f Mse 2@ ‘Bt OdadsiRsObditaint HIr nsgL B Uh¥! cﬂigt htgjsu 4%
Exanpl e 6: Preparation of soft capsules of butyl phthalide 100 of
but yl pht hal bdiglpMialigieof pol yet hyl enegl ycol -8 gl ycerin

capryl ate/ caprate, and 50 g of pol yoxyethyl ene castor oil are wei ghed
and thoroughly m xed to obtain a clear oily liquid. Preparation of
Gel atin Sol

S 10 8o O AL A0 Sl R D 300 vl
solulon 1 LacBaEy By RuSIBEP By b oA IERaia9S, et e

sof t capsul gg gcomdtabns!, 160 n@opﬁnmthﬂ_ ahd Y00 hgufchrahge ha&cﬁ@é@%m@_@-
Exanpl e 7: Preparation of self-emulsifying granul es of butyl phthalide
100 g of butogepiartaltedesedl 88 agbinden tharebding addgti yo the Bixflisecef 450 g of
caprylate, 20 g of ethanol, 100 nmg of mnt oil and 100 of orange
flavoring aPédah ReMder apdther ot v Substiddtedscelluseddr-HPed hBeiesyltan

added to the.m xt.ure of 450 f ,sugar powder and 5 g of | ow
substitutedﬁwgpﬁh@égﬁnwﬁﬁaﬁﬁﬁfﬂ¥ﬁ% resultant mxture is granul ated
and dried. Exanple 8: Preparation of self-enulsifying granul es of
but yl pht hal i de 100 g of butyl phthalide, 50 g of polyethyl eneglycol -8

gl ycerin capxyiplecs: Bépathtioh dfse-eannsifyrd grafties oPblitylpHdtaie of ni nt
oil and 100 ng of green apple flavoring are m xed together to be

used as a bi ndédP0 a ofdwityphthglidel ) oipalyathyleneglyeod-Saflyctdd aapoflateugar
powder, 100 g.qof PVP and 5& of , I,gqvjxﬂsubs ituted cellul ose (L-HPC).
The resul t aftof AYRRGeRaed GRSIRT Pkt B Mgy Sugt ands 290 mgief gkeenaprple

di stribut edﬂé%&ﬁgpﬁglﬁﬁﬂga'together to be used as a binder, then being added to the
mixture of 400 g of sugar powder, 100 g of PVP and 5 g of low substituted
cellulose (L-HPC). The resultant mixture is granulated through mesh #20,

dried, and distributed into packages.

Example 9: Preparation of self-emulsifying tablets of butylphthalide

100 g of butylphthalide, 50 g of polyethyleneglycol-8 glycerin caprylate,
and 40 g of hydrogenated castor oil are mixed together to be used as a binder,
then being added to the mixture of 100 g of sugar powder, 40 g of sodium
carboxymethyl starch, and 150 g of microcrystalliine cellulose. The resultant
mixture is granulated through mesh #32, and dried at 45°C. Then additionally 5
g of magnesium stearate as a iubricant and green apple solid powder essence
as a flavoring are added and mixed. Then tablets are formed by compression,

each with a weight of about 0.49 g.

Example 10: Preparation of self-emulsifying tablets of butylphthalide
Tablet core: 100 g of butylphthalide and 50 g of polyethyleneglycol-8
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Exanpl e 9: Preparation of self-emulsifying tablets of butyl phthalide
100 g of butyl phthalide, 50-g of polyethyl eneglycol-8 glycerin
caprylate, and 40 g of hydrogenated castor oil are m xed together to
be used as a bi nder t hen being added to the m xture of 100 g of
sugar pO\NdeEl'YCEmn g‘a@fy[%i@cﬁl‘arﬁllxégrtmt@mmylbirssdea‘r tten beidg Halded inth the
mcrocrystall m xture i s granul ated

t hrough™ nesf™% % &glrlfﬁ)éjgr%e%'gé{b %&@aéy%g%éa%ﬁwwbpyrgethw giarch, and
casonce as 20 meehstitte Ol A SRRt R edh B HES b

by conpressiqfeRh #3@a

Preparation of sel fggmlggfasﬁﬁgtﬁqkﬁnsﬂg?%ut yé%h%rlarﬁggém% %%{jdec{
core: 100 ga®h lhicphphndalixete Thed t&flels 20é fpaledelyadnanessivs Badd W.Ma
gl ycerin caprylate are nixed together as a bindér, then being added
into the Wﬁ@ﬁ?@fﬁbcﬁ(ﬂﬂ%gof sugar powder, 40 g of sodium

car boxynet hyl of mcrocrystalline cellulose. The

resul tant mi xt ?P@ g gﬁ’lﬂP&&@ﬁ?@%’d’@ﬁth%ﬁ"‘l@%ﬁ d&ﬁﬁf\’éﬁll@adoﬁ@ m B¢,
Adal 1, onal | ¥o% dingihol RARER! BB 5 bPRLRICalanadiiihy 2 'g%bfg'r%{%gggﬁgdof

m xed. Then tablets are by corrp

about 0.49 gpatifgaily nerfoffed BY AYVRIMYY BEARY Mé@é' xﬁn‘tﬂ tH%O%]%Iétsbed

di ssolved in 1000 m of 80% et hanol “sol uti on. f een

col ori ng i steaydeatuembeintat 85 tdHE°C creatiting iri ﬁgmgréeﬁf ﬂﬁdcé&e@té&é&b! ng
coating process, with the tablet bed tenperature being at 35 to 45C,
resulting in light green fil mcoated tablets. Exanple 11:

Preparatio I _e e emul sifying tablets of

but yI pht halqus’gm'%goa}é 'reﬁﬁﬁﬁﬂhf’ a‘F‘?”%e eleéS%fS%g?winymsné@l%opf 8
glycerin C&ﬁ]’ty,bﬁﬂqg"dé() g of hydrogenated castor oil, and 100 ng of
mnt oil are m xed together as a binder, then being slowy added

|( nto t Ihe i ?<t ut @0 gl;o]f hﬂ@é{?]élﬁélgf?)égg ?prwémyler@%ﬂ&gtg g%busk/%%s ate, 50
10 g of et r&y EBY(?rgggr@@tedmstqr@ﬁuan@ﬁoo g ot mént ol ag mateeldogether as a
binder, then being slowly added into the mixture of 100 g of hydroxypropyl
methyl cellulose (HPMCkioom), 80 g of hydroxypropy! methyl cellulose
(HPMCxqn), and 10 g of ethylcellulose. The resultant mixture is agitated
homogeneously, granulated through mesh #32, dried at 45°C, and then sized
through mesh #20. 5 g of magnesium stearate as a lubricant is added and then

tablets are pressed.

Example 12: Preparation of controlled release self-emulsifying tablets of
butylphthalide

Tablet core: 100 g of butylphthalide and 50 g of polyethyleneglycol-8
glycerin caprylate are mixed together, then added to the powder mixture of 120
g of starch, 180 g of microcrystalline cellulose, 100 g of lactose, and 20 g of
Poloxamer-188. The resultant mixture is agitated homogeneously, granulated
through mesh #32, dried at 45°C, and sized through mesh #20. 5 g of
magnesium stearate as a lubricant is added. And then tablets are pressed and
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honogeneousl y, granul ated through nmesh #32, dried. at 45C, and then
sized through nmesh #20. 5 g of nmagnesium stearate as a lubricant is
added and then tablets are pressed. Exanple 12: Preparation of
controlled rel ease sel f-enul sifying tablets of butyl phthalide Tabl et
core: 100 goeAteduwith prit kmiidenramf Beirgxypfopybdlcplitlbse epsigdtiigiehe Sacetate
gl ycerin ca%%l at,? ﬂre m xed together, then added to the powder

m xt ure of POR| S !Mst arch, 180 g of microcrystalline cellul ose, 100
g of lactose, and 20 g of Pol oxamer-188. The resultant m xture is
agi tat ed honogeneously, granulated through nmesh #32, dried at 45C

and si zed thgSHekR 1R $h ; NeS _%;ﬁ} : S ri cant
i s added. And tﬁen tab?ﬁ%%ﬂgi?g%%&l‘@?@%%hlf é%ﬁ@ﬁiﬁ%\n'ﬁt%%au%gto 0.3
nmm of hydr oxypb0mydf meylbhtratide apdl20ey by beipstharakbakeol-& §RBESH LSpii
Exanpl e 13: Preparation of butyl pml i t(gleg'se?‘f - e%l Si f{g/iﬂ;ﬁg har%’fy*ajtén
capsul es 508§ Bixegdogetpar. NElendt0hodf 2targh a8 anadheetting endglimtiog agent,
glycerin ca Then 100 g of starch as an

gl te r?n‘ixed_to et her. [ ‘
2bsor bi ng_ aktSdl PAVERYIengaRHTToldeBe P\dF) an pideyasitel Gy oF o sdhsbt {ep)
as a binder 1 S ituted cellulgse (L-HPC) as a .
d?si nt Iegr anctte”gF% ea@‘dg'g.a )Thgmér’ e@%ﬁte%%ﬂnﬁ?t Eﬁgefy's chs‘ﬁr %?HF%‘EQEH‘WHF%L&@h
h #32, t ] i ; JlhM
rsr;a Zar ate iggrggg}ggédagﬁ%?rﬁgﬁs?aﬁ?g gﬁgdcp tg ﬁgsﬁzahuq#ggegrtg%%@jg@ rg?@?t%d
into capsul Bheshetagnesium Btearate id 4ddBd epapalubfibad] dadt iHed Bffaliddare
sel f-emul sifying hard capsules 50 g of butyl phthalide and 20 g of
pol yet hyl erfi§ffipeisd.iptogtapstie shedlafilyl ate are absorbed to 40 g of

Pol oxamer, 60 g of maltodextrin, 60g of mcrocrystalline cellulose
and 8 g of sodium carboxynethyl starch. The resultant mxture is

mean 420, A CoIea"ERhefion StbifpRinatde LABRRIARE 1 Bk HE " The

granul es are diGyrofivutygshthalide aad20|LostNdtsyléreglycol-8 giycerin caprylate
are absorbed to 40 g of Poloxamer, 60 g of maltodextrin, 80g of
microcrystalline cellulose and 8 g of sodium carboxymethyl starch. The
resultant mixture is granulated through mesh #32, dried at 45 to 50°C, and
sized through mesh #20. After the addition of talc as a lubricant and mixing,

the granules are distributed into capsule shells #2.

Example 15: Preparation of delayed release capsules of self-emulsifying
butyiphthalide

100 g of butylphthalide, 50 g of polyethyleneglycol-8 glycerin caprylate, 50
g of hydrogenated castor oil, 100 mg of mint oil, and 100 mg of green apple oil
are mixed together as a binder, then slowly added to the mixture of 100 g of
hydroxypropyl methyl cellulose {HPMCkigom), 80 g of hydroxypropyl methyl
cellulose (HPMCkaw), and 10 g of ethylcellulose. The resultant mixture is
agitated homogeneously, granulated through mesh #32, dried at 45°C, and
then sized through mesh #20. After adding 5 g of magnesiumn stearate as a
lubricant and mixing, the granules are distributed into capsule shells #1.

16



Exanpl e 15: Preparation of del ayed rel ease capsul es of

self-enmul sifying butylphthalide 100 g of butyl phthalide, 50 g of

pol yet hyl enegl ycol -8 gl ycerin caprylate, 50 g of hydrogenated castor
oil, 100 mg of mint oil, and 100 ng of green apple oil are m xed
together as a binder, then slowy added to the m xture of 100 g of
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distributed into capsule shells #1. 16 Exanple 16: Preparation of
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oi | -i n-wat eadminidtedtion.depeadingssH themeeds of phfidiisi s distributedto 5 n,
10 M, 20 M, or 50 m bottles for oral admnistration dependi ng on
the needs of patients. Exanple 17: Preparation of oral oily liquid of

sel f - ermul si E ing b >ﬂ ht hafi d '|'he formulation is prepared
subst anti al %a'?]ﬁle[ }ﬁe sfg%fa\ﬂﬁ?; Ogera RileEKGHih pEselfromulsiiriagtbutyiphthalide
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oily liquid is obtained by m xing,” then rect
graduat ed biefdresefray added, aspdrtamiestanaid Bretly Heparsedchy & sHRAHMAHht bse

of the oral liquid is taken and added into water to forman
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into water to form an oil-in-water emulsion for administration. Alternatively it is
possible for the emulsionto be directly administered, which spontaneously form

an oil-in-water emulsion when getting contact with the body fluid.

Example 18: A pharmacokinetic experiment in rats after oral administration of
soft capsules of seif-emulsification butylphthalide

The soft capsules of self-emulsifying butylphthalide prepared in Example
1 are used in the pharmacokinetic experiment after oral adminisiration in rats.
The results are compared to those obtained from commercially available soft
capsules (the content is the mixture of 100 mg of butylphthalide and 300 mg of
vegetable oil. Manufactured by NBP company of SHIJIAZHUANG PHARM.
GROUP). They are shown in Table 3.

Table 3: The concentration of butylphthalide in blood plasma of rats at various
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soft capsules of self-enulsification butylphthalide The soft capsul es
of seff-emulsifying butyl phthalide prepared in Exanple 1 are used in
t he pharnmacoki netic experinent after oral adm nistration in rats.

The results are corrpar ed to those obtained fromcomrercially

avai | abl e s8me paintsalleegayagee content is the mxture of 100 ng of
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4.04 4.36 7.9.%5 2.54 95 .16 1.921512 2.5 1.36 Hgm Table 3, it can
be seen that th2 present self-emd.gpfying drug delggery system

achi eves the peadk concentration of 3fhe drug nore APy ary rthan—Tormal
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From Table 3, it can be seen that the present self-emulsifying drug

delivery system achieves the peak concentration of the drug more rapidly than
normal oily content. Their tax is 0.1 and 1.0 h, respectively. Additionally, the
peak concentration achieved by the present soft capsules is higher than that
achieved by normal soft capsules. Less individual variations are observed with
the present soft capsules.

It is believed from the description above that after entering gastrointestinal
tract, SEDDS is firstly self-emulsified into emulsion droplets, and subsequently
rapidly dispersed throughout the gastrointestinal tract, thereby reducing the
absorption difference in individuals due to the poor dispersion of the oil
droplets, and reducing the irritation caused by the direct contact of the drug
with the mucous membrane of the gastrointestinal tract, Additionally, the
organization of the emulsion microdroplets may be changed or destroyed in
the gastrointestinal tract. Above all, promising clinical values are demonstrated
by the application of self-emulsifying drug delivery system to the lipid soluble

and less water soluble oily drug — butylphthalide.
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It is believed fromthe description above that after entering
gastrointestinal tract, SEDDS is firstly self-enulsified into

emul sion droplets, and subsequently rapidly dispersed throughout the
gastrointestinal tract, thereby reducing the absorption difference
in individuals due to the poor dispersion of the oil droplets, and
reduci ng the %égi ation caused by the direct contact of the drug
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pol yoxyet hyl ene gl yceride, polyoxyethylene oleate, liquid lecithin,

pol yoxyet hyl ene castor oil, coconut oil, polyethyleneglycol
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two or nore ‘thereo ng drug
delivery systemaccording to claiml, conprising by wei ght 10%to
50% of butdyl phThaakif-ehiulsiftibg/atup daRey @isteﬁxrhfewbtaiiafdei H@ragad chaimandr 5% t 0
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del ivery 9% "Bf butyl phthal i de according to claiml or 2, wherein
the butyl phthalide is selected fromthe group consisting of its

racem c, lsevo-THeb@yiphtiandt seiestulstying dlp@kiNery SRAER LR dingko an-;Qﬁe of claims 1 to
but yl pht h%I sde c%]g{,) smg FSI{(’%!’PQ"@ %tgméjaef{avve y system according to any
U

one of clal s F"Wat er, a sol ubilizing agent
and a flavoring. 5. The butyl phthalide self- errul sifying drug delivery
syst em accor di Thy bitglptainlideattfenadsifihgirigRBlelivery §stem according to any one of claims 1 1o

4, wherein the excipient is an edible vegetable oil,

6. The butylphthatide setf-emulsifying drog delivery system according to claim 5, wherein the
vegetable oil is selected from the group consisting of sesame oil, cormn oil, peanut oil, soybean oil,

almond oil, peach kemel oil, cotton seed oil, sunflower seed oil, olive oil, and mixtures of any two or
more thereof.

7. The butylphthalide self-emulsifying drug delivery system according to any one of claims  to
6, wherein the emulsifying agent is a mixture of polyoxyethylene castor oil and polyethyleneglycol-8
glycerin caprylate/caprate at a ratio of 1:0.5 to 1.5 by weight.

8. The butylphthalide self-emulsifying drug delivery system according to any one of claims I to
7, wherein the self-emulsifying drug delivery system of butylphthalide is in a dosage form selected
from the group consisting of oral liquid, soft capsule, hard capsule, delayed release capsule, oral solid
powder or granule, tablet, and delayed release tablet dosage forms.
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4, wherein the excipient is an edi ble vegetable oil. 6. The
but yl pht hal i de sel f-enmul sifying drug delivery systemaccording to

claim5, wherein the vegetable oil is selected fromthe group

consi sting of sesanme oil, comoil, peanut oil, soybean oil, alnond
oil, peach kernel oil, cotton seed oil, sunflower seed oil, olive
oil, and m xtures of any two or nore thereof. 7. The butyl phthalide

self enmul si fying dru delivery system according to any one of clains
| to 6, Wher eftrProcsse fas sl psdprgtion gf the bytyiphthalida setfoxtuisifidngofrug delivery system
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rel ease téHP@Fmﬂﬁﬁﬁﬂﬁmﬁﬂﬂﬁﬁmf19 9. A process for the preparatlon of
the butyl phthalide self enulsifying drug delivery system according

to any onayof &hahiorluchfls §maBRIRF WD FAIRLELERYELb IS 800, 0 X nO

the emul sif 9 agent 1n.a wate
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t 0 pr epar eelierisifticgolrug delysn geteh oecondingld any Anephadimaioesit i cal conposition
substantially as herei nbefore described with reference to the
acconpanyi ng exanples and figure. H A nethod of treating a manmal or
human for a disorder caused by cerebral ischema, said nethod
conprising orally adm nistering a pharnmaceutical conposition
conprising a butylphthalide self-enmulsifying drug delivery system
according to any one of clains I to 8. 20
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